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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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INTERNATIONAL STANDARD

ISO 16625:2013(E)

Cranes and hoists — Selection of wire ropes, drums and
sheaves

1 Scope

This International Standard specifies the minimum practical design factors, Zp,, for the various

class
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Terms-and definitions

[ fTCations of ECTariST, TOpPE tyPES, TOPE GUties aItd ty pes Of SPOCHTTE arrd deTmonstraty
sed in the determination of the minimum breaking force of the wire rope.

pcifies the selection factors for drums and sheaves for the various classifications of 1
types and rope duties and how these are used in the determination of the-minimu
eters of drums and sheaves that work in association with the selected wirérope.

of types of cranes and hoists to which this standard applies is given/in Annex A.

x B gives factors, additional to those mentioned above, which might need conside
ting the wire rope and associated equipment.

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced docitment (including any amendments) appl

408, Steel wire ropes for general purposes = Minimum requirements
301-1:1986, Cranes and lifting appliances — Classification — Part 1: General
306-1, Cranes — Vocabulary — Part 1: General

309, Cranes — Wire ropes~~C€are and maintenance, inspection and discard

0425, Steel wire ropes. for the petroleum and natural gas industries — Minimum requi
5 of acceptance

7893, Steel wirevropes — Vocabulary, designation and classification

he purposes of this document, the terms and definitions given in ISO 4306-1 and ISO 1

s how these

hechanisms,
m practical

ration when

ent and are
For undated
es.

rements and

/893 apply.

NOTET Inthis document, 'single-layer ropes’ and parallel-closed ropes’, as defined in ISO 1789
“standard ropes” to distinguish them from “rotation-resistant ropes”.

to as

NOTE 2

resistant ropes”.

4 Group classification of the mechanism as a whole

,arereferred

Single-layer ropes and parallel-closed ropes are also sometimes referred to as “non-rotation-

The resulting classification of mechanism (M4, M5, etc.) shall be taken into account when establishing
the minimum design factor and the minimum drum and sheave sizes.
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The group classification of the mechanism as a whole takes account of the state of loading (light,
moderate, heavy, etc.) and the class of utilization of the mechanism (based on total duration of use) as a
whole, as detailed in ISO 4301-1.

NOTE

Other parts of ISO 4301 (such as ISO 4301-2, covering mobile cranes) specify the classification of a

particular type of crane and related crane mechanisms taking account of the rope duty (hoisting, luffing, etc.) and
crane operating conditions.

5 Selection of rope

5.1 Typeamdconstruction

The wire rdpe selected shall conform to either ISO 2408 or ISO 10425, according to the_ applicption

and/or duty]

5.2 Design factor, 7,

The minimum design factor shall be specified in accordance with Tables 1, 2 or 8,/as applicable, taking
into account the classification of mechanism and the rope duty or rope hoist and,in the case of statignary

ropes, the ctane classification.

NOTE The design factors listed in the tables are based on long experience in the field.
Table 1 — Minimum design factors for all cranes and hoists except mobile cranes
Group clas- Hoisting L
sificati_or O.f Single-layer spooling Multi-layer spooling Boom hoisting or luffing
mechanism in
accordancewith | Standard Rotation- Standard Rotation- Standard Rotation-
IS0 4301-1{1986 rope resistant rope rope resistant rope rope resistant fope
M1 3,15 3,15 3,55 3,55 3,55 4,5
M2 3,35 3,35 3,55 3,55 3,55 4,5
M3 3,55 3,55 3,55 3,55 3,55 4,5
M4 4,0 40 4,0 4,0 4,0 4,5
M5 4,5 4,5 4,5 4,5 4,5 4,5
M6 5,6 5,6 5,6 5,6 5,6 5,6
M7 7A 7,1 — — 7,1 —
M8 9,0 9,0 — — 9,0 —

© ISO 2013 - All rights reserved
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Table 2 — Minimum design factors for mobile cranes

