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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Dletails of any
patent rights identified during the development of the document will be(in the Introductign and/or on
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50 list of patent declarations received. www.iso.org/patents

frade name used in this document is information given for the'éonvenience of users gnd does not
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hn explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adheretice to the WTO principles in the Technical
ers to Trade (TBT) see the following URL: Forewofd - Supplementary information

fommittee responsible for this document is ISQ/TC 96, Cranes, Subcommittee SC 8, Jib ¢ranes.
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INTERNATIONAL STANDARD

ISO 17440:2014(E)

Cranes — General design — Limit states and proof of
competence of forged steel hooks

1

Scope

This International Standard is intended to be used together with the other relevant International
Stangards T its Series: AS Sucty, they Specity Beneral COnmditions, TEqUITEENtS aItd et
hazafds in hooks as part of all types of cranes.

This [[nternational Standard covers the following parts of hooks and types of hooks:

I:)dies of any type of point hooks made of steel forgings;

achined shanks of hooks with a thread/nut suspension.

NOTHE 1  The principles of this International Standard can be applied to.otheér types of shank h
wherg stress concentration factors relevant to that shank construction are determined and used
which are those assembled from one or several parallel parts of rolled steel plates are not co
Interhational Standard.

This|International Standard is applicable to hooks from materials with ultimate strength
than|800 N/mm?2 and yield stress of not more than 600 N/mm?2.

The

to pe

following is a list of significant hazardous situations and hazardous events that could r¢

redufe or eliminate the risks associated with the'following hazards:

a)
b)
A
The

exceeding the limits of strength (yield, ultimate, fatigue);
¢xceeding temperature limits of inaterial;

wnintentional disengagement'of the load from the hook.

applicable to hook design§ in'general. The hook body and shank designs listed in Annexes A

only lexamples and should'not be referred to as requirements of this International Standard.

This|InternationahStandard is applicable to cranes manufactured after the date of its pub
serves as a reference base for product standards of particular crane types.

NOTH 2  This International Standard deals only with the limit state method in accordance with IS

2

s to prevent

oks and also
Plate hooks,
vered in this

of not more

sultin risks

rsons during normal use and foreseeable misuse. Clauses 4 to 8 of this document are necessary to

requirements of this International Standard are stated in the main body of the docunent and are

Band Gare

ication, and

0 8686-1.

AL FA Iy £fo Py
1

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 148-2, Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines

ISO 643, Steels — Micrographic determination of the apparent grain size

[SO 965-1, ISO general purpose metric screw threads — Tolerances — Part 1: Principles and basic data

© IS0 2014 - All rights reserved
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[SO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

ISO 4306-1,

Cranes — Vocabulary — Part 1: General

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

[SO 6892-1,
[SO 8686-1,

Metallic materials — Tensile testing — Part 1: Method of test at room temperature

Cranes — Design principles for loads and load combinations — Part 1: General

IS0 9327-1, Steel forgings and rolled or forged bars for pressure purposes — Technical delivery conditions —

Part 1: Gene

[SO7500-1,
testing mach

[SO 12100, §
ISO 15579, N

EN 10228-3
steel forging|

EN 10243-1,

3 Terms

For the pury
following te

3.1

hook shank

upper part d

3.2
hook body
lower, curvd

3.3
hook seat
bottom part

34
hook suspe
feature of th

"al requirements

letallicmaterials— Verificationofstaticuniaxialtestingmachines— Part1: Tension/cémpré
ines — Verification and calibration of the force-measuring system

afety of machinery — General principles for design — Risk assessment andisk reduction
letallic materials — Tensile testing at low temperature

Non-destructive testing of steel forgings — Part 3: Ultrasonic testing of ferritic or marte

1%7]

Steel die forgings — Tolerances on dimensions — Part 1: Drop.dnd vertical press forgings

, definitions and symbols

oses of this document, the terms and definitions given in ISO 12100 and ISO 4306-1 an|
'ms, definitions and symbols (see Table 1) apply.

f the hook, from which the hook.issuspended to the hoist media of the crane

d part of the hook below the shank

of the hook body, where the load lifting attachment is resting

nsionarticulation
e heok'suspension, allowing the hook to tilt along the inclined load line

ssion

nsitic

d the

© ISO 2014 - All rights reserved
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Table 1 — Symbols

Symbol Description
Adq1 Cross section area of the forged, shank
Ada Cross section area of the critical section of hook shank
Ay Minimum impact toughness of material
a Acceleration
ai Seat circle diameter
a3 Throat opening N
as Height of the hook point (\'\V‘
bmax Maximum width in the critical hook body section r\‘])’
bref Reference width t\.b‘\)
C Total number of working cycles during the design life of cral(e\ )
o Relative tilting resistance of the hook suspension ,,O
Ce Coefficient for load eccentricity k\"f)
D Cumulative damage in fatigue (Palmgren-Mine@y@o‘thesiS)
d1 Diameter of the forged shank ()0\
ds3 Principal diameter of thread \\\‘
dg Diameter of the undercut section of t}y}%}l’ank
ds Thread core diameter ) \\'Qv
eRr Distance of the vertical loadjj@?@rom the centre line of the shank
F Vertical force ,\A\
Fy Vertical force on hookil}evto occasional or exceptional loads
FRrd,s, FrRd,f Limit design forcp.ﬁ{,\‘&gtic / fatigue
Fsd,s Vertical design'fg}ée for the proof of static strength
Fsqf Vertical dgs&? force for the proof of fatigue strength
f1,/2.f3 FactoArsG_D?ﬁrther influences
fRd Li@&@e‘sign stress
fy i -astress
fu QE‘ Itimate strength
g ‘0?\‘ Acceleration due to gravity, g = 9,81 m/s2
Hsds Y Horizontal design force of hook
c’}}s‘d_f Horizontal design force for the proof of fatigue strength
11, 2 Section hielghts of the ook body
h Vertical distance from the seat bottom of the hook body to the centre of the articulation
hs Vertical distance from the seat bottom of the hook body to critical section of hook shank
i Index for a lifting cycle or a stress cycle
I Reference moment of inertia for curved beam
Iq1 Moment of inertia of the forged shank
Iqa Moment of inertia of the critical section of hook shank
kc Conversion factor for stress spectrum and classified duty
kn ks Stress spectrum factors
kQ Load spectrum factor, in accordance with ISO 8686-1

© ISO 2014 - All rights reserved 3
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Table 1 (continued)

Symbol Description
ks* ke* Specific spectrum ratio factors, m=5 /6
lg Log to the base of 10

M1, My, M3, My Bending moments of hook shank

Muyfi M2, M3gi  |Bending moments of hook shank for the proof of fatigue strength, lifting cycle i

Msq,s Static design bending moment
m Slope parameter of the characteristic fatigue design curve
mRg( Mass of rated hoist load - O
mj Mass of the hook load in a lifting cycle i nQ'\
N Total number of stress cycles / lifting cycles kQ’ v
Np Reference number of stress cycles, ND = 2 x 106 A b‘v‘
p Pitch of thread . Ny
Pa Average number of accelerations related to one lifting cycle \C)\')
R Radius of hook body curvature (‘\\\'
Ry Average depth of surface profile according to ISO 428}5( -
R; Maximum depth of surface profile according to IS‘O@\8}7
rg Relief radius of the undercut &0\\
I'th Thread bottom radius \AQ) N
s Length of undercut Q\) )
Sh, Sk Stress history parameters ’\\®\
5Q Load history parameter xo\‘
t Depth of thread . (.\‘J:V
T Operation temperature C)\\v
us, ufr Depths of notches k\’ .
a Angle ,.O\‘
as, ar Stress concep-t(&t)lon factors
B Angle 0£®\E{ion of hook inclination
B, ns)|Bnt Notc@%@gt factors
o) DQQ%T;{ic factor for hoisting an unrestrained grounded load
¢s S@}namic factor for changes of acceleration of a movement
Yn| « ?3 Risk coefficient
Yp Q)\ Partial safety factor

Ym General resistance coefficient
Ysm Specific resistance coefficient
YHE VSf Fatigue strength specific resistance factors
m Edge distance of a hook body section
v Factor for load component
Vh, vs Relative numbers of stress cycles
u Factor for mean stress influence
Oa Shank stress due to axial force
Ob Shank stress due to bending moment
Om Mean stress in a stress cycle

4 © ISO 2014 - All rights reserved
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Table 1 (continued)
Symbol Description
oA Stress amplitude in a stress cycle
0sd Design stress
oM Basic fatigue strength amplitude, un-notched piece
Op Total stress range in a pulsating stress cycle
ow Fatigue strength amplitude, notched piece
OTmax, OT1, OT2 Transformed stress amplitudes
Ao. Characteristic fatigue strength
Aorg Limit fatigue design stress
Aosg,i Stress range in a lifting cycle i
Aosd,max Maximum stress range
4 G(eneral requirements
4.1 | Materials
The hook material in the finished product shall have sufficient ductility to avoid brittle frdcture at the
temperature range specified for the use of the hook. Hopksmaterial, after forging and healt treatment,
shalllhave minimum elongation and Charpy-V impact toughness in accordance with Table 2.
Table 2 — Impact test and elongation requirements for hook material
Opferation temperature Impact test temperature Minimum elongation, Minimum impact
As toughpess, Ay
T=-10°C 0rC
T=-20°C ~10°C
15 % 35
-30°C>T=-40°C -30°C
-40°C>T=-50°C -40°C
To sdtisfy the requirements of the operating temperature, the manufacturer shall select aLn alloyed or
non-alloyed steel, as dppropriate, which after suitable heat treatment, shall be consistent with achieving
the dhosen mechafiical property grade for the selected hook form, taking into account its individual
rulinlg thickness.
The §teel shall'be produced by an electric process or by one of the oxygen processes.
The steel'shall be fully killed, stabilized against strain age embrittlement and have an ausfenitic grain
size of6-orfinerwhen tested inaccordance with IS0 643 This shall accomplished by ensuring that the

steel contains sufficient aluminium (minimum 0,025 %) to permit the manufacture of hooks stabilized
against strain-age-embrittlement during service.

The steel shall contain no more sulfur and phosphorus than the limits given in Table 3.

© ISO
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Table 3 — Sulfur and phosphorus content

Element Maximum mass content as determined by
Cast analysis Check analysis
% %
Sulfur (S) 0,020 0,025
Phosphorus (P) 0,020 0,025
Sum of S+ P 0,035 0,045

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 df the
shank shall pe used, whichever is greater

For standardization purposes, a classification of material grades for forged hooks is\specifi¢d in
Table 4. The|values of mechanical properties given in Table 4 shall be used as design valués and shall be
guaranteed jas minimum values by the hook manufacturer.

Table 4 — Material properties for classified material grades

Mechanical properties
Material class refer- | Upper yield stress or 0,2 % proof Uitimate strength
ence stress fu
N /rr}llmz N/mm?2
M 215 340
P 315 490
S 380 540
T 500 700
\ 600 800
All materials selected shall fulfil thefollowing requirement: f,/fy > 1,2

4.2 Workmanship

The manufacturing process, factory tests and delivery conditions shall meet the requiremenits of
[SO 9327-1.

Each hook Hody shall befforged hot in one piece. The macroscopic flow lines of the forging shall follow
the body outline of the iook. Excess metal from the forging operation shall be removed cleanly legving
the surface free from'sharp edges.

Profile cutti|ng from a rolled 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 quality. Any grinding marks shall be in a
circumferential direction in respect to the seat circle.

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

No welding shall be carried out at any stage of manufacture.

4.3 Manufacturing tolerances

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

6 © ISO 2014 - All rights reserved
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The seat circle diameter and the throat opening shall be within [0; +7 %] of the nominal dimension. The
point height dimension a3 shall be within [~ 7 %; +7 %] of the nominal dimension.

The centre line of the machined shank shall not deviate from the seat centre more than + 0,02 aj.

