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Chapter 1. INTRODUCTION 

The purpose of this project was to develop a design for the anchored Maryland temporary 
precast single-face F-type concrete barrier and to assess its crashworthiness performance 
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). Finite element (FE) computer simulations were used to 
assist with system design and to predict crashworthiness of the proposed barrier design. The 
crash tests were performed in accordance with MASH Test Level 3 (TL-3), which requires two 
crash tests (as discussed in Chapter 4).  

This report provides details on the FE modeling and simulation performed to develop the 
design for crash testing, the crash-tested design, the crash tests and results, and the performance 
assessment of the barrier in accordance with MASH TL-3 evaluation criteria for longitudinal 
barriers. 
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Chapter 2. FINITE ELEMENT ANALYSIS AND SIMULATIONS 

2.1. INTRODUCTION 

This chapter presents details on the FE modeling and simulation effort conducted to 
design the anchored Maryland temporary precast single-face F-type concrete barrier and evaluate 
its crashworthiness.  

The researchers first developed an FE model of the initial barrier design that was 
proposed by the Maryland Department of Transportation State Highway Administration 
(MDOT SHA). This design was comprised of precast barrier segments with an F-shape profile 
on the traffic side and a single-slope profile on the field side of the barrier. The barrier segments 
were 12 ft long and were connected to each other using pin-and-loop connections. The barrier 
system was anchored to the underlying concrete pavement with two hold-down plates per barrier 
segment. The hold-down plates were bolted to the toe of the F-shape profile and the underlying 
concrete pavement using epoxy anchors.  

The research team developed a detailed FE model of the originally proposed 12-ft barrier 
segment design, including the pin-and-loop connection and two hold-down plates. The 
researchers then evaluated the anchored barrier design by performing vehicle impact simulations 
using the test conditions specified for MASH Test 3-11 (i.e., 5000-lb pickup, impacting at 
62 mi/h speed and 25 degrees). The results of the initial simulation revealed significant issues 
with the structural adequacy of the originally proposed design of the barrier. Based on these 
results, the original design was considered potentially inadequate to meet MASH evaluation 
criteria. The research team then proposed and evaluated several design changes to improve the 
barrier design.  

Among the key changes proposed were improvements to the barrier reinforcement, the 
hold-down anchor plate design, and the pin-and-loop connection. The researchers improved the 
barrier design without changing its overall dimensions and while preserving its unique narrow 
base dimension of 17 inches. A detailed FE model of the modified barrier design was developed 
and evaluated through vehicle impact simulations under MASH TL-3 conditions. Results of the 
simulations showed that the impacting vehicles were contained and redirected acceptably, and 
the modified barrier was likely to meet the MASH TL-3 evaluation criteria in full-scale crash 
testing.  

Based on the simulation results, the modified barrier design was recommended for full-
scale crash testing under MASH Test 3-10 and Test 3-11 conditions. Details on the FE modeling 
and simulations of the Maryland temporary precast single-face F-type concrete barrier system are 
provided in the sections below. 

2.2. FINITE ELEMENT ANALYSIS OF ORIGINAL DESIGN 

A detailed FE model of the originally proposed anchored Maryland temporary precast 
single-face F-type concrete barrier system with two hold-down plates was developed based on 
standard drawings provided by MDOT SHA and is shown in Figure 2.1 through Figure 2.3. A 
third middle hole in the barrier was included in the design so it could be used if anchoring with 
two hold-down plates was deemed insufficient. 
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The original barrier had a height of 32 inches and a base width of 17 inches. The concrete 
reinforcement consisted of a 6-inch × 6-inch W2.9 × W2.9 welded wire fabric. The barrier 
segments were connected through a pin-and-loop connection, with two loops on each barrier end. 
The loops were made of ¾-inch diameter steel rods, while the connector pin was a 1¼-inch 
diameter steel rod with threads on both ends. Heavy hexagonal nuts were used to lock the 
connector pin from both ends. The 5⁄16-inch thick anchor hold-down plate was comprised of an 
angle welded to a plate. To connect the anchor plate to the barrier, a coil insert with an ASTM 
A325 bolt was used. To connect to the underlying concrete, epoxy anchors or through-deck 
bolting was proposed.   

