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Foreword 
 
Development of the East African Standards has been necessitated by the need for harmonizing 
requirements governing quality of products and services in East Africa. It is envisaged that through 
harmonized standardization, trade barriers which are encountered when goods and services are 
exchanged within the Community will be removed.  
 
In order to meet the above objectives, the EAC Partner States have enacted an East African 
Standardization, Quality Assurance, Metrology and Test Act, 2006 (EAC SQMT Act, 2006) to make 
provisions for ensuring standardization, quality assurance, metrology and testing of products 
produced or originating in a third country and traded in the Community in order to facilitate industrial 
development and trade as well as helping to protect the health and safety of society and the 
environment in the Community. 
 
East African Standards are formulated in accordance with the procedures established by the East 
African Standards Committee. The East African Standards Committee is established under the 
provisions of Article 4 of the EAC SQMT Act, 2006. The Committee is composed of representatives of 
the National Standards Bodies in Partner States, together with the representatives from the private 
sectors and consumer organizations. Draft East African Standards are circulated to stakeholders 
through the National Standards Bodies in the Partner States. The comments received are discussed 
and incorporated before finalization of standards, in accordance with the procedures of the 
Community.  
 
Article 15(1) of the EAC SQMT Act, 2006 provides that “Within six months of the declaration of an 
East African Standard, the Partner States shall adopt, without deviation from the approved text of the 
standard, the East African Standard as a national standard and withdraw any existing national 
standard with similar scope and purpose”. 
 

East African Standards are subject to review, to keep pace with technological advances. Users of the 
East African Standards are therefore expected to ensure that they always have the latest versions of 
the standards they are implementing.  

 

© East African Community 2010 — All rights reserved* 

East African Community  

P O Box 1096  

Arusha  

Tanzania  

Tel: 255 27 2504253/8 

Fax: 255-27-2504481/2504255 

E-Mail: eac@eachq.org 

Web: www.each.int 

                                                 
*
  2010 EAC — All rights of exploitation in any form and by any means reserved worldwide for EAC Partner States’ NSBs. 

 



Dr
af

t f
or

 co
m

m
en

ts 
on

ly 
—

 N
ot

 to
 b

e 
cit

ed
 a

s E
as

t A
fri

ca
n 

St
an

da
rdCD/K/164-1:2009  

© EAC 2010 — All rights reserved iii 

 
Introduction 
 
In the preparation of this East African Standard, the following source was consulted extensively: 
 
SANS 51317-1:2009, Road restraint systems — Part 1: Terminology and general criteria for test 
methods 
 
Assistance derived from this source and others inadvertently not mentioned is hereby acknowledged. 
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rdBRITISH STANDARD 	 BSEN 

1317-1:1998 
II Ii . 	 I I I:: III: 

':{ Road restraint systeIns 

Part 1: Terminology and general criteria 
for test methods 

The European Standard EN 1317-1:1998 has the status of a 
British Standard 

res 01.040.13; 01.040.93; 13.200; 93.080.30 

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITI'ED BY COPYRIGHT LAW 

http:93.080.30
http:01.040.93
http:01.040.13
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BS EN 1317-1:1998 


This British Standard, having 
been prepared under the 
direction of the Sector Board for 
Building and Civil Engineering, 
was published under the 
authority of the Standards Board 
and comes into effect on 
15 September 1998 

© BSI 1998 

ISBN 0580 30108 6 

National foreword 

This British Standard is the EngIish language version of EN 1317-1:1998. 

The UK participation in its preparation was entrusted by Technical Committee 
BI509, Road equipment, to Subcommittee BI509/1, Road restraint systems, which has 
the responsibility to: 

- aid enquirers to understand the text; 

- present to the responsible European committee any enquirtes on the 
interpretation, or proposals for change, and keep the UK interests informed; 

- monitor related international and European developments and promulgate 
them in the UK 

A list of organizations represented on this committee can be obtained on request to 
its secretary. 

This Part of BS EN 1317, together with Part 2 and the proposed Parts 3, 4 and 5, will 
collective1y eventually supersede BS 6779 which will then be withdrawn. This is 
expected to take place by the end of 2000. 

Cross-references 

The British Standards which implement international or European publications 
referred to in this document may be found in the BSI Standards Catalogue under the 
section entitled "International Standards Correspondence Index", or by using the 
"Find" facility of the BSI Standards Electronic Catalogue. 

A British Standard does not purport to include all the necessazy provisions of a 
contract. Users of British Standards are responsible for their correct application. 

Compliance with a British Standard does not of itself confer immunity 
from legal obligations. 

Summary of pages 

This document comprises a front cover, an inside front cover, the EN title page, 
pages 2 to 19 and a back cover. 

Amendments issued since publication 

AmdNo. Date Text affected 
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NORME EURopEENNE 

EUROPAIscHE NORM Apri11998 

les 01.040.93; 13.200; 93.080.30 

Descriptors: road safety, pavements: roads, roads, safety devices, crash barriers, definitions, specifications, tests, impact tests 

EngHsh version 

Road restraint systems ­
Part 1: Thnninology and general criteria for test methods 

Dispositifs de retenue routiers - R1ickhaltesysteme an StrnJ3en -
Partie 1: Thnninologie et dispositions generales pour Thill: Thnninologie und allgemeine Kriterien fUr 
les methodes d'essais PrOfvedahren 

This European Standard was approved by CEN on 5 March 1998. 


CEN members are bound to comply with the CEN/CENELEC Internal Regulations 

which stipulate the conditions for giving this European Standard the status of a 

national standard without any alteration. Up-to-date lists and bibliographical 

references concerning such national standards may be obtained on application to 

the Central Secretariat or to any CEN member. 


This European Standard exists in three official versions (English, French, Gennan). 

A version in any other language made by translation under the responsibility of a 

CEN member into its own language and notified to the Central Secretariat has the 

same status as the official versions. 


CEN members are the national standards bodies of Austria, Belgium, Czech 

Republic, DeIlIlUJIk, Finland, France, Gennany, Greece, Iceland, Ireland, Italy, 

Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and 

United Kingdom. 


CEN 
European Conunittee for Standardization 

Comite Europeen de Normalisation 
Europrusches Komitee fOr Normung 

Central Secretariat: rue de Sta.8sart 36, B-I050 Brussels 

© 1998 CEN All rights of exploitation in any form and by any means reseIVed worldwide for CEN national 
Members. 

Ref. No. EN 1317-1;1008 E 

http:93.080.30
http:01.040.93
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Page 2 
EN 1317-1:1998 

Foreword 

This European Standard has been prepared by the 

Technical Conunittee CENtrC 226, Road equipment, 

the Secretariat of which is held by AFNOR. 

