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Foreword

This document (CEMTS 13001-3-5:2010) has been prepared by Technical Commitiee CENTC 147 “Cranes -
Safety”, the secretariat of which is held by B3I.

Attention is drawn 1o the possibility thal some of the elements of this document may be the subjact of patent
rights. CEN [andfor CENELEC] shall not be held responsible for identifying any or all such patent rights.

This Technical Specification is one part of the EN 13001 series. The other parts are as follows:
Part 1: General principles and requirements

— Part 2: Load effects

— Part 3-1: Limit states and proof of compefence of steel structures

—  Part 3-2: Limit states and proof of compefence of wire ropes in reewing systems

—  Part 3-3; Lirit states and proof of compefence of wheelfrail confacts
Accarding o the CENICENELEC International Regulations, the national standards organizations of the
following countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria, Croafia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Gemany, Greece, Hungary, |celand, Ireland,

Italy, Latvia, Lithuania, Luxembourg, Malta, Metherlands, Morway, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland and the United Kingdom.
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Introduction

This Technical Specification has been prepared o provide a means for the mechanical design and theoretical
verification of cranes to conform with essential health and safety requirements. This specification also
establishes interfaces between the user (purchaser) and the designer, as well as between the designer and
the component manufacturer, in order to form a basis for selecting cranes and components.

This Technical Specification is a type C standard.

The machinery concerned and the extent to which hazards are covered are indicated in the scope of this
standard.
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1 Scope

This Technical Specification should be used together with the other relevant parts of the standard series. As
such, they specify general conditions, reguirements and methods fo prevent hazards in hooks as part of all
types of cranes.

This Technical Specification covers the following parts of hooks and types of hooks:
— bodies of any type of paint haoks made of steel forgings,
machined shanks of hooks with a thread/nut suspension.

NOTE 1 Principles of this Technical Specification can be applied to other types of shank hooks and also where stress
concentration factors relevant to that shank construction are determined and used, Plate hooks, which are those,
assembled of one or several parallal parts of rolled steel plates ars not covered in this Technical Specification.

This Technical Specification iz applicable to hooks from materials with ultimate strength of no more than
BOO MN/mm’ and yield stress of no mare than 800 M/mm’.

The following is a list of significant hazardous situations and hazardous events that could result in risks 1o
persons during normal use and foreseeable misuse. Clauses 4 1o 8 of this document are necessary lo reduce
or eliminate the risks associated with the following hazards:

a) Exceeding the limits of strength [yield, ultimate, fatigue);

b  Exceeding temperature limits of malterial,

¢} Unintentional disengagement of the load from the hook.

The requirements of this Technical Specification are stated in the main body of the document and are
applicable to hook designs in general. The hook body and shank designs listed in Annexes A, B and G are

only examples and should not be referred to as requirements of this Technical Specification.

This Technical Specification is applicable to cranes, which are manufaciured after the date of approval of this
standard by CEN, and serves as a reference base for product standards of particular crane types.

NOTE 2 This CENTS 13001-3-5 deals only with the limit state method in accordance with EN 13007-1.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
raferences, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EMN 10002-1, Metallic materials — Tensile testing — Part 1: Method of test st ambient temperafure

EM 10045-1, Mefallic materials — Charpy impact test — Farf 1; Test method

EM 10025-3:2004, Hot rofled products of structural steels — Part 3 Technical delivery conditions for
normalizednormalized rofled weldable fine grain structural sleels

EM 10222-4:1998, Sf=el forgings for pressure purposes — Part 4; Weldable fine grain steels with high proof
strength

EN 10228-3:1998, Non-destructive testing of steel forgings — Part 3 Ultrasonic testing of ferritic or
martensitic steel forgings
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EN 10243-1:1999, Sieel die forgings — Tolerances on dimensions — Part 1. Drop and verfical press forgings

EN 10250-2:1989, Opan die steel fargings for general engineanng purposes — Part 2: Non-aliay quality and
special steals

EN 10250-3:1999, Open die steel forgings for general engineenng purposes — Part 3 Alloy special steels
EN 10254, Steel closed die forgings — General technical delivery conditions

EN 13001-1:2004, Cranes - General design — Part 1; General principles and requirements

EN 13001-2, Crane safely — General design — Part 2; Load effects

CEMNITS 13001-3-2, Cranes — General design — Part 3-2; Limif sfates and proof of competence of wire ropes
in reeving systems

EN 150 42871998, Geomeincal product specifications (GPS) — Surmace fexiure; Profile method — Terms,
definitions and surface texture parameters (150 4287:7997)

EN 150 12100-1:2003, Safety of machinery — Basic concepts, general principles for design — Part 1. Basgic
terminalogy, methadalogy (IS0 127100-1:2003)

150 965-1:1998, [50 general purposs metnc screw threads — Tolerances — Part 1; Principles and basic data

IS0 4306-1:2007, Cramgs — Vocabulary — Part 1. General

3 Terms and definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EM 130 12100-1:2003 and
150 4308-1: 2007 and the following apply,

3141
hook shank
upper part of the hook, from which the hook is suspended to the hoist media of the crane

31.2
hook body
lower, curved part of the hook below the shank

31.3
hook seat
bottom part of the hook body, where the load lifting attachment is resting

3.1.4
hook suspension articulation
feature of the hook suspension, allowing the hook to tilt along the inclined load line

315

serially produced hook

hook which is designed, manufactured and released to the market as & stand alone component or as part of a
hook block, without connection to @ specific crane or application

10
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Symbols and abbreviations

Table 1 — Symbols and abbreviations

Symbols, Description

abbreviations

Ay Cross section area of the forged, shank

A Crozs section area of the critical section of hook shank

A, Minimum impact toughness of material

a Acceleration

ay Seal clrcle diameter

& Throal opening

&2 Height of the hook paint

Bonar Maximum width in the critical hook body section

Brear Reference width

C Total number of working cycles during the design life of crana

C; Ralaliva tilling resistance of the hook suspansion

C. Coafficient for Inad eccantricity

0 Cumulative damage in fatigue (Palmgren-Miner hypothesis)

dy Diameter of the forged shank

ds Principal diametar of thread

dy Diameter of the undercut section of the shank

ds Thread core diametar

en Distance of the vertical lnad line from the centre line of the shank

F Verical force

Fi Vertical force on hook due to occasional or exceptional Inads

Fags + Frar Limit design forces, stafic | fafigus

Foas Vertical design foroe for the proof of static strength

Faegy Vertical design foroe for the proof of fatigue strength

fi fa, i Factors of further influsnces

fay Limit design stress

I, Yield slress

Iy Ultimate strength

g Acosleration due to gravity, g = 9,81 mis®

Moo Horzontal design force of hook

Hear Horzontal design force for the proof of faligue sirength

hi, ha Section heights of the hook body

b Werlical distance from the s=at botlom of the hook body 1o the centre of the
articulation

. Wertical distance from the seat bottom of the hook body to critical section of hook
shank

i Index for a lifting cycle or a siress cycle

! Reference moment of inertia for curved beam

L Moment of inertia of the forgad shank

fm Moment of inertia of the critical section of hook shank

k- Conversion factor for stress spectrum and classified duty

ke Stress spectrum factors

11
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Table 1 {continued)

kKO Load spectrum factor, in accordanos with EN 13004-1

ke ks Specific spectrum ratio factors, m= 576

I Log to the hase of 10

My, My, M;, My | Bending momenis of hook shank

Mg, Moy, My | Bending moments of hook shank for the proof of fatigue strength, lifting cycle /
Mz, Static design bending moment

it} Slope parameler of he characteristic fatigue degsign curve
Meac Mazs of rated halst load

fich Mazs of the hook load in a lifting cycle |

M Tolal number of stress cyeles | lifting cycles

Mo Raferanca number of stress cycles, MD =2 = 10°

[ Pitch of thread

P Average numbar of accaleralions related to one lifling cycle
I3 Radius of hook body curvature

[ Average daplh of surface profile according 1o EM IS0 42871508
~, Maximum depth of surface profile according to EN 150 42871998
I Ralief radius of the undarcut

iy Thraad hottom radius

5 Length of undercut

Sy, S Stress history parameters

o Load history parametar

i Deapth of thread

T Operation temperature

Us, Ut Dapths of notches

i d Angle

{5, @y Stress concentration faciors

i Angle or direction of hook inclination

B s, far Nolch effect factors

i Dynamic factor for hoisting an unrestrained grounded load
iz Dvynamic factor for changes of acceleration of a movemeant
* Risk coefficlent

# Fartial safely factor

Fn General resistance coefficient

Hem Specific resistance cosfficient

o o Moy Fatigue strength specific resistancs factors

0 Edge distance of a hook bady sectian

v Facior for load compaonant

v s Relative numbers of stress cycles

M Factor for mean stress influsncs

e, Shank stress due o axial force

&, Shank stress due to bending moment

i Mean siress in a stress cycle

(A Stress amplitude in a stress cycle

Ty Dasign stress

12
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o Basic fatigue strength amplitude, un-notched piece
T Teslal stress range ina pulsating stress cycle

Ty Fatigue strenglh amplitedes, notched piece

Frimaz » O1 , Oz Transformed slress amplildes

A, Characterstic fatigue strength

ATy Limit fatigue design stress

Aty Stress range in a lifting cycle §

Ab¥si rn Maximum stress range

4 General requirements

4.1 Materials

The hook material in the finished product shall have sufficient ductility to permanently deform before losing the
ability to carry the load, gt the temperatures specified for the use of the hook. Hook material, after forging and

heat treatment, shall have minimum Charpy-V impact toughness in accordance with Table 2,

Table 2 — Impact test requirement for hook material

Operation temperature

Impact test temperature

Minimum  impact

toughness A,
Tz-30°C -20°C
~C>T=-40°C -30'C 27 J
4G =T =-50°C -4AD°C

European slandards specify matenals and their properties. This standard gives a prefermad selection. For
forged hooks, the malarial grades and qualities in accordanca with Table 3 should be used. For more datailed
information see the specific European Standard,

Table 3 — Preferred materials for forged hooks

Material Saelected qualities

standard

EM 10025-3 S275M S420M
S355M

EM 10222-4 P2B5NH P420MH
P2B50H P4200H
P355MH
P3ssQH

EM 10250-2 5235J2
53s5J2

EM 10250-3 25CrMo4+0QT JACrMIMoB+0QT
FACod4+QT J0CrMNiMoB+QT
36CrMIMod+0T

13
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Grades and gualities other than those mentioned in the above standards and in Table 3 may be used, if the
mechanical properties and the chemical composition are guaranteed by the manufacturer and conform to the
qualities of the standards referenced in Table 3.

The mechanical properties (yield stress, ultimate strength) are dependent upon the thickness of the forged
hook body. As a ruling thickness, either the largest width of the hook seat or the diameter of the shank shall
be used, whichaver is grealer.

For standardisation purposes, a classification of material grades for forged hooks i1s specified in Table 4. In
cases where the hook matenal is specified through the class reference, the values of mechanical properties
given in Table 4 shall be used as design values and shall be guaranteed as minimum values by the hook
manufacturer,

Table 4 — Material properties for classified material grades

Material Mechanical properties
class
reference Yield stress Ultimate strength
Ty fu
M/ P
fa 215 340
P NG 490
] 380 540
T 500 TO0
W 800 800

A selection of malerial qualities conforming 1o classes of Table 4 for hook sizes in accordance with Annexes A
and B is given in Annax F. Another salection of material gualities may be used, as long as the requirements of
Tableg 4 are met and guaraniaed by the hook manufacturer,

4.2 Workmanship

The manufacturing process, factory tests and delivery conditions shall meet the requirements of EN 10254,
Each hook body shall be forged hot in one piece. The macroscopic flow lines of the forging shall follow the
body outline of the hook. Excess metal from the forging operation shall be removed cleanly leaving the
surface free from sharp edges.

Praofile culting from a plate is not permissible for forged hooks.

The surface roughness of the hook seat in the finished product shall be equal to or better than R, 500 pm.
Grinding may be used to reach the required surface guality. Any grinding marks shall be in a circumferential
direction in respect to the seat circle.

After heat treatment, furace scale shall be removed and the hook body shall be free from harmiul defects,
including cracks. Hook forging shall be inspected for defects using appropriate NDT-methods according 1o
EN 10228-3. Reguirements of quality class 1 of EN 10228-3:19398 shall be met.

Mo welding shall be carried out at any stage of manufacture.

14
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4.3 Manufacturing tolerances

The dimensional tolerances according to EN 10243-1 for forging grade F shall be fulfilled, except as modified
herein,

The seat circle diameter and the throat opening shall be within [0 ; + 7 %] of the nominal dimension. The point
height dimension a, shall be within [- 7 % ; + 7 %] of the nominal dimension.

The cenire ling of the machined shank shall not deviate from the seal centre more than £ 0,02 a,.

The shape of the hook in its own plane shall be such that the centres of the material sections specified by the
two flanks of a section shall fall between two parallel planes with a spacing of 0,05 d,.

4.4 Heat treatment

Each forged hook shall either be hardened from a temperature above the AC, point and tempered, or
normalized from a temperalure above the AC; point. The tempering temperature shall be at least 475 *C.

The normalizing or tempering conditions shall be at least as effective as a temperature of 475 *C maintained
for & penod of 1 h,

4.5 Proof loading

As part of the manufacturing process, a hook may be proof loaded. This initial proof loading can further assist
the Quality Assurance Management process as well as improve the fatigue performance of the hook in
general. If proof loading is applied, the process of proof loading shall be as follows:

a) Proof loading is applied after forging, subsequent to heal reatment and shank machining,

B) The proof load force shall be applied between the hook seat and the shank suspension nut, either as a
straight pull parallel to the hook shank or the load applied as in test loading in accordance with Figure 7,

c) A relative permaneant set due to proof loading measured at the gap opening shall nol exceed 0,25 %,
d) For batch-produced hooks the proof loading shall be applied to each hook in the batch;

e] Magnitude of proof load shall be such that the stress in the intrados exceeds the yield stress of the
material;

fi  In general, the magnitude of proof load should be related to the static limit design force of the hook body
and be within limits betwean 1.0xF,,, and 1.2x Fy, .,

g) After proof oading, the hook shall be inspected for defects using appropriate NDT-methods and found
free from harmful flaws, defects and cracks;

h)  Proof loaded hook shall be stamped with symbol *PL® adjascent to the hook type marking.

