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U.S.Department 1200 New Jersey Ave., SE
of Transportation Washington, D.C. 20590

Federal Highway
Administration May 30, 2012

In Reply Refer To:
HSST/ B-236

Mr. Scott Rosenbaugh

Midwest Roadside Safety Facility
130 Whittier Research Center
P.O. Box 830853

Lincoln, NE 68583-0853

Dear Mr. Rosenbaugh:
This letter is in response to your request for the Federal Highway Administration (FHWA) to

review a roadside safety system for eligibility for reimbursement under the Federal-aid highway
program.

Name of system: Wood-Post 31-inch (787-millimeter) Midwest Guardrail
System (MGS) to Thrie Beam Approach Guardrail Transition

Type of system: W-Beam Guardrail Transition

Test Level: AASHTO Manual for Assessing Safety Hardware, TL-3

Testing conducted by: Midwest Roadside Safety Facility
Task Force 13 Designator: STG03b
Date of request: January 19, 2012

Date initially acknowledged: January 24, 2012
Date of completed package: April 30, 2012

Decision
The following device is eligible, with details provided below:

e Wood-Post 31-inch (787-millimeter) Midwest Guardrail System (MGS) to Thrie Beam
Approach Guardrail Transition

Based on a review of surrogate wheeled-bogie testing and previously conducted crash testing
results submitted by the manufacturer certifying the device described herein meets the
crashworthiness criteria of the American Association of State Highway and Transportation
Officials’ Manual for Assessing Safety Hardware (MASH), the device is eligible for
reimbursement under the Federal-aid highway program. Eligibility for reimbursement under the
Federal-aid highway program does not establish approval or endorsement by the FHWA for any
particular purpose or use.



The FHWA, the Department of Transportation, and the United States Government do not
endorse products or services and the issuance of a reimbursement eligibility letter is not an
endorsement of any product or service.

Requirements

To be found eligible for Federal-aid funding, roadside safety devices should meet the crash test
and evaluation criteria contained in the American Association of State Highway and
Transportation Officials’ Manual for Assessing Safety Hardware (MASH).

Description

For many years the roadside safety community has considered 6 inches x 8 inches (152
millimeters x 203 millimeters) wood posts and W6x9 (W152x13.4) steel posts as
interchangeable options for 6 feet (1.8 meters) long guardrail posts. However, the posts in these
older systems were embedded 43 inches (1,092 millimeters) to 44 inches (1,118 millimeters) in
the soil, while MGS posts are embedded only 40 inches (1,016 millimeters). Blockout depth and
splice location differences make the behavior of the MGS different from older W-beam systems.
Therefore a review of previous testing (post-in-soil component testing and full-scale crash
testing) was conducted to compare the performance of 6 inches x 8 inches (152 millimeters x 203
millimeters) wood posts and W6x9 (W152x13.4) steel posts when used in the MGS. However,
no such tests have been conducted on either W6x15 (W152x22.3) steel posts or large cross
section wood posts. Therefore, surrogate wheeled-bogie testing was conducted to determine the
post-soil interaction force characteristics for these large post sizes in an effort to find an
equivalent wood post for the W6x15 (W152x22.3) steel posts utilized in the steel-post MGS
stiffness transition to thrie beam.

This research objective was met through a combination of historical data review, dynamic
component testing, and computer simulation and analysis as follows.

I. Historical Data Review:

A. W6x9 (W152x13.4) steel posts:
A literature review was conducted on post-soil resistance for both W6x9 (W152x13.4)
steel posts and 6 inches x 8 inches (152 millimeters x 203 millimeters) wood posts and
conclusions were made regarding these standard post sizes. In a previously conducted
surrogate wheeled-bogie testing study, two 6 inches x 8 inches (152 millimeters x 203
millimeters) wood posts and two W6x16 (W152x23.8) steel posts were embedded 40
inches (1,016 millimeters) in a highly compacted soil and impacted at 20 mph (32 km/h).
The W6x16 (W152x23.8) posts have the same flange width and overall depth as a W6x9
(W152x13.4) so the soil resistances for the two posts are considered the same. This
testing showed wood and steel posts provided very similar resistances throughout the
impact event.

B. W6x15 (W152x22.3) steel posts:
A literature review conducted on post-soil resistance for W6x15 (W152x22.3) steel posts
found no past research was conducted.

I1. Physical Testing:
A. Dynamic Component Testing:




Surrogate wheeled-bogie testing was conducted to determine the post-soil resistance
characteristics of W6x15 (W152x22.3) steel transition posts embedded 54 inches (1,372
millimeters) in soil as well as wood posts of multiple cross-sections and embedment
depths. Twenty dynamic component tests were conducted on W6x15 (W152x22.3) steel
posts and various wood-post sizes in soil. The target impact conditions for all tests were
20 mph (32 km/h) at an angle of 0 degrees, creating a classical “head-on” or full-frontal
impact and strong axis bending. The posts were impacted 247z inches (632 millimeters)
above the ground line. Four of these dynamic component tests specified AASHTO Grade
B Moderate Compaction Soil (NCHRP350), and the remainder of the tests specified
AASHTO Grade B Heavy Compaction (AASHTO MASH).