This European Standard consists of the following parts 
Wlder the general title Road restraint systems. 

Part 1: 'I'ermirwlogy and general eriteria for test 

meUwdsj 

Part 2: Peifcrrmance classes, impact test acceptance 
criteria and test meUwds for safety barriers; 
Part 3: Crash cushions - Peifcrrmance classes, impact 
test acceptance criteria and test meUwds for crash 
cushions; 
The following parts are not yet available but are in the 
course of preparation: 

Part 4: Impact tests acceptance eriteria and test 

meUwds for terminals and transitions ofsafety 

barriers; 

Part 5: Durability eriteria and evaluation of 

;PfmformitYj
'"./J' 

rlEart 6: Pedestrian road restraint system. 
;l)iis European Standard shall be given the status of a 

-national standard, either by publication of an identical 
text or by endorsement, at the latest by October 1998, 
;and conflicting national standards shall be withdrawn 
i~t the latest by October 1998. 

{.According to the CEN/CENELEC futemal Regulations, 
the national standards organizations of the following 
COWltries are bOWld to implement this European 
Standard: Austria, Belgium, Czech Republic, Denmark, 
Finland, France, Germany, Greece, Iceland, Ireland, 
Italy, Luxembourg, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland and the United Kingdom 

Contents 

Page 

Foreword 2 

Introduction 3 
1 Scope 3 

2 Nonnative references 3 
3 Abbreviations 3 

4 Road restraint system tenninology 3 

5 Vehide specifications Wlder test conditions 5 
6 Measurement of the acceleration severity 

index (ASI) 6 

7 Measurement of the theoretical head impact 
velocity (THIV) and post-impact head 
deceleration (PIID) 7 

8 Compensation for instrumentation displaced 
from the vehide centre of gravity 10 

9 Test report 11 

Annex A (nonnative) Vehide cockpit defonnation 
index (VCDI) 13 

Annex B (infonnative) Impact kinetic energy and 
theoretical average force 14 

Annex C (mfonnative) Vehide acceleration ­
Measurement and calculation methods 15 

© BSI 1998 
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Introduction 
In order to improve and maintain highway safet;y, the 
design of safer roads requires the installation, on 
certain sections of road and at particu1ar locations, of 
devices to restrain vehicles and pedestrians from 
entering dangerous zones or areas. The road restraint 
systems designated in this standard are designed to 
specified performance levels of containment, to 
redirect errant vehicles and to provide guidance for 
pedestrians or other road users. 
The objective of this standard is to provide a 
procedure whereby the present national standards and 
regulations, which currently pertain in member 
COtmtries, can be harmonized to a common European 
Standard. 
Many t;ypes of road restraint systems are available; 
their characteristics differ both by function and by 
on-road use. European standardization requires 
common terminology in order to provide a clear 
tmderstanding of the design, performance, production 
and construction of the various road restraint systems. 
This standard identifies impact test tolerances and 
vehicle behaviour criteria that need to be met to gain 
approval. The design specification, for road restraint 
systems entered in the test report, should identify the 
on-road site conditions tmder which the road restraint 
system should be installed. 
The perfonnance range of restraint systems, designated 
in this standard, enables national and local authorities 
to recognize and specify the performance class to be 
deployed. 
The range of possible vehicu1ar impact into an on-road 
road restraint system is extremely large in terms of 
speed, approach angle, vehicle t;ype, vehicle 
performance, and other vehicle and road conditions. 
Consequently the actual on-road impacts which occur 
may vary considerably from the specific standard test 
conditions. However, adequate implementation of the 
standard should identify the characteristics, in a 
candidate safet;y road restraint system, that are likely 
to achieve maximum safety and ntiect those features 
which are tmaCceptable. 

It is recommended that this standard is reviewed 
within a period of five years, or following the 
completion of a proposed set of impact validation 
tests. 

1 Scope 
This European Standard gives the definitions of the 
principal terms used for road vehicle restraint systems 
and pedestrian restraint systems in other parts of this 
standard. It also specifies the general provisions for 
test methods. 
Infonnative annexes B and C give infonnation on 
impact kinetic energy and vehicle acceleration. 

2 Nonnative references 
This European Standard incOIJ>Orates by dated or 
tmdated reference, provisions from other publications. 
These nonnative references are cited at the 
appropriate places in the text and the publications are 
listed hereafter. For dated references, subsequent 
amendments to or revisions of any of these 
publications apply to this European Standard only 
when incorporated in it by amendment or revision. For 
tmdated references the latest edition of the publication 
referred to applies. 
EN 1317-2, !road restJraint systems ­
Pan 2: Performance classes, impact test acceptance 
criteria and test metJwds for safety barriers. 
prEN 1317-3, Road restraint systems-
Pan 3: Performance classes, impact test acceptance 
criteria and test methods for crash cushWns. 

3 Abbreviations 
ASI: Acceleration seveIit;y index 
THIV: Theoretical head impact velocit;y 
Plll): Post-impact head deceleration 
OIV: Occupant impact velocit;y 
ORA: Occupant ridedown acceleration 
VCDI: Vehicle cockpit defonnation index 
VIDI: Vehicle interior defonnation index 

4 Road. restraint system terminology 
The types of systems are shown in Figure 1. 

Road Il!Straint 

Figure 1 - 'J.Ypes of systems 

© BSI 1998 
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Page 4 
EN 1317-1:1998 

For the purposes of this standard, the following 

definitions apply: 


4.1 

road restraint system 

general name for vehicle restraint system and 

pedestrian restraint system used on the road 

4.2 

vehicle restraint system 

system installed on the road to provide a level of 

containment for an errant vehicle 

4.3 
safety barrier 
road vehicle restraint system installed alongside, or on 
the central reserve, of a road 

4.4 

permanent safety barrier 

safety barrier installed pennanently on the road 


4.5 

,!emporary safety barrier 


(satety bamer which is readily removable and used at 
C.~bad works, emergencies or similar situations 

c~,~i:6 
·d~formable safety barrier 
;&';)fety bamer that defonns during a vehicle impact and 
;lPaY suffer pennanent defonnation 

~~4.7 

rigid safety barrier 

safety barrier that has negligible deflection during a 

vehicle impact 


4.8 

slngle-sided safety barrier 

safety barrier designed to be impacted on one side 

only 

4.9 
double-sided safety barrier 
safety barrier designed to be impacted on both sides 

4.10 

terminal 

the end treatment of a safety barrier 


4.11 
leading terminal 
terminal placed at the upstream end of a safety barrier 

4.12 

trailing terminal 

terminal placed at the downstream end of a safety 

bamer 

4.13 
transition 
connection of two safety bamers of different designs 
and/or perfonnances 

