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Foreword

1SO (the International Organization for Standardization) is a worldwide federation of
national standlards institutes (ISO member bodies). The work of developing Inter-
national Stanglards is carried out through 1SO technical committees. Every member
body interestdd in a subject for which a technical committee has been set up 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.

Draft Internatlonal Standards adopted by the technical committees are circulated to

the member bpdies for approval before their acceptance as International Standards by
the 1SO Coungil.
International $tandard 1SO 3449 was developed by Technical Committee ISO/TC’127,

Earth-moving |machinery, and was circulated to the member bodies in November 1978,

.1t has been agproved by the member bodies of the following countrigs :

Australfa Finland South Africa, Rep. of
Austria France Spain

Belgiu Germany, F. R. Sweden

Bulgari Italy Turkey

Chile Japan United Kingdom
Czechoslovakia Poland USA

Egypt, JArab Rep. of Romania USSR

No member bpdy expressed disapproval of the document.

This second edition cancels and-réplaces the first edition (i.e. ISO 3449-1975).

© international Organization for Standardization, 1980 @

Printed in Switzerland
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Earth-moving machinery — Falling object protective

structures — Laboratory tests and performance

requirements

AMENDMENT 1

Amendmeént 1 to International Standard 1SO 3449-1980 was drawn up by Technical ‘Committee ISO/TC 1

R7, Earth moving

machinery. It was submitted directly to the ISO Council in accordance with clause 5.10.9 of part 1 of the Directivgs for the technical

work of 180.

Page 1 :

Sub-clauge 4.1, replace the definition by the following :

"roll-ovdr protective structure {ROPS) : System of structural members arranged on a machine in such a wayj

primary purpose to reduceé the possibility of an operator, when wearing a seat belt, from being crushed should hi
Structural members include any subframe, bracket, mounting, socket, bolt, pin suspension or fiexible shock abso
the system to the machine frame but excludes mounting provisions which are integral with the machine frame.

s to accomplish its
machine roll over.
ber used to secure

lr
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INTERNATIONAL STANDARD

ISO 3449-1980 (E)

Earth-moving machinery — Falling-object protective
structures — Laboratory tests and performance

requirements

0 Intrgduction
This Intermational Standard is intended to assure operators of

reasonabl¢ overhead protection from falling trees, rocks and
other objects under the conditions as stated in clause 5.4.

1 Scope

1.1 Thi]International Standard sets out

a) the laboratory tests for -measurement. of structural
characteristics and

b) th¢ requirements for performance in a representative
test of|a falling-object protective structure (FOPS).

1.2 The| laboratory tests are a means of testing the
characteritics of the structures used to protect the operator
from Ioca{zed impact penetration and, indirectly, of the load-
carrying capacity of the supporting structure to resistingjimpact
loading.

1.3 Thig Internationat Standard is intended to establish a
consistent], repeatable means of evaluating characteristics of
FOPS under loading and to prescribe performance re-
quirements for these structures. 'under such loading in a
representdtive test.

1.4 For| the purposes ) of this International Standard
“representative test’” Means a test of a specimen whose
material, dimensional, and processing requirements are typical
of those ROPS currently being produced.

2.2 Excluded from this International StancJard are :

|

self-propelied compactors;
—  drills;
— paving machines;

— machines
15 kW (20 hp);

having a power rating - less than

— belt/loaders;
—\.excavators;
—  cranes;

— drag lines.

3 References

ISO 3164, Earth-moving machinery — Labofatory evaluations
of roll-over and falling-object protective structures —
Specification for the deflection-fimiting volumpe.

ISO 3471, Earth-moving machinery — Rofl-over protective
structures — Laboratory tests and performahce requirements.
ISO 6165, FEarth-moving machinery — |Basic types —
Vocabulary.

4 Definitions and abbreviations

2 - Field of application

2.1 This International Standard applies to the following types
of operator-controlled machines; regardiess of the type of
steering system utilized, as defined in ISO 6165.

— crawler loaders and wheel loaders;

{

crawler tractors and wheel tractors;

_ graders;

— tractor-scrapers.

For the purposes of this International Standard, the following
definitions and abbreviations apply :

4.1 roll-over protective structure (ROPS) : A system of
structural members arranged on a machine in such a way as to
reduce the possibility of the machine crushing the operator in
the even of an accidental turn-over.