B. Existing MASH Crash Testing:
Two previously conducted full-scale MASH 3-11 crash tests were selected for this
research to compare the W6x9 (W152x13.4) steel-post and the 6 inches x 8 inches (152
millimeters x 203 millimeters) wood-post performance when installed in the MGS. Test
no. 1 (2214MG-2) dated October 3, 2004 utilized steel posts, while test no. 2 (MGSWP-1)
dated April 2, 2010 utilized the wood posts. Both test installations were 181 feet 3 inches
(55.2 meters) long.

I11. Computer Simulation and Analysis:
After determining equivalent wood posts for both steel post sizes used in the MGS approach
transition, BARRIER VII computer simulations were conducted to compare the performance
of the wood and steel post systems. The steel-post BARRIER VII model was validated
against the full-scale crash testing of the steel-post transition system under MASH safety
standards and served as the basis for comparison and evaluation of the wood-post transition
system.

After the wood-post transition system was determined to be an adequate alternative via physical
component testing and computer simulation and analysis, the final design drawings were created.
Details of this system are included in this correspondence as an enclosure.

Crash Testing

All physical testing was conducted at the test facilities at the Midwest Roadside Safety Facility.
This research uses both existing physical cash test results, bogie testing results and
BARRIERVII analysis.

A. Dynamic Component Testing:
A surrogate wheeled-bogie testing program was conducted to identify a wood post that
provided similar force vs. deflection, or energy absorption, characteristics to the 7 feet (2.1
meters) W6x15 (W152x22.3) steel posts utilized in the original MGS approach transition
system. Although Grade 1 Southern Yellow Pine posts (SYP) were utilized during all of the
tests, wood defects are inevitable in timber posts, especially with the larger cross sectional
dimensions. Therefore, posts utilized in actual installations would be expected to have some
natural defects that may lead to premature post fracture. Posts that fracture absorb far less
energy and do not provide any resistance after fracture, typically within the first few inches
of deflection. From a guardrail transition design perspective, this lack of resistance can have
negative effects on the safety performance of the system in this sensitive region of the



barrier. Similar performance results are expected for a transition system in which a post
fractured prematurely. Therefore, posts that showed a propensity for fracture before rotating
were removed from consideration as equivalent posts to the W6x15 (W152x22.3) steel
posts. Post fracture was prevalent in tests conducted on 7 feet (2.1 meters) long versions of 8
inches x 8 inches (203 millimeters x 203 millimeters) and 6 inches x 10 inches (152
millimeters x 254 millimeters) wood posts. As a result, these posts were not recommended
for use in the MGS approach transition.

The individual test results for each post size were averaged together in order to compare the
various posts. The 6.5 feet (2.0 meters) long 8 inches x 10 inches (203 millimeters x 254
millimeters) wood posts provide average force characteristics that best match those of
W6x15 (W152x22.3) steel posts when the soil was heavily compacted. At 15 inches (381
millimeters) of deflection, the 8 inches x 10 inches (203 millimeters x 254 millimeters)
wood posts averaged 17.7 kips (78.8 kN), only 1.1 percent higher than the steel posts.
Although the average force of 8 inches x 10 inches (203 millimeters x 254 millimeters)
wood posts showed an increase of 15.5 percent over the steel post at 10 inches (254
millimeters) of deflection, the average forces were relatively close.

B. Physical Crash Testing:
Two previously conducted full-scale crash tests were selected for this research to compare
the W6x9 (W152x13.4) steel-post and the 6 inches x 8 inches (152 millimeters x 203
millimeters) wood-post performance when installed in the MGS. Test no. 2214MG-2
utilized steel posts, while test no. MGSWP-1 utilized the wood posts. Both 181 feet 3 inches
(55.2 meters) long test installations satisfied all MASH safety performance criteria of test
designation no. 3-11. The two systems behaved similarly during the test in terms of
maximum dynamic deflection, contact length, and exit conditions, as shown in Table 2.
Further, the Occupant Impact Velocities (OIV) and Occupant Ridedown Accelerations
(ORA) were very similar, thus suggesting the forces imparted to the vehicle were very
similar. Similar performance between W6x9 (W152x13.4) steel and 6 inches x 8 inches
(152 millimeters x 203 millimeters) wood guardrail posts has been documented in both
dynamic component testing and full scale testing. Therefore, the 6 inches x 8 inches (152
millimeters x 203 millimeters) wood posts was selected as the alternative for the W6x9
(W152x13.4) steel posts found in the MGS to thrie beam stiffness transition.

C. The BARRIER VII analysis simulations conducted for this research verified that the wood
posts did not adversely affect the safety performance of the stiffness transition.

Findings
The following is a summary of findings of the testing used for this submission, as follows:

A. At the conclusion of the surrogate wheeled-bogie testing program, the 8 inches x 10
inches (203 millimeters x 254 millimeters) wood post with an embedment depth of 48
inches (1,219 millimeters) best resembled the performance of the W6x15 (W152x22.3)
steel transition post and was recommended for further analysis in the MGS approach
transition.



B. The previously conducted MASH crash testing included both systems that behaved

similarly during the test in terms of maximum dynamic deflection, contact length, and

exit conditions, as described below.