Running rope
Group clas- Boom hoisting
sification of Hoisting
mechanism in Working Erecting
accordance with Rotation- Rotation- Rotation- Telescoping
IS0 4301-1:1986 | Standard resistant Standard resistant Standard resistant
rope rope rope rope rope rope
M1 3,55 4,5 3,35 4,5 3,05 4,5 3,15
M2 3,55 45 335 45 305 45 3,35
M3 3,55 4,5 3,35 4,5 3,05 4,5 3,35
M4 4,0 4,5 3,35 4,5 3,05 4,5 3,35
M5 4,5 4,5 3,35 4,5 — \A _
M6 5,6 5,6 3,35 5,6 — — —
Table 3 — Stationary working rope and erecting rope
All cranes
Crane classification
Stationary ropes Erection ropes
Al 3,0 2,73
A2 3,0 2,73
A3 3,0 2,73
A4 35 2,73
A5 4,0 2,73
A6 4,5 —
A7 5,0 —
A8 5,0 —
5.3 | Minimum breakingforce
The minimum breakingforce of the rope, Fnin, shall be calculated using Formula (1):
whefte, for hoisting ropes, S is the maximum rope tension, in kN, obtained by taking into ac¢ount
— 1rated working load of the appliance,

— mass of the sheave blocK and/or other l1Iting attachments,

mechanical advantage of reeving,

efficiency of reeving (e.g. bearing efficiency), and

hook, if the inclination with respect to the drum axis exceeds 22,5°%

the increase in force in the rope caused by the rope inclination at the upper extreme position of the

or, for stationary ropes, S is the maximum rope tension, in kN, obtained by taking account of both the
static and dynamic forces;

and where Zj is the minimum design factor.

© IS0 2013 - All rights reserved
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For values of Zp, see 5.2. Alternatively, in circumstances when rotation-resistant ropes are used for
hoisting and the mass of the sheave block and other lifting attachments and the efficiency of the reeving
are not required to be taken into account, the design factor shall be at least 5.

In the case of appliances with grabs, where the mass of the load is not always equally distributed between
the closing ropes and the holding ropes during the whole of cycle, the value of S to be applied shall be

determined

a)

as follows.

If the hoist mechanism automatically ensures an equal division of the hoisted load between the

closing and holding ropes, and any difference between the loads carried by the ropes is limited to a
short period at the end of the closing or the beginning of the opening:

1) for
2) for

b) If the hqg

ropes and the holding ropes during the hoisting motion and, in practice, almost allthe load is ap

to the cl
1) for

2) for
hol

NOTE Fd
breaking forg
for a given ng
the rope man
in higher min

5.4 Diamleter

In the procg
5.3, the situ
breaking foq
quoted in 5.
the diamete

NOTE
applicable, g1

6 Drums

6.1 Sheay

The nominal diameter©fia given rope type, construction or class, minimum breaking force and, v

Closing ropes, S = 66 % of the mass of the loaded grab divided by the number of closing’s
holding ropes, S = 66 % of the mass of the loaded grab divided by the number of holding r
ist mechanism does not automatically ensure an equal division of load between the cl
osing ropes:

Closing ropes, S = total mass of the loaded grab divided by the number of closing ropes

holding ropes, S = 66 % of the total mass of the loaded gtab divided by the numb
ling ropes.
rthe more common wire rope classes and constructions and,where applicable, rope grade, min]

e factors given in ISO 2408 and ISO 10425 enable the mininim breaking force value to be calcy
minal rope diameter. It should be noted, however, that¢he minimum breaking force factor us

imum breaking force values being specified.

ss of selecting a wire rope to satisfy’the minimum breaking force requirement as giv|
htion can arise where, for practical reasons (e.g. availability, preferred sizes), the mini
ce exceeds the required minimum value, leading to a higher design factor than the mini
. In such cases, the selected nominal wire rope diameter, d, is to be used when calcul
I of sheaves and drumsjsee 6.2.

ade, is established’by the rope manufacturer.

5 and sheaves

e material

hpes;
bpes.

hsing
plied

er of

mum
lated
ed by

ufacturer can be greater than that given in the aboye-mentioned International Standards, resuyilting

en in
mum
mum
ating

vhere

The manufacturer shall take account of the type of spooling when selecting the sheave material or
sheave groove lining material.