4.14 
vehicle parapet 
safety bamer installed on the edge of a bridge or on a 
retaining wall or similar structure where there is a 
vertical drop, and which may include additional 
protection and restraint for pedestrians and other road 
users 

4.15 
crash cushion 
road vehicle energy absoxption device installed in front 
of a rigid oQject to reduce the severity of impact 

4.16 
redirective crash cushion 
crash cushion designed to contain and redirect an 
impacting vehicle 

4.17 
non-redirective crash cushion 
crash cushion designed to contain and capture an 
impacting vehicle 

4.18 
arrester bed 
area of land aqjacent to the road filled with a 
particular material to decelerate and arrest errant 
vehicles 

4.19 
pedestrian restraint system 
system installed to restrain and to provide guidance for 
pedestrians 

4.20 
pedestrian parapet 
pedestrian or "other users" restraint system along a 
bridge or on top of a retaining wall or similar structure 
which is not intended to act as a road vehicle restraint 
system 

4.21 
pedestrian guardrail 
pedestrian or "other user" restraint system along the 
edge of a footway or footpath intended to restrain 
pedestrians and other users from stepping onto or 
crossing a road or other area likely to be hazardous 
NOTE. «Other users" includes provision for equestrians, cyclists 
and cattle. 

© BSI 1998 
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EN 1317-1:1998 

S Vehicle specifications under test 
conditions 
Vehicle specifications under test conditions are 
specified in Table 1. 

Table 1 ­ Vehicle specifications 
Mass 

kg 

Vehicle mass (I) 825±40 1300 1500 10000 13000 16000 30000 38000 
±65 ±75 ±3OO ±400 ±500 ±900 ±1100 

Including maximum 100 160 ISO - - - - -
ballast (2) 

Dummy 75 - - - - - -
Tbtal test mass 9OO±4O 1300 1500 10000 13000 16000 30000 38000 

±65 ±75 ±3OO ±400 ±500 ±900 ±1100 

Dimensions 

m 
(limit deviation ±l5%) 

Wheel track (front and 1,35 1,40 1,50 2,00 2,00 2,00 2,00 2,00 
rear) 

Wheel radius (unloaded) - - 0,46 0,52 0,52 0,55 0,55 

Wheel base (between - - 4,60 6,50 5,90 6,70 11,25 
extreme axles) 

Number of axles 18 18 + 1 18 + 1 18 + 1 18 + 1 18 + 1/2 28 +2 18 + 3/4 
+ 1 (3) 

Ground clearance of the - - - 0,58 - 0,58 0,58 0,58 
front bumper measured at 
the comer 

Centre of gravity 
location 

m 
(limit deviation ±10 %) 

wngitudinal distance (4) 0,90 1,10 1,24 2,70 3,SO 3,10 4,14 6,20 
from front axle (CGX) 
±lO% 

Lateral distance from ±O,07 ±O,07 ±O,OB ±O,lO ±O,10 ±O,10 ±O,10 ±O,lO 
vehicle centre line (CGY) 

Height above ground 
(CGZ): 

Vehicle mass (±1O%) 0,49 0,53 0,53 - - - - -
Load (+15% -5%) - - - 1,50 1,40 1,60 1,90 1,90 
TYPe of vehicle Car Car Car Rigid Bus Rigid Rigid Articulated 

HGV HGV HGV 
(1) Including load for heavy goods vehicles (HGV). 

(2) Including measuring and recording equipment. 

(3) S: steering rude. 

(4) Vehicle mass. 

© BS! 1998 
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Page 6 
EN 1317-1:1998 

6 Measurement of the acceleration 

severity index (ASI) 


6.1 Calculation of ASI 
The acceleration severity index ASI is a function of 

,~ time, computed using the following equation (1): 

ASI(t) = [(JtxJAx'j + (JJ.y/&y)2 + (aztaz'jt (1) 

where: 

ax, &y and az are limit values for the components of 
the acceleration along the body axes x, y and z; rue, lIy 
and iIz are the components of the acceleration of a 
selected point P of the vehicle, averaged over a moving 
time interval 8 =50 rns, so that: 

t+J 

- 1 f. axdtjax= "6 
t 
t+J 

- 1 f. aydt;ay= "6 
t 

(2)~ f.
t+J 

iIz = az dt. 
",,/j t 
t:l"i;1he index ASI is intended to give a measure of the 
/swerity of the vehicle motion for a person seated in 
·;ti!e proximity of point P during an impact. 

Jbe average in equation (2) is actually a low pass filter, 
;:t~ into account the fact that vehicle accelerations 
~qiID be transmitted to the occupant body through 

/ i~~latively soft contacts, which cannot pass the highest 
'''frequencies. 

Equation (1) is the simplest possible interaction 
equation of three variables x, y and z. If any two 
components of vehicle acceleration are null, ASl 
reaches its limit value of 1 when the third component 
reaches its limit acceleration, but when two or three 
components are non-null, ASI may be 1 with the single 
components well below the relevant limits. 

The limit accelerations are interpreted as the values 
below which passenger risk is very small (light iIUuries 
if any). 

For passengers wearing safety belts, the generally used 
limit accelerations are: 

Ax =12g, &y = 9g, az = 109 (3) 
where: 

g =9,81 rns-2 is the reference for the acceleration. 

With equation (1), ASI is a non-dimensional quantity 
and a scalar function of time, and, in general at the 
selected vehicle point, having only positive values. The 
more ASI exceeds unity, the more the risk for the 
occupant in that point exceeds the safety limits; 
therefore the maximum value attained by ASI in a 
collision is assumed as a single measure of the severity, 
or: 

ASI = max. [ASI(t)] (4) 

6.2 Vehicle Instrumentation 
Vehicle acceleration shall be measured at a single point 
(P) within the vehicle body close to the vehicle centre 
of gravity. Three acceleration transducers (or one 
tri-axial transducer) are then required. 

Experience, however, shows that, due to physical 
constraints, the actual placement of the set of 
accelerometers may be offset several centimetres from 
the centre of gravity; then, significant differences can 
occur between measured accelerations and those at 
the centre of mass, due to angular motions. In these 
cases a second tri-axial transducer set of 
accelerometers shall be placed along the longitudinal 
axis. 

In long vehicles acceleration can vary considerably 
from the front to the rear, mainly due to yaw motion. 
For example, in a bus colliding with a side barrier, it is 
recommended to evaluate ASI at two points (PI and 
P2), corresponding to the extreme forward and 
backward passenger positions: the most direct way to 
do this is to place two tri-axial transducers in such 
positions. 

Alternatively, if a complete set of transducers is 
installed to record the six degrees of freedom motion 
of the vehicle, the complete vehicle acceleration field 
can be computed, and then the ASl index can be easily 
evaluated at any point 

The transducers, filters and recording channels shall 
comply with the frequency class specified in 
EN 1317-2 and prEN 1317-3. 