NOTE Benafits darived from the application of the proof loading in subsequent fatigue performance and to the QA
Management process are not addressed within this standard.

4.6 Hook body geometry

Proportionz of hook sections shall be such that stresses do not exceed stresses in the critical sections
specified in 5.5.1.

EE. ]

15
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The seat of a hook shall be of circular shape. In a single hook, the centre of curvature shall coincide with the
centreline of the machined shank. In a ramshorn hook, the seat circle shall be tangential in respect to the
outer edge of the forged shank.

A ramshom hook shall be symmaetrical in respect 1o the centre ling of the shank.

Bl
|

I
= —

|
i
|
IJ
iE
s
|

Figure 1 — Hook dimensions
The diameter of the forged shank {d;) shall be proportioned to circle diameter (a,) as follows: dy 2 0,55 a4 .

The bifurcation point between the inner edge and the seal circle (a¢) shall be from the horfzontal in minimum
as follows: far a single hook o = 60°, for a ramshorn hook o 2 90°

The full throat opening (a;), without consideration to a latch shall be proportioned to the seat circle diameter
as follows: &; = 0,85 a,. The effective throat opening with a latch shall be in minimum a, = 0.7 a4

The point height of a hook (a;) shall be in minimum as follows: a; 2 a4.

Annegxas A and B present example sets of hook body dimensions, which Tulfil the requirements of this clause.
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4.7 Hook shank machining
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Figure 2 — Machined dimensions of shank
The length of the threaded portion of the shank shall be not less than 0,8 ds.

The pitch of the thread (p) shall be proportioned to the principal diameter of the thread (di;) as follows:
0055d:=p=0,15d,.

The depth of the thread (i) shall be proportioned to the pitch of the thread (p) as follows: 045 p =t =061 p.

The bottorm radius of the thread profile (ry) shall be no less than 0,14 p. A thread type, where the bottom
radius is not specified, shall not be used.

The shank shall be undarcut (with a dismeter ds) below the last threads for & length (5) proportioned to the
undercut depth as follows: s = 2 (d; - dy). The undercul shall reach deeper than the core diameter of the
thread profile (ds), in minimum as follows: dy = (ds - 0,3 mm). The undercut shall be machined with & form
ground tool to a surface finish of R, £ 3,2 pm and shall be free from machining marks and defects,

There shall be a relief radius in a transition from the threaded part to the undercut part. The relief radius (rg)
shall be proportioned to the diameter of the undercut (dy) as follows: r, 2 0,06 dy. The shape of the relef
transition need not be a complete quadrant of a circle.

The thinnest section of the machined shank [consequently d,) shall fulfil the condition d, = 0,65 d,, where d, is
the diameter of the forged part of the shank, see Figure 1

The whole machined section of the shank shall have a radius at each change in diameter. The machined
sechon shall not reach the curved part of the forged body,

Screwed threads shall comply with the tolerance requirements of 150 985-1 {coarse series) and be of medium
fit class Bg.

Annex G presenls example sels of machined shank and thread dimensions, which fulfil the geometric
raquirgments.

4.8 MNut

The material grade of the nut shall be equal to that of the hook
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The height of the nut shall be such that the threaded length of the hook shank is fully engaged with the nut
thread.

The nut shall be positively locked to the shank ageinst rotation o prevent the nut from unscrewing., The
locking shall not interfere with the lower two thirds of the nutishank thread connection. The locking shall allow
relative axial movement between the shank and the nut due to play in the threaded connection. Alternatively, if
Ihe nut is locked by a dowel or other similar fixing media, it is essential during the locking process that the
nut'shank load bearing thread flanks are in direct contact o ensure resultant unimpaired load transmission.

The nut shall rest on an anti-fncton bearing, enabling the hook body o rotate about the vertical axis. The
contact surface of the nut resting on the bearing shall meet the reguirements as stipulated by the related
bearing. The height position of the contact surface shall fall within the lower half of the thread connection,

Screwed threads of the nut shall comply with the tolerance requirements of 130 965-1 (coarse series) and be
of mediumi fit class 6H. The bottomn radius of the thread profile for the nut shall be not less than 0,07 p, where
p is the pitch of the thread. A thread type, where the botiom radius is not specified, shall not be used.

4.9 Hook suspension

In general, and always for serially produced hook blocks, the hook suspension together with hoist rope
reaving system shall be such that the system allows free tilting of the hook in any inclined direction of the load
ling. In cases where this articulation of the hook suspension is not provided, this shall be specially taken inlo
consideration in the design calculations of the hook. In cases, where by changing the cranefhook block
configuration or position the hook suspension can be brought to a rigid position, this shall be taken into
account in the design calculation of the hook.

The same load actions as specified for the hook shall be teken into asccount in the design of the hook
suspension.

5 Static strength

51 General

The proof of static strength for hooks shall be carried out in accordance with principles of EN13001-1 and
EN13001-2. The general design limit for static strength is yielding of the maternal.

The proof shall be delivered for the specified critical sections of the hook, taking into account the most
unfavourable load effects from the load combinations A, B or C in accordance with EN 13001-2. The relevant

partial safety factors 4, shall be applied. The risk coefficients v, shall be applied when required in the specific
application or as specified in the relevant European crane type standard.

5.2 Vertical design load
The vertical design force for a hook Fs, . when hoisting the rated hook load, shall be calculated as follows:
F_Tn.,:=¢><mm-3=<g><}’l,,x}’" {II”

f 1
with dl=m:1x»|'.;§~1; I+.;.‘2\.L::<i ]
!

[ g
where
[ iz the dynamic factor, when hoisting an unrestrained grounded load, see EM 13001-2;
s is the dynamic factor for loads caused by hoist acceleration, see EN 13001-2,
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g is the vertical acceleration or deceleration;
e is the mass afl the rated hook load;
g is the acceleration due to gravity, g = 9,81 miz®;
* iz the partial safety factor, see EN13001-2;
# = 1,34 for regular loads (load combinations A);
=122 for occasional loads (load combinations B);
¥ =110 far exceptional loads (load combinations C);
To is the risk coefficient,
Other load actions and combinations of EN13001-2 may produce vertical forces on the hook, whose load

actons shall also be analysed. The vertical design force in such cases is expressed in a general format as
follows:

Foy . =Fyx Fox ¥ (2}
where

Fy is a vertical force on hook due to other load action than hoisting a rated load; e.g. a test load or a
peak load in an overload condition;

% is the partial safety factor as above, see EN13001-2;

¥ Is the risk coefficient.

5.3 Horizontal design force

The horizontal forces that are most significant for the sirength of hooks are those caused by horizontal
accelerations of the crang motions, Qther horzontal forces e.g. due lo wind or sideways pull actions shall ba
taken into account, if significant. The horizontal force shall be assumed to act at the bottam of the hook seal.

The horizontal design force of hook Hs, . due to horizontal accelerations shall be calculated as follows:

i
MgeXaxas <y, <7, |

H. . . = a3
5l o = TN C .|. % .Fj\_\_r__\.fh I [ ]

L

where
Mg 15 the mass of the rated hoak load,
& is the acceleration or deceleration of a horizontal maotion;
ds is the dynamic factor for loads caused by horizontal acceleration, see EM 13001-2. For hook
suspensions, which are not rigidly connected in horizontal direction to the moving part of the crane, it
shall be set & = 1;
¥ is the partial safety factor as for Equation {1);

¥ is the risk coefficient,

o =F
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C;  is the relative tilting resistance of the hook suspension in accordance with Annex |;

Fzi. i85 the vertical design force in accordance with 5.2, related to the loading condition where Hs,. I8
specified;

h is the vertical distance from the seat bottom of the hook body to the centre of the articulation.
5.4 Bending moment of the shank

541 General

The following load action shall be taken into consideration, when determining the total bending moment of the
hook shank:

a) Honzontal forces, see 5.4.2;

b} Inclination of the hook suspension, see 5.4.3;

¢}  Eccentric action of vertical force in the hook seal, see 5.4.4;

d) Ramshom hook, half of the rated load on one prong only, see 5.4.5.

The bending maoments causad through these load actions shall be addressed to the same load combinations,
which the primary loads or operational conditions causing the bending belong to.

54.2 Bending moment due to horizontal force

This clause covers the shank bending moment due o external horizontal forces, The moment A, shall be
calculated at the critical hook shank section due to the horizontal design force He, ..

My=Hgy mh, (4]
where
Hs,, is the horizontal design force in accordance with 5.3,

b, is the vertical distance from the seat bottom of the hook body to the upper end of the thinnest part of
the hook shank.

54.3 Bending moment due to inclination of hook suspension

Where the arrangement of the hoist mechanism or hookfhook block is such that the hook suspension may be
brought to an inclined position in a loaded condition, the bending moment &t the shank caused by this
inclingtion shall be considered in the design calculations, Such an inclination may be caused e.g. by;

a) Differences in hoist travel distances between two separate hoist drives carrying a load beam with a hook,
see Figure 3;

by Tilting of a single rope reeving dunng hoistingfowering mobon, see Figure 4;
¢} Tilting of a crane part, to which a hook is rigidly attached; or

d)  Two-blocking of a battom block in the uppermost hoist position with & crane part, after which this crana
part is tilted.
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HeAH

Figure 3 — Tilting of a hook in case of different hoist travel distances
Dree 1o an inclination, the vertical force has a force component perpendicular to the axis of the hook shank.
This force shall be taken into account in the same way as the horizontal forces. The bending moment M:
caused at the critical hook shank section is proportional to the vertical design force as follows:
M, =Fg,  =h_xsin(d) (5)
where
Frys s the vertical design force in accordance with 5.2, related to the condition with a hook inclination /3

A s the maximum, total inclination in each relevant load combination;

h,  is the vertical distance from the seat bottom of the hook body to the upper end of the thinnest part of
the hook shank.

In a rope balanced hook suspension with multiple rope falls and a single running rope coming from the drum,

the hoistingflowenng movement causes the hook suspension to tilt, see Figure 4. The inclination is caloulated
as follows:

B = arctan (', fh) ()
where
i the relative tilting resistance of the hook suspension in accordance with Annex [

h s the vertical distance from the seat bottom of the hook body to the centre of the articulabon,
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!
_f

Figure 4 — Tilting of a hook suspension in a single rope reeving system

The maximum mclination, the related vertical force and the consequent moment M shall be calculated
zeparately for all relevant loading conditions of the crane.

544 Bending moment due to eccentricity of vertical force

A haist load attachment may not always settla in tha middle of the hook seat. The deviation of the vertical load
aclion ling from the cantre ling of the shank causes a bending moment, which shall be calculated as follows:

W, = 2w Fy, ®a, (N
where
Fsa. is the vertical design force in accordance with 5.2,
a4 is the seat circle diameter of the hook body;
Ge  i5 a coefficient for the eccantricity,
£, = 0,05.

MOTE A smaller eccentricity may be used in the design calculations, if a positive, mechanical means is provided
ensuring the hoist lnad attachment to settle closer to the hook seat centre,

2.4.5 Special case for a ramshorn hook

As a special loading case for ramshorn hooks it shall be assumed, that hall of the vertical force acts on one
prang while the aother prong is unloaded. This loading case is addressed in the calculations 1o the load
combination C.

For a ramshorn hook with one-sided loading, the bending moment M. caused at the cotical hook shank
section is calculated as follows:

M, = F_Mrlflx epx(l—Fh Jhy+h, .-hxmin{i‘?a (8)

with
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ep =la +uf }72
where
Frya is the vertical design force in accordance with 5.2 and 7, for load combination C;
dy isthe diameter of the forged shank;
a, Is the seat circle diameter of the hook;
&r  Isthe distance of the vertical load line from the centre line of the shank;
h i5 the vertical distance from the seat bottom of the hook body to the centre of the arficulaton;

hy  is the vertical distance from the seat bottom of the hook body to the upper end of the thinnest part of
the hook shank;

Cp  is the relative tilling rasistance of the hook suspension, see Annax |,

54.6 Design bending moment of the shank

In general, the design bending moment at the critical shank section Mgy, for the loading conditions in
accordance with 5.4.2 to 5.4.4 shall be calculated separately for each relevant load combination as follows:

M., =min M+ My + Mﬂ]l (9)
S 'r"r * F.\:‘l'._-: J

where
My to M, are the bending moments in accordance with 5.4.2 1o 5.4.4;
Ci is the relative tilting resistance of the hook suspension, see Annex |
Foys is the vertical design force in accordance with 5.2

Additionally to the above, the design bending moment in eccordance with the special case of 5.4.5 shall be
taken into account in a load combination C as follows:

My, =M, (10)
where

My is the bending moment in accordance with 5.4.5.
5.5 Hook body, design stresses

5.5.1 Loadings

The vertical design force Fg,. is divided into two force components, acting in the centre of the seat circle
symmetrically on the opposite sides of the verical centre line and in an angle «in respect to vertical, sea
Figure 5.

As a minimum value of @ it shall be assumed that o= 45°,

For ramshorn hooks, an egual load distribution is assumed between the two prongs in loed combinations A
and B.
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As a special boading case, for ramshom hooks it shall be assumed that half of the vertical force acts on one
prang while the other prong is unloaded. This loading case is addressed in the calculations to the load

combination C.

The horizontal forces are neglected in the hook body calculations,

Figure 5 — Load actions on hook body and critical sections for calculation

552 Stress calculation methods

Stresses in the designated sections of a hook body shall be analysed either by the theory of curved beam
bending in accordance with Annex H, by finite element methods or by full scale experiments. Siresses in

section B of a ramshorn hook may, however be analysed by the conventional beam bending theory.

The follawing clauses are based upon the theory of curved beam bending.

