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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 wark SO collaborates closely with the
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Introduction

The testing of protective structures on machines is aimed at minimizing the frequency and severity of operator
crushing injury resulting from accidental overturning during operation.

This International Standard enables a machine's roll-over protective structure (ROPS) to be tested by the

appli

ation of static loads that simulate the actual loads which can be imlnnqu on the cab or fra

me when the

mach
attac
struc

Claus
demg
low-n
overt

ine overturns without free-fall. Observations can be made on the strength of the structure,
ning it to the machine and those machine parts that could be affected by the load\imp
ure.

e 6 contains testing alternatives for energy-absorbing and rigid ROPS. Field overturn expe
nstrated that when conservative, conventional ROPS design and test strategies are app
nass vehicles, there is frequently little or no permanent deformation to the~\ROPS when the
Lirns. Furthermore, standard structural steel shapes are not always incfementally sized to 4

an efficient design for low-mass vehicles. Consequently, there is opportunity to more efficientl

apply

Until
turf G
appli
empl
which

ROPS to small vehicles by the utilization of a rigid, non-energy-absorbing design.

how, there has been no ROPS International Standard covering‘the field of application of pov
are machinery, and it was therefore necessary for the industry to employ standards from ¢
Cation to test this type of machinery. For information, Annex B lists those standards whic
pyed in the past to determine the performance of ROPS for powered ride-on turf care m

have been judged to provide operator protection- comparable to that specified in this

Standlard.

the brackets
osed on the

riences have
ied to small,
small vehicle
ccommodate
design and

vered ride-on
ther fields of
h have been
Achinery and
International
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INTERNATIONAL STANDARD 1ISO 21299:2009(E)

Powered ride-on turf care equipment — Roll-over protective
structures (ROPS) — Test procedures and acceptance criteria

1 $cope

This [International Standard defines test procedures and acceptance criteria for the/roll-ov
strucfures (ROPS) of powered ride-on turf care machinery with a mass of 3 000 kg or less.

It is mot applicable to stand-on or sulky type machines, nor to self-propelled machinéry and tra
agricylture, forestry or construction applications.

NOTEH Product-specific standards such as ISO 5395 specify whether or not a cerain type of machine is |
a ROPS and these can include additional information on aspects related to RORS, e.g. seat-belt anchor
belts.

2 ormative references

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

ISO %353, Earth-moving machinery, and tractérs and machinery for agriculture and forestry -
point|

ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: |
and studs with specified property classes — Coarse thread and fine pitch thread 1)

ISO 898-2, Mechanical properties’ of fasteners — Part 2: Nuts with specified proof load valug
threa

ASTM A370, Standard testmethods and definitions for mechanical testing of steel products

3 Terms, definitions and symbols

For the pufpeses of this document, the following terms, definitions and symbols (see Table 1) apg

br protective

ctors used in

b be fitted with
hges and seat

t. For dated
b referenced

Seat index

Bolts, screws

bs — Coarse

y.

31

attachment
device designed for mounting only on a specific machine to perform a specific task

3.2
horizontal loading test
application of a horizontal load to the rear, front and sides of a ROPS

1) To be published. (Revision of ISO 898-1:1999)

© 1SO 2009 — All rights reserved
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3.3

machine mass
mass of the machine in working order, not including the operator, with all fluid levels full and with ROPS

The machine mass includes the heaviest configuration of attachments.

mass, not less than the machine mass, used by the manufacturer to calculate the loading energies and forces

in the tests

NOTE

34

reference mass
my

to be applied
NOTE Aqd

3.5

apted from ISO 5700:2006, definition 3.3.

reference plane

vertical plang
in ISO 5353

3.6
roll-over prd
ROPS
framework p
from acciden

NOTE 1 TH
envelope of th
of the machin
machine in thq

NOTE2 A
energy-absorh
difference is th

NOTE3  TH
NOTE4  Ad
3.7

generally longitudinal to the machine and passing through the seat index point'(StP) as dsg

tective structure

otecting operators of turf care machinery that minimizes the likelihood of crushing injury res
tal overturning during operation

e ROPS is characterized by the provision of space for a deflection-limiting volume, either insid
e structure or within a space bounded by a series of planes from‘the outer edges of the structure to an
e that might come into contact with flat ground; the struéture is capable of supporting the mass
overturned position.

