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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-gavernmental, in liaison with ISO_ also take part in the wark [ISO collaborates clo

ly with the

Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, K

The main task of technical committees is to prepare International Standards. Draftyinternation
adopjed by the technical committees are circulated to the member bodies for.voting. Publi

Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 7

principles and requirements.

ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

0332 was prepared by Technical Committee ISO/TC 96, “Cranes, Subcommittee S(

©I1SO
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INTERNATIONAL STANDARD

1ISO 20332:2008(E)

Cranes — Proof of competence of steel structures

1

This ; ;
performing proof-of-competence determinations of the steel structures of cranes based upen’t

met
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ISO

devid

ISO

Scope

hpd. It is intended to be used together with the loads and load combinations of the @pplic
686.

nternational Standard is general and covers cranes of all types. Other International Standa
fic proof-of-competence requirements for particular crane types.

s of competence, by theoretical calculations and/or testing, are intendéd to prevent hazar

$
re.

rding to 1ISO 8686-1, there are two general approaches toproof-of-competence calculati
method employing partial safety factors, and the allowable stress method employing a
. The allowable stress method is a permitted alternative to the limit state method as se
ational Standard.

-of-competence calculations for components of accessories (e.g. hand rails, stairs, walky
ot covered by this International Standard.-However, the influence of such attachments
ure needs to be considered.

i

Proof of competence for elastic stability is to be covered by another International Standard.

Normative references

following referenced (documents are indispensable for the application of this documen
rgnces, only the edition cited applies. For undated references, the latest edition of th
ment (including ahy)amendments) applies.

148-1:2006,\Metallic materials — Charpy pendulum impact test — Part 1: Test method
73:1979xFasteners — Clearance holes for bolts and screws

l
4

86-2:1988, ISO system of limits and fits — Part 2: Tables of standard tolerance grad

r
4

er values for
he limit state
pble parts of

rds may give

ds related to

erformance of the structure by establishing the limits of strengthiie.g. yield, ultimate, fatigue, brittle

bns: the limit
global safety
forth in this

ays, cabins)
on the main

t. For dated
b referenced

es and limit

tions for holes and ehaffe, corrected hy 1S0 286-2:1988/Cor 1:2006

404:1992, Steel and steel products — General technical delivery requirements

ISO 898-1:—1), Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts,
screws and studs with specified property classes — Coarse thread and fine pitch thread

ISO
ISO

4301-1:1986, Cranes and lifting appliances — Classification — Part 1: General

4306-1, Cranes — Vocabulary — Part 1: General

1)

To be published. (Revision of ISO 898-1:1999)
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ISO 5817:2003, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam welding
excluded) — Quality levels for imperfections, corrected by ISO 5817:2003/Cor 1:2006

ISO 8686 (all parts), Cranes — Design principles for loads and load combinations — Part 1: General

ISO 9013:2002, Thermal cutting — Classification of thermal cuts — Geometrical product specification and
quality tolerances

ISO 12100-1:2003, Safety of machinery — Basic concepts, general principles for design — Part 1: Basic
terminology, methodology

ISO 12100-2:2003, Safety of machinery — Basic concepts, general principles for design — Part 2: Technical
principles

ISO 17659:2D02, Welding — Muiltilingual terms for welded joints with illustrations

3 Terms| definitions, symbols and abbreviations

For the purppses of this document, the terms and definitions given in ISO 12100-1;ISO 12100-2, ISO 17659
and ISO 430p-1:2007, Clause 6, and the following terms, definitions, symbols and abbreviations (see Taple 1)

apply.

3.1
grade of stepl
marking that|defines the strength of steel, usually defining yield stress,fy, sometimes also ultimate strengfh, £,

3.2
quality of steel
marking that|defines the impact toughness and test temperature of steel

Table 1 — Main symbols and abbreyiations used in this International Standard

Sympols Description

4 Cross-section

A L Equivalent afea for calculation

Ay Net crgss:=sectional area at bolt or pin holes

A4, Minor.area of the bolt

Al Stress area of the bolt

a Geometric dimension

al,; Geometric dimension for weld penetration

b Geometric dimension

b Geometric dimension
beg Effective dimension for calculation
b, Geometric dimension

C Total number of working cycles

c Geometric dimension

2 © 1SO 2008 — All rights reserved
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Table 1 (continued)

ISO 20332:2008(E)

Symbols Description
Dy Diameter of the sheet
D, Inner diameter of hollow pin
D, Outer diameter of hollow pin
d Diameter (shank of bolt, pin)
d, Diameter of the hole
v Biameter-of the—contactareaof the-bolthead
d, Diameter of the hole
E Modulus of elasticity
eq, ey Edge distances
F Force
Fy Tensile force in bolt
Fy Rra Limit design bearing force
Fy sdi Frisd Design bearing force
AF, Additional force
Fg Reduction in the compression force dug\to external tension
FesRd Limit design tensile force
Fy Limit force
Foy External force (on bolted ¢onnection)
Fy Characteristic value (force)
Fy Preloading foree i bolt
Fy g Design preloading force
Fry Limit design force
Fgy Design force of the element
Fy Rrd Limit design slip force per bolt and friction interface
Fi Ra Limit design tensile force per bolt
Fi sq External tensile force per bolt
FrRy Limit design shear force per bolt/pin and shear plane
F\ sd Design shear force per bolt/pin and shear plane
For Actimgnormatfstearforce
J4 Limit stress
Jx Characteristic value (stress)
JRd Limit design stress
Ju Ultimate strength of material
Jub Ultimate strength of bolts
Jow Ultimate strength of the weld

© 1SO 2008 — All rights reserved
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Table 1 (continued)

Symbols Description
Jw, Rd Limit design weld stress
Iy Yield stress of material or 0,2 % offset yield strength
s Yield stress of bolts
Sk Yield stress (minimum value) of base material or member
fyp Yield stress of pins
Thickness of workpiece
hy Distance between weld and contact area of acting load
Ky Stiffness (slope) of bolt
K. Stiffness (slope) of flanges
kf, Stress spectrum factor based on m of the detail under consideration
i Specific spectrum ratio factor
l Effective length for tension
Effective weld length
/ Weld length
Il Effective length for tension without threat
I Effective length for tension with threat
Mgy Limit design bending moment
My Design bending moment
d (negative inverse) slope-constant of log o/log N curve
N Number of stress €ycles to failure by fatigue for the stress cycle described by Cai and I,
Nl Number of cycles at the reference point
N, Total number of occurrences
NEC Notch class
NIDT Non destructive testing
i Number of stress cycles with stress amplitude of range i
i Number of stress cycles of class ij
nj 7 Number of stress cycles of class ij occurring each time task r is carried out
n Total number of stress cycles
Py Probability of survival
P1s P Distances between bolt centres
(0] Mass of the maximum hoist load
q Impact toughness parameter
R Constant stress ratio selected for one-parameter classification of stress cycles
Ry Design resistance

© 1SO 2008 — All rights reserved
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Table 1 (continued)
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Symbols Description

r Radius of wheel

S Class of stress history parameter, s

Sy Design stresses or forces

S Stress history parameter

T Temperature

TG Tungsten inert gas

t Thickness

U Class of working cycles

u Shape factor

v Diameter ratio

Wy Elastic section modulus

a Characteristic factor for bearing connection

a Relative number of working cycles for each task'

a, Characteristic factor for limit weld stress

ay, o Angles between the horizontal line and the line of N = constant in the o,—a,, plane

- Fatigue strength specific resistance factor

T General resistance factor

A Partial safety factor

R Total resistance factor

7Rb Total resistance factor of bolt

Re Totatresistance factor for tension on sections with holes
7Rm Total resistance factor of members

Rp Total resistance factor of pins

TRs Total resistance factor of slip-resistance connection
Rw Total resistance factor of welding connection

Y Specific resistance factor

b Specific resistance factor of bolt

Ysm Specific resistance factor of members

Yep Specific resistance factor of pins

Yes Specific resistance factor of slip-resistance connection
Yt Specific resistance factor for tension on sections with holes
Yow Specific resistance factor of welding connection

AS Additional elongation

© 1SO 2008 — All rights reserved
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Table 1 (continued)

Symbols Description
5p Elongation from preloading
&) Incline of diagonal members
K Dispersion angle
A Width of contact area in weld direction
1] Slip factor
Relative total number of stress cycles (normalized)
b Ratio of diameters
- Indicate the respective stress
o Stress range
Ap; Stress range i
A Maximum stress range
4, Lower extreme value of stress cycle
A, Characteristic fatigue strength (normal stress)
a, Constant mean stress selected for one-paramétepclassification of stress cycles
ohj Mean stress of range, j, resulting from rainflow or reservoir method
Adry Limit design stress range (normal)
ACpy 1 Limit design stress range for &* =1
oz 9 Design stress (normal)
Adgy Design stress range (normal)
q, Upper extremevalue of stress cycle
Ol sq Design weld stfess (normal)
ol oy Normalstress component in direction x, y
A, Maximum stress amplitude
min g[max o Extreme values of stresses
- Shear stress
AR, Characteristic fatigue strength (shear stress)
Toq Design stress (shear)
Atgy Design stress range (shear)
Aty Limit design stress range (shear)
Tw, Sd Design weld stress (shear)
& Dynamic factor

© 1SO 2008 — All rights reserved
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4 General

4.1 General principles

Proof-of-competence calculations shall be done for components, members and details exposed to loading or
repetitive loading cycles that could cause failure, cracking or distortion interfering with crane functions.

