
 

 

Midwest Pooled Fund Program 

Fiscal Years 2014-2020 (Years 25 and 27) 

Research Project Number TPF-5(193) Supplements #81 and #107 

NDOT Sponsoring Agency Code RPFP-15-AGT-1 and RPFP-17-AGT-3 

 

DEVELOPMENT OF A STA NDARDIZED BUTTRESS 

FOR APPROACH GUARDRAIL T RANSITIONS 
 

     
 

Submitted by 

 

Scott K. Rosenbaugh, M.S.C.E., E.I.T. 

Research Engineer 

 

Nathan Asselin 

Undergraduate Research Assistant 

Ronald K. Faller, Ph.D., P.E. 

Research Professor & MwRSF Director 

 

Jason A. Hartwell 

Former Undergraduate Research Assistant 

 

MIDWEST ROADSIDE SAFETY FACILITY  
Nebraska Transportation Center 

University of Nebraska-Lincoln 

Main Office 

Prem S. Paul Research Center at Whittier School 

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

(402) 472-0965 

Outdoor Test Site 

4630 N.W. 36th Street 

Lincoln, Nebraska 68524 

 

 

Submitted to 

 

MIDWEST POOLED FUND PROGRAM  
Nebraska Department of Transportation 

1500 Nebraska Highway 2 

Lincoln, Nebraska 68502 

 

MwRSF Research Report No.  TRP-03-369-20 

 

November 10, 2020 



i 

TECHNICAL REPORT DOCUMENTATION PAGE  

1. Report No. 2. Government Accession No.  3. Recipientôs Catalog No. 

TRP-03-369-20   

4. Title and Subtitle 5. Report Date 

Development of a Standardized Buttress for Approach Guardrail Transitions 

 
November 10, 2020 

6. Performing Organization Code 

 

7. Author(s) 8. Performing Organization Report No. 

Rosenbaugh, S.K., Faller, R.K., Asselin, N., and Hartwell, J.A. 

 

TRP-03-369-20 

9. Performing Organization Name and Address 10. Work Unit No. 

Midwest Roadside Safety Facility (MwRSF) 

Nebraska Transportation Center 

University of Nebraska-Lincoln  

Main Office: 

Prem S. Paul Research Center at Whittier School  

Room 130, 2200 Vine Street 

Lincoln, Nebraska 68583-0853 

Outdoor Test Site: 

4630 N.W. 36th Street 

Lincoln, Nebraska 

68524 

11. Contract 
TPF-5(193) Supplements #81 and #107 

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered 

Midwest Pooled Fund Program 

Nebraska Department of Transportation 

1500 Nebraska Highway 2 

Lincoln, Nebraska 68502 

Final Report: 2014 ï 2020 

14. Sponsoring Agency Code 

RPFP-15-AGT-1 and  

RPFPï17-AGT-3 

15. Supplementary Notes 

Prepared in cooperation with U.S. Department of Transportation, Federal Highway Administration. 

16. Abstract 

Approach guardrail transitions (AGTs) incorporate increased post and rail sizes, reduced post spacings, specialized 

buttress end geometries, and other roadway features to smoothly transition from deformable W-beam guardrail to rigid 

barriers. This transition in barrier lateral stiffness requires specific combinations of these components to function properly. 

Changing components, or even the addition or removal of a curb below the rail, can negatively affect the safety performance 

of an otherwise crashworthy system. However, recent full-scale crash testing has indicated that a properly-designed buttress 

at the downstream end of an AGT may be utilized with multiple thrie-beam AGT systems. Thus, the objective of this project 

was to develop a standardized buttress to reduce vehicle snag and be compatible with a wide variety of previously-developed, 

31-in. tall, thrie-beam AGT systems, either with or without a curb. 

