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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.
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Security and resilience — Vehicle security barriers —

Part 1:
Performance requirement, vehicle impact test method and
performance rating

1 (Scope

This document specifies impact performance requirements for a vehicle security. barrier (VSB) and a
tesf method for rating its performance when subjected to a single impact by a\test vehicle|not driven
by 4 human being. It is applicable to test methods for vehicle penetration distances not excegding 25 m.

This document is applicable to all manufacturers and procurers of VSBs{where they are used to protect
people in any public or private location from the impact of vehicle attacks.

This document does not apply to the performance of a VSB or its.control apparatus when subjected to:
— |slow speed encroachment;

— |slow speed nudging and ramming;

— |blast explosion;

— [ballistic impact;

— |manual attack, with the aid of the vehicle (multiple impacts at slow speed);
— |manual attack, with the aid of toels-fexcluding vehicles);

— |electrical manipulation;

— |attack on the control systems by any means.

NOTE1 For manual attack, a variety of test methods exist. For assessing intruder resistance| of building
components, see LPS 1175[¢l,

NOTE 2  The VSBis)designed and tested on the basis of:
a) |vehicle type; mass and speed of the assessed vehicle-borne threat;

b) |its geegraphical application (e.g. climate conditions);

c) |intended site location (e.g. rigid or non-rigid soil/finished surface).

It does not apply to guidance on design, the operational suitability of a VSB or other impact test methods.
NOTE3  Guidance on the selection and specification of a VSB by type and operational suitability is given in
ISO 22343-2.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 22300, Security and resilience — Vocabulary

©1S0 2023 - All rights reserved 1
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ASTM C31/C31M, Standard practice for making and curing concrete test specimens in the field

ASTM C39/C39M-18, Standard test method for compressive strength of cylindrical concrete specimens

EN 12390-2, Testing hardened concrete — Part 2: Making and curing specimens for strength tests

EN 12390-3, Testing hardened concrete — Part 3: Compressive strength of test specimens

SAE J211/2, Instrumentation for Impact Test — Part 2: Photographic Instrumentation

3 Term

s and definitions

For the pu
ISO and IE
— IS0 On
— IECElIg

3.1
vehicle se
VSB
passive, ac

poses of this document, the terms and definitions given in ISO 22300 and the followjtig apply.
[ maintain terminology databases for use in standardization at the following addresses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

curity barrier

Live, portable or linear barrier used to prevent potentiallyostile vehicular access to a site

Note 1 to enftry: Types of VSB and their application are discussed in ISO}22343-2.

3.2

vehicle se¢urity barrier foundation
VSB foundation
foundation/and surrounding test location ground into\which the VSB (3.1) is installed

Noteltoe

ry: Typical foundations that can be presented for test are illustrated in Figure 1.

© IS0 2023 - All rights reserved
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d) VSB anchored/pinned/bolted to test site

c] VSB on test site ground (surface placed)

ground
Key]
A |VSB G~“natural ground
B |existing finishing level H foundation thickness
C |paviors [ depth of foundation excavation
D |pavior bedding ]  base construction
E |foundation K  formation level
F [blinding concrete L  connections

Figure 1~~Examples of VSB installations — Section view

3.211

integral vehicle security barrier foundation

int¢gral VSB foundation

VSH foundation (3:2) that is a structural component of the VSB (3.1)

3.2)2

proprietary vehicle security barrier foundation
proprietary VSB foundation
VS% lafion (22) desi | and sized salely £ it] ific VSR (3 1)

Note 1 to entry: A surface pinned VSB can need a concrete plinth into which fixings can be installed, this plinth
should be recorded as part of the VSB foundation.

3.2.3

test site ground

surrounding land, in which the vehicle security barrier (VSB) foundation is situated or placed on which
the VSB is installed for testing

©1S0 2023 - All rights reserved 3
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3.3
test vehicle

commercially available vehicle and load bed

Note 1 to entry: The vehicle having an unmodified chassis and unmodified frontal structure, used in an impact

test to evaluate the performance of a VSB (see Table 2).

Note 2 to entry: Modifications that are permissible include the addition of a load bed (in accordance with the

vehicle manufacturer’s instructions) and methods to restrain movement of ballast.

Note 3 to entry: See Table 2 for test vehicle type and test mass

3.3.2
ballast

mass addefl to the test vehicle to bring the test vehicle mass within tolerance

Note 1 to enftry: Table 1 specifies the permissible quantities of secured and unsecured ballast.

3.3.3
crew cab

four-door ¢gompartment of an N1G vehicle for driver and passengers

3.34
day cab

driver compartment of an N1 vehicle that does not include overnightyfacilities

3.3.5

mass of te
oil and coo

unladen r{ass

t vehicle, excluding ballast (3.3.2) but with mantifacturer’s equipment, quantities of engine
ant, and minimum amount of fuel

Note 1 to erftry: A minimum amount of fuel is required to-énsure engine operation during the test which in furn

facilitates ppwer steering and braking systems.

3.4
datum

fixed pointor line to where all measurements pre- and post-impact are taken

3.4.1

vehicle dafum point
fixed pointlon a vehicle to whéreall measurements pre and post impact are taken

Note 1 to enjtry: For a car (M1)or 4x4 crew cab pick-up (N1G) vehicle [see Figure 2 a) and Figure 2 b)], a refer¢nce
line passing through the €éntre of the A-pillars, at the lowest point of the windscreen. For N1, N2 or N3 vehicles
[see Figure 2 c), Figure 2°d) and Figure 2 €)],], a reference line intersecting the lower load bed leading edge|and

the vehicle ¢hassis rail

© IS0 2023 - All rights reserved
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5

1—»

L

b) 4x4 crew cab pick-up (N1G)

da]

|

N\
@

d) Large goods vehicle (LGV) N2A, N3C, N3D,
N3F and N3G

c) Day cab vehicle (N1)

e) Large goods vehicle (LGV) N2B and N3E
Key

1 [vehicle datumrpoint

Figure 2 — Vehicle datum point — Side view

3.4[2
vehicle security barrier datum line

VSB datum line

horizontal line marked on the ground pre-impact, vertically aligned with the foremost point of the
vehicle security barrier (VSB) (3.1) structure designed to withstand the impact

Note 1 to entry: The VSB front face can be flat and perpendicular to the ground. In this case, the whole VSB front
face is in line with the VSB datum line. In the case of a blocker, it is the furthest protrusion of the VSB structure
designed to withstand the impact [see Figure 3 €)].

Note 2 to entry: The front face of the VSB is not the same as the front face of the VSB foundation or any supporting
structure. In the case of a ditch, it is the point where the front face of the ditch meets the ground level.

Note 3 to entry: The VSB datum line is illustrated in Figure 3.

© IS0 2023 - All rights reserved 5
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2
==
| b
L1 ] z
3 1=
—
‘ L) =
L 3
a) Bollard b) Surface-placed bollard

c)Planter, wall, balustrade d) Surface-placed barrier

6 © IS0 2023 - All rights reserved
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e) Blocker f) Gate barrier, rising/swing arm parrier

g) Surface-placed barrier h) Surface-placed barrier

© IS0 2023 - All rights reserved 7
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Key
1
2

directid

VSB
NOTE1 1

NOTEZ2 1§

3.5
impact

i) Bund/berm

3
4

VSB datum line
ground level

n of impact

SO 22343-2 provides information on the different types of V\SBravailable.

or e), refer to Note 1 in 3.4.2.

Figure 3 — Examples of VSB datum line — Isometric and side view

sequence df events between a moving vehiele'éngaging with a vehicle security barrier (VSB) (3.1)

3.5.1
impact sp
velocity of

3.5.2
impact an

ped
the freely moving test veliicle before reaching the initial contact point

le

angle >0° 3
and the ve

icle approagh path into the VSB (3.1)

Note 1 to enftry: Theiimpact angle is illustrated for clarity in Figure 4.

nd < 90° in the\horizontal plane between the vehicle security barrier (VSB) datum line (3.4.2

© IS0 2023 - All rights reserved
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5 - g
o B | o B | »
2 3 A
1—> ™.
i | = g =
|| g

b) lImpact angle = 45°

Key)

1 |centre line of the test vehicle 6  VSB datum line (impact face)
2 |testvehicle, pre-impact 7 VSB

3 |vehicle approach path 8 initial contact point

4 |testvehicle at impact 9  targetimpact point

5 |VSB foundation/test-surface

o

For an impact testwith a 90° impact angle, the target impact point and initial contact point are thq same.
Figuré4 — Impact angle, target impact point and initial contact point — Aerial yiew

3.5{3

target impnrt rr\ninf
intersection between the longitudinal centre line of the test vehicle and the lateral position on the
vehicle security barrier (VSB) (3.1) impact face

Note 1 to entry: The target impact point is illustrated for clarity in Figure 4 and is used to determine test vehicle
to VSB alignment for impact angles > 45°. For an impact test with a 90° impact angle, the target impact point and
the initial contact point are the same.