NOTE See 1SO 8686 for further information applicable to the various types of crane. Not all calculations are
applicable for every crane type.

4.2 Documentation

The documentation of the proof of competence shall include
— design assumptions including calculation models,

— applicable loads and load combinations,

— material properties,

— Weld quality classes in accordance with ISO 5817, and

— properties of connecting elements.

4.3 | Alternative methods
The [competence may be verified by experimentalsmethods in addition to, or in coordination with, the
calculations. The magnitude and distribution of loads during tests shall correspond to the design loads and
load gombinations for the relevant limit states.

Alterpatively, advanced and recognized theoreétical or experimental methods generally may be uged, provided
that they conform to the principles of this International Standard.

4.4 | Materials of structural members

It is recommended that steels in“accordance with the following International Standards be used:
— IS0 630 as amended11!;

— IS0 6930-1 7k

— IS0 495043

— 18©4951-1, 1ISO 4951-2 and 1SO 4951-3 [4]. [5]. [6],

Where other steels are used, the specific values of strengths £, and f, have to be known. The mechanical
properties and the chemical composition shall be specified according to ISO 404. When used in welded
structures, the weldability shall be demonstrated.

When verifying the grade and quality of the steel (see referenced International Standards) used for tensile
members, the sum of impact toughness parameters, g;, shall be taken into account. Table 2 gives ¢; for
various influences. The required impact energy/test temperatures in dependence of Zqi are shown in
Table 3 and shall be specified by the steel manufacturer on the basis of ISO 148-1.

© 1SO 2008 — All rights reserved 7
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Table 2 — Impact toughness parameters, g;

i Influence qi
0T 0
-20<T<0 1

1 Temperature T (°C) of operating environment
-40<T<-20 2
-50< T <-40 4
£, <300 Q
300 < fy <460 1
2 Yigld stress f, (N/mm?) 460 < f,, <700 y
700 < fy, <1000 ]
1000 <7, 4
Mdgterial thickness ¢ (mm) t<10 @
Eqpivalent thickness ¢ for solid bars: 10<1<20 1
d b 20<¢<50 y

3
A 50 <+ <100 &
=
 J
d b b
t4d— for —<18:t=— 4
18 p 18 t>100
Ao, >125 @
4 Stiess concentration and ndtch® class Ao, (N/mm?) 80 <Age <125 1
(sge Annex D) 56 < Ac, < 80 ;
Ao, <56 K
NOTE Fpr environmentaltemperatures below —50°C, special measures are required.
Table 3 — Impact toughness requirement for Zqi

> ai<3 4<Ygi<6 7<>gi<9 2.4i=10

27 J/+20°C 27J/0°C 27 J/-20°C 27 J/-40°C

Impact energy/
test temperature requirement

8 © 1SO 2008 — All rights reserved
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4.5

4.51

ISO 20332:2008(E)

Bolted connections

Bolt materials

For bolted connections, bolts of the property classes (bolt grades) 1SO 898-1.—, 4.6, 5.6, 8.8, 10.9 or 12.9,

shall

be used. Table 4 shows nominal values of the strengths.

Table 4 — Property classes (bolt grades)

Whete necessary, the designer should ask the bolt provider to demonstrate compliance with the

for p
Tech

4.5.2

For the purposes of this International Standard, bolted connections afe connections between me

comy

— ELolts shall be tightened sufficiently to compress the joint surfaces together, when subjected

—
—
4.5.3
For t

the Iq
stres

q

—

in other cases, wider clearances according to ISO 273 may be used,

Property class
(bolt grade) 4.6 5.6 8.8 10.9 12.9
fyb (N/mm?2) 240 300 640 900 1080
fub (N/mm?2) 400 500 800 1 000 1200

rotection against hydrogen brittleness relative to the property classes-(bolt grades) 10
hical requirements can be found in ISO 15330, ISO 4042 and I1SO 9587
General

onents utilizing bolts where the following applies:

versals or fluctuations in loading, or where slippage can cause deleterious changes in geor
ther bolted connections can be made wrench ight;

he joint surfaces shall be secured againstrotation (e.g. by using multiple bolts).

Shear and bearing connections

e purposes of this International Standard, shear and bearing connections are those conne
ads act perpendicular to_the) bolt axis and cause shear and bearing stresses in the bolts
5es in the connected parts,.and where the following applies:

he clearance betweenithe bolt and the hole shall conform to ISO 286-2:1988, tolerances h13
loser, when bolits“are exposed to load reversal or where slippage may cause deleteriou
eometry;

nly the~unthreaded part of the shank shall be considered in the bearing calculations;

requirements
9 and 12.9.

mbers and/or

to vibrations,
netry;

ctions where
and bearing

and H11, or
5 changes in

pecial surface treatment of the contact surfaces is not required

454

Friction grip type (slip resistant) connections

For the purposes of this International Standard, friction grip connections are those connections where the
loads are transmitted by friction between the joint surfaces, and where the following applies:

— high strength bolts of property classes (bolt grades) ISO 898-1:—, 8.8, 10.9 or 12.9 shall be used;

— bolts shall be tightened by a controlled method to a specified preloading state;

— the surface condition of the contact surfaces shall be specified and taken into account accordingly;

©I1SO

n addition to standard holes, oversized and slotted holes may be used.
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4.5.5 Connections loaded in tension

For the purposes of this International Standard, connections loaded in tension are those connections where
the loads act in the direction of the bolt axis and cause axial stresses in the bolts, and where the following

applies:

10.9 or 1

2.9 tightened by a controlled method to a specified preloading state;

considered;

preloaded joints shall comprise high strength bolts of property classes (bolt grades) ISO 898-1:—, 8.8,

the additional bolt tension that can be induced by leverage action (prying) due to joint geometry shall be

joint, e.g

NOTE Bq

4.6 Pinned connections

For the purp
rotation betw

The requirer
connections

Clearance between pin and hole shall be according to ISO 286-2:1988, tolerances h13 and H13, or clos

case of loads
All pins shall

When pinne
axial displac

In order to i

connected parts.

4.7 Welded connections

For the purf
components

The quality |
used to verify

In general, f

evaluaticl)n of bolt fatigue shall consider variations in bolt tension affected by the structural features

. stiffness of the connected parts and prying action.

Its in tension that are not preloaded are treated as structural members.

oses of this International Standard, pinned connections are connections that do not con
een the connected parts. Only round pins are considered.

made only as a convenient means of attachment.

with changing directions, closer tolerances shall be'applied.
be furnished with retaining means to prevent thé pins from becoming displaced from the hol

connections are intended to permit rotation under load, the retaining means shall restri
ment of the pin.

nhibit local out-of-plane distortion (dishing), consideration shall be given to the stiffness ¢

oses of this International Standard, welded connections are joints between members 4
that utilize fusien'Welding processes and where the joined parts are 3 mm or larger in thickn

evels of ISQ 5817 are applicable, and appropriate methods of non-destructive testing sh
compliance with quality level requirements.

bf the

strain

nents herein apply to pinned connections designed to carry.doads, i.e. they do not apply to

er. In

1%

t the

f the

nd/or
bSS.

il be

ble in

br_stéels of yield stress less than 400 N/mm2, 1ISO 5817:2003, quality level C is accepta

connections

H P £ £ 4
cUunmyg a stativ prour Ul CUTTTPTICTIUT.

ISO 5817:2003, quality level D may be applied only in joints where local failure of the weld will not result in
failure of the structure or falling of loads.

Although the distribution of stresses along the length of the weld may be non-uniform, such distributions can,
in most cases, be considered uniform. However, other stress distributions may be assumed provided they
satisfy the basic requirements of equilibrium and continuity and that they adequately relate to the actual
deformation characteristics of the joint.

Residual stresses and stresses not participating in the transfer of forces need not be considered in the design
of welds subjected to static actions. This applies specifically to the normal stress parallel to the axis of the
weld, which is accommodated by the base material.

10 © ISO 2008 — All rights reserved
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Proof of competence for structural members and connections

The object of the proof of competence is to demonstrate that the design stresses or forces, S4, do not exceed
the design resistances, Rj:

Sd <Rd

(1)

The design stresses or forces, Sy, shall be determined by applying the relevant loads, load combinations and
partial safety factors from the applicable parts of ISO 8686.

In the following clauses, the design resistances, Ry, are represented by limit stresses, f4, or limit forces, Fy.

The

5 1|

5.1

Proof
mate
conn
loads

NOTH

llowing proofs for structural members and connections shall be demonstrated:
roof of static strength according to Clause 5;

roof of fatigue strength according to Clause 6, except for crane parts with values of the 5
arameter, s, below 0,001 (see 6.3.3).

Proof of static strength

General

of static strength by calculation is intended to prevent\excessive deformation due to vyi
fial, sliding of friction-grip connections, elastic instability and fracture of structural
bctions. Dynamic factors given in the applicable parts-of ISO 8686 are used to produce sta
to simulate dynamic effects.

Proof of elastic instability is not dealt with in-this International Standard.

The yise of the theory of plasticity for calculation of ultimate load bearing capacity is not considere

withir

The
unfay
them

This

stren
stres
Intern

5.2

the terms of this International Standard.

broof shall be carried out for_structural members and connections while taking into acco
ourable effects under load €ombinations A, B or C from the applicable parts of ISO 8686 ar
with the design resistances given in 5.2 below.

