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BOOKLET 2

CLASSIFICATION AND LOADING
ON STRUCTURES AND MECHANISMS

CONTENTS

GROUP CLASSIFICATION OF HOISTING APPLIANCES
AND THEIR COMPONENT PARTS

General plan of classification
Classification of hoisting appliances as a whole

. Classification system ;
. Classes of utilization

. Load spectrum -
. Group classification of hoisting appliances

. Guidance on group classification of an appliance !

Classification of individual mechanisms as a whole

. Classification system

Class of utilization

. Loading spectrum ;
. Group classification of individual mechanisms as a whole

i

. Guidance for group classification of individual mech%nisms

as a whole ;

Classification of comporents

. Classification system

. Classes of utilization

. Stress spectrum ,

. Group classification of components

LOADS ENTERING INTO THE OESIGN OF STRUCTURES

Principal loads
L.oads due to vertical motions

. Loads due to hoisting of the working load

. Values of the dynamic coefficient ¥

. Loads due to acceleration (or deceleration) of the hoisting

motion and to vertical shock loadings when travelling aleong
rail tracks

. Special case

Loads due to horizontal motions Sy

. Horizontal effects due to accelerations (or decelerétions)

. Traverse and travel motions
. Slewing and luffing (derricking) mations

. Effects of centrifugal force
. Transverse reactions due to rolling action
. Buffer effects Sy

. Buffer effects on the structure

.. Buffer effects on the suspended load
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- Loads due to climatic effects
. Wind action

.. Wind pressure

.. Design wind ccnditions
. Wind load calculations

.. Force coefficients
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. Temperature variations

" - Miscellaneous loads
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- Type Sy loads %
- Type.Sq loads ;
CASES OF LOADING

- Case I : Normal service without wind

. Type Sy loads
. Type Sg loads

Case II : Normal service with wind

. Type Sy loads
. Type Sg loads

<« Case III : Exceptional loads

. Type Sy loads
. Type Sq loads

- Application for calculating Sy

. Hoisting motions
. Horizontal motions
. Combined motions

APPENDIX
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2.1

2.1.1.

2.1.2.

2.1.2.1.

2.1.2.2.

“GROUP CLASSIFICATION OF HOISTING APPLIANCES AND
THEIR COMPONENT PARTS

GENERAL PLAN OF CLASSIFICATION

5

In the design of a hoisting appliance and its component parts, account must be
taken of the duty which they will be required to perform durirg Lhelr duration
of use ; for this purpose group classification is emglayed of ¢

- the appliance as a whole ;
- the individ@al mechanisms as a whale ;

i
- the structural and mechanical components.
C

. R - .
This classification is based on two criteria, namely :

- the total duration of use of the item considered ;-

~ the hook load, loading or stress spectra to which the item is subjected

{
i

i

CLASSIF%CATION OF HOISTING APPLIANCES AS A wWHOLE

CLASSIFICATION SYSTEM

Appliances as a whole are classified in eight groups, designated by the symbols
Al, AZ, ..., A8 respectively (see section 2. l 2. a ), on the basis of zzn zlasses
of utilization and four load spectra.

CLASSES OF UTILIZATION

8y duration of use of a hoisting appliance is meant the number cof -oiszi~g cycles
which the appliance performs. A hoisting cycle is the entire seciemce ¢ :cperaticns
commencing when a load is hoisted and ending at the moment when the agoliance is

ready to hoist the next load.

The total duration of use is a computed duration of use, consicereg 3s 3 juige
value, commencing when the appliance is put into service and enging ara2~ [t i
finally taken out af service.

On the tasis of the total duration of use, we nave ten classes of _Tii 3" .30
designated by the symbols UQ, UL, ..., US, They are cefined in :

2-3



2.1.2.3,

Table T.2.1.2.2. - Classes of utilization

Total duration of use
Symaol (number npg, of hoisting cycles)

W Mmax < 16 000
Ul 16 Q00 < . Mmax £ 32 000
u2 32 00g < Mmax < 63 003
u3 63000 < Apay < 125 000
" 125000 < ‘g < 250 000
us - 250 0ca < Mmax < 500 Q0o
s 500 000 < Ay < 1 000 000
u o, 1000000 < Apay < 2 000 000
w8 | 2000000 < Apay < 4 000 000
v | 4000000 < Apg

~
i

i

LOAD SPELTRUM

The load spectrum characterizes the total number of loads hoisted during the total
duration of use (see 2.1.2.2.) of an appliance. It is a distribution function
(summed) y = f(x), expressing the fraction x (0 § x § 1) of the total duration

of use, during which the ratio ¢ the noisted .o0ad tg the safe worki~g lcac
attains at{least a given value y (0 gy < 1).

Examples o% a load spectrum are given in figs. 2.1.2.3.1. - a and b.

~ b me |
My max ; m¢ max
T o === =y
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Figure 2.1.2.3.1. -~ a Figure 2.1.2.3,1. - b
mg = loads ;
Mm@ max = Safe working lead ;
n = nunper of haistirg cycles in respect of which the hoisted load is greater

than or equal ts m¢ ;

Nmax = Aumoer of hoisting cycles determining the total duration of use.

Each spectrum s assigreg a spectrum factor g, defined by :
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For the purposes of group classification the exponent d is taken by convention
as equal to 3.

In many applications the function f(x) may te approximated by a function con-
sistirg of a3 certzin ~umber r of steps (se2 “ig. 2.1.2.3.2.), comorising respec-
tively ny, ng, ..., Ny hoisting cycles, the loag may be considersd as practically
constant and squal to mg; during the n; cycles of tre iP step. If Pmax T2pre-
sents tne total duration of use and mp .., the greatest among the mg; loads, there
exists a relation :

r
AL * N2> oo Ap = 4 = Mmax

or in approximated form :

o= (—Eyd L, (D22 (—&y3 Ir

p = - ves r (mml)? e
Mlmax  Mmax Mfmax  max Mfmax  “max
T mes ns

Kp= L, (3 TL
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Figure 2.1.2.3.2.

According to its load soectrum, a noisting aopliance is placed ir ¢cre oF -2
four spectrum classes Ql, Q2, Q3, Q4 defined in table T.2.1.2.3.

Table T.2.1.2.3.

Soectrum classes

Symbal Spectrum factor kg
al ky < 0.125
Q2 0.125 < kg &  0.250
Q3 0.250 < kp £ 0.500
3 0.500 < kp < 1.C00
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2.1.2.4,

2.1.2.5.

2.1.3.

2.1.3.1.

 GROUP CLASSIFICATION OF HOISTING APPLIANCES

Group classification oF‘hoisting.appliances as a whole is determined from table
r.2.1.2.4.

Table T.2.1.2.4.

Appliance groups

Fi

Load ' Class of utilization
spectrum ’
class ua ul uz U3 us us ué U7 U8 us
Ql Al Al Al A2 A3 A4 AS A& A7 a8
R Al Al A2 A3 A4 A5 A8 A7 A8 A8
Q3 Al 2% A3 a4 A5 Ag A7 A8 A8 A8
Q4 A2 A3 A4 AS Ag A7 A8 ABV A3 A8 -

GUIDANCE ON GROUP CLASSIFICATION QOF AN APPLIANCE

Oirections concerning the classification of hoisting appliances are given in
table T.2.1.2.5. '

Since appliances of the same type may be used in a wide variety of ways, the
grouping shown in this table can only be taken as a model. In particular, where
several groups are shgwn as appropriate to an appliance of a given type, it is
necessary to ascertain, on the basis of the appliance's computed total duration
of use and load spectrum, in which classes of utilization and load spectrum it
has to be placed, and consequently in which group. )

CLASSIFICATION OF INDIVIDUAL MECHANISMS AS A WHOLE

.CLASSIFICATION SYSTEM

Individual mechanisms as a whole are classified in eight groups, desigrateg res-
pectively by the symbols ML, M2, ..., M8 (see 2.1.3.4.), on the basis of :er zlasses
of utilization and four classes of loading spectrum.

2-6



Table 7.2.1.2.5. - Guidante for group classification of aggiiances,

Type of appliance

Particulars concerning

Appliance group

Reference Designation nature of use (1) (see 2.1.2.4.)
1 Hand-operated appliances Al - A2
2 Eresction cranes Al - A2
3 Erection and dismantling cranes for power

X X A2 - A4
stations, machine shops, etc.
4 Stocking and reclaiming transporters Hook duty AS
j 5 Stocking and reclaiming transporters Grab or magnet A& - A8
? 6 WoTkshop cranes ‘ A3 - A5
7 Overhead travellimg cranes, pig-breaking
AS - A
cranes, scrapyard cranes Grab or magnet s 8.
8 Ladle cranes ' AS - A8
Soaking-pit cranes A8
10 Stripper cranes, open-hearth furnace- A8
charging cranes
11 Forge cranes : Ag - A8
. Bri f i i
12.3 idge crénes or unloading, bridge cranes Hook or spreader duty AS - Ag
for containers
.b Oth i ith /
12 t ef br%QQe cranes (with crab and/or Mook duty a4
slewing jib crane)
13 Bridge cranes for unloading, bridge cranes
. . s ar magnet A6 - A8
(with crab and/or slewing jib crane) Grab or magn
la Orydock cranes, shipyard jib cranes, jib Hook duty A3 - AS
cranes for dismantling
15 Dockside cranes (slewing, on gantry),
Hook dut AS - Aé
floating cranes and pontoon derricks y
16 Dockside cranes (slewing, on gantry),
Grab or magnet Ag - A8
floating cranes and pontoon derricks 9
17 Floating cranes and pontoon derricks for 42 - a3
very heavy loads (usually greater than 100 t)
18 Deck cranes Hook duty A3 - A4
19 Deck cranes Grab or magnet a4 - A5
20 Tower cranes for building A3 - A4
21 Derricks 22 - A3
22 Railway cranes allowed to run in train da

(1) Only a few typical cases of use are shown, by

way of guidance, in tris zzlumn.
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2:.1.3.2.

2.1.3.3.

CLASSES OF UTILIZATION

By duration of use of a mechanism is meant the time during which the mechanism
is actually in motion.

The total duration of use is a calculated duration of use, considered as a guide
value, applying up to the time of replacement of the mechanism. It is expressed
in terms of hours.

fea

Cn the basis of this total duration of use, we have ten classes of utilization,
T0, Ti, T2, ..., T9, They are defined in taple T.2,1.3.2.

Table T7.2.1.3.2.

Classes of utilization

Symbol Total duration of use T
{n)

TC T £ 200 fﬁﬁ
Tl 200 < T < 400 - e
T2 ] 600 < T < 800

T3 800 < T RS 1 600

T4 1 600 <- T < 3 20G

T5 3 200 < T < é 300

T8 \ & 300 < T £ 12 500

T7 12 s00 < T < 25 000

T8 25 000 < T S 50 000

T9 50 ooa < T

LOADING SPECTRUM

The loading spectrum characterizes the magnitude of the loads acting on a mechanism
during its total duration of use. It is a distribution function (summed) y = f(x),
expressing the fraction x (0 < x ¢ 1) of the total duration of use, during which
the mechanism is subjected to a loading attaining at least a fraction y (0 ¢y < 1)
of the maximum loading (see figure 2.1.2.3.1.).

Each spectrum is assigned a spectrum factor k,, defined by :

1
km = f yd dx
2

For the purposes of group classification, d is taken by convention as egqual to 3.

In many applications the function f{x) may be approximated by a function comsisting
of a certain number r of steps (see fig. 2.1.2.3.2.), of respective duraticns
£y T3, ...ty ; the loadings S may be considered as practically constant arg
equal ta S; during the auration tj. If T represents the total duration of use
and Spyx the greatest of. the loadings Sy, Sy, ..., Sp, there exists.a relaticn :
T

tl otz * e tr:igl ti=T

2-8
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2.1.3.4,

2.1.3.5.

and in approximated form :

Ky = (:§£,)3 ‘E. . ,(_EZ..)3 2, ... (.EE.)’_ e ._E ( Si;)3 &
Smax T Smax T Smax T 1=l "Spax T

Depenaing on its loading spectrum, a mechanism is placed in ome of the four spectrum.
classes L1, L2, L3, L4, defined in table T.2.1.3.3.

