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13. Abstract

Louisiana has approximately 200 miles of vintage 1960s concrete safety walk bridge rail systems 

currently in use on bridges throughout Louisiana. Many of these systems do not meet the current crash 

performance requirements of the American Association of State Highway and Transportation Officials 

Manual for Assessing Safety Hardware Second Edition (MASH) specifications for Test Level 3 (TL-3). 

Researchers at the Texas A&M Transportation Institute (TTI) have conducted a full literature review of 

various bridge railing retrofits that have been used throughout the United States and abroad. A literature 

review search was performed using the Transportation Research Information Services database to 

document the pertinent findings of others on this proposed study. TTI researchers also obtained all 

available design information and details of safety walk barriers used throughout Louisiana. Two of the 

most common types of vintage bridge railings with safety walks were selected for further analysis and 

details. These included a concrete post and rail system with a sidewalk and a solid concrete parapet 
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system with a sidewalk. Retrofits were developed that can be used on both common rail types used in 

Louisiana.  

Two full-scale crash tests were performed on the retrofit design anchored to the concrete post and rail 

system. During MASH Test 3-10 on the Louisiana Retrofit post and beam bridge rail with safety walk 

Option 1, the vehicle experienced occupant ridedown accelerations above the limit of 20.49 g as 

specified in MASH.  

The bridge rail was redesigned, and MASH Tests 3-10 and 3-11 were repeated. The Louisiana Retrofit 

post and beam bridge rail with safety walk Option 2 met the requirements for MASH TL-3 longitudinal 

barriers. 
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Abstract 

Louisiana has approximately 200 miles of vintage 1960s concrete safety walk bridge rail 

systems currently in use on bridges throughout Louisiana. Many of these systems do not 

meet the current crash performance requirements of the American Association of State 

Highways and Transportation Officials Manual for Assessing Safety Hardware Second 

Edition (MASH) specifications for Test Level 3 (TL-3). 

Researchers at the Texas A&M Transportation Institute (TTI) have conducted a full 

literature review of various bridge railing retrofits that have been used throughout the 

United States and abroad. A literature review search was performed using the 

Transportation Research Information Services database to document the pertinent 

findings of others on this proposed study. TTI researchers also obtained all available 

design information and details of safety walk barriers used throughout Louisiana. Two of 

the most common types of vintage bridge railings with safety walks were selected for 

further analysis and details. These included a concrete post and rail system with a 

sidewalk and a solid concrete parapet system with a sidewalk. Retrofits were developed 

that can be used on both of the common rail types used in Louisiana.  

Two full-scale crash tests were performed on the retrofit design anchored to the concrete 

post and rail system. During MASH Test 3-10 on the Louisiana Retrofit post and beam 

bridge rail with safety walk Option 1, the vehicle experienced occupant ridedown 

accelerations above the limit of 20.49 g as specified in MASH.  

The bridge rail was redesigned, and MASH Tests 3-10 and 3-11 were repeated. The 

Louisiana Retrofit post and beam bridge rail with safety walk Option 2 met the 

requirements for MASH TL-3 longitudinal barriers. 
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Implementation Statement1 

The retrofit bridge rail as tested herein met all the strength and performance requirements 

for MASH TL-3 specifications. This retrofit bridge rail is recommended for 

implementation on Louisiana post and beam and solid concrete barriers with 10 in. high 

or less by 18 in. wide or less safety walks. 

For additional information, please refer to the information provided in this report. 

1
 The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI 

Proving Ground’s A2LA Accreditation. 
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Introduction 

The purpose of the tests reported herein was to assess the performance of the Louisiana 

Retrofit Post and Beam Bridge Rail with Safety Walk according to the safety-

performance evaluation guidelines included in the American Association of State 

Highway and Transportation Officials (AASHTO), Manual for Assessing Safety 

Hardware, Second Edition (MASH) [1]. The crash tests were performed in accordance 

with MASH Test Level 3 (TL-3), which involves an 1100C and a 2270P vehicle 

impacting the bridge barrier at a target impact speed of 62 mi/h and an impact angle of 

25 degrees. 

A retrofit bridge rail system that anchors to the top or sides of the existing concrete 

parapets, and that meets the current safety performance criteria of MASH TL-3, is needed 

for Louisiana’s vintage concrete railings. The retrofit bridge rail must meet the current 

safety requirements of MASH TL-3 and continue to accommodate use of the concrete 

safety walk. The existing safety walk areas on these vintage concrete bridges are needed 

for proper and safe bridge inspection, maintenance or stranded drivers, and for general 

pedestrian safety. The objective of this project is to develop a retrofit bridge rail design 

for the two most common types of bridge railing systems that are currently used by 

Louisiana Department of Transportation and Development (DOTD). This design shall 

also maintain the safety walk areas and meet the performance requirements of MASH 

TL-3. The two most common types of barriers are concrete post and beam and solid 

concrete parapet bridge rails installed with the 18 in. wide by 10 in. high safety walk 

curb. The purpose of this technical report is to present the retrofit method and the 

information necessary to fabricate and construct the retrofit bridge rail design which was 

successfully crash tested in accordance with MASH TL-3 specifications for Task 7A of 

this project. All material specifications used for the successful crash tested design are also 

provided in this report. 

This report provides details of the Louisiana Retrofit Post and Beam Bridge Rail with 

Safety Walk, detailed documentation of the crash test results, and an assessment of the 

performance of the Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk for 

MASH TL-3 evaluation criteria. 



—  19  — 

 

Task 1 – Literature Review  

For this project, Texas A&M Transportation Institute (TTI) conducted a full literature 

review of various bridge railing retrofits that have been used throughout the United States 

and abroad on safety walk bridge barrier railing systems like those used in Louisiana. As 

part of this task, TTI performed a literature review search using the TRIS database to 

document the pertinent findings of others on this proposed study. TTI has performed an 

extensive search to find all the available research information on the topic of crashworthy 

rail designs that include the features of the bridge rails that are involved in this study. TTI 

considered all the available information obtained from this search into the proposed 

research and design efforts planned for this project.  

Several retrofit bridge rail designs were reviewed as part of this task. A few retrofit 

designs were obtained and considered as part of this review. This section contains a 

summary of the retrofit designs that utilized a walkway and were tested to MASH 

specifications. A brief summary of these designs are provided as follows. 

Design and Full-Scale Testing of Retrofit Bridge Rail for 24.8 Miles 

Long Southbound Causeway Bridge, New Orleans, Louisiana–Option A  

TTI previously designed and tested a new retrofit bridge rail for the Southbound 

Causeway Bridge, New Orleans, Louisiana [2]. The purpose of this project was to design 

and test a retrofit bridge rail for the Southbound Lake Pontchartrain Causeway Bridge in 

New Orleans, Louisiana. This bridge is approximately 24.8 mi. in length and was 

constructed in the late 1950s. When the bridge opened it carried two-way traffic from 

New Orleans to the north shore of Lake Pontchartrain. The previous bridge railing, shown 

in Figure 1, consists of a 15-in. high concrete parapet mounted on top of a 10-in. high by 

18-in. wide concrete curb.  

Several retrofit options were developed for this project. A few retrofit designs were 

selected for full-scale testing. The purpose of the testing reported herein was to assess the 

performance of the Lake Pontchartrain Causeway Single Rail Bridge Rail Design Option 

A (25-in.-tall concrete parapet, with steel posts and a single steel railing standing 14 in. 

above the parapet, atop a 10-in. curb, for a total height of 39 in.) according to the safety-

performance evaluation guidelines included in AASHTO MASH Specifications. Details 
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of the design are shown in Figure 2. A picture of the pre-test installation of the Option A 

bridge rail design can be found in Figure 3.  

Figure 1. Photo of the old southbound causeway bridge rail 

 

Figure 2. Option A details 
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Figure 3. Photos of full-scale test installation 

    

    

Three crash tests were required to evaluate the bridge rail’s performance for TL-4 of 

MASH [1]. These tests involved a 10000S vehicle (22,000-lb. single unit truck), a 2270P 

vehicle (a 5000-lb. (½-ton) quad cab pickup), and a smaller 1100C vehicle (2420-lb. 

small car). Figure 4 through Figure 12 show the conditions of each of the cars before and 

after each respective test, as well as the bridge rail damage after each test. Table 1 

through Table 3 provide a summary of the MASH criteria evaluation of each individual 

test. 

(a) Traffic face of bridge rail (b) Steel post 

(c) Joint (d) Field side of bridge rail 
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Figure 4. Bridge rail and test vehicle before MASH Test 4-12 

  

Figure 5. Bridge rail after MASH Test 4-12 

    

    

(a) Test vehicle at target impact point (b) 10000S test vehicle 

(a) Traffic face of bridge rail (b) Joint 

(c) Impact point (d) Field side of bridge rail 
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Figure 6. Test vehicle after MASH Test 4-12 

  

Figure 7. Bridge rail and test vehicle before MASH Test 4-11 

  

(a) Damage to left side of test vehicle (b) Damage to right side of test vehicle 

(a) Test vehicle at target impact point (b) 2270P test vehicle 
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Figure 8. Bridge rail after MASH Test 4-11 

    

    

(a) Traffic face of bridge rail (b) Traffic side of joint 

(c) Field side of bridge rail (d) Field side of joint 
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Figure 9. Test vehicle after MASH Test 4-11 

  

Figure 10. Test vehicle before MASH Test 4-10 

  

(a) Damage to left side of test vehicle (b) Damage to left front tire 

(a) Test vehicle at target impact point (b) 1100C test vehicle 
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Figure 11. Bridge rail after MASH Test 4-10 

    

    

Figure 12. Test vehicle after MASH Test 4-10 

  

(a) Traffic side of bridge rail (b) Impact point 

(c) Joint (d) Post 

(a) Damage to front of test vehicle (b) Damage to left front tire 
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Table 1. Performance evaluation summary for MASH Test 4-12 on Option A Bridge Rail 

Evaluation 

Factors 

Evaluation2 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The option A bridge rail contained and redirected the 

10000S vehicle. The vehicle did not penetrate, 

underride, or override the installation. Maximum 

dynamic deflection during the test was 6.9 in. 

Pass 

Occupant 

Risk 

D. Small fragments of concrete broke loose from the 

parapet, but did not penetrate or show potential for 

penetrating the occupant compartment, or show hazard 

for others in the area. 

Pass 

No occupant compartment deformation or intrusion 

was observed. 

G. The 10000S vehicle remained upright during and after 

the collision event. 

Pass 

                                                 

 
2
 See Table 9 for details of respective evaluation criteria. 
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Table 2. Performance evaluation summary for MASH Test 4-11 on Option A Bridge Rail 

Evaluation 

Factors 

Evaluation3 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The option A bridge rail contained and redirected the 

2270P vehicle. The vehicle did not penetrate, underride, 

or override the bridge rail. Maximum dynamic deflection 

during the test was 3.1 in.  

Pass 

Occupant 

Risk 

D. Small fragments of concrete broke loose from the 

parapet, but did not penetrate or show potential for 

penetrating the occupant compartment, or show hazard 

for others in the area. 

Pass 

Maximum occupant compartment deformation was 

7.5 in. in the left front firewall area, but there was no 

penetration.  

F. The 2270P vehicle remained upright during and after the 

collision event. Maximum roll and pitch angles were 18 

degrees and 22 degrees. 

Pass 

H. Longitudinal OIV was 17.7 ft/s, and lateral OIV was 26.2 

ft/s, which was within the preferred limits.  

Pass 

I. Maximum longitudinal RDA was 11.0 G, and maximum 

lateral RDA was 9.7 G, which was within the preferred 

limits.  

Pass 

 

                                                 

 
3
 See Table 9 for details of respective evaluation criteria. 
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Table 3. Performance evaluation summary for MASH Test 4-10 on Option A Bridge Rail 

Evaluation 

Factors 

Evaluation4 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The option A bridge rail contained and redirected the 

1100C vehicle. The vehicle did not penetrate, underride, 

or override the bridge rail. Maximum dynamic deflection 

during the test was 0.74 in.  

Pass 

Occupant 

Risk 

D. Small fragments of concrete broke loose from the 

parapet, but did not penetrate or show potential for 

penetrating the occupant compartment, or show hazard 

for others in the area. 

Pass 

Maximum occupant compartment deformation was 0.25 

in. in the left front kickpanel area, and there was no 

penetration. 

F. The 1100C vehicle remained upright during and after the 

collision event. Maximum roll and pitch angles were 18 

degrees and 10 degrees. 

Pass 

H. Longitudinal OIV was 14.4 ft/s, and lateral OIV was 

21.0 ft/s, which was within the preferred limits. 

Pass 

I. Maximum longitudinal RDA was 5.5 G, and maximum 

lateral RDA was 11.7 G, which was within the preferred 

limits. 

Pass 

 

                                                 

 
4
 See Table 9 for details of respective evaluation criteria. 
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Design and Full-Scale Testing of Retrofit Bridge Rail for 24.8 Miles 

Long Southbound Causeway Bridge, New Orleans, Louisiana–

Option B1 

TTI designed and tested a second retrofit bridge rail for the Southbound Causeway 

Bridge in New Orleans, LA [2]. This second design (Option B1) was taller than the 

previous tested Option A design. The test installation was a 160 ft.-6¾ in. long double 

steel rail on a concrete parapet comprised of four 40-ft. long rail segments with 2¼-in. 

long gaps at spliced expansion joints between each segment. The 2-tube bridge rail 

retrofit measured 46 in. in overall height (at the top of the upper rail) above the bridge 

deck. The top of the lower rail measured 34 in. above the bridge deck. The rail was 

anchored to the top of a 25-in.-tall steel reinforced concrete sectionalized curb and 

parapet that replicated the existing structure on the subject Lake Pontchartrain Causeway 

bridge deck. The curb was 10 in. high and 18 in. wide (walkway area). Additionally, the 

parapet had a 2¼-in. wide expansion joint overlap gap every 40 ft. along the length of the 

installation, which coincided with the expansion splice between adjacent spliced rail 

segments. Details of the Option B1 design is shown in Figure 13. 