3.54

initial contact point

location of the interface between the test vehicle and vehicle security barrier (VSB) (3.1) impact face at
moment of impact

Note 1 to entry: The initial contact point is illustrated for clarity in Figure 4 and is used to determine test vehicle
to VSB alignment for impact angles < 45°.

©1S0 2023 - All rights reserved 9
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3.6

data

record of information gathered pre-impact, during impact and post-impact between the test vehicle
and vehicle security barrier (3.1)

3.6.1

vehicle penetration distance

maximum perpendicular distance between the vehicle security barrier (VSB) datum line (3.4.2) and
either:

a) where there is < 90° yaw and/or pitch of the test vehicle (3.3), the vehicle datum point (3.4.1); or

b) where|there is > 90° yaw and/or pitch of the test vehicle, the furthest part of the load bed (fory)N4, N,
and N3 vehicles) or furthest part of the vehicle (M1 and N1G vehicles), achieved either dynamidally
(during impact) or statically (post-impact), whichever is the greater

Note 1 to eptry: Vehicle penetration distance is illustrated in Figure 5 a) and Figure 6 with % 90° yaw anfl/or
pitch of the fest vehicle.

Note 2 to eptry: Vehicle penetration distance is illustrated in Figure 5 b) (aerial view)ywith = 90° yaw angl/or
pitch of the fest vehicle.

==

5
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

8
9

a) Ieract at 90° to the VSB datum line, with < 90° yaw and/or pitch of the test vehicle

10 © IS0 2023 - All rights reserved
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1=

————————ee e —— — — > U

9

b) Impact at 90° to the VSB datum line, into a VSB with an angled impact face, with 2|90° yaw
and/or pitch of the test vehicle (i.e. test vehigle facing towards the VSB post-implact)

Key

1 |direction of impact 6 testvehicle, postimpact

2 | VSB foundation/test surface 7  vehicle datum point

3 |VSB 8 vehicle penetration distance

4 |VSB datum line 9 VSB datum line to furthest part |of vehicle
(observation)

5 |distance marks at ground leyel

NOTE See Note 2 to 6.2-fordistance marks for vehicle penetration.

Figure 5 — Vehicle penetration distance — Aerial views

©1S0 2023 - All rights reserved 11
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O
e

I 3 .

© @®) e @
3 2 T s
6
,
a) Pre-impact b) Post-impact

Key
1 VSB (e.g. bollard)
2 VSBdatum line

3 vehicle|[datum point

vehicle penetration distance

major debris

major debris distance

VSB datum to furthest part of vehicle

N O O

Figure 6 — Vehiclepenetration distance and major debris distance — Side views

3.6.2
major debyris
piece of vehicle Security barrier (VSB) (3.1), vehicle or ballast (3.3.2) with a mass of 22 kg that becones
totally detfiched during the vehicle-VSB impact (3.5)

3.6.3

major debris distance

dimension measured from and perpendicular to the vehicle security barrier datum line (3.4.2), to the
furthest edge of the outermost piece of major debris (3.6.2)

Note 1 to entry: Major debris distance is illustrated for clarity in Figure 6.

3.6.4

major debris coordinates

position of major debris (3.6.2) measured in the x- and y-axes from either the target impact point (3.5.3)
where the impact angle (3.5.2) is > 45°, or from the initial contact point where the impact angle is < 45°

Note 1 to entry: Major debris coordinates are illustrated for clarity in Figure 7.

12 © IS0 2023 - All rights reserved
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2 50 m
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l—*4

—_______60m ‘ 3
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O > ; C 1 A0m
6 5
N X | '
2 2 \
y
X
Key
A |aerial view 2 VSBfoundation
B [side view -y is going into page (symbol +) 3 VSB
C |end view - x is coming out of page (symbol ¥) 4 VSBdatum line
1 |direction of impact (three examples) 5,6 major debris and its coordinates
Figure 7 — Major'debris coordinates system — Aerial, side and end views

3.7
clignt
perfon(s) or organizdtion commissioning the test house (3.8) to undertake an impact (3.5) test
Not¢ 1 to entrys, The client can be, for example, the manufacturer, government agency, distributgr, designer,
progpective putichaser or installer of the vehicle security barrier to be tested.
3.8
test house
perauu(a) oTroTrganizatiomrcarryingout thevehicte tmpuct (@) test
4 VSB performance requirement
When tested in accordance with the test method in Clause 6, the VSB shall affect the test vehicle by:
a) preventing it from advancing beyond the VSB datum line; or
b) redirecting the vehicle such that it remains on the non-protected side of the VSB; or
c) bringing it to a halt beyond the VSB datum line (vehicle penetration).
©1S0 2023 - All rights reserved 13
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In the event of c), the impact of the test vehicle with the VSB shall render the vehicle immobile by:

— causing damage to the vehicle such that it is not able to progress under its own power;

— becoming entangled with the vehicle such that it is not able to progress under its own power; or
— catching, trapping, or lifting the vehicle such that it is not able to progress under its own power.
NOTE1 Testdata supporting the above are to be recorded within the report.

NOTE 2  Where vehicle penetration beyond the VSB datum line is greater than 25 m, a performance rating is
not awarded (see Clause 7).

5 VSB documentation

5.1 General

The followjing information and documentation shall be submitted to the test house'before the veHicle
impact test:

NOTE1 This information sets the technical basis for the test activity.

a) VSB mpnufacturer details;

b) client dletails (where different to the VSB manufacturer);

c¢) whethgr the VSB is a prototype or is in production;

d) VSB prjoduct name (type and model);

e) the tegt parameters against which the VSB is to be\tested, including:
1) testvehicle (see 6.1.1);
2) tafgetimpact point and impact angle\(see 6.3);
3) targetimpact speed (see 6.6);

f)  whethgr the following optional assessments are to be included in the test:
1) pedestrian intruder aceess;
2) ocfupantinjury;

g) which face of the VSB is the front face (i.e. the face designed to resist impact) and how this is marfked
on the|VSB;

h) generdl atrangement and detailed drawings, installation drawings and installation instructjons
(drawings' shoul hat th r for the installation of th B bein and
should be labelled with the VSB product name (type and model) [see 5.1 d)] and version number
that is being tested);

i) drawings shall be provided such that the test house can undertake the checks for product
conformity (see 5.2);

NOTE 2  An example of technical drawing components for VSBs is given in Annex B.
j) parts list (if available);

k) certificates confirming material specifications;

14 © IS0 2023 - All rights reserved
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1) foundation specification:
1) foundation type: none, proprietary, integral;
2) reinforcement detail and bar bending schedule;
3) concrete specification and strength;
4) soil grade, compaction, moisture content and bearing capacity (where soil is part of the
foundation or installation) (see 6.4.4);
5) finished surface (e g tarmac, concrete granite pavement);
m) |operating manual/instructions;
n) [for bollards, the bollard array and its foundation (e.g. single or multiple arrangemeént);
NOTE 3  This includes, for example, use of a foundation with a capacity of threesbollards but o be tested
with only one bollard installed.
0) |for linear VSBs, the length of the VSB to be tested;
NOTE4  Thelength of a linear VSB chosen for impact testing can imipact performance.
p) |whether the VSB is a passive or active VSB and whether itis€o be tested as passive or agtive;
q) [for an active VSB, the means by which it is to be operated for the test (e.g. powered or manual);
r) |whether the VSB has been previously tested including a reference to the previous te$t [e.g. test
house and test reference number or test reportfiumber(s)].
NOTE5 The test house can obtain other. relevant information (e.g. information for disppsal and/or
recycling of the VSB, details of toxic or dangerous materials in the VSB and safety issues).
Doduments supplied to a test house shallibe considered proprietary and shall be retained, hpndled and
stored by the test house accordingly, uinléess instructed otherwise by the client.
5.2| Conformity between USB and documentation
Thg VSB shall conform to its)accompanying documentation (see 5.1). Any nonconformity identified at
any|stage of testing (e.g{manufactured product, foundation or installation of the VSB) shall be logged
and reported to the_client by the test house. The resolution of the nonconformity shall be recorded
through the provisiofof revised drawings prior to completion of the test report or a modifiefl VSB prior
to cpntinuation of the test programme.
A s¢t of modified drawings identified by an updated issue number shall be provided together with a list
of dated amiendments.
6 “Testmethod
6.1 Apparatus
6.1.1 Test vehicle.