Table 7.2.1.3.3.

Sgectrum classes

Symbol Spectrum factor ky
Ll kg < 0.125
L2 0.125 < ke < 0.250
L3 0.250 < Km < 0.500
L4 0.500 < km RS 1.000 :

GROUP CLASSIFICATION OF INDIVIDUAL MECHANISMS AS A WHOLE

On the basis of their class of utilization and their spectrum class, individualg
mechanisms as a whole are classified in one of the eight groups ML, M2, ..., M3
defined in table T7.2.1.3.4. i

Table T.2.1.3.4.

Mechanism qroups

Class of Class of utilization
load

spectrum TO Tl T2 T3 T4 TS5 TS T7 T8 5
Ll C Ml M1 M1 M2 M3 M4 M5 MG M7 M3
L2 T ML Ml M2 M3 M4 M5 T M M7 M3 M8
L3 ML M2 M3 M4 MS M& M7 M8 M M8
La M2 M3 M4 M5 M§ M7 M3 M8 M8 M8

GUIDANCE FOR GROUP CLASSIFICATION OF INOIVIDUAL MECHNISMS AS
A WHOLE

Guidance for group classification of an individual mechanism as a arcie .s jiven
in table 7.2.1.3.5. '

Since appliances of the same type may be used in a wide variety 3f aa.s, "-e
grouping directions in this table can only be taken as & model. I~ zar<ic..ar,
where several groups are shown as appropriate to a mechanism of 3 :.= °.Ce,

it is necessary to ascertain, on the basis of the mechanism's calz.ia® sz Tital
duration of use and loading spectrum, in wnich class of utilizatizn ee [...3.2.)
and spectrum (see 2.1.3.3.) it has to be placed, ang consquently 1~ «~_.:~ ;72c0
of mechanisms (see 2.1.3.4.).

2-9



Table T.2.1.3.5.

Guidance for group classification of a mecnggism

Type of appliance Particulars Type of mechanism
Refe- concerning e
rence Cesignation nature of use (1) Hoisting |Slewing |Luffing |Traverse { Travel
1 Hand-operated appliances : M1 - - Ml ML
2 Erection cranes M2~M3 M2~M3 ML-M2 M1 -M2 M2-M3
3 Erection and dismantli 3 f
£ : . ng cranes for M2 - - M2 r L M2
power stations, machime shops, etc. Lo
4 Stocking and reclaiming t - ;
9 claiming trans Hook duty MS-M& | M4 - wa-mM5 | MS_Mg
porters i
S Stocking and reclaiming trans-
S 9 Grab or magret M7-M8 M& - ME M7 M7-M8
porters :
3 Workshop cranes , M M4 - M M5 i )
Overhead travelling crane ig-
; g ) P18 Grab or magnet i M8 M& - ME-M7 M7 -M8
breaking cranes, scrapyard cranes ]
Ladle cranes : T M7-M8 - - M4 -M5 ME-M7
Soaking-pit cranes tooM8 M& - M7 M8
10 Stripper crangs, open-nearth ve ME _ L w7 : g
furnace-charging cranes L
1l iForge cranes PoM8 - - M5 1o M6
12.3 cr%dge cranes for unloaglng, a. Hook or spreader ME-M7 M5 —M& M3 —M& ME-MT | M4MS
‘bridge cranes for containers duty : i
12.b {Qther bridge cranes (with crab b. Hook duty M M5 M4 _MS _ M5 MG_MS

and/or slewing jib crane)

13 Bridge cranes for unloading, .
bridge crames (with crab and/or Grab or magnet M8 M5-Mg M3-M4 M7-M8 " | M4-MS
slewing jib crane)

14 Drydock cranes, shipyard jib cranes,

o . : Hook duty MS-M& M4 -M5 M4 =M5 M4 =M M5-ME
jib crarmes for dismantling . ~’)
15 Dockside cranes (slewing, on gantry, . T
etec.), floating cranes and pontoon {Hook duty ME-M7 MS-M6 MS=M§ - M3-M4
derricks '
16 Dockside cranes (slewing, on gantry,
ete.), floating cranes and pontoon |[Grab or magnet M7-~-M8 ME-M7 ME-M7 - M4 =M5

derricks

17 Floating crarmes and pontaoon |
derricks for very heavy loads M3-M4 M3-Ma M3-ML - -
(usually greater than 100 t)

18 Deck cranes Fook duty M4 M3-M4 M3-Ms ™I M3

19 Deck cranes Grab or magnet MS-M§ M3-M4 M3-Mu Ve = M5 M3-M4

20 Tower cranes for builaing M4 M3 M4 oot M3

21 Derricks M2-M3 | Ml-M2 ML-M2 - -

22 'Railway cranes allcwed to run M3-MG MO—M3 o3 | . )
in train i

(1) Only a few typical cases of use are shown, by way of guidance, in this column,
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2.1.4.

2.1.4.1,

2.1.6.2.

CLASSIFICATION OF COMPONENTS

CLASSIFICATION SYSTEM

Components, both structural and mechanical, are classified in eight groups, desigred

respectively by the symbols El, €2, ..., E8, on the basis of eleven classes of utiliza-
tion ang four classes of stress spectrum.

CLASSES OF UTILIZATION

By duration of use of a comporent is meant the number of stress cycles to whxch
the component is subjected.

A stress cycle is a complete set of successive stresses, commencing at the moment
when the stress under consideration exceeds-the stress Op defined in fig. 2.1.4.3.
and ending at the moment when this stress is, for the first time, about to exceed
again On in the same direction. Fig. 2.1.4.3. therefore represents the treqd of
the stress O over a duration of use equal to five stress cycles.

The total duration of use is a computed duration of use, considered as a guﬁde
value, applying up to the time of replacement of the component.

In the case of structural components the number of stress cycles is in a constant
ratio with the number of hoisting cycles of the appliance. Certain components may
be subjected to several stress cycles during a noisting cycle depending on their
position in the structure. tence the ratic im question may differ from ane ;component
to another. Once this ratio is known, the total duration of use of the comgaonent

is derived from the total duration of use which determined the class of UtLllzathﬁ
of the appliance.

As regards mechanical components, the total duration of use is derived from the
total duration of use of the mechanism to which the component under consideration
belongs, account being taken of its speed of rotation and/or other circumstances
affecting its operation.

On the basis of the total duration of use, we have eleven classes of utilization, desigra-

ted respectively by the symbols BQ, Bl, ..., 810. They are defined in table T7.2.1.4.2.

Table T7.2.1.4.2.

Classes of utilization i

Symbol Total duration of use
(number n of stress cycles)

80 n < 16 000
81 16 000 < n < 32 000
82 32000 < n < 63 000
83 63000 < n < 125 000

. 125 0Ca < n S 250 000
85" 250 000 < n < 500 000 ' |
86 500 000 < n & 1000 coo '
87 1 COQ ooa < n $ 2 000 0O
88 2 000 000 < A < 4 000 000
89 4 000 000 < 2l RS 8 000 CCa
810 8 000 000 < n '

2-11 *



2.1.4.3.

STRESS SPECTRUM

The stress spectrum characterizes the magnitude of the load acting on the component
during its total duration of use. It is a distribution function (summed) y = f(x),
expressing the fraction x (0 ¢ x £ 1) of the total duration of use (see 2.1.4.2.),
during which the component is subjected to a stress attaining at least a fraction
y (0 & x & 1) of the maximum stress.

P

Each stress spectrum is assigred a spectrum factor ksp, defined by
1
ksp = ar Yc dx

Where ¢ is an exponent depending on the properties of the material concerned, the
shape and size of the comporment in gquestion, its surface roughness ana its degree
of corresion (see booklet 4).

In many applications the functicn f(x) may be approximated by a function consisting

of a certain number r of steps, comprising respectively nj, no, ... np stress cycles™ “§
the stress O may be considered as . practically constant and equal to J; during nj
cycles. If n represents the total duration of use and O, the greatest of the

stresses 0y, J9, ..., Op there exists a relation :

n1+n2+.._+nr =i>§1”i=n

and in approximated form :

o} n a. n ag. n s .

kew = (=Le 2L, (=2e 22 L, (Jrye Do b (G U
) L (=

: Omax n Othax n Omax n 1=l Cmax n

Depending on its stress spectrum, a component is placed in one of the scectrum
classes Pl, P2, P3, P4, defined in table T.2.1.4.3, (1).

Table T.2.1.4.3.

Spectrum classes *@
Symbol Spectrum factor kgp
Pl ksp £ 0.125
P2 G.125 < Ksp < 0.250
P3 0.250 < Ksp & 0.500
P4 0.500 < Ksp XY 1.C00
3
(1) There are components, both structural and mechanical, such as scri~3 . =2 IIrgorents,

which are subjected to loading that is quite or almost indepengenmt - "=+ acrking
load. Special care shall be taken in classifying such components. 1= =~ s° I3ses
ksp = L and they belong to class P4, '



;‘\.«J’
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For structural components,. the stresses to be taken into consideration for determi-
nation of the spectrum factor are the ¢ifferences Osup = Tm between the upper
stresses Ogyp ‘@nd the average stress O, these concepts being defined by fig. 2.1.4.3.
tepresenting the wvariation of the stress over time during five stress cycles.

Fig. 2.1.4.3. - variation of stress as a function of time during five stress cycles ..

!

/’ ]
3
o al
c|P|b
g
T a
-]
k- 5
6. - o
0T y
o]
Usup :  upper stress
Sy
Csupmax  * maximum upper stress
CrSupmiré = minimum upper stress
Jinf = lower stress
Im = arithmetic mean of all upper and lower stresses during

the total duration of use

In the case of mechanical companents, we can put O, = O the stresses to be introduced
into the calculation of the spectrum factcr then being the total stresses Scourring
in the relevant section of the component.



2.1.48.8,

GROUP CLASSIFICATION OF COMPONENTS

§
1

P

On the basis of their class of utilization and their stress spectrum class, compe-

nents are classified in one of the eight groups El, €2, ..., E8, defined in table
T.2.1.4.4, :

Table T.2.1.4.4.

Component groups

Stress ’ Class of utilization
Spectrum - — . : .
class g0 | 82 82|83 | 8 |8 | B 87 |88 | 89 | BlO
i | i i
T 7 -
Pl £l ! el el | el | E2 | e3 | Es l €5 | &6 | €7 | es ;
. i i N '
P2 gl €l €L | E2 | €3 |€es | ES | €6 [ €7 | €8 | €8
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i | ! .
P4 El . I { g2 | E4 | B5 | €6 | €7 | €8 "~ EB8 €8 ! EB )
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2.2

2.2.1.

2.2.2.

LOADS ENTERING INTO THE DESIGN OF STRUCTURES

The structural calculations shall be conducted by determining the stresses developed
in an appliance during its operation. These stresses shall be calculated on the basis
of the loads defined below : ‘ -

a) The principal loads exerted on the structure of the appliance, assumed to be
stationary, in the most unfavourable state of loading ; o

b) Loads due to vertical motions ;
¢) Loads due to hgrizontal motions :
d) Loads due to climatic effects,

{

i . .
The various loads, the factors to be applied, and the practical method of conducting
the calculations are examined below.

i

P
In what follows, the definitions given below are used :

Working load : wWeight of the useful load lifted, plus the weight of the accessaries
’ (sheave blocks, hooks, liFting beams, grab, etc.)
Oead load : Dead weight of comporents acting on a given member, excluding the
working load. §
%

i

PRINCIPAL LOADS

The principal loads include :

- the loads due to the dead weight of the components : Sg
- the loads due to the working load : 5§

all movable parts being assumed to be in their most unfavourable position.
Each structural member shall be designed for the position of the appliance and

magnitude of the working load (between zero and the safe working loag) wnhich gives
rise to the maximum stresses (1) in the member in question.