Test no. 2214MG-2 conducted on October 3, 2004 featured a 5,174-1b (2,347-kg) 4-door

pickup truck that impacted the MGS W6x9 (W152x13.4) Steel post barrier at a speed of

62.8 mph (99.6 km/h) and at an angle of 25.5 degrees. The MGS rail successfully

redirected the vehicle while meeting all required safety criteria and sustaining a

maximum deflection of 31% inches (803 millimeters).

e Test no. MGSWP-1 conducted on April 2, 2010 featured a 5,174-1b (2,347-kg) 4-door
pickup truck that impacted the MGS Wood 6 inches x 8 inches (152 millimeters x 203
millimeters) post barrier at a speed of 63.8 mph (99.6 km/h) and at an angle of 25.6
degrees. The MGS rail successfully redirected the vehicle while meeting all required
safety criteria and sustaining a maximum deflection of 31% inches (803 millimeters).

Crash Test Summary details of this system are provided as enclosures to this
correspondence.

At the conclusion of BARRIERVII analysis, the wood-post MGS stiffness transition
outperformed the original steel-post transition system in all three of the evaluation
criteria. The maximum deflections for the wood-post system were consistently 15 to 30
percent lower than the original steel-post system. This deflection reduction was the result
of the wood posts having a higher stiffness and resistance to rotation than their steel
counterparts. The wood-post system also consistently showed a 5 to 25 percent reduction
in the maximum pocketing angle. Thus, the wood post system is expected to reduce the
risk of vehicle instability. Finally, the propensity for wheel snag was found to be lower
for the wood-post system. The reduction in system deflection significantly reduced the
estimated wheel snag for the 6 inches x 8 inches (152 millimeters x 203 millimeters)
wood post. However, the wheel snag estimations for the larger 8 inches x 10 inches
(203-mm x 254-mm) wood transition posts were found to be closer to (or slightly higher)
the estimations for the steel W6x15 (W152x22.3) steel posts. Thus, the potential benefits
(as far wheel snag are concerned) a deflection reduction were offset by the reduction in
embedment depth.

Therefore, the system described and detailed in the attached form is eligible for reimbursement
and may be installed under the range of conditions tested. Please note the following standard
provisions that apply to the FHWA eligibility letters:

This letter includes an AASHTO/ARTBA/AGC Task Force 13 designator that should be
used to identify any new or updated Task Force 13 drawings.

This finding of eligibility does not cover other structural features of the systems, nor
conformity with the Manual on Uniform Traffic Control Devices.

Any changes that may influence system conformance with MASH will require a new
reimbursement eligibility letter.

Should the FHWA discover that the qualification testing was flawed, that in-service
performance reveals safety problems, or that the system is significantly different from the
version that was crash tested, we reserve the right to modify or revoke this letter.



e You are expected to supply potential users with sufficient information on design and
installation requirements to ensure proper performance.

e You are expected to certify to potential users that the hardware furnished has the same
chemistry, mechanical properties, and geometry as that submitted for review, and that it
will meet the test and evaluation criteria of the MASH.

e To prevent misunderstanding by others, this letter is designated as number B-236, and
shall not be reproduced except in full. This letter and the test documentation upon which
it is based are public information. All such letters and documentation may be reviewed at
our office upon request.

e This letter shall not be construed as authorization or consent by the FHWA to use,
manufacture, or sell any patented device for which the applicant is not the patent holder.
The finding of eligibility is limited to the crashworthiness characteristics of the candidate
device, and the FHWA does not become involved in issues concerning patent law. Patent
issues, if any, are to be resolved by the applicant.

Sincerely yours,

Michael S. Griffith
Director, Office of Safety Technologies
Office of Safety

Enclosures
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U.S.Department 1200 New Jersey Ave., SE
of Transportation Washington, D.C. 20590

Federal Highway
Administration

May 30, 2012 In Reply Refer To:
HSST/ B-236

Mr. Scott Rosenbaugh

Midwest Roadside Safety Facility
130 Whittier Research Center
P.O. Box 830853

Lincoln, NE 68583-0853

Dear Mr. Rosenbaugh:
This letter is in response to your request for the Federal Highway Administration (FHWA) to

review a roadside safety system for eligibility for reimbursement under the Federal-aid highway
program.

Name of system: Wood-Post 31-inch (787-millimeter) Midwest Guardrail
System (MGS) to Thrie Beam Approach Guardrail Transition

Type of system: W-Beam Guardrail Transition

Test Level: AASHTO Manual for Assessing Safety Hardware, TL-3

Testing conducted by: Midwest Roadside Safety Facility
Task Force 13 Designator: STGO3b

Date of request: January 19, 2012

Date initially acknowledged: January 24, 2012

Date of completed package: April 30, 2012

Decision
The following device is eligible, with details provided below:

e  Wood-Post 31-inch (787-millimeter) Midwest Guardrail System (MGS) to Thrie Beam
Approach Guardrail Transition

Based on a review of surrogate wheeled-bogie testing and previously conducted crash testing
results submitted by the manufacturer certifying the device described herein meets the
crashworthiness criteria of the American Association of State Highway and Transportation
Officials” Manual for Assessing Safety Hardware (MASH), the device is eligible for
reimbursement under the Federal-aid highway program. Eligibility for reimbursement under the
Federal-aid highway program does not establish approval or endorsement by the FHWA for any
particular purpose or use.



The FHWA, the Department of Transportation, and the United States Government do not
endorse products or services and the issuance of a reimbursement eligibility letter is not an
endorsement of any product or service.