  
Figure 2.1. Originally Proposed Design (Not to Be Used for Construction)—General 

Geometry Details. 
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Figure 2.2. Originally Proposed Design (Not to Be Used for Construction)—Reinforcement 

and Joint Details. 
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Figure 2.3. Originally Proposed Design (Not to Be Used for Construction)—Connector 

Details.  

The concrete in the FE model was comprised of deformable solid elements with a 
continuous surface cap material model in LS-DYNA, which has the capability to model concrete 
damage. The barrier model is shown in Figure 2.4. The reinforcement within the deformable 
concrete elements was modeled with beam elements, as shown in Figure 2.5. The model also 
incorporated the pin-and-loop connection and the hold-down anchor plate, which were modeled 
with a combination of shell and beam elements, as shown in Figure 2.6 and Figure 2.7, 
respectively. Elastic-plastic material properties were assigned to the reinforcement, anchorage, 
and connection parts. 
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Figure 2.4. FE Model of Concrete Barrier Segments. 

 
Figure 2.5. FE Model of the Steel Reinforcement. 

 
Figure 2.6. FE Model of Pin-and-Loop Connection. 
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Figure 2.7. FE Model of Hold-Down Anchor Plate. 

Figure 2.8 shows the full system model of the originally proposed anchored barrier 
design. It was comprised of eight barrier segments, for a total system length of 96 ft. In the 
system model, only the impacted barrier segments were modeled with deformable concrete 
material, while the remaining system segments were modeled with rigid material representation 
to reduce computational time needed to complete a simulation. The segments modeled with rigid 
material were expected to have negligible or no concrete damage, thus having no effect on the 
simulation results. 

 
Figure 2.8. Full System FE Model of Originally Proposed Barrier Design. 

The research team used a Dodge RAM pickup truck and a Toyota Yaris passenger car as 
the FE models to represent the MASH design vehicles for MASH Test 3-11 and Test 3-10 
simulations, respectively. These FE vehicle models were originally developed by the Center for 
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Collision Safety and Analysis (2, 3). They were further modified in house by the Texas A&M 
Transportation Institute (TTI) over the course of various projects to improve their robustness and 
validation for roadside safety crash analyses.  

The originally proposed barrier system was evaluated under MASH Test 3-11 impact 
conditions with use of the pickup truck model. The 2018 RAM model impacted the system at 
62 mi/h and an angle of 25 degrees. The impact point was 4.3 ft upstream of the joint between 
barrier 4 and barrier 5, which is a typically selected upstream impact distance recommended in 
MASH. The simulation setup is shown in Figure 2.9. 

 
Figure 2.9. MASH Test 3-11 Simulation Setup for the Originally Proposed Barrier Design. 

Results from the simulation showed severe damage to the barrier concrete and 
reinforcement after the impact, compromising its structural integrity (Figure 2.10). Large 
deformations of the anchor plates and the pin were also observed, as shown in Figure 2.10 and 
Figure 2.11. The vehicle was contained and redirected, but the maximum dynamic deflection of 
the barrier system was about 23 inches, which was well above the target 12-inch maximum 
deflection desired by MDOT. Using the results of the simulation, the researchers concluded that 
the anchorage system and the concrete reinforcement were under-designed and needed 
improvement.  

 
Figure 2.10. Concrete and Anchorage Damage after MASH Test 3-11 Impact (Top View). 
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Figure 2.11. Deformation of Connection. 

2.3. DESIGN MODIFICATIONS 

Based on the results of the Test 3-11 simulation, the research team made several changes 
to the originally proposed barrier design. The researchers recommended using ½-inch diameter 
rebar for lateral and longitudinal concrete reinforcement to improve the barrier’s structural 
capacity. To reduce the damage in the anchoring connection area, a U-bar was placed around the 
precast inserts for anchor bolts in the barrier segments.  