LOADS DUE TO VERTICAL MOTIONS

These loads stem from picking up the working load more or less succenly, from accele-
rations {or cecelerations) of the hoisting motion, ang from vertical sreock loadings
due to travelling along rail tracks.

(1)

In certain cases, the maximum stress may Ze obtained with no working loag.



2.2.2.1.

2.2.2.1.1.

£

LOADS DUE TO HOISTING OF THE WORKING LOAD

Account shall be taken of the oscillations caused whenvlifting the load by multi-

plying the loads due to the working load by a factor called the "dynamic coeffi-
clent Y=,

VALUES OF THE DYNAMIC COEFFICIENT VY

The value of the dynamic coefficient ¥ to be apolied to the load arising from the
working load is given by the expression :

\?=1¢€VL’

i

Where V| is the hoisting speed in m/s. i

and £ an experimentally determined ccefficieﬁt (1).

The following values shall be adopted : %

£
]

0,6 for overhead travelling crames ang bfidge cranes ;”wy

0,3 for jib cranes.

The maximum figure to be taken for the hoisting speed when applying this formula

i{s 1 m/s. For higher speeds, the dynamic coefficient Y is not further increased.
%

The value to be applied for the coefficient ? in the calculations shall in ng case
be less than 1,15.

The values of ¥ are given in the curves of figure 2.2.2.1.1. in terms of hoisting
speeds V| .

Figure 2.2.2.1.1.

Values of dynamic coefficient ¥

Ovethead wavelling cranes

b4 Bridge cranes
16 //
_ §FE% .
15 y 4 )
15
/11
3 -} Jib cranes
§EOD
" / «fil;
V. dB
U
1 VL o
0 05 t 1S

(1)

The figure given for this coefficient £ is the result of a large numcer = measure-
ments made on different types of appliances.



2.2.2.2.

2.2.2.3.

Note - The above mentioned coefficient € is not the same for "overhead travelling
cranes and bridge cranes” and for “jib cranes”.

The difference arises ‘from the fact that the dynamic coefficient ¥ is, othrer things
being 2qual, smaller when the hoisting load is carried by a member having some
flexibility, as in jib cranes where the jib is never rigid.

In 2 similar way, use of the coefficient ¥ as indicated for jib cranes may be extens -
ded to certain other appliances such as, for example, transporters for the design
case corresponding to load on the cantilever boom ; the value of ¥ ingicatea for
overhead travelling cranes should, of course, be used for the design cases where

the load is applied bBetween the legs of the machine as the rigidity of the structure
at this point is comoarable with that onme of an overhead travelling crame girder.

LOADS DUE TO ACCELERATION (OR DECELERATION) OF THE HOISTING MOTION
AND TO VERTICAL SHOCK LOADINGS WHEN TRAVELLING ALONG RAIL TRACKS
Since the coefficient ¥ takes account of the degree of shatch on the working load
which is the largest shock loading, lcads due to acceler%tion (or ceceleration)

of the hoisting motion and the vertical reactions due to travelling along tracks,
assumed to be properly laid, shall be neglected (1).

SPECIAL CASE

; .
In the case of certain appliances, the loads due to the ?ead loads are of oppecsite

sign to those due to the working load, in which case a éomparison must Se made

between the loading figure obtained in the "appliance udder loag" condition, with

the dynamic ccefficient ¥ applied to the working load, and the loading figure ob-

tained in the "no-load" condition, taking into account the oscillations resulting -
from setting down the load, as follows :

Let =

§G be the algebraic value of the loads due tc the dead loaad”

§L be the algebraic value of the loads due to thé‘working load.

The amplified total load, when setting down the load is obtained by the expression

- - W J.
S = S (= )
G L >

which is compared with the load for the "appliance under load" corcitizn determimed
by the expression : -

the component being finally designed on the basis of the more unfavouracie of these
two values.

(1)

This assumes that the rail joints are in good condition. The detri-e~t3i 2ffect

on hoisting aopliances of rail tracks in poor condition is so great, Both “or tre
structure and the machirery, that it is necessary to stipulate t~at the rail joints
must te maintaineg in jood condition : rmc shock loading coefficient z3am allicw for

the damage causad Dy “aulty joints. In so far as high speed aooliances'a:e cancerned,
the best solution is to butt-weld the rails, in order to eliminate entirely the shock
loadings which gccur anen an appliance runs over joints.

2-17



Note - This formula is based an the fact that the dynamic coefficient determines
the maximum amplitude of the oscillations set up in the structure when the load
is picked up. The amplitude of the oscillation is given by :

S (Y-

It is assumed that the amplitude of the oscillation set up in the structure when
the load is set down is half that of the oscillation caused when hoisting takes

place.

The ultimate state of loading is therefore :
g - § =1

2
Which must be compared with the state of loading given by : i

Sc+ ¥ 5

i

Hoisting and lowering curve when S, and Sg are of opposite sign

= ¥-1
S5y

oYY

-/l
) e
! :

T
)
)
| ‘
]

1
'
J nList.ng ! lower:.~g

e



2.2.3.

2.2.3.1.

2.2.3.1.1.

LOADS DUE TO HORIZONTAL MOTIGONS SH

rs

The loads. due to horizonfal‘motions are as follows :

1) The inertia effects due to acceleration (or deceleration) of the traverse, travel,
slewing or luffing motions. These effects can be calculated in terms of the value
of the acceleration (or deceleration). ’

2) The effects of centrifugal force.
3) Transverse horizontal reactions resulting from rollirg action.

4) Buffer effects.

HORIZONTAL EFFECTS DUE TO ACCELERATION (OR DECELERATION) i

The loads due to the accelerations (or decelerations) imparted to the movable ele-
ments when starting or braking are calculated for the various structural members.

TRAVERSE AND TRAVEL MOTIONS

For these motions the calculation is made by considering a horizontal force applied
at the tread of the driven wheels parallel to the rail.

The loads shall be calculated im terms of the acceleration (or deceleration) time
assumed according to the working conditions and the speeds to be attainegd.

From it is deduced the value (in m/s?) of the acceleration to be used for calculating
the horizontal force according to the masses to be set in motion.

Note - If the speed and acceleration values are not specified by tbe user, accele-
ration times corresponding to the speeds to be reached may be chosen acceraing

to the -three following working cenditions :

a) Appliances of low and moderate speed with a great length of travel ;

- b) Appliances of moderate and high speed for normal applications ;

c) High speed appliances with high acceleration.
In the latter case, it is almost always necessary to drive all tre rail wheels,

Table 7.2.2.3.1.1. gives the values of acceleration times and acceisrit.crs for
the three conditions.

o 4




At RS

Table T.2.2.3.1.1.

Acceleration time and acceleration value

(a) (b) () o
Speed low and moderate speed moderate: and high speed high speed with high
with long travel (normal applications) accelerations
to be reache
ached Acceleration . Acceleration . Acceleration :
. Acceleration . Acceleration . Acceleration
time time time
m/s S m/s? S m/s? s m/s?
4,00 8,0 0,50 6,0 0,67
3,13 7,1 a,44 5,4 0,58
2,5 6,3 0,39 4,8 o,52
2 9,1 0,22 5,6 a,3s 4,2 0,47
1,60 8,3 G,l19 5,0 0,32 3,7 0,43
1,00 6,6 Q,l15 4,0 0,25 3,0 0,33
0,63 5,2 0,12 3,2 0,19
g,40 4,1 0,098 2,5 g,16
0,25 3,2 0,078
0,16 2,5 0,064
The horizontal force to be taken into account shall be not less than 1/30th nor
more than 1/4 of the load on the driven or braked wheels.
2.2.3.1.2. SLEWING AND. LUFFING (DERRICKING) MOTIONS
For slewing and luffing motions the calculations shall be based on the accelerating
(or decelerating) torque applied to the motor shaft of the mechanisms.
The rates of acceleration will depend upon the appliance ; for a normal crare a
value between 0.1 m/s® and 0.5 m/sz, according to the speed and radius, may be chosen
for the acceleration at the jib head so that an acceleration time of from 5 to 10 s
is achieved.
Note - A method for calculating the effects of acceleration of norizontal motions
is given in appendix A.2.2.3.
2.2.3.2. EFFECTS OF CENTRIFUGAL FORCE
In the case of jib cranes, account shall be taken of the centrifugal force due to
slewing. In practice, it is sufficient to determine the horizontal force exerted at
the jib head as a result of the inclimation of the rope carrying the load and in ge-
neral to neglect the effects of centrifugal force on the other elements of the crane.
2.2.3.3. TRANSVERSE REACTIONS DUE TO ROLLING ACTION

when two wheels (or two bogies) roll along a rail, the couple formed by tne rorizon-
tal forces normal to the rail shall be taken into consideration. The comoorments of
this couple are obtained by multiplying the vertical load exerted on the areels (or
bogies) by a coefficient A which depends upon the ratio of the span p to e aheel
base a (1).

(1

By "wheelbase" is uncerstood the centre distance between the outermost cairs of

wheels, or, in the case of bogies, the centre distance between the fulcrum cins
on the crame structurs of the two bogies or bogie systems. Where horizontal juil-
ding wheels are provided, the wheelbase shall be the distance between the ratl
contact points of two horizontal wheels. '

2-20
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2.2.3.4,

2.2.3.4.1,

As shown in the graph, this Goefficient,lies between 0.05 and 0.2 for ratics of £
between 2 and 8.. .. =7 .7 L B a
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BUFFER EFFECTS ST

i
i

The case must be consicered when the impact due to collision with buffers is applied

to the structure, and the case when it is applied to the suspended load.
i

BUFFER EFFECTS ON THE STRUCTURE

A distinction must be drawn between :
1) the case in which the suspended load can swing.

2) that in which rigid guides prevent swing.

¢
H
I
i

In the first case the following rules shall be aéplied :

3
i

For horizontal speeds below 0.7 m/sec, no acccuni shall be taken of buffer effects.

i

For speeds in excess of 0.7 m/sec; account must be taken of the reactions set up
in the structure by collisions with buffers.

It shall be assumed that a buffer is capable of absorbing the kinetic energy cof
the appliance (without the working load) at a fraction of the rated speeg Vv, fixed
at 0.7 Vt. »

The resulting loads set up in the structure shall be calculated on the basis of
the retardation imparted to the appliance by the buffer in use.

However, for higher speeds (greater than l-m/sec), the use of decelerating devices
which act upon approach to the ends of the track is permitted provided tne action
of these devices is automatic and they produce an effective deceleration 3f the
appliance which always feduces the speed to the predetermined lower value before
the buffers are reached.

In this case the reduced speed obtaimed after slowing down is used for :ne value
of V, when calculating the buffer effect (1),

In the second case where the load camnot swing the buffer effect is za.:..atec
in the same manner but taking account of the value of the working 'izac.

It must be emphasised t™at a sure and effective device must be filttec. = -ere 2-2-
of-travel limit switcr cutting off the pcwer supply to the moter &

reason to assume regucea speed for the buffer effect.

-
~
s mes - FF.oiany
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2.2.3.4.2.

2.2.4.

2.2.4.1.

2.2.4.1.1,

2.2.4.1.2,

2.2.4.1.2,1.

BUFFER EFFECTS ON THE -SUSPENDED LOAD

Impacts due to collision between the load and fixed obstructions are taken into
account only for appliances where the load is rigidly guided. In that case, the
loads generated Dy such a collision are to be taken into consideration.

The loads can be computed Dy considering that horizontal force applied at the level
of the load which is capable of causing two of the crab wheels to lift.

LOADS DUE TO CLIMATIC EFFECTS

The lcads due to climatic effects are those resulting from the action of the wind,
from snow loads and from temperature variations.