Requirements

To be found eligible for Federal-aid funding, roadside safety devices should meet the crash test
and evaluation criteria contained in the American Association of State Highway and
Transportation Officials’ Manual for Assessing Safety Hardware (MASH).

Description

For many years the roadside safety community has considered 6 inches x 8 inches (152
millimeters x 203 millimeters) woaod posts and W6x9 (W152x13.4) steel posts as
interchangeable options for 6 feet (1.8 meters) long guardrail posts. However, the posts in these
older systems were embedded 43 inches (1,092 millimeters) to 44 inches (1,118 millimeters) in
the soil, while MGS posts are embedded only 40 inches (1,016 millimeters). Blockout depth and
splice location differences make the behavior of the MGS different from older W-beam systems.
Therefore a review of previous testing (post-in-soil component testing and full-scale crash
testing) was conducted to compare the performance of 6 inches x 8 inches (152 millimeters x 203
millimeters) wood posts and W6x9 (W152x13.4) steel posts when used in the MGS. However,
no such tests have been conducted on either W6x15 (W152x22.3) steel posts or large cross
section wood posts. Therefore, surrogate wheeled-bogie testing was conducted to determine the
post-soil interaction force characteristics for these large post sizes in an effort to find an
equivalent wood post for the W6x 15 (W152x22.3) steel posts utilized in the steel-post MGS
stiffness transition to thrie beam.

This research objective was met through a combination of historical data review, dynamic
component testing, and computer simulation and analysis as follows.

I. Historical Data Review:

A, W69 (W152x13.4) steel posts:
A literature review was conducted on post-soil resistance for both W6x9 (W152x13.4)
steel posts and 6 inches x 8 inches (152 millimeters x 203 millimeters) wood posts and
conclusions were made regarding these standard post sizes. In a previously conducted
surrogate wheeled-bogie testing study, two 6 inches x 8 inches (152 millimeters x 203
millimeters) wood posts and two W6x16 (W152x23.8) steel posts were embedded 40
inches (1,016 millimeters) in a highly compacted soil and impacted at 20 mph (32 km/h).
The W6x16 (W152x23.8) posts have the same flange width and overall depth as a W6x9
(W152x13.4) so the soil resistances for the two posts are considered the same. This
testing showed wood and steel posts provided very similar resistances throughout the
impact event.

B. W6x15 (W152x22.3) steel posts:
A literature review conducted on post-soil resistance for W6x15 (W152x22.3) steel posts
found no past research was conducted.

1. Physical Testing:
A. Dynamic Component Testing:




Surrogate wheeled-bogie testing was conducted to determine the post-soil resistance
characteristics of W6x15 (W152x22.3) steel transition posts embedded 54 inches (1,372
millimeters) in soil as well as wood posts of multiple cross-sections and embedment
depths. Twenty dynamic component tests were conducted on W6x15 (W152x22.3) steel
posts and various wood-post sizes in soil. The target impact conditions for all tests were
20 mph (32 km/h) at an angle of O degrees, creating a classical “head-on” or full-frontal
impact and strong axis bending. The posts were impacted 247 inches (632 millimeters)
above the ground line. Four of these dynamic component tests specified AASHTO Grade
B Moderate Compaction Soil (NCHRP350), and the remainder of the tests specified
AASHTO Grade B Heavy Compaction (AASHTO MASH).

B. Existing MASH Crash Testing:
Two previously conducted full-scale MASH 3-11 crash tests were selected for this
research to compare the W6x9 (W152x13.4) steel-post and the 6 inches x 8 inches (152
millimeters x 203 millimeters) wood-post performance when installed in the MGS. Test
no. 1 (2214MG-2) dated October 3, 2004 utilized steel posts, while test no. 2 (MGSWP-1)
dated April 2, 2010 utilized the wood posts. Both test installations were 181 feet 3 inches
(55.2 meters) long.

I1I. Computer Simulation and Analysis:
After determining equivalent wood posts for both steel post sizes used in the MGS approach
transition, BARRIER VII computer simulations were conducted to compare the performance
of the wood and steel post systems. The steel-post BARRIER VII model was validated
against the full-scale crash testing of the steel-post transition system under MASH safety
standards and served as the basis for comparison and evaluation of the wood-post transition
system.

After the wood-post transition system was determined to be an adequate alternative via physical
component testing and computer simulation and analysis, the final design drawings were created.
Details of this system are included in this correspondence as an enclosure.

Crash Testing

All physical testing was conducted at the test facilities at the Midwest Roadside Safety Facility.
This research uses both existing physical cash test results, bogie testing results and
BARRIERVII analysis.

A. Dynamic Component Testing:
A surrogate wheeled-bogie testing program was conducted to identify a wood post that
provided similar force vs. deflection, or energy absorption, characteristics to the 7 feet (2.1
meters) W6x15 (W152x22.3) steel posts utilized in the original MGS approach transition
system. Although Grade 1 Southern Yellow Pine posts (SYP) were utilized during all of the
tests, wood defects are inevitable in timber posts, especially with the larger cross sectional
dimensions. Therefore, posts utilized in actual installations would be expected to have some
natural defects that may lead to premature post fracture. Posts that fracture absorb far less
energy and do not provide any resistance after fracture, typically within the first few inches
of deflection. From a guardrail transition design perspective, this lack of resistance can have
negative effects on the safety performance of the system in this sensitive region of the



barrier. Similar performance results are expected for a transition system in which a post
fractured prematurely. Therefore, posts that showed a propensity for fracture before rotating
were removed from consideration as equivalent posts to the W6x15 (W152x22.3) steel
posts. Post fracture was prevalent in tests conducted on 7 feet (2.1 meters) long versions of 8
inches x 8 inches (203 millimeters x 203 millimeters) and 6 inches x 10 inches (152
millimeters x 254 millimeters) wood posts. As a result, these posts were not recommended
for use in the MGS approach transition.