4.2 deflection-limiting volume (DLV): That volume,
related to the operator, which serves to set limits and deflec-
tions permissible when performing laboratory evaluations of
ROPS and FOPS. The volume, an approximation, is based on
the seated dimensions of the large operator.
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6.1.5 A means of determining whether the FOPS enters the
deflection-limiting volume- during the drop test. This may be
either of the following :

4.3 falling-object protective structure (FOPS] : A system
of structural members arranged in such a way as to provide
operators with reasonable protection from falling objects (for
example, trees, rocks).
a) a DLV, in the upright attitude, made of a materiat which
will indicate any penetration by the FOPS; grease may be
put on the lower surface of the FOPS cover to indicate such
b General penetration;
a.dynamic instrumentation system of sufficient fre-
quency reponse to indicate the pertinent deflection with
respect to the DLV.

The following points are stated to aid in understanding the b)
underlying principles, intention and application of this Interna-
tional Standard.

5.1 The FOF

S can be integrated in the cab of-the operator,

5.2 This evaluation procedure will not necessarily duplicate

structural defd
trees, rocks of

rmations due to a given actual impact of falling
other objects.

5.3 This evauation procedure is generally destructive of the

FOPS assemb
duced.

5.4 Althroug
crush protecti
the machine {
crush protecti
condition : a i
sufficient to dj

5.6 The tem

FOPS will ha

y, as permanent deformation is apt to be in-

h FOPS meeting these criteria may not give
bn under all conceivable circumstances in which
ould be struck from above, it is expected. that
bn will be ensured under at least the following
lunt object (see figure 1} dropped from a height
bvelop an energy of 11 600 J (8 500 ft-1bf).

perature-material requirement of 7.3 is intended

e meaningful resistance to brittle fracture(and

tobea base-lle of measurement for testing to ensure that the

does not nec

sarily relate to operating conditions.

5.6 Becausd, in an actual situation involving afalling object,

loading will bg
tional ‘‘safety
used with cay
more to energ
and welding p

dynamic (possibly impact), the use of conven-
Factors’' based on static force.loading should be
tion.. The “’safety factor”’ _of ‘a FOPS is related

absorption capability.and details of weld design
rocedure than it is_to-static force resistance.

6 Laborafory tests

6.1 FacilitiFs

6.1.6 The DLV and its location should be.inacg
ISO 3164. The DLV should be fixed firmly to the
the machine to which the operator/s, seat is

should remain there during the entire;formal test

6.2 Test conditions

6.2.1 Measuring accuracy

The following feasuring accuracy shall be adhd
conducting ‘the test :
Means for measuring Accuracy

Deflection of FOPS
measured

6.2.2 Machine or test bed condition

6.2.2.1 The FOPS 1o be evaluated shall be at
machine structure as it would be in actual machin
plete machine is not required; however, the por|

lordance with
same part of
becured, and
period.

bred to when

+ 5 % of maximym defiection

ached to the
P use. A com-
tion to which

the FOPS is mounted shall be identical to the actual structure,

and the vertical stiffness of a test bed shall be not
of an actual machine as described in 6.2.2.2.

6.2.2.2 If the FOPS is mounted on a machine,
stipulations apply :

— there are no limitations on customary
and/or payload;

— all ground-engaging tools shall be in the

less than that

the following
attachments

normal carry

The following

items shall be provided :

6.1.1 A standard laboratory drop test object, made of steel,
as shown in figure 1.

6.1.2 A means of raising the standard object to 't'he required

height,

6.1.3 A means of releasing the standard object so that it

drops without

restraint.

6.1.4 - A surface of such firmness that it is not penetrated by

the machine o

r test bed under the loading of the drop test.

pasition:

— all suspension systems, including pneumatic tyres,
shall be set at operating levels. Variable suspensions shall be

in the ““maximum stiffness’’ range;

— all cab elements, such as windows, normally removable
panels or non-structural fittings, shall be removed so that

they do not contribute to the strength of the

6.3 Procedure

FOPS.

The test procedure shail consist of the following operations, in

the order listed.
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6.3.1 Place the standard laboratory drop test object (6.1.1),
on top of the FOPS (small end of the object down) at the loca-
tion designated in 6.3.2.

NOTE — An optional drop test object is a sphere or ball with a max-
imum diameter of 400 mm (15.75in) and with the capability of
developing an energy of 11 600 J (8 500 ft-Ibf).

6.3.2 The small end of the object shall be entirely within the
vertical projection of the DLV, in that volume’s upright pos-
ition, on the FOPS top.

I1SO 3449-1980 (E)

6.3.5.2 The first contact between the drop test object and the
FOPS shalt only be along the small end of the drop test object

and/or the radius contiguous to that end (se

e figure 1).

