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in2 square inches 645.2 millimeters squared cm2 

ft2 square feet 0.0929 meters squared m2 
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mi2 square miles 2.59 kilometers squared km2 

ac acres 0.4046 hectares ha 

MASS 
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oz Ounces (avdp) 28.35 grams g 
lb Pounds (avdp) 0.454 kilograms kg 
T Short tons (2000 lb) 0.907 megagrams mg 

VOLUME 

fl oz fluid ounces (US) 29.57 milliliters mL 
gal Gallons (liq) 3.785 liters liters 
ft3 cubic feet 0.0283 meters cubed m3 

yd3 cubic yards 0.765 meters cubed m3 

Note: Volumes greater than 1000 L shall be shown in m3 

TEMPERATURE 
(exact) 

oF Fahrenheit 5/9 (oF-32) Celsius oC 
temperature temperature 

ILLUMINATION 

fc Foot-candles 10.76 lux lx 
fl foot-lamberts 3.426 candela/m2 cd/cm2 

FORCE and 
PRESSURE or 

STRESS 

lbf pound-force 4.45 newtons N 
psi pound-force per 6.89 kilopascals kPa 

square inch 

These factors conform to the requirement of FHWA Order 5190.1A *SI is the 
symbol for the International System of Measurements 

AREA 

mm2 millimeters squared 0.0016 square inches in2 

m2 meters squared 10.764 square feet ft2 

km2 kilometers squared 0.39 square miles mi2 

ha hectares (10,000 m2) 2.471 acres ac 
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(weight) 

g grams 0.0353 Ounces (avdp) oz 
kg kilograms 2.205 Pounds (avdp) lb 
mg megagrams (1000 kg) 1.103 short tons T 

VOLUME 

mL milliliters 0.034 fluid ounces (US) fl oz 
liters liters 0.264 Gallons (liq) gal 
m3 meters cubed 35.315 cubic feet ft3 

m3 meters cubed 1.308 cubic yards yd3 

TEMPERATURE 
(exact) 

oC Celsius temperature 9/5 oC+32 Fahrenheit oF 
temperature 

ILLUMINATION 

lx lux 0.0929 foot-candles fc 
cd/cm candela/m2 0.2919 foot-lamberts fl 
2 

FORCE and 
PRESSURE or 

STRESS 

N newtons 0.225 pound-force lbf 
kPa kilopascals 0.145 pound-force per psi 

square inch 

32 98.6 212oF 
-40oF 0 40 80 120 160 200 

-40oC -20 20 40 60 80 
0 100oC37 
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1. INTRODUCTION 

1.1 Problem Statement 

The American Association of State Highway and Transportation Officials (AASHTO) published 
an updated 2016 edition of the Manual for Assessing Safety Hardware (MASH) document [1]. 
Along with this new edition, the Federal Highway Administration (FHWA) and AASHTO 
developed a revised joint implementation agreement which establishes dates for discontinuing the 
use of safety hardware that has met earlier crash testing criteria for new installations and full 
replacements on the National Highway System (NHS).  

Many of bridges in the United States are obsolete with respect to the updated AASHTO strength 
requirements and the safety performance criteria stated in MASH. Many of these bridges utilize a 
wide concrete curb with a post and bridge rail system. Often, it is not economically feasible to 
completely replace the obsolete bridge rails with newer MASH compliant designs. Oftentimes, 
state transportation agencies may need to utilize a crashworthy bridge rail retrofit design when an 
obsolete bridge railing needs to be replaced for a MASH compliant bridge rail system 

For this project, the State of Alaska, Department of Transportation and Public Facilities (Alaska 
DOT & PF) contracted Texas A&M Transportation Institute (TTI) to develop effective retrofit 
designs that meet the current MASH’s safety criteria for existing Alaska bridge rail systems. As 
part of this project, the TTI research team developed a retrofit design of the new MASH TL-4 
Alaska 2-Tube Bridge Rail to meet the strength requirements of MASH TL-4 on the four (4) curb 
and deck across sections. This new MASH TL-4 Bridge Rail was designed and crash-tested by 
TTI in April 2019[2]. The purpose of this project was to develop retrofit designs using the new 2-
Tube bridge rail anchored to the top of the existing curbs using either Hilti Adhesive anchors or 
with post anchor bolts that bolt through the curb and deck. TTI researchers worked closely with 
Alaska Department of Transportation and North Dakota Department of Transportation to develop 
retrofit designs for 4 bridge projects. As part of this project, the TTI research team developed 
details and performed strength analyses for these four designs in accordance with the current 
AASHTO LRFD, Section 13 Design Specifications [3]. 

The project scope included performing the necessary engineering analyses to anchor the new 2-
Tube Bridge Rail onto the existing curbs in three (3) of the designs and anchoring through the curb 
and deck in one (1) of the designs. The TTI research team analyzed the designs in accordance with 
MASH TL-4 impact conditions and developed all the necessary details to retrofit the new MASH 
TL-4 Alaska 2-Tube Bridge Rail onto the designs described in this report.  

1.2 Objective 

The objective of this project was to develop details for 4 select bridges (1 in Alaska and 3 in North 
Dakota) using the new MASH TL-4 Alaska 2-Tube bridge rail that was designed and crash tested 
at TTI in April, 2019. These new retrofit designs were designed to meet the crash performance 
requirements of MASH TL-4 or TL-3 if necessary. 
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2. DESIGN ARTICLES 

The TTI research team has received the following drawings entitled below from the technical 
contracts Mr. Elmer Marx of Alaska DOT & PF, and Mr. Tim Schwagler of North Dakota DOT.  
These drawings were used to develop the retrofit details needed for these projects. Strength 
analyses were performed based on the details developed for these projects. 

1.) Curb Detail 94-134.115 (Figure 2-1) 
2.) Curb Detail 21-106.109 (Figure 2-2) 
3.) Curb Detail 2-149.663 (Figure 2-3) 
4.) Alaska Steel Bridge Rail Design (Figure 2-4) 

The provided details were used to further develop the retrofit designs for this project. Details of 
the Alaska and North Dakota bridge rails are presented along with brief descriptions for each in 
the following subsections. 

2 



 

  

 
 Figure 2-1. Curb Detail 94-134.115 
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Figure 2-2. Curb Detail 94-134.115 
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Figure 2-3. Curb Detail 2-149.663 
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Figure 2-4. Alaska Steel Bridge Railing Design 
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2.1 North Dakota Bridge Rail with Curb 94-134.115 

The details of deck and curb for drawings 94-134.115 are provided in Figure 2-5. As shown in the 
figure, the curb detail 94-134.115 has a 10-inch joint width for the curb attachment to the deck 
edge. The existing post and beam rail shown in these details will be removed to accommodate the 
new retrofit railing developed for this project. 

Figure 2-5. Details of North Dakota Curb 94-134.115 
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2.2 North Dakota Bridge Rail with Curb 21-106.109 

The details of deck and curb of North Dakota 21-106.109 are provided in Figure 2-6. As shown in 
the figure, the curb detail 21-106.109 has an 8-inch joint width for the curb attachment to the deck 
edge. Of three curb details used by North Dakota DOT, this detail was considered the most critical 
for strength and performance It was recommended that all existing posts and rails be removed to 
provide sufficient space for the new retrofit design developed for this project. 

Figure 2-6. Details of North Dakota Curb 21-106.109 
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2.3 North Dakota Bridge Rail with Curb 2-149.663 

The details of the bridge rail, deck, and curb of North Dakota 2-149.663 are provided in Figure 
2-7. As shown in the figure, the curb detail 2-149.663 has a 12-inch joint width for the curb 
attachment to the deck edge. Of three curb details provided to us from North Dakota, this detail 
utilized the largest joint width connection to the deck. The details shown in Figure 2-6 were 
considered more critical and were used in the analyses for this project. TTI researchers 
recommended that the existing post and rail system be removed to accommodate the new retrofit 
design for this bridge rail system. 

Figure 2-7. Details of North Dakota Curb 2-149.663 
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2.4 Alaska Steel Bridge Railing Design 

The details of Alaska steel bridge railing design are provided in Figure 2-8. For this project, a 
review of the curb anchorage was performed to reduce the amount of anchorage bolting through 
the deck. Reducing the amount of drill-through anchorage would reduce/eliminate contaminated 
drilling water from entering Alaska streams and rivers. 

Figure 2-8. Details of Alaska steel bridge railing 
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3. TTI Retrofit Design 

3.1 Barrier Analysis Procedure 

3.1.1 Stability Requirements for MASH Bridge Railings 

For a bridge railing to be considered a MASH acceptable system, a minimum height must be met 
to ensure the stability of the vehicle. Table 3-1 shows the minimum height requirements for 
MASH TL-2, TL-3, and TL-4 bridge traffic railings. 

Table 3-1. Minimum Height Requirements for MASH 

MASH Test Level Minimum Height (in.) 

TL-2 18[3] 

TL-3 29[4] 

TL-4 36[5] 

[5] NCHRP Project 22-20(2) 

The height of a bridge railing system being analyzed was acquired from the detailed drawings of 
that specific bridge railing and compared to the minimum height requirement for the specified test 
level. As specified in AASHTO Section 13 LRFD, bridge railing is measured from the top of the 
roadway surface or wearing course thickness to the top of the barrier. If the minimum bridge 
railing height was satisfied, the railing system was considered to satisfactorily meet stability 
requirements. 

3.1.2 Geometric Requirements for MASH Bridge Railings 

The geometric relationships for bridge railings contained in the current Section 13 AASHTO 
LRFD Bridge Design Specifications [3] (Figure 3-1) were applied to evaluate railing geometry. 
These relationships pertain to the potential for wheel, bumper, or hood snagging on elements of 
the bridge railing. Severe snagging can lead to a number of undesirable consequences including 
increased occupant compartment deformation, higher accelerations, and occupant risk indices, and 
vehicle instability. Both AASHTO figures were used to analyze bridge railing geometry for all 
MASH Test Levels for this project. 
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(a) Post Setback Criteria (b) Snag Potential Criteria 

(AASHTO Figure A13.1.1-2) (AASHTO Figure A13.1.1-3) 
Figure 3-1. Post setback and Snag Potential Criteria per AASHTO Section 13 

For a bridge railing to be given a Satisfactory (S) designation for the geometric evaluation criteria, 
the bridge railings’ geometric data points (i.e., post setback distance, rail contact width to height 
ratio, and vertical clear opening) must plot in the AASHTO Figure A13.1.1-2 and A13.1.1-3 
acceptable regions. The Preferred region in AASHTO Figure A13.1.1-2 and the Low Snag 
Potential region in AASHTO Figure A13.1.1-3 are considered the acceptable regions. A bridge 
railing is given a Marginal (M) designation for the geometric evaluation criteria if the barriers’ 
geometric data points are located between the Preferred and Not Recommended regions (Figure 
A13.1.1-2) or the Low Snag Potential and High Snag Potential regions (Figure A13.1.1-3). A 
bridge railing is given a Not Satisfactory (NS) designation for the geometric evaluation criteria if 
the railings’ geometric data points plot in the Not Recommended region (Figure A13.1.1-2) or the 
High Snag Potential region (Figure A13.1.1-3). 

3.1.3 Strength Requirements 

Section 13 of the AASHTO LRFD Bridge Design Specifications contains procedures for analyzing 
the structural capacity of different types of bridge barriers (e.g., steel, concrete). These procedures 
were used to evaluate the strength of the selected bridge rail retrofits for this project. Using these 
procedures, an analysis of the strength of the selected bridge railings was performed using updated 
loads for MASH Test Level 4 impact conditions. All bridge railings analyzed for this project were 
evaluated with respect to current recommended MASH TL-4 impact loading conditions [3]. 
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3.2 TTI Retrofit Design 

The analyses procedures described in the previous section were applied to the bridge railings 
considered in this project. Note that the TTI researchers developed a retrofit design for each bridge 
railing as close to the tested design and geometry as possible by the request of Alaska DOT & PF. 
The analysis results of each railing system are summarized in the following subsections. The 
loading conditions used in the analyses for this project are provided in Table 3-2 below. This 
information was used for all bridge barriers analyzed and reported in NCHRP Project 20-07/Task 
395[4]. 

Table 3-2. Design Forces for Traffic Railings. 

Test 

Level 

Rail Height 

(in.) 

Ft 

(kip) 

FL 

(kip) 

Fv 

(kip) 

Lt and LL 

(ft) 

Lv 

(kip) 

He 

(in.) 

Hmin 

(in.) 

TL-1[3] 18 or above 13.5 4.5 4.5 4.0 18.0 18.0 18.0 

TL-2[3] 18 or above 27.0 9.0 4.5 4.0 18.0 20.0 18.0 

TL-3[4] 29 or above 71.0 18.0 4.5 4.0 18.0 19.0 29.0 

TL-4 (a)[5] 36 68.0 22.0 38.0 4.0 18.0 25.0 36.0 

TL-4 (b)[5] greater than 36 80.0 27.0 22.0 5.0 18.0 30.0 36.0 

TL-5 (a)[5] 42 160.0 41.0 80.0 10.0 40.0 35.0 42.0 

TL-5 (b)[5] greater than 42 262.0 75.0 160.0 10.0 40.0 43.0 42.0 

TL 6[3] 90 or above 175.0 58.0 80.0 8.0 40.0 56.0 90.0 
Note: [3]AASHTO LRFD Section 13 Table A13.2-1; [4]NCHRP Project 20-07/Task 395; [5]NCHRP 
Project 22-20(2) 
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3.2.1 North Dakota Bridge Rail with Curb 94-134.115 

Figure 3-2 shows TTI’s proposed retrofit design for the North Dakota’s concrete curb 94-134.115. 
The total height of the bridge rail system is 38 in. from the roadway surface to maintain the post 
and rail details as tested from TTI project 608331 in accordance with the request of the client. To 
secure the 2-Tube Bridge Rail on the North Dakota concrete curb 94-134.115, Hilti RE500 V3 
Epoxy with 7/8-in. diameter anchor bolts with 8 in. embedded length for both traffic and field 
sides, respectively were analyzed for this project. 

Appendix A-1 and B-1 contain the suggested details and full analysis for the retrofit design of 
North Dakota Bridge Rail with Curb 94-134.115, respectively. Below is a summary of the 
evaluation results and recommendations. 

Figure 3-2. TTI retrofit design for the North Dakota Bridge Rail with Curb 94-134.115 

3.2.1.1 Stability Evaluation 

The retrofit design for North Dakota Bridge Rail with Curb 94-134.115 has a height of 38-in. The 
minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design 
for this retrofit design meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

3.2.1.2 Geometric Evaluation 

Post setback distance, ratio of contact width to height, and vertical clear opening were determined 
for the proposed retrofit design for the North Dakota Bridge Rail with Curb 94-134.115. The 
appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric 
relationships. As seen in Figure 3-3, the geometric data points for the proposed retrofit design are 
located in the preferred region for the Post Setback criteria and in the acceptable region for the 
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Snag Potential criteria. Therefore, the retrofit design for the North Dakota Bridge Rail with Curb 
94-134.115 satisfies the geometric evaluation criteria. 

(a) Post Setback Criteria (b) Snag Potential Criteria 
Figure 3-3. Geometric criteria assessment of the 94-134.115 curb retrofit design 

3.2.1.3 Strength Evaluation 

The structural capacity of the North Dakota Bridge Rail with Curb 94-134.115 retrofit design was 
compared to the current recommended MASH TL-4 design transverse impact load provided in 
Table 3-2. Since the height of the rail is 38 in. which exceeds 36 in., the desired MASH TL-4 
design impact load (Ft) is 80 kips located at an effective height (He) of 30 in. above the roadway 
surface as per TL-4(b) in Table 3-2. 

Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength 
analysis for this retrofit design. As summarized in the table, the limiting post strength was the 
ultimate strength of the post based on the strength of the adhesive anchor bolts in the curb. The 
adhesive bond strength of the anchor in the curb governs the ultimate strength of the posts. Based 
on this strength, the calculated strength of the retrofit design was approximately 63 kips at He = 30 
in., over a 3-span failure mechanism. Based on this calculated strength, the proposed retrofit design 
does not meet the target strength of 80 kips required for MASH TL-4. TTI researchers recommend 
performing static load testing of the posts or full-scale crash testing for MASH TL-4. Table 3-4 
summarizes the strength of the retrofit design of the North Dakota Bridge Rail with Curb 94-
134.115. 
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Table 3-3. Summary of post strengths based on several critical cases for 94-134.115 curb 

1) Post strength based on plastic strength of the post 74.5 kips 
2) Post strength based on post fillet welds 74.3 kips 
3) Post strength based on anchor bolt shear strength 130.0 kips 
4) Post strength based on ultimate tensile strength of anchor bolts 49.2 kips 
5) Post strength based on the curb punching shear strength 82.8 kips 
6) Post strength based on lateral punching shear on the traffic side bolts 66.1 kips 
7) Post strength based on flexural resistance (FS1) 53.4 kips 
8) Post strength based on flexural resistance (FS2) 38.4 kips 
9) Post strength based on ultimate strength of adhesive dowels in curb 21.8 kips 

Table 3-4. Summary of MASH TL-3 and 4 Strength Analysis for 94-134.115 curb 

Criteria Required Actual Assessment 

TL-3 71.0 kips 99 kips Satisfactory 

TL-4 80.0 kips 63 kips Not Satisfactory 

3.2.1.4 Summary 

As summarized in Table 3-5, 94-134.115 North Dakota Bridge Rail with curb 94-134.115 as 
shown in Figure 3-2 does not satisfy MASH TL-4 strength evaluation criteria but meets MASH 
TL-3 strength criteria. The assessment of occupant risk is considered satisfactory as the geometrics 
of the bridge rail are located in the preferred and low snag potential regions for the post setback 
criteria (see Figure 3-3). 

Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. 
However, full-scale static load testing is recommended to determine the ultimate strength of the 
post based can be achieved for MASH TL-4. 

Table 3-5. Summary of MASH TL-4 Assessment of 94-134.115 curb 

Required Actual Assessment 

Stability 36 in. 38 in. Satisfactory 
Geometric See Figure 3-3 Satisfactory 

Strength See Table 3-4 
Not Satisfactory 

(acceptable for TL-3 
based on analyses) 
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3.2.2 North Dakota Bridge Rail with Curb 21-106.109 

Figure 3-4 shows TTI’s proposed retrofit design for the North Dakota’s Bridge Rail with Curb 21-
106.109. The total height of the bridge rail system is 38 in. from the roadway surface to maintain 
the post and rail details as tested from TTI project 608331. The posts for this retrofit design were 
anchored to the curb using 7/8-in. diameter anchor rods with Hilti RE500 V3 Epoxy. The anchor 
rods were embedded 8 in. and 6.5 in. on the traffic and field sides, respectively. The different 
embedded lengths were used to avoid interference with existing reinforcement in curb and also to 
secure concrete cover and construction tolerances.  

Appendix A-2 and B-2 contain the suggested details and full analysis for the retrofit design of 
21-106.109, respectively. Below is a summary of the evaluation results and recommendations. 

Figure 3-4. TTI retrofit design for the 21-106.109 curb 

3.2.2.1 Stability Evaluation 

The retrofit design for North Dakota Bridge Rail with Concrete curb 21-106.109 has a height of 
38-in. The minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the 
retrofit design of curb 21-106.109 meets the MASH TL-4 minimum height stability criterion 
(Satisfactory). 

3.2.2.2 Geometric Evaluation 

Post setback distance, ratio of contact width to height, and vertical clear opening were determined 
for the proposed retrofit design for the North Dakota Bridge Rail with Curb 21-106.109. The 
appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric 
relationships. As seen in Figure 3-5, the bridge rails’ geometric data points are located in the 
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preferred region for the Post Setback criteria and in the acceptable region for the Snag Potential 
criteria. Therefore, the retrofit design satisfies the geometric evaluation criteria. 

(a) Post Setback Criteria (b) Snag Potential Criteria 
Figure 3-5. Geometric criteria assessment of the 21-106.109 curb retrofit design 

3.2.2.3 Strength Evaluation 

The structural capacity of the North Dakota Bridge Rail with Curb 21-106.109 was compared to 
the current recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since 
the height of rail is 38-in. which exceeds 36 in., the desired MASH TL-4 design impact load (Ft) 
is 80 kips located at an effective height (He) of 30 in. above the roadway surface as per TL-4(b) in 
Table 3-2. 

Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength 
analysis for this retrofit design. As summarized in the table, the limiting post strength was the 
ultimate strength of the post based on adhesive anchor bolts in the curb. The adhesive bond 
strength of the anchor in the curb governs the ultimate strength of the posts. Based on this strength, 
the calculated strength of the retrofit design was approximately 60 kips at He = 30 in., over a 3-
span failure mechanism. Based on this calculated strength, the proposed retrofit design does not 
meet the target strength of 80 kips required for MASH TL-4. TTI researchers recommend 
performing static load testing of the posts or full-scale crash testing for MASH TL-4. Table 3-7 
summarizes the strength of the retrofit design of the North Dakota Bridge Rail with Curb 21-
106.109. 
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Table 3-6. Summary of post strengths based on several critical cases for 21-106.109 curb 

1) Post strength based on plastic strength of the post 70.0 kips 
2) Post strength based on post fillet welds 69.8 kips 
3) Post strength based on anchor bolt shear strength 130.0 kips 
4) Post strength based on ultimate tensile strength of anchor bolts 46.4 kips 
5) Post strength based on the curb punching shear strength 56.4 kips 
6) Post strength based on lateral punching shear on the traffic side bolts 50.9 kips 
7) Post strength based on flexural resistance (FS1) 31.7 kips 
8) Post strength based on flexural resistance (FS2) 28.7 kips 
9) Post strength based on ultimate strength of adhesive dowels in curb 20.5 kips 

Table 3-7. Summary of MASH TL-3 and 4 Strength Analysis for 21-106.109 curb 

Criteria Required Actual Assessment 

TL-3 71.0 kips 94 kips Satisfactory 

TL-4 80.0 kips 60 kips Not Satisfactory 

3.2.2.4 Summary 

As summarized in Table 3-8, 21-106.109 North Dakota concrete curb in Figure 3-4 does not satisfy 
MASH TL-4 strength evaluation criteria but meets MASH TL-3 strength criteria. The assessment 
of occupant risk is considered satisfactory as the geometrics of the bridge rail are located in the 
preferred and low snag potential regions for the post setback criteria (see Figure 3-5). 

Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. 
However, full-scale static load testing is recommended to determine the ultimate strength of the 
post based can be achieved for MASH TL-4. 

Table 3-8. Summary of MASH TL-4 Assessment of 21-106.109 curb 

Required Actual Assessment 

Stability 36 in. 38 in. Satisfactory 
Geometric See Figure 3-5 Satisfactory 
Strength See Table 3-7 Not Satisfactory 
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3.2.3 North Dakota Bridge Rail with curb 2-149.663 

Figure 3-6 shows TTI’s proposed retrofit design for the North Dakota Bridge Rail with Curb 2-
149.663. The total height of the bridge rail system is 38 in. from the roadway surface to maintain 
the post and rail details as tested from TTI project 608331. The posts for this retrofit design were 
anchored to the curb using 7/8-inch diameter anchor rods with Hilti RE500 V3 Epoxy. The anchor 
rods were embedded 8.0 inches and 6.5 inches on the traffic sides and field sides, respectively.   
The different embedded lengths are used to avoid interference with existing reinforcement in curb 
and also to secure concrete cover and construction tolerances.    

Appendix A-3 and B-3 contain the suggested details and full analysis for the retrofit design of 
2-149.663, respectively. Below is a summary of the evaluation results and recommendations. 

Figure 3-6. TTI retrofit design for the 2-149.663 curb 

3.2.3.1 Stability Evaluation 

The retrofit design for North Dakota Bridge Rail with Curb 2-149.663 has a height of 38-in. The 
minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design 
of curb 2-149.663 meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

3.2.3.2 Geometric Evaluation 

Post setback distance, ratio of contact width to height, and vertical clear opening were determined 
for the proposed retrofit design for the retrofit design. The appropriate data points were plotted 
against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-7, the 
bridge rails’ geometric data points are located in the preferred region for the Post Setback criteria 
and in the acceptable region for the Snag Potential criteria. Therefore, the retrofit design of North 
Dakota Bridge Rail with Concrete Curb 2-149.663 satisfies the geometric evaluation criteria. 
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(a) Post Setback Criteria (b) Snag Potential Criteria 
Figure 3-7. Geometric criteria assessment of the 2-149.663 curb retrofit design 

3.2.3.3 Strength Evaluation 

The structural capacity of the 2-149.663 curb’s retrofit design was compared to the current 
recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since the height 
of rail is 38 in. which exceeds 36 in., the desired MASH TL-4 design impact load (Ft) is 80 kips 
located at an effective height (He) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 

Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength 
analysis for this retrofit design. As summarized in the table, the limiting post strength was the 
ultimate strength of the post based on adhesive anchor bolts in the curb. The adhesive bond 
strength of the anchor in the curb governs the ultimate strength of the posts. Based on this strength, 
the calculated strength of the retrofit design was approximately 75 kips at He = 30 in. Based on 
this calculated strength, the proposed retrofit design does not meet the target strength of 80 kips 
required for MASH TL-4. TTI researchers recommend performing static load testing of the posts 
or full-scale crash testing for MASH TL-4. Table 3-10 summarizes the strength of the retrofit 
design the North Dakota Bridge Rail with Curb 2-149.663. 
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Table 3-9. Summary of post strengths based on several critical cases for 2-149.663 curb 

1) Post strength based on plastic strength of the post 74.5 kips 
2) Post strength based on post fillet welds 74.3 kips 
3) Post strength based on anchor bolt shear strength 130.0 kips 
4) Post strength based on ultimate tensile strength of anchor bolts 49.2 kips 
5) Post strength based on the curb punching shear strength 73.4 kips 
6) Post strength based on lateral punching shear on the traffic side bolts 66.9 kips 
7) Post strength based on flexural resistance (FS1) 66.2 kips 
8) Post strength based on flexural resistance (FS2) 32.1 kips 
9) Post strength based on ultimate strength of adhesive dowels in curb 21.8 kips 

Table 3-10. Summary of MASH TL-3 and 4 Strength Analysis for 2-149.663 curb 

Criteria Required Actual Assessment 

TL-3 71.0 kips 118 kips Satisfactory 

TL-4 80.0 kips 75 kips Not Satisfactory 

3.2.3.4 Summary 

As summarized in Table 3-11, 2-149.663 North Dakota Bridge Rail with Curb 2-149.663 as shown 
in Figure 3-6 does not satisfy MASH TL-4 strength evaluation criteria but meets MASH TL-3 
strength criteria. The assessment of occupant risk is considered satisfactory as the geometrics of 
the bridge rail are located in the preferred and low snag potential regions for the post setback 
criteria (see Figure 3-7). 

Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. 
However, full-scale static load testing is recommended to determine the ultimate strength of the 
post based can be achieved for MASH TL-4. 

Table 3-11. Summary of MASH TL-4 Assessment of 2-149.663 curb 

Required Actual Assessment 

Stability 36 in. 38 in. Satisfactory 
Geometric See Figure 3-7 Satisfactory 
Strength See Table 3-10 Not Satisfactory 
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3.2.4 Alaska Steel Bridge Railing Design 

Figure 3-8 shows TTI’s proposed retrofit design for the Alaska Steel Bridge Railing. The total 
height of the bridge rail system is 38 in. from the roadway surface to maintain the post and rail 
details as tested from TTI project 608331. The retrofit design using the Alaska 2-Tube Bridge 
Rail incorporates anchor bolts with a single plate washer to connect curb, deck, and post. 

Figure 3-8. TTI retrofit design for the Alaska steel bridge railing retrofit design 

The initial TTI design suggested using bolt-through anchors through the deck and curb with a large 
plate washer for 2 anchors for each post. However, it was concluded that using a single plate 
washer for each bolt-through anchor was preferred for ease of construction.  

For this retrofit design, #4 J-dowel bars are embedded into the bridge deck using Hilti RE500 V3 
Epoxy to anchor the curb to the deck. These bars can be installed at a depth of 4.0 inches to help 
reduce contaminated drilling water from entering into Alaska rivers and streams (preference by 
Alaska DOT). These #4 J-dowels bars are spaced on 16-inch center between the posts with the 
bars spaced on 12-inch centers away from the centerline of the posts. For anchoring the posts to 
the curb and deck, separate bolt through anchors were recommended. 

Appendix A-4 and B-4 contain the suggested details and full analysis for the retrofit design of 
Alaska steel bridge railing design, respectively. Below is a summary of the evaluation results and 
recommendations. 
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3.2.4.1 Stability Evaluation 

The retrofit design for Alaska steel bridge railing system has a height of 38-in. The minimum 
height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design of Alaska 
steel bridge railing system meets the MASH TL-4 minimum height stability criterion 
(Satisfactory). 

3.2.4.2 Geometric Evaluation 

Post setback distance, ratio of contact width to height, and vertical clear opening were determined 
for the proposed retrofit design for Alaska steel bridge railing system. The appropriate data points 
were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in 
Figure 3-9, the bridge rails’ geometric data points are located in the preferred region for the Post 
Setback criteria and in the acceptable region for the Snag Potential criteria. Therefore, the retrofit 
design of Alaska steel bridge railing system satisfies the geometric evaluation criteria. 

(a) Post Setback Criteria (b) Snag Potential Criteria 
Figure 3-9. Geometric criteria assessment of the Alaska steel bridge railing retrofit design 

3.2.4.3 Strength Evaluation 

The structural capacity of Alaska steel bridge rail retrofit design was compared to the current 
recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since the height 
of rail is 38 in. which exceeds 36 in., the desired MASH TL-4 design impact load (Ft) is 80 kips 
located at an effective height (He) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 
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Table 3-12 presents the post strengths based on 7 critical cases from the strength analysis for the 
retrofit design. As summarized in the table, post strength based on flexural resistance was the 
governing strength. However, this strength is governed by a post located immediately adjacent to 
a joint in the deck. According to many crash tests conducted, deck failure is typically observed at 
an open joint over several spans (3 or more). Thus, computing the design strength based on flexural 
resistance likely may not reflect the actual strength of this deck failure mechanism. Based on the 
observation from the crash test, it is considered that averaging the strength of 3 posts may be a 
more realistic failure scenario. 

When calculating the rail strength for multiple spans at He = 30 in., a resistance for 3-span controls 
the strength. The strength of the retrofit design is approximately 81 kips at the TL-4 height of 30 
in. The retrofit design, thus meets the target strength of 80 kips given by MASH TL-4 as shown in 
Table 3-13. 

Table 3-12. Summary of post strengths based on several critical cases for Alaska steel 
bridge railing retrofit design 

1) Post strength based on plastic strength of the post 60.8 kips 
2) Post strength based on post fillet welds 60.6 kips 
3) Post strength based on anchor bolt shear strength 130.0 kips 
4) Post strength based on ultimate tensile strength of anchor bolts 43.3 kips 
5) Post strength based on the curb punching shear strength 57.9 kips 
6) Post strength based on cone-shaped punching shear 68.2 kips 
7) Post strength based on flexural resistance 31.7 kips 

Table 3-13. Summary of MASH TL-4 Strength Analysis for Alaska steel bridge railing 
retrofit design 

Criteria Required Actual Assessment 

TL-4 80.0 kips 81 kips Satisfactory 
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3.2.4.4 Summary 

As summarized in Table 3-14, Alaska steel bridge railing retrofit design in Figure 3-8 satisfies 
MASH TL-4 strength evaluation criteria. Also, the assessment of occupant risk is considered 
satisfactory as the geometrics of the bridge rail are located in the preferred and low snag potential 
regions for the post setback criteria (see Figure 3-9). Therefore, the retrofit design for Alaska steel 
bridge railing meets MASH TL-4 criteria. 

Table 3-14. Summary of MASH TL-4 Assessment of Alaska steel bridge railing retrofit 
design 

Required Actual Assessment 

Stability 36 in. 38 in. Satisfactory 
Geometric See Figure 3-9 Satisfactory 
Strength See Table 3-10 Satisfactory 
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APPENDIX A. TTI Retrofit Designs 
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A-1. Retrofit Design of North Dakota Curb 94-134.115 
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A-2. Retrofit Design of North Dakota Curb 21-106.109 
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A-3. Retrofit Design of North Dakota Curb 2-149.663 
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 A-4. Retrofit Design of Alaska Steel Bridge Railing 
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APPENDIX B. MATHCAD Strength Analysis Sheet 

B-1. Strength Analysis of North Dakota curb 94-134.115 retrofit design 
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B-2. Strength Analysis of North Dakota curb 21-106.109 retrofit design 
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B-3. Strength Analysis of North Dakota curb 2-149.663 retrofit design 
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B-4. Strength Analysis of Alaska Steel Bridge Railing Retrofit Design 
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	1. INTRODUCTION 
	1. INTRODUCTION 
	1.1 Problem Statement 
	1.1 Problem Statement 
	The American Association of State Highway and Transportation Officials (AASHTO) published an updated 2016 edition of the Manual for Assessing Safety Hardware (MASH) document . Along with this new edition, the Federal Highway Administration (FHWA) and AASHTO developed a revised joint implementation agreement which establishes dates for discontinuing the use of safety hardware that has met earlier crash testing criteria for new installations and full replacements on the National Highway System (NHS).  
	[1]

	Many of bridges in the United States are obsolete with respect to the updated AASHTO strength requirements and the safety performance criteria stated in MASH. Many of these bridges utilize a wide concrete curb with a post and bridge rail system. Often, it is not economically feasible to completely replace the obsolete bridge rails with newer MASH compliant designs. Oftentimes, state transportation agencies may need to utilize a crashworthy bridge rail retrofit design when an obsolete bridge railing needs to
	For this project, the State of Alaska, Department of Transportation and Public Facilities (Alaska DOT & PF) contracted Texas A&M Transportation Institute (TTI) to develop effective retrofit designs that meet the current MASH’s safety criteria for existing Alaska bridge rail systems. As part of this project, the TTI research team developed a retrofit design of the new MASH TL-4 Alaska 2-Tube Bridge Rail to meet the strength requirements of MASH TL-4 on the four (4) curb and deck across sections. This new MAS
	[2]
	-
	 [3]

	The project scope included performing the necessary engineering analyses to anchor the new 2Tube Bridge Rail onto the existing curbs in three (3) of the designs and anchoring through the curb and deck in one (1) of the designs. The TTI research team analyzed the designs in accordance with MASH TL-4 impact conditions and developed all the necessary details to retrofit the new MASH TL-4 Alaska 2-Tube Bridge Rail onto the designs described in this report.  
	-


	1.2 Objective 
	1.2 Objective 
	The objective of this project was to develop details for 4 select bridges (1 in Alaska and 3 in North Dakota) using the new MASH TL-4 Alaska 2-Tube bridge rail that was designed and crash tested at TTI in April, 2019. These new retrofit designs were designed to meet the crash performance requirements of MASH TL-4 or TL-3 if necessary. 
	1 


	2. DESIGN ARTICLES 
	2. DESIGN ARTICLES 
	The TTI research team has received the following drawings entitled below from the technical contracts Mr. Elmer Marx of Alaska DOT & PF, and Mr. Tim Schwagler of North Dakota DOT.  These drawings were used to develop the retrofit details needed for these projects. Strength analyses were performed based on the details developed for these projects. 
	1.) Curb Detail 94-134.115 (Figure 2-1) 
	2.) Curb Detail 21-106.109 (Figure 2-2) 
	3.) Curb Detail 2-149.663 (Figure 2-3) 
	4.) Alaska Steel Bridge Rail Design (Figure 2-4) 
	4.) Alaska Steel Bridge Rail Design (Figure 2-4) 
	The provided details were used to further develop the retrofit designs for this project. Details of the Alaska and North Dakota bridge rails are presented along with brief descriptions for each in the following subsections. 
	2 
	Figure
	Figure 2-1. Curb Detail 94-134.115 
	Figure 2-1. Curb Detail 94-134.115 
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	Figure
	Figure 2-2. Curb Detail 94-134.115 
	Figure 2-2. Curb Detail 94-134.115 
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	Figure
	Figure 2-3. Curb Detail 2-149.663 
	Figure 2-3. Curb Detail 2-149.663 
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	Figure
	Figure 2-4. Alaska Steel Bridge Railing Design 
	Figure 2-4. Alaska Steel Bridge Railing Design 


	6 

	2.1 North Dakota Bridge Rail with Curb 94-134.115 
	2.1 North Dakota Bridge Rail with Curb 94-134.115 
	The details of deck and curb for drawings 94-134.115 are provided in Figure 2-5. As shown in the figure, the curb detail 94-134.115 has a 10-inch joint width for the curb attachment to the deck edge. The existing post and beam rail shown in these details will be removed to accommodate the new retrofit railing developed for this project. 
	Figure
	Figure 2-5. Details of North Dakota Curb 94-134.115 
	Figure 2-5. Details of North Dakota Curb 94-134.115 



	2.2 North Dakota Bridge Rail with Curb 21-106.109 
	2.2 North Dakota Bridge Rail with Curb 21-106.109 
	The details of deck and curb of North Dakota 21-106.109 are provided in Figure 2-6. As shown in the figure, the curb detail 21-106.109 has an 8-inch joint width for the curb attachment to the deck edge. Of three curb details used by North Dakota DOT, this detail was considered the most critical for strength and performance It was recommended that all existing posts and rails be removed to provide sufficient space for the new retrofit design developed for this project. 
	Figure
	Figure 2-6. Details of North Dakota Curb 21-106.109 
	Figure 2-6. Details of North Dakota Curb 21-106.109 



	2.3 North Dakota Bridge Rail with Curb 2-149.663 
	2.3 North Dakota Bridge Rail with Curb 2-149.663 
	The details of the bridge rail, deck, and curb of North Dakota 2-149.663 are provided in Figure 2-7. As shown in the figure, the curb detail 2-149.663 has a 12-inch joint width for the curb attachment to the deck edge. Of three curb details provided to us from North Dakota, this detail utilized the largest joint width connection to the deck. The details shown in Figure 2-6 were considered more critical and were used in the analyses for this project. TTI researchers recommended that the existing post and rai
	Figure
	Figure 2-7. Details of North Dakota Curb 2-149.663 
	Figure 2-7. Details of North Dakota Curb 2-149.663 



	2.4 Alaska Steel Bridge Railing Design 
	2.4 Alaska Steel Bridge Railing Design 
	The details of Alaska steel bridge railing design are provided in Figure 2-8. For this project, a review of the curb anchorage was performed to reduce the amount of anchorage bolting through the deck. Reducing the amount of drill-through anchorage would reduce/eliminate contaminated drilling water from entering Alaska streams and rivers. 
	Figure
	Figure 2-8. Details of Alaska steel bridge railing 
	Figure 2-8. Details of Alaska steel bridge railing 




	3. TTI Retrofit Design 
	3. TTI Retrofit Design 
	3.1 Barrier Analysis Procedure 
	3.1 Barrier Analysis Procedure 
	3.1.1 Stability Requirements for MASH Bridge Railings 
	3.1.1 Stability Requirements for MASH Bridge Railings 
	For a bridge railing to be considered a MASH acceptable system, a minimum height must be met to ensure the stability of the vehicle. Table 3-1 shows the minimum height requirements for MASH TL-2, TL-3, and TL-4 bridge traffic railings. 
	Table 3-1. Minimum Height Requirements for MASH 
	Table 3-1. Minimum Height Requirements for MASH 
	Table 3-1. Minimum Height Requirements for MASH 

	MASH Test Level 
	MASH Test Level 
	Minimum Height (in.) 

	TL-2 
	TL-2 
	18[3] 

	TL-3 
	TL-3 
	29[4] 

	TL-4 
	TL-4 
	36[5] 


	[5] NCHRP Project 22-20(2) 
	The height of a bridge railing system being analyzed was acquired from the detailed drawings of that specific bridge railing and compared to the minimum height requirement for the specified test level. As specified in AASHTO Section 13 LRFD, bridge railing is measured from the top of the roadway surface or wearing course thickness to the top of the barrier. If the minimum bridge railing height was satisfied, the railing system was considered to satisfactorily meet stability requirements. 

	3.1.2 Geometric Requirements for MASH Bridge Railings 
	3.1.2 Geometric Requirements for MASH Bridge Railings 
	The geometric relationships for bridge railings contained in the current Section 13 AASHTO LRFD Bridge Design Specifications (Figure 3-1) were applied to evaluate railing geometry. These relationships pertain to the potential for wheel, bumper, or hood snagging on elements of the bridge railing. Severe snagging can lead to a number of undesirable consequences including increased occupant compartment deformation, higher accelerations, and occupant risk indices, and vehicle instability. Both AASHTO figures we
	[3] 

	Figure
	Figure 3-1. Post setback and Snag Potential Criteria per AASHTO Section 13 
	Figure 3-1. Post setback and Snag Potential Criteria per AASHTO Section 13 


	(a) Post Setback Criteria (b) Snag Potential Criteria (AASHTO Figure A13.1.1-2) (AASHTO Figure A13.1.1-3) 
	For a bridge railing to be given a Satisfactory (S) designation for the geometric evaluation criteria, the bridge railings’ geometric data points (i.e., post setback distance, rail contact width to height ratio, and vertical clear opening) must plot in the AASHTO Figure A13.1.1-2 and A13.1.1-3 acceptable regions. The Preferred region in AASHTO Figure A13.1.1-2 and the Low Snag Potential region in AASHTO Figure A13.1.1-3 are considered the acceptable regions. A bridge railing is given a Marginal (M) designat

	3.1.3 Strength Requirements 
	3.1.3 Strength Requirements 
	Section 13 of the AASHTO LRFD Bridge Design Specifications contains procedures for analyzing the structural capacity of different types of bridge barriers (e.g., steel, concrete). These procedures were used to evaluate the strength of the selected bridge rail retrofits for this project. Using these procedures, an analysis of the strength of the selected bridge railings was performed using updated loads for MASH Test Level 4 impact conditions. All bridge railings analyzed for this project were evaluated with
	[3]



	3.2 TTI Retrofit Design 
	3.2 TTI Retrofit Design 
	The analyses procedures described in the previous section were applied to the bridge railings considered in this project. Note that the TTI researchers developed a retrofit design for each bridge railing as close to the tested design and geometry as possible by the request of Alaska DOT & PF. The analysis results of each railing system are summarized in the following subsections. The loading conditions used in the analyses for this project are provided in Table 3-2 below. This information was used for all b
	395
	395
	[4]

	. 
	Table 3-2. Design Forces for Traffic Railings. 
	Table 3-2. Design Forces for Traffic Railings. 
	Table 3-2. Design Forces for Traffic Railings. 

	Test Level 
	Test Level 
	Rail Height (in.) 
	Ft (kip) 
	FL (kip) 
	Fv (kip) 
	Lt and LL (ft) 
	Lv (kip) 
	He (in.) 
	Hmin (in.) 

	TL-1[3] 
	TL-1[3] 
	18 or above 
	13.5 
	4.5 
	4.5 
	4.0 
	18.0 
	18.0 
	18.0 

	TL-2[3] 
	TL-2[3] 
	18 or above 
	27.0 
	9.0 
	4.5 
	4.0 
	18.0 
	20.0 
	18.0 

	TL-3[4] 
	TL-3[4] 
	29 or above 
	71.0 
	18.0 
	4.5 
	4.0 
	18.0 
	19.0 
	29.0 

	TL-4 (a)[5] 
	TL-4 (a)[5] 
	36 
	68.0 
	22.0 
	38.0 
	4.0 
	18.0 
	25.0 
	36.0 

	TL-4 (b)[5] 
	TL-4 (b)[5] 
	greater than 36 
	80.0 
	27.0 
	22.0 
	5.0 
	18.0 
	30.0 
	36.0 

	TL-5 (a)[5] 
	TL-5 (a)[5] 
	42 
	160.0 
	41.0 
	80.0 
	10.0 
	40.0 
	35.0 
	42.0 

	TL-5 (b)[5] 
	TL-5 (b)[5] 
	greater than 42 
	262.0 
	75.0 
	160.0 
	10.0 
	40.0 
	43.0 
	42.0 

	TL 6[3] 
	TL 6[3] 
	90 or above 
	175.0 
	58.0 
	80.0 
	8.0 
	40.0 
	56.0 
	90.0 


	Note: AASHTO LRFD Section 13 Table A13.2-1; NCHRP Project 20-07/Task 395; NCHRP Project 22-20(2) 
	[3]
	[4]
	[5]

	3.2.1 North Dakota Bridge Rail with Curb 94-134.115 
	3.2.1 North Dakota Bridge Rail with Curb 94-134.115 
	Figure 3-2 shows TTI’s proposed retrofit design for the North Dakota’s concrete curb 94-134.115. The total height of the bridge rail system is 38 in. from the roadway surface to maintain the post and rail details as tested from TTI project 608331 in accordance with the request of the client. To secure the 2-Tube Bridge Rail on the North Dakota concrete curb 94-134.115, Hilti RE500 V3 Epoxy with 7/8-in. diameter anchor bolts with 8 in. embedded length for both traffic and field sides, respectively were analy
	Appendix A-1 and B-1 contain the suggested details and full analysis for the retrofit design of North Dakota Bridge Rail with Curb 94-134.115, respectively. Below is a summary of the evaluation results and recommendations. 
	Figure
	Figure 3-2. TTI retrofit design for the North Dakota Bridge Rail with Curb 94-134.115 
	Figure 3-2. TTI retrofit design for the North Dakota Bridge Rail with Curb 94-134.115 


	3.2.1.1 Stability Evaluation 
	3.2.1.1 Stability Evaluation 
	The retrofit design for North Dakota Bridge Rail with Curb 94-134.115 has a height of 38-in. The minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design for this retrofit design meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

	3.2.1.2 Geometric Evaluation 
	3.2.1.2 Geometric Evaluation 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for the North Dakota Bridge Rail with Curb 94-134.115. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-3, the geometric data points for the proposed retrofit design are located in the preferred region for the Post Setback criteria and in the acceptable region for the 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for the North Dakota Bridge Rail with Curb 94-134.115. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-3, the geometric data points for the proposed retrofit design are located in the preferred region for the Post Setback criteria and in the acceptable region for the 
	Snag Potential criteria. Therefore, the retrofit design for the North Dakota Bridge Rail with Curb 94-134.115 satisfies the geometric evaluation criteria. 

	Figure
	Figure 3-3. Geometric criteria assessment of the 94-134.115 curb retrofit design 
	Figure 3-3. Geometric criteria assessment of the 94-134.115 curb retrofit design 


	(a) Post Setback Criteria (b) Snag Potential Criteria 

	3.2.1.3 Strength Evaluation 
	3.2.1.3 Strength Evaluation 
	The structural capacity of the North Dakota Bridge Rail with Curb 94-134.115 retrofit design was compared to the current recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since the height of the rail is 38 in. which exceeds 36 in., the desired MASH TL-4 design impact load (t) is 80 kips located at an effective height (He) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 
	F

	Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength analysis for this retrofit design. As summarized in the table, the limiting post strength was the ultimate strength of the post based on the strength of the adhesive anchor bolts in the curb. The adhesive bond strength of the anchor in the curb governs the ultimate strength of the posts. Based e = 30 in., over a 3-span failure mechanism. Based on this calculated strength, the proposed retrofit design does not mee
	on this strength, the calculated strength of the retrofit design was approximately 63 kips at 
	H
	-

	Table 3-3. Summary of post strengths based on several critical cases for 94-134.115 curb 
	Table 3-3. Summary of post strengths based on several critical cases for 94-134.115 curb 
	Table 3-3. Summary of post strengths based on several critical cases for 94-134.115 curb 

	1) Post strength based on plastic strength of the post 
	1) Post strength based on plastic strength of the post 
	74.5 kips 

	2) Post strength based on post fillet welds 
	2) Post strength based on post fillet welds 
	74.3 kips 

	3) Post strength based on anchor bolt shear strength 
	3) Post strength based on anchor bolt shear strength 
	130.0 kips 

	4) Post strength based on ultimate tensile strength of anchor bolts 
	4) Post strength based on ultimate tensile strength of anchor bolts 
	49.2 kips 

	5) Post strength based on the curb punching shear strength 
	5) Post strength based on the curb punching shear strength 
	82.8 kips 

	6) Post strength based on lateral punching shear on the traffic side bolts 
	6) Post strength based on lateral punching shear on the traffic side bolts 
	66.1 kips 

	7) Post strength based on flexural resistance (FS1) 
	7) Post strength based on flexural resistance (FS1) 
	53.4 kips 

	8) Post strength based on flexural resistance (FS2) 
	8) Post strength based on flexural resistance (FS2) 
	38.4 kips 

	9) Post strength based on ultimate strength of adhesive dowels in curb 
	9) Post strength based on ultimate strength of adhesive dowels in curb 
	21.8 kips 


	Table 3-4. Summary of MASH TL-3 and 4 Strength Analysis for 94-134.115 curb 
	Criteria 
	Criteria 
	Criteria 
	Required 
	Actual 
	Assessment 

	TL-3 
	TL-3 
	71.0 kips 
	99 kips 
	Satisfactory 

	TL-4 
	TL-4 
	80.0 kips 
	63 kips 
	Not Satisfactory 



	3.2.1.4 Summary 
	3.2.1.4 Summary 
	As summarized in Table 3-5, 94-134.115 North Dakota Bridge Rail with curb 94-134.115 as shown in Figure 3-2 does not satisfy MASH TL-4 strength evaluation criteria but meets MASH TL-3 strength criteria. The assessment of occupant risk is considered satisfactory as the geometrics of the bridge rail are located in the preferred and low snag potential regions for the post setback criteria (see Figure 3-3). 
	Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. However, full-scale static load testing is recommended to determine the ultimate strength of the post based can be achieved for MASH TL-4. 
	Table 3-5. Summary of MASH TL-4 Assessment of 94-134.115 curb 
	Table 3-5. Summary of MASH TL-4 Assessment of 94-134.115 curb 
	Table 3-5. Summary of MASH TL-4 Assessment of 94-134.115 curb 

	TR
	Required 
	Actual 
	Assessment 

	Stability 
	Stability 
	36 in. 
	38 in. 
	Satisfactory 

	Geometric 
	Geometric 
	See Figure 3-3 
	Satisfactory 

	Strength 
	Strength 
	See Table 3-4 
	Not Satisfactory (acceptable for TL-3 based on analyses) 




	3.2.2 North Dakota Bridge Rail with Curb 21-106.109 
	3.2.2 North Dakota Bridge Rail with Curb 21-106.109 
	Figure 3-4 shows TTI’s proposed retrofit design for the North Dakota’s Bridge Rail with Curb 21
	-

	106.109. The total height of the bridge rail system is 38 in. from the roadway surface to maintain the post and rail details as tested from TTI project 608331. The posts for this retrofit design were anchored to the curb using 7/8-in. diameter anchor rods with Hilti RE500 V3 Epoxy. The anchor rods were embedded 8 in. and 6.5 in. on the traffic and field sides, respectively. The different embedded lengths were used to avoid interference with existing reinforcement in curb and also to secure concrete cover an
	Appendix A-2 and B-2 contain the suggested details and full analysis for the retrofit design of 21-106.109, respectively. Below is a summary of the evaluation results and recommendations. 
	Figure
	Figure 3-4. TTI retrofit design for the 21-106.109 curb 
	Figure 3-4. TTI retrofit design for the 21-106.109 curb 


	3.2.2.1 Stability Evaluation 
	3.2.2.1 Stability Evaluation 
	The retrofit design for North Dakota Bridge Rail with Concrete curb 21-106.109 has a height of 38-in. The minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design of curb 21-106.109 meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

	3.2.2.2 Geometric Evaluation 
	3.2.2.2 Geometric Evaluation 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for the North Dakota Bridge Rail with Curb 21-106.109. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-5, the bridge rails’ geometric data points are located in the 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for the North Dakota Bridge Rail with Curb 21-106.109. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-5, the bridge rails’ geometric data points are located in the 
	preferred region for the Post Setback criteria and in the acceptable region for the Snag Potential criteria. Therefore, the retrofit design satisfies the geometric evaluation criteria. 

	Figure
	Figure 3-5. Geometric criteria assessment of the 21-106.109 curb retrofit design 
	Figure 3-5. Geometric criteria assessment of the 21-106.109 curb retrofit design 


	(a) Post Setback Criteria (b) Snag Potential Criteria 

	3.2.2.3 Strength Evaluation 
	3.2.2.3 Strength Evaluation 
	The structural capacity of the North Dakota Bridge Rail with Curb 21-106.109 was compared to the current recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since t) e) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 
	the height of rail is 38-in. which exceeds 36 in., the desired MASH TL-4 design impact load (
	F
	is 80 kips located at an effective height (
	H

	Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength analysis for this retrofit design. As summarized in the table, the limiting post strength was the ultimate strength of the post based on adhesive anchor bolts in the curb. The adhesive bond strength of the anchor in the curb governs the ultimate strength of the posts. Based on this strength, e = 30 in., over a 3span failure mechanism. Based on this calculated strength, the proposed retrofit design does not meet t
	the calculated strength of the retrofit design was approximately 60 kips at 
	H
	-
	-

	Table 3-6. Summary of post strengths based on several critical cases for 21-106.109 curb 
	Table 3-6. Summary of post strengths based on several critical cases for 21-106.109 curb 
	Table 3-6. Summary of post strengths based on several critical cases for 21-106.109 curb 

	1) Post strength based on plastic strength of the post 
	1) Post strength based on plastic strength of the post 
	70.0 kips 

	2) Post strength based on post fillet welds 
	2) Post strength based on post fillet welds 
	69.8 kips 

	3) Post strength based on anchor bolt shear strength 
	3) Post strength based on anchor bolt shear strength 
	130.0 kips 

	4) Post strength based on ultimate tensile strength of anchor bolts 
	4) Post strength based on ultimate tensile strength of anchor bolts 
	46.4 kips 

	5) Post strength based on the curb punching shear strength 
	5) Post strength based on the curb punching shear strength 
	56.4 kips 

	6) Post strength based on lateral punching shear on the traffic side bolts 
	6) Post strength based on lateral punching shear on the traffic side bolts 
	50.9 kips 

	7) Post strength based on flexural resistance (FS1) 
	7) Post strength based on flexural resistance (FS1) 
	31.7 kips 

	8) Post strength based on flexural resistance (FS2) 
	8) Post strength based on flexural resistance (FS2) 
	28.7 kips 

	9) Post strength based on ultimate strength of adhesive dowels in curb 
	9) Post strength based on ultimate strength of adhesive dowels in curb 
	20.5 kips 


	Table 3-7. Summary of MASH TL-3 and 4 Strength Analysis for 21-106.109 curb 
	Criteria 
	Criteria 
	Criteria 
	Required 
	Actual 
	Assessment 

	TL-3 
	TL-3 
	71.0 kips 
	94 kips 
	Satisfactory 

	TL-4 
	TL-4 
	80.0 kips 
	60 kips 
	Not Satisfactory 



	3.2.2.4 Summary 
	3.2.2.4 Summary 
	As summarized in Table 3-8, 21-106.109 North Dakota concrete curb in Figure 3-4 does not satisfy MASH TL-4 strength evaluation criteria but meets MASH TL-3 strength criteria. The assessment of occupant risk is considered satisfactory as the geometrics of the bridge rail are located in the preferred and low snag potential regions for the post setback criteria (see Figure 3-5). 
	Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. However, full-scale static load testing is recommended to determine the ultimate strength of the post based can be achieved for MASH TL-4. 
	Table 3-8. Summary of MASH TL-4 Assessment of 21-106.109 curb 
	Table 3-8. Summary of MASH TL-4 Assessment of 21-106.109 curb 
	Table 3-8. Summary of MASH TL-4 Assessment of 21-106.109 curb 

	TR
	Required 
	Actual 
	Assessment 

	Stability 
	Stability 
	36 in. 
	38 in. 
	Satisfactory 

	Geometric 
	Geometric 
	See Figure 3-5 
	Satisfactory 

	Strength 
	Strength 
	See Table 3-7 
	Not Satisfactory 




	3.2.3 North Dakota Bridge Rail with curb 2-149.663 
	3.2.3 North Dakota Bridge Rail with curb 2-149.663 
	Figure 3-6 shows TTI’s proposed retrofit design for the North Dakota Bridge Rail with Curb 2
	-

	149.663. The total height of the bridge rail system is 38 in. from the roadway surface to maintain the post and rail details as tested from TTI project 608331. The posts for this retrofit design were anchored to the curb using 7/8-inch diameter anchor rods with Hilti RE500 V3 Epoxy. The anchor rods were embedded 8.0 inches and 6.5 inches on the traffic sides and field sides, respectively.   The different embedded lengths are used to avoid interference with existing reinforcement in curb and also to secure c
	Appendix A-3 and B-3 contain the suggested details and full analysis for the retrofit design of 2-149.663, respectively. Below is a summary of the evaluation results and recommendations. 
	Figure
	Figure 3-6. TTI retrofit design for the 2-149.663 curb 
	Figure 3-6. TTI retrofit design for the 2-149.663 curb 


	3.2.3.1 Stability Evaluation 
	3.2.3.1 Stability Evaluation 
	The retrofit design for North Dakota Bridge Rail with Curb 2-149.663 has a height of 38-in. The minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design of curb 2-149.663 meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

	3.2.3.2 Geometric Evaluation 
	3.2.3.2 Geometric Evaluation 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for the retrofit design. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-7, the bridge rails’ geometric data points are located in the preferred region for the Post Setback criteria and in the acceptable region for the Snag Potential criteria. Therefore, the retrofit design of North Dakota Bridge 
	Figure
	Figure 3-7. Geometric criteria assessment of the 2-149.663 curb retrofit design 
	Figure 3-7. Geometric criteria assessment of the 2-149.663 curb retrofit design 


	(a) Post Setback Criteria (b) Snag Potential Criteria 

	3.2.3.3 Strength Evaluation 
	3.2.3.3 Strength Evaluation 
	The structural capacity of the 2-149.663 curb’s retrofit design was compared to the current recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since the height t) is 80 kips e) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 
	of rail is 38 in. which exceeds 36 in., the desired MASH TL-4 design impact load (
	F
	located at an effective height (
	H

	Table 3-3 presents the post strengths based on 9 ultimate strength load cases from the strength analysis for this retrofit design. As summarized in the table, the limiting post strength was the ultimate strength of the post based on adhesive anchor bolts in the curb. The adhesive bond strength of the anchor in the curb governs the ultimate strength of the posts. Based on this strength, e = 30 in. Based on this calculated strength, the proposed retrofit design does not meet the target strength of 80 kips req
	the calculated strength of the retrofit design was approximately 75 kips at 
	H

	Table 3-9. Summary of post strengths based on several critical cases for 2-149.663 curb 
	Table 3-9. Summary of post strengths based on several critical cases for 2-149.663 curb 
	Table 3-9. Summary of post strengths based on several critical cases for 2-149.663 curb 

	1) Post strength based on plastic strength of the post 
	1) Post strength based on plastic strength of the post 
	74.5 kips 

	2) Post strength based on post fillet welds 
	2) Post strength based on post fillet welds 
	74.3 kips 

	3) Post strength based on anchor bolt shear strength 
	3) Post strength based on anchor bolt shear strength 
	130.0 kips 

	4) Post strength based on ultimate tensile strength of anchor bolts 
	4) Post strength based on ultimate tensile strength of anchor bolts 
	49.2 kips 

	5) Post strength based on the curb punching shear strength 
	5) Post strength based on the curb punching shear strength 
	73.4 kips 

	6) Post strength based on lateral punching shear on the traffic side bolts 
	6) Post strength based on lateral punching shear on the traffic side bolts 
	66.9 kips 

	7) Post strength based on flexural resistance (FS1) 
	7) Post strength based on flexural resistance (FS1) 
	66.2 kips 

	8) Post strength based on flexural resistance (FS2) 
	8) Post strength based on flexural resistance (FS2) 
	32.1 kips 

	9) Post strength based on ultimate strength of adhesive dowels in curb 
	9) Post strength based on ultimate strength of adhesive dowels in curb 
	21.8 kips 


	Table 3-10. Summary of MASH TL-3 and 4 Strength Analysis for 2-149.663 curb 
	Criteria 
	Criteria 
	Criteria 
	Required 
	Actual 
	Assessment 

	TL-3 
	TL-3 
	71.0 kips 
	118 kips 
	Satisfactory 

	TL-4 
	TL-4 
	80.0 kips 
	75 kips 
	Not Satisfactory 



	3.2.3.4 Summary 
	3.2.3.4 Summary 
	As summarized in Table 3-11, 2-149.663 North Dakota Bridge Rail with Curb 2-149.663 as shown in Figure 3-6 does not satisfy MASH TL-4 strength evaluation criteria but meets MASH TL-3 strength criteria. The assessment of occupant risk is considered satisfactory as the geometrics of the bridge rail are located in the preferred and low snag potential regions for the post setback criteria (see Figure 3-7). 
	Based on the analyses, the retrofit design does not the the strength requirements for MASH TL-4. However, full-scale static load testing is recommended to determine the ultimate strength of the post based can be achieved for MASH TL-4. 
	Table 3-11. Summary of MASH TL-4 Assessment of 2-149.663 curb 
	Table 3-11. Summary of MASH TL-4 Assessment of 2-149.663 curb 
	Table 3-11. Summary of MASH TL-4 Assessment of 2-149.663 curb 

	TR
	Required 
	Actual 
	Assessment 

	Stability 
	Stability 
	36 in. 
	38 in. 
	Satisfactory 

	Geometric 
	Geometric 
	See Figure 3-7 
	Satisfactory 

	Strength 
	Strength 
	See Table 3-10 
	Not Satisfactory 




	3.2.4 Alaska Steel Bridge Railing Design 
	3.2.4 Alaska Steel Bridge Railing Design 
	Figure 3-8 shows TTI’s proposed retrofit design for the Alaska Steel Bridge Railing. The total height of the bridge rail system is 38 in. from the roadway surface to maintain the post and rail details as tested from TTI project 608331. The retrofit design using the Alaska 2-Tube Bridge Rail incorporates anchor bolts with a single plate washer to connect curb, deck, and post. 
	Figure
	Figure 3-8. TTI retrofit design for the Alaska steel bridge railing retrofit design 
	Figure 3-8. TTI retrofit design for the Alaska steel bridge railing retrofit design 


	The initial TTI design suggested using bolt-through anchors through the deck and curb with a large plate washer for 2 anchors for each post. However, it was concluded that using a single plate washer for each bolt-through anchor was preferred for ease of construction.  
	For this retrofit design, #4 J-dowel bars are embedded into the bridge deck using Hilti RE500 V3 Epoxy to anchor the curb to the deck. These bars can be installed at a depth of 4.0 inches to help reduce contaminated drilling water from entering into Alaska rivers and streams (preference by Alaska DOT). These #4 J-dowels bars are spaced on 16-inch center between the posts with the bars spaced on 12-inch centers away from the centerline of the posts. For anchoring the posts to the curb and deck, separate bolt
	Appendix A-4 and B-4 contain the suggested details and full analysis for the retrofit design of Alaska steel bridge railing design, respectively. Below is a summary of the evaluation results and recommendations. 
	3.2.4.1 Stability Evaluation 
	3.2.4.1 Stability Evaluation 
	The retrofit design for Alaska steel bridge railing system has a height of 38-in. The minimum height requirement for a MASH TL-4 bridge barrier is 36-in. Thus, the retrofit design of Alaska steel bridge railing system meets the MASH TL-4 minimum height stability criterion (Satisfactory). 

	3.2.4.2 Geometric Evaluation 
	3.2.4.2 Geometric Evaluation 
	Post setback distance, ratio of contact width to height, and vertical clear opening were determined for the proposed retrofit design for Alaska steel bridge railing system. The appropriate data points were plotted against the current AASHTO LRFD Section 13 geometric relationships. As seen in Figure 3-9, the bridge rails’ geometric data points are located in the preferred region for the Post Setback criteria and in the acceptable region for the Snag Potential criteria. Therefore, the retrofit design of Alask
	Figure
	Figure 3-9. Geometric criteria assessment of the Alaska steel bridge railing retrofit design 
	Figure 3-9. Geometric criteria assessment of the Alaska steel bridge railing retrofit design 


	(a) Post Setback Criteria (b) Snag Potential Criteria 

	3.2.4.3 Strength Evaluation 
	3.2.4.3 Strength Evaluation 
	The structural capacity of Alaska steel bridge rail retrofit design was compared to the current recommended MASH TL-4 design transverse impact load provided in Table 3-2. Since the height t) is 80 kips e) of 30 in. above the roadway surface as per TL-4(b) in Table 3-2. 
	of rail is 38 in. which exceeds 36 in., the desired MASH TL-4 design impact load (
	F
	located at an effective height (
	H

	Table 3-12 presents the post strengths based on 7 critical cases from the strength analysis for the retrofit design. As summarized in the table, post strength based on flexural resistance was the governing strength. However, this strength is governed by a post located immediately adjacent to a joint in the deck. According to many crash tests conducted, deck failure is typically observed at an open joint over several spans (3 or more). Thus, computing the design strength based on flexural resistance likely m
	e = 30 in., a resistance for 3-span controls the strength. The strength of the retrofit design is approximately 81 kips at the TL-4 height of 30 in. The retrofit design, thus meets the target strength of 80 kips given by MASH TL-4 as shown in Table 3-13. 
	When calculating the rail strength for multiple spans at 
	H

	Table 3-12. Summary of post strengths based on several critical cases for Alaska steel bridge railing retrofit design 
	Table 3-12. Summary of post strengths based on several critical cases for Alaska steel bridge railing retrofit design 
	Table 3-12. Summary of post strengths based on several critical cases for Alaska steel bridge railing retrofit design 

	1) Post strength based on plastic strength of the post 
	1) Post strength based on plastic strength of the post 
	60.8 kips 

	2) Post strength based on post fillet welds 
	2) Post strength based on post fillet welds 
	60.6 kips 

	3) Post strength based on anchor bolt shear strength 
	3) Post strength based on anchor bolt shear strength 
	130.0 kips 

	4) Post strength based on ultimate tensile strength of anchor bolts 
	4) Post strength based on ultimate tensile strength of anchor bolts 
	43.3 kips 

	5) Post strength based on the curb punching shear strength 
	5) Post strength based on the curb punching shear strength 
	57.9 kips 

	6) Post strength based on cone-shaped punching shear 
	6) Post strength based on cone-shaped punching shear 
	68.2 kips 

	7) Post strength based on flexural resistance 
	7) Post strength based on flexural resistance 
	31.7 kips 


	Table 3-13. Summary of MASH TL-4 Strength Analysis for Alaska steel bridge railing retrofit design 
	Criteria 
	Criteria 
	Criteria 
	Required 
	Actual 
	Assessment 

	TL-4 
	TL-4 
	80.0 kips 
	81 kips 
	Satisfactory 



	3.2.4.4 Summary 
	3.2.4.4 Summary 
	As summarized in Table 3-14, Alaska steel bridge railing retrofit design in Figure 3-8 satisfies MASH TL-4 strength evaluation criteria. Also, the assessment of occupant risk is considered satisfactory as the geometrics of the bridge rail are located in the preferred and low snag potential regions for the post setback criteria (see Figure 3-9). Therefore, the retrofit design for Alaska steel bridge railing meets MASH TL-4 criteria. 
	Table 3-14. Summary of MASH TL-4 Assessment of Alaska steel bridge railing retrofit design 
	Table
	TR
	Required 
	Actual 
	Assessment 

	Stability 
	Stability 
	36 in. 
	38 in. 
	Satisfactory 

	Geometric 
	Geometric 
	See Figure 3-9 
	Satisfactory 

	Strength 
	Strength 
	See Table 3-10 
	Satisfactory 
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	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	B-2. Strength Analysis of North Dakota curb 21-106.109 retrofit design 
	B-2. Strength Analysis of North Dakota curb 21-106.109 retrofit design 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	B-3. Strength Analysis of North Dakota curb 2-149.663 retrofit design 
	B-3. Strength Analysis of North Dakota curb 2-149.663 retrofit design 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	B-4. Strength Analysis of Alaska Steel Bridge Railing Retrofit Design 
	B-4. Strength Analysis of Alaska Steel Bridge Railing Retrofit Design 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure









Accessibility Report





		Filename: 

		hfhwy00063.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 25



		Failed: 4







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Failed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top