The standardized buttress was designed with a dual taper on its front upstream edge. A shallower lower taper was 

designed to mitigate tire snag below the rail, while a steeper upper taper was designed to prevent vehicle snag and limit the 

unsupported span length of the guardrail. This buttress design was evaluated in combination with a critical AGT (i.e., an AGT 

with lower stiffness than other crashworthy AGTs) without a curb, representing a worst-case scenario. The standardized 

buttress was successfully crash tested to the 2016 Manual for Assessing Safety Hardware (MASH) Test Level 3 (TL-3) safety 

criteria. Guidance was provided for both the attachment of the buttress to various crashworthy thrie-beam AGTs as well as 

how to transition the shape of the buttress to adjacent bridge rails or rigid parapets downstream from the AGT. 

17. Key Words 18. Distribution  Statement 

Highway Safety, Crash Test, MASH 2016, TL-3, Guardrail 

Transition, Thrie Beam, Concrete Buttress, Barrier Transition, 

Crashworthy  

No restrictions. Document available from: National 

Technical Information Services, Springfield, Virginia 

22161 

19. Security Classification  (of 

this report) 

20. Security Classification 

(of this page) 

21. No. of Pages 22. Price 

Unclassified Unclassified 245  



November 10, 2020 

MwRSF Report No. TRP-03-369-20 

ii  

DISCLAIMER STATEMENT  

This material is based upon work supported by the Federal Highway Administration, U.S. 

Department of Transportation and the Midwest Pooled Fund Program under TPF-5(193) 

Supplement #81 and #107. The contents of this report reflect the views and opinions of the authors 

who are responsible for the facts and the accuracy of the data presented herein. The contents do 

not necessarily reflect the official views or policies of the University of Nebraska-Lincoln, state 

highway departments participating in the Midwest Pooled Fund Program, nor the Federal Highway 

Administration, U.S. Department of Transportation. This report does not constitute a standard, 

specification, or regulation. Trade or manufacturersô names, which may appear in this report, are 

cited only because they are considered essential to the objectives of the report. The United States 

(U.S.) government and the State of Nebraska do not endorse products or manufacturers. 

UNCERTAINTY OF MEASUREMENT STATEMENT  

The Midwest Roadside Safety Facility (MwRSF) has determined the uncertainty of 

measurements for several parameters involved in standard full-scale crash testing and non-standard 

testing of roadside safety features. Information regarding the uncertainty of measurements for 

critical parameters is available upon request by the sponsor and the Federal Highway 

Administration.  

INDEPENDENT APPROVING AUTHORITY  

The Independent Approving Authority (IAA) for the data contained herein was Mr. Robert 

Bielenberg, Research Engineer. 



November 10, 2020 

MwRSF Report No. TRP-03-369-20 

iii  

ACKNO WLEDGEMENTS  

The authors wish to acknowledge several sources that made a contribution to this project: 

(1) the Midwest Pooled Fund Program funded by the California Department of Transportation, 

Florida Department of Transportation, Georgia Department of Transportation, Hawaii Department 

of Transportation, Illinois Department of Transportation, Indiana Department of Transportation, 

Iowa Department of Transportation, Kansas Department of Transportation, Kentucky Department 

of Transportation, Minnesota Department of Transportation, Missouri Department of 

Transportation, Nebraska Department of Transportation, New Jersey Department of 

Transportation, North Carolina Department of Transportation, Ohio Department of Transportation, 

South Carolina Department of Transportation, South Dakota Department of Transportation, Utah 

Department of Transportation, Virginia Department of Transportation, Wisconsin Department of 

Transportation, and Wyoming Department of Transportation for sponsoring this project; and (2) 

MwRSF personnel for constructing the barriers and conducting the crash tests. 

Acknowledgement is also given to the following individuals who made a contribution to 

the completion of this research project. 