5.5.3 Design stresses

The design stresses oy, in sechons A and B of single hooks and in the section A of ramshorn hooks shall be

caloulated as follows:

v Fy, W R, 1

st = i “=nr
with

R=mil+m
and

=1 for section B of single hooks,

=08 =tan o for section A of single and ramshorn hooks, a= 45,
where

R isthe hook curvature radius detarmined by the centroid of the section,

Fzy. is the vertical design force in accordance with 5.2;

(11
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! is the reference moment of inertia for curved beam;
&, isthe seat circle diameler of the hook,
7y 15 the absolute value of the coordinate v at inner edge of the parbicular section;
e isthe angle of the load action lines in respect 1o vertical, see Figure 5.
The quantities 5y and [ are saction specific values and shall be calculated in accordance with Annex H.

The design stress in the section B of ramshom hook for the special case of 5.4.5 shall be calculated as
follows:

F Foala, +d 1xd), /4
Fags = f——

wilh
F=F. /2
where
Fsas is the vertical desian force in accordance with 5.2 and 3, for lnad combination C;
Ay is the cross section area of the forged shank;
Iy 15 the moment of ineria of the forged shank;
dy s the diameter of the forged shank;

a,y is the seat circle diameter of the hook.

5.6 Hook shank, design stresses

The vertical design forces in accordance with 5.2 and the design bending moments in sccordance with 5.4
shall be taken into account in the proof calculations of & hook shank. In general, the critical section of the
shank is the undercut part immediately below the threaded section with & diameter d,, see Figure 1. Maximum
design slress os,. is calculated as a nominal siress without stress concenlration factors and using
canventional beam bending theory as follows:

Fooo Mg, xd,f?
gw.*_ S, + S, 'Ulr

{13)

4 -'rn'-i-

wherg
Frys is the vertical design hook force;
Mz . 15 the design bending moment in the critical section, see 5.4.6;
Ay is the cross section area of the critical section of the hook shank;

Iy is the moment of inertia of the critical section of the haok shank.
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2.7 Hook, proof of static strength

3.7.1 General for hook body and shank

Both for the hook body and the hook shank, it shall be proven for relevant load actions specified in 5.2 to 5.4
that

oo % fpg = F % (14}
¥ % Ve
where
e is the maximum design stress in accerdance with 5.5 and 5.6 in the critical section;
s is the limit design stress;
T, is the yield stress of the material in the finished product;
fy is the influence factor for the operation temperature;

= 1,1 isthe general resistance coefficient in accordance with EN 13001-2;
Foas is the specific resistance coeflicient for the section as follows:

¥, =075  forthe hook body section B of single hooks;

¥, = 090 for other sections.

In the absence of other data, the factor f; taking into consideration the reduction of the yield stress in high
lemperatures may be calculated as Tollows:

fi=1 For—50°C=T=100°C
B =1-025%(T-100)/150 For100°C =T = 250 °C (14)
where

T is the operalion temperature in degrees Celsius (°C).

5.7.2 The use of static limit design force for verification of the hook body
In cases where the selected hook body is in accordance with Annexes A or B, the proof of static strength may
be based on the static limit design force shown in Annex C, and it shall be proven for all relevant load actions
and combinations specified in 5.2 that
Fago S 1% Fpy, (18)

where

Fsy. is the vertical design force in accordance with 5.2,

Frq. 5 the static limit design farce in accordance with Annex C;

T3 is the influence factor for the operation temperature in accordance with Equation (15).

MOTE1  Addiionally, the proof of static strength for the shank is carmed oul in accordance with 5.7.1.
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The static limit design force covers the proof of static strength for sections A and B of single hooks and for the
section A of ramshorn hooks. It is calculated as follows:

Iy x!x[l—ﬁr,jﬂ]
Fo X Ve v R,

JI'.

Bdge —

(17}

For a single hook the static imit design force is calculated separately for the two sections A and B and the
smaller value of the two is used,

MWOTE 2 The dimensions of the ramshom hooks in Annex B are proportioned such, that the section B of the hook body
doas nol becoma govemning in respact to static sirength of the body, ie. the proof of a special case in 5.4.5 is nod required.

6 Fatigue strength

6.1 General

The proof of fatigue strength for hooks shall be carred out in accordance with principles of EN 12001-1 and
EN 13001-2. A hook shall have the design life in minimum egual to that of the related crane or hoist.

The proof shall be delivered for the specified critical sections of the hook, taking info account the most
unfavourable load effects from the load combinations & in accordance with EN 13001-2, setting all partial
safety facters v, = 1 and the risk coeflicients v, = 1,

The number of stress oyoles for the proof shall be based on the total number of working cycles during the
design life of the crane, as specified in EN 13001-1. In general, for the hook body, one lifting cycle induces
one stress cycle, If & working oyole consists of several lifting cycles, this shall be taken into account, when

counting the stress cyoles, For the hook shank, addiionally the number of positioning movements in
accordance with EN 13001-1 shall be taken into account, when counting the number of bending stress cycles,

6.2 Vertical fatigue design force
The vertical design force Fzyy for a lifting cycle ;i shall be calculated as follows:
Foppa=dy%m xg (18]
where
@ is the dynamic factor, when haisting an unrestrained grounded load, sea EN 13001-2;
my; s the mass of the hook loed in a lifting cycle f;

g i5 the acceleration due to gravity, g = 9.81 mis”.

6.3 Horizontal fatigue design force

The horzontal desian force My, for a lifting cycle 7 due 1o horizontal accelerations shall be calculated as
folows;

T ]

- 19
€, xm, % gfh| 119

where

m; s the mass of the hook load in a lifting cycle 7
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a is the acceleration or deceleration of a horizontal motion;

& is the dynamic facior for loads caused by horizontal acceleration, see EM 13001-2. For hook
suspensions, which are nol rgidly connected in harizontal direction to the moving part of the crane, it
shall be set g; = 1;

C;  is the relative tilting resistance of the hook suspension, see Annex |;

g iz the acceleration due to gravity, g = 9,81 rn.fs’;

h is the vertical distance from the seat bottom of the hook body to the centre of the articulation.
6.4 Fatigue design bending moment of shank

6.4.1 Bending moment due to horizontal force

The moment M, ;; shall be calculated at the critical hook shank section, due to the honzontal design force
Hgy i in @ccordance with 6.3:

M, .= H.‘.-:..'._.'.s % .F,l\ (20m

where
Hzyp 15 the honzontal design force in & lifting cycle 7 in accordance with 6.3;

b, iz the vertical distance from the seat bottorn of the hook body to the upper end of the thinnest part of
the hook shank.

6.4.2 Bending moment due to inclination of hook suspension
The basis causing inclingtion and the method of calculation shall be taken into consideration in analogy to
5.4.3. For the proof of fatigue strength the consideration, which of the loading events of load combination A
are regular loadings, shall be based upon the crane configuration and application.
As a minimum, the following shall be considered to occur regulary in each lifting cycle: In a rope balanced
hook suspension with multiple numbers of falls and a single running rope coming from the drum, the
hoisting/lowering movement causes the hook suspension to tilt, see Figure 4. The bending moment My,
caused at the crtical hook shank sechon is calculated as follows:

My o =Fgy =k wsin(f) {21)

where
Fzari 15 the vertical design force in a lifting cycle 7, in accordance with 6.2,

b, is the vertical distance from the seat bottom of the hook bady to the upper end of tha thinnast part of
the hook shank;

il iz the inclination of the hook suspension in accordance with Equation {B6).

6.4.3 Bending moment due to eccentricity of vertical force

A hoist load attachment may not always settle in the middle of the hook seal. The deviation of the vertieal load
action line from the centre line of the shank causes a bending moment, which shall be calculated as follows:

Moo= 2 Fey o 22)

An
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where
Frape 15 the vertical desian force in a lifing cyele § in accordance with 6.2,
g  Is the seat circle diameter of the hook body;
Ca is a coefficient for the eccentricity, ¢, = 0,05.

NOTE A smaller eccentricity may be used in the design calculations, if a positive, mechanical means is provided
ansuring the hoist load attachmeant sattles closer to the hook seal cenira.

6.5 Proof of fatigue strength, hook body

6.5.1 Design stress calculation

The proof of fatigue strength is based on cumulative effect of stress ranges in the critical sections, It is
assumed that the load is grounded in each Wffing cycle, i.e. the hook load range is from zero to the full load,

with due consideration to the dynamic factors,

Calculation of the stress ranges iz comparable to that of the static design stress in 5.5.3, when applying the
vertical fatigue design load from 6.2:

ATy, =, , in accordance with Equation {11} in 5.5.3, when setting Fgs. = Feagi
where
i is the index of a lifting cycle;
A, is the stress range in a cycle |/
Fgqpr is the vertical fatigue design force in accordance with 6.2.
6.5.2 Stress history in general

The cumulative fatigue effect of the stress history from all of the stress cycles is condensed to a single stress
history parametar &, . This iz calculated as follows:

Fp =k KV, (23)
with
N Ado, W
Y= 1 ;l (24)
N =1 AT gy mmx ¥,
and
N
vy = I (23]
whers
ki is the stress spectrum factor,
V, is the relafive number of stress cycles;
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i the index of a lifing cycle;
W is the total number of lifting cycles,

MNp=2 = 10°  is the reference number of cycles;

ATy ; is the stress range in a cycle 1,
ATy maw is the maximum stress range;
m=6 is the slope parameter of the characteristic fatigue design curve.

The tatal number of lifling cycles (M) shall conform o the total number of working cycles (C) during the design
life of the crane as specified in EN 13001-1,

6.5.3 Stress history based upon classified duty

The hook body represents a special case, where the stress vanabons depend upon the hoist load varations,
only. Because of this, the siress history parameter can be derived directly from the classes O and U of
EMN 13001-1, instead of using a case specific stress history and detailed calculation of s, in accordance with
6.5.2. In cases where the intended duty is specified through the classes @ and U only, the calculation of s,
shall be carrigd oul as presented heregin,

A load history parameter s, is defined by the eguation

sg = kDX NI Np (26)
where
kQ is the load spectrum factor in accordance with Table 4, see alsa EN 130011,
N the total number of lifting cycles. Typically, for & hook this shall be taken as the number

work cycles [C) specified for the crane through the class U of EN 13001-1. Each
intermediate grounding of the load within a work cycle shall, however, be counted as an
additional lifting cycle and added to the value of N;
MNp=2= 10°  is the reference number of cycles.
The load spectrum factor (kQ) is calculated by a Wdhler curve slope with an exponant of 3, wharaas the hook
body fatigue is related to a slope m = B. For a load distribution with a given shape, a conversion factor can be
calculated lo create a connection between the load spectrum of EN 13001-1 and the siress history parameter
af hooks. For a classified duly shapes of load distributions given in Annex E shall be applied

In cases where the load spectrum is specified through the classification of EN 13001-1, the stress history
parameter s, for & hook body shall be calculated as follows:

5 = % ]" (27}

with

== (28)
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ks* s the specific spectrum ratio factor. Standardized, conventional values in accordance with Table 5
shall be used for design of hook body. See also Annex E.

Table 5 — Specific spectrum ratio factors kg*

Class Q of Load spectrum | Factor ke* for
EN 13001- factor kQ m=g
1:2004

Qg 00313 1.34

Q, 00825 1,27

Q; 0,125 1,20

Qa 0,250 1,14

Q 0,500 1,08

Qe 1,000 1,00

6.5.4 Limit fatigue design stress

The basic assumplion is that the fatigue strenath curves in the logia)log(N) -seale are straight lines, with the
same slope (m) for all material grades. This is a reasonable approximation in the range of high number of

siress cycles, where fatigue is the governing design criteria.

The limit fatigue design stress al the reference point N is calculated as follows:

Ay, = = WA,

where

Ay 15 the limit fatigue design stress;

{29)

Aex, iz the characteristic fatigue strength at Ny=2 = 107 cycles, dependent on the material;

fy  is the influgnce factor for the operation temperature, in accordance with Equation (31);

s i5 the influence factor for the material thickness, in accordance with Equation {32).

The characteristic fatigue strength A is dependent upon the ultimate strength of the material. For the
classified material grades in accordance with Table 4, the fatigue strength shall be taken from Table 6.

Table 6§ — Characteristic fatigue strength of forged hook materials

Material class

Ay

Mimm®

170

220

235

280

= |Hd (oD | =

305

AR
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For other matenals and in cases where the classiied material grades are nol applied, the charactenistic

fatigue strength A shall be calculated as follows:

Ao, =0315x f, A|E%

where
f, is the ultimate strength of the matenal in newtons per square millimetre {(Mimm=).

The influance factar £, for the operation temperature is caleulated as follows:

£ =1-0x={T-100]/150 for 100 *C = T = 250 °C
i =1 for—50°*C s T=100°C
where

T is the operation temperature in degrees Celsius [*C).

The influence factor £ for the materal thickness is caloulated as follows:

- h 1,187
1 ={ ] for 25 mm = by, = 150 mm
fa=1 for byg. = 25 mm
=074 far By, = 150 mm
whera

by i3 the reference width, b= 25 mm;

by 15 the maamum width in the critical hook body section, see Figure 5 in 5.5.1,
6.5.5 Execution of the proof
The proof shall be carried out separately for all relevant sections of the hook body.

For the proof of fatigue strength, it shall be proven that

AT gy ks XA,
"'!"H.‘s‘..l. MK = =
Ver <48y T ¥ ’iﬂl-'f.:_.*
where

Ay mas 15 the maximum stress range within the total stress history,
Aty is the limit fatigue design stress in accordance with Equation (29);

Wi is the fatigue strength specific resistance factor in accordance with Table 7,

(30}

[31)

(3z)

(33}
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M=6 is the slope parameter of the characteristic fatigue design curve;
S is the strass history parameter,

kg* is the specific spectrum ratio factor;

En iz the load history parameter.

Table 7 — Fatigue strength specific resistance factor

Section of hook Whr
Section A of single and ramsharm hooks 1,35
Section B of single hooks 1,25

For the calculation wtilizing the classification in accordance with EN 130011, the values for the fallowing
conversion factar arg given in Annex E:

ke =k, [3fs, (34)

6.5.6 The use of fatigue limit design force for verification of the hook body

In cases where the selected hook body is in accordance with Annexes A or B, the proof of fatigue strength
miay e based on the fatigue limit design force shown in Annex D, and it shall be proven for all relevant load
actions and combinations specified in 5.2 that

- S x:k,,'xF y
o s L — (35)

ﬁ Sy

where

Fryp 15 the maximum vertical fatigue design load in accordance with 6.2,

Frar  is the fatigue limit design force in accordance with Annex D

fi is the influence factor for the operation temperature in accordance with Eguation (31).
The fatigue limit design force is calculated as follows:

_fixAg, i={l—m [R)
Fur v R

{38)

For a single hook, the fatigus limit design force is calculated separately for the two sections A and B and the
smaller value of the two 15 used.