The individual test results for each post size were averaged together in order to compare the
various posts. The 6.5 feet (2.0 meters) long 8 inches x 10 inches (203 millimeters x 254
millimeters) wood posts provide average force characteristics that best match those of
W6x15 (W152x22.3) steel posts when the soil was heavily compacted. At 15 inches (381
millimeters) of deflection, the 8 inches x 10 inches (203 millimeters x 254 millimeters)
wood posts averaged 17.7 kips (78.8 kN), only 1.1 percent higher than the steel posts.
Although the average force of 8 inches x 10 inches (203 millimeters x 254 millimeters)
wood posts showed an increase of 15.5 percent over the steel post at 10 inches (254
millimeters) of deflection, the average forces were relatively close.

B. Physical Crash Testing:
Two previously conducted full-scale crash tests were selected for this research to compare
the W6x9 (W152x13.4) steel-post and the 6 inches x 8 inches (152 millimeters x 203
millimeters) wood-post performance when installed in the MGS. Test no. 2214MG-2
utilized steel posts, while test no. MGSWP-1 utilized the wood posts. Both 181 feet 3 inches
(55.2 meters) long test installations satisfied all MASH safety performance criteria of test
designation no. 3-11. The two systems behaved similarly during the test in terms of
maximum dynamic deflection, contact length, and exit conditions, as shown in Table 2.
Further, the Occupant Impact Velocities (OIV) and Occupant Ridedown Accelerations
(ORA) were very similar, thus suggesting the forces imparted to the vehicle were very
similar. Similar performance between W6x9 (W152x13.4) steel and 6 inches x 8 inches
(152 millimeters x 203 millimeters) wood guardrail posts has been documented in both
dynamic component testing and full scale testing. Therefore, the 6 inches x 8 inches (152
millimeters x 203 millimeters) wood posts was selected as the alternative for the W6x9
(W152x13.4) steel posts found in the MGS to thrie beam stiffness transition.

C. The BARRIER VII analysis simulations conducted for this research verified that the wood
posts did not adversely affect the safety performance of the stiffness transition.

Findings
The following is a summary of findings of the testing used for this submission, as follows:

A. At the conclusion of the surrogate wheeled-bogie testing program, the 8 inches x 10
inches (203 millimeters x 254 millimeters) wood post with an embedment depth of 48
inches (1,219 millimeters) best resembled the performance of the W6x15 (W152x22.3)
steel transition post and was recommended for further analysis in the MGS approach
transition.



B. The previously conducted MASH crash testing included both systems that behaved

similarly during the test in terms of maximum dynamic deflection, contact length, and

exit conditions, as described below.

Test no. 2214MG-2 conducted on October 3, 2004 featured a 5,174-Ib (2,347-kg) 4-door

pickup truck that impacted the MGS W6x9 (W152x13.4) Steel post barrier at a speed of

62.8 mph (99.6 km/h) and at an angle of 25.5 degrees. The MGS rail successfully

redirected the vehicle while meeting all required safety criteria and sustaining a

maximum deflection of 31% inches (803 millimeters).

e Test no. MGSWP-1 conducted on April 2, 2010 featured a 5,174-1b (2,347-kg) 4-door
pickup truck that impacted the MGS Wood 6 inches x 8 inches (152 millimeters x 203
millimeters) post barrier at a speed of 63.8 mph (99.6 km/h) and at an angle of 25.6
degrees. The MGS rail successfully redirected the vehicle while meeting all required
safety criteria and sustaining a maximum deflection of 31% inches (803 millimeters).

Crash Test Summary details of this system are provided as enclosures to this
correspondence.

At the conclusion of BARRIERVII analysis, the wood-post MGS stiffness transition
outperformed the original steel-post transition system in all three of the evaluation
criteria. The maximum deflections for the wood-post system were consistently 15 to 30
percent lower than the original steel-post system. This deflection reduction was the result
of the wood posts having a higher stiffness and resistance to rotation than their steel
counterparts. The wood-post system also consistently showed a 5 to 25 percent reduction
in the maximum pocketing angle. Thus, the wood post system is expected to reduce the
risk of vehicle instability. Finally, the propensity for wheel snag was found to be lower
for the wood-post system. The reduction in system deflection significantly reduced the
estimated wheel snag for the 6 inches x 8 inches (152 millimeters x 203 millimeters)
wood post. However, the wheel snag estimations for the larger 8 inches x 10 inches
(203-mm x 254-mm) wood transition posts were found to be closer to (or slightly higher)
the estimations for the steel W6x15 (W152x22.3) steel posts. Thus, the potential benefits
(as far wheel snag are concerned) a deflection reduction were offset by the reduction in
embedment depth.

