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p Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 8313 was prepared by Technical Committee ISO/TC 127, 
Earth-moving machinery. 

This second edition cancels and replaces the first edition (ISO 8313 : 19861, 3.4.1, 
3.4.2, 3.5.1 (and therefore terms used in clauses 6 and 7) and 9.1 .le) of which have 
been technically revised. 
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All rights reserved. No part of this publication may be reproduced or utilized in any form or by any 
means, electronie or mechanical, including photocopying and microfilm, without Permission in 
writing from the publisher. 

International Organization for Standardization 
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INTERNATIONAL STANDARD ISO 8313 : 1989 (E) 

Earth-moving machinery - Loaders - Methods of 
measuring tool forces and tipping loads 

1 Scope 

This International Standard specifies methods for determining 
the tool forces and tipping loads of loaders, together with their 
limiting conditions. lt applies to crawler and wheeled loaders as 
defined in ISO 6165 (sec also ISO 7131). 

2 Normative references 

The following Standards contain provisions which, through 
reference in this text, constitute provisions of this International 
Standard. At the time of publication, the editions indicated 
were valid. All Standards are subject to revision, and Parties to 
agreements based on this International Standard are encouraged 
to investigate the possibility of applying the most recent editions 
of the Standards indicated below. Members of IEC and ISO 
maintain registers of currently valid International Standards. 

ISO 5998 : 1986, Earth-moving machinery - Rated operating 
load for crawler and wheel loaders. 

ISO 6016 : 1982, Earth-moving machinery - Methods of 
measuring the masses of whole machines, their equipment and 
componen ts. 

ISO 6165 : 1987, Earth-moving machinery - Basic types - 
Vocabulary. 

ISO 6746-1 : 1987, Earth-moving machinery - Definitions of 
dimensions and symbols - Part 7: Base machine. 

ISO 7131 : 1984, Earth-moving machinery - Loaders - Ter- 
minolog y and commercial specifica tions. 

ISO 7546 : 1983, Earth-moving machinery - Loader and front 
loading excavator buckets - Volumetric ratings. 

3 Definitions 

For the purposes of this International Standard, the following 
definitions apply. 

3.1 Tool forces 

3.1.1 breakout forte: Maximum sustained vertical upward 
forte generated at a Point 100 mm behind the lip of the bucket, 
when operating the lift cylinders or the tilt cylinders, and with 
the bottom of the cutting edge parallel with and 20 mm above 
GR P (ground reference plane). 

For buckets with a curved or pointed cutting edge, the forces 
shall be measured at the centre of the bucket width. 

3.1.2 lifting capacity : Maximum load which tan be lifted in 
the bucket from the ground to full height using the lift 
cylinders, with the bucket tilted back and the load being applied 
through the centroid of the rated bucket volume (as specified in 
ISO 7546). 

3.2 tipping load (at maximum outresch or at a specified 
height): Minimum mass acting downwards through the cen- 
troid of the rated bucket volume which will rotate the machine 
to the following tipping limiting conditions (sec also 3.5.3 
and 7.1) : 

a) On crawler loaders 

For rigid frame suspensions, the tipping load is determined 
when the front track rollers are fully off the track (sec 
figure 1). For other types of Suspension, the method of 
determining tipping load shail be specified by the manufac- 
turer and shall be reported. 

b) On wheel loaders 

The tipping load is determined when at least one of the rear 
wheels is fully off the ground. 

In this limit condition, the machine is in balance between 
the overturning moment supplied by the tipping load and 
the righting moment supplied by the mass of the machine. 

3.3 mass: Operating mass of the machine, as defined in 
ISO 6016. 

3.4 Hydraulic pressure 

3.41 working circuit pressure : Nominal pressure applied 
to the specific circuit by the pump(s). 

3.4.2 holding circuit pressure: Maximum static pressure in 
a specific circuit limited by a relief valve at a flow no greater 
than 10 % of the rated circuit flow. 

3.5 Limiting conditions tsee also 7.1) 

3.5.1 hydraulic limiting condition: Moment when the tool 
forces or lift capacity are limited by the working or holding 
circuit pressure. 
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3.5.2 engine Stall limiting condition: Moment when the 
tool forces are limited by the engine stalling. 

During actual loading tests, the 
neutral and the brakes released. 

transmissio n shall be placed in 

3.5.3 tipping limiting condition: Moment when the tool 
forces are limited by the onset of tipping of the machine. 7 Methods of measuring tool forces 

7.1 General 
4 Apparatus 

The test shall be conducted with the machine running in 
accordance with the manufacturer’s operating instructions and 
observing all safety rules. 

The apparatus shall comprise the items in 4.1 to 4.4. 

4.1 Load cell or forte transducer appropriate to the 
magnitude of the tool forte to be measured and with an 
accuracy of + 2 % inclusive of the readout device. 

Safety chains (4.3) shall be fitted to prevent the machine from 
actually overturning in any test where the tipping limiting con- 
dition may occur. 

4.2 Hydraulic oil pressure 
If:2 % . 

gauge, with an accuracy of 
The loader shall be positioned on the test area and the bucket 
suitably attached to a load cell as illustrated in figures 2 and 3 
depending on the test to be conducted. 

4.3 Wire ropes and shackles, 
adjustable anchor po int frames 

P lulley, safety chains and 
With the engine running at the manufacturer’s maximum 
recommended Speed, the required cylinder(s) shall be operated 
independently and the forte at the bucket lip or attachment 
recorded. 4.4 Appa ratus for 

accuracy of + 2 %. 
measuring linear dimensions to an 

The limiting condition as defined in 3.5 shall be noted for each 
test (sec 9.2). 

5 Test site 
In the case of the hydraulic limiting condition, the report should 
note the System or circuit in which the holding pressure was 
exceeded. If the tipping limiting condition is reached, the tool 
forte shall be measured after the onset of tipping. 

The test site shall consist of a substantially level, hard surface, 
preferably concrete, with anchor Points and sufficient space to 
use load cells (4.1). 

NOTE - In the preferred method (shown in figures 2 and 31, the forte 
to be measured is applied direct to the load cell (4.1). If the forte is 
applied via a pulley, its friction should be taken into account in Order to 
maintain the Overall accuracy of + 2 %. As the mass of the rope may 
affect the accuracy, it is recommended that the rope should be as short 
as possible. 

Safety chains shall be loose so that the machine tan attain 
tipping condition and yet be prevented from overturning. 

the 

Esch test shall be conducted three times, and the maximum 
forte for each test shall be noted; the arithmetic mean of these 
three values shall be recorded in the test results. 

6 Preparation for test The tool forces shall be measured in accordance with the above 
general requirements and the specific requirements given in 7.2 
to 7.4 and as illustrated in the appropriate figures. The loader shall be clean, and generally equipped as indicated 

in ISO 6016. 

7.2 Maximum breakout forte using lift cylinders The machine shall be fitted with the bucket or other attachment 
and appropriate counterweights, and shall have the tyre 
pressure and tyre ballast as specified by the manufacturer. The bottom sf the cutting edge shall be parallel with and 

20 mm above GRP. On wheel loaders the front axle shall be 
blocked up at the axle centreline so as to maintain this dimen- 
sion. The rope shall be attached 100 mm behind the bucket lip 
and shall be substantially vertical (sec figure 2). 

For the purposes of the test, any teeth may be removed to 
facilitate the attachment of the rope (4.3) from the bucket to 
the load cell (4.1). 

Prior to testing, the engine and hydraulic System shall attain the 
normal working temperature, and the working and holding 
circuits pressures shall then be checked for compliance with 
the manufacturer’s recommendations. 

7.3 Maximum breakout forte using tilt cylinders 

In Order to prevent linkage movement, the bucket shall be sup- 
ported by a wooden block beneath the bucket Pivot with the 
bottom of the cutting edge parallel with and 20 mm above 
GRP. The rope shall be attached 100 mm behind the bucket lip 
and shall be substantially vertical (see figure 3). 

The equipment shall then be positioned on the test site 
(clause 5) and the test equipment arranged to conduct the 
tests. Typical arrangements are illustrated in figures 2 to 5. 
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7.4 Lifting capacity to full lift height 

The lifting capacity to full height shall be measured by loading 
the bucket with metal blocks so that the line of forte from the 
centre of gravity of the load Passes through the centroid of the 
rated bucket volume. The loads shall be increased until the lift 
cylinders are just able to lift the load to full height or until the 
tipping load is reached. The load lifted shall be recorded 
together with the limiting condition, i.e. hydraulic, tipping, or 
engine Stall (sec figure 4). 

An alternative method of applying a reactive forte equivalent to 
this load, by a rope incorporating a load cell, may also be used. 
The line of forte may be moved to a more convenient Point 
such as the bucket Pivot pin and then the equivalent load at the 
centroid of the rated bucket volume calculated. The measured 
load shall be generated by operating the machine hydraulics 
and not by the forte on the rope. The rope shall be substantially 
vertical at every Position of the bucket. 

NOTE - The Hing capacity to full height as measured here is the 
lifting capacity which the loader tan achieve in all bucket positions as 
defined in ISO 5998, and which is one of the two factors which deter- 
mine the rated operating load. 

8 Method of measuring tipping load 

8.1 At maximum outresch 

The tipping load shall be measured at maximum radius, i.e. 
with the lift arm Pivots and bucket Pivots at equal height above 
ground level before the load is applied (sec figure 5). 

Loads shall be placed in the bucket as in 7.4 and shall be in- 
creased until the tipping load is reached. The machine hydraulic 
System shall not be operated during this test, that is the loader 
is not required to lift this load. Alternatively, the tipping load 
shall be measured by applying a forte through a rope attached 
to the bucket from a dynamometer or cylinder incorporating a 
load cell, such that the rope shall be substantially vertical and 
its line of forte pass through the centroid of the rated bucket 
volume. 

For articulated loaders, i.e. Pivot steering by a central Chassis 
Pivot, the tests shall be conducted with the steering central 
(Zero degrees articulation) and also fully articulated. 

NOTE - The tipping load at maximum outresch is the other of the two 
factors which determine the rated operated load (as defined in 
ISO 5998). 

8.2 At specified height 

The tipping load shall be measured with the bucket Pivot at a 
height as specified by the manufacturer before the load is 
applied. The method shall be as in 8.1. 

9 Test report 

9.1 General information on machine 

The information specified in 9.1.1 to 9.1.3 shall be reported. 

9.1.1 Machine 

a) type; 

b) model; 

c) manufacturer; 

d) mass of machine as tested (in accordance with 
ISO 6016), in kilograms; 

e) working or holding circuit pressure settingfs), in 
kilopascals. 

9.1.2 Type sf undercarriage (crawler or wheeled machine, 
in accordance with ISO 6746-1) 

a) 

b) 

9.1.3 

a) 

b) 

Cl 

Crawler machine : 

1) type of track shoe, 

2) maximum width (over tracks), Wl, in metres, 

3) track gauge, W2, in metres, 

4) track shoe width, W4, in metres, 

5) crawler base (distance between vertical centrelines 
of front and rear idlers or Sprocket), L2, in metres; 

Wheeled machine : 

1) track, W3, (specifying front and rear if different), in 
metres, 

2) wheel-base, L3, in metres, 

3) tyre sizets), 

4) tyre pressure, in kilopascals, 

5) ballast (if specified), in kilograms, 

6) articulation angle (where relevant), A ‘l. 

Bucket fitted for each test 

tw ; 

rated volume (in accordance with ISO 7546); 

mass, in kilograms. 
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9.2 Reporting results 

The tool forces and tipping loads shall be recorded in accordance with table 1. 

Table 1 - Test results 

Forte 
Description 

N 
Limiting conditions 

Maximum breakout forte using : 

- Lift cylinder(s) 

- Tilt cylinder(s) 

Lifting capacity 

to full height 

Tipping load 

a) At maximum outresch: 
- crawler loader 
- wheel loader, articulated steer 
- wheel loader, front-rear steer 
- wheel loader, all-wheel steer at maximum angle 

b) At specified height : 

bucket Pivot height, mm 

At specified height 

Load 

At maximum outresch 

Figure 1 - Tipping condition 
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Dimensions in millimetres 

Lift cvlinddsk-----7 

Loose safety chains fitted 
to prevent machine overturning 7 

/ \ 
/ 

\ \ I ( \ t (5) / \ \ * \xq\\\\\\\\\\\\\ Lh \ 
\ Support at axle centreline Load cell 

alternative Position 
\ 

Load cell 
.preferred Position 

Figure 2 - Typical test arrangement for determination of maximum breakout forte exerted by lift cylinder(s) 
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Dimensions in millimetres 

Load cell 
preferred Position 

Load cell 
alternative Position 

Support at Pivot 

Figure 3 - Typical test arrangement for determination of maximum breakout forte exerted by tilt cylinder(s) 

Centre of gravity of load positioned through 
the centroid of the rated bucket volume 

Load placed in bucket with 
bucket fully rolled back at 
ground level. Then load 
lifted to full height using 
the boom lift cylinders. 

Loose safety chains fitted 
to prevent machine overturning 7 

Figure 4 - Typical test arrangement for determination of maximum lifting capacity to full height 
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Lift arm Pivot 
Pivot at equal 
above ground 

Centre of gravity of load 
to be applied through the 
centroid of the rated bucket volume 

l- Lift arm 

Loose safety chains fitted 
to prevent machine overturning 

Pivot 

Figure 5 - Typical test arrangement for determination of maximum tipping load at maximum outresch 
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