WIND ACTION

INTROOUCTION i
This clause relates to wind loads on crane structure.

It gives a simplified method of calculation and assumes that the wind can blow
horizontally from any direction, that the wind blows at a constant velocity and
that there is a static reaction to the loadings it applies to the crane structure.

WINO PRESSURE

© e e s 4G S

The dynamic wind pressure is given by :

q = 0.513 v}

where q is the dynamic pressure N/m?,

Vg is the design wind speed in m/s.

~

DESIGN WIND CONDITIONS

Two design wind conditions are taken into account in calculating wind loads on
cranes.

In-service wind

This is the maximum wind in which the crane is designed to operate. The wind loads
are assumed to be applied in the least favourable direction in combination with
the appropriate service loads. In-service design wind pressures and corresponding
speeds are given in table T.2.2.4.1.2.1. They are assumed to be constant cver the
height of the appliance (1. '

It is assumeg that the operating speeas and nominal accelerations are not ~ecessarily
reached under extreme wing gonditions. '

(1)

shere a3 wind speec measuring device is to be attached to an appliance it srall
normally be placed at the maximum height of the appliance. In cases where ire «ing
speed at 3 different level is more significant to the safety of the appliance, Ine
manufacturer shall state the height at which the device snall be placed.

2-22



Table 7.2.2.4.1.2.1.

In-service design wind pressure

wWind pressure . wWind speed

- Type of appliance in service . in service
N/me : m/s

Lifting applianceJeasily .
protected against wind actior
or designed for use exclusi- 125 14
vely in light wind.
Erection operations.

All normal types of crane

installed in the open 230 20
* Appliances which must
continue to work in 500 28

high winds

* For example appliances of type 12a in table T.2.1.2.5.

Action of wind on the lozd
The action of the wind on the hack load for a crane which handles miscellaneous
loads shall be determined from the relationship :
F=25Axg
where
F is the force exerted by the wind on the hook load in N,
q 1is the in-service wind pressure from table 2.2.4.1.2.1. in N/mz,

A is the maximum area of the solid parts of the hook load in m° (1). Where this area
is not known, a minimum value of 0.5 m? per tonne of safe working load shall be
used.

where 3 crane is designed to handle loads of a specific size and shape only, the
wind loading shall be calculated for the appropriate dimensions and configurations.

2.2.4.1.2.2. Wwind out of service

This is a maximum (storm) wind for which the lifting machire is designec to remain
stable in out of service conditions, as indicated, by the marwfacturer. The speed
varies with the height of the apparatus above the surrounding ground level, the
geographical location and the degree of expasure to the prevailing winds.

For lifting appliances used in the open air, the normal theoretical wing pressure
and the correspongding speed, for "out of service” conditions are ingicated in the
table T7.2.2.4.1.2.72. ’

(L

where, exceptionally, a crame is requirecd to handle loads of large surfiace area,
it is aomissible for tre manufacturer to determine a wind speed less t-an tnat
specifiez in zaple 7.2.2.4.1.2.1. above which such loads shall nct zZe ~a~ciel.
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2.2.4.1.3.

Table T7.2.2.4.1.2.2.

Qut of service wind

Height above Out of service design Approximate
ground level : wind pressure equivalent out of service
. design wind speed
m N/mz m/s
Oto 20 800 36
20 to 100 1 100 42
More than 100 1 300 46

when calcuiating wind loads for out of service conditions the wind pressure may
be taken ak constant over the vertical height intervals in table T.2.2.4.1.2.2.
Alternatively, the design wind pressure at the top of the crame may be assumed
constant o?er its entire heignht.

where cranes are to be permanmently installed or used for extended periods in areas
where wind conditions are exceptionally severe, the above figures may be modified

. by agreement between the manufacturer and purchaser in the light of local metereo-

logical data.

For certain types of appliance of which the jib can be guickly lowered, (such as a

-tower crane which can be easily lowered by a built-ir mechanism) the out of service
“wind meed not be taken into consideration provided the machine is intemgec far

lowering a?ter each working day.

i

WIND LOAD CALCULATIONs

For most complete and part structures, and individual members used in crane struc-
tures the wind load is calculated from :
F=A-+q- Cf
where
F is the wind load in N,
A is the effective frontal area of the part under consideration in mz,
q is the wind pressure corresponding to the appropriate design condition in N/mz,
Cf is the shape coefficient in the direction of the wind for the part uncger

consideration.

The total wind load on the structure is taken as the sum of the loads o> .%s compo-
nent parts.

In determining strength and stability requirements of the appliance %~e *:°3i. wind
load shall be considered.

The magnitude of the wind losa to be allowea for in the design of a mec~3~.3™, o0
determining the mator anc brake requirements for the mechanism ang %o zt:-.%e for
the safety of the appliance in the wind,are given in the chapter ceali~g =."~ e
design of mechanisms,
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2.2.4.1.4, SHAPE CQOEFFICLENTS - -

2.2.4.1.4.1. Individual members, frames, etc.

Shape coefficients for individual members, single lattice frames and machinery
nouses are given in table T.2.2.4.1.4.1. The values for individual members vary
_accaraing to the aerodynamic slenderness and,in the case of large box sections,
#ith the section ratio. Aerodynamic slenderness and section ratic are defineg in
figure 2.2.4.1.4.1. v -

The wind load on single lattice frames may be calculated on the basis of the coef-
ficients for the individual members given in the top part of table 7.2.2.4.1.4.1.
In this case the aserodyrmamic slenderness of each member shall be taken into account.
Alternatively the gverall coefficients for lattice frames constructeg of flat siced
and circular sections given in the middle part of the table may be used.
i
{
Where a lattice frame is made up of flat-sided and circular sections, or of circular
sections in both flow regime% (D-Vg < 6 m“/s and D-Vg » 6 m?/s) the appropriate
shage coefficients are applied to the corresponding frontal areas.
,;3 Ahers gusset plates of normal size are used in welded lattice construction ng al-
4 lowance for the additional area oresented by the plates is necessary, provided
the lengths of ingiviagual members are takem Cetween the centres of ncde points.

Shape coefficients obtaimed from wind-tunnel or full-scale tests may also be used.
i
i

k)
1

—
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T.2.2.4,1,4.1.

Force coefficients

e e ———

. Aerodynamic Slenderness L/b ar 1/0 (i}
Type Description ¢s | 10 |2 |30 |aw |0 |>s0
Rolled sections [] 11,151 1,15 1,3 ! 1,4 1,45 | 1,5 1,6
Rectangular hollow ) .
1 sections up to 356 mm 1,4 1,45 | 1,5 1,55 | 1,55 | L,55 1,6
square i
and 254 x 457 mm ’
3 4 ;
rectangular 1,65 | 1,05 | 1,2 1,3 1, 1,5 1,6
; i 1
Other sections 1,30 | 1,35 |i 1,60 "1,65 | 1,70 | 1,80 1,80
! Circular secticns where : i ! ~
. |
Individual ! D.vs ¢ 6 m%/s 0,60 | 0,70 | 0,80 * 0,85 | 0,90 0,30 - 0,50 K’
members | D-vs > 6 mz/s c,s0{ 0,65 !: 0,70 - 0,70 ! 0,75 : 0,80 0,80 ’
b/a - ‘ :
Rectangular 2 1,55 1,75 1 1,95 ; 2,10 | 2,20
hollow sections : /
over 356 mm i 1,40 1,55 % 1,75 1,85 1,50
square and 0,5 {1,0 1,20 {# 1,30 { 1,35 | 1,40
4 x 457 !
254 x 437 mm 0,25 0,80 | 0,50 |'0,9 | 1,0 | 1,8
rectangular :
Wind b
—_—
d o
Flat-sided sections . 1,70
ang%e Circular sections *)
lattice X
frames where : ,
D:Vs < 6 m°/s j 1,10
D-vs 3 6 m/s : 0,80
R
Machinery ectangular clad _
structures on ground 1,10
houses etc. .
or solid base

(1) See figure 2.2.4.1.4.1.
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(1) Aerodynamic slenderness : length of memoer 2
S breadth of section across wind front

* In lattice construction the lengths of individual members are taken cetween
the centres of adjacent node points. See diagram below |

(I1) Solidity ratio - 3[23 Of solid parts _ A _ 7 Li x 5§

enclosed area A I L x 8 %
L,
J &
' N
by
mi 3™ ,//<% '
(% 1 i
— = N N
L
(III) Spacing ratic = distance Between Facing,;ides -2
breadth of members across sind fromt B 8
A\ <}V
} N N
)
-
.
A £

for "a" take the smallest possible value in the geometry of <~e =+:2cseg face,

, . o
(1v) Sectiocn ratio = oreagth of sec?zon across wind ;Lont
degth of section narallel to wing flew

wu

Figure 2.2.4.1.6.1. ) . S

© Qefinitiaons : Aerodynamic Slenderness, Solidity Ratis,
Spacirg Ratio, ang Section Ratig
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2.2.4.1.4,2. Multiple frames of members : shielding factors

where parallel frames or members are positioned so that shieldinmg takes place, the
wind loads on the windward frame or member and om the unsheltered parts of those
behind it are calculated'using the appropriate shape coefficients. The wind load on
the sheltered parts is multiplied by a shielding factor n given in tatle T.2.2.4.1.4.2.
values of n vary with the solidity and spacing ratios as defined in figure 2.2.4.1.4.1.

Table T7.2.2.4.1.4.2.

Shielding coefficients

Spacing ratio Solidity ratio A/Ag % l
a/b .1 0.2 0.3 0.4 0.5 » 0.6, ‘
0.5 0.75 | 0.40 0.32 0.21 Q.15 0.0 |
1.0 0.2 0.75 0.59 0.43 0.25 0.1C;
2.0 0.5 0.80 0.63 .50 0.33 0.20
4.0 1.0 0.88 0.76 0.66 0.55 0.45
5.0 1.0 0.95 0.88- .81 0.75 0.68
6.0 1.0 1.0 .| 1.0 1.0 1.0 1.0 ’

Wnere a number of identical frames or members are spaced equidistantly behifd each
other im such a way that each frame shields those behind it, the shielding Effect
is assumed to increase up to the ninth frame and to remain constant thereafter.
The wind loads are calculated as follows : :

On the lst. frame Fi1 = A-g-Ce in N
On the 2nd. frame Fs = r-A.qCs in N
On the nth frame F o Aln-l) )
(wnere n is from 3 to 8) n ' A-q-C¢ in N
On the 9th and subsequent 3 .
F = T, -A.-q-C in N
frames E4 beRtanhf .
The total wind load is thus @
. — 2 3 n=1)- ,
Where there are up to 9 frames Figeal = [l +MN+N°+n” + ...N JA-3:Cr
= A-g-Cp (=T AN
l-n
where there are mgre than i , ; , _
9 frames Frotal = (1l +n+en®en” » ... o =57 AqCs
- 3 :
= AgeCp (=) s (n =37 N
1 -n -
te - The term ~X ysed in the above formula is assumed to have 3 .zeer ..-1% of

0.10. It is taken as 0.10 whenever ™ < 0.10.
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2.2.4.1.4.3.

2.2.4.1.4.4,

Lattice towers

In calculating the "face-on" wind load on square towers, in the absence of a detailed
calculation, the solid area of the wingward face is multlolled by the following
overall farce coefficient : : :

For towers composed of flat sided sections 1,7.(1L + )
For towers composed of circular sections
where D-Vg < 6 m¥/s L1-(1 «n)
where D-Vg 3 6 m%/s 1,4

The value of N is taken from table 2.2.4.1.4.2. for a/b = | according to the solidity
ratio of the windward face. '

The maximum wind load on a square tower occurs when the wind Dlows on to a cerner.
In the absence of a detailed calculatiaon, this load can be considered as 1.2 times
that developed with "face-on" aing an cne sice. :

Parts inclined in relation to the wind direction

Individual members, frames, etc.

