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1 INTRODUCTION  

1.1 Background 

To prevent errant motorists traversing bridge structures from leaving the roadway, bridge 

rails are installed along the edges of the bridge deck. Concrete bridge rails are typically closed 

parapets with a vertical, single-sloped, or safety-shaped face as well as open post and beam 

systems, also known as open concrete rails. Open concrete rails typically consist of rectangular 

posts, as shown in Figure 1 [1], or tapered trapezoidal posts, as shown in Figure 2 [2], with vertical-

faced rails on top. When impacting post-and-beam systems, vehicle components, such as wheels 

and bumpers, have the potential to extend beneath the rail and contact a post, potentially resulting 

in snagging. Significant snagging can result in excessive occupant compartment deformation or 

occupant deceleration. Open concrete rails can also be designed with a lower curb, as shown in 

Figure 2, which may mitigate the potential for vehicle components to extend under the rail [2]. 

Systems without curbs allow for easier snow removal and water drainage directly away from the 

bridge deck. Some taller bridge rails may incorporate an offset region at the top of the rail to 

decrease the potential for an occupantôs head to contact the barrier, as shown in Figure 3 [3]. 

 

Figure 1. Rectangular Open Concrete Rail Posts [1] 

 

Figure 2. Tapered Trapezoidal Open Concrete Rail Posts with a Lower Curb [2] 
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Figure 3. Concrete Barrier with Head Ejection Setback Region [3] 

Two variations of the Kansas Corral Rail, as shown in Figures 4 and 5, have been tested 

under NCHRP Report 230 and the American Association of State Highway and Transportation 

Officials (AASHTO) Guide Specifications for Bridge Railings (GSBR) Performance Level 2 (PL-

2) conditions [4-5]. In 1987, the Southwest Research Institute (SwRI) successfully conducted crash 

test nos. MKS-1 and MKS-2 on the 27-in. tall Kansas Corral Rail shown in Figure 4 under NCHRP 

Report 230 conditions using test designation no. 10 with a 4,690-lb 4500S car and test designation 

no. 12 with a 1,971-lb 1800S car [6]. Both crash tests were successful, and both vehicles were 

redirected without causing significant damage to the bridge rail. In 1991, MwRSF conducted crash 

test no. KSCR-1 on the 32-in. tall Kansas Corral Rail shown in Figures 5 and 6 under AASHTO 

GSBR PL-2 conditions with a 18,040 lb single-unit truck (SUT) [7]. The rail successfully 

contained the SUT but sustained considerable damage, as shown in Figures 7 and 8.  

The Kansas Corral Rail, or a variation of it, is currently used in Kansas, Nebraska, Iowa, 

Virginia, and South Dakota. These variants include 27-in. and 32-in. tall configurations, both of 

which may incorporate a 6-in. tall curb, as shown in Figures 9 and 10.  
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Figure 4. 27-in. Tall Kansas Corral Rail Details 

 

Figure 5. 32-in. Tall Kansas Corral Rail Details [7] 
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Figure 6. 32-in. Tall Kansas Corral Rail, Pretest [7] 

 

Figure 7. 32-in. Tall Kansas Corral Rail Damage [7] 
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Figure 8. 32-in. Tall Kansas Corral Rail Damage [7] 

 

 

Figure 9. 27-in. Tall Corral Rail with a 6-in. Tall Curb Details 
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Figure 10. 32-in. Tall Corral Rail with a 6-in. Tall Curb Details 

1.2 Problem Statement 

The Manual for Assessing Safety Hardware (MASH) [8] is the current guideline for crash-

testing roadside safety hardware, and includes many changes from the prior guidance in NCHRP 

Report 350 [9]. Required test matrices are specified for each category of roadside device, which 

includes test vehicle, impact speed, impact angle, and critical impact point. The safety performance 

evaluation criteria used to evaluate each test consists of structural adequacy, occupant risk, and 

vehicle trajectory. MASH includes updated test vehicles and impact conditions for longitudinal 

barriers. Historically, rigid concrete bridge rails satisfying Test Level 4 (TL-4) criteria under 

NCHRP Report 350 were 32 in. tall. However, with the adoption of MASH and an increase in both 

mass and impact speed for the SUT, MASH TL-4 tests on 32-in. tall safety-shaped barriers have 

resulted in SUTs rolling over the barrier [10-11]. As such, bridge rails taller than 32 in. are now 

required to meet the MASH TL-4 criteria. Additionally, vehicle mass has increased for small cars, 

pickup trucks, and SUTs; impact angle has increased for the small car; and impact speed for the 

SUT has increased. The MASH TL-4 test matrix is shown in Table 1.  

Table 1. MASH TL-4 Test Matrix for Longitudinal Barriers [8] 

Test No. 
Vehicle 

Designation 

Vehicle Mass 

lb 

Speed  

mph 

Impact Angle 

deg. 

4-10 1100C 2,420 62 25 

4-11 2270P 5,000 62 25 

4-12 10000S 22,000 56 15 
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Currently, no open concrete bridge rails similar to the Kansas Corral Rail have been 

developed and crash tested under MASH TL-4 impact conditions. Open concrete rails that have 

been tested under MASH conditions include: the Texas Department of Transportation (TxDOT) 

T224, a MASH TL-5 open concrete rail developed and tested by the Texas A&M Transportation 

Institute (TTI) which included a 9-in. tall curb [2]; the California Department of Transportation 

(Caltrans) Type 85, a MASH TL-4 open concrete rail developed and tested by Caltrans which 

included a 12-in. tall curb [12]; and the TxDOT T223, a MASH TL-3 open concrete rail developed 

and tested by TTI [13]. 

Additionally, many existing open concrete bridge rails would not meet the minimum height 

requirements for a MASH TL-4 barrier with future roadway overlays. Increasing a concrete bridge 

railôs height may lead to better containment of SUTs, but it can also lead to an increase in head 

slap incidents for occupants in passenger vehicles. Past research regarding the geometry of rigid 

concrete barriers has also indicated that certain barrier shapes, such as safety shapes, increase the 

propensity for vehicle climb, instability, and rollover [10-11]. Thus, an optimized geometric shape 

that considers vehicle stability and pavement overlays is desired for new TL-4 bridge rails. If 

desired, occupant head ejection may be considered. 

1.3 Objective 

The objective of this research effort was to develop an optimized MASH TL-4 open 

concrete bridge rail utilizing the geometry of the original Kansas Corral Rail as the starting point 

for the design. The railing was designed for strength, vehicle stability, reduced snagging risk, and 

to minimize installation costs while accommodating up to a 3-in. thick future pavement overlay. 

The load transfer into the deck was designed to minimize the potential for damage to the bridge 

deck. Details were developed for both interior and end regions of the bridge rail. In a future 

research effort, full -scale crash testing will be conducted to evaluate the new bridge rail shape, 

strength, load transfer to the deck, and the zone of intrusion (ZOI) for the new bridge rail.  

1.4 Scope 

Development of the TL-4 open concrete rail comprised several tasks. Task 1 consisted of 

reviewing previously crash-tested open concrete rails and steel post and beam rails. The geometric 

details and crash test results for each rail were reviewed to establish safe bridge rail dimensions. 