Single-layer spooling

Where spooling at the drum is single-layer, the choice of sheave material can be critical, as deterioration of
the wire rope is most likely to be through bending fatigue — particularly if the fleet angle is not excessive.

If all of the sheaves are made of a polymer material or have a polymer groove lining, there is a possibility
ofinternal fatigue damage goinglargely unnoticed in service unless discard criteriaand/or the frequency
between inspections is/are significantly modified from that given in ISO 4309 and closely followed. Such
an arrangement should generally be avoided; see B.3.1 for recommendation.

© ISO 2013 - All rights reserved
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If the fleet angle is higher than recommended, then the most severe deterioration experienced in the
reeving system can be in the form of increased wear/abrasion and scrubbing damage occurring between
wraps on the drum as a result of higher-than-normal transverse loading at the extremity of travel.

Multi-layer spooling

Where spooling at the drum is multi-layer, it can be expected that deterioration of the wire rope will be
at its greatest at those sections that coincide with the crossover zones at the drum rather than at those
sections that simply run through sheaves. In such cases, polymer sheaves or sheaves having a polymer
groove lining, as well as steel sheaves, may be used, provided other properties, such as limiting radial
pressures, are not exceeded for the selected material.

6.2 | Calculation of minimum drum and sheave diameters

The minimum pitch circle diameter of drums and sheaves for “hoisting” ropes shall:b€ calcphlated using
Formulae (2) or (3).

NOTH Any increase in pitch circle diameter from the calculated values will 'enhance the behding fatigue
resistance of the rope.

Di=zhyxtxd (2)
or

Dyzhyxtxd 3)
where

D1 is the minimum pitch circle diameter of'the drum;
Dy isthe minimum pitch circle diameter of the sheave;
d isthe nominal diameter of the selected rope;

h1 is the selection factor forthe drum (ratio of the pitch circle diameter of the drum t¢ the nomi-
nal diameter of the rope) in accordance with Tables 4 and 5;

h2 is the selection fdctor for the sheave (ratio of the pitch circle diameter of the sheav¢ to the
nominal diameter of the rope);

¢ isthe ropetype factor in accordance with Table 6.

© IS0 2013 - All rights reserved 5
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Table 4 — Selection factors h1, hy and h3 — Hoisting and boom hoisting/luffing ropes — Cranes
and hoists other than mobile cranes

Group classifica- Drums, h Sheaves, h; Compensating sheaves, h3
tion of mechanism
in accordance with min. min. min. preferred min.a
IS0 4301-1:1986
M1 11,2 12,5 11,2 12,5
M2 12,5 14,0 12,5 14,0
M3 14,0 16,0 14 16,0
M4 16,0 18,0 16,0 18,0
M5 18,0 20,0 18,0 20;0
M6 20,0 22,4 20,0 22,4
M7 22,4 25,0 22,4 25,0
M8 25,0 28,0 25,0 28,0

a These factors are particularly recommended to limit radial pressure at rope entry/exit zones.when single-layer spqoling
where bendinp fatigue is usually the principal mode of deterioration.

Table 5 — Selection factors h1, h; and h3 — Mobile cranes

Drums, hq Sheaves;hy Compensating sheavgs, h3
Rope duty pnd classi-
fication of mechanism Std. R-Rrope Std. R-Rrope Std. R-Rrope
- . rope rope rope
in accordance with
IS0 4301-1:1986 . . preferred . . preferred . . preferred
min. | min. ) min[> min. . min. | min. .
min.a min.b minl.c
M1
Hoisting to 16,0 18 20 18 18 20 14 18 20
M6
- M1
Boom hoisting/ | o | 14 | 16 20 16 | 16 20 12,5 | 16 20
luffing
M6
M1
Telescoping to — — — 14 — — 10 — —]
M4

a These factqrs are particularly recommended for limiting radial pressure and attendant rope distortion effects at dross-
over zones as§ociated with mpulti<layer spooling.

b These fact¢rs are particilarly recommended for limiting radial pressure and enhance bending fatigue performanjce on
single-layer spooling mechanisms.