A model representative of the vehicle parc having characteristics and dimensions within the vehicle
specifications given in Table 1 apply. The test vehicle shall be not more than 10 years old for vehicle
types M1 and N1G, and not more than 15 years old for vehicle type N1, N2A, N2B, N3C, N3D N3E, N3F
and N3G.

The test vehicle should be selected on the basis of the VSB’s application, including its geographical

app

©IS

lication, where known.
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If using a vehicle with a rigid box, consideration should be given to how any ballast movement can be
filmed during the impact (see 6.1.7).

Graphical representations of typical vehicles corresponding to requirements are given in Table 2.

For transparency and impartiality, the test house should always supply the test vehicle to ensure it
meets the requirements of this document.

The test vehicle shall meet the requirements for road worthiness for the following:

a)

b) susper
c) wheel
d) bodyw
e) brakes;
f) chassis;
g) engine
NOTE ’
altering the

Vehicles us
equipment

16

tyres and wheels;

sion;

hlignment;

ork;

where the means of delivering the test vehicle to the VSB is by vehicle self-power.

'he engine can be running to aid test preparation. Electronic sensots can also be deactivated to afoid
test vehicle’s behaviour, e.g. a safety braking system triggering dude to the absence of a driver.

ed for testing should be unmodified and not be fittedhwith additional items of load handling

© IS0 2023 - All rights reserved
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Table 2 — Vehicle classifications used for vehicle impact testing

Test
vehicle

UNECE vehicle
classification
GVM

(kg)

Test mass
(kg)

Illustration

Car

M1

1500

4x4

2500

Flat bed

N1

[single cab)

3500

Large
goods
vehicle
(LGV)

N2A
GVM 8 000 kg
D-axle rigid

[flat bed, open
Curtain side or
Figid box)

7 200

N2B

GVM 14 970 kg
D-axle rigid

(flat bed, open
Curtain side or
Figid box)

6800

N3C

GVM 20 500 kg
D-axle rigid

flat bed, open
curtain side or
Figid box)

7 200

Large
goods
vehicle
(LGV)

18

N3D

GVM 20-500 kg
D-axle rigid

12 000

(ftatbed; open
curtain side or
rigid box)

N3E

GVM 27 300 kg
3-axle rigid

(tipper body)

29500

© IS0 2023 - All rights reserved
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Table 2 (continued)

Test UNECE vehicle | Test mass Illustration
vehicle | classification (kg)
GVM
(kg)
N3F 24000
GVM 26 000 kg

3-axle rigid

(tipper hody)

N3G 30000

GVM 36 000 kg
4-axle rigid

(tipper body)

a

L—

TORCE=O0Q)
6.1)2 Method of propulsion: winch cable or other equipment, which shall be capable of delivering
the[test vehicle to the VSB at the specified impact speed: It shall be capable of propelling the fest vehicle

in g stable manner and in a straight line, to a pointswhere the vehicle is released and is able to travel
fregly until reaching the initial contact point.

Thip release point should be determined_ in accordance with the longitudinal position off the winch
attdchment device to the test vehicle in erdér for the test vehicle to travel freely for speed mgasurement
purjposes and impact.

6.1)]3 Equipment for measuring speed, which shall be capable of measuring the fre¢ly moving
vehjicle’s impact speed along the'vehicle approach path (before the initial contact point) to an accuracy
of H2 %.

NOTE The maximum-distance between the measurement being taken and initial contact point is given in
6.7.3 a).

A nmiinimum of two independent methods of speed recording should be used. The deterrhination of
impact speedi$ an essential parameter. Suitable methods can include a timing gate, determnination of
wirlch cablesspeed, the use of pressure pads activated by the passage of the test vehicle, the|analysis of
high-speed film records or attaching a calibrated “fifth wheel” to the test vehicle.

6.1.4 Equipment for measuring impact angle, which shall be capable of measuring angles to an
accuracy of + 1°,

6.1.5 Equipment for measuring distance, which shall be capable of measuring to an accuracy
of + 2 %.

6.1.6 Equipment for measuring mass, which shall be capable of measuring vehicle mass for the
following categories:

a) for vehicle categories M1, N1G, capable of measuring mass to an accuracy of * 5 kg per axle;

b) for vehicle categories N1, N2A, N2B, N3C, N3D, N3E, N3F and N3G, capable of measuring mass to an
accuracy of + 50 kg per axle;
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<)

major debris, capable of measuring mass to an accuracy of + 1 kg.

6.1.7 Video camera equipment, which shall be capable of recording the behaviour of the VSB and
foundation movement, the test vehicle motion pre-impact from a minimum of 8 m before the initial
contact point and post-impact to a minimum of 25 m beyond the VSB datum line, and the ballast during
impact.

NOTE Where the test vehicle has a rigid box, the ballast can be observed with an onboard camera.

High-speed cameras shall be operated at a minimum of 200 frames per second.

Higher fra:lne rates can be useful to give greater detail of the impact. However, image resolution shguld
not be red

Photographic instrumentation specifications shall be in accordance with SAE J211/2.

ced in order to achieve higher frame rates.

The lens erfror, as referenced by SAE ]J211/2:2022, 3.1.1, shall not exceed 3 % for lenses less than 50 jmm

focal length, and shall not exceed 1 % for lenses equal to or greater than 50 mm focal Jength.

High speed camera equipment should be capable of producing noise-free, correctly exposed resulffs in
all year-rofind natural outdoor lighting conditions without resorting to theUse of electronic gain or

non-standgrd film processing to correct the exposure.

6.1.8 Camera layout, for which the minimum camera layout shall’be as follows, as illustratefl in

Figure 8:
a) Ahightspeed static camera (see Figure 8, Camera A), ground based, in-line with the VSB and with an

b)

d)

20

unobstructed view of the VSB impact face. This camera‘may be used to determine the height of{the
initial contact point and/or target impact point, dynamic vehicle penetration distance, the impact
speed fand the post-impact speed of the test vehiclé. Characteristics of the test vehicle impacfing
into thje VSB can also be recorded.

A hight-speed static camera (see Figure.8;Camera B), ground based, in-line with and facing|the
vehiclg approach path. This camera may-be used to determine if the target impact point/injtial
contaclt point is within the tolerance-and to show the characteristics of the test vehicle impacting
into thee VSB. The impact angle determines whether the target impact point or initial contact ppint
is used to assess the impact accuracy (see 6.3).

A hightspeed static camera((see Figure 8, Camera C), overhead and located in such a way as to cqver
the tegt vehicle motion from a minimum of 3 m before the initial contact point and a minimum of]5 m
past the VSB datum ling./Camera C may be used to record the impact angle, the static and dynamic
vehiclg penetration’distances and the major debris distance/coordinates up to a minimum of p m
past te VSB datumrline. If the only method to measure impact angle is an overhead camera(s), and
weather conditions mean it is dangerous to deploy and/or operate an overhead camera(s), the fest
should be delayed until it is safe to proceed.

A real{time panning camera (see Figure 8, Camera D), sited at right angles to the vehicle apprdach
path. It shall be located so as to record the test vehicle travel either pre-impact for a minimum of
5 m to post impact to a maximum of 25 m, or to full completion of the impact sequence, whichever
is achieved first.

NOTE1 Camera D records the test vehicle and the VSB interaction in real time: pre-impact, during and
post-impact.

The location of this camera shall be determined by the test house based on their site safety
requirements.

Additional high-speed cameras can be used as backups and/or to provide extra viewing points
where the VSB has specific components that need to be assessed (e.g. the foundations, hinges). The
test house and the client should agree on the location of such cameras.