Therefore, the system described and detailed in the attached form is eligible for reimbursement
and may be installed under the range of conditions tested. Please note the following standard
provisions that apply to the FHWA eligibility letters:

This letter includes an AASHTO/ARTBA/AGC Task Force 13 designator that should be
used to identify any new or updated Task Force 13 drawings.

This finding of eligibility does not cover other structural features of the systems, nor
conformity with the Manual on Uniform Traffic Control Devices.

Any changes that may influence system conformance with MASH will require a new
reimbursement eligibility letter.

Should the FHWA discover that the qualification testing was flawed, that in-service
performance reveals safety problems, or that the system is significantly different from the
version that was crash tested, we reserve the right to modify or revoke this letter.
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You are expected to supply potential users with sufficient information on design and
installation requirements to ensure proper performance.

You are expected to certify to potential users that the hardware furnished has the same
chemistry, mechanical properties, and geometry as that submitted for review, and that it
will meet the test and evaluation criteria of the MASH.

To prevent misunderstanding by others, this letter is designated as number B-236, and
shall not be reproduced except in full. This letter and the test documentation upon which
it is based are public information. All such letters and documentation may be reviewed at
our office upon request.

This letter shall not be construed as authorization or consent by the FHWA to use,
manufacture, or sell any patented device for which the applicant is not the patent holder.
The finding of eligibility is limited to the crashworthiness characteristics of the candidate
device, and the FHWA does not become involved in issues concerning patent law. Patent
issues, if any, are to be resolved by the applicant.

Sincerely yours,

Midsef 5. 4L

Michael S. Griffith
Director, Office of Safety Technologies
Office of Safety

Enclosures



4 Spaces @

3 Spaces @ " 4 Spaces @
37 1/2" [953]= ‘[4%3“ 37 172" [953]= Standord MGS Post Spacing
11%8;42 S I‘_ ;g?o ‘Tﬁ @ 75" [1903]
[2857] 1905 [3810]

P80 } I i

' 18 17 16 15 14 13 12 11

PLAN VIEW

(a3 ) —( aZ ) - a
2 Nested Rails

Standard MGS

NCHRP 350/MASH
Accepted Bridge Rail

{_

Ground Line

SR

ELEVATION VIEW

SHEET:
MWT Wood Post Vot 6
DATE
System Layout 7/12/2011
DRAWN BY:
Midwest Roadside S
Sofety Foci“ty OWG. MNAME. SCALE: 1:80 |Rev. BY:
MWT-SP-Wood _RS UNITS: In.[mm] ﬁ’lmﬂ;




V.

S

a

@)

62

31" 3}"
(787] 35" 7871 |
. [813]
24 7/8 24 7/8"
[632] [632] k
No bolt
Ground Line - Ground Line
(:),,"”— 40
[1016]
SECTION A—A SECTION B-B
Post Nos. 3-9 Post No. 10

/_m

[ Ll el _\

[ (=] -] \

[

E (=)

o - s—

[}
L E B 7
DETAIL E
SCALE 1 : 10

31"
32" {787] 32“
(813] 24 7/8" <| (813]
[632]
17 1/4"
[438]
” Ground Line
40 40"
[1016] [1016]
SECTION C-C
Post Nos. 11-15
SHEET:
MWT Wood Post 200 6
P 3 DATE
ost Nos. 3—-15
Details with Rail i
DRAWH BY.
Midwest Roadside EMAZRS,
Sofety FC]CI'Ity DG NAME, SCALE: 1:20 |Rev. Br:
MWT-SP-Wood_RS UNITS: in.[mm] %}W?K




PLAN VIEW

”_‘I (1%':.2]

5 1/8" _
[130)

7' 5/8"
[194]
S

3/4" (Typ.
Gﬁ[é] (Typ.) _/

8” -
[203]
ELEVATION VIEW

Post Nos.
Part ¢3

16"
[254]

PROFILE VIEW

-

b

16-18

31 5 :
[787]
— 30"
24 7/8" <|
(632] l [762]
17 /4'l
[438]
|
fs P
i]' Ground Line
PLAN VIEW
3" 48"
H (78] [1219]
B e
[194]
4 1/8"
68" | 105 8"
[152] e ‘|I203]L SECTION D-D
Post Nos. 16—18
ELEVATION VIEW PROFILE VIEW
Blockout
Post Nos. 16—18
Part b3
SHEET:
MWT Wood Post 3ot 6
Post Nos. 16—18 Details [:71[2:/2011
DRAWN BY:
Midwest Roadside SR/
SGfety FGCI'Ity i ) SCALE: 120 |Rev. 8r:
MWT—SP—Wood_RS UNITS: In.[mm] E,:r?/s)cn;




et

i
1
1
|

PLAN VIEW

3" e " "
76 ‘.| 7 11 18 _ ;’5 6
i = [181) |"| [ e o "—T [152)
718" T | 93/4 yp. T
FFw 7 I T
T e [305] i 7 578" === [305] i:
¥ (194] i
PLAN VIEW E B i K PLAN VIEW
6"
[152)
. @3/4" . 3/4* oS
72 v [1é] 7 (3[16] (Typ-)
[1829] ., [1829]
14 1/4 2§ L s s
S [ 2 A [483] 7 5/8"
[181] (194]
FAN
3" "
(76 H = 4[110%?
ELEVATION VIEW ELEVATION VIEW
Blockout Blockout
Post Nos. 3-9 Post Nos. 10-15
Part b1 Part b2
6" i g
[152] [152] 120317
ELEVATION VIEW PROFILE VIEW ELEVATION VIEW PROFILE VIEW
Post Nos. 3—9 Post Nos. 10—15
Part ¢1 Part ¢2
SHEET:
MWT Wood Post 4of 6
Post Nos. 3—15 Details DATE
7/12/2011
G B ]
Midwest Roadside S /miod
Scn‘ety Facility’ |™eME SCALE: 1:20 |ReV. BY:
MWT—SP-Wood_RS UNITS: In[mm) ﬁ’,:""/s‘n"’