6.6 Proof of fatigue strength, hook shank

661 General
The number of stress cycles is denved from the total number of lifting cycles (&), which shall conform to the

total number of working cycles {(C) during the design Iife of the crane as specified in accordance with
EM 13001-1.
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The following symbols are used throughout 6.6:

W is the total number of lifting cycles for the crane;
Py 15 the average number of accelerations related to one lifting cycle, ses EN13001-1,
i is the index of a stressflifting cycle;

Mo=2 = 10" s the reference number of cycles;

m is the slope parameter of a characteristic fatigue design curve;
£, i5 the ultimate strength of the material;
T, is the yield stress of the material.

6.6.2 Design stress calculation

The design stresses shall be calculated in the undercut section of the shank immediately below the threads
with a diameter d,, see Figure 1. Basic stressas are calculated without stress concentration factors and using
conventional beam bending theary. The following equations are general and apply in 6.6 for any vertical
design force and design bending momeant:

F‘
o [Fl=—0 (37)
S
M=, J2
cr,,:m']:%f— (38)
o4
whera
i, is the shank siress (axial) due to verical design force;
&  is the shank stress (bending) due to design bending moment,
F is the vertical dasign force in a fatigue load cycle,
M is the design bending moment in a fabigue load cyole;
Ay iz the cross section area of the critical section of the hook shank;

lis i the moment of inertia of the critical section of the hook shank,

6.6.3 Applied stress cycles

Within each lifting cycle, the following two types of stress cycles shall be considered, as relevant:

Cycle Type 1: A stress cycle due to lifting a load and lowering it down on the ground, with due consideration
o the bending stress due to inclination of hook suspension and eccentricity of the vertical load, The specifics
of each stress cyole (1) are as follows:

a) Axial stress is o, = &,|Fy, ) (Equation (37)), where 7, , . is in accordance with 6.2;

b) Bending stress is o, =, (M) (Equation (38)), where M =max|M, . M, .| in accordance with 6.4.2
and 6.4.3;

-
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c} Pulsating stress cycle from 0o &+, , mean stress o, | = (o, + o, }f2, stress amplitude o, =0,

d] The total number of stress cycles is N, =N .

Cycle Type 2: A stress cycle due to horizontal acceleration and resuling load sway shall be taken into
cansideration as follows:

e)l Axial stress as in Cycle Type 1;
f) Bending stress is o, =o,| .w.___r_,,'l (see Equation [38)), where M, is in accordance with 6.4.1,

q) Each stress cycle with a mean stress o, =, and stress amplitude o ., =7, ;

id i

h}  The total number of stress cycles is WV, = p_ =N,

Within each lifting cycle, the hook load specific for that cycle shall be used.
NOTE The axial streases within the Cycle Type 2 may be caloulated without the effect of the factor ¢ in 6.2,

The parameter p, shall be selected in accordance with Table 8.

Table 8 — Average number of horizontal accelerations p,

Type of application Pa
1. Process applications, where horizontal load 8
movements are regularly a part of each work
cycle
2. Special applications, where horizontal movements 5

are operated at all times under control of a
signaller, with low speeds and short distances

3, A special load sway control is used in the drive 2
system of the horzontal movement

4. All other applicabons and serially produced hooks, 4
where the application is nol known

G6.6.4 Basic fatigue strength of material

The basic, alternating fatigue strength of the material, for zero mean stress (o, = 0) and for the reference
number of stress cycles Np = 2 000 000 is calculated based upon the ullimale sirength of the material as
follows:

&y =045 1, {39)
6.6.5 Stress concentration effects from geometry
The fectors covered hersin are the stress concentration factor o and, as a final outcome, the notch effect
factor f,. Both of them shall be caloulated separately for the shoulder and for the thread bottom in accordance

with the equations in Table 9. The maximum valug of the two i, shall be used in the proofl of fatigue strength
af the shank.
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MNOTE Thie thraad is assumed o be of a single lead type.

Table 9 — Parameters for calculation of stress concentration factors

Shoulder Thread
Mean thread diameter .f d, = 0Gxd, + 04,
Depth of notch [HI. - .u'dy I:“'_ - ;fiy
g =" o Hp = 5
Factor ¢ | |
P= o=
344 N5 adx ’”—_
Py Fiiy
Factor » _2xlf|+r;:] _3#{|+-:}*]
X [ iy
Support factor » n=14 7 %10 33+, f112

Geometric stress

ke (Equation (40})
concentration factor

i (Equation {41))

Meteh effect factor

= Wy _ oy
B = i B = [
L1

og =1+ - (40}

Jn,zzxi+z.?4,<ix 1+1"_’J

e ey iy

‘ [ ¢ 0. il ¢ I
oy =15 £ X x|il x[“—“ wil+ ] 41)

I T Wig ) \ s

Ju.:z 2T 274 x’T" 1-&| 142 0m J
q

Wy sy | iy

The geometric symbals in Table 9 and in Equations (40} and (41) are according to those in the Figure 2. The
yield stress 1, in the equation for n shall be in newtons per square millimetre fN.fmmz‘,n.

6.6.6 Fatigue strength of notched shank

The further calculation is done for the more crtical of the two shank sections, The basic material fatigus
strength is reduced to a comparable value in respect to nominal stresses in the shank,

with

& I
Fo= 1= 0,29 5 I o g 2
o 504 200

142)

143}
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where
oy I5 the basic fatigue sirangth of the matenal,
A is the maximum of 4.5 and G
T is the influence factor for the operation temperature, in accordance with Eguation (31);
fy  is the factor for the surface rowghness influence,
R, the surface finish grade in micrometres (pm) within the limits 0,4 pm = R, = 3,2 pm;
f, is the ultimate strength of the material in newtons per square millimeatre {Nfmm®) | 1,2 300 Nimm’.

NOTE The factor for reducing the material strength by increasing diametar is not applicable in this documeant. The
frue material properties for the actual diameter are used in the design calculations.

6.6.7 Mean stress influence

The above my values apply for 8 pure alternating stress with zero mean sfress, Hook shank represents a type
of component, whare the reduction of fatigue strength by increasing mean stress shall be considered. The
mean stress influence is illustrated throwgh & prncipel Smith Disgram in Figure 6. Characteristics of the
diagram are as follows:

a)} The fatigue strength oy is fixed at mean stress o, = 0;

B} Upper limit line of the diagram is specified through a mean stress influence factor p;

¢} Stress amplitudes at a related mean stress shall be within the lower and upper limits of the diagram.

TptiTa &

& .- r;
- I
- + ¥
-~ / <4 A
+o7, ,-"; ? ¥
- |
__;’f
',f bl.'—‘
=
& &,
| |
i iy

Figure 6 — Smith diagram and transformation of stress amplitude
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The upper limit line of the diagram is specified through the assumption that with pulsating stress, the total
stress wvariation is limited to o, = 1,7 gy. From this rule, the mean stress influence factor is calculated in
accordance with EN 132001-1 as follows:

f'rr.l :

—— 1=k 1%5 44
L7 %oy /2 ’ (44)

A= tan(i) =

NOTE The mean stress influence parameters p and o corespond to the parameters po and o, of EM 13001-1 so0,
that in this document o s counted always positive.

6.6.8 Transformation of stresses to a constant mean stress

The stress amplitudes with related mean stresses as specified in 5.6.3 are transformed to a stress amplitude
with an equal fatigue influgnce using the methodolagy shown in EN 13001-1, Transformation to a stress cycle
with & mean stress zero is made as follows:

Cycle Type 1: &, =, + =g, [45)
Cycle Type 2i &y, = g HH =T, (48]
wharg

Fry . Oz, are the transformed stress ampliludes at zero mean sirass,
i is the mean stress influence factor.

The transformation of g, 1o oy is illustraled in Figure 6.

6.6.9 Stress history parameter in general

The cumulative fatigue effect of the stress history from all of the stress cycles is condensed into a single
stress history parameter .. This is calculated as follows:

&=k, =V, (47

with

N ¢ m N 1
1 | Trs [ T |
k. = * b _ 48
Nitp, =N lzl i ] Fa zl i Ha)

and
Nt p =M
V= ., {49)
where
T . iz the maximum of the transformed stress amplitudes oy and s,
k. ig tha siress spectrum factor for the hook shank,
Ve iz the relative number of stress cycles,

i iz the index of a lifting cycle,

-~
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M iz the total number of lifting cycles,

m=5 is the slope parameter of the characteristic fatigue design curve.

6.6.10 Stress history parameter based upon classified duty

The hook shank represents a special case, where the magnitudes of stress variations are directly proportional
to the hoist load vanabions. Because of this, the stress history parameter can be denved directly from the
classes Q and U of EN 13001-1:2004, instead of using a case specific stress history and detailed calculation
in accordance with 6.6.9.

The load spectrum factor (kQ) is calculatad by a Wdhler curve slope with an exponent of 3, whereas the hook
shank faligue is related 10 a slopa m = 5. For a load distibution with a given shape, a conversion faclor can be
calculated o create a connection between the load spectrum of EN 13001-1 and the stress history parameter
of hook shank. For a classified duty shapes of load distributions given in Annex E shall be applied

In cases where the intended duty i1s specified through the dasses O and U of EN 13001-1:2004, the stress
history parameter shall be calculated as follows:

5=k Wy, 150)
with
1 RQ ( Ty I f T2 man ™
b= e | | 4 p x| | (51)
I+ Pa f{;:_] i ‘T:I s "T'n"u'_lx
|b'|'I
v, =—ux(l+p,) 152}
|?.| II.I
and
. L)
ke =3— {53)
] k‘
where
kQ iz the load spectrum factor in accordance with Table 10;
Frimar . Framge 908 the maximums of the transformed stress amplitudes in Cycle Types 1 and 2;
M is the total number of lifting cycles. Typically for a hook this shall be taken as egual to the

number work cycles (C) specified for the crane through the class U of EN 13001-1:2004.
Each intermediate grounding of the load within a work cycle shall, however, be counted as
an additional lifting cycle and added to the value of N;

kgt is the specific spactrum ratio factor. Standardized, conventional values in accordance with
Table 10 shall be used far design of hook shank, See also Annex E,
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Table 10 — Specific spectrum ratio factors ks*

Class Q of Load spectrum Factor ks* for
EMN 13001- factor kQ m=5
120104

y 00313 1.28

el 0,062 3 1,22

Q; 0,125 117

0y 0,250 1,12

2y 0,500 1,07

Qs 1,000 1,00

6.6.11 Execution of the proof

Far the proof of fatigue strangth it shall be proven that

JJ ¥

HTII'_HC E—— :.54:|
¥ <85,

where
s - is the maximum, transformed stress amplitude within the total stress history,;
Ty is the limit fatigue design stress in accordance with Equation (42);

#y = 1,35 08 the fatigue strength specific resistance factor for hook shank;
m=5 is the slope parameler of the charactenstic fatigue design curve;

- is the stress history parameter.

6.7 Fatigue design of hook shanks for serially produced hooks

The following design assumplions shall be used as a minimum for the design of hook shanks in serially
produced hooks with a finished shank:

a)
b)
e}

dj

Fatigue limit design force of the hook body shall be used as a fatigue design force for the shank;
Nurmnber of shank bending cycles due to horizontal load sway is p, = 4,

For caloulation of horizontal fatigue design force in 8.3 the horizontal acceleration is set & = 0,2 mis® and
ds= 1,

Hook suspension tilting resistance s assumed to corespond to a horizontal force in the hook seat equal
to 2 % of the vertical force.
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7 Verification of conformity with the requirements

7.1 General
Conformity with the reguirements given in Clauses 5 and 6 shall be verified by design calculations.

The design assumptons, e.g. intended duty and the intended hook capacity, shall conform to the
cormesponding design parameters of the related crane. This conformity shall be verified by engineering
aszessment.

All verfications in accordance with Clause ¥ shall be documented as a part of the technical file. See also
Annex K for required documentation,

7.2 Verification of manufacture

Manufacturing conformity shall be wverified through adherence to a written description of the hook
manufacturing process, documented and certified by the manufacturer.

Conformity with the dimensional and matenal requirements shall be verified by measurements and tests. The
results shall be recorded and retained by the hook manufacturer.

The test pieces for tensile and impact testing shall be taken longitudinally at the upper part of the hooks
shank, preferably at a distance of 1/3 radius from the shanks surface. As an alternative, e.g. where the shank
is oo small, tests may be carried out on sample matenal selectad from the same material melt and subjected
to ientical heat treatment. A tensile test of matenal shall be carred out in accordance with EN 10002-1, The
impact test shall be carrigd out in accordance with EN 100451,

7.3 Test loading

In additon to what is given in 7.1, the static strength and the general integrty of a hook shall be tested through
a load test.

A hook shall be test loaded either as a componant ar together with the test loading of the related crane or
haist.

In the component testing, the test load shall correspond to the static limit design force of the hook. The
suspension between the hook shank and the test equipment shall correspond to the intended suspension in
tfhe related crane or hook block. The load attachment on the hook shall be such, that it produces a resultant
load effect on the hook in accordance with Figure 7.

When tested together with the crane, the same test loads, dynamic and static, shall be used as for the crane.
The suspension between the hook shank and the crane shall be the same or equal to the suspension in the
intended use. The load attachment on the hook shall be either in accordance with Figure 7 or in cases, where
the crane is used solely for a special application, in accordance with the attachment of that application.
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i 0

Figure 7 — Suspension of a test load on hook
The test load shall effect symmetrically on two similar slings resting in the hook seat and with a 90° angle
between the sling directions, see Figure 7. For a ramshorn hook, the test load shall be shared equally
between the two prongs.
& hook shall be able 1o withstand the test load without excessive parmanant deflection. The throat-opening
dimension shall be measured before and after the test loading, using the specific measure points (1), sea

Figure 8. A permanent sel shall not exceed 0,15 %. The hook shall be surface detected by a suitable NDT
method after the test, There shall be found no cracks or surface flaking in the hook body or shank

7.4 Testsampling

Material tests and test loading are to be carried cut on either each individual hook or on the production batch
principle.

