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ABSTRACT 

This report presents the results of a crash test performed in accordance with U.S. 
Department of State, Diplomatic Security, test procedure SD-STD-02.01 Revision A.  
The test article was an RSA/K&C Anti-Ram Foundation Bollard Pad ™. The crash test 
was conducted on November 15, 2004 at 1:30 p.m. at the Pennsylvania Transportation 
Institute’s (PTI’s) Crash Safety Research Center (CSRC). 
 
One test was conducted in accordance with SD-STD-02.01 Revision A, test designation 
K4. The test vehicle used was a 1985 Ford F-700, with an impact speed of 47.6 km/h 
(29.6 mph). The test article's performance was satisfactory according to the requirements 
of the criteria of the SD-STD-02.01 Revision A, which limits penetration of the front 
edge of the cargo bed to 1 meter beyond the pre-impact, inside edge of the barrier.  The 
impacted center post of the bollard barrier system deflected 5 3/8 in (0.137 m) at the top 
while the bollards on either side of the center bollard were not deformed.  The maximum 
penetration of the cargo bed was -9 ft ½ in (-2.76 m).  The minus sign describes that the 
leading edge of the cargo bed did not penetrate beyond the inside edge of the pre-test 
barrier but stopped 9 ft ½ in (2.76 m) before.  The testing agency believes the article to 
have met the minimum requirements stated in SD-STD-02.01 Revision A. 
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INTRODUCTION 

Background 

The SD-STD-02.01 Revision A Specification for Vehicle Crash Testing of Perimeter 
Barriers and Gates sets forth the test procedures to be used for dynamic performance 
evaluation of perimeter barriers and gates procured for the U.S. Department of State, 
Office of Security, for use around buildings and facilities that have been identified as 
sites likely to come under bomb-laden vehicle attack during periods of social disorder.  
Performance of the test article is evaluated and assessed primarily according to its 
effectiveness in arresting attacking vehicles.  Other requirements of the barrier or gate 
such as economics, aesthetics, operational cycle time, special maintenance needs, climate 
and environment effects, are beyond the scope of this Specification, but certainly will be 
considered by the end user when system designs are developed. 

Objective and Scope 

The objective of the test program was to document and evaluate the performance of the 
RSA/K&C Anti-Ram Foundation Bollard Pad™ Anti-Ram Bollard Barrier when 
subjected to U.S. Department of State SD-STD-02.01 Revision A criteria.   

Dynamic performance of perimeter barriers and gates is evaluated on the barrier or gate’s 
ability to arrest the test vehicle.  The assessment criterion contained in SD-STD-02.01 
Revision A is based on the fact that the leading edge of the vehicle’s cargo bed does not 
penetrate or vault the pre-test inside edge of the barrier/gate system by more than 1 m 
(39.37 in).  The barrier/gate performance expectations are the same for all three test 
levels (K4, K8, and K12).   

The test procedure does not evaluate the possibility of the explosive cargo being launched 
over the barrier.  All necessary ballast to bring the vehicle to test mass is firmly attached 
to the cargo bed so that the cargo realistically transfers its kinetic energy to the impact 
process.  Testing of a supplementary barrier feature to guard against the cargo possibly 
acting as missile is beyond the scope of this test procedure. 

SD-STD-02.01 Revision A provides three test levels (K4, K8, and K12) to which safety 
features can be tested.  The test levels are defined by the speed at which the test vehicle 
impacts the safety feature.  The RSA/K&C Anti-Ram Bollard Barrier was evaluated 
against test level K4 according the SD-STD-02.01 Revision A criteria.  Test designation 
K4 specifies an impact at a speed of 50 km/h (30 mi/h). 

The RSA/K&C Anti-Ram Foundation Bollard Pad™ Anti-Ram Bollard Barrier was 
manufactured in accordance with the K&C design specification.  It was installed by 
Ameron Construction, State College, Pennsylvania, according to manufacturer 
descriptions and under the sponsor’s quality management. 
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TECHNICAL DISCUSSION 

Test Parameters 

Test Facility 
The crash test was performed at the Pennsylvania Transportation Institute Crash Test 
Facility.  A detailed description of the test facility is provided in Appendix A. 

Test Article—Design and Construction 
The test article was installed at the crash facility in the impact zone according to the 
sponsor-supplied specifications.  The pavement at the impact zone was saw-cut and 
excavated to a 22-ft-wide x 4.5-ft-long (travel direction) x 14-in-deep (in-ground) 
concrete foundation prior to the arrival of the barrier system.  The prefabricated bollard 
barrier system was supplied by the sponsor.  Upon its arrival at the facility via a boom 
truck, the barrier assembly was lowered into the foundation hole and supported according 
to sponsor instructions.  The foundation was then poured with a 4.5CY – 3500 psi Class 
AA concrete.  The surface was broom finished flush with surrounding surface. 