EL L]
S s/
A8 A3

[ww]w spNn

001:1 -3WI5

}mw Ador
1rd/ i3
AB NMYHO

LWoz/zL /e
3iva

I
133HS

SHTPOoM—dS— LMW
Iy oMo

S|i}oQ UONHV3S |IDY

1SO0d Poom IMW

Ayijoo 4 Aya40g
9pISPDOY }SOMPIN

10IS

[zexvsz]

ﬂ#

gL | JOS
9 Tivl3d

) !
ll"l(ﬁ\@ = |

{,l.szH lorz] |

W2/l 8
9L : | 3OS
4 v13a
= L=] \
N\
=) =) \
= \
=) = |
]
[ 10IS ] = e ]
fA% S or4 - ]
FLOLX, Lm\ S 2 7
7
=1 __J
[15] [QLZ]
. 2/ 8
UO!]DBS UJDGQ G!Jul [QOS[] -.Q—-g
_:=_=:— —— —— = : ——
[eee] | [9ev] L [9s+] L
Tl IR J/¢ 8L .v/¢ 8l
[czzz]

.2/l (8

uonoas woag—m [0L8¢] ,9-.2L

= = — = =|_:"
[co6L] [¢s6]
«SL B4 I
[8z1+]
W2/l Z9l
uonoes woag auyl [oLes] .9-.21
@ \.1 — = = = = = = = _L=|:
K"::E : Ir e — = T — T— = —

[ —
A loew) L loev] L [ese] I [gse)] |
J/c 8L /¢ 8l 2/ Le o) AL

[gz1v]

W2/ 29l

uonoag uonisuD] woag auyl o) M [co6L] .£-.9

T O —— R ——— TS WSS 1

[eee] 1 [gc6]
oy 4 lezzzl 2/ LR

WL/l 18




ltem No. Description Material Specification Hardware Guide

al 6'—3" [1905] W—Beam to Thrie—Beam Transition Section 10 gauge AASHTO M180 RWTO1b
a2 6'—3" [1905] Thrie Beam Section — 1/2 Post Spacing 12 gauge AASHTO M180 RTMO02a
a3 12'—6" [3810] Thrie Beam Section — 1/2 Post Spacing 12 gauge AASHTO M180 RTMO4a
a4 12'—6" [3810] W—Beam MGS Section 12 gauge AASHTO M180 RWMO4a
b1 Bx12x14 1/4" [152x305x362] Blockout — Post Nos. 3-9 SYP Grade No. 1 or better PDB11a
b2 6x12x19" [152x305x483] Blockout — Post Nos. 10-15 SYP Grade No. 1 or better -

b3 B6xBx19" [152x203x483] Blockout — Post Nos. 16—18 SYP Grade No. 1 or better ~

cl 6x8" [152x203] 72" [1829] long — Post Nos. 3—9 SYP Grade No. 1 or better PDEO2
c2 6x8" [152x203] 72" [1829] long — Post Nos. 10—15 SYP Grade No. 1 or better PDEOZ2
c3 8x10" [203x254] 78" [1981] long — Post Nos. 16-18 SYP Grade No. 1 or better -

dil 16D Double Head Nail = -

d2 5/8"Dia. x 1 1/2" [M16x38] Long Guardrail Bolt ASTM A563 FBBO1
d3 5/8"Dia. x 21" [M16x533] Long Guardrail Bolt ASTM A563 FBBO7Y
d4 5/8" [16] Dia. Flat Washer F436 Gr. 1 FWC16a

Midwest Roadside
Safety Facility

MWT Wood Post

Bill of Materials




0¢

TestAgency ...
TestNumber ...,
Date ... i
NCHRP 350 Update Test Designation . .
Appurtenance .....................
TotalLength ......................
Key Elements - Steel W-Beam
Thickness ....................
Top Mounting Height . ..........
® Key Elements - Steel Posts
PostNos.3-27 ... ............
Spacing ...l
® Key Elements - Wood Posts
PostNos. 1 -2,28-29(BCT) ....
® Key Elements - Steel Foundation Tube
® Kcy Elements - Wood Spacer Blocks
PostNos.3-27 ...............
® TypeofSoil ......................
® Test Vehicle
Type/Designation ..............
Makeand Model ..............
Curb ... ...l

GrossStatic . ..................
® Impact Conditions

Speed ....... ...l

Angle ....... ... o

Impact Location ...............

