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EXECUTIVE SUMMARY

Bridge rail and approach guardrails provide safety to drivers by shielding more hazardous
objects and redirecting vehicles to the roadway. However, guardrail can increase both the initial
cost and maintenance cost of a bridge, while adding another object that may be struck by
vehicles. Most existing low volume road (LVR) bridges in the state of lowa are currently
indicated to not possess bridge rail meeting “current acceptable standards”. The primary
objective of the research summarized in this report was to provide the nations bridge and
approach rail state of practice and perform a state wide crash analysis on bridge rails and
approach guardrails on LVR bridges in lowa. In support of this objective, the criteria and
guidelines used by other bridge owners were investigated, non-standard and innovative bridge
and approach guardrails for LVR’s were investigated, and descriptive, statistical and economical
analyses were performed on a state wide crash analysis.

The state wide crash analysis found the overall number of crashes at/on the more than 17,000
inventoried LVR bridges and unknown number of non-inventoried LVR bridges in lowa was
fewer than 350 crashes over an eight year period, representing less than 0.1% of the statewide
reportable crashes. In other words, LVR bridge crashes are fairly rare events. The majority of
these crashes occurred on bridges with a traffic volume less than 100 vpd and width less than 24
ft. Similarly, the majority of the LVR bridges possess similar characteristics.

Crash rates were highest for bridges with lower traffic volumes, narrower widths, and negative
relative bridge widths (relative bridge width is defined as: bridge width minus roadway width).
Crash rate did not appear to be effected by bridge length. Statistical analysis confirmed that the
frequency of vehicle crashes was higher on bridges with a lower width compared to the roadway
width.

The frequency of crashes appeared to not be impacted by weather conditions, but crashes may be
over represented at night or in dark conditions. Statistical analysis revealed that crashes that
occurred on dark roadways were more likely to result in major injury or fatality. These findings
potentially highlight the importance of appropriate delineation and signing.

System wide, benefit-cost (B/C) analyses yielded very low B/C ratios for statewide bridge rail
improvements. This finding is consistent with the aforementioned recommendation to address
specific sites where safety concerns exist.

Given the findings of the descriptive and statistical analyses, possible areas of the existing

IADOT IM 2.213 that could be changed or added during any future revisions include traffic
volume ranges, relative bridge width and crash frequency/severity.
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1. GENERAL
1.1. Introduction

Bridge and approach guardrails have the important task of withstanding impact forces associated
with vehicular crashes while at the same time smoothly redirecting vehicles to the travel way
without causing these vehicles to stop abruptly, snag, rollover, or vault over the guardrail. The
installation of guardrail systems (Gates, 2005) add costs to the bridge, and may cause additional
safety and maintenances problems that may outweigh the benefits when used in some situations.
Currently, the Federal Highway Administration (FHWA) requires bridge and approach
guardrails on all National Highway System roadways and federally funded bridges. However, the
use (and type) of rail systems on non-national highway systems, such as low-volume roads
(LVR), is left to the discretion of the state or county. These structures (LVR bridges) are the
emphasis of this research. Specifically, application of guardrail policy by various agencies,
potential safety impacts including benefit and cost, and current state of practice for guard rail
systems were investigated.

1.2 Research Objectives

The primary objective of the research summarized in this report was to describe the state of the
practice regarding the nation’s bridge rails and approach guardrails and to perform a statewide
crash analysis involving bridge rails and approach guardrails on Iowa’s low-volume road (LVR)
bridges by:

e Determining the criteria and guidelines used by other states for bridge and approach
guardrail implementation on low and very low-volume roads.

e Performing a system-wide crash analysis on LVR bridges in Iowa

e Performing benefit-cost analyses for use of bridge and approach guardrails based on
traffic levels and road classifications.

e Investigating the use of non-standard and innovative bridge and approach guardrails for
low-volume roads.

1.3 Project Scope
In order to satisfy the research objectives, the project scope include the following tasks:

1. A literature review was conducted to investigate if similar studies had been conducted
and to more fully understand bridge and approach rail usage.

2. A survey of state and county agencies was completed to obtain input on how other
agencies determine bridge rail and bridge approach rail usage criteria for low-volume
roads.



System-wide crash analysis for low-volume road bridges in lowa was performed. The
IADOT crash and geographic information management systems (GIMS) databases were
utilized to quantify crash related metrics.

Statistical analyses were performed to identify relationships between crash metrics such
as rail usage, rail condition, roadway geometry, bridge geometry.

Railing alternatives that are economical and aesthetically pleasing were investigated.



2. BACKGROUND
2.1 Existing IADOT Standards

The IADOT has Instruction Memorandums (IM) (IADOT, 2009) for lowa public agencies that
provide guidance on administrative works, project development, and systems classification.
Included in the series of IM is IM No. 3.213 that provides guidelines for determining the need
for traffic barriers on low-volume roadway bridges and culverts. In addition, IM No. 3.215,
which provides information on clear zone widths, and IM No. 3.216, which presents the benefit-
cost ratio method for determining the feasibility of an improvement, are also available and can be
helpful in determining the feasibility of installing approach guardrails. Instruction Memorandum
No. 3.213 was the primary focus of the work presented herein. IM No. 3.213 is summarized
below. The original IM documents for IM No. 3.213, 3.215, and 3.216 can be found in Appendix
A. Al TADOT IM’s can be found at:
http://www.iowadot.gov/local_systems/publications/im/imtoc.pdf.

Instruction Memorandum No. 3.213 defines a traffic barrier as a device used to shield a roadside
obstacle that is located within the minimum clear zone width and in the right-of-way. A roadside
obstacle is further classified as either a non-traversable object (e.g., large culvert) or a fixed
object (e.g., unprotected end of bridge rail). The fixed objects were the focus here since
unprotected bridge ends are fixed objects. The IM first suggests the removal or relocation of the
object outside the clear zone whenever possible. However a traffic barrier may be necessary if
removal or relocation is not possible and a benefit by severity reduction is found.

An approach guardrail should to be installed in the following situations:

1. “All four bridge corners on newly constructed bridges on the Farm-to-Market systems,
except bridges located within an established speed zone of 35 mph or less.”

2. “On the approach bridge corners (right side) on new federally funded bridges constructed
on the area service system, except bridges within 35 mph or less speed zone.
Consideration should be given to shielding the opposite corner if it is located on the
outside edge of a curve. The FHWA will participate in guardrail at all four corners if
desired by the county.”

3. “All four bridge corners on existing bridges within the termini of a 3R project on the
Farm-to-Market System. Existing w-beam installations that are flared and anchored at
both ends may be used as constructed without upgrading to current standards.”

4. “Culverts with spans greater than six feet (circular pipe culverts greater than 72” in
diameter) if it is impractical to extend beyond the clear zone and grates are not utilized.”

The following exceptions apply when approach guardrail is not needed on a bridge:

1. “Current ADT at structure is less than 200 vehicles per day”
2. “The structure is 24 ft wide or greater”
3. “The structure is on tangent alignment”


http://www.iowadot.gov/local_systems/publications/im/imtoc.pdf�

4. “The benefit-cost ratio is less than 0.80”

Bridge rails should always be designed in accordance with the latest available standards on
newly constructed bridges. For existing bridges being rehabilitated using federal-aid money the
bridge rail should be reviewed for possible retrofitting.

Included in the IM is a Bridge Rail Rating System matrix that can be used to determine if a
bridge rail should be upgraded and to what extent it should be upgraded. The matrix includes
five factors: crashes, ADT, width, length, and type of bridge rail. The sum of the points from the
five factors is the total bridge score which can be used to determine if the bridge needs
upgrading; the higher the score the more upgrade needed. Table 2.1 shows the Bridge Rail
Rating System and points associated with each factor. Table 2.2 shows the types of
recommended upgrades which are based on the point totals for the bridge.

Table 2.1. Bridge rail five factor rating system.

Points 0 5 10 15 20
Factors Description
Crashes 1 For 2 PDO’s 2 or more
(in last 5 years) None 1 PDO 1 PI or 1 Pland 1 F’s/PI’s or 3 or
PDO more PDO’s
ADT
(current year) <200 200-299 300-399 400-750 >750
Bridge Width
(feet) >30 28 24 22 <20
Bridge Length
(feet) <50 50-99 100-149 150-200 >200
Bridge Rail Formed Steel Steel Rail (1941
(type) Aluminum Rail Steel Box Rail ~ Beam Rail (1951 standard Angel Handrail
(1967 standard) (1964 standard) and 1957 Concrete Rail (1928 standard)
standards) 1928 standard)
Abbreviations: PDO = Property Damage Only crash
PI = Personal Injury crash
F = Fatality crash

Table 2.2. Bridge rail upgrades based on point totals

Point total Upgrade Description

Under 25 points No upgrading at this time

25 — 50 points Delineation according to standard RE-48A

51 — 75 points Block out with thrie beam to curb edge (if existing approach

guardrail is W-beam, W beam may be used)

Over 75 points Retrofit




2.2 General Literature Review
2.2.1 National Level

Modern highway design concepts (AASHTO 2002B) essentially began in the 1940’s. Concerted
focus on roadside safety design, however, didn’t start until the 1970’s. Today many of the roads
that were built prior to 1970 have reached their useful life span and are being reconstructed
which allows the opportunity for updating their safety features. Some of these safety features
include bridge railing and approach railing. Bridge railing differs from roadside railing in that it
is rigidly connected to the bridge and when struck it has very little deflection capability (i.e.,
flexibility). The Roadside Design Guide notes that railing designed to full AASHTO standards
may not be necessary nor desirable for low-speed or low-volume roads. The design guide
suggests that engineers refer to the AASHTO LRFD (AASHTO, 2006) design manual for
guidance in determining the merits of using bridge railing. AASHTO LRFD explains that the
“owner shall develop the warrants for the bridge site”; this leaves the designer of a low-volume
bridge with very little guidance on if/when guardrail and/or approach railing is needed. The
Roadside Design Guide does, however, provide options for reducing crash hazards caused by
roadside obstacles. The following are cited techniques for reducing crashes and crash severity in
order of preference.

Remove the obstacle.

Redesign the obstacle so it can be safely traversed.

Relocate the obstacle to a point where it is less likely to be struck.

Reduce impact severity by using an appropriate breakaway device.

Shield the obstacle with a longitudinal traffic barrier designed for redirection or use a
crash cushion.

6. Delineate the obstacle if the above alternatives are not appropriate.

M

The inherent nature of bridges and bridge railing reduces the feasibility of options one, two, and
three. However options four, five, and six offer ways to reduce crash numbers and severity when
crashing into a bridge end.

AASHTO (2001A) has an additional manual, “Guidelines for Geometric Design of Very Low-
Volume Local Roads (ADT<400vpd)” that addresses very low-volume road geometric
considerations that are typically different from those applied to higher volume roads. The design
guide stresses that geometric changes generally need only be completed when a documentable,
site-specific safety problem exists and can be corrected by road side improvements. When safety
problems do not exist, roadside improvements generally do not provide substantial safety
benefits. By providing safety improvements only to roads that have a history of safety problems,
expenditures can be focused at known problematic locations helping to ensure the most impact.

The geometric design guide does not contain specific information on bridge and approach
guardrail, but instead emphasizes roadway cross-sections, bridge widths, alignment, and sight
distance characteristics. The guide indicates that bridge widths for newly constructed bridges on
new roadways should be equal to the width of the traveled way plus 2 ft. If the roadway is paved,
the bridge width is recommended to be equal to the roadway width. For one and two lane roads
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with an ADT less than 100 vpd one lane bridges can be provided. A minimum bridge width of 15
ft, but not wider than 16ft assures drivers will not try to use them as two lanes. When existing
bridges are being replaced, and there is no evidence of site-specific safety problems, the new
bridge width can be the same as the existing width. Site-specific safety indicators include a
documented crash history, skid marks, damage to bridge rail or approach rail, and concerns
raised by law enforcement officials.

2.2.1.1Crash Reduction Factors

The FHWA has published a Desktop Reference for Crash Reduction Factors (CRFs) which is
used, along with engineering judgment, to estimate the impact various countermeasures might
have on crashes. The Desktop Reference contains 12 tables of CRFs. Among other data, the
tables contain the crash type, crash severity, daily traffic volume, and CRFs. The table containing
bridge countermeasures contains the CRFs for installing guardrail (at bridge), upgrading bridge
railing, widening a bridge, etc.

The CRFs for upgrading of installing guardrail (at bridge) ranges from 11 to 90. For the case in
which the CRF was 11, the crash type is all and the crash severity is all. For the case in which the
CRF was 90, the crash type is all and the crash severity is fatal.

The CRFs of upgrading bridge railing ranges from 5 to 92. For the case in which the CRF was 5,
the crash type is all and the crash severity is all. Two cases existed in which the CRF was 92, in
both cases the crash type was all, one case had a crash severity of fatal and one had a crash
severity of injury.

2.2.2 State Level
2.2.2.1 Kansas

Past research conducted by Russell et al. (1998) developed guidelines for using guardrails on
LVR in Kansas. The work consisted of reviewing state-of-the-art roadside safety practices,
interviewing local roads personnel, studying local roadside scenarios, particularly culverts and
embankments, and developing guidelines for LVR roadside safety and barrier rails.

The research completed by Russell et al. utilized the computer program ROADSIDE.
ROADSIDE was used to calculate present worth and annualized cost at a particular location
needing safety improvements. The program was also used to compare the costs of various
improvements. Several criteria were adjusted to allow the ROADSIDE program to analyze
guardrails in a LVR situation. Traffic volume was set to between 100 vehicles per day (vpd) to
400 vpd including a growth factor of 1% per year. The ROADSIDE results varied depending on
the types of culverts and embankments. For straight wing culverts, a guardrail was not
economically justifiable if the culvert’s lateral offset was two or more meters from the nearest
driving lane. However, and for example, with speeds of 56 mph, an ADT of 300 or greater, and a
culvert end height of 7.9 ft the guardrail was shown to be economically justifiable. If the
culvert’s lateral offset from the nearest driving lane was larger than the three meters under all
scenarios on flared wing culverts then guardrails were not economically justifiable. In culvert
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pipe/headwall systems a guardrail was not economically justifiable with an ADT of 100. In
general, most scenarios showed that structures with ADT of 400 vehicles or less were not
economically justifiable to have bridge approach guardrails installed. The results should be used
with judgment after considering other, non-economic factors. Pham and Ragland (2005) also
noted that crash prediction models might differ for each jurisdiction and data set, and no single
model is capable of serving all road types, ramps, or intersections. Consequently it was noted
that the task of developing safety performance functions requires detailed assessments and can
be very time consuming.

2.2.2.2 Minnesota

Gates et al. (2005) conducted a study on Minnesota LVR bridge approach railing. The objective
was to determine the ADT at which the benefit-to-cost ratio suggests that installing bridge-
approach guardrail is cost-effective (i.e., B/C > 1.0) for county, state-aid highway bridges in
Minnesota.

As part of Gates work, a survey of state DOTs was conducted to determine the state-of-the-
practice for bridge approach guardrail installation on low volume highways. Table 2.3 displays
the number of states using a particular factor to determine when the installation of guardrail is
needed on low volume highways. Many of the states included exceptions with their responses
including such thing as: (1) historic bridges, (2) minimum operating speed and ADT, (3) bridge
width, (4) benefit-cost ratio, (5) urban areas, and (6) bridge crash history, etc.

Table 2.3. Survey responses of state DOTs

Determining Factor for Approach Number of
Rail Use Responses
All state-aid bridges protected 26
ADT threshold 2
Speed threshold 3
ADT and speed threshold 3
Decision made on case-by-case basis 1
No response 15

The Gates et al. study began with a sample of 398 bridges, mostly rural county state-aid highway
bridges from 10 counties in Minnesota. Of the 398 bridges, there were 155 with approach
guardrail and 243 without approach guardrail. The crashes near the sample bridges were filtered
to include all single-vehicle fixed-object or run-off-the-road crashes within 200 ft of the bridge
and occurring between 1988 and 2002. This filter left 263 crashes with 156 being at bridges with
approach guardrail and 107 being at bridges without approach guardrail.



In order to determine whether or not the crash involved approach guardrail, or would likely have
had it existed, the following information was reviewed from the police reports of the 263 filtered
crashes: (1) initial object struck in crash, (2) physical local of crash with respect to bridge, and
(3) verification of presence or absence of approach guardrail. A crash was included in further
analyses if (1) the crash occurred on the approach or departure side or (2) the crash involved
collision with a bridge component, road-side fixed object, or other roadside collision very near
bridge. Thus, all crashes occurring on the bridge were not included in the subsequently
completed analyses. This second filter left a sample of 96 bridges, 47 with approach guardrail
and 49 without approach guardrail.

The statistical analyses performed on the data included (1) logistic regression used to determine
if crash severity was affected by various roadway, bridge, and crash characteristics and (2) a
two-way Pearson chi-square test to determine if guardrail presence had an impact on both crash
type and severity.

Table 2.4 shows the findings of the logistic regression analysis. According to the analysis,
collisions with the roadside or bridge rail end are approximately 2.5 times more likely to result in
fatalities or incapacitating injury (A-injuries) versus collisions with approach guardrail. Also,
guardrail crashes are nearly twice as likely to result in no injuries versus roadside or bridge rail
crashes.

Table 2.4. Probability of crash severity versus object struck from logistic regression

Probability of a Given Crash Severity Based on the

Object Struck
Severity (based on KABCO scale) Roadside Bridge Rail Guardrail
Property damage only 0.337 0.299 0.586
B-injuries/C-injuries 0.451 0.458 0.326
Fatalities/A-injuries 0.213 0.243 0.088

According to two-way Pearson chi-square analysis that was performed, when the crash severity
was associated with the object stuck, zero of the 33 crashes with approach guardrail resulted in
fatalities or A-injuries, while roughly one-quarter of the 63 roadside and bridge rail crashes
resulted in fatalities or A-injuries. Like the logistic regression analysis, the chi-square test
showed that crashes with the approach guardrail were much more likely to result in no injury
versus roadside or bridge rail crashes. It appears that the crash severity is significantly affected
by the type of object struck in the collision.

The chi-square analysis of object struck vs. guardrail presence showed that the presence of a
guardrail did have an effect on the type of objects struck. In crashes at bridges without approach
guardrail about 70 percent of the crashes were collisions with the bridge rail. Of the crashes at
bridges with approach guardrail about 6 percent were collisions with the bridge rail.

A third chi-square analysis - crash severity vs. guardrail presence - was completed. The chi-



square analysis confirmed that crashes at bridges with approach guardrail were significantly less
severe than crashes at bridges without approach guardrail. The percentage of fatality/A-injury
crashes at bridges without approach guardrail was 4.5 greater than the percentage of fatality/A-
injury crashes at bridges with approach guardrails.

Analysis of the approach-side versus departure-side crashes was completed. The analysis showed
that the location of the crash, either approach or departure side, was not affected by the presence
of the guardrail. The approach side guardrail was effective in 69% of the cases and the departure
side guardrail was effective 35% of the time. Although the departure guardrail was less effective
further analysis suggests substantial reductions in crash severity will occur if departure-side
guardrail is installed in addition to approach-side guardrail.

In order to determine the cost-effectiveness of bridge approach guardrail Gates et al. performed a
benefit-cost analysis. A 30-year life-cycle cost for bridge approach guardrail was estimated and
halved to match the 15 year length of the crash analysis period. The benefit for installing
approach guardrail is the reduction in severity and subsequent cost of crashes near the bridge.
The cost of each of the KABCO (i.e. K=fatal crash, A=incapacitating injury, B=non-
incapacitating injury, C=possible injury) severity levels was estimated for use as benefits.

Prior to performing the benefit-cost calculations, the sample of bridges without approach
guardrail was separated into categories based on the ADT. The benefit-cost analysis was
performed on the sample of bridge without approach guardrail. Equation 1 was used to compute
the benefit-cost ratio. The benefit-cost ratio became greater than 1.0 at an ADT threshold of 400.

Benefit Cost of Crashes Based on Reported Severities

(1

Cost  Cost of Crashes Assuming Guardrail Installed+Guardrail Install and Maintenance Cost

Gates et al. recommended that Mn/DOT use guardrails at bridges with an ADT of greater than or
equal to 400 vpd, and that those with an ADT between 150 and 400 vpd be reviewed
individually. It was also noted that bridges located on horizontal curves and bridges with a bridge
deck width less than the approach roadway may warrant guardrail even with an ADT between
150 and 400 vpd. It was further stated that guardrail is probably not cost-effective on bridges
with an ADT of less than 150 vpd. Also, when guardrail is installed, it is recommended to be
installed on all four corners of the bridge.

2.2.2.3 Missouri

The Missouri Highway and Transportation Department (Dare, 1992) also concluded that roads
with ADT of 400 vehicles per day and a 60 mph speed limit and 2 ft lateral guardrail offset do
not have large enough traffic volumes to warrant approach guardrails. The same study also
provided higher ADT threshold values for 40 mph and 50 mph speeds and lateral offsets of 8 ft
and 10 ft.

2.2.2.4 Iowa

A similar study in the state of lowa (Schwall, 1989), looked at the cost-effectiveness of approach
guardrails on primary system roads. Schwall’s study found that in order to obtain a benefit-cost



ratio of 1.0, a traffic volume of at least 1400 vehicles per day with a guardrail offset of 2 ft is
needed. The study also found that the benefit-cost increase with increased traffic volume would
decrease with an increase in the guardrail offset. In general, all previously presented research
was limited to only the approach railing for bridges, and did not focus on bridge and approach
railing on low-volume roads, specifically in lowa.

2.2.2.5 Texas

Turner (1984) conducted a study to predict bridge accidents at bridges. Rural, two-lane, two-way
bridge accidents were the focus of the study which included a data set containing 1,000,000
accidents, 29,000 bridges, and 100,000 roadway segments. The investigation was narrowed to a
statistically consistent sample of 2,849 accidents that occurred at/on 2,087 structures over a four
year period. Manual, correlation, and regression analyses were used to form relationships
between accidents and predictor variables. The research led to emphasis on three key variables:
(1) Bridge relative width (bridge width minus road width); (2) average daily traffic (ADT); and
(3) approach roadway width. Using these factors as independent variables, regression curves
helped predict accidents as well as a probability table. Combining the rates with ADT values for
particular structures produced the expected accidents per year. Statistical devices were used to
measure the effectiveness of the study and produced values that represented very strong trends,
indicating that the probability table was a good means for predicting bridge accidents.

The Turner project was completed with the intent of identifying hazardous structures, evaluating
potential safety treatments, and setting priorities for improvements. Identification of an accident
prediction technique was the primary focus of the project in which a simple and direct way to
measure a structure’s likelihood of being the site of an accident was the objective. Based on
historical data, the predicted trend was that bridges constructed narrower than their approach
pavement become increasingly more dangerous as the difference in relative width increased.
Previous studies evaluated with Turner’s conclusions found that 70% of all bridge accidents
occurred on bridges 20% narrower that the approach and 60% of all accidents had a point of
impact occurring on the approach bridge end on the vehicle’s side of the road (typically the right
side). One previous study found that approach pavement transition, narrow bridge width,
roadway curvature to the left, and adjacent intersection bridge geometry characteristics seemed
to exist at bridges with notorious accident records. These multiple historical studies show that
widespread concerns exist for the narrow bridge accident problem.

Three specific types of data were gathered and prepared for a thorough examination of the
narrow bridge issue. The examined structures were restricted to two-lane, two-way traffic
carrying structures on rural roads. The collected data included (1) Accident data were gathered to
characterize the most hazardous structures and the collisions occurring at those locations, (2)
Bridge data were acquired to establish the geometric details of dangerous structures, and (3)
Approach roadway data were needed to isolate the impacts of the bridge from the roadway.
Limiting the data to these conditions helped to eliminate as many extraneous variables as
possible. The four year period studied resulted in a data sample of 4,095 incidents. After
developing the set of guidelines for the desired study population (rural, two-lane, two-way
bridges) all bridge collisions not within the criteria were removed from the data set. This stage
purified the data to a consistent sample of 2,849 crashes that occurred on 2,087 structures over
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the four year period.