¢ These factprs are particularly recommended for limiting radial pressure at rope entry/exit zones when singlejlayer
spooling whefedending fatigue is usually the principal mode of rope deterioration.

Table 6 — Rope type factor ¢ for various rope types

Number of outer strands in rope Rope type factor ¢
3 1,25
4to5 1,15
6to 10 1,00
8 to 10 - plastic impregnation 0,95
10 and greater — rotation-resistant 1,00

6 © IS0 2013 - All rights reserved
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7 Exceptional conditions

For exceptional conditions, such as the handling of molten metal, extremely dirty and/or corrosive
environment,

a) no classification group lower than M5 shall be used, and

b) the Zp value shall be increased by 25 % up to a maximum of 9,0.

8 Care and maintenance, inspection and discard

The gelection of ropes, drums and sheaves according to this International Standard cannetdlone ensure
safe pperation of the rope for indefinite periods.

For dirums and sheaves, the instructions provided by the manufacturer on cafe.and njaintenance,
insp¢ction and discard shall be followed.

For wire ropes, ISO 4309 applies.

© IS0 2013 - All rights reserved 7
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Annex A
(normative)

Applicable cranes and hoists

This International Standard is applicable to the following cranes and hoists, the majority of which are
defined in ISO 4306-1:

a) overhedd travelling cranes;

b) hoists -|wire rope;

c) portal dr semi-portal cranes;

d) portal gr semi-portal bridge cranes;

e) cable and portal cable cranes (hoist and trolley mechanisms only);
f) mobile ¢ranes;

g) tower cfanes;

h) railway|cranes;

i) floatingcranes;

j) deckcranes;

k) derrickfand guy derrick cranes;

1) derrickicranes with rigid bracing;

m) cantilevier cranes (pillar, jib, wall or Wwalking);

n) generalipurpose offshore cranes.

8 © IS0 2013 - All rights reserved
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ISO 1662

Annex B
(informative)

5:2013(E)

Other rope-related design and rope selection aspects

General

In ad

of rape drums and sheaves (see Clause 6), other rope-related design aspects might.nee

cons
dired

The information and recommendations given in Annex B are intended to assistthe designer in

B.2

B.2.1 Types of drum

B.2.]

Drurhs may be either non-grooved or grooved.

For maximum rope life, the drum should hold thefope in a single layer. In cases where this is

due f

Agr
whe

Whe
ther

at which the laps in the upper layer cross those in the lower layer are known as the crossov

the 1

For 1
0,5t

The
to th

Whe

dition to the selection procedure (see Clause 5) and the determination of the minimdj

deration when selecting the rope type, construction, core type, finish of thé-wires a
tion of lay for a given machine type and rope duty.

Types of drum and rope selection

.1 General

0 space restrictions, two or more layers.are required to accommodate all of the rope.

e multi-layer spooling is used.

h multi-layer spooling is usedyit'should be realized that after the first layer is spooled
ppe crosses the underlying yope in order to advance across the drum in the second lay¢

ppe in those areas isSusceptible to increased abrasion and crushing.

hulti-layer spooling, the drum flanges should project above the last layer of rope by a
mes the nominhal rope diameter.

e direction of lay of the rope (see Figure B.1).

m diameter
d particular
nd type and

this process.

hot possible,

oved drum provides better rope spgoling performance and less rope wear than a smooth drum

nto a drum,
r. The zones
b1 Zones and

minimum of

lirection/of'spooling of the rope, particularly on a smooth drum, is important. It should be related

ay direction

husing agrooved drum, ropes of either lay direction may be selected although the same

A for o can h deein o0 fran cnl £ad firvct

as th
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a) Right-hand lay rope — under-

005557 wind

frii |

AT Start rope at right-hand flange for
A .

A right-hand lay rope
49352

)
=
2

{ » R

b) Left-hand lay rope — undervtind
|

Start rope at left-hand flange for left-

hand lay rope

¢) Right-handJay rope — overwind

Start rope@tleft-hand flange for
right-hand lay rope

d) Left-hand lay rope — overwind

Start rope at right-hand flange fot
left-hand lay rope

Thumb indicdtes the side of the rope anchorage.