The originally proposed design had cut-outs in the barrier toes near the ends. These gaps 
allowed greater rotation at the barrier joints, which resulted in additional lateral barrier 
deflection. The researchers recommended removing the cut-out toes. To strengthen the pin-and-
loop connection, the researchers recommended adding two additional loops in the connection to 
achieve two sets of three loops instead of the two sets of two loops in the originally proposed 
design. To reduce hold-down anchor plate deformation, the researchers proposed using a thicker 
½-inch plate. A summary of the changes is presented in Table 2.1. 
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Table 2.1. Summary of Changes between Original and Modified Barrier Design. 

Feature Original Design Modified Design 

Concrete 
reinforcement 

6-inch × 6-inch W2.9 × W2.9 welded 
wire used as concrete reinforcement. 

Resulted in excessive concrete 
damage. 

½-inch diameter rebars used for 
longitudinal and lateral 

reinforcement. A U-bar added 
around the anchor bolt insert in 

the barrier. 

Cut-out toe 
Cut-out toes in both ends of the barrier. 
Allowed excessive rotation of adjacent 

segments. 

Removed cut-out toes to reduce 
barrier rotation. 

Pin-loop 
connection 

Two sets of two loops. Resulted in 
excessive connection damage. 

Changed to two sets of three 
loops to strengthen the 

connection. 

Anchor plate 
5⁄16-inch thick welded anchor plate. 
Had excessive damage and did not 

provide adequate anchorage.  

Thicker ½-inch plate used to 
improve anchorage capacity. 

2.4. FINITE ELEMENT ANALYSIS OF MODIFIED DESIGN 

A detailed full-scale FE model of the modified Maryland temporary precast single-face 
F-type concrete barrier was developed as shown in Figure 2.12. A closer isometric view of the 
barrier end model is shown in Figure 2.13. Reinforcement details are also shown in Figure 2.14. 

 
Figure 2.12. FE Model of Modified Barrier Segment. 
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Figure 2.13. Isometric View of Modified Barrier Segment FE Model. 

 
Figure 2.14. Reinforcement Details of Modified Barrier Model. 

Impact simulations for MASH TL-3 conditions were performed on the modified barrier 
system. The modified barrier system was comprised of eight segments, for a total length of 96 ft 
and 10 inches, as shown in Figure 2.15. 

 
Figure 2.15. Modified Barrier System with Eight Segments. 

For MASH Test 3-11, the pickup truck model impacted the system at 62 mi/h and an 
angle of 25 degrees. The impact point was 4.3 ft upstream of the joint between barrier 4 and 
barrier 5, as recommended in MASH. The modified barrier system successfully contained and 
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redirected the vehicle. All occupant risk metrics were within MASH limits. The maximum 
occupant impact velocity (OIV) was 33.3 ft/s, and the ridedown acceleration was 17.8 g. The 
dynamic and permanent barrier deflections were 3.4 inches and 2.6 inches, respectively. Front- 
and top-view sequential frames from the MASH Test 3-11 simulation with the pickup truck are 
shown in Figure 2.16 and Figure 2.17, respectively.  
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a. Vehicle Impacting the System 

 

 
b. Vehicle Front Impact Side Interacting with System at 0.12 s 

 

 
c. Vehicle Rear Impact Side Backslapping the System at 0.3 s 

 

 
d. Vehicle Redirecting in Stable State at 0.63 s 

Figure 2.16. Front-View Simulation Frames of MASH Test 3-11 for Modified Barrier 
Design. 
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a. Vehicle Impacting the System  

 

 
b. Vehicle Front Impact Side Interacting with System at 0.12 s 

 

 
c. Vehicle Rear Impact Side Backslapping the System at 0.3 s 

 

 
d. Vehicle Redirecting in Stable State at 0.63 s 

Figure 2.17. Top-View Simulation Frames of MASH Test 3-11 for Modified Barrier Design. 

Moderate concrete damage around the impact area was observed for the MASH Test 3-11 
simulation, as shown in Figure 2.18 and Figure 2.19, where the red color shows full concrete 
damage and the blue or no color represents no concrete damage. The anchor plates and pin-and-
loop connections successfully prevented the system from excessive deflection.  
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Figure 2.18. Isometric View of Impacted Area after MASH Test 3-11.    
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a. Top View of Concrete Damage 

 
b. Front View of Concrete Damage 

 
c. Concrete Damage Scale 

Figure 2.19. Concrete Damage of Modified Barrier Design after MASH Test 3-11. 