Searching for a simple, direct way to evaluate the degree of hazard for any structure was
accomplished via a manual review of the plotted/tabulated data, correlation and regression
studies, and the designation of key variables and selection of the final predictor model. Fourteen
of the 25 variables showed a strong relationship with accident rate during the correlation analysis
(note that five of the fourteen were the square of another variable.) Using the Coefficient of
Multiple Determination, R? (a measure of the prediction accuracy), it was found that 8 of the 25
variables were significantly related to accident rate. Turner ranked the variables in ascending
order of importance based on individual ratings and their subjective judgment to form the Table
2.5.

Table 2.5. Relative Predictor Strength of Key Variables (Turner, 1984)

Tabulation and

Variable . Correlation Regression Study Rank
Plotting
Relative Width Very good Very strong Strong 1
Ave;iizﬁlzally Good Very strong Strong 2
Approach Width Good Very strong Strong 3
Road Class Uncertain Strong Strong 4
Relative width - Very strong Poor 5

The variables ADT, relative width, and approach width were chosen as key variables for
developing a probability table capable of predicting collisions. The crash probabilities were
expressed as the number of occurrences per million vehicles in order to be directly related to
ADT. Approach roadway width and bridge relative width were used to organize a results table
(see Table 2.6). Accordingly, the 7,245 structures were assigned to appropriate cells in the table.
As expected, the majority of the structures were located on roads in the 18-26 ft range. The
accident probabilities fit the expected pattern well. Generally, the structures become safer as one
moves from the upper left corner of the table to the bottom right. Cells containing irregular
values of accident rate were found to be the result of either a small number of bridges or a low
number of vehicular passages. Since these data contained smaller sample sizes they produced
misleading results and were “smoothed” using data from more reliable cells. After further
investigation, approach roadway width was dropped from the analysis because it was found to be
non-significant.
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Table 2.6 Probability of Bridge Accident per Million Vehicular Passage (Turner, 1984)

Bridge Approach Roadway Width (ft)

Relative  16.0- 18.1— 20.1— 221—  241— 261— 281—  Over
Width (ft) 18.0  20.0 22.0 24.0 26.0 28.0 30.0 30.0
Over6.0 | »00 0767 0436 0.135 0.060  0.030 0200  0.163
narrower

41-6.0 500 1171 0757 0686  0.604 0533 0472 0.150
narrower

21-40 150 0476 0490  0.503 0.500  0.400 0300  0.140
narrower

0.1-2.0 (o1l 0649 0553  0.695 0479 0500  0.400  0.130
narrower

0.0-2.0 344 0496 0330 0529 0319 0497  0.677  0.120
wider

21-40 o 0319 0319 0308 0477 0448 0420  0.105
wider

41-60 517 0200 0193 0256 0224  0.176 0.128  0.080
wider

6.1-8.0 54 0470 0234 0.061 0.162  0.113  0.064  0.056
wider

8.1-10.0

. 0.165 0.000 0170  0.145 0333 0331 0200  0.120
wider

101141 40 0123 0120 0.083 0.148  0.171  0.068  0.176
wider

Over14.0  0.113  0.110 0.066 0.090 0.098 0.102 0.299 0.248

Initially, a simple regression was used based solely on relative width producing an R* value of
0.62 indicating a fair fit to the data. Weighted regression analysis was then performed to
overcome this weakness by weighting each data point based on the number of vehicular passages
during the study period. Therefore, data points with more traffic were given a higher level of
importance to reduce the impacts of the scattered data in the low relative width portion of the
table. The weighted equation resulted in a strong R* value of 0.74 and is listed as:

A =0.5085 — 0.0522RW — 0.0053 RW? - 0.001 RW* (1)

Where A = the accident rate per million vehicular passages and RW = the relative width in feet
The final equation used consisted of a second weighted analysis that was performed for all
structures except those with extremely narrow relative widths. This equation was an excellent

predictor of the data as noted by its high R* value of 0.81. This equation was:

A =0.4949 — 0.0612 RW + 0.0022 RW? )

Figure 2.1 shows a comparison of the final two regression equations. Equation 2 represents an
accident rate pattern that better fits the expected situation. The effort of finding a simple and
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direct way to predict bridge accidents was successful for several reasons. One, a large data set
was screened and reduced to a desired and pertinent collection of bridge collision data for rural,
two-lane, two-way traffic structures. Second, the use of manual, correlation, and regression
techniques revealed that bridge relative width, average daily traffic volume, and approach
roadway width were the most important variables in predicting accidents. Third, a probability
table that includes combinations of approach roadway width and bridge relative width outputting
expected collision rates was found to be the best way to predict crashes at various sites. Using
the rates from this table multiplied by average traffic volume one is able to yield the number of
crashes expected at any particular structure. Lastly, weighted regression analysis proved that the
table does a great job predicting accidents in the normal range of bridge widths as confirmed
with a high measure of prediction accuracy (R* = 0.81.)
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Figure 2.1. Accidents based on relative bridge widths (Turner, 1984)
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3. SURVEY RESULTS
3.1. Survey Overview

As mentioned previously IM 3.213 provides guidance for determining if guardrail and bridge
rails are needed. To collect similar information about the guidelines or policies of organizations,
an eight question survey was sent to federal, state, and local bridge owners across that nation.
The survey was divided into three basic categories; the first related to the basis for placement of
traffic barriers on low-volume road bridges, the second related to the types of protective
treatments being used for guardrail and bridge rail systems, and the third related to determining if
the criteria for barrier placement had been modified in the past 10 years and the effects of the
changes. The survey can be found in Appendix B along with the complete respondent answers.

3.2. Federal and State Agency Survey Results

In total, 27 non-lowa bridge owners responded to the survey; 1 of the respondents was a federal
agency, 22 were state transportation departments, 3 were local county agencies, and 1 was a
Canadian providence agency. Figure 3.1 summarizes the response of the 24 non-local bridge
owners to the three basic questions. It should be noted that some of the responding agencies (e.g.,
State DOTs) indicated that they do not have roads with ADTs of 400vpd or less.
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Use ADT as a Use of protective The criteria for
requirement for bridge  treatments other than determining traffic
barriers "W" beam barrier use changed in
past 10yr.
OYes

Three Basic Categories
= No

Figure 3.1. Non-Iowa bridge owner responses (24 respondents)

In general, the respondents that did use ADT as a criterion for guard rail usage also used other
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criteria for establishing the use or guardrail type. Many owners indicate that they include speed
limit and geometry as criteria. The states using ADT did not necessarily use it as a limit for
determining when a guardrail was needed but as a factor for determining the minimum
performance requirements for the guardrail. An ADT of 400 vpd was the most commonly cited
threshold.

As seen from Figure 3.1, 17 of the 24 respondents used protective treatment types other than
“W” beams. A commonly cited alternative rail type was the thrie beam. However, tube rails,
concrete barriers, and timber were also listed as alternatives to standard “W”” beams. No state
specifically stated the use of cable railing as an alternate to “W” beams.

From the responses, it appears that very few states have changed their criteria for determining
traffic barrier use on low-volume roads in the last 10 years. The agencies that have changed their
criteria based the use of protective treatment on ADT and other speed or geometric factors. For
example, Minnesota DOT changed their criteria in 2008 based on the Minnesota Local Road
Research Board Study conducted in 2005. The old criteria stated that guardrail is required where
the speed limit is higher than 40 mph and the ADT exceeds 749 vpd or the bridge clear width is
less than the sum of lane and shoulder widths. The new 2008 criteria lowers the ADT threshold
to 400vpd. None of the positively responding agencies indicated that they had information on the
impacts of the criteria change.

Several agencies provided standard drawings for bridge and/or approach rails. Appendix E
illustrates the various state bridge and approach rail standard drawings. In addition, some state
agencies provided information pertaining to bridge and approach rail policy. The policy
information is summarized below.

3.3 Agency Specific Policies
3.3.1 US Forest Service

The US Forest Service has a policy, FSH 7709.56b, section 7, that states that the primary
criterion for bridge railing system selection is safety. Details of bridge rail function are listed
within the policy; however, no road criteria (i.e., road width, ADT, geometry, etc.) are given
with which the benefit-cost of the system could be evaluated. The strength and geometry of the
railing system is to be based on AASHTO “Standard Specifications for Highway Bridges”.

All new road bridges are required to have approach rails if the bridge has bridge railing, and the
approach rail is to conform to the AASHTO Roadside Design Guide.

3.3.2 lllinois DOT

The Illinois DOT requires an approaching roadside barrier or terminal section for all bridge rail
ends nearest the flow of traffic. Exceptions to this policy are made for the following situations:
1. Bridges are located on low speed (less than 25mph) curbed roads

2. Bridges with ADT less than 150, the bridge width is the approach roadway width, and the
bridge has tangent alignment.
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3. The township or district bridge has a larger width than the roadway and the bridge is on
tangent alignment.

However, these exceptions do not apply if the design speed exceeds the design speed shown in
the Illinois DOT Bureau of Local Roads and Streets Geometric Design Tables. With respect to
bridge rail ends on the departure end of two-way roadways, the need for shielding the bridge end
is determined by whether the bridge is in the clear zone.

3.3.3 North Carolina DOT

The North Carolina DOT guardrail and bridge rail policies can be found in the Sub Regional Tier
Design Guidelines for Bridge Projects. These guidelines require transition guardrails on all four
corners of an undivided two-way, two-lane bridge. The minimum length of guardrail required is
dependent upon the design speed of the bridge. In the case of very low volume local roads, the
North Carolina DOT allows the use of the Guidelines for Geometric Design for Very Low-
Volume Local Roads (ADT<400) (AASHTO 2001A) in lieu of the Sub Regional Tier Design
Guidelines for Bridge Projects.

3.3.4 North Dakota DOT

The North Dakota DOT requires bridge rail ends be treated with W-beam guardrails and the
bridge rail be crash tested to NCHRP Report 350 standards. The type of W-beam guardrail to be
used is dependent upon the bridge rail type. The guardrail shall be flared unless the geometry
does not allow a flare. The required flare rate and length are dependent upon the design speed.
The North Dakota DOT uses four W-beam guardrail end treatments with varying site location
and guardrail installation configuration requirements. The four end treatments are the ET-2000,
the Flared Energy Absorbing Terminal, the Sequential Kinking Terminal, and the Slotted Rail
Terminal.

3.4. Iowa County Results

In addition to the national survey, lowa’s 99 counties were also solicited for their input on
protective bridge treatments. Thirty one counties responded to the survey. The responses to the
three general categories are summarized in Figure 3.2.
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Figure 3.2. Iowa county bridge owner responses (31 respondents)

Very few counties were found to use ADT as a requirement for bridge protection. One county
indicated that they use an ADT of 100 vpd for traffic barriers, however, it was indicated that this
is not a written policy. Another county responded that it has a three level written policy for
determining if traffic barriers should be installed on locally funded bridges. No traffic barriers
are needed if the ADT is 50 vpd or less, and the bridge width is 24 ft or greater. The approach
ends of a bridge needs traffic barriers if the ADT is 51 to 99 vpd, and the bridge width is 24 ft or
more. Traffic barriers on all four bridge ends need to be installed when the ADT is 100 vpd or
greater, and the bridge width is 24 ft or wider.

The majority of lowa County respondents indicated that they did not have specific ADT criteria
stated other criteria that were generally included in IM 3.213. Other criteria not stated in the IM
3.213, that are being used by Iowa counties, include project funding, crash history, and road
surface type. Some counties stated all new or rehabilitated bridges are constructed with guardrail
independent of the criteria previously mentioned.

The general majority of the county respondents indicated that they use a “W” or thrie beam for
their bridge protective treatments. Two counties stated in addition to “W” or thrie beams, they
used cable rail. One county stated extra signage and delineators have also been used to provide
end of bridge delineation.

The three counties that have changed their criteria for determining the use of protective
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treatments have either changed to using The IADOT IM 3.213 or changed the type of barrier
they have been using. One county stated the cost of guardrails went up when they changed their
policy to using only “W” beams.
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4. CRASH ANALYSIS METHODOLOGY
4.1 Preliminary Bridge and Crash Selection

To evaluate the possible safety impacts of bridge rail and guardrail on low volume road (LVR)
structures in the state of lowa, statewide analyses of LVR bridge crashes was conducted. Primary
data sources for these analyses included the lowa DOT’s Geographic Information Management
System (GIMS) roadway and structures databases and the 2001 to 2008 crash database. These
databases include all public roadways (~113,000 miles), structures with a minimum length of 20
feet (~26,500), and reportable crashes on public roadways (injury or minimum property damage
of $1,000; eight year average of 59,000 crashes annually) within lowa. Given the eight year
analysis period, the 2001 to 2008 GIMS databases were compared to assess potential temporal
differences, particularly with respect to the extent of the LVR network and number of
corresponding structures. Since limited temporal differences were observed, the 2003 GIMS
snapshot, a central year in the analysis period, was ultimately selected for use in analysis.

The GIMS roadway database was first utilized to identify all LVRs in the state. LVRs were
defined using the following criteria:

e annual average daily traffic (AADT) less than or equal to 400 vehicles per day,
e high speed, i.e. speed limit greater than or equal to 45 mph, and
e road classification (municipal and secondary only)

Based on these criteria, approximately 78,900 miles of LVRs were identified, representing
approximately 70% of the public roadways in the state.

With the LVRs established, the bridges located on these roadways were identified. Of the nearly
26,500 bridges in the structures database, approximately 17,230 (65%) were located on LVRs.
As alluded to previously, not all structures in the state are contained in the structures database;
specifically, only structures with a minimum length of 20 feet are included. Since many LVR
structures are less than 20 feet in length, the GIMS database underestimates the number of LVR
bridges where crashes may occur. Based on bridge inventories obtained from two counties, the
GIMs database excluded 5% and 20% from the total number of bridges. Therefore, in an attempt
to capture all crashes of possible interest, including those not located at an inventoried bridge,
crashes located within 50 meters of either an inventoried bridge or stream/ river proximate to a
LVR were selected. The spatial proximity of 50 meters was employed to address changes
(improvements) in the spatial accuracies of the roadway, structures and crash databases through
the analysis period.

Figures 4.1 to 4.9 present various representative LVR bridges, bridge rail and approach guardrail
applications found in the state. Figures 4.1 and 4.2 demonstrate why the crash identification
process was expanded beyond the statewide bridge inventory to include structures under 20 ft in
length. Both bridges are timber with timber bridge rail, and no approach guardrail; however, the
bridge in Figure 4.1 is not included in the state inventory due to its length. Figure 4.3 presents a
similar timber bridge with a damaged bridge rail.
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Figure 4.1. LVR timber bridge not included in the state inventory

Figure 4.2. LVR timber bridge included in the state inventory
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Figure 4.3. LVR timber bridge, with damaged bridge rail, included in the state inventory

Figures 4.4 through 4.8 are example concrete LVR bridges, some with different types of bridge
rail and approach guardrail applications. Similar to the timber bridges in Figures 4.1 and 4.2, the
bridges in Figures 4.4 and 4.5 appear nearly identical but only Figure 4.5 is included in the state
inventory.

Figure 4.4. LVR concrete bridge not included in the state inventory
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Figure 4.5. LVR concrete bridge included in the state inventory

Figure 4.6. LVR concrete bridge, with timber and metal bridge rail, included in the state
inventory
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Figure 4.7. LVR concrete bridge, with directional approach guardrail, included in the state
inventory

Figure 4.8. LVR concrete bridge, with continuous guardrail, not included in the state
inventory

Figure 4.9 represents a commonly found concrete culvert with concrete parapets. While this
culvert would not be classified as a bridge, regardless of its length, the parapets likely pose a
hazard similar to the bridges presented in Figures 4.4 and 4.5.
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Figure 4.9. LVR concrete culvert, with parapets, not included in the state inventory
4.2 Crash Refinement

The preliminary crashes of interest were then refined by selecting only those involving a
rollover, roadway departure, collision with a guardrail, or collision with a bridge or bridge rail.
The majority of the crashes eliminated from consideration were either located at an intersection,
were multi-vehicle head-on collisions, or were collisions with an animal. Through detailed visual
inspection, crashes located on a high volume roadway at/near a LVR overpass were also
excluded from consideration. Additionally, upon advisement from the project technical advisory
committee, all roadway departure crashes not involving a collision with a bridge-related
component were excluded from consideration. These crashes were excluded because the primary
purpose of approach guardrail on LVR bridges in lowa is to shield the bridge end and not to
protect motorists from other secondary hazards, such as a ditch, ravine, or waterway.

The locations of the 397 remaining crashes were then visually reviewed within GIS,
supplementing the roadway, structures and crash data with aerial imagery. Aerial imagery was
used to verify the presence of a bridge at the crash site. This was particularly important for
crashes selected based on their spatial proximity to a LVR and stream/river (i.e., sites where a
bridge did not exist in the structures database). Figure 4.10 presents a crash that occurred at a
bridge not included in the state inventory. The figure also presents the location of an inventoried
bridge with no crash history. It is also important to note that crashes are geocoded based on the
available GIS data sets (of various spatial accuracies), and not aerial imagery. This explains the
differences in the actual and GIS-represented stream alignment.
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Figure 4.10. Crash located at a LVR bridge not included in the state inventory

Crash narratives and diagrams were also reviewed to validate the accuracy of the attribute data
contained in the crash database (particularly a collision with approach guardrail, bridge rail or
other bridge-related component) and eliminate any crashes that may not be applicable. Based on
the crash narratives and diagrams, the crash data were supplemented with the following fixed
object collision categories and collision locations:

e Approach rail between terminal end and bridge
e Approach rail at the terminal end

e Approach rail unclear

e Bridge rail

e Bridge terminal end

e Bridge unclear

e Not applicable

The following subcategories were also populated to classify the order in which the fixed object
was struck. The primary objective of this classification was to determine whether the fixed object
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collision was preceded by a collision with another vehicle (i.e., if the object was directly or
indirectly impacted).

e Primary collision with approach rail or bridge rail
e Secondary collision with approach rail or bridge rail
e Not applicable

Upon final validation, a total of 341 crashes with LVR bridges were identified over the eight
year analysis period. These 341 crashes occurred at 268 inventoried bridges. Of the 268 bridges
two of them had three crashes, ten of them had two crashes, and 256 of them had one crash. Fifty
nine of the crashes occurred on non-inventoried bridges.
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5. DESCRIPTIVE ANALYSIS
5.1 Overview

Descriptive analysis techniques and graphical representations were used to summarize and
interpret the various characteristics of the 17,230 inventoried LVR bridges and the 341 crashes
that occurred at these LVR bridges during the analysis period. The IADOT IM traffic volume
(AADT), bridge width and bridge length categories were used, in part, as guidelines during data
assimilation. Bridge and crash data were also summarized based on traffic safety feature
standards, road surface type, crash severity, object struck, sequence (order) of collision, light
conditions, weather conditions, driving surface conditions, and relative bridge width. Brief
descriptions of each of the characteristics follow:

e AADT: The average annual daily traffic (vehicles per day) traversing the bridge. In some
cases, if no data were provided, an estimate was utilized.

e Bridge Width: The most restrictive (minimum) distance between curbs or rails on the
structure. The primary width increments were based on ranges presented in the IM
report.

e Bridge Length: The overall length of the roadway supported on the structure from back
faces of the backwalls, measured along the centerline.

e Traffic Safety: Indicates whether the bridge rail, transitions, approach rail and approach
ends are coded as meeting “current acceptable standards”, as designated by the
inspections conducted in accordance with Recording and Coding Guide for the Structure
Inventory and Appraisal of the Nation’s Bridges (FHWA 1995), or if the aforementioned
safety features are required. Note that the research team has relied upon the accuracy of
these assessments that have, obviously, been made by others.

e Road Surface Type: The roadway surface material approaching the bridge. This surface
is often different from that of the bridge itself.

e (Crash Severity: The severity of the crash based on the worst injury suffered by any
person involved in the crash (e.g., fatal, major injury, minor injury, or possible injury). If
no injuries occurred in the crash, the severity is classified as property damage only.

e Object Struck: The bridge feature, and the corresponding location on this feature, struck
by a vehicle (e.g., bridge rail or approach guardrail end or between ends).

e Order of Strike: Indicates whether a bridge rail or guardrail strike was the primary
collision (i.e., first object struck) or the secondary collision (e.g., collision with another
vehicle, followed by bridge rail collision).

e Light Conditions: The natural lighting conditions at the time of the crash, and if dark,
whether the location was artificially lit.

e Weather Conditions: The weather conditions at the time of the crash (e.g., foggy, mist,
snow, etc.).
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e Driving Surface Conditions: The roadway surface conditions at the time of the crash.

e Relative Bridge Width: The difference between the bridge and approach roadway width
(i.e., bridge width minus roadway width). A negative value indicates that the bridge is
narrower than the roadway.

Crash rate was also computed for various bridge characteristics. Crash rate takes into
consideration the exposure of vehicles to individual bridge characteristics. For example, the
number of bridges possessing a certain feature, and the number of vehicles exposed to this
feature, may not be proportional (e.g., each bridge possesses a different AADT). Given the
relatively short length of the majority of bridges, the linear extent of each bridge was ignored in
the crash rate calculations. Bridge AADT was treated as daily entering vehicles (DEV). The
equation used for calculating crash rate (CR) per million entering vehicles is as follows:

#Crashesx1000000

CR = 5.1
DEV*365darys*#Years ( )

Appendix C contains a series of summary tables based on the IADOT Instructional
Memorandum (IM) factors of AADT, bridge width, and bridge length. Pertinent details from
these tables are presented in the following sections.

5.2 Traffic Volume

The traffic volume for the majority of bridges, 57% (9,792), is less than 50 vehicles per day
(vpd). Another 25% (4,337) of bridges have a traffic volume from 50 to 99 vpd. Moreover, the
vast majority of the low volume bridges, 92% (15,839), fall within the first IM category (i.e., less
than 200 vpd).

Regarding crash experience, approximately 77% (263) of the crashes occurred on bridges with a
traffic volume less than 100 vpd. Under the IADOT IM No. 3.213 these bridges do not receive
points in the bridge rail rating system and are listed as bridges that may not qualify as needing
guardrail according to the design exceptions.

5.3 Bridge Width

Approximately 60% (10,178) of all low volume bridges have a width less than 24 feet,
representing two of the five IM bridge width categories. The width of half (4,748) of the bridges
with a traffic volume less than 50 vpd is 20 feet or less. In general, bridges with higher traffic
volumes (100 vpd or more) are wider (28 feet or greater).

Nearly 75% (205) of crashes occurred on bridges with known widths less than 25 feet (270).
Additionally, over 30% (84) of crashes occurred on bridges with known widths less than 20 feet.
Over 40% (42) of the crashes that occurred on roads with less than 50 vpd (99) were on/at
bridges with widths of 20 feet or less.
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5.4 Bridge Length

Over 50% (9,004) of the low volume bridges fall within the first (of five) IM length category (1
to 49 feet). Nearly half, 45% (158), of crashes occur on bridges with a length less than 49 ft,
assuming that crashes at non-inventoried bridges also fall within this category.

5.5 Traffic Safety Features

The vast majority, 71% (12,312), of low volume bridges are indicated to not have bridge rail that
meets “current acceptable standards” during their most recent inspection. This percentage
increases to 78% (7,615) for bridges with less than 50 vpd (9,792).

Over half, 55% (53), of the crashes that occurred on roads with less than 50 vpd (99) were at/on
bridges where the bridge rail was indicated to not meet “current acceptable standards”.

Approximately 77% (13,342) of low volume bridges did not have transitions that were indicated
to meet “current acceptable standards”, with a similar number of bridges not having approach
rails and approach ends indicated to meet “current acceptable standards”. The percentages of

crashes associated with these traffic safety features are 77% (216), 74% (209), and 77% (218),
respectively.

In general, roads with higher traffic volumes were more likely to have features that were
identified as meeting traffic safety “current acceptable standards”. Upon review of the crash
narratives, it was found that the bridge rail was indicated as not meeting “current acceptable
standards” in over half, 54% (75), of the crashes known to strike the bridge rail (140). The bridge
rail was indicated as not meeting “current acceptable standards” in 66% (45) of the crashes
where the location of the bridge crash was unclear (68).