International Standard considers only nominal stresses, i.e. those calculated using trad
gth of materials theory; localized stress concentration effects are excluded. When alternativ,
5 calculation are used, such as finite element analysis, using those stresses for the proof
ational Standard could yield inordinately conservative results.

Limit.design stresses and forces

tress history

elding of the
members or
ic-equivalent

d acceptable

int the most
d comparing

tional elastic
b methods of
given in this

5.21

__General

The limit design stresses shall be calculated from:

Sfra = f(fi:7R)

Limit

design forces shall be calculated from:

Frg = f(F¢,7R)

where

Jfx» Fx are characteristic (or nominal) values;

©I1SO
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7R is the total resistance factor:
YR=7mXx7s
7m is the general resistance factor:

Ym =11

Vs is the specific resistance factor applicable to specific structural components as given in the

below subclauses.

R
NOTE [ikq @nd Fry are equivalent to — in ISO 8686-1:1989, Figure A.2.
7m

5.2.2 Limifjdesign stress in structural members

The limit desjgn stress, frq, used for the proof of structural members, shall be calculated from:

J/Rdo :-ka for normal stresses @)
Rm

SRdr = fy'i/g for shear stresses 5)
Rm

With Rm = #m X ¥sm

where
Syk is the minimum value of the yield stress of the material;
Vsm is the specific resistance factor for material:

— for non-rolled material: y¢,, =10;
— for rolled material (e.g. plates and profiles):

7sm =10~ for stresses in the plane of rolling;

7em =10  for compressive and shear stresses;

— for tensile stresses perpendicular to the plane of rolling (see Figure 1):

=10  for plate thicknesses less than 15 mm or material with reduction in area of
more than 20 %;

Vsm

7sm = 1,16 for material with reduction in area of 20 % to 10 %;
7sm = 150  for material with reduction in area of less than 10 %.

Material shall be suitable for carrying perpendicular loads and shall be free of lamellar defects.

NOTE Reduction in area is the difference, expressed as a percentage of the initial area, between the initial
cross-sectional area of a tensile test specimen and the minimum cross-sectional area measured after complete separation.

12 © 1SO 2008 — All rights reserved
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1 d|rection of the plane of rolling
2 d|rection of stress/load

5.2.3| Limit design forces in bolted connections
5.2.311 Shear and bearing connections

5.2.3|]1.1 General

The

elements.

In addition to the bearing capacity of the connection elements, other limit conditions at the nj

secti

5.2.3|11.2 Bolt shear

The

with

ISO 20332:2008(E)

Figure 1 — Tensile load perpendicular to plane of rolling

esistance of a connection shall be taken as the lgast value of the limit forces of the individu

ns shall be verified using the resistance factor of the base material.

Ilmit design shear force, Iy gq, per bolt and for each shear plane shall be calculated from thg

Vhen threads are not‘within the shear plane:

fbeA
Rd =5 =
7be\/§

Vhen threads are within a shear plane:

£y

bl connection

ost stressed

following.

fbeAS
Rd =7 =
7be\/§

or, for simplification:

£y

fyb X A
Fyra =0,75x—2""_

7Rb x~/3

YRb =7m X 7sb

where

© 1SO 2008 — All rights reserved
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fyo s the yield stress (nominal value) of the bolt material (see Table 4);

A is the cross-sectional area of the bolt shank at the shear plane;

AS is

7sb is

the stress area of the bolt (see ISO 898-1);

the specific resistance factor for bolted connections:

7sp =10 for multiple shear plane connections;

7sp|=12 for single shear plane connections.

See Annex A for limit design shear forces of selected bolt sizes.

5.2.31.3

Bearing on bolts and connected parts

The limit desjgn bearing force, £, rq, per bolt and per part may be calculated from:

Fyrd =

with yRp =7

where

a =Min

With the follo

ax fyxdxt

7Rb

n < 7sb

e
3xd,
Jub

Ju
1,0

wing requirements for(the plate:

X d g
X d o

><d0

14

©)

(10)
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Ju
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is the ultimate strength (nominal value) of the bolt;
is the ultimate strength (nominal value) of the material of the connected parts;
is the yield stress (minimum value) of the basic material;

is the shank diameter of the bolt;

is the diameter of the hole;

sb

NOTE

5.2.3|11.4

The Iimit deSign tensile force with respect to yielding, Fs rq On the net cross-section is calculated

7sp =0,7  for multiple shear plane connections;
7sp =0,9  for single shear plane connections;

p1. Do, €, eo are distances (see Figure 2).

is the thicknesses of the connected part in contact with the unthreaded part of the-bolt;

is the specific resistance factor for bolted connections:

P (=]

SUASY
Lo

#d

A

i

A

Y

BN
)

0

Py
B

A

See also Equation (17).

Figure 2 — lllustration of Equation (10)

Tension in connected parts

from:

£ x4
ch,Rd:Jy - (11)
7Re
With yRe = 7m X 7st
where
A, is the net cross-sectional area at bolt or pin holes (see Figure 2);
7st is the specific resistance factor for tension on sections with holes:
rst =12
15
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5.2.3.2  Friction grip type connections

The resistance of a connection shall be determined by summing the limit forces of the individual connecting
elements.

For friction grip type connections, the limit design slip force, Fgrqy, per bolt and per friction interface shall be
calculated from:

/,lX(F ,d_F )
FsRd :% (12)
S

With 7R = 7 X 7ss
where

7, is the friction coefficient:
u=0,50 for surfaces blasted metallic bright with steel grit or sand{Cno"unevenness;
w1 =0,50 for surfaces blasted with steel grit or sand and aluminized;

u=0,50 for surfaces blasted with steel grit or sand and-metallized with a product bas¢d on
zinc;

41 =0,40 for surfaces blasted with steel grit or‘sand and alkali-zinc-silicate coating of §0 um
to 80 pm thickness;

u=0,40 for surfaces hot-dip galvanized and lightly blasted;

u=0,30 for surfaces cleaned-metallic bright with wire brush or scarfing;

1 =0,25 for surfaces cleaned and treated with etch primer;

#=0,20 for surfaces cleaned of loose rust, oil and dirt (minimum requirement);

Foq is the design preleading force;

Fe, is the reduction in the compression force due to external tension on connection (for simplificption,
Fg = Fg{may be used).
Vss is the ‘specific resistance factor for friction grip type connections (see Table 5).

The applied preloading force shall be greater than or equal to the design preloading force.

16 © 1SO 2008 — All rights reserved
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Table 5 — Specific resistance factor, ., for friction grip connections

Type of hole
Effect of connection )
slippage a Oversized . c i d
Standard and short-slotted ° Long-slotted Long-slotted
Hazard created 1,14 1,34 1,63 2,00
No hazard created 1,00 1,14 1,41 1,63

Short-slotted holes: the length of the hole is smaller than or equal to 1,25 times the diameter of the bolt.

lattad bhal =t ! $h ~F 41 bal ialoraor thaon 4 OO0 4o E1%Y = H dor oFf th e i £+l
Lon STOTCUTTOIC S tCTeTguT U (e oTe IS argoertrarT Lzo oS e ararmeteT O e ooarst ST SO T b0|t |n Ordel'

to regluce pressure under the bolt or nut, appropriate washers shall be used.

@ Holes with clearances according to the medium series of ISO 273:1979.
b Holes with clearances according to the coarse series of ISO 273:1979.

¢ $lotted holes with slots perpendicular to the direction of force.

d  glotted holes with slots parallel to the direction of force.

See Annex B for limit design slip forces using, for example, a spegific resistance factor for fifiction grip of
7ss 1,14 and a design preloading force of

Fp,d = O’7X.fyb XAS

wher

W

fvo is the yield stress (nominal value) of the bolt material (see Table 4);
g is the stress area of the bolt.

5.2.3|3 Connections loaded in.tension

This pubclause specifies the limit state for a bolt in the connection. The connected parts and thejr welds shall
be cdlculated following the general rules for structural members, where the preload in the bolt is gonsidered as
one lpading component.

The proof calculation/shall be done for the bolt under maximum external force in a connectipon, with due
consideration to the force distribution in a multi-bolt connection and the prying effects (i.e. leverage).

Proot-of-competence calculations of a preloaded connection shall take into account the stiffnegs of the bolt
and the connected parts, see Figure 3.

© 1SO 2008 — All rights reserved 17
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A
b
w
F < LLg—
F Y
b i
F
p
|
A
O -
Ll_r:l 11 ©
<
|
\{_o
=
=2
o)
< 5P Ad, <
preloading force in bolt AFy additional force in bolt, due to external gensile
bolt elorpgation due to preloading force
external tensile force AFy 6 additionall force in bolt, due to exjternal
externall compression force compression force
additionpl elongation, due to external tensile force slope K, stiffness of the bolt
tensile fbree in bolt slope K, stiffness of connected parts

Figure 3 — Force-elongation diagram

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=99cc0dfb066759c900cc56027edc6f6d

ISO 20332:2008(E)

Additionally, the load path of the external compression force — based upon the joint construction — shall be
taken into account, see Figure 4.