The FE model of the modified barrier system was also evaluated using the impact 
conditions of MASH Test 3-10, which involves a passenger car model impacting the system at a 
62 mi/h impact speed and 25-degree orientation angle. From the perspective of the barrier’s 
structural integrity and anchorage design, the impact with the lighter small car is considered less 
critical than the impact with the heavier pickup truck. The main goal of the simulation with the 
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small car was to evaluate the stability of the vehicle due to impact and the resulting occupant risk 
and occupant compartment deformation.  

The impact point in the simulation with the small car was 3.6 ft upstream of the joint 
between barrier 4 and barrier 5, which is typical based on MASH recommendations. The 
modified barrier system successfully contained and redirected the vehicle. All occupant risk 
metrics except the maximum OIV were within MASH limits. The maximum OIV in the 
simulation was 40.5 ft/s, slightly higher than the allowable MASH limit of 40 ft/s. However, 
based on previous tests and experience using the small car model, the OIV is often overestimated 
in the simulation due to the lack of suspension and steering failure in the simulation models. 
Failure of suspension and steering joints and members is very commonly observed in crash 
testing, which results in reducing the snag of the vehicle with the barrier. Lack of this failure in 
the simulation results in higher OIV values. Since the OIV in the simulation was very close to 
the MASH threshold, the researchers felt comfortable proceeding with the design without making 
additional changes.  

Deflections of the barrier system for the MASH Test 3-11 and Test 3-10 impact 
simulations are summarized in Table 2.2. 

Table 2.2. Modified Barrier System Deflections for MASH TL-3 Simulations. 

Parameter MASH Test 3-11 MASH Test 3-10 
Dynamic Deflection 3.9 in 2.0 in 

Permanent Deflection 2.6 in 1.7 in 

2.5. CONCLUSIONS 

The originally proposed design of the anchored Maryland temporary precast single-face 
F-type concrete barrier was evaluated with full-scale FE impact simulations using MASH 
Test 3-11 impact conditions. The results showed that the original design of the barrier was not 
adequate to withstand MASH TL-3 impact forces.  

The research team recommended design modifications to improve the barrier’s 
performance and reach MASH TL-3 compliance. The recommendations were implemented in 
coordination with MDOT, and the modified barrier design was evaluated through full-scale 
impact simulations using MASH TL-3 impact conditions. 

The modified anchored barrier model successfully passed MASH Test 3-11 and Test 3-10 
evaluation criteria in the simulation analyses. Due to the satisfactory performance of the 
modified design in the simulations, the research team recommended the design for full-scale 
crash testing. 
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Chapter 3. SYSTEM DETAILS 

3.1. TEST ARTICLE AND INSTALLATION DETAILS 

The installation consisted of eight 12-ft long and 32-inch tall concrete barrier segments 
that had the F-shape profile on the impact side and a single-slope profile on the non-impact side. 
The segments were connected end-to-end, for a total length of 96 ft 10 inches. Each barrier 
segment measured 17 inches wide at the bottom, with a 3-inch tall toe on the traffic side of the 
barrier. The width at the top of the segments was 6½ inches. The barriers were joined with a 
1-inch diameter pin that was inserted through three hot-rolled A36 mating loops on each end of 
the barrier segments. The barrier segments were secured to a 9-inch thick, 12-ft 6-inch wide, 
105-ft long unreinforced concrete pavement via bent anchor brackets that were bolted to the 
traffic side toe of each barrier segment, and then epoxy-anchored to the underlying concrete 
pavement. Each barrier had two such anchor brackets that were positioned 2 ft from each end of 
the barrier segment. The barrier was installed at a 2-inch offset from the edge of the underlying 
concrete pavement.  

Figure 3.1 presents the overall information on the anchored Maryland F-type temporary 
barrier, and Figure 3.2 through Figure 3.7 provide photographs of the installation. Appendix A 
provides further details on the barrier. Drawings were provided by the TTI Proving Ground, and 
construction was performed by MBC Management and supervised by 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 Maryland F-Type Temporary Barrier. 
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Figure 3.2. Maryland F-Type Temporary Barrier prior to Testing—Front View 

of the Installation. 