Bridge rail dimensions, such as the vertical opening and post setback, were selected to maximize 

aesthetics while mitigating the potential for vehicle snag on the bridge rail posts. Sponsor input on 

current and desired rail characteristics guided the design process. Rail characteristics included deck 

thickness, overhang width, reinforcement sizes, rail width, post length, post spacing, vertical 

opening, and post setback. Task 2 consisted of a structural analysis of the current Kansas Corral 

Rail, design of several bridge rail configurations, and design of the bridge deck overhang. Several 

bridge rail and overhang configurations were proposed to the sponsors, and their feedback was 

used to select the final rail and deck configurations. Task 3 consisted of providing 

recommendations for future full-scale crash testing. 
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2 LITERATURE REVIEW  

2.1 Overview 

A literature review was conducted to gather information on the performance of open 

concrete bridge rails, current and historical design criteria, and design impact loads. Systems that 

are similar to open concrete bridge rails were also studied, including steel post and beam bridge 

rails, concrete end buttresses, and other longitudinal barriers that incorporate rails supported by 

posts. Open concrete bridge rails, steel post and beam bridge rails, and other relevant systems 

tested under AASHTO GSBR, NCHRP Report 230, NCHRP Report 350, or MASH criteria were 

reviewed [4, 5, 8, 9]. Although the objective of the project was to design a MASH TL-4 open 

concrete bridge rail, other systems with discrete posts supporting an elevated rail have a structure 

similar to open concrete rails in which vehicle elements could extend under a rail and snag on the 

posts, which was critical to the new rail design. Review of current and historical design criteria 

was necessary to predict how systems evaluated under previous testing standards would perform 

under the current MASH testing standards. Systems tested to NCHRP Report 350 and MASH TL-3 

through TL-5 conditions were included in this review. The impact conditions for MASH test 

designation nos. 3-10, 4-10, and 5-10 with the small car and MASH test designation nos. 3-11, 

4-11, and 5-11 with the pickup truck are the same at MASH TL-3 through TL-5. NCHRP Report 

350 and MASH impact conditions are similar, but test vehicle weights, small car impact angle, 

and SUT impact speed have all increased in MASH. 

2.2 Vertical Openings and Post Setbacks 

The tendency for vehiclesô structural components to extend beneath the rails of post and 

beam systems creates a risk of vehiclesô structural components snagging on posts, which can lead 

to excessive vehicle crush, vehicle instability, and elevated occupant ridedown accelerations 

(ORAs) and occupant impact velocities (OIVs). Numerous studies and design standards were 

reviewed to determine the influence of vertical opening and post setback on vehicle snagging and 

the amount of snagging that is detrimental to test results. 

AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specification 

discusses the snag potential for various bridge designs [14]. The data were obtained from previous 

NCHRP Report 230 crash tests and were used to determine the geometric parameters that posed a 

threat of snagging. Snag potential graphs with post setback distance versus vertical clear opening 

and post setback distance versus to the ratio of rail contact width to height were developed, 

showing which combinations have low and high potential for vehicle snagging. Recommendations 

were provided on whether a configuration would be acceptable, as shown in Figures 11 and 12. 

As vertical openings increase, post setbacks should also increase to mitigate the potential for 

snagging, as shown in Figure 11. Post setback criteria can also be determined by comparing the 

post setback distance versus the ratio of rail contact width to height, as shown in Figure 12. The 

ratio of rail contact width to height is defined as the summation of the surface area of the front face 

of the bridge rail divided by the overall height of the system.  
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Figure 11. Snag Potential Based on Ratio of Vertical Clear Opening and Post Setback [14] 

 

Figure 12. Snag Potential Based on Ratio of Contact Width to Height and Post Setback [14] 
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In NCHRP Project 20-07, the research team evaluated the equivalency between NCHRP 

Report 350 and MASH test levels, as the changes from NCHRP Report 350 to MASH resulted in 

increased impact severity [15]. Increased impact severity could correspond to an increased risk of 

vehicle snagging, as higher impact velocities and higher speeds may cause vehicles to extend 

farther underneath rail elements. The research effort studied closed concrete parapets, metal bridge 

rails, open concrete bridge rails, combination concrete and metal bridge rails, combination traffic 

and pedestrian rails, wood rails, noise walls, and retrofit rails. Crash tests conducted on open 

concrete bridge rails were plotted on the snag potential graphs, as shown in Figures 13 and 14. The 

one failed test was conducted under MASH TL-3 criteria on the TxDOT T202, a 27-in. tall open 

concrete bridge rail, and the failure was not due to snagging, as the vehicle rolled over due to 

insufficient rail height [16]. Due to the lack of tests, further testing was recommended in order to 

update the geometric relationships that are currently shown in the AASHTO LRFD Bridge Design 

Specifications.  

 

Figure 13. NCHRP Report 350 and MASH Small Car Snag Potential for Open Concrete Bridge 

Rails [15] 
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Figure 14. NCHRP Report 350 and MASH Pickup Truck Snag Potential for Open Concrete 

Bridge Rails [15] 

2.3 Head Ejection 

During impact events with vertical-face barriers, the occupantôs head may leave the 

occupant compartment through the window, known as head ejection. If the occupantôs head 

contacts an adjacent barrier, serious occupant harm could occur. Thus, a head ejection envelope 

was recommended [3]. The occupant head ejection envelope was developed by MwRSF 

researchers in 2007 by studying high-speed video of small car and pickup truck crash tests, as 

shown in Figure 15. The envelope was drawn relative to the front face of the barrier and determines 

how far the top of the barrier must be set back for an occupantôs head to not contact the barrier. 

This setback distance is based on the overall barrier height. Due to the geometry of open concrete 

bridge rails, passenger vehicle impacts with bridge rails can also result in occupant head ejection, 

and the setback region can reduce the risk of occupant head-slap. Modern vehicle side-curtain 

airbags, which were not accounted for in the original study, may also reduce the number of head 

ejections that could occur in a crash impact event, but the changes have not been quantified yet.  
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Figure 15. Head Ejection Envelope [3] 

2.4 Impact Loads 

Various design impact loads have been utilized to design open concrete bridges, and 

historical design impact loads were reviewed to determine what loads the new open concrete bridge 

rail had to be designed to resist. Design loads for traffic railings are published in AASHTO LRFD 

Bridge Design Specifications, as shown in Table 2 [14]. TL-4 conditions specify pickup truck 

transverse and longitudinal design loads to be 54 kips and 18 kips respectively, applied at a height 

of 24 in., and a vertical load of 18 kips applied over 18 ft. Transverse and longitudinal design loads 

for the SUT were 54 kips and 18 kips respectively, applied at a height of 32 in., and a vertical load 

of 18 kips applied over 18 ft. These impact loads were developed from the NCHRP Report 350 

crash testing effort and have not been updated to reflect MASH impact conditions.
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Table 2. AASHTO LRFD Bridge Design Specifications Design Forces for Traffic Railings [14] 

