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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 TTI’s Roadside Safety and Physical 
Security Division (“TTI Lab”) strives for accuracy and completeness in its crash test 
reports. On rare occasions, unintentional or inadvertent clerical errors, technical errors, 
omissions, oversights, or misunderstandings (collectively referred to as “errors”) may 
occur and may 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 
issued final report, the TTI Lab will promptly disclose such error to 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. Any such errors or inadvertent delays that occur in connection with the 
performance of the related testing contract will not constitute a breach of the testing 
contract.  

 
THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL, 
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Chapter 1. INTRODUCTION 

The purpose of the test reported herein was to assess the performance of a 
Median Guardrail Transition to Median F-Shape Barrier according to the safety-
performance evaluation guidelines included in the American Association of State 
Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware 
(MASH), Second Edition (1). The crash test was performed in accordance with MASH 
Test 3-21 (as discussed in Chapter 4). 

1.1. OBJECTIVE 

The purpose of this research was to evaluate and develop guidelines for a MASH 
Test Level 3 (TL-3) compliant transition from strong post median guardrail to various 
heights of precast/cast-in-place median F-Shape barrier.  The analysis and evaluation 
of these systems were conducted with finite element computer simulations and full-
scale crash testing. 

1.2. BACKGROUND 

Previous testing was conducted on a median guardrail transition to a median 
single slope concrete barrier (2).   Figure 1.1 shows the transition system.  A total of 
four full-scale crash tests were performed to evaluate the MASH compliance of the 
system.  The system was evaluated at three different transition locations.  First, the 
transition from the median single slope concrete barrier to the median guardrail with 
quarter post spacing and w-beam rub rail was evaluated with MASH Test 3-21.  
Second, the transition from the median guardrail with quarter post spacing and w-beam 
rub rail to the median guardrail with half post spacing was evaluated with MASH Tests 
3-20 and 3-21.  Third, the transition from the median guardrail with half post spacing to 
the standard length of need median guardrail was evaluated with MASH Test 3-20.  The 
transition system was found to be compliant for MASH TL-3. 

 

Figure 1.1. MASH TL-3 Median Guardrail Transition to Median Single Slope 
Barrier. (2)
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Chapter 2. TRANSITION DESIGN AND ANALYSIS* 

2.1. INTRODUCTION 

This chapter presents the details of the modeling and simulation effort related to 
the development and evaluation of a median guardrail transition to a median f-shape 
concrete barrier. 

A design was developed for transitioning a median guardrail to a median f-shape 
concrete barrier utilizing the transition design details from a previously tested single 
slope version (2).  The design consisted of the following key components: 

• Median F-Shape concrete barrier – 14 ft total length 

• Median guardrail with standard w-beam posts and blockouts spaced at 75 
inches – 56 ft 3 inches total length 

• Median guardrail with standard w-beam posts and blockouts spaced at 37.5 
inches – 12ft 6inches total length 

• Median guardrail with standard w-beam posts and blockouts spaced at 37.5 
inches – 9ft 4.5inches total length 

• W-beam rub rail with tapered blockouts – 10 ft 7 inches total length 

 The research team utilized finite element (FE) simulations to aid with the design 
development and evaluate the system according to MASH TL-3.  Specifically, two 
design options for the rub rail attachment to the f-shape median concrete barrier were 
evaluated.  Also, different heights of the f-shape median concrete barrier were 
evaluated.   

Only MASH Test 3-21 was conducted to evaluate the performance of the 
transition system.  The design elements for the transition from standard length-of-need 
median guardrail to median guardrail with half post spacing and design elements for the 
transition from median guardrail with half post spacing to median guardrail with quarter 
post spacing and a rub rail element were previously evaluated through full-scale crash 
testing (2).  Thus, it was only necessary to conduct MASH Test 3-21 at the transition 
from the median guardrail with quarter post spacing and a rub rail element to the 
median f-shape concrete barrier. 

2.2.  MODEL 

A FE model of the median transition system was developed for evaluation before 
conducting full-scale crash testing.  The model included the concrete barrier, steel 
posts, w-beam rail, rub rail, wood blockouts, and guardrail bolts.  The concrete barrier 
was modeled using rigid material representation.  The guardrail posts and rails were 
modeled using MAT_PIECEWISE_LINEAR_PLASTICITY.  The wood blockouts were 

 
 
 
* The opinions/interpretations identified/expressed in this section of the report are outside 
the scope of TTI Proving Ground’s A2LA Accreditation. 
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modeled using MAT_ELASTIC. Figure 2.1 shows elevation and plan views of the 
transition model. 

  

 
(a) Elevation view 

 
(b) Plan View 

Figure 2.1.  FE Transition Model. 

2.3. SIMULATIONS 

All simulations were performed using the finite element method.  LS-DYNA, 
which is a commercially available general purpose FE software, was used for all the 
analyses. A 5,000-lb Dodge Ram pickup truck vehicle model was used for the 
simulations.  Figure 2.2 shows the vehicle. 

 

Figure 2.2. FE Pickup Truck Vehicle Model. 