Hooks having a ruling thickness 150 mm or greater, shall have all tests carried out on each and every hook.
Hooks having & ruling thickness less than 150 mm may be batch tested. The maxmum batch size shall

compnse the number of hooks, which can be manufactured from the same rew material cast or billet and
undergoes entical heat treatment,

8 |Information for use

8.1 Maintenance and inspection

The hook shall be handled as an issue of its own in the maintenance and inspection manuals of the related
craneg.

Maintenance of the following items shall be addressed as & minimum in the maintenance manual;
a) Thrust bearng under the nut;
b) Crosshead hinge.

The following items shall be addressed as a minimum in the inspechion instruction, with their related frequency
of inspection and rejection crteria;

d) Deformation (gap opening) of the hook body,

e) Wear of the hook body;
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fl Imspection for surface defects, cracks and corrosion, with the hook suspension disassembled for the
inspection of shank;

g} Safety locking of the nut;
h} Safety latch, if provided.
The acceplable wear depth of the hook body at the boltom of the seal is 5 % of the nominal height of the bady

sachon, dimenson b in Annex A, The worn areas shall have smoolh transition to adjacent areas. They shall
be free of any sharp marks or edges, or defects opening onto the surface.

8.2 Marking

The hook body shall have a permanent marking positioned as item 2 in Figure 8 specifying the following:

a) Size and shape of hook using a unique identification, e.9. hook number in accordance with Annex A or B;
B} Material designation, either the class symbol in accordance with 4.1 or other documented designation;

o) Mumber of the reference standard or specification,

d} If relevant, marking of the proof loading, see 4.5,

EXAMPLE A hook fulfiling the requirements of this Technical Specification, size and shape being according 1o
number 12 of Annex A and being made from materal P should have a marking:

RS12 - P - EN 13001

Additicnally the hook may be marked with a designation or symbal identifying the manufacturer. The hook
body itself shall have no marking indicating either the load or the duty classification.

t

|
|
|
|

Figure 8 — Markings of a hook

The hook shall have permanent cenire punch markings placed as item 1 in Figure 8. As appropriate
dimensions y or y; and y; are o be recorded and placed within hook documentation.

HNOTE The fixed hoist media, from which the kook iz suspended, will be marked as a part of the crane, indicating the
mass of the rated load and the related duty classification, as required by the relevant crane type standard,

8.3 Safe use

The following issues of safe use shall be, as a minimum, addressed in the user's manual of sither the ralated
crane or the stand alone hook ! hook block 8s & component:
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a)

b
c}

d)
&)

f

ATy

Free functioning of the hook suspension articulation (hinge), allowing the heook to align without obstacles
in the direction of the load, either vertically or inclined during load sway,

Instructions for lashing a load on the hook, maximum 90 degrees angle between the slings;

Shape requirement of the load attachment set on the hook, to avoid damage of the surface of the hook
seat;

The two prongs of & ramshorn hook shall be loaded symmetrically and equally;
In cases, where a safety latch is provided, it shall be allowed fo close freely after the load is attached;

Temperature limits of the hook.
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Annex A

(informative)

Sets of single hooks

A.1 A series of single hooks of type RS/RSN, dimensions of forgings
B-B . C-C

d

-
/ '\-\.{{h

Key

Designations: RS without forged nose for latch
RSM wilh forged nose for latch

20

Ll

s ‘,: ,?J’ ]
rff#%‘?xﬁ.

Figure A.1 — Symbals of dimensions for single hooks with concave flanks

45



DD CEN/TS 13001-3-5:2010

CEN/TS 13001-3-5:2010 (E)

Table A.1 — Dimensions of forgings for single hooks in millimetres (mm)

Single

Hook |21 |3e| @ |bi|be|di|e e h|he | rjm | rrrs|m frim es || falg|n|lL
Nao.
00e 25 | 200 2B | 1% | 11 | 14 | 6D | 6D | 4T |94 | 2 | 3 | 22| B3 (B3 27 26 34 | 52 145 - | - [GE| - 100
o010 28 | 22| 32|16 | 13 | 16 ET.E-'H 20 | 1T 2.3.5- 5 | 60 | 6O 31.an.4n-an 16,5 [ -7 104
o2 30 [ 24 | 34| 10| 15| 16 1'1.73 22 | 19 2..5. 4 | AT | B3 | B3 HIHIH-EH 18 [ - | 7B 115
020 |34 |27 |39 |21 |18 |20 |81 82|26 |22 |25 45|40 7 | 71|39 37 &2 7O |20 - |85 138
025 |36 |28 |41 |22 |19 (20|86 88 |28 (24 | 3 | 6 |43 |76 | 76|42 40 56| 74 | 22 - |4 144
04 40 |32 |45 |27 (22 | 24 | O6 (10D 34 | 29 |35 |55| 46 | B5 | B5 | 40 | 46 | BB | B3 | 25 - |10 155
05 43 | 34 | 49 | 28| 24 ) 24 |02 TDE( AT |3 | 4 B [ 4B | B0 | 90 | 53 48 T4 BO (26 - |10,8 16T
08 48 | 3B | 54 35| 20 | 30 |445 120 44 | 37 |45 T | 52 (100|100| 61 | 56 | 28 100 | 29 - |12 186
1 50 | 40 | 57 | 38 | 32 | 30 1211.1:5: 48 (40| 5 . & | 55 (106|106 aslanlnﬁ.ms k1| [- 12,5 147
1.6 56 | 45 | B4 | 45 | 38 | 36 13.5.145 56 |48 | B . 9 | BO (118|118 ?5.53.112.113 35 . - | 14 224
25 63 | 850 | 72 | 53 | 45 | 42 |152 16T 67 |58 | 7 | 10| 65 |132|132| o0 78 134132 40 - | 18 253
4 71| 56| BO | B3 | 53 | 48 |172 190 80 | 67 | 8 | 12 | 71 (150|150 103 | 90 160 148 | 45 - |18 285
5 B0 | B3 |90 |71 |60 | 53 |194 | 215| 90 |75 | 9 | 14 | EO (170 170|114 | 100|180 165 |51 | - | - (18| - |318
& 90 | 71 |101| BD | 67 | 60 | 218 240100 | 85 | 10 | 16 | 90 (190 190|131 [112|200 185 |57 | - | - (18| - | 380
& 100 | BD [113| 90 | 75 | 67 | 242 26B|112| 95 | 11 | 18 (100|212 | 212|146 125|224 210 |64 | - | - |23 | - | 418
10 |112| 90 |127|100| &5 | 75 IEE.IEE 125|106 12.1n 65 | 165|236 153.14u.25n-:11 45-2'6 23 |12 | 452
12 |4125|100(143|112| 85 | B85 | 202 | 316|140 |118| 14 | 22 | 7D |185| 265|182 160 280 252 53 34 | 28 | 16 | 510
16  |440|112|160|125|106| 05 | 325 | 357 | 160|132 | 16 | 25 | B0 210 300|204 180 320 280 58 | 35|33 | 16 | 582
20 |160(125| 180|140 | 118|106 | 370 405|180 |150( 18 28 | 90 |240|335|232 200 360 330 €8 | 45 | 33 | 20 | 653
25 |180(140| 202|160 |132(118|415 455|200|170( 20 = 32 |100|270|375|262 224 400 360 74 45|38 | 20 |T24
32 |2o0D|160(|225|180 | 150|132 465 510|224 (190 22 | 36 | 115|300 | 425|292 | 250 442 400 80 45 | 38 | 20 | 796
40 224 | 180 | 252|200 | 170|150 | BT | 56T | 250 | 212 ( 25 | 40 | 130 | 325 | 475|326 280 500 447 93 | BE | 42 | 25 893
HDIE Limensons based upan DM 1!14l.'lﬁmnn-:.ﬂf hoalks, ) ) ) | Drﬂmﬁnr‘sl‘nr‘gudﬁr‘fﬂ.
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A.2 A series of single hooks of type RF/RFN, dimensions of forgings

Key
Designations: RF without forged nose for lalch
RFM with forged nose for latch

Figure A.2 — Symbols of dimensions for single hooks with straight flanks
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Table A.2 — Dimensions of forgings for single hooks in millimetres {mm)

ﬁt‘:i:“aqa,a,bqb;me‘ € [ha|he|rm | re|[ra|ra| rs (P |re| re |@|Ff fu|gi|r| L
Mo.

10 112 90 (127|100 85 | 76 256 | 286 |(125|106| 12 | 20 | 65 |165) 236 | 163 (140 250 |221)| 46 26 | 21 |12 460
12 125 (100143112 95 | 85 282 | 316 (140|118 14 | 22 | 70 |1B5| 265 |182 (160 280 |252| 53 24 (28|16 525
16 140 (112 | 160|125 1ns.95.3:5 A5T (160|132 | 16 | 25 | 80 | 210 300 | 204 Hill. 320 (280 5-'&.35 i 15.555-
20 (160(4125(180)|140|118 | 106| 370 | 405 |180|150( 18 | 28 | 00 |240( 335 (232|200 360 330| 68 | 45 | 33 [ 20 | 665
25 |180(140|202 160|132 118 415 200 (170 20 | 32 (100|270 375 |262|224| 400 |360| 74 |45 | 38 | 20 | 735
32 |200(160(225|180|150 132| 465 | 510 |224|190| 22 | 36 | 115|300 | 425 | 292|250 | 448 |400| 80 |45 | 38 | 20 | 810
40  [224 (180|252 |200|170 160| 517 | 567 |250|212( 25 | 40 |130|335| 475 (326|280 500 |447| 93 | 65 | 42 [ 26 | 905
50 |250(200(285|224|120 170| 575 | 635 | 280|236 | 28 | 45 |150|370| 530 |363|315| 560 |485(100| 55 | 42 | 25 | 990
63 280 (224 | 320|250 | 212 190 &55 | T10 | 315 32 | 50 | 160|420 | 600 |408 (355 &30 550|108 60 (45| 25 1120
80 (315|250 (358|280 135:212: T2T7 | 802 355|300 36 | 56 | 180|470 670 |460 m Ti0 (598 113:611 45 25:12?n
100 | 355|280 | 402 | 315|265 236| B2T | 902 | 400 |335| 40 | 63 | 200|530 | 750 516|450 B00 688|130 T0 | 50 | 30 1 415
125 | 400(315(450|355|300 265 920 |1 020|450)|375| 45 | 71 | 230|600 | 850 | 579|500 900 | 750|138 70 | 50 | 30 |1 590
160 | 450|355 (505|400 | 335 3001 035|1 145 500|425 | 50 | BD | 250|675 | 950 |654|560 1 D0O| 825|147 | 70 | &5 | 30 |1 790
200 (500|400 (565|450 | 375 3351 150(1 275 560|475 | 56 | o0 | 285|750 (1 060 729|630 1 120|900 | 154 | 70 | &5 | 30 |2 048
230 | 560|450 (635|500 (425 375 1 280(1 430|630 |530 | 63 (100|320 | 840 |1 180(845(710 1 260(980 | 164 | 70 | 60 | 30 2 305
MOTE CHmsrsins hasad upon DIN 154804 sares o hookss Dimensions for guldance.
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A.3 A series of single hooks of type B, dimensions of forgings

;;—q
L

Figure A.3 — Symbols of dimensions for single hooks
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Table A.3 Dimensions of forgings for single hooks in millimetres (mm)

Single ap | 4z | a3 | by dy (& [eg | hy hs L8] Fo || M Fa | s | B fz fa | O
Haok
e 1 |arsa 0,60 3, 0438|0930, 0422, 0,30 a, 0,92 a, "f:" ‘ff

BED8 | 26 | 20 | 26 16 1T | 4T | 31 | 24 24 3 18 | 13 8 24 | 26 32 | 418|197 | 52| 52

B16 | 37 | 28 | 37 22 23 |BES| 44 | 34 34 [ 26 | 18 | 11 3 | 3T | 46 | 501 | 27T | T4 | T4

B25 |46 | 34 (46| 28 |28 |83 |66 | 43 | 43 6 32 (23| 14 | 42 |46 58 |73E | 347|028z
B4 58 | 44 | 58 s 33 (105 | FO | 54 54 7 41 | 28 [ 1T 3} | 58 | T2 | 934 | 436 116|116
BES5 65 | 49 | 65 39 38 (118 | T8 | &0 &0 8 46 | 32 | 20 60 | 65 | 81 | 105 | 488 | 13 | 13

BG3 | 73| 55 |73 44 | 44 |130| 88 | 68 | 68 a 51|13 | 22 | 67T | 73 91 | 124 | 549 146|146
BE |83 | 62 |B4| 50 |50 (161 |1w00| 77 | 77 | 10 |58 1B | 25 | 76 | 83 104 | 134 | 62,4 (166|166
B0 |92 | 69 |92 | &5 | 56 [167|110| 86 | B6 | 11 | G4 |46 | 2B | @6 | 92 116 | 149 | GEE (184|184
B12.5(103 | 77 |104| 62 G0 | 1BT | 124 96 95 12 T2 (B2 | M a5 | 103 128 | 166 | TT.4 20,6 20,6
B16 (417 | 88 |147| TO 65 | 212 | 140 109 | 109 14 B2 | 5B | 35 | 108 | 117 | 146 | 188 | 87,7 | 234|234
B20 |131| 98 (432 79 | 75 | 237 |457| 122 | 122 | 46 |92 |GG | 30 | 120 | 431 164 | 211 | 985 (262|262
B25 |146| 110 (146 88 | 85 | 284 |175| 136 | 136 | 18 (102| 73 | 44 | 134 | 146 182 | 235 | 110 [29,2|29,2
B3Z |158| 1158 |160D| a5 a0 | 288 | 191 148 | 148 19 (111 BD | 4B | 146 | 155 1499 | 256 | 118 (318|318
B40 | 473 | 130 |173| 104 | 105 | 314 | 208 | 161 | 161 2 121 | B | 5 | 159 [ 173 216 | 279 | 130 346|346
BSD | 191 | 143 |49 115 |115|346|229| 176 | 178 | 23 (134 | 05 | 57 | 476 | 491 239 | 308 | 143 382|382
BEI |206| 164 |206| 123 | 125|372 |246| 191 | 191 | 25 (144 |102| G2 | 189 | 205 266 | 331 | 164 | 41 | 41