Design Forces and Designation 
Railing Test Levels 

TL-1 TL-2 TL-3 TL-4 TL-5 TL-6 

Ft Transverse (kips) 13.5 27 54 54 124 175 

FL Longitudinal (kips) 4.5 9 18 18 41 58 

Fv Vertical (kips) 4.5 4.5 4.5 18 80 80 

Lt and LL (ft) 4 4 4 3.5 8 8 

Lv (ft) 18 18 18 18 40 40 

He (min) (in.) 18 20 24 32 42 56 

Minimum H Height of rail (in.) 27 27 27 32 42 90 

 

Where: 

Ὂ  = Transverse force applied perpendicular to the barrier 

Ὂ  = Longitudinal force applied by friction along the barrierôs direction 

Ὂ  = Vertical force applied downward on the top of the barrier 

ὒ  = Length of transverse distributed design load 

ὒ  = Length of longitudinal distributed design load 

ὒ  = Length of vertical distributed design load 

Ὄ   = Effective height of vehicle rollover force 

Ὄ  = Minimum height of rail 

 

In NCHRP Project 22-20(2), recommended guidelines were developed for designing 

MASH TL-3 through TL-5 roadside barrier foundation systems placed on mechanically stabilized 

earth (MSE) retaining walls [17]. Through this effort, finite element analyses with LS-DYNA were 

conducted to estimate MASH TL-4 impact loads of a 10000S vehicle on barriers at different 

heights. As barrier height increases, transverse and longitudinal forces increase and vertical forces 

decrease due to the reduced amount of vehicle roll, as shown in Table 3. Recommended design 

loads based on LS-DYNA results are shown in Table 4, which are divided into two categories: 

TL-4-1 for barriers 36 in. and shorter and TL-4-2 for barriers taller than 36 in. TL-4-1 impact 

conditions correspond to 70-kip transverse and 22-kip longitudinal loads applied at an effective 

height of 25 in. distributed over 4 ft, and a 38-kip vertical load distributed over 18 ft. TL-4-2 impact 

conditions correspond to 80-kip transverse and 27-kip longitudinal loads applied at an effective 

height of 30 in. distributed over 5 ft, and a 33-kip vertical load distributed over 18 ft. 
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Table 3. Summary of Resultant Impact Loads for MASH TL-4 SUT [17] 

Design Forces and Designations 
Barrier Height 

36 in. 39 in. 42 in. 90 in. 

Ft Transverse (kips) 67.2 72.3 79.1 93.3 

FL Longitudinal (kips) 21.6 23.6 26.8 27.5 

Fv Vertical (kips) 37.8 32.7 22 N/A 

LL and Lt (ft) 4 5 5 14 

He (in.) 25.1 28.7 30.2 45.5 

N/A = Not Applicable 

Table 4. Recommended Design Impact Loads for MASH TL-4 Traffic Barriers [17] 

Design Forces and Designations TL-4-1 TL-4-2 

Rail Height, H (in.) 36 >36 

Ft Transverse (kips) 70 80 

FL Longitudinal (kips) 22 27 

Fv Vertical (kips) 38 33 

LL and Lt (ft) 4 5 

Lv (ft) 18 18 

He (in.) 25 30 

 

2.5 MASH TL -4 Barrier Heights 

The minimum barrier height for each test level has varied based upon the impact 

conditions. Under NCHRP Report 350 conditions, full-scale crash tests demonstrated that a 32-in. 

tall barrier could successfully redirect an SUT impacting at TL-4 conditions. However, in 2006, 

MwRSF conducted an unsuccessful crash test under MASH conditions on a 32-in. tall barrier in 

which the SUT rolled over the barrier [10]. Additionally, TTI conducted another unsuccessful 

crash test of an SUT impacting a 32-in. tall barrier, also resulting in rollover [11]. Thus, selection 

of a new minimum required bridge rail height was required for design of the new open concrete 

bridge rail. In 2011, TTI conducted a full-scale crash test on a 36-in. tall barrier which successfully 

redirected the MASH SUT [18]. In 2018, MwRSF conducted another full-scale crash test on a 36-

in. tall barrier which successfully redirected the MASH SUT [19-20], thus 36 in. has been 

established as the minimum height necessary to contain a SUT. 
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2.6 Open Concrete Bridge Rails 

Data from full-scale crash tests of open concrete bridge rails were reviewed to determine 

whether testing was successful, whether the vehicle snagged on the barrier, and if the system 

geometry contributed to an unsuccessful crash test. Relevant system geometry, depicted in in 

Figures 16 and 17, included overall system height, overall system width, vertical opening, curb 

height, post setback, post taper, post length, and gap length. The collected data is summarized in 

Table 5. Relevant system geometry was defined based on its influence on snag potential and was 

collected to guide future recommendations for the new open concrete bridge rail. Open concrete 

bridge rails were selected for study based on their geometric similarity to the Kansas Corral Rail 

and the ability to determine the potential for vehicle snagging. The systems are described in the 

subsequent sections of this report. 

 

Figure 16. Open Concrete Bridge Rail General Dimensions Cross Section 

 

Figure 17. Open Concrete Bridge Rail General Dimensions Elevation 
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Table 5. Open Concrete Bridge Rail Design Details 

System Name Test Criteria 
Test 

Level 

Overall 

Height  

in. (mm) 

Overall 

Width  

in. (mm) 

Vertical 

Opening 

in. (mm) 

Curb 

Height  

in. (mm) 

Post 

Setback 

in. (mm) 

Post 

Taper 

Post 

Length 

in. (mm) 

Gap 

Length 

in. (mm) 

TxDOT T224 [2] MASH TL-5 
42  

(1,067) 

16½  

(419) 

12  

(305) 

9  

(229) 

0  

(0) 
2:1 

60  

(1,524) 

120 

(3,048) 

NDOR Aesthetic 

Open Concrete Rail 

[21] 

NCHRP Report 

350 
TL-5 

42  

(1,067) 

14  

(356) 

12  

(305) 
N/A 

2  

(51) 
3:1 

30  

(762) 

72  

(1,829) 

NE Open Concrete 

Rail [22] 
AASHTO GSBR PL-2 

29  

(737) 

14  

(356) 

13  

(330) 
N/A 

2  

(51) 
N/A 

24  

(610) 

60  

(1,524) 

NE Open Concrete 

Rail on Inverted Tee 

Bridge Deck [1] 

NCHRP Report 

350 
TL-4 

29  

(737) 

14  

(356) 

13  

(330) 
N/A 

2  

(51) 
N/A 

24  

(610) 

60  

(1,524) 

TxDOT T203 [23] 
NCHRP Report 

350 
TL-3 

30  

(762) 

13½ 

(343) 

13  

(330) 
N/A 

4½  

(114) 
N/A 

60 

(1,524) 

60  

(1,524) 

NDOR Aesthetic 

Precast Open 

Concrete Rail [24] 

MASH TL-4 
36½  

(927) 

19  

(483) 

10ȩ  

(270) 
N/A 

4  

(102) 
N/A 

24  

(610) 

72  

(1,829) 

TxDOT T223 [25] 
NCHRP Report 

350 
TL-3 

32  

(813) 