Figure 14 shows photographs of the installation before full-scale crash testing. Figure 15 

through Figure 29 show photographs (before and after) for MASH Test 4-12. Figure 30 

through Figure 33 show photographs (before and after) for MASH Test 4-10. Figure 34 

through Figure 40 show photographs (before and after) for MASH Test 4-11. These 

photos show the conditions of the rail installation and test vehicles before and after tests 

690900-GEC7, GEC7a, GEC8, and GEC9, as well as damage to the bridge rail after each 

test. Table 4 through Table 7 provide a summary of the MASH criteria evaluation of each 

individual test. 
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Figure 13. Option B1 details 

 



—  32  — 

 

Figure 14. Design Option B1 before testing 

    

    

    

(a) Traffic face of bridge rail (b) Steel post 

(c) Joint (d) Metal joint and sleeve 

(e) Field side of post connection (f) Field side of bridge rail 
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Figure 15. Test vehicle before Test No. 690900-GEC7 

Figure 16. Rail option B1 after Test No. 690900-GEC7 

Figure 17. Post 4 after Test No. 690900-GEC7 

(a) 10000S test vehicle at impact point (b) Left side of 10000S test vehicle

(a) Traffic Side (b) Field Side

(a) Traffic side (b) Field side
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Figure 18. Post 5 after Test No. 690900-GEC7 

  

Figure 19. Post 6 and 7 after Test No. 690900-GEC7 

  

Figure 20. Post 8 after Test No. 690900-GEC7 

  

(a) Traffic side (b) Field side 

(a) Traffic side (b) Field side 

(a) Traffic side (b) Field side 
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Figure 21. Test vehicle after Test No. 690900-GEC7 

  

Figure 22. Test vehicle before Test No. 690900-GEC7a 

  

Figure 23. Rail Option B1 positions after Test No. 690900-GEC7a 

  

(a) Damage to right side of test vehicle (b) Damage to right front tire 

(a) 10000S test vehicle and bridge rail (b) Right side of 10000S test vehicle 

(a) Traffic side of bridge rail (b) Parallel with bridge rail 
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Figure 24. Posts 1 through 5 and rear of post 4 after Test No. GEC7a 

  

Figure 25. Post 5 after Test No. 690900-GEC7a 

  

Figure 26. Post 6 and 7 after Test No. 690900-GEC7a 

  

(a) Traffic side (b) Field side of post 4 

(a) Traffic side (b) Field side 

(a) Post 6 (b) Post 7 
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Figure 27. Post 8 after Test No. 690900-GEC7a 

  

Figure 28. Post 9 through 14 after Test No. 690900-GEC7a 

  

Figure 29. Test vehicle after Test No. 690900-GEC7a 

  

(a) Traffic side (b) Field side 

(a) Field side of bridge rail (b) Damage at post 9 

(a) Damage to left side of test vehicle (b) Damage to left front tire 
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Figure 30. Test vehicle before Test No. 690900-GEC8 

  

Figure 31. Rail Option B1 after Test No. 690900-GEC8 

  

(a) 1100C test vehicle and bridge rail (b) 1100C test vehicle 

(a) Traffic side (b) Parallel with bridge rail 
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Figure 32. Installation after Test No. 690900-GEC8 

    

    

Figure 33. Test vehicle after Test No. 690900-GEC8 

  

(a) Traffic face of bridge rail (b) Joint 

(c) Field side of bridge rail (d) Crack in concrete curb 

(a) Damage to right side (b) Damage to right front tire 
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Figure 34. Test vehicle before Test No. 690900-GEC9 

  

Figure 35. Position of vehicle/installation after Test No. 690900-GEC9 

  

Figure 36. Post 11 after Test No. 690900-GEC9 

  

(a) 2270P test vehicle and bridge rail (b) 2270P test vehicle 

(a) Traffic side (b) Along traffic face of bridge rail 

(a) Traffic side (b) Field side 
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Figure 37. Post 12 and 13 after Test No. 690900-GEC9 

  

Figure 38. Photos after Test No. 690900-GEC9 

  

Figure 39. Test vehicle after Test No. 690900-GEC9 

  

(a) Traffic side impact area damage test 

vehicle and bridge rail 

(b) Field side damage 

(a) Traffic side (b) Field side 

(a) Damage to right side (b) Damage to right front wheel assembly 



—  42  — 

 

Figure 40. Interior of test vehicle for Test No. 690900-GEC9 

  

Table 4. Performance evaluation summary for MASH test 4-12 (Test No. 690900-GEC7) on Option 

B1 Bridge Rail 

Evaluation 

Factors 

Evaluation5 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The option B1 bridge rail contained and redirected the 

10000S vehicle. The vehicle did not penetrate, underride, 

or override the installation. Maximum dynamic deflection 

during the test was 8.2 in. 

Pass 

Occupant 

Risk 

D. No detached elements, fragments, or other debris from 

the bridge rail were present to penetrate or show potential 

for penetrating the occupant compartment, or show undue 

hazard to others in the area.  

Pass 

No occupant compartment deformation or intrusion was 

observed. 

G. The 10000S remained upright during and after the 

collision event. Maximum roll during the collision event 

was 29 degrees. 

Pass 

 

                                                 

 
5
 See Table 9 for details of respective evaluation criteria. 

(a) Before test (b) After test 
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Table 5. Performance evaluation summary for MASH Test 4-12 (Test No. 690900-GEC7a) on Option 

B1 Bridge Rail 

Evaluation 

Factors 

Evaluation6 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Option B1 bridge rail contained and redirected the 

10000S vehicle. The vehicle did not penetrate, underride, 

or override the installation. Maximum dynamic deflection 

during the test was 19.6 in. 

Pass 

Occupant 

Risk 

D. Pieces of the concrete broke off from the bridge rail 

parapet and deck but did not show potential for 

penetrating the occupant compartment, nor show undue 

hazard to others in the area.  

Pass 

No occupant compartment deformation or intrusion was 

observed. 

G. The 10000S remained upright during and after the 

collision event. Maximum roll during the collision event 

was 35 degrees. 

Pass 

 

                                                 

 
6
 See Table 9 for details of respective evaluation criteria. 
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Table 6. Performance evaluation summary for MASH Test 4-10 (Test No. 690900-GEC8) on Option 

B1 Bridge Rail 

Evaluation 

Factors 

Evaluation7 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Option B1 bridge rail contained and redirected the 

1100C vehicle. The vehicle did not penetrate, underride, 

or override the installation. Maximum dynamic deflection 

during the test was 1.5 in.  

Pass 

Occupant 

Risk 

D. No detached elements, fragments, or other debris from 

the bridge rail were present to penetrate or show potential 

for penetrating the occupant compartment, or show undue 

hazard to others in the area.  

Pass 

Maximum occupant compartment deformation was 

1.0 in. in the right front kickpanel area.  

F. The 1100C vehicle remained upright during and after the 

collision event. Maximum roll angle was 10 degrees and 

pitch was 8 degrees. 

Pass 

H. Longitudinal OIV was 23.0 ft/s, and lateral OIV was 

32.8 ft/s. 

Pass 

I. Longitudinal RDA was 6.1 g, and lateral RDA was 8.8 g. Pass 

 

                                                 

 
7
 See Table 9 for details of respective evaluation criteria. 
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Table 7. Performance evaluation summary for MASH Test 4-11 (Test No. 690900-GEC9) on Option 

B1 Bridge Rail 

Evaluation 

Factors 

Evaluation8 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Option B1 bridge rail contained and redirected the 

2270P vehicle. The vehicle did not penetrate, underride, 

or override the installation. Maximum dynamic deflection 

during the test was 8.2 in. 

Pass 

Occupant 

Risk 

D. No detached elements, fragments, or other debris from 

the bridge rail were present to penetrate or show potential 

for penetrating the occupant compartment, or show undue 

hazard to others in the area. 

Pass 

Maximum occupant compartment deformation was 

1.0 in. in the right front kickpanel area. 

F. The 2270P vehicle remained upright during and after the 

collision event. Maximum roll and pitch angles were 12 

degrees and 10 degrees. 

Pass 

H. Longitudinal OIV was 15.1 ft/s, and lateral OIV was 

25.6 ft/s. 

Pass 

I. Longitudinal occupant ridedown acceleration was 13.5 g, 

and lateral occupant ridedown acceleration was 11.7 g. 

Pass 

The Lake Pontchartrain Causeway Bridge Design Option B1 contained and redirected all 

test vehicles. Maximum dynamic deflection was 19.6 in. in the repeat MASH Test 4-12. 

In all three tests, no detached elements, fragments, or other debris from the bridge rail 

were present to penetrate or show potential for penetrating the occupant compartment, or 

show undue hazard to others in the area. No occupant compartment intrusion occurred, 

and minimal (1.0 in.) to no occupant compartment deformation occurred during the test. 

All test vehicles remained upright during and after the collision event. During the crash 

test with the car and pickup (MASH Test 4-10 and 4-11), the occupant risk factors were 

within the preferred limits specified in MASH. In conclusion, the Lake Pontchartrain 

                                                 

 
8
 See Table 9 for details of respective evaluation criteria. 



—  46  — 

 

Causeway Bridge Design Option B1 performed acceptably according to MASH 

evaluation criteria for TL-4. 

These designs were relevant to this project since these designs utilized a 10-in. high by 

18-in. wide walkway curb. Information used from these projects were considered in this 

project. 
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Task 2 – Review of DOTD Bridge Rail Database 

A literature review was completed for this project as part of Task 1. From Task 1, 

information was gathered on all the available retrofit options used previously that might 

be considered for this project. After Task 1 was completed, TTI received a database in 

Excel format from DOTD listing an inventory of bridges using concrete barriers with 

walkways used throughout the state. These bridges, approximately 200 total miles, used 

older types of concrete post and beam rails and solid concrete rails. The bridges in this 

database used a sidewalk for pedestrian access.  

DOTD also provided numerous drawings and details for the common types of bridges in 

this database. These drawings, along with the Excel database provided to TTI researchers 

from DOTD, are provided in Bridge Curbed Barrier Retrofit Project. The information in 

the database and drawings were reviewed as part of this task. From this task, two bridge 

rail types were selected for analyses and detailing for retrofitting with respect to MASH 

TL-3. The bridge rails selected from this review were considered critical with respect to 

strength and performance for MASH TL-3. Other factors were also considered, such as 

their frequency of use, and geometrical considerations such as curb height, curb width, 

deck cantilever, and deck thickness.  

Based on the researchers’ review, the bridge rail designs from the Task 2 effort are 

provided as follows. For further information, please refer to the drawings provided in 

Appendix A. Approximately 20 drawings of different vintage bridge rail projects are 

provided in Bridge Curbed Barrier Retrofit Project. With the assistance of DOTD 

engineers, these drawings were selected from the larger database provided to TTI 

researchers on a spreadsheet database from DOTD. Engineering strength analyses were 

performed on the selected designs as follows.  

Based on the researchers’ review, the details shown on DOTD SCJ5C-90-24P appeared to 

be critical, based on strength and performance with respect to MASH TL-3. This design 

was also common for the concrete post and beam bridge rails with a safety walk. In 

addition, a solid concrete parapet was reviewed and analyzed during this reporting period. 

Figure 41 shows concrete geometry and reinforcement details for the concrete post and 

beam bridge rail with safety walk from drawing DOTD SCJ5C-90-24P. Details from 

SCJ5C-90-24P were used to develop the crash test installation details for the retrofit 

designs for this project. A retrofit design was also designed for a solid concrete parapet 

bridge rail with a safety walk. Drawing SC15A-60-24P and the details shown on this 

https://www.roadsidepooledfund.org/wp-content/uploads/2018/05/BRIDGE-CURBED-BARRIER-RETROFIT-PROJECT.pdf
https://www.roadsidepooledfund.org/wp-content/uploads/2018/05/BRIDGE-CURBED-BARRIER-RETROFIT-PROJECT.pdf
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drawing were used for this design. Details of the solid concrete parapet as shown on this 

drawing SC15A-60-24P are shown in Figure 42. Please note that the aluminum rail 

element for the solid concrete parapet was not considered crashworthy with respect to 

MASH Specifications and therefore needs to be removed prior to retrofitting. 

Figure 41. Details from drawing SCJ5C-90-24P concrete post and beam 
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Figure 42. Details from drawing SC15A-60-24P solid concrete parapet with aluminum hand rail (to 

be removed) 
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Task 7 – Full Scale Testing of Retrofit Bridge Rail 

Option 1, Tested October 2018 

In October 2018, full-scale testing was performed on the following bridge rail retrofit 

with respect to MASH TL-3. The retrofit bridge rail designed and tested for this option 

consisted of an HSS12x8x1/2 tubular rail element anchored to the top of the concrete post 

and beam with safety walk barrier selected in Task 2. A cross section view of the retrofit 

is shown in Figure 43.  

Figure 43. Retrofit bridge rail Option 1 cross section details 

Complete test installation details developed as part of Task 7 for retrofit Option 1 is 

presented in Appendix B. Please refer to these details in the appendix for additional 

information for this retrofit Option 1. As part of Task 7, these test installation details were 

used to construct a test installation for full scale crash testing with respect to MASH TL-

3. Full-scale crash testing was performed on Option 1 in October 2018. A summary of the

crash testing criteria and results are as follows. 
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Test Requirements and Evaluation Criteria 

Crash Tests Performed 

Table 8 shows the test conditions and evaluation criteria for MASH TL-3 for longitudinal 

barriers. MASH Test 3-10 involves an 1100C vehicle weighing 2420 lb. ±55 lb. 

impacting the critical impact point (CIP) of the bridge barrier at an impact speed of 62 

mi/h ±2.5 mi/h and an angle of 25 degrees ±1.5 degrees. MASH Test 3-11 involves a 

2270P vehicle weighing 5000 lb. ±110 lb. impacting the CIP of the bridge barrier at an 

impact speed of 62 mi/h ±2.5 mi/h and an angle of 25 degrees ±1.5 degrees. 

Table 8. Test conditions and evaluation criteria specified for MASH TL-3 longitudinal barriers 

Test Article  Test Designation  Test Vehicle  Impact Conditions Evaluation Criteria 

Speed Angle 

Longitudinal Barrier 
3-10  1100C 62 mi/h 25° A, D, F, H, I 

3-11  2270P  62 mi/h 25° A, D, F, H, I 

The target CIPs for tests on the Louisiana Retrofit Post and Beam Bridge Rail with Safety 

Walk and the redesigned bridge rail were determined using the information provided in 

MASH Section 2.2.1, Section 2.3.2, and MASH Figure 2-1. Figure 44 depicts target CIPs 

for MASH Test 3-10 (crash Test No. 606861-2) and Test 3-11 (crash Test No. 606861-1) 

on the Louisiana Retrofit post and beam bridge rail with safety walk Option 1.  Figure 45 

depicts target CIP for MASH Test 3-10 (crash Test No. 606861-4) on the Redesigned 

Louisiana Retrofit post and beam bridge rail with safety walk Option 2. Figure 46 shows 

the target CIP for Test 3-11 (crash Test No. 606861-3) Redesigned Louisiana Retrofit post 

and beam bridge rail with safety walk Option 2. 

The crash tests and data analysis procedures were in accordance with guidelines 

presented in MASH. Brief descriptions of these procedures are described under the 

section entitled Test Conditions. 
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Figure 44. Target CIPs for MASH tests on Louisiana Retrofit Post and Beam Bridge Rail With 

Safety Walk 

 

Figure 45. Target CIPs for MASH Test 3-10 on redesigned Louisiana Retrofit Post and Beam Bridge 

Rail with Safety Walk 

 

Figure 46. Target CIP for MASH Test 3-11 on redesigned Louisiana Retrofit Post and Beam Bridge 

Rail with Safety Walk 

 

Evaluation Criteria 

The appropriate safety evaluation criteria from Tables 2-2A and 5-1 of MASH were used 

to evaluate the crash tests reported herein. The test conditions and evaluation criteria 

required for MASH TL-3 are listed in Table 8, and the substance of the evaluation criteria 
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in Table 9. An evaluation of the crash test results is presented in detail under the section 

Assessment of Test Results. 

Table 9. Evaluation criteria required for MASH TL-4 longitudinal barriers 

Evaluation 

Factors 
Evaluation Criteria 

Structural 

Adequacy 

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. 

Occupant Risk 

D. Detached elements, fragments, or other debris from the test article should 

not penetrate or show potential for penetrating the occupant compartment 

or present undue hazard to other traffic, pedestrians, or personnel in a 

work zone.  

Deformations of, or intrusions into, the occupant compartment should not 

exceed limits set forth in Section 5.2.2 and Appendix E of MASH. 

F. The vehicle should remain upright during and after collision for Tests 4-

10 and 4-11. The maximum roll and pitch angles are not to exceed 75 

degrees. 

H. Occupant impact velocities (OIV) should satisfy the following limits: 

Preferred value of 30 ft/s, or maximum allowable value of 40 ft/s for 

Tests 4-10 and 4-11. 

I. The occupant ridedown accelerations should satisfy the following: 

Preferred value of 15.0 g, or maximum allowable value of 20.49 g for 

Tests 4-10 and 4-11. 
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Test Conditions 

Test Facility 

The full-scale crash tests reported herein were performed at Texas A&M Transportation 

Institute (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, and according to the 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 miles 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, durability and efficacy 

of highway pavements, and evaluation of roadside safety hardware and perimeter 

protective devices. The site selected for construction and testing of the bridge barrier was 

along the edge of an out-of-service apron. The apron consists of an unreinforced jointed-

concrete pavement in 12.5-ft. × 15 ft. blocks nominally 6 in. deep. The aprons were built 

in 1942, and the joints have some displacement, but are otherwise flat and level. 

Vehicle Tow and Guidance System 

Each test vehicle was towed into the test installation using a steel cable guidance and 

reverse tow system. A steel cable for guiding the test vehicle was tensioned along the 

path, anchored at each end, and threaded through an attachment to the front wheel of the 

test vehicle. An additional steel cable was connected to the test vehicle, passed around a 

pulley near the impact point, 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. The test vehicle was released 

just prior to impact, and ran unrestrained. The vehicle remained freewheeling (i.e., no 

steering or braking inputs) until it cleared the immediate area of the test site (no sooner 
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than 2 s after impact), after which the brakes were activated, if needed, to bring the test 

vehicle to a safe and controlled stop. 

Data Acquisition Systems 

Vehicle Instrumentation and Data Processing 

Each test vehicle was instrumented with a self-contained, on-board data acquisition 

system. The signal conditioning and acquisition system is a 16-channel, Tiny Data 

Acquisition System (TDAS) Pro 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 TDAS Pro hardware and software conform to the latest SAE J211, 

Instrumentation for Impact Test. Each of the 16 channels is capable of providing 

precision amplification, scaling, and filtering based on transducer specifications and 

calibrations. During the test, data are recorded from each channel at a rate of 10,000 

values per second with a resolution of one part in 65,536. Once data are recorded, internal 

batteries back these up inside the unit should the primary battery cable be severed. Initial 

contact of the pressure switch on the vehicle bumper provides a time zero mark as well as 

initiates the recording process. After each test, the data are downloaded from the TDAS 

Pro 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 of the TDAS Pro units is returned to the factory annually for complete recalibration 

and all instrumentation used in the vehicle conforms to all 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 a 

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 any time data are suspect. Acceleration data is measured with 

an expanded uncertainty of ±1.7 percent at a confidence factor of 95 percent (k=2). 
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TRAP uses the data from the TDAS Pro to compute occupant/compartment impact 

velocities, time of occupant/compartment impact after vehicle impact, and the 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 a 

60-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, 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 of the vehicle-fixed coordinate systems 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). 

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, it is recommended a dummy be used when testing “any 

longitudinal barrier with a height greater than or equal to 33 in..” Use of the dummy in 

the 2270P vehicle is recommended for tall rails to evaluate the “potential for an occupant 

to extend out of the vehicle and come into direct contact with the test article.” Although 

this information is reported, it is not part of the impact performance evaluation. Since the 

height of the top of the rail on the Option 1 bridge rail was 42⅝ in. and the redesigned 

Option 2 bridge rail was 40 in., a dummy was placed in the front seat of the 2270P 

vehicles on the impact side and restrained with lap and shoulder belts. 

Vehicle Instrumentation and Data Processing 

Photographic coverage of each test included three digital high-speed cameras: 

1. One overhead with a field of view perpendicular to the ground and directly over 

the impact point;  

2. One placed on the traffic side of the installation at an angle behind the impact; and  
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3. A third placed to have a field of view parallel to and aligned with the installation 

at the downstream end.  

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to 

indicate the instant of contact with the bridge rail. The flashbulb was visible from each 

camera. The video files from these digital high-speed cameras were analyzed to observe 

phenomena occurring during the collision and to obtain time-event, displacement, and 

angular data. A digital camera recorded and documented conditions of each test vehicle 

and the installation before and after the test. 
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MASH TL-3 Testing of Louisiana Retrofit Post and 

Beam Bridge Rail with Safety Walk Option 1 

Test Installation Details 

Test Installation Description 

The test installation was 106 ft.-10¾ in. long and consisted of a reinforced cantilevered 

concrete deck, a stepped-up sidewalk, with a curb and posts topped by a concrete beam, 

and a rectangular hollow steel rail anchored on top of the concrete beam. The sidewalk, 

curb, posts, and beam were comprised of five separate segments with 1-in. gaps between 

the sidewalk and curb segments and 6-in. gaps between the post and beam segments. 

Each segment contained three concrete posts with one at each end and one at center. 

Each steel rail section measured 21 ft.-3¾ in. long, and each was anchored to the top of 

the concrete rail such that the impact face of the steel tubes was flush with the impact 

face of the concrete rails. A 36-in. long fabricated rail splice section spanned the 1-in. 

gaps between the steel rail sections. The steel rail sections were attached to the concrete 

beam with ¾-in. diameter ×16-in. long threaded rods secured with Hilti HIT-RE500V3 

epoxy adhesive. 

Appendix B presents the drawings and information on the Louisiana Retrofit post and 

beam bridge rail with safety walk Option 1, and Figure 47 through Figure 49 provide 

photographs of the completed installation.  

Material Specifications 

The specified compressive strength of the concrete used in the wall, deck, curb, and 

parapet was 3000 psi. On October 2, 2018, the average compressive strengths of the 

concrete were as follows: 

 Average concrete strength for the wall and deck: 4535 psi at 75 days of age.

 Average concrete strength for the curb: 4643 psi at 66 and 67 days of age (2 pours).

 Average concrete strength for the parapet: 4044 psi at 54 and 61 days of age (2

pours).
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Appendix C provides material certification documents for the materials used to 

install/construct the Louisiana Retrofit post and beam bridge rail with safety walk Option 

1. 

Figure 47. Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 1 prior to testing 

    

 

    

(a) Traffic face of bridge rail (b) Field side of bridge rail 

(c) Upstream of joint (d) Downstream of joint 
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Figure 48. Joint 2 of Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 1 prior 

to testing 

    

Figure 49. Field side of Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 1 

prior to testing 

   

MASH Test 3-11 (Crash Test No. 606861-1) 

Test Designation and Actual Impact Conditions 

MASH Test 3-11 involves a 2270P vehicle weighing 5000 lbs ±110 lbs impacting the CIP 

of the bridge barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25 degrees 

±1.5 degrees. The CIP for MASH Test 3-11 on the Louisiana Retrofit post and beam 

bridge rail with safety walk Option 1 was determined to be 4.3 ft. ±1 ft. upstream of the 

(a) Metal rail element at joint 2 (b) Concrete parapet at joint 2 

(a) Field side of joint 2 (b) Field side of joint 4 
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centerline of the second open joint in the concrete deck/beam. Figure 44 and Figure 50 

depict the target CIP. 

Figure 50. Test vehicle/bridge rail geometrics for Test No. 606861-1 

The 2270P vehicle used in the test weighed 5015 lbs, and the actual impact speed and 

angle were 63.5 mi/h and 25.2 degrees. The actual impact point was 3.9 ft. upstream of 

the centerline of the second open joint in the concrete deck/beam. Minimum target impact 

severity (IS) was 106 kip ft., and actual IS was 123 kip-ft. 

Weather Conditions 

The test was performed on the morning of October 2, 2018. Weather conditions at the 

time of testing were as follows: wind speed: 2 mi/h; wind direction: 153 degrees (vehicle 

was traveling at a heading of 150 degrees); temperature: 77°F; relative humidity: 

98 percent. 

Test Vehicle 

Figure 51 shows the 2012 RAM 1500 pickup truck used for the crash test. The vehicle’s 

test inertia weight was 5015 lbs, and its gross static weight was 5180 lbs. The height to 

the lower edge of the vehicle bumper was 11.75 in., and the height to the upper edge of 

the bumper was 27.0 in. The height to the vehicle’s center of gravity was 28.5 in. 

Figure 106 and Figure 107 in Appendix D give additional dimensions and information on 

the vehicle. The vehicle was directed into the installation using a cable reverse tow and 

(a) Frontal view of 2270P test vehicle at

target impact point 

(b) Rear view of 2270P test vehicle at target

impact point 
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guidance system and was released to be freewheeling and unrestrained just prior to 

impact. 

Figure 51. Test vehicle prior to Test No. 606861-1 

  

Test Description 

Table 10 lists times and significant events that occurred during Test No. 606861-1. Figure 

108 through Figure 110 in Appendix D present sequential photographs during the test. 

(a) Right side of 2270P test vehicle (b) Left side of 2270P test vehicle 
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Table 10. Events during Test No. 606861-1 

Time (s) Events 

0.0000 Data acquisition trigger activated by curb 

0.0160 Right front tire of vehicle contacts curb 

0.0480 Right front bumper contacts concrete rail 

0.0630 Vehicle begins to redirect 

0.2330 Maximum deflection of rail element 

0.2710 Left front tire leaves pavement surface 

0.3230 Left front tire returns to pavement surface 

0.3990 Vehicle is parallel to the bridge barrier 

0.4450 Right rear tire rides up onto curb 

0.5300 Left rear tire leaves pavement surface 

0.5420 Rear right side of vehicle contacts concrete rail 

0.6830 Vehicle loses contact with bridge rail while traveling 31.6 mi/h, at a trajectory 

angle of 6.3 degrees, and a heading angle of 9.7 degrees 

1.0600 Left rear tire returns to pavement surface 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft. downstream from loss of contact for cars 

and pickups). The test vehicle exited within the exit box criteria defined in MASH. 

Brakes on the vehicle were not applied. After loss of contact with the barrier, the vehicle 

came to rest 122 ft. downstream of the impact and 20 ft. toward the traffic side. 

Damage to Test Installation 

Figure 52 through Figure 55 show the damage to the Option 1 bridge rail. The concrete at 

both posts at joint 2, and the middle post in section 3, failed with rebar exposed. 

Numerous cracks were observed in the beam and middle post of section 2 and along the 

beam of section 3, ending 30 in. upstream of the downstream end of section 3. The rear of 

the deck was broken out at the middle post of section 2, the end posts at the second joint, 
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and the middle post of section 3. Working width9 was 22.1 in., and height of the working 

width was 42.6 in.. Maximum dynamic deflection during the test was 10.0 in., and 

maximum permanent deformation was 7.25 in. 

Figure 52. Option 1 bridge rail after Test No. 606861-1 

  

                                                 

 
9
 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. 

(a) Bridge rail/test vehicle after test (b) Permanent deformation of bridge rail 
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Figure 53. Damage at joint 2 after Test No. 606861-1 

  

Figure 54. Damage at section 3 after Test No. 606861-1 

  

(a) Damage to curb and beam (b) Damage at joint 2 

(a) Section 3 just downstream of joint 2 (b) Middle post of section 3 
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Figure 55. Damage on field side of bridge rail after Test No. 606861-1 

  

  

Damage to Test Vehicle 

Figure 56 shows the damage sustained by the vehicle. The front bumper, grill, hood, right 

front fender, right front upper and lower ball joints, right front tire and rim, right frame 

rail, right front door, right rear tire, and rear bumper were damaged. Maximum exterior 

crush to the vehicle was 16.0 in. in the front plane at the right front corner at bumper 

height. Maximum occupant compartment deformation was 2.0 in. in the right firewall. 

Figure 57 shows the interior of the vehicle. Figure 111 and Figure 112 in Appendix D 

provide exterior crush and occupant compartment measurements. 

(a) Field side of section 2 (b) Field side of middle post of section 2 

(c) Field side of end posts at joint 2 (d) Field side of middle post of section 3 
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Figure 56. Test vehicle after Test No. 606861-1 

  

Figure 57. Interior of test vehicle after Test No. 606861-1 

  

Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 11. Figure 58, Table 12, and 

Table 13 summarize these data and other pertinent information from the test. Figure 113 

in Appendix D shows the vehicle angular displacements, and Figure 114 through 

Figure 116 in Appendix D show acceleration versus time traces. 

(a) Front of 2270P test vehicle after test (b) Right front of 2270P test vehicle 

(a) Interior of cab of 2270P test vehicle (a) Right front floor pan of 2270P test vehicle  
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Table 11. Occupant risk factors for Test No. 606861-1 

Occupant Risk Factor Value Time 

Occupant Impact Velocity (OIV)   

Longitudinal ....................................... 28.9 ft/s 
at 0.1472 s on right side of interior 

Lateral ................................................ 21.7 ft/s 

Occupant Ridedown Accelerations   

Longitudinal ....................................... 11.8 g 0.2803 - 0.2903 s 

Lateral ................................................ 6.5 g 0.2912 - 0.3012 s 

Theoretical Head Impact Velocity (THIV) ..... 10.9 m/s at 0.1444 s on right side of interior 

Acceleration Severity Index (ASI) ................... 1.6 0.1079 - 0.1579 s 

Maximum 50-ms Moving Average    

Longitudinal ....................................... −12.0 g 0.0940 - 0.1440 s 

Lateral ................................................ −10.9 g 0.0783 - 0.1283 s 

Vertical ............................................... −3.5 g 0.0657 - 0.1157 s 

Maximum Roll, Pitch, and Yaw Angles   

Roll ..................................................... 14 degrees 1.2803 s 

Pitch ................................................... 6 degrees 0.6268 s 

Yaw .................................................... 35 degrees 0.6866 s 
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Figure 58. Summary of results for MASH Test 3-11 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1 

  

  

  

(a) 0.000 s (b) 0.200 s 

(c) 0.400 s (d) 0.600 s 

(e) Impact summary (f) Cross-section of bridge rail 
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Table 12. Summary of results for MASH Test 3-11 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1—Pre-Impact Information 

General Information  

Test Agency Texas A&M Transportation Institute 

Test Standard Test No. MASH Test 3-11 

TTI Test No. 606861-1 

Test Date 2018-10-02 

Test Article  

Type  Longitudinal Barrier—Bridge Rail 

Name Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk 

Installation Length 106 ft.-10¾ in. 

Material or Key Elements Reinforced cantilevered concrete deck, stepped-up sidewalk, curb 

and posts topped by a concrete beam, rectangular hollow steel rail 

secured on top of the concrete beam 

Foundation Type/Condition Concrete Bridge Deck, Damp 

Test Vehicle  

Type/Designation 2270P 

Make and Model 2012 RAM 1500 Pickup 

Curb 4983 lbs. 

Test Inertial 5015 lbs. 

Dummy 165 lbs. 

Gross Static 5180 lbs. 

Impact Conditions  

Speed 63.5 mi/h 

Angle 25.2 degrees 

Location 3.9 ft. upstream of joint 2 

Impact Severity 123 kip-ft. 

Exit Conditions  

Speed 31.6 mi/h 

Exit Trajectory/Heading 6.3 degrees/9.7 degrees 
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Table 13. Summary of results for MASH Test 3-11 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1—Post-Impact Information 

Occupant Risk Values  

Longitudinal OIV 28.9 ft/s 

Lateral OIV 21.7 ft/s 

Longitudinal Ridedown 11.8 g 

Lateral Ridedown 6.5 g 

THIV 10.9 m/s 

ASI 1.6 

Max. 0.050-s Average  

Longitudinal  −12.0 g 

Lateral −10.9 g 

Vertical −3.5 g 

Post-Impact Trajectory  

Stopping Distance 122 ft. downstream / 20 ft. toward traffic lanes 

Vehicle Stability  

Maximum Roll Angle 14 degrees 

Maximum Pitch Angle 6 degrees 

Maximum Yaw Angle 35 degrees 

Vehicle Snagging No 

Vehicle Pocketing No 

Test Article Deflections  

Dynamic 10.0 in. 

Permanent 7.25 in. 

Working Width 22.1 in. 

Height of Working Width 42.6 in. 

Vehicle Damage  

VDS 01RFQ5 

CDC 01FREW5 

Max Exterior Deformation 16.0 in. 

OCDI FR0010000 

Max Occupant Compartment Deformation 2.0 in. 
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MASH Test 3-10 (Crash Test No. 606861-2) 

Test Designation and Actual Impact Conditions 

MASH Test 3-10 involves an 1100C vehicle weighing 2420 lbs ±55 lbs impacting the 

CIP of the bridge barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 

25 degrees ±1.5 degrees. The CIP for MASH Test 3-10 on the Louisiana Retrofit post and 

beam bridge rail with safety walk Option 1 was 3.6 ft. ±1 ft. upstream of the centerline of 

the fourth open joint in the concrete deck/beam. Figure 44 and Figure 59 depict the target 

impact point. 

Figure 59. Test vehicle/bridge rail geometrics for Test No. 606861-2 

  

The 1100C vehicle used in the test weighed 2425 lbs, and the actual impact speed and 

angle were 62.0 mi/h and 25.2 degrees. The actual impact point was 3.3 ft. upstream of 

the centerline of the fourth open joint in the concrete deck/beam. Minimum target IS was 

51 kip-ft., and actual IS was 57 kip-ft. 

Weather Conditions 

The test was performed on the morning of October 3, 2018. Weather conditions at the 

time of testing were as follows: wind speed: 5 mi/h; wind direction: 166 degrees (vehicle 

was traveling at a heading of 150 degrees); temperature: 83°F; relative humidity: 83 

percent. 

(a) Frontal view of 1100C test vehicle at 

target impact point 

(b) Rear view of 1100C test vehicle at target 

impact point 
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Test Vehicle 

Figure 60 shows the 2009 Kia Rio10 used for the crash test. The vehicle’s test inertia 

weight was 2425 lbs, and its gross static weight was 2590 lbs. The height to the lower 

edge of the vehicle bumper was 7.75 in., and the height to the upper edge of the bumper 

was 21.5 in. Figure 117 in Appendix E gives additional dimensions and information on 

the vehicle. The vehicle was directed into the installation using a cable reverse tow and 

guidance system, and was released to be freewheeling and unrestrained just prior to 

impact. 

Figure 60. Test vehicle before Test No. 606861-2 

  

Test Description 

Table 14 lists events that occurred during Test No. 606861-2. Figure 118 through Figure 

120 in Appendix E present sequential photographs during the test. 

                                                 

 
10

 The 2009 model vehicle used is older than the 6-year age noted in MASH, and was selected based upon 

availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. 

Other than the vehicle’s year model, this 2009 model vehicle met the MASH requirements.  

(a) Right side of 1100C test vehicle (b) Left side of 1100C test vehicle  
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Table 14. Events during Test No. 606861-2 

Time (s) Events 

0.0000 Data acquisition trigger activated by curb 

0.0180 Vehicle lower front right bumper contacts curb 

0.0490 Vehicle begins to redirect 

0.0620 Vehicle contacts concrete beam 

0.1020 Left front tire leaves pavement surface 

0.1920 Left rear tire leaves pavement surface 

0.2550 Vehicle traveling parallel to bridge barrier 

0.2760 Left rear of vehicle contacts bridge barrier 

0.3530 
Vehicle loses contact with bridge rail while traveling at 47.4 mi/h, at a trajectory 

angle of 2.0 degrees, and a heading angle of 5.8 degrees 

0.4570 Left front tire returns to pavement surface 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft. downstream from loss of contact for cars 

and pickups). The test vehicle exited within the exit box criteria defined in MASH. 

Brakes on the vehicle were not applied. After loss of contact with the barrier, the vehicle 

came to rest 145 ft. downstream of the impact and 23 ft. toward traffic lanes. 

Damage to Test Installation 

Figure 61 through Figure 63 show the damage to the Option 1 bridge rail. The concrete 

curb was cracked through on the upstream side of the post on the downstream end of 

section 4, and a small crack in the curb was observed on the downstream side. The metal 

rail element was scuffed and scratched. Working width11 was 12.7 in., and height of 

                                                 

 
11

 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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working width was 42.6 in. Maximum dynamic deflection during the test was 0.7 in., and 

there was no measurable permanent deformation. 

Figure 61. Option 1 bridge rail after Test No. 606861-2 

  

(a) Bridge rail/test vehicle after test (b) Traffic side of bridge rail at impact 
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Figure 62. Damage to traffic face of bridge rail after Test No. 606861-2 

  

  

(a) Traffic side at impact point (b) Traffic side of joint 4 

(c) Traffic side of posts at joint 4 (d) Traffic side of metal rail at joint 4 
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Figure 63. Damage on field side of bridge rail after Test No. 606861-2 

  

Damage to Test Vehicle 

Figure 64 shows the damage sustained by the vehicle. The front bumper, grill, hood, 

radiator and support, right front tire and rim, right front strut and strut tower, right front 

fender, right front door and window glass, right rear quarter panel, right rear rim, and rear 

bumper were damaged. Maximum exterior crush to the vehicle was 9.0 in. in the side 

plane at the right front corner at bumper height. Maximum occupant compartment 

deformation was 1.5 in. in the right firewall area. Figure 65 shows the interior of the 

vehicle. Figure 121 and Figure 122 in Appendix E provide exterior crush and occupant 

compartment measurements. 

(a) Field side of joint 4 (b) Close up view of field side of joint 4 
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Figure 64. Test vehicle after Test No. 606861-2 

  

Figure 65. Interior of test vehicle after Test No. 606861-2 

  

Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 15. Figure 66, Table 16, and 

Table 17 summarize these data and other pertinent information from the test. Figure 123 

in Appendix E shows the vehicle angular displacements, and Figure 124 through 

Figure 126 in Appendix E show acceleration versus time traces. 

(a) Front of 1100C test vehicle after test (b) Right front of 1100C test vehicle 

(a) Interior of cab of 1100C test vehicle (b) Right front floor pan 
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Table 15. Occupant risk factors for Test No. 606861-2 

Occupant Risk Factor Value Time 

OIV   

Longitudinal .................................  18.4 ft/s 
at 0.1103 s on right side of interior 

Lateral ..........................................  24.3 ft/s 

Occupant Ridedown Accelerations   

Longitudinal .................................  23.1 g 0.1103 - 0.1203 s 

Lateral ..........................................  21.4 g 0.1103 - 0.1203 s 

THIV ............................................................  9.1 m/s at 0.1070 s on right side of interior 

ASI ...............................................................  1.7 0.1063 - 0.1563 s 

Maximum 50-ms Moving Average    

Longitudinal .................................  -9.9 g 0.0700 - 0.1200 s 

Lateral ..........................................  -12.6 g 0.0804 - 0.1304 s 

Vertical .........................................  -5.5 g 0.0000 - 0.0500 s 

Maximum Roll, Pitch, and Yaw Angles   

Roll ...............................................  21 degrees 0.8788 s 

Pitch .............................................  10 degrees 0.5391 s 

Yaw ..............................................  51 degrees 1.4091 s 
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Figure 66. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1 

  

  

  

(a) 0.000 s (b) 0.200 s 

(c) 0.400 s (d) 0.600 s 

(e) Impact summary (f) Cross-section of bridge rail 
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Table 16. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1—Pre-Impact Information 

General Information  

Test Agency Texas A&M Transportation Institute 

Test Standard Test No. MASH Test 3-10 

TTI Test No. 606861-2 

Test Date 2018-10-03 

Test Article  

Type  Longitudinal Barrier—Bridge Rail 

Name Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk 

Installation Length 106 ft.-10¾ in. 

Material or Key Elements Reinforced cantilevered concrete deck, stepped-up sidewalk, curb 

and posts topped by a concrete beam, rectangular hollow steel rail 

secured on top of the concrete beam 

Foundation Type/Condition Concrete Bridge Deck, Damp 

Test Vehicle  

Type/Designation 1100C 

Make and Model 2009 Kia Rio 

Curb 2457 lbs. 

Test Inertial 2425 lbs. 

Dummy 165 lbs. 

Gross Static 2590 lbs. 

Impact Conditions  

Speed 62.0 mi/h 

Angle 25.2 degrees 

Location 3.3 ft. upstream of fourth joint 

Impact Severity 57 kip-ft. 

Exit Conditions  

Speed 47.4 mi/h 

Exit Trajectory/Heading 2.0 degrees/5.8 degrees 
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Table 17. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 1—Post-Impact Information 

Occupant Risk Values  

Longitudinal OIV 18.4 ft/s 

Lateral OIV 24.3 ft/s 

Longitudinal Ridedown 23.1 g  (High) 

Lateral Ridedown 21.4 g  (High) 

THIV 9.1 m/s 

ASI 1.7 

Max. 0.050-s Average  

Longitudinal  −9.9 g 

Lateral −12.6 g 

Vertical −5.5 g 

Post-Impact Trajectory  

Stopping Distance 145 ft. downstream / 23 ft. toward traffic lanes 

Vehicle Stability  

Maximum Roll Angle 21 degrees 

Maximum Pitch Angle 10 degrees 

Maximum Yaw Angle 51 degrees 

Vehicle Snagging No 

Vehicle Pocketing No 

Test Article Deflections  

Dynamic 0.7 in. 

Permanent None measurable 

Working Width 12.7 in. 

Height of Working Width 42.6 in. 

Vehicle Damage  

VDS 01RFQ5 

CDC 01FREW5 

Max Exterior Deformation 9.0 in. 

OCDI RF0010000 

Max Occupant Compartment Deformation 1.5 in. 
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Discussion of Results for MASH TL-3 Tests on Louisiana Retrofit Post 

and Beam Bridge Rail with Safety Walk Option 1 

Table 18 shows the Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk met the 

specified criteria for MASH Test 3-11. However, for MASH Test 3-10, Table 19 shows 

that the longitudinal and lateral occupant ridedown accelerations were both above the 

maximum allowable limit of 20.49 g specified in MASH. Therefore, the Louisiana 

Retrofit post and beam bridge rail with safety walk Option 1 failed to meet occupant risk 

criteria for MASH Test 3-10, and thus MASH TL-3. 

The researchers determined that the bridge rail should be redesigned to achieve 

performance of the bridge rail to MASH TL-3 specifications. 
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Table 18. Performance evaluation summary for MASH Test 3-11 on Louisiana Retrofit Post and 

Beam Bridge Rail with Safety Walk Option 1 

Evaluation 

Factors 

Evaluation12 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk contained and redirected the 2270P 

vehicle. The vehicle did not penetrate, underride, or 

override the installation. Maximum dynamic 

deflection during the test was 10.0 in. 

Pass 

Occupant 

Risk 

D. The concrete curb and posts fractured into several 

pieces. However, these fragments did not penetrate or 

show potential for penetrating the occupant 

compartment, or present undue hazard for others on 

the bridge barrier (several fragments came to rest 

below the bridge deck). 

Pass 

Maximum occupant compartment deformation was 

2.0 in. in the right firewall area. 

F. The 2270P vehicle remained upright during and after 

the collision event. Maximum roll was 14 degrees and 

pitch was 6 degrees. 

Pass 

H. Longitudinal OIV was 28.9 ft/s, and lateral OIV was 

21.7 ft/s. 

Pass 

I. Maximum longitudinal occupant ridedown was 

11.8 g, and maximum lateral occupant ridedown was 

6.5 g. 

Pass 

                                                 

 
12

 See Table 9 for details of respective evaluation criteria. 
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Table 19. Performance evaluation summary for MASH Test 3-10 on Louisiana Retrofit Post and 

Beam Bridge Rail with Safety Walk Option 1 

Evaluation 

Factors 

Evaluation13 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk contained and redirected the 1100C 

vehicle. The vehicle did not penetrate, underride, or 

override the installation. Maximum dynamic 

deflection during the test was 0.7 in. 

Pass 

Occupant 

Risk 

D. No detached elements, fragments, or other debris was 

present to penetrate or show potential for penetrating 

the occupant compartment, or present undue hazard 

for others on the bridge barrier. 

Pass 

Maximum occupant compartment deformation was 

1.5 in. in the right firewall area. 

F. The 1100C vehicle remained upright during and after 

the collision event. Maximum roll was 21 degrees and 

pitch was 10 degrees. 

Pass 

H. Longitudinal OIV was 18.4 ft/s, and lateral OIV was 

24.3 ft/s. 

Pass 

I. Maximum longitudinal occupant ridedown was 

23.1 g, and maximum lateral occupant ridedown was 

21.4 g. 

Fail 

 

                                                 

 
13

 See Table 9 for details of respective evaluation criteria. 
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Design and Strength Analysis of the Louisiana Retrofit 

Post and Beam Bridge Rail with Safety Walk Option 2 

Due to the unsuccessful MASH Test 3-10 performed on October 3, 2018, for Task 3 of 

this project, a new retrofit design Option (Option 2) was designed and detailed. A strength 

analysis procedure using the AASHTO LRFD Bridge Design Specifications, Section 13 

[4] was used to analyze the structural capacity of the new bridge rail retrofit. Figure 67 

shows a section view of the new retrofitted bridge rail system designed for this project. 

Appendix F presents the strength analysis performed on the new retrofitted bridge rail. 

Appendix G presents the structural details for the new retrofit bridge rail.  

Figure 67. Section view of retrofitted bridge rail system 
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The inelastic or yield line resistance of the concrete rail using the principles of the Whitney 

Stress Block method combined with the elastic resistance of the retrofitted metal rails 

contributing to an inelastic hinge mechanism in the rail contributing to a plastic hinge 

(denoted Mp in AASHTO Section 13, but denoted Mrail in the worksheet) was calculated. The 

plastic moment resistance of the concrete post at three critical failure sections (denoted MFS 

in the worksheet) is calculated using the principles of the Whitney Stress Block method.  

The strength of a single post (denoted Pp in AASHTO Section 13 and in the worksheet in 

Appendix E) at a failure section was calculated using Equation 1. 

 
 𝑃𝑝 =

𝑀𝐹𝑆

𝑦𝐹𝑆
 

(1) 

where: 

Pp = Minimum strength of a single post which corresponds to MFS and is located ybar above 

the deck (kips) considering several possible failure modes 

yFS = Height of rail force measured from the centroid of the failure section (in.) 

MFS = Minimum plastic moment resistance at the failure section (kip-in) 

For post strength Pp, three different failure sections were considered. Failure Section 1 is 

assumed to be located at the interface between the bottom of a post and the top of curb. 

Failure Section 2 is assumed to be located at the vertical interface of the curb with the 

sidewalk at the center of sidewalk section (see Figure 68). Failure Section 3 is assumed to be 

located at the vertical interface between the deck and curb at the center of deck section (see 

Figure 69).  

Once the strength of each failure section was calculated, the minimum strength (i.e., the 

minimum Pp value) was taken as the limiting or “worst case” post strength used in the 

AASHTO Section 13 equations.  

The total resistance of the railing (denoted R in AASHTO Section 13) is calculated using 

AASHTO Section 13 Equation A13.3.2-3 (Equation 2). 
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Figure 68. Plan view of failure section 2 

 

Figure 69. Plan view of failure section 3 
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 𝑅 =

2𝑀𝑝 + 2𝑃𝑝𝐿(∑ 𝑖𝑁
𝑖=1 )

2𝑁𝐿 − 𝐿𝑡
 

(2) 

 

where: 

R = Total ultimate resistance, i.e., nominal resistance, of the railing (kips) 

L = Post spacing of single span (ft.) 

Mp (denoted Mrail on spreadsheet) = Inelastic or yield line resistance of all rails contributing 

to a plastic hinge (kip-ft.). 

N = Number of railing spans. 

The structural analysis conducted on the new DOTD retrofitted bridge rail system are 

presented in Appendix F. The resistance of the new retrofit bridge rail design was 

compared to the MASH TL-3 design transverse impact load (Ft) of 71 kips located an 

effective height (He) of 19 in. above the deck surface. The new retrofit bridge rail system 

has a calculated resistance of 75.4 kips located at an effective height (He) of 19 in. above 

the deck. Since the calculated resistance is greater than the design impact load, the 

retrofitted bridge rail system meets MASH TL-3 structural adequacy criterion. TTI 

completed test installation details necessary for construction of the new retrofit bridge rail 

design. Please refer to the calculations in Appendix F for additional information. For 

additional information on the details of the new retrofit bridge rail please refer to the 

details presented in Appendix G. The details shown in Appendix G were developed for 

MASH full-scale crash testing. The concrete post and beam bridge rail, safety sidewalk, 

and deck cantilever are the same as those constructed for full-scale crash testing in late 

2018. 

Based on the results of the structural analysis, the new retrofit bridge rail design as shown 

herein meets the strength requirements for MASH TL-3. This new design improves the 

strength of the existing concrete bridge rail and still allows some access to the existing 

safety sidewalk. This design was recommended for full-scale crash testing. 

It was recommended that this design be full-scale crash tested as per the MASH 

specifications for TL-3. Two full-scale crash tests were planned. MASH Test 3-10 (small 

car) was performed on December 11, 2020. MASH Test 3-11 (pickup truck) was planned 

for December 14, 2020. 
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The new retrofit bridge rail design was also considered for a solid concrete parapet used 

by DOTD. The details of the retrofit design will require a small post with a base plate 

anchoring the retrofit bridge rail on top of the solid concrete parapet. These posts are 

necessary to maintain the rail height of 40 in. from the roadway surface. These posts will 

maintain the same geometry as the crash tested design. The centerline of the posts shall 

be located 24 in. minimum from the end of the concrete parapet.  Details of the retrofit 

bridge rail anchored to the solid concrete parapet are shown in Figure 70 through 

Figure 72. The calculated strength of the new retrofit design anchored to the solid 

concrete parapet was 140 kips at a height of 19 in. above the roadway surface. Therefore, 

this retrofit design meets the strength requirements of MASH TL-3.  Calculations for the 

retrofit design are presented in Appendix H. 



—  91  — 

 

 

F
ig

u
re

 7
0

. 
D

et
a

il
s 

o
f 

th
e 

re
tr

o
fi

t 
b

ri
d

g
e 

ra
il

 a
n

ch
o

re
d

 t
o

 t
h

e 
so

li
d

 c
o

n
cr

e
te

 p
a

ra
p

et
, 

sh
ee

t 
1

 



—  92  — 

 

 

F
ig

u
re

 7
1

. 
D

et
a

il
s 

o
f 

th
e 

re
tr

o
fi

t 
b

ri
d

g
e 

ra
il

 a
n

ch
o

re
d

 t
o

 t
h

e 
so

li
d

 c
o

n
cr

e
te

 p
a

ra
p

et
, 

sh
ee

t 
2

 



—  93  — 

 

 

F
ig

u
re

 7
2

. 
D

et
a

il
s 

o
f 

th
e 

re
tr

o
fi

t 
b

ri
d

g
e 

ra
il

 a
n

ch
o

re
d

 t
o

 t
h

e 
so

li
d

 c
o

n
cr

e
te

 p
a

ra
p

et
, 

sh
ee

t 
3

 



—  94  — 

 

MASH TL-3 Testing of Retrofit Post and Beam Bridge 

Rail with Safety Walk Option 2 

Test Installation Details 

Test Installation Description 

The test installation was 106 ft.-10¾ in. long, and consisted of a reinforced cantilevered 

concrete deck, a stepped-up sidewalk, with a curb and posts topped by a concrete beam, 

and two rectangular hollow steel rails anchored to the front face of the concrete beam. 

The sidewalk, curb, posts, and beams were comprised of five separate segments, with 

1-in. gaps between the sidewalk, curb, and rail segments, and 6-in. gaps between the post 

and beam segments. Each segment contained three concrete posts, with one at each end 

and one at center. 

Each steel rail section measured 21 ft.-3¾ in. long. A 36-in. long fabricated rail splice 

section spanned the 1-in. gaps between the steel rail sections. The top steel rail sections 

were attached to the concrete beam with L6×4×½ in. angle brackets that were anchored to 

the concrete beam with ¾-in. diameter × 8-in. long B7 threaded rods secured with Hilti 

HIT-RE500V3 epoxy adhesive. The bottom steel rails were secured through and to the 

top rails with ⅝-in. diameter × 22-in. long grade B7 threaded rods, washers, and bolts. 

Appendix G presents the drawings and information on the Louisiana Retrofit post and 

beam bridge rail with safety walk Option 2, and Figure 73 and Figure 74 provides 

photographs of the completed installation.  

Material Specifications 

The specified compressive strength of the concrete used in the wall, deck, curb, and 

parapet was 3000 psi. On December 10, 2020, the average compressive strengths of the 

concrete were as follows: 

 Average concrete strength for the wall and deck: 4448 psi at 41 days of age. 

 Average concrete strength for the curb: 4563 psi at 35 days of age. 

 Average concrete strength for the parapet: 4033 psi at 21 days of age. 
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Appendix I provides material certification documents for the materials used to 

install/construct the Louisiana Retrofit post and beam bridge rail with safety walk Option 

2. 

Figure 73. Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 2 prior to testing 

    

 

    

(a) Traffic face of bridge rail (b) Field side of bridge rail 

(c) Upstream of joint (d) Downstream of joint 
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Figure 74. Joint of Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 2 prior to 

testing 

    

MASH Test 3-11 (Crash Test No. 606861-3) 

Test Designation and Actual Impact Conditions 

MASH Test 3-11 involved a 2270P vehicle weighing 5000 lbs ±110 lbs impacting the CIP 

of the bridge barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 25 degrees 

±1.5 degrees. The CIP for MASH Test 3-11 on the Louisiana Retrofit post and beam 

bridge rail with safety walk Option 2 was determined to be 4.3 ft. upstream of the 

centerline of the second open joint in the deck/beam.  Figure 46 and Figure 75 depict the 

target CIP. 

(a) Traffic face at joint (b) Field side at joint 
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Figure 75. Test vehicle/bridge rail geometrics for Test No. 606861-3 

  

The 2270P vehicle used in the test weighed 5056 lbs, and the actual impact speed and 

angle were 62.7 mi/h and 25.0 degrees. The actual impact point was 4.8 ft. upstream of 

the centerline of the second open joint in the concrete deck/beam. Minimum target IS was 

106 kip-ft., and actual IS was 119 kip-ft. 

Weather Conditions 

The test was performed on the morning of December 14, 2020. Weather conditions at the 

time of testing were as follows: wind speed: 6 mi/h; wind direction: 4 degrees (vehicle 

was travelling at a heading of 150 degrees); temperature: 42°F; relative humidity: 

83 percent 

Test Vehicle 

Figure 76 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s 

test inertia weight was 5056 lbs, and its gross static weight was 5221 lbs. The height to 

the lower edge of the vehicle bumper was 11.75 in., and the height to the upper edge of 

the bumper was 27.0 in. The height to the vehicle’s center of gravity was 28.5 in. 

Figure 127 and Figure 128 in Appendix J give additional dimensions and information on 

the vehicle. The vehicle was directed into the installation using a cable reverse tow and 

guidance system, and was released to be freewheeling and unrestrained just prior to 

impact. 

(a) Frontal view of 2270P test vehicle at 

target impact point 

(b) Rear view of 2270P test vehicle at target 

impact point 
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Figure 76. Test vehicle prior to Test No. 606861-3 

  

Test Description 

Table 20 lists times and significant events that occurred during Test No. 606861-3. Figure 

129 through Figure 131 in Appendix J present sequential photographs during the test. 

Table 20. Events during Test No. 606861-3 

Time (s) Events 

0.0000 Data acquisition trigger activated by curb 

0.0220 Vehicle impacted the bridge rail 

0.0410 Vehicle begins to redirect 

0.1380 Left front tire lifts off pavement 

0.2130 Vehicle travelling parallel to bridge rail 

0.2600 Left front tire contacts pavement 

0.2700 Left rear tire lifts off pavement 

0.3700 Right front tire contacts pavement 

0.4540 Vehicle loses contact with installation while traveling at 50.2 mi/h, at a trajectory 

angle of 4.2 degrees, and a heading angle of 7.8 degrees 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft. downstream from loss of contact for cars 

and pickups). The test vehicle exited within the exit box criteria defined in MASH. 

(a) Right side of 2270P test vehicle (b) Left side of 2270P test vehicle 
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Brakes on the vehicle were applied at 3.0 s after impact, and the vehicle subsequently 

came to rest 221 ft. downstream of the impact 40 ft. toward traffic lanes. 

Damage to Test Installation 

Figure 77 through Figure 79 show the damage to the Option 2 bridge rail. There was 

some gouging and scuffing of the sidewalk at impact. The concrete deck and posts had 

significant damage at posts 5, 6, 7, and 8, with exposed rebar at posts 6, 7, and 8. There 

were several large cracks at the top of posts 6 and 7. There was also some scuffing on the 

metal rail element. Working width14 was 38.7 in., and height of the working width was 

28.0 in. Maximum dynamic deflection during the test was 6.8 in., and maximum 

permanent deformation was 3.4 in. 

Figure 77. Option 2 bridge rail after Test No. 606861-3 

  

                                                 

 
14

 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. 

(a) Bridge rail/test vehicle after test (b) Traffic side of bridge rail at impact 
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Figure 78. Damage to traffic face of bridge rail after Test No. 606861-3 

  

  

(a) Traffic side at impact point (b) Traffic side of joint 

(c) Traffic side of posts at joint (d) Traffic side loss of contact 
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Figure 79. Damage on field side of bridge rail after Test No. 606861-3 

  

Damage to Test Vehicle 

Figure 80 shows the damage sustained by the vehicle. The front bumper, grill, hood, 

radiator and support, right front fender, right front tire and rim, right front and rear doors, 

right rear cab corner, right rear exterior bed, right rear tire, and rear bumper were 

damaged. Maximum exterior crush to the vehicle was 11.0 in. in the front plane at the 

right front corner at bumper height. No occupant compartment deformation was 

observed. Figure 81 shows the interior of the vehicle. Figure 132 and Figure 133 in 

Appendix J provide exterior crush and occupant compartment measurements. 

(a) Field side of joint (b) Field side of middle post 
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Figure 80. Test vehicle after Test No. 606861-3 

  

Figure 81. Interior of test vehicle after Test No. 606861-3 

  

Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 21. Figure 82, Table 22, and 

Table 23 summarize these data and other pertinent information from the test. Figure 134 

in Appendix J shows the vehicle angular displacements, and Figure 135 through 

Figure 137 in Appendix J show acceleration versus time traces. 

(a) Front of 2270P test vehicle after test (b) Right front of 2270P test vehicle 

(b) Interior of cab of 2270P test vehicle (a) Right front floor pan of 2270P test vehicle  
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Table 21. Occupant risk factors for Test No. 606861-3 

Occupant Risk Factor Value Time 

OIV   

Longitudinal .......................................  13.1 ft/s 
at 0.1207 s on right side of interior 

Lateral ................................................  24.6 ft/s 

Occupant Ridedown Accelerations   

Longitudinal .......................................  6.1 g 0.1215 - 0.1315 s 

Lateral ................................................  8.2 g 0.2089 - 0.2189 s 

THIV ..................................................................  8.7 m/s at 0.1183 s on right side of interior 

ASI .....................................................................  1.8 0.0851 - 0.1351 s 

Maximum 50-ms Moving Average    

Longitudinal .......................................  −5.4 g 0.0746 - 0.1246 s 

Lateral ................................................  −14.0 g 0.0565 - 0.1065 s 

Vertical ...............................................  1.8 g 0.2949 - 0.3449 s 

Maximum Roll, Pitch, and Yaw Angles   

Roll .....................................................  7 degrees 0.6206 s 

Pitch ...................................................  9 degrees 0.5326 s 

Yaw ....................................................  34 degrees 0.7969 s 
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Figure 82. Summary of results for MASH Test 3-11 On Louisiana Retrofit Post and Beam Bridge 

Rail with Safety Walk Option 2 

  

  

  

(a) 0.000 s (b) 0.200 s 

(c) 0.400 s (d) 0.600 s 

(e) Impact summary (f) Cross-section of bridge rail 
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Table 22. Summary of results for MASH Test 3-11 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 2—Pre-Impact Information 

General Information  

Test Agency Texas A&M Transportation Institute 

Test Standard Test No. MASH Test 3-11 

TTI Test No. 606861-3 

Test Date 2020-12-14 

Test Article  

Type  Longitudinal Barrier—Bridge Rail 

Name Louisiana Retrofit post and beam bridge rail with safety walk 

Option 2 

Installation Length 106 ft.-10¾ in. 

Material or Key Elements Reinforced cantilevered concrete deck, with 10-in. high sidewalk, 

curb and posts topped by a concrete beam, 2 rectangular hollow 

steel rails secured to concrete beam 

Foundation Type/Condition Concrete Bridge Deck, Damp 

Test Vehicle  

Type/Designation 2270P 

Make and Model 2014 RAM 1500 

Curb 5056 lbs. 

Test Inertial 5056 lbs. 

Dummy 165 lbs. 

Gross Static 5221 lbs. 

Impact Conditions  

Speed 62.7 mi./h 

Angle 25.0 degrees 

Location 4.8 ft. upstream of second joint 

Impact Severity 119 kip-ft. 

Exit Conditions  

Speed 50.2 mi./h 

Exit Trajectory/Heading 4.2 degrees/7.8 degrees 
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Table 23. Summary of results for MASH Test 3-11 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 2—Post-Impact Information 

Occupant Risk Values  

Longitudinal OIV 13.1 ft/s 

Lateral OIV 24.6 ft/s 

Longitudinal Ridedown 6.1 g 

Lateral Ridedown 8.2 g 

THIV 8.7 m/s 

ASI 1.8 

Max. 0.050-s Average  

Longitudinal  −5.4 g 

Lateral −14.0 g 

Vertical 1.8 g 

Post-Impact Trajectory  

Stopping Distance 221 ft. downstream / 40 ft. toward traffic lanes 

Vehicle Stability  

Maximum Roll Angle 7 degrees 

Maximum Pitch Angle 9 degrees 

Maximum Yaw Angle 34 degrees 

Vehicle Snagging No 

Vehicle Pocketing No 

Test Article Deflections  

Dynamic 6.8 in. 

Permanent 3.4 in. 

Working Width 38.7 in. 

Height of Working Width 28.0 in. 

Vehicle Damage  

VDS 01RFQ5 

CDC 01FREW4 

Max Exterior Deformation 11.0 in. 

OCDI RF0000000 

Max Occupant Compartment Deformation None 
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MASH Test 3-10 (Crash Test No. 606861-4) 

Test Designation and Actual Impact Conditions 

MASH Test 3-10 involves an 1100C vehicle weighing 2420 lbs ±55 lbs impacting the 

CIP of the bridge barrier at an impact speed of 62 mi/h ±2.5 mi/h and an angle of 

25 degrees ±1.5 degrees. The CIP for MASH Test 3-10 on the Louisiana Retrofit post and 

beam bridge rail with safety walk Option 2 was 3.6 ft. ±1 ft. upstream of the centerline of 

the fourth open joint in the deck/beam. Figure 45 and Figure 83 depict the target impact 

point. 

Figure 83. Test vehicle/bridge rail geometrics for Test No. 606861-4 

  

The 1100C vehicle used in the test weighed 2404 lbs, and the actual impact speed and 

angle were 61.5 mi/h and 25.7 degrees. The actual impact point was 3.7 ft. upstream of 

the centerline of the fourth open joint in the deck/beam. Minimum target IS was 51 kip-

ft., and actual IS was 57 kip-ft. 

Weather Conditions 

The test was performed on the morning of December 11, 2020. Weather conditions at the 

time of testing were as follows: wind speed: 5 mi/h; wind direction: 215 degrees (vehicle 

was travelling at a heading of 150 degrees); temperature: 64°F; relative humidity: 100 

percent. 

(a) Frontal view of 1100C test vehicle at 

target impact point 

(b) Field side view of 1100C test vehicle at 

target impact point 
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Test Vehicle 

Figure 84 shows the 2014 Nissan Versa used for the crash test. The vehicle’s test inertia 

weight was 2404 lbs, and its gross static weight was 2569 lbs. The height to the lower 

edge of the vehicle bumper was 7.0 in., and the height to the upper edge of the bumper 

was 22.25 in. Figure 138 in Appendix K gives additional dimensions and information on 

the vehicle. The vehicle was directed into the installation using a cable reverse tow and 

guidance system, and was released to be freewheeling and unrestrained just prior to 

impact. 

Figure 84. Test vehicle before Test No. 606861-4 

  

Test Description 

Table 24 lists events that occurred during Test No. 606861-4. Figure 139 through Figure 

141 in Appendix K present sequential photographs during the test. 

(a) Right side of 1100C test vehicle (b) Left side of 1100C test vehicle  
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Table 24. Events during Test No. 606861-4 

Time (s) Events 

0.0000 Vehicle impacts curb 

0.0160 Right front tire lifts off of the pavement 

0.0310 Vehicle begins to redirect 

0.0330 Right front bumper contacts bridge rail 

0.0990 Left front tire lifts off of the pavement 

0.1570 Left rear tire lifts off of pavement 

0.1990 Vehicle travelling parallel to bridge rail 

0.2130 Right rear bumper contacts bridge rail 

0.4160 Vehicle loses contact with bridge rail while traveling at 53.2 mi/h, trajectory 

angle of 5.5 degrees, and heading angle of 10.7 degrees 

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier 

within the exit box criteria (not less than 32.8 ft. downstream from loss of contact for cars 

and pickups). The test vehicle exited within the exit box criteria defined in MASH. 

Brakes on the vehicle were applied at 2.75 s, and the vehicle subsequently came to rest 

175 ft. downstream of the impact and 11 ft. toward traffic lanes. 

Damage to Test Installation 

Figure 85 through Figure 87 show the damage to the Option 2 bridge rail. There was 

some gouging and scuffing of the sidewalk at the point of impact, and the curb cracked at 

posts 12, 13, and 14. The cracks at posts 12 and 13 extended from the traffic side of the 

curb to the field side, and under the deck 11 in. at post 12 and 9 in. at post 13. The posts 

were also cracked at posts 12 and 13. At post 14, the curb and post were cracked on the 

field side. There was also some scuffing on the rail. Working width15 was 33.0 in., and 

                                                 

 
15

 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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height of working width was 4.6 in. Maximum dynamic deflection during the test was 

1.8 in., and maximum permanent deformation was 0.6 in. 

Figure 85. Option 2 ridge rail after Test No. 606861-4 

  

(a) Bridge rail/test vehicle after test (b) Traffic side of bridge rail at impact 
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Figure 86. Damage to traffic face of bridge rail after Test No. 606861-4 

  

  

(a) Traffic side at impact point (b) Traffic side of joint 

(c) Traffic side of posts at joint (d) Traffic side loss of contact 
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Figure 87. Damage on field side of bridge rail after Test No. 606861-4 

  

Damage to Test Vehicle 

Figure 88 shows the damage sustained by the vehicle. The front bumper, grill, hood, 

radiator and support, right front fender, right front tire and rim, right strut and tower, right 

front and rear doors, right rear quarter panel, right rear tire and rim, and rear bumper were 

damaged. Maximum exterior crush to the vehicle was 9.0 in. in the front plane at the right 

front corner at bumper height. Maximum occupant compartment deformation was 0.5 in. 

in the right front floor pan and right front kick panel area. Figure 89 shows the interior of 

the vehicle. Figure 142 and Figure 143 in Appendix K provide exterior crush and 

occupant compartment measurements. 

(a) Field side upstream of joint (b) Field side downstream of joint 
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Figure 88. Test vehicle after Test No. 606861-4 

  

Figure 89. Interior of test vehicle after Test No. 606861-4 

  

Occupant Risk Factors 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and results are shown in Table 25. Figure 90, Table 26, and 

Table 27 summarize these data and other pertinent information from the test. Figure 144 

in Appendix K shows the vehicle angular displacements, and Figure 145 through 

Figure 147 in Appendix K show acceleration versus time traces. 

(a) Front of 1100C test vehicle after test (b) Right front of 1100C test vehicle 

(c) Interior of cab of 1100C (a) Right front floor pan of 1100C test vehicle  
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Table 25. Occupant risk factors for Test No. 606861-4 

Occupant Risk Factor Value Time 

OIV   

Longitudinal .................................  19.7 ft/s 
at 0.1069 s on right side of interior 

Lateral ..........................................  31.2 ft/s 

Occupant Ridedown Accelerations   

Longitudinal .................................  4.0 g 0.1383 - 0.1483 s 

Lateral ..........................................  8.6 g 0.2297 - 0.2397 s 

THIV ............................................................  11.0 m/s at 0.1049 s on right side of interior 

ASI ...............................................................  2.1 0.0830 - 0.1330 s 

Maximum 50-ms Moving Average    

Longitudinal .................................  −8.8 g 0.0509 - 0.1009 s 

Lateral ..........................................  −16.0 g 0.0561 - 0.1061 s 

Vertical .........................................  −3.6 g 0.0224 - 0.0724 s 

Maximum Roll, Pitch, and Yaw Angles   

Roll ...............................................  12 degrees 2.5000 s 

Pitch..............................................  16 degrees 0.5178 s 

Yaw ..............................................  46 degrees 0.9913 s 
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Figure 90. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety walk Option 2 

  

  

  

(a) 0.000 s (b) 0.200 s 

(c) 0.400 s (d) 0.600 s 

(e) Impact summary (f) Cross-section of bridge rail 
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Table 26. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety walk Option 2—Pre-Impact Information 

General Information  

Test Agency Texas A&M Transportation Institute 

Test Standard Test No. MASH Test 3-10 

TTI Test No. 606861-4 

Test Date 2020-12-11 

Test Article  

Type  Longitudinal Barrier—Bridge Rail 

Name Louisiana Retrofit post and beam bridge rail with safety walk 

Option 2 

Installation Length 106 ft.-10¾ in. 

Material or Key Elements Reinforced cantilevered concrete deck, with 10-in. high sidewalk 

with curb and posts topped by a concrete beam, with two retrofit 

rectangular hollow steel rails secured to concrete beam 

Foundation Type/Condition Concrete Bridge Deck, Damp 

Test Vehicle  

Type/Designation 1100C 

Make and Model 2014 Nissan Versa 

Curb 2343 lbs. 

Test Inertial 2404 lbs. 

Dummy 165 lbs. 

Gross Static 2569 lbs. 

Impact Conditions  

Speed 61.5 mi/h 

Angle 25.7 degrees 

Location 3.7 ft. upstream of fourth joint 

Impact Severity 57 kip-ft. 

Exit Conditions  

Speed 53.2 mi/h 

Exit Trajectory/Heading 5.5 degrees/10.7 degrees 
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Table 27. Summary of results for MASH Test 3-10 on Louisiana Retrofit Post and Beam Bridge Rail 

with Safety Walk Option 2—Post-Impact Information 

Occupant Risk Values  

Longitudinal OIV 19.7 ft/s 

Lateral OIV 31.2 ft/s 

Longitudinal Ridedown 4.0 g 

Lateral Ridedown 8.6 g 

THIV 11.0 m/s 

ASI 2.1 

Max. 0.050-s Average  

Longitudinal  −8.8 g 

Lateral −16.0 g 

Vertical −3.6 g 

Post-Impact Trajectory  

Stopping Distance 175 ft. downstream 

11 ft. toward traffic lanes 

Vehicle Stability  

Maximum Roll Angle 12 degrees 

Maximum Pitch Angle 16 degrees 

Maximum Yaw Angle 46 degrees 

Vehicle Snagging No 

Vehicle Pocketing No 

Test Article Deflections  

Dynamic 1.8 in. 

Permanent 0.6 in. 

Working Width 33.0 in. 

Height of Working Width 4.6 in. 

Vehicle Damage  

VDS 01RFQ5 

CDC 01FREW4 

Max Exterior Deformation 9.0 in. 

OCDI RF0000000 

Max Occupant Compartment Deformation 0.5 in. 
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Discussion of Results for MASH TL-3 Tests on Louisiana Retrofit Post 

and Beam Bridge Rail with Safety Walk Option 2 

Table 28 and Table 29 show that the Louisiana Retrofit Post and Beam Bridge Rail with 

Safety Walk performed acceptably and met the specifications for MASH TL-3 longitudinal 

barriers. 

Table 28. Performance evaluation summary for   Test 3-11 on Louisiana Retrofit Post and Beam 

Bridge Rail with Safety Walk Option 2 

Evaluation 

Factors 

Evaluation16 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Louisiana Retrofit post and beam bridge rail with 

safety walk Option 2 contained and redirected the 

2270P vehicle. The vehicle did not penetrate, 

underride, or override the installation. Maximum 

dynamic deflection during the test was 6.8 in. 

Pass 

Occupant 

Risk 

D. The concrete curb and posts fractured into several 

pieces. However, these fragments did not penetrate or 

show potential for penetrating the occupant 

compartment, or present undue hazard for others on 

the bridge barrier (several fragments came to rest 

below the bridge deck). 

No occupant compartment deformation was observed. 

Pass 

F. The 2270P vehicle remained upright during and after 

the collision event. Maximum roll was 7 degrees and 

pitch was 9 degrees. 

Pass 

H. Longitudinal OIV was 13.1 ft/s, and lateral OIV was 

24.6 ft/s. 

Pass 

I. Maximum longitudinal occupant ridedown was 6.1 g, 

and maximum lateral occupant ridedown was 8.2 g. 

Pass 

 

                                                 

 
16

 See Table 9 for details of respective evaluation criteria. 
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Table 29. Performance evaluation summary for MASH Test 3-10 on Louisiana Retrofit Post and 

Beam Bridge Rail with Safety Walk Option 2 

Evaluation 

Factors 

Evaluation17 

Criteria 

Test Results Assessment 

Structural 

Adequacy 

A. The Louisiana Retrofit post and beam bridge rail with 

safety walk Option 2 contained and redirected the 

1100C vehicle. The vehicle did not penetrate, 

underride, or override the installation. Maximum 

dynamic deflection during the test was 1.8 in. 

Pass 

Occupant 

Risk 

D. No detached elements, fragments, or other debris was 

present to penetrate or show potential for penetrating 

the occupant compartment, or present undue hazard 

for others on the bridge barrier. 

Pass 

Maximum occupant compartment deformation was 

0.5 in. in the right floor pan/kick panel area. 

F. The 1100C vehicle remained upright during and after 

the collision event. Maximum roll was 12 degrees and 

pitch was 16 degrees. 

Pass 

H. Longitudinal OIV was 19.7 ft/s, and lateral OIV was 

31.2 ft/s. 

Pass 

I. Maximum longitudinal occupant ridedown was 4.0 g, 

and maximum lateral occupant ridedown was 8.6 g. 

Pass 

 

                                                 

 
17

 See Table 9 for details of respective evaluation criteria. 
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Developing Retrofitting Methods and Procedures for 

Single Bridge Rail Design 

Summary of Results of Full-Scale Crash Testing 

For this project, a new retrofit bridge rail was designed and succesfully crash tested with 

respect to MASH Test Level 3. The retrofit bridge rail design was developed from typical 

details used on existing safety walk bridge barrier railing systems used on vintage 

Louisiana bridges. Details of the bridge rail retrofit constructed and tested for this project 

are shown in Figure 91 through Figure 100. In December, 2020, two crash tests, MASH 

Test 3-10 and 3-11, were performed on the new retrofit design shown in Appendix F. 

Both crash tests were successful with respect to MASH TL-3 specifications. 

Installation of MASH TL-3 of Option 2 Retrofit Bridge Rail 

The retrofit bridge rail presented on the drawings in this report has been successfully 

crash tested to MASH TL-3 Specifications. The following installation procedure can be 

used to assist in installing the retrofit bridge rail on existing DOTD bridges with vintage 

concrete post and beam or solid concrete parapet bridge rails with safety walks. This 

retrofit bridge rail attaches to the top of a concrete post and rail or solid concrete parapet 

as shown in the previous figures. The retrofit bridge rail is located in front of the concrete 

bridge rail and still preserves much of the walkway area. In some cases, any existing 

attachments on top of the existing concrete barriers in the field should be removed to 

provide the necessary clearance for the new retrofit bridge rail as presented herein. In no 

way shall existing hardware remain in place, or be added other than what is shown on the 

“as-tested” test installation drawings as presented in Appendix F. Please refer to the 

section below for all material specifications required for the retrofit bridge rail to be used 

on all MASH TL-3 retrofit applications using this design.  
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Installation Procedure 

1. Figure 91 shows a view of the simulated Louisiana safety walk bridge barrier railing 

system with concrete deck cantilever (TTI simulated crash test installation) without 

the retrofit bridge rail. 

Figure 91. Safety walk barrier with concrete post and beam bridge rail 

 

2. Drill and install adhesive anchors for L6×4×½ angle support brackets on top of 

concrete bridge rail. These holes shall be drilled and the anchors installed as per 

the manufacturer’s specifications. Hilti RE500-V3 adhesive shall be used for 

these ¾-in. diameter by 8 in. long anchors. The anchors shall be embedded 6 in. 

minimum. These anchors shall be A193-B7 galvanized threaded rods installed 

typically using 52 in. maximum spacing on the top of the barrier as shown in the 

drawings provided herein. For the solid concrete parapet design Option shown in 

Figures 70 to 72, the anchors shall be embedded 10 in. minimum.  Photographs of 

the adhesive anchoring system used for this project and recommended for use for 

this retrofit design are provided in Figure 92 and Figure 93. 
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Figure 92. Hot dipped A193 B7 ¾-in. diameter Hilti threaded rod 

 

Figure 93. Hilti HIT-RE500-V3 Adhesive Anchoring System used (anchor bolts installed as per 

manufacturer’s specifications) 

 

3. Install L6×4×½ angle brackets and allow complete cure time as per Hilti HIT-

RE500-V3 specifications. Figure 94 shows the bracket installed. The bracket shall 

be installed with the 4-in. angle face flush (even) with the face of the existing 

concrete barrier as shown in the photos and drawings. Please note, the concrete 

bridge rail is flush with the face of the support angle to provide a good uniform 

bearing surface for the new retrofit bridge rail. Also note, two additional holes 
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were provided in the L6×4×½ angle. These holes can be used if rebar is 

encountered in the drilling operation using the center hole in the angle. 

Figure 94. Installed L6×4×½ angle support bracket with ¾-in. A193 B7 galvanized threaded rod with 

Hilti RE500-V3 adhesive 

 

4. Install/connect the top HSS10×4×⅜ rail to the L6×4×½ angle support brackets. At 

each bracket location, the top rail element is attached to the bracket using a single 

round head 5/8-in. diameter x 5 ½ in. long bolt. Some temporary shoring support 

might be required to bolt this top rail element to the L6×4×½ angle support 

bracket. Figure 95 shows the top rail installed with the temporary shoring. 

Installation of the top rail should progress from one end of the bridge installation 

to the other adding bridge rail splices and additional rail elements as you proceed 

toward the opposite end of the bridge. 
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Figure 95. Installation of first/top rail element with temporary shoring support 

 

5. Install lower HSS10×4×⅜ rail element by connecting lower element to top rail 

element using ⅝-in. × 22 in. long B7 threaded rods with F436 washers and two 

hex nuts. Figure 96 shows the lower rail installation. 
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Figure 96. Installation of lower HSS10×4×⅜ rail and bolting to top rail with ⅝-in. diameter B7 

threaded rods 

 

Figure 97 shows the installation of a typical splice joint assembly as installation of the 

rail progresses from one end of the installation (bridge) to the other. Photos of the 

completed rail section are shown in Figure 98 through Figure 100. From start to finish 

(after curing of the adhesive anchors), installation of the bridge rail installation was 

completed within 3 hours. 
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Figure 97. Typical splice assembly of rail prior to adding adjacent rail section 

 

Figure 98. Front view completed retrofit rail installation 
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Figure 99. End view completed retrofit rail installation 

 

Figure 100. Field side view completed retrofit rail installation 
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Material Specifications for MASH TL-3 Retrofit Bridge Rail 

The retrofit bridge rail design tested for this project met all the safety and performance 

criteria for MASH TL-3. To meet the requirements for MASH TL-3, the following 

material specifications shall be used for the retofit bridge design for implematation in the 

field on DOTD bridges. A list of the material specifications for this retrofit bridge rail 

design are provided as follows. Please refer to the drawings provided in this report for 

further information. 

 Anchor bolts – ¾-in. diameter, 8 in. long A193 B7 hot-dipped galvanized threaded 

rods, embedded 6 in. minimum. 

 Anchor bolt epoxy – Hilti HIT-RE500 V3 Epoxy. Anchor bolts shall be installed as 

per the manufacturer’s specifications. 

 HSS10×4×⅜ Steel Tube – ASTM A500 grade B material, hot dipped galvanized.  The 

maximum distance of 60 ft. is recommended between splice.  It is recommended that 

60 ft. maximum section lengths be used. 

 Joint assembly, HSS5×3×⅜ and HSS4×3×⅜ – ASTM A500 grade B material, hot 

dipped galvanized. 

 Rail attachment bolts, round head bolt, ⅝-in. diameter × 5½ in. long attaching rail to 

L6×4×½ bracket angles – ASTM A449 with F436 washer and heavy hex nut, hot 

dipped galvanized. 

 Rail connecting bolts, ⅝-in. diameter × 22 in. long bolts connecting HSS10×4×⅜ 

tubes – A193 B7 threaded rods, with F436 washers (2) and heavy hex nuts (2), hot-

dipped galvanized. 

 L6×4×½ attachment bracket – ASTM A36 material, hot-dipped galvanized. 

 Splice connection bolts, ½-in. diameter × 1½-in. long – ASTM A307 material, hot-

dipped galvanized. 



— 129 — 

 

Preliminary Transition Details for New Retrofit Bridge 

Rail Design for Concrete Barriers with Safety Walks 

TTI received current details used for safety walk barriers from Kurt Brauner, with 

DOTD. Figure 101 shows the current details used for safety walk barriers. In addition, 

TTI has received details for the DOTD proposed transition standard. Figure 102 shows 

the DOTD proposed transition standard details. 

TTI has developed preliminary details for two approach guardrail transitions for the 

retrofit bridge rail designed and successfully crash tested with respect to MASH TL-3 

specifications for this project. Two concepts have been developed for this project. Option 

1, as shown in Figure 103 below, utilizes similar details to the one shown in Figure 101. 

The transition connects directly to the steel retrofit bridge rail and concrete post and rail. 

The transition rail laps over the new retrofit bridge rail over a distance of approximately 

20 ft. and is blocked out over this distance as shown in Figure 103. After further analyses 

and detailing of this transition concept, full scale crash testing will be necessary to meet 

the requirements of MASH TL-3 specifications. 

Option 2, as shown in Figure 104 and Figure 105, connects directly to the end of the 

retrofit bridge rail. The retrofit bridge rails extend off the ends of the existing concrete 

bridge rail a sufficient length to make the connection to the steel retrofit tubular rail 

elements. A new tapered curb section is constructed off the bridge end and tapers the curb 

back and down beneath the guardrail as shown in Figure 104 and Figure 105. Some 

additional connection hardware will likely be necessary to connect the transition end shoe 

to the retrofit tubular rail elements. After further analyses and detailing of this transition 

concept, full scale crash testing will be necessary to meet the requirements of MASH 

TL-3 specifications. 
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Conclusions 

The purpose of the tests reported herein was to assess the performance of the Louisiana 

Retrofit Post and Beam Bridge Rail with Safety Walk according to the safety-

performance evaluation guidelines included in MASH. The crash tests were performed in 

accordance with MASH TL-3, which involves an 1100C and a 2270P vehicle impacting 

the bridge barrier at a target impact speed of 62 mi/h and an impact angle of 25 degrees. 

During MASH Test 3-10 on the Louisiana Retrofit post and beam bridge rail with safety 

walk Option 1, the vehicle experienced occupant ridedown accelerations above the limit 

of 20.49 g as specified in MASH. Table 30 shows that the bridge rail did not meet the 

specifications for MASH longitudinal barriers. 

Table 30. Assessment summary for MASH TL-3 Tests on  

Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 1 

Evaluation Factors Evaluation Criteria Test No. 606861-1 Test No. 606861-2 

Structural Adequacy A. S S 

Occupant Risk D. S S 

F. S S 

H. S S 

I. S U 

Test No.  MASH 

Test 3-11 

MASH 

Test 3-10 

Pass/Fail Pass Fail 

S = Satisfactory 

U = Unsatisfactory 

The bridge rail was redesigned and MASH Tests 3-10 and 3-11 were repeated. Table 31 

shows the Retrofit post and beam bridge rail with safety walk Option 2 met the 

requirements for MASH TL-3 longitudinal barriers. 
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Table 31. Assessment summary for MASH TL-3 Tests on  

Louisiana Retrofit Post and Beam Bridge Rail with Safety Walk Option 2 

Evaluation Factors Evaluation Criteria Test No. 606861-3 Test No. 606861-4 

Structural Adequacy A. S S 

Occupant Risk D. S S 

F. S S 

H. S S 

I. S S 

Test No.  MASH 

Test 3-11 

MASH 

Test 3-10 

Pass/Fail Pass Pass 

S = Satisfactory 

U = Unsatisfactory 
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Recommendations18 

The retrofit bridge rail Option 2 as tested herein, and anchored to a safety walk concrete 

post and beam bridge rail as shown herein, met all the safety and performance 

requirements of MASH TL-3 specifications. This retrofit bridge rail is recommended for 

use on all concrete post and beam and solid concrete barriers with safety walks 10 in. 

high or less and 18 in. wide or less. The retrofit bridge rail should be installed as per the 

recommendations provided in this report. Please refer to the section entitled “Developing 

Retrofitting Methods and Procedures for Single Bridge Rail Design.” The height of the 

retrofit bridge rail should always be 40 in. from the roadway surface as successfully 

tested herein. The retrofit bridge rail shall be installed as per the specifications and 

procedures provided in the referenced section. In cases where the retrofit bridge using the 

L6×4×½ angle brackets is lower than the as tested height of 40 in., short steel baseplated 

posts shall be used instead of the L6×4×½ angle brackets. These short posts shall be 

W6×15 baseplated posts spaced on 6.0 ft. on centers (maximum)  as shown on the solid 

concrete parapet design and presented herein, and shall be used to achieve the required 

height of 40 in. above the roadway surface. For the solid concrete parapet, the L6x4x1/2 

angle bracket can be used if this bracket results in the steel tubes being mounted at the 

correct height (as-tested height of 40 in.). Otherwise, the W6x15 baseplated post is 

recommend to achieve this correct height.  Please refer to the drawings and material 

specifications contained in this report for additional information. 

 

                                                 

 
18

 The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI 

Proving Ground’s A2LA Accreditation. 



— 138 — 

 

Acronyms, Abbreviations, and Symbols 

Term Description 

1100C small (compact) test vehicle 

2270P pickup truck test vehicle 

A2LA American Association for Laboratory Accreditation 

AASHTO American Association of State Highway and Transportation Officials 

ASI Acceleration Severity Index 

CDC SAE Collision Damage Classification 

CG center of gravity 

cm centimeter(s)  

FHWA Federal Highway Administration 

ft. foot (feet) 

ft./s foot (feet)/second 

g unit of gravity 

h hour(s) 

in. inch(es) 

IEC International Electrotechnical Commission 

IS impact severity 

ISO International Standards Organization  

kip-ft. kilopound [kip] which is one thousand pounds [lbf], a unit of force, 

with feet [ft.], which is a unit of length 

DOTD Louisiana Department of Transportation and Development 

LTRC Louisiana Transportation Research Center 

lb. pound(s) 

m meter(s) 

m/s meters/second 

MASH AASHTO Manual for Assessing Roadside Safety Hardware, Second 

Edition 

mi. mile(s) 

ms millisecond 
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Term Description 

NCHRP National Cooperative Highway Research Program 

NIST National Institute of Standards Technology 

OCDI NCHRP Report 350 Appendix E: Occupant Compartment Deformation 

Index 

OIV Occupant Impact Velocity 

psi pound(s) per square inch 

s second(s) 

SAE Society of Automotive Engineers 

TDAS Tiny Data Acquisition System 

THIV Theoretical Head Impact Velocity 

TRAP Test Risk Assessment Program 

TTI Texas A&M Transportation Institute 

VDS National Safety Council Vehicle Damage Scale for Traffic Accident 

Investigators 
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Appendix A. DOTD Bridge Rails 
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Appendix B. Details of Louisiana Retrofit Post and 

Beam with Safety Walk for Tests 606861-1&2 
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Appendix C. Supporting Certification Documents for 

Test No. 606861-1&2
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Appendix D. MASH Test 3-11 (Crash Test No. 606861-1) 

Figure 106. Vehicle properties for Test No. 606861-1 
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Figure 107. Measurement of vehicle vertical CG for Test No. 606861-1 
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Figure 108. Sequential photographs for Test No. 606861-1 (overhead view). 
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Figure 109. Sequential photographs for Test No. 606861-1 (frontal view). 
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Figure 110. Sequential photographs for Test No. 606861-1 (rear view). 
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Figure 111. Exterior crush measurements for Test No. 606861-1 
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Figure 112. Occupant compartment measurements for Test No. 606861-1 
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Figure 113. Vehicle angular displacements for Test No. 606861-1 

 

Figure 114. Vehicle longitudinal accelerometer trace for Test No. 606861-1 (accelerometer located at 

center of gravity) 

Figure 115. Vehicle lateral accelerometer trace for Test No. 606861-1 (accelerometer 

located at center of gravity) 
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Figure 116. Vehicle vertical accelerometer trace for Test No. 606861-1 (accelerometer located at 

center of gravity) 
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Appendix E. MASH Test 3-10 (Crash Test No. 606861-2) 

Figure 117. Vehicle properties for Test No. 606861-2 
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Figure 118. Sequential photographs for Test No. 606861-2 (overhead view). 
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Figure 119. Sequential photographs for Test No. 606861-2 (frontal view). 
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Figure 120. Sequential photographs for Test No. 606861-2 (rear view). 
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Figure 121. Exterior crush measurements for Test No. 606861-2 
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Figure 122. Occupant compartment measurements for Test No. 606861-2 
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Figure 123. Vehicle angular displacements for Test No. 606861-2 
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Figure 124. Vehicle longitudinal accelerometer trace for Test No. 606861-2 (accelerometer located at 

center of gravity) 

Figure 125. Vehicle lateral accelerometer trace for Test No. 606861-2 (accelerometer located at 

center of gravity) 
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Figure 126. Vehicle vertical accelerometer trace for Test No. 606861-2 (accelerometer located at 

center of gravity) 
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Appendix F. Strength Analysis of DOTD Retrofit Bridge 

Rail System 

Section View of Bridge Rail Section 
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Section View of Bridge Rail System with Variable Notations 

 

Section View of Bridge Rail System with Key Dimensions 
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Details of Concrete and Reinforcement Bars 
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Detail Views of Splice Details 
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Detail Views of Steel Rails 
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Appendix G. Details of Louisiana Retrofit Post and 

Beam with Safety Walk Option 2 for Tests 606861-3&4 
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Appendix H. Strength Analysis for Retrofit Bridge Rail 

Anchored to Solid Concrete Parapet 
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Figure 5b. Elevation View of  

Bridge Rail System  

at Midspan 

Figure 5a. Elevation View of  

Bridge Rail System  

at Ends/Joints 

Figure 4. Section View of a Bridge 

Rail System 
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 Figure 6. Steel and Rail details 
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 Figure 7. Steel Splice Detail 
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Figure 8. Steel Post and Blockout Details 
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Appendix I. Supporting Certification Documents for 

Test No. 606861-3&4 
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Appendix J. MASH Test 3-11 (Crash Test No. 606861-3) 

Figure 127. Vehicle properties for Test No. 606861-3 
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Figure 128. Measurement of vehicle vertical CG for Test No. 606861-3 
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Figure 129. Sequential photographs for Test No. 606861-3 (overhead view). 
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Figure 130. Sequential photographs for Test No. 606861-3 (frontal view). 
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Figure 131. Sequential photographs for Test No. 606861-3 (rear view). 
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Figure 132. Exterior crush measurements for Test No. 606861-3 
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Figure 133. Occupant compartment measurements for Test No. 606861-3 
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Figure 134. Vehicle angular displacements for Test No. 606861-3 

 

Figure 135. Vehicle longitudinal accelerometer trace for Test No. 606861-3 (accelerometer located at 

center of gravity) 
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Figure 136. Vehicle lateral accelerometer trace for Test No. 606861-3 (accelerometer located at 

center of gravity) 

 

Figure 137. Vehicle vertical accelerometer trace for Test No. 606861-3 (accelerometer located at 

center of gravity) 
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Appendix K. MASH Test 3-10 (Crash Test No. 

606861-4) 

Figure 138. Vehicle properties for Test No. 606861-4 
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Figure 139. Sequential photographs for Test No. 606861-4 (overhead view). 
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Figure 140. Sequential photographs for Test No. 606861-4 (frontal view). 
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Figure 141. Sequential photographs for Test No. 606861-4 (rear view). 
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Figure 142. Exterior crush measurements for Test No. 606861-4 
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Figure 143. Occupant compartment measurements for Test No. 606861-4 
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Figure 144. Vehicle angular displacements for Test No. 606861-4 

 

Figure 145. Vehicle longitudinal accelerometer trace for Test No. 606861-4 (accelerometer located at 

center of gravity) 
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Figure 146. Vehicle lateral accelerometer trace for Test No. 606861-4 (accelerometer located at 

center of gravity) 

 

Figure 147. Vehicle vertical accelerometer trace for Test No. 606861-4 (accelerometer located at 

center of gravity) 
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