6.3 Summary of the procedure to compute ASI 
a) Record the measures of the three components of 
vehicle acceleration with the prescribed 
instrumentation. In general such measures are stored 
on a magnetic support, as three series ofN numbers, 
sampled at a certain sampling rate S (samples per 

second). 


For such three series of measures: 

lax, 2ax...••, k-Iax. ka:x;, k+lax..... , Nax 
lay, 2ay, .... , k-Iay, kay, k+lay, .... , Nay 
laz,•.••, k-Iaz, kaz, k+1az, •.., Naz 

the acceleration of gravity g is the unit of 
measurement. 

b) Find the number m of samples in the averaging 
window 15= 0,05 s: 
m =INT(o*S) INT(O,05*S), where INT(R) is the 
integer nearest to R. Fbr example, ifS =500 samplesls, 
m=25. 

© BSI 1998 



Dr
af

t f
or

 co
m

m
en

ts 
on

ly 
—

 N
ot

 to
 b

e 
cit

ed
 a

s E
as

t A
fri

ca
n 

St
an

da
rd

c) Compute the average accelerations (2): 

kax= 1 
m 

k+m 
(kaa; + k+1ax + k+2ax +...+ k+maJ = 1. ~ iax (5) 

mJ~ 
1

kay=m 
k+m 

(kay + k+1ay + k+2ay +...+ k+maJ= ! k iay (6) 

1kclz = 
m 

k+m 
(kaz + k+1az + k+2az+"'+ k+maz) = 1. ~ iU-z. (7) 

mJ~ 
d) Compute ASI as a function of time (1): 

kASI = [(knx/I2)2 + (ku:yl9)2 + (kll7JIO)2t (8) 

e) Find ASI as the maximum of the series of kASI. 

7 MeaslJ.l"ement of the theoretical head 
impact velocity (THIV) and post-impact 
head deceleration (PHD) 

7.1 General 
The theoretical head impact velocity (THIV) concept 
has been developed for assessing occupant impact 
severity for vehicles involved in collisions with road 
vehicle restraint systems. The occupant is considered 
to be a freely moving object (head) that, as the vehicle 
changes its speed during contact with the vehicle 
restraint system, continues moving until it strikes a 
surface within the interior of the vehicle. The 
magnitude of the velocity of the theoretical head 
impact is considered to be a measure of the vehicle to 
vehicle restraint system impact severity. 

The head is presumed to remain in contact with the 
surface during the remainder of the impact period. In 
so doing it experiences the same levels of acceleration 
as the vehicle during the remaining contact period 
(post-impact head deceleration - PHD). 

Page 7 
EN 1317-1:1998 

7.2 Theoretical head impact velocity (TIUV) 

7.2.1 General 
It can be assumed that at the beginning of the contact 
of the vehicle with the restraint system, both the 
vehicle and the theoretical head have the same 
horizontal velocity Yo, vehicle motion being purely 
translational. 

During impact the vehicle is assumed to move only in 
a horizontal plane, because high levels of pitch, roll or 
vertical motion are not of prime importance unless the 
vehicle overturns. This extreme event does not need to 
be considered, as in this case the decision to reject the 
candidate system will be taken on the basis of visual 
observation or photographic recording. 

Two reference frames are used, as indicated in 
Figure 2: 

- a vehicle reference Cxy, x being longitudinal and 
y transversal; the origin C is a point of the vehicle 
close to, but not necessarilY coincident with the 
centre of gravity, where two accelerometers and a 
yaw rate sensor are installed. Let Xc and Yc be the 
accelerations of point C (in mls2), respectively along 
the vehicle axis x and y, recorded from the two 
accelerometers, and '" the rate of yaw (in radians 
per second), recorded from the sensor (x positive 
forward, fJ positive to right-hand side and '" positive 
clockwise looking from above); 

- a ground reference OX¥, horizontal, with the X 
axis aligned with the velocity Vo and the origin 0 
coinciding with the initial position of the vehicle 
datum point C. ~(t), Yc(t) are the ground 
co-ordinates of the vehicle reference C, while Xb(t), 
Yb(t) are the ground co-ordina:tes of the theoretical 
head (see Figure 3). 

With the definitions and the simplifying hypothesis of 
this paragraph, the vehicle and theoretical head motion 
shall be computed in accordance with 7.2.2 to 7.2.6. 

© BSI 1998 
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EN 1317-1:1998 

• 	 Theoretical 
head 

Figure 2 - Vehicle and ground reference frames 

7.2.2 Vehicle motion 

Initial conditions at time t = 0: 

Xc =0 Yc =0 
{ Xc=Vo Yc=O 	 (9) 

The yaw angle II' shall be measured from the recording 
of a suitable overhead camera, or it shall be computed 
by integration of the yaw rate I/f or other suitable 
means: 

t 

lI'(t) = 	 (10)ll/f dt + 11'0 

then, from the components of vehicle acceleration in 
gr01md reference: 

Xc = ftc cos Y - Yc sin II' 
{ Yc = ftc sin y + Yc cos II' (11) 

vehicle velocity and position are computed by 
integration: 

t 

Xc = AXe + Vo AXe = Xc dt1 

(12) 

t 

Xc= 1AXe dt + Vot 

t 

Yc= 1AYe dt 
(13) 

© BSI 1998 
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7.2.3 Theoretical head motion relative to ground 
Initial condition at time t =0: 

{~b = Xo cos IjI =Xo ~b =:.!b sin 'If =Yo 

Xb= Vo Yb =0 (14) 

Then, if the theoretical head continues its unifonn 
motion: 

Xb =Vot +Xo. Yb = Yo (15) 

7.2.4 Theoretical head motion relative to vehicle 
The vehicle components of the relative velocity of the 
theoretical head are: 

VxCt) =-Me COS IjI AYe sin IjI + Yblp 
{ Vy(t) =Me sin IjI AYe cos IjI - :.!blp (16) 

The co-ordinates of the theoretical head with respect 
to the reference frame can be computed from the 
following equation: 

t1:.!b(t) =AXb cos IjI + AYb sin IjI AXb =Xo - AXdt 

where 
t 

Yb(t) = -AXb sin IjI +AYb cos IjI AYb= Yo -l A:Ydt 

(17) 

7.2.6 Tlme offlight 

The notional impact surfaces inside the vehicle are 
assumed to be flat and perpendicular to the vehicle x 
and y axes (see Figure 3). The distances of such 
surfaces from the original head position (flail 
distances) are Dx forward and Dy laterally on both 
sides. 