19  

(483) 

13  

(330) 
N/A 

4  

(102) 
N/A 

48 

(1,219) 

72  

(1,829) 

CA Type 85 [12] MASH TL-4 
42  

(1,067) 

22  

(559) 

12  

(305) 

12  

(305) 

8  

(203) 
N/A 

18  

(457) 

102 

(2,591) 

KS Corral Rail [6] 
NCHRP Report 

230  
TL-4 

27  

(686) 

14  

(356) 

13  

(330) 
N/A 

2  

(51) 
N/A 

36  

(914) 

84 

(2,134) 

KS Corral Rail [7] AASHTO GSBR  PL-2 
32  

(813) 

14  

(356) 

13  

(330) 
N/A 

2  

(51) 
N/A 

36  

(914) 

84 

(2,134) 

N/A ï Not Applicable 
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2.6.1 TxDOT T224 Bridge Rail 

The TxDOT T224 bridge rail was a MASH TL-5 open concrete bridge rail system 

developed and tested by TTI in 2015 [2]. The overall height of the bridge rail was 42 in., and the 

system consisted of a 21-in. tall by 16½-in. wide rail supported by 12-in. tall posts atop a 9-in. tall 

curb, as shown in Figures 18 and 19. The overall width of the system was 16½ in. The post faces 

were flush with the face of the rail and curb and were tapered at a 2:1 rate to produce a setback of 

7 in. at the upstream and downstream edges of the posts. The posts were 8 in. wide by 60 in. long 

and were separated by a 120-in. long gap. The TxDOT T224 bridge rail was successfully tested 

with 1100C and 2270P vehicles in test nos. 490025-2-2 and 49005-2-3, respectively, as well as a 

79,300-lb 36000V tractor trailer in test no. 490025-2-1, all of which met all safety evaluation 

criteria according to MASH TL-5. 

Through reviewing videos and photographs, it was determined that the tire of the 1100C 

vehicle extended between the rail and curb, contacted the tapered portion of a post, and was 

estimated to extend laterally approximately 3½ in. from the face of the post, as shown in Figure 

20. The tire of the 2270P vehicle extended between the rail and curb, contacted the post, and was 

estimated to extend laterally approximately 7 in. from the face of the post, as shown in Figure 21. 

However, both passenger vehicle tests were successful according to MASH TL-5 criteria. 

 

Figure 18. TxDOT T224 System Photograph [2] 



November 30, 2023 

MwRSF Report No. TRP-03-406a-23 

 

18 

 

Figure 19. TxDOT T224 Bridge Rail Drawing [2] 

 

Figure 20. Lateral Extent of 1100C Vehicle Tire Marks on the T224 Bridge Rail [2] 
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Figure 21. Lateral Extent of 2270P Vehicle Tire Marks on the T224 Bridge Rail [2] 

2.6.2 NDORôs TL-5 Aesthetic Open Concrete Bridge Rail 

The Nebraska Department of Roads (NDOR) Aesthetic Open Concrete Bridge rail was a 

NCHRP Report 350 TL-5 open concrete bridge rail system developed and tested by MwRSF in 

2005 [21]. The overall height of the bridge rail was 42 in. with a 12-in. vertical opening, as shown 

in Figures 22 and 23. The rail was 30 in. tall by 14 in. wide with a 4½-in. tall by 7¾-in. wide 

setback region at the top to account for potential head ejection. The front face of the rail 

incorporated two longitudinal asperities protruding 1½ in. from the front face of the rail. Post faces 

were set back 2 in. from the face of the rail and were 10½ in. wide by 30 in. long and separated by 

a 72-in. long gap. The NDOR TL-5 Aesthetic Open Concrete Bridge Rail was successfully tested 

under NCHRP Report 350 TL-5 conditions with a 78,975-lb tractor trailer in test no. ACBR-1. 

Videos and photographs were reviewed, and as seen in Figure 24, contact marks were not apparent 

on the upstream post faces, 
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Figure 22. NDOR TL-5 Aesthetic Rail System Photograph [21] 

 

Figure 23. NDOR TL-5 Aesthetic Rail Drawing [21] 



November 30, 2023 

MwRSF Report No. TRP-03-406a-23 

 

21 

 

Figure 24. NDOR TL-5 Aesthetic Rail Damage [21] 

2.6.3 Nebraska Open Concrete Rail 

The Nebraska Open Concrete Rail was an AASHTO GSBR PL-2 open concrete bridge rail 

developed and tested by MwRSF in 1996 [22]. The overall height of the bridge rail was 29 in. with 

a 13-in. vertical opening, and a 14-in. wide by 16-in. tall rail, as shown in Figures 25 and 26. Posts 

were 11 in. wide by 24 in. long and were separated by a 60-in. gap in the interior region. End posts 

at the expansion gap location were 11 in. wide by 36 in. long. Post faces were set back 2 in. from 

the face of the rail.  

Four successful crash tests were conducted under AASHTO GSBR PL-2 conditions. Test 

nos. NEOCR-3 and NEOCR-4 were conducted with 18,000-lb SUTs and test nos. NEOCR-5 and 

NEOCR-6 were conducted with 5,394-lb and 5,399-lb pickup trucks, respectively. Although the 

SUT impacted the barrier near the expansion gap resulting in rail damage, the performance was 

considered satisfactory according to AASHTO GSBR performance criteria. A review of 

photographs of test no. NEOCR-5 showed that the tire of the 5,399-lb pickup truck extended 

beneath the rail, contacted a post, and was estimated to extend laterally 1 in. from the face of the 

rail, as shown in Figure 27. A review of photographs of test no. NEOCR-6 found that the tire of 

the 5,394-lb pickup truck extended beneath the rail, contacted a post, and was estimated to extend 

laterally 3 in. from the face of the rail, as shown in Figure 28. However, all passenger vehicle tests 

were successful according to AASHTO GSBR PL-2 criteria. 
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Figure 25. Nebraska Open Concrete Rail System Photograph [22] 

 

Figure 26. Nebraska Open Concrete Rail Drawing [22] 
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Figure 27. Lateral Extent of the 5,399-lb Pickup Truck on the Nebraska Open Concrete Rail [22] 

 

Figure 28. Lateral Extent of the 5,394-lb Pickup Truck on the Nebraska Open Concrete Rail [22] 
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2.6.4 Nebraska Open Concrete Rail on an Inverted Tee Bridge Deck 

The Nebraska Open Concrete Rail on an Inverted Tee (IT) Bridge deck was the same as 

the original Nebraska Open Concrete Rail but was installed on a simulated inverted tee bridge deck 

and tested under NCHRP Report 350 standards [1]. No expansion gaps were included in this 

system, as shown in Figures 29 and 30. Test no. NIT-1, conducted with a 4,400-lb 2000P pickup 

truck, was successfully conducted to NCHRP Report 350 TL-3 standards. A review of photographs 

showed that the tire of the 2000P vehicle extended beneath the rail, contacted a post, and was 

estimated to extend laterally approximately 4½ in. from the face of the rail, as shown in Figure 31. 

However, the passenger vehicle test was successful according to NCHRP Report 350 criteria. 