Where the wind blows at an angle to the longitudinal axis of a member or to the
surface of a frame, the wind load in the direction of the wind is obtained from :

)

F = AqCe sin® & in N

where F, A, g and Cy are as defined in 2.2.4.1.3.
and O is the angle of the wind (3 < 90°) to the longitudinal axis or face.

e et A R

Lattice trusses and towers

where the wind blows at an angle to the longitudinal axis of a lattice truss or
tower, the wind load in the direction of the wind is obtaimed from :

F o= AegeCeoky in N
where F, A, q and C¢ are as defined in 2.2.64.1.3. and Ky = 4
which cannot be less than 0,35 or greater than 1. 50 (1,7 - 30)
S

wWhere @ is the angle of the wind in degrees (2 < 90°) to the
longitudinal axis of the truss or tower.

Sp is the area in m? of the bracing members of the truss or tower projected on
to its windward plane.

S is the area in m% of all (bracing and main) members of the truss or tower projected
on to its windward plane.

The value of K, is assumed toc have lower and upper limits of G.35 and 1.0 respectively.’

It is taken as (.35 ahenever the calculated value < 0.35 and as 1.0 whenever the -
calculated value > 1.0,
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2.2.4.2.

2.2.4.3,

2.2.5

2.2.5.1.

2.3.

i et

SNOW LOAD

Snow loads shall be neglected in the design calculations for overhead travelling
cranes, ‘bridge cranes and jib cranes. '

TEMPERATURE VARIATIONS

Stresses due to temperature variations shall be considered only in special cases "
such as when members are not free to expand.

In such cases, the maximum temperature fluctuation shall be taken to be :

- 20° C to + 435° C,

MISCELLANEQUS LOADS

LOADS CARRIED BY PLATFORMS
Access gangways, driver's cabins and platforms shall be designed to carry the following
concentrated loads : ’

3000 N for maintenance gangways and platforms where materials may be placed,

1500 N for gangways and platforms intended only for access of persanrel,

300 N as the horizontal force which may be exerted on handrails and toe-guards.

These loads are not to be used in the calculations for girders.

CASES OF LOADING

Three different cases of locading are to be considered for the purpose of the calcula-
tions : Y
- the working case without wind, -

- the working case with limiting working wind,

- the case of exceptional lgadings.

Having determined the various loads in accordance with section 2.2, sc:inwrt is

taken of a certain probability of exceeding the calculated stress, «~i-= r2sults

from imperfect methods of calculation and unfarseen conmtingercies, =, -IZ...7¢g

an amplifying coefficent v., which varies according to the groug ::ass.‘.r;:icn
of the appliance.

, R P, .
The values of this czeffiziert ',. are ingicated im clause 2.3.-.
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2.3.1.

2.3.2.

2.3.3.

CASE [ : APPLIANCE WORKING WITHOUT WIND

The following shall be taken into consideration : the static loads due to the dead
weight Sgs» the loads due to the aorking load § multiplied by the dynamic coeffi-
cient ¥, and the two most unfavourable horizontal effects Sy among those defined
im zlause 2.2.3., excluging buffer forces.

All trese loads must then be multiplied by the amplifying coefficient Yo specifieg
in clause 2.3.4., viz : : .

YC (SG * y SL - SH)

In cases where travel motion takes place only for positioning the appliance and

is not normally used for moving loads the effect of this motion shall not te com-
bined with another horizontal motion. This is the case for examole aith a zocksice
crane wnich, once it has been positioned,handles a series of loads at a fixed pcint.

%
CASE II : APPLIANCE WORKING WITH WIND

The loads of case I are taken to which are added the effects of the limiting working
wing Sy defined under 2.2.4.1.2.1. (table T.2.2.4.1.2.1.) and, where, applicable
the lpoad due to temperature variation, viz y

i

3

YC(SG*‘\{JSL*SH)*SW ;

Note - The dynmamic effects of acceleration and retardation do not have the same
values in case II as in case I, for when a wind is blowing the accelerating
or braking times are not the same as when still conditions prevail.

CASE III : APPLIANCE SUBJECTED TO EXCEPTIONAL LOADINGS

Exceptional loadings occur in the following cases :

- appliance out of service with maximum wind
- appliance working and subjected to a buffer effect
- appliance undergoing the tests indicated in booklet 8.

The highest of the following combinations shall be considered :

a) The loads Sg due to the dead weight, plus the load Sypay due to e ~3ximum
#ind as mentioned under clause 2.2.4.1.2.2. {including the reacti:i-s .7 <ne
anchgrages)

b) the loadsfsc due toO the dead weight and S| due to the working .z3g Z..5 ire
greatest buffer effect St as envisaged in clause 2.2.3.4.

c) the loads Sg due to the dead weight plus the highest of the two [:z3Zs - Oy 5
and P, S_ 3 0 ang Op being the coefficients by which the safe acra.-3 lzad
is multiplied for the dynamic test (Q;) and for the static test .- s i~ clauses
8.1.1. ang 8.1.2.
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2.3.4.

These three cases are expressed by the formulae :

a) S5 + Sumax ,
b) Sg + S+ St (1)
c) Ssg+¥pyp St or Sg+pp S

Note I - It should be noted that the checks under (c) are only to be made in cases
where the working load, when assumed to act alone, produces stresses opposed e
in direction to those caused by the dead weight up to the point at which '
the static test load does not exceed 1,5 times the safe working load.

Note 2 - When using decelerating devices in advance of buffer impact under the
conditions mentioned in clause 2.2.3.4.1. Sy will be taken to be the
highest load resulting either from the retardation previously caused by
the decelerating device or from that finally caused by the buffer.

l

CHOOSING THE AMPLIFYING COEFFICIENT v. -~

The value of the amplifying coefficient Yo depends upon the group classification
of the appliance. g
5
Table T.2.3.4, §
values of amplifying coefficient Y.
i
Appliance | o, A2 A3 I As 26 a7 . Ag’
group J
! Ye I 1.00 1.02 1.05 1.08 j L.11 1.14 1.17 f 1.20
2.4, SEISMIC EFFECTS .
In general the structures of lifting appliances do not have tg be checked for European
seismic effects. ) ’
However, if aofficial regulations or particular specifications so prescribe, special
rules ar recommendations can be applied in areas subject to earthguakes.
This requirement shall be advised to the supplier by the user of the installation
who shall also provide the corresponding seismic spectra.
(1) Loadings resulting from the working load are taken into account but the effacts

of load swing resulting from the shock are neglected because this swing only loacgs
the stTucture when the other effects have been practically absorbed. This ccmment
does not apply to rigidly gquided loads which cannot swing.
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2.5

2.5.1.

2.5.2.

LOADS ENTERING. INTO THE DESIGN OF MECHANISMS

Mechanisms are subjected to two kinds of loading :

3)

3)

"he loads, reoresented Dy trhe symbol Sy, which are directly dependent upon the

-CIdues exerted on the mechamisms by the motors or the brakes.

Tha 1
L B4 e

oads, rapresenteg by the symbal Sg, which are independent of motor or brake -
action but wnich are determined by the reactionms which act upgon the mechanical
parts and which are not balanced by a torgue acting on the drive shafts (1).

TYPE Sy LOADS

The lecads of this type to be considered are :

a)

b)

Sug loads, corresponding to a vertical cisplacement of the centre of gravity
of moving parts of the appliance ather than the working load.

Sm_ loads, corresponding to a vertical displacement of the working load as cefined
in clause 2.2. for structures.

Swe loads, corresponding to frictional forces which have not tesn allowed for
in calculating the efficiency of the mechanism (see clause 4.2.6.1.1., booklet 4).

Smp loads, associated with acceleration (or braking) of the moticn.

Swy Lloads, corresponding to the effect of the working wind assumed for tne
appliance. '

TYPE Sp LOADS

The loads of this type to be considered are :

al

b)

c)

d)

Spg loads due to the weights of components which act on the part under conside-
ration ;

Spy loads due to the working load as defined in clause 2.2., for structurss,

Spa loads due to the accelerations or decelerations of the various motions of
the appliance or its parts , as calculated according to clause 2.2.3.1. for
structures, insofar as the order of magnitude of these loads is not negligible
compared to the Spg and Spi loads.

Sqy loads due to the limiting working wind Sy or to the maximum sing Sy nax
(see clause 2.2.4.1.), insofar as the order of magnitude of these lcaas is not
negligible.

In a travel motion, for instance, the loads due to the vertical reactizr or

C
rail aneels ang the transverse lcads that stiress the wheel axle but are ~Ct tranms-
mitted to the compore~ts of the driving mechanism.
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2.6. : : - ' CASES OF LOADING

Three cases of loading are' to be considered in the calculations :

Case I. : Normal service without wind
Case II : Normal service with wind
Case III : Exceptional loadings.

A maximum load must be determined for each case of loading which serves as the
basis for the calculations.

Note - Clearly, case I and II are one and the same in the case of appliances which
are not exposed to wing,

The various loahings being determined as indicated in paragraph 2.5., account is
taken of a certéin probability of exceeding the caslculateg stress, which results
from imperfect methods of calculation and unforseen contingencies, by asolying an
amplifying coefficient Y, depending on the group in which the mechanism is classified.
The values of t%is coefficient Y, are incicated in table T.2.6.

|

. Table T.2.8.

values of amplifying coefficient v,

Mechanism M1 w | M3 Ma MS 6 M7 v
group i
Y | 1.00 |1.06 | 1.08 | 1.12 | 1.16 | 1.20 | 1.25 | 1.30 -
2.6.1. CASE I - NORMAL SERVICE WITHOUT WIND ‘“
2.6.1.1. TYPE Sy LOADS

The maximum 10ad Symay 1 Of the Sy type (see clause 2.5.) is determined £y combining
~ the loads Sug, Sm.,» Sw, and Sy defined in clause 2.5.1. which can be expressed by
N the relation :- ‘3

SMmaxI=(§MG’§M_“§W‘§MA)Ym

Note - It must.be pointed out that it is not the combimation of tme maximum values
of each of the terms in this relation that must be conmsiderec, out the value
resulting from the most unfavourable combination that could actiaily occur
in practice,

2.6.1.2. TYPE Sgp LOADS

The maximum load Se.., ; Cf the Sy type (see clause 2.5.) is getar-i-et =, ZomDining
the lcacs Sqz, Sz, Sza, Cefine2 in clause 2.5.2. which can pe exzresia® I, Ine
relation :

S2~3¢1 = ‘Sag * SRL * S|a) Y-

Tme nagte i~ zlszlse [.:,.... 3ap2ve applies mere also.
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- 2.6.2.

2.6.2.1.

2.6.2.2.

2.6.3.

2.6.3.1. ~

CASE II — NORMAL SERVICE WITH WIND

TYPE Sy LOADS

The maximum 1332 Sumgy 17 OF the Sy type (see clause 2.5.) is cetermined by com-
~im

oining tre loads Syg, Sy and Sy cdefined in clause 2.5.1. with one of the following.
two combinations :

a) the load Sya ana the load Sy g corresponding to a 80 N/m? wind.

b) the load Swy s corresponding ta a 250 N/m? wind.
The higher of the two values expressed by the relations set out below is taken :

;‘ SMmax II = (§MG * -S.ML + éM" + §’MA * §MN8) Ym

or | '
|

§ SMmax II
i

ne note in clause 2.6.1.1. applies here also.

Gug + S+ 5 + Smi2s) Yo

TYPE Sg LOADS

The maximum 10ad Sgmay 11 OF the Sg type (see clause 2.5.) is determined by combining
the loads Sgg, Sp_ and Sgp defined in clause 2.5.2. with Sgy 25 which corresponds
to a 250 N/m® wind, as expressed by the relation :

i -

i
i

SRmax 1 = (Srg * SRL * 3Ra + SRW25) Ym

The note in clause 2.6.1.1. applies here alsa.

CASE III — EXCEPTIONAL LOADS

TYPE Sy LOADS
The maximum load Symay 171 OF the Sy type defined under clause 2.5. is cetermined
by considering the maximum load that the motor can actually transmit to the mecha-

nism, allowing for limitations due to practical operating conditions.

The values of Symax 111 23re specified in clause 2.6.4.
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2.6.3.2.

TYPE Sg LOADS

Since the consequences of an averload due to collision with a buffer or fouling

are far less serious for a mechanism than for the structure, the exceptional loading
to be taken is that given under paragraph a) of clause 2.3.3. in the structures
chapter. '

This gives : . SRmax IIT = éRG + Smeax o

In cases where additional mooring or guying means are used to ensure immobility
or stability under maximum wind, the effect of these devices on the mechanism must
be taken into account where applicable.

¥

H
i

APPLICATION CF THE ABOVE CONSIDERATIONS

2.6.4.
FOR CALCULATING Sy
~ The mechanisms of hoisting a&pliances perform one of the following functions ,'%}
o - Purely vertical displacements of the centre of gravity of moving masses (e.g. -
hoisting motions). ' '
- Purely horizontal displace@ents in which the centre of gravity of the moving
masses as a whole shifts herizontally (e.g. traverse, travel, slewing or counter-
balanced luffing motions).i
; .
- Movements combining an elevation of the centre of gravity of the moving masses
with a horizontal displace@ent (e.g. nmon-counterbalanced luffing).
2.6.4.1. HOISTING MOTIONS
For type Sy loads, the formula reduces to the following :
Case [ and II : SﬁmaxI = G * 5) Yo
In this case the load due to the hoisting acceleration is neglected because it :
is small compared to Sy. )
Case III : » SMmax 111 = 1,6 (gu_ + -é.\‘-')
Bearing in mind the general rules of clause 2.6.3.1., it is assumed that tre maximun
loads that can be transmitted to hoisting mechanisms are limited in practice to
1,6 times the Symax 1 load (1).
(1) In 3 hoisting motion it is impossible under normal working conditiors to :iansmit

to the mechanism loads greater than those due to the haisting of tre wsorxing load,
as the effects of acceleration are negligible. '

A greater load could result only from mishandling (poor judgement of :re lcad, etc.).

On the basis of experience gained over many years of practice with wiceiy differing
hoisting appliances it is now accepted that a coefficent of 1,6 gives acequate
safety. It must be stressed that the use of excessively powerful motors smould

be avoided.
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2.6.4.2.

. 2.6.8.3,

HORIZONTAL MOTIONS
Case I .- - The farmula recuces to. :

SwmaxI = (3w + Swa) Ym

-

Zase Il - The higher aof the following two values is taken :

SMmax II Gup » Sua + §W8) Ym

ar

Sumax II = (5w + S 2s) Ym

Case III - FOT Symax 11T the lcad corresponding to the maximum torcque of the motor
(or the brake) is taken unless o@erating conditions limit the torgue actually trans-
mitted, through wheel slip on the rails, or through the use of suitable limiting

~ means (e.g. hydraulic coupling, torque limiter, etc.). In this case the value

actually transmitted must be taken (1).

COMBINED MOTIONS

Case I and II :

For cases I and II, the lgoad SMma;II (2) is determined by applying the general
farmula gefined in clauses 2.6.1.?. and 2.6.2.1.
Case III : i
i
The load caused by applying the maximum motor torque Smecmax €30 be taken for the

maximum value Symax [1I- This oftem unduly nhigh value is always acceptaole since
it enhances safety.

It must be used when the power involved for raising the centres of gravity of the
moving masses is negligible compared to the power needed to avercome accelerations
or wind effects.

Conversely, when the effect of the accelerations or the wind is negligible in ccmpa-
rison with the effect of displacing the centres of gravity of the moving mnasses
vertically, this value is too high and Symgy 111 ¢an be calculated from tre formula :

Smmax III = 146 SMmax II

Between these two limiting values, each individual case should be examireg 3accerding
to the motor chasen, the method of starting and the relative magnituces :* the

loads due to inertia and-wind effects on the one hand and those cue %3 caising of
the centres of gravity on the other.

Without exception, when operating conditions limit the torgue actiall, <r-irsmitted
to the mechanism (see clause 2.6.4.2.), this limiting torque will -e “imer 35 the
value of Sy gy Lf it is less than the values defined above.

(13

(2)

whereas in the case of hoisting motions the loads normally transmitteg =: "~e mecha-
nism are limited by the load lifted, in horizontal motions the maximue °:rue of
the motar.can always te transmitted to the mechanism if no mecharical ..-i%ation
exists. This is why a 2ifferent way of evaluating Sypa, [11 P3s Seen sceci”lsd
according to whether a noist motion or other motion is being consicerec.

Or Symax I LN the case aof aopliances not subjected to wind.



APPENDIX A — 2.1.1.

HARMONISATION OF THE CLASSES OF UTILIZATION
OF APPLIANCES AND MECHANISMS

The present appendix sets' out to demonstrate a method by which it is possible in
many cases to derive the class of utilization of mechanisms from that of appliances
as a whole and from certagn parameters characterlzlng the duty to be performed.

The starting point is thefaverage duration tg. (in seconds) of a hoisting cycle
as gefined in clause 2.1. 2 2. This is therefore the time necessary tg perfarm all
the operations in such a pycle.

The total duration of use T of the appliance, expressed in hours, is then given
by the relation :
N the

3600

T =

H
3
Where N represents the number of hoisting cycles determining the class of utilization
of the appliance. ; f

Table T.A.2.1.1.1. gives the values of T for cycle durations of 30 - 480 s in accor-
dance with the class of utilization of the appliance. The number of hoisting cycles
is the maximum number for this class of utilization ; these values ares, however,
adjusted to 15 625, 31 250 and 62 500 respectively for class UQ, UL and U2, in

order to reduce the number of different values for T.

The next step is to determine for each mechanism the ratio Q; between the duraticn
of use of the mechanism during a hoisting cycle and the average duration tg. of
the cycle.

Table T.A.2.1.1.2. gives the total durations of use Ty of the mechanism depending ‘3
on the total duration of use of the appliance, and for various conventional values
of the ratio Q;. This table also shows the class of utilization of the mechanism.

The various classes are represented by the stepped areas.

It is thus sufficient to determine the class of utilization of the appliance by
reference to table T7.2.1.2.2., the average duration of the hoisting cycle and the

values of @; in orger to ohtain the classes of utilization of the mechanisms.

From the curves of the nomogram T.A.2.1.1.3. the classes of utilizatizn for the
mechanisms in terms of these three parameters can te found dirsctly.
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Table T.A.2.1.1.1.

Total duration of use (T) of lifting appliances in haurs

Average duration

Class of utilization of appliance

i

> 200 000

of a hoisting
cycle tne (s) U2‘ ! us Ua us 1 us 4 u7 us u9
30 520 , 1 040 2 085 4 15% 8 335 16 665 33 335 33 335
43 780 j 1 565 ; 3125 6 25? .12 500 25 000 50 000 50 000
60 os0 | 2 08s f 4 165 8 33% 16 665 33 335 66 665 66 665
75 300 ! 2 605 é 5210 |10 AIE 20. 835 4l 665 83 335> 83 33;A
50 éssv ¥;3 -125’E 6250 | 12 500 25 000"‘ 50 000 100 coo | > 100 OOOv»':"
120 2 085" 4165 ; 8 335 | 16 665 | 33 335 66 665 133 335 : 133 335
150 2 605 5 210 E 10 415 | 20 835 | 4l 665 83 335 166 665 166 665
180 3125 6250 ? 12 500 | 25 ooé 50 000 100 000 200 000 200 coo
240 { % 2 4 165 8 335 | 16 665 | 33 33; 66 665 133 335 > 200 000
300 !l 2 ¢ 5 210 10 415} 20 835 | 4] 66% i 83 335 166 6651 > 200 000
360 ; 3 6250 12 500 | 25 000 ' 50 ooé 100 00O 200 000§ > 200 CoC
1620 1 3 + 7 290 ? 14 585 | 29 165 ? 58 335 ;116 665 | > 200 COO
| 480 4 8 335 ' 16 665 | 33 335 ; 66 665 E133 335
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Total curation of use T; (in hours) of mechanisms in terms of T and :

Table T,A.2.1.1.2.

Class of
T Values of &y utilization
(h) 1,00 0,63 0,40 0,25 0,16 Q0,10 for mechanism
130 130 82 52 33 21 13
195 195 123 78 49 31 20
260 260 164 104 65 w2 26
325 325 205 130, 81 52 - 33
350 390 246 156 98 62 | 39
520 520 328 208 130 83 ! 52 -
650 650 410 260 163 104 | 65
780 780 41 312 195 125 | 78
1 040 1 040 655 416 260 166 ! 104
1 300 1 300 819 520 325 208 130 ™
1 565 1 565 986 626 - 391 250 Rt ¥
1 825 1825 -1'150 730 456 292 183
2 085 2 085 1 31 834 521 334 209
2 605 2 605 1 641 1 042 " 651 417 . 261 "
‘3125 3125 1 969 1 250 781 500 | 313
3 645 3 645 229 1 458 BEN 583 | 365
4 165 4 165 2 624 T eé6 1 04l 666 | 417
5 210 5 210 3 282 2 084 1 303 834 521 -
6 250 6 250 3 938 2 500 1 563 1 000 - 625
7 290 7 290 4 593 2 916 1823 L 166 729
8 335 8 335 5 251 3 334 2 084 1 334 834
10 415 10 415 6 561 4 166 2 604 1 666 1 062 3
12 500 12 500 7 875 5 000 3 125 2 000 1250
14 585 14 585 9 189 5 834 3 646 2 334 1 459
16 665 16 665 10 499 6 666 4 166 2 666 1 667
20 835 20 835 13 126 8 334 5 209 3 334 2 084 -
25 000 25 000 15 750 10 000 6 250 4 000 2 500
29 165 29 165 18 374 11 666 7 291 4 666 2 517
33 335 33 335 21 001 13 334 8 334 5 334 3 334 u
41 665 " 41 665 26 249 16 666 ‘10 416 6 666 4167 s )
50 000 50 000 31 500 20 000 12 500 8 000 5 000
58 335 58 335 36 751 23 334 14 584 9 334 5 834
66 665 66 665 4l 999 26 666 16 666 10 666 - 6 667
83 335 83 335 52 SOL 33 334 20 834 13 334 8 334 e
100 000 100 000 63 000 40 000 25 000 16 000 10 000
116 665 116 665 73 495 46 666 29 166 18 666. 11 667
133 335 133 335 84 001 53 334 33 33 21 334 13 334
166 665 166 665 104 999 66 666 4l 666 26 666 16 667 .
200 000 200 000 126 000 80 000 50_000 32 000 20 00C
> 200 000 |> 200000 |> 126000 |>80000 |> 50000 > 32 000 > 20 0CC
T8‘
9

2-41




Table T.A.2.1.1.3.

Classes of utilization for appliances and mechanisms

Class of utilization for appliances
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EXAMPLE OF 4PPLICATION

Dockside cargo crane.

The class of utilization for the appliance will be US.

A

hoisting cycle comprises the following operations :

hoisting of lead ;
travelling
slewing ;

- lowering ;

unhooking of load ;
hoisting empty ;
slewing ;

travelling ;

lowering empty ;
hooking on of new load.

The average time for completion of the cycle will be estimated at 150 s.

The ratios @y will be estimated as follows :

hoisting (hoisting and lowering) : oy = 0.63
slewing (2 directions) Py o= 0.25
travelling (do.) 13 =0.10

Table T.A.2.1.1.1. gives us for class US and tpe = 150 s :

T =20 835 h

For the various mechanisms, table T.A.2.1.1.2. gives us, for T = 20 835 n, the
following total durations T; and classes of utilization :

13 126 h 17

hoisting (@ =0.63) : Ty =
slewing (@ = 0.25) : Ty = 5209 h TS
travelling (¢ =0.10) : T; = 2084 h T4

From the curves in table T.A.2.1.1.3. the same conclusions are drawn on the basis
of the ordinate t;. = 150 s (broken line).
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APPENDIX A — 2.2.3.