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 d1.

4.4

Each
nor

The

maintained for a period of 1 h.

4.5

Asp

be canducted at ambient room temperature and can further assist thé\Quality Assurance |

proc
proc

a) Proofloading shall be applied after the complete manufacturing process. (forging, he:
dnd machining)

Heat treatment

forged hook shall either be hardened from a temperature above the AC3 point and t
[atized fTONT a tEIMPEerature above the AC3 point. T1Te tempering temperature sitait be

normalizing or tempering conditions shall be at least as effective as a temperatuy

Proofloading

hrt of the manufacturing process, a hook may be proof loaded. This initial proof log

bss as well as improve the fatigue performance of the hook in general. If proofloading ig
ess of proof loading shall be as follows:

empered, or
least 475 °C.

e of 475 °C

ding should
lanagement
applied, the

it treatment

b) The proofload force shall be applied between shank’suspension nut and either:

i) the base of the hook seat, for a straight lifre pull, parallel with the vertical axis of the shank, in
the case of a single point hook.

ii) two opposite contact points on the hook bowl surface consistent with a symmetricpl 90 degree
sling spread, and with load linespassing thro’ the hook bowl centre(s), in the case pf ramshorn
hooks.

c) Arelative permanent set du&:to proofloading measured at the gap opening shall not ex¢eed 0,25 %;

For batch-produced hooks:the proof loading shall be applied to each and every hook in the batch;

d) The magnitude of the.proofload (Fp) should reflect a 1,5f; theoretical maximum tengile stress in
the body fibres in-section B for single point and section A for ramshorn hooks for the chogen material.

The value of this\proof load shall be determined as follows relative to either section A(ramshorn) or

B(single point)-as the case may be:

$ingle point hook

L5fy My

TPt = g0

Ramshorn hook

F _ 1'5fthf.

PL.rh. 1 000V

where FpL is expressed in kilonewtons (kN), fy is the yield stress of the chosen material, and My¢. is a

hook factor, i.e. for the hook intradoses of either section A or B, as the case may be, sample data are

depicted within Annex C for individual hooks of their particular family.

v=0,5xtana

for section A of ramshorn hooks, a = 45° (see 5.5.3)

© ISO 2014 - All rights reserved 7
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My is derived from the formula

I (1—771 /R)
(Rn)

All definitions are as per Annex H .

e) After proof loading, the hook shall be inspected for defects using appropriate NDT-methods and
found free from harmful flaws, defects and cracks;
f) Proofloaded hook shall be stamped with symbol “PL” adjacent to the hook type marking.
g) The application of proof loading will affect (beneficially) subsequent fatigue performancédf the
hook. Calculation methodology of an example in Annex F can be used to quantify this effect.
Steels apd in particular high strength steels for hooks due to be subjected to proof.loading should
be seledted with due attention to the need of their adequate ductility.
NOTE 1| Additional benefits derived from the application of proof loading to the QA Management prpcess
is not addressed within this standard.
NOTE 2| The maximum stressed tensile fibres under Fpy, will of course yieldand a redistribution of 4tress
will occyr, resulting in a permanent compressive stress in this tensile area_when the proofload is remqved
4.6 HooK body geometry
Proportiong of hook sections shall be such that stresses do nat,exceed stresses in the critical secfions
specified in|5.5.1.
The seat of 4 hook shall be of circular shape. In a single hi@ok, the centre of curvature shall coincide|with
the centreline of the machined shank. In a ramshorn hook, the seat circle shall be tangential in regpect
to the outer|edge of the forged shank.
A ramshorn|hook shall be symmetrical withrespect to the centre line of the shank.
i i
! |
4o 3 28
! .
d i
= AN |
! N\ I
NS N\ i
R e N\ |
N7 N\, f
N . !
N i N
by N\, 4 5
21 P\ \ gy _dr .
T4 AN \ — I [ _
* r\ =N \ ) ! U a
i \ PN \ P S i LV N
! \l/ ! A \ A ! P B\ U N
- i \ /AN R 4 i / /b N i AN \
o / X o< 1 / / ! I R \ m
N P N AN /. Attt \
R < 7\ /AN A !
L | AR U A I\ Lty /7N v/ ! N/ ]
\ J 1 | 4 | \ / \ Ly o ! o | ]
\ T I\ / \ \ [ | A T 1
\ ! T\ / \ \ T /
\ i \ / \ \ ! /
\ o~ \ 7/ \ AN P /
\, S \/ . \ \, = /
N\ | N\ m Ay AN I e
N : 1l - - LN N - d
~_ | ¥
o, i

Figure 1 — Hook dimensions
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The diameter of the forged shank (d1) shall be proportioned to circle diameter (a1) as follows:

d1=20,55a1

The bifurcation point between the inner edge and the seat circle (a1) shall be from the horizontal in

mini

mum as follows: for a single hook a = 60°, for a ramshorn hook a = 90°

The full throat opening (az), without consideration to a latch shall be proportioned to the seat circle
diameter as follows: ay < 0,85 aj. The effective throat opening with a latch shall be in minimum ag = 0,7

ai.
The |

Annd
claud

Othe
eithe
char

Furt

be put forward for inclusion as national groups, within Annexes & and B. in the future.

4.7

pbolnt height of a hook (a3) shall be In minimum as rollows: a3 = aj.

xes A and B present example sets of hook body dimensions, which fulfil the redquiren
e.

r hook bodies differing from those shown within Annexes A and B can, be technical
r individually or as national groups to the requirements of this standard, provided
hcteristics shown within this clause and material requirements are fulfilled.

hermore, it is expected that other hook body sets in addition to those currently shown

Hook shank machining

X
d t

ds > >
|
| 4 X

1 ()
d. N

7

nents of this

ly assessed,
Himensional

can and will

Figure 2 — Machined dimensions of shank

The length of the threaded portion of the shank shall be not less than 0,8d3.

© IS0 2014 - All rights reserved
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The pitch of the thread (p) shall be proportioned to the principal diameter of the thread (d3) as follows:

0,055d3

<p<0,15d3

The depth of the thread (t) shall be proportioned to the pitch of the thread (p) as follows:

0,45p <t<0,61p

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

The shank s

hall be undercut (with a diameter d4) below the last threads for a length (s) proportion

the undercult depth as follows: s > 2 (d3 — d4). The undercut shall reach deeper than the core diame

the thread p
a form grou

There shall
radius (ro)
of the relief

The thinnefd
where d1 is

The whole n
section shal

Screwed thi
medium fit

rofile (ds), in minimum as follows: ds < (ds — 0,3 mm). The undercut shall be machined
nd tool to a surface finish of R, < 3,2 pm and shall be free from machining marks’and de

be a relief radius in a transition from the threaded part to the undercut part. The
hall be proportioned to the diameter of the undercut (d4) as follows: g, > 0,06 d4. The g
transition need not be a complete quadrant of a circle.

t section of the machined shank (consequently d4) shall fulfil’the condition d4 = 0,
'he diameter of the forged part of the shank, see Figure 1.

nachined section of the shank shall have a radius at each change in diameter. The mac}
not reach the curved part of the forged body.

eads shall conform to the tolerance requirements of ISO 965-1 (coarse series) and
lass 6g.

NOTE

requirements. Other hook shank and thread designs differing from those shown within Annex G can be ut

requirement
those curren

4.8 Nut
The materid

The height d
nut thread.

Ann
and technicjlly assessed to the requirements of this standard, provided dimensional parameters fulf]

of this clause. Furthermore, it is expécted that other hook shank and thread designs in addit

| grade of the nut shdll)be equal to that of the hook

f the nut shall bé-such that the threaded length of the hook shank is fully engaged wit

The nut sh
The lockin
locking sh
connection.

3

1 be positively locked to the shank against rotation to prevent the nut from unscrey
shall mot interfere with the lower two thirds of the nut/shank thread connection
allow relative axial movement between the shank and the nut due to play in the thre
Alternatively, if the nut is locked by a dowel or other similar fixing media, it is essg

ed to
er of
with
fects.
relief
hape
b5d1,

lined

be of

ex G presents example sets of machined shank and thread dimensions, which fulfil the geometric

lized
| the
on to

ly shown can and will be put forward for inclusion as national groups within Annex G in the fyture.

h the

ving.

The
aded
ntial

during the locking process that the nut/shank load bearing thread [1anks are in direct contact to en
resultant unimpaired load transmission.

sure

The nut shall rest on an anti-friction bearing, enabling the hook body to rotate about the vertical axis.
The contact surface of the nut resting on the bearing shall meet the requirements 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 ISO 965-1 (coarse series)
and be of medium fit class 6H. The bottom 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 bottom radius is not specified, shall
not be used.
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Hook suspension

In general, and always for serially produced hook blocks, the hook suspension together with hoist rope
reeving system shall be such that the system allows free tilting of the hook in any inclined direction
of the load line. In cases where this articulation of the hook suspension is not provided, this shall be
specially taken into consideration in the design calculations of the hook. In cases, where by changing the
crane/hook 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 taken into account in the design of the hook
suspension.

5 §

5.1

The |
The §

The |
unfa
relev
in th
5.2

The Y

H

<

whet

d

btatic strength

General
broof of static strength for hooks shall be carried out in accordance with principles of]

reneral design limit for static strength is yielding of the material.

yourable load effects from the load combinations A, B or €.in accordance with ISO
ant partial safety factors yp shall be applied. The risk coefficients y, shall be applied wh
b specific application or as specified in the relevant European crane type standard.

Vertical design load

rertical design force for a hook Fsq s when hoisting the rated hook load, shall be calculate

Sd,s = PXMRCXGXYpXVn

yith @ = max{¢2;[1+(p5 xgj}
g

e

b is the dynamic factot, when hoisting an unrestrained grounded load, see ISO 8686
bs is the dynantiofactor for loads caused by hoist acceleration, see ISO 8686-1

| is the vertical acceleration or deceleration;

IRcis the'mass of the rated hook load;

ISO 8686-1.

proof shall be delivered for the specified critical sections of the ook, taking into accofint the most

8686-1. The
en required

d as follows:

)

is the acceleration due to gravity, g = 9,81 m/s2;

Yp s the partial safety factor, see ISO 8686-1:

Yp = 1,34 for regular loads (load combinations A);
¥p = 1,22 for occasional loads (load combinations B);

¥p = 1,10 for exceptional loads (load combinations C);

Yn is the risk coefficient.

© ISO

2014 - All rights reserved
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Other load actions and combinations of ISO 8686-1 may produce vertical forces on the hook, whose load
actions shall also be analysed. The vertical design force in such cases is expressed in a general format
as follows:

Fsqs =FyXYpX¥n (2)

where

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

Yp is tIe partial safety factor as above, see [SO 8686-1;

yn is the risk coefficient.

5.3 Horizontal design force

The Horizorjtal forces that are most significant for the strength of hooks are those‘caused by horizpntal
accelerations of the crane motions and these shall be taken into account. Other horizontal forces e.g. due
to wind or sideways pull actions shall be taken into account, if significant. The horizontal force shall be
assumed to pct at the bottom of the hook seat.

The horizonftal design force of hook Hsq s due to horizontal accelerations shall be calculated as follpws:

(3)

HSd,s =1

1in{ch XAXP5 XY Xi/n}
C¢XFsqq/h

where

mpcis the mass of the rated hook load;
a isthe acceleration or deceleration of ashorizontal motion;

¢s is the dynamic factor for loads €aused by horizontal acceleration, see ISO 8686-1. For hook
suspensions, which are not rigidly connected in horizontal direction to the moving part of the
crane, it shall be set ¢p5 =1;

Yp Isthe partial safety factor as for Formula (1);
yn is the risk coefficient;
C; 1is the relative tilting resistance of the hook suspension in accordance with Annex I;

Fsqsis the vertical design force in accordance with 5.2, related to the loading condition where Hsq s
is specified;

h isthe vertical distance from the seat bottom of the hook body to the centre of the articulation.