The researchers performed impact simulations using MASH Test 3-21 impact 
conditions.  This involves the vehicle model impacting the transition system at an impact 
speed and angle of 62 mi/h and 25 degrees.  The vehicle impacted the transition 6.3 ft 
upstream from the upstream end of the concrete parapet for all simulations.  This 
impact location was selected based on the previous testing of the single slope median 
transition crash testing (2).  
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2.3.1. Rub Rail Design 

Two options were considered for connecting the w-beam rub rail to the median f-
shape concrete barrier.  First, the rub rail attaches to the face of the f-shape barrier 
using a w-beam terminal connector.  Second, the rub rail attaches to the upstream end 
of the f-shape barrier through an angle bracket.  Figure 2.3 shows these two design 
options. 

  

(a) Attached to barrier face (b) Attached to barrier end 

Figure 2.3. Rub Rail Design Options 

Computer simulations were performed for both design options. Figure 2.4 and 
Figure 2.5 show sequential images for the simulation runs.  Table 2.1 shows the 
occupant risk values for the simulation runs.  The transition design with the rub rail 
attached to the barrier face resulted in a rollover of the pickup truck vehicle.  As a result, 
this design was considered unsatisfactory for MASH evaluation criteria. The transition 
design with the rub rail attached to the barrier end successfully redirected the pickup 
truck vehicle during the simulation.  The vehicle remained stable throughout the impact 
event and all the occupant risk values were within the MASH limits.  Thus, this transition 
design was considered satisfactory for MASH evaluation criteria.   

The transition design with the rub rail attached to the barrier end was selected as 
the better design option based on the satisfactory MASH crashworthy performance. 
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0.0 s 0.0 s 

  
0.4 s 0.4 s 

  
0.8 s 0.8 s 

Figure 2.4. Sequential Images for MASH Test 3-21 Simulation – Rub Rail Attached 
on Barrier Face. 

 

  

0.0 s 0.0 s 

  
0.4 s 0.4 s 

  
0.8 s 0.8 s 

Figure 2.5. Sequential Images for MASH Test 3-21 Simulation – Rub Rail Attached 
on Barrier End. 
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Table 2.1. Occupant Risk Values for Rub Rail Design Options. 

 Simulation w/ Rub Rail 
Attached to Barrier Face 

Simulation w/ Rub Rail 
Attached to Barrier End 

OIV, Longitudinal (ft/s) 19.6 19.6 

OIV, Lateral (ft/s) 28.0 27.5 

RDA, Longitudinal (g) -4.9 -7.4 

RDA, Lateral (g) -8.7 -9.1 

Roll (deg) 89.7 39.1 

Pitch (deg) -16.8 -10.2 

Yaw (deg) 32.8 33.9 

2.3.2. Barrier Height 

Simulations were conducted to evaluate different f-shape median barrier heights.  
The critical barrier height in terms of MASH crashworthy performance would be selected 
for full-scale crash testing.  Heights of 32 inches, 42 inches, and 50 inches were 
considered for evaluation.  A 1:2.4 taper was used for the 42-inch and 50-inch barriers 
on the upstream end.   

Figure 2.6 shows the sequential images for simulations with the three barrier 
heights.  Table 2.2 shows the occupant risk results for the simulations.  All three barrier 
heights resulted in the successful redirection of the pickup truck vehicle and a stable 
vehicle throughout the impact event.  The occupant risk values were below the MASH 
limits for the three barrier heights. 

The occupant risk values were similar between the three barrier heights.  The 32-
inch median f-shape barrier resulted in the highest roll angle of 39 degrees.  This barrier 
height was determined to be most critical due to the roll angle and was selected for the 
full-scale crash testing.  If the crash testing is successful, then the other less critical 
barrier heights would be considered satisfactory for MASH.   
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0.0 s 0.0 s 0.0 s 

   
0.4 s 0.4 s 0.4 s 

   
0.8 s 0.8 s 0.8 s 

(a) 32-inch (b) 42-inch (c) 50-inch 

Figure 2.6. Sequential Images for Different F-Shape Median Barrier Heights. 

Table 2.2. Occupant Risk Comparison for Different Barrier Heights. 

 Simulation w/ 
32-inch 
Barrier 

Simulation 
w/ 42-inch 

Barrier 

Simulation 
w/ 50-inch 

Barrier 

OIV, Longitudinal (ft/s) 19.6 19.3 19.4 

OIV, Lateral (ft/s) 27.5 28.0 28.1 

RDA, Longitudinal (g) -7.4 -8.1 -8.9 

RDA, Lateral (g) -9.1 -8.5 -9.2 

Roll (deg) 39.1 34.8 32.3 

Pitch (deg) -10.2 -9.4 -10.1 

Yaw (deg) 33.9 33.7 34.0 

2.4. OTHER DESIGN CONSIDERATIONS 

2.4.1. Rub Rail Connection 

The design with the rub rail attachment to the barrier end indicated satisfactory 
performance for the MASH Test 3-21 criteria.  One concern with this design was the w-
beam rail extends beyond the f-shape concrete barrier face in the reverse direction 
(Figure 2.7).  This presents a snagging hazard for vehicles impacting in the direction 
from concrete barrier to guardrail.  While there is no MASH test for a reverse-direction 
impact on a transition system, it is worthwhile to consider from a design perspective.  
This is especially true as this system is intended to be used in median applications. To 
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counteract this snagging potential, a design modification was made by adding a w-beam 
terminal connector component on the end of the rub rail. Figure 2.8 shows the modified 
transition design with the w-beam terminal connector.  