© IS0 2023 - All rights reserved
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In addition, recommended cameras to use are as follows:

— A second high-speed static camera (see Figure 9, Camera E) overhead and located in such a way to
cover the test vehicle motion from a minimum of 8m before the initial contact point and past the
VSB datum to a maximum of 25 m.

NOTE 3  The use of two overhead high-speed static cameras (see Figure 8) enables recording of a high
level of detail of the initial impact and a more general shot covering more of the impact sequence.

f) A high-speed static camera (see Figure 8, Camera F), ground based, to record the interaction of the
test vehicle and the VSB.

D A
IR K
L 225 m
=8 m
23 m 25m
: — 1
e I =
Al
2
EURY X

F
Key
1 [testvehicle 3 VSB
2 | VSB foundation/ground surface 4  VSBdatum line

Canjeras A, D and F are-ilustrated as being on particular sides of the VSB, but they can equally be positjoned on the
opppsite sides of thevehicle centre line, although cameras A and F should not be on the same side.

Camera Required orDescription
recoinmended
A Required high-speed static camera, ground-based
B Required high-speed static camera, ground-based
C Required aoverhead high-speed static camera
D Required real-time panning camera
E Recommended overhead high-speed static camera in conjunction with Camera C
F Recommended high-speed static camera, ground-based

Figure 8 — Layout for required and recommended cameras
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6.2 Test site

The impact test site shall meet the following requirements:

a) The test site ground shall be flat with a gradient not exceeding 2,5 % in any plane. It shall be of
sufficient size to enable the test vehicle to be accelerated to the required speed and controlled so
that the vehicle approach path to the VSB is stable (negligible roll, pitch and yaw).

b) The test site ground used for the test, the VSB and the foundation to the VSB shall be clear of
standing water (e.g. puddles), ice and/or snow at the time of the test.

) Measurmmrmmmm
ground and the test vehicle during the impact test so that photographic records are not obscurk

d) To end
not les
equipn

e) The te

perfor

f) The te
determpination of the vehicle penetration distance (static and dynamic), the major debris dist3

and m

NOTE 1

NOTE 2
5 m; sqg
the me
Figure

NOTE 3
datum
and dy

Where the

braking sy
obstructio

6.3 Targ

6.3.1 Ta

Where the
with Table

ble the test vehicle exit characteristics to be evaluated, the test site ground shall ext
s than 25 m beyond the rear face of the VSB and shall be firm and free of obstructions
hent, stored materials, redundant VSBs).

st site shall have uniform ground properties such that the stability of the vehicle
mance of the VSB are minimized during the impact sequence.

st site ground shall be marked to indicate the VSB datum line*and for the post-imj

hjor debris coordinates.

Markings indicating nominal distances beyond the VSB datum line (e.g. 1 m, 2 m, 3 m, {
e Figure 5) can be used as a visual aid for setting up the overhead camera(s) and for assistin
hsurement of the vehicle penetration distance, (Static and dynamic), the major debris distance
b) and major debris coordinates (see Figure 7):

Markings indicating a distance of 25-m, as a radius from the VSB target impact point and
ine, can be used as an aid for assisting.inl the measurement of the vehicle penetration distance (s
namic).

vehicle motion is controlle@:within the 25 m area created, by the application of an exte
stem (fitted for safety~purposes by the test facility), or the vehicle engaging with
h, then a performancexating shall not be awarded.

et impact point, initial contact point and impact angle

rget impactpoint

impactangle is > 45°, the target impact point shall be achieved to an accuracy in accordd
3,

site
b d.

end
e.g.

and

pact
nce

Suitable means of marking the test site ground with as¢ontrasting colour include painting lines
and using grids or target markers.

L m,
g in
(see

VSB
atic

‘nal
any

nce

In the case of bollards (passive or active), the impact angle and the target impact point should take into
account the design features of the bollard (e.g. symmetry and construction) and its foundation design
(e.g. reinforcement and bollard installation).

The reason for choosing the target impact point location on the VSB shall be stated in the test report

(see 6.8.1))

22
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6.3.2 Initial contact point

Where the impact angle is < 45° the initial contact point shall be used to assess the accuracy of the
vehicle impact and shall be achieved to an accuracy in accordance with Table 3.

NOTE Being within the initial contact point tolerance (see Table 3) is difficult to achieve for shallow impact
angles (i.e. < 45°) due to a small angular change moving the lateral position of the initial contact point along the
VSB impact face. Being within the impact angle tolerance (see 6.3.3) does not necessarily mean the initial contact
point is within tolerance.

Table 3 — Target impact point/initial contact point accuracy for all impact angles

VSB impact face? width, wb Accuracy
mm mm
w <400 +100
400<w<1500 +150
1500w +300

EXAMPLE 1 A planter with an impact face width of 1 400 mm being hit by a test vehicleldat an impact angle jof 90°, has a
target impact point accuracy of + 150 mm.

EXAMPLE 2 A bollard with an impact face width of 200 mm being hit by a test vehicle'at an impact angle of 30°, has an initial
confact point accuracy of + 100 mm.

a | The part of the VSB structure designed to withstand the impact.

b IDimension facing the vehicle approach path, usually referred to as_the width (e.g. diameter of a bollardl, width of a
blogker, length of a gate beam).

6.3{3 Impactangle
The impact angle shall be:
a) [90° to the VSB datum line; or

b) [the angle to the VSB datum line thaton testing is most likely to cause failure to conform fo Clause 4,
where 90° does not represent this; or

c) |where testing a VSB for usé:at a specific site, an angle between 5° and 85° to the VSB datum line at
5° increments (i.e. 5°, 10%-25° ... 75°, 80° or 85°).

The impact angle shallbe.dchieved within a tolerance of + 2°.

NOTE Testing atashallow impact angle (e.g. < 45°) can decrease the accuracy of the initial contaft point (see
Note to 6.3.2).

6.4 VSB preparation

6.4{1C- General

Photographs shall be taken to record the preparation and installation of the VSB and its foundation.
The VSB shall be of contrasting colour to the test vehicle and the surroundings.

NOTE The VSB can be painted an appropriate colour to aid visibility in the camera footage.

6.4.2 Installation

The VSB shall be installed in accordance with the detailed drawings and installation instructions
provided in accordance with 5.1. Any conformance discrepancies shall be addressed in accordance with
5.2.
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The ground conditions into which the VSB is installed shall be recorded and, where required, measured
in accordance with 6.4.4.

NOTE Depending on the VSB, installation can involve location of the VSB in a VSB foundation or directly on
the test site ground (see Figure 1).

The VSB should be installed in the orientation specified in the documentation [see 5.1 g)].

If a proprietary foundation is being designed for the VSB, advice should be sought from a suitably
qualified civil and/or structural engineer who can demonstrate experience in the impact testing of

VSBs.

6.4.3 Fo

Where confcrete is used to form the VSB foundation, test specimens shall be taken in accordance V

either EN 1
shall be re

Local weat]
should be g

Test specir
or ASTM C

A test spec

The concrd
subclause §

be declaregl as the minimum strength required for installation of the VSB.

Where the
as the min

The freque

Where mu
concrete st

Specimens

indation

2390-2 (cubes) or ASTM C31/C31M (cylinders). Any modification to the concrete formula
forded and reported by the test facility.

her conditions affect the curing rate of concrete below 5 °C and above 25 € and considera
iven to the common and recognized practices for the casting of concrete in such conditig

hens shall be tested for compressive strength in accordance with either EN 12390-3 (cu
B9/C39M-18 (cylinders).

imen shall be tested within * 24 h of the test day and thé.strength recorded.

te strength of the test specimen tested within + 24 h'ef the test day in accordance with
hall be recorded together with the number of day&since the concrete was poured, and s

test day is = 28 days from the concrete being poured, the 28-day strength shall be decld
mum strength required for installationof the VSB.

ncy of testing the concrete strength of the specimen shall be in accordance with Table 4.

tiple batches of concrete are required for the installation, for each batch of concrete,
rength and the location of where it was poured in the installation shall be recorded.

should be taken from each concrete batch and tested in accordance with this subclause.