5.4 Bending moment of the shank

5.4.1 General

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

a) horizontal forces, see 5.4.2;

b) inclination of the hook suspension, see 5.4.3;

12 © ISO 2014 - All rights reserved
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c) eccentric action of vertical force in the hook seat, see 5.4.4;
a) ramshorn hook, half of the rated load on one prong, see 5.4.5.

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

5.4.2 Bending moment due to horizontal force

This clause covers the shank bending moment due to external horizontal forces. The moment M1 shall be
calculated at the critical hook shank section (see 5.6) due to the horizontal design force Hsgs.

]\hl =H5d,SXhS (4)

where
Msq,sis the horizontal design force in accordance with 5.3;

hs is the vertical distance from the seat bottom of the hook body to the tipper end of the thinnest part
of the hook shank. Bending moment due to inclination of hook suspérsion.

Where the arrangement of the hoist mechanism or hook/hook block is such that the hool suspension
may pe brought to an inclined position in aloaded condition,the bending moment at the sha;ILk caused by
this inclination shall be considered in the design calculations: Such an inclination may be caused e.g. by:

a) Differences in hoist travel distances between twgséparate hoist drives carrying a load beam with a
00k, see Figure 3;

b) Tilting of a single rope reeving during hoisting/lowering motion, see Figure 4;
c) Tilting of a crane part, to which a hook isrigidly attached; or

d) Two-blocking of a bottom block ifi the uppermost hoist position with a crane part, aftdr which this
¢rane partis tilted.

H+AH

Figure 3 — Tilting of a hook in case of different hoist travel distances

Due to 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
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moment M; caus
follows:

MZ =FSd,SXh

ed at the critical hook shank section is proportional to the vertical design force as

s xsin(fB) (5)

where
Fsqsis the vertical design force in accordance with 5.2, related to the condition with a hook inclina-

tion S;

is the maximum, total inclination in each relevant load combination;
hest

B
hs is tlIle vertical distance from the seat bottom of the hook body to the upper end of the thin

par

In a rope ba

t of the hook shank.

anced hook suspension with multiple rope falls and a single running rope '¢oming fror
bisting /lowering movement causes the hook suspension to tilt, see Figure 4. The inclin

n the
htion

drum, the h
is calculated as follows:
B =arctan(C, /h) 6)
where
Ci is tIe relative tilting resistance of the hook suspension innaccordance with Annex I;
h isthe vertical distance from the seat bottom of the heok body to the centre of the articulation.
The maximuym inclination, the related vertical force and the consequent moment M, shall be calcu]ated
br all relevant loading conditions of the‘crane.

separately f

b

14

Figure 4 — Tilting of a hook suspension in a single rope reeving system
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5.4.3 Bending moment due to eccentricity of vertical force

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

M3 =CeXFSd,Sxa1 (7)

where

Fsqsis the vertical design force in accordance with 5.2;

¢1 is the seat circle diameter of the hook body;
de s a coefficient for the eccentricity (ce = 0,05).

NOTH A smaller eccentricity may be used in the design calculations, if a positive, mechanjcal means is
provided ensuring that the hoist load attachment settles closer to the hook seatcentre.

5.4.4 Special case for a ramshorn hook

As apecial loading case for ramshorn hooks it shall be assumed, that half of the vertical force acts on
one prong while the other prong is unloaded. This loading case is addressed in the calculgtions to the
load combination C.

For 4 ramshorn hook with one-sided loading, the bending moment M4 caused at the critical hook shank
sectipn shall be calculated as follows:

My = Fq s /2 eRx(l—hs/h)+hs/hxmin{zR}:l ®8)
t

with

Q

R =(a;+d1)/2

where
Isq,sis the vertical.design force in accordance with 5.2 and yp, for load combination C;
g1 is the diameter of the forged shank;

q1 is theseat circle diameter of the hook;

ér.1s the distance of the vertical load line from the centre line of the shank;

h  isthe vertical distance from the seat bottom of the hook body to the centre of the articulation;

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

C: 1isthe relative tilting resistance of the hook suspension, see Annex .
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5.4.5 Design bending moment of the shank

In general, the design bending moment at the critical shank section Msq s 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;+M,+M
Mgy = min{( Lo )} 9)
CexFsqs

where

M1 to Mg are the bending moments in accordance with 5.4.2 to 5.4.4;

Ct is the relative tilting resistance of the hook suspension, see Annex [;

Fsds is the vertical design force in accordance with 5.2.
Additional tp the above, the design bending moment in accordance with the specialjcase of 5.4.5 shall be
taken into afcount in a load combination C as follows:

Mgqs=M,4 (10)
where My is|the bending moment in accordance with 5.4.5.
5.5 HooKk body, design stresses
5.5.1 Loadings
The vertical design force Fsq s shall be divided intd.two force components, acting in the centre df the
seat circle symmetrically on the opposite sides dfithe vertical centre line and in an angle a in respgct to
vertical, see|Figure 5.
As a minimym value of ¢, it shall be assumed that a = 45°.
For ramshopn hooks, an equal load distribution shall be assumed between the two prongs in|load
combinations A and B.
As a special|loading case, forramshorn hooks it shall be assumed that half of the vertical force acfts on
one prong while the otherprong is unloaded. This loading case is addressed in the calculations tp the

load combin

The horizontal forcesshall be neglected in the hook body calculations.

ation C.

16
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%

5.5.2

Stres

bending in accordance with Annex H, by finite elementdmethods or by full scale experime
in seftion B of a ramshorn hook may, however be analysed by the conventional beam bendi

The following subclause is based upon the theory of curved beam bending.

5.5.3

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

Stress calculation methods

ses in the designated sections of a hook body shall be\ahalysed either by the theory of

Design stresses

B 0
+x\>) Ff;no{

_F
2-coso

urved beam
hts. Stresses
hg theory.

The dlesign stresses gsq in sections A'and B of single hooks and in the section A of ramshorr hooks shall
be cdlculated as follows:
VXFoqsXRX
dsgs = Sd,s M, 1 (11)
I 1-n1/R
with
R=a, /2+7
and
v =4 for section B of single hooks;
v=05xtana for section A of single and ramshorn hooks, a = 45°;
17
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is the hook curvature radius determined by the centroid of the section;

Fsqsis the vertical design force in accordance with 5.2;

I
ai

n

is the reference moment of inertia for curved beam;
is the seat circle diameter of the hook;

is the absolute value of the coordinate y at inner edge of the particular section;

a

The quantit

The design

is the angle of the load action lines in respect to vertical, see Figure 5.

es 111 and [ are section specific values and shall be calculated in accordance with"Anne

tress in section B of ramshorn hook for the special case of 5.4.5 shall be calculated as fol

F n FX(QI +d1)Xd1 /4

Osd;s =

with

F=Fsqs

where

Adl

Iqq

/2

Fsqsist

Aq1 is the cross section area of the forged shank;

Iq1 is the moment of inertia of the forged shank;

d1

ap ist

5.6 Hook

The vertical
5.4 shall be {

the shankis

Maximum d

using conve

FSd,s

is the diameter of the forged shank;

e vertical design force in accordance with 5.2wand y;, for load combination C;

e seat circle diameter of the‘hook.

shank, design stresses

design forces.in accordance with 5.2 and the design bending moments in accordance

psigmistress osq s is calculated as a nominal stress without stress concentration factor
htional beam bending theory as follows:

aken intg.aecount in the proof calculations of a hook shank. In general, the critical secti
the undercut part immediately below the threaded section with a diameter d4, see Figire 1.

x H.

OWS:

(12)

with
on of

5 and

O-Sd,s -

where

+ MSd,SXd4/2

d4 4

Fsq,sis the vertical design hook force;

Msq sis the design bending moment in the critical section, see 5.4.5;

Aq4s4 is the cross section area of the critical section of the hook shank;

Iqa

18

is the moment of inertia of the critical section of the hook shank.

(13)
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5.7 Hook, proof of static strength

5.7.1 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

f
Osds < fra=/f1 X—y ny (14)
m sm

where

¢sd,sis the maximum design stress in accordance with 5.5 and 5.6 in the critical sectiox;
frd is the limit design stress;

Jly istheyield stress of the material in the finished product;

fii  is the influence factor for the operation temperature;

¥m is the general resistance coefficient in accordance with ISO 8686-1 (ym = 1,1);

¥sm is the specific resistance coefficient for the section, as fallows:

Ysm = 0,75 for the hook body section B of single hooks, or

alternatively, if addressing a national standard.particular hook form, ysy, can be evajuated by
superimposing Formula (14) characteristics Within Formula (11) and applying that pational
standard’s noted maximum rated capacity-together with its nominated yield stress.|Sample
indications are contained within Annex\C.

¥sm = 0,90 for hook body section A of'single point and ramshorn type hooks

¥sm = 1,0 for all shank sections

In thie absence of other data, the factor f1 taking into consideration the reduction of the yigld stress in
hightemperatures shall be.calculated as follows:

For -50 °C < T < 100°C:

=1

For 106:°€< T < 250 °C:

S~

1 &1-0,25%(T -100) /150 (15)

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

5.7.2 The use of static limit design force for verification of the hook body

The static limit design force Frq, s covers the proof of static strength for sections A and B of single hooks
and for section A of ramshorn hooks. It shall be calculated as follows:

fy XIX(l—Tll/R)
Ym XY sm VXR><771

FRd,s = (16)

For a single hook the static limit design force is calculated separately for the two sections A and B and
the smaller value of the two is used.
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Fsqs<f1

where

:2014(E)

be proven for all relevant load actions and combinations specified in 5.2 that

xF Rd,s

Fsq sis the vertical design force in accordance with 5.2;

Frdsis the static limit design force

f

NOTE 1

NOTE2 In
strength valy
limit design f|

NOTE 3

body does no|
not required|

6 Fatigu

6.1 Gene

The proof of
A hook shall

The proof s}
unfavourabl
safety facto

The number
design life o
one stress
when count
shall be takd

6.2 Verti

The vertical

Fsqei=¢

where

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

(17)

Additionally, the proof of static strength for the shank is carried out in accordance with 5.7.1.

cases where the selected hook body is in accordance with Annexes A or B and the yield and ult
es are those specifically noted within Table 4, the proof of static strength can be based on the
prce shown in Annex C.

The dimensions of the ramshorn hooks in Annex B are proportioned suchthat section B of the

t become governing in respect to static strength of the body, i.e. the proofof a special case in 5|

e strength

ral

fatigue strength for hooks shall be carried outin accordance with principles of ISO 86
have the design life in minimum equal to that of the related crane or hoist.

1all be delivered for the specified critjcal’sections of the hook, taking into account the
e load effects from the load combinations A in accordance with ISO 8686-1, setting all p3
s ¥p = 1 and the risk coefficients yy= 1.

mate
static

hook
4.5 is

86-1.

most
irtial

of stress cycles for the proof shall be based on the total number of working cycles duri

ng the stress cycles. For the hook shank, additionally the number of positioning move
bn into account, when counting the number of bending stress cycles.

ral fatigue design force
designforce Fsq f; for a lifting cycle i shall be calculated as follows:

Dy XM X g

g the

f the crane, as specified in\ISO 4301-1. In general, for the hook body, one lifting cycle induces
ycle. If a working cycle\consists of several lifting cycles, this shall be taken into accpunt,

ents

(18)

¢2 isthe dynamic factor, when hoisting an unrestrained grounded load, see ISO 8686-1;

m; is the mass of the hook load in a lifting cycle i;

g

20

is the acceleration due to gravity, g = 9,81 m/s2.
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6.3 Horizontal fatigue design force
The horizontal design force Hsq f; for a lifting cycle i due to horizontal accelerations shall be calculated

as follows:

m; Xaxes } (19

Heie: =min
St {Ctxmixg/h

where

m; is the mass of the hook load in a lifting cycle i;

@ isthe acceleration or deceleration of a horizontal motion;

bs is the dynamic factor for loads caused by horizontal acceleration, see ISO 8686-1. For hook
suspensions, which are not rigidly connected in horizontal direction to the‘moving part of the
crane, it shall be set ¢p5 = 1;

¢t isthe relative tilting resistance of the hook suspension, see Annex;

g isthe acceleration due to gravity, g = 9,81 m/s2;

I isthe vertical distance from the seat bottom of the hookbody 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 horiz¢ntal design
forcq Hsq f,; in accordance with 6.3:

Mg =HgqgiXhs (20)

where

Msqfiis the horizontal desigh force in a lifting cycle i in accordance with 6.3;

hs is the vertical-distance from the seat bottom 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 bdsis causing inclination and the method of calculation shall be taken into consideration in analogy to
5.4.3 Forthe proof of fatigue strength the consideration, which of the toading events of foad combination
A are regular loadings, shall be based upon the crane configuration and application.