 
Figure 3.3. Maryland F-Type Temporary Barrier prior to Testing—Back View 

of the Installation. 
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Figure 3.4. Maryland F-Type Temporary Barrier prior to Testing—Lateral View 

of the Installation. 

 
Figure 3.5. Maryland F-Type Temporary Barrier prior to Testing—Vehicle Tire 
Trajectory (Orange Line) Aimed at Targeted Barrier-Vehicle Impact Location.  
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Figure 3.6. Maryland F-Type Temporary Barrier prior to Testing—Ground Connection 

Details. 

 
Figure 3.7. Maryland F-Type Temporary Barrier prior to Testing—Segment Connection 

Details. 
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3.3. MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 
install/construct the Maryland F-type temporary barrier. Table 3.1 shows the average 
compressive strengths of the concrete on the day of the first test, November 1, 2022. 

Table 3.1. Concrete Strength. 

Location Design 
Strength (psi) 

Avg. Strength 
(psi) Age (days) Detailed Location 

Deck 4500 4478 29 100% of the Concrete Pavement 
Barrier 4 
Core 4500 4660 Not Known Precast Barrier from Test 3-10 

Barrier 5 
Core 4500 5170 Not Known Precast Barrier from Test 3-10 

Barrier 4 
Core 4500 4540 Not Known Precast Barrier from Test 3-11 

Barrier 5 
Core 4500 4910 Not Known Precast Barrier from Test 3-11 

The strength of the concrete pavement was slightly under the specified minimum. 
However, it was deemed acceptable for use in the crash test since the difference was very small, 
and successful testing on slightly reduced pavement concrete strength would still allow use of the 
barrier on pavements or decks with higher concrete strength. 
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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 barriers. The target critical impact points (CIPs) for each test were determined using 
the information provided in MASH Section 2.2.1 and Section 2.3.2. Figure 4.1 shows the target 
CIP for MASH Tests 3-10 and 3-11 on the anchored Maryland F-type temporary barrier. 

Table 4.1. Test Conditions and Evaluation Criteria Specified by MASH TL-3 for 
Longitudinal Barriers. 

Test 
Designation 

Test 
Vehicle 

Impact 
Speed 

Impact 
Angle Evaluation Criteria 

3-10 1100C 62 mi/h 25º A, D, F, H, I 
3-11 2270P 62 mi/h 25º A, D, F, H, I 

 
Figure 4.1. Target CIP for MASH TL-3 Tests on Maryland F-Type Temporary Barrier. 

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

The appropriate safety evaluation criteria from Tables 2.2 and 5.1 of MASH were used to 
evaluate the crash tests 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. 

Table 4.2. Evaluation Criteria Required for MASH Testing. 

Evaluation 
Factors Evaluation Criteria MASH Test 

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. 

3-10 & 3-11 

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. 

3-10 & 3-11 

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

3-10 & 3-11 

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

3-10 & 3-11 

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

3-10 & 3-11 
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Chapter 5. TEST CONDITIONS 

5.1. TEST FACILITY 

The full-scale crash tests reported herein were 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 tests were 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 

The 1100C and 2270P vehicles used in the tests were 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 

Each 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, 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 
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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 

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 
dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side of 
the 1100C vehicle. The dummy was not instrumented.  

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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Chapter 6. MASH TEST 3-10 (CRASH TEST NO. 614271-12-2) 

6.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

See Table 6.1 for details on MASH impact conditions and Table 6.2 for the exit 
parameters for Test 614271-12-2. Figure 6.1 and Figure 6.2 depict the target impact setup. 

Table 6.1. Impact Conditions for MASH Test 3-10, Crash Test 614271-12-2. 

Test Parameter Specification Tolerance Measured 
Impact Speed (mi/h) 62  ±2.5 mi/h 63.2 
Impact Angle (deg) 25 ±1.5° 25.1 
Impact Severity (kip-ft) 51  ≥51 kip-ft 58.1 

Impact Location  

43.2 inches 
upstream from 
centerline of joint 
between barrier 4 
and 5 

±12 inches 
43.5 inches upstream from 
centerline of joint between 
barrier 4 and 5 

Table 6.2. Exit Parameters for MASH Test 3-10, Crash Test 614271-12-2. 

