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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

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

ISO 16881-1 was prepared by Technical Committee ISO/TC 96, Cranes, Subcommittee SC 9, Bridge and 
gantry cranes. 

ISO 16881 consists of the following parts, under the general title Cranes — Design calculation for rail wheels 
and associated trolley track supporting structure: 

 Part 1: General 

The following parts are under preparation: 

 Part 2: Mobile cranes 

 Part 3: Tower cranes  

 Part 4: Jib cranes 

 Part 5: Bridge and gantry cranes 
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Introduction 

This part of ISO 16881 establishes requirements and gives guidance and design rules that reflect the present 
state of the art in the field of crane machine design. The rules given represent good design practice that will 
ensure fulfilment of essential safety requirements and adequate service life of components. Deviation from 
these rules normally could lead to increased risks or reduction of service life, but it is acknowledged that new 
technical innovations, materials, etc. may enable new solutions that result in equal or improved safety and 
durability. 
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Cranes — Design calculation for rail wheels and associated 
trolley track supporting structure — 

Part 1: 
General 

1 Scope 

This part of ISO 16881 gives the requirements for the selection of the size for iron or steel wheels and 
presents the formulae for the local stresses in crane structures due to the effects of the wheel loads.  

2 Normative references 

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

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

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

ISO 8686-1, Cranes — Design principles for loads and load combinations — Part 1: General 

ISO 8686-2, Cranes — Design principles for loads and load combinations — Part 2: Mobile cranes  

ISO 8686-3, Cranes — Design principles for loads and load combinations — Part 3: Tower cranes 

ISO 8686-4, Cranes — Design principles for loads and load combinations — Part 4: Jib cranes 

ISO 8686-5, Cranes — Design principles for loads and load combinations — Part 5: Overhead travelling and 
portal bridge cranes 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 4306-1 apply.  

4 Requirements 

4.1 Selection of rail wheels 

4.1.1 Rail wheel size 

To determine the size of a rail wheel, the following checks shall be made: 

a) verify that the wheel is capable of withstanding the maximum load to which it will be subjected; 

b) verify that the wheel will allow the appliance to perform its normal duty without abnormal wear. 
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These verifications are made by means of the following two equations: 

max 
L1,9P P

b D⋅
u  (1) 

mean 
L 1 2

P P c c
b D

⋅ ⋅
⋅

u  (2) 

where 

D is the wheel diameter, in millimetres; 

b is the useful width of the rail, in millimetres; 

PL is a limiting pressure dependent upon the metal used for the wheel, in newtons per square 
millimetre (N/mm2), see Table 1; 

c1 is a coefficient depending on the speed of rotation of the wheel, see Table 2; 

c2 is a coefficient depending on the group of the mechanism, see Table 3; 

Pmax is the maximum load on the wheel resulting from load combinations A, B or C, including 
consideration of both dynamic and static test loadings (load combinations are defined in 
ISO 8686-1 to ISO 8686-5); 

Pmean is the higher mean load value resulting from Equation (3) when considering both load 
combinations A and B.  

The mean wheel load takes into account variations of the wheel loading, including, where applicable, 
positional changes of the handled load in relation to the supporting wheels during a working cycle. 
Equation (3) gives an approximate value of the resultant cubic mean loading. 

When the work process is well known, the cubic mean load can be calculated more accurately using the 
wheel loads resulting from the actual positions of the handled load. In this calculation, the maximum lifted load 
shall be used, coefficient c2 taking into account the variation of the load. 

4.1.2 Determining the mean load 

In order to determine the mean loads, the procedure is to consider the maximum and minimum loads 
withstood by the wheel in the loading cases considered, i.e. with the appliance in normal duty but omitting the 
dynamic coefficients φ when determining Pmean. The values of Pmean are determined by the Equation (3) in 
the load combinations A and B. 

min,A,B max,A,B
mean

2
3

P P
P

+
=  (3) 

4.1.3 Determining the useful rail width b 

For rails having a flat or slightly convex bearing surface, of total width, l, with rounded corners of radius, r, at 
each side (see Figure 1), the useful width, b, shall be calculated using Equation (4): 

2b l r= −  (4) 

For rails or wheels with a slightly convex bearing surface, the limiting pressure PL may be increased by 10 %. 
This allows for the improved contact of a rail to the rolling motion of the wheel. 
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In the case of a flat, tapered or convex wheel running on the bottom flange of a beam, the useful width is 
calculated by Equation (5): 

b w r= −  (5) 

where the wheel tread of width, w, and the corner radius r are to be taken according to Figure 2. The wheel 
diameter, D, shall be taken as the mean diameter on the projected width (w − r). 