Guardrail was indicated to meet “current acceptable standards” in 41% (14) of the guardrail
crashes (34). Guardrail was indicated as not meeting “current acceptable standards” in nearly

half, 48% (16), of crashes where the location of impact with guardrail was unclear (33).

5.6 Road Surface Type

The approach roadway surface at 84% (14,507) of low volume bridges is gravel. This percentage
increased to 90% (8,788) and 97% (4,200) for bridges with less than 50 vpd (9,729) and 50 to 99
vpd (4,337), respectively.

Over three-quarters, 76% (258), of crashes occurred on bridges where the surface of the adjacent
roadway is gravel. The percentages of crashes occurring on gravel roads are 94% (93) and 96%
(97) for bridges with less than 50 vpd (99) and 50 to 99 vpd (101), respectively.

5.7 Crash Severity
Half of the crashes (172) at/on low volume bridges were property damage only; 10% (31) were
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fatal and major injury crashes. The remaining crashes involved minor or possible injuries.

5.8 Crash Location

The bridge rail was struck in 41% (140) of the low volume bridge crashes. The bridge end was
struck in 16% (54) of the crashes, and approach guardrail was struck in 24% (79) of the crashes.
The location of the collision was unclear in approximately 20% (68) of all crashes. The bridge
(or guardrail) was the first (primary) object struck in 96% (329) of all crashes.

5.9 Lighting Conditions and Time of Day

Nearly half, 47% (161), of the crashes occurred at dark (unlit) bridges, while 45% (153) of
crashes occurred in day light. Figure 5.1 and Figure 5.2 present a comparison of the distributions
of rural secondary road traffic volumes (source: IADOT Automatic Traffic Recorders 1993-
2003, January 2004) and low volume road bridge crashes by time of day and weekday or
weekend, respectively. During weekdays, similar distribution patterns exist between 6:00 a.m.
and 5:00 p.m., with the morning commute period being the most similar. However, the
percentage of crashes is consistently higher from 7:00 p.m. to 6:00 a.m. In fact, the greatest,
single hour percentage of crashes occurred during the 11:00 p.m. hour. This may suggest that
there is an over representation of night time crashes.
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Figure 5.1. Weekday time of crash with time of traffic (traffic information from IADOT
Automatic Traffic Recorders 1993-2003, January 2004).

Figure 5.2 indicates that a much larger percentage of crashes occur during the early morning and
late night hours on the weekend, compared to the during week traffic volume. The proportion of
crashes appears nearly inversely proportionally to traffic volumes. During the higher traffic
periods (e.g., midday to afternoon) the crash percentage is the lowest. As with the weekday
analysis, there appears to be an over representation of night time crashes but much more
pronounced during the weekend.
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Figure 5.2. Weekend time of crash with time of traffic (traffic information from IADOT
Automatic Traffic Recorders 1993-2003, January 2004).

5.10 Weather and Road Surface Conditions

Approximately 80% (265) of low volume bridge crashes occurred under normal weather
conditions. Nearly half, 46% (158), of crashes occurred on a dry surface, with nearly another
30% (95) reported as occurring on a gravel surface, which is reported in the same category as
surface conditions related to weather.

5.11 Crash Rate

To take exposure into consideration, crash rate was computed for the IM categories of AADT,
bridge width, and bridge length. Tables 5.1 to 5.3 present crash rates for various AADT, bridge
width, and bridge length ranges. In addition to the IM categories, crash rate was also calculated
for relative bridge width (Table 5.4). Bridges with inventory information left blank or defaulted
to zero are presented as not listed in the tables.

When evaluating crash rate by traffic volume (shown in Table 5.1), crash rate decreased as
bridge traffic volume increased. In other words, bridges with lower traffic volumes possessed
higher crash rates. This becomes more evident when graphed, as seen in Figure 5.3. Both the
crash frequency and crash rate are higher for bridges with lower traffic volumes (i.e., less than
100 vpd).
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Table 5.1. LVR AADT structure crash history and crash rate.

AADT All Inventoried LVR Bridges # of Crashes (%) Crash Rate
# of Bridges (%) DEV (%) i per MEV
Not Listed 11 (0%) 0 (0%) 1 (0%) N/A
1to 49 9,792 (57%) 250,960  (22%) 99 (29%) 0.14
50to 99 4,337 (25%) 282,017 (24%) 101 (30%) 0.12
100 to 149 1,190 (7%) 136,208  (12%) 40 (12%) 0.10
150to 199 520 (3%) 86,376 (7%) 23 (7%) 0.09
200 to 400 1,380 (8%) 403,837  (35%) 77 (23%) 0.07
Grand Total 17,230 (100%) 1,159,398 (100%) 341 (100%) 0.10
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Figure 5.3. Crash rate for AADT intervals.

The crash rate by bridge width, tabulated in Table 5.2 and graphed in Figure 5.4, decreased
with an increase in bridge width. However, as the bridge width exceeds approximately 24 ft,
the crash rate appears to become relatively constant. This observation is supported by the
crash frequency analysis, where the majority of crashes occurred on bridges with known
widths less than 25 feet.
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Table 5.2. LVR structure width crash history and crash rate.

Bridge Width,ft All Inventoried LVR Bridges Crash Rate
- # of Crashes (%)
(IM Report) # of Bridges (%) DEV (%) per MEV
Non-Inventoried - (-) - (-) 59 (17%) N/A
Not Listed 1,807 (10%) 170,910  (15%) 12 (4%) 0.02
1to 20 6,846 (40%) 306,664 (26%) 124 (36%) 0.14
20.1t023.9 3,332 (19%) 189,502  (16%) 49 (14%) 0.09
24t0 27.9 2,840 (16%) 201,382 (17%) 44 (13%) 0.07
28t029.9 1,204 (7%) 143,280  (12%) 27 (8%) 0.06
30 or greater 1,201 (7%) 147,660 (13%) 26 (8%) 0.06
Grand Total 17,230  (100%) 1,159,398 (100%) 341  (100%) 0.10
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Figure 5.4. Crash rate for IM Report bridge width intervals.
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The crash rate for different bridge lengths was found to be consistent regardless of bridge
length, Table 5.3 and Figure 5.5. Since daily entering vehicles (DEV) was used to compute
crash rate instead of vehicle-miles of travel (VMT), one may have assumed that the rate
would be higher for longer structures, because more opportunity exists to strike the bridge
rail. However, this was not the case, validating use of DEV in the benefit-cost analysis

presented subsequently.
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Table 5.3. LVR structure length crash history and crash rate.

Bridge Length,ft All Inventoried LVR Bridges Crash Rate
- # of Crashes (%)
(IM Report) # of Bridges (%) DEV (%) per MEV
Non-Inventoried - (-) - (-) 59 (17%) N/A
1to 49 9,004 (52%) 532,576  (46%) 9% (28%) 0.06
50to 99 4,102 (24%) 241,185 (21%) 80 (23%) 0.11
100 to 149 2,343 (14%) 189,050  (16%) 51 (15%) 0.09
150 to 199 918 (5%) 91,625 (8%) 23 (7%) 0.09
200 or greater 863 (5%) 104,962 (9%) 32 (9%) 0.10
Grand Total 17,230 (100%) 1,159,398 (100%) 341 (100%) 0.10
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Figure 5.5. Crash rate for IM Report bridge length intervals.

The crash rate for the relative bridge width categories decreased with decreasing negative
relative bridge width. Additionally, crash rate appeared to level off once the relative bridge width
became positive, as shown in Figure 5.6. In other words, the crash rate was higher for bridges
narrower than the approaching roadway width.
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Table 5.4. LVR relative bridge width and crash rate.

Relative Bridge All Inventoried LVR Bridges Crash Rate
. - # of Crashes (%)
Width,ft # of Bridges (%) DEV (%) per MEV
Non-Inventoried - (-) - (-) 59 (17%) N/A
Not Listed 1807 (10%) 170910  (15%) 12 (4%) 0.02
9 or narrower 452 (3%) 25852 (2%) 13 (4%) 0.17
7-8 narrower 1028 (6%) 50520 (4%) 23 (7%) 0.16
5-6 narrower 1890 (11%) 88477 (8%) 33 (10%) 0.13
3-4 narrower 2600 (15%) 118412  (10%) 39 (11%) 0.11
1-2 narrower 2563 (15%) 136080 (12%) 46 (13%) 0.12
0 (same width) 1525 (9%) 91902 (8%) 25 (7%) 0.09
1-2 wider 1942 (11%) 124095  (11%) 25 (7%) 0.07
3-4 wider 1309 (8%) 83695 (7%) 19 (6%) 0.08
5-6 wider 1030 (6%) 117135 (10%) 19 (6%) 0.06
7-8 wider 726 (4%) 105260 (9%) 19 (6%) 0.06
9 or wider 358 (2%) 47060 (4%) 9 (3%) 0.07
Grand Total 17,230 '(100%) 1,159,398 (100%) 341 (100%) 0.10
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Figure 5.6. Crash rate for relative bridge width intervals.
5.12 Multiple Crashes

Table 5.5 shows the 12 inventoried bridges that have multiple crashes and the crash severity for
each of the crashes. Twenty six of the 341 crashes occurred at bridges with more than one crash.
Therefore, approximately 4% (14) of the crashes occurred at bridges with more than one crash.
Over 50% (14) of crashes that occurred on bridges with multiple crashes were property damage
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only and approximately 40% were minor injury or possible/unknown injury crashes.

Table 5.5. Inventoried bridges with multiple crashes and crash severity.

Bridge Crash Severity : Total
Identification Fatal Major Injury Minor Injury Possible/ Property Crashes
Unknown Damage Only
A 1 1 2
B 1 1 1 3
C 1 1 2
D 2 2
E 1 1 2
F 1 2 3
G 1 1 2
H 1 1 2
| 1 1 2
J 2 2
K 1 1 2
L 1 1 2
Total 1 0 9 2 14 26
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6. STATISTICAL DATA ANALYSIS
6.1 Overview

Two statistical methods were employed to analyze the 341 crashes that occurred at low volume
bridges during the analysis period. These methods included test of proportions and probability
modeling. The following sections provide the methodological background of these methods and
summaries of the results.

6.2 Methodology
6.2.1 Test of Proportions

Statistical testing of the difference between two proportions was performed to determine whether
specific crash characteristics increased for specific bridge characteristics. To accomplish this,
several discrete pairs of bridge characteristics were established (e.g., width less than 24 feet vs.
width greater than 24 feet), and the proportions of various crash characteristics (e.g., severity)
within these pairs computed. The differences between these pairs of proportions were
statistically tested for significance using the z-statistic for a standard Normal random variable.
The z-statistic was applicable because the frequency of crashes for the tested characteristics in
each sample were greater than five, and the two population proportions being compared were
independent (Moore et al, 2003). Statistically significant differences within the samples suggest
an increase of a specific crash characteristic for the corresponding bridge characteristic.

To begin, the null hypothesis was defined as “the two population proportions are equal, or are
not different”, given by:

Ho: p1 = p2. (6.1)

Therefore, the alternate hypothesis was defined as “the two population proportions are not equal,
or are different”, i.e.:

Hi: p1 #p2 (6.2)

where p; represents the first proportion being tested and p, represents the second proportion.

A 95% level of confidence (significance level of 0.05) was selected, and the difference between
the sample proportions computed:

Ip1 - 2l (6.3)

Then, the weighted average of the two sample proportions was computed:

p = ni1p1+n;p; (6.4)

nq +n2
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where n; and n; are the respective number of observations sampled from the two populations.
The estimated standard error of the difference between proportions was calculated as:

Sp Dy . + - (6.5)
The z-statistic was computed by the general formula:
7 = |p1—P2| (6.6)
Sp1-p2
The probability of obtaining a difference between the population proportions as large as, or
larger than, the difference observed in the experiment, i.e. probability value or p-value, was
determined within Microsoft Excel (Lane, 2009). The basic formula can be expressed as:
=IF(z-stat<0,2*NORMDIST(z-stat,0,1,1),2*(1-NORMDIST(z-stat,0,1,1))) (6.7)

where “z-stat” represents the address of the cell containing the z-statistic value (Barreto and
Howland, 2008).

Lastly, the probability value was compared to the significance level of 0.05. If the probability
value was less than or equal to the significance level, the difference tested was significant, and
the null hypothesis was rejected. The tests were also conducted using a 90% level of confidence,
which would yield less significant results.

6.2.2 Crash Frequency

The frequency of vehicle crashes is properly modeled using count data models, the most popular
of which are Poisson and negative binomial regression models. One requirement of the Poisson
distribution is that the mean of the count process equals its variance. When the variance is
significantly larger than the mean, the data are said to be over dispersed, and can be properly
modeled using a negative binomial model (Washington, et al., 2003).

6.2.2.1 Poisson Regression

For a non-negative integer variable, Y, with observed frequencies, y;,i = 1, ..., N, the probability
of y; (in this case, guardrail injuries) at i is given by:

i
EXP(-A)A;"

P =—7-1

(6.8)

where 4; is the Poisson parameter for i, which is equal to the expected frequency low volume
bridge crashes at i, E[y;].
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The log-linear model form used in this paper to predict the expected number of low
volume bridge crashes:

In2; = B, x; (6.9)

where x; is a vector of explanatory variables, and B; is a vector of estimable parameters by
maximum likelihood estimation techniques.

6.2.2.2 Negative Binomial Regression

The negative binomial regression model is an extension of the Poisson regression model which
allows the variance of the process to differ from the mean. One way that the model arises is as a
modification of the Poisson model in which 4; is specified so that:

InZ; =B, + & (6.10)

where EXP(g;) follows a gamma distribution with mean 1.0 and variance a?. This model has an
additional parameter, a, which is often referred to as the over dispersion parameter, such that:

VAR[y;]= Ely,1+0E[y]] 6.11)

6.2.3 Injury Severity

The objective is to model vehicle crash injury severity on low-volume bridges in lowa.
Consideration was given to three possible discrete outcomes when a vehicle is involved in a
crash: no injury (property damage only), possible/unknown or minor injury, and major injury or
fatality.

Recent literature (summarized in Savolainen and Mannering, 2007) indicates that both ordered
(ordered logit and probit) and unordered (multinomial logit and nested logit) probability models
have been used for modeling crash injury severity data. However, ordered models place a
restriction on variable effect which, in the current case, would not allow for the possibility of a
variable simultaneously decreasing the probability of no injury and major injury (alternatively
increasing only the probability of minor injury). Because this is an unnecessary and potentially
erroneous restriction, an unordered discrete outcome model was adopted (see Washington et. al.
2003, for a further explanation of this point).

For crash injury severity outcomes, the multinomial logit model defines a function that

determines injury severity as,

I/Vz'n = Bz’ Xin + Ein (6 12)
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where W, is the function that determines the probability of discrete injury severity outcome i for
crash n, X;, is a vector of measurable characteristics (roadway and crash characteristics) that
determine the injury severity for crash n, B; is a vector of estimable coefficients, and ¢;, is an
error term accounting for unobserved effects influencing the injury severity outcome i for crash
n.

It can be shown that if €;, are assumed to be extreme value distributed (see McFadden, 1981),
then a standard multinomial logit model results,

P (i)= EXPIPX, (6.13)

- > EXP[B,X,]

where P, (i ) is the probability that crash #» will result in an injury outcome i and / is the set of

possible crash injury severity outcomes.
6.3 Results
6.3.1 Test of Proportions

A summary of the test of proportions results is presented in Table 6.1. The crash characteristics
of severity, lighting conditions, and/or object struck were tested with respect to discrete pairs of
bridge traffic volume (AADT), width, length, and relative width. In general, very few
statistically significant differences in proportions were observed.

Of the proportions tested, the difference of possible/unknown injury crashes was statistically
significant at a 95% level of confidence for bridges less than 24 feet wide. The difference of
possible/unknown injury crashes was also statistically significant at a 95 % level of confidence
for bridges with a negative relative width. The difference for guardrail crashes on bridges wider
than 23.9 feet was statistically significant as well. However, this result may not be entirely valid,
because not all bridges possess guardrail.

Decreasing the confidence level to 90%, the difference of major injury crashes was statistically
significant for bridges with a relative width zero or less. Also, the difference of bridge end

crashes was statistically significant for bridges less than 24 feet wide.

Bridge length and traffic volume did not yield in any statistical significance differences when
tested with various crash characteristics.
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Table 6.1. Test of proportion result summary.

Category Crash Characteristics
Bridge Characteristic e L G 5 Crash Severit Light Object Struck - Object Struck -
roup roup rash seventy Conditions Excluding Guardrail*  Including Guardrail *
AADT 1-99VPD 100-400VPD None N/T N/T N/T
AADT 1-49VPD 50-400VPD None N/T N/T N/T
Guardrail Crashes.
Greater for 24-30’. (a=
Possible/Unknown Injury 0.05,95% level of
Crashes. Greaterfor 1-23.9’. confidence)
Bridge Width 1-23.9' 24-30' None None
g (a=0.05,95% level of Bridge End Crashes.
confidence) Greater for 1-23.9". (a=
0.10,90% level of
confidence)
Bridge Length 1-49' >49' None None None None
Major Injury Crashes.
Relative Bridge Width <=0' >0' Greater for<=0". (a=0.10, N/T N/T N/T
90% level of confidence)
Possible/Unknown Injury
Relative Bridge Width <0' >=0' Crashes. Greaterfor<0'. (a= N/T N/T N/T
0.05, 95% level of confidence)

* Test may not be applicable because of exposure, e.g. not all bridges have guardrail.

N/T: Comparison not tested

6.3.2 Crash Frequency

The estimation results from the low volume bridge crash frequency analysis are presented in
Table 6.2. The frequency of vehicle crashes was more likely to be higher on low-volume bridges
that had lower width compared to the roadway, and lower on low-volume bridges that had higher
width compared to the roadway.

Table 6.2 Negative Binomial Regression Model for Frequency of Crashes on Low-volume
Bridges.

Variable Estimated Coefficient t-Statistic
Constant 1.963 5.93
Relative bridge width (bridge minus roadway width) -0.116 -2.81
Dispersion parameter a 2.511 3.67
Number of observations 52

Log-likelihood at zero -297.60

Log- likelihood at convergence -114.12

McFadden Pseudo R-squared 0.617

6.3.3 Injury Severity
The estimation results for the multinomial logit model for low volume bridge vehicle crash
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severity are presented in Table 6.3. For crash-specific variables, findings show that crashes that
occurred on roadways, which were not lighted (i.e., dark), were more likely to result in a major
injury or fatality. Crashes that occurred under partly cloudy or cloudy conditions were less likely
to result in a major injury or fatality (or alternatively more likely to result in no injury or minor

injury).

Turning to roadway-specific variables, it was found that crashes that occurred on bridges of
higher length and crashes that occurred on wider roads were less likely to result in a minor injury
(or alternatively more likely to result in no injury or major injury). On the other hand, the
outcome of crashes that occurred on bridges of higher traffic volume was more likely to be a
minor injury. Last, crashes on gravel roads were more likely to result in minor injury.

Table 6.3. Multinomial logit model for vehicle crash injury severity on low volume bridges
in Iowa.

Variable Estimated Coefficient t-Statistic
Constant [N] -2.034 -4.83
Constant [I] -0.206 -0.07

Crash-Specific Variables
Light conditions—Dark, roadway not

lighted [F] 0.959 2.04
Weather conditions—Partly cloudy
or cloudy [F] -1.146 -2.45
Roadway-Specific Variables
Bridge length [I] -0.011 -1.79
Traffic volume of road (intervals of 50
ft) [1] 0.007 2
Roadway width [I] -0.195 -1.62
Roadway surface type—Gravel [I] 3.395 2.56
Number of observations 341
Mc-Fadden R-squared 0.08

Variables are defined for outcomes: [N] no injury, [I] minorinjury, [F] majorinjury or fatality
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7. ECONOMIC ANALYSIS
7.1 Overview

On a statewide basis (not for an individual bridge), benefit-cost economic analyses were
performed to compare the relative safety benefit of improving bridge rails to meet “current
acceptable standards” and the cost of doing so. The objective of these analyses was to determine
whether statewide improvement of bridges possessing certain characteristics could be warranted.
Several scenarios, evaluating bridges with various traffic volumes, widths, lengths, and relative
widths were evaluated.

Life cycle cost for standard bridge rail was estimated through consultation with IADOT staff and
county engineers. The approximate, total present worth of bridge rail was estimated to be $194/ft
of bridge. The following assumptions were used to estimate the present worth and life cycle cost
of bridge rail:

The life of a bridge rail is approximately 30 years.
There is no useful salvage at the end of the bridge rail life.
The railing cost of $90/ft of bridge length includes:
0 SL-1 system with a thrie-beam on both sides of the bridge.
O Bridge rail end treatment.
0 Labor.
e The maintenance cost of $6/ft of bridge per year includes:
0 Replacement of a thrie-beam section every five years.
The interest rate is assumed at 4% annual discount rate.

The cost of a crash is primarily based on the number and severity of injuries suffered in the
crash. The monetary value assigned to a given injury severity is defined by the FHWA and
shown in Table 7.1. Total crash cost includes all persons killed/injured in the crash as well as the
resulting property damage. For property damage only crashes a police estimate or a value of
$2,700 is used for the crash cost. For the purposes of this study $2,700 was used for all property
damage only crashes.

Table 7.1. Cost of a crash by severity.

Severity Cost
Fatality $3,500,000
Major Injury $240,000
Minor Injury $48,000
Possible Injury $25,000
$2,700, or Police

Pr rty Dam .
operty Damage Estimate

Benefit is obtained by using the crash cost in conjunction with crash reduction factors (CRF) to
determine the equivalent monetary value of the societal cost from crashes that could be reduced
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in number or severity by updating the bridge rail. The CRF values were obtained from the
Desktop Reference for Crash Reduction Factors published by the FHWA in September 2007.
Table 7.2 shows the CRF used for various situations.

Table 7.2. Crash Reduction factors used for analysis.

Type of Treatment Severity CRF
All (high)  20%

Upgrade Bridge Railing  All (low) 5%
Fatal 92%

To investigate the economic benefits of improving the bridge rail to “current acceptable
standards”, only the bridges with rails not meeting “current acceptable standards”, as designated
by the inspections conducted in accordance with Inventory and Appraisal of the Nation’s Bridges
(FHWA 1995), were used for comparison. However, due to the relatively few crashes
experiences, all crashes at/on such bridges were included in the analyses. These crashes may
include those where the bridge rail itself was not necessarily struck. By including all crashes, as
well as crashes associated with non-inventoried bridges (assuming their rails also do not meet
“current acceptable standards™), yielded a more liberal benefit estimate (and, therefore, a
conservative B/C analysis).

Typically, when performing a benefit-cost analysis for a site, the JADOT treats the first fatality
as a major injury. This approach is employed to address the random nature of fatal crashes,
which can inflate the crash cost for a specific site. However, since system wide analyses were
conducted for this project, the actual number of fatalities was used to compute crash cost. In the
final scenario, the benefit-cost ratio for a single (but not specific) bridge was performed with the
first fatality treated as a major injury.

As with the crash rate calculations, daily entering vehicles (DEV) was utilized in the benefit-cost
analyses; this approach is analogues to intersection or spot analysis. The standard IADOT Office
of Traffic and Safety Traffic Safety Improvement Program Benefit/Cost Excel worksheet was

utilized for the various scenarios. The worksheets for each scenario are presented in Appendix D.

7.2 Improve All Low Volume Bridges with Railing not Meeting “Current Acceptable
Standards”

Of the 17,230 inventoried low volume road bridges, 12,312 (828,880 feet of bridge) were
reported as having a bridge rail that does not meet “current acceptable standards”. The crashes
associated with these bridges resulted in five fatalities, 20 major injuries, 55 minor injuries, 57
possible injuries, and 87 property damage only crashes. Table 7.3 provides the benefit-cost ratio
for each CRF mentioned previously. Given the very low benefit-cost ratios for each CRF, only
the higher two CRF values were used in the additional scenarios, which may yield somewhat
more liberal results.
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Table 7.3. Summary of B/C analysis for improving all bridges with bridge rail not up to
“standard”.