As a minimum, the following shall be considered to occur regularly in each lifting cycle: In a rope
balanced hook suspension with multiple numbers of falls and a single running rope coming from the
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drum, the hoisting/lowering movement causes the hook suspension to tilt, see Figure 4. The bending
moment My f; caused at the critical hook shank section is calculated as follows:

M ¢ =Fsq g xhs xsin() (21)

where
Fsq;is the vertical design force in a lifting cycle i, in accordance with 6.2;

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

B is the inclination of the hook suspension in accordance with Formula (6).

6.4.3 Ben(ding moment due to eccentricity of vertical force

Ahoistload pttachment may not always settle in the middle of the hook seat. The deyiation of the vertical
load action line from the centre line of the shank causes a bending moment, which-shall be calculated as
follows:

M3 =qe X Fsqg;Xaq (22)

where
Fsq,fiis the vertical design force in a lifting cycle /, in accordance with6.2;
ai isthe seat circle diameter of the hook body;

ce isa goefficient for the eccentricity, ce = 0,05.

NOTE A gmaller eccentricity can be used in the design calculations if a positive, mechanical means is proyided
that ensures the hoist load attachment settles eloser to the hook seat centre.

6.5 Proof of fatigue strength, hoek body

6.5.1 Desjgn stress calculation

The proof df fatigue strength shall be based upon cumulative effect of stress ranges in the crjtical
sections. It $hall be assuimed that the load is grounded in each lifting cycle, i.e. the hook load rarge is
from zero tq full load, with dynamic factor inclusion.

Calculation pf the\Stress ranges is comparable to that of the static design stress in 5.5.3, when applying
the vertical fdtigue design load from 6.2:

AOgq; =0sqs

in accordance with Formula (11) in 5.5.3, when setting Fsq s = Fsd f i

where
i is the index of a lifting cycle;
Aosq i is the stress range in a cycle i;

Fsq £ is the vertical fatigue design force in accordance with 6.2.
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In the proof of fatigue strength of “proofed” hooks, with residual compressive stress osq,pr (due to the
effect of proofload) in the region of maximum stress at the intrados of the hook bowl, the design stress
will cycle/range from the minimum value of the design stress in the body of “proofed” hook 054 pb,min
which is equal to residual stress osq pr at zero hook load

O'sd,pb,min = 9'sd,pr

to a maximum value of the design stress in the body of “proofed” hook osqmax calculated by adding
the stress range Aosq,; for the hook load applied Fsq,s = Fsq,fi (calculated as shown above) to the initial
residual stress osd pr-

gsd,pbmax =OSd,pr T AGSd,i

In the proof of fatigue strength of “non-proofed” hooks, the design stress will gyclé/range from the

minimum value of zero at the intrados of the hook bowl at zero hook load. This,will'also be
the “proofed” hooks if the beneficial effects of this process are neglected, in which case the
be cqnservative.

The
toa

pulsating cycle first, for instance using a procedure outlined in AnheXF before the procedur
be applied.

6.5.1 Stress history in general

falculation procedure outlined in 6.5 is based on a pulsating stressZ@ycle (stress cyclir
rhaximum value) and the stress cycle in “proofed” hook body has-te be transformed to a

the case for
results will

g from zero
h equivalent
es of 6.5 can

The ¢umulative fatigue effect of the stress history from all of the stress cycles is condense(d to a single
stregs history parameter sy, . This is calculated as fellows:
sy, =k xvy (23)
with
N m
D e 2
i=1 Sd,max
and
Y _NlD (25)
whete
kn is the stress spectrum factor;
Vh is the relative number of stress cycles;
i is the index of a lifting cycle;
N is the total number of lifting cycles;
Np is the reference number of cycles (Np = 2 x 106);
Aosq,; is the stress range in a cycle ;
A0sd maxis the maximum stress range;
m is the slope parameter of the characteristic fatigue design curve (m = 6).
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The total number of lifting cycles (N) shall conform to the total number of working cycles (C) during the

design life of the crane as specified in ISO 4301-1 .

6.5.3 Stress history based upon classified duty

The hook body represents a special case, where the stress variations depend upon the hoist

load

variations, only. Because of this, the stress history parameter can be derived directly from the classes

Q and U of ISO 4301-1, instead of using a case specific stress history and detailed calculation of
accordance with 6.5.2. In cases where the intended duty is specified through the classes Q and U
the calculation of sy, shall be carried out as presented in Formula (27).

Sh in
only,

Aload histofy parameter sq is defined by the equation

where

kQ is the load spectrum factor in accordance with Table 5, see also ISO 4301-1; extended to
include Qo-Qs category status;

N is the total number of lifting cycles. Typically, for a hook this shall betaken as the number
wortk cycles (C) specified for the crane through the class U of [SQ4301-1. Each intermediat
groinding of the load within a work cycle shall, however, beccounted as an additional liftiy
cycle and added to the value of N;

Np is the reference number of cycles (Np = 2 x 109).

The load spé¢ctrum factor (kQ) is calculated by a Wohlex!curve slope with an exponent of 3, wherea
hook body fatigue is related to a slope m = 6. For a load distribution with a given shape, a conve
factor can bp calculated to create a connection betiween the load spectrum of ISO 4301-1 and the s
history pargmeter of hooks. For a classified duty,shapes of load distributions given in Annex E sh3
applied

In cases where the load spectrum is specified through the classification of ISO 4301-1, the stress hi
parameter sy, for a hook body shall be(calculated as follows:

- %a
Sh (k6*)m

with

l'h

(26)

)

s the
rsion
kress
1l be

story

(27)

(28)

Where k *ic +HA crnncific cnmnctbring pwadin £o b
6 1See-Speerie-SspeettrtHato1actor-

Standardized, conventional values in accordance with Table 5 shall be used for design of hook body. See

also Annex E.
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Table 5 — Specific spectrum ratio factors kg*

(;l;tssn%gg ItSOOQ?_O 551 Load spectrum factor kQ Factor k¢* form=6
Qo 0,0313 1,348
Q1 0,062 5 1,343
Q2 0,125 1,259
Q3 0,250 1,172
Q4 0,500 1,084
Us 1,000 T,00

6.5.4 Limit fatigue design stress

The basic assumption is that the fatigue strength curves in the log(c)/log(N) tscale are stfraight lines,
with|the same slope (m) for all material grades. This is a reasonable approximation in the rpnge of high
number of stress cycles, where fatigue is the governing design criteria.

The limit fatigue design stress at the reference point Np is calculatedcas-follows:

Aogq = f1x fzxAo, (29)

where

1N

lorgis the limit fatigue design stress;
4o isthe characteristic fatigue strength at Np= 2 x 106 cycles, dependent on the matgqrial;
fii  istheinfluence factor for the operation temperature, in accordance with Formula|31);
fo is the influence factor for the material thickness, in accordance with Formula (32)

The ¢haracteristic fatigue strength4o. is dependent upon the ultimate strength of the matgrial. For the
classified material grades in accordance with Table 4, the fatigue strength shall be taken frpm Table 6.

Table 6.-Characteristic fatigue strength of forged hook materials

Material class N/Arr(:fnZ
M 170
P 220
S 235
! 280
Vv 305

For other materials and in cases where the classified material grades are not applied, the characteristic
fatigue strength 4o shall be calculated as follows:

13001

Aoc.=0,315x f, xIg (30)

u

where f; is the ultimate strength of the material in newtons per square millimetre (N/mm?2).
The influence factor f7 for the operation temperature is calculated as follows:

for 100 °C < T < 250 °C:
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f1=1-0,1x(T =100) /150 (31)

for-50°C<T <100 °C:

fi=1

where Tis t

he operation temperature in degrees Celsius (°C).

The influence factor f; for the material thickness is calculated as follows:

for 25 npmr= bmax =150

0,167
fo= (b_liJ (32)

for bmay < 25 mm

for bmas > 150 mm:

f,=0,74

where

bref is the reference width (brer= 25 mm);

bmaxis the maximum width in the critical hook body-section, see Figure 5.

6.5.5 Exegution of the proof
The proof shall be carried out separately-for all relevant sections of the hook body.

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

AcySd,ma K

where

Ao Sd,max|

Aord

VHf

m
Sh
ke*

5Q

26

lax

AGRd k6 XAO—Rd

Vfon\l/g ?’fo”\’/?

(33)

is the:smaximum stress range within the total stress history;

is-the limit fatigue design stress in accordance with Formula (29);

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

is the slope parameter of the characteristic fatigue design curve (m = 6);
is the stress history parameter;
is the specific spectrum ratio factor;

is the load history parameter.

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=12b5abbaba8c3bfb77cbe747e9d5f34a

ISO 17440:2014(E)

Table 7 — Fatigue strength specific resistance factor

Section of hook YHF
Section A of single and ramshorn hooks 1,35
Section B of single hooks 1,25

For the calculation utilizing the classification in accordance with ISO 4301-1, the values for the following
conversion factor are given in Annex E:

ke=ke [mlsq (34)

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

The fatigue limit design force Frq f shall be calculated as follows:

foxAo, Xlx(l—nl/R)
Yuf VXRX14

>y

Rdf = (35)

For a single hook, the fatigue limit design force shall be calculated separately for the two seftions A and
B angl the smaller value of the two is used.

It shall also be proven for all relevant load actions and combifations specified in 6.2 that

*
fixFras  f1xke XFpqgr
Sdf < =
sy mJSQ

wherte

>y

(36)

Fsq fis the maximum vertical fatigue design load in accordance with 6.2;

Ird fis the fatigue limit design force;

fii  is the influence factor forithe operation temperature in accordance with Formula (B1).

In capes where the selectedhook body is in accordance with Annexes A or B, the proof of fatigue strength
may pe based on the fatiglie limit design force shown in Annex D.

6.6 | Proof of fatigue strength, hook shank

6.6.1 General

The number of stress cycles is derived from the total number of lifting cycles (N), which shall conform
i ' ign i ified il accordance

with ISO 4301-1.

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 d4, see Figure 1. Basic stresses are calculated without stress concentration
factors and using conventional beam bending theory. The following equations are general and apply in
6.6 for any vertical design force and design bending moment:

oa(F)=Aid4 (37)
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op (M)

where

O3

:2014(E)

Mxd,/2
L4

is the shank stress (axial) due to vertical design force;

op isthe shank stress (bending) due to design bending moment;

F
M

Aq4 is the cross section area of the critical section of the hook shank;

Iq4 is tlhe moment of inertia of the critical section of the hook shank.