Dimersions based upan B5 2003 series of hoaks,

Cirensions far guidance

HOTE 1

HOTE 2
HOTE 3
HIOTE 4

Second row gives & ralia of dimersions 1o messure &,

Mase far allsckmen] of lalch & aptional.
Spa (5.4 for typioal dmersions of machined shank.
Leng# of hook shank "L w0 suit applicatian.
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Annex B
(informative)

A series of ramshorn hooks of type RS/RSN and RF/RFN, dimensions of
forgings

Key
Dasignations: RS/RSMN concave flanks (a), without or with nose
RF/RFMN straight flanks (b}, without or with nose

Figure B.1 — Symbals of dimensions for ramshorn hooks
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Table B.1 — Dimensions of forgings for ramshorn hooks in millimetres (mm)

Ramshorn | a1 ay | az | b | di f1 H ri ra rs e |fz | g rqg | rs L
Hook Mo,
05 34 | 27 | 44 | 22 | 24 130 27 3 3 36 | BD | 20 12 | 10 | & | 1,6 | 1B65
08 38 | 30 | 49 [ 26 | 30 150 33 | 4 3 |41 |83 | 22 | 12 |105| & | 1,6 | 183
1 40 | 32 | 52 | 28 | 30 | 158 36 | 4 [ 35 | 44 |96 | 22 14 |12 | T | 1,6 | 195
1.6 45 | 36 | 59 | 34 | 36 | 183 43 | & 4 | B1 (100 | 28 | 14 [125| 7 | 1,6 | 222
2.5 50 40 G5 40 42 208 | 8D L] 4.5 BB (112 | 30 | 14 | 14 T 1.6 250
4 56 45 T3 48 48 238 | ®&D 7 55 6T | 124 | 33 23 | 16 | 10 | 2.5 2ED
5 B3 50 g2 53 53 . 266 . &7 a 6.5 TS | 143 | 4D . 3|16 | 10 | 5 Mz
6 ™ 5E a2 [} [11] . am . T 9 T BS | 160 | 44 . 23| 18 | 10 | 5 ars
8 B0 | B3 | 103 | &7 | &7 | 337 &5 | 10 | 8 | o5 |182 | 48 23 | 18 | 10 | 25 | 415
10 90 | 71 |16 | 75 | 75 | 37T | 95 | 11 9 | 106 (192 | 54 | 27 | 23 | 12 | 3 | 450
12 100 | B0 | 130 | 85 | B5 421 106 [ 125 | 10 | 118 | 210 | 6D | 27 | 23 | 12 | 3 | B0
16 112 | 80 | 146 | 495 95 | 471 | 118 | 14 11 132 | 237 | B9 | 36 | 28 | 16 4 SED
20 125 | 100 | 163 | 106 | 106 | 531 132 | 16 (125 | 150 | 265 | 75 | 36 | 33 | 16 4 ES0
25 140 | 142 | 182 | 118 | 118 . 5ag . 150 | 18 14 | 170 | 395 | BB . 45 | 33 | 20 5 Ti5
3z 160 | 125 | 205 | 132 | 132 . 672 . 170 | &0 16 | 190 | 335 | 94 . 45 | 38 | 20 5 Tan
40 180 | 140 | 230 | 150 | 150 754 | 190 | 22 | 18 | 242 | 375 | 104 | 45 | 38 | 20 | 5 | BES
50 160 | 260 | 170 | 170 | 842 242 | 25 | 20 | 236 | 420 (120 | 56 | 42 | 25 | & | ©65
63 180 | 292 | 190 | 190 | 944 236 | 2E | 22 | 265 | 460 (131 56 | 42 | 25 | & | 1080
80 200 | 335 | 212 | 212 |1 062 265 | 12 25 | 300 | 515 [ 144 56 | 45 | 25 & | 1215
100 224 | 364 | 236 | 236 (1186 300 | 36 28 | 335 | BTE [ 157 56 | 45 25 & | 1375
125 35 | 250 | 4DB | 265 | 265 1 330 335 | 40 32 | 3T5 | 645|178 | 68 | 50 | 30 8 | 1550
160 355 | 280 | 458 | 300 | 300 1505 375 | 45 | 36 | 425 | V25 (198 BB | 50 | 30 | B | 1745
200 400 | 315 | 515 | 335 | 335 1685 425 | 50 | 40 | 475 (€00 | 218 | 68 | 55 | 30 | & | 199
250 450 | 355 | 580 | 375 | 375 1885 475 | 56 | 45 | 530 (675 | 240 6B | 55 | 30 | & | 2250
MOTE 1 Hook sizes 50-250 praferanly with siraight flanks, Bimanskars for guidance,
NOTE 2 Dimensions bagesd upan DN 15400 serias of hooks.
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C.1 Static limit design forces of hook bodies for hooks of type RS and RF

Static limit design forces of hook bodies

Table C.1 — Static limit design forces in kilonewtons (kN)

Annex C
(normative)

LD CEM/TS 13001-3-5:2010
CENITS 13001-3-5:2010 (E)

Valid for temperature influence factor f; =1 (T < 100 "C)

Single hooks, types RS and RF Ramshorn hooks, types RS and RF

H:'“" Classified material grades Classified material grades H;'“‘k

0. [&

M P -] T v ] P - T v

006 | 4.0 5,4 7.1 9.3 1,2 . . . . . 006
0o | 59 B6 104 14 16 - R . R E 010
012 7.8 11,5 14 18 22 - - - - - 012
020 10,3 15 18 24 29 - - - - - 020
025 | 117 17 21 27 33 . - . - . 025
04 18 26 32 41 50 - - - - - o4
05 21 a1 37 45 55 18 27 32 42 51 05
i 30 45 54 Ea! 85 27 40 48 63 75 08
1 3T 54 65 B5 102 a2 47 66 T4 89 1
1.6 81 75 i) 119 142 47 68 83 i 131 1.6
25 T3 107 129 165 203 65 495 115 151 184 2.5
4 104 163 184 242 291 85 138 167 220 264 4
5 132 183 233 a07 368 117 171 206 272 326 5
€ 165 242 292 a84 450 145 216 261 343 412 €
B 208 305 368 484 5RO 187 274 331 435 522 B
10 257 37T 455 500 719 234 342 413 543 BR2 10
12 324 474 572 763 S04 205 433 6522 BET 225 12
16 414 aOT 732 213 % ) 1 156 3BT 538 649 A54 1024 16
20 520 TB3 B20 1210 1452 459 BTZ B11 1 0BT 1 281 20
25 BEO Qa7 1 166 1535 1 Bd1 583 ASS 1031 1 356 1628 25
32 B3z 1219 1471 1 835 2322 T34 1 082 1305 1718 2081 32
40 1 032 1512 1 824 2400 2 BRO Q35 1 369 1 652 2174 2 608 40
50 1 308 1817 2313 3043 3 B51 1184 1734 20432 2753 3304 50
63 1 Bdd 2408 2805 3822 4 587 1471 2165 2 595 3420 4 104 63
BO 2075 3040 3 BBT 4 AZ6 5781 1 BB 2705 3263 4 204 5153 BO
100 2 B30 3 A5G4 4 549 6117 7341 2335 3422 4 128 5431 B 517 100
125 3334 4 AR5 5 Bo3 T 754 B 305 2923 4 Z2R2 5 166 6 7a7 2156 125
160 4 167 6105 7 3B 9 RA0 11628 3 695 5414 B 531 B 503 10 311 160
200 5 257 T 702 0202 12226 | 14 BT 4 688 6 368 8285 10 801 13 081 200
250 6575 9 B34 11822 15 242 18 350 5 RST B 581 10 352 13 621 16 345 250
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C.2 Static limit design forces of hook bodies for a series of hooks of type B, with
additional materials

Table C.2 — Static limit design forces Fgy, in kilonewtons (kN)
Valid for temperature influence factor 1= 1 (T = 100 *C)

Single hooks, type B

Hook Classified material grades Additional materials Hook

Mo, fy Mo,

] P 5 T v imm? Frdx

BO8 6,6 8.7 14,7 154 18,5 13,2 B 0.8
B1.6 13,0 19,0 229 301 36,2 259 B1.6
B 25 21,3 3 aTh 45 4 583 42 6 B 2.5
E4 33,2 48,6 58,6 T2 H92.6 6.4 B4
B5 | 41,1 | 602 | 727 | 956 | 115 430 82,2 BS
BE.3 52,6 77 93.0 122 147 106 BE.3
E& 67 4 98,8 119 167 188 135 BB
B 1D B3.2 122 147 194 232 166 B 10
B125 104 1652 184 242 2490 208 BE12.5
B 16 134 197 237 312 74 250 B 16
B 20 1689 248 299 394 473 315 B 20
B 25 210 308 arz 489 a7 352 B 25
B32 | 247 | 362 | 437 | 575 | 630 400 460 B 32
B 40 254 451 520 G54 21 547 B 40
B 50 360 R27 R3S BiB 1 003 B63 B 50
B 63 414 GG 731 96z 1 154 770 BG3




D.1 Fatigue limit design forces of hook bodies for hooks of type RS and RF

Fatigue limit design forces of hook bodies

Annex D
(normative)

DD CEN/TS 13001-3-5:2010
CENITS 13001-3-5:2010 (E)

Table D.1 — Fatigue limit design forces Fe,; in kilonewtons (kN)

Factors fz and wy incorporated, temperature influence factor f,= 1 (T = 100 °C)

Single hooks, types RS and RF

Ramshorn hooks, types RS and RF

Heaok Classified material grades Classified material grades Hook
Ne. M P 5 T i M p 5 T v Ne-
006 | 21 | 27 25 3.4 38 - R - R R 006
o0 | 31 | 40 | 42 | &1 | 85 | - | - - . . 010
o2 | 41 | 83 | &6 | &7 | 73 | - | - - . . 012
020 | 54 | 63 | 74 | 88 | 98 | - | - . . . 020
025 | 61 | 73 | 84 | w0 | 1 | - | - - . . 025
n4 9.2 12 13 16 16 - - - - - 04
05| 11 | 14 | 1 | 1@ | 19 | 11 | 14 15 17 19 05
o8| 5 | 1 | = | 25 | 2z | 6 | o 22 26 28 o8
1| 18 | 23 | 2 | zm | sz | 18 | =2 25 30 33 1
16| 24 | s | a3 | 40 | 43 | 2w | a3 36 43 46 16
25| 33 | . 43 | 4 | s | 60 | 3 | 45 43 57 62 25
4| 4t | w0 | et | 77 | B4 | 4 | 4 B8 81 88 e
5| s | 7 | 8o | ©5 | 104 | 60 | 717 83 58 07 | 85
6| 71 | w2 | e | m7 | 1z | 4 | e 102 122 133 | &
8| 88 | 413 | 121 | 144 | 157 | @2 | 11@ 127 152 155 | 8
10 | 107 | 138 | 147 | 476 | 191 | 113 | 148 156 186 202 T
12 32 | 170 | 182 | 217 | 238 | 140 | 181 193 230 251 12
16 | 165 | 214 | 228 | 272 | 296 | 170 | =220 235 281 306 T
20 | 204 264 282 336 365 209 271 | =28 344 375 20
25 | 255 | a0 | as2 | 420 | 457 | 281 | ass 361 430 458 | 25
32| 321 | 416 | 444 | =529 | 578 | 324 | 420 448 534 582 T2
40 | 398 516 551 656 715 402 | 520 | 555 662 721 40
50 | 505 654 | Bos | &32 | o7 | 508 | 857 702 837 911 5D
63 | 635 | 821 | 877 | 1045 | 1139 | 631 | 817 872 | 1039 | 1132 | €3
80 | 801 | 1037 | 1106 | 1320 | 1438 792 | 1025 | 1085 | 1308 | 1421 80
100 | 1016 | 1315 | 1404 | 1673 | 1822 | 1002 | 1297 | 1385 | 1650 | 1798 | 100
125 | 1288 | 1666 | 1780 | 2121 | 2310 | 1254 | 1623 | 1734 | 2086 | 2250 | 125
160 | 1608 | 2082 | 2224 | 2650 | 2887 | 1585 | 2052 | 2182 | 2611 | 2844 | 160
200 | 2030 | 2627 | 2806 | 3344 | 3642 | 2011 | 2603 | 2780 | 3313 | 3600 | 200
250 | 2539 | 3286 | 3510 | 4182 | 4556 | 2513 | 3252 | 3474 | 4139 | 4508 | 250
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D.2 Fatigue limit design forces of hook bodies for a series of hooks of type B, with
additional materials

Table D.2 — Fatigue limit design forces Feyy in kilonewtons (kN)
Factors fz and ¢ incorporated, temperalure influence factor f1= 1 (T = 100 "C)

Single hooks, type B
Classified material grades Additional materials

Hook Hook

Mo. f, Mo.