Figure B.1 — Correct method for locating rope anchorage point on drum

B.2.1.2 Ngn-grooved drums

Any looseness or uneven spooling will result in excessive wear, crushing and distortion of the rope.

B.2.1.3 Grooved drums

With grooved drums, the bottom layer of rope will spool correctly and the grooves will give a degijee of
support to the€rope, thereby reducing the unit contact pressure.

There are two forms of groove:

a) spiral groove, machined in a continuous spiral around the barrel, which ensures satisfactory
spooling of the first layer of rope (not recommended for more than three layers);

b) parallel groove, machined parallel to the drum flanges.

A section of the drum barrel periphery is either plain or spiral grooved to facilitate transfer of the rope
from one parallel groove to the next. This form of grooving is used with multi-layer spooling to reduce
rope damage at crossover zones.

The relationship between the actual rope diameter and the diameter of the drum, pitch of the drum
groove and type of groove system is important.

10 © IS0 2013 - All rights reserved
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The contour at the bottom of the grooves should be circular, and it is recommended that the groove
radius, r, should lie within the range 0,525 d to 0,550 d, with 0,537 5 d as the optimum (see Figure B.2).

Key

¢D;

B.2.]

Ropd
for sj

Simi

B.2.]

nominal diameter of rope

depth of groove

pitch of groove

radius of groove

pitch circle diameter of rope drum

Figure B.2 — Drum groove design

2 Spooling aids

wedges or startey strips may be used to guide the rope across the barrel into its corr
booling at the.commencement of the second layer.

arly, side’plates may be used to ensure satisfactory spooling of the second and successg

B Selection of rope when considering drum type

ect position

ive layers.

Whe

eutti-layerspooting is Tequired;, a rope witha steet tore is recommended-Wire Top

cores are less likely to distort.

s with steel

Ropes manufactured with compacted outer strands or compacted ropes have an even greater resistance
to crushing and distortion.

Ropes with polymer impregnation can be selected to restrict distortion and reduce the ingress of
moisture resulting from environmental conditions.

© ISO
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B.3 Sheaves, rollers and rope selection

B.3.1 General

Sheaves are used when it is necessary to change the direction of a rope within a crane or hoist. Sheaves
should be free-running and designed to afford adequate support to the rope, avoiding excessive bending
stresses, radial pressure and inertias. If reverse bending is unavoidable, a spacing of at least 20d or a
time lapse of at least 0,25 s is recommended to allow the rope to recover from one bend before spooling
into the reverse bend.

Traditionally, sheaves are manufactured from ferrous materials, but the use of polymer sheaves and
sheaves with polymer Tinings/inserts is increasing. The use of a ferrous sheave in a high-use are3 will

increase thq likelihood of exterior rope wear occurring that will be an aid to rope inspection. For
uses, polymler sheaves and sheaves with polymer linings/inserts increase rope life, but the’mo

deteriorati
the rope an
sheave (usu

B.3.2 She

For optimur

If the groovg
load, thus d4

If the groov
and distortg

The groove

d is the nomlinal rope diameter.

Sheaves sho
nominal rof
the sides of {
angle excee
respect of t}h

B.3.3 Rop

Rope roller{
long catenaf
deflecting o
rope to una

Surface embk
bends at hig

can change. If there are no practical means for recognizing the modes of déteriorati
| particularly when spooling is on a single layer, it is recommended that atdeast one fej
hlly the one closest to the drum) be included in the reeving arrangement!

ave groove profile

e is too small, the rope will be “pinched” as it is forced inteythe groove under the influer
imaging both the rope and the sheave.

b is too large, there could be insufficient support for the rope, which can become flatf]
d under load, thus accelerating rope deterioration:

Fadius, r, should lie within the range 0,525d to,0,550d, with 0,537 5d as the optimum, W

uld have a smoothly finished groove, free from ridges, of depth not less than 1,5 time|
e diameter. The profile at the bottem of the groove should be circular. The angle bet
he sheave, w, (see Figure B.3) should be between 45° and 60°. It should be greater if the
s the values given in B.4; hdwever, this might not apply for mobile cranes, particulaj
le reeving through telescopic sheave assemblies.