The concrete strength was tested on day 7 and day 14 after molding for strength by 
Arrow Concrete Co.  The test results are found in Table 1.  Concrete strength test report 

 

Table 1.  Concrete strength test report. 

ID Test Day Date Made Test Date Total 
Load PSI Average

#1 7 11/1/2004 11/8/2004 101000 3572 

#2 7 11/1/2004 11/8/2004 104500 3692 
3634 

#3 14 11/1/2004 11/15/2004 129000 4562 

#4 14 11/1/2004 11/15/2004 132500 4686 
4624 

 

Photographs of the article during installation and pre-test are shown in Figure 1, Figure 2, 
and Figure 3. 

Test Vehicle(s) 
The test vehicle was a 1985 Ford F-700 (VIN# 1F0NK74N2FVA28341), meeting the 
SD-STD-02.01 Revision A criteria for impact vehicle.  Vehicle specifications are 
provided in Figure 4.  Photographs of the vehicle are shown in Figure 5, Figure 6, and 
Figure 7. 
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Figure 1.  Installation details. 

 
Figure 2.  Installation details (continued). 

 
Figure 3.  Installation details (continued). 
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Date: 11/9/2004 Test No.: RSA 001 VIN No.: 1F0NK74N2FVA28341 
Make: Ford Model: F-700 Year: 1985 GVWR: 23,100 
Engine: Diesel Odometer: 161,741 Tire Size (front): 10.00-20 Tire Size (rear):10.00-20 
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Geometry – in. (cm) 
A 31 ½” B 19 ½” C 33” D 71” E 81 ½” 
F 41 ½” G 30 ¾” H 67” I 23” J 40 ½” 
K 92” L 79” N 71 ½” O 12” P 53 ½” 
Q 152 ½” R 228” S 102” T 19 ¾”   
 

Mass Distribution – lb (kg) 
Curb  LF 2500 RF 2400 LR 2000 RR 2000 
Test LF 3550 RF 3500 LR 4000 RR 4100 
 Curb Test 
M1 4900 7050 

Target Locations  
(leading edge to leading edge): 

M2 4000 8100 side targets     36 inches 
MTotal 8900 15,150 top targets      15 ¾ inches 

* All mass rigidly and securely anchored to vehicle frame. 

Figure 4.  Test vehicle specifications. 
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Figure 5.  Pre-test photographs of the test vehicle. 

 
Figure 6.  Pre-test photographs of the test vehicle (continued). 

  
Figure 7.  Pre-test photographs of the test vehicle (continued). 
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Test Conditions and Results 

Weather Conditions 
The crash test was performed at 1:30 p.m. on November 15, 2004.  The weather 
conditions were: 

Temperature: 
High:  57 EF 
Lo:  31 EF 
Average: 44 EF 

Wind: 
Calm 
Direction: N/A 

Precipitation & Cloud: 
No Precipitation 
Sunny 

Impact Description/Vehicle Behavior 
Based on video analysis of the test conducted on November 15, 2004, the approach speed 
at impact was 47.6 km/h (29.6 mi/h).  The test vehicle impacted the barrier’s middle 
bollard with the exact geometric middle of the vehicle at a 90.4 degree angle (see Figure 
8). 

 
Figure 8.  Impact angle of vehicle. 

 

The vehicle’s front bumper folded completely around the center bollard at 0.076 s after 
impact.  The front windshield detached from the truck cab frame at 0.132 s, folded onto 
the hood, and exploded. The left hinge of the hood separated from the vehicle at 0.103 s, 
but the hood remained attached to the vehicle. 
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The vehicle pitched at 0.496 s to a 16.4 degree angle, as shown in Figure 9. 

 
Figure 9.  Truck maximum pitch angle. 

 

The vehicle came to a complete stop adjacent to the impact side of the test barrier.  The 
maximum penetration of the leading edge of the cargo bed in comparison to the pre-test 
inside edge of the pre-test barrier was -9 ft 1/2 in (-2.76 m) as shown in Figure 10. Test 
results are summarized in Figure 11. 



 

8 

 

 
Figure 10.  Vehicle resting position. 
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0.000s  

0.100s
 

0.496s  
1.800 s

  
General Information  Impact Conditions  

 
Test Agency............................................. 

 
Pennsylvania Transportation Institute 

 
Speed (km/h)...........................................  47.6 (29.6 mi/h)  

Test No. ................................................... 
 
RSA 001 Angle (deg)............................................. 90.4  

Date ......................................................... 
 
November 15, 2004    

Test Article 
 
 

 
Test Article Deflections (m)  

 
Type......................................................... 

 
RSA/K&C Anti-Ram Foundation Bollard Pad ™  

 
Dynamic .................................................  N/A 

 
................................................................. 

 
 Permanent ............................................... 0.137 m (5 3/8 in) 

 
 
 

  
   

Test Vehicle 
 
  

Type......................................................... 
 
Ford  

Designation.............................................. 
 
F-700  

Model ...................................................... 
 
1985  

Mass (lb)  Curb................................. 
 
8,900 lb (4,037 kg)  

Test Inertial ...................... 
 
15,100 lb (6,849 kg)  

Gross Static (GVWR) ...... 
 
23,100 lb (10,478 kg) 

The test article's performance was satisfactory according to the requirements of the 
criteria of the SD-STD-02.01 Revision A, which limits penetration of the front edge 
of the cargo bed to 1 meter beyond the pre-impact, inside edge of the barrier.  The 
top of the center post of the bollard system deflected 5 3/8 in (0.137 m) upon impact, 
while the bollards to either side of the center bollard did not deform.  The maximum 
penetration of the leading edge of the cargo bed relative to the pre-test inside edge of 
the bollard system was -9 ft 1/2 in (-2.76 m).  The minus sign indicates that the cargo 
bed did not penetrate beyond the pre-test inside edge of the barrier, but stopped 9 ft 
½ in (2.76 m) before it. 

Figure 11.  Test summary sheet. 
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Evaluation and Assessment of Test Results 

Test Article Damage 
The test article's performance was satisfactory according to the requirements of the 
criteria of the SD-STD-02.01 Revision A, which limits penetration of the front edge of 
the cargo bed to one meter beyond the pre-impact, inside edge of the barrier.  The center 
post of the bollard system deflected 5 3/8 in (0.137 m) at the top upon impact, while the 
two bollards on either side of the center bollard did not deform.  The maximum 
penetration of the leading edge of the cargo bed was -9 ft 1/2 in (-2.76 m).  The minus 
sign indicates that the cargo bed did not penetrate beyond the pre-test inside edge of the 
barrier system, but stopped 9 ft ½ inches (2.76 m) before it, as shown in Figure 12.  
Additional photographs of the damage to the barrier system are shown in Figure 13 and 
Figure 14.  The front bumper of the vehicle folded around the middle bollard of the 
barrier, as can be seen in Figure 14. 

 

 

 
Figure 12.  Post-test side view of the impact area. 
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Figure 13.  Post-test overhead view of the impact area. 

 

 
Figure 14.  Additional post-test photographs of test article. 

 

After the truck was removed, the permanent deformation of the center bollard of the 
barrier system was observed, and is shown in Figure 15. 
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Figure 15.  Permanent deformation of barrier system. 

 

Structural Adequacy 
Table 2 provides a tabular assessment of the structural adequacy of the test article 
according to the evaluation criteria in SD-STD-02.01 Revision A.   

 

Table 2.  Test article damage description. 

Bollard No.1 Damage (to welds, posts, deflection etc.) 

1 Not impacted. 

2 The bollard was impacted by the left (driver side) front wheel and the 
left of the vehicle.  The bollard did not show any visible damage in 
material, connection to other elements or welding.  Cosmetic damage to 
the surface paint was noted. 

3 (center) The bollard was impacted by the geometric center line of the front of 
the vehicle.  The bollard was bent, and the weld where the bollard 
meets the base beam was broken. 

4 The bollard was impacted by the right (passenger side) front wheel and 
the right of the vehicle.  The bollard did not show any visible damage 
in material, connection to other elements or welding.  Cosmetic damage 
to the surface paint was noted. 

5 Not impacted. 
1 The bollards are numbered from left to right when facing in the same direction  
as the test vehicle is traveling. 
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Table 3 presents barrier deflection data.  Table 4 summarizes performance assessment. 

 

Table 3.  Deflection of barrier. 

Bollard No. 1 Deformation 2 

1 0.000 

2 0.000 

3 (center) 0.137 m (5 3/8 in) 

4 0.000 

5 0.000 
 

1 The bollards are numbered from left to right when facing in the same direction  
as the test vehicle is traveling. 
2 Prior to the test, a marker line was painted on the pavement surface at 1 m (39.37 in) 
behind the inside edge of the barrier system.  Permanent deformation of the system’s 
components was determined by measuring the distance from the marker line.  

 

 

Table 4.  Performance assessment table. 

Evaluation Criteria Test Results Assessment 

Structural Adequacy 

The new DS performance criteria 
limits penetration of the front 
edge of the cargo bed to 1 meter 
(39.37 in) beyond the pre-
impact, inside edge of the 
barrier. Cargo bed penetration 
may be negative if the leading 
edge of the cargo bed does not 
reach the barrier. 

The leading edge of the cargo 
bed frame did not penetrate 
beyond the pre-test inside edge 
of the barrier.  The post-test 
measurement determined that 
the cargo bed was stopped 9 ft 
½ in (2.76 m) before the inside 
edge of the barrier.  The 
vehicle was disabled by the 
impact and the passenger 
compartment was destroyed. 

The front edge of the 
cargo bed did not 
penetrate more than one 
meter beyond the pre-
impact, inside edge of the 
barrier; a pass rating is 
recommended at the K4 
test level (30 mi/h or 50 
kph). 

 

Conclusions and Recommendations 

One test was conducted in accordance with SD-STD-02.01 Revision A, test designation 
K4.  The test vehicle used was a 1985 Ford F-700, impacting at a speed of 47.6 km/h 
(29.6 mi/h). The test article's performance was satisfactory according to the requirements 
of SD-STD-02.01 Revision A, which limits penetration of the leading edge of the cargo 
bed to 1 meter beyond the pre-impact, inside edge of the barrier.  The permanent 
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deformation of the center post of the bollard system was 5-3/8 in (0.137 m) at the top.  
The two bollards on either side of the center bollard were not deformed.  The two outer-
most bollards were not affected by the impact.  The maximum penetration of the leading 
edge of the cargo bed was -9 ft 1/2 in (-2.76 m).  The minus sign describes that the cargo 
bed did not penetrate beyond the pre-test inside edge of the barrier, but instead stopped 9 
ft ½ in (2.76 m) before.  The testing agency believes the article to have met the minimum 
requirements stated in SD-STD-02.01 Revision A. 

Modifications 
No modifications are necessary for the “as tested” barrier configuration. 

Retesting 
No re-testing is necessary for the “as tested” barrier configuration. 
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APPENDIX A.  TEST VEHICLE EQUIPMENT AND 
GUIDANCE METHODS 
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Test Vehicle Equipment and Guidance Methods 

The Pennsylvania Transportation Institute’s Crash Safety Research Facility uses a rigid 
rail to provide vehicle guidance, a reverse towing system to accelerate the vehicle to the 
required test speed, and a release mechanism that disconnects the tow cable prior to 
impact (see Figure 16).   

 

 
Figure 16.  PTI’s full-scale crash testing facility. 

 

PTI's rail guidance system consists of a 1050-ft-long, 3.5-in-high I-beam (guide rail) and 
bogey assembly (see Figure 17).  The east end of the rail terminates into the impact zone 
(see Figure 18) where the bogey is detached from the vehicle.  The rail is securely 
anchored to the pavement along the edge of the vehicle dynamics test pad.  When a truck 
(2000P or 8000S or a 2½-ton truck) is being used for testing, the bogey is attached 
underneath the vehicle to the steering arms.  When a small car (820C) is being used, the 
bogey is attached to undercarriage of the vehicle from the side.  The relevant 
configuration for a truck meeting the U.S. Department of State SD-STD-02.01 Revision 
A, is illustrated in Figure 17. 
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Figure 17.  Bogey assembly and its attachment to vehicles. 

 

 
Figure 18.  Impact zone. 

 

The towing system is used to bring the test vehicle up to the desired impact speed.  This 
system consists of a tow vehicle, a tow cable, two anchored re-directional pulleys, a 
speed multiplier pulley attached to the towing vehicle, and a quick-release mechanism 
anchored to the pavement as shown in Figure 19 and Figure 20.  This configuration 
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results in a speed-doubling effect, in that the speed of the test vehicle is twice the speed 
of the towing vehicle (see layout in Figure 16). 

 

 
Figure 19.  PTI’s towing system components. 

 

 
Figure 20.  PTI’s towing system components (continued). 

 

Test Layout and Preparation 

The RSA/K&C Anti-Ram Foundation Bollard Pad™  was positioned at the east end of 
the guiding rail.  The barrier system was installed at a 90° angle with regard to the 
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guiding rail (approach direction of impacting vehicle).  The barrier’s placement was 
symmetrical to the guiding rail with regard to the exposed length of the barrier.  Thus, the 
middle barrier bollard was in direct alignment with the middle of the guiding rail (also 
corresponding to the geometric middle of the impact vehicle).  Therefore, the center 
bollard (number 3 from either side) was the critical impact point and can be observed in 
Figure 21. 

 

 
Figure 21.  The barrier before testing. 

Test Vehicle 

For this test, a 1985 Ford F-700 truck was used.  Details of the test vehicle were 
presented in the main text of the report (see Figure 4). 

The following actions were taken to prepare the test vehicle: 

• Vehicle geometry was measured. 

• The battery was removed and antifreeze, oil, and fuel were drained.  

• Vehicle guidance system was installed. 

• Reference marks were placed on the vehicle’s side and top. 
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APPENDIX B.  DETAILED DRAWINGS OF TEST ARTICLE 
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Drawings are proprietary property of RSA and have been removed per sponsor's' request. 