Midwest Roadside Safety Facility  
J.D. Reid, Ph.D., Professor 

J.C. Holloway, M.S.C.E., E.I.T., Research Engineer & Assistant Director ïPhysical Testing Division 

K.A. Lechtenberg, M.S.M.E., E.I.T., Research Engineer 

R.W. Bielenberg, M.S.M.E., E.I.T., Research Engineer 

J.D. Rasmussen, Ph.D., P.E., Research Associate Professor 

C.S. Stolle, Ph.D., E.I.T., Research Assistant Professor 

J.S. Steelman, Ph.D., P.E., Associate Professor 

M. Asadollahi Pajouh, Ph.D., P.E., Research Assistant Professor  

A.T. Russell, B.S.B.A., Testing and Maintenance Technician II 

E.W. Krier, B.S., Construction and Testing Technician II  

S.M. Tighe, Construction and Testing Technician I 

D.S. Charroin, Construction and Testing Technician I 

R.M. Novak, Construction and Testing Technician I 

T.C. Donahoo, Construction and Testing Technician I 

J.T. Jones, Construction and Testing Technician I 

J.E. Kohtz, B.S.M.E., CAD Technician 

E.L. Urbank, B.A., Research Communication Specialist 

Z.Z. Jabr, Engineering Technician 

Undergraduate and Graduate Research Assistants 

 



November 10, 2020 

MwRSF Report No. TRP-03-369-20 

iv 

California Department of Transportation  

Bob Meline, Chief, Roadside Safety Research Branch 

David Whitesel, P.E., Transportation Engineer 

John Jewell, P.E., Senior Transportation Engineer, Specialist 

 

Florida Department of Transportation 

Derwood C. Sheppard, Jr., P.E., Design Standards 

Publication Manager, Roadway Design Engineer 

 

Georgia Department of Transportation  

Brent Story, P.E., State Design Policy Engineer 

Frank Flanders IV, P.E., Assistant State Design Policy 

Engineer 

 

Hawaii Department of Transportation  

James Fu, P.E., State Bridge Engineer  

Dean Takiguchi, P.E., Engineer, Bridge Design Section 

Kimberly Okamura, Engineer, Bridge Design Section 

 

Illinois Department of Transportation  

Filiberto Sotelo, Safety Evaluation Engineer 

Martha Brown, P.E., Safety Evaluation Unit Chief 

 

Indiana Department of Transportation 

Katherine Smutzer, P.E., Standards Engineer 

Elizabeth Phillips, P.E., Standards and Policy Manager 

 

Iowa Department of Transportation 

Chris Poole, P.E., Roadside Safety Engineer 

Brian Smith, P.E., Methods Engineer 

Daniel Harness, P.E., Transportation Engineer Specialist 

Stuart Nielsen, P.E., Transportation Engineer Administrator, 

Design 

Elijah Gansen, P.E., Geometrics Engineer 

 

Kansas Department of Transportation 

Ron Seitz, P.E., Director of Design 

Scott King, P.E., Road Design Bureau Chief 

Thomas Rhoads, P.E., Road Design Leader, Bureau of Road 

Design 

Brian Kierath Jr., Engineering Associate III, Bureau of Road 

Design 

 

Kentucky Department of Transportation 

Jason J. Siwula, P.E., Assistant State Highway Engineer 

Kevin Martin, P.E., Transportation Engineer Specialist 

Gary Newton, Engineering Tech III, Design Standards 

 

Minnesota Department of Transportation 

Michael Elle, P.E., Design Standards Engineer 

Michelle Moser, P.E., Assistant Design Standards Engineer  

 

Missouri Department of Transportation 

Sarah Kleinschmit, P.E., Policy and Innovations Engineer 

 

Nebraska Department of Transportation 

Phil TenHulzen, P.E., Design Standards Engineer 

Jim Knott, P.E., Construction Engineer 

Mike Owen, P.E., State Roadway Design Engineer 

Mick Syslo, P.E., Materials and Research Engineer & 

Division Head 

Mark Fischer, P.E., PMP, Research Program Manager 

Lieska Halsey, Research Project Manager 

Angela Andersen, Research Coordinator 

David T. Hansen, Internal Research Coordinator 

Jodi Gibson, Former Research Coordinator 

 

New Jersey Department of Transportation 

Hung Tang, Senior Engineer, Transportation 

Joseph Warren, Assistant Engineer, Transportation  

 