Table 4 — Concrete specimen testing schedule

vith
fion

Fion
ns.

hes)

this
hall

red

the

Time between concrete Day specimen is tested
poufr and test day
Days Day 7 Day 14 Day 28 Test day
04077 — — yes yes
81to 14 yes — yes yes
15to 27 yes yes yes yes
=28 yes yes yes —

curing rate t

a) if the test

28 days;

irrespective

NOTE 1 Specimens are tested at intervals after the installation date (i.e. after the concrete has been poured), to allow the

o be monitored and to determine the concrete strength. For example:

day is 5 days after the concrete is poured, specimens are tested at 5 days (the test day) and 28 days;

b) if the test day is 11 days after the concrete is poured, specimens are tested at 7 days, 11 days (the test day) and 28 days;
c) if the test day is 17 days after the concrete is poured, specimens are tested at 7 days, 14 days, 17 days (the test day) and

d) if testing = 28 days after the concrete is poured, specimens are tested at 7 days, 14 days and 28 days.

NOTE 2 Recording the concrete strength at 28 days is necessary to give a consistent means to compare installations,

of when the vehicle impact test was carried out.

24

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=af3c335e5a4e58d6a219102b5dc9c22c

6.4.

1SO 22343-1:2023(E)

4 Soil

Where subgrade is used to form the VSB foundation, the grade and bearing capacity shall be measured
and recorded.

NOTE 1

A minimum value of 75 kn/m2 should be achieved.

Example soil specifications can be found in ASTM F2656, Reference [7] and EN 12767:2019, Annex B.

Where soil is used to form the VSB foundation, the compaction and moisture content shall be measured
and recorded not more than 72 h before the test.

NO']
One|
can

6.4

Am
(fo]

NOT

If tH
ren]
The

NO1
the

6.5
6.5

Thd

a)
b)

an

6.5

Thd
dim

E2 The soil compaction can be recorded by nuclear density testing or the California Bearing
method for calculating the CBR is the dynamic cone/drop weight penetrometer. The soilmoisf
be measured using a moisture meter.

5 Markers

Ratio (CBR).
ure content

arker shall be applied to the target impact point (for an impact angle *45°) or initial coptact point

an impact angle of < 45°) on the VSB so as to be visible by Camera B((See 6.1.8).
E1 Thisis to assistin measuring and verifying the target impact peint or initial contact point

e VSB (e.g. a bollard) is intended to be part of an array but,isbeing tested individually, m
ain stationary during the impact shall be put down eithepside of the VSB, along the VSB
position of the marker in relation to the impact point shall be measured and recorded.

E2 Thesemarkersare toaid in the evaluation of thepost-impact vehicle access (see Annex C) h
ntended locations of other VSBs in the array.

Test vehicle preparation

1 General
test vehicle or vehicle cab shall be of a contrasting colour to the VSB in order to:
aid visibility in the camera footage;

provide distinction between the VSB and impact vehicle for test evaluation from images

Vel;ﬂlcle manufacturenr details, company logos and index plates should be removed or g

ymity.
2 Testvehicle dimensions

test Vehicle dimensions shall be verified against the test vehicle specification (see Tabl
ensions (mm) and the details recorded in accordance with Annex A.

(see 6.3).

hrkers that
Hatum line.

y indicating

overed for

e 1) for the

6.5.

3 Vehicle condition

The tyres shall be inflated to the tyre manufacturer’s recommended pressures.

The test vehicle shall be as clean as is reasonably practicable and any deposits that can cause dust on
impact shall be removed prior to testing.

© IS0 2023 - All rights reserved
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6.5.4 Ballast

6.5.4.1 All secured ballast shall be located symmetrically about the centre-line of the test vehicle and
shall be evenly distributed.

The secured ballast shall be fixed to the test vehicle such that it is rigidly held on the load bed (for N1G,

N1, N2 and

NOTE
load bed.

N3 test vehicles) and remains fixed up to the moment of impact.

Good practice methods of securing the ballast include the use of chains, fixed frames and fixing to the

The vehiclg

6.54.2 T
this is iden
weight lim

NOTE
types.

1

6.5.5 Re

The vehiclg
N1, N2 or |
the test ve
recorded. ]

NOTE1 4
test vehicle

A referenc
so as to be

A referenc
impact ang
by Camera
NOTE2 1

Where the
vehicle, co
bollards), s

6.5.6 Oc
Where thd

axle weight limits for the test vehicle shall not be exceeded when the test vehicle is ballas

he unsecured ballast used for the vehicle types N3E, N3F and N3G shall comprise‘aloose
tified as unsecured ballast and shall be evenly distributed so as not to exceed vehicle
ts.

ference points

e datum point shall be marked with a reference point (e.g¢quartered target marker). Fo
N3 test vehicle, additional reference points on the chassis’shall be made towards the reg
hicle (if the chassis is visible) and their longitudinal distances from the vehicle datum p
'hese reference points shall be visible to Camera A (se€ 6.1.8).

A reference point on the chassis enables the vehicle datum point to be determined if the front o
chassis is distorted due to the test vehicle impact-with the VSB.

e point(s) (e.g. quartered target marker)-shall be applied to the centre-line of the test veli
visible by the head-on camera and an,overhead camera (see 6.1.8, B and C, respectively).

le > 45°) or initial contact point (for an impact angle of < 45°) on the VSB so as to be vig
B (see 6.1.8).

[his is to assist in measuring and verifying the target impact point (see 6.3).

VSB is tested in af-array (e.g. twin bollards), reference points should be placed on the
Fresponding to the extremities of the gap between the VSBs (i.e. the inside edges of
o0 as to be visible by Camera B (see 6.1.8).

cupantinhjury

détermination of occupant severity indices is requested (optional), measurement

recording ¢

e point(s) (e.g. quartered targetimarker) shall be applied to the target impact point (fof

ted.

fill:
hxle

oose fill can typically comprise soil, sand or similar materials typically transported by these vehicle

- an
r of
bint

the

icle

an

ible

test
the

and

pquipment (see 6.7.3) shall be attached.

NOTE

occupant severity indices.

6.6 Impactspeed

The impact speed shall be selected from Table 5.

26
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Table 5 — Vehicle impact speed

Vehicle Impact speed (km/h)?2
classification 3 3 3 3 4 4 4
161 324 48™3 64%; 803 9615 11245
M1 yes yes yes yes yes yes yes
N1G yes yes yes yes yes yes yes
N1 yes yes yes yes yes yes no
N2 yes yes yes yes yes no no
N3 yes yVes ves yes yes no no
a  |The impact speed shall be stated in km/h in the test report.
6.7| Test procedure
6.7]1 Pre-impact data
6.7{1.1 VSB foundation
For|the VSB foundation, the following shall be recorded:
a) [the date the foundation was cast;
b) [the results of the test specimen in accordance with 6.4:3;
c) |the type of foundation (proprietary VSB foundatioH, integral VSB foundation);
d) |details of supporting ground conditions andrecorded values of sub soil grade and bearihg capacity
in accordance with 6.4.4;
e) |for a surface-placed VSB: the surface finish material and its specification.
6.7{1.2 VSB
For|the VSB, the following shall'be recorded:
a) |the height of the initjal‘eontact point from ground level;
NOTE Typically the initial contact point is where the test vehicle front bumper first touches the VSB
impact face.
b) |the angle ofthe impact face with respect to the horizontal plane for bollards, gateposts and latch
points;
c) |thelangle of the impact face with respect to the VSB foundation for bollards, gatepostk and latch
peints (normally 90°);
d) the location within the foundation and installation depth (see Figure 9) (this location should be
such that standard finish depths are accounted for in the impact test);
e) photographs, including those at 90° and 45° to the impact face of the VSB;
f) photographs of the finish surface of the VSB and the condition of the surface beyond the VSB;
g) for an active VSB, using a real-time camera, the operating cycle (e.g. rising/sliding/swinging),

stating the functionality (see 5.1) and the means by which it is operated for the test (e.g. powered or

manual).

Photographs should be taken of all the faces of the VSB (i.e. from north, south, east and west).