Crash Type CRF Benefit Cost B/C
All 5 $2,874,790 $160,441,400 0.02

All 20 $11,499,159  $160,441,400 0.07
Fatal 92 $34,800,217  $160,441,400 0.22

7.3 Improve Low Volume Bridges with Railing not Meeting “Current Acceptable
Standards” and AADT Less Than 100

Because the crash rate was highest for low volume bridges with traffic volumes less than 100
vpd (Figure 5.3), benefit-cost analysis was performed for the 10,542 inventoried bridges
satisfying these conditions. Four fatalities occurred on these bridges, 15 major injuries, 31 minor
injuries, 36 possible injuries, and 59 property damage only crashes. Table 7.4 provides a
summary of the results of this scenario.

Table 7.4. Summary of B/C analysis for improving bridges with bridge rail not up to
“standard” and AADT<100.

Crash Type CRF Benefit Cost B/C
All 20 $8,709,694 $128,434,070 0.07
Fatal 92 $27,840,173 $99,012,436 0.28

7.4 Improve Low Volume Bridges with Railing not Meeting “Current Acceptable
Standards” and Width Less Than 24 Feet

Bridges with a width less than 24 ft were found to have a higher crash rate than similar bridges
with larger widths (Figure 5.4). A total of 9,230 (572,193 feet) of inventoried bridges exist on
low volume roads that have rails that do not meet “current acceptable standards” and a width less
than 24 ft. There were four fatalities, 17 major injuries, 36 minor injuries, 48 possible injuries,
and 62 property damage only crashes at these locations. Table 7.5 provides a summary of the
summary benefit cost for scenario 3.

Table 7.5. Summary of B/C analysis for improving bridges with bridge rail not up to
“standard” and bridge width < 24 ft.

Crash Type CRF Benefit Cost B/C
All 20 $9,154,143 $110,863,652 0.08
Fatal 92 $27,840,173  $110,863,652 0.25

7.5 Improve Low Volume Bridges with Railing not Meeting “Current Acceptable
Standards” and Length Less Than 100 Feet

Although no definite relationship was observed between bridge length and crash rate (Figure
5.5), in keeping with the IM, benefit-cost was analyzed for bridges with a length less than 100 ft.
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There were a total of 9,796 (437,784 ft) inventoried bridges satisfying these conditions without
rail meeting “current acceptable standards”. Bridges with zero recorded length were assumed to
have a length of less than 100 ft. These bridges had 4 fatalities, 20 major injuries, 52 minor
injuries, 46 possible injuries, and 93 property damage only crashes. Table 7.6 provides summary
results for this scenario.

Table 7.6. Summary of B/C analysis for improving bridges with bridge rail not up to
“standard” and bridge length <100 ft.

Crash Type CRF Benefit Cost B/C
All 20 $9,811,975 $78,753,976 0.12
Fatal 92 $27,840,173 $78,753,976 0.35

7.6 Improve Low Volume Bridges with Railing not Meeting “Current Acceptable
Standards” and Negative Relative Bridge Width

As seen in Figure 5.6. crash rate increased as the relative bridge width decreased from zero;
therefore, the benefit-cost for bridges with a negative relative width less was investigated. There
were 7,422 (483,641 ft) inventoried bridges with relative widths less than zero. These bridges
had 3 fatalities, 13 major injuries, 29 minor injuries, 42 possible injuries, and 57 property
damage only crashes. Table 7.7 provides summary results for this scenario.

Table 7.7. Summary of B/C analysis for improving bridges with bridge rail not up to
“standard” and bridge relative width < 0 ft.

Crash Type CRF Benefit Cost B/C
All 20 $7,010,147 $93,706,507 0.07
Fatal 92 $20,880,130 $93,706,507 0.22

For comparison the benefit-cost for bridges with relative bridges width greater than or equal to
zero were investigated. There were 4,421 (332,114 ft) inventoried bridges with 2 fatalities, 7
major injuries, 24 minor injuries, 15 possible injuries, and 30 property damage only crashes. As
seen in Table 7.8 the benefit-cost were the same as bridges with relative bridge widths less than
Zero.

Table 7.8. Summary of B/C analysis for improving bridges with bridge rail not up to
“standard” and bridge relative width >= 0 ft.

Crash Type CRF Benefit Cost B/C
All 20 $4,447,511 $64,347,818 0.07
Fatal 92 $13,920,087 564,347,818 0.22

7.7 Cost of Bridge Rail Yielding a B/C of 0.8

As seen by Table 7.3 to 7.8, the benefit-cost ratio was very low for all scenarios; therefore, to
obtain a higher benefit-cost ratio, a variable that could be modified was the cost of the bridge rail
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system. If the bridge rail system cost decreased enough a higher B/C can be obtained.

The first scenario, addressing all low volume bridges with rail not meeting “current acceptable
standards”, was reinvestigated. The cost of bridge rail was decreased until the B/C = 0.80 (which
is recommended by the IM). To increase the benefit-cost ratio from 0.07, with a $90/foot rail to
0.80, the bridge rail would need to have an initial cost of $8.1/foot of bridge length and an annual
maintenance cost of $0.54/foot of bridge. In other words, the bridge rail cost must be reduced by
91% for the benefit-cost ratio to have the B/C specified in the current IM.

7.8 Individual Bridge Analysis

The previously summarized benefit-cost analyses were conducted on a system wide basis.
Although the objective of this project was to perform system wide analysis, the impact of a fatal
crash at a single, typical low volume bridge was also investigated. The typical bridge was based
on the most common bridge sizes from the descriptive analysis (i.e., a length of 75 feet and
AADT of 50) to have the most applicability. The bridge was assumed to have a 30 year life and a
single fatal crash occurring within the 30 years. As stated previously, the fatal crash was be
treated as a major injury as to not inflate the crash cost due to the random nature of fatalities. The
benefit cost for the bridge was 8.76, as seen in Table 7.9.

Table 7.9. B/C analysis individual generic bridge with a fatal crash.

Crash Type CRF Benefit Cost B/C
Fatal 92 $127,269 $14,531 8.76

It should be noted, however, that this does not suggest that every bridge with a fatal crash should
be updated. Moreover, only 4% of the crashes involved a fatality, and only 0.07% of the low
volume bridges experienced a fatal crash. The aforementioned analysis and the percentage of
bridges with multiple crashes, as presented in section 5.12, does suggest that treatments (e.g.
improvement to bridge rail) may be cost effective if one could predict the locations where fatal
crashes would occur. In general, each bridge, and its crash history, should be evaluated
independently.
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8. BRIDGE AND APPROACH RAIL ALTERNATIVES

The dynamics of a crash are complex, and therefore full-scale testing is the most effective means
of ensuring barrier performance. However, the results of these crash tests can only be
compared/useful if the tests and the test procedures are standardized. National Cooperative
Highway Research Program Report No. 350, Recommended Procedures for the Safety
Performance Evaluation of Highway Features (NCHRP Report 350) established six test levels
(TLs) for the evaluation of longitudinal barrier systems. Test level 1, 2, and 3 will be the focus
herein since they are suited for LVR. Level 4, 5, and 6 pertain primarily to high volume roads
and larger tractor-trailer type vehicle traffic. The following are evaluated to determine the TL: 1)
occupant risk, 2) structural integrity of the barrier, and 3) post-impact behavior of the vehicle.
The vehicle mass, speed and impact angle vary with each TL.

In addition to the NCHRP testing, AASHTO has established subjective factors for determining a
barrier’s Performance Level (PLs). The barrier performance level considers the percentage of
heavy vehicles in the traffic stream, adverse geometrics, and consequences associated with
penetration of a barrier. A barrier PL can range from 1 to 3. LVR bridges should be evaluated for
AASHTO Performance Level individually, due to the subjectivity of the evaluation factors.

8.1 Terminal Ends

The FHWA (1998) states that approach guardrails should be ended appropriately to reduce the
risk of the following: 1) abruptly stopping a vehicle, 2) causing instability and over-turning a
vehicle, 3) directing the car into traffic, and 4) penetration of the guardrail into the vehicle
compartment. An approach guardrail can be ended safely in two main ways. One option for
ending a guardrail is to flare the guardrail away from the roadway at an appropriate flare rate. In
this case the guardrail should end far enough away from the travel lane that it is unlikely to be hit
by a vehicle in a crash. The second option is to install a crash worthy terminal.

8.1.1. Widely Used Terminal Ends

This section gives a variety of standard end treatments for roadside barriers as found in the
AASHTO Roadside Design Guide. Table 8.1 lists the end treatments, their test level, and their
size. A barrier terminating within the clear zone or located in an area where it is likely to be
struck by an errant motorist requires a crashworthy end treatment. End treatments should have
the same redirectional capabilities of a standard roadside barrier. End treatments should also be
capable of preventing rollover and spearing of the impacting vehicle at head-on angles as well as
angled impacts. The terrain in the area behind an end treatment should be relatively traversable.
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Table 8.1. Crashworthy end treatments (AASHTO 2002).

NCHRP Report
350
System Test Level System Width System Length
Three-Strand Cable TL-3 1.2 m [4.0 ft] Flare N/A
Wyoming Box Beam End TL-3 0.6 m [2 ft] 15.2 m [50 ft]
Terminal (WYBET-350)
Barrier Anchored in TL-3 N/A N/A
Backslope
Eccentric Loader Terminal TL-3 0.5 m [1.6 ft] plus 11.4 m [37.5 ft]
(ELT) 1.2 m [4 ft] Flare
Slotted Rail Terminal TL-3 0.5 m [1.6 ft] plus 11.4 m [37.5 ft]
(SRT-350) 1.2 m [4 ft] Flare
or
0.5 m [1.6 ft] plus
0.9 m [3 ft] Flare
REGENT TL-3 0.5 m [1.6 ft] plus 11.4 m [37.5 ft]
1.3 m [4.3 ft] Flare
Vermont Low-Speed, W- TL-2 1.5 m[4.9 ft] 34m[l11.15 ft]
Beam Guardrail End
Terminal
Flared Energy-Absorbing TL-2 0.5 m [1.6 ft] plus 7.62 m [25 ft]
Terminal (FLEAT) 0.51-0.81m[1.7-2.7
ft] Flare
TL-3 0.5 m [1.6 ft] plus 11.4 m[37.5 ft]
0.76 - 1.2 m [2.5 - 4 ft]
Flare
Beam-Eating Steel TL-3 0.5m [1.6 ft] 11.4m [37.5 ft]
Terminal (BEST) or
15.2 m [50 ft]
Extruder Terminal (ET- TL-3 0.5m 1.6 ft] 11.4 m[37.5 ft]
2000) or
15.2 m [50 ft]
Sequential Kinking TL-3 0.5m[1.6 ft] 15.2 m [50 ft]
Terminal (SKT-350)
QuadTrend-350 TL-3 0.46 m [1.5 ft] 6.1 m [20 ft]
NEAT TL-2 0.57 m [1.9 ft] 2.957 m [9.7 ft]
Slope Concrete End N/A 0.6 m [2 ft] 6 - 12 m [20 - 40 ft]
Treatment

&.1.1.1 Three-Strand Cable Terminal

Three-strand cable terminals are specific to the three-strand cable barrier they accompany. Figure
8.1 shows an example of a three-strand cable terminal which has been successfully tested, by the
FHWA, to NCHRP Report 350 TL-3.
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Figure 8.1. Three-strand cable terminal (AASHTO 2002).
8.1.1.2 Wyoming Box Beam End Terminal (WYBET-350)

The Wyoming Box Beam End Terminal (WYBET-350) is shown in Figure 8.2. The dissipation
of kinetic energy in a WYBET-350 system comes from crushing a tube system within a
telescoping nosepiece. The WYBET-350 has been successfully tested to NCHRP Report 350
TL-3.
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Figure 8.2. Wyoming box beam end terminal (AASHTO 2002).
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8.1.1.3 Barrier Anchored in Backslope

In certain situations it is possible to terminate a guardrail in the backslope. This type of design
can be applied to various types of guardrail systems including, but not limited to the following:
1) W-beam systems, 2) thrie-beam systems, 3) Ironwood guardrails systems, and 4) steel-backed
wood guardrail systems. Figure 8.3 is an example of a W-beam guardrail system terminated in
the backslope which has been successfully tested to NCHRP Report 350 TL-3.

Figure 8.3. W-beam guardrail anchored in backslope (AASHTO 2002).

8.1.1.4 Eccentric Loader Terminal (ELT)

The Eccentric Loader Terminal (ELT), shown in Figure 8.4, consists of a fabricated steel lever
nose enclosed inside a section of corrugate steel pipe and break away posts. The ELT system is
also dependent on a curved flare for proper impact performance. The ELT has been successfully
test to NCHRP Report 350 TL-3.
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Figure 8.4. Eccentric loader terminal (AASHTO 2002).
8.1.1.5 Slotted Rail Terminal (SRT-350)

The SRT-350 is a proprietary, flared, non-energy-absorbing terminal with two versions, both
successfully test to NCHRP Report 350 TL-3. One version of the SRT-350 can be seen in Figure
8.5. The SRT-350 is made up of curved W-beam with reduced buckling strength. The buckling
strength is reduced with longitudinal slots cut in specific locations. The SRT-350 system is
designed to break away when impacted and therefore requires a sufficient traversable area
behind the guardrail end.

8.1.1.6 REGENT Terminal

The REGENT is a proprietary, flared, energy-absorbing terminal which has be successfully
tested to NCHRP Report 350 TL-3. The REGENT design consists of a slider head assembly, a
strut assembly, modified W-beam rail panels, and unique weakened wood posts. A sufficient
traversable area behind this terminal is required. Figure 8.6 shows a REGENT Terminal.
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Figure 8.6. REGENT (AASHTO 2002).
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8.1.1.7 Vermont Low-Speed, W-Beam Guardrail End Terminal

The Vermont Low-Speed, W-Beam Guardrail End Terminal has been successfully tested to
NCHRP Report 350 TL-2 and is appropriate for use on roadways where anticipated impact
speeds do not exceed 45 mph. Figure 8.7 shows a Vermont Low-Speed, W-Beam Guardrail End
Terminal.

Figure 8.7. Vermont low-speed, W-beam guardrail end terminal (AASHTO 2002).
8.1.1.8 Flared Energy-Absorbing Terminal (FLEAT)

Figure 8.8 shows the FLEAT, a proprietary energy-absorbing terminal. The FLEAT is made up
of an impact head mounted at the end of a modified W-beam rail element. Two designs of the
FLEAT have been successfully tested to NCHRP Report 350 criteria, one meeting TL-2 and one
meeting TL-3. A traversable area behind the terminal is critical.

8.1.1.9 Beam-Eating Steel Terminal (BEST)

Shown in Figure 8.9 is a proprietary energy-absorbing end treatment, the BEST. The BEST has
been successfully tested to NCHRP Report 350 TL-3. The BEST consists of an impact head
installed on the end of a wood post W-beam guardrail system.
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Figure 8.9. Beam Eating Steel Terminal (BEST) (AASHTO 2002).
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8.1.1.10 Extruder Terminal (ET-2000)

A proprietary energy-absorbing end treatment consisting of an extruder head installed over the
end of a W-beam guardrail element, called the ET-2000, is shown in Figure 8.10. The ET-2000
has been successfully tested to NCHRP Report 350 TL-3. The ET-2000 has acceptable designs
with and without breakaway posts.

Figure 8.10. Extruder Terminal (ET-2000) (AASHTO 2002).

8.1.1.11 Sequential Kinking Terminal (SKT-350)

The SKT-350, a proprietary energy-absorbing end treatment, is made up of an impact head
installed over the end of a modified W-beam guardrail element. Figure 8.11 shows the SKT-350
which has been successfully tested to NCHRP Report 350 TL-3. The SKT-350 has acceptable
designs with steel breakaway posts and with timber posts.

8.1.1.12 QuadTrend-350

Shown in Figure 8.12 is the QuadTrend-350, a proprietary, unidirectional end treatment. The
QuadTrend-350 has been tested for direct attachment to vertical concrete barriers or vertical
concrete bridge parapets without transition guardrail sections. A concrete pad is required with
use of the QuadTrend-350 terminal which has been successfully tested to NCHRP Report 350
TL-3.
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Figure 8.12. QuadTrend-350 (AASHTO 2002).
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8.1.2. Innovation and Research on Terminal Ends

Guardrail terminal ends (Reid et al. 1998) may be needed to prevent guardrails from causing
harm to vehicle occupants. The SKT-350, designed using computer simulation and verified with
the use of bogie and full-scale crash tests, is an energy absorbing guardrail terminal end. A
schematic of the system is shown in Figure 8.15. The SKT-350 is approved by the FHWA as
meeting all NCHRP Report 350 recommendations.
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Figure 8.15. Schematic of SKT-350 (Reid et al. 1998).
8.2 Approach Rails

The FHWA (1998) requires that an approach guardrail must be both structurally and functionally
adequate. To be considered structurally adequate, the approach guardrail system must include: 1)
an adequate connection to the bridge rail, 2) a crash-worthy transition section between the
approach guardrail and the bridge rail, and 3) a crash worthy end terminal. To be considered
functionally adequate an approach guardrail should smoothly redirect an errant vehicle without
snagging, abruptly decelerating, overturning, or penetrating the vehicle compartment.

Approach guardrail must be long enough and in the correct position to shield a vehicle from
entering into any of the hazardous areas at a bridge approach. The length and placement of

approach guardrail is unique to each bridge and depends upon the types of potential hazards
present, bridge approach grading, and other roadside features. Rigid objects protruding more
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than 4 in. cause a potential hazard capable of abruptly stopping a vehicle, snagging the underside
of a vehicle, or initiating vaulting of a vehicle and therefore a guardrail is required for such an
object. When the area directly behind the bridge rail presents more of a hazard than other
sections of the roadway, a guardrail is essential. To be effective, an approach guardrail must be
of sufficient length so as to prevent a vehicle from going around it and into a hazardous area.

In order to prevent pocketing or deflection capable of abruptly stopping a vehicle, approach
guardrail should run parallel to the road or be flared away at a rate of 1:15 or flatter and be
sufficiently stiffened in the transition. The semi-flexible design of a guardrail must be
transitioned (stiffened) to a rigid system before it is connected to the bridge rail to lower the risk
of the following: 1) directing a vehicle into the end of the bridge rail (causing excessive
deceleration), 2) causing the guardrail to form a pocket which can redirect a vehicle into
opposing traffic or bridge rail on the other side, and 3) causing failure of the guardrail system
which can direct a vehicle into or behind the bridge rail.

The following is a discussion of existing guardrail systems, new materials being used in
guardrail systems, and guardrail terminal ends that, if applicable, can be used for bridge

approach rails.

8.2.1. Widely Used Guardrails Rails

A variety of standard sections of roadside barriers can be found in the AASHTO Roadside
Design Guide. Table 8.2 lists the barriers and their approved test levels.
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Table 8.2 Roadside barriers and their approved test levels (AASHTO 2002).

Barrier System (with AASHTO-AGC-ARTBA designation) Test Level
Flexible Systems
e 3-Strand cable (Weak Post) (SGR0Ola & b) TL-3
e W-Beam (Weak Post (SGR02) TL-2
e Modified W-Beam (Weak Post) (SGR02) TL-3
e Ironwood Aesthetic Barrier TL-3

Semi-Rigid Systems
e Box Beam (Weak Post) (SGR03) TL-3
e Blocked-out W-Beam (Strong Post)
- Steel or Wood Post with Wood or Plastic Block (SGR04a & b) TL-3
- Steel Post with Steel Block (SGR04a) TL-2
e Blocked-out Thrie Beam (Strong Post)
- Wood or Steel Post with Wood or Plastic Block (SGR09a & c) TL-3

e Modified Thrie Beam (Strong Post) (SGR09b) TL-4
e Merritt Parkway Aesthetic Guardrail TL-3
e Steel-Backed Timber Guardrail TL-3

Rigid Systems (Concrete & Masonry)
e New Jersey Concrete Safety Shape

- 810 mm [32 in.] tall (SGM11a) TL-4

- 1070 mm [42 in.] tall (SGM11b) TL-5
e F-Shape Barrier

- 810 mm [32 in.] (SGM10a) TL-4

- 1070 mm [42 in.] (SGM10b) TL-5
e Vertical Concrete Barrier

- 810 mm [32 in.] TL-4

- 1070 mm [42 in.] TL-5
e Single Slope Barrier

- 810 mm [32 in.] TL-4

- 1070 mm [42 in.] TL-5
e Ontario Tall Wall Median Barrier (SGM12) TL-5
e Stone Masonry Wall/Precast Masonry Wall TL-3

&.2.1.1Three Strand Cable

Many variations of three strand cable barrier have been successfully crash tested for use as a
guardrail; however, the barrier has not been tested or standardized for use as approach rail or
bridge rail. The required clear area behind the barrier, large barrier deflections caused by impact,
and the length of barrier needed to safely redirect errant vehicles are the major disadvantage of
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being able to use cable barriers for bridges.

8.2.1.2 W-Beam (Weak Post)

Unlike the cable system, the weak post W-beam guardrail system shown in Figure 8.16 is still
functional after minor impacts. However, the weak post W-beam is prone to vehicle override
when installed at incorrect heights and also because of approach terrain. The original design of
the weak-post W-beam system was successfully tested to NCHRP Report 350 TL-2 but with a
slightly modified design, TL-3 was achieved.

Figure 8.16. Weak post W-beam barrier (AASHTO 2002).
8.2.1.3 Ironwood Aesthetic Guardrail

The ironwood aesthetic guardrail, shown in Figure 8.17, is also a weak post design. One major
disadvantage of this system is the lack of crashworthy terminal designs. However, it is
acceptable to anchor or flare the barrier. The ironwood aesthetic guardrail system is a proprietary
design which has been successfully tested to NCHRP Report 350 TL-3.

8.2.1.4 Box Beam (Weak Post)

Another weak post system is the box beam guardrail shown in Figure 8.18. Like the weak post
W-beam system, the box beam system is sensitive to mounting height and terrain irregularities.
The weak-post box beam design has been successfully tested to NCHRP Report 350 TL-3.
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Figure 8.17. Ironwood aesthetic guardrail (AASHTO 2002).

Figure 8.18. Weak post box beam barrier (AASHTO 2002).
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Figure 8.19. Steel post W-beam with wood block-outs (AASHTO 2002).

e

Figure 8.20. Wood post W-beam with wood block-outs (AASHTO 2002).
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8.2.1.5 Blocked-Out W-Beam (Strong Post)

The most common guardrail system in use today is the strong post W-beam. Figure 8.19 displays
the installation using steel posts and Figure 8.20 displays the installation with wood posts. The
use of spacer blocks helps to minimize wheel snagging on the posts and reduce the likelihood of
vehicles overriding the rail. The strong post W-beam system has several acceptable designs in
use today. The strong post W-beam system has the ability to remain effective after moderate to
low speed impacts. Table 8.3 lists the NCHRP Report 350 TL associated with three different
designs of the strong-post blocked-out W-beam system.

Table 8.3. NCHRP Report 350 TL of Blocked-Out W-beam (Strong Post) Designs.

Design Elements Test Level
Wood post with wood block TL-3
Steel post with routed wood block TL-3
Steel post with steel block TL-2

8.2.1.6 Blocked-Out Thrie-Beams

Three blocked-out thrie-beam guardrail systems have been tested under NCHRP Report 350: 1)
the wood strong post blocked-out thrie-beam, shown in Figure 8.21, 2) the steel strong post
blocked-out thrie-beam, and 3) the modified thrie-beam, shown in Figure 8.22. Thrie-beam
systems are stiffer than W-beam systems due to an additional corrugation in the cross-section.
This added stiffness makes the system less prone to damage during impacts of low- to moderate-
speed. The larger beam allows the rail to be mounted higher, increasing the system’s ability to
contain larger vehicles. The modified thrie-beam guardrail system includes the following
modifications: 1) a notched steel block-out, 2) omitting rectangular post bolt washers, and 3)
increasing the top of rail height.

Installation and maintenance is generally easier for thrie-beam systems as opposed to W-
beam/rubrail systems (which has a higher effective height than traditional W-beam system).
Also, all three of these thrie-beam systems may remain partially functional after even moderate
to severe impacts and do not usually require immediate repair. The NCHRP Report 350 TL
associated with three different designs of the strong-post blocked-out thrie-beam system are
listed in table 8.4.