M P s T v Fras
Nfmm®

B DB 35 4,5 4.8 57 6,2 8.2 B 0.8
B1.6 6.8 8.8 8.3 11,1 12,1 10,3 B 1.6
B 25 10,9 14,1 15,0 178 19,5 16,5 B 25
B4 16,4 21,2 226 270 294 240 B4
BS 190 | 258 | 275 | 328 | 357 G20 30,2 BS
BE.2 250 32,3 345 41,2 44 8 370 B 6.3
ESg 3.3 406 43,3 51,6 a6,2 47,6 B8
B 10 381 493 526 62,7 68,3 57.8 B 10
B125 467 60,4 54,5 76,9 83T 70,9 B12.5
B 16 589 6,3 81,5 87 .1 106 80,0 B 1€
B 20 72,9 544 11 120 131 111 B 20
B 25 8.0 115 123 147 160 136 B 25
B3z | 105 | 134 | 143 | 170 | 185 B25 158 B 32
E 40 121 167 167 165 217 185 B 40
B 50 145 188 201 235 261 222 B 50
B 63 165 214 228 272 297 253 B 63
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Annex E
(normative)

Hook body calculation and specific spectrum ratio factors

E.1 Conversion factor for hook body calculation, when classified duty is utilized

Table E.1 — Conversion factor k. = k,./':-ﬂ_'rp

Class Q Qy Qqy Q; Qs Q. Qs
kQ(3) 00313 00625 0,125 0,25 05 1.0
Factor kg* 1,34 1,27 1,20 1,14 1,08 1
Class U C [cycles)

Uy 16 000 534 4,51 379 A 271 2,24
U, 31 500 477 4,03 3,39 . 2,87 . 242 2,00
Uz 63 000 4,25 3,59 3,02 . 2,56 . 216 1,78
Us 125 000 3,79 3,20 2,69 . 2,28 . 1,92 1,58
u, 250 000 3,38 2,85 240 . 2,03 . 1.71 1,41
Us 500 000 3,01 2,54 2,14 . 1.81 . 1.53 1,26
Us 1 000 300 2,68 2,26 1,90 . 1.61 . 1.36 1,12
U, 2 000 000 2,39 2,02 1,70 . 1.44 . 1.21 1,00
Uy 4 000 (00 2,13 1,80 1.91 . 1,28 . 1,08 0,89
Uy 8 000 00 1,89 1,680 1,35 1,14 0,96 0,79
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E.2 Specific spectrum ratio factors

The presentation of distributions with discrete values can be shown as spectrum or as accumulated spectrum.
Figure E.1 illustrates both presentations for discrete distributions.

! g

1
i
a) Spectrum, where n is the relative number of cycles -—r N

with amplitude q: En =1

b} Accumulated spectrum

Figure E.1 — Discrete distributions
The presentation of distributions given by confinuous functions can be shown as density function or as

accumulated density function. Figure E.2 illustrates both presentatons for distributions given by continuous
functions,

nas

3
[ Nigl

b) Accumulated density, where
a) Density function, where IJ‘J[{.‘] =]

1
. Nigh= [rtgpedq
T

Figure E.2 — Continugus distributions

NOTE Whereas nig) gives the relative number of cycles with amplitude g, the accumulated value of Nig) gives the
number of cycles with amplitudes greater than 4.

The stress spectrum factor k,, can be calculated from the density function or from the accumulated density by

1
K= jr,r"r g = jr,r”r el

[ a

The specific spectrum ratio faciors (see 6.5.3 ) then follows as

k-’ﬂ kur

58




DD CEMN/TS 13001-3-5:2010
CENITS 13001-3-5:2010 (E)

E.3 Underlying spectra for the specific spectrum ratio factors

In cases whera the load spectrum of the crane is specified through the class Q only, the shape of load
distribution in eccordance with Table E.3 shall be assumed, Consequently, the specific specirum ratio factors
as given in Table E.2 can be denved and shall be used for calculation of the stress history parameter s, for
the hook,

Table E.2 — Specific spectrum ratio factors

Class Q of Load spectrum factor kQ Factor ks form=5 Factor k'; form =6
EN 13001-1:2004

Qg 00313 1.28 1,34
Q4 0082 5 1,22 1,27
2 0,125 1.17 1,20
iy 0,25 1.12 1,14
Qy 0.5 1,07 1,08
Qs 1 i 1

Table E.3 gives the underlying density funclions and accumulated density functions for Table E.2.
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Annex F

{(normative)

A selection of material qualities for hooks of type RS and RF

Hook Material class Ruling
Muirri ber thickness
M P 5 T v mm
00E 13
oo 16
iz 19
020 2
025 22
04 27
- P4Z0MH Z4CrMod+OT | 34CrMikaBE+QT -
I -
1.6 45
2.5 53
4 63
5 71
] B0
-] a0
10 100
""" 12" IBCrMiMod+QT 112
16 125
2 P2B5QH 140
a5 25Cr e+ QT 1ED
""" 2 10
a0 30CrHMoR+aT 200
b P4200H 2
63 250
&0 MCrNiMo6+0T 280
100 535642 315
------------ P365QH S
125 b5
160 36CNiMod4 + QT 400
200 450
250 S00

60
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Annex G
(informative)

Sets of hook shank and thread designs

G.1 A series of hook shank and thread designs, a knuckle thread

oy

I'JI-;

me——e ]

i

Key
1 hook shank
2 nut

Figure G.1 — Symbols of dimensions for a hook shank and thread
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Table G.1 — Dimensions of hook shank and thread in millimetres (mm)

{di) | Thread dy p ds ds Iy B M | Fp t m | (D) | (D)
Desighation
60 Rd B0 x & &0 [ 42 414 4 1,32 . 0,92 33 45 50,6 44
67 |RAS6Ex6 56 ] 48 | 494 | 4 1,33 092 | 33 | S0 | 566 | 50
75 |Rdedxd 64 ] 54 | 552 | 4 177 | 1,23 | 44 | 56 | 648 | 56
85 |RdTZxg T2 8 62 63,2 4 1,77 1,23 | 44 63 | 72,6 | &4
95 |(RdEDx10 a0 10 BE 69,0 [ 2,1 . 1,64 | 55 T 81 70
106 | R 90 x 10 90 | 10 | TE | TeD | & 221 154 | 65 | BED | 91 | B0
118 |Rdi00x12 | 100 | 12 | B85 | 868 | & 265 184 | 66 | 80 (1042 =8

132 |Rd 110212 110 12 a5 96,8 B 2,65 | 1,84 BB 100 [ 114,2 | o8

150 (Rd 126 x 14 126 14 108 | 1096 8 310 | 2,16 7T 112 | 1264 | 111

170 | Rd 140 x 16 140 16 120 | 1224 | 10 354 248 | BE | 125 1416 | 124

190 | Rd 160 x 18 160 18 | 133 | 1402 | 10 388 277 | 99 | 140 | 1618

22 |Rd1B0x20 | 1ED 156 | 158,0 | 12 442 307 | 14,0 | 160 | 182

236 | Rid 200 x 22 200 173 | 1758 | 12 4,86 | 3,38 | 121 | 180 | 2022

5§31 | 388 | 13,2 | 200 | 2274

E|E|2 |8 (8|8 & &|&|g|8 k|8 BB

300 | Rd 250 x 28 250 2T | 2192 | 15

20
2

265 | Rd 225 x 24 235 | 24 | 196 | 1986 | 12
28 619 | 430 | 154 | 225 | 2528
" !

335 |Rd280x 32 280 242 | 2448 | 18 | 400 | 707 4,92 | 176 | 280 |2maz

EIE|R|2|5 (2|2

375 | Rd 320 x 16 320 | 3 | 278 | 2804 | 20 | 190 | TAOE 553 | 198 | 280 | 3236

HATE The nut dimensions. (D and O4) and the fonged shank diamessr (d:| ame for guidanoe onty. The shank machining and
tiread may be apphed far ary forged sizes and types within the requirements of this standard.
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G.2 A series of hook shank and thread designs, a metric thread

]
-
- az - L _'.--"'.-' 2
'
L i
[ -
d, L F
hid |- - e
¥

Key:
1 hook shank
2 nut

Figure G.2 — Symbols of dimensions for a hook shank and thread
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Table G.2 — Dimensions of hook shank and thread in millimetres (mm)

Thread dy ] dy ds fa & Fn t ]

Designation
Mmi0x 1,5 10 1.5 | 7.5 8,16 1,0 5 . 0,21 | 092 a
M2 %175 12 1,75 8,0 9,85 1.2 ] 0,25 1.07 11
Midx 2 14 i 11,2 11,55 1.4 6 0,28 1.23 14
Mi6x 2 16 2 125 | 13,55 | 1.2 T 0,28 1,23 15
M2ox 25 20 2.5 16,6 16,93 1.6 a 0,35 1,53 1B
Madx 3 24 3 20,0 20,32 2.0 g 0,42 1.84 iz
M30x 35 30 a5 54 25T 2.0 11 0,49 215 by
M33x 35 33 | 35 | €4 | 2ET | 3,3 | 11 048 | 215 | 33
M 36 x 4 6 4 .0 31,09 2.0 12 0,56 245 az
Miax 4 34 4 138 34,09 39 12 0,56 245 - |
M 42 x 4,5 42 | 45 | 362 | 3648 | 30 | 13 063 | 276 | 36
M a5 x 45 45 4.5 185 15,48 3.0 13 0,63 2,76 40
MdaBx 5 43 5 416 | 41,87 4.8 15 0,70 aor 48
M5Zx5 52 5 456 | 4587 52 15 0,70 3,07 52
M ED ¥ 55 60 | 55 | 530 | 53,25 | &0 | 17 | 077 | 3,37 | GO
MEEx 6 L] [ 60,3 | G064 | GE 18 0,84 1,68 GR
MT2ZnG T2 [ 64,3 64,64 T.2 18 0,84 3,68 T2
M B0 x 6 aa & 72,3 | Tz64 | 80 | 18 | 084 | 368 | 8O
Mooy & an [ 823 | BE2E4 | 40 18 0,84 368 an
Mi00x & 100 8 B9,9 40,19 | 10,0 4 1.12 4,91 100
Mi10x 8 110 & 88,9 | 100,18 | 11,0 | 24 i42 | 481 | 110
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G.3 A series of hook shank and thread designs, a modified metric thread

HKey:
1 hook shank
2 nut

iy,

Figure G.3 — Symbols of dimensions for a hook shank and thread
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Table G.3 — Dimensions of hook shank and thread in millimetres {(mm)

{di) | Thread ds | p ds Ds ra s T m o[ (D) (D) | {rua) | (ts)
Desighation

60 |ATSS2x5 52 5 46 | 45587 | 10 | 1541 |1,083 . 271 | 43 | 52,361 . 47,670 | 0,361 | 2,35
&7 ATS 56 x 5,5 56 |55 50 50,046 1 1841 | 1,191 2,898 48 | 56,396 | 51,237 | 0,397 2,58
T5 |ATSEix6 64 B 57 | 57.505 | 12 | 21,48 | 1,208 | 3.25 | 54 | 64,433 58,804 | 0433 231
85 |ATET2x6 72 E B5 |65505| 14 | 2648 |1,230 . 325 | 61 | 72,430 . 66,804 | 0,430 | 2,84
a5 ATSBOxT 80 T T2 Ta.42 16 255 | 1516 3,79 6T | BO,505 | 73,938 | 0,505 3,28
106 |ATS90xT a0 7 g2 | 82422 | 19 | 34,55 | 1,516 3.79 | T7 | 90505 83,938 | 0,505 328
118 |ATS 100x 2 100 | B | 81 | 94,340 | 20 | 37,61 | 1,732 | 4,33 | B5 |100,577 93,072 | 0,577 | 3,75
132 | ATS 11028 110 E 01 | 101,340 22 42861 | 1,732 4,33 96 (110,577 103,072 | 0,577 3,75
150 [ATS425x10 | 125 [ 10 | 113 | 114,475| 25 46,82 | 2165 541 | 106 (125722 116340 0,722 4,69
170 |ATS 140x 10 | 140 | 10 | 128 |129,175| 28 | 56,82 | 2165 | 541 | 120 [140.722 131,340 | 0,722 | 4,60
190 |ATS160x12 | 160 | 12 | 146 |147,0M0| 32 | 62,95 | 2,508 . 6,50 | 134 mu,uss. 140,608 | 0,866 | 5,63
212 (ATS 180 x12 | 180 | 12 | 166 |167T,0M0| 236 T:95 | 3,598 6,50 | 154 |180.B66 168,608 | 0,866 563
236 |ATS 200x14 | 200 | 14 183 |1EB4,B45| 40 | 7716 | 3031 | 7.58 | 170 |201.000 187876| 1,01 656
265 |ATS225x14 | 225 | 14 | 208 |200,845| 45 | 9216 | 3031 | 7,58 | 182 |226010 212876| 1,01 | &57
300 | ATS 250x16 | 250 | 16 230 | 232,680 50 [101,36 | 3484 8,66 | 211 |251,155 236144 | 1,155 7,51
335 |ATS 280 x 16 | 28O0 | 16 260 | 262,680 56 |121,36 | 3464 866 | 240 |281,155 266,144 | 1,155 T.51
375 |ATS320x18 | 320 | 18 | 288 |300,515| 63 |137,50 | 3,897 | 9,74 | 266 (321,199 304,412 )1,299 | &39
HOTE Tra rut dimensions and 1he Torgad shark diametar {d, | ana Tor guidance only, Tha ghank machining and thread may ba applied Tor any
farged aizas and types willin 1he regquinements of this 2ardard
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G.4 Hook shank and thread designs for hooks of type B

- 'D.S - ﬂ"
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Figure G.4 — Symbols of dimensions for a hook shank and thread

NOTE Width of undearzut, 5, is measured from the shoulder of the shank fo the crest of the last full thread,
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Table G.4 — Dimensions of hook shank and thread in millimetres {mm)

Hook dy Thread dy P dy ds Fa s Fih t Fanit | M

Ma. Desighation

B D& 15 Midx 2 14 2 11,25 | 11,55 | 1.5 6 028 | 1,23 2 14

B1.8 20 M20x 2,5 20 25 | 1663 | 1693 2 1.5 0,35 1,53 2 20

B25 25 M24x 3 24 3 20,02 | 20,32 2.5 9 0,42 1,84 3 24

B4 30 M30 % 3.5 30 3.5 | 2541 | 25T 3 10,5 0,49 215 3 3
BS 35 M33x 35 33 | 35 [ 2341 | 287 | 35 | 105 | D49 | 215 4 33
BE3 41 M39 % 4 33 4 | 33,79 | 34,09 4 12 0,56 | 245 4 39
BEg 45 M42 x 4.5 42 | 45 | 3618 | 3648 | 45 | 135 | 0,63 | 2,76 B 42
B 10 50 M48 x 5 48 5 41,57 | 41,87 5 16 0,7 3,07 5 48
B125 55 ME2u & 52 5 45,57 | 4587 5.5 15 [ 3,07 L 52
B 16 60 MED x 5,5 [=1] 55 | 5295 | 51238 6 16,5 0,77 3,37 L &0
B 20 . T0 MESBx & [~ [ 60,24 | 60,64 T 18 0,34 3,68 T o
B 25 a0 MT2x 6 T2 & 64,34 | B454 8 18 0,84 1,68 & T2
B 32 a5 Mz0 ¥ & &0 E | 7234 | T264 | 85 18 0,84 | 3,68 g B0
B 40 00 | M30xE a0 6 | 8234 | BE264 | 1D 1B 0,84 | 3,68 10 a0
B 50 110 | M100x 8 100 8 | 83Es | o019 1 24 1,12 | 4,91 11 100
B g3 120 Mi10x & 110 8 99,89 | 100,19 12 24 1,12 4,91 12 110

NOTE 1 Far esplanation of dimension &, see 4.3
HOTE2  Widih of urdercu, 5, is messured fom the shoukder of he shank o e creat of e lae? full thead.
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Annex H
(normative)

Bending of curved beams

H.1 Basic equations for stresses

The siresses calculated below represent true primary tensile stresses in the cross section of a curved beam,
derived from the theory of elasticity and with the assumption of no plastic behawviour of material.

