
16th IRF World Road Meeting 

DELTA BLOC® | We develop safety.  1 | 4 

Passenger Safety on Modern 
Vehicle Restraint Systems 

Topic: Road Safety and Security 

Presenting Author: 
Bmst. Dipl.-Ing. Dr. techn. Thomas Edl 
DELTA BLOC Europa GmbH 
Managing Director 

Co-Authors: 
Dipl.-Ing. Andreas Bares 
Dipl.-Ing. Alexander Barnas 
Dipl.-Ing. Paul Bittner 

Introduction 

On the basis of more than 100 conducted 
crash tests according to the European 
Standard EN 1317 DELTA BLOC® is one of 
the most experienced companies in the 
development of precast concrete vehicle 
restraint systems. The range of products 
contains barriers for temporary and per-
manent use as well as integrated noise 
and safety barrier systems. 

Risks for Passengers at an Impact 

The function of passive vehicle restraint 
systems – such as safety barriers on roads 
– is to reduce consequences of vehicles 
getting off the road by leading them safely 
back to the lane. Assuming that a safety 
barrier fulfils all its important requirements 
(leading the vehicle back, no break 
through, stable behaviour of the car, no 
roll over etc.) the major risk for passen-
gers is to get hurt due to acceleration dur-
ing an impact. 

In general, crash tests of safety barriers 
according to EN 1317-2 are conducted 
with two tests: one test with a heavy 
goods vehicle (TB 42 to TB 81) and one 
with a light passenger car (TB 11). For the 
evaluation of passenger safety the TB 11 
is decisive  – due to the lesser weight of 
the vehicle.  

  
TB 11 impact test 
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Measuring Passenger Safety 

Indices of the EN 1317-1 

For the evaluation of the risk for passen-
gers there is the need for trusted data 
based on measurements during crash 
tests. The EN 1317-2 makes use of three 
indices to measure, analyse and classify 
passenger safety of safety barriers: 
1. ASI: Acceleration Severity Index 
2. THIV: Theoretical Head Impact Velocity 
3. PHD: Post Impact Head Deceleration 
While for the THIV and the PHD it is just 
necessary to verify that these parameters 
fulfil the requirements (THIV ≤ 33km/h 
and PHD < 20g) the ASI classifies the 
safety barrier into three categories: ASI A, 
B and C. 

Table 1:  Impact severity levels according to 
EN 1317-2 

ASI class Values 

A         ASI ≤ 1,0 

B 1,0 < ASI ≤ 1,4 

C 1,4 < ASI ≤ 1,9 

The EN 1317-1 defines the ASI as an in-
dex “to give a measure of the severity of 
the vehicle motion for a person seated in 
the proximity of point P during an  
impact”. [1] 
Unfortunately the EN 1317-1 does not 
explain in detail the significance of the ASI 
value for the safety of passengers. It just 
says that “the more the ASI exceeds unity 
[ASI=1], the more the risk for the occu-
pant in that point exceeds the safety lim-
its”. [1] 

When part 1 and 2 of the EN 1317 was 
published in 1994, the impact severity 
level comprised only two classes – the 
ASI A and B. At that time the ASI values 
were interpreted as shown in table 2 “In-
terpretation of ASI values in 1994”. Only in 
2006 ASI C was added to the EN 1317-2 
as a third class. 

Interpretation of the ASI Value 

In order to understand what the deter-
mined values mean in practice and where 
they might come from we have to take a 
look at two more indices – the HIC and 
the AIS.  

HIC and AIS 

The indices Head Injury Criterion (HIC) 
and Abbreviated Injury Scale (AIS) are 
used to describe the trauma of a passen-
ger involved in a vehicle crash. 

The HIC measures the acceleration acting 
on the head of occupants. This index is 
normally used for head-on impacts. There-
fore a HIC higher than 1000 is basically 
declared as the threshold value from 
which high occupant injuries are expected 
[3]. The HIC for lateral impacts is much 
less than for head-on impacts [2]. It has 
to be noticed that the head is not as flexi-
ble in transversal direction as in longitudi-
nal direction [4]. 

The Abbreviated Injury Scale (AIS) de-
scribes injuries especially in head and neck 
area of occupants involved in collisions. 
The injury severity is divided into six cate-
gories (see table 3 “AIS levels”). 
 

Table 2: Interpretation of ASI values in 1994 

ASI value Description and interpretation 

  0 < ASI ≤ 0.7 Redirection of the vehicle coming along with slight injuries of passengers with 
fastened seat belts. No heavy injuries for unbelted passengers. 

0.7 < ASI ≤ 1.0 Higher severity of impact. Slight injuries for belted, severe injuries for unbelted 
passengers. 

1.0 < ASI ≤ 1.4 High risk for most severe injuries. Acceptation for such safety barriers only for 
special cases. 

1.4 < ASI Risk for fatal injury is too high to install such safety barriers next to roads. 
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Table 3: AIS levels 

Injury Scale Category Injuries 

0 None no injury 

1 Minor light brain injuries with headache, vertigo, no loss of consciousness, light 
cervical injuries, whiplash, abrasion, contusion 

2 Moderate concussion with or without skull fracture, less than 15 minutes uncon-
sciousness, corneal tiny cracks, detachment of retina, face or nose fracture 
without shifting 

3 Serious concussion with or without skull fracture, more than 15 minutes uncon-
sciousness without severe neurological damages, closed and shifted or 
impressed skull fracture without unconsciousness or other injury indica-
tions in skull, loss of vision, shifted and/or open face bone fracture with 
antral or orbital implications, cervical fracture without damage of spinal 
cord 

4 Severe closed and shifted or impressed skull fracture with severe neurological 
injuries 

5 Critical concussion with or without skull fracture with more than 12 hours uncon-
sciousness with haemorrhage in skull and/or critical neurological indica-
tions 

6 Fatal death, partly or fully damage of brainstem or upper part of cervical due to 
pressure or disruption, fracture and/or wrench of upper part of cervical 
with injuries of spinal cord 

Correlation between ASI, HIC and 
AIS 

In a serious, scientific study Dr. Mazyar 
Shojaati from ETH Zurich analysed the 
correlation between these three parame-
ters. He carried out 9 crash tests with Hy-
brid III dummies for his analysis. The 
measurements show an exponential corre-
lation between the parameters ASI and 
HIC [2]. Therefore the threshold value for 
the HIC of 1000 corresponds to ASI 1.9, 
the limit of ASI C. 

 
Correlation between ASI and HIC 

Table 4: Correlation between ASI and HIC 

 ASI HIC 
ASI A ≤ 1,0 125 
Average DELTA BLOC® ~ 1,3 225 
ASI B ≤ 1,4 300 
ASI C ≤ 1,9 1000 

The relation between HIC and AIS (see 
chart below) makes passenger impacts 
due to crash tests transparent. 

ASI A 
ASI B 

ASI C

~DELTA BLOC® 

 
Correlation between AIS and HIC 

ASI A means a maximum HIC of 125 and 
therefore an Injury Scale of 0.6 (category: 
“None to Minor”). The DELTA BLOC® sys-
tems have an average HIC of 225, the 
Injury Scale is 0.8 (category: “None to 
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Minor”). Restraint systems achieving ASI B 
have a maximum HIC of 300 and therefore 
an Injury Scale of 1 (category: “Minor”). 
The severity index level ASI C allows a HIC 
up to ~1000 resulting an Injury Scale of 
3.2 (category: “Serious to Severe”). 

Table 5: Correlation between AIS and HIC 

AIS category AIS HIC 
None to Minor 0.6 125 
None to Minor 
(average DELTA BLOC®) 

0.8 225 

Minor 1 300 
Serious to Severe 3.2 1000 

It has to be mentioned that the AIS classi-
fication is in whole numbers. For interpre-
tation of the differences between the AIS 
values, a smooth transition from one cate-
gory to the other was assumed.  

Summary and Conclusions 

The comparison of ASI, HIC and AIS 
shows that ASI A and B are both appropri-
ate values for restraint systems.  

The Abbreviated Injury Scale describes a 
range of injuries, where ASI A can be clas-
sified between category 0 and 1. ASI B 
(≤1,4) can be interpreted as category 1. 
Within one category a lower ASI of course 
causes less risk of injuries. 

 

 

References: 
[1] EN 1317-1:1998, Road restraint sys-

tems – Part 1: Terminology and gen-
eral criteria for test methods 

[2]  Correlation between injury risk and 
impact severity index ASI, 2003, Sho-
jaati, IVT,  

[3]  NCHRP Report 350, Recommended 
Procedures for the Safety Perform-
ance Evaluation of Highway Features, 
Washington DC, 1993 

[4]  ASI measuring method, Shojaati and 
Schueler, IVT, ETH Zurich 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.20000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.20000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.20000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