© IS0 2023 - All rights reserved
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Photographs should be taken of the specific design features of a VSB (e.g. hinges, pins, joints, welds) to
aid test data analysis.
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c)-Surface placed d) Surface placed pinned
Key
A VSB H foundation thickness
B  existing Tinished level [ depth of foundation excavation
C paviors ] base construction
D pavior bedding K formation level
E foundation M thickness finish
F  blinding concrete N new finishes level
G natural ground 0 pin

Figure 9 — Foundation terminology
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a)
b)

‘)
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1.3 Test vehicle

the test vehicle, the following shall be recorded:

mass to a tolerance as specified in Table 1;

dimensions in accordance with Annex A to a tolerance as specified in Table 1;

NOTE 1
other tests.

for nominal test vehicle masses 1 500 kg (M1) and 2 500 kg (N1G) to a tolerance as

Measurements of the test vehicle are recorded to aid test data analysis and comparability with

pecified in

d)

f)

g)

NOT
can
sevq

6.7

For

a)

b)

6.7

Table 1, the location of the centre of gravity of the test vehicle in the test condition incly
ballast;

NOTE 2
vehicle.

ISO 10392 specifies methods for determining the location of the centre™of gravit

for nominal vehicle test masses 3 500 kg [N1], 6 800 kg [N2B], 7 200 kg [N2A and N3(C]
[N3D], 29 500 kg [N3E], 24 00 kg [N3F] and 30 000 kg [N3G] to a tolerance as specified
the location of the centre of gravity of the added ballast;

the centre of gravity of the ballast shall be calculated and shallnot exceed the values iss
vehicle manufacturer;

NOTE3  Vehicle manufacturers supply details of a standdard method for the calculation of t
gravity for the vehicle load to body- and coach-builders.

exterior photographs of the test vehicle, includingthose at 90° and 45° to the longitudji
axis and VSB (and interior of the vehicle if required to aid an assessment of occupant inj

photographs of the test vehicle positioned wext to the VSB at the target impact point, in
and 45° to the longitudinal vehicle axis@nd VSB.

E4  Angular rate sensors can be uséd for determining the yaw, roll and pitch of the test ve

aid analysis of test data). Accelerometers and angular rate sensors are required for determini
rity indices (see EN 1317-1 or Reference [7] for the method).

1.4 Cameras
the cameras, the foHowing shall be recorded:

the camera specifications (e.g. real time/high speed and the recording frame rate, i.e. re
frames per second, high speed: 200 frames per second);

the camlera layout.

1.5 Target impact point with an impact angle > 45°

ding added

y of a road

12 000 kg
in Table 1,

ued by the
he centre of
nal vehicle
ry);

fluding 90°

hicle (which
g occupant

al time: 24

For

a)

the target impact point, the following shall be recorded for an impact angle > 45°:

the height of prescribed target impact point from ground level;

b) the distance of prescribed target impact point(s) from the centre point of the VSB (for two adjacent
VSBs, where the test vehicle is directed towards the gap at an impact angle of 90°, two planned
initial contact points (one on each VSB) should be measured with respect to the centre point of the

c)

gap between the VSBs);

the impact angle.
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6.7.1.6 Target impact point with an impact angle < 45°

For the target impact point, the following shall be recorded for an impact angle < 45°:
a) the height of prescribed initial contact point from ground level;

b) the distance of prescribed initial contact point from the centre point of the VSB;

c) theimpactangle.

The impact angle dictates whether the target impact point or initial contact point is marked and used

for acCcuragypurposes (cpp 6.3 1)

act

6.7.2 1

Propel theltest vehicle (see 6.1.1) by winch or other suitable equipment (see 6.1.2) or by engine po
in a straight line and under stable conditions up to the point of release such that it trayels freely u
reaching the initial contact point.

6.7.3 Imjpact data
The follow|ng impact data shall be recorded:

a) the infpact speed (km/h), using equipment \for measuring speed (see 6.1.3) along the vel
approgdch path no further than 5 m before the initial contact point;

b) the impact angle (degrees), using equipment for measuring angles (see 6.1.4);
NOTE1 Methods of measuring thejimpact angle include overhead photography.

c) the target impact point/initial contact point (depending on the impact angle, see 6.7.1), u
equipment for measuring{distance (see 6.1.5), including:

1) the height of contact’ between the test vehicle (e.g. mid height of bumper) and VSB from gro
leyel;

2) the distaneesalong the VSB impact face from the prescribed target impact point/initial con
paint tothe actual impact point/initial contact point (refer to 6.7.2), using reference point
the test vehicle and VSB (see 6.5.5);

wer
ntil

" by

icle

bing

und

fact
5 on

d) pre-impact, during and post-impact behaviour of the VSB and test vehicle motion up to 25 m beyond

the VSB datum line, as well as the distribution of major debris using photographic equipment
6.1.7).

(see

NOTE2  Where data acquisition equipment is used, the amount of occupant injury can be assessed using

occupant severity indices (see 6.5.6).

6.7.4 Post-impact data

Where post-impact vehicle access data are required, these may be obtained in accordance with Annex C.
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Still photographs shall be taken in situ including the following:
a) the testvehicle axes at 90° and 45°;

b) the interior and exterior of the test vehicle;

c) VSB, foundation and test surface;

d) testvehicle;

e) major debris;

f) |VSB, test vehicle and major debris in the same frame;
g) |debris field;
h) |post-impact of VSB after test vehicle has been removed.

Phdtographs should be taken of all the faces of the VSB and the test vehicle fi.€) from north, [south, east
and west).

Phgtographs should be taken of the specific design features of a VSB (€-g) hinges, pins, joints,[welds) and
points of interest post-impact (e.g. fractures, breaks, buckles) to aid*test data analysis.

Each photograph should have a unique reference attached to it(é.g. test number).
The vehicle penetration distance (static and dynamic) shallkbe recorded.

NOTE1 For the majority of tests, the vehicle penetratiomdistance is measured according to Figurg 5 a). In the
insthnce where there is > 90° yaw and/or pitch, measurements follow the example of Figure 5 b).

Thd maximum distance that an item of major debris has travelled shall be recorded.
NOTE 2 Major debris distance and major dé€bris coordinates are illustrated in Figure 6 and Fighire 7. As an

obse¢rvation, additional major debris items-and their coordinates can be recorded using distance measurement
equlpment (see 6.1.5).

Anyf damage and distortion to the following shall be recorded:
— |VSB;

— |VSB foundation and(test surface;

— |test vehicle.

Anyf irregularitiestin the gap between the VSB and its foundation with and without the tesf vehicle in
plage (as neeessary) shall be recorded.

In the event of the VSB being displaced and the foundation remaining stationary, measufements of
the|VSB displacement relative to its pre-impact position and the foundation should be recdrded as an

. L A AnNY
observation Sccanncx oy,

NOTE3 Examples of damage/distortion to record include detached components, foundation cracks and
vehicle bodywork. For bollards, gateposts and beams, an example of damage/distortion includes deformation of
sections.

Where test specimens of the foundation are taken on the day of test (+24 h) and other selected days (see
6.4.3), record and report the results of all test specimens obtained in accordance with 6.4.3.

The test vehicle alignment shall be recorded for a test with a prescribed impact angle of:

— >45° the distance along the VSB impact face from the prescribed (not actual) target impact point to
the actual impact point, and determine whether it meets the accuracy specified in Table 3 (see also
6.3.1);
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NOTE 4

< 45°: the distance along the VSB impact face from the prescribed (not actual) initial contact point
to the actual initial contact point, and determine whether it meets the accuracy specified in Table 3
(see also 6.3.2).

For information about the target impact point, see 6.3.1, and for the initial contact point, see 6.3.2.

Where occupant severity indices data are requested to assess injury, evaluate the occupant severity
indices by analysing test data from the instrumentation present on the test vehicle (see 6.7.3).