ROPS may be designed and tested as a rigid RORS)or an energy-absorbing ROPS. A rigid ROPS, |
ing ROPS, must be geometrically designed to protect the prescribed deflection-limiting volume. The p
e static force resistance requirements in lieu of\ehergy absorbing horizontal loads.

e ROPS may be front- or rear-mounted;.fixed or foldable (e.g. hinged or telescoping).

apted from ISO 5700:2006, definition,3.1.

turf care machinery

machines us
fields and laV

ed in the care and maintenance of predominantely grassy areas, including golf courses, s
ns

fined

ulting

e the

y part
pf the

ke an
imary

ports

Sesrtical crughing test
application of a vertical load through a beam placed laterally across the uppermost members of the ROP$
Table 1 — Symbols
Symbol Description onit
D Deflection of the ROPS at the point of, and in line with, the load application mm
E, Energy input to be absorbed during longitudinal loading J
Eg Energy input to be absorbed during side loading J
F Static load force N
Fihax Maximum static load force occurring during loading with the exception of the overload N
F, Vertical crush load force N
L Length of forward projection of ROPS mm
my Reference mass kg
w External width of ROPS mm
2 © 1SO 2009 - All rights reserved
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4 Test apparatus and equipment

4.1

411

Test equipment for horizontal loading

General

The test equipment shall enable horizontal loading to be applied to the ROPS. Provision shall be made for the
load to be uniformly distributed in the direction of loading and along a beam having a maximum length of
700 mm. This stiff beam shall have a maximum vertical face dimension of 150 mm. The edges of the beam in
contact with the ROPS shall be rounded, with a maximum radius of 50 mm.

The lLeam shall be capable of being adjusted to any angle in relation to the load direction, in_ord

able

Univg
struc

The ¢

The ¢

4.1.2

The f
ROP
requi

The
ROP
defle

1 2° at the start of the test under zero load, and

10° above or 20° below horizontal during testing under load.

o follow the angular variations of the ROPS load-bearing surface as it deflects.

rsal joints, or equivalent, shall be incorporated to ensure that the loading device doées not
ure in rotation or translation in any direction other than the loading direction.

eviation in direction of the force shall not exceed

Apparatus for measuring energy absorbed by.the ROPS

orce vs. deflection curve shall be plotted contifitiously in order to determine the energy abs
5. Measurement of the force and deflectionat the point where the load is applied to the
red; however, force and deflection shall be measured simultaneously and co-linearly.

boint of origin of deflection measurements shall be selected so that only the energy abs

5 or the deflection of certain parts’ of the machine, or both, is measured. The energy
ction or slipping of the anchoring, or both, shall not be included.

Test equipment for vertical crush loading

st equipment shallk\be capable of exerting a downward force on the ROPS through a rigid
um of 250 mm\wide, connected to the load-applying mechanism by means of univerg

eflection rate shall be slow (< 5 mm/s) so that the load canrat all times be considered “staticf.

er for it to be

constrain the

orbed by the
ROPS is not

brbed by the
absorbed by

beam up to a
al pin joints.
h load force.

and that this volume has remained within the ROPS protection during testing, shall be used.

©I1SO

2009 — All rights reserved
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5 Preparation for strength testing

5.1

Purpose

Strength testing is intended to simulate such loads as are imposed on a ROPS when the machine overturns.
These tests enable observations to be made on the strength of the ROPS and any brackets attaching it to the
machine, as well as on any parts of the machine transmitting the test load.

5.2 Preparation rules for governing testing

The preparation for testing the ROPS is governed by the following general rules.

a) The ROPS shall be to production specifications and shall be fitted to the appropriate machine’rhodel
chassis n accordance with the manufacturer's declared attachment method. A complete machine s not
required| for the evaluation; however, the machine frame and ROPS mounting shall. represent an
operating installation.

b) The assembly shall be secured to the bedplate so that the members connecting the ‘assembly and the
bedplatg do not deflect significantly in relation to the ROPS under loading. The agsembly shall not receive
any support from the bedplate under loading other than that due to the initial attachment.

c) Comporlents that could create a hazard in the DLV shall also be fitted so that they can be examined to
ascertain whether the requirements of the acceptance conditions have been fulfilled.