 

Figure 29. Nebraska Open Concrete Rail on an IT Bridge Deck System Photograph [1] 
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Figure 30. Nebraska Open Concrete Rail on an IT Bridge Deck System Drawing [1] 

 

Figure 31. Lateral Extent of the 2000P Vehicle on the Nebraska Open Concrete Rail on an IT 

Bridge Deck [1] 
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2.6.5 TxDOT T202 and T203 (T202 MOD)  

The TxDOT T203 was a NCHRP Report 350 TL-3 open concrete bridge rail developed 

and tested by TTI [23]. The bridge rail was tested at overall heights of 27 in. and 30 in., with the 

addition of a 3-in. tall steel rail mounted on top, as shown in Figures 32 through 34. In both 

configurations, the concrete rail was 13½ in. wide by 14 in. tall. Posts were 13 in. tall by 7½ in. 

wide by 60 in. long and were separated by a 60-in. long gap. Post faces were set back 4½ in. from 

the face of the rail. The TxDOT T203 was based off the TxDOT T202 bridge rail, which was 

identical to the TxDOT T203 bridge rail, with the exception that its post faces were set back 1½ 

in. from the face of the rail. The TxDOT T202 was successfully crash tested under NCHRP Report 

230 conditions [16], and unsuccessfully crash tested under NCHRP Report 350 conditions [26]. 

NCHRP Report 350 test designation no. 3-10 was unsuccessful due to excessive occupant 

compartment deformation, which was believed to have occurred due to vehicle interaction with 

the posts. Thus, post setback was increased to 4½ in., resulting in a successful crash test under test 

designation no. 3-11. Pictures of the crash tests conducted on the TxDOT T202 bridge rail did not 

clearly display lateral extent or vehicle interaction with posts.  

Two crash tests with a 4,400-lb 2000P pickup truck vehicle were conducted: one on the 

27-in. tall variation and one on the 30-in. tall variation. Test no. 441382-1, conducted on the 27-

in. tall variation, resulted in the pickup rolling over due to insufficient rail height and was a failed 

test according to NCHRP Report 350 criteria. Analysis of photographs determined there was no 

contact between the wheel of the vehicle and posts, as shown in Figure 35. The absence of contact 

with the posts was likely due to the insufficient rail height. In test no. 441382-2, the addition of a 

3-in. steel rail resulted in a successful crash test of the 2000P vehicle according to NCHRP Report 

350 criteria. By reviewing photographs, it was determined the tire of the vehicle extended laterally 

approximately 6½ in. and contacted the upstream and front faces of the post, as shown in Figure 

36. 

 

Figure 32. T203 Bridge Rail 27-in. Configuration System Photograph [23] 
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Figure 33. T203 Bridge Rail 30-in. Configuration System Photograph [23] 

 

Figure 34. T203 Bridge Rail Drawing [23] 
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Figure 35. Lateral Extent of the 2000P Vehicle on the 27-in. Tall T203 Barrier [23] 

 

Figure 36. Lateral Extent of the 2000P Vehicle on the 30-in. Tall T203 Barrier [23] 
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2.6.6 Aesthetic Precast Concrete Bridge Rail 

An aesthetic MASH TL-4 precast concrete bridge rail was developed by MwRSF in 2012 

[24]. Multiple concepts were developed based off provisions for open and closed rail options, 

constructability, weight limitations, segment length, design impact loads, connection of the barrier 

segments, and connection to the bridge deck. The fence option shown in Figure 37 was the 

preferred option, as the rail-to-rail and post-to deck joints were believed to decrease impact loading 

and damage to the bridge deck. The fence option was 36½ in. tall, consisted of two rail elements 

vertically spaced at 5¾ in., and was supported by 24-in. long by 11-in. wide posts separated by a 

72-in. gap. Post faces were set back 4 in. from the face of the rail. 

 

Figure 37. Precast Fence Concept [24] 

2.6.7 TxDOT T223 

The TxDOT T223 bridge rail was a NCHRP Report 350 TL-3 open concrete bridge rail 

developed and tested by TTI in 2009 [25]. The overall height of the bridge rail was 32 in. with a 

13-in. tall vertical opening, as shown in Figures 38 and 39. The system consisted of a 19-in. tall 

by 15½-in. wide rail atop 48-in. long by 9½-in. wide posts. Posts were separated by a 72-in. long 

gap, and post faces were set back 4-in. from the front face of the rail. The TxDOT T223 was not 

full -scale crash tested, but five dynamic bogie tests were conducted, resulting in rail and deck 

cracking at various impact locations. Although no full-scale crash tests were conducted, the system 

geometry was similar to the new MASH TL-4 open concrete bridge rail, and its geometry, 

reinforcement details, and weight were included in comparisons of similar bridge rails. 
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Figure 38. TxDOT T223 Bridge Rail System Photograph [25] 

 

Figure 39. TxDOT T223 Bridge Rail Drawing [25] 
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2.6.8 California  Type 85 

The California Type 85 Bridge Rail was a MASH TL-4 open concrete bridge rail developed 

and tested by Caltrans in 2019 [12]. The overall height of the bridge rail was 42 in. with a 12-in. 

tall curb, 12-in. tall vertical opening, and 6-in. tall steel rail atop the concrete rail elements, as 

shown in Figure 40. The system consisted of a 12-in. tall by 15-in. wide rail atop 15-in. wide by 

18-in. long posts separated by a 102-in. long gap. Three full-scale crash tests were conducted on 

the bridge rail with 1100C, 2270P, and 10000S vehicles. All crash tests were successful according 

to MASH TL-4 criteria, but the lateral extent was unable to be determined from the provided 

photographs. 

 

Figure 40. California Type 85 Bridge Rail [12] 

2.6.9 Kansas Corral Rail 

The Kansas Corral Rail was an open concrete bridge rail tested under NCRHP Report No. 

230 by SwRI in 1987 [6], and under AASHTO PL-2 conditions by MwRSF in 1991 [7]. The 

overall height of the bridge rail was 32 in. with a 13-in. tall vertical opening, as shown in Figure 

41. The system consisted of a 19-in. tall by 14-in. wide rail atop 12-in. wide by 36-in. long posts. 

Posts were separated by an 84-in. long gap, and the front faces of the posts were offset 2 in. from 

the front face of the rail. Test nos. MKS-1 and MKS-2 were successfully conducted under NCHRP 

Report 230 conditions with 1,971-lb and 4,690-lb vehicles, but lateral extent could not be 

determined from provided photographs. In test no. KSCR-1, which was successfully conducted 

under AASHTO GSBR PL-2 conditions with an SUT, lateral extent was also unable to be 

determined. 
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Figure 41. 32-in. Tall Kansas Corral Rail Details [7] 

2.7 Steel Bridge Rails 

Steel bridge rails, which have similar post and beam construction as open concrete bridge 

rails, were reviewed as they could also result in vehicle snagging on posts. The steel rails were 

reviewed to determine whether full-scale crash testing was successful, whether the vehicle snagged 

on the barrier, and if the system geometry contributed to an unsuccessful crash test. Relevant 

system geometry was collected, as shown in Figures 42 and 43. This information included overall 

system height, overall system width, vertical opening, curb height, post setback, post taper, post 

length, and gap length, as shown in Table 6. Relevant system geometry was defined based on its 

influence on snag potential and was collected to guide future recommendations for the new open 

concrete bridge rail. Steel bridge rails studied were selected based on the ability to determine the 

potential for vehicle snagging. Although steel systems typically undergo more deformation than 

concrete systems, these systems were still relevant to determining how rail geometry influences 

snag potential and are described in the subsequent sections of this report. 
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Figure 42. Steel Bridge Rail General Dimensions, Cross Section 

 

 

Figure 43. Steel Bridge Rail General Dimensions, Plan View
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Table 6. Steel Bridge Rail Design Details 

System Name 
Test 

Criteria 

Test 

Level 

Overall 

Height  

in. (mm) 

Overall 

Width  

in. (mm) 

Vertical 

Opening 

in. (mm) 

Curb 

Height in. 

(mm) 

Post 

Setback 

in. (mm) 

Post  

Taper 

Post 

Length in. 

(mm) 

Span 

Length  

in. (mm) 

California  

ST-70SM [27] 
MASH TL-4 

42 

(1,067) 

18 

(457) 

8 

(203) 

9  

(229) 

6 

(152) 
N/A 

8 

(203) 

120  

(3,048) 

Massachusetts 

Type S3 [28] 
MASH TL-4 

42 

(1,067) 

14½ 

(368) 

12½ 

(318) 
N/A 

5 

(127) 
N/A 

6 

(152) 

72  

(1,829) 

IL-OH Steel BR 

[29-32] 
MASH TL-4 

36 

(914) 

13 

(330) 

9 

(229) 
N/A 

6 

(152) 
N/A 

6 

(152) 

60  

(1,524) 

IL-OH Steel BR 

[29-32] 
MASH TL-4 

39 

(991) 

13 

(330) 

12 

(305) 
N/A 

6 

(152) 
N/A 

6 

(152) 

60  

(1,524) 

N/A = Not Applicable 
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2.7.1 California ST-70SM 

The California ST-70SM bridge rail was a side-mounted, steel post and beam bridge rail 

tested under MASH TL-4 conditions by Caltrans in 2017 [27]. The overall height of the bridge rail 

was 42 in. and incorporated an 8-in. vertical opening, as shown in Figures 44 and 45. The bridge 

rail consisted of four tube splice (TS) rails supported by side-mounted steel posts. The top and 

bottom rails were ASTM A500 TS8x3x ù, and the middle two rail elements were ASTM A36 

TS8x4x ù. The four rails were vertically spaced at 9½ in., 11 in., and 10½ in. on center. All rails 

were attached to the front of the posts with two ¾-in. diameter stud bolts. Posts were spaced at 120 

in. on center and consisted of two ASTM A36 ¾-in. thick by 60-in. long plates spaced at 8 in. on 

center. Post faces were set back 6 in. from the face of the rail, with the lower portion of the post 

having a smaller offset. Test nos. 110MASH3P15-01, 110MASH3P15-02, and 110MASH3P15-03 

were conducted under MASH TL-4 conditions with the 1100C, 2270P, and 10000S vehicles, 

respectively. All crash tests were successful according to MASH TL-4 criteria, and a review of 

photographs determined that no vehicle components laterally extended beneath or between rail 

elements, as shown in Figures 46 and 47. 

 

Figure 44. California ST-70SM Bridge Rail System Photograph [27] 
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Figure 45. California ST 70 Bridge Rail Drawing [27] 
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Figure 46. Lateral Extent of the 1100C Vehicle on the ST-70SM Bridge Rail [27] 

 

Figure 47. Lateral Extent of the 2270P Vehicle on the ST-70SM Bridge Rail [27] 
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2.7.2 Massachusetts Type S3 

The Massachusetts Type S3 bridge rail was a deck-mounted, steel post and beam bridge 

rail tested under NCHRP Report 350 TL-4 criteria in 1999 by TTI [28]. Full-scale crash tests were 

conducted on variants of the bridge rail with and without an 8-in. tall curb. Variants without the 

8-in. tall curb did not incorporate a vertical opening large enough for vehicle elements to extend 

beneath the rail; therefore, those full -scale crash tests were not included in the literature review. 

The overall height of the bridge rail was 40 in. with a 12½-in. vertical opening, as shown in Figures 

48 and 49. The bridge rail consisted of three HSS steel rails mounted to W6x25 steel posts spaced 

at 79½ in. on center. Posts were welded to 1¼-in. thick baseplates, which were bolted to the bridge 

deck. Post faces were set back 5 in. from the face of the rails. The lower and middle rails were 

HSS5x5x¼ and the top rail was HSS5x4x¼. The three rails were vertically spaced at 13 in. and 

11½ in. on center. Steel picket elements were welded to the rear of the HSS rail elements. The 

system was successfully tested under NCHRP Report 350 TL-4 conditions with an 820C small 

car, 2000P pickup truck, and an 8000S SUT in test nos. 404251-1, 404251-2, and 404251-3. The 

820C test system is shown in Figure 50, the 2000P test system in Figure 51, and the 8000S system 

in Figure 52. 

Photographs showed that the tires of the 820C and 8000S vehicles did not contact the posts, 

but the right-front tire of the 2000P vehicle extended beneath the rail, extended laterally 

approximately 5 in. from the face of the post, and contacted the vertical picket elements on the rear 

side of the rail. However, all tests were successful according to NCHRP Report 350 TL-4 criteria. 

 

Figure 48. Massachusetts Type S3 Bridge Rail System Photograph [28] 
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Figure 49. Massachusetts Type S3 Bridge Rail Drawing [28] 

 

Figure 50. Lateral Extent of the 820C Vehicle on the Massachusetts Type S3 Bridge Rail [28] 
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Figure 51. Lateral Extent of 2000P Vehicle on the Massachusetts Type S3 Bridge Rail [28] 

 

Figure 52. Lateral Extent of the 8000S Vehicle on the Massachusetts Type S3 Bridge Rail [28] 
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2.7.3 Illinois -Ohio Steel Bridge Rail 

The Illinois-Ohio steel bridge rail was a side-mounted, steel post and beam system 

developed under MASH TL-4 criteria by MwRSF in 2019 [29-32]. The bridge rail consisted of 

ASTM A500 W6x15 steel posts mounted to the side of the bridge deck and three HSS rail 

elements, as shown in Figures 53 through 56. The lower and middle rail elements were both 

HSS8x6x¼, and the top rail was a HSS12x4x¼. Posts were spaced at 96 in. on center. Post faces 

were set back 6 in. from the face of the rail. The bridge rail was tested at overall heights of 36 in. 

and 39 in. The 1100C vehicle was tested at the 39-in. height, as this height corresponded to a 12-

in. tall vertical opening and maximized snag potential. The 2270P and 10000S vehicles were tested 

at the 36-in. height, corresponding to a 9-in. tall vertical opening, as this height corresponded to 

an increased likelihood of rollover.  

Test nos. STBR-2, STBR-3, and STBR-4 were conducted according to MASH TL-4 

criteria with the 1100C, 2270P, and 10000S vehicles, respectively, and all three tests were 

successful. A review of videos and photographs found that the 1100C vehicle tire extended under 

the lower rail, left the surface of the bridge deck, contacted the upstream and front faces of the 

post, and extended laterally approximately 9¼ in. from the face of the post, as shown in Figure 57. 

It was determined that structural components of the 2270P vehicle did not extend laterally beneath 

the rail enough to contact any posts, as the only contact mark was left by the plastic bumper cover, 

as shown in Figure 58. 

 

Figure 53. 36-in. Tall, Illinois-Ohio steel Bridge Rail System Photograph [29-32] 
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Figure 54. 39-in. Tall, Illinois-Ohio Steel Bridge Rail System Photograph [29-32] 

 

Figure 55. 36-in. Tall Illinois-Ohio Steel Bridge Rail Drawing [29-32] 
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Figure 56. 39-in. Tall Illinois-Ohio Steel Bridge Rail Drawing [29-32] 

 

Figure 57. Lateral Extent of the 1100C Vehicle on the 39-in. Tall Illinois-Ohio Steel Bridge Rail 

[29-32] 
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Figure 58. Lateral Extent of the 2270P Vehicle on the 36-in. Tall Illinois-Ohio Steel Bridge Rail 

[29-32] 

2.8 Other Systems 

Other systems with post and beam construction or with a rigid barrier exposed to potential 

vehicle snag were also reviewed to determine whether full -scale crash testing was successful, 

whether the vehicle snagged on the barrier, and if the system geometry contributed to a test failure. 

Relevant system geometry was collected, shown in Figures 59 and 60. This information included 

overall system height, overall system width, vertical opening, curb height, post setback, post taper, 

post length, and gap length, as shown in Table 7. Relevant system geometry was defined based on 

its influence on snag potential and was collected to guide future recommendations for the new 

open concrete bridge rail. Other systems studied were selected based on the ability to determine 

the potential for vehicle snagging, or if their geometry was similar to that of the Kansas Corral 

Rail. Although some of these systems have the potential to undergo more deformation than 

concrete systems, they were still relevant to determining how rail geometry influences snag 

potential. 
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Figure 59. Other System General Dimensions, Cross Section 

 

 

Figure 60. Other System General Dimensions, Plan View 
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Table 7. Other Systems Design Details 

System Name 
Test 

Criteria 

Test 

Level 

Overall 

Height  

in. (mm) 

Overall 

Width 

in. (mm) 

Vertical 

Opening 

in. (mm) 

Curb 

Height 

in. (mm) 

Post 

Setback1 

in. (mm) 

Post  

Taper 

Post 

Length  

in. (mm) 

Span 

Length  

in. (mm) 

MN Noise Wall [33] MASH TL-3 
30 

(762) 

10¾ 

(273) 

16½ 

(419) 
N/A 

16¾ 

(425) 
N/A 

12 

(305) 

96 

(2,438) 

MN Noise Wall [33] MASH TL-3 
30 

(762) 

10¾ 

(273) 

16½ 

(419) 
N/A 

12¾ 

(324) 
N/A 

12 

(305) 

96 

(2,438) 

Restore Barrier [34] MASH TL-4 
38ȩ 

(981) 

21½ 

(546) 

11ȩ 

(295) 
N/A 

5½ 

(140) 
N/A 

10 

(254) 

30 (762),  

60 (1,524) 

Standardized AGT [35] MASH TL-3 
31 

(787) 

12 

(305) 

11 

(279) 
N/A 

3¼ 

(83) 
4½:1 NA N/A 

34-in. AGT [36] MASH TL-3 
34 

(864) 

12 

(305) 

14 

(356) 
N/A 

3¼ 

(83) 
4½:1 NA N/A 

1 Post setback distances for the standardized AGT and 34-in. (864-mm) AGT refer to buttress setbacks. 

N/A ï Not Applicable 
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2.8.1 Minnesota Noise Wall 

The Minnesota Noise Wall was a wood plank noise wall with precast concrete posts and a 

glue-laminated timber rubrail developed under MASH TL-3 standards by MwRSF in 2019 [33]. 

The system was tested in configurations with the rubrail offset from the wooden noise wall by the 

precast posts and with the wooden noise wall directly behind the timber rubrail, as shown in 

Figures 61 through 64. These setbacks were 16¾ in. from the face of the rail to the face of the 

posts, and 12¾ in. from the face of the rail to the face of the wall. The rubrail had an overall height 

of 30 in., a vertical opening of 16½ in., and was 10¾ in. wide by 13½ in. tall. The rubrail was 

connected to the precast posts by ¾-in. diameter bolts. Three successful crash tests according to 

MASH TL-3 criteria were run: one with the 1100C vehicle and a post setback of 16¾ in., and two 

with the 2270P vehicle with a wall setback of 12¾ in. and post setback of 16¾ in. 

Test no. MNNW-1 consisted of the 2270P vehicle impacting the Minnesota Noise Wall in 

the configuration with the 16¾-in. post setback. Through reviewing videos and photographs, it 

was determined that the right-front tire of the 2270P vehicle extended beneath the rail, did not 

contact a post or the wall of the system, detached from the vehicle as it was redirected, and laterally 

extended approximately 20¾ in. from the face of the rail. Test no. MNNW-2 consisted of the 

1100C vehicle impacting the Minnesota Noise Wall in the configuration with the 16¾ in. post 

setback. Through reviewing videos and photographs, it was determined the right-front tire of the 

1100C vehicle extended beneath the rail, did not contact a post or the wall of the system, and 

laterally extended approximately 16¾ in. from the face of the rail. Test no. MNNW-3 consisted of 

the 2270P vehicle impacting the Minnesota Noise Wall in the configuration with the 12¾-in. wall 

setback. Through reviewing videos and photographs, it was determined the right-front tire of the 

2270P vehicle extended beneath the rail, contacted the wooden noise wall, and laterally extended 

12¾ in. from the face of the rail. All passenger vehicle tests were successful according to MASH 

TL-3 criteria, and system damage is shown in Figures 65 through 67. 

 

Figure 61. Minnesota Noise Wall Test Nos. MNNW-1 and MNNW-2 System Photograph [33] 
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Figure 62. Minnesota Noise Wall Test No. MNNW-3 System Photograph [33] 

 

Figure 63. Test Nos. MNNW-1 and MNNW-2 Drawing [33] 
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Figure 64. Test No. MNNW-3 Drawing [33] 

 

Figure 65. Lateral Extent of the 2270P Vehicle in Test No. MNNW-1 on the Minnesota Noise 

Wall [33] 
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Figure 66. Lateral Extent of the 1100C Vehicle in. Test No. MNNW-2 on the Minnesota Noise 

Wall [33] 

 

Figure 67. Lateral Extent of the 2270P Vehicle in. Test No. MNNW-3 on the Minnesota Noise 

Wall [33] 
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2.8.2 Restore Barrier 

The Restore Barrier was a concrete barrier supported by rubber posts and steel skids 

developed by MwRSF in 2015 and tested under MASH TL-4 conditions [34]. The system had a 

38ȩ in. overall height and consisted of twelve 19-ft 11½-in. long by 18½-in. tall by 21½-in. wide 

concrete beams with an 8½-in. steel rail mounted to the top of the concrete barrier. Concrete beams 

were supported by 11ȩ-in. tall rubber posts and metal skids, as shown in Figures 68 and 69. The 

rubber posts were spaced at 60 in., and metal skids spaced at 120 in.  Rubber posts and metal skids 

were both 12 in. long and set back 5½ in. from the face of the rail. 

The Restore Barrier was successfully tested under MASH TL-4 conditions with 1100C, 

2270P, and 10000S vehicles in test nos. SFH-1 through SFH-3. By reviewing videos and 

photographs, it was determined the tire of the 1100C vehicle extended underneath the rail, 

contacted a rubber post, and laterally extended approximately 9 in. from the original position of 

the front face of the rail, as shown in Figure 70. The tire of the 2270P vehicle extended underneath 

the rail, contacted a rubber post, and laterally extended 5 in. from the original position of the front 

face of the rail. 

 

Figure 68. Restore Barrier System Photograph [34] 
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Figure 69. Restore Barrier Drawing [34] 

 

Figure 70. Lateral Extent of the 1100C Vehicle on the Restore Barrier [34] 
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2.8.3 NDOT Standardized Approach Guardrail Transition End Buttress 

The Nebraska Department of Transportation (NDOT) Standardized Approach Guardrail 

Transition End Buttress was a thrie beam to concrete end buttress transition developed by MwRSF 

under MASH TL-3 conditions [35]. Although not a bridge rail, its geometry was relevant to the 

literature review, as the vertical opening underneath the thrie beam allowed for vehicle 

components to extend underneath it and potentially snag on the upstream face of the end buttress. 

Two variants of the end buttress were tested. In both variants, the thrie beam height was 31 in. 

with an 11-in. vertical opening beneath the rail. The end buttress was 32 in. tall at its upstream end 

and transitioned to a 36-in. overall height at a 6:1 taper rate, as shown in Figures 71 through 74. 

Both variants incorporated an 18-in. tall by 4-in. long by 3-in. wide tapered region behind the thrie 

beam. An 11-in. tall by 4-in. wide by 12-in. long tapered region was incorporated beneath the thrie 

beam of the first variant, and an 11-in. tall by 4½-in. wide by 12-in. long tapered region was 

incorporated beneath the thrie beam in the second variant. Buttress faces were set back 3¼ in. from 

the face of the thrie beam, and the end of the tapered region was set back 7¼ in. from the face of 

the thrie beam in the first variant and 7¾ in. from the face of the thrie beam in the second variant. 

System photographs and drawings are shown in Figures 71 through 74. 

Crash tests with the 2270P vehicle were run on both variants of the end buttress. Through 

reviewing videos and photographs of test no. AGTB-1, conducted on the variant incorporating the 

11-in. tall by 4-in. wide by 12-in. long tapered region, it was determined that the left-front tire of 

the 2270P vehicle extended beneath the thrie beam, contacted the upstream face of the concrete 

end buttress, and laterally extended 9¼ in. from the face of the thrie beam, as shown in Figure 75. 

The vehicleôs left-front floor pan deformed 3Ȩ in., causing the accelerometer to move during 

impact and resulting in a longitudinal ORA of 30.03 gôs, which exceeded the MASH limit of 20.49 

gôs and resulted in an unsuccessful test. It is unknown if the interaction of the 2270P vehicleôs tire 

with the end buttress led to the test failure. Test no. AGTB-2, conducted on the variant 

incorporating the 11-in. tall by 4½-in. wide by 12-in. long tapered region with the 2270P vehicle, 

was successful under MASH TL-3 conditions. Through reviewing videos and photographs of the 

second full-scale test, it was determined that the right-front tire of the 2270P vehicle extended 

beneath the thrie beam, contacted the upstream face of the concrete end buttress, and laterally 

extended approximately 10 in., as shown in Figure 76. 

 

Figure 71. Standardized AGT Buttress, Test No. AGTB-1, System Photograph [35] 
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Figure 72. Standardized AGT Buttress, Test No. AGTB-1, System Drawing [35] 

 

Figure 73. Standardized AGT Buttress, Test No. AGTB-2, System Photograph [35] 

 

Figure 74. Standardized AGT Buttress, Test No. AGTB-2, System Drawing [35] 
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Figure 75. Lateral Extent of the 2270P Vehicle on the Standardized AGT Buttress, Test No. 

AGTB-1 [35] 

 

Figure 76. Lateral Extent of the Second 2270P Vehicle on the Standardized AGT Buttress, Test 

No. AGTB-2 [35] 
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2.8.4 NDOT 34-in. Approach Guardrail Transition  

The NDOT 34-in. Approach Guardrail Transition was a thrie beam to concrete end buttress 

transition developed by MwRSF under MASH TL-3 conditions [36]. Although not a bridge rail, 

its geometry was relevant to the literature review, as the vertical opening underneath the thrie beam 

allowed for vehicle components to extend underneath it and potentially snag on the upstream face 

of the end buttress. The nested thrie beam was 34 in. in height with a 14-in. vertical opening, as 

shown in Figures 77 and 78. The end buttress was 35 in. tall at its upstream end and transitioned 

to a 39-in. overall height at a 6:1 taper rate. The end buttress incorporated an 18-in. tall by 4-in. 

long by 3-in. wide tapered region behind the thrie beam. The larger vertical opening increased the 

likelihood and severity of wheel snagging on the upstream face of the end buttress, so a 17-in. tall 

tapered region measuring 4½ in. wide by 18 in. long was incorporated into the design. Buttress 

faces were set back 3¼ in. from the face of the thrie beam, and an additional 7¾ in. from the face 

of the thrie beam to the end of the taper. 

The approach guardrail transition was successfully tested under MASH TL-3 conditions 

with 1100C and 2270P vehicles in test nos. 34AGT-1 and 34AGT-2, respectively. Through 

reviewing videos and photographs, it was determined that the tire of the 1100C vehicle extended 

beneath the thrie beam and laterally extended approximately 14¼ in. from the face of the thrie 

beam, overlapping the entirety of the upstream face of the concrete end buttress and leaving 

significant contact marks, as shown in Figure 79. The tire of the 2270P vehicle extended beneath 

the thrie beam and laterally extended approximately 13¾ in. from the face of the post, overlapping 

majority of the upstream face of the concrete end buttress, as shown in Figure 80. However, both 

passenger vehicle tests were successful according to MASH TL-3 criteria.  

 

Figure 77. 34-in. Tall Approach Guardrail Transition System Photograph [36] 
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Figure 78. 34-in. Thrie Beam to End Buttress Connection Drawing [36] 

 

Figure 79. Lateral Extent of the 1100C Vehicle on the 34-in. Tall AGT [36] 

 

Figure 80. Lateral Extent of the 2270P Vehicle on the 34-in. Tall AGT [36] 




























































































































































































