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Preamble 
 
The most widely quoted and generally adopted vehicle barrier specification is the 
American Dept. of State specification SD-STD–02.01 published in April 1985 - which 
in summary asks for the arrest of a 15000lb vehicle moving at 30, 40, or 50 mph within 
3ft, 20ft or 50ft.  The testing required to achieve this rating is clearly laid out in the 
standard documentation (SD-STD –02.01) and revolves around using a “pickup truck” 
of American manufacture.  Many barrier systems manufactured in the US in the last 
20-odd years, and used by government, conform to one of these requirements.   
 
This specification has recently been reviewed and superseded by SD-STD-02.01, 
Revision A, published in March 2003.  The essence of the recent revision is to lower 
the stopping distances available for each speed to 1 metre from the inner edge of the 
barrier. 
 
The engineering required to arrest the loads required in the DOS specification is very 
significant and consequently expensive - the endorsed barriers generally being bulky, 
complex and management/installation intensive. 
 
In other parts of the world, buyers tend to require the arrest of a threat in a shorter 
distance, and typically nominate a speed and a weight and ask a specific solution on a 
project basis. Recently we were asked to devise a permanent quickly-repairable 
barrier capable of containing a 4000kg load moving at 30 kmh. This task is still 
demanding from an engineering perspective but allows for a lighter and less 
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expensive solution. This lowering of impact loads however, demands that traffic 
speeds are controlled to ensure that approach speeds, even by motivated attackers, 
are minimised.   
 
The simplest method of lowering traffic approach speeds is the introduction of 
mechanical ‘speed limiters’ such as chicanes, speed humps and other mechanical 
traffic trainers.  The cost of these items is normally inconsequential when compared 
with the cost of arresting a 15000lb (6820kg) truck moving between 30 and 50mph 
(48-81kmh). 
 

 
Background 
 
AVS-elli embarked on a research, design and development program in February of 
2003 to develop a range of vehicle barriers. The key design points that we identified 
and focussed on during our development were “Return to service time”  for the 
heavier barriers, and “Speed of deployment time”  for the lightweight barriers. 
 
In the pursuit of these objectives we have designed a range of vehicle barriers for a 
variety of duty-cycles and applications.  All of these designs employ friction-braking 
and distortion of designated members to absorb the energy of the vehicle impact -  
rather than the more usual and well proved “immovable object style”. 
 
The use of engineered force absorption methods allow us to build: 
 
 1/ a quicker to repair barrier 
 2/ a lighter and easier to install barrier 
 
These features have the effect of lowering the ultimate cost to the end-user, either 
during the initial installation or during repair after an impact. 
 
AVS-elli has adopted a standard minimum development specification  for the Q-
series (quick repair) “return to service time barriers” . This is the arrest of 4000Kg 
@ 30kmh (138kJ) within 1 metre, and a repair time after impact of 48 hours.  For the 
“speed of deployment time”  lightweight series, the standard is the arrest of 3000Kg 
@ 50kmh (290kJ) within 1 metre. 
 
“Return to service time”  or speed of repair was the key objective during the design 
of the higher duty cycle barrier range (VP10Q).  Our reasoning being that the cost of 
keeping a major public facility closed or inconvenienced for the time required to 
remove and re-install a damaged gate and its foundation, clearly outweighs the cost of 
replacing a series of engineered parts that are designed to deform and absorb energy 
on impact during an attack.  As mentioned above we used 138kJ (or a 4000kg vehicle 
travelling at 30kmh) as an impact under which we should be able to return the gate to 
service within a 48-hour period without the replacement of foundations or major 
structural members. 
 
“Speed of deployment time”  was the constant reference during the design of our 
lower duty cycle barrier range (LW4).  Our reasoning in this instance being that many 
organizations have severe short term risks that they are aware of, but choose not to 
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act initially, as by the time they design and engineer a solution, and fund the 
installation of a barrier, the risk has (or they hope will have) evaporated.  
 
Mindful of the dilemma outlined above for Risk Managers, we embarked on the 
application of our energy-absorption techniques on a portable device that weighs 
670kg and can be installed by unskilled labour in less than a day and is relatively 
inexpensive.  This is our LW4 barrier, which uses similar energy management 
principles to the heavy weight range but is not designed for reuse after an impact. 
 
The Test Rig:  In order to prove the basic theories of energy absorption for our 
designs it was necessary to devise a method whereby we could (repeatedly) deliver a 
load equivalent to 4000kg moving at 30kmh.  
 

We elected to employ a pendulum 
arrangement with an arm of 4600 mm and 
a maximum release height of 3650 mm 
(pendulum C of G to datum). This allowed 
us to achieve a delivery speed of 30 kmh.  
 
We employed a pendulum weight 
constructed of lengths of steel billet 
weighing 181 kg per metre and when 
additional weight was required during the 
test program we added additional lengths 
of steel to the pendulum weight. 
 

 
 

Once our energy absorption methods 
were evaluated and accepted on the 
pendulum rig we developed a vehicle 
remote-control method, which will be  
used in future. 
 
Testing: The test and data gathering 
program began with a series of 20 
pendulum impacts at varying speeds and 
weights culminating in the test of a 
complete design of the VP10 embodying 
friction rivets, deforming members, and 
tension bars. The tests took place during 
June and July of 2003 and appear as       
Appendix 1. 
 
The first 6 tests of the series were simple 
proof of concept tests to establish that 
rivets in slots could function predictably as 
friction shock absorbers.  
 
The movement of the bumper (pictured to 
left) was measured and analysed and 

Approaching 
weight. Bumper. 

Slots for 
bumper to 
slide in. 
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allowed us to predict the number of rivets required to manage a given impact load. 
 
This surmise was proved, and a second set of 8 tests were initiated using the footplate 
with temporary slip plates attached, shock absorbing “Deed” bars and counterweight 
arrangement - effectively the ‘design’ - excepting the gate leaf itself (and the 
temporary slip plates).  

Test no 13 failed due to excessive 
stretch in the pendulum carrying chain.  
Tests 14-20 saw the temporary slip 
plates removed (and the footplate 
properly fixed to its anchor) with the 
design explored fully over a series of 
heavier and faster impacts.  
 
The final test of the series was the 
only test where all components of the 
test design were tested together. It 
employed the only disposable gate 
leaf that we had manufactured and 
succeeded in arresting the load of 
4025 kg moving at 29.10 kmh within 

       170mm with 2 friction rivets sheared, 
       and 4 rivets remaining in place.                                        
  

 
The data which was gathered using 
the pendulum test sessions was 
collated and the various energy 
absorbing concepts were analysed.  
 
From the data gathered in this round 
of tests a number of vehicle barrier 
designs have been developed, all 
using energy absorption methods 
tested on the pendulum test rig. The 
second part of this paper discusses a 
lightweight energy absorbing barrier.                                                                               
                                                                                                                           
                                                                                                                                                   

                                                                                                                                                                                            
 
 
 

 
 
 

Rivet heads in 
“flouro” green. 
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The LW4 Portable Vehicle Barrier  
 

The LW4 is a portable, lightweight 
barrier designed for permanent 
deployment in high traffic areas and 
occasional erection as a barrier.  It 
employs ‘friction braking’ and 
structural deformation to absorb 
impact loads.  It may be used 
individually or in gangs of three to 
train traffic during times of    tension.  
It is manoeuvrable in its carrying 
frame by a work-crew of 3 and can 
be stored offsite when there is no 
apparent risk. 
 
The LW4 comes as a manual device 
standard and requires erection by a 
person using a lever.  The weight 
required to erect the barrier is 
approximately 12kg.  It may be fitted 
with a remote radio controlled, 
compressed air or electric fast 
activation kit. 
 
The LW 4 has been tested and 
shown to control a load of 280kJ, 
(1420kg motor car impacting at 77 
kmh, impact height of 500mm) in 
less than a metre.   
 
The key to absorbing impact energy 
within our designs is the use of 
friction braking.  This is achieved by 
employing very heavy rivets holding 
a pair of steel plates together, with 
one of the steel plates being 
attached to the gate/barrier 

component of the barrier, and the other being 
anchored to the underlying substrate.  
 
The rivet aperture in the anchored plate is a 
clearance hole;  in the plate attached to the 
barrier it is a slot which is in line with the 
expected direction of impact. On impact the 
plate attached to the barrier is forced to slide 
along the fabricated slot after the clamp value 
of the rivet/or rivets has been exceeded by the 
vehicle impact. Should the value of the vehicle 
impact be large enough the rivet will shear as it 
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reaches the end of the fabricated slot thereby increasing the braking effect of the rivet, 
slot and steel plate combination.  Also employed as impact absorbers in our designs, 
is structural deformation  and deformed bar shock absorbers,  which ease the 
application of the impact load.   
 
 
 

 
 
 
 
 
This is the LW4 barrier positioned for is first test on the 20th February 2004.  It was 
exposed to a load of a little over 130 kJ with a strike height of 480mm AGL. The 
friction rivets proved to be unable to deal with the load; this was due to a less than 
expected deformation of the vertical and supporting leaves of the barrier and less 
structural deformation of the barrier anchor plate.  
 
In both tests of the LW4 (20th Feb and 28th Mar 2004) proprietary concrete fixings 
were employed in addition to the ground anchor to test the suitability of a “rapid, drill 
into substrate”  installation method. At this time we would not rate the barrier 
attached with “drill into substrate” fixings due to the lack of a suitable fastener and the 
vagaries of existing concrete structures.  
 
The LW4 was repaired and modified to allow better deformation of the standing and 
supporting leaves, 4 additional friction rivets were installed, a significant portion of the 
barrier slide plate was removed (to allow better structural deformation), a pair of 
tension members were installed, and 3 heavy stringers were added along the top of 
the standing leaf to stiffen it and prevent the test vehicle vaulting. 
 

Ground 
anchor Anchor plate 

Friction rivets 

Slide plate 
attached 
to barrier by 
hinge 

Guide-rail for 
test vehicle 

Drill into 
substrate fixings 
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Shown above are two views of the test vehicle impacting the modified LW4 barrier on 
the 28 May.  The impact speed was around 77 kph the weight was 1320 kg and the 
impact height was 500mm. The vehicle was stopped in less than 1 metre. The impact 
was in the region of 290 kJ.   
 

Conclusion  
 
The LW4 explores an alternative and effective series of simple ideas to arrest the 
motion of a threatening vehicle; it is rapidly deployable and can be moved to another 
site when the threat diminishes.   
 

Stiffening 
stringers 

Deformed tension 
members - “deed 

 bars.  

Additional 
rivets 

Lightened and 
weakened slide 
plate 
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We are presently developing an emergency remote erection method employing stored 
energy and a high speed release mechanism.  
Appendix 1:   Summary of tests of rivets as frictio n brakes  
 

 
 
 

 
Test 
date Rivets 

No 
of Structure Height Datum 

Weight 
in kg Slot Raw  

Speed 
ms Kmh Joules 

kJ E @ 
impact 

Slip in 
m  ballast 

             L R  

                 

                 

1 12-6 0.5 2 rail 0.87 0.32 480 
200
mm 10.791 3.2850 11.83 2590 2.59 0.175 0.175 

2  0.5 2 " 0.87  480 
200
mm 10.791 3.2850 11.83 2590 2.59 0.025 0.029 

3  0.5 2 " 1.13  480 
200
mm 15.8922 3.9865 14.35 3814 3.81 0.025 0.030 

4 12-6 0.5 2 " 1.28  480 
200
mm 18.8352 4.3400 15.62 4520 4.52 0.025 0.025 

5 16-6 0.5 2 " 1.19  1235 
200
mm 17.0694 4.1315 14.87 10540 10.54 0.200 0.200 

6  0.5 2 " 2.30  1235 
200
mm 38.8476 6.2328 22.44 23988 23.99 0.200 0.200 

7 16-6 0.5 2 " 1.70  1235 
200
mm 27.0756 5.2034 18.73 16719 16.72 0.200 0.200 

8 19-6 0.625 2 " 1.20  1235 
200
mm 17.2656 4.1552 14.96 10662 10.66 0.115 0.110 

9  0.625 2 " 1.20  1235 
200
mm 17.2656 4.1552 14.96 10662 10.66 0.085 0.085 

10 19-6 0.625 4 " 1.22  1235 
200
mm 17.658 4.2021 15.13 10904 10.90 0.020 0.020 

11 25-6 0.625 4 Strap 1.65  1235 
250
mm 26.0946 5.1083 18.39 16113 16.11 0.085 0.065 

12  0.625 4 " 2.45  1235 
250
mm 41.7906 6.4646 23.27 25806 25.81 0.135 0.150 

13 26-6 0.625 4 " 2.50  1925 
250
mm 42.7716 6.5400 23.54 41168 41.17 0.110 0.110 

14 27-6 0.625 4 " 2.68  2680 
250
mm 46.3032 6.8046 24.50 62046 62.05 0mm 0mm 0mm 

15 30-6 0.625 4 Design 2.55  2680 
250
mm 43.7526 6.6146 23.81 58628 58.63 0.170 0.135 

16 1-Jul 0.625 6 “ 3.10  3200 
250
mm 54.5436 7.3854 26.59 87270 87.27 0.170 0.160 

17  0.625 6 " 2.80  3800 
250
mm 48.6576 6.9755 25.11 92449 92.45 0.180 0.180 

18  0.625 6 " 3.35  4025 
250
mm 59.4486 7.7103 27.76 119640 119.64 0.380 0.380 

19 2-Jul 0.625 6 " 3.50  4025 
250
mm 62.3916 7.8988 28.44 125563 125.56 0.240 0.195 

20 3-Jul 0.625 6 " 3.65  4025 
250
mm 65.3346 8.0830 29.10 131486 131.49 0.155 0.170 
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Appendix 2:  Example of Energy in kJ for given weig ht @ a given speed  
 

Energy Predictor for Vehicle Barrier system.  N. Bu ckley July 2003       

             

Formula is KE =0.5 mv² expressed in this exercise as (v² * mass in kg) /2      

             

             

Vehicle Speed in KMH Vehicle speed in mps Vehicle weight in Kilograms Raw no in joules  Energy in Kilojoules 

              

25   6.94   6818.00   164400.08   164.40  

              

Insert speed into A8 and vehicle weight in kg into G8 and energy in KJ will appear in M8       

              

              

15 Typical examples at varying weights and speeds          
              

15   4.17   2000.00   17361.11   17.36  
20   5.56   2200.00   33950.62   33.95  
25   6.94   2500.00   60281.64   60.28  
30   8.33   3000.00   104166.67   104.17  
40   11.11   3500.00   216049.38   216.05  

              
              

15   4.17   3000.00   26041.67   26.04  
20   5.56   3400.00   52469.14   52.47  
25   6.94   3800.00   91628.09   91.63  
30   8.33   4000.00   138888.89   138.89  
40   11.11   4500.00   277777.78   277.78  

              
              

15   4.17   4000.00   34722.22   34.72  
20   5.56   4500.00   69444.44   69.44  
25   6.94   5000.00   120563.27   120.56  
30   8.33   6000.00   208333.33   208.33  
40   11.11   7000.00   432098.77   432.10  

 