MwRSF

2214MG-2

10/6/04

3-1n

Midwest Guardrail System
5525 m

2.66 mm
787 mm

W152x13.4 by 1.829 mm long
1.905 mm

140 mm x 190 mm by 1.080 mm long

. 1.829 mm long

152 mm x 305 mm by 362 mm long
Grading B - AASHTO M 147-65 (1990)

2270P

2002 Dodge Ram 1500 Quad Cab Pickup
2292 kg

2,268 kg

2.268 kg

101.1 kmvh
25.5 degrees

5.25 m upstrcam splice between posts 14 & 15

0.342 sec 0.458 sec
[ X3 —y
]
—t—

Exit Conditions

Speed ..o 63.7kmh T
Angle ... ... il 13.5 degrees
Exit Box Criterion ............. Pass

Post-lmpact Trajectory
Vehicle Stability ............... Satisfactory
Stopping Distance . . ............ 47.18 m downstream

15.56 m laterally behind
Occupant Impact Velocity (350 Update)

Longitudinal .................. 4.67m/s <12 m/s
Lateral .................. ..., 476 m/s < 12 /s
Occupant Ridedown Deceleration (350 Update)
Longitudinal .................. 823Gs<20Gs
Lateral ...............ccoit, 6.93 Gs <20 Gs
THIV (notrequired) ................ 6.91 m/s
PHD (notrequired) . ................ 10.76 Gs
Test Article Damage ................ Modcrate
Test Article Deflections
PermanentSet ................. 803 mm
Dynamic ..................... 1.114 mm
Working Width . ............... 1.234 mm
Vehicle Damage ................... Moderate
VDS 1-RFQ-4
CDC® i 1-RYEN2
Maximum Deformation ......... 19 mm at right-center floorpan

Figure 14. Summary of Test Results and Sequential Photographs, Test 2214MG-2
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0.000 sec 0.048 sec " 0.178 sec 0.356 sec  0.682 sec
—~132°-8J" [10.0 m)}--
16°-83" (5.1 m) gy {I
|

—r-r-rocrreroryTrTe—— 31 [787 mm) 32 [813 mm]
'23‘557a9‘o‘||Z||J"15|B|7|°‘92°212225242510272529

I 142°~5" [43.4 m]
o TestAgency .. . i e MWRSF e
o Test Number . MGSWP-1 s3-117 [184 m
e Date ... . e 422010
e MASH Test Designation, ... e 3-11 40 [1016 mm]
e  TestArticle ... ... M(}b with White an. Woed Posts
e TotalLength ... ., 175 ft(53.3m)
e Key Component — White Pine Wood Posts
PostSpacing................oe o 75 0. (1,905 mm) mmmd —— 1
Post Dimensions... ... 6 x8x 7’ in (152 x203 x 1,829 mm) . ) )
e Key Component - Wood Spacer Blocks * Test Article Deflections V-
Blockout Dimensions.............. 6x 12x 14%n. (152 x 305 x 362 mm) PEMMANCNE St o 4 33/.‘ in. (857 mm)
¢ Key Component - Stecl MGS Rail \[i,)namu. W SO RO TP e .63 n (:.176 mm)
Thickness......... R R .12 gauge (2.66 mm) orking 'dlh - T < 38:4mn. (1483 mm)
Top Mounting llclghl ................................. 31 in. (787 mm) *  Maximum Angular [)lsplaccmsnls
. Soil Type ... ... Cradlng B of AASHTO M147-65 (1990) :f.ol:;lh ...............................................................
e Vchicle Make /Model.............................. 2003 [)odge Ram 1500 Quad Cab Yaw.
surh D o ::gggg:g: o ImpactSeverity(IS).. . 131.5 kip-ft (178.3 KkJ) > 106 kip-R (144 kJ)
e 5.169 Ib (2,345 kg) o Transducer Data T
: 'm"“c'sifc’::l"f?ff?f ________________________________________________________ 635 mph (102.7 k) Evaluation Criteria EDR3 | DISSctl | DIsSsaz | MASH Limit
ANgle e 25.6 d?g o Long“udina} -15.38 -15.27 -15.75 <40
i ; 2
Location..... 13 ft - 4% in. (4.1 m) US of splice between posts 14 and 15 Vs (-4.69) (-4.65) (-4.80) (12.2)
e [xit Conditions (m/s) Lateral -14.95 -16.14 -15.91 40
22
Speed . 396 mph (63.7 kmvh) (:4.56) (-4.92) (-4 85) (12.2)
Angle - : - 16.6 deg ORA Longnudinal -8.08 825 825 <2049
Exit Box Criterion........ .............. . R e Pass N
Vehicle SEBIIY ... _ Satisfactory &3 Lateral 932 -10.13 986 <2049
Vehicle Stopping Distance........................ 142 R = § in_ (43.4 m) downstrcam 33 -y
53 ft= 11 m (16.4 m) laterally behind THIV - fVs (mVs) NA (-6 .""7) NA required
e  VehicleDamage ... . Moderate - 4
VDS e 01-RFQ-4 PHD - g's NA 12.36 NA not
coc™ ‘ _O1-RYEN-3 required
Maximum lmumr [)n.tormdtmn . l n (’5 mm) door below seat ASI 069 0.77 NA not
e Test Article Damage PP PPN . .....Moderate required

Figure 19. Summary of Test Results and Sequential Photographs, Test No. MGSWP-1
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	Dear Mr. Rosenbaugh:

