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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely
responsible for the facts and accuracy of the data and the opinions, findings, and
conclusions presented herein. The contents do not necessarily reflect the official views or
policies of the Roadside Safety Pooled Fund , The Texas A&M University System, or the
Texas A&M Transportation Institute (TTI). This report does not constitute a standard,
specification, or regulation. In addition, the above listed agencies/companies assume no
liability for its contents or use thereof. The names of specific products or manufacturers
listed herein do not imply endorsement of those products or manufacturers.

The results reported herein apply only to the article tested. The full  -scale crash test
was performed according to TTI Proving Ground quality procedures and American
Association of State Highway and Transportation Officials (AASHTO) Manual for Assessing
Safety Hardware, Second Edition ( MASH guidelines and standards.

The Proving Ground Laboratory within TTIlHYs Roa

Division (éTTIl Labd) strives for accuracy and com
occasions, unintentional or inadvertent clerical errors, technical errors, omissi ons,
oversights, or misunderstandings (collectively re

not be identified for corrective action prior to the final report being published and issued.

If, and when, the TTI Lab discovers an error in a published and iss ued final report, the TTI
Lab will promptly disclose such errorto  Roadside Safety Pooled Fund , and both parties
shall endeavor in good faith to resolve this situation. The TTI Lab will be responsible for
correcting the error that occurred in the report, which may be in the form of errata,
amendment, replacement sections, or up to and including full reissuance of the report. The
cost of correcting an error in the report shall be borne by the TTI Lab. An  y such errors or
inadvertent delays that occur in conne ction with the performance of the related testing
contract will not constitute a breach of the testing contract.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm 2
ft2 square feet 0.093 square meters m?
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ftS cubic feet 0.028 cubic meters m3
yd® cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1000L shall be showninm 3
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or met Mg (or
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F32)/9 Celsius °C
or (F-32)/1.8
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibffin 2 poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM S| UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in2
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? Square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces 0z
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet ft3
m? cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or megagrams (or 1.103 short tons (20001b) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in 2
*Sl is the symbol for the International System of Units
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CHAPTER 1.
INTRODUCTION

Previous testing and evaluation of the Merritt Parkway Guiderail system with a 4 -
inch curb resulted in unsatisfactory crashworthy performance (1) according to the
guidelines included in the American Association of State Highway and Transportation
Officials (AASHTO)Manual for Assessing Safety Hardware(MASH, Second Edition (2). The
Merritt Parkway Guiderail was assessed according to Test Level 3 (TL -3) evaluation criteria.
Ridedown accelerations above the MASH limits were observed in MASH Test3 -11. A
modification was made to the system by reducing the post spacing to 5 feet. The system
was found to be satisfactory for MASH TL -3. However, the 5 ft design modification was
evaluated without a curb and failed to meet the criteria for MASH Test3  -11. The ridedown
acceleration exceeded the MASH limits. It should be noted that a transition design
connecting the Merritt Parkway Guiderail to a concrete parapet was tested and evaluated
according to MASH TL-3 and was found to be satisfactory ( 1). Thus, the primary focus of
this project was the length -of-need section of the Merritt Parkway Guiderail design.

The objectives of this project were to:

1. Develop design concepts to improve the crashworthy performance of the
Merritt Parkway Guiderail

2. Evaluate the performance of the design concepts using computer
simulations. ldentify a candidate design concept for further evaluation
through full -scale crash testing.

3. Conduct full -scale crash tests and evaluate the performance of the design
according to MASH TL-3.

This report presents the research efforts and findings for the design and evaluation
of the Merritt Parkway Guiderail system.
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cHAPTER 2. DESIGN ANALYSIS

This chapter presents the details of the modeling and simulation effort related to
the development and evaluation of  the Merritt Parkway Guiderail system. Finite element
(FE) simulations were u sed as the primary tool to aid in the design and evaluation process.

2.1. DESIGN CONCEPTS

Previous full -scale crash testing indicated unsatisfactory performance of the current
Merritt Parkway Guiderail system (1). The system failed MASHTest 3-11 due to excessive
longitudinal ridedown acceleration. The high ridedown acceleration occurred as the pickup
truck vehicle engaged the splice connection at the post.

Four design concepts were developed to improve the crashworthy performance of
the system. Each design was analyzed using finite element computer simulations. The
design concepts are summarized as follows:

9 Addition of a rubrail. A 6-inch x 8-inch timber rail was added below the main rail.
The height to the top edge of the rubrail was 14 inches.
o Design Intent: Reduce potential for snagging and increase overall system
stiffness.
1 Smaller steel posts.  Reduce the steel post size to W6x9.
o Design Intent: Allow increased system deflection and reduce potential for
vehicle pocketing and snagging.
1 Thicker splice plate.  Increase the thickness of the splice plate to 1 inch.  Previous
thickness was 3/8 -inch.
o Design Intent: Reduce deflection of splice plate to reduce vehicle snagging
and accelerations.
1 Front splice plate.  Add splice plate to the front side of the timber rails.
o Design Intent: Reduce potential for vehicle snagging on front edges of timber
rails.

An initial focus was placed on evaluation of the design concepts with a 4 -inch curb.
This was the configuration that failed MASHTest 3-11 due to excessive ridedown
acceleration and was considered the most critical configuration . If the design concept was
satisfactory, then additional evaluation would be considered for a no curb configuration.

2.2. MODEL

A finite model of each design concept was developed for evaluation through
computer simulations. Each model generally included the following components: steel
posts, steel-backed timber rail, timber blockouts, splice plate, guiderail bolts , and lag
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screws. The timber components were modeled using MAT_WOOD. The guiderail posts,
splice plates, and steel -backed plates were modeled using

MAT _SIMPLIFIED_JOHNSOON_COQKAt each lag screw location , the surrounding nodes
between the steel plate and timber rail were constrained using

CONTACT_TIED_NODES TO_SURFAEHure 2.1 and Figure 2.2 show elevation and plan
views of the FEmodel. This model represents the original system priorto  the integration of
the components for the four different  design concepts. This model also includes a 4-inch
curb.

Figure 2.1. Elevation View of FE Model.

=

Figure 2.2. Plan View of FE Model.

2.3. SMULATIONS

Computer simulations were performed using the finite element method to evaluate
each design concept according to MASHTest 3-11. If the design concept was found to be
satisfactory for MASHTest 3-11, then additional simulations were conducted to evaluate the
performance according to MASHTest 3-10.
LS. DYNA, which is a commercially available general purpose FE software, was used
for all the finite element analyses. A 5,000-Ib Dodge Ram pickup truck vehicle model was
used for the MASHTest 3-11 computer simulations (Figure 2.3). A 2,425-lb Toyota Yaris
small car vehicle model was used for the MASHTest 3-10 computer simulations ( Figure 2.4).
The MASHTest 3-11 computer simulations were performed with an impact speed
and angle of 62 mi/h and 25 degrees. The critical impact location was 14 ft upstream from
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the centerline of post 7. This impact location was selected based on the previous testing of
the Merritt Parkway Guiderail system (1).

Figure 2.3. 2270P FE Vehicle Model.

Figure 2.4. 1100C FE Vehicle Model.

MASHTest 3-11 computer simulations were performed for  all four design concepts.
Figure 2.5 through Figure 2.8 show sequential images for the simulation runs.  Table 2.1
shows the occupant risk values for the simulation runs.

The rubrail and W6x9 (i.e., smaller posts) design concepts both indicated
unsatisfactory crashworthy performance due to vehicle rollover. The front splice plate
design concept indicated satisfactory crashworthy performance. The vehicle remained
stable throughout the simulation and the occupant risk results were below the MASHIimits.
However, there was concern about the edge of the  steel plate being exposed to the vehicle
if the timber rail were to sustain any fractures during impact. Thus, this design concept
was not considered for further evaluation. The  1-inch-thick splice plate design concept
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indicated satisfactory crashworthy performance . The vehicle remained stable throughout
the simulation and the occupant risk results were below the MASHIimits.

0.8s 0.8s
Figure 2.5. Sequential Images for MASH Test 3  -11 Simulation s Rubrail.

‘

0.0s 0.0s

0.4s
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0.8s 0.8s
Figure 2.6. Sequential Images for MASH Test 3  -11 Simulation s W6x9 Posts.

,

0.0s

04s
1 Y o
0.8s 0.8s
Figure 2.7. Sequential Images for MASH Test 3  -11 Simulation s Front Splice
Plate.
0.0s 0.0s

0.8s 0.8s
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Figure 2.8. Sequential Images for MASH Test 3

Splice Plate.

-11 Simulation s 1 inch Thick

Table 2.1. Occupant Risk Values for Design Concepts.

Rubrail WEX9 Posts Front Splice lin Splice

Plate Plate
OlV, Longitudinal  (ft /s) 20.5 17.4 17.4 18.1
OlV, Lateral (ft/s) 22.2 19.8 21.3 21.0
RDA, Longitudinal (g) 13.5 8.2 11.6 9.9
RDA, Lateral (g) 12.9 9.2 125 125
Roll (deg) 59.8 134.2 45.7 33.1
Pitch ( deg) 45.8 40.1 27.1 14.6
Yaw (deg) 38.1 37.3 41.8 40.2

The design concept with the 1 -inch splice indicated the best crashworthy
performance. This concept was further evaluated for

evaluation with a no curb configuration.

In all three computer simulations
indicated satisfactory performance.
plate was considered for further evaluation through full

MASHTest 3-10 and for MASHTL-3

, the system with a 1-inch-thick splice plate

Thus, the design concept with the 1-inch-thick splice
-scale crash testing. Chapter 3

through Chapter 6 presents details of the system, test procedures, and crash test results.
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CHAPTER 3.
SYSTEM DETAILS

3.1. TEST ARTICLE AND INSTALLATION DETAILS

3.1.1. Test 62006401-2

The Merritt Parkway Guiderail test installation for crash test 620061 -01-2 was a
roadside safety barrier system incorporating galvanized  (except for the section above
ground) steel posts, timber rails , an anchor block, and a concrete parapet . The total
installation length was 166 feet, divided into three primary segments: the Anchor Section,
the Length of Need (LON), and the Transition Section.

The Anchor Section spanned 29 feet and % inch, beginning at the anchor block and
extending to Post 3. It tapered up from the ground at the anchor block to a nominal height
of 30 inches, which continued throughout the rail system. It also flared laterally t oward the
traffic side to a final offset of 34 -1/4 inches from the front face of the rail at the LON.

The Length of Need was the primary segment, extending 100 feet and comprising
10 posts spaced at 10 -foot intervals. This section used standard timber rails and galvanized
(expect for the section above ground) steel posts with consistent connection details.

A 50-foot -long cast-in-place concrete curb was installed along the LON, centered
between Posts 5 and 10. The curb measured 26 inches in width and 12 inches in thickness,
with an integrated 4 -inch-tall by 5-3/4-inch-wide raised curb on the side closest to the
traffic rail, extending above grade. The base edge of the raised curb was positioned 12
inches from the traffic -side face of the timber rail. The curb was constructed from 4,000 psi
concrete and reinforced.

The Transition Section measured 20 feet, bridging the LON and the concrete
parapet. It included specialized transition rails and backup plates, and had varied post
spacing spanning Posts 13 through 19 . At the Transition Section, ten curb sections were
tapered across a length of 19 ft from ground level up to a height of 8 inches at the concrete
parapet.

A reinforced concrete parapet was also constructed as part of the installation. This
parapet was built using high -strength concrete and reinforced with multiple layers of steel
rebar. It included embedded anchor bolts and epoxy anchorage, with standard con crete
cover and chamfered edges to meet structural and safety requirements.

Figure 3.1 presents the overall information on the Merrit t Parkway Guiderail , and
Figure 3.2 thru Figure 3.7 provide photographs of the installation.  A.1 provides further
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detail s on the Merrit t Parkway Guiderail for Test 620061 -01-2. Drawings were provided by
the Texas A&M Transportation Institute  (TTI)Proving Ground , and construction was
performed by TTI Proving Ground personnel .

3.1.2. Tests 62006901-1&3

For crash tests 620061 -01-1 and 620061 -01-3, the test installation incorporated
several modifications to the original 620061 -01-2 configuration. The Anchor Section was
slightly extended to 29 feet 1% inches, and the Length of Need began at the joint betwee n
Posts 3 and 4, utilizing a bent splice plate at that location. While the LON retained its 100 -
foot span, the post layout was revised to include only nine 10  -foot spaces. Additionally, the
depth of backfill behind the posts located in front of the curb se ction increased from 16
inches to 17 inches. All other elements of the installation, including materials, curb and
parapet construction, and connection details, remained the same as in test 620061 -01-2.

Figure 3.8 presents the overall information on the Merrit  t Parkway Guiderail , and
Figure 3.9 thru Figure 3.14 provide photographs of the installation.  A.2 provides further
details on the Merrit t Parkway Guiderail for Tests 620061 -01-1&3. Drawings were provided
by the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.1.3. Test 62006101-4

For crash test 620061 -01-4, all elements of the installation remained the same as
test 620061 -01-1 and 620061 -01-3, except for the curb which was removed creating a
consistent rail height of 30 inches throughout the LON and transition.