 

Figure 1 — Rail dimensions 

 

Figure 2 — Dimensions of flange running wheel 

4.1.4 Determining limiting pressure PL 

The value of PL is given in Table 1 as a function of the ultimate strength of the metal of which the rail wheel is 
made. 
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Table 1 — Values of PL 

Ultimate strength of metal 
used for rail wheel 

 Minimum ultimate strength 
for rail 

fu PL  

N/mm2 N/mm2 N/mm2 

> 500 5,00 350 

> 600 5,60 350 

> 700 6,50 510 

> 800 7,20 510 

> 900 7,80 600 

> 1 000 8,50 700 

 

The qualities of metal correspond to cast, forged or rolled steels, and spheroidal graphite cast iron. 

The hardening of the wheel tread at the depth of 0,01D may be taken into account when selecting the value of 
PL. 

In the case of rail wheels with tyres, consideration must obviously be given to the quality of the tyre, which 
shall be sufficiently thick not to roll itself out. 

4.1.5 Determining coefficient c1 

The values of c1 depend on the speed of rotation of the wheel and are given in Table 2. 

Table 2 — Values of c1 

Wheel rotation 
speed 

c1 
Wheel rotation 

speed c1 
Wheel rotation 

speed c1 

r/min  r/min  r/min  

200 0,66 50 0,94 16 1,09 

160 0,72 45 0,96 14 1,10 

125 0,77 40 0,97 12,5 1,11 

112 0,79 35,5 0,99 11,2 1,12 

100 0,82 31,5 1 10 1,13 

90 0,84 28 1,02 8 1,14 

80 0,87 25 1,03 6,3 1,15 

71 0,89 22,4 1,04 5 1,16 

63 0,91 20 1,06   

56 0,92 18 1,07   

 

4.1.6 Determining coefficient c2 

Coefficient c2 depends on the group classification of the mechanism and is given in Table 3. 
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Table 3 — Values of c2 

Group classification of mechanism c2 
M1 et M2 1,25 

M3 et M4 1,12 

M5 1,00 

M6 0,90 

M7 et M8 0,80 

The formulae apply only to wheels whose diameters do not exceed 1,25 m. For larger diameters, experience 
shows that the permissible pressures between the rail and the wheel must be lowered. The use of wheels of 
greater diameter is not recommended. 

NOTE The wheel selection method presented here is based on FEM 1.001-1988, Booklet 4, as revised in Booklet 9 
in 1998. This method is based on the group classification of mechanisms (classes M1 to M8) that is equal to the 
classification of ISO 4301-1. 

4.2 Determination of the class of mechanism of the travel wheel 

The determination of the mechanism class (according to ISO 4301-1) of the rail wheel is made in general 
terms as follows. 

a) The number of working cycles, C, is taken as the specified value or the upper limit of the given U-class. 

b) The average displacement of the travel motion, xm, is specified according to intended use. 

c) The wheel load spectrum class number, Li, shall be taken as specified or to be calculated from a given 
spectrum or description of work cycles. 

d) Total travel distance is L = 2Cxm. 

e) Running time T = L/vt,  where vt is the normal travel speed of the motion (usually, the maximum speed). 

f) Operation time class number is calculated as Tj = 1 + Int [log (T/200,01 h)/log (2)]. 

EXAMPLE 1 T = 3 200, Tj = 1 + Int [log (3 200/200,01)/0,693 147] = 1 + Int (3,999 9) = 4; ⇒ classe T4. 

EXAMPLE 2 T = 3 201, Tj = 1 + Int [log (3 201/200,01)/0,693 147] = 1 + Int (4,000 4) = 5; ⇒ classe T5. 

g) The mechanism class number is calculated as mm = Li + Tj – 2. 

Tj, Li, and mm shall be understood as integer numbers, e.g. 5, or as the corresponding symbol, T5 . 

4.3 Determination of local stresses due to wheel loads 

The local stresses due to the wheel forces of a crab or a crane may be determined according to Annexes A 
and B. 

When the permissible stress method is used, the local stresses according to Annexes A and B, combined with 
the global stresses due to the rated loads, shall not exceed the permissible stresses. 

When the limit state method is used, the local stresses shall be calculated with the loads multiplied by the 
relevant partial load factors, γp. These stresses, combined with the global stresses, shall not exceed the yield 
stress divided by the material factor, γm. 

Factors γp and γm shall be taken according to the relevant part(s) of ISO 8686. 
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Annex A 
(informative) 

 
Distribution of wheel load under rail 

The local stresses in the welds or web rivets and webs of rail bearing beams which arise from wheel loads 
acting normally and transversely to the rail shall be determined in accordance with the rail and flange system. 
The method presented in this annex is valid when the web and rail alignment meets the tolerances of 
ISO 12488-1. When the tolerances are exceeded, the resulting bending moments shall be taken into account. 

Unless a more accurate calculation is made, the local vertical stress in a web or in the upper welds of girders 
due to a wheel load shall be calculated with the following Equation when the rail is supported immediately by 
the upper flange: 

max w3Z
c c

0,32 F t
t J

σ = × ×  (A.1) 

where 

Fmax is the maximum wheel load including the amplification factors, φi 

tw is the web thickness (see Figure A.1); 

tc is the web thickness [see Figure A.1 a)], or 

 the reduced weld throat thickness 1,4a [see Figure A.1 b)], or 

 the reduced weld throat thickness 0,7a [see Figure A.1 c)]. 

Jc is the moment of inertia of the section made up of cross travel rail and a part of flange plate 
(hatched surface, see Figure A.2) 

Jc shall normally be calculated using 90 % of the available section of the crane rail. This value may be 
adjusted as the function of the expected 

 number of cycles, 

 load spectrum, 

 alignment tolerances, and 

 material of the rail and wheel. 

The wear limit used in the calculations shall be stated in the operating instructions. 

In the case of a clamped cross travel rail, Jc is calculated as the sum of the individual moments of inertia from 
the rail and the relevant part of the flange. 
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a) b) c) 

Figure A.1 — Description of tw and tc 

The effective flange width, bc, is in this case calculated as 

bc = br + 0,4 (50 mm + 2hc) 

where 

br is the rail width; 

hr is the rail height; 

hc is the distance from top of the rail to the bottom of the flange. 

 

Figure A.2 — Marked area for Jc 
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Annex B 
(informative) 

 
Local stresses in wheel-supporting flanges 

B.1 General 

When crabs travel on the girder flanges of a girder, irrespective of the girder support arrangement, local flange 
bending stresses occur in the area of the point of application of the wheel load F. 

In this annex, formulae and coefficients are given for two types of main girders: 

 main girder as I-beam (B.2); 

 main girder as box girder (B.3). 

When determining the reference stresses according to ISO 8686-1 to ISO 8686-5 and in the fatigue stress 
verification, the local stresses shall be superimposed on the global stresses. Attention must be paid to the plus 
and minus signs. In the load combinations A, B and C (see Table 1) and in the fatigue strength verification 
(load combinations A), the local stresses in the plates and full penetration welds shall be multiplied by 0,75 
before superimposing with the global stresses. In fatigue analysis, when coefficient 0,75 is used, the 
combined stresses shall be compared to the tension fatigue strength of the weld joint or the detail. 

The local stresses can be reduced by factor 0,75 because of the extra plastic bending capacity of the flange 
plate or extra plastic tension capacity of the web. 

In fatigue analysis the effect of the local stress can be reduced, because the fatigue strength in bending of a 
plate is typically 30 % to 60 % higher than in tension, for the same joint or detail. 

If the wheel loads, F, are not symmetrical, the local stresses are calculated with the maximum wheel load and 
the relevant distance, i. In addition to these flange bending stresses and the main stresses, torsion stresses 
from the resulting non-symmetrical load application point must be calculated in the girder cross section. 

B.2 Local stresses in wheel supporting flanges — Main girder as I-beam 

These stresses act in the two directions X and Y as σFX  and σFY (see Figure B.1). 

The stresses are calculated with the help of the following equations 

( )X X 2
f

F
Fc
t

σ λ=  (B.1) 

( )Y Y 2
f

F
Fc
t

σ λ=  (B.2) 

The numerical indexes have the following meanings: 

0 stress at the transition web/flange; 

1 stress at the load application point; 

2 stress at the edge of the girder. 
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a) I-beam with parallel flanges b) I-beam with inclined flanges 

Figure B.1 

The variables F, tf, i and λ have the following meanings: 

F is the maximum wheel load including the amplification factors φi  

tf is the theoretical thickness of the flange (without tolerances and wear); for the girder with inclined 
flanges, tf is taken at the point of load application, see point 1, Figure B.1 b); 

i is the distance from the girder edge to the point of load application; 

b is the width of the flange; 

s is the thickness of the web; 

λ is calculated from the formula. 

0,5 ( )
i
b s

λ =
−

 (B.3) 

The coefficients cX(λ) and cY(λ) are given in Table B.1 for the stresses at the lower surface of the bottom 
flange in the calculation points 0, 1, and 2. The stresses at the upper surfaces of the flange have the opposite 
sign. 

Table B.1 — Coefficients of local stresses 

 I-beam with parallel flanges I-beam with inclined flanges 

cX0 = 0,050 − 0,580λ + 0,148 e3,015λ cX0 = −0,981 − 1,479λ + 1,120 e1,322λ 
cX1 = 2,230 − 1,490λ + 1,390 e−18,33λ cX1 = 1,810 − 1,150λ + 1,060 e−7,700λ 

Longitudinal 
bending 
stresses 

cX2 = 0,730 − 1,580λ + 2,910 e−6,00λ cX2 = 1,990 − 2,810λ + 0,840 e−4,690λ 
cY0 = −2,110 + 1,977λ + 0,007 6 e6,53λ cY0 = −1,096 + 1,095λ + 0,192 e−6,000λ 
cY1 = 10,108 − 7,408λ − 10,108 e−1,364λ cY1 = 3,965 – 4,835λ − 3,965 e–2,675λ 

Transverse 
bending 
stresses 

cY2 = 0 cY2 = 0 
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B.3 Local stresses of a box girder with the wheel loads on the bottom flange 

See Figure B.2. 

 

Key 

1 crab wheel 

Figure B.2 — Symbols used in calculation of local stresses in box girder 

Formulae and coefficients for the calculation of the local stresses at the bottom flange of a box girder are 
given in Table B.2. The formulae and coefficients are based on curve fitting on the results of finite element 
method calculation. So, they are approximations and do not have any direct physical basis. 

The signs of the stresses at the points 0, 1, 2  are valid at the bottom surface. The upper surface stress has 
the opposite sign. 

Formulae for the local stresses at the fillet weld with partial penetration follow the explaining  figure B.3. 
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Table B.2 — Formulae for stresses and coefficients 

Point Stress formula Coefficients Symbols and limits 

0 
X0 X0 2

f

Fc
t

σ =  

Y0 Y0 2
f

Fc
t

σ =  

2
X0

t

0,123 0,48 0,194
0,5arctan(5 1,375)

c
r

λ λ= + +

− −
 

Y0 t
2

t

1,306 7 1,45

0,583 3 1,933

c r

r λ

= − −

+ +
 

Valid for all formulae 

t w f/r t t=  

2a < b < 16a 

0,1 < i/a < 0,5 

0,15 < rt< 0,8 

1 
X1 X1 2

f

Fc
t

σ =  

Y1 Y1 2
f

Fc
t

σ =  

2,518,33
X1 t t2,23 1,49 2e (1 1,5 ) 0,4c r rλλ −= − + + +  

( )2
Y1 t t t0,33( 1) (1 2 ) 0,3 0,4sin 3,4 0,4c r r rλ λ = − + + + +  

 

2 
X2 X2 2

f

Fc
t

σ =  

Y2 0σ =  

( )0,333
t

4
0,25

X2
t

2,70 0,20,95 1,2 0,1 0,76
(2 0,5) r

c
r

λ
λ

  = − + + ⋅ − −       +
 

Y2 0c =  

3 

 

At the 
web 

plate and 
at the 

weld toe 

Stress at web is the sum 
of membrane (m) and 
bending (b) stress 

Z3 Z3 Z3m bσ σ σ= + =  

Z3 Z
f w( )m

Fc
d t t

σ =
+

 

( )
Z Z 33

w t

6

1 2
h b

Fdk c
t r −

+
 +  

 

2
Z t0,4 1,8mc r= +  

( )
0,125

3
Z t0,01 0,0212 0,125 0,25b

bc r
a

 
= + ⋅ − 

 
 

Z 1hk =  

Z0
Z 31 ,

1 0,000 453 6
h

h

kk
r

= +
+

 

Z0 t2 1,5sin 1,5 (0,35 )k r= + π −    

t0,45sin 4 ( 0,5)r+ π −    

w
h

hr
t

=  

w4 mm 12 mmtu u  

w50t h<  

w0 50h t<u  

 

 
Key 

1 freebody diagram 

Figure B.3 — Symbols used in calculation of fillet weld 
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Z3 w;mq tσ=  2
Z3 w / 6;b bM tσ=  w w / 2;pa a p= +  w w/ 2 /(2 2) 0,75 ;e t a p= + −  

w w / 2;q q qσ τ= =  w ;b bM M qe= −   

w
w

w
;n

p

q
a

σσ τ= =  w
w 2

w

6
;b

b
p

M
a

σ =  
 

Stress in weld surface: w w;s n bσ σ σ= +   

Stress in weld root: w w.r n bσ σ σ= −   

 

Application of the formula for the stress combination at the weld root: 

( )2 2 2 2
X,glob X0 wX,glob X0 globw w

,X ,Y ,X ,Y , X , Y

0,750,75
1

rr

Rd Rd Rd Rd Rd Rdf f f f f fτ τ

σ σ σσ σ τσ τ−       −
+ − + +              ⋅       

u  

Subscript “glob” refers to the global stresses at the calculation point (longitudinal normal stress and shear 
stress that goes through the weld). 

The reduction factor 0,75 shall not be applied to the transverse stresses of the fillet weld. 

NOTE 1 The calculation of local stresses according to B.1 and B.2 complies with FEM 9.341 and CMAA 74. 

NOTE 2 B.3 is a further development based on finite element calculation. 
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1) FEM = Fédération européenne de la manutention. 

2) CMAA = Crane Manufacturers Association of America. 
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