Table 8.4. NCHRP Report 350 TL of Blocked-Out Thrie-Beam Designs.

Design Test Level
Wood post with wood block TL-3
Steel post with wood block TL-3
Modified for heavy vehicles TL-4
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Figure 8.21. Wood post thrie-beam barrier (AASHTO 2002).

Figure 8.22. Modified thrie-beam guardrail (AASHTO 2002).
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8.2.1.7 Steel-Backed Timber Guardrail

The steel-backed timber guardrail system, shown in Figure 8.23, is a semi-rigid barrier. The
system was developed as an aesthetic alternative to conventional guardrail systems. The Merritt
Parkway Aesthetic Guardrail, developed by the Connecticut Department of Transportation is a
version of a steel-backed timber guardrail. The steel-backed timber guardrail system has been
successfully tested to NCHRP Report 350 TL-3.

Figure 8.23. Steel-backed timber guardrail (AASHTO 2002).

8.2.2. Innovation and Research on Guardrails Rails

Hiranmayee et al. (2000) conducted a finite element and full scale crash test comparison of the
G4(1W) and the G4(2W) guardrail systems. The guardrail systems differ in the size and stiffness
of the wood post which support a w-beam. The G4(1W) model has a SO0mm wider post than the
G4(2W) model and provides 12.5 percent more stiffness.

The results of the testing found that wheel snagging was a significant issue in both simulations.
Moderate damage occurred to both types of barriers with the maximum total deflection of the

G4(1W) system being approximately 4 percent less than the G4(2W) system.

The G4(1W) guardrail system has not been crash test in accordance with NCHRP Report 350,
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however, due to similar performances of the finite element simulations of both guardrail systems
it is believed the G4(1W) system would satisfy the NCHRP Report 350 requirements.

Another existing guardrail system, the strong-post W-beam is a widely used guardrail system
designed in the 1960s. In an attempt to better accommodate vehicles of the time. Reid et al.
(2002) has suggested design changes to the strong-post W-beam guardrail that would improve its
performance for high center-of-gravity vehicles while maintaining performance for small
vehicles and to allow more tolerance for low mounting heights. The design changes included the
following:

1) raising the standard rail height to 25 in.
2) moving rail splices to midspan between posts, and
3) increasing blockout size of post bolt slots.

Reid et al. (2002) called the improved strong-post W-beam system the Midwest guardrail system
(MwGS), and is shown in Figure 8.23. The MwGS performed adequately in full-scale crash
testing with NCHRP Report 350 test criteria. The new guardrail system should have only
modestly higher implementation costs than the strong-post W-beam guardrail system.
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Figure 8.23. MwGS Design (Reid et al. 2002).

Faller et al. (2009) found changing the orientation of the MwGS can reduce its cost. The full-
scale crash testing of MwGS installed at various flare rates passed all NCHRP Report 350 safety
performance requirements. Increasing the flare rate resulted in advantages such as significantly
reducing guardrail lengths and associated costs. An example of the reduction in guardrail length
is illustrated in Figure 8.24. The recommendation of Faller et al. is to increase the flare rate of
MwGS installations whenever roadside or median slopes are relatively flat (i.e.10:1 or flatter).
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(Faller et al. 2009).

Alternative materials (Bank et al. 2001) are another way to decrease the cost of a guardrail
system. Ongoing research of composite material highway guardrail shows that E-
glass/thermosetting polymer composite material guardrails, shown in Figure 8.25, are a potential
replacement for steel W-beam guardrails. Laboratory testing showed these composite prototype
guardrails have the potential to remain intact under full-scale impacts similar to those tested in
NCHRP Report 350. The structural capacity of these guardrails is similar to that of steel W-beam
guardrails. According to Bank et al., these composite guardrail have not been crash tested and are
under further evaluation.
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Figure 8.25. Demonstration installation of the composite guardrail (Bank et al. 2001).

The use of glulam (Botting et al. 2006) members compositely connected to fiber-reinforced
polymer (FRP) materials can create a lightweight, cost-effective, easy-to-install timber guardrail.
The structural performance of the composite system has been tested for flexure and tension by
using a hydraulic actuator and three-point bending. Though, this guardrail system was not crash
tested, there is high potential for passing the NCHRP TL-3 crash test based upon the completed
laboratory test. A unique bonded tension splice was developed and tested for strength and
delamination resistance. The splice performed well when tested. Figure 8.26 shows a cross-
section of the guardrail and details of the splice connection. Prior to highway use, this guardrail

system must undergo proper crash testing and more rigorous testing to establish its long term
durability.
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Figure 8.26 Guardrail cross-section and splice connection details (Botting et al. 2006).

8.3 Bridge Rail

The FHWA (1998) requires that a bridge rail must be both structurally and functionally
adequate. To be considered structurally adequate, the bridge rail system must be capable of
withstanding the impact of a vehicle and redirecting the impacting vehicle. To be considered
functionally adequate bridge rails must be crash worthy.

According the FHWA, consideration should be given to replacement of substandard bridge rails
as part of any future bridge rehabilitation, reconstruction or replacement project. Adding a
continuous section of standard guardrail in front of and attached to the existing bridge rail is the
most common manner of upgrading substandard bridge rail. This method of upgrade can be very

cost effective.
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8.3.1. Widely Used Bridge Rails
8.3.1.1 Side-Mounted, Thrie-Beam Bridge Railing

The side-mounted, thrie-beam bridge railing, a non-rigid bridge railing, is shown in Figure 8.27.
The bridge rail system has not been crash tested to NCHRP Report 350 criteria, but is considered
equivalent to a TL-2 design. The side-mounted, thrie-beam system is advantageous because of its
relative simplicity and low cost.

Figure 8.27 Side-mounted, thrie-beam bridge railing (AASHTO 2002).

73



Figure 8.28. Wyoming two-tube bridge railing (AASHTO 2002).
8.3.1.2 Wyoming Two-Tube Bridge Railing

The Wyoming Two-Tube Bridge Railing is shown in Figure 8.28. The design shown in Figure
8.28 has been successfully tested to NCHRP Report 350 TL-3 and a similar design with larger
elements was successfully tested to TL-4.

The S3 Steel Bridge Railing is a system which can be mounting flush on the outside of a

sidewalk, as shown in Figure 8.29, or directly on an 8 in. curb. This bridge rail system provides
an aesthetic look and satisfies all AASTHO pedestrian rail geometrics.
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Figure 8.29. Massachusetts S3 steel bridge railing (AASHTO 2002).
8.3.2. Innovation and Research on Bridge Rails

The Texas T-6 bridge rail system (Abu-Odeh et al. 2003), a breakaway rail system designed for
use on culvert headwalls and thin bridge decks, is widely used in Texas. In a full-scale crash test
the T-6 bridge rail system failed to meet NCHRP Report 350 criteria for TL-3 because the
vehicle rolled on its side. Results of the crash test indicated the T-6 rail system was not tall
enough to prevent rollover. Modification of the system by replacing the tubular W-beam with a
tubular thrie beam was proposed and analyzed using finite element analysis (FEA) techniques.
Results of the FEA efforts indicated that the T-6 rail system with the tubular thrie beam would
pass NCHRP Report 350 criteria for TL-3.

Nebraska’s open concrete bridge rail (Faller et al. 2004) was attached to an inverted tee bridge
deck system and was full-scale crash tested according to NCHRP Report 350 TL-4 criteria.
Figure 8.30 shows the open concrete bridge rail system. The bridge performance under full-scale
crash testing was considered acceptable with only minor cracking to the bridge deck and railing.
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Figure 8.30. Layout for open concrete bridge rail attached to inverted tee bridge deck
system (Faller et al. 2004).

Figure 8.31. Finite element model of the aluminum parapet bridge railing (Oldani et al.
2004).
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Oldani et al. (2004) compared the strength of the F-shape parapet, shown in Figure 8.31, and the
F-shape aluminum median barrier bridge railing with the strength of previously crash tested F-
shape barriers. The likely performance of the aluminum F-shape barrier was assessed in
nonlinear dynamic finite element simulations for the NCRHP Report 350 TL-3. The test barrier
deformations, material stress and other structural performance parameters were found to be
acceptable and even showed the barrier has considerable reserve capacity. Therefore, it is
inferred that crash tests with aluminum bridge parapet railings are very likely to result in
acceptable performance in test level three and four conditions. Rigid F-shape barriers are
considered to satisfy TL-3, because the aluminum parapet railing can be considered a rigid F-
shape barrier.
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Duwadi et al. (1995) discusses five bridge railing systems which were successfully developed
and tested for longitudinal wood decks. Three of these railings were tested at AASHTO PL-1,
one was tested at PL-2, and one was tested at NCHRP Report 350 TL-4. Each railing was tested
on a glulam timber deck and is adaptable to both spike-laminated and stress-laminated decks.
Shown in Figures 8.32 and 8.33 are schematics of two of the bridge railing systems. No damage
to the test bridge was evident from any of the vehicle impact tests. For the railing systems with
glulam timber rails, the railing remained intact and serviceable after the tests, and replacement of
the railing was not considered necessary. For the steel thrie beam rails, permanent deformation
occurred in the rail and post in the vicinity of the impact location, necessitating replacement in
sections.

The performance (Faller et al. 1995) of the TBC-8000 bridge rail system, shown in Figure 8.34,
and the GC-8000 bridge rail system, shown in Figure 8.35, were evaluated on AASTHO PL-2
criteria and are both acceptable. Both bridge rail systems are recommended for use on
longitudinal timber bridges. The TBC-8000 is an economical, low construction cost bridge
railing for longitudinal timber bridges
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The following two bridge rail systems were developed for U.S. Forest Service utility and service
loads, for roads with very low traffic volumes, and for roads with operating speeds of 15 to 20
mph. The two low-cost bridge railing systems: 1) a curb-type timber railing system and 2) a
flexible railing system were developed for use on longitudinal timber bridge decks with low
traffic volumes and speeds. Both railing systems include low material costs, low construction
labor costs, and minimal repair costs. Both railing systems could easily be adapted to various
timber bridge deck types.

The curb-type railing was tested using NCHRP Report 350 TL-1 conditions. A ¥-ton pickup
truck operating at a speed of 15 mph and an angle of attack of 15 degrees were used for the
testing. In full-scale crash testing a 12 in. high square-shaped bridge rail showed successful
performance. Findings from a developmental testing program gave reason to believe that a 14 in.
high trapezoidal and a 12 in. high rectangular shaped bridge rail would behave similarly to the
square-shaped rail, though full-scale testing was not performed on these shapes. All three curb-
type railing shapes are shown in Figure 8.36.

79



e

i Tinser
20.3cA NIJ

IIcm
Ftumaoug Weerng I

Turlace . Taner TEupper BlBER
Slen InZen f/_

1 _x { Tinogr Spacer Block
I

PT=>T= 12T T T |77
-—

5 @
5

>

' mawsbie lron vosrer

|
I
27.2en

.

I

Twg lE=Ch @ n 7LI=C;m Lohg AITHM

i L ongrtasinat Givion Tunsar Dot AT getvesged bolts

E.Eu:lt—-, }—E&In——{

- === Trapezo.eal Snapr
1 ‘/-'-"- limoer Heid
a kh @
ISben

.Z f..... Scupper Blocks
[/

{“| (®)

&

naen
i
S-Itni
i L | e

7
Y

Bl

Two Lb-Cm ® » TES-Ch o LONG ALTH
4307 guivenied bDolts

TG/ ©

—- Twi tp=cr # » Fli-cm Lomy ALIE
aJgr grivonzen bots

Figure 8.36. (a) Square-shaped curb, (b) trapezoidal-shaped curb, (c¢) rectangular-shaped
curb. (Bunnell et al. 1995).
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The flexible railing system, consisting of steel W-beam supported by breakaway timber posts,
was successfully tested to NCHRP Report 350 TL-1 conditions (Bunnell et al. 1995). The
flexible railing system is illustrated in Figure 8.37.

Standard W-Bean Dimensional Lumber Post
Ral G2 Gauge? e 102cm » 15.2cm (Nomnal Size)
x 933cm Long

I'S.Icn 18.05!;,— 16=em B u 17.8=em Long ALTM A307
Goivanized or Plated Hex Heod Bolt,
A Nut, and Washer (Bock-Side Only?

.| <

1.9-cm # x 305-cm Long ASTM aA307
Galvanized Lag Screws (Soap

or Lubricate Screw Prior S5.0cn B0l
1o Intallotion)
Briuminous Wearthy Surfoce
- 12.7=cm x {2.7=cm x ll-cm by 15.2-cm Long
T T ysaen \ T TN TR ,/_ 1 Gelvanized ASTM AJG Stesl Angles
L -
7.6cn - (o)l
p— G=Cm ® x l40-cm Long ASTM A3JES
273en (®); Golvanzed or Plated Hex
Head Botts, Nuts and Vashers

! L]\
I
.: l 3"'5""_"{ 1.9=cn Golvonzed or Ploted Flot Wosher

Longitudinal Glhuem Timber Deck

Notes:
(1> Post Spacing 1.90m
(2} Sowcut in post not £hown,
(3} Mony details hove been onitted
4y lin, = 254¢em

Figure 8.37. Modified breakaway bridge railing (Bunnell et al. 1995).

Two bridge railing systems (Duwadi et al. 1999)., for use on transverse wood bridge decks of
thickness no greater than 5.1 in., were developed and tested to according to NCHRP Report 350
TL-4 criteria. One railing system was a glulam timber railing and the other was a steel thrie-
beam railing, shown in Figure 8.38. Significant damage was not evident to the test bridge
superstructure after the crash tests. Replacement of the glulam railing was deemed unnecessary.
The steel thrie-beam railing incurred permanent deformation in the rail and post which
necessitated replacement of specific portions near the impact location
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Figure 8.38. (a) Glulam timber bride railing successfully crash tested to NCHRP Report
350 TL-4 (transverse deck); (b) steel thrie-beam bridge railing successfully crash tested to
NCHRP Report 350 TL-4 (transverse deck) (Duwadi et al. 1999).

The MDS Bridge Railing, shown in Figures 8.39a and b, is a proprietary design. The unique
sliding base plate used in this design is intended to dissipate energy from an impact and also
minimize the forces transferred to the bridge deck (FHWA. 2008). There are two designs of the
system, the MDS-4 and MDS-5; both are all steel safety-shape barriers. The MDS-4 and MDS-5
are suitable for NCHRP Report 350 TL-4 and TL-5 conditions, respectfully. Both versions have
an optional noise barrier which does not contribute to the safety performance of the railing.
Figure 8.40 shows a schematic of the design.

a. after imp'ﬁc't' b. MDS Bridge Railing installation
Figure 8.39. MDS Bridge Railing (Trinity).
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9. SUMMARY, CONCLUSION, AND RECOMENDATIONS

Bridge rail and approach guardrails provide safety to drivers by shielding more hazardous
objects and redirecting vehicles to the roadway. However, guardrail can increase both the initial
cost and maintenance cost of a bridge, while adding another object that may be struck by
vehicles. Most existing low volume road (LVR) bridges are currently indicated to not possess
bridge rail meeting “current acceptable standards”. The primary objective of the research
summarized in this report was to provide the nations state of practice and perform a state wide
crash analysis on bridge rails and approach guardrails on LVR bridges in lowa. In support of this
objective, the criteria and guidelines used by other bridge owners were investigated, non-
standard and innovative bridge and approach guardrails for LVR’s were investigated, and
descriptive, statistical and economical analyses were performed.

Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT<400vpd) recommends
that safety improvements should only be initiated when a safety problem exists at a site.
Additionally, the Geometric Design Guide states that a one lane bridge can be used for roads
with a traffic volume less than 100 vehicles per day.

According to the Federal Highway Administration (FHWA), adding a continuous section of
standard guardrail in front of, and attached to, the existing bridge is the most economical manner
of upgrading a substandard bridge rail. The retrofitted bridge rails should be assessed to ensure
structural and functional adequacy. To accomplish this, approach railing and terminals should be
chosen in accordance with NCHRP report 350 Test Level (TL) 1, 2, or 3. The AASHTO
Performance Level (PL) of the railing should also be evaluated.

The overall number of crashes at/on the more than 17,000 inventoried LVR bridges and
unknown number of non-inventoried LVR bridges in lowa was fewer than 350 crashes over an
eight year period, representing less than 0.1% of the statewide reportable crashes. In other words,
LVR bridge crashes are fairly rare events. The majority of these crashes occurred on bridges with
a traffic volume less than 100 vpd and width less than 24 ft. Similarly, the majority of the LVR
bridges possess similar characteristics.

Crash rates were highest for bridges with lower traffic volumes, narrower widths and negative
relative bridge widths. Crash rate did not appear to be effected by bridge length. Statistical
analysis confirmed that the frequency of vehicle crashes was higher on bridges with a lower
width compared to the roadway width.

The frequency of crashes appeared to not be impacted by weather conditions, but crashes may be
over represented at night or in dark conditions. Statistical analysis revealed that crashes that
occurred on dark roadways were more likely to result in major injury or fatality. These findings
potentially highlight the importance of appropriate delineation and signing.

System wide, benefit-cost analyses yielded very low B/C ratios for statewide bridge rail

improvements. This finding is consistent with the aforementioned recommendation to address
specific sites where safety concerns exist.
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Given the findings of the descriptive and statistical analyses, possible areas of the existing
IADOT IM that could be changed or added during any future revisions include traffic volume
ranges, relative bridge width and crash frequency/severity.

Future research entailing crash history regarding bridge delineation and signing are

recommended in order to better understand their potential benefits on low volume road bridges in
Iowa.
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Form 740001WD

496 (&‘ lowa Department of Transportation
-

INSTRUCTIONAL MEMORANDUMS
To County Engineers

To Date

County Engineers November 2001
From IM No.

Office of Local Systems 3.213
Subject

Traffic Barriers (Guardrail and Bridge Rail)

The purpose of this LM. is to provide guidelines for determining the need for traffic barriers at
roadway bridges and culverts. A traffic barrier is a device used to shield a roadside obstacle that
is located on the right-of-way within an established minimum width clear zone (see LM. 3.215
for clear zone instruction).

Roadside obstacles are classified as non-traversable objects (such as large culverts) and as fixed
objects (such as unprotected ends of bridge rails). These roadside obstacles should first be
reviewed for possible removal or relocation outside the Clear Zone. If this is not practical, then a
traffic barrier may be necessary. A traffic barrier itself poses some risk to an errant motorist and
should be installed only if it is clear that the barrier reduces the severity of potential crashes.

GUARDRAIL (Approach Guardrail):

In general, guardrail should be installed at:

i All four bridge corners on newly constructed bridges on the Farm-to-Market system,
except bridges located within an established speed zone of 35 mph or less.

2, On the approach bridge corners (right side) on new federally funded bridges constructed
on the area service system, except bridges within a 35 mph or less speed zone.
Consideration should be given to shielding the opposite corner if it is located on the
outside edge of a curve. The FHWA will participate in guardrail at all four corners if
desired by the county.

3. All four bridge corners on existing bridges within the termini of a 3R project on the
Farm-to-Market System. Existing w-beam installations that are flared and anchored at
both ends may be used as constructed without upgrading to current standards.

4. Culverts with spans greater than six feet (circular pipe culverts greater than 72" in
diameter), if it is impractical to extend beyond the clear zone and grates are not utilized.

Design exceptions (see IM. 3.218 for design exception instructions) to not utilize guardrail at
bridges or culverts will be considered if the following conditions exist:

1. Current ADT at structure is less than 200 vehicles per day.

2 Structure width is 24' or greater,
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LM. 3.213

3. Structure is on tangent alignment.

4. Benefit/cost Ratio is less than 0.80.

Other obstructions, within the right-of-way and clear zone, should be reviewed for removal,
relocation, installation of a traffic barrier or the “do nothing™ option based on a cost-

effectiveness approach.

BRIDGE RAILS (Barrier Rail):

Bridge rails on newly constructed bridges should be constructed to the latest available standards
(includes S1.-1 type rail on structures with less than 1000 vpd). On bridge rehabilitation projects
involving federal-aid, any substandard bridge rail should be reviewed for retrofitting.

Bridge rails which are both structurally deficient and functionally obsolete should be reviewed
for upgrading as part of the 3R projects. Included with this LM. is a “Bridge Rail Rating
System™ developed to assist in determining if a bridge rail should be upgraded with the 3R
project and to what extent it should be upgraded. Any bridge which is programmed in the near
future for replacement or rehabilitation may not require upgrading as part of the 3R project.

The rating system assigns points to five factors (Crashes, ADT, Width, Length and Type of
bridge rail); the sum of these factors will indicate the degree or amount of upgrading required, if
any. The crash factor involves crashes (property damage only, personal injury and fatality) in
the last five years (Access ALAS). The types of bridge rail are from various county bridge
standards. If the existing rail is not an old standard. then determine which type it is similar to and
assign the corresponding points.

Consideration should be given to extending the guardrail through the bridge on short bridges or
bridges which have no end posts. This may be less costly than attaching the guardrail as per
standard RE-27DB or constructing an end post.
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POINTS
Crashes

(in the last

S years)
ADT

{current year)

Bridge Width
(feet)

Bridge Length
(feet)

Bridge Rail
(type)

Abbreviations:

BRIDGE RAIL RATING SYSTEM

5 FACTOR SYSTEM

0 5 10
None 1 PDO 1P1
<200 200 - 299 300 - 399
=30 28 24

< 50 50-99 100 - 149

Formed Steel

Aluminum Rail Steel Box Rail Beam Rail
(1967 Standard) (1964 Standard) (1951 and 1957
Standards)
PDO = Property Damage Only crash
FI = Personal Injury crash
F Fatality crash

UPGRADING NEEDED

under 25 Points

25 - 50 Points

51 - 75 Points

Over 75 Points

No Upgrading at this time
Delineation according to Standard RE-48A

Block out with Thrie Beam to curb edge

15

1T or
2PDO s or
1 Pl and 1 PDO

400 - 750

22

150 - 200

Steel Rail
(1941 Standard)
Conerete Rail
(1928 Standard)

November 2001
LM. 3.213

20
2 or more
Fs/Pl's or
3 or more
PDOs

>750

> 200

Angle Handrail
(1928 Standard)

(If existing approach guardrail is W-Beam, W-Beam may be used)

Retrofit
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Form 740001WD

496 (&‘ lowa Department of Transportation
-

INSTRUCTIONAL MEMORANDUMS
To County Engineers

To Date

County Engineers February 2002
From IM No.

Office of Local Systems 3.215
Subject

Clear Zone

Clear Zone is the roadside border area within the highway right-of-way, starting at the edge of
the traveled way, available for the recovery of errant vehicles. The width of the clear zone is
influenced by traffic volume, speed and embankment slopes. Clear Zone is desirable because
recovery of high speed vehicles outside of the traveled way is more likely to occur when clear
zones meet the minimum values shown in the following tables and defined by the AASHTO
“Roadside Design Guide.”

On new and major reconstruction projects, clear zone distances vary. For rural collectors less
than 40 mph and less than 750 ADT and all rural local roads, a minimum clear zone width of 10
feet should be provided. On rural collector roads with design speeds of 55 mph, a clear zone
distance according to the Clear Zone table (see page 2) should be used. This table is derived
from the AASHTO “Roadside Design Guide.” Projects with design speeds different than 55
mph should use Table 3.1 in the AASHTO “Roadside Design Guide” (see page 3).

Any obstructions within the clear zone of the project that might severely damage an out-of-
control vehicle and cause serious injuries should be reviewed (corrected) in the following
priority order:

1. Removal.

2. Relocation outside the clear zone or to the right of way line.

Redesign the obstacle to make it traversable.

|95

4. Installation of a traffic barrier if the barrier is less hazardous than the obstruction.
5. Do nothing (after considering the safety aspects, environmental effects and cost-

effectiveness) and delineate the obstacle.

Bridges and large culverts within the clear zone should be reviewed according to LM. 3.213.