6.3.5.3 There is no limitation on location or attitude of subse-

quent impacts due to rebound.

7 Performance requirements

7.1 The protective properties of the FOPS system shall be

Case 1

When major, upper, horizontal members of FOPS do not
enter the vertical projection of the DLV on the FOPS top.

The centre of the drop test object shall be at that point
which |has the greatest possible sum of perpendicular
distances (X + Y in figure 2) from the major, upper,
horizor(tal structural members.

Case 2

Where |major, upper, horizontal mémbers of the FOPS do
enter the vertical projection of the DLV on the FOPS top.

Where [the covering material of all the surface areas above
the DLY, in the same thickness, the centre of the drop test
object ghall be in the surface of greatest area. This area is
the vertical projected area of the DLV without major, upper,
horizorftal members. The centre of the drop test object shat!
be at that point, within the surface of greatest area, which
has the greatest possible sum of perpendicular distances
(X + Y in figure 2) from the major, upper, horizontal struc-
tural mpmbers. '

Where |other materials or a different thickness are used in
“differer|t areas above the DLV, each. ‘area in turn shall be
subjectpd to a drop test.

6.3.3 Rafse the drop test object-vertically to a height above
the positign indicated in 6.3.1-and 6.3.2 to develop an energy of
11 600 J (8 500 ft-Ibf) based on the mass of an object shaped as

shown in figure 1. The drop test object shall be aimed to impact
at a locatign on the FORS to produce the maximum deflection,

NOTE — T¢ develop an energy of 11 600 J (8 500 ft-Ibf), the drop test
object shallpe-raised to between 3,6 and 5,2 m (12 1o 17 ft). The height
to be selected will vary according to the mass of the drop test object

mnTﬂmmm’mﬂmtﬁve structure to

resist the impact. The DLV (see ISO 3164)\shpll not be entered
by any part of the protective structurender the first or subse-

guent impact of the drop test object. Should

the drop test ob-

ject penetrate the FOPS, it shall be assumed that the FOPS has

failed.

7.2 Where the structure-provides for both ROPS and FOPS,

the FOPS shall also meet'the performance reg
appropriate ROPS as'given in 1ISO 3471. Whe!

uirements for the
e ROPS is notin-

volved, a differént structure may be used to support the FOPS

as long as the DLV is not violated in the test.

The FOPS. shall completely cover and overlap the vertical pro-

jection of the DLV.

NOTES

1 Should the same structure be used for both evaluations, the drop

test procedure shall precede the ROPS loading ang

the removal of im-

pact dents or replacement of the FOPS cover is permitted.

2 It is not required that the included volume. of
having four or more vertical members entirely end

a ROPS of FOPS
ose the positioned

DLV. Nor is it intended that a simple (two-post) frame be excluded as

either a FOPS or ROPS.

7.3 Temperature-material requirements

7.3.1 The laboratory evaluations shall be
FOPS and machine frame members soaked t
or below.

7.3.2 |f the evaluations are not performed at

the following minimum material requirements

7.3.2.1 Bolts and nuts used to attach the

performed with
p — 18 °C (0 °F)

this temperature,
shall be met.

FOPS (or FOPS

(see figure 3).

6.3.4 Release the drop test object so that it falls without ef-
fective restraint onto the FOPS.

6.3.5 As it is unlikely that the free fall will result in the drop
test object hitting at the location and/or in the attitude of 6.3.1
and 6.3.2, the following limits. are placed on deviations.

6.3.5.1 The initial impact of the small end of the drop test ob-
ject shali be entirely within a circle of 200 mm (8 in} radius (the
centre of this circle is to coincide with the vertical centre line of
the drop test object as positioned according to 6.3.1 and 6.3.2)
but not on any major, upper, horizontal member.

cover and its supporting structure] to the mac
connect structural parts to the FOPS cover
class 8.8 or 10.9 bolts (ISO/R 898/1) and 8 or
nuts (ISO/R 898 2).

ine frame and to
shall be property
10 property class

7.3.2.2 Structural members of the FOPS and ROPS (or FOPS
cover) and the mounts which attach them to the machine frame
shall be made from steels and shall have one of the following

Charpy V-notch impact strengths :

10 mm X 10 mm specimen : 10,8 J at
at — 20 °F)
10 mm x 7,56 mm specimen ; 9,5J at

at — 20 °F)

— 30 °C (8 ft.Ibf

— 30 °C (7 ft-lbf
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10 mm - x

5 mm specimen : 7,5 J at — 30 °C (5.5 ft-Ibf

at — 20-°F)

10 mm x 2,5 mm specimen : 55J at — 30 °C (4 ft-Ibf
at — 20 °F) ‘

Structural members made from materials other than steel shall
have equivalent low temperature impact resistance.