Figure 3 - Impact of the theoretical 
head on the left side 

The time of flight of the theoretical head is the time of 
impact on one of the three notional swfaces in 
Figure 3, ie. the shortest time Twhen one of the three 
following equalities is satisfied: 

:.!b (1) =Dx +Xo; or 
Yb (1) =Dy; or 
Yb (1) = -Dy (18) 

The standard values of the flail distances are: 

Dx =0,6m; 

Dy =0,3m. 


© BS! 1998 
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7.2.6 Value ofTHIV 
Finally, the theoretical head impact velocity is the 
relative velocity at time T, i.e.: 

THIV [ ~ (1) + ~ (1)]14 (19) 

THIV shall be reported in kmIh. 

7.3 Post-impact head deceleration 

Post-impact head deceleration (PHD) is the maximum 

value of the resultant acceleration of point C, 

computed from the 10 ms average of the measured 
components Xc and Yc' If-< xc>- and-< Yc>- are such 
components, then: 

PHD = MAX(-< Xc >-2 + -< Yc >-2 )112 fort> T (20) 

PHD shall be reported in multiples of g(*). 

VI Vehicle instrumentation 
The vehicle should be fitted with one accelerometer 
for measurement in the longitudinal (forward) 
direction, one for the lateral (sideways) direction and, 
optionally, an angular velocity sensor (rate sensor). The 
three sensors should be mounted on a common block 

.;::ppd placed at point C close to the vehicle centre of 
i~:)rvity. 
/Xlte yaw angle shall be measured within a tolerance 
<sf.' ±to, directly from photographic records or by 

mtegration of yaw rate or by other means. The 

:~pling interval shall not exceed 50 ms. 


.. /l;he transducers, filters and recording channels shall 
.. (qpmply with the frequency class specified in 

'EN 1317-2 and prEN 1317-3. 

An event indicator is recommended to signal the 

moment of first vehicle contact with the vehicle 

restraint system. 


7.5 Summary of the procedure to compute TIIIV 
and PIID 

a) Record the vehicle accelerations and yaw rate, 
and store in digital form at the sample rate S; let the 
data in the three record files be kxc, kyc and kif! 
(k = 1, 2,..., N). The time inteIVal between two 
subsequent data in the record file is h = kt - k-1t 

=lJS. For example, if S =500 samplesls, h = 2 ms. 
b) Intel]>Olate linearly between the measured values 
of the yaw angle to obtain the values kif!, or 
alternatively, integrate the yaw rate by the recurrent 
equation [from equation (2)]: 

l' 2' 
11f! IU' 21f! IIf! + h If! + If!. .= 'YO' = 2' ... , 

k' k+1' 
k+11f! = kif! + h If! +2 If! (21) 

c) Compute the vehicle acceleration in ground 
reference (3): 

kXc = kxccOS kif! - kfic sin kif! 
kyc kxcsin kif! + kyc cos kif! (22) 

d) Integrate the vehicle acceleration in grOl.md 
reference equations (4), (9): 

e) Compute relative position and relative velocity of 
the theoretical head as functions of time, equations 
(8), (9): 

kXb(t) = kMb cos kif! + kJ1Yb sin kif! 

{
 kyb(t) = -kMb sin kif! + kJ1Yb cos kif! (25) 

kVx:::: -kJ1Xc cos kif! -kM'c sin kif! + kYbkip 

{ kVy = kl1Xc sin kif! - kJ1Y cos kif! - k~kip (26)c 

f) Find the minimum value ofi for which one of the 
three equations: 

ixt, :::: Dx + Xo; or iYb = Dy; or iYb :::: - D (27) 
is satisfied. Y 

g) Compute: 

THIV:::: ~v; + iV;r (28) 

h)Compute the 10 ms average-< kx >- and-< Ir. .. >-. 
c "'Yc 

i) Compute the resultant vehicle acceleration (kA) 
in g as a function of time: 

k A_I ( k·· 2 k·· 2 ) 1/2- - -< Xc + Yc >- (29)
g 

7.6 Procedure for computing OIV and ORA 
The above procedure can be simplified to compute the 
occupant impact velocity (OlV) and the occupant 
ridedown acceleration (ORA), by omitting step 2 and 
considering alw88S If! :::: O. 

8 Compensation for instrumentation 
displaced from the vehicle centre of 
gravity 
Vehicular accelerations are used in the assessment of 
test results through ASI, THIV and the flail space 
model. 

© BSI 1998 
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This requires that a set of accelerometers should be 

placed at or close to the vehicle centre of mass. 

However, experience shows that this caIUlot always be 

done, due to physical cons1l:aints within the vehicle. As 

a result, actual placement of the set of accelerometers 

may be offset several centimetres from the centre of 

gravity, then, depending on the offset, significant 

differences can occur between measured accelerations 

and those at the centre of gravity, due to angular 

motions. 

These differences can be minimized by the use of 

additional instnunentation. Therefore, in addition to 

the basic m-axial set of accelerometers, it is 

recommended that a second m-axial set be placed 

along the x (longitudinal) axis, as shown in Figure 2. 
With reference to Figure 4, for a point P located along 
the x axis at a distance x forward from the centre of 
gravity: 

ax = axe - x(co; + co;) 
ay =aye - xWz (30) 
az = azc - XWy 

where: 
are the longitudinal, lateral and vertical 
accelerations of point P; 

are the longitudinal, lateral and vertical 
accelerations of the centre of gravity; 

COy, COz are the pitch and yaw rates; 
COy, COz are the pitch and yaw accelerations. 

Thus, the accelerations of points PI and P2 of 
Figure 4 are given by: 

axl = axe - Xl (co; + co;) 

a~ = axe - x2 (co; + co;) 

ayl = aye + xlwz 

ay2 = aye + ~wz (31) 


ROll 9 
......------------­

X 

azl = azc + XlWy 

az2 = azc + x2Wy 


From equation (2) the accelerations of the centre of 
gravity can be computed as fonows: 

a =xlllx2 - X'2ax l 
xe Xl - X'2 

a = Xl£l.y2 - X'2OyI (32) 
yc Xl - x2 

a = xlaz2 - X2azl 

zc Xl x2 


9 'lest reportl ) 


The test report shall include the fonowing infonnation 

in the order given. 

a) Testing laboratory 
Name 

Address 

Telephone number 

Facsimile number 

"fust site location 
b) Report number 
c) C11ent 
Name 

Address 

Telephone number 

Facsimile number 

d) Test item 
Received date 

'Thsted date 

Name of test item 

Drawing enclosure No. 

r 

I 
YAW 

~---... 