Page 1 of 3



February 2002

ILM. 3.215
CLEAR ZONE (feet) for S5 mph Design Speed
For New or Completely Reconstructed Collector Roads
On the Farm to Market and Federal Aid System
Faeslope Design Traffic (ADT)

Under 750 750-1500 1500-6000 Over 6000

12-14 16-18 20-22 22-24
3ltodl * beyond the beyond the beyond the beyond the
toe of slope toe of slope toe of slope toe of slope

4:1to 5:1 ** 14-18 20-24 24-30 26-32

6:1 or flatter #* 12-14 16-18 20-22 22-24

® The distance beyond the toe of the foreslope may be reduced by the width of the shoulder. The distance between
the edge of the traveled way and the beginning of the foreslope 15 considered to be part of the clear zone. Foreslopes
that are 3:1 to 4:1 are considered to be non-recoverable parallel slopes and do not count toward the clear zone
measurement. Example: if a road has 1000 design year ADT and a 6' shoulder, then the clear zone would be 10 feet
to 12 feet beyond the toe of the foreslope

Fixed objects should not be present in the vicinity of the toe of 3:1 foreslopes unless they are at the right-of-way
line. Recovery of errant vehicles may be expected to occur bevond the toe of the slope. Determination of the width
of the recovery area at the toe of a 3;1 slope should take into consideration rnight-of-way availability, environmental
concerns, economic factors, safety needs and crash histories.

¥ Clear Zone distance measured from edge of driving lane.
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ILM. 3.215
TABLE 3.1 Clear Zone Distances (In feet from edge of driving lane)
Source: AASHTO Roadside Design Guide, 1988

Design Design FILL SLOPES CUT SLOPES
Speed Traftic 6:1 or - ] : y . ; 6:1 or
(mph) (ADT) flatter Bl atl 5 i flatter
Under 750 7-10 7-10 bt 7-10 7-10 7-10
<40 750-1500 10-12 12-14 *E 10-12 10-12 10-12
= 1500-6000 12-14 14-16 % 12-14 12-14 12-14
Over 6000 14-16 16-18 k% 14-16 14-16 14-16
Under 750 10-12 12-14 ¥ 8-10 8-10 10-12
45-50 750-1500 12-14 16-20 sk 10-12 12-14 14-16
) 1500-6000 16-18 20-26 X 12-14 14-16 16-18
Over 6000 18-20 24-28 X 14-16 18-20 20-22
Under 750 12-14 14-18 b 8-10 10-12 10-12
55 750-1500 16-18 20-24 ¥ 10-12 14-16 16-18
1500-6000 20-22 24-30 *d 14-16 16-18 20-22
Over 6000 22-24 26-32* B 16-18 20-22 22-24
Under 750 16-18 20-24 ¥ 10-12 12-14 14-16
60 750-1500 20-24 26-32*% L 12-14 16-18 20-22
> 1500-6000 26-30 32-40% &+ 14-18 18-22 24-26
Qver 6000 [ 30-32% 36-44* ok 20-22 24-26 26-28
Under 750 18-20 20-26 bt 10-12 14-16 14-16
65-70 750-1500 24-26 28-36% % 12-16 18-20 20-22
1500-6000 28-32*% 34-42#% *¥ 16-20 22-24 26-28
Over 6000 [ 30-34% 38-46% o 22-24 26-30 28-30

* Where a site specific investigation indicates a high probability of continuing accidents, or such occurrences are
indicated by accident history, the designer may provide clear zone distances greater than 30 feet as indicated. Clear
zones may be limited to 30 feet for practicality and to provide a consistent roadway template if previous experience
with similar projects or designs indicates satisfactory performance.

i Since recovery is less likely on the unshielded, traversable 3:1 slopes, fixed objects should not be present in the
vicinity of the toe of these slopes. Recovery of high speed vehicles that encroach beyond the edge of shoulder may
be expected to occur beyond the toe of slope. Determination of the width of the recovery area at the toe of slope
should take into consideration right of way availability, environmental concerns, economic factors, safety needs, and
accident histories. Also, the distance between the edge of the travel lane and the beginning of the 3:1 slope should
influence the recovery area provided at the toe of the slope. While the application may be limited by several factors,
the fill slope parameters which may enter into determining a maximum desirable recovery area are illustrated in
figure 3.2 of the “Roadside Design Guide”.
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Form 740001WD

496 (&‘ lowa Department of Transportation
-

INSTRUCTIONAL MEMORANDUMS
To County Engineers

To Date

County Engineers October 2001
From IM No.

Office of Local Systems 3.216
Subject

Economic Analysis (Benefit-to-Cost-Ratio)

The purpose of this IM. is to provide a mechanism to help determine the feasibility of an
improvement or analyze various alternatives or countermeasures. Various methods (Cost-
Effectiveness, Benefit/Cost Ratio, Rate-of-Return, Time of Return and Net Annual Benefit) are
available to determine the economic feasibility of an improvement. This LM. will present only
one method, Benefit-to-Cost Ratio, for your consideration.

The Benefit/Cost Ratio is the ratio of the expected benefits, (accrued from a crash/severity
reduction based on an improvement), to the costs of the improvement (construction, right of way,
engineering, etc.). Included are two forms, which may be utilized to determine the Benefit/Cost
Ratio for a particular improvement that is being considered. One form will obtain the Benefit-to-
Cost Ratio as it relates to the project length (Rural Roadway Section). The other form is for spot
locations, such as intersections, bridges, or curves within the project limits. The only difference
in the forms is that the roadway section is based on 100 million vehicle miles (HMVM) of travel
whereas the spot location is based on million entering vehicles (MEV).

The information required to fill out the forms is as follows:

s CRASH DATA: This information can be obtained through Access ALAS Computer
Software that is available through Towa Department of Transportation (Iowa DOT) Office
of Traffic and Safety. For most county roads, with no major improvements within the
time frame, the data should go back five years. ALAS data should be requested for whole
years (no partial years) only. The crash data on the Access ALAS printout should be
transferred to the appropriate blanks on the form, keeping in mind that the number of
fatalities or injuries may not be the same number of these types of crashes (two injury
crashes could involve five injuries). The actual property damage of all crashes should be
totaled and entered in the appropriate blank. Use the value of $2,500 per crash, if no
damage is recorded. All crashes within the project termini or at the spot location should
be included, regardless of type. The crash severity reduction percentage is based on all
crashes.

2. IMPROVEMENT BEING CONSIDERED: The improvement described and the cost

estimate should only be for the work for which the Benefit/Cost Ratio is being
determined.
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Example: If, as part of a resurfacing project, the county is considering widening the
shoulders and flattening the foreslopes, the description should be similar to: Widen
shoulders from 2' to 6' and flatten slopes from 2:1 to 3:1. The cost estimate might
include:

Class 10 Excavation. including botrow

Culvert Extensions

Surfacing or Finishing the Shoulders

Seeding and Fertilizing

Right of Way (if necessary).including any damages to fences, buildings, ete.

Additional Engineering or Surveying

Driveway Culverts (remove and relay or replace)

SERVICE LIFE AND CRASH/SEVERITY REDUCTION FACTORS: Tables are
included listing estimated values for these items for both roadway sections and spot
locations.  Crash/Severity reduction factors are usually provided for a single
countermeasure. However, where multiple countermeasures are being proposed, the
crash/severity reduction factor will be a combination of the individual crash/severity
reduction factors. Since it is not feasible to reduce crashes by more than 100 percent, the
following formula is used to develop an overall crash/severity reduction factor for
multiple improvements at a location or along a route.

ARm = AR; + (1-AR1) ARy + (1-AR)(1-AR2) AR3 + ... + (1-AR)(1-AR;.) AR; where:
ARpy = overall crash/severity reduction factor for multiple improvements.

AR; = crash/severity reduction factor for specific improvement or countermeasure.

i = number of improvements.

Example

An example of the use of the multiple improvement formula is shown for three
improvements at a single location with individual crash/severity reduction factors of:

AR,;=0.45

AR,=0.30
ARs=0.15

The overall crash/severity reduction factor is:
ARy = AR, + (1-AR}) AR; + (1-AR,;) (1-AR,) AR;
= 0.450+ (1-0.45)(0.30) + (1-0.45)(1-0.30)(0.15)

=0.450+ 0.165 + 0.058
=0.673 =0.67
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A-9



October 2001
LM. 3.216

Most studies indicate that an improvement with a Benefit/Cost Ratio over 1.0 is considered
beneficial and under 1.0 is not. However, when considering that estimated values are being
utilized, a more in-depth review is in order for ratios from (.80 to 1.20, inclusive. This review
might include items listed on the Review Sheet (Page #4), in this L M., as:

L.

The crash rate determined in the forms should be reviewed against the statewide average
for all secondary roads. The five year average rate per 100 million vehicle miles in 1995
- 1999 was 237.

Type of crashes should be reviewed against the type of improvement. If the majority of
the crashes within the project termini occurred at intersections, then flattening foreslopes
may not have much of an effect.

The severity of the crashes should be reviewed with respect to location. If most of the
crashes along the route were Property Damage Only (PDO's) and one location had a
number of injury or fatality crashes then a review of that particular "spot" location may
be in order.

The cost of the improvement being considered should be compared with the project cost
without the improvement. If a proposed resurfacing project is estimated to cost $200,000
and the estimated cost to widen shoulders or flatten foreslopes is $500,000, it may be
desirable to program the improvement at some future time. If the project is estimated at
$750.,000 and the improvement at $50,000, it may be wise to include the improvement.

The environmental or social effects of the improvement should always be considered.
These might include: farmland being taken out of production; relocation of families;
adverse effect on wetlands or parks; and disturbance of historical or archaeological areas.
The Context-Sensitive Design process may be appropriate.

In some cases, other alternatives are available that may result in a similar benefit, or
lower cost partial improvements may be used to mitigate the existing condition, if a total
improvement is not cost effective or feasible. If the reconstruction of a horizontal curve
requires taking a farmstead or relocating a bridge, and is not economically feasible,
installing chevrons and advisory speed plates may be used to mitigate the situation.

These forms can be utilized as a tool in deciding whether an improvement is economically
feasible. The completed Benefit/Cost Ratio sheet(s) should be atlached, with copies of the
ALAS printout, to the justification letter outlining the reasons for the county's request for any
design exceptions. The Benefit/Cost Ratio should not be your only basis; other reasons that were
considered in the decision-making process should be detailed in the county's justification letter.

See LM. 3.218.
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BENEFIT/COST RATIO REVIEW SHEET

1. B/C Ratio under 0.80: Improvement probably not cost-effective at this time.
2 B/C Ratio = 0.80 to 1.20: Improvement may be cost effective, should also consider:

Crash rate compared to statewide average.

Type of crashes vs. type of improvement.

Severity of Crashes.

Cost of improvement vs. project cost without improvement.

Environment and social effects of improvement.

Other alternatives to the improvement (i.e. signing, pavement markings, etc.).

2o - o el o

3. B/C Ratio over 1.20: Improvement is probably cost effective and should be accomplished
as part of project or the work programmed in the near future.

Note: The following B/C determination sheets are available in Microsoft Excel 2000®
spreadsheet format. These spreadsheets are available from the Iowa DOT Office of
Traffic and Safety (515-239-1557) and are also located on the Office of Local Systems

web site at: hitp://www.dot.state.ia.us/local systems/publications/publications.htm.
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BENEFIT/COST DETERMINATION
(Rural Roadway Section)

COUNTY
Project No. Date
Location Prepared by
Length (miles) Current ADT
CRASH DATA: From to , Total # Years
(date) (date)
# Fatal Crashes # Fatalities x 51,000,000 =3
# Injury Crashes # Major Injuries x $150.000 =3
# Minor Injuries X $10,000 =5
it Possible Injuries x $2.500 =85
#PDO Crashes Actual Prop. Dam. (Total) =$§
(Use $2,500/Crash if no actual § property loss is shown)
(1) Total # Crash (2) Total Loss = §
(3) Cost/Crash = (2)/(1) =Total Loss/Total # Crash=$§ /erash

Total # Crash x 100.000.000
(4) Crash Rate = ADT x Length x years x 365 = Crash/HMVM

DESIGN EXCEPTION BEING CONSIDERED:
Description of Improvement:
(not project description)

(5) Estimated Cost Imp. $ (Thousand)
(5A) Estimated Service Life (E.S.L.) years
(5B) Estimated Overall Crash/Severity Reduction Factor percent

(See #3. Page 2)
/C ANALYSIS:

(6) Estimated Traffic Volume

ADT x 1 +(1.02)%"x 5A x Length x 0.00000365 HMVM
2
(7) Total Crash Loss = (3) x (4) x (6)
Cost/ Crash x Crash Rate x Est. Traf. Vol. = (Thousand)

(8) Total Crash Benefit = (7) x (5B) =

Tot. Crash Loss x Est. % Crash Reduction = (Thousand)

Benefit/Cost Ratio = (8) = Tot. Crash Benefit =
(5) Est. Cost Imp.

Page 509



IMPROVEMENTS FOR

RURAL ROADWAY SECTIONS

Add Lane(s)
Widen Pavement
Widen Shoulder
Widen Pavement/Shoulder
Flatten Foreslopes
Widen Shoulder/Flatten Foreslopes
Friction Improvement:
Overlay
P. C. Grooving
Signing
Edgeline Markings
Horizontal Realignment
Vertical Realignment

Horizontal/Vertical Realignment/
Correct Superelevation

Roadway Lighting
Relocate Driveways
Flatten Entrance Slopes

Right of Way

Estimated
Service Life
(Years)
20
20
20
20
20

20

10

10

20

20

20
15
20
20

100

Page 6 o[ 9

Estimated Crash/
Severity Reduction
Factor (%)

05
22
08
28
08

15

27
14
05
04
25

30

06
05

05
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BENEFIT/COST DETERMINATION
(Spot Location)

COUNTY
Project No. Date
Location Prepared by
Length (miles) Current ADT
CRASH DATA: From to , Total # Years
(date) (date)
# Fatal Crashes # Fatalities x 51,000,000 =3
# Injury Crashes # Major Injuries x $150.000 =3
# Minor Injuries X $10,000 =5
it Possible Injuries x $2.500 =85
#PDO Crashes Actual Prop. Dam. (Total) =$§
(Use $2,500/Crash if no actual § property loss is shown)
(1) Total # Crash (2) Total Loss = §
(3) Cost/Crash = (2)/(1) =Total Loss/Total # Crash=$§ /erash

Total # Crash x 1.000.000
(4) Crash Rate = ADT x years x 365

Crash/MEV

DESIGN EXCEPTION BEING CONSIDERED:
Description of Improvement:
(not project description)
(5) Estimated Cost Imp. $ (Thousand)
(5A) Estimated Service Life (E.S.L.) years
(5B) Estimated Overall Crash/Severity Reduction Factor percent

(See #3. page 2)

/C ANALYSIS:

(6) Estimated Traffic = ADT x 1+ (1.02)"* x (5A) x 0.000365 MEV
Volume 2

(7) Total Crash Loss = (3) x (4) x (6)
Cost/ Crash x Crash Rate x Est. Traf. Vol. = (Thousand)

(8) Total Crash Benefit = (7) x (5B) =
Tot. Crash Loss x Est. % Crash Reduction = (Thousand)

Benefit/Cost Ratio = (8) = Tol. Crash Benefit =
(3) Est. Cost Imp.
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IMPROVEMENTS FOR

SPOT LOCATIONS
Estimated Estimated Crash/
Service Life Severity Reduction
(Years) Factor (%)

Intersections:

Channelize/Add Turning Lanes 15 25

Improve Sight Distance 15 35

Upgrade Signs/Markings 6/2 36

[uminate

(not destination lighting) 15 20

Add Accel/Decel lane 20 25

Rumble Strips (Applies only to 5 A.C. 44

crashes involving stop condition) 10 P.C. 44

Reconstruct Approach Angle 20 35

Add Beacons 10 25
Curves:

Vertical Realignment 20 57

Horizontal Realignment 20 38

Horizontal/Vertical Realignment/

Correct Superelevation 20 73
Pavement Markings/Delineate 2/6 15
Bridges:
Widen 20 48
Guardrail 15 24
Impact Attenuator 10 35
Replace 50 50
Eliminate 50 75
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IMPROVEMENTS FOR

SPOT LOCATIONS
(continued)
Estimated Estimated Crash/
Service Life Severity Reduction
(Years) Factor (%)

Culverts:

Lengthen 20 48

Guardrail or Grate 15 24

Remove Headwall & Delineate 20 35
Railroad Crossing:

Signalize 10 50

Upgrade Warmning Devices 10 27

[Mluminate 15 62

Replace with Grade Separation 50 39

Eliminate 50 o]
High Fills:

Guardrail 10 16

Delineate 6 10

Flatten Foreslopes 20 25
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Table B.1. Survey Responses.

Name Agency

1. Does your agency 2. If yes, what are the specific ADT 3. 1f no, what is the basis for

use average daily  criteria for requiring traffic barrier  placement of traffic barriers on low-
placement and why was this specific  volume road bridges?
ADT value chosen as the threshold?

traffic (ADT) to
determine if traffic

barriers (i.e.,
guardrail) are

required for bridges
located on low-

volume roads?

4. Does your agency recommend or
use protective treatments other than

"W" beam type guardrail systems for

low-volume road bridges?

5. If yes, what are they, why were 6. Have the criteria for determining
these alternate traffic barrier systems traffic barrier use on low-volume
chosen for use and have they been roads been modified in the past 10

effective? years?

7. If yes, have any safety, cost, or
other effects been seen due to the
change in criteria?

8. May we receive a copy of the
currently policy/ guardrail for traffic
barriers on low-volume bridges and
current design standards for the
bridge approach guardrail?

Federal Bridge Owners
JohnKattell US Forest ~ No
Service

State Bridge Owners
Jean Nehme Arizona DOT; No

Bridge Group
Randy Hiatt Caltrans No
Mark Colorado DOT; No

Leonard Staff Bridge

Barry Delaware DOT; No
Benton  Bridge Design

Jiten Soneji Delaware DOT; No
Bridge

Charles Florida DOT;  No
Boyd Structures.
Design Office

PaulLies ~ Georgia DOT, No
Bridge Engincer

PaulSanto  Hawail DOT,  No
Highways

Kevin Burke Tlinois DOT;  Yes
Highways
Bureau of local
roads and
streets

No Response

No Response

No Response

No Response

No Response

No Response

No Response

No Response

No Response

The Forest Service has a variety of roads

from single lane native surface to two-lane

paved with the vast majority under 400
ADT. We use criteria with respect to the
character and nature of the road, design
speeds, and sight distances to help us
qualify the hazards and protections
needed.

AASHTO Guidelines

AASHTO LRFD Bridge Specifications

Ifrail does not meet AASHTO Standard
Specs, replace/upgrade rail when any
project in the area takes place, funds
permitting. If the rail is removed for any
reason (bridge widening or replacement)
replace it with one of CDOT's current
FHWA approved crash tested bridge
rails.

Design Speed and clear zone

Posted Speed/Design Speed, Functional
Class, Accident History, Crash tested
barriers

NCHRP Report 350 Test Level 4
compliant traffic railings are required for
allFDOT owned bridges regardless of
design speed or traffic counts

We use jersey shape traffic barrier on all
our rural bridges

We have no basis. In the first place, we
don't have any roads in our jurisdiction
with ADT less than 400. We generally
use the same criteria regardless of ADT.

400 AASHTO Definition of low volume road

Yes

No

No

Yes

Yes

We use guardrail on the approaches and
a jersey shaped barrier on the bridge

Yes

No

‘We use tube rail systems, Thrie-beam, ~ No
concrete bartier and for many of our low
level roads we use a "curb only" system.

They have been effective.
No Response No
No Response No

CDOT's W-beam is a TL-3 systemand  No
is not necessarily less expensive than
CDOT's TL-4 systems. Where the TL-4
systems are not significantly different in

costs, and are otherwise compatible with

the bridge, they are used.

We use timber rails for aesthetic reasons No
if requested by the community

Timber Rails No

A flared and tapered F shape transition is No
used for approaches on roadways with

curb and gutter cross sections and with
design speeds of 45 mph and less

The system we use has been effective ~ No

We have no special barriers for low- No
volume roads/bridges. We use all the

options that we have for all bridges

regardless of ADT

No Response No

No Response

No Response

Yes, Send me an e-mail address and I
will get our policy to you. We are very
interested in this work and applications to
the roads on National Forest Lands. My
e-mail is jKattell@f.fed.us.

ADOT does not have a specific policy
addressing traffic barriers on low-volume
bridges.

AASHTO LRFD Bridge Specifications in Yes, The current design standard for
effect in 1998. More acsthetic bridge rails bridge approach guardrail on CA state

are available at higher costs

No Response

No Response

No Response

No Response

No Response

No Response

No Response

highways is contained in 2006 State
Standard Plan A77J4 - link is attached:
http//www.dot.ca.gov/hg/esc/oe/project
plans/highway_plans/stdplans_US-
customary-
units_06/viewable_pdfirspa77j4.pdf
Yes, Bridge Design Manual Subsection
2.1 (not up to date):
http7//www.dot.state.co.us/Bridge/Design
Manual/dm_s02.pdf Bridge rail standard
drawings, B-606 series:
https//www.dot.state.co.us/Bridge/Works
heets/Worksheets.htm

No
No Response

Yes, FDOT Design Standards are
available at the following website:

http dot.state.fL i
/08/2008Standards.shtm Look for the
400 series standards, all bridge and
roadway traffic railings and approaches
are there. Also, bridge traffic railing policy
can be found in Section 6.7 of the FDOT
Structures Design Guidelines Volume 1 at
this website:

htp: dot state.fl e

anualhtm
Yes

No, We have no policy/guideline for
traffic barriers on low-volume bridges.

Yes,
http//vww.dot.il.gov/blr/manuals/Chapter
%2035.pdf
http//vww.dot.il.gov/blr/manuals/Chapter
%2036.pdf




Table B.1. Survey Responses (cont.).

Name Agency 1. Does your agency 2. If yes, what are the specific ADT 3. If no, what is the basis for 4. Does your agency recommend or 5. If yes, what are they, why were 6. Have the criteria for determining 7. If yes, have any safety, cost, or 8. May we receive a copy of the
use average daily  criteria for requiring traffic barrier  placement of traffic barriers on low-  use protective treatments other than  these alternate traffic barrier systems traffic barrier use on low-volume other effects been seen due to the  currently policy/ guardrail for traffic
traffic (ADT) to  placement and why was this specific  volume road bridges? "W" beam type guardrail systems for chosen for use and have they been  roads been modified in the past 10 change in criteria? barriers on low-volume bridges and
determine if traffic ADT value chosen as the threshold? low-volume road bridges? effective? years? current design standards for the
barriers (i.e., bridge approach guardrail?
guardrail) are
required for bridges
located on low-
volume roads?
Kurt Louisiana DOT; No No Response ‘We try and use guard rail or some other  Yes Typically we recommend guard rail but in No No Response Yes, Contact me via e-mail and I can
Bramer  Bridge Design type of barrier system on all bridges, certain urban situations, we allow the use send you a copy of our standards for of
regardless of the ADT. of a turned down concrete barrier o as system (low volume) roads. Again, we
to tie into the roadway curb. use guard rail on all bridges regardless of
ADT, therefore we have no written policy’
for low-volume roads.
Dave MnDOT; Yes Guardrail is required to be installed at all  No response Yes Steel tubular box beam guardrail and Yes Criteria, From: Guardrail s required to be Yes
Conkel Bridge Office, local bridges where the design speed posts. We believe the box beam guardrail installed at all local bridges where the
State Aid exceeds 40 mph, and either the existing will provide less maintenance and a design speed exceeds 40 mph, and either
Bridge Unit ADT exceeds 400, or the bridge clear smaller distance to shielded object. the existing ADT exceeds 749, or the
width is less than the sum of the lane and We're still in the implementation phase on bridge clear width is less than the sum of
shoulder widths. The costs associated the local system, however we know they the lane and shoulder widths. To:
with the more severe crashes (guardrail have been successfully used on the New Guardrail is required to be installed at all
reduces severity (and subsequent costs) York local bridge system. They’re more local bridges where the design speed
appears to be pushing up the benefit cost expensive than the “W”” beam type. exceeds 40 mph, and cither the existing
ratio in favor of using guardrail at lower ADT exceeds 400, or the bridge clear
traffic volumes. width is less than the sum of the lane and
shoulder widths. Change in criteria was
based on research of the “safety and cost-
effectiveness of bridge approach guardrail
for county state aid bridges in Minnesota.
The research was conducted through the
Minnesota Local Road Research Board
(LRRB). The new criterion was just
recently adopted in the State-Aid
Operation Rules Chapter 8820 in
February 2008. It’s anticipated that the
data on safety, cost, effectiveness and
etc...will be comparable to other states
with similar criteria. We would
recommend the LRRB rescarch report
2005-39 on the safety and cost-
Suresh Patel MoDOT Yes If operating speed is < 60 MPH, AADT No Response No No Response Yes 1 don't know Yes,

David Scott New Hampshire No

Ray Trujillo

Arthur
Yannotti

DOT; Burcau of
Bridge Design

New Mexico Yes
DOT Bridge
Bureau

New York Yes
State DOT,

Office of

Structures

is 400 o less per day and bridge does
not end in arca of poor geometry then

barrier not provided.
N/A Location of hazards Yes
Ifthe 20-year projected ADT is less than No response Yes

400 vehicles per day, the railing shall meet
as a minimum the requirement for
Performance Level One (PL-1) or other
bridge railing as defined in AASHTO
Guide Specs for Bridge Railing. The
policy is 15 years old, so I am not sure
why 400 vpd was chosen, maybe
because our state is mostly rural and most
of our bridges fall into this category?