6.7.5 Disposal of the test vehicle

Test vehicles or their components shall not be sold or returned to the vehicle parc after they haveb
subjected to impact.
6.8 Testireport
6.8.1 General
A test repofrt shall be prepared for each vehicle impact test.
Atest repIt should not be released without having all the information requiired in Clause 5.
The test report shall include as a minimum:
a) asuminary of results in accordance with 6.8.2;
b) areference to this impact test document, i.e. [SO 22343-1¢2023:
c) thename or trademark and address of the VSB manufacturer;
d) the name of the client (where different to the VSB'manufacturer);
e) the dafe of the test;
f) the name and address of the test housé.and their accreditation status;
g) the VSB product name, including type and model;
h) the VSB product documentation/(see Clause 5);
i) the VSB product description, including:
1) prpduct type;
2) pre-test alignment of the product and foundation (i.e. for a bollard measure the angl
in¢lination) (see Annex D);
3) zurface-p}acszd systems intended mode of operation (i.e. surface engagement, friction, ine
ormation):
j)  the VSB foundation description, including:
1) foundation type;
2) depth of foundation excavation (m), to two decimal places;
3) foundation thickness (m) to two decimal places;
4) foundation finish (m) to two decimal places;
5) surface-placed and fixed systems:
i) method of fixing;
32
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ii) number of fixings;

iii) description of fixings;

surface-placed systems:

i) description of the surface onto which the VSB is placed;
ii) condition of surface at time of test (wet/dry);

NOTE See Figure 9.

k) [the test vehicle description (see 6.1.1), including:

)
2)
3)
4)
5)
6)
7)

vehicle classification (see Table 2);
vehicle type (see Table 2);

test mass (see Table 2);

country of origin;

manufacturer;

model;

year of manufacture;

1) |the impact point, including:

1)

2)
3)
4)
5)

location of target impact point where impact angle > 45° or initial contact point wh
angle < 45°) (see 6.3.1);

explanation of why the target impact point or initial contact point was chosen (see §
target impact angle (see 6.3.3)f
target impact speed (see 6.6);

target impact alignnifent (see 6.7.1.5);

m) [the test apparatus used (see 6.1);

n) [the VSB preparadtion used (see 6.4), including:

1y
2)
3)

natural‘ground test results;
sub-grade test results;

concrete test specimen results (see 6.4.3);

o) the testvehicle preparation data (see 6.5);

p) the testresults achieved, including:

1)
2)
3)

impact data: impact speed, impact angle, impact alignment (see 6.7.4);
post-impact data (see 6.7.4);

performance rating (see Clause 7);

q) the post-impact data, including:

1y

vehicle penetration distance, both:

i) dynamic (m), to one decimal place;
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ii) static (m), to one decimal place;

NOTE 2 The maximum distance recorded is used for the performance rating (see Clause 7).
2) major debris measurement;
3) description of damage to the VSB, the VSB foundation and surface damage;
4) description of damage to the vehicle and assessment of vehicle drivability (if requested by the
client, this may include vehicle and pedestrian accessibility assessment (see Annex C)).
6.8.2 Summary of resuits
The test report shall include a summary of results, including the following information:
a) generdl:
1) arneference to this impact test document, i.e. ISO 22343-1:2023;
2) thg name or trademark and address of the VSB manufacturer;
3) the name of the client (where different to the VSB manufacturer);
4) the date of the test;
5) thg name and address of the test house and their accreditation status, [see 6.8.1 f)];
6) the VSB product name (type and model);
b) inputs
1) thge VSB foundation, including:
i) | surface (placed or pinned), shallow or:deep (see Figure 9);
ii)| concrete (rigid) or soil (non-rigid);
iii}] prescribed strength of concrete (to zero decimal places);
iv] testday strength of concrete (to zero decimal places);
v)| soil grade;
vi] soil compaction;
vil) soil moisture content;
viii)soil bearing capacity;
NC TE~L Item iv) is the minimum value to be quoted by the manufacturer for the VSB when tepted
in aecordamcewitirthisdocunrent:
2) the VSB arrangement tested;
i) foundation for single unit VSB, or foundation for more than one unit VSB applied;
c) testvehicle, including:
1) the vehicle classification (see Table 2);
2) the mass (kg), to zero decimal places;
3) the supplier (e.g. test house);
4) the target impact speed (km/h), to one decimal place;
34 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=af3c335e5a4e58d6a219102b5dc9c22c

1SO 22343-1:2023(E)

5) the target impact angle (°), to zero decimal places;
d) results:
1) whether the test vehicle was immobilized;
2) whether the test vehicle was restrained or deflected;
3) the impact kinetic energy (k]) to zero decimal places;

4) the vehicle penetration distance, both:

i) dynamic (m), to one decimal place;

ii) static (m), to one decimal place;
5) the performance rating in accordance with this document, i.e. ISO 22343+1:2023;
6) the test parameters recorded:

i) distance from target to actual impact point/initial contact point;

ii) impactangle;

iii) impact speed;

7) the major debris furthest item, coordinates and mass, to one decimal place (see 6.7.4);

o
<

e) |observations:
1) any additional major debris coordinates and'mass, to one decimal place (see 6.7.4);
2) where applicable, the gap/opening created:

i) vehicle (>1,2 m) (if yes, state,dimensions) (see Annex C);

ii) pedestrian intruder (m€asure gap using test block) (see Annex C);

3) where applicable, any oceupant injury (e.g. ASI, THIV), to one decimal place (if recdrded, state
occupant severity indices) (see 6.7.4);

4) where applicable,a'graph of deceleration.

NOTE 2  Items 3) ta’4)'are not required to be measured unless specifically requested by the client.

7 |Performance rating

7.1 General

Where the requirements of Clause 4 are met, the VSB shall be rated in accordance with the performance
rating classification code.

NOTE The award of a performance rating does not imply that a barrier will perform, as rated for this single

impact test, in all site applications and against all vehicles types or test options (mass, speed or impact angle)
specified in this document.

7.2 Classification code

The performance rating classification code shall comprise the following information listed as a chain of
results (e.g. ISO 22343-1 Blocker V/2500[N1G]/48/90:7.6/5.0 as exemplified in Table 6):

a) areference to this impact test document, i.e. [SO 22343-1:2023;

© IS0 2023 - All rights reserved 35


https://standardsiso.com/api/?name=af3c335e5a4e58d6a219102b5dc9c22c

IS0 22343-1:2023(E)

b) the VSB;

c) thetesttype;
NOTE

d) the testvehicle mass;

e) the vehicle classification:

1) impact speed;

This document only covers one type of test: the vehicle impact test (V).

2) impact angle;

3) vehicle penetration distance;

f) the m3ximum recorded penetration distance (dynamic/static) recorded, which shall be used

the performance rating;

g) the mgdximum recorded distance of major debris of 2 kg or greater beyond thé VSB datum.

Where thd penetration (dynamic or static) is greater than 25 m, the VSB-shall not be award¢

performanfe rating.

Table 6 — Example of performance rating

Perfdrmance rating = ISO 22343-1: Anon Bollard V/7200[N3C]/48/90:2.6/5.0
Parameter Rating Explanation

VSB Bollard Product type

Test fype \Y Vehicle impact test

Test yehicle mass 7 200 7 200 kg

Vehigle classification N3C 2-axle rigid

Impalct speed 48 48 km/h

Impalct angle 90° 90° respectively to the impact face of the VSB

Vehidgle penetration distance 256 The test vehicle penetrated 2,6 m beyond the VSB
datum line

Majof debris 5,0 The furthest point that major debris, greater than
2 kg landed beyond the VSB datum

8 Product information

The followfing produgct information for the tested VSB shall be made available via publication by

manufactufrer:
a) a refeLr‘ane to this impact test standard, i.e. ISO 22343-1:2023;

b) the VSB product name (type and model);

c) the performance rating in accordance with Clause 7.

for

da

the

It is recommended that manufacturers consider providing product information via printed and
electronic mediums (i.e. manufacturer’s or licensed agent’s website).
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Test vehicle specification measurements

Test vehicle specification measurements shall be measured and recorded for test vehicle M1 in

accprdanee-with-Eigure-A-l
B
A
CO—
[y I

CJ—
1S 22343-1:
Tedt house: Test ref. no.:
Vehicle classification: MT Type of test vehicle: Car/estate cpr
Tedt vehicle mass (kg): Number of drive axles: 4x2
Ty1e size (inches): VIN:
WHheel base (mm) [&B - DJ:
Tedt vehicle dimensions (mm):
A D
B E
C F
Key

& vehicle datum point
A vehicle length

[os]

C vehicle front to vehicle datum point

vehicle front to rearmost axle

D vehicle front to front axle

E front wheel track width

F vehicle width

Figure A.1 — M1 test vehicle specification measurements

© IS0 2023 - All rights reserved

37


https://standardsiso.com/api/?name=af3c335e5a4e58d6a219102b5dc9c22c

IS0 22343-1:2023(E)

The N1G test vehicle specification measurements shall be measured and recorded in accordance with

Figure A.2.
9 S
£/~ o\
[\ AL [/ AN (/ AN\ iy
— ~ Lo (.
LD,
C
B
' A
L |
[ DY ]
[SO 22343F1:
Test housg: Test ref+ho.:
Vehicle clgssification: N1G Type of test vehicle: Crew cab pick-up
Test vehicle mass (kg): Number of drive axles: 4x4
Tyre size (finches): VIN:
Wheel bade (mm) [ =B - D]:
Test vehicle dimensions (mm):
A D G ] M
B E H K N
C F [ L
Key
: . G distance between inside edges of chgssis
@ vehide datum point rails at front
1 chasdis rail H distance between outside edges of ch3ssis
rails at front
A vehicledéngth [ front wheel track width
B vehicle front to rearmost axle ] vehicle width
C vehicle front to vehicle datum point K  height from ground level to bottom of
chassis rear
D vehicle front to front axle L  height from ground level to top of chassis
rear
E height from ground level to bottom of chassis M distance between inside edges of chassis
front rails at rear
F height from ground level to top of chassis N distance between outside edges of chassis
front rails at rear
Figure A.2 — N1G test vehicle specification measurement
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The N1 test vehicle specification measurements shall be measured and recorded in accordance with
Figure A.3.