 
 

 

Figure 2.7. Rub Rail Transition Design (Upstream View). 

 
 

 

Figure 2.8. Rub Rail Transition Desing with W-Beam Terminal Connector. 

2.4.2. Barrier Configuration 

There are different barrier applications that can be utilized with this transition 
design.  State DOTs may use precast barrier segments or cast-in-place barrier 
segments.  Barrier segments may have concrete pavement or asphalt embedment.  
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Also, they may be doweled into a foundation.  There can be variance for each of these 
configurations (e.g., different asphalt embedment depth).   

The final transition design consisted of dowel bars embedded into a concrete 
foundation.  This represented a worst-case rigid configuration for the transition design.  
This was considered worst-case as it allows for possibly higher occupant risk values 
and vehicle deformation.   

2.5. SUMMARY 

Finite element simulations were performed to analyze the performance of a 
median guardrail transition to a median f-shape concrete barrier design.  Various design 
options and configurations were considered and evaluated.  The transition designs were 
evaluated according to MASH Test 3-21.   

The transition design with a rub rail attached to the barrier end indicated 
satisfactory performance for the MASH evaluation criteria.  A 32-inch median f-shape 
barrier height was also found to be satisfactory and was determined to be the most 
critical barrier height due to having the highest roll angle. 

The final transition design was considered for full-scale crash testing in the 
subsequent chapters. 
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Chapter 3. SYSTEM DETAILS 

3.1. TEST ARTICLE AND INSTALLATION DETAILS 

The installation consisted of a median W-beam guardrail system which 
transitioned to a median F-shape cast in place concrete barrier. The W6x8.5 posts were 
spaced at 75 inches for the 43 feet 9-inch section of length of need, followed by four 
spaces of 37-1/2 inches and six spaces of 18-3/4 inches, which then attached to the 
concrete barrier. This last section of guardrail also had a W-beam rub rail with a 
blockout on either side just below the W-beam guardrail. The upstream end of the 
installation was terminated with a median terminal. The total length of the installation 
was 95 feet 10 inches. 

Figure 3.1 presents the overall information on the Median Guardrail Transition to 
Median F-Shape Barrier, and Figure 3.2 thru Figure 3.7 provide photographs of the 
installation. Appendix A provides further details on the Median Guardrail Transition to 
Median F-Shape Barrier. Drawings were provided by the Texas A&M Transportation 
Institute (TTI) Proving Ground, and construction was performed by DMA Contractors 
and TTI Proving Ground personnel. 

3.2. DESIGN MODIFICATIONS DURING TESTS 

No modifications were made to the installation during the testing phase.  
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Figure 3.1. Details of Median Guardrail Transition to Median F-Shape Barrier. 
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Figure 3.2. Median Guardrail Transition to Median F-Shape Barrier prior to 
Testing. 

 

Figure 3.3. Median Guardrail Transition to Median F-Shape Barrier at Impact prior 
to Testing. 
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Figure 3.4. Close-up View of the Median Guardrail Transition to Median F-Shape 
Barrier at Impact prior to Testing. 

 

Figure 3.5. Median Guardrail Transition to Median F-Shape Barrier Upstream Rub 
Rail Termination prior to Testing. 



 

TR No. 618851-01-1 15 2024-01-11 

 

Figure 3.6. Downstream View of the Median Guardrail Transition to Median F-
Shape Barrier prior to Testing. 

 

Figure 3.7. In-line View of the Median Guardrail Transition to Median F-Shape 
Barrier prior to Testing. 



 

TR No. 618851-01-1 16 2024-01-11 

3.3. MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 
install/construct the Median Guardrail Transition to Median F-Shape Barrier. Table 3.1 
shows the average compressive strengths of the concrete on the day of the test, 2023-
10-16. 

Table 3.1. Concrete Strength. 

Location 
Design 

Strength (psi) 

Avg. 
Strength 

(psi) 

Age 
(days) 

Detailed Location 

Deck 3600 4365 49 100% of the deck 

Barrier 3600 3990 25 100% of the barrier 

3.4. SOIL CONDITIONS  

The test installation was installed in standard soil meeting Type D Grade 1 of 
AASHTO standard specification M147-17 “Materials for Aggregate and Soil Aggregate 
Subbase, Base, and Surface Courses.” 

In accordance with Appendix B of MASH, soil strength was measured the day of 
the crash test. During installation of the Median Guardrail Transition to Median F-Shape 
Barrier for full-scale crash testing, two 6-ft long W6×16 posts were installed in the 
immediate vicinity of the Median Guardrail Transition to Median F-Shape Barrier using 
the same fill materials and installation procedures used in the test installation and the 
standard dynamic test.  

On the day of Test 3-21, 2023-10-16, loads on the post at deflections were as 
shown in Table 3.2. The backfill material in which the Median Guardrail Transition to 
Median F-Shape Barrier was installed met minimum MASH requirements for soil 
strength. 

Table 3.2. Soil Strength for Test 618851-01-1. 

Displacement (in) Minimum Load (lb) Actual Load (lb) 

5 4420 7818 

10 4981 9000 

15 5282 9600 
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Chapter 4. TEST REQUIREMENTS AND EVALUATION CRITERIA  

4.1. CRASH TEST PERFORMED/MATRIX 

Table 4.1 shows the test conditions and evaluation criteria for MASH TL-3 for 
Longitudinal Barrier Transitions. The target critical impact point (CIP) for the test was 
determined using the information provided in MASH Section 2.2.1 and Section 2.3.2 
and using computer simulations. Figure 4.1 shows the target CIP for MASH Test 3-21 
on the Median Guardrail Transition to Median F-Shape Barrier. 

Table 4.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 
Longitudinal Barrier Transition. 

Test 
Designation 

Test Vehicle 
Impact 
Speed 

Impact 
Angle Evaluation Criteria 

3-21 2270P 62 mi/h 25º A, D, F, H, I 

 

Figure 4.1. Target CIP for MASH Test 3-21 on Median Guardrail Transition to 
Median F-Shape Barrier. 

The crash tests and data analysis procedures were in accordance with guidelines 
presented in MASH. Chapter 5 presents brief descriptions of these procedures. 

4.2. EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2-2 and 5-1 of MASH were 
used to evaluate the crash test reported herein. Table 4.1 lists the test conditions and 
evaluation criteria required for MASH TL-3, and Table 4.2 provides detailed information 
on the evaluation criteria. 
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Table 4.2. Evaluation Criteria Required for MASH Testing. 

Evaluation 
Factors 

Evaluation Criteria 

A. Test article should contain and redirect the vehicle or 
bring the vehicle to a controlled stop; the vehicle should 
not penetrate, underride, or override the installation 
although controlled lateral deflection of the test article is 
acceptable. 

D. Detached elements, fragments, or other debris from the 
test article should not penetrate or show potential for 
penetrating the occupant compartment, or present 
undue hazard to other traffic, pedestrians, or personnel 
in a work zone. Deformations of, or intrusions into, the 
occupant compartment should not exceed limits set forth 
in Section 5.2.2 and Appendix E of MASH. 

F. The vehicle should remain upright during and after 
collision. The maximum roll and pitch angles are not to 
exceed 75 degrees. 

H. Occupant impact velocities (OIV) should satisfy the 
following limits: Preferred value of 30 ft/s, or 
maximum allowable value of 40 ft/s. 

I. The occupant ridedown accelerations should satisfy the 
following: Preferred value of 15.0 g, or maximum 
allowable value of 20.49 g. 
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Chapter 5. TEST CONDITIONS 

5.1. TEST FACILITY 

The full-scale crash test reported herein was performed at the TTI Proving 
Ground, an International Standards Organization (ISO)/International Electrotechnical 
Commission (IEC) 17025-accredited laboratory with American Association for 
Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale 
crash test was performed according to TTI Proving Ground quality procedures, as well 
as MASH guidelines and standards. 

The test facilities of the TTI Proving Ground are located on The Texas A&M 
University System RELLIS Campus, which consists of a 2000-acre complex of research 
and training facilities situated 10 mi northwest of the flagship campus of Texas A&M 
University. The site, formerly a United States Army Air Corps base, has large expanses 
of concrete runways and parking aprons well suited for experimental research and 
testing in the areas of vehicle performance and handling, vehicle-roadway interaction, 
highway pavement durability and efficacy, and roadside safety hardware and perimeter 
protective device evaluation. The sites selected for construction and testing are along 
the edge of an out-of-service apron/runway. The apron/runway consists of an 
unreinforced jointed-concrete pavement in 12.5-ft × 15-ft blocks nominally 6 inches 
deep. The aprons were built in 1942, and the joints have some displacement but are 
otherwise flat and level. 

5.2. VEHICLE TOW AND GUIDANCE SYSTEM 

For the testing utilizing the 2270P vehicle, each was towed into the test 
installation using a steel cable guidance and reverse tow system. A steel cable for 
guiding the test vehicle was tensioned along the path, anchored at each end, and 
threaded through an attachment to the front wheel of the test vehicle. An additional steel 
cable was connected to the test vehicle, passed around a pulley near the impact point 
and through a pulley on the tow vehicle, and then anchored to the ground such that the 
tow vehicle moved away from the test site. A 2:1 speed ratio between the test and tow 
vehicle existed with this system. Just prior to impact with the installation, the test vehicle 
was released and ran unrestrained. The vehicle remained freewheeling (i.e., no steering 
or braking inputs) until it cleared the immediate area of the test site. 

5.3. DATA ACQUISITION SYSTEMS 

5.3.1. Vehicle Instrumentation and Data Processing 

The test vehicle was instrumented with a self-contained onboard data acquisition 
system. The signal conditioning and acquisition system is a multi-channel data 
acquisition system (DAS) produced by Diversified Technical Systems Inc. The 
accelerometers, which measure the x, y, and z axis of vehicle acceleration, are strain 
gauge type with linear millivolt output proportional to acceleration. Angular rate sensors, 
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measuring vehicle roll, pitch, and yaw rates, are ultra-small, solid-state units designed 
for crash test service. The data acquisition hardware and software conform to the latest 
SAE J211, Instrumentation for Impact Test. Each of the channels is capable of providing 
precision amplification, scaling, and filtering based on transducer specifications and 
calibrations. During the test, data are recorded from each channel at a rate of 
10,000 samples per second with a resolution of one part in 65,536. Once data are 
recorded, internal batteries back these up inside the unit in case the primary battery 
cable is severed. Initial contact of the pressure switch on the vehicle bumper provides a 
time zero mark and initiates the recording process. After each test, the data are 
downloaded from the DAS unit into a laptop computer at the test site. The Test Risk 
Assessment Program (TRAP) software then processes the raw data to produce detailed 
reports of the test results.   

Each DAS is returned to the factory annually for complete recalibration and to 
ensure that all instrumentation used in the vehicle conforms to the specifications 
outlined by SAE J211. All accelerometers are calibrated annually by means of an 
ENDEVCO 2901 precision primary vibration standard. This standard and its support 
instruments are checked annually and receive a National Institute of Standards 
Technology (NIST) traceable calibration. The rate transducers used in the data 
acquisition system receive calibration via a Genisco Rate-of-Turn table. The 
subsystems of each data channel are also evaluated annually, using instruments with 
current NIST traceability, and the results are factored into the accuracy of the total data 
channel per SAE J211. Calibrations and evaluations are also made anytime data are 
suspect. Acceleration data are measured with an expanded uncertainty of 
±1.7 percent at a confidence factor of 95 percent (k = 2).  

TRAP uses the DAS-captured data to compute the occupant/compartment 
impact velocities, time of occupant/compartment impact after vehicle impact, and 
highest 10˗millisecond (ms) average ridedown acceleration. TRAP calculates change in 
vehicle velocity at the end of a given impulse period. In addition, maximum average 
accelerations over 50˗ms intervals in each of the three directions are computed. For 
reporting purposes, the data from the vehicle-mounted accelerometers are filtered with 
an SAE Class 180-Hz low-pass digital filter, and acceleration versus time curves for the 
longitudinal, lateral, and vertical directions are plotted using TRAP.   

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute 
angular displacement in degrees at 0.0001-s intervals, and then plots yaw, pitch, and 
roll versus time. These displacements are in reference to the vehicle-fixed coordinate 
system with the initial position and orientation being initial impact. Rate of rotation data 
is measured with an expanded uncertainty of ±0.7 percent at a confidence factor of 
95 percent (k = 2).  

5.3.2. Anthropomorphic Dummy Instrumentation 

According to MASH, use of a dummy in the 2270P vehicle is optional, and no 
dummy was used in the test.  
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5.3.3. Photographic Instrumentation Data Processing 

Photographic coverage of the test included two digital high-speed cameras: 

• One placed overhead with a field of view perpendicular to the ground and 
directly over the impact point.  

• One placed with a field of view parallel to and aligned with the installation at 
the downstream end.  

• *One placed at an oblique angle upstream from the installation on the traffic 
side.  

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape 
switch to indicate the instant of contact with the Median Guardrail Transition to Median 
F-Shape Barrier. The flashbulb was visible from each camera. The video files from 
these digital high-speed cameras were analyzed to observe phenomena occurring 
during the collision and to obtain time-event, displacement, and angular data. A digital 
camera recorded and documented conditions of the test vehicle and the installation 
before and after the test. 

 
 

 
 
 

* Unfortunately, there was a recording issue during the test, which led to the high-
speed video for the oblique upstream angle camera being unrecoverable. 
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Chapter 6. MASH TEST 3-21 (CRASH TEST 618851-01-1) 

6.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 6.1 for details of MASH impact conditions for this test and Table 6.2 
for the exit parameters. Figure 6.1 and Figure 6.2 depict the target impact setup. 

Table 6.1. Impact Conditions for MASH TEST 3-21, Crash Test 618851-01-1. 

Test Parameter Specification Tolerance Measured 

Impact Speed (mi/h) 62 ±2.5 mi/h 61.3 

Impact Angle (deg) 25 ±1.5° 25.3 

Impact Severity (kip-ft) 106 ≥106 kip-ft 115.4 

Impact Location  
75.6 inches upstream 
from the upstream end 
of the concrete barrier  

±12 inches 

74.5 inches upstream 
from the upstream 
end of the concrete 
barrier  

Table 6.2. Exit Parameters for MASH TEST 3-21, Crash Test 618851-01-1. 

Exit Parameter Measured 

Speed (mi/h) 46.3 

Trajectory (deg) 2.5 

Heading (deg) 6.6 

Brakes applied post impact (s) 2.0  

Vehicle at rest position 

163 ft downstream of impact point 
12 ft to the field side 

Vehicle positioned 110° left relative to the installation 

Comments:  Vehicle remained upright and stable 

Vehicle crossed the exit box a 81 ft downstream from loss of 
contact. 

The vehicle snagged on the W-beam at post 18 and tore a 
portion of the rail. 

a Not less than 32.8 ft downstream from loss of contact for cars and pickups is optimal. 
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Figure 6.1. Median Guardrail Transition to Median F-Shape Barrier/Test Vehicle 
Geometrics for Test 618851-01-1. 

 

Figure 6.2. Median Guardrail Transition to Median F-Shape Barrier/Test Vehicle 
Impact Location for Test 618851-01-1. 
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6.2. WEATHER CONDITIONS 

Table 6.3 provides the weather conditions for test 618851-01-1. 

Table 6.3. Weather Conditions for Test 618851-01-1. 

Date of Test 2023-10-16  

Wind Speed (mi/h) 11 

Wind Direction (deg) 360 

Temperature (°F) 62 

Relative Humidity (%) 55 

Vehicle Traveling (deg) 325 

6.3. TEST VEHICLE  

Figure 6.3 and Figure 6.4 show the 2018 RAM 1500 used for the crash test. 
Table 6.4 shows the vehicle measurements. Figure C.1 in Appendix C.1 gives additional 
dimensions and information on the vehicle. 

 

Figure 6.3. Impact Side of Test Vehicle before Test 618851-01-1. 
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Figure 6.4. Opposite Impact Side of Test Vehicle before Test 618851-01-1. 

Table 6.4. Vehicle Measurements for Test 618851-01-1. 

Test Parameter Specification Tolerance Measured 

Dummy (if applicable)a (lb) 165 N/A N/A 

Inertial Weight (lb) 5000 ±110 5032 

Gross Statica (lb) 5000 ±110 5032 

Wheelbase (inches) 148 ±12 140.5 

Front Overhang (inches) 39 ±3 40 

Overall Length (inches) 237 ±13 227.5 

Overall Width (inches) 78 ±2 78.5 

Hood Height (inches) 43 ±4 46 

Track Widthb (inches) 67 ±1.5 68.3 

CG aft of Front Axlec (inches) 63 ±4 61.2 

CG above Groundc,d (inches) 28 28 28.6 

Note: N/A = not applicable; CG = center of gravity. 
a If a dummy is used, the gross static vehicle mass should be increased by the mass of the 
dummy. 
b Average of front and rear axles. 
c For test inertial mass. 
d 2270P vehicle must meet minimum CG height requirement. 
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6.4. TEST DESCRIPTION 

Table 6.5 lists events that occurred during Test 618851-01-1. Figures C.4, and 
C.5 in Appendix C.2 present sequential photographs during the test. 

Table 6.5. Events during Test 618851-01-1. 

Time (s) Events 

0.0000 Vehicle impacted the installation 

0.0180 Posts 17 and 18 began to lean toward field side 

0.0250 Posts 19 and 20 began to lean toward field side 

0.0430 Vehicle began to redirect 

0.0610 Vehicle front drivers side bumper made contact with concrete barrier 

0.2640 Vehicle was parallel with installation 

0.2770 Vehicle rear drivers side bumper made contact with rail 

0.3510 
Vehicle exited the installation at 46.3 mi/h with a heading of 6.6 degrees and a 
trajectory of 2.5 degrees 

6.5. DAMAGE TO TEST INSTALLATION 

The W-beam and rub rail were deformed and scuffed at impact. The vehicle 
snagged on the W-beam and tore 40% of the front rail from the bottom and 25% of the 
back rail from the bottom at post 18. The soil fell back in the hole around posts 18-20, 
making soil gap measurements impossible at these posts. The traffic side blockout at 
post 20 broke in half. Table 6.6 describes the soil gap and post lean of the Median 
Guardrail Transition to Median F-Shape Barrier . Table 6.7 describes the deflection and 
working width of the Median Guardrail Transition to Median F-Shape Barrier. Figure 6.5 
and Figure 6.6 show the damage to the Median Guardrail Transition to Median F-Shape 
Barrier. 

Table 6.6. Soil Gap and Post Lean of the Median Guardrail Transition to Median F-
Shape Barrier for Test 618851-01-1. 

Post 
Traffic Side Soil Gap  

(inches) 
Post Lean to Field Side from 

Vertical (degrees) 

13 0.1 0.0 

14 0.5 0.9 

15 0.8 2.3 

16 0.8 2.5 

17 1.3 3.1 

18 Not measurable 4.3 

19 Not measurable 3.9 

20 Not measurable 2.7 
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Table 6.7. Deflection and Working Width of the Median Guardrail Transition to 
Median F-Shape Barrier for Test 618851-01-1. 

Test Parameter Measured 

Permanent Deflection/Location 
2.8 inches toward field side, at the midspan of posts 18 and 
19 

Dynamic Deflection 8.4 inches toward field side at the rail at post 18 

Working Width a and Height 
38.3 inches, at a height of 30.0 inches at the field side of 
the rail at post 18 

a Per MASH, “The working width is the maximum dynamic lateral position of any major part of the system 
or vehicle. These measurements are all relative to the pre-impact traffic face of the test article.” In other 
words, working width is the total barrier width plus the maximum dynamic intrusion of any portion of the 
barrier or test vehicle past the field side edge of the barrier. 

 

Figure 6.5. Median Guardrail Transition to Median F-Shape Barrier at Impact 
Location after Test 618851-01-1. 
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Figure 6.6. Vehicle Snag at Post 18 on the Median Guardrail Transition to Median 
F-Shape Barrier after Test 618851-01-1. 

6.6. DAMAGE TO TEST VEHICLE 

Figure 6.7 and Figure 6.8 show the damage sustained by the vehicle. Figure 6.9 
and Figure 6.10 show the interior of the test vehicle. Table 6.8 and Table 6.9 provide 
details on the occupant compartment deformation and exterior vehicle damage. Figures 
C.2 and C.3 in Appendix C.1 provide exterior crush and occupant compartment 
measurements. 
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Figure 6.7. Impact Side of Test Vehicle after Test 618851-01-1. 

 

Figure 6.8. Front Impact Side of Test Vehicle after Test 618851-01-1. 
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Figure 6.9. Interior of Test Vehicle on Impact Side after Test 618851-01-1. 

 

Figure 6.10. Seam Separation on Impact Side after Test 618851-01-1. 
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Table 6.8. Occupant Compartment Deformation 618851-01-1. 

Test Parameter Specification (inches) Measured (inches) 

Roof ≤4.0 0.8 

Windshield ≤3.0 0.0 

A and B Pillars ≤5.0 overall/≤3.0 lateral 1.0 

Foot Well/Toe Pan ≤9.0  11.5 

Floor Pan/Transmission Tunnel ≤12.0 3.0 

Side Front Panel  ≤12.0 6.5 

Front Door (above Seat) ≤9.0 0.0 

Front Door (below Seat) ≤12.0 0.0 

Table 6.9. Exterior Vehicle Damage 618851-01-1. 

Side Windows The side windows remained intact 

Maximum Exterior 
Deformation 

19 inches in the front plane at the left front corner at bumper 
height 

VDS 11LFQ5 

CDC 11FLEW3 

Fuel Tank Damage None 

Description of Damage to 
Vehicle:   

The left front bumper, fender, and door were dented. There 
were cracks in the windshield due to the flexing of the vehicle 
and not due to penetration by the test article. The grill, 
radiator, and support were damaged. The left headlight broke 
off. The left front tire blew out and the wheel broke. The left 
control arm was ripped off, the spring popped out, and the 
shock was bent on the left side. The A pillar was bent and the 
left front door had a 9.5-inch gap at the top. There was a 
buckle in the roof measuring 9 inches long, 7 inches wide, and 
0.8 inches deep. The left rear cab corner, rear quarter fender, 
and rear bumper were dented. The left side foot well had 
some separating at the seam. The maximum deformation was 
11.5 inches at the foot well/toe pan. 
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6.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and 
the results are shown in Table 6.10. Figure C.6 in Appendix C.3 shows the vehicle 
angular displacements, and Figures C.7 through C.9 in Appendix C.4 show acceleration 
versus time traces.  

Table 6.10. Occupant Risk Factors for Test 618851-01-1. 

Test Parameter Specification a Measured Time 

OIV, Longitudinal (ft/s) ≤40.0 

30.0 

25.2 0.1030 seconds on left side of 
interior 

OIV, Lateral (ft/s) ≤40.0 

30.0 

23.3 0.1030 seconds on left side of 
interior 

Ridedown, Longitudinal 
(g) 

≤20.49 

15.0 

8.3 0.1030 -  0.1130 seconds 

Ridedown, Lateral (g) ≤20.49 

15.0 

8.3 0.1030 -  0.1130 seconds 

Theoretical Head Impact  
Velocity (THIV) (m/s) 

N/A 10.2 0.1005  seconds on left side of 
interior 

Acceleration Severity 
Index (ASI) 

N/A 1.7 0.0529 -  0.1029 seconds 

50-ms Moving Avg. 
Accelerations (MA) 
Longitudinal (g) 

N/A -12.5 0.0449 -  0.0949 seconds 

50-ms MA Lateral (g) N/A 11.2 0.0291 -  0.0791 seconds 

50-ms MA Vertical (g) N/A -3.6 0.0937 -  0.1437 seconds 

Roll (deg) ≤75 20.4 0.4849 seconds 

Pitch (deg) ≤75 13 0.5014 seconds 

Yaw (deg) N/A 48.8 0.9650 seconds 
a.  Values in italics are the preferred MASH values 

6.8. TEST SUMMARY  

Figure 6.11 summarizes the results of MASH Test 618851-01-1.  
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GENERAL INFORMATION EXIT CONDITIONS 

Test Agency Texas A&M Transportation Institute (TTI) Exit Speed (mi/h) 46.3 

Test Standard/Test No. MASH 2016, Test 3-21  Trajectory/Heading Angle (deg) 2.5 / 6.6 

TTI Project No. 618851-01-1 Exit Box Criteria 
Vehicle crossed the exit box 81 ft 
downstream from loss of contact. 

Test Date 2023-10-16 Stopping Distance  
163 ft downstream  
12 ft to the field side 

TEST ARTICLE TEST ARTICLE DEFLECTIONS 

Type Longitudinal Barrier Transition Dynamic (inches)  8.4 

Name Median Guardrail Transition to Median F-Shape Barrier Permanent (inches) 2.8 

Length 95 ft-10 inches Working Width / Height (inches) 38.3 / 30.0 

Key Materials 
Concrete barrier, W-beam guardrail, Wide flange guardrail 
post, Transition post, Timber Blockout 

 

VEHICLE DAMAGE 

Soil Type and Condition AASHTO M147-65(2004), grade B crushed concrete, damp VDS 11LFQ5 

TEST VEHICLE CDC 11FLEW3 

Type/Designation 2270P Max. Ext. Deformation (inches) 19 
Year, Make and Model 2018 RAM 1500 Max Occupant Compartment Deformation 11.5 inches in the foot well/toe pan 

Inertial Weight (lb) 5032 OCCUPANT RISK VALUES 

Dummy (lb) N/A Long. OIV (ft/s) 25.2 Max 50-ms Long. (g) -12.5 

Gross Static (lb) 5032 Lat. OIV (ft/s) 23.3 Max 50-ms Lat. (g) 11.2 
IMPACT CONDITIONS Long. Ridedown (g) 8.3 Max 50-ms Vert. (g) -3.6 

Impact Speed / Impact Angle  61.3 mi/h / 25.3° Lat. Ridedown (g) 8.3 Max Roll (deg) 20.4 

Impact Location 
74.5 inches upstream from the upstream end of the 
concrete barrier  

THIV (m/s) 10.2 Max Pitch (deg) 13 

Impact Severity (kip-ft) 115.4 ASI 1.7 Max Yaw (deg) 48.8 

 

 

Figure 6.11. Summary of Results for MASH Test 3-21 on Median Guardrail Transition to Median F-Shape Barrier.
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Chapter 7. SUMMARY 

The crash test reported herein was performed in accordance with MASH Test 3-
21 on the Median Guardrail Transition to Median F-Shape Barrier.  

Table 7.1 shows that the Median Guardrail Transition to Median F-Shape Barrier 
did not meet the performance criteria for MASH TL-3. 

Table 7.1. Assessment Summary for MASH Test 3-21 on Median Guardrail 
Transition to Median F-Shape Barrier. 

Evaluation  
Criteria 

Description 
Test  

618851-01-1 

A 
Contain, Redirect, 
or Controlled Stop 

S 

D 
No Penetration into 

Occupant 
Compartment 

Fail 

F Roll and Pitch Limit S 

H OIV Threshold S 

I 
Ridedown 
Threshold 

S 

Overall Evaluation Fail 

Note: S = Satisfactory;  
1 See Table 4.2 for details 
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Chapter 8. CONCLUSIONS* 

A design was developed and evaluated for a median guardrail transition to a 
median f-shape concrete barrier.  The design was evaluated through computer 
simulations to determine design features and select the critical worst-case configuration. 

The median guardrail to median f-shape concrete barrier transition system was 
evaluated through full-scale crash testing.  MASH Test 3-21 was conducted on the 
system.  The crash test was considered a failure due to the vehicle occupant 
compartment deformation exceeding the MASH limit.  The vehicle had a deformation of 
11.5 inches in the foot well/toe pan region, which exceeds the MASH limit of 9 inches.  
Thus, the transition system was considered unsatisfactory for MASH TL-3 evaluation 
criteria. 

Additional research is needed to develop a MASH crashworthy design for a 
median guardrail transition to a median f-shape concrete barrier. 

 

 
 
 
* The opinions/interpretations identified/expressed in this section of the report are outside 
the scope of TTI Proving Ground’s A2LA Accreditation. 
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APPENDIX A. DETAILS OF MEDIAN GUARDRAIL TRANSITION TO 
MEDIAN F-SHAPE BARRIER 
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS 
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Dynamic Test Setup 

 

 

Post-Test 
Photo of post 

 

Static 
Load Test 

 

 
Post-Test 

Photo 

   
 

Dynamic  Test   Installation  Details 

 
Comparison of Load vs. Displacement  

 

Static Load Test Installation Details 

Date  2020-02-02 

Test Facility and Site Location 
TTI Proving Ground, 
3100 SH 47, Bryan, TX 
77807 

In Situ Soil Description (ASTM D2487) 
Sandy gravel with silty 
fines 

Fill Material Description (ASTM D2487) and sieve analysis  
Type D Grade 1 
Crushed Concrete Road 
Base 

Description of Fill Placement Procedure 
12-inch lifts tamped with 
a pneumatic compactor 
for 20 sec 

Bogie Weight  2020 lb 

Impact Velocity 19.2 mph 
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APPENDIX C. MASH TEST 3-21 (CRASH TEST 618851-01-1) 

C.1. VEHICLE PROPERTIES AND INFORMATION 

 

Figure C.1. Vehicle Properties for Test 618851-01-1. 
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Figure C.2. Exterior Crush Measurements for Test 618851-01-1. 
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Figure C.3. Occupant Compartment Measurements for Test 618851-01-1. 
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C.2. SEQUENTIAL PHOTOGRAPHS 

 

(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure C.4. Sequential Photographs for Test 618851-01-1 (Overhead Views). 
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(a) 0.000 s (b) 0.100 s 

 

(c) 0.200 s (d) 0.300 s 

 

(e) 0.400 s (f) 0.500 s 

 

(g) 0.600 s (h) 0.700 s 

Figure C.5. Sequential Photographs for Test 618851-01-1 (Frontal Views). 
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C.3. VEHICLE ANGULAR DISPLACEMENTS 

 

 

Figure C.6. Vehicle Angular Displacements for Test 618851-01-1. 

  

Axes are vehicle-fixed.  
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number:  618851-01-1 
Test Standard Test Number:  MASH Test 3-21 
Test Article:  Median Guardrail Transition to 
Median F-Shape Barrier 
Test Vehicle:  2018 RAM 1500 
Inertial Mass:  5032 lbs 
Gross Mass:  5032 lbs 
Impact Speed:  61.3 mi/h 
Impact Angle:  25.0° 
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C.4. VEHICLE ACCELERATIONS 

 

Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test 618851-01-1 
(Accelerometer Located at Center of Gravity). 

 

Figure C.8. Vehicle Lateral Accelerometer Trace for Test 618851-01-1 
(Accelerometer Located at Center of Gravity). 



 

TR No. 618851-01-1 105 2024-01-11 

 

Figure C.9. Vehicle Vertical Accelerometer Trace for Test 618851-01-1 
(Accelerometer Located at Center of Gravity). 