Traffic barrier is always used, but for low No response Yes
volume local roads two simpler barrier

system are allowed. The criteria are less

than 500 ADT for one system and less

than 1500 ADT for the other

We do recommend the use of "W"beam No
type guardrail systemss for low-volume

road bridges, especially the T101 Texas

rail, but we also recommend aluminum rail

on low speed roads, which are typically

low volume roads. Aluminum rail is
sometimes preferred due to its low
maintenance requirements.

Have used moveable concrete barrier  No
railing (K-rail)which has been efective.

‘This has been used when our District

offices have excess concrete K-rail

We use Thrie beam and box beam Yes
systems as well. They are less expensive

than the standard railings used on state
highways. They have been effective

hitp:/epg modot.org/index.php2titke=Cate
gory:606_Guardrail_and_Guard_Cable

N/A Yes, Please contact to obtain a copy of
our current Bridge Design Manual. Rail
details may be found at

htp: nh.gov/d idgedesi
en/BridgeDesignStandards.htm;
htp: nh.govidot/org/proj |

pment/bridgedesign/documents.htm

No Response Yes, I can cither mail you a hard copy or
scan our policy into a pdf file and e-mail
it. My e-mail s listed above.

Low volume railing standards were issued yes, They are available on the NYSDOT

for the first time in 2001 website. The direct link is below:
https://www.nysdot.gov/portal/page/porta
Vmainbusiness-center/engineering/cadd-
info/drawings/bridge- detail-sheets-usc/rl-
rail-for-low-volume-bridges-usc




Table B.1. Survey Responses (cont.).

Name Agency 1. Does your agency 2. If yes, what are the specific ADT 3. If no, what is the basis for 4. Does your agency recommend or 5. If yes, what are they, why were 6. Have the criteria for determining 7. If yes, have any safety, cost, or 8. May we receive a copy of the
use average daily  criteria for requiring traffic barrier  placement of traffic barriers onlow-  use protective treatments other than  these alternate traffic barrier systems traffic barrier use on low-volume other effects been seen due to the  currently policy/ guardrail for traffic
traffic (ADT) to  placement and why was this specific  volume road bridges? "W" beam type guardrail systems for chosen for use and have they been  roads been modified in the past 10 change in criteria? barriers on low-volume bridges and
determine if traffic ADT value chosen as the threshold? low-volume road bridges? effective? years? current design standards for the
barriers (i.e., bridge approach guardrail?
guardrail) are
required for bridges

located on low-
volume roads?

Guichuru  North Carolina No
Muchane  DOT

Bryon Fuchs NDDOT; Local No

Barry South Carolina  No
Bowers DOT;
Preconstruction
Edward Tennessee No
Wasserman DOT;
Structures

JomHolt  Texas DOT;  No
Bridge Division

Bryant  Virginia DOT;  Yes
Lowery  Location and
Design

Ryan Collins Washingion; ~ No
Bridge and
Structures
Office

Gregg Wyoming DOT; No
Fredrick  Bridge program

Canadian Providence Bridge Owners

Raymond ~ Alberta Yes
Yu Transportation;
Technical
Standards
Branch

Non-lowa Counties Bridge Owners
Michael St Clair County Yes
Clark Road

Commission

Note: Traffic Barriers are used on all
Bridges

No Response

No Response

No Response

No Response

ADT is only one of several items we
review. We typically handle low volume
(ADT approx. 400 per AASHTO)
bridges on a case by case basis.

No Response

No Response

Use CSA-86-06 code Performance
Level requirements based on muli factors
including highway type, speed, ADT, %
truck, grade, curve, height

We use the AASHTO roadside design
guidelines for calculations of clear zones
and barrier need

Type of traffic barricr used & based on No
posted speed it of the facility

All new bridges receive "W beam type  No
guardrail for low volume roads.

SCDOT typically uses a 32-inch concrete Yes
barrier parapet on all bridges that do not
include sidewalks.

We use traffic barriers onallbridges  Yes
regardless of traffic count

Ifthe bridge is built by the state, Yes
regardless of traffic volume, a traffic

barrier that is compliant with NCHRP

Report 350 is used

No response No

We use a test level 4 (TL-4) minimum ~ Yes
design standard for all bridges regardless

of volume. We do occasionally use less

for retrofits where the bridge does not

have the strength to support a TL-4

system such as a timber deck or thin slab.
Low speeds and accident history have

also been used to justify a change in

retrofit requirements, but not volume.

Bridges on low volume roadways utilize  Yes
Wyoming's TL3 steel tube open bridge
railing

No response Yes

No response No

No Response No

No Response No

A thric beam guardrail bridge connector  No
is used at the ends of the concrete barrier
parapet.

We use open concrete rails, equivalent to Yes
the Kansas corral or solid parapet,

depending on overtopping conditions. On

bos or slab bridges we use a guardrail
conforming to the Texas T101

Single Sided Crash Cushions have been  No
employed where not enough length was
available to place the usual guardrail

terminal, such as a bridge end in close
proximity to a driveway. Details can be

found online at:

fip:/fip.dot.

3a.pdf

No Response No
Our first choice is to place concrete No

barrier on new construction and thrie
beam on retrofits. We do use W-beam
on highway applications which include
culverts and spans less than 20 feet.

W beam and box beam approach railing  No
are both considered on a case by case
basis

Deck mounted thrie beam (no curb or 75 Yes
mm curb where drainage control

required). This is a Performance Level 1
(TL2) barrier modified from a crash

tested system.

No Response No

No Response

No Response

No Response

Not Quantified

No Response

No Response

No Response

No Response

Change driven by CSA $6 Canadian

Bridge Design Code published in 2000.

Previous experience in W-beam bridge
rail with curb in collisions ot good.

No Response

Yes,
hitp//www.nedot.org/doh/py
ghway/roadway/policymemos/Design/Sub
regionalTierDesign.pdf

Yes,

httpy//www.dot.nd
signmanualidesignmanual htm

Yes, See Section 17.6.1 of the SCDOT
Bridge Design Manual
(http://www.scdot.org/doing/bridge/pdfs/
BD_manualFiles/Chapter_17.pdf) and
Section 805 of the SCDOT Standard
Drawings
(http/www.scdot.org/doing/pd/stddra
wings/new_2008/sd08-
09_800_incidental_construction.pdf)
Yes,
hitp//www.tdot.state.tn.us/Chief_Enginee
rlengr_library/design/StdDrwgEng_PDFs/
SGR22_031308.pdf

Yes, TXDOT policy on bridge rails can
be found in the TXDOT Bridge Railing
Manual, available online at: http/gsd-
ultraseck/txdotmanuals/rlg/index.htm
TxDOT standard drawings for approach
guardrail can be found online at:
http//www.dot.state. tx.us/i ha
rt/emd/cserve/standard/rdwylse.htm

No Response

Yes, Our policies do not address low
volumes relative to bridge barrier. Design
guidance can be found in our WSDOT
Design Manual, chapter 710 and
WSDOT Standard Plans in section C.
The WSDOT Bridge Design Manual
chapter 10 gives recommendations on
guardrail and barrier placement.

http: .wsdot.wa.gov/Desig

ds
http/www.wsdot.wa.gov/Design/Policy/
Chapters.htm
htp/www.wsdot.wa.gov/F
anuals/M23-50.htm

Yes, Our typical bridge railing details can
be found at

hitp//www.dot state.wy.us/Default jsp?s
Code=hombh

Yes,
hitp//www. transportation.alberta.ca/Cont
entdoctype30/production/S1652-00-
rev3.pdf

Yes, AASHTO roadside design guide
from the Feds




Table B.1. Survey Responses (cont.).

Name Agency 1. Does your agency 2. If yes, what are the specific ADT 3. If no, what is the basis for 4. Does your agency recommend or 5. If yes, what are they, why were 6. Have the criteria for determining 7. If yes, have any safety, cost,or 8. May we receive a copy of the
use average daily ~ criteria for requiring traffic barrier  placement of traffic barriers onlow-  use protective treatments other than  these alternate traffic barrier systems traffic barrier use on low-volume other effects been seen due to the  currently policy/ guardrail for traffic
traffic (ADT) to  placement and why was this specific  volume road bridges? "W" beam type guardrail systems for chosen for use and have they been  roads been modified in the past 10 change in criteria? barriers on low-volume bridges and
determine if traffic  ADT value chosen as the threshold? low-volume road bridges? effective? years? current design standards for the
barriers bridge approach guardrail?
guardrail) are
required for bridges
located on low-
volume roads?
Wayne lonia Comty  No No Response Safety transition to rigid bridge raiing ~ No No Response No No Response Yes, Michigan Department of
Schoonover Road system. Transportation's Road Design Manual
Commission; found on-line at MDOT's website
Michigan
Eugene Collier County; No No Response Deign Standards & Crash history No No Response No No Response No, We do not have a written policy
Calvert  Florida Jguideline for low-volume bridges.
Current design standard is Florida
Department of Transportation (FDOT)
standard
Towa Counties Bridge Owners
Brian Buchanan No No Response Funding, we use 4 comner rails when No No Response no No Response Yes, Send fax number.
Keierleber  County Iowa, federal funds are available, and place rails
Secondary on the bridge only when local funds are
Roads used after documenting no crash history.
Ron Haden Calhoun County Yes 50vpd or less and bridge width 24' or No No Response No No Response Yes, request and I can email or fax
Towa, more -no barrier 51-99vpd and bridge
Secondary width 24' or more -barriers on approach
Roads corners only over 100 vpd and bridge
width of 24'or more - barriers on all 4
corners
David Carroll County No No Response Guardrail is only placed on federally No No Response No No Response No Response
Paukon  lowa, finded bridge replacement projects
Secondary
Roads
Robert Cedar County No No Response We place guardrail in accordance to clear No No Response No No Response no
Fangmann  lowa, zone requirements as outlined in County
Secondary Engineers Instructional Memorandum
Roads 3.215
MaryKelly Cerro Gordo  No No Response We generally use guardrail on hard Yes Cable rail but that would be for protecting No No Response No written policy
County Towa surface roads obstructions, i.c. drainage ways within the
clear zone.
David Cherokee No No Response Width of bridges, & sight distances, No No Response no No Response Being new here I do not know if in fact
Shanahan ~ County Towa, although we place railing on nearly all of they do have a policy other than trying to
Secondary our bridges put railing on all new bridges
Roads
Tom Clark County  No No Response Has t be BRS/BROS, ete. project No No Response No No Response No written policy
Anderson  Towa
Paul Crawford No No Response County Engineer IM 3.213 No No Response No No Response Yes, IM 3.213 requires the use of
Assman County guardrail at all four corners of new
Secondary bridges constructed on the Farm-to-
Roads Market system. We generally do not use

guardrail on Non FM roads as the ADT
is less than 100 vpd and in many cases
request a design exception on FM roads
with granular surfaces to climinate the
guardrail. The guardrail create some
challenges with surface water erosion on
granular surfaced roads. We have some
very good examples of guardrail usage on
low volume roads and the associated
issues. It is also important to note that we
have not had any bridge impact accidents
in the county that anyone can remember
(38 year employees). I would be in favor
of revising the criteria thru application of
an updated "risk based" approach




Table B.1. Survey Responses (cont.).

Name Agency 1. Does your agency 2. If yes, what are the specific ADT 3. If no, what is the basis for 4. Does your agency recommend or 5. If yes, what are they, why were 6. Have the criteria for determining 7. If yes, have any safety, cost, or 8. May we receive a copy of the
use average daily criteria for requiring traffic barrier  placement of traffic barriers onlow-  use protective treatments other than these alternate traffic barrier systems traffic barrier use on low-volume other effects been seen due to the currently policy/ guardrail for traffic
traffic (ADT) to  placement and why was this specific  volume road bridges? "W" beam type guardrail systems for chosen for use and have they been  roads been modified in the past 10 change in criteria? barriers on low-volume bridges and
determine if traffic ADT value chosen as the threshold? low-volume road bridges? effective? years? current design standards for the
barriers (i.e., bridge approach guardrail?
guardrail) are
required for bridges
located on low-
volume roads?
Jim George Dallas County  No No Response Generally, .M. 3.213 although practically No No Response No No Response IM.3213
Towa, Road speaking, we put barrier on all four
Department corners
Keith Hinds Decatur County No No Response Accident History No No Response No No Response We do not have a written policy at this
lowa time
Dan Ecker  Dickinson Yes As per IADOT design guides and aides  No response Yes Thire beam, cable rail Yes As per IADOT Yes, refer to ADOT memorandum to
County lowa, county engineers
Secondary
Roads
Roger Emmet County  Yes No Specific ADT No response Yes Signage, delineators No No Response No local specific current policy/guidelines
Patocka Towa, County for traffic barriers other than those
Engineer required/recommended by standards
exist.
IDKing  Fayette County No No Response Pave roadway vs. granular surfaced No We use corner guardrail only on the No No Response No written policy at FCRD, just standard
Towa, Road roadway approach side, not the opposing lane practice
Department side. 2 of 4 corners for granular. Paved =
4 corners
Daniel Davis Fremont County No No Response We probably look more at un offthe  No No Response No No Response No
Towa, road crash criteria
Secondary
Roads
Tom Stoner Harrison County No No Response Accident data/ available funds No No Response No No Response N/A
Towa, County
Roads
Mike Jones County  No No Response For new bridges, we always place No No Response No No Response We utilize the current road standards for
McChin  Towa, approach guardrail at all four corners the TADOT of these installations
Secondary
Roads
Christy Van Keokuk County No No Response Traffic barriers upgraded when bridge is  No Alternate traffic barriers are considered  No No Response Do not have a written policy
Buskirk Towa, Highway rehabilitated or replaced based on ADT, functional classification,
Department and design criteria based on finding
source
Doug Miller Kossuth County No No Response On paved routes, we install guardrailon  No No Response No No Response No, it is not written, see question #4
Towa, Engineers all corners of the bridge. On gravel roads
Office we install guardrail on approach sides
only
Ernest Lee County No No Response Lee County uses .M. 3.213 (guardrail  No No Response No No Response Lee County has no written policy on this
Steffensmeie Towa, and bridge rail) for all bridges in the since we use the LM. 3.213
T Secondary county (local or farm-to-market) when
Roads reconstruction or resurfacing of roadways
are done. All new bridges no matter what
the traffic volume has approach guardrail
onall four corners.
Steve Linn County No N/A ‘We place traffic barriers on all bridges ~ Yes Thrie beam is used as well. We use No N/A Yes, We place traffic barriers as we build
Gannon Towa, concrete barriers of several types new bridges. we place guardrail at each
Secondary corner. We use the current DOT
Roads standard for new bridges built with F-M
or Federal finding. We extend w-beam
with local projects
Jeff Williams Lyon County ~ No No Response Federal aid route or FM route-- No No Response No No Response No written policy
Towa, constructed with federal aid dollars
Secondary
Roads
JayDavis ~ Marion County No No Response Some type of barrier is placed onall  Yes Sometimes we use thrie beam, inpast  Yes we have always had a rail installed on all  we have no official policy. typically we
lowa, bridges, barrier may not meet standards channel iron sections have been used bridges, recently we have tried to make  will install thrie beam across the bridge on
Secondary on some projects them stronger and safer 6 inch wide flange beams for posts. At
Roads the bridge ends we transition to W beam

and place a curved section of W beam.
beyond the wing wall. An end section is
used for the end. The W beamis installed
on 6" wood posts




Table B.1. Survey Responses (cont.).

Name Agency 1. Does your agency 2. If yes, what are the specific ADT 3. If no, what is the basis for 4. Does your agency recommend or 5. If yes, what are they, why were 6. Have the criteria for determining 7. If yes, have any safety, cost, or 8. May we receive a copy of the
use average daily criteria for requiring traffic barrier ~ placement of traffic barriers onlow-  use protective treatments other than these alternate traffic barrier systems traffic barrier use on low-volume other effects been seen due to the currently policy/ guardrail for traffic
traffic (ADT) to  placement and why was this specific  volume road bridges? "W" beam type guardrail systems for chosen for use and have they been  roads been modified in the past 10 change in criteria? barriers on low-volume bridges and
determine if traffic ADT value chosen as the threshold? low-volume road bridges? effective? years? current design standards for the
barriers (i.e., bridge approach guardrail?
guardrail) are
required for bridges
located on low-
volume roads?
Royce Marshall County No No Response Guardrail is installed on all new No No Response No No Response Policy is stated in the answer question
Fichtner Towa construction bridges number 4
Thomas  Osceola County No No Response Paved road vs. non-paved road No No Response No No Response No, We do not have a written policy
Snyder  lowa, Jeuideline for low-volume bridges.
Secondary Current design standard is Florida
Roads Department of Transportation (FDOT)
standard
Kurt Bailey Polk County ~ No No Response Accident History Yes DOT Standards are used for liability No No Response No, have not developed a policy
Public Works, purposes
Towa
Doug Ringgold No No Response Do not place expect new bridges on farm No No Response No No Response No written policy
Coukon  County Towa, to market
Secondary
Roads
Steve Akes Union County  No No Response Only when performing road No No Response No No Response Do not have a written policy
Towa, County improvements such as grading or paving
Engineers office
Brain Wapello County No No Response Allnew contracted bridges have IDOT ~ No No Response No No Response We currently do not have a written
Moore Towa, standard guardrail and approach rail policy. For design we use IDOT
Secondary Accident history is considered for standards and recommendations in the
Roads replacement or upgrade of guardrail of County IM's
existing bridges
David Washington ~ No No Response clear zone recommendations no No Response no No Response No, don't have a policy
Patterson  County Towa,
Secondary
Roads
Lee Bjerke Winneshick ~ Yes <100 ADT No response No No Response Yes Costs have risen when we changed to No. There is no written policy
County Towa, solely w-beam railings
Secondary
Roads
Mark Nahra Woodbury No No Response No response no No Response no No Response Yes, We utilize IDOT local agency
County lowa, euidelines and design standards for
Secondary determining need for guardrail.
Roads Personally, I put it up on all new bridges

built, unless I build the bridge roadway
wider than the lane width plus clear zone
(box culvert ).
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Table C.1. AADT frequency data for LVR inventoried bridge population.

AADT
Criteria Unknown (%) 1to 49 (%) 50 to 99(%) 100 to 149 (%) 150 to 199 (%) 200 to 400 (%) Total (%) Known Info
Bridges __ # of inventoried bridges 11 (100%) 9792  (100%) 4337  (100%) 1190 (100%) 520  (100%) 1380  (100%)| 17230 (100%)| 15423
Unknown 11 (100%) (0%) (0%) (0%) (0%) (0%) 11 (0%)
AADT (IM  1to 199 (0%) 9792 (100%) 4337 (100%) 1190 (100%) 520 (100%) (0%) 15839 (92%)
Report)  200to0 299 (0%) (0%) (0%) (0%) (0%) 1380  (100%)| 1380 (8%)
300 to 400 (0%) (0%) (0%) (0%) (0%) 37 (3%) 37 (0%)
Unknown 1 (9%) 795 (8%) 483 (11%) 169 (14%) 79 (15%) 280 (20%) 1807 (10%) (-)
1to 20 9 (82%) 4748 (48%) 1482 (34%) 333 (28%) 126 (24%) 148 (11%) 6846 (40%) (44%)
Bridge Width, 20.1to 23.9 (0%) 1993  (20%) 892  (21%) 220  (18%) 85 (16%) 142 (10%) | 3332  (19%) | (22%)
ft (IM Report) 24t027.9 (0%) 1462 (15%) 857 (20%) 206 (17%) 82 (16%) 233 (17%) 2840 (16%) (18%)
2810 29.9 (0%) 412 (4%) 315 (7%) 117 (10%) 67 (13%) 293 (21%) | 1204  (7%) (8%)
30 or greater 1 (9%) 382 (4%) 308 (7%) 145 (12%) 81 (16%) 284 (21%) 1201 (7%) (8%)
1to0 49 6 (55%) 5525  (56%) 2178  (50%) 545  (46%) 214  (41%) 536  (39%) | 9004  (52%)
Bridge 50to 99 3 (27%) 2567 (26%) 943 (22%) 261 (22%) 93 (18%) 235 (17%) 4102 (24%)
Length, ft IM 100to 149 1 (9%) 1144  (12%) 654  (15%) 177  (15%) 93 (18%) 274  (20%) | 2343 (14%)
Report) 1500 199 1 (9%) 349 (4%) 271 (6%) 90 (8%) 54 (10%) 153 (11%) | 918 (5%)
200 or greater (0%) 207 (2%) 291 (7%) 117 (10%) 66 (13%) 182  (13%) | 863 (5%)
Unknown (0%) (0%) (0%) (0%) (0%) (0%) (0%)
Bridgerail not to standard 10 (91%) 7615 (78%) 2927 (67%) 769 (65%) 302 (58%) 689 (50%) 12312 (71%)
Bridgerail meets standards 1 (9%) 1627 (17%) 1087  (25%) 316 (27%) 166 (32%) 508 (37%) 3705 (22%)
Bridgerail not required (0%) 550 (6%) 323 (7%) 105 (9%) 52 (10%) 183 (13%) 1213 (7%)
Unknown (0%) (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Transitions not to standard 10 (91%) 8243 (84%) 3259 (75%) 835 (70%) 317 (61%) 678 (49%) 13342 (77%)
Transitions meet standards 1 (9%) 888 (9%) 715 (16%) 248 (21%) 147 (28%) 519 (38%) 2518 (15%)
Traffic Safety Transitions not required (0%) 661 (7%) 363 (8%) 106 (9%) 56 (11%) 183 (13%) 1369 (8%)
Unknown (0%) (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Approach rail not to standard 10 (91%) 8186 (84%) 3270 (75%) 820 (69%) 305 (59%) 596 (43%) 13187  (77%)
Approach rail meets standards 1 (9%) 950 (10%) 706 (16%) 263 (22%) 161 (31%) 604 (44%) 2685 (16%)
Approach rail not required (0%) 656  (7%) 361 (8%) 106 (9%) 54  (10%) 180  (13%) | 1357  (8%)
Unknown (0%) 1 (0%) (0%) 1 (0%) (0%) (0%) 2 (0%)
Approach ends not to standard 10 (91%) 8239 (84%) 3351 (77%) 856 (72%) 326 (63%) 699 (51%) 13481 (78%)
Approach ends meet standard 1 (9%) 898 (9%) 632 (15%) 228 (19%) 141 (27%) 500 (36%) 2400 (14%)
Approach ends not required (0%) 654 (7%) 354 (8%) 105 (9%) 53 (10%) 181 (13%) 1347 (8%)
Soil surface 7 (64%) 972 (10%) 31 (1%) 1 (0%) 3 (1%) 1 (0%) | 1015  (6%)
Road Surface G.ravel- surface 3 (27%) 8788 (90%) 4200 (97%) 1001 (84%) 297 (57%) 218 (16%) 14507  (84%)
Type Bituminous (0%) 14 (0%) 34 (1%) 55 (5%) 42 (8%) 109  (8%) 254 (1%)
Asphalt 1 (9%) 9 (0%) 50 (1%) 93 (8%) 106 (20%) 671 (49%) 930 (5%)
Concrete (0%) 9 (0%) 2 (1%) 40 (3%) 72 (14%) 381  (28%) | 524  (3%)
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Table C.2. AADT frequency for LVR bridge related crashes.