CALCULATION OF LOADS DUE TO ACCELERATIONS
OF HORIZONTAL MOTIONS

PART 1 — METHOD

BASIC DATA

Let

v be th? steady horizontal velocity of the pdint of suspension of the load, either
at the end of the acceleration period, or at the beginning of the braking period,
accor?ing to whether an acceleration or a braking process is being considered, and

L . . )
Fan ilmaginary heorizontal force in the same direction as v, applied at the point
of suspension of the load and producing. the same effect on the motion under

consideration as the accelerating or decelerating torque applied by the motor
or the brake.

i

f

i
PROCEDURE

The different quantities set out below must be calculated in -succession.

Eguivalent mass (m)

The inertia of all moving parts other than the load, in the motion under consideration,
is replaced by a single equivalent mass m assumed to be concentrated at the point of
suspension of the load and given by the relation :

2
I Wy

m=m°+Zl_vz__

my = is the total mass of all elements, other than the load, urdergoing the same
pure linear motion as the point of suspension of the load ;

I; = the moment of inertia of a part undergoing a rotation during the motion under
consideration, this moment of inmertia being considered about the axis of
rotation, and

w; = the angular velocity of the part referred to, about its axis of rstation,
corresponding to the linear velocity v of the point of suspensign aof the
load. .

The sum L covers all parts in rotation (structure, mechanisms, motor) during the

motion considered, However, In the case of mechanisms, the imertia of components
other than those directly coupled to the motor shaft can be ingored.
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Mean acceleration or deceleration (i) :

F

Jm:mo-ml

- where my is the mass of the load.. -

Mean duration of acceleration or deceleration (T;)

T, = e
m Jm

Mean inertia forces

The acceleration corresponding to the acceleration jn at the point of suspension of
the load is calculated for each component part in motion. Multiplying this accele-
ration by the mass of the component considered gives the mean inertia force it
sustains. ! .

A i ’
In the particular case of the load itself, this force of inertia F.p will be given
by ¢ i

Fem = ™ Jnm

Period of oscillation T; : T =271y¢
' g

£

1

the length of suspension of the load when it is in its uppermost position
(values of £ below 2,00 m need not be taken into consideration) and,

(o]
L]

the acceleration due to gravity.

; m
Value of u : b= —

When the system driving the motion controls the acceleration and the deceleration
and maintains it at a constant value, U is taken equal to O irrespective of the
masses m and M,

57

value of 8 : . 8 =

b}
o

value of ¥, :

With the values cbtained for U and 8, the graph in figure A.2.2.1. is used ta find
the corresponding value of Y. '

Inertia forces to be considered in the design of the structure :

The forces of inmertia which take account of dynamic effects and which must therefore
be considered in the structural calculations are obtained as follcws :

- Inertia force due to the load : ¥, - Fq

- Inertia force on moving parts other than the load : twice the mean inertia farces.
i .

JUSTIFICATION

A justification of tre method given abave follows 'in part 2 of this aoccercix.
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2.1.

PART 2 — EXPLANATION OF THE METHOD

STATEMENT OF THE PROBLEM

A hoisting appliance is a physical system consisting essentially of :

- concentrated masses (hook load, counterweights, ...) and distributed masses
(girders, ropes, ...),

- elastic connections between these masses (girders, ropes, ...).

If such a system, corigimally in a state of equilibrium, is subjected to a varying
load, it does not tend progressively towards a rmew state of equilibrium even if

the new load applied is itself constant. On the contrary, it is set in a more or
less complex oscillating motion about this rmew state of equilibrium. Ouring this
motion, the various internal loads and stresses of the system can exceed - sometimes
to a marked extent - the values they would have assumed had the system been in
static equilibrium under the influence of the rmew load.

Such a situation arises during acceleration or deceleration (braking) of a horizontal
motion of a hoisting appliance. Thus if, starting from a position of rest, an appli-
ance or part of an appliance begins a. motion of translation or rotation, the component
parts of the system underge accelerations and are therefore subjected to inertia -
forces. Once a steady speed is attained, the acceleration ceases, the inertia forces
disappear and the external load undergoes a new variation.

The angle through which a rotating system turns (e.g. the rotating part of a crane)

during the time for which inertia forces are applied is generally relatively small.

This being so, no appreciable error will be involved if one assumes that each point

in the system follows a straight path during this time. Since, moreover, there is

no difference of principle betwsen the treatment used for linear moticns ang motions
of rotation, in what follows the linmear motion will be considered in greater detail

(chapter 2), whereas only a short note (chapter 3) will cover rotation.

CALCULATING THE LGOADS IN THE CASE OF A LINEAR MOTION

GENERAL DATA

It is now proposed to examine the particular case of braking of t=e *travel motion
of a complete overhead travelling crane when it is carrying a lcag suscended from
its hoisting rope. Other cases encountered in practice can be cealt «i1p in similar
fashion.

Considering figure A.2.1. let :

my be the mass of the suspended load,

m the total mass of the overhead travelling crane including tme :zrad {see note
below concerning the imertia of the motor and of the macnirery :riving the
motion),

X a coordinats cefining the position of the crame along its tracx ~=cre orecise-

ly, x represents the coordinate of the point of suspension :f °~e ~oisting
rope along an axis parallel to the direction of travel),
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X1 A a coordinate defining the position of the centre of gravity of the
= suspended. load along an axis of the~same dxrectlon sense and origin
as the axis of x,

z = x; - x a coordinate expressing the horizontal displacement of the load relatlve
to the crane.

Let us assume that at the instant t = O the overhead travelling crane is moving
in the positive sense of the x axis at a velocity v, and that the load is at rest
relative to the crane. :
(z = 2" =0, with ¢ z2' = %%)

If the brake is applied to the travel mechanism at the instant t = 0, it will give
rise from that instant to a horizontal braking force parallel to, but of opposite
sense to, the x axis at each point where a driving wheel is in contact with its
rail. To simplify matters, let us assume that the crab is located at mid-span of
the main girders of the overhead travelling crane. It follows Dy symmetry that

the total Force at each rail is the same. Let us designate its projection on the

x axis by L (with F > 0), so that the total braking force acting on the system

in motion 2. ‘(crane plus load) is equal to F in absolute value.

If the system were composed of rigidly interconnected masses, this would result
in a deceleration of absolute value jg, given by the relation :

N
Jm = = i (2.1.1.{

fFigure A.2.1.

S o
1
1
'
f

: b

[ S —— —— i < e © G o —- i
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It must not be forgotten however that F originates in the braking torque applied
to the travel mechanism which must not ooly brake the travel inertia of the crane
and the load but also the rotatianal inertia of the driving mator and the inter-
vening machinery. Generally speaking, ‘one can reglect the rotating inertia of all
components other than those integral with the motor shaft. In many cases, however,
the inertia of the latter must be- taken into account and the relation (2.1.1.)

nolds good only provided that m incorporates an equivalent mass m= given by the
relation :

= Im u*n : (2.1.2.)

Iy

where

is the moment of inertia of all the components integral with the motor shaft
{including the motor itself, of course) and

Im

[}

Wy = the angular velocity of the motor corresponding to the travelling speed v

of the crare.

Uncer the effect of the deceleration j,, the suspension rope cannot retain its
vertical pesition. Its new position of egquilibrium is inclined to the vertical
atjan angle O given by the relation :

i s -
! O = arctg %?- (2.1.3.)

i

‘where g is the accelération due to'gravity; In this case the rope exeérts a haorizontal

force on the crane whose projection F., on the x axis is given by :

Fem = M dn (2.1.6.)

Inpoint of fact, the system is not rigid, the deceleration is not comstant and
lsznot therefore given by (2.1.l.), the load and its suspension rope adopt an oscilla-
tlng motion, and the horizontal force developed Dy the rope on the crane can assume
values differing greatly from (2.1.4.).

By a similar reasoning, one may conclude that the deceleration of the system gives

rise to inertia forces which act on each component part of the crane and the crab, oo
but that because of the elasticity of. the girders the system will undergo an oscilla-

ting motion in the course of which the stresses will be subject to fluctuations

which must be estimated.

The nmext two paragraphs deal in succession with the effect of the inertia forces
on.the load and on the girders.

EFFECT OF INERTIA FORCES ON THE LOAD

In determining the motion which the load executes after the brake is applied, cre

can neglect the movement of the point of suspension due to girder flexibility in

a horizontal plane. The amplitude of this movement is, in fact, very small com-

pared with the amplitude of swinging of the load. Calculations can therefore be
carried out with the crane considered as a system which is not subject to defgrmation.

The projection F. on the x axis of the force exerted by the rope on tre crane is
given by the relation

L™ X pngl . (2.2.1.)
7 19%

X
FC = mg
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where £ is the suspensibn length of the load. It will be noted that F. is propor-
tional to the displacement z of the load with respect ta its. position of initial

equzlxbrzun, just as- lf‘it werevan elastic restoring force.
The equatlons of motion can be written :

Xl - X

myx") = mg

mx" x]. - X

while, assuming x = 0, for t =0, the initial conditions are as follows :

(2.

m - F (2.
19 7 ,

2.2.)

2.3.)

é:for t=0, x =x=0 (2.2.6.)
: x'y = x'=v (2.2.5.)
i F4 =X} = x =0 (2.2.6.)
i z' = x";-x'=0 C(2.2.7.)
Let : A : T
: 9 -yl ‘ (2.2.8.)
T2 -
¢ m
} e S RN (2.2.9.)
i T
1
wlz - QQZ = u&z » (2.2.10.)
F .
E= Jo (2.2.11‘)
Equations (2.2.2.) and (2.2.3.) then become :
x" o+ Z" & uqzz =0 ’ 12.2.12.)
-wplz == g 2.2.13.)
whence
2" e wt z o= g 2.2.14.)
With the initial conditions of (2.2.4.) to (2.2.7.), the solution %o "~ese 2quations
is given by :
z =39 (1 - cos w t) 1.2.150)
“r
o wy?
x' =2 v -~ —= Jgt - =7 - 29 5iq wet Jil.16.)
Ty u)r (.L‘r .
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The complete expression for x is of no direct interest to us.

Let = - S . C e
L J N . ;
' ~z % n . - (2.2.17.)
Wy

it can then be seen without difficulty that z, is the position of equilibrium that
can be assumed By the load during a constant deceleration of the crane egqual to the -
value jg, defired by (2.1.1.), i.e. during the deceleration that would be obtained
by applying the braking force F to the total mass (crame plus load) in motion, this
mass being assumed to constitute a rigid system. The value z = z; defining the

load displacement corresponds to the horizontal force F.np, defined by (2.1.4.)
exerted by the rope on the crane. Comparison between (2.2.1.), (2.2.15.) and
(2.2.17.) then shows that :

Fd = Fem (1 - cos wyt) (2.2.18.)

If the deceleration perigd'of the crane lasts for a time td such that :
; .
Wity % T (2.2.19.)

it will be seen that Fo momentarily becomes twice'ch,korxin‘bther words, that
its maximum value Fp nay 1S given by the relation :

Femax = 2 Fem A (2.2.20.)
{ . ‘
If the condition (2.2,19?) is not satisfied, this means that the crame has- stcpped
before the load has reac?ed its maximum gisplacement z = 2 2,. However, after the
crane stops, the load will usually continue to oscillate, so the rope will continue

to exert a varying horizontal force on the crane, and the maximum value which .this
can attain must be saught.

It is easy to verify that after the crame has stopped, the motion of the load is
defined by the expression :

i = z4cos w (t -ty + i;d sin‘uq (t - tg) (2.2.21.)
with _

zq = zp (1 - cos wp ty) (2.2.22.)