PITCH 


Figure 4 - Positive sign convention and accelerometer location 

1) This proposal is based upon the criteria presented in paragraph 5.4.3 of the European Standard EN 45001:1008. 
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e) Test procedure 
1) Test type 
Target impact speed in kilometres per hour 

Target impact angle in degrees 

Target inertial vehicle test mass in kilograms 

2) Installa.tion 
Detailed description of installation tested 

Test site drawing enclosure No., including end 
anchorages 
Photographs enclosure No. 

Length in metres 
A suitable description of the components of the 
vehicle restraint system for a guardrnil consisting 
of post and beams: 

- Beam rail member 

- Beam rail length in metres 

- Post material 

- Post dimensions in metres 
- Post embedment in metres 
- Post spacing in metres 

Soil type and condition 
3) Vehicle 
Model 

Model year 
Vehicle identification number (VlN) 
Vehicle mass in kilograms 

Ballast, position and mass 

Dummy (if fitted) 

Total test mass in kilograms 

Dimensions and characteristics of vehicle 

enclosure No. 

Position of centre of gravity 

Photographs enclosure 

f) Results 
Test No. 

Date 
Weather conditions at test 
General description of test sequence 

1) Test item 

Maximum dynamic deflection in metres 


Working width in metres 

Maximum pennanent deflection in metres 


Length of contact in metres 


Impact point 

Major parts fractured or detached (YeslNo) 


Description of damage to test item 


Ground fixing meets design levels (YeslNoINot 
applicable) 
Photographs of test item enclosure 
Drawing of test item enclosure 
*) Barrier ground fixing force measurement in 
newtons 
*) Force graphs enclosure 
2) Vehicle 
Impact speed in kilometres per hour 
% difference from target speed in per cent 
Impact angle in degrees 
% difference from target angle in degrees 
Within tolerance limits (YeslNo) 
*) Exit speed in kilometres per hour 
*) Exit angle in degrees 
*) Rebound distance in metres 
Vehicle breaches barrier (YeslNo) 
Vehicle passes over the barrier (YeslNo) 
Vehicle within "box" (YeslNo) 
Vehicle rolls over within test area (YeslNo) 
General description of vehicle trajectory 
Vehicle cockpit defonnation index VCDI (see 
annexA) 

Major part of vehicle detached (YeslNo) 

Photographs of the vehicle enclosure No. 

3) Assessment of the impact severity 

Acceleration severity index, ASI 

Theoretical head impact velocity, TlllV and 

post-impact head deceleration, PHD 

Flail space in metres 

'lime of flight in milliseconds 

TlllV in kilometres per hour 

PHDing 

*) Occupant impact velocity, OIV 


Forward in metres per second 

Lateral in metres per second 

Occupant ridedown acceleration 

Forward in g 

Lateral in g 

Acceleration graphs enclosure No. 


g) General statements 
The test results in this report relate only to the 
items tested. 
This report may not be reproduced other than in 
full, except with the prior written approval of the 
issuing laboratory. 
h) Approval of report 
Date 
Signature 
TItle 
Name 

*) The asterisk indicates optional infonnation. 
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Annex A (nonnative) 

Vehicle cockpit defonnation index (VeDI) 

A.I Deformation 
The vehicle cockpit defonnation index (VCDI) comes 
from the vehicle interior defonnation index (VIDI), 
which has been developed within the frame of 
different international meetings in 1970 and 1971. 
This index designates both the location and the extent 
of the defonnation of the cockpit It consists of two 
alphabetic characters plus seven numeric characters, in 
the form: 

XXahcdefg 
The purpose of this index is to report a standard 
description of the defonnation of vehicle interior, to 
help the understanding of the severity of the impact. 
The recommended accuracy in distance measurements 
is ±o,02m. 

(' 

\".... \/ 
All seats; xx '" AS 

f' 
FS 

\.". 
Front seats: XX '" FS 

r 
\./L 

Right seats: XX = RS 

f' 

Page 13 
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A.2 Location of the deformation 
The location of cockpit defonnation is indicated by the 
first two alphabetic characters :xx, as indicated in 

Figure AI. 


A.3 Extent of the deformation 
The seven ~indices a, b, 0, d, e, f and g indicate the 
percentage of reduction of seven interior dimensions 
(see Figure A2): The value of each of the seven 
numeric sub-indices shall be determined by the 

following scale: 

oif the reduction is less than 3 % ; 
1 if the reduction is more than 3 % and less than or 

equal to 10 %; 

2 if the reduction is more than 10 %. 

When some of the reductions exceed 10 %, 

photographic description of the deformed parts shall 

be included. 


./ 

AS 

" ­

/ '""""'I 

BS 

J"­
Back seats: XX '" BS 

./ 

RS 

LS 
"'­

Left seats: XX LS 

-oil!./ 

RF AB 

LF LB 
'- \." "­

Right front: XX '" RF Right back: XX '" RB 

Left front: XX '" LF Left back: XX '" LB 

Figure A.I - Location of cockpit deformation 
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a distance between the dashboard and the top of the rear seat; 


b distance between the roof and the floor panel; 


c distance between the rear seat and the motor panel; 


d distance between the lower dashboard and the floor panel; 


e interior width; 


f distance between the lower edge of the right window and the upper edge of the left windoW; 

g distance between the lower edge of left window and the upper edge of right window. 

Figure A.2 - Interior dimensions 

A.4 Examples 
When a side impact on the right side reduces e and f 
by 14 % and g by 7 % for the right seats, the reduction 
of all the remaining dimensions being below 3 %, the 

7A{CDI index will be: RS0000221. 
t:;Wt.en, in an end-an impact, distance a is reduced 
,:By 8 % and c by 12 % at the front :right seat, all other 
'I~UctiOns remaining below 3 %, the VCDI index will 
be: RF1020000. 

Sb 

o 
--r ~C'==-=--_~_-::-I 

b - Sb 

Annex B (informative) 
Impact kinetic energy and theoretical 
average force 
B.I Average force from kinematics 
In the first part of a successful collision against a 
safety barrier, the component, perpendicular to the 
barrier, of the velocity of the centre of gravity of the 
vehicle should decrease from its initial value 

Vn = V sin a (B.1) 
to null; if Sn and an are, respectively, the displacement 
and the average accelerntion of the vehicle centre of 
gravity in the direction perpendicular to the barrier, 
then in the first phase: 

an == :t (B.2) 

and, accordmgty, the average force acting on the mass 
M of the vehicle during the same phase is: 

M\1, 2 
F= Man = 25': (B.3) 

Figure B.I - Displacement of the centre of gravity 

© BSI 1998 
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B.2 Average force from an energy balance 
The same result can be obtained from a simple energy 
balance. In fact during the first phase of the impact the 
lateral kinetic energy of the vehicle: 

MVn2 (B.4)T ­
- 2 

should be balanced by the work Wn = FSn of the lateral 
force acting on the vehicle centre of gravity; hence: 

)ITT 2 -
lY.lVn =FS
-2- n 

whence: 

F= MVn2 (B.5)
2Sn 

B.3 Average force as a function of barrier 
displacement 
With reference to Figure B.1, the space Sn travelled by 
the centre of mass is approximately: 

Sn = 0 sin a + b(cos a-I) + Sb (B.6) 
where Sb is the maximum dynamic deflection of the 
traffic face of the barrier (more precisely, Sb should be 
the sum of the barrier deflection plus a part of the 
vehicle crumpling). 
Thus, combining the preceding expressions the average 
force can be eventual1y expressed as: 

F- M(Vsina)2 (B.7) 
- 2[0 sina + b(cos a-I) + Sbl 

The force F gives the order of magnitude of the 
interaction between the vehicle and the barrier during 
the impact. It is useful for a first evaluation of the total 
force acting on barrier anchorages and of the severi1¥ 
for the colliding vehicle. 

f 
F is a force averaged with respect to lateral 
displacement, Le.: 

Sn 
- 1 (B.8)F = Sn F'(s)ds 

o 
Theoretical and experimental evidence shows that a 
significant maximum value of the force F'(s), to be 
considered as a measure of the maximum action on 
barrier anchorages, is 2,5 times larger than F. 
B.4 Examples 
Thble B.1 reports the kinetic energies, computed using 
equation B.4 pertaining to the specified performance 
classes, together with the average forces computed 
using equation B.7 for some example values of barrier 
displacement 

Annex C (infonnative) 
Vehicle acceleration - Measurement and 
calculation methods 

C.l Introduction 
During an impact the acc_ieration of a vehicle may 
vary sensibly from one point to another of the vehicle 
itself due to angular velocities and angular 
accelerations. Therefore, the measure taken at a single 
point :may not be enough to determine the complete 
acceleration field within the vehicle. 

In general, during a collision there is an internal 
portion of the vehicle that remains more or less rigid, 
apart from structural vibrations which are filtered out 
when the prescribed 60 Hz filter is applied. 

'Thble B.l ­ Containment levels 
Containment Kinetic Trame face deflection 

level energy 

kJ m 

0,1 0,4 0,8 1,2 

T1 6,2 16,8 9,3 5,8 
T2 21,5 36,5 24,2 16,7 

T3 36,6 46,7 33,8 24,7 
N1 43,3 59,2 42,0 30,3 
N2 81,9 112,0 79,4 57,2 
HI 126,6 93,6 76,6 61,7 
H2 287,5 133,0 116,8 100,4 
H3 462,1 266,4 227,1 189,8 
H4a 572,0 311,3 267,6 225,4 
H4b 724,6 269,1 242,1 213,6 

Average force F 

k:N 

4,2 
12,7 

19,4 

23,7 

44,7 
51,6 

88,1 

163,0 

194,7 

191,1 

1,6 2,0 

3,3 2,7 

10,3 8,6 

16,0 13,6 

19,4 16,5 

36,7 31,1 

44,4 38,9 

78,5 70,8 

142,9 127,1 

171,4 153,1 

172,8 157,8 
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This annex presents two methods for determining the 
complete acceleration of the vehicle, considered as a 
rigid body, at a certain time, from measures taken at 
the same time. The sensors for these measures should 
be mounted in locally stiff points of the part of vehicle 
structure that behaves rigidly. 

The knowledge of the complete acceleration may be 
;:':l needed for computing the acceleration of different 

points of the vehicle, or to reconstruct the vehicle path 
by integration 

C.2 Acceleration in a rigid body 
The acceleration pa of any point P of a rigid body, in 
vector notation, may be expressed as: 

pa =ca + w X R + w X (w X K) (C. 1) 

where: 

pa ={::: jis the acceleration of the generic point P; 

paz 

ea ={::: jis the acceleration of a datum point C; 

eaz 

'co • {:: jls 1he angular velociW of 1he rigid body; 

::;:~::::····c 

';;;;'R =P C is the :radi.us vector from point C to point P; 
)'4lternative1y, equation (C.1) can be also put in the 
'''fbrm: 

pa = <p + W /\ R + (w·K) w - (w·w)R (C.2) 

where the point represents scalar product, the dot (') 
represents derivation with respect to time and the 
symbol/\ the vector product. 

Then to know the acceleration pa of any point P of a 
rigid body at a certain time t, one needs to know the 
position R of the said point and nine kinematic 
parameters, i.e. the three components of ea, the three 
components of w and the three components of W, all 
at the same time t. 

C.3 Measurement by 12 I1near transducers 
Equation (C.1), in matrix notation, can be also written 
as: 

{pal {cal + [A] {R} (C.3) 

where: 

[A] 
r 2 2 

-Wy ­ WZ 

WxWy + ~z 

WxWz - Wy 

WxWy + Wz 

-w2 w 2 
x z 

WyWz + Wx 

waf» z + Wy 

wywz Wx 

-cd - cd x y 

] 
Instead of the nine kinematic parameters it may be 
easier to take as unknowns 12 parameters, ie. the 
three components of ca and all the nine elements of 
matrix A, as follows. 

Three linear accelerometers, aligned with the vehicle 
axes x, y and z, are mounted on a single block at 
point C (which can be any suitable point), and in 
each of three other suitable points IP' 2P and 3F. The 
four points should not lie in the same plane. 
These 12 accelerometers give the measure of teal plus 
the accelerations haj, t2a} and [3a}, of the three 
known points IP' 2P and sF. 
For each point iP. equation (C.4) can be put in the 
form: 

{iaa} = [A] {Jl}, (i =1, 2, 3) (C.5) 

where: 

{iaa}= rial-tea} (C.6) 

By introducing the matrices (3 X 3): 

[aa] haal2aal3aa], [R]= hRl~sR] (C.7) 

the three matrix equations (C.6) can be synthetically 
written as: 

[aa] = [A][R] (C.8) 
that can be easily solved obtaining the unknown 
matrix [A] in the form: 

[A] = [aa][R]-I, or [A]T =[R] -T[M1T (C.9) 

Solution (C.9) is possible on1y if matrix [R] is 
non-singular, and this requires that the four points 
eP, IP' 2P and 3P do not lie in a plane. 
The angular acceleration w can be easily obtained 
from the antisyrnmetrical part of matrix [A]: 

x~ -w ~y 1 (C.10)
Wz 0 -Wx 

[ -Wy cOx 0 

However, the components of the angular velOCity 
cannot be obtained uniquely nor accurately from the 
symmetrical part of matrix [A]. So this method, which is very straightforward for computing the acceleration 
of any point of the vehicle, is not recommended for 
path reconstruction 

When the acceleration lea} and the matrix [A] are 
known, the acceleration of any point P of the vehicle 
can be easi1y detennined by means of equation (C.3). 