AADT
Criteria Unknown* 1to 49 (%) 50 to 99(%) 100to 149 (%) 150to 199 (%) 200 to 400 (%) Total (%) Known Info
Crashes  # of bridge related crashes 1 99 (100%) 101 (100%) 40 (100%) 23 (100%) 77 (100%) 341 (100%) 282 270
Unknown 1 (0%) (0%) (0%) (0%) (0%) 1 (0%)
AADT(IM  1to 199 99 (100%) 101 (100%) 40 (100%) 23 (100%) (0%) 263 (77%)
Report)  200to 299 (0%) (0%) (0%) (0%) 40 (52%) 40 (12%)
300 to 400 (0%) (0%) (0%) (0%) 37 (48%) 37 (11%)
Unkown 28 (28%) 19 (19%) 7 (18%) 6 (26%) 11 (14%) 71 (21%)
1t020 1 42 (42%) 46 (46%) 16 (40%) 7 (30%) 12 (16%) | 124  (36%) (46%)
Bridge Width, 20.1to 23.9 11 (11%) 15 (15%) 8 (20%) 3 (13%) 12 (16%) 49 (14%) (18%)
ft (IM Report) 24to 27.9 8 (8%) 15 (15%) 5 (13%) 3 (13%) 13 (17%) 44 (13%) (16%)
28t029.9 5 (5%) 2 (2%) (0%) 2 (9%) 18 (23%) 27 (8%) (10%)
30or greater 5 (5%) 4 (4%) 4 (10%) 2 (9%) 11 (14%) 26 (8%) (10%)
Unknown 26 (26%) 15 (15%) 5 (13%) 6 (26%) 7 (9%) 59 (17%)
1to 49 32 (32%) 34 (34%) 11 (28%) 5 (22%) 14 (18%) 96 (28%) | (34%)
Bridge Length, 50to 99 1 25 (25%) 24 (24%) 12 (30%) 4 (17%) 14 (18%) 80 (23%) | (28%)
ft (IM Report) 100to 149 7 (7%) 13 (13%) 4 (10%) 4 (17%) 23 (30%) 51 (15%) | (18%)
150to 199 7 (7%) 4 (4%) 5 (13%) 1 (4%) 6 (8%) 23 (7%) (8%)
200 or greater 2 (2%) 11 (11%) 3 (8%) 3 (13%) 13 (17%) 32 (9%) (11%)
Unknown 26 (26%) 15 (15%) 5 (13%) 6 (26%) 7 (9%) 59 (17%)
Bridgerail not up to standard 1 53 (54%) 64 (63%) 24 (60%) 10 (43%) 35 (45%) 187 (55%) | (66%)
Bridgerail meets standards 18 (18%) 20 (20%) 11 (28%) 7 (30%) 31 (40%) 87 (26%) | (31%)
Bridgerail not required 2 (2%) 2 (2%) (0%) (0%) 4 (5%) 8 (2%) (3%)
Unknown 26 (26%) 15 (15%) 5 (13%) 6 (26%) 7 (9%) 59 (17%)
Transitions not up to standard 1 61 (62%) 74 (73%) 32 (80%) 10 (43%) 38 (49%) 216 (63%) | (77%)
Transitions meet standards 8 (8%) 9 (9%) 3 (8%) 7 (30%) 28 (36%) 55 (16%) | (20%)
Traffic Safety Transitions not required 4 (4%) 3 (3%) (0%) (0%) 4 (5%) 11 (3%) (4%)
Unknown 26 (26%) 15 (15%) 5 (13%) 6 (26%) 7 (9%) 59 (17%)
Approach rail not up to standard 1 61 (62%) 74 (73%) 32 (80%) 8 (35%) 33 (43%) 209 (61%) | (74%)
Approach rail meets standards 8 (8%) 9 (9%) 3 (8%) 9 (39%) 35 (45%) 64 (19%) | (23%)
Approach rail not required 4 (4%) 3 (3%) (0%) (0%) 2 (3%) 9 (3%) (3%)
Unknown 26 (26%) 15 (15%) 5 (13%) 6 (26%) 7 (9%) 59 (17%)
Approach ends not up to standard 1 61 (62%) 76 (75%) 32 (80%) 8 (35%) 40 (52%) 218 (64%) | (77%)
Approach ends meet standard 8 (8%) 7 (7%) 3 (8%) 9 (39%) 28 (36%) 55 (16%) | (20%)
Approach ends not required 4 (4%) 3 (3%) (0%) (0%) 2 (3%) 9 (3%) (3%)
Soil Surface 5 (5%) (0%) (0%) (0%) (0%) 5 (1%)
Road Surface Gravel Surface 1 93 (94%) 97 (96%) 36 (90%) 16 (70%) 15 (19%) 258 (76%)
Type Bituminous 1 (1%) 2 (2%) 3 (8%) 2 (9%) 9 (12%) 17 (5%)
Asphalt (0%) 1 (1%) 1 (3%) (17%) 38 (49%) a4 (13%)
Concrete (0%) 1 (1%) (0%) 1 (4%) 15 (19%) 17 (5%)

*Percentage of crashes are very close to zero or zero
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Table C.2. AADT frequency for LVR bridge crashes (cont.).

AADT

Criteria Unknown* 1to 49 (%) 50 to 99(%) 100to 149 (%) 150to 199 (%) 200 to 400 (%) Total (%)
Fatal Crash 5 (5%) 2 (2%) (0%) (0%) 5 (6%) 12 (4%)
Major Injury 3 (3%) 9 (9%) 4 (10%) (0%) 3 (4%) 19 (6%)
Crash Severity Minor Injury 23 (23%) 24 (24%) 12 (30%) 4 (17%) 18 (23%) 81 (24%)
Possible or unknown 16 (16%) 13 (13%) 6 (15%) 8 (35%) 14 (18%) 57 (17%)
Property Damage only 1 52 (53%) 53 (52%) 18 (45%) 11 (48%) 37 (48%) 172 (50%)
Guardrail (b/n terminal & bridge) 7 (7%) 6 (6%) 2 (5%) 4 (17%) 15 (19%) 34 (10%)
Guardrail (terminal) (4%) 1 (1%) 1 (3%) 1 (4%) 5 (6%) 12 (4%)
Object Struck Guardrail (unclear) 10 (10%) 10 (10%) 1 (3%) 2 (9%) 10 (13%) 33 (10%)
Bridge rail 1 41 (41%) 43 (43%) 15 (38%) 7 (30%) 33 (43%) 140 (41%)
Bridge end 13 (13%) 16 (16%) 11 (28%) 5 (22%) 9 (12%) 54 (16%)
Bridge Unclear 24 (24%) 25 (25%) 10 (25%) 4 (17%) 5 (6%) 68 (20%)
Orderof  Primary Strike 1 9 (95%) 99 (98%) 38 (95%) 23 (100%) 74 (96%) | 329  (96%)
Strike Secondary Strike 5 (5%) 2 (2%) 2 (5%) (0%) 3 (4%) 12 (4%)
# of crashes in Day Light 42 (42%) 45 (45%) 21 (53%) 10 (43%) 35 (45%) 153 (45%)
# of crashes Dusk 5 (5%) 5 (5%) 1 (3%) (0%) (1%) 12 (4%)
# of crashes Dawn 2 (2%) (0%) 1 (3%) (0%) (4%) 6 (2%)
Light # of crashes Dark Roadway Lit 2 (2%) 1 (1%) (0%) (0%) (0%) 3 (1%)
Conditions # of crashes Dark Roadway not Lit 1 46 (46%) 47 (47%) 17 (43%) 13 (57%) 37 (48%) 161 (47%)
# of crashes Dark unkown lighting 1 (1%) (0%) (0%) (0%) (0%) 1 (0%)
Unknown 1 (1%) 1 (1%) (0%) (0%) (0%) 2 (1%)
Not Reported (0%) 2 (2%) (0%) (0%) 1 (1%) 3 (1%)

*Percentage of crashes are very close to zero or zero
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Table C.2. AADT frequency for LVR bridge crashes (cont.).

AADT

Criteria Unknown* 1to 49 (%) 50 to 99(%) 100to 149 (%) 150 to 199 (%) 200 to 400 (%) Total (%)
# of crashes on Clear day 41 (41%) 56 (55%) 27 (68%) 11 (48%) 40 (52%) 175 (51%)
# of crashes on partly cloudy day 22 (22%) 14 (14%) 7 (18%) 2 (9%) 12 (16%) 57 (17%)
# of crashes on a cloudy day 1 10 (10%) 10 (10%) 3 (8%) 3 (13%) 6 (8%) 33 (10%)
# of crashes on a Foggy day 4 (4%) 1 (1%) (0%) (0%) (0%) 5 (1%)
# of crashes on Misty day 3 (3%) (0%) (0%) (0%) 2 (3%) 5 (1%)
Weather # of crashes on Rainy day 2 (2%) 3 (3%) (0%) (0%) 4 (5%) 9 (3%)
Condition #1 # of crashes with Sleet/hail 2 (2%) 2 (2%) (0%) 1 (4%) 2 (3%) 7 (2%)
# of crashes on snowy day 2 (2%) 5 (5%) 1 (3%) 4 (17%) 5 (6%) 17 (5%)
# of crashes on Severe Winds 2 (2%) 2 (2%) (0%) (0%) 2 (3%) 6 (2%)
# of crashes w/ Blowing Soil/Snow (0%) (0%) 1 (3%) (0%) (0%) 1 (0%)
# of crashes condition not reported 3 (3%) 3 (3%) (0%) 1 (4%) 1 (1%) 8 (2%)
Other (0%) (0%) 1 (3%) (0%) (0%) 1 (0%)
# of crashes unknown 8 (8%) 5 (5%) (0%) 1 (4%) 3 (4%) 17 (5%)
# of crashes on dry surface 1 43 (43%) 41 (41%) 18 (45%) 8 (35%) 47 (61%) 158 (46%)
# of crashes on wet surface 5 (5%) 2 (2%) (0%) 1 (4%) 4 (5%) 12 (4%)
# of crashes on icy surface 4 (4%) 11 (11%) 6 (15%) 2 (9%) 7 (9%) 30 (9%)
Driving # of crashes on snowy surface 6 (6%) 8 (8%) 2 (5%) 4 (17%) 4 (5%) 24 (7%)
Surface # of crashes on slushy surface 1 (1%) 1 (1%) 1 (3%) 1 (4%) 4 (5%) 8 (2%)
Conditions # of crashes on dirt/oil/gravel 38 (38%) 33 (33%) 12 (30%) 6 (26%) 6 (8%) 95 (28%)
other (0%) (0%) 1 (3%) (0%) 2 (3%) 3 (1%)
Unknown 1 (1%) 1 (1%) (0%) (0%) 1 (1%) 3 (1%)
Not Reported 1 (1%) 4 (4%) (0%) 1 (4%) 2 (3%) 8 (2%)

*Percentage of crashes are very close to zero or zero
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Table C.3. Bridge width frequency data for LVR inventoried bridge population.

Bridge Width, ft (IM Report)

Criteria Unknown (%) 1to 20 (%) 20.1to 23.9 (%) 24 to 27.9 (%) 2810 29.9 (%) 30 or greater (%) Total (%) Known Info
Bridges  # of inventoried bridges 1,807  (100%) 6,846  (100%) 3,332 (100%) 2,840  (100%) 1,204 (100%) 1,201 (100%) | 17230 (100%)| 15423
Unknown 1 (0%) 9 (0%) (0%) (0%) (0%) 1 (0%) 11 (0%)
1to 49 795 (44%) 4748 (69%) 1993 (60%) 1462 (51%) 412 (34%) 382 (32%) 9792 (57%)
appr | 50t099 483 (27%) 1482 (22%) 892 (27%) 857 (30%) 315 (26%) 308 (26%) 4337 (25%)
100 to 149 169 (9%) 333 (5%) 220 (7%) 206 (7%) 117 (10%) 145 (12%) 1190  (7%)
150 to 199 79 (4%) 126 (2%) 85 (3%) 82 (3%) 67 (6%) 81 (7%) 520 (3%)
200 to 400 280 (15%) 148 (2%) 142 (4%) 233 (8%) 293 (24%) 284 (24%) 1380  (8%)
Unknown 1807  (100%) (0%) (0%) (0%) (0%) (0%) 1807  (10%) ()
1t09.9 (0%) 1 (0%) (0%) (0%) (0%) (0%) 1 (0%) (0%)
10to 14.9 (0%) 183 (3%) (0%) (0%) (0%) (0%) 183 (1%) (1%)
Bridge Width, 15to 19.9 (0%) 4749 (69%) (0%) (0%) (0%) (0%) 4749 (28%) (31%)
ft 20t0 24.9 (0%) 1913 (28%) 3332 (100%) 2034 (72%) (0%) (0%) 7279 (42%) | (47%)
25t030 (0%) (0%) (0%) 806 (28%) 1204 (100%) (0%) 2010 (12%) | (13%)
30to 34.9 (0%) (0%) (0%) (0%) (0%) 1145 (95%) 1145  (7%) (7%)
35 or greater (0%) (0%) (0%) (0%) (0%) 56 (5%) 56 (0%) (0%)
1to 49 1748 (97%) 3652 (53%) 1841 (55%) 1209 (43%) 308 (26%) 246 (20%) 9004  (52%)
Bridge 50to 99 55 (3%) 1984 (29%) 806 (24%) 628 (22%) 333 (28%) 296 (25%) 4102 (24%)
Length, ft (IM 100to 149 2 (0%) 692 (10%) 397 (12%) 612 (22%) 320 (27%) 320 (27%) 2343 (14%)
Report) 15010 199 2 (0%) 325 (5%) 147 (4%) 211 (7%) 105 (9%) 128 (11%) 918 (5%)
200 or greater (0%) 193 (3%) 141 (4%) 180 (6%) 138 (11%) 211 (18%) 863 (5%)
Unknown (0%) (0%) (0%) (0%) (0%) (0%) (0%)
Bridgerail not to standard 469 (26%) 6137 (90%) 2624 (79%) 1799 (63%) 755 (63%) 528 (44%) 12312 (71%)
Bridgerail meets standards 151 (8%) 705 (10%) 707 (21%) 1034  (36%) 447 (37%) 661 (55%) 3705 (22%)
Bridgerail not required 1187 (66%) 4 (0%) 1 (0%) 7 (0%) 2 (0%) 12 (1%) 1213 (7%)
Unknown (0%) (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Transitions not up to standard 459 (25%) 6423 (94%) 2917 (88%) 2047 (72%) 825 (69%) 671 (56%) 13342 (77%)
Transitions meet standards 163 (9%) 303 (4%) 398 (12%) 778 (27%) 365 (30%) 511 (43%) 2518 (15%)
Traffic Safety JT20Siions not required 1185 (66%) 120 (2%) 17 (1%) 14 (0%) 14 (1%) 19 (2%) 1369 (8%)
Unknown (0%) (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Approach rail not to standard 456 (25%) 6445 (94%) 2924 (88%) 1984 (70%) 788 (65%) 590 (49%) 13187  (77%)
Approach rail meets standards 174 (10%) 285 (4%) 391 (12%) 841 (30%) 402 (33%) 592 (49%) 2685 (16%)
Approach rail not required 1177 (65%) 116 (2%) 17 (1%) 14 (0%) 14 (1%) 19 (2%) 1357 (8%)
Unknown (0%) 1 (0%) (0%) 1 (0%) (0%) (0%) 2 (0%)
Approach ends not to standard 460 (25%) 6458 (94%) 2942 (88%) 2086 (73%) 848 (70%) 687 (57%) 13481  (78%)
Approach ends meet standard 168 (9%) 269 (4%) 381 (11%) 738 (26%) 343 (28%) 501 (42%) 2400 (14%)
Approach ends not required 1179 (65%) 118 (2%) 9 (0%) 15 (1%) 13 (1%) 13 (1%) 1347 (8%)
Soil surface 2 (1%) 792 (12%) 122 (4%) 58 (2%) 4 (0%) 17 (1%) 1015  (6%)
Rond Surface Cre! surace 1423 (79%) 5885 (86%) 3035 (91%) 2491 (88%) 850 (71%) 823 (69%) 14507  (84%)
Type Bituminous 46 (3%) 74 (1%) 38 (1%) 48 (2%) 21 (2%) 27 (2%) 254 (1%)
Asphalt 208 (12%) 61 (1%) 93 (3%) 171 (6%) 215 (18%) 182 (15%) 930 (5%)
Concrete 108 (6%) 34 (0%) a4 (1%) 72 (3%) 114 (9%) 152 (13%) 524 (3%)
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Table C.4. Bridge width frequency for LVR bridge crashes.

Bridge Width, ft (IM Report)

Criteria Unknown 1to 20 (%) 20.1t0 23.9 (%) 2410 27.9 (%) 2810 29.9 (%) 30 or greater (%) Total (%) Known Info
Crashes  #of bridge related crashes 71 (100%) 124 (100%) 49 (100%) 44 (100%) 27 (100%) 26 (100%) 341 (100%)| 282 270
Unknown (0%) 1 (1%) (0%) (0%) (0%) (0%) 1 (0%)
1to 49 28 (39%) 42 (34%) 11 (22%) 8 (18%) 5 (19%) 5 (19%) 99 (29%)
AADT 50to 99 19 (27%) 46 (37%) 15 (31%) 15 (34%) 2 (7%) 4 (15%) 101 (30%)
100 to 149 7 (10%) 16 (13%) 8 (16%) 5 (11%) (0%) 4 (15%) 40 (12%)
150to 199 6 (8%) 7 (6%) 3 (6%) 3 (7%) 2 (7%) 2 (8%) 23 (7%)
200 to 400 11 (15%) 12 (10%) 12 (24%) 13 (30%) 18 (67%) 11 (42%) 77 (23%)
Inknown 71 (100%) (0%) (0%) (0%) (0%) (0%) 71 (21%)
1t09.9 (0%) (0%) (0%) (0%) (0%) (0%) 0 (0%) (0%)
10to 14.9 (0%) 6 (5%) (0%) (0%) (0%) (0%) 6 (2%) (2%)
Bridge Width, 15to 19.9 (0%) 83 (67%) (0%) (0%) (0%) (0%) 83 (24%) (31%)
ft 20t0 24.9 (0%) 35 (28%) 49 (100%) 32 (73%) (0%) (0%) 116 (34%) (43%)
25t0 30 (0%) (0%) (0%) 12 (27%) 27 (100%) (0%) 39 (11%) (14%)
30to 34.9 (0%) (0%) (0%) (0%) (0%) 23 (88%) 23 (7%) (9%)
35 or greater (0%) (0%) (0%) (0%) (0%) 3 (12%) 3 (1%) (1%)
Unknown 59 (83%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
1to 49 12 (17%) 45 (36%) 20 (41%) 14 (32%) 3 (11%) 2 (8%) 9% (28%) | (34%)
Bridge Length, 50to 99 (0%) 45 (36%) 9 (18%) 11 (25%) 10 (37%) 5 (19%) 80 (23%) | (28%)
ft (IM Report) 100 to 149 (0%) 13 (10%) 12 (24%) 9 (20%) 12 (44%) 5 (19%) 51 (15%) | (18%)
150 to 199 (0%) 9 (7%) 6 (12%) 4 (9%) (0%) 4 (15%) 23 (7%) | (8%)
200 or greater (0%) 12 (10%) 2 (4%) 6 (14%) 2 (7%) 10 (38%) 32 (9%) (11%)
Unknown 59 (83%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Bridgerail not up to standard 2 (3%) 99 (80%) 34 (69%) 29 (66%) 15 (56%) 8 (31%) 187 (55%) | (66%)
Bridgerail meets standards 3 (4%) 25 (20%) 15 (31%) 15 (34%) 12 (44%) 17 (65%) 87 (26%) | (31%)
Bridgerail not required 7 (10%) (0%) (0%) (0%) (0%) 1 (4%) 8 (2%) (3%)
Unknown 59 (83%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Transitions not up to standard 4 (6%) 112 (90%) 36 (73%) 33 (75%) 18 (67%) 13 (50%) 216 (63%) | (77%)
Transitions meet standards 1 (1%) 9 (7%) 13 (27%) 11 (25%) 9 (33%) 12 (46%) 55 (16%) | (20%)
. Transitions not required 7 (10%) 3 (2%) (0%) (0%) (0%) 1 (4%) 11 (3%) (4%)
Traffic Safety
Unknown 59 (83%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Approach rail not up to standard 4 (6%) 116 (94%) 38 (78%) 28 (64%) 14 (52%) 9 (35%) 209 (61%) | (74%)
Approach rail meets standards 3 (4%) 5 (4%) 11 (22%) 16 (36%) 13 (48%) 16 (62%) 64 (19%) | (23%)
Approach rail not required 5 (7%) 3 (2%) (0%) (0%) (0%) 1 (4%) 9 (3%) (3%)
Unknown 59 (83%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Approach ends not up to standard 4 (6%) 116 (94%) 38 (78%) 31 (70%) 16 (59%) 13 (50%) 218 (64%) | (77%)
Approach ends meet standard 3 (4%) 5 (4%) 11 (22%) 13 (30%) 11 (41%) 12 (46%) 55 (16%) | (20%)
Approach ends not required 5 (7%) 3 (2%) (0%) (0%) (0%) 1 (4%) 9 (3%) (3%)
Soil Surface 3 (4%) 1 (1%) (0%) (0%) (0%) 1 (4%) 5 (1%)
Road Surface Gravel Surface 57 (80%) 112 (90%) 39 (80%) 30 (68%) 7 (26%) 13 (50%) 258 (76%)
Type Bituminous 3 (4%) 8 (6%) 1 (2%) 1 (2%) 1 (4%) 3 (12%) 17 (5%)
Asphalt 7 (10%) 2 (2%) 8 (16%) 9 (20%) 15 (56%) 3 (12%) 44 (13%)
Concrete 1 (1%) 1 (1%) 1 (2%) 4 (9%) 4 (15%) 6 (23%) 17 (5%)
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Table C.4. Bridge width frequency for LVR bridge crashes (cont.).

Bridge Width, ft (IM Report)

Criteria Unknown 1to 20 (%) 20.1to0 23.9 (%) 24t0 27.9 (%) 2810 29.9 (%) 30 or greater (%) Total (%)
Fatal Crash 3 (4%) 3 (2%) 3 (6%) (0%) 2 (7%) 1 (4%) 12 (4%)
Major Injury 3 (4%) 11 (9%) 2 (4%) 2 (5%) 1 (4%) (0%) 19 (6%)
Crash Severity Minor Injury 16 (23%) 27 (22%) 12 (24%) 11 (25%) 9 (33%) 6 (23%) 81 (24%)
Possible or unknown 10 (14%) 24 (19%) 12 (24%) 5 (11%) 2 (7%) 4 (15%) 57 (17%)
Property Damage only 39 (55%) 59 (48%) 20 (41%) 26 (59%) 13 (48%) 15 (58%) 172 (50%)
Guardrail (b/n terminal & bridge) 9 (13%) 8 (6%) 2 (4%) 6 (14%) 2 (7%) 7 (27%) 34 (10%)
Guardrail (terminal) 4 (6%) 3 (2%) 2 (4%) (0%) 1 (4%) 2 (8%) 12 (4%)
Object Struck Guardrail (unclear) 5 (7%) 10 (8%) (8%) 6 (14%) 6 (22%) 2 (8%) 33 (10%)
Bridge rail 28 (39%) 54 (44%) 18 (37%) 19 (43%) 12 (44%) 9 (35%) 