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Barrier Ratings

Two Rating Systems
 DOS STD 02.01

• ‘K’ rating for kinetic energy capability

• ‘L’ rating for penetration

• Example:  K12 L2

 ASTM F2656 / F2656M-18a
• First letter is vehicle code (e.g. M = standard test truck)

• Number following vehicle code is the tested speed in MPH

• ‘P’ rating for penetration

• Example: M50 P3



DOS/DoD: Barrier Ratings

K4 = 15,000# @ 30 mph = 450,900 ft-lbs
K8 = 15,000# @ 40 mph = 801,600 ft-lbs
K12 = 15,000# @ 50 mph = 1,252,500 ft-lbs

 (DoD Only) L = Penetration of vehicle beyond the barrier
• L1 = 20 to 50 feet
• L2 = 3 to 20 feet
• L3 = less than 3 feet



Comparison of ASTM to DOS

Department of State 
• K4 = 15,000# @ 30 mph
• K8 = 15,000# @ 40 mph
• K12 = 15,000# @ 50 mph

• L3 = 3 ft (915 mm) or less
• L2 = 3 ft to 20 ft (915 mm to 6.1 m)
• L1 = 20 ft to 50 ft (6.1 m to 15.3 m)

ASTM F 2656-15
 M30 = 15,000# @ 30 mph
 M40 = 15,000# @ 40 mph
 M50 = 15,000# @ 50 mph

 P1 = <1 m (3.3 ft)
 P2 = 1.01 to 7 m (3.31 to 23.0 ft)
 P3 = 7.01 to 30 m (23.1 to 98.4 ft)



Barrier Kinetic Energy Capability

To determine the kinetic energy produced by a 
threat vehicle impacting a barrier, the following 
need to be calculated:

 Speed achievable at impact (limited by max. velocity of 
130mph per UFC 4-022-01 OR spin out speed)

 Maximum Angle achievable at impact (spin out speed 
becomes a factor) 

This applies to both Active Vehicle and Passive Vehicle barriers



Kinetic Energy Equations

From UFC 4-022-02, Selection and Application of Vehicle Barriers

US units:

Where:

If the impact angle between the barrier and the vehicle is 
90⁰, than               the equation becomes:
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Active Vehicle Barrier Example 

 Baseline Threat Vehicle: 4630 lb sedan 
 Impact Velocity at:

• Inbound AVB = 54.9 mph
• Outbound AVB = 59.7 mph

 Worst case is a 90 degree impact
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Select DOS/DoD Barrier

 K4 – 15,000# @ 30 mph = 450,900 ft-lbs
 K8 – 15,000# @ 40 mph = 801,600 ft-lbs
 K12 – 15,000# @ 50 mph = 1,252,500 ft-lbs
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ASTM Barrier by Kinetic Energy
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Passive Barrier Design

The following steps illustrate the typical procedure for determining the 
required impact rating for Passive Vehicle Barriers.  

1.  Establish a baseline for a typical passive vehicle barrier segment in the 
ACP corridor.  Select a path in both the Inbound and Outbound lanes with 
a large radius of curvature (greater than 1129’, which corresponds to the 
spin out speed for the 130 mph max. velocity) and shallow impact angle.  
The ideal baseline will result in the Threat Vehicle not reducing speed to 
keep from spinning prior to impacting the passive vehicle barrier.

Outbound Path (1) :
Velocity = 130 mph
Impact Angle = 15⁰

Inbound Path (2):
Velocity = 130 mph
Impact Angle = 20⁰



Passive Barrier Design

2.  Use the following formula to determine the Kinetic Energy 
for these locations:

(The calculated KE values are shown on the drawing)

Path 1 :
K.E.= 175,000 ft-lbs

Path 2:
K.E.= 306,000 ft-lbs

2)sinv(w0334.0KE ϑ×=



Passive Barrier Design

3.  Find the non-typical locations where the angle of impact could be 
greater.  In this example seven additional locations and the corresponding 
paths (3-0) are shown.  Measure the impact angle and path radii.

Once again, use the following equation to determine the Kinetic Energy:

Some of the additional paths have a radii smaller than 1129’, therefore, spin 
out speed will need to be calculated to determine “v” in the KE equation.  

2)sinv(w0334.0KE ϑ×=

Path 3:
Radius = 1200’
Impact Angle = 58⁰

Path 4:
Radius = 257’
Impact Angle = 59⁰

Path 5:
Radius = 309’
Impact Angle = 67⁰

Path 6:
Radius = 346’
Impact Angle = 48⁰

Path 9:
Radius = 366’
Impact Angle = 41⁰

Path 8:
Radius = 188’
Impact Angle = 61⁰

Path 7:
Radius = 1500’
Impact Angle = 29⁰



Passive Barrier Design

4.  Calculation of spin out speed:

From UFC 4-022-02, Selection and Application of Vehicle Barriers

US Units: 𝐕𝐕𝐬𝐬 = √fgr

Where: Vs = spin out speed, ft/sec

f = friction coefficient (1.0 per UFC 4-022-01)

g = gravitational constant = 32.2 ft/sec2

r = radius of curvature, ft

5.  Convert Vs from ft/sec to mph before using it in the Kinetic Energy 
equation (1 mph = 1.467 ft/s).  Substitute Vs  for “v” in the KE equation.