Foil2 A |Feci2 A
Fe’t/2 Fec /2
. A —
[T
! \
AR
1 4 Y
BN ,
7 7 | | 2

a) External compression force does not interfere k) External compression force is transferred
with the compression zone under the bolt through the compression zone undér the bolt

NOTH For simplicity, a symmetric loading with the bolt'in the middle is assumed.

Figure 4 — Load path alternatives for the external compression force

Two geparate design limits are to be considered for the external tensile bolt force:

a) the resulting bolt force under the external force and under the maximum design preload sh4ll not exceed
the bolt yield load, see Equation (13);

b) the connection undéerthe external force and under the minimum design preload shall not opgn (gap), see
Equation (14).

For donnections \loaded in tension, it shall be proven that the external tensile design force in the bolt, Fet,
does(not exceed either of the two limit design forces, Fiy gq OF Fip Ry, SE€ alS0 5.3.2.

The lImit design tensile force per bolt for the bolt yield criteria is calculated from:

Fy/J/Rb_Fp,max
D

Fyre = (13)
with

Ky
P=—"—
Kb+KC

and yRrp = ¥m X7sp aNd Fy = fyp x Ag

© 1SO 2008 — All rights reserved 19
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is the bolt yield force,
is the maximum value of the design preload,
is the yield stress of the bolt material,

is the stress area of the threaded part of the bolt,

where
Fy
Fp,max
Jyb
AS
()]
7sb
A load introd
The limit des|
Fip Rd 7
where Fy in

The scatter
follows:

F

p,max

and

F =

p,min

where

Fon

F

p,max

F

p,min

+ 4lo 4iEL ' £ 4 £ 4l 'H Il A )
15 UIC SUTITICSS TAdlUU 1TaLtUl UT U1C CUTITITULUUTNT, STT AdlSU ATITNITA O,

is the specific resistance factor for connections loaded in tension:

Ysp = 0,91

iction factor, o1 , may be taken into account when calculating factor @, see-Anhex G.
gn tensile force per bolt for the opening criteria of the connection is ¢alculated from:

F

p,min

is the minimum value of the design preload.

bf preload is taken into account by the maximum and minimum values of the design prelo

:(1+s)><Fpn

Fon

(1-5)x

is the nominal{target value of the applied preload;
is the maximum value of the design preload;

is the‘minimum value of the design preload;

(14)

ad as

(19)

(16)

ts

The nominal
preload may

20

is the preload scatter:
s =0,23 where controlled tightening, rotation angle or tightening torque is measured;
s =0,09 where controlled tightening, force in bolt or elongation is measured.

preload, F,

be chosen Fér a particular connection.

» Vvalue shall be limited to that given in the Table 6. Otherwise, any value for the

© 1SO 2008 — All rights reserved
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Table 6 — Maximum nominal preload levels according to method of preloading

Types of preloading method Maximum nominal preload level
Methods where torque is applied to the bolt 0,7 Fy
Methods where only direct tension is applied to the bolt 0,9 Fy

See Annex B for information on tightening torques.

For t

he calculation of the additional force in bolt, the load path of the external compression f

cons

wher

¥, is the external compression force.

AF = @ x(Foy + Fe g )
\F, is the additional force in the bolt;
D is the stiffness ratio factor;

¥ is the external tensile force;

et

e,C

rce shall be

dered, see Figure 4. In a general format, the additional force in the bolt is calculated as folloyws:

(17)

The ¢xternal compression force, Fg ¢ shall be omitted (i.e. set to zero in the equation) in cases Where it does

not interfere with the compression zone under the balt, illustrated in Figure 4 a).

The

5.2.3

When bolts in a bearing type connection are subjected to both tensile and shear forces, the a

shall

wher

4 Bearing type connections loaded in combined shear and tension

be limited as follows:

F; 2 F, \
tsd | | fv.sd <1

FiRrd FyRd

Fisq™  is the external tensile force per bolt;

W

Firq is the limit tensile force per bolt (see 5.2.3.3);
F,sq Isthe design shear force per bolt per shear plane;

Fyrq Isthe limit shear force per bolt per shear plane (see 5.2.3.1.2).

© 1SO 2008 — All rights reserved

hdditional force in the bolt, AFy, shall be: 'used in the proof of fatigue strength of the bolt|according to
Clauge 6.

pplied forces

(18)
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5.2.4 Limit design forces in pinned connections

5.2.41 Pins, limit design bending moment

The limit design bending moment is calculated from:

Mpg=—"—"" (19)

Wel  igthe elastic section modulus of the pin;

fyp ig the yield stress (minimum value) of the pin material;
i the specific resistance factor for pinned connections bending moment:
Ysp =10

5.24.2 Pins, limit design shear force

The limit desjgn shear force per shear plane for pins is calculated:-from:

1 Axf,
Fypg = x——2 (20)
with YRp =7 X Vsp
where

u s tHe shape factor:

u :% for solid pins;

2
4 1+wptv .
—XD—ZD for hollow pins:

3 1+VD

D;
where VD = D_
o

D; is the inner diameter of pin,

D, is the outer diameter of pin;

(o]

A is the cross-sectional area of the pin;

22 © 1SO 2008 — All rights reserved
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7sp Is the specific resistance factor for shear force in pinned connections:
Ysp = 1,0 for multiple shear plane connections;

Ysp = 1,3 for single shear plane connections.

5.2.4.3 Pins and connected parts, limit design bearing force

The limit design bearing force is calculated from:

axdxtxfy
p

With | yRp = 7m X 7sp

wherge
Iy
o =Ming £y
1,0

fy is the yield stress (minimum value) of the material of.the connected parts;
fyp is the yield stress (minimum value) of the pin\material;

/  is the diameter of the pin;

is the lesser value of the thickngsses of the connected parts, i.e. 4+, or t3, as show
sp Is the specific resistance factor for the bearing force in pinned connections:

Ysp = 0,6 when connected parts in multiple shear plane connections are held firml
retaining means such as external nuts on the pin ends;

7sp =09 for single shear plane connections or when connected parts in multiple
connections are not held firmly together.

In case of sighificant movement between the pin and the bearing surface, consideration shoulg
reduging thelimit bearing force in order to reduce wear.

(21)

h in Figure 5;

together by

shear plane

be given to

In cageof reversing load, consideration should be given to the avoidance of plastic deformation.

© 1SO 2008 — All rights reserved
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For k Foa A

=

A
Y

¢d

f1 fa |

<

Y For+ Fpo=Fus

Figure 5 — Pinned connections

5.2.4.4 Connected parts, limit design force with respect to shear

The limit desjgn force is calculated from:

2xtx(c+dyl2)x f,
Fyrg = e (22)
Vm % \/g
where
Sy S the yield stress (minimum value) of the'material of the connected parts;
b,c,t  @re the geometric dimensions accoerding to Figure 6, with ¢ > b ;
dg s the hole diameter.
o o
< i 25)
1 I Y Vi :n:
v RiB Y
NI YA a| & \N
A
A NP 7 R N r B

Figure 6 — Connected parts
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5.2.4.5 Connected parts, limit design force with respect to tensile stress

The limit design force for the most unfavourable direction in the plane of the part is calculated from:

2><t><beﬁ ><fy

Fv,Rd =
VRp
where
) J2xt+16 mm
bese = Min 7

i

5.2.5

The

— 1

b are as illustrated in Figure 6;

fy s the yield stress (minimum value) of the material of the connected parts;

vith YRp =7m X 7sp

vhere

7sp Is the specific resistance factor for tension on sectionswith holes:

7sp =10  for unidirectional loads;

Ysp = 1,2  for reversing or direction changing loads.

Limit design stresses in welded connections

mit design weld stress, f,, rq, Used.for the design of a welded connection depends on

he base material to be welded ‘and the weld material used,
he type of the weld,
he type of stress evaluated in accordance with Annex C, and

he weld qualitys

(23)

Depending on, the equation number given in Table 7, the limit design weld stress, f,, rq, shall be calculated
using either Equation (24) or (25):
g < fyk
faBg =——F (24)
7m
ay X f,
fwRrd = ——— (25)
m
where

©I1SO

a,, Iis a factor given in Table 7 that depends on the type of weld, the type of stress and the

material;

Syk is the minimum value of the yield strength of the connected member under consideration;

Jfuw is the ultimate strength of the weld.

2008 — Al rights reserved
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Table 7 — Factor «,, for limit weld stress

aw
. . Equation
Direction of stress Type of weld Type of stress number fy <960 | fy > 960
(N/mm?2) | (N/mm2)

Full penetration weld, matching Tension 24 1,0 0,93
weld material Compression 24 1,0 0,93
Full penetration weld, Tension 25 0,80 0,80
wrdermatehing-weld-materal Compression 75 080 U430

Stress normal to the Partial penetration weld, matching Tension or 24 0.70 0.d5

weld direction weld material compression ’ ’
Partial penetration weld, Tension or i
undermatching weld material compression 25 R 0.96
All welds, matching weld material Shear 24 0,70 0,45
All we.Ids, undermatching weld Shear o5 0,54 0.44
material
All welds Tension and 24 1,0 0,93

compression

All welds, matching weld material Shear 24 0,60 0,95

Stress parallgl to the :

weld direction Full penetra.tlon welds, . Shear 25 0,50 0.0
undermatching weld material
Partial peneltration weld, ' Shear 25 0.50 0.40
undermatching weld material

The values of «,, are valid for welds in ISO 5817:2003, quality classes B and C.

