
ABSTRACT 

TESTING OF ROADS IDE OBSTACLES WITH A DEFORMA.BLE IMPACT SLED 

THOMAS TURBELL, �at ional Swed ish Raad and Traf f ic Research 
Ins t i tu t e ,  Linköping Sweden . 

In order to test  the crash perf ormance of road s ide obstacles wi thout 
using real cars a 1 000 kg impact s l ed with a c o l l ap s i b l e  front end was 
deve loped . An outdoor t e s t  fac i l i ty capable of having the s l ed impact ing differ
ent obj e c t s  at speeds up to 150 km/h has also  been bui l t .  The test  method has 
been used on l ightpo les , roads igns and catch-fence systems . The performance of 
the systems is evaluated by using a Risk factor based on the accelera tions on 
the s led . �ew concepts o f  extremely  y i e lding poles have been tes t ed with good 
resu l t s .  Arrest ing nets for motor rac ing t�acks have been found to be inadequat e .  

INTRODUCTION 

One important fac tor in the s ing l e-car accidents lS the crash perfor
rnance of the roadside obj ec t s .  Crash tests  of l ightpo le s , med ian barriers and 
impact att enuators have been go ing on for a lang t ime and d i ff erent safety 
systems are in use in many countries . The impact performance o f  these systems 
has been evaluated by more er less we l l  def ined crashes with old cars . Protec
t ion capac i t ie s  have been e s t imated by different criteria such as peak acce l era
tion,  mean acceleration, change of momentum, speed reduction etc . 

The introduct ion of energy absorb ing l ightpo les  on the Swedish market 
has put us in a s i tuat ion where e he Raad Administration wants comp l iance tests  
for these products . The cri teria used for s l ip-base poles  in USA could not be  
used because they require a maximum speed reduct ion of 10-20 km/ h .  Pre l iminary 
tests  with the collapsible l ightpo les showed that we could reduce the speed to 
zero with accelerations s l ightly higher than in comparab l e  t e s t s  with the s l ip
base concept .  The disadvantage of the car continuing more or less out of con
trol after a co l l i s ion with a s l ipbase pole could thus be reduced . Other road
side obj ects , such as road s igns and impact at t enuators for bridge p iers , have 
also become more interes t ing to increase the safety of our road s i de s .  

The main obj e c t ives o f  this  proj ect have thus been t o  develop a uni
form t e s t  procedure and to propo s e  cri teria for the protect ion performance of 
different types of roads ide obj e c t s .  
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IMPACT SLED 

At an early s t age of this pro j ec t  it was decided that compl iance tests 
with real cars bad several drawbacks such as high cost and low reproducib i l i ty .  
l t  was therefore decided to make an impact s led with the general characteris
tics of  an impacting car. The geometry of  the s led is similar to a typical 
medium size car and the s led weight i s  l 000 kg ( f i g .  2) . The front of  the s led 
is deformabl e  at a 10 g-level up to a l m deformation distance (fig . 3 ) . These 
level s  were based upon offset col l i s ions with real cars impact ing poles in
s t a l led on our crash barrier . The crash characteri st i c s  of the bumper and the 
soft part s  in the front of the car are not s imul ated because they are of a 
minor interest s ince their part in the energy absorption is relatively sma l l .  
Simulat ing these part s wou ld also make the s led more comp licated to use and 
that would be in conf l i c t  with our intentions to have a rel iable method with a 
minimum of maintenance and preparations between tests . 

The s led is guided by rai l s  and towed by a steel cable from our propul
s ion sys tem on the indoor track. Impact speeds up to 150 km/h can be used . A 
special concrete foundation with a mass of  40 tons and a sys t em of interchange
able mounting adaptors for different types of poles have a l s o  been bui l t .  The 
influence of the soil  and foundations is thus e l iminated and the tests  s imu lates 
the wor s t  conditions where the foundation and s o i l  wi l l  not absorb any energy 
which can be the case when we have ground fro s t  of po les mounted on bridges . 
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Figure 2 Impa c t  s l ed 

� '- ·.·· 
. . . 

�·· . . . -
. . , . • - " 

Figu re 3 Deformat ion devi ce on s l ed 
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INSTRUMENTATION 

Convent ional high-speed cinematographic photography has been used for 
evaluating the deformation sequence at impact . Impac t and departure speeds were 
measured by t iming interva ls between track contact s  and pho toce l l  traps at vari
ous points a long the path of trave l .  Acce lerat ions were measured at the c . g .  of 
the s led by s traingauge transducers connected to amp l i f iers and FM-tape record
ers by cab l e .  Data from the tape recorders were digitized and fed into a com
puter for calculations and graphical outputs . Al l measurements were made accord
ing to SAE Recommended Practice J 2 1 1  b .  

RISK FACTOR 

Different systems for evaluating the protec t ion performance were con
s idered . The most rea l i s t ic way might have been to use anth ropome tric dummies 
restrained in par t s  of a car body on the s led . This concept was rejected because 
it  was cons idered to give too much scatter in the resu l t s  depending on dummy 
cal ibrat ion and positioning , seats and res traint sys tems . 

A mod e l  for the probab i l ity of inj ury to unres trained occupants , in the 
fol lowing called "Risk factor" , deve loped at the Texas Transportation Ins t itute 
/ 1 /  primarily for guardrail evaluation,  was chosen for the fol lowing reasons . 

- The mode l  takes into account accelerations in a l l  d irections . This is  
important s ince some systems can give high vertical accelerat ions on 
the vehic l e .  

- The model works with average accelerations over S O  m s  which w i l l  
reduce the effect o f  short peaks from vibrat ions o n  the vehicle  and 
of a minor inter e s t  for the protection performance of the sys t em .  

- The model works with the risk o f  injury t o  unres trained occupants . 
Even though we are gett ing more and mor e  use of res traints there wil l  
be a long t ime before a l l  occupants , inc luding back-seat passengers 
and chi ldren are properly res trained . Even when res traints are used 
the model g ives a possib i l i ty to compare different attenuat ion 
sys tems with each other and furthermore the e s t imated protect ion 
effec t  of e . g .  b e l t s  can be mu l t ip led by the Risk factor . The defini
tion of the Risk f actor is  

Risk f actor ( % )  30 ; ."Gx' 2 + �\ 2 + -'Gz\ 2 V \7g, \Sg) \6g) 

where Gx , Gy and Gz are the maximum mean values calculated over any 
SO ms t ime interva l .  
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APPLICATIONS 

1 .  L ightpo les 

The main objective for bui lding the s l ed and deve loping the test pro
cedures was t e s t ing of  yielding l ightpoles . Two types of  these p o l e s  are on the 
Swedi s h  marke t .  One type is made of  thin sheet metal and the o ther i s  a lattice  
towe r .  Tests  have been conducted with  the  s led impact ing at 50 ,  7 0  and 90 km/h 
on 8- 1 5  m poles ( f i g .  6 ) . The resu l t s  are presented in conventiona l accelerat ion
t ime graphs combined with graphs on the 50 ms average accelerations . The r i sk 
factor described above is also inc luded in these outputs ( f i g .  7 ,  8 ) . Typical  
resu l t s  for  y i e l d ing l ightpo les are  presented in the  f o l l owing tab l e  ( f i g .  4 ) . 

Impact speed km/h 1 50 50 70 90 

Pole l eng th m 8 1 5  1 2  1 5  

Peak 
Longi tudinal 
acce leration g 5 . 7  8 . 8  7 . 3  10 . 0  
( avg . 50 ms ) 

Risk factor 7. 27  39 34 45  

Figure 4 Examp les of  data f rom yie lding l ightpoles . 

From the f i gure above i t  i s  obvious that increas ing impac t speeds and 
pole lengths wi l l  g ive higher r i sk factors due to the fact that higher poles 
have to be more rigid to withs tand the requirements on windloads . In the crash 
performance requirements now in preparat ion we wi l l  therefore propose d i f f er
ent r i sk factors for d i ff erent comb inat ions of des ign speeds and pole  lengths . 
This may imp ly that e . g .  1 5  m poles  wi l l  not b e  a l lowed in low speed areas 
where lower - more yield ing - poles  wi l l  g ive a better protec tion.  

1 0 2  



Another way to e s t imate the e f f i ciency of  a yielding po le is  in a 
graph showing the relation between the absorbed energy and the d i stance ( f ig . 5  ) .  
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TYPE I S tops a car at the design speed . The 7 5 %  dis tance u t i l i s ation w i l l  g ive 
a s afety marigin for cars heavier than 1 000 kg or impact ing at higher 
speed s . To be used at s i tes where a second impact is  not wanted . 

TYPE I I  Can be overrun at the des i gn speed . To be used at s i tes where a second 
impact is l e s s  severe . 

TYPE I I I Typ i c a l  s lip-base performance .  To be used at s i tes  where the second 
impact i s  neglecti b l e . 

Figure 5 C l as s i fication of l ightpo le s .  

