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Promotional Statement Slide

The American Institute of Architects –
Course No. TY08-W2; 
LUs- 1.00 - This program qualifies for HSW credit
Architect-Forum is a registered provider with The American 
Institute Of Architects Continuing Education Systems. Credit 
earned on completion of this program will be reported to CES 
Records for AIA members. Certificates Of Completion for non-
AIA members available on request. This program is registered 
with the AIA/CES for continuing professional education. As such, 
it does not include content that may be deemed or construed to 
be an approval or endorsement by the AIA .of any material of 
construction or any method or manner of handling, using, 
distributing, or dealing in any material or product. Questions 
related to specific materials, methods, and services will be 
addressed at the conclusion of this presentation.

This course has been design as a structured asynchronous program therefore has been 
formatted for online use only. Please don’t forget to print your AIA/CES Certificate of Completion. 
Successful completion is scoring 80% or higher on your final exam. If you wish to print later you 
can access all certificates from you’re A-F transcript center.



Course Description

Course No: TY08-W2 | Narration: No | HSW-Yes
This program will cover why the new ASTM F3016 Standard was 
developed and what the Bollard design specifier now needs to 
know to protect  their company and customers from low-speed 
vehicle impact liability.  Provided is a thorough explanation and 
overview of how Bollards and other Vehicle Impact Protective 
Devices are tested under the new national low speed ASTM 
F3016 Standard and why traditional concrete filled Bollards fail 
this test method.
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Learning Objectives

At the conclusion of this “Bollard Basics” program the 
designer will have knowledge of the following:

1. The History of why the ASTM F3016 was developed.

2. How the ASTM F3016 Standard provides the ability to 
evaluate whether a protective device performs as intended 
to protect people, area, and assets.

3. Why Traditional Concrete Filled Pipe Bollards fail to pass the 
ASTM F3016 Standard for a Rated Protective Device.

4. How specifying a rated protective device design in 
accordance with the ASTM F3016 helps to reduce firm and 
client liability.
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Understanding The Astm F3016 Standard 
Can Help Companies Avoid Being Associated 
With The Following Actual Headlines!

January 5, 2015- Chicago Illinois
“SMASH-AND-GRAB” Burglary in Chicago at BEST BUY”

March 13, 2014- Austin, Texas
“SXSW Tragedy: 2 Killed, 23 Hurt as Car Speeds Through Crowd”

March 25, 2012 –Philadelphia, Pennsylvania
“11-Year-Old Girl Killed When Car Crashes through Storefront”

December 13, 2011- Fillmore, California
“Iraq Vet Killed in Starbucks Crash”
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Introduction

• It happens too often – 20 Storefront crashes per day in the U.S.A!  
Drivers accidently or intentionally send a vehicle into a storefront, 
sidewalk, commercial entity, bus stop, restaurant patios, gas pump, 
propane tank, etc. that are often protected by ineffective traditional 
cement filled pipe bollards.

• This explosive incident rate of low speed vehicle crashes fueled the 
need for creation of the ASTM F3016 Standard to objectively evaluate 
the performance of impact protective devices that are intended to 
protect people, area, and assets. This new standard became effective 
on November 1, 2014.

• Understanding and designing ASTM F3016 compliance is absolutely 
critical to limiting Firm and Client liability.  This is not an “option”!  It 
has become mandatory because the provisions of the ASTM F3016 
are the new recognized standards by which insurers and the legal 
system expect project owners, designers, and installers to adhere too.  
Project design and installation of ASTM rated protective devices are a 
critical part to end user safety and standard compliance. 6



Course Sections

This course was designed and organized into six 
informative sections:

Sections
A. Background History and Data that led to the development of 

the ASTM F3016 Standard.
B. Terminology and Definitions associated with the ASTM F3016 

Standard.
C. Summary of the ASTM F3016 Test Method.
D. ASTM F3016 Failures: Physics and Material Science behind 

the common “Concrete Filled Pipe Bollard”.
E. Designer/Specifier use of the ASTM F 3016 Standard in 

Limiting Firm and End User Liability.
F. Conclusion. 7



“Background History and Data that led to 
the Development of the ASTM F3016 

Standard”

SECTION A



Vehicle-into-business Crashes Are Nothing New In 
The U.S.A.  Drivers Have Crashed Into Businesses 
And Pedestrians Since Cars Were Invented.