In case of different 1y, of the connected members, the-proof shall be made for both members separately.

Undermatching weld material: weld material with strength properties less than those of the welded parts.

Filet welds

and partial-penetration ‘groove welds joining component parts of built-up members, sug¢h as

flange-to-web connections, may.be)designed without regard to the tensile or compressive stress in those|parts
that are para]lel to the axis of the ‘weld, provided the welds are proportioned to accommodate the shear fprces
developed bégtween those paris.

5.3 Execytion of\the proof

5.3.1

Proof for structural members

For the structural member to be designed it shall be proven that:

0sd < fRdo @nd 7gq < fRar

stress instead;

JfRdo is the limit design stress.

where
0sd» Tsd
JRdo» fRdr
26

(26)

are the design stresses — the von Mises equivalent stress o may be used as the design

are the corresponding limit design stresses according to 5.2.2 — where von Mises is used,

© 1SO 2008 — All rights reserved
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For plane states of stresses when von Mises stresses are not used, it shall additionally be proven that:

2 2 2
o o o Xo r
Sd,x n Sd,y __Y8dx Sdy +[ Sd J <1
JRdo x JRdoy JRdox ¥ fRdoy \JRdr

where x, y indicate the orthogonal directions of stress components.

Spatial states of stresses may be reduced to the most unfavourable plane state of stress.

5.3.2 Proof for bolted connections

For tihe most unfavourably loaded element of a connection, it shall be proven that:

f'sd < FRrd

wher

W

connections loaded in tension (see 5.2.3.3);

'Rd is the limit design force according to 5.2.3, depending on the.type of the connection |i.e.:

FyRrg limit design shear force;
Fyrq  limit design bearing force;
FsRrq  limit design slip force;
Firg limit design tensile force.

5.3.3| Proof for pinned connections

For pins, it shall be proven that:
Msq < MRy

Fv,8d < FyRd

Fbi,sd < £'b,Rd

wher

W

[sq  is-the design value of the bending moment in the pin;

VM Ry is the limit design bending moment according to 5.2.4.1;

e is the dpqign value of the shear force in the pin;

FyRrd s the limit design shear force according to 5.2.4.2;

(27)

(28)

Fsd is the design force of the element, depending on the type ef.connection, fe.g. Fg; for

(29)

Fpisg is the most unfavourable design value of the bearing force in the joining plate, i, of the pinned

connection;

Fprq s the limit design bearing force according to 5.2.4.3.

© 1SO 2008 — All rights reserved
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As a conservative assumption in the absence of a more detailed analysis, Equation (30) may be used.

/
Mgy =—xF
Sd 4 b3

where

/ is the distance between F 4 and £y, ;

Fo3 is the sum of F; and Fj,, (see Figure 5).

5.3.4 Proo

For the weld
Ow,sd
where
Tw,Sd >

fw,Rd

For plane stz

f for welded connections

to be designed it shall be proven that:

JwRrd and 7y sq < fwRd

rwsd  are the design weld stresses (see Annex C);
is the corresponding limit design weld stress accordingto 5.2.5.

tes of stresses in welded connections, it shall additionally be proven that:

Ow,Sd,
fw,Rd,
where x,y i

6 Proof

6.1 Gene

A proof of f
structural me

The stresses
only with the
stress in the
strength of n

2 2 2

o o X O T

4| ZwSdy | ZwSdx”7wSdy | ‘w,Sd <11
JwRdy JwRdx*fwRdy \fwRd

hdicate the orthogonal directions of stress components.

pf fatigue strength

al

htigue strength is”intended to prevent the risk of failure due to formation of critical crag
mbers or connéctions under cyclic loading.

are calculated in accordance with the nominal stress concept. This International Standard
nominak stress method (see the Bibliography for alternative methods). A nominal stress
base‘tnaterial adjacent to a potential crack location, calculated in accordance with simple €
naterials theory, excluding local stress concentration effects. The constructional details giv

(30)

(31)

(32)

ks in

deals

is a
lastic
en in

Annex D cor

lues

tain the influences illustrated in the figllrne, and thus the characteristic fnﬁglln ernngfh \

include the effects of

— local stress concentrations due to the shape of the joint and the weld geometry,

— size and

shape of acceptable discontinuities,

— the stress direction,

— residual

stresses,

— metallurgical conditions, and

— insome

28

cases, the welding process and post-weld improvement procedures.
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The effect of geometric stress concentrations other than those listed above (global stress concentrations) shall
be included with the nominal stress by means of relevant stress concentration factors. This International
Standard does not use other methods such as the hot spot stress method.

For the execution of the proof of fatigue strength, the cumulative damages caused by variable stress cycles
shall be calculated. In this International Standard, Palmgren-Miner's rule of cumulative damage is reflected by
use of the stress history parameter s, (see 6.3.3). Values for this parameter can be determined by simulation,
testing or using S classes. Thus the service conditions and their effect on the stressing of the structure are
taken into account.

Mean-stress influence in structures in as-welded condition (without stress relieving) can be considered
(see 6.3) but is negligible. Therefore, the stress history parameter, s, is independent of the mean stress, and
the fatigue strength is based on the stress range only.

In ng
asse
portid

n-welded details or stress-relieved welded details, the effective stress range to be-used i
ssment may be determined by adding the tensile portion of the stress range and 601% of the
n of the stress range or by special investigation (see 6.5).

h the fatigue
compressive

The f
fatigy

atigue strength specific resistance factor, y¢, given in Table 8, is used to account for the yincertainty of
e strength values and the possible consequences of fatigue damage.

Table 8 — Fatigue strength specific resistance factor y

Vmf
Non-fail-safe components
A ibilit Fail-safe :l
ccessibility components without hazards for | with Bazards for
persons persons
Accegsible joint detail 1,0 1,15 1,25
Joint|detail with poor accessibility 1,15 1,25 1,35

Fail-
comy

afe structural components are those~with reduced consequences of failure, such that the local failure of one

onent does not result in failure of the structure or falling of loads.

Non- failure of the

struc

fail-safe structural components_are those where local failure of one component leads rapidly to
ure or falling of loads.

6.2 | Limit design stresses

6.2.1| Characteristic fatigue strength

The |imit design stress of a constructional detail is characterized by the value the charactdristic fatigue
strenpth;“Ab , which represents the fatigue strength at 2 x 108 cycles under constant stress range loading

and

vith)a probability of survival equal to P, =97,7 % (mean value minus two standard deviati

bns obtained

by normal distribution and single sided test). See Figure 7, and Annexes D and E.

In the first column of the tables presented in Annex E, the values of 4o are arranged in a sequence of notch
classes (NC) and with the constant ratio of 1,125 between the classes.

For shear stresses, Ao is replaced by Az, .
The values of characteristic fatigue strength Ac. or Az, , and the related slope constants, m, of the
Ao — N curve are given in the tables of Annex D for basic material of structural members, elements of

non-welded connections, and welded members.

The given values apply for the defined basic conditions. For deviating conditions, an appropriate NC shall be
selected one or more notch classes above (+1 NC, + 2NC, ...) the basic notch class to increase the
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resistance, or below (-1 NC, —2 NC, ...) the basic notch class to decrease the resistance according to
Annex D. The effects of several deviating conditions shall be summed up.

Y A
m
1
Ao 1,
|
|
|
|
|
| | | N
10* 10° 2x10° 5x10° X
a) Principle
Y A Y A
m=3
AGC m=5
Ao,
2 x 10° X 2 x 10° X
b) Simplification
Key
1 constant gtress range fatiguedimit
m slope congtant of fatigue sfrength curve
X logN
Y log Ao
The curves hayve slopes of —1/m in the log/log representation.

Figure 7 — lllustration of Ac — N curve and Ao

6.2.2 Weld quality

6.2.2.1 General

The Ao, values presented in Annex D depend on the quality level of the weld. Quality classes shall be in
accordance with ISO 5817:2003, classes B, C and D. Use of quality levels lower than class D is not allowed.

For the purposes of this International Standard, an additional quality level, B*, may be used, on condition that
the requirements given in 6.2.2.2, additional to those of level B, are fulfilled.
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6.2.2.2 Additional requirements for quality level B*

For the purposes of this International Standard, 100 % NDT (non-destructive testing) is the inspection of the
whole length of the weld with an appropriate method that shall ensure that the following specified quality
requirements are met.

For butt welds:

— full penetration without initial (start and stop) points;

— both surfaces machined or flush ground down to plate surface; grinding in stress direction;

— iwe weld toe post-treated by grinding, remelting by TIG, plasma welding or by needle peening so that any
ndercut and slag inclusions are removed;

— eccentricity of the joining plates less than 5 % of the greater thickness of the two plates;
— gum of lengths of concavities of weld less than 5 % of the total length of the weld;

— 100 % NDT.

For parallel and lap joints:

— fransition angle of the weld to the plate surface shall not excéed 25°;

— the weld toe post-treated by grinding, remelting by TIG, plasma welding or by needle peening;
— 100 % NDT.

All other joints:

— full penetration;

— fransition angle of the weld to the plate surface shall not exceed 25°;
— the weld toe post-treated by, gtinding, remelting by TIG, plasma welding or by needle peening;
— 100 % NDT;

— e¢ccentricity less than. 10 % of the greater thickness of the two plates.