The exact l imits in f i gure 5 and the required risk factors for d i f fe
rent combina t i ons of des ign speeds and pole lenghts  w i l l  be decided late in 
1 9 7 8  and after that a l l  l igh tpoles to be ins talled at certain dis tances from 
the road on the federal roads in Sweden has to the tes ted according to the 
procedures described in this paper . 
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Figure 6 T e s t s  w i c h  d e f o rmab le p o l e s  
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F i gure 7 Typ ical  performance for s l ip-base po le 
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2 .  Catch-fence sys tems 

At the 1 9 7 7  IRCOBI-conference in Berlin the e ffect o f  catch-fence 
sys tems for motor racing was que s t ioned in a paper by Ogi lvie-Hardy / 2 / .  At that 
t ime we had s tarted a proj ect on tes ting the energy dis s ip a t i on capab i l i ty of 
these sys tems since the organisat ion respons ible  for these mat ters in Sweden had 
their doub ts about the performance of these fence s . 

Five tests  were conducted with fences bui l t  according to the inter
national recommendat ions by FIA .  Dif ferent confi gurat ions were impacted by the 
s led at speeds up to 70 km/h . A model for calculation of the energy d i s s ipati on 
capab i l i ty was made according to the following figure . 

1 5  m fence 
0 10  20 10 0 

50 m fence 
0 10  20 30 40 50 60 70 70  60 50 40 30 20 10  0 

F igure 9 Energy d i s s ipat ion capab i l i ty (kJ)  depending on impact 
point and length of fence 

Compared to the present s i tuation this model  wi l l  g ive the following 
results : 

Impact speed km/h 
• . H Kine tic  energy kJ 

FIA RECOMMENDATIONS / 3 /  

No . o f  fences 

Energy diss ipation per 
fence kJ* 

TEST RESULTS / 4 /  

No . of fences 

Energy diss ipation HH 

per fence kJ 

100 

2 00-
700 

2 
1 00-
3 5 0  

3-
35 

1 0-
3 5  

H Depending on mas s  of veh i c l e  
HH Depending on length of f ence 

200 

700-
1500 

4 

350-
750 

10-
7 5  

10-
35 

Figure 10  Comparison o f  present recommendat i ons and test  res u l t s  
with cat ch-fences 
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Apart f rom ocher prob lems i ike r 1 y i ng p o l e s  and t h e  i e nce ' s not 
c a t c h ing the c ar i c  i s  q u i ce obvious thac  e h e  p re s ent reguiat ions on the 
nece s s ary numbe r  o i  fence s a::-e not adequa c e . ::1e g r e a t  amount u i  f e n c e s  needed 
accora ing e o  our model � i l l  i �troduce p rac t i c a i  p r o b l ems to an extent t ha t  
o ther sys cems mu s c  b e  cons i d ered . L�cer c h i s  v e a r  � e  wi l l  �onc inue t he t e s t s  
w i t h  sys cems basea o n  sand- f i l l eJ c on t a i n e r s . 
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F igure 1 1  

3 .  Road-signs 

Tes t  wi t h  2 x 50  m c a tc h-fenc e s  

' t  

· #f"- - „„· . ;  

. .  „ ....... _ . \. 

Ano ther app l ication o f  the t e s t  me thod has been a s e r i e s  of  1 5  t e s t s  
with d i f ferent d e s i gns o f  road- s igns . An examp l e  of t h i s  can be  seen in figures  
1 2  and 13  where t he same s ign has been t e s ted wi t h  and without s l ip-base 
anchorage at 50  km/ h .  The acce leration has b e en reduced to 1 / 3  and the r i sk 
fac tor to 1 / 4  wi t h  t he i ntroduc t ion of  the s i ip-ba s e . Even very large s igns 
(4 x 5 m) has b e en tes ted w i t h  remarkab l y  good resul t s  ( a c c e l e r a t ion 2 . 9  g ,  
r i s k  factor 14%  a t  7 0  km/ h ) . 
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CONCLUSIONS 

- The impact s led with the deformab le front described in this paper seems to be 
a useful foot in evaluating the crash performance o f  road s ide obstac l e s . 

- Considering the risk for a second impact when us ing the s lip-base concept for 
l ightpol e s ,  the yielding type of po l e s  might have a better total performance 
even if the accelerations of the first  impact are highe r .  

The energy d i s s ipation capab i l ity o f  catch-fence systems for racing tracks 
bui l t  according to the present regulations seems to be highly over-es t imated . 

- The instal l a t ion o f  s l ip-base j o ints even on sma l l  road-signs have a remar
kably good effec t .  
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