North Carolina Department of Transportation  

Neil Mastin, P.E., Manager, Transportation Program 

Management ï Research and Development 

D. D. ñBuckyò Galloway, P.E., CPM, Field Operations 

Engineer 

Brian Mayhew, P.E., State Traffic Safety Engineer 

Joel Howerton, P.E., Plans and Standards Engineer 

 

Ohio Department of Transportation 

Don Fisher, P.E., Roadway Standards Engineer  

 

South Carolina Department of Transportation 

J. Adam Hixon, P.E., Design Standards Associate 

Mark H. Anthony, P.E., Letting Preparation Engineer 

Henry Cross, P.E., Design Standards Engineer 

Jason Hall, P.E., Engineer 

 

South Dakota Department of Transportation 

Randy Brown, P.E., Standards Engineer 

David Huft, P.E., Research Engineer 

Bernie Clocksin, P.E., former Standards Engineer 

 

Utah Department of Transportation 

Shawn Debenham, Traffic and Safety Specialist 

Glenn Blackwelder, Operations Engineer 

 

Virginia Department of Transportation  

Charles Patterson, P.E., Standards/Special Design Section 

Manager 

Andrew Zickler, P.E., Complex Bridge Design and ABC 

Support Program Manager 

 

Wisconsin Department of Transportation 

Erik Emerson, P.E., Standards Development Engineer 

Rodney Taylor, P.E., Roadway Design Standards Unit 

Supervisor 

 

Wyoming Department of Transportation 

William Wilson, P.E., Architectural and Highway Standards 

Engineer 

 

Federal Highway Administration  
David Mraz, Division Bridge Engineer, Nebraska Division 

Office 



November 10, 2020 

MwRSF Report No. TRP-03-369-20 

v 

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 
in2 square inches 645.2 square millimeters mm2 

ft2 square feet  0.093 square meters  m2 
yd2 square yard  0.836 square meters  m2 

ac acres  0.405 hectares  ha 
mi2 square miles  2.59 square kilometers  km2 

VOLUME  
fl oz fluid ounces 29.57 milliliters  mL 

gal gallons  3.785 liters  L 
ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1,000 L shall be shown in m3 
MASS 

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 
T short ton (2,000 lb) 0.907 megagrams (or ñmetric tonò) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION  
fc foot-candles  10.76 lux lx 

fl  foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

APPROXIMATE CONVERSIONS FROM SI 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 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

ha hectares  2.47 acres  ac 
km2 square kilometers  0.386 square miles  mi2 

VOLUME  
mL milliliter   0.034 fluid ounces fl oz 
L liters  0.264 gallons  gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg kilograms 2.202 pounds lb 
Mg (or "t")  megagrams (or ñmetric tonò) 1.103 short ton (2,000 lb) T 

TEMPERATURE (exact degrees) 
°C  Celsius  1.8C+32 Fahrenheit  °F  

ILLUMINATION  
lx lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl  

FORCE & PRESSURE or STRESS 
N newtons  0.225 poundforce  lbf 
kPa kilopascals  0.145 poundforce per square inch lbf/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
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1 INTRODUCTION  

1.1 Background 

Approach guardrail transitions (AGTs) are utilized to attach deformable W-beam guardrail 

to various rigid barriers, including bridge rails and reinforced concrete parapets. To smoothly 

transition between barriers with different stiffness and prevent vehicle snag, AGTs typically 

incorporate thicker and/or nested guardrail segments, larger guardrail sections (i.e., thrie beam), 

increased post sizes, increased post embedment depths, and decreased post spacings. Additionally, 

the upstream end of the rigid barriers where the guardrails are attached are often modified to 

include various tapers, chamfers, and/or flares to reduce vehicle snag. Curbs have also been placed 

below the guardrail and adjacent to the rigid barrier to further reduce the likelihood of tire snag. 

AGTs require a specific combination of these components and roadside features in order to 

perform safely. 