d) All detaghable windows, panels, canopies, and removable non-structural fittings shall be removed s¢ that
they do pot contribute to the strength of the ROPS. In cases where it is possible to fix doors and windows
open or femove them during work, they shall be either removed or fixed open for the test, so that they do
not add|to the strength of the ROPS. It shall be noted whether, in this position, they would crepte a
hazard fpr the driver in the event of overturning.

e) A track yidth setting for the rear wheels, if present, shall be chosen such that no interference exist$ with
the ROHRS during the tests. The assembly shall besupported and secured or modified so that all the test
energy i$ absorbed by the ROPS and its attachment to the machine's rigid components.

f) If, during the test procedure, any part of the machine restraining equipment breaks or moves, th¢ test
procedufe shall be restarted.

g) No repajrs or adjustments of the niachine or the ROPS are allowed during the test procedure.

h) The ROPS shall be instrumented with the necessary equipment to obtain the required force-defléction
data.

6 Test procedures

6.1 Test gequence

If an energy a'uaw'uillg Of |igiu' ROPS—s—fabricated—frommateriats IIIUUtiIIg the—cotd—weatherembritttement

resistance requirements specified in Annex A, all the ROPS loadings may be conducted at ambient
temperature. If an energy-absorbing or rigid folding ROPS is fabricated from materials not meeting the
cold weather embrittlement resistance requirements specified in Annex A, all the ROPS loadings shall be
conducted at -18 °C.

NOTE

procedure could be necessary.

ROPS assembly 1 loadings

a)

longitudi

nal loading from the front, applied at either side;

b) side loading from the side opposite to the applied longitudinal load;

© 1SO 2009 — All rights re
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c) vertical crush loading.

ROPS assembly 2 loadings

d) longitudinal loading from the rear, applied at either side;

e) side loading from the side opposite to the applied longitudinal load;

f)  vertical crush loading.

See also Figure 1.

6.2
6.2.1

Apply
shall

uppel edge). The vertical plane in which the load is applied is located at a distance of one-sixth

width

ROP§ configuration. If the ROPS is curved or protruding at this point, add wedges enabling th
appligd to it, but do so in a way that will not reinforce the ROPS.

The ¢
proce
loadi

The ¢nergy absorbed, E, in joules, by the ROPS during the test shall be at least

Altermpatively, the static load force, F, in newtons, of the rigid ROPS during the test shall be at leag

Main

Horizontal loading

Longitudinal loading

the longitudinal load in a plane parallel to the reference plane (see Figure 2). The load apg
be that part of the ROPS likely to hit the ground first in a longitudinal overturning incident

of the ROPS, inwards from the outside, as shown in Figure 3, or as_close as possible @

dures. For the side-loading test procedure, the pivot shallalso be propped from the side
ng. Only the frame portion to which the ROPS is mounted need be used.

Eil = 1,6‘mt

F=20~mt

ain this force at least 5 safter the cessation of any visually detectable movement of the ROF

lication point
normally the
the external
epending on
e load to be

entral pivot of an articulated machine shall be supported and{securely mounted as approprigte for all test

opposite the

PS.

©I1SO
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ISO 21299
test sequence

Energy absorbing

!

Horizontal loads to
energy requirements;
crush load at 20 m;

!

ROPS
design

Rigid

Y

All loads
20 m,

(in_newtons)

at

(in newtons)

Material as per Annex A

Test at ambient
temperature

!

Material not as per Annex A

Material
type
Test at
-18%C
Y ¢
ROPS test 12 ROPS test 2°

Y

a) Longitudinal loading
from the front,
applied at either.side

Y

b) Side'loading, applied
at’side opposite
previous load

Y

c) Vertical crush load

\

d) Longitudinal loading
from the rear,
applied at either side

Y

e) Side loading, applied
at side opposite
previous load

\

f) Vertical crush load

a8 [f tests are performed using one ROPS assembly, the test load sequence shall be a), d), e), and f). For test loads a)
and d), loads shall be applied at opposite sides.

b

A second chassis may be used for the second ROPS test.

Figure 1 — ROPS test sequence

© 1SO 2009 - All rights reserved
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/ _\\I — (WA
O

a  Dlirection of front longitudinal load.
b Dlrection of rear longitudinal load.