Exit Parameter Measured 
Speed (mi/h) 48.9 
Trajectory (deg) 5 
Heading (deg) 10 
Brakes applied post impact (s) 2.7  

Vehicle at rest position 
257 ft downstream of impact point 
2 ft to the field side 
60° left 

Comments:  Vehicle remained upright and stable. 
Vehicle crossed exit boxa 58 ft downstream from loss of contact. 

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. Maryland F-Type Temporary Barrier and Test Vehicle Geometrics for 

Test 614271-12-2. 

 
Figure 6.2. Maryland F-Type Temporary Barrier and Test Vehicle Impact Location for 

Test 614271-12-2. 
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6.2. WEATHER CONDITIONS 

Table 6.3 provides the weather conditions for Test 614271-12-2. 

Table 6.3. Weather Conditions for Test 614271-12-2. 

Date of Test 2022-11-01 AM 

Wind Speed (mi/h) 4 

Wind Direction (deg) 9 

Temperature (°F) 73 

Relative Humidity (%) 56 

Vehicle Traveling (deg) 195 

6.3. TEST VEHICLE  

Figure 6.3 and Figure 6.4 show the 2018 Nissan Versa 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 614271-12-2. 
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Figure 6.4. Opposite Impact Side of Test Vehicle before Test 614271-12-2. 

Table 6.4. Vehicle Measurements for Test 614271-12-2. 

Test Parameter MASH Allowed 
Tolerance Measured 

Dummy (if applicable)a (lb) 165 N/A 165 
Inertial Weight (lb) 2420  ±55 2420 
Gross Statica (lb) 2585 ±55 2585 
Wheelbase (inches) 98 ±5 102.4 
Front Overhang (inches) 35 ±4 32.5 
Overall Length (inches) 169 ±8 175.4 
Overall Width (inches) 65 ±3 66.7 
Hood Height (inches) 28 ±4 30.5 
Track Widthb (inches) 59 ±2 58.4 
CG aft of Front Axlec (inches) 39 ±4 41.7 
CG above Groundc,d (inches) N/A N/A N/A 
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 No. 614271-12-2. Figures C.4 through 
C.6 in Appendix C.2 present sequential photographs during the test. 

Table 6.5. Events during Test 614271-12-2. 

Time (s) Events 
0.0000 Vehicle impacted the installation 
0.0190 Vehicle began to redirect 
0.0300 Barrier 4 at joint 4–5 began to move toward the field side 
0.0380 Barrier 5 at joint 4–5 began to move toward the field side 
0.1730 Rear passenger-side tire impacted the barrier 
0.2030 Vehicle was parallel with the installation 
0.3540 Vehicle exited the installation at 48.9 mi/h with a heading angle of 10 degrees and a 

trajectory angle of 5 degrees 

6.5. DAMAGE TO TEST INSTALLATION 

There was damage at each anchor position for barriers 4 and 5, with cracks at the 
downstream anchor on barrier 4 and the upstream anchor on barrier 5. Barrier 5 also had some 
spalling on the field side. Table 6.6 describes the damage to the anchored Maryland F-type 
temporary barrier. Figure 6.5 and Figure 6.6 show the damage to the barrier. 

Table 6.6. Damage to Maryland F-Type Temporary Barrier for Test 614271-12-2. 

Test Parameter Measured 
Permanent Deflection/Location 1 inch toward field side, at the joint of barriers 4 and 5 

Dynamic Deflection 4.7 inches toward field side at the top of the barrier at the joint of 
barriers 4 and 5 

Working Widtha and Height 18.7 inches, at a height of 0 inches at the field side toe of the 
barrier at the joint of barriers 4 and 5 

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. 
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Figure 6.5. Maryland F-Type Temporary Barrier after Test near Impact Location for 

Test 614271-12-2. 

 
Figure 6.6. Maryland F-Type Temporary Barrier after Test at the Joint of Barriers 4 and 5 

for Test 614271-12-2. 

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 6.7 and Table 6.8 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 614271-12-2. 

 
Figure 6.8. Rear Impact Side of Test Vehicle after Test 614271-12-2. 
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