If TIG dressing is Used as a post treatment of the potential crack initialization zone of a welded jo|nt in order to
incregse the fatigue strength, welds of quality class C for design purposes may be upgraded to qpality class B
for any joint configuration.

6.2.3| ,Requirements for fatigue testing

Details not given in Annex D or consideration of mean stress influence require specific investigation into Ao,
and m. Requirements are as follows:

— the test specimen shall be in actual size (1:1);

— the test specimen shall be produced under workshop conditions;
— the stress cycles shall be completely within the tensile range;

— there shall be at least seven tests per stress range level.

Requirements for determination of m and Ao are as follows:
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a log-log presentation;

2 x 104 cycles shall be used:;

and 2,5 x 108 cycles shall be used.

A simplified method for the determination of m and Ao, may be used:

Ao, shall be determined from numbers of cycles based on mean value minus two standard deviations in

at least one stress range level that results in a mean number of stress cycles to failure of less than

at least one stress range level that results in a mean number of stress cycles to failure between 1,5 x 106

m shall

a stress
shall be

6.3 Stress histories

6.3.1 Dete
The stress h
established n
or two param

For the proo
calculation, t

Stress histor

In general, th
according to
factors, y, 4
from load c
combination
the same wa

Those stress
and the local
be determin
interaction —

Stress histor

Iy as those from the regular loads.

be setto m = 3;

range level that results in a mean number of stress cycles to failure of less than1 ¥10° g
used.

mination of stress histories

story is a numerical presentation of all stress variations that are ‘significant for fatigue. Usin
ules of metal fatigue, the large number of variable magnitude/stress cycles are condensed t
eters.

f of fatigue strength of mechanical or structural components of a crane selected for the
he stress histories arising from the specified service conditions shall be determined.

es may be determined by tests or estimated from elasto-kinetic or rigid body-kinetic simulati

e proof of fatigue strength shall be executed by applying the load combinations A (regular |
the applicable parts of ISO 8686, multiplied by the dynamic factor, ¢, setting all partial
1, and the resistances (i.e. limit design stresses) according to 6.2. In some applications, 3
pbmbinations B (occasional loads) can occur often enough to require inclusion of that
n the fatigue assessment. Jhe'stress histories from these occasional loads may be estima

histories which are@otproportional (such as in the top chord of a girder from the beam's t
effects from the wheel loads or the stresses from bending and torsion shear in a gear shaft
ed independently.” The fatigue assessment of the combined effect of such historie
is based on‘the action of the independent ones.

es shall-b&’represented in terms of maximum stress amplitudes and either

ycles

g the
D one

proof

DNS.

bads)
afety
load
load
ed in

neory
may
S —_—

a) frequenc

ies-of occurrence of stress amplitudes and mean stresses, or

b) densities of stress amplitudes and mean stresses and the total number of stress cycles.

In the following subclauses, only a) is dealt with.

NOTE

An example for the determination of stress histories by simulation is given in Annex F.

6.3.2 Frequency of occurrence of stress cycles

For this proof of fatigue strength, stress histories are expressed as single-parameter representations of
frequencies of occurrence of stress ranges by using methods such as the hysteresis counting method
(rainflow or reservoir method), with the influence of mean stress neglected.

32
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Each of the stress ranges is sufficiently described by its upper and lower extreme value:

Ao =0, -0y
where
o, isthe upper extreme value of a stress range;

oy, is the lower extreme value of a stress range;

= 1o tha ctracce ran
55

ISO 20332:2008(E)

(33)

ae
myeg TO—tr ottt TrTg T

Figure 8 illustrates a resulting one parameter representation.

Key
Aoy |stress range i

A |maximum stress range
n; number of stresS.cycles within stress range i

Figure 8 — One-parameter representation of stress histories
(frequencies of occurrence of stress ranges)
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6.3.3 Stres

s history parameter

The stress history parameter, s, is calculated as follows, based on a one-parameter presentation of stress
histories during the useful life of the crane:

Sm =Vxkny (34)
where
m
ko = i [%} xz—'t (35)
_ M
" Neef (36)
where
v is the relative total number of occurrences of stress ranges;
km is the stress spectrum factor dependant on m;
Ao is the stress range (see Figure 8);
AG the maximum stress range (see Figure 8);
n; is the number of occurrences of stressrange i (see Figure 8);
Ni = Zni is the total number of occurrences’of stress ranges during the useful life of the crafe;

The classific
given in Tabl

A given stre
logo —logN
s = constant

%108 is the number of cycles at the reference point;

is the slope constant of the logAo /log N curve of the component under consideratjon.

ption of stress histeries by S classes of the stress history parameters, s,,,, is based on n =3,

e 9 and illustrated’in Figure 9 as s3.

5s history_falls' into the specific S class, independent of the slope co
curve. ~The diagonal lines for the class limits represent the £
n a leg/log scale diagram.

Stress histor

nstant, m, of the relpvant
m to v relationship for

es_characterized by the same value of s,,, may be assumed to be equivalent in respect fo the

damage in similar materials, details or components.

Crane parts with a value of s lower than 0,001 do not require a proof of competence for fatigue.

34
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Table 9 — S classes of stress history parameter (s5)

ISO 20332:2008(E)

S class Stress history parameter value
S02 0,001 <553 < 0,002
S01 0,002 < 55 < 0,004
S0 0,004 < s5 < 0,008
S1 0,008 <55 < 0,016
S2 0,016 <53 < 0,032
S3 0,032 < < < 0063
S4 0,063 <53 < 0,125
S5 0,125 <53 < 0,250
S6 0,250 < s5 < 0,500
S7 0,500 < s5 < 1,000
S8 1,000 < 55 < 2,000
S9 2,000 < 55 < 4,000
< b

1

0,5

0,25

0,125

0,063

0,032

0,016

0.008

0,004 \\ \\\ ’%3)

0,001 0,004 0,016 0,063 | 0,25 0,5
0,002 0,008 0,032 0,125
a8  Fatigue assessment not required.
Figure 9 — lllustration of classification of stress history parameter for m =3

© 1SO 2008 — All rights reserved

35


https://standardsiso.com/api/?name=99cc0dfb066759c900cc56027edc6f6d

ISO 20332:2008(E)

6.3.4 Determination of stress history class, S

6.3.4.1

General

For members of crane structures, the S class of the stress history parameter may be taken from Table 9,
when the value of the stress history parameter is known, obtained by calculation or measurement.

The stress history class may also be selected directly, based on experience, with technical justification. The
corresponding value of stress history parameter, s3, is given by Table 11. The S class of the stress history

parameter is

related to crane duty and decisively depends on

the num

the net |

the cran

If a single sf
within the str

6.3.4.2

In a special
only, without

ber of working cycles and the U class (see [SO 4301-1),

pbad spectrum and Q class (see ISO 4301-1), and

Licture shall be used.

Special case

b configuration and the effect of the crane motions (traverse, slewing, luffing, ete.).

ress history class is used to characterize the whole structure, the most severe class applicable

case where the stress variations in a structural member dépend upon the hoist load varigtions
load effect variations — for example, due to dead weight of moving parts of the crane (i.¢. the

number of r¢levant stress cycles is equal to the number of load cyeles and the stress ranges are difectly

proportional
Table 10.

fo the hoist load variations) — the S class for a suchidmember may be determined accord

Table 10 — S classes determined from A classes

ng to

36

. A class S class
according to 1ISO 43011
A1 S01
AZ SO
A3 S1
A4 S2
A5 S3
A6 sS4
A7 S5
A8 S6
Higher stress history classes (S7 to S9) not covered by ISO 4301-1:1986,
class A8, could be applicable.
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Execution of the proof

For the detail under consideration it shall be proven that:

Aogy < AoRg (37)

AGgq =maxo —minc (38)
where

Aogy is the calculated maximum range of design stresses;

maxo , mino  are the extreme values of design stresses resulting from load-compinations, A,

according to the applicable parts of ISO 8686, by applying yp =1
stresses with negative sign);

\ORq is the limit design stress range.

For the design weld stress, see Annex C. For thermally stress-relieved or nen-welded structural 1

comg
obtai
valug
acce

Shea

For 4
ortho

In ca

simu
loadi

6.5

6.5.1

The |
use g

ressive portion of the stress range may be reduced to 60 %. When the stress spectrum
ned by calculation from Equation (35) and used for the determination)of the stress history pa
s of maxo and mino shall be based on the same loading assumptions — including dyn
erations and combinations — as those used in the determination’ of the maximum stress ran

r stresses ¢ are treated similarly.

ach stress component, o, oyandz, the proof shall'be executed separately, where x,
gonal directions of stress components.

se of non-welded details, if the normal and\shear stresses induced by the same loadin
taneously, or if the plane of the maximum principal stress does not change significantly in th
g event, only the maximum principal stress range may be used.

Determination of the limit design stress range

Applicable methods

mit design stress ranges; Aogry, for the detail under consideration shall be determined ei
f the stress history.parameter, s, , or simplified by the use of an S class.

compression

hembers, the
factor, k,, is
rfameter, s,
amic factors,
pe.

indicate the

g event vary
B course of a

her by direct

6.5.2| Direct useof.stress history parameter
The I|mit desigh ‘stress range shall be calculated from:
Ao

N\oRy = m (39)
where

Aogrq s the limit design stress range;

Ao, s the characteristic fatigue strength (see Annex D);

m is the slope constant of the logo —logN curve (see Annex D);

Ymf is the fatigue strength specific resistance factor (see Table 8);

Sm is the stress history parameter.
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When s, is obtained on the basis of m =3, the limit design stress range may be calculated using the method
given in 6.5.3.2.

6.5.3 Use of S classes

6.5.3.1 Slope constant, m

When the detail under consideration is related to an S class according to 6.3, the simplified determination of
the limit design stress range is dependent on the slope constant, m , of the logo —logN curve.

6.5.3.2 Slope constant, m =3

Values of thl stress history parameter (s3) corresponding to individual stress history classes, S, are selpcted
according to [Table 11.

Table 11 — Values of s; for stress history classes, S

S class S02 S01 S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
S3 0,002 0,004 | 0,008 | 0,016 | 0,032 | 0,063 | 0,125 | 0,26 0,5 | 1,0 | 2,0 ||4,0
NOTE Siress history parameter values presented here are the upper limit values of the ranges’given in Table 9.

The limit desjgn stress range shall be calculated from:

Aogg =27 (40)
Yt <35
where
AoRq s the limit design stress range;
Ao, s the characteristic fatigue strength of details, with m = 3 (see Annex D);
53 s the classified stress history parameter (see Table 11);
Vmf S the fatigue strenrgth specific resistance factor (see Table 8).
For yms =135, Annex Egives the values of Aory depending on the S class and Aoy .
6.5.3.3 Slppe.constant m = 3
If the slope censtant—n—ofthetoge—logA—curve-is-rot-equaHo-3the limit-design-stressrange-is-depehdent
on the S class and the stress spectrum factor, &, (see 6.3.3).
The limit design stress range Aogqy shall then be calculated from:
AoRg = AoRg 1% k (41)
AoRg1= A% (42)

7/me”\1/§
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kK =m 2‘—; >1 (43)
where
AoRg is the limit design stress range;
Aorq1 s the limit design stress range for K =1;
K is the specific spectrum ratio factor;
\c.,m are the characteristic fatigue strength and the respective slope consfant of the
logo/logN curve (see Annex D);
3 is the classified stress history parameter for m = 3 (see Table 11);
mf is the fatigue strength specific resistance factor (see Table 8);
3 is the stress spectrum factor based on m = 3;
i is the stress spectrum factor based on m of the detail under consideration.
ks ahd k,, shall be based on the same stress spectrum that is derived either from calculation orjsimulation.
For jims =125 and m =5, Annex E gives the values of Agrq'1 depending on the S class and A .
6.5.3|14  Simplified method for slope constants . 3
As k| =1 covers the most unfavourable stress_spectra, Aorgy ¢ calculated from Equation (42) nay be used
as limit design stress range. The value of Kk may be calculated for kg and kg, from the strgss spectrum
estimated by experience.
6.5.4| Independent concurrent normal and/or shear stresses
In addition to the separate proofyfor o and z (see 6.4), the action of independently varying ranges of normal
and ghear stresses shall be'Considered by:
Zmf *ATsd.x, Jm XSy + [me X Adsdy me xSy + [—me X Asd ]m, X Sy <10 (44)
AO‘C‘X ’ AO'Qy ’ Az,
wherg
\ody,AToq are the calculated maximum ranges of design stresses;
Aog,Atg are the characteristic fatigue strengths;
Ymf is the fatigue strength specific resistance factor (see Table 8);
Sm is the stress history parameter;
m is the slope constant of logo —logN curve;
X,y indicates the orthogonal directions of normal stresses;
T indicates the respective shear stress.
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Annex A
(informative)

Limit design shear force, I, Rq, in shank per bolt and per shear
plane for multiple shear plane connections

See Table A.1.

Table A.1 — Limit design shear force, F, rq4, in the shank per bolt and per shear
plane for multiple shear plane connections

FyRd
Bolt Shank diameter kN
mm Bolt material for yg, =1,1

4.6 5.6 8.8 10.9 129
M12 12 14,2 17,8 37,9 53,4 6411
M16 16 253 31,6 67,5 94,9 1139
M20 20 39,5 49,4 105,5 148,4 178,0
M22 22 47,8 59,8 127,6 179,5 2154
M24 24 56,9 71,2 151,9 213,6 2564
M27 27 72,1 90,1 192,3 270,4 3245
M30 30 89,0 111,3 2374 333,9 400,6
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Annex B
(informative)

Preloaded bolts

See Tables B.1 and B.2.

ISO 20332:2008(E)

the maximum allowable preload level, 0,7><Fy

Table B.1 — Tightening torques (in newton metres) for achieving

Bolt size Bolt material

8.8 10.9 12.9
M12 86 122 145
M14 136 190 230
M16 210 300 300
M18 290 10 pre
M20 410 590 710
M22 560 790 950
M24 710 1000 1200
M27 1040 1460 1750
M30 1410 2000 2 400
e 1910 2700 3250
M36 2 460 3 500 4200

NOTE A friction goefficient of = 0,14 is assumed for the tightening torque calculations.

© 1SO 2008 — All rights reserved
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Annex C
(normative)

Design weld stress, o, 54 and 7, sq

C.1 Butt joint

Normjal weld design stress, o, 54, and shear weld design stress, r,, g4, are calculated from;

F, F.

o T

D'w,Sd = w1 Tw,Sd =
r

r a, x|

r r

wher

W

' is the acting normal force (see Figure C.1);
. is the acting shear force (see Figure C.1);
is the effective weld thickness;

is the effective weld length.

Figure C.1 — Butt weld

The effective weld thickness, a,, is calculated from:

a, =min(zy,t5)  for full penetration welds;

(C.1)

a, = 2xa; for double sided symmetrical partial penetration welds, where g; is the thickness of

either weld.

NOTE Single-sided partial penetration butt welds are not covered by this International Standard.

© 1SO 2008 — All rights reserved
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In general, the effective weld length, I, is given by I =1y, —2xa, (for continuous welds), unless measures
are taken to ensure that the whole weld length is effective, in which case:

where

Ly is the weld length (see Figure C.1);

ar is the effective weld thickness;

11, ty Jare the thicknesses of the plates.

C.2 Fillet weld

Normal weld|design stress, o, 54, and shear weld design stress, r,, g4, are calculated.from:

F F
o Twsd = z (C.2)
’ apg I +app xlp

(o2 = i
wSd arg Xl +ap xlp

where
F; is ttle acting normal force (see Figure C.2);
F, is the acting shear force (see Figure C.2);
ay arefthe effective weld thicknesses (see Figure'C.2):
ag T a

I; arefthe effective weld lengths.

'S

Figure C.2 — Joint dimensions
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The effective weld thickness, a,, is limited to a, < 0,7 xmin(z4,25) .

For the effective weld lengths see C.1.

Single-sided welds may be used loaded with forces as shown in Figure C.2.

For single-sided welds, o, 54 and r,, g4 are calculated in an analogous manner using the relevant weld
parameters.

C.3 T-joint with full and partial penetration

Nornjal weld design stress, o, 54, and shear weld design stress, r,, 54, are calculated from:

wher

w

ri

ri

PD'w,Sd =

Fy F;
Tw,Sd =

app X lpq +app <l app Xl +app Xl

is the acting normal force (see Figure C.3);

is the acting shear force (see Figure C.3);

are the effective weld thicknesses (see Figure C.3);
drj = aj + ap

are the effective weld lengths.

Figure C.3 — Joint dimensions

The effective weld thickness q,.is limited to a, < 0,7 xmin(z4,25) .

For the effective weld lengths see C.1.

Single-sided welds may be used loaded with forces as shown in Figure C.3.
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For single-sided welds, o, gq and r,, gq are calculated in an analogous manner using the relevant weld
parameters.

C.4 Effective distribution length under concentrated load

For simplification, the normal weld design stress, o, g4, and shear weld design stress, r,, 54, may be
calculated using the effective distribution length under concentrated load:

I, =2x hytanx + A (C.4)

where
I, is the effective distribution length;
hq s the distance between weld and contact area of acting load;

A is the width of contact area in weld direction — for wheels, A may be setto 4 =0,2xr | with
Amdx =50 mm

where
r |is the radius of the wheel;

2k |is the dispersion angle: x shall be setto x <45°.

See Figure ¢.4.

hy

| 1A

Figure C.4 — Concentrated load

Other calculations for the determination of the design stresses may be used; however, the values for Ao,
and Az, presented in Annex D are based on the presented calculation herein.
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See Tables D.1 to D.3.

Annex D
(normative)

Values of slope constant, m,

ISO 20332:2008(E)

and characteristic fatigue strength, Ao, Az,

NOTH Notch classes (NC) refer to the first column of Annex E (see also 6.2.1).
Table D.1 — Basic material of structural members
. Aoe
Dﬁ:’a" Az Constructional detail Requirement(s)
N/mm?
_ ZN — Rolled surfacgs and edges
m=5 (
)4: \_) — Good surface|condition
1.1
— No thermal cutting,
Plates, flat bars, rolled profiles under normal stresses
295 o < 275 — No notches ol geometrical
Y notch effects (e.g. cutouts)
250 275< f, <355
280 355 < f,
— Flame cut edges, quality
m=5 according to
1.2 ISO 9013:2002, Table 5,
Range 3
. — No gpnmpfrir‘al notch
Plates, flat bars, rolled profiles under normal stresses effects (e.g. cutouts)
180 fy <275
200 275< f,
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Table D.1 (continued)

Detail | 2%
no Az Constructional detail Requirement(s)
" | N/mm?
— Nominal stress calculated
for the net cross-section
— Holes not flame cut
m o
13 — Bolts may be présent,
' when these are stressgd
gy up to 20 %0oftheir strgngth
in sheat/bearing
Holes in a plate under normal stresses conngctlons or u'p to 1p0 %
of their strength in
190 fy <275 slip-resistant connectigns
270 2715< f,
‘\
m35 /
1.4 —_
Plates, flat bars, rolled profiles under shear stress
140 fy<275
140 275< f, <355
140 355 < f,
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Table D.2 — Elements of non-welded connections

Ao,
Detail ¢ . . .
no. Az, Constructional detail Requirement(s)
N/mm?

Double shear

+]+
+ o+
+ o+
+|+
o
I I

+| |

+
+
+| It

—  Proof of fatigue
T strength|not required
- fer.bolts [of friction grip

SUIJIJUi-tUd D;I IH:U'DhUaI )
(example) (
m=5
. . type bolted
connectipns

2. == : :
Single-shear i it .
4+ + 4 -\\f— Nominal|stress
calculatgd for the net
cross-segtion

+ |+t

Perforated parts in slip-resistant bolted connections under normat

stresses
160 fy <275
180 2715< f,
Perforated parts in shear/bearing connections;under normal stresses .
m=5 — Nominal|stress
2.4 double-shear and supported single-shear calculatgd for the net

cross-seption
180 Normal stress

Perforated parts in shear/bearirig)connections under normal stresses .
m=5 — Nominal[stress

2.3 single-shear joints, not supported calculatdd for the net
cross-segtion

125 Normal stress

m =15 |Fitted bolts in double-shear or supported single-shear joints

— Uniform distribution of

2.4 125 Shear stresg(Ar;) stresseslis assumed

355 Bearing stress (Ac,)

m =15 |Fitted.bolts in single-shear joints, not supported

—  Uniform distribution of

2.9 100 Shear stress (A7) stresseslis assumed

250 Bearing stress (Ac,)

m=3 | Threaded bolts loaded in tension (bolt grade 8.8 or better)

— Ao calcujated for the

24 50 Machined thread stress-aflea of the
' 63 |Rolled thread above M30 bott-using AF,
(see 5.2.3.3)
71 Rolled thread for M30 or smaller
NOTE Pinned connections are considered in the proof of fatigue strength as structural members.
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Table D.3 — Welded members

Detail | 2%
Az Constructional detail Requirement(s)
no. c,
N/mm

Basic conditions:

— symmetric plate arrangement

— fully penetrated weld

— components with usual residual

— angular misalignment < 1<

t=t
3.1 =3 J,Lfii, 170
or
B
% slope <1:3
Symmetric butt joint, normal stress across the weld < —

Spécial conditions:

— components with considerable
residual stresses (e.g. joint of
components with restraint of
shrinkage) -1N¢

Al
40  |Buttweld, quality level B* -~ —}—| 2N
25 Butt weld, quality level B <—%—> -4 NC
>
12 Butt weld, quality level C E‘ -4 NC

Basic conditions:

— symmetric plate arrangement

— fully penetrated weld

— components with usual residua
stresses

=3 . . °
3.2 — angular misalignment < 1
Special conditions:
\
o — Components with considerable
7 residual stresses (e.g. joint of
Symmetric butt joint, normal stress across the weld components with restraint of
shrinkage) -1 NC
80 Butt weld on remaining backing, quality level C
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Table D.3 (continued)

ISO 20332:2008(E)

Detail | 2%
Az Constructional detail Requirement(s)
no. 5
N/mm
Basic conditions:
— fully penetrated weld
— Supported parallel to butt weld:
e<2t,+10 mm
K / — Supported vertical To Hutt weld:
e<121t,
- Components withyusual res|dual stresses
— A3
m=3 e 7;// E
slope<1:3
3.3 ty—t; <4 mm
. o Special conditions:
Unsymmetrical supported butt joint, normal stress
across the butt weld — Components with congiderable
residual stresses (e.qg.|joint of
components with restraint of
shrinkage) -1 NC
— Influence of slope and|thickness
ty— 1y
thickness 1, — 4,
125 Butt weld v lovel B* slope <4 <10 50 >50
dtt wetd, qualy ‘eve <13 — -INC HINC -2NC
112 Butt weld, quality levél B <12 —INC —INC -2NC -2NC
) <1:1 —INC -2NC -{2NC -3NC
100 Butt weld, qualitylevel C 11 -2NC  -2nC ne Z3ne
Basic conditions:
— fully penetrated weld
— supported parallel to bputt weld:
e<2ty+10 mm
— supported vertical to blitt weld:
e<12t,
_ — components with usua] residual
m= 3 stresses
3.
— th—t; <10mm
3 Special conditions:
Unsymmetrical supported butt joint, normal stress T components with consigigrable
across the butt weld residual stresses (e.g. joint of
components with restraint of
shrinkage) -1NC
— tp—t;>10mm -1NC
80 Butt weld on remaining backing, quality level C
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Table D.3 (continued)

Detail | 2%
Az Constructional detail Requirement(s)
no. 5
N/mm

Basic conditions:

— fully penetrated weld

— components with usual residual
stresses

— stepe<H

== slope(in‘weld ¢r
s (]t > 0,84 base material
35 Special conditions:

— components with considerable
residual stfesses (e.g. joint of
components with restraint of
shrinkage) -1 NC

Unsymmetrical unsupported butt joint, stress across .
the butt weld o
=
. -2 NC
=
100 Butt weld, quality level B* — 4/, >0,74 -1NC
0] Butt weld, quality level B — t1/t2 > 0,63 -2 NC
B0 Butt weld quality level C —  t,/t,>0,50 -3NC
Basic conditions:
m|=3 — components with usual residual
stresses
3.6
Butt joint with crossing welds, stress across
the butt weld
125 Butt weld, quality level B*
100 Butt weld, quality level B
90 Butt weld, quality level C
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Table D.3 (continued)

ISO 20332:2008(E)

Detail | 2%
Az Constructional detail Requirement(s)
no. ¢,
N/mm
Special conditions:
— no irregularities from start-stop-
m=3 points in quality level C  +1 NC
— welding with restraint of shrinkage
3.7 -1 NC
Normal stress in weld direction
180 Continuous weld, quality level B
140 Continuous weld, quality level C
80 Intermittent weld, quality level C
Basic conditions:
— continuous weld
m=3 Special conditions:
— welding with restraint gf shrinkage
3.8 ~1NC
Cross or T-Joint, (groove weld,
normal stress jacross the weld
112 K-weld, quality level B
100 K-weld, quality level B
80 K-weld, quality level C
71 V-weld with;full penetration and backing, quality level C
Basic conditions:
— continuous weld
m=3 Special conditions:
— welding with restraint of
3.9 1 shrinkage -1 NC
f
—
~ ¢
Cross or T-Joint, symmetric double fillet weld
45 Stress in weld throat ow=FI(2xa,xI) see Annex C
71 Quality level B
Stress in the loaded plate at weld toe
63 Quality level C
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Table D.3 (continued)

Detail | 2%
Az Constructional detail Requirement(s)
no. 5
N/mm
=3
XV
3.10
T-joint, stresses from bending
Stress.calculated with the applied
15 Stress in weld throat bending moment and weld joint geometry
taken into account
80 Stresses in plate at weld toe, Quality level B
71 Stresses in plate at weld toe, Quality level C
=3
3.1
Full penetration weld (double sided) with transverse
compressive load (e.g. wheel)
12 Quality level B
100 Quality level C
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Table D.3 (continued)

ISO 20332:2008(E)

Detail | 2%
Az Constructional detail Requirement(s)
no. ¢,
N/mm
m=3
3.1p
Full penetration weld (with backing) with transverse
compressive load (e.g. wheel)
80 Quality level C
m=3
3.1B Weld throat a > 07 x¢
Double fillet weld with transverse compressive load,
(e.g. wheel), stress calculated in the plate
63 Quality level C
0,5xt<a<0,7%¢
with @ according to Ahnex C
E@ p=mmfer+<6mm
_ // L ' p=tl4 for t >6 mm
m=3
3.14 S ( <
p
H
Partial penetration weld with transverse compressive
load (e.g. wheel), stress calculated in the plate
71 Quality level C
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Table D.3 (continued)

Detail | 2%
no Az, Constructional detail Requirement(s)
) N/mm?
—————
i |_v_. 0,5xtr<a<0,7xt
X : with a according to AnnexC
=3 h
3.15 \\\\\\\ ’ p=1mm for t <6mm
\)
= __){ p=tl4 for tx6,mm
T 1
Partial penetration weld with transverse load
(e.g. underslung crab), stress calculated in the plate
63 Quality level C
Basic conditions:
~— quality level C
— continuous weld
\ — distance c between the weld top
and rim of continuous compongnt
=3 greater than 10 mm
Special conditions:
3.16 — quality level B’ +2 N(
3 — quality level B +1 N(
Continuous component with a welded cover plate | quality level D ~1Ng
— ¢<10mm -1 N(@
30 /<50 mm
71 50 mm <., <100 mm
63 1> 100{mm
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