Z'q = W Zp SINWp ty {2.2.23.)

where ty is the smallest positive value of t that makes the expression
(2.2.16.) for x' equal to zero.

The maximum value F. oo, assumed by F. is then given by the relaticn :

T

- 2
V/ z u}r TS A
Femax = Fom (1 - cos W tg)° + e sin® wp tq 2.2.260)
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Generally speaking, we may take :

£ .
C max
—— \yh

FCm

(2.2.25.)

The determination of ?h is simplified by introducing the following quantities :

Ty = A the time for which the slowing-down phase of the crane would last
Im if the deceleration were constant and the system in motion not
subject to deformation. '
.21 the period of oscillation of the pendulum system formed by the suspen=
177y ded load {crane stopped).
P
e21/% |
g !
It can be verified withodt,difficulty,that ¥Y.depends only on two non-dimensional. ‘ ﬁ§<
parameters U and 8 defined by the ratios : . : B
: ny
Moo= - (2.2.25.)
. m
j T
; .
Bi= <% (2.2.27.)
Tl ; .
1
3

which can be obtained vefy easily. It will be noted that (2.2.16.) can be written :

CSwp £) + usin (wp t) ]

< = v [ 1» (2.2.28.)
w3V 1+
and therefore :
(Wr tg) + Wsin (W tg) (2.2.29.) -
2uB8yY lsu ‘)

this equation makes it pdssible fo determine the value of w, ty to be introduced
into (2.2.24.). ' \

The graph in figure (2.2.1.) plots the values of ¥, against B for variocus values
of Uu. (The curve U = Q0 will be explained later in Chapter 5).

If u <1 (which is generally the case with overhead travelling crane travel motions,
such as that in the example dealt with), an analysis of the problem shows that Yy
can in no case exceed 2. This value is reached during the crane deceleration pnase
if the condition (2.2.19.) is satisfied or, which is the same thing, if 2 reaches
or exceeds a certain critical value, Scrit dependent upon L. Abaove this critical i
value, ¥h therefore remains constant and equal to 2, whatever the value of 2.
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If 4> 1 (which could be the case with traverse motions, in which m essentially
represents only the mass of the crab, cr «ith slewing motions), the same analysis
shows that, again provided B reaches or exceeds a certain critical value Berit
dependent upon U, Y4 can exceed 2 and reach a maximum given by :

Y=/ 204t (2.2.30.)
u

This maximum can actually be reached only during the swinging moticn of the load -
subseguent to the bringing to rest of its point of suspension. The critical value
Scrit is such that the crame is halted before the condition (2.2.19.) is satisfied,
or pefore F reaches 2 F.p. However, any value of § greater than B..j: leads to
the condition (2.2.19.) being satisfied ang F_ necessarily passes the value 2 Fp,
ahence %)y > 2. It will also be noted that if 8 > Bcrit has been calculated taking
v equal to the maximum steady speed of the motion, braking applied starting from
the initial speed : §

Berit v

i
i
i

will necessarily lead to the maximum value of ¥4 givén by (2.2.30.). This is the
reasan why, in the graph of figure A.2.2.1., the values of Y4 have peen maintaimed
for all values of 8 greater than B.pit.

Figure A.2.2.1,

Ten

2-53



piGab SR

As regards. the choice of T, it should be noted that the danger of reaching high
values of ¥, is all the greater as the suspension length £ of the load becomes
shorter, because B then attains its critical value more rapidly. The calculations
must therefore be made assuming that the load is near its uppermost position. In
practice £ will generally lie between 2 and 8 m. The table below gives the values
of T, for a few values of £.

(m) (s)

2,84
3,47
4,01
4,49
4,91
5,31
5,67

i
H

[o s IR NI+ AV I IRV

i
It remains for us to examine the effect of the horizontal force F_ .., on the loading
conditions sustained by the structure.

This force actually exists, so that.any components such as the crab which transmit

it directly must be designed to withstand it., The configuration of the load acting

on the girder as a whole thersfore deserves some attention.

Let us first consider the case where Fcnéx occurs before the crame has come to halt.
It would be incorrsct to consider the latter as a beam supported at both ends and
subjected at its centre to the force ch;x. Cne must not lose sightpr the fact

that each of the tws supporting points can transmit only a reaction =. The successive
diagrams in figure A.2.2.2. illustrate bow the problem must be considered. Diagram
"a" represents the ideal state of equilibrium, in which the system as a ahole is
subjected to a deceleration j, (or an acceleration x" = - j;) and in which the

rope develops a force F,. Each material element dn of the system therefore sustains
an inertia force j, dm. Diagram "a" is a superimpssition of diagram "b" ang dizgram
"c". Diagram "b" relates to the load due to the inmertia forces on the crame proper
(this is dealt with in paragraph 2.3.), while diagram "c" shows the effect aof the
load due to the rope. In point of fact, the actual force developed by the rope

is not the force F., represented in diagram "¢" but the force :

Fe max = ¥h Fem (2.2.3L.)

T

i
ele-

Since the supporting points (braked wheels) are not capable of increasing tre
reaction, the excess force (¥, - 1)F.p can only result in a supplementary acc
ration x" expressed by :

F
x" = (¥ - 1) =0 — '2.2.32.)

which is translated into a distributed load - x" dm on all material 2(2me~ts of
the crane. Diagram "d" conseguently represents the loading configurat.zr <2 32e
taken into account wshen designing the girders.

; : . : ; ' e am Thie -
Let us consider the case in which F. .. arises after the crane has —3.t27. his

time, the braked wheels no longer have to devote part of the reactizm ¢ ar:ch
they are capable to taking up the inertia forces on the crane, ang .~ ie~=ral,
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2.3.

. must be regarded as being fixed. This being so, the girder must be designed as

if it were supported at each end and subjected to the force Fomax at its centre.
This latter case is in point of fact the only one which needs to be considered,

" because ‘when F, reaches its maximum value 2 F., before the crame comes to a stand-

still -this Force can still arise in the course of the pendulum motion which follows
after it has stopped.

All the preceding considerations still hald good if, instead of considering a braking-
phase, one is dealing with an acceleration phase of the crane, in the course of which
it is speeded up, by a constant driving torque, from rest to a given steady speed.

=

EFFECT OF INERTIA FORCES ON THEVSTRUCTURAL STEELWORK

In the previous chapter, the structure Qas assumed to be perfectly rigid. In fact,
however, it possesses a degree of elasticity and consequently also assumes an oscil-
lating motion during the braking period .and after coming to rest. Because the struc-
ture is composed essentially of distribgted rather than simple concentrated masses,
it 1s usually very difficult to determine the motion theoretically, and such calcu-
lations would be justified only in the case of very large appliances in which the
inertia forces play an appreciable part.

Figure A.2.2.2.

LOADING ACCELERATION
H

o

i
i
3
1

]

.Q Jm

Hum lIHH HH

F-ch N -
2

‘i Tllllle[I 88! l

E
Fe ‘ Fom
d tﬁ;;u!tf HHHL“JT::-,(%-U%:
-X-dm .
Fem ‘,I B max,
(Y =DFem
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In almost all cases, it will suffice to represent a‘structure'és-being a simple
oscillating system having restoring forces proportional to the extension and subjec-

ted to the overall acceleration of the reference system to which it is referred.
In view of the note following expression (2.2.1.) the considerations developed

"in paragraph 2.2. can be applied here also. However, the natural pericd of the
oscillations (comparable to the period Ty of paragrapgh 2.2.) is always appreciably -

shorter than that of a suspended load, not exceeding a few tenths of a second in
most cases. The result of this is that the parameter corresponding to 8 always
exceeds the critical value Bcritr so that Y, must always be taken equal to 2, this
being the coefficient applicable to inertia loads calculated with the mean decele-

ration j,. The only exception that could be made to this rule would be for extremely

brief retardation phases, such as those resulting from braking a low-speed travel
motion, with the wheels slipping on the rails.

Because the oscillating motions of the structure have a high frequency, the maximum

resulting loédings are superimposed momentarily upon those due to the loag.
i

: i
CALCULATING THEvLUADS IN THE CASE OF A SLEWING MOTION
In the case of a slewing motion, consideratibns similar to those of chapter 2 can

be developed. To calculate the effects of the inertia forces on the load, it is
only necessary to determine m from the relation :

w*l (3.1.)

where’
v is the horizontal linear velocity of the éuspension point of the load ;

I 1is the moment of inertia of all parts in motion (structure, machirery, motor)
referred to a particular shaft,

w is the angular velocity of that shaft corresponding to the velocity v above.

CALCULATING THE LOADS IN THE CASE OF A LUFFING MOTION

In the case of a luffing motion, considerations similar to those of chapter 2 can
be developed. It will suffice to determine m. from the relation :

mvi=2T1 (4.1.)

where
v is the horizontal linear velocity of the suspension point of the lcag.

T is the total kinetic enmergy of the masses in motion when the harizontal linear
velocity of the suspension point of the load is equal to v.
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SYSTEMS WITH REGULATED ACCELERATION

- In some control systems, such as certain Ward-tecrmard or hydraulically actuatec
' systems, the magnitudes of the accelerations and decelerations are acictated by

the characteristics of the system and are maintained constant regardless of exter-
nal conditions. For this reason, load swing does not disturt the acceleration ar
deceleratior conditions of the appliance ar part of the appliance in motion.

in the example deait with in paragraph 2.2., this would be tantamount to assuming
that x" is a given constant. Using egquation (2.2.12.) and its derivations, it is-
e23sy to show that in this case :

2sinB7mfor 80,5 (5.1.)

‘{Ih
=2 for 8 > G,5 (5.1.)

Such a situation would also ‘obtain if one assumed the mass my to be infinitely
small compated with m and therefore umable to disturb its motion. This being so,
(5.1.) is the limiting curve obtained by making U tend to zero, and is represenrag
on diagram 2.2.1. by the cugve u = Q.

3
H

‘The considerations in paragfaph 2.3. are in no way modified.

GENERAL CONCLUSIONS
]
Knowing the torque or the béaking or accelerating force, the first step is to
calculate the mean deteleraéion or acceleration j,, obtained on the assumption
that the various parts of tde structure are perfectly rigid and the load is concen-
trated at its point of suspension. Using this acceleration, one calculates the
inertia forces acting on both the load and the various elements ¢f the structure. L oa
These forces are then multiplied by a certain coefficient ¥y in order to take
account of the elasticity of the various connections.

For the inertia forces acting on the structure Y, is always taken egual to 2,
except possibly in the special case mentioned in the penultimate paragrash of
2.3., provided justification can be praovided for the reduction.

In the case of the imertia forces acting on the load, the mass m is calcrlateg
(incorporating, where necessary, the mass equivalent to the inertia sf zre -otor
and the mechanism) and the mean deceleration or acceleration time T. is trem de-
termined on the basis of the maximum steady speed of the motion. The .3l.e of T,
depends on the suspension length of the load in its uppermost positizrm, i~¢ is
therefore known. Hence cone can determine the parameters | and 8 (L = : e
case of a regulated-acceleration system), and figure A.2.2.1. fur-i3-23 --e zorres-
ponding value of Wh In almgst all cases, the maximum force appears :=r :3~ apgcear
after completion of the braking or starting phase under consideratizr. -3 2°facts

on the structure can be ascertained by applying the ordinary lams =7 :*3°.:6s.

It #ill be noted that the calculations developed in Chapter 2 assue °-= .:o30

to be relatively at rest (z = z' = Q) at the inital time t = 0. I ==i5 .% ot

so, the motion of the system is affected and ¥, can reach values <zrs: wraz.y
higher than those we have-fixed. Such a situation could'arise £2r Lmatytoe aren

a motion is brakeg by repeated intermittent apolications of the =rixe, = a-2n
successive motions take place at fairly short intervals. The metmcc :*  ....3ticn

indicated above is therefore not excessive in any way, and speci3. -3sss +:.3C in
which it would be well tc exercise some caution in applying it.
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