Passive Barrier Design

Path 3 = 1,880,000 ft-lbs
Path 4 = 437,000 ft-lbs
Path 5 = 606,000 ft-lbs
Path 6 = 443,000 ft-lbs

Path 3:
Velocity = 130 mph
Impact Angle = 58⁰

Path 5:
Velocity = 68 mph
Impact Angle = 67⁰

Path 6:
Velocity = 72 mph
Impact Angle = 48⁰

Path 9:
Velocity = 74 mph
Impact Angle = 41⁰

Path 8:
Velocity = 53 mph
Impact Angle = 61⁰

Path 7:
Velocity = 130 mph
Impact Angle = 29⁰

Path 4:
Velocity = 62 mph
Impact Angle = 59⁰

Path 7 = 614,000 ft-lbs
Path 8 = 332,000 ft-lbs
Path 9 = 364,000 ft-lbs

6.  Calculated Kinetic Energy for each path:



Passive Barrier Design

7.  Determine a DoD/DoS barrier to be used:

1: 175,000 ft-lbs - K4
2: 306,000 ft-lbs - K4
3: 1,880,000 ft-lbs - K12
4: 437,000 ft-lbs - K4
5: 606,000 ft-lbs - K8
6: 443,000 ft-lbs - K4
7: 614,000 ft-lbs - K8
8: 332,000 ft-lbs - K4
9: 364,000 ft-lbs - K4

DoD/DoS tested;
•K4 = 450,900 ft-lbs
•K8 = 801,600 ft-lbs

•K12 = 1,252,500 ft-lbs



8.  Determine an ASTM F 2656-07 barrier to be used:

1: 175,000 ft-lbs – PU50, M30
2: 306,000 ft-lbs – PU50, M30
3: 1,880,000 ft-lbs – M50
4: 437,000 ft-lbs – M30, PU60
5: 606,000 ft-lbs – PU60, M40
6: 443,000 ft-lbs – M30, PU60
7: 614,000 ft-lbs – M40
8: 332,000 ft-lbs – PU50, M30
9: 364,000 ft-lbs – PU50, M30

Passive Barrier Design

Chart modified to fit slide see slide #3 for complete chart 

Due to the small number of barriers rated for pick-up trucks 
and having locations where the pick-up truck rating does not 

meet the required Kinetic Energy, recommend using the 
barriers rated for a Medium-duty Truck (M rating).  Not only 

will this reduce the number of different barriers being used but 
these match the K ratings from the DoS standard.



Passive Barrier Design

9.  To reduce cost, use the lowest-rated barrier to encompass as much of the ACP 
corridor as possible, and use the higher-rated barrier only where required.

Use the Kinetic Energy equation and the geometric layout of the ACP to determine the 
required length and location of the higher-rated barriers.  

Draw additional paths where the passive vehicle barrier changes in alignment and 
calculate the Kinetic Energy.  The following slides illustrate a conservative solution for 
the extents of the higher-rated barrier.



Passive Barrier Design

Determining length of higher-rated barrier:
The calculated Kinetic Energy of the additional paths are shown, in 
addition to the worst-case path from step 3 for the given PVB segment.

401,000 ft-lbs

320,000 ft-lbs 65 feet

Barrier by Search Area:
• 65’ of K12 (M50) barrier

Path 3 = 
1,880,000 ft-lbs



Passive Barrier Design

Determining length of higher-rated barrier

Barrier by ID Check Area:
• 30’ of K8 (M40) barrier

402,000 ft-lbs
30 feet

232,000 ft-lbs

Path 5 = 
606,000 ft-lbs



Passive Barrier Design

Determining length of higher-rated barrier

Barrier at Curve:
• 105’ of K8 (M40) barrier

435,000 ft-lbs

105 feet

401,000 ft-lbs

Path 7 = 
614,000 ft-lbs



Passive Barrier Design

Color-coded barrier layout

Total lengths of Passive Vehicle Barrier:
4500 LF of K4 (M30) rated barrier
135 LF of K8 (M40) rated barrier
65 LF of K12 (M50) rated barrier



Passive Barrier Design

NOTE:  The barrier rating determined from the calculated impact Kinetic Energy 
represent the MINIMUM required impact rating.  A impact rating higher than what is 
required is acceptable.  

It may be impractical and more costly to construct short segments of lower-rated 
barrier within a longer segment of higher-rated barrier.  In this situation, a continuous 
segment of the higher-rated barrier would be easier to construct and eliminate what 
could be complex transitions between barriers of different ratings.



Vehicle Barriers for DoD Use

10.  Select Barrier from 
DoD Anti-Ram Vehicle 
Barrier List

https://pdc.usace.army.mil/library/BarrierCertification/

• For typical ACP 
design projects, the 
construction contractor 
will select the barrier 
that meets the required 
impact rating and the 
project specifications.
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