erollers

can be installed-at appropriate intervals where it is necessary to support the rope o
y so as to prevent contact with the machine structure. Rollers are not generally intende
 changingithe direction of the rope because their relatively small diameter can subjeq
ceptablyhigh compressive and bending stresses, and can induce twist into the rope.

rittlement of rope can result from the use of steel sheaves and rollers over which a
rli-speed or high rates of velocity change and particularly where small-angle deflec

h rope life, the sheave groove profile should be correctly matchéd to the rope diameter.

any
de of

pon of

rous

ce of

ened

rhere

s the
veen
fleet
ly in

ver a
d for
t the

rope
tions

occur. Consi

deration should be given to non-metallic materials tor rollers or roller linings.

B.4 Fleet angle and rope selection

Figure B.4 a) shows a wide spiral-grooved drum with a pitch angle, a, and a deflection sheave. If the rope
is spooling towards the flanges of the drum, it will be deflected at the sheave by a fleet angle, Sieft, or
Pright- On the drum, it will be deflected by an angle (Bleft + @) or (Bright — @).

Rope which is spooling on and off a drum or running over sheaves under a fleet angle will be twisted by
rolling down into the bottom of the drum or sheave groove along the flange (see Figure B.5). This action
changes the lay length of the rope and will affect rope performance and spooling. In the worst case, it
leads to structural damage such as a “birdcage”. The fleet angles, therefore, need to be kept to a minimum.
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The fleet angles in the reeving system should be no greater than 2° for rotation-resistant rope and 4° for
standard rope. Fleet angles can be reduced by, for example,

a) decreasing the spooling range (see Figure B.4), or
b) increasing the distances between sheaves and drums.

When a rope is spooling in multiple layers on the drum, the fleet angle at the flanges should be greater
than 0,5° to avoid rope pile-up.

NOTE The drawing in Figure B.4 shows the support provided in the sheave groove for wire rope, for different
dimensions of the sheave and rope. It is not suggested that a sheave should be designed with differing angles
betwgen the sheave flanges.

Key
overall diameter of sheave
tread diameter of sheave
depth of sheave groove

angle between sides of sheave
nominal diameter of ropée

Y~ Q8 > o 9

radius of groove in sheave
$D; | pitch circle diameter of rope sheave

Figure B.3 — Sheave groove
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Not drawn to scale

a) Fleet and groove angles

14 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=ebcff75f6fb2355e9c5102f56ec53945

ISO 16625:2013(E)

b) Reduction in fleet angle achieved by increasing diameter of drum and reducing drum width

Figure B.4 — Fleet angle
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G A

Figure B.5 — Twisting of rope resulting from the fleet angle

B.5 Rope velocity and acceleration and rope selection

Rope perfojmance can be affected by high rates of rope velocity and acceleration/deceleration, more
so when rogle contact length/angle with'the sheave is short and sheave inertia effects are high. In fome
cases it might be necessary to selecta rope construction that forfeits some bending fatigue performance
for added resistance to wear.

B.6 Rotation and theuse of swivels

B.6.1 General

Rotation is p facter which can affect the efficient operation of a rope and in some circumstance$ can
cause prematiise deterioration. All ropes are liable to some degree of rotation in service, and in sipgle-
fall lifts withrunguidedtoads, aTotation-resistant Tope 1S considered essentiat:

B.6.2 Swivels

To limit the hazard of a rotating load during a lifting operation and to ensure the safety of personnel
within the lifting zone, it is preferable to select a rotation-resistant rope that will only rotate a small
amount when loaded — see a) below. With such ropes, the purpose of a swivel is to relieve the rope of
any induced rotation resulting from angular deflections at a sheave or drum.

Other rotation-resistant ropes having less resistance to rotation when loaded — see b) below — are
likely to require the assistance of a swivel to minimize the hazard. In such cases, however, it should
be recognized that excessive rope rotation can have an adverse effect on rope performance and can
also result in a reduction in the breaking force of the rope, the magnitude of which will depend on the
rotational properties of the selected rope and the magnitude of the load being lifted.
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