D

: ' %/
[
AN~ A N\
T LA P
= N N i
.0,
C
B
' A
= —
| X
z| = 1 || —|-
| PR\ ]
— —
1SQ 22343-1:
Tedt house: Test ref. no.:
Vehicle classification: N1 Type of test vehicle: Day cab vehicle
Tedt vehicle mass (kg): Number of drive axles: 4x2
Ty1e size (inches): VIN:
WHheel base (mm) [ =B - D]:
Tedt vehicle dimensions (mm):
A D G ] M
B E H K N
C F | L
Key]
@®| vehicle-datum point G distance between inside edges of chassis frails at front
1 | chassis rail H distance between outside edges of chdssis rails at
front
A vehicle length [  front wheel track width
B vehicle front to rearmost axle ]  vehicle width
C  vehicle front to vehicle datum point K height from ground level to bottom of chassis rear
D  vehicle front to front axle L height from ground level to top of chassis rear
E  height from ground level to bottom of chassis M distance between inside edges of chassis rails at rear
front
F  height from ground level to top of chassis N distance between outside edges of chassis rails at
front rear
NOTE Single or twin rear wheels are permitted; this figure illustrates single rear wheels.

Figure A.3 — N1 test vehicle specification measurements
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The N2A test vehicle specification measurements shall be measured and recorded in accordance with
Figure A.4.

7 77— ]
| |
|
|
|
|
| ()
| 18
[ I/—\\ - qﬂ—_
SEI ) (O== -
D
‘ -
B
' A

zz—|7 ’|< al|—| -

i PRRN ]
= ,

[SO 223431:

Test housg: Test'ref. no.:

Vehicle clgssification: N2A Type of test vehicle: 2-axle rigid

Test vehicle mass (kg): Number of drive axles:

Tyre size (jinches): VIN:

Wheel bade (mm) [ =B - DJ:

Test vehicle dimensions (mm):

A D G ] M

B E H K N

C F I L

Key

& vehicle datum point G distance between inside edges of chassis rails at front

1 chassis rail H distance between outside edges of chassis rails at front
A vehicletength I front wheel track width

B vehicle front to rearmost axle ] vehicle width

C vehicle front to vehicle datum point K  height from ground level to bottom of chassis rear

D vehicle front to front axle L  height from ground level to top of chassis rear

E height from ground level to bottom ofM distance between inside edges of chassis rails at rear

chassis front
F height from ground level to top of chassis N distance between outside edges of chassis rails at rear
front
NOTE Single or twin rear wheels are permitted; this figure illustrates single rear wheels.

Figure A.4 — N2A test vehicle specification measurements
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The N2B test vehicle specification measurements shall be measured and recorded in accordance with

Figure A.5.
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[SQ 22343-1:
Tedt house: Test ref. no.:
Velicle classification: N2B Type of test vehicle: 2-axle rigid
Tedt vehicle mass (kg): Number of drive axles:
Tyte size (inches): VIN:
WHheel base (mm) [ =B - DJ:
Tedt vehicle dimensions (mm):
A D G ] M
B E H K N
C F I L
Key
& vehicle datum-pdint distance between inside edges of chassis fails at front
1 chassis rail H distance between outside edges of chapsis rails at
front
A vehicteléngth I front wheel track width
B vehicle front to rearmost axle | vehicle width
C vehicle front to vehicle datum point K height from ground level to bottom of chdssis rear
D vehicle front to front axle L height from ground level to top of chassis rear
E height from ground level toM distance between inside edges of chassis rails at rear
bottom of chassis
front
F ?eight from ground level to top of chassis N distance between outside edges of chassis rails at rear
ront

NOTE

Single or twin rear wheels are permitted; this figure illustrates single rear wheels.

Figure A.5 — N2B test vehicle specification measurements
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The N3C and N3D test vehicle specification measurements shall be measured and recorded in

accordance with Figure A.6.
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[SO 22343F1:
Test housg: Test refmo.:
Vehicle clgssification: Typewf test vehicle: 2-axle rigid
Test vehicle mass (kg): Number of drive axles:
Tyre size (finches): VIN:
Wheel bage (mm) [ =B - D]:
Test vehicle dimensions (mm):
A D G ] M
B E H K N
C F [ L
Key
& vehicle datum point G (filstance between inside edges of chassis rails at
ront
1 chassjs rail H distance between outside edges of chassis rails at
front
A vehicle léngth [ front wheel track width
B vehiclefronttorearmostasde ] seehiclesaddih
C vehicle front to vehicle datum point K  height from ground level to bottom of chassis rear
D vehicle front to front axle L height from ground level to top of chassis rear
E height from ground level to bottom of chassis M distance between inside edges of chassis rails at rear
front
F height from ground level to top of chassis N distance between outside edges of chassis rails at
front rear
NOTE Single or twin rear wheels are permitted; this figure illustrates single rear wheels.
Figure A.6 — N3C and N3D test vehicle specification measurements
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The N3E test vehicle specification measurements shall be measured and recorded in accordance with

Figure A.7.
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1SQ 22343-1:
Teqt house: Test ref. no.:
Velicle classification: N3E Type of test vehicle: 3-axle rigid
Tedt vehicle mass (kg): Number of drive axles:
Ty1e size (inches): VIN:
WHheel base (mm) [ =B - DJ:
Tedt vehicle dimensions (mm):
A D G ] M
B E H K N
C F I L
Key
& vehicle datum point distance between inside edges of chassis fails at front
1 chassis rail distance between outside edges of chafsis rails at
front
A vehigle length [ front wheel track width
B yehicle front to rearmost axle ] vehicle width
C Venicle [TONT to VENICIE datum point K helght from ground level to bottom of chassis rear
D vehicle front to front axle L  height from ground level to top of chassis rear
E height from ground level to bottom of chassis M distance between inside edges of chassis rails at rear
front
F height from ground level to top of chassis front N  distance between outside edges of chassis rails at rear
NOTE Single or twin rear wheels are permitted; this figure illustrates single rear wheels.

Figure A.7 — N3E test vehicle specification measurements

The N3F test vehicle specification measurements shall be measured and recorded in accordance with
Figure A.8.
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ISO 22343F1:
Test housq: Testref. no.:

Vehicle clg

ssification: N3F

Type of test vehicle:

3-axle rigid

Test vehicle mass (kg): Number of drive axles:
Tyre size (jinches): VIN:
Wheel bade (mm) [ =B - DJ:
Test vehicle dimensions (mm):
A D G ] M
B E H K N
C F I L
Key

& vehiclk datum point ;irig'rcla‘lcnce between inside edges of chassis rails at
1 chassis rail distance between outside edges of chassis rails at

front
A vehicle length front wheel track width
B vehiclefrant to rearmaost axle vehicle width
C vehicle front to vehicle datum point height from ground level to bottom of chassis rear
D vehicle front to front axle height from ground level to top of chassis rear
E height from ground level to bottom of chassis frontM distance between inside edges of chassis rails at rear
F height from ground level to top of chassis ront distance between outside edges of chassis rails at
rear
NOTE Single or twin rear wheels are permitted; this figure illustrates single rear wheels.
Figure A.8 — N3F test vehicle specification measurements
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