C.'" Measurement by six I1near and three 
angular transducers 
This method requires six linear accelerometers plus 
three angular rate transducers. Three linear 
accelerometers and the angular velocity sensors are 
placed, on a single block, at the datum point C. The 
three linear accelerometers and the three angular 
velocity transducers are oriented as the vehicle 
axes x, y and z. 

© BSI 1998 
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This gives a direct measure of ca and w, so only three 
unknowns remain to be detennined, Le. the 
components of w. These can be obtained by adding 
only three linear accelerometers, as follows. 
Let any of the latter three accelerometers be put at 
point J> in the direction of the unit vector tn 
(i = 1, 2, 3); upon scalar multiplication by tn, equation 
(C.2) takes the fonn: 

~-m·w = Pi (C.U) 
where: 

ift = J> - C is the position vector of J>j 
~-m = iR 1\ tn; 
Pi = ai &i - (w.Jl)wi + (W·w'JRi,i 

~ = ia'in is the measurement from the sensor at 
point iP, 
&i =cUrt-n is the component of ca in the direction 
of %-nj 

Wi = w·tn is the component of w in the direction 
of t-n; 
It;, = ift·%-n is the component of iR in the direction 
of t-n. 

Putting together equation (C.U) for the measurements 
of the latter three transducers, the following :final form 
is obtained: 

x 

z 

-e 
[ d 0[M] -b e 0 l;~-'b e 0

r-'"­

[M] {w} = {pI (C.12) 

where: 

From equation (C.12) the angular acceleration is found 
in the form: 

{w} = [M]-l {pI (C.14) 
Such a solution is possible only ifmatrix [M] is 
non-singular, and this requires that the points iP and 
the orientations %-n (i =1, 2, 3) of the sensor be 
carefully selected. 
With this all the nine kinematic parameters, i.e. {cal, 
{w} and {w} are known. They can be used to compute 
the acceleration of any point P of the vehicle with 
equations (C.1), (C.2) or (C.3), or to reconstruct the 
vehicle path with a suitable procedure. 
A good choice of the position and of the orientation of 
the transducers is reported in the following examples, 
where the point C is in the xz plane (symmetry plane), 
close to the vehicle centre of gravity, and the remaining 

-lt2b 

lt2e m. 1 
[ ~u. -dI2be :e 

'(oo;.",,~. ~xoo,' "',00, 1 
[PI a2 - ca. - dCw;+w; ) + eWxwlI + bwlIwz 

as- caz - d(wx+wy) + ewxwy + bWyWz 

Figure C.I - Example B 
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z 

d 0 -e 1 [0 It2b -lt2b 1 
[Mj = b e 0 i [Mj-l = 0 It2e It2e 

[ -b e 0 -lle-d/2be -d/2be 

a1-Cay + bew; +w~ + ew",wy + dwywZ I 
{PI = ~-caz - dCw;+w;) + ew",wy + bWywzjIla- caz dCw;+w;) + ew",wy + bw'llwz 

Figure C.2 - Example B 

three accelerometers are mounted at two points, 
symmetrical with respect to the xz plane. Other good 
choices are also possible. 
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x 

z 

-d b 0 lJ2b 

e 0 ; [M]-l = 0 1J2e lt2e1I2b 1 
e 0 [lIb dJ2be dJ2be1 

Figure C.3 - Example C 

C.5 Remarks 
The first method proposed requires only linear 
acceleration transducers, but in a redundant mnnber; it 
is straightforward for the evaluation of the acceleration 
of any point of the vehicle. 
The second method, which requires a minimmn 
number of transducers (six linear acceleration and 
three angular velocity), is more suitable when path 
reconstruction has to be made. Among the three 
layouts shown in the examples, A is mostly 
recommended for collisions on the right side, B for 
collisions on the left side and C for end on collisions. 
In any case, the accuracy and the cost of the different 
transducers should also be considered in any 
comparison of the two methods. 

© BSl1998 



Dr
af

t f
or

 co
m

m
en

ts 
on

ly 
—

 N
ot

 to
 b

e 
cit

ed
 a

s E
as

t A
fri

ca
n 

St
an

da
rd

BSI - British Standards Institution 


BSI is the independent national body responsible for preparing British Standards. It 
presents the UK view on standards in Europe and at the international level. It is 
incorporated by Royal Charter. 

Revisions 

British Standards are updated by amendment or revision. Users of British Standards 
should make sure that they possess the latest amendments or editions. 

It is the constant aim of BSI to improve the quality of our products and services. We 
would be grateful ifanyone finding an inaccuracy or ambiguity while using this 
British Standard would infonn the Secretary of the technical conunittee responsible, 
the identity of which can be found on the inside front cover. Tel: 020 8996 9000. 
Fax: 020 8996 7400. 

BSI offers members an individual updating service called PLUS which ensures that 
subscribers automatically receive the latest editions of standards. 

Buying standards 

Orders for all BSI, international and foreign standards publications should be 
addressed to Customer Services. Tel: 02089969001. Fax: 020 8996 7001. 

In response to orders for international standards, it is BSI policy to supply the BSI 
implementation of those that have been published as British Standards, unless 
otherwise requested. 

Information on standards 

BSI provides a wide range of infonnation on national, European and international 
standards through its Library and its Technical Help to Exporters Service. Various 
BSI electronic infonnation services are also available which give details on all its 
products and services. Contact the Infonnation Centre. Tel: 020 8996 7111. 
Fax; 020 8996 7048. 

Subscribing members of BSI are kept up to date with standards developments and 
receive substantial discounts on the purchase price of standards. For details of 
these and other benefits contact Membership Administration. Tel: 020 8996 7002. 
Fax: 020 8996 7001. 

Copyright 

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of 
the publications of the international standardization bodies. Except as permitted 
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced, 
stored in a retrieval system or transmitted in any fonn or by any means - electronic, 
photocopying, recording or otherwise - without prior written pennission from BSL 

This does not preclude the free use, in the course of implementing the standard, of 
necessary details such as symbols, and size, type or grade designations. If these 
details are to be used for any other purpose than implementation then the prior 
written pennission of BSI must be obtained. 

Ifpermission is granted, the tenus may include royalty payments or a licensing 
agreement. Details and advice can be obtained from the Copyright Manager. 
Tel: 020 8996 7070. 

BSI 
389 Chiswick High Road 
London 
W44AL 



Dr
af

t f
or

 co
m

m
en

ts 
on

ly 
—

 N
ot

 to
 b

e 
cit

ed
 a

s E
as

t A
fri

ca
n 

St
an

da
rdCD/K/164-1:2009  

 

© EAC 2010 — All rights reserved   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