The equations below are in a general format of equations for & curved beam and they apply 1o an analogous
problem of stress distribution in a eross section of the curved part of the hook bowl body. The designations
rafer 1o Figure H.1. For a curved beam with a solid section, a referance momeant af inertia is calculated as
follows:

o
[ = J'_,,-" X0Ly) 4, (H.1)
"
a1+l
TR
where

y s the distance in radial direction, measured from the centroid of cross sechon; taken as positive
between the centroid and the exirados of the section and negative between the intrados and centroid of
the saction;

b is the width of the section at a location y;

R is the radius of curvature of centroid axis of the curved beam at the cross section under consideration;

1y is the absolute value of the coordinate v at the inside radius;

7z 15 the absolute value of the coordinate v at the outside radius.

Figure H.1 — Symbols for curved beam bending calculation

The maximum tensile siress in the cross section shown is al the intrados and is calculaled as follows:
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_ F=Rug, 1
I 1-m /R

{H.2)

where
F is the force acting perpendicularly to the plane of the section and through the centre of the curvature;
R is the radius of curvature of centroid axis of the hook bowl at the cross seclion under consideration,
7y is the absolute value of the coordinate y at the intrados;
I is the a reference moment of inerfia of the section in accordance with Equation (H.1).

MNOTE Equation {H.2) contalns the comblned effect of direct tenslon and bending moment. The equation s only valid
in the case, where the force causing the bending acts through the centre of the beam curvature. Under such a loading
configuration the neutral axs coincides with the centroid of the section,

H.2 Approximation of the reference moment of inertia

The reference moment of inertia of a curved beam may be expressed as follows:

ki
T=kxl, =kx _[,r"xh:,r}xqr (H.3)
'llll

where
I, is the conventional moment of inertia of the section about the z-axis;

k is a conversion factor, depending of the shape of the section and the relative curvalure, see Figure H.2.
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\\

ERNN

o1 02 03 04 05 06 07 08

2 Circular and rourded sections

3 Trapezoidal saction

0.9
1R

with (0,45 < byl < 0,55, wheare by, is the larger, inner edge width of the section and be,, is the smaller, outer edge

width of the section.

For cross sections of hooks of type B, k may be taken as k = 1,05 both on Saction A and B in Figure 5.

Figure H.2 — Factor k for a selection of section types
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Annex |
{normative)

Calculation of hook suspension tilting resistance, articulation by a hinge
or a rope reeving system

.1 General

The hoak tilting resistance factor G, rapresants the friction in the hook suspension resisting the ilting of the
hook. It is a characteristic of the suspension only and its value is independent upon external loadings. The
factor C,is defined through Eguation (1.1) as follows:

M
C=— (1.1

wheare
Cy ist the hook tilting resistance factor;

M s the moment resisting the tilting movement of the hook, see Figure 1.1,

F iz the vertical force acting on the hook.

Key
g direction of the tilting movement

Figure 1.1 — General presentation of hook tilting resistance
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1.2 Articulation of hook by a hinge

Figure 1.2 — A hook suspension with a hook articulation by a hinge

Rope regving system is such that the hook suspension stays horizontal, when the hook is tilted along the load
line. Tiliing resistance factor is calculated as follows:

_M_ 4,
Cr_F_.,ux /2/ (1.2}

where
o, is the diameter of the sliding surface of the hinge;

1 is the friction in the hinge, to be taken as follows:

=01 for non-grease able, special coaled bearing bushings,
=025 for re-grease able, bronze/stesl bearing bushings;
=04 for non-grease able steel/stesl hinges,

pi=0 (zera) for hinges with anti-friction bearings.
As the tilting resistance is significant for the fatigue of the hook shank, the friction figures represent long term
values o be expected in practice, This shall be taken into consideration, if the frichon values should be based
upon ftests.
1.3 Articulation of a hook suspension by a balanced rope regving

Due to a wide variety of possible configurations, an example only is given hera, i.e. the calculation of the
rasistance factor for an eight-fall rope systam.

In & balanced rope reeving system, for example that shown in Figure 1.3, differential tensions are generated
within the individual rope falls due to sheave losses, when the hook suspension is filied e.g. due to a
haorizontal force an the hoak.

The sample reaving systam assumes:

al  Symmeiry about the hook centre line;

b} Sheaves are similar except that the middle sheave has a different efficiency than the others.

L]
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Key

[ diraction of the tilting

h  distance from the hook 2eat to the centre of the articulation
H  horizontal force causing the tilting

Figure L3 — An example of a rope reeving system

When the hook suspension is hilted, maximum force is generated in rope fall no, 1, minimum force in fall no. 8,
and the rope forces fulfil & relationship as depicted within Table 1.1,

Table I.1 — Rope forces in a tilted condition

Rope na. (i} 1 2 3 4 5 [ T B

Rnpenmru R R, xR, R | gt w R et w R et By | xR
i

where

Ry is the force in rope fall no. 1, the extreme rope on the descending side of the reeving;
o isthe efficiency of a basic sheave, see CENMTS 13001-3-2;
e is the efficiency of the middle sheave,

Eguilibrium condition in vertical direction presumes that the sum of the rope forces equals to the vertical force
acting on the hook. From this we can derive Equation {1.3) for the rope force R1.

F
Clanantant e engen® e, e’ 4,1’

R (1.3)

where

F is the vertical force acting on the hook.
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The other rope forces R; are derived based upon Equation {1.3) and the equations in Table 1.1, Forces R
combine with distances &; and generate a turning moment about the central vertical axis; this moment is
derived as per Equation {1.4):

&

=Yk %, (14)

& is the horizontal coordinate of the rope (1) from the hook suspension centre. Coordingles are
teken positive on the descending side of the hook suspension, see Figure 1.3,

By placing the contents of Table 1.1 and Equation (1.3) to Equation (1.4), we get finally the tilting resistance C,
for this specific rope reeving system as follows:

= =e,.,,a-<{1u} Mgt — gty ey sl v’ —ng xn’ a2
' L4+ a7 0 XA+ a0y X0 + 1 %"

{1.5)

M
I3

where

&4, B are the horzontal distances of the sheaves from the hook suspension centre, see Figure 1.3,
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Annex J
(informative)

Guidance for the selection of a hook size using the Annexes Cto E

J.1 General

In cases where a hook body in accordance with Annex A or B is used, the proofs of static and fatigue strength
of the hook body can be done using the limit design forces in Annexes C and D.

Additionally, the prool of competence for the machined shank with a chosan design shall ba carried out in
accordance with appropriate subclauses in Clauses 5 and 6.

All the assessments, choices of values and conclusions concerning the case specific loads and factors are
given as an example only. Those shall not be considered as & general guidance for the same,

J.2 Case description

Search for @ minimum size hook for the following case:

a) Mass of the rated load of the crane/hook is Mg = 50 1;
b) Govemning load factor § 15 dz = 1,21,
c} Operating temperature for the hook is T=150"C;
d) Goverming load case is regular loads o= 134,
e) Mormal crane application, the risk factor is =1

fi  Chosen to use a single hook from Annex A;
g} Chosen to use the material class T,

h}  The use of the crane s specified through the classification as follows: number of cycles in accordance
with class Us and load spectrum class Q.

J.3 Proof of static strength

Starting point is the condition given in Equation {16). The influence factor f; for the operation temperature is
calculated in accordance with Equation (15):

S =025 T - 100)/ 150 = 0016 7 [J.1)

The minimum, required static limit design force of the hook can be written, based upon Equations (1) and {16)
as follows:

Foio _ $a%mpc X2XF, %Y, 121x50x981x1.34
5 i 09167

Foy. = = 2068 [k ] (J.2)

The hook is then searched from Table C.1 from the material column "T". The hook rumber 18 has a static limit
design force Fras = 963 kN, which fulfils the requirement in Equation {J.2).

=
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J.4 Proof of fatigue strength

Starting point is the condition given in Equation (35). The influence factor f; for the operation temperature is
calculated in accordance with Equation (31):

A =1=00={T =100}/ 150= 0967 (.3

The value for the conversion factor k- is found from Annex E at intersection of row US and column Q.

ke =k fifsy =153 (J.4)

The minimum, required fatigue limil design force of the hook can be written, based upon Equations (18) and
{35) as follows:

Fesy e xp 1215098

[k . 1 Ik 0967 %153
x| f—|
\ / A

The hook is then searched from Table D.1 from the material column “T*. The hook number 25 has a faligue
limit design force Frgr= 420 kN, which fulfils the requirement in Equation (J.5).

Foar 2 =401 [kN] (J.5)

J.5 Final selection of hook

The selection of hook body shall meet both design criteria for static and fatigue strength. Consequently, the
larger of the resulting hooks in J.3 and J.4 shall be chosan, Foar this case the minimum single ook of those in
Annex A is the hook number 25, of material class T.

The final selection of the hook, which depends on the detailed shank design, shall have to take into account
also the results of calculations in accordance with Clauses 5 and B.
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Annex K
{normative)

Information to be provided by the hook manufacturer

The hook manufacturer shall provide the following information for the Technical File of the crane.

Information to be provided by the hook manufacturer

General rn.n'lanufa-::mrer
Uhlquc mian uI’a;tuh:rs lrac.ua |.'|I| my Imuk ma rklhg
Serial or lol number r.:-f lh:: |1-r.|-c.lk ! uﬂatr. u1' ma nufan:.lurlng

Emln-;.ﬂl&nl ramEhclrn hclnk
- 1||'|||'rth o u.nthnut a qafet:,,r |F|t-."‘|1
- I'u'Iﬂ.r..:: of tha hook, in kllngramf.. {kg]
Dimensions . Slze mde and staru:lar-d fnr furgeu:l dlmensmrts.
‘ Lengﬂﬂ- ﬂf Imt:nk L |r- mllllmetr&s {mm]

Size coda and qtaru‘].ard for shank dlmmqlnnﬁ {rr' hnnk s quppllpd 1.!.111h a ﬂnlthd
qhank]

I:Brtlfc.ate |:|r dlmensu:lns.

Gap meaasura{s) ¥, yi, ¥z, in I'I'1I||IrI‘IE"|.rE‘5II'I'IIT1]

Material Grade and standard
. Raw matprlal cE-rtrFr'atEl
| HeaT lreatmenl n:ertrﬁ:ate
| leshed forglng materlal <:ertrﬁ|:ate

Manufacturing Prur.::ss ype | dus:,rlptmn
| HI:I"TmspI:r.tlun cerificate S
| Load test certificate {if relevant)
| Proof loading certficate, f applied
Optional info [ Static: limit design force of the hook: body, in kKilonewtons (kM)
. Fatigue limit design force of the hook body, in kilonawions (kM)
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Annex L
(informative)

Selection of a suitable set of crane standards for a given application

Is there a product standard in the following list that suits the application?

EM 13000 Crames — Mobile cranes

EM 14435 Craves — Safely — Tower cranes

EM 148485 Cranas — Shewing jih cranes

prEM 15011 Crames — Bridge and gantry cranes

EM 1385241 Crames — Offshore cranes — Part 1) General-pumose offshore cranes

EM 13852-2 Craers — Offshore cranes — Part 2! Floaling sranas

EM 14452-1 Cramas — Power drven winches and holsts — Pavt 1 Power doven winches

EM 14452-2 Cranas — Power diven winchas and hoists — Part 20 Power drivan haolsts

EM 12555 Crames — Loader cranes

EMN 13157 Gt — Safely — Hand powesred chanes

EM 13155 Crames — Safely — Nan-fxed foad King attachments

EM 14238 Cramnas — Manually controlled foad manipulating dewvices

EM 15056 Crames — Requirements for container hanaling spreaders

YES NO
Ulges it direcily, phis the standands
thial are rederred o,

Use the fallowing:

EM 13001-1 Cratnes — General design — Part 1) General principles sisd reguirersesnls

EM 13001-2 Cranas — Ganaral design — Part & Load effects

prEMN 13007 -3-1 Crames — Goneral design — Parf 31 Limil sfates and proof of compefence of steel
shuichras

CENTS 13001-3-2 Cranes — Goneral design — Parf 320 Limd? states and prool of competanse of wirs
ropes in reeving systems

prCEMITS 13001-3-3 Cranes — Genersl design — Part 3-37 Limit states and proof of competence of
wheslral confacts

CEMWTS 13001-3-5 E;;ﬂ;&.s — Ganaral design — Part 3-8 Limit sfates and proof of compatance of forged

5

EM 131351 Crames — Equipmenf — Part 1! Elechrofechnical equipmen!

EM 131352 Cranes — Equipment — Pant 2: Non-slectrafechnics) eguipment

EM 13557 Crames — Confrols and sontrol sfations

EM 12077-2 Craves safely — Reguirsinenls for heatth and safely — Parl 20 Lirding and
indicafing devices

EM 13586 Crangs — ACCoss

EMN 14502-1 Cratess — Eripienant for iting persons — Badt 1) Suspended haskels

EM 14502-2 Cramas — Eguipmenf for the Iiting of persons — Part 2 Elevating control stafions

EM 126441 Crames — Informalion for wse and testing — Parf 1: insfructions

EM 12644-2 Cranes — Information for use and testing — Part 1 Markdng
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