Over the last several decades, multiple AGTs have been developed to satisfy the safety 

performance criteria of the National Cooperative Highway Research Program (NCHRP) Report 

350 [1], the American Association of State Highway and Transportation Officials (AASHTO) 

2009 Manual for Assessing Safety Hardware (MASH) [2], or MASH 2016 [3]. However, full-

scale crash testing has illustrated the sensitive nature of guardrail stiffness transitions. Changing 

only a single AGT component or feature can significantly alter its safety performance. For 

example, the addition or removal of a curb, altering the geometry of the rigid parapet, or altering 

the embedment depth of the transition posts can be the difference between a test failure or a 

successfully crash-tested AGT [4-12]. Due to the sensitivity of stiffness transitions, AGT 

components and features (e.g., curb usage and rigid barrier geometry) are not necessarily 

interchangeable between AGT systems. 

The majority of failures observed during crash testing have been the result of excessive 

vehicle contact with the rigid parapet, especially for AGTs that did not utilize a curb beneath the 

guardrail. These tests indicated that the geometry of the rigid parapet was more critical than 

previously believed. Thus, the development of a concrete parapet end geometry was desired to 

minimize the risk of vehicle snag and to be crashworthy in combination with various thrie-beam 

AGTs. 

1.2 Objective 

The objective of this research project was to develop and evaluate a standardized buttress 

geometry for use with thrie-beam AGTs. The transition buttress was desired to be compatible with 

all of the previously-developed, thrie-beam AGT systems that were successfully crash tested to 

the Test Level 3 (TL-3) safety performance criteria of either MASH or NCHRP Report 350. 

Additionally, the buttress needed to safely transition from stiffened thrie beam to a variety of 

concrete parapets and bridge rail shapes. Finally, AGTs incorporating the standardized buttress 

needed to be crashworthy in both curbed and non-curbed configurations.
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1.3 Research Plan 

Development of the standardized concrete parapet end section began with a review of 

existing thrie-beam transitions to concrete parapets that were tested to either NCHRP Report 350 

or MASH standards. Potential buttress geometries were reviewed, and a critical transition design 

was identified for use in the evaluation of the buttress. The new buttress geometry was based on 

the observed performance of the previous AGT crash test results and additional design and 

analysis. The proposed parapet configuration was then full-scale crash tested with a selected 

critical AGT that provided the greatest risk of vehicle snag. Testing was conducted in accordance 

with MASH 2016 TL-3 safety performance criteria.  
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2 BARRIER DESIGN  

2.1 Preliminary Buttress Design 

Development of the standardized transition buttress began with a review of previous full-

scale crash testing on AGTs connected to concrete parapets. Since a limited number of AGTs had 

been evaluated to MASH standards, the review included both MASH and NCHRP Report 350 

tested systems. Forty-two crash tests, which were conducted on 22 different transition systems, 

were reviewed in order to identify tendencies between the crashworthy systems and those that 

failed to meet the safety performance criteria [4-33]. Of these reviewed tests, eight were MASH 

tests and 34 were NCHRP Report 350 tests. Twenty-two tests were successful, while 20 tests failed 

to satisfy the safety performance criteria. The near 50 percent pass/fail rate was thought to provide 

valuable insight into the performance of various transition design characteristics, and knowledge 

gathered from this review was utilized to guide the design of the standardized buttress. 

During the literature review, it was noted that nearly all AGTs were designed with the thrie-

beam end connector mounted vertically to the face of the concrete parapet. If the parapet had a 

sloped face (e.g., New Jersey, F-shape, or single slope barriers), a wedge shaped connection plate 

was typically utilized between the thrie-beam end connector and the parapet, which allowed the 

rail to remain vertical as opposed to being twisted to match the slope of the parapet. At the time of 

time R&D for the buttress, only two tests had been conducted on thrie-beam AGTs with the rail 

twisted to match the sloped face of the parapet, and both of those NCHRP Report 350 tests resulted 

in vehicle rollovers [6, 17]. Thus, it was desired to keep the rail element vertical throughout the 

AGT. To keep the AGT design simple and avoid the additional components and costs associated 

with requiring a connection plate, the standardized buttress was designed with a vertical front face 

geometry. The vertical shape could then be transitioned into different parapet shapes downstream 

from the rail end connector. 

Multiple AGTs had been designed with a rub rail placed below the rail to mitigate tire snag. 

However, six out of the nine tests conducted on AGTs incorporating rub rails were failures, and 

five of those failed tests involved vehicle rollovers [21-28]. These results indicate that tire 

interactions with rub rails may lead to vehicle instabilities during redirection. Therefore, a rub rail 

was not incorporated into the design of the standardized buttress. 

Without a rub rail, the front upstream corner of the buttress needed to be tapered back to 

reduce snag on the buttress. Previous crash testing has shown that tapering the front corner 4 to 5 

in. backward was sufficient to limit  snag and often resulted in crashworthy designs [12-14]. 

Therefore, the lateral extent of the taper on the front corner of the standardized buttress was desired 

to be a minimum of 4 in. 

The slope of the taper and the associated longitudinal extent of the taper affect the 

performance of the standardized buttress in opposing ways. A shallow slope over a long distance 

was desired to minimize vehicle and tire snag on the buttress. However, increasing the longitudinal 

length of the taper also increases the unsupported length of the thrie beam between the buttress 

and the adjacent transition post. Increasing the unsupported length of the rail would result in a 

reduction in stiffness, an increase in deflection, and increased potential for both pocketing and 

vehicle snag. Thus, a steeper taper over a shorter longitudinal distance was desired to maintain rail 

stiffness and prevent excessive barrier deflections. 
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To balance these two effects, a dual taper design was selected, as shown in Figure 1. The 

lower portion of the buttress below the thrie beam utilized a shallow taper to minimize tire snag, 

while the upper portion of the buttress behind the rail utilized a steep taper to limit the unsupported 

span length of the rail while still reducing vehicle snag. Previous MASH crash testing has 

demonstrated that a slope rate of 3:1 can prevent tire snag during vehicle impacts into AGTs [33]. 

Thus, the preliminary buttress design incorporated a lower taper with a 3:1 slope, resulting in a 12-

in. long by 4-in. deep taper. The height of the lower taper on the preliminary design was 11 in. and 

extended to the bottom of the thrie beam. The upper taper on the preliminary design had a 1:1 

slope, resulting in a 4-in. by 4-in. taper behind the rail. 

 
Figure 1. General Shape of Standardized Buttress Incorporating Dual Tapered Front Edge 

To prevent vehicle snag on the buttress above the thrie beam, the upstream face of the 

standardized buttress was set at 32 in. tall, which would be 1 in. above the top of a 31-in. tall thrie 

beam. However, many concrete barriers and bridge rails are installed with a taller height to contain 

heavy trucks. For example, rigid barriers are typically designed with a minimum height of 36 in. 

to contain the 10000S single unit truck and satisfy MASH 2016 TL-4 criteria. Thus, a height 

transition was necessary to match the height of adjacent TL-4 and TL-5 bridge rails. Previous 

research and crash testing indicated that vertical slopes as steep as 5:1 may be crashworthy [34]. 

Being slightly conservative, the standardized buttress was designed with a 6:1 vertical slope 

beginning at the upstream end of the buttress. The system was tested with a buttress height of 36 

in., so the 6:1 vertical slope was used to transition the 32-in. tall front face to the 36-in. nominal 

height over the first 2 ft of barrier length. 

To be compatible with adjacent TL-4 bridge rails and concrete parapets, the capacity of the 

buttress was designed to withstand a TL-4 impact load of 80 kips [35]. The standardized buttress 

was tested with a 7-ft length to limit the length of the AGT system while still providing sufficient 

barrier length to resist impact loads. However, actual installation lengths may vary depending on 
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strength requirements and the length required to safely transition to various bridge rail or rigid 

barrier shapes (see Chapter 9 for details). The selected test configuration was 12 in. wide and was 

reinforced with no. 4 longitudinal rebar placed along both the front and back faces of the buttress 

and no. 4 vertical rebar stirrups. Complete details for the preliminary buttress design are shown in 

Section 2.3. 

2.2 Selection of Critical Transition Configuration 

The standardized buttress needed to be compatible with a wide variety of thrie-beam AGT 

systems, both with and without a curb. Therefore, the buttress had to be connected to a critical 

AGT creating a worst case scenario in order to properly evaluate the system and allow for other 

AGTs to be used without further crash testing. A review of existing AGTs successfully tested to 

TL-3 of MASH or NCHRP Report 350 was conducted to find the thrie-beam AGT with the lowest 

lateral stiffness (i.e., the most flexible system). This critical AGT would pose the greatest risk of 

vehicle snag on the rigid buttress. The system with the highest dynamic deflection was an AGT 

originally developed for the Iowa Department of Transportation (DOT) [4-5, 7]. This transition 

utilized the smallest transition posts (in terms of cross-section strength) and the shortest 

embedment depths of the reviewed systems. Thus, the Iowa AGT was identified as the critical 

AGT of those reviewed.  

Further, the Iowa AGT was successfully tested to both MASH and NCHRP Report 350 

TL-3 criteria when used in combination with a 4-in., triangular curb. However, similar AGTs 

evaluated without a curb failed to satisfy TL-3 criteria in either testing standard [6, 8]. These crash 

test results not only reinforced the notion that this system was susceptible to vehicle snag, but also 

indicated that testing without a curb was more critical as the vehicle tires could extend under the 

rail and snag on the buttress. Therefore, the AGT originally developed for the Iowa DOT, but 

without a curb, was selected as the critical AGT configuration for the evaluation of the 

standardized buttress. 

To prevent altering the stiffness of the selected AGT, the rail segments and posts needed 

to be properly positioned relative to the buttress. The original AGT design had an 11-in. offset 

between the upstream face of the buttress and the centerline of the first transition post. A 1-in. 

chamfer was present on the corners of the buttress creating a 12-in. span length in which the rail 

was unsupported in the lateral direction. Since the new standardized buttress incorporated a 4-in. 

x 4-in. chamfer on the front corner behind the rail, the centerline of the first transition post was 

placed 8 in. upstream from the buttress to maintain the 12-in. unsupported span length. These 

dimensions are shown in Figure 2. 

Finally, the upstream end of the original AGT design, which was untested and connected 

to 27-in. tall guardrail, was altered to incorporate the MASH TL-3 crashworthy MGS stiffness 

transition [36-37]. Both the original Iowa AGT and the critical configuration utilized to test the 

standardized buttress are shown in Figure 3. 
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(a) 

 

 
(b) 

 

Figure 2. Buttress to Transition Offset: (a) Original As-tested AGT and (b) AGT in Combination 

with the Standardized Buttress 

 
Figure 3. Selected AGT Design in its (a) Original, As-Tested Configuration and (b) Critical 

Configuration for Evaluating the Standardized Buttress 
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2.3 Preliminary Design Details, Test No. AGTB-1 

The barrier system installation for test no. AGTB-1 was approximately 82 ft long and 

consisted of four main components: (1) a concrete transition buttress, (2) a thrie-beam AGT, (3) 

standard MGS, and (4) a guardrail anchorage system. Design details for test no. AGBT-1 are 

shown in Figures 4 through 26. To test a worse-case scenario and increase the risk of wheel snag, 

a curb was not installed. Photographs of the test installations are shown in Figure 27. Material 

specifications, mill certifications, and certificates of conformity for the system materials are shown 

in Appendix A.  

The downstream end of the installation consisted of the concrete buttress. The buttress was 

7 ft long and 36 in. tall, corresponding to a typical height for MASH TL-4 concrete barriers. To 

prevent vehicle snag above the thrie beam rail, the upstream end of the buttress was 32 in. tall and 

incorporated a 4-in. tall by 24-in. long slope to bring the barrier height up to 36 in. The buttress 

utilized a dual-tapered, or dual-chamfer, design along its front edge, as detailed in Figure 17. The 

lower taper measured 4 in. deep by 12 in. long by 11 in. tall and was designed to reduce wheel 

snag on the parapet. The upper taper measured 4 in. x 4 in. and extended from the lower taper to 

the top of the buttress. The upper taper was designed to limit vehicle snag on the buttress, to prevent 

a rail from bending around a rigid corner, and to limit the unsupported span length of the rail 

upstream from the buttress.  

The AGT and adjacent MGS consisted of 12.5 ft of nested, 12-gauge thrie beam; 6.25 ft of 

single-ply, 12-gauge thrie beam; a 6.25-ft long 10-gauge asymmetric W-to-thrie transition rail 

segment; and 50 ft of 12-gauge W-beam. All rail segments were mounted with a top height of 31 

in. The first six posts adjacent to the buttress were 6.5-ft long W6x8.5 posts spaced at 18¾ in. on-

center and embedded 49 in. into the soil. Note, the thrie beam rail extended above the tops of these 

transition posts with the use of chamfered blockouts, as shown in Figures 6 and 13. The remaining 

steel posts were 6-ft long W6x8.5 posts embedded 40 in. into the soil, utilized 12-in. deep wood 

blockouts, and were spaced at various intervals, as shown in Figures 4 through 6. All posts were 

placed within a compacted, crushed limestone soil which satisfied MASH soil standards.  

Finally, a guardrail anchorage system typically utilized as a trailing-end terminal was 

utilized to anchor the upstream end of the test installation. The guardrail anchorage system was 

originally designed to simulate the strength of other crashworthy end terminals. The anchorage 

system consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, 

and channel struts, which closely resembled the hardware used in the Modified Breakaway Cable 

Terminal (BCT) system.  The guardrail anchorage system has been MASH TL-3 crash tested as a 

downstream, trailing-end terminal [38-41]. 

It should be noted that the thrie-beam terminal connector (part C1) obtained and used for 

test no. AGTB-1 had yield and tensile strengths below the minimums specified in AASHTO M-

180 for beams and transition sections (50 ksi yield strength and 70 ksi tensile strength).  Although 

the reduced strength component did not appear to negatively affect the performance of the AGT, 

it is recommended to use higher grade steel for all guardrail terminal connectors since they need 

to carry structural loads (both tensile and bending loads) in order for the system to function 

properly. The thrie-beam terminal connector used for test no. AGTB-2 satisfied the minimum 

strengths described above.  
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Figure 4. System Layout, Test No. AGTB-1 
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Figure 5. Post Nos. 3 through 10 Details with Rail, Test No. AGTB-1 
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Figure 6. Post Nos. 11 through 21 Details with Rail, Test No. AGTB-1 
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Figure 7. Thrie Beam Terminal Connector and Buttress Details, Test No. AGTB-1 



 

 

N
o

v
e
m

b
e
r 10, 2

02
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
6
9-2

0 

1
1 

 
Figure 8. Splice Detail, Test No. AGTB-1 
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Figure 9. BCT Anchor Details, Test No. AGTB-1 
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Figure 10. BCT Anchor Details, Test No. AGTB-1 
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Figure 11. Post Nos. 3 through 9 Components, Test No. AGTB-1 
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Figure 12. Post Nos. 10 through 15 Components, Test No. AGTB-1 



 

 

N
o

v
e
m

b
e
r 10, 2

02
0 

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-3
6
9-2

0 

1
6 

 
Figure 13. Post Nos. 16 through 21 Components, Test No. AGTB-1 
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Figure 14. BCT Timber Post and Foundation Tube Details, Test No. AGTB-1 
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Figure 15. Ground Strut Details, Test No. AGTB-1 
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Figure 16. BCT Anchor Cable, Test No. AGTB-1 
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Figure 17. Buttress Details, Test No. AGTB-1 
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Figure 18. Buttress Rebar Details, Test No. AGTB-1 
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Figure 19. Buttress Cross Section Details, Test No. AGTB-1 
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Figure 20. Buttress Vertical Rebar Details and Bill of Bars, Test No. AGTB-1 
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Figure 21. Buttress Horizontal Rebar Details and Bill of Bars, Test No. AGTB-1 
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Figure 22. Rail Section Details, Test No. AGTB-1 


























































































































































































































































































































































































































