Figure 3.15 presents the overall information on the Merrit  t Parkway Guiderail , and
Figure 3.16 thru Figure 3.21 provide photographs of the installation.  A.3 provides further
details on the Merrit t Parkway Guiderail for Test 620061 -01-4. Drawings were provided by
the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.1.4. Tests 62006901-5&6

For crash test 620061 -01-5 and 620061 -01-6, a rub rail was added below the traffic
rail along the LON that was composed of timber and steel backup plates as used in the
traffic rail. All other elements of the installation, including materials, curb and par apet
construction, and connection details, remained the same as in test 620061 -01-4.

Figure 3.22 presents the overall information on the Merrit  t Parkway Guiderail , and
Figure 3.23 thru Figure 3.28 provide photographs of the installation.  A.4 provides further
details on the Merrit t Parkway Guiderail for Tests 620061 -01-5&6. Drawings were provided
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by the Texas A&M Transportation Institute (TTI) Proving Ground, and construction was
performed by TTI Proving Ground personnel.

3.2. DESIGN MODIFICATIONS DURINNGEST

No modification s were made to the test installation during the testing phase other
than the ones described previously
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Figure 3.1. Details of Merrit t Parkway Guiderail for Test 620061 -01-2.

2a. This dimension is from the traffic side face of
the Traffic Rail to the center of the Anchor Block.




Figure 3.2. Merrit t Parkway Guiderail Test Installation priorto Test 620061-01-

2.

Figure 3.3. Merrit t Parkway Guiderail Obliqgue Downstream View of  Test
Installation  priorto Test 620061-01-2.
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Figure 3.4. Merrit t Parkway Guiderail Traffic Side View of Joint between Post s
7 and 8 prior to Test 620061-01-2.

Figure 3.5. Merrit t Parkway Guiderail Field Side Oblique Downstream  View of
Test Installation  prior to Test 620061-01-2.
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Figure 3.6. 620061-01-

Figure 3.7. Merrit t Parkway Guiderail Downstream In -Line View of Test
Installation  priorto Test 620061-01-2.
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Figure 3.8. Details of Merrit



Figure 3.9. Merrit t Parkway Guiderail Test Installation
01-1&3.

prior to Test s 620061-

Figure 3.10. Merrit t Parkway Guiderail Obligue Downstream View of Test
Installation  prior to Test s 620061-01-1&3.
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Figure 3.11. Merri tt Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Test s 620061-01-1&3.

Figure 3.12. Merrit t Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Test s 620061-01-1&3.
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Figure 3.13. Merrit t Parkway Guiderail Downstream In -Line View of Test
Installation  prior to Test s 620061-01-1&3.
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Figure 3.14. Merrit t Parkway Gu iderail Field Side Downstream View  of Test
Installation  prior to Test s 620061-01-1&3.
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Figure 3.15. Details of Merrit t Parkway Gu iderail for Test 620061 -01-4.



Figure 3.16. Merrit t Parkway Guiderail Test Installation priorto Test 620061-
01-4.

Figure 3.17. Merri tt Parkway Guiderail Obligue Downstream View of Test
Installation  prior to Test s 620061-01-1&3.
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Figure 3.18. Merri tt Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Test 620061-01-4.
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Figure 3.19. Merri tt Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Test 620061-01-4.
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Figure 3.20. Merrit t Parkway Guiderail Downstream In -Line View of Test
Installation priorto Test 620061-01-4.

Figure 3.21. Merrit t Parkway Gu iderail Field Side Downstream View of Test
Installation  priorto Test 620061-01-4.
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Figure 3.22. Details of Merrit t Parkway Gu iderail for Test 620061 -01-5&6.
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Figure 3.23. Merrit t Parkway Guiderail Test Installation prior to Test s 620061-
01-5&6.

Figure 3.24. Merrit t Parkway Guiderail Obligue Downstream View of Test
Installation  prior to Test s 620061-01-1&3.
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Figure 3.25. Merrit t Parkway Guiderail Traffic Side View of Joint at Midspan
between Posts 7 and 8 prior to Test s 620061-01-5&6.

Figure 3.26. Merrit t Parkway Guiderail Field Side View of Joint at Midspan
between Posts 7 and 8 prior to Test s 620061-01-5&6.
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Figure 3.27. Merrit t Parkway Guiderail Downstream In -Line View of Test
Installation  prior to Test s 620061-01-5&6.

Figure 3.28. Merrit t Parkway Gu iderail Field Side Upstream View of Test
Installation prior to Test s 620061-01-5&6.
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