6.6.3 Appllied stress cycles

Within each

In the Proo
equations b
undercut re
out of shank
0sd,sh,pr to z
types of strg

Cycle Type
consideratid
load. The sp

a) Axialst

Residua
during

stress W
hook og

o-Sd,a,psr'r

0Sd,ps,ma
the valu

: 1 : 1 1. — ] 1 1 1
1S tire UCSIgITN DTIHUIIE HHIUITICIIU T 4 TdULZ5UT 104U Ly LIT,

is the vertical design force in a fatigue load cycle;

(38)

lifting cycle, the two types of stress cycles shown below shall beé\considered, as relevapnt.

f of fatigue strength of “non-proofed” hooks residual comipressive stress osq,sh,pr il
elow is set to zero. For “proofed” hooks residual compressive stress osqd,sh,pr set up i
bion where maximum stress during proof loading has exeeeded the yield stress (e.g. th
thread) can be neglected (by setting in the equations below the value of the residual s
ero — a conservative approach) or the beneficialeffects taken into account as shown in
bss cycles below.

1: A stress cycle due to lifting a load and lowering it down on the ground, with
n to the bending stress due to inclinatiefilof hook suspension and eccentricity of the vel
ecifics of each stress cycle (i) are as follows:

fessis 0,1 =0, (FSd’f,i) (Formula{37)), where Fsgq f, is in accordance with 6.2.

| compressive stress osq sirpr Set up in the region of shank undercut where maximum s
broof loading has exceeded the yield stress has to be taken into account. The design
ill cycle/range fromthe minimum value of the axial design stress in the shank of “pro
i,ps,min €qual to residiral stress osq,sh,pr at zero hook load.

in = Osd,sh,pr,-f0 @ maximum value of the axial design stress in the shank of “proofed”

x calculated.by adding the stress 0,1 for the hook load Fsq ; (calculated as shown aboy
e of the ifiipral residual stress osq,sh, pr:

a%75 0sd,shpr T Oa1

 the
h the
P run
tress
both

due
rtical

kress
axial
bfed”

hook
re) to

d6.4.3.

Bending stress is oy, =0, (M) [Formula (38)], where M = max[Mz‘f'i,M&f_i] is in accordance with

Residual compressive stress osd,sh,pr Set up in the region of shank undercut where maximum stress
during proof loading has exceeded the yield stress has to be taken into account and the design
bending stress type 1, o p1 has to be added to the axial stress including residual stress as calculated

OA1i=O%mi,i-

o-Sd,a,psrr
b)

6.4.2 an

above.
0)
28

Pulsating stress cycle from 0 to o, +0y;, mean stressoy,;; =(0,; +Gb1)/2, stress amplitude
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With residual compressive stress osq, sh,pr present in the region of “proofed” hook shank undercut
the design stress Type 1 will cycle/range from the minimum value of the design stress ¢ sd,ps1,min
equal to residual stress osq,sh,pr at zero hook load:

O'sd,ps1,min — 9'sd,sh,pr

to a maximum value of the design stress in the shank of “proofed” hook osq,ps1,max calculated by
adding the stress o 51 for the hook load Fsq f; (calculated as shown above) and bending stress op1 to
the value of initial residual stress osd,sh,pr -

Oy pc1 max = 0sdsh pL. +0,11t0hs

With the procedures of 6.6.8 being based on the cycle in 6.6.3 being a pulsating stress rycle (stress
¢ycling from zero to a maximum value) the stress cycle in “proofed” hook shark hag to be first
transformed to an equivalent pulsating cycle, e.g. using the transformation-equatigqn shown in
Annex I before the procedures of 6.6.8 can be applied.

The total number of stress cyclesisN; =N

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

Axial stress as in Cycle Type 1

Residual compressive stress osq,sh,pr set up in the region of shank undercut during proofloading has
tlo be taken into account. The extreme values of theidesign axial stress Type 2, will be galculated in
the manner analogous described in Paragraph a)jfor Type 1, viz. design stress cycling/rpnging from
the minimum value of the axial design stress-in the shank of “proofed” hook osd a2 psmin €qual to
residual stress osq,sh,pr at zero hook load

g

Sd,a2,ps,min — O Sd,sh,pr

o a maximum value of the axial design stress in the shank of “proofed” hook 054,22 ps,m4x calculated
by adding the stress 0,2 to thewalue of the initial residual stress osd sh,pr

g'sd,a,psmax = 9Sd,shpr T 01

Bending stress isTgy,; ; =07y, (Mllf',-) [Formula (38)], where My ¢; is in accordance with p.4.1

Residual compressive stress osq,sh,pr Set up in the region of shank undercut during proofloading has
flo be taken into account and the design bending stress type 2, op has to be added to thg axial stress
including.residual stress as calculated above.

Eachsstress cycle with a mean stress ¢, ; =0,1; and stress amplitude o py; =0y ;

With residual compressive stress osq shpr present in the region of “proofed” hook shank undercut
the design stress Type 2 will cycle/range from the minimum value of the design stress osd ps2,min

equal to (O'Sd,sh,pr —O'bz) at zero hook load

O'sd,ps2,min = 9 Sd,sh,pr “Cb2

to a maximum value of the design stress in the shank of “proofed” hook 0sd,ps1,max calculated by
adding the stress o2 for the hook load Fsq f; (calculated as shown above) and bending stress op2 to
the value of initial residual stress osd,sh,pr

0'sd,ps2,max = 9Sd,sh,pr TOa2 TOp2
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With the procedures of 6.6.8 being based on the assumption of the Type 2 stress cycle in 6.6.3
being a pulsating stress cycle (stress cycling from zero to a maximum value) the stress cycle in
“proofed” hook shank has to be first transformed to an equivalent pulsating cycle, e.g. using the
transformation equation shown in Annex I before the procedures of 6.6.8 can be applied.

h) The total number of stress cyclesis N, =p, XN
Within each lifting cycle, the hook load specific for that cycle shall be used.
NOTE The axial stresses within the Cycle Type 2 may be calculated 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 movements are regu- 8
larly a part of each work cycle
2. Special applications, where horizontal movements are operated 2
at all times under control of a signaller, with low speeds and short
distances
3. Aspecial load sway control is used in the drive system of the hori- 2

zontal movement

4. All other applications and serially produced hooks, where the 4
application is not known

6.6.4 Basjc fatigue strength of material

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

oM =0,45x%f, (39)

6.6.5 Strejss concentration effects from geometry

The factors [calculated within«thiis clause are the stress concentration factor a and, as a final outdome,
the notch effect factor f,. Bathvof them shall be calculated separately for the shoulder and for the tHread
bottom in a¢cordance with\the equations in Table 9. The maximum value of the two f, shall be used in
the proof of fatigue stréngth of the shank.

NOTE The threadis assumed to be of a single lead type.
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Table 9 — Parameters for calculation of stress concentration factors

Shoulder Thread
Mean thread diameter de d.=0,6xd3 +0,4xdyg
Depth of notch (d.—dy) (d.—ds)
Ug = 2 Uur = 2
Factor 1 1
Y p=——— p=——
24+4x |1 2+4x |[UT
ry "th
Factor y 2x(1+9) 2x(1+9)
== Z = —Y_ —-—
Iy 'eh
Support factor n —(0,33+f, /712
PP n=1+7z x10 (033+1y/712)
Gedmetric stress concen- as [Formula (40)] at [Formula (41)]
tration factor
Notch effect factor _Og B, = 061/
Bn - n n-— n

The $houlder stress concentration factor as shall be calculated as follows:

1,1

OS=1+ 2
JQZZx”9+z74xr9x[1+2”9]

(40)

ug dy dy
The thread stress concentration factor at shall be calculated as follows:

(@)

0,22xth 12 745 th o
U ds ds

The geometric symbals)in Table 9 and in Formulae (40) and (41) are according to those in Higure 2. The
yield[stress fy in the équation for n shall be in newtons per square millimetre (N/mm?2).

03 02 01 oV .
=18x| 2| x| YT | s P | x| % | o1+ (41)
T
ds T'th Ug ds oV
[1+2thJ

6.6.4 Fatigue strength of notched shank

The further following calculation shall be performed for the more critical of the two shank sections. The
basiq material fatigue strength shall be reduced to a comparable value in respect to nomingl stresses in
the shank.
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The fatigue strength amplitude, notch piece factor ow shall be calculated as follows:

fo}
ow :flx—l‘; (42)
ﬁn"'i_l
f3
with
R f
=1-0,29xlg—2 x]gT4 43
f3 go’4 8200 (43)
where

oM is the basic fatigue strength of the material;

Bn is the maximum of Bys and ByT;

f1 s the influence factor for the operation temperature, in accordance with Fermula (31);
f3 s the factor for the surface roughness influence;

R, is the surface finish grade in micrometres (um) within the limits 0@ um < R, < 3,2 pm;
fu isthe ultimate strength of the material in newtons per squaréillimetre (N/mm?2),

fu =300 N/mm?2.

NOTE The factor for reducing the material strength by increasing diameter is not applicable in this docunent.
The true matgrial properties for the actual diameter are used in‘the design calculations.

6.6.7 Mean stress influence

The above oy values apply for a pure alternating stress with zero mean stress. Hook shank represents a
type of component, where the reduction of fatigue strength by increasing mean stress shall be considered.
The mean sfress influence is illustrated through a principal Smith diagram in Figure 6. Characterjstics
of the diagram are as follows:

a) The fatigue strength o is fixed.at mean stress oy, = 0;
b) Upper limit line of the diagram is specified through a mean stress influence factor p;

c) Stressamplitudes at atelated mean stress shall be within the lower and upper limits of the diagram.
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Figure 6 — Smith diagram and traihisformation of stress amplitude

ipper limit line of the diagram is specifiéd through the assumption that with puls
ptal stress variation is limited to o, =17 ow. From this rule, the mean stress influe

lated as follows:
ow
=tan(o)=——*—-1=0,1765
1,7x0ow /2

The mean stress influence parameters p and a correspond to the parameters pj and ay,
ment o is counted always,positive.

Transformation of stresses to a constant mean stress

stress amplitudes with related mean stresses as specified in 6.6.3 are transformed
itude withyan equal fatigue influence. Transformation to a stress cycle with a mean s
e as follows:

Lyele Type 1

hting stress,
nce factor is

(44)

to that in this

to a stress
[ress zero is

071, =041, TUXO 1

Cycle Type 2

012,i=0p2; THXO 3 ;

(45)

(46)

where o71,; and oT2,; are the transformed stress amplitudes at zero mean stress, and u is the mean
stress influence factor.

The transformation of o4 ; to o is illustrated in Figure 6.
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ss 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 ss. This is calculated as follows:

Sg =kg X

with

;XN‘(&T+W§(

Vs

OT2,

(47)

(48)

where
OTmax 19

ks i

—n

Vg S

—n

S

—n

-

6.6.10 Stre

The hook s
proportiona
directly frop
calculation i

The load sp¢
hook shank
factor can b
history pard
be applied

I
OTmax ||

Pa XV LEKGTmaX ) izlk

P XN
NV p

the maximum of the transformed stress amplitudes o11,; and a12,;
the stress spectrum factor for the hook shank;

the relative number of stress cycles;

the index of a lifting cycle

the total number of lifting cycles

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

ss history parameter based upon classified duty

hank represents a special¢ase, where the magnitudes of stress variations are dif
| to the hoist load variations. Because of this, the stress history parameter can be de
h the classes Q and U pfISO 4301-1, instead of using a case specific stress history and det]
n accordance with®:69.

ectrum factor (k@Y is calculated by a Wohler curve slope with an exponent of 3, whereg
fatigue is related to a slope m = 5. For a load distribution with a given shape, a conve
e calculated to create a connection between the load spectrum of ISO 4301-1 and the s
meterofhook shank. For a classified duty shapes of load distributions given in Annex E

In cases w

history parameter shall be calculate follows:

(49)

ectly
rived
hiled

s the
rsion
tress

shall

Sg =Ky XV
with
k.= 1 kQ o-Tl,max GTZ,max
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(51)
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N
vs=—-=x(14p,) (52)
Np
and
ke =5 kQ (53)
ks
where
kO is the load spectrum factor in accordance with Table 10:

¢T1,max.are the maximums of the transformed stress amplitudes in Cycle Types 1 and2;
@T2,max

N is the total number of lifting cycles, which, typically for a hook, shall be taken af equal to
the number of work cycles (C) specified for the crane through the'class U of [SQ4301-1;
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;

ks* is the specific spectrum ratio factor.

Standlardized, conventional values in accordance with Table 10 shall be used for design of hook shank.
See dlso Annex E.

Table 10 — Specific spec¢trum ratio factors ks*

Class Q of ISO 4301-1 Loadspectrum factor kQ | Factor ks* form=>5
extended. to
Qo0-Qs
Qo 0,0313 1,292
Q1 0,062 5 1,286
Q2 0,125 1,22
Q3 0,250 1,14
Qi 0,500 1,07
Qs 1,000 1,00

6.6.11 Execution of the proof

For the proofof fatigue strength it shall be proven that

< %w (54)
')/SmeSS

Ax
THTax

where
OTmax IS the maximum, transformed stress amplitude within the total stress history;
ow isthe limit fatigue design stress in accordance with Formula (42);
yse  is the fatigue strength specific resistance factor for hook shank (ysf=1,35);
m is the slope parameter of the characteristic fatigue design curve (m = 5);

Ss is the stress history parameter.
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6.7 Fatigue design of hook shanks for serially produced hooks

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

a) Fatigue limit design force of the hook body shall be used as a fatigue design force for the shank;

b)
‘)

Number of shank bending cycles due to horizontal load sway is p, = 4;

and ¢s = 1;

For calculation of horizontal fatigue design force in 6.3 the horizontal acceleration is seta = 0,2 m/s2

d) Hook sy

equal td

7 Verific

7.1 Gene
Conformity

The design
correspondj
assessment,

All verificat
Annex K for

7.2 Verifi

Manufactur
manufactur

Conformity
tests. The rd

The test pie
of the hookj
e.g. where t
material me
be specified
case dictate|

The require
and ISO 148

spension tilting resistance is assumed to correspond to a horizontal force in the hook
2 % of the vertical force.

ation of conformity with the requirements

ral

assumptions, e.g. intended duty and the intended hook-gapacity, shall conform t
ng design parameters of the related crane. This conformity.shall be verified by engine

ons in accordance with Clause 7 shall be documented as a part of the technical file. Seg
required documentation.

cation of manufacture

ng conformity shall be verified through adherence to a written description of the
ng process, documented and certified by the manufacturer.

with the dimensional and material requirements shall be verified by measurements
sults shall be recorded andiretained by the hook manufacturer.

ces for tensile, elongation/and impact testing shall be taken longitudinally at the upper

shank, preferably,at a distance of 1/3 radius from the shanks surface. As an altern
he shank is too small, tests may be carried out on sample material selected from the
It and subjected\te identical heat treatment. The required tensile/elongation qualities
by the mandfacturer on the basis of ISO 7500-1 and either ISO 6892-1 or ISO 15579 4
5.

d Chaxpy impact qualities shall be specified by the manufacturer on the basis of ISO ]
2.

with the requirements given in Clauses 5 and 6 shall be verified<sby-design calculations.

seat

the
bring

also

hook

and

part
htive,
came
shall
s the

48-1

7.3 Proofloading

A hook shall be able to withstand the proof load without excessive permanent deflection. The throat-
opening dimension shall be measured before and after the test loading, using the specific measure
points (1), see Figure 7. A permanent set shall not exceed 0,25 %.

7.4 None

destructive testing (NDT)

Hooks shall be examined, both for surface and internal defects using NDT methods that permit reliable

detection.

Hook forging shall be inspected for defects using appropriate NDT-methods according to EN 10228-3,
quality class 1 of this standard shall be met.

36
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7.5 Testsampling
Material tests are to be carried out 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 a ruling thickness less than 150 mm may be batch tested. The maximum batch size shall
comprise the number of hooks, which can be manufactured from the same raw material cast or billet
and undergoes identical 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 majnuals of the
related crane.

Maintenance of the following items shall be addressed as a minimum irff-the maintenance manual:
a) thrustbearing under the nut;

b) ¢rosshead hinge.

The following items shall be addressed as a minimum in.the inspection instruction, with their related
frquency of inspection and rejection criteria:

eformation (gap opening) of the hook body;
d) vear of the hook body;

e) ilzspection for surface defects, cracks.and corrosion, with the hook suspension disassembled for the
inspection of shank;

f) gafety locking of the nut;
g) dafety latch, if provided.

The acceptable wear depth of the hook body at the bottom of the seat is 5 % of the nominal height of the
body] section, dimensjori-hy in Annex A. The worn areas shall have smooth transition to adjacent areas.
They| shall be free of<dny sharp marks or edges, or defects opening onto the surface.

8.2 | Marking

The ook body shall have a permanent marking positioned as item 2 in Figure 7 specifying the following:

a) dizeland shape of hook using a unique identification, e.g. 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;

c¢) number of the reference standard or specification;
d) ifrelevant, marking of the proofloading, see 4.5.

EXAMPLE A hook fulfilling the requirements of this International Standard, size and shape being according
to number 12 of Annex A and being made from material P has the marking:

RS12 - P -1S0 17440
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Additionally the hook may be marked with a designation or symbol identifying the manufacturer. The
hook body itself shall have no marking indicating either the load or the duty classification.

The hook sk
dimensions

The fixed h

indicating the mass of the rated capacity and the related “A” series duty classification (as per ISO 43

as required

8.3 Safe

The following issues of safe use shall be, as a minimumyaddressed in the user’s manual of eithe

related cra

38

free fun
obstaclq

instruct

shape r
hook se

the two
in cases|

tempery

1
u

1 101

90°

Figure 7 — Markings on a hook

1all have permanent centre punch markings placed as item 1 imFigure 7. As approp
y or y1 and y; shall be recorded and placed within hook documeiitation.

bist media, from which the hook is suspended, should be marked as a part of the c

by the relevant crane type standard.

se

e or the stand alone hook/hook block as.a component:

ctioning of the hook suspension articulation (hinge), allowing the hook to align wit
s in the direction of the load, eithervertically or inclined during load sway;

ions for lashing a load on thethook, maximum 90° angle between the slings;

equirement of the load @ttachment set on the hook, to avoid damage of the surface d
At;

prongs of a ramshoern hook shall be loaded symmetrically and equally;
where a saféetylatch is provided, it shall be allowed to close freely after the load is atta

hture limits of the hook.

riate

rane,
1-1),

r the

hout

f the

thed;
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Annex A
(informative)

Sample sets of single point hooks

A.1 A series of single point hooks of type RSN, dimensions of forgings

See Higure A.1 and Table A.1.
g (-C
|
|
| 1:21 _
| -
|| — 1
&\ | | -
X_‘ \\\K g™ =) f1
Y -l &
o e ™Y\ el D-D
I A 4 -
/:5' '
- 1.2
NP4 o
\—/
-
A o
1 f3 o
Key
Designation:
RF ithout forged nose for{latch
Figure A.1 > Symbols of dimensions for single point hooks with concave flannks
For Hooks type RSN, see also C.1, D.1 and either G.1 or G.2 dependent upon size.
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A.2 A series of single point hooks of type RF/RFN, dimensions of forgings

See Figure A.2 and Table A.2.

1)

S

ds3

- B-B C-C

, 120

|
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% >

€
€7

lg— (O

\

Key

Designat
RF without
RFN with forg

For hooks ty

Y

>

dq

ion:
forged nose for latch
ed nose for latch

Figure A.2 — Symbols of dimensions for single hooks with straight flanks

'pe RF and RFN, see als¢ G.1, D.1 and either G.1 or G.2 dependent upon size.
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A.3 A series of single point hooks of type B, dimensions of forgings

See Figure A.3 and Table A.3.
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Annex B
(informative)

Sample set of ramshorn hooks

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

See Figure BrTand Table B.1.
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Key
Designation:
RS/RSN concave flanks (a), without or with-nose
RF/RFNstraight flanks (b), without ¢r'with nose
Figure)B.1 — Symbols of dimensions for ramshorn hooks
Table B:1*— Dimensions of forgings for ramshorn hooks in millimetres (mm)
Ramshorn b J Dimensions for guidance
hook no. aj a az 1 1 f1 H r 2 r3
e f2 /3 g T4 rs L
05 34 | 27 | 44 | 22 | 24 | 130 | 27 3 3 36 | 80 | 20 | 12 | 10 | 6 | 16 | 165
08 38 | 30 | 49 | 26 | 30 | 150 | 33 | 4 3 41 | 83 | 22 | 12 |105| 6 | 1,6 | 183
1 40 | 32 | 52 | 28 | 30 | 158 | 36 | 4 | 35 | 44 | 96 | 22 | 14 | 12 | 7 | 1,6 | 195
1.6 45 | 36 | 59 | 34 | 36 | 183 | 43 5 4 51 | 100 | 28 | 14 [125| 7 | 16 | 222
2.5 50 | 40 | 65 | 40 | 42 | 208 | 50 6 | 45 | 58 |112| 30 | 14 | 14 | 7 | 16 | 250
4 56 | 45 | 73 | 48 | 48 | 238 | 60 7 | 55| 67 | 124 33 | 23 | 16 | 10 | 25 | 280
5 63 | 50 | 82 | 53 | 53 | 266 | 67 8 | 65| 75 | 143 | 40 | 23 | 16 | 10 | 2,5 | 312
6 71 | 56 | 92 | 60 | 60 | 301 | 75 9 7 | 8 | 160 | 44 | 23 | 18 | 10 | 2,5 | 375

Hook sizes 50-250 preferably with straight flanks.
NOTE Dimensions based upon DIN 15400 series of hooks.
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Table B.1 (continued)

ISO 17440:2014(E)

Ramshorn Dimensions for guidance
hook no. a az a3 by di f1 H ri r2 r3 el nl s g v | rs L
8 80 63 103 67 67 337 85 10 8 95 182 | 48 23 18 10 2,5 415
10 90 71 116 75 75 377 95 11 9 106 | 192 | 54 27 23 12 3 450
12 100 80 130 85 85 421 | 106 | 125 10 118 | 210 | 60 27 23 12 3 510
16 112 90 146 95 95 471 | 118 14 11 132 | 237 | 69 36 28 16 4 580
20 125 | 100 | 163 | 106 | 106 | 531 | 132 16 12,5 | 150 | 265 | 75 36 33 16 4 650
25 140 112 182 118 118 598 150 18 14 170 | 315 86 45 33 20 5 715
B2 160 | 125 | 205 | 132 | 132 | 672 170 20 16 190 | 335 | 94 45 38 '\Zb( 5 790
40 180 | 140 | 230 | 150 | 150 | 754 | 190 22 18 212 | 375 | 104 | 45 3%( 2\0 5 885
b0 200 | 160 | 260 | 170 | 170 | 842 | 212 25 20 236 | 420 | 120 | 56 Qi;ZoV 25 6 965
b3 224 | 180 | 292 | 190 | 190 | 944 | 236 28 22 265 | 460 | 131 j& 42 25 6 1090
1}0 250 | 200 | 325 212 212 |1062| 265 32 25 300 | 515 | 144 \EX 45 25 6 1235
1|00 280 | 224 | 364 | 236 | 236 [1186| 300 36 28 335 | 575 @ 56 45 25 6 1375
125 315 | 250 | 408 | 265 | 265 |1330| 335 40 32 375 6ég§\\‘fl78 68 50 30 8 1550
1|60 355 | 280 | 458 | 300 | 300 |1505| 375 45 36 4-25/ @\ 198 | 68 50 30 8 1745
AOO 400 | 315 | 515 | 335 | 335 [1685| 425 50 40 A@ 800 | 218 | 68 55 30 8 1998
250 450 | 355 | 580 | 375 | 375 [1885| 475 56 45\\%3(; 875 | 240 | 68 55 30 8 2250
HooK|sizes 50-250 preferably with straight flanks. \ »
NOTH Dimensions based upon DIN 15400 series of hooks. \X\QJ
S
For Hooks type RS/RF and RSN/RFN, see also Qﬁ and either G.1 or G.2 dependent upon|size.
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Annex C
(informative)

Annexes A and B static limit design forces for hook bodies

C.1 Static limit design forces of hook bodies for hook types RS/RSN and RF/RFN

(see Table|C.1.)
Table (.1 — Static limit design forces Frq s in kilonewtons (kN) — Valid for temperature
influence factor f1 =1 (T < 100 °C)
Single hooks, types RS/RSN and RF/RFN Ramshorn hooks, types RS/RSN and RF/RFN
Hook Section B Classified ?:(:erial grades ;c;(;t]i(ofr;cA_ Classified r;aterial grades
no. Factojr |Hook factor S tor Rd,s
Ysm Mg, M
mm2 M P S T v mr};lf'z M P S T v

006 15,37 4,0 59 7,1 9,3 11,2 - = - - - -
010 22,58 59 8,6 10,4 14 16 - - - - - -
012 30,05 7,8 11,5 14 18 22 - - - - - -
020 39,37 10,3 15 18 24 29 - - - - - -
025 44,78 11,7 17 21 27 33 - - - - - -
04 68,37 18 26 32 41 50 - - - - - -
05 80,33 21 31 37 49 58 41,71 18 27 32 42 51
08 117,00 30 45 54 71 85 62,13 27 40 48 63 75

1 140,17 37 54 65 85 102 73,43 32 47 56 74 89
1.6 195,75 51 75 90 119 142 108,20 47 69 83 109 131
2.5 279,05 73 107 129 169 203 149,45 65 95 115 151 181

4 0.75 39961 | 104 | 153([) 184 | 242 291 217,87 95 | 139 | 167 | 220 D64

5 singl 506,63 132 193 233 307 368 268,78 117 171 206 272 B26

6 hook 633,00 165 242 292 384 460 339,90 148 216 261 343 112

8 798,18 208 305 368 484 580 430,94 187 274 331 435 b22
10 987,90 257 377 455 599 719 538,00 234 342 413 543 b52
12 0-90 1242,5 324 474 572 753 904 680,27 295 433 522 687 B25
16 Sr}z:;l; 1\590,0 414 607 732 963 1156 845,31 367 538 649 854 1024
20 hook 1873,3 520 763 920 1210 1452 1056,5 459 672 811 1067 1281
25 2532,0 660 967 1166 1535 1841 1343,0 583 855 1031 1356 1628
32 3192,7 832 1219 1471 1935 2322 1700,5 739 1082 | 1305 1718 2061
40 3732,4 1032 | 1512 | 1824 2400 2880 2152,0 935 1369 | 1652 2174 2609
50 5020,5 1308 | 1917 | 2313 3043 3651 27254 1184 | 1734 | 2092 2753 3304
63 6306,7 1644 | 2408 | 2905 3822 4587 33859 1471 | 2155 | 2599 3420 4104
80 7962,7 2075 | 3040 | 3667 4826 5791 4251,1 1846 | 2705 3263 4294 5153
100 10 093 2630 | 3854 | 4649 6117 7 341 5376,8 2335 | 3422 | 4128 5431 6517
125 12794 3334 | 4885 | 5893 7 754 9305 67294 2923 | 4282 | 5166 6797 8156
160 15987 4167 | 6105 | 7364 9690 | 11628 85073 3695 | 5414 | 6531 8593 10311
200 20174 5257 | 7702 | 9292 | 12226 | 14671 10792 4688 | 6868 | 8285 | 10901 | 13081
250 25240 6575 | 9634 | 11622 | 15292 | 18350 13484 5857 | 8581 | 10352 | 13621 | 16345
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C.2 Static limit design forces of hook bodies for a series of hooks of type B, with
additional materials (see Table C.2)

Table C.2 — Static limit design forces Frq s in kilonewtons (kN) — Valid for temperature
influence factor f1 =1 (T < 100 °C)

Single hooks, type B
All materials Classified l;:;irial grades Additional materials
Hook no.
Hook family becnf(:cltl;:_iOOK
factor Mg, M P S T \'% N /rr}llmz FRrd,s
Vsm mm?2
B(.8 25,392 5,75 8,43 10,2 13,4 16,1 11,5
BlL.6 49,722 11,3 16,5 19,9 26,2 31,5 22,5
BR.5 81,543 18,5 27,1 32,6 43 5106 36,9
B4 127,31 28,8 42,3 51 67,1 80,5 57,7
B.5 0,86 157,79 35,8 52,4 63,2 83,2 99,8 430 71,5
Bb.3 201,91 45,8 67 80,9 106 128 91,5
B[10 319,35 72,4 106 128 168 202 144
B8 258,77 58,6 86 104 136 164 117
B12.5 399,34 90,5 133 160 210 253 181
Bfi6 514,76 121 179 216 284 340 227
BRO 0,83 649,89 154 226 272 358 430 286
BR5 807,66 191 280 338 445 534 356
BB2 0,75 948,18 245 358 432 569 683 400 455
BRO 0,71 1128,78 310 454 547 720 864 576
B0 0,68 1379,07 399 585 706 929 1114 742
B63 0,64 1587,16 487 713 880 1132 1358 905
All hpoks of this family shall be proofloaded as per 4.5.
Wheh dimensionally sizing)all hooks of greater capacity than those listed within Table C|2 it shall be
assumed, for this calculation only, that the proof load Fpy, is equal 1,5 times their requiredd maximum
statif rated capacity-
For Hook sizes greater than B 63, the value of ysy, factor shall be taken as 0,64.
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Annexes A and B fatigue limit design forces for hook bodies

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

Table D.1) ,\b‘
Table D.1 — Fatigue limit design forces Frq in kilonewtons (kN) — Factors fzéﬂi' YHf
incorporated, temperature influence factor f1 =1 (T < 100 °C) b‘b‘
A
Single hooks, types RS and RF Ramshorn hooks, typts\ﬂs and RF
Hook no. Classified material grades Classified m [@11 grades
M P S T A M P ¢ {i? T y
006 11 2,7 2,9 34 3,8 - - O - - I
010 31 4,0 4,2 51 5,5 - | - - [
X
012 41 53 5,6 6,7 7,3 - R A% - - :
)
020 1,4 6,9 7,4 8,8 9,6 - A - - - :
025 6,1 79 8,4 10 11 -\r\\Q - - - L
04 9.2 12 13 15 16 \‘-\' - - - :
k‘
05 1 14 15 18 19 @1 14 15 17 19
I~
08 |5 19 21 25 27,1 16 20 22 26 18
\V
1 18 23 25 29 B2 18 23 25 30 KK
. C)‘
1.6 D4 31 33 40 IN\F43 26 33 36 43 46
2.5 3 43 46 55 . 4 60 35 45 48 57 d2
4 7 60 64 Q 84 49 64 68 81 d8
5 8 75 80 —~‘\-))5 104 60 77 83 98 197
6 1 92 98 (| 117 127 74 96 102 122 1B3
8 8 113 12 144 157 92 119 127 152 165
Vi
10 107 138 (\‘QM 176 191 113 146 156 186 22
N
12 132 17Q\Q'~ 182 217 236 140 181 193 230 2p1
s
16 165 \@ 228 272 296 170 220 235 281 306
20 404 DS?M 282 336 365 209 271 289 344 375
25 25&(\‘ 330 352 420 457 261 338 361 430 468
< N o 2o ion ic cag =
32 21 4‘10 4‘4“‘!‘ IJLT J70 DLT TLU TTO JIOT J 2
40 398 516 551 656 715 402 520 555 662 721
50 505 654 698 832 907 508 657 702 837 911
63 635 821 877 1045 1139 631 817 872 1039 1132
80 801 1037 1108 1320 1438 792 1025 1095 1305 1421
100 1016 1315 1404 1673 1822 1002 1297 1385 1650 1798
125 1288 1666 1780 2121 2310 1254 1623 1734 2066 2250
160 1609 2082 2224 2650 2887 1585 2052 2192 2611 2844
200 2030 2627 2806 3344 3642 2011 2603 2780 3313 3609
250 2539 3286 3510 4182 4556 2513 3252 3474 4139 4509
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D.2 Fatigue limit design forces of hook bodies for a series of hooks of type B, with
additional materials (see Table D.2)

Table D.2 — Fatigue limit design forces Frgq rin kilonewtons (kN) — Factors f7, yurand ysy
included and temperature influence factor f1 =1 (T < 100 °C)

Single hooks, type B
All materials Classified HFI:Sirial grades Additional materials
Hook no. Section B
hnnl;/[ T:ctor - P 5 T \ N/ r’:‘]'mz Fra,f
mm?2
.8 25,392 3,0 39 4,1 49 54 4,6

B1l.6 49,722 59 7,61 8,1 9,7 10,5 8,93
B2.5 81,543 9,5 12,2 13,1 15,6 17,0 14,4
Bl4 127,31 14,2 18,4 19,7 23,4 25,5 620 21,6
Bl5 157,79 17,3 22,4 23,9 28,5 344 26,3
B(8 258,77 27,3 35,3 37,7 449 489 41,4
B 12.5 399,34 40,6 52,5 56,10 66,8 72,8 61,6
Bjl6 514,76 53,6 69,3 74,1 88,3 96,1 81,8
BRO 649,89 66,3 85,8 91,6 109,2 119,0 101,2
BPR5 807,66 80,9 104,7 111,9 133,3 145,2 123,5
BB2 948,18 103,2 133,5 14276 169,5 185,1 625 157,5
B0 1128,78 1274 164,8 176,1 209,8 228,5 194,4
BpO 1379,07 161,5 209,0 223,3 266,0 289,8 246,5
Bp3 1587,16 194,6 2589 269,0 320,5 349,2 2971

The $ection B type modulus is as definéd below Table C.2. Its values for hook sizes B 0.8{to B 63 are
shown in Table D.2. For hook sizes greater than B 63, its value can be calculated from the dfmensions of
the Hook and of its section B.
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Hook body calculation and specific spectrum ratio factors

E.1 Conversion factor for hook body, k.

When classified duty is utilized, k. shall be calculated in accordance with Table E.1.

Table E.1 — Conversion factor k= k; / 8/sq

Class Q Qo Q1 Q2 Q3 Q4 Qs

kQ(3) 0,0313 0,062 5 0,125 0,25 0,5 1,0

Factor ke* 1,348 1,343 1,259 1,172 1,084 1

Class U C [cycles]

Uo 16 000 5,37 4,77 3,98 3;30 2,72 2,24
U1 31500 4,8 4,26 3,56 2,95 2,43 2,0
Uz 63000 4,27 3,79 3,17 2,63 2,17 1,79
U3 125000 3,81 3,38 2,83 2,34 1,93 1,59
Uy 250000 3,40 3.01 2,52 2,09 1,72 1,41
Us 500000 3,02 2,69 2,24 1,86 1,53 1,24
Ue 1000000 2,70 2,39 2,00 1,66 1,37 1,13
Uz 2000000 2,40 2,13 1,78 1,48 1,22 1,0
Ug 4000000 2,14 1,90 1,58 1,32 1,08 0,89
Ug 8000000 191 1,69 1,41 1,17 0,97 0,79

E.2 Specific spectrum ratio factors

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

q
1

n

}
|
|
i 1

| 1 1
4
1 q ; N

a) Spectrum, where n is the relative number of
cycles with amplitude q: Zn =1 b) Accumulated spectrum

Figure E.1 — Discrete distributions
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The presentation of distributions given by continuous functions can be shown as density function or
as accumulated density function. Figure E.2 illustrates both presentations for distributions given by

conti

nuous functions.

q N(q)
1 1
[
a) Density function, Where [ m(q)=1 bJ Accumulated density, where N(JJ= In(q)xdq
do q
Figure E.2 — Continuous distributions

NOTH Whereas n(q) gives the relative number of cycles with amplitude g, the.accumulated valug of N(q) gives
the niimber of cycles with amplitudes greater than q.
The $tress spectrum factor ky, shall be calculated from the density function or from the gccumulated

densjty by

=

1 1
m= I q™ xnxdq= J.qm xXdN
qo 0

The gpecific spectrum ratio factors (see 6.5.3) thentfollows as
* /k /k
N,=m —Q = m—3
km km
E.3 | Underlying spectra for the specific spectrum ratio factors
In cases where the load speetram of the crane is specified through the class Q only, the shape of load
distrfibution in accordance-with Table E.3 shall be assumed. Consequently, the specific spgctrum ratio
factdrs as given in Table;E.2 can be derived and shall be used for calculation of the stress history
parameter sy, for the heok.
Table E.2 — Specific spectrum ratio factors
Class Q of1S0 4301-1 Load spectrum factor Factor k*; form =15 Factor k*§ form=6
kQ
Qo 0,031 3 1,292 1,348
Q1 0,062 5 1,286 1,343
Q2 0,125 1,217 1,259
Q3 0,25 1,144 1,172
Q4 0,5 1,070 1,084
Qs 1 1 1

Table E.3 gives the underlying density functions and accumulated density functions for Table E.2.
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fatigue strength calculations of proofed hooks (with proof
load applied)

F1 Data
NOTE (0F:
Hook size:

Nominal ho

Fy=10"

NOTE T4

Hook dimen|

Section B-B;

Hook mate}

i
A

Fatigue and

lculations for single point hooks with dimensions in accordance with A.3, Table A.3.

Size B10, Table A.3
k load:
[€=98,07 kKN

denotes metric tonnes, 1 000 kgf.

sions and section properties:

a1 =92 mm seat circle diameter
11 =36,18 mm coordinate y from centroid to the intrados, see Annex H
radius to eentroid of section
L 17, =82,18 mm
1,696 x 106 mm* réference moment of inertia of cross section, see Annex H
v=1 factor for load component, section B-B see 5.5.3

rial: 150 M 19Q
=430 N mm72 min. yield stress of hook material, for RS < 150
=620 Nam—2 min. ultimate strength of hook material

service duty parameters:

Utilizat
Load sp
Allload cycl

F.2 Proo

on ctass U7 (to 1ISO4301-171986, Tabie 1) hence IV = 2% 106, Totat number of foad cycie
ectrum class Q4 (to ISO 4301-1:1986, Table 2) hence kQ = 1, load spectrum factor, max.

es are assumed to be the same and at full load.

f of competence in fatigue for hooks which have had proof load applied

F.2.1 Stresses in the bowl of “Non-proofed” hook (no residual stress present):

¢ = 1,3 dynamic factor

Fsq f= ¢2Fy

56

=127,49 kN vertical design force for fatigue, Formula (18)
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With loads of one magnitude only assumed, viz. Fsq f, max. stress range at the intrados of
fatigpe:

F.2.2 Stresses in the bowl of “proofed” hook (residual stress present)

F.2.2l1 Proofload for the hook

Proof load Fpy, for the hook is calculated from

and proofload Fpy, = 1,5 x fy M= 205,94 kN

F.2.2{2 Stresses in the-section of “proofed” hook (residual stress present)

NOTE
deformation.

ISO 17440:2014(E)

Moment on hook section due to vert. design force Fsqf:

MSd,f = FSd,fR = 10,48 kN m

VXMgq ¢ o Bxm

=399,28 N mm 2
I R -m4

Osqf =

AGsqs=0gqr =399,28 N mm >

>

Osdmax = ATsqf =399,28 N mm?

HpL=15xfyxM [see 4.5 €)]
Lm

M=1x| —2L& |=319,29 mm?
Rxnq

rr]ent on hook section due to proofload force Fpy: Mpy, = Fp, x R=16,92 KN m
ximum virtual'design stress at the intrados of the hook with proofload applied, Formulz

= VXMpy  RXT1 _ 45 N mm 2

Q

Maximum design stress at the intrados of the hook due to vertical design force, Formula (11):

Stress range at the intrados of the hook for fatigue (due to load Fsqf, cycling from 0 to maximum):

(11):

p,max,v I R_ n

© IS0 2014 - All rights reserved
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An “ideal elastic-plastic” stress model for the material behaviour is assumed, with the onset of plastic
deformation occurring at the yield stress and the maximum stress remaining constant at the yield stress
level. Hence max. stress at proof load:

= f, =420 N mm ™

O p,max

Stress change during unloading when the proof load is removed, is assumed to take place along the
elastic line. Hence residual stress after full unloading will be

~225 N mm 2

Gr,p,max = Gp,max _Gp,max,v =

Maximum stress range due to full service load Fsq = 127,49 kN applied is

AG g mak =399,28 N mm 2

giving a risq to a maximum stress at the intrados due to full service load

-2
Gsd,p,max = Gr,p,max +A65d,max =174,28 N mm

and to a strgss cycling between the extreme values of

G pmax F—225 Nmm™ and 64, may =174,28 N mm ™

The stress dycle must be transformed to an equivalent pulsating cycle (0 to max. stress), done below
using the standard equation derived from the Haigh/Smith*diagram:

)-a,p —ux O-m,p

le} =4 (o2 =0
a,p,t 1 (1+RS) m,p,t a,p,t
(1 _Rs)
where
Oapt
are the amplifude and mean stress components of transformed stress cycle;

O-m,p,t

Ry stress'ratio of the transformed cycle, omin/0max:

Rg= 0, for pulsating cycle 0 to max.;

u=-0,1765\" from Formula (44), 6.6.7 (note the negative sign).

Component of the stress cycle:

c +0
Omp = Sd'p'maxz LPMAX _ 25,36 N mm 2 the mean stress
component

Oy -0 _ .
Oap = > ,p,max2 LRI _ 199,64 N mm 2 the amplitude stress
component

Components of the transformed cycle:
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From the equations above, amplitude and mean stress components of the transformed cycle

o

C

Maxi

A

_ Oap —UXO
apt Lo (I Rs)
(1R,

omponent

mum stress range at intrados:

«

[ollle)

Stres

HooK

F.2.3

F2.3

>

the i

Take
Cross

Char

>

and 1

o —
Sap,fmax
proofed”

'mpt = Capt
ycle

s cycling between 0 and maximum of 2 x amplitude stress component

for fatigue, due to Fsq f load cycling from 0 to maximum.

Execution of proof for fatigue strength

1 Limit design stress, load history parameteryand stress history parameter

\ORd = fi1XfyaxAo,

mit fatigue design stress, Formula (29),6.5.4.

f1 =1, the temperature factor, Formiula (31), 6.5.4, and with bpax = 55 mm maximum w
section:

2t 0,167
, :{ mm} =0,877

bmax
he material thickness-influence factor, Formula (32), 6.5.4.

ncteristic fatigue-strength, Formula (30), 6.5.4:

13000

u

AGC:O,315><fu><lg[ }=258,11Nmm_2

heélimit fatigue design stress range, Formula (29), 6.5.4:

AGRq = f1X f2XAG, =226,27 N mm 2

S

N
=kQx—
Q Np

MP. _ 165,89 N mm 2 the amplitude stress

7vrrapt —QQ1"7'7 N wrr*r\_2 the maximum stress range attheintrados of the

=165,89 N mm 2 the mean stress component for pulsating

idth of hook

the load history parameter, Formula (26), 6.5.3, with Np = 2x106 reference number of cycles

N
Np=2x10°  sq =kQ><N—=1
D
%
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the specific spectrum ratio factor, Formula (28), 5.3, and Table 5 for standardized classification

s
-_"Q _
Sh= o =
K |
F.2.3.2 Proof of competence for the fatigue strength of “non-proofed” hook
Inequality tp be satisfied [6.5.5, Formula (33)]:
A I(>l< A
AO-Sd max — Rd or AO-Sd max = M
' Tuex " Vsy ' Tuex " Vsq
Yne =135

the fatigue s

Hence:

Ac Sd,maj

i.e.the ineqt
load applied

Reduced ho

FH,red =
Reduced lifg

F2.3.3 Pp

Inequality t

AGSd,p,I‘F

trength resistance specific factor, see Table 7.

AGRd
m
YurX NS

lality and hence also proof of fatigue strength’for the load stated are not satisfied; eithg
or life, in number of cycles, has to be reduced (from Fy or N of 2 x 106 cycles, resp.).

| =399,28 Nmm ™ vs. =181,01 N mni~?

bk load:
1

Yue X" \/Sh AC 54 max

AGRd

Fy X = 44,46 kN

/number of cycles, can be’calculated using Formulae (26) and (27).

oof of competence for the fatigue strength of “proofed” hook

b be satisfied{6.5.5, Formula (33)]:

*
AO_Rd k6 XAGRd

<

< my or AGSd,p,max <
Yur X VSh

ax

nyxm\/sQ

NOTE

That there is no change on the R.H.S. of the inequality expression.

The limit fatigue design stress range:

AGRg =226,27 N mm 2

load history parameter, Formula (26), 6.5.3, with Np = 2 x 106 reference number of cycles, sQ=1;

r the

*k
ke =1 thespecificspectrumratio factor, Formula (28), 6.5.3, and Table 5 for standardized classification;

sh=1 the stress history factor, with m = 6 for hook/bowl material, Formula (27), 6.5.2 and 6.5.3;

Np=2000000m=6;

60
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Yur =1,25 the fatigue strength resistance specific factor, see Table 7.

Hence:

2 AO'Rd

AGSd,p,f,maX =331,77 Nmm “ vs. :181'01 N rnrn_2

YHme‘/Sh

i.e. the inequality and hence also the proof of competence for fatigue for the load stated has not been
satisfied; either the load applied or the life required, in number of cycles has to be reduced (from Fy or
N of 2 x 106 cycles, resp.).

AR 1.1 Al
Redycedtrooktoad:

=53,5kN

> o
jan
K=}
~
o
o

[
5

X

(compared to 44,5 kN for un-proofed hook)

Alternatively, reduced life/ number of cycles to satisfy the inequality above can be calcylated, using
Formulae (26) and (27).
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Sample set of hook shank and thread designs

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

See Figure (1.1 and Table G.1.
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1  hook shgnk
2  nut
Figure G.1 — Symbols of dimensions for hook shank and thread
Table G.1 — Dimensions of hook shank and thread in millimetres (mm)
Thread
(d1) desjignation 93 p ds ds r9 s I'th I'p t m (D) D1)
60 R{I 50 x 6 50 6 42 434 | 4 | 20 | 1,33 092 | 33 | 45 | 50,6 | |44
67 Rd 56 %6 56 6 48 49,4 4 20 1,33 0,92 3,3 50 56,6 50
75 R&-64-8 64 8 54 552 4 25 77 123 44 56 64-8 56
85 Rd 72 x 8 72 8 62 63,2 4 25 1,77 1,23 4,4 63 72,8 64
95 Rd 80 x 10 80 10 68 69,0 6 30 2,21 1,54 5,5 71 81 70
106 Rd 90 x 10 90 10 78 79,0 6 30 2,21 1,54 5,5 80 91 80
118 Rd 100 x 12 100 12 85 86,8 6 40 2,65 1,84 6,6 90 101,2 88
132 Rd 110 x 12 110 12 95 96,8 6 40 2,65 1,84 6,6 100 | 111,2 98
150 Rd 125 x 14 125 14 108 109,6 8 45 3,10 2,15 7,7 112 | 1264 | 111
170 Rd 140 x 16 140 16 120 122,4 10 50 3,54 2,46 8,8 125 141,6 | 124
190 Rd 160 x 18 160 18 138 140,2 10 55 3,98 2,77 99 140 | 161,8 | 142
The nut dimensions (D and D1) and the forged shank diameter (d1) are for guidance only. The shank machining and thread
may be applied for any forged sizes and types within the requirements of this standard.
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