Figure 2 — Longitudinal loading — Front and rear

%

W/6 w/6

 J
[}
 J
A

Key
W external width of ROPS

Figure 3 — Locations for front and rear loads

© 1SO 2009 — All rights reserved
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6.2.2 Side loading

For a cab or
plane at seat

four-post ROPS, apply the load horizontally, in a vertical plane perpendicular to the reference
index point (SIP). See Figure 4. The SIP shall be determined in accordance with ISO 5353.

The load application point is that part of the ROPS likely to hit the ground first in a sideways overturning
accident (normally the upper edge).

For two-post

For two-post

ROPS, apply the load in line with the centreline of the top cross member.

ROPS with a forward projection, apply the load one-third of the distance from the back of the

ROPS to the

The energy 3

Alternatively,

F=20~mt

Maintain this

fIUI It Uf thc fUI VVGIC‘Jl pIUjU\JtIUI I, doS dcfll ch ill rigwc 5.
bsorbed, Ej, in joules, by the ROPS during the test shall be at least

5~mt

the static load force, F, in newtons, of the rigid ROPS during the test shall.be‘at least

force at least 5 s after the cessation of any visually detectable.mévement of the ROPS.

2@  Direction of side load.

Figure 4 — Side load

© 1SO 2009 - All rights reserved
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Posit
proje
forws
For 4

mem
load

Apply

Main
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X - b .
L/3
—>

- L

L3

R !
. =4
N

/
O

Figure 5 — Location of side load with application¢point — ROPS with forward proje

ngth of forward projection

Vertical crushing test
on the beam across the uppermost structural members of the ROPS. For two-post ROPS w
ction, the load shall be applied one-third of the distance from the back of the ROPS to th
rd projection.

four-post ROPS, the manner, of. distributing this load shall be such as to best utilize thg
bers in the fore and aft planeiwhich will support the machine in an upset position. The crus

a vertical crush load force, F,, in newtons, of at least
FV = 20 cMy s

ain this\force for at least 5 s after the cessation of any visually detectable movement of the R

ction

ith a forward

e front of the

se structural
hing force or

Shall be in the vertical direction and shall be in a vertical plane passing through the SIP and parallel to the
longijudinal axis of the machine:

OPS.

©180
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¥ N
| —

3
Key
1 universal pin joint
2 hydraulic gylinder
3 supports ynder front and rear axles
a

Direction ¢f vertical crush load.

Figure 6 —='Vertical crushing test

6.4 Obsefvations during testing

During each|test, an examination-shall be made to ascertain whether any part of the ROPS has entered the
DLV (deflection-limiting volume):

In addition, gn examination shall be made to determine whether any part of the DLV is outside the protgction
of the ROPY, i.e. where any parts of the DLV come into contact with flat ground in the event of the maghine
overturning ip the direction of loading. For this purpose, the smallest front and rear tyres, and the track width
setting, as specified by the manufacturer, shall be considered.

See Clause 7.

7 Deflection-limiting volume (DLV)

The DLV is established using the SIP and is allowed to rotate forward, rearward and to each side about the
SIP by not more than 15° from vertical. The upper portion of the DLV is allowed to flex forward and rearward
an additional 15°, as illustrated in Figure 7.

The SIP could move during the test due to deflection of the chassis. If this occurs, the DLV shall continue to
maintain its relationship with the SIP.

10 © 1SO 2009 — All rights reserved
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Dimensions in millimetres

800

130

210

A
Y

Key

positions

h) DLV side view in vertical and rearmost

500

800

-

A /]

450

130

Y

— 1 )

210

< Py
g B

b)) DLV side view in vertical and foryvardmost
positions

s15°

Y
[

A

260

A

Y

600

1 seatindex point (SIP)

A

 J

c) DLV front view in leftmost position (may also rotate similarly to the right)

Figure 7 — Deflection-limiting volume (DLV)

© 1SO 2009 — All rights reserved
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8 Tolera

nces

Measurements made during the tests shall be to the following tolerances:

a) time
b) distance

c) force

+0,2s;
+ 0,5 % of measured value;

+ 1,0 % of measured value.

9 Accep

9.1 Gene

For the ROP

tance conditions

al requirements

S to be accepted, it shall fulfill the conditions specified in 9.2 to 9.5 during and_after the test

articulated npachines, the DLV shall remain protected at any angle of articulation of|the machine

overturned.

9.2 Deflec

No part shal

ttion-limiting volume/ground plane

enter the DLV as defined in Clause 7. Furthermore, the DLV shall not be outside the prots

provided by the ROPS (3.6). For this purpose, the DLV shall be considered to be outside the ROPS protg

if any part of
the direction
width setting
and flexing o

After each te
cracks, while
be ignored.

the DLV would have come into contact with flat ground.if'the machine had overturned toy
from which the load was applied. To estimate this, thezsmallest front and rear tyres, and the
as specified by the manufacturer, shall be considered. The direction of the allowable ro
f the DLV is not dependent on the test loading direction. See Figure 8 for ground plane exan

St, all structural members, joints and fastening systems shall be visually examined for fractu
any small cracks in unimportant parts and-any tears caused by the edges of the testing rig

5. On
when

ction
ction
vards
track
ation
ples.

es or
shall

12

© 1SO 2009 - All rights reserved
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Key

1 grout ek p:cu e
2 part of machine capable of supporting machine mass when overturned
3 attachment

Figure 8 — Examples of ground plane shown with deflected ROPS structure

9.3 Horizontal overload test for energy-absorbing ROPS

An overload test to determine the residual strength of the ROPS, after a horizontal loading test, shall be
carried out if the force drops more than 3 % over the last 5 % of the deflection attained while absorbing the
required energy (see Figures 9 and 10).
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This test shall consist of continuing the horizontal loading in increments of 5 % of the original required energy
up to a total of 20 % additional energy (see Figure 11), and shall be successfully completed providing:

— after the absorption of 5 %, 10 % or 15 % additional energy, the force drops by less than 3 % for each

5 % increment and is greater than 0,8 F, 4,

— after the absorption of 20 % additional energy, the force is greater than 0,8 F,,,.

Entry into the DLV or lack of protection of the DLV is permitted during this overload test. After removing the
load, the structure shall not be in the DLV and shall protect the DLV.

There Sha” ha na nratridina mamhbar Ar camnanant ~Af tha PDODGS lilkalv tn ~ronico carinue initimy Aol an
be—ho—protruding—member—or—compeonent—of-the ROPS likelyto-cause—serious—injury—during

overturning incident.

9.4 Vertidal crush overload test

If cracks or tears that cannot be considered negligible appear during a vertical crush loadingtest, a sefond,
similar verticpl crush loading test, but with a force of 1,2 F,, shall be carried out immediately after the vertical
crush loading test that caused the cracks or tears to appear.

9.5 Cold weather embrittlement

Cold weather embrittlement resistance shall be verified by either performing the tests given in Clausqg 6 at
—18 °C or colder or by the methods given in Annex A.

YA
Fmax b
/'Fa 7
a F /

-4 |

095D D

Key
X deflection
Y static load force

@ Locate F, in relation to 0,95D.
b Overload test not necessary, as F, < 1,03F.

Figure 9 — Static load force-deflection diagram — Overload test not necessary
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095D D D, X
Key
X  deflection
Y sfatic load force
@ Lpcate F, in relation to 0,95D.
b Qverload test necessary, as F, > 1,03F.
¢ (uerload test performance satisfactory, as F,, > 0,97F and F}, > 0,8F ;..

Figure 10 — Static load force-deflection diagram — Overload test necessary

YA

Fmax b

>

0950 D D,D,D;D, X
-

4
I

Key

overload

deflection

static load force

Locate F, in relation to 0,95D.

Overload test necessary, as F, > 1,03F.

F, < 0,97F, further overload therefore necessary.

F,<0,97F,, further overload therefore necessary.

F4<0,97F,, further overload therefore necessary.

Overload test performance satisfactory if /, > 0,8F .. Failure occurs at any stage when load drops below 0,8F ...

-0 a0 T 0L X =

Figure 11 — Static load force-deflection diagram — Continuing overload test
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10

Extension to other machines

In the case of a ROPS that has fulfilled the conditions required for acceptance according to Clause 9, and
which is designed to be used on other machine models, the test procedures specified in 6.2 need not be
carried out on each machine model, provided that the ROPS and machine under test comply with the
following conditions, and that the test report refers to the previous test report.

a)

b)

c)

d)

11

The required energy shall not exceed the energy calculated for the original test by more than 5 %.

The attachment method and the machine components to which the attachment is made shall be identical
or of equivalent strength.

Any conlponents (e.g. mudguards, bonnet) that could provide support for the ROPS shall be identigal, or
judged tp give at least the same support.

The posijtion and critical dimensions of the seat and the relative position of the machine's’"ROPS shgll be

such that the DLV shall remain within the protection of the deflected ROPS ithreughout al| test
procedufes.

Labelling

A label shall be durable and permanently attached to the main ROPS/so/as to be easily read. It shall be

protected from damage and contain at least the following information:

a)
b)
c)
d)

e)

12

Data that may be included in @ ROPS test report is set forth in Annex C.

16

name aryd address of the manufacturer;

ROPS sgrial number (if the ROPS is standard equipmentgthis is not required);

maching make, model(s) or series number(s) of the-machine(s) the ROPS is designed to fit;
reference mass, in kilograms;

reference to this International Standard (i.e. “ISO 21299:2009"), stating conformance with its
energy-absorbing or rigid ROPS requirements.

Test report

© 1SO 2009 - All rights reserved
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Annex A
(normative)

Requirements for providing resistance to brittle fracture of ROPS at

reduced operating temperature

The following requirements and procedure are intended to provide strength and resistance to brittle fracture at

the roll-over

reduc\nﬂ tamnaratiira Tha followinag minimuim matarial raairamante chall ha maot whan bidaina
ec—temperatdre—e—tonowiRg—+ui—RatearFrequiremeS—Sharo e et WhehjHagiig

prote|
opere

NOTH
Stand

A1
ROP
(see

A.2
with 1

A3
tough
Strug
low s
upse

NOTH
meet

Struc
equiv
tubul
from

welds.

A4
exce

A.5
provi

Ctive structure's suitability at reduced operating temperature in those countries requiring’t
ting protection.

The requirements and procedure in A.3 and A.4 are set forth as information «uniil suitabl
ards are developed.

Bolts and nuts used to attach the ROPS to the machine frame and to-eornnect structura

he ROPS material as given in A.3.

Steel materials for structural members of the roll-Gver protective structure shall be
ness material, exhibiting minimum Charpy V-notch impact energy requirements according
tural members that can either be demonstrated to*be in plane stress or that are subjected
train rates such that the possibility of brittle fracture is precluded in the event of a low tem
, heed not comply with this requirement.

Steel with an as-rolled thickness of less than 2,5 mm and a carbon content of less than 0,2 % ig
his requirement.

alent low temperature impaet.resistance. Specimens shall be “longitudinal” and taken frg
br or structural sections before forming or welding for use in the roll-over protective structure
tubular or structural sections shall be taken from the middle of the biggest side and sha

The Charpy V=netch tests shall be conducted in accordance with the procedure in AS
bt that specimen’sizes shall be in accordance with the dimensions given in Table A.1.

One alternative to this procedure is to use killed or semi-killed steel, for which a specificg
fed.

his additional

b International

parts of the

S shall be property class 8.8, 9.8 or 10.9 for bolts (see ISO 898-1) and property class 8, 9 ¢r 10 for nuts
SO 898-2).
All welding electrodes used in the fabrication of structural members and mounts shall b

e compatible

pf controlled
fo Table A.1.
o sufficiently
berature field

considered to

tural members of the roll-over protective structure made from materials other than ste¢l shall have

m flat stock,
. Specimens
| not include

bTM A370 2),

tion shall be

2)
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The reference to ASTM A370 will be replaced as soon as a corresponding International Standard becomes available.
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Table A.1 — Minimum Charpy V-notch energy requirements for ROPS material at specimen

temperatures of —20 °C and —-30 °C

Specimen size Absorbed energy
-0 -20°C
mm J o
10x 102 1 pup
10x9 10 ”
10 x § 95 »
10x 7,42 95 ”
10 x 7 9 225
10 x 6] 8,5 v
10 x 4 8 20
10x5f 75 -
10 x4 7 prgn
10 x 38 6 -
10 x 3 6 "
10 x 2,42 5.5 ”

@8 Indicates greferred size. Specimen size shall be no less than the largest preferred size that the material will permit.

b The energly requirement at the temperature —20° C is 2,5 times the Value specified for —30 °C. Other factors affect impact gnergy
strength, i.e. djrection of rolling, yield strength, grain orientation and ‘welding. These factors shall be considered when selecting and
using a particullar type of steel.
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