NOTES

1 Specimens

o 3 f "

t_stock

8.1.1 Label specification

8.1.1.1 The label shali be of a permanent type and perma-
nently attached to the structure.

8.1.1.2 The label shall be located on the structure so that it
can be easily read and is protected from environmental de-
facing. '

8.1.2 Label content

tubular, or strugtural sections before forming or welding for use in
FOPS. Specimehs from tubular or structural sections are to be taken

from the middie
welds. .

2 In those cou
nuts used shall

of the side of greatest dimension and shall not include

htries using the inch system, the grade of the bolts or
be of an equivalent grade as set out in their national

standards (i.e. gqual to the FOPS material).

3 The requiren]
timekas 1SO dev

lents of 8.3.2.2 are set forth as information until such
plops an International Standard.

7.3.3 Materiﬂls used shall be processed in such a manner as

to eliminate sl
operator or se

8 Labellin

arp corners and edges that are adjacent to the
'vice personnel work areas.

g9

8.1 A label

hall be applied to every FOPS. When the struc-

8.1.2.1 Name and adress of the manufacturet-ot fabricator of
the FOPS.

8.1.2.2 FOPS identification numberxif any.

8.1.2.3 Machine make, madel(s}, or series niimber(s) the
structure is designed to fit:

8.1.2.4 The ISO International Standard numbe:li}s) for which
the structure migets all of the performance fequirements.
National regulations may be included.

8.1.2.5 - The manufacturer may include such othgr information
as deemed appropriate (for example, instalatipn, repair or
replacement information).

9 Reporting of results

ture meets the performance requirements for both FOPS-and
ROPS, the labelling shall be as described in ISO 3471, Farth
moving macflinery — Roll-over protective structures —
Laboratory tegts and performance requirements,

A test report shall include the results of the|test and be

presented in a typical test report according to ar
tional information presented in Annex B shall be
to the originator of the test request.

nex A. Addi-
reported only
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Dimensions in millimetres
’ (Inch values in parentheses)

1) Dimensions d and I are optional, dependinig on the mags of the
test object required to match the height of drop that will |provide
the energy specified in 6.3.3.

For example, for a drop test object Mass of 227 kg (500 Ib)

~ s d = 255 to 260 (10.00 to 10:20)
~ 2 /= 583 to 685 (22.96.t023.04)
'; ; 2) May be drilled and’tapped for a lifting eye.
E g ' 3i To determine drop height, see figure 3.

2)

203 to 204 R 13 (0.5)
(7.98 10 8.02)

Figure 1 — Standard laboratory drop test object

: Major, upper

::f:_,: horizontal meﬁm\\ -

S

“1 Small end of

i
|
|
!
i
l

14 {0.55)

Vertical
projection of DLV

Case 1 Case 2

Figure 2 — Drop test impact points
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5,24 (17 f1) 227 kg (500.5-1b)

514-087F0 ... 231,9 kg (511.3 Ib)

5,0.1-(16.4 ft) — —.—|-X 236,6 kg (521.7 Ib)

451 (P8 ... 262,9 kg{579.6 Ib)

Height m (ft)

4,0 (3.1 ft) — — ol e e e 295,7 kg (652 Ib)

3 —(MBft) e 328,6 kg (724.5 Ib)
35| (11.5f)
T 1 T —
200 (441 Ib)’ 250 (551 Ib) 300 (661 Ib) 350 (772 Ib)

' Mass kg (b}

Figure 3 — Height and mass for the drop test object with the capability of developing an energy of 11 600 J (8 500 ft-Ibf)
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Annex A
Test report
{See clause 9)

A.1 Identification : - A.2 Information supplied by manufacturer(s)

A.1.1 Machine(s) ~ Location of DLV

Type
Manufacturer

Model A.3 Conclusion

Serial number (if any)

3. firm the test results by the follqwing :
Machine frame part number A.3.1 Confirm the test results by the follgwing

1) The minimum performance requirements of ISO 3449 were

A.1.2 FKOPS met (not met) in this test.

Manufacturer o 2) Date of test.

Model | 3 Narﬁe and address of the test facility.
Serial number (if any) | 4) Tt;sfed by (sfgnature)r |

FOPS (may include ROPS) part number 5) Date of report,
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