In this news photo 
from 1932, a car 
has crashed into 
a store window in 
San Francisco, 
with the notation 
that this is the fifth 
crash in two years 
at this store.



Convenience Stores 
Are Frequent Victims of These Accidents

• 7-Eleven has MORE THAN 
one crash per day 
nationwide!  Over 1560 in a 
five year period

• Cumberland Farms has had 
over 400 accidents in a five 
year period
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These Crashes Happen at All Kinds of 
Businesses for All Kinds of Reasons

Here are a couple of pie charts that break down accidents by 
percentage. 
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Demographic Trends Indicate Storefront 
Crashes Are Increasing

Drivers over 65 
• The number of drivers over 

age 65 will triple by 2025
• Drivers over 65 account for 

the greatest percentage of 
pedal error crashes 
nationally

• Pedal error is the most 
common cause of accidents 
at convenience stores 
nationwide

Drivers under 25
• The percentage of distracted 

drivers is increasing every 
year

• IIHS study shows that 50% of 
teen and young adult drivers 
text while driving

• Drivers between 18 and 29 
are the most likely to drive 
impaired by alcohol or drugs
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Drivers of Every Age 
Crash Into Buildings Every Day
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No Business Suffers More From These 
Crashes Than Convenience Stores

Convenience Stores suffer as 
many as 20 storefront crashes 
per day according to Texas 
A&M University.

7-Eleven suffered over 1500 
crashes in one five year period, 
or a little more than one crash 
PER DAY.

Cumberland Farms  suffered 
over 400 crashes over one five 
year period, with a number of 
stores  struck twice and even 
three times in five years.
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Before Establishment Of 
The ASTM F3016 Standard: 
Vehicle Impact Protective Devices Failed!!!
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“Terminology and Definitions associated 
with the ASTM F3016 Standard”

SECTION B



For a thorough understanding of the 
actual ASTM F3016 Test it helps to first 

define the various test verbiage and 
components it is comprised of.



Terminology:

1. Accredited Independent Testing Laboratory

Testing laboratory accredited to perform the referenced testing 
procedures by a nationally recognized accrediting agency in 
accordance with ISO/IEC 17025 and led by a test director.

Accredited independent testing laboratories may have no 
financial interest in or otherwise be affiliated with companies 
or individuals for which they perform accreditation testing.
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Terminology (continued):

1. Acceleration- The change of velocity with respect to time. 

2. Agency- The specifier, responsible party, or owner.

3. Bollard- Vertical posts or series of posts, usually steel, 

concrete, wood, or combinations of same used to channel or 

restrict vehicular traffic. Which includes fixed, removable and 

operable/retractable posts.

4. Channel Amplitude Class- numerically equal to the upper limit 

of the measurement range.
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Terminology (continued):

6. Continuous Barrier- any protective device that relies on a 

continuous foundation or a continuous structural element to 

resist penetration by vehicles.

7. Debris- post-impact protective impact device and surrogate 

test vehicle components dispersed as a result of impact.

8. Ditch- excavation into existing grade with varying cross 

sections such as “V” or “U” shaped.
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Terminology (continued):

9. Dynamic Penetration Distance- during the crash event, the 
greater of the maximum dynamic displacement of any portion 
of the protective device into the protected area or maximum 
dynamic intrusion of the surrogate test vehicle into the 
protected area or maximum dynamic displacement of any 
portion of the protective device.

Note: See Fig. A1.1 on next slide for location of “protected 
area” and protective device reference location.
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Terminology (continued):

10. Final Resting Point- Distance from the pre-impact reference 
location on a protective device to the farthest portion of the 
protective device or surrogate test vehicle.

Note: If the surrogate vehicle does not pass the reference 
location, the final resting location shall be a negative distance 
as measured from the location on the surrogate test vehicle 
that is closest to the reference location.
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Terminology (continued):

11. Impact Location- specific location on the protective device 
where the surrogate test vehicle will initially contact the 
protective device.

Note:  The impact location is centered on the protective device 
for a bollard, concrete shape, or discrete device (bench, 
planter, and so forth). The impact location is at the mid-span 
of a fence, gate, post, and beam or upside down “U”.  For a 
continuous wall, the impact location is at an expansion joint.  If 
there is no expansion joint, then the continuous wall shall 
have an impact location at mid-span.
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Terminology (continued):

15. Rated ASTM Protected Device- tested protective device that 
achieves a given penetration rating based on the surrogate 
test vehicle traveling perpendicular to the protective device at 
the defined impact location for that particular device.

16. Shallow Mount Platform- plate, pad, or structural foundation 
resting on the surface or embedded no more than 305 mm (12 
in.) below the surface to which one or more protective devices 
are rigidly fixed.

17. Supplier- manufacturer, distributor, designer, or constructor of 
the protective device that is to be tested and can include 
contractors, engineers, and architects.
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“Summary of the ASTM F3016 Test 
Method”

SECTION C



Test Method:

The ASTM F3016  was designed to establish a repeatable and 
reproducible test for assignment of uniform speed and 
penetration rating designations on protective devices, like a 
bollard, when impacted by a common vehicle weight.

1. To begin the test process, an approved surrogate test vehicle 
SPEED is chosen from “Table 1: Impact Condition 
Designations” and a target PENETRATION RATING is 
selected from “Table 2: Penetration Ratings” by the supplier in 
coordination with the test director. 



Test Method (continued):
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Table 1: Impact Condition Designations

Surrogate Test Nominal Permissible Impact Speed
Vehicle Weight Minimum Test Speed Range, Rating

(Pounds) (Miles per Hour) (Miles per Hour)

5000  +/- 110 10 9.0 - 18.9 S10
20 19.0 - 27.4 S20
30 27.5 - 32.5 S30



Test Method (continued):
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Table 2: Penetration Ratings

Penetration rating 
Designation Dynamic Penetration Distance in Feet          

P1 Less than 1 ft.
P2 1 to 4 ft.

Failure Greater than 4 ft.



Test Method (continued):

2. Surrogate Test Vehicle Selection and Impactor Nose 
Retrofitting is the next step in the test sequence.

The surrogate test vehicle shall be 5000 lbs. +/- 110 lbs. 
consisting of an impactor nose (See Table A2.1) with the 
impact height at 28 inches +/- 1 inch.

The most common test vehicles are a Chevrolet Silverado 
Quad Cab Pick-up and  Dodge Ram 1500 Quad Cab Pick-up.  
Ballast shall be used to increase weight if needed depending 
on Pick-up model year.
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Test Method (continued):
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Test Method (continued):

3. The Surrogate test vehicle shall approach and impact the 
protective device at 90 +/- 1.5ᵒ

The method of surrogate test vehicle guidance before impact 
can be that of pushing, towing, or self-powering to the 
specified speed. 

Impact location shall be within 4 inches horizontally and 
vertically of the previously identified most vulnerable target 
area.
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Test Method (continued):

4. During the test, surrogate test vehicle impact speed and 
impact angle are required to be precisely measured.  Video 
and accelerometer analytic documentation, with 
perpendicular,  overhead, and downstream views aligned with 
the centerline of the protective device (on surrogate test 
vehicle) shall be provided.
ASTM F3016 even goes so far as to detail acceptable 
minimum video film speeds, linear distance debris 
measurement parameters, general surveying equipment for 
precise measurements of protective device installation, impact 
location, deformation after impact, etc.
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Test Method (continued):

5. ASTM F3016 details two different protective device test 
environments based on whether or not protective device is to 
be designated as “Rigid” or “Shallow Mount”. 
a) “Rigid Test Criteria”- If the manufacturer pursues a “Rigid” test, 

the protective device’s foundation is installed in washed sand that 
has a depth and width 1.5 times the foundation depth.  If upon 
impact by the test vehicle the protective device’s foundation 
moves 1 inch or less in any direction it is considered a successful 
pass of the test.
If the above system fails the washed sand test, it must undergo a 
second test with the foundation now encased in a concrete slab.  
The new encased foundation must weigh in excess of 15,000 lbs. 
to be classified under the ASTM F3016 Standard as “Rigid”.
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Test Method (continued):

b) “Shallow Mount Test Criteria”- If the manufacturer pursues a 
“Shallow Mount” test, the protective device must be rigidly fixed 
to a plate, pad, or structural foundation resting on the surface or 
embedded no than 12 inches below the surface.
For protective devices on “shallow mount” foundations 
only a single test is required, provided the platform is set in 
accordance with supplier’s instructions.
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Test Method (continued):

If after impact, any piece of the protective device or surrogate test 
vehicle penetrates more than 4’ past the initial reference line 
marked on the protective device, it is considered a FAILURE. 

This specific failure criteria applies identically to both “Rigid” and 
“Shallow Mount” protective device tests.

The summary test report is that a successful field tested and 
ASTM F3016 Rated Device will have a combined Speed and 
Penetration Rating Designation (Ex.  S20-P1, or S10-P2, etc.) 
derived from the actual standard method crash test.
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“ASTM F3016 Failures: Physics 
and Material Science behind the 
common “Concrete Filled Pipe 

Bollard”

SECTION D



F3016 Failure of Concrete 
Filled Pipe Bollards

The common belief is that concrete filled pipe bollards serve well 
as an accepted effective and low cost protective device!   

Reality is that these generally accepted protective devices fail and 
actually drove the development ASTM F3016 to deliver uniform 
speed and penetration rating designations.

The next series of photos and actual accident video highlight the 
fallacy of concrete filled pipe bollards by showing their shearing 
and ramp launching actions. 



F3016 Failure of Concrete 
Filled Pipe Bollards (cont.)
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F3016 Failure of Concrete 
Filled Pipe Bollards (cont.)

Question #1:
Why did the bollards in the previous photos shear off at the 
base upon impact?

40

The concrete fill within the pipe is not actually bonded to the steel’s inner 
wall and therefore needs to be calculated as a separate impact structure 
because it reacts as a separate impact structure. 

Impact resistance for concrete is magnitudes lower when compared to 
steel.  Concrete only has a tensile strength of 700 psi!  This low tensile 
strength is completely overcome and cleanly sheared by the force created 
by a 5000 lb. vehicle traveling at the minimum F3016 test speed of 10 
mph creating a test failure penetration that dramatically exceeds 4 feet!

Physics of Impact Force interacting with Bollard Material 
Strength.

Answer: Click here for answer 



Guardian Angel or Bollard? Or both?

Little girl in Washington State saved by bollards outside a convenient store. The car driven in reverse landed on top of 
her the only thing that saved her life were the bollards that suspended the car above her. She luckily walked away 
without a scratch. The force was so strong that the bollards were almost ripped of the ground.
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F3016 Failure of Concrete 
Filled Pipe Bollards (cont.)

Question #2:
Why did the concrete filled bollard in the previous video bend and 
“ramp launch” the vehicle upon impact?

43

The strength of a metal pipe is a function of the total pipe area and how far the pipe 
wall is away from the center of the pipe.  The pipe section closest to the center, 
which is the concrete inner fill, at a tensile strength of only 700 psi adds very little to 
the bending/shear resistance. The bend resistance therefore has to come from the 
points further out which is the actual metal wall thickness of the pipe.

So in common bollard applications, where a 6 ¼” pipe with a Schedule 120 Wall 
Thickness (5/8”) is filled there is a 5” inside round of concrete. Even though steel has 
a tensile strength of 58,000- 80,000 psi, there simply is not enough steel thickness to 
resist bending when impacted by a 5000 lb. test vehicle at the minimum speed of 10 
mph.  This impact bending creates the “ramp” effect seen in the video that  
effectively “launches” the vehicle to exceed the 4 ft. minimum F3016 test failure 
distance.

Physics of Impact Force interacting with Bollard Material Strength.
Answer: Click here for answer 



F3016 Failure of Concrete 
Filled Pipe Bollards (cont.)
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“Designer/Specifier Use of the 
ASTM F3016 Standard in Limiting 

Firm and End User Liability”

SECTION E



Using the ASTM F3016 to Limit Liability

When responsible for the design of security and safety for people 
and assets located within a commercial business perimeter, retail 
location, roadway, college campus,  etc. your design work does 
not allow for failure.

To limit firm and client liability there are many site factors to first 
consider before an effective ASTM F3016 protective device design 
can be selected, properly installed, and subsequently maintained.



Use of the ASTM F3016 
Standard in Limiting Liability (cont.)

A. IT IS IMPORTANT TO WORK FROM THE BEGINNING TO 
LEGALLY INSULATE ALL PARTIES INVOLVED WITH THE 
FOLLOWING SITE SPECIFIC PROTECTIVE DEVICE 
DESIGN CONSIDERATIONS BY INDENTIFYING ALL THE 
INTENDED FUNCTIONS OF THE PROTECTIVE DEVICE:

1. Is the design to protect people and assets from accidental 
intrusion?
– Evaluation of potential impact speeds determine selection of 

proper ASTM F3016 device rating.
2. Is the design to protect people and assets from 

intentional intrusion?
– Evaluation of run-up speed determines selection of proper ASTM 

F3016 device rating.
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Use of the ASTM F3016 
Standard in Limiting Liability (cont.)

3. Is there a need to separate vehicle traffic from pedestrian 
areas?
– Nose-in Parking, Traffic Perpendicular, 4’ Penetration and 

Sidewalk Width.

4. Is there a need to have vehicle-to-vehicle lane separation?
– Same Entrance and Exit, Constant Bi-Directional Traffic Flow.

5. Is the function to prevent unauthorized entry into a 
defined area?
– Removable or Retractable Bollard requirement, spacing for ADA 

Wheelchair access, etc..
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Use of the ASTM F3016 
Standard in Limiting Liability (cont.)

6. Are there previously established local codes that conflict with the 
ASTM F3016 Standard? 
(ex. Existing Above Ground Storage Tank Code)

7. Does the ASTM F3016 Rated Device need special functional or 
aesthetic requirements?

– Lighted, Housing Various Types of Sensors, Disguised as a Park Bench, 
Bicycle Rack, Litter Bin, Planter, etc..

8. Incorporating the ASTM F3016 Protective Device Design with 
thought to the ease of on- site Snow Plowing and Snow Bank 
Removal.
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Use of the ASTM F3016 
Standard in Limiting Liability (cont.)

9. ASTM F3016 Rigid vs. Shallow Mount Rated Protective 
Devices
– Location, Cost of Installation, Underground Utilities.

10. Installer Qualifications
– Little Experience + Low Price = Project Disaster.  Specify ASTM 

F3016 compliance by the installer.
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Use of the ASTM F3016 
Standard in Limiting Liability (cont.)

AESTHETIC DISGUISED ASTM F3016 RATED BOLLARDS
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“Conclusion”

SECTION F



Course Highlights:

The course can be capsulized by the following 5 
subject areas:

A. Background History and Data that led to the development of 
the ASTM F3016 Standard.

B. Terminology and Definitions associated with the ASTM F3016 
Standard.

C. Summary of the ASTM F3016 Test Method.
D. ASTM F3016 Failures: Physics and Material Science behind 

the common “Concrete Filled Pipe Bollard”.
E. Designer/Specifier use of the ASTM F 3016 Standard in 

Limiting Firm and End User Liability.



The ASTM F3016 STANDARD

The ASTM F3016 STANDARD can generally be summarized with 
an understanding of the following two slides of Tables. When 
combined, the Table rating designations create a “Speed and 
Penetration”  field tested protective device certification.

54

Table 1: Impact Condition Designations 

Surrogate Test Nominal Permissible Impact Speed
Vehicle Weight Minimum Test Speed Range, Rating

(Pounds) (Miles per Hour) (Miles per Hour)

5000  +/- 110 10 9.0 - 18.9 S10
20 19.0 - 27.4 S20
30 27.5 - 32.5 S230



Penetration Ratings
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Table 2: Penetration Ratings

Penetration rating Designation Dynamic Penetration Distance in Feet          

P1 Less than 1 ft.
P2 1 to 4 ft.

Failure Greater than 4 ft.



Conclusion (cont.)

The litigious nature of the U.S.A., coupled with the rapid increase in 
demand for safety and security creates a high liability environment for 
the Design/Specifier and their client.  

The reality is that insurers and the legal system utilizes National ASTM 
Standards as benchmarks to determine if reasonable and prudent 
design factors were followed.  

The project designer can make great strides in limiting legal liability for 
all parties involved by complying with the applicable ASTM Standards. 
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Conclusion (cont.)

It is not uncommon, due to cost or other issues, for the Specifier’s
clients to request a product that is not compliant or rated to the ASTM 
National Standard.  This is not an option for the Specifier.  Obtaining 
signatures on waivers is of no practical use, as they have no substance 
in litigation involving an injured party who did not sign the waiver.

Additionally, clients may not have the same understanding of the 
requirements of the ASTM F3016 Standard and could easily claim they 
would not have asked for a non-compliant protective device if they 
had been fully advised of the dangers.

A good practice for the Specifier is the development of a checklist and 
client sign-off form to ensure that all of the protective safety devices 
will be installed and compliant with the ASTM F3016 Standard. 57



Program Summary

By now you should be able to recognize and have an 
understanding with regards to the following :

1. The History of why the ASTM F3016 was developed.

2. How the ASTM F3016 Standard provides the ability to evaluate 
whether a protective device performs as intended to protect 
people, area, and assets.

3. Why Traditional Concrete Filled Pipe Bollards fail to pass the 
ASTM F3016 Standard for a Rated Protective Device.

4. How specifying a rated protective device design in accordance 
with the ASTM F3016 helps to reduce firm and client liability.
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Questions For The Next Ten Minutes

• This concludes the course 
material.

• The following ten minutes will be 
for taking a short exam. You 
must complete the exam with a 
80% or higher in order to receive 
credit.

• Please make sure to print your 
certificates of completion either 
for AIA/CES or for state MCE 
credit.
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Quiz Instructions – Course Number-Quiz

• In order for you to get credit for this program you 
must successfully complete the following short 
exam.

• Pass for this exam is 80% or higher.
• Please make sure and print your certificates of 

completion either for AIA/CES, or for state MCE 
credit.

• Please print your Certificate of Completion upon 
successful completion. You can print the certificate 
from your A-F transcript any time after 
completion.

If your colleagues can benefit from this course, please let them know. Feel 
free to revisit the Architect-Forum LMS eLearning System to take additional 
courses.



Accessing the Course Exam

To complete the course and get credit you must 
successfully complete the short course exam with 
an 80% or higher. Please click on the Test Button 
below to get started.

You must log into our website before taking the exam. 
(When taking the exam from the PDF.) After pressing on the 
link below, on the landing page please scroll down and press 
on the "Start test" Button to access the course exam.

Take Test From PDF Instructions

If you need help please email, call or use 
our online chat support.
If you need to see our help page please 
click here.
Note: Cookies and JavaScript must me 
enabled in your browser, see help link to 
make sure its set on your browser.

Don’t forget to print your AIA Certificate of Completion. Architect-Forum will process all AIA credits 
on your behalf. If you forget to print the certificate you can access from your Architect-Forum 
Transcript Center.

Take Exam

mailto:katherine@architect-forum.com?subject=I%20have%20a%20question%20about%20Tymetal's%20AIA%20Course
https://architect-forum.com/info.php?id=11
https://architect-forum.com/player.php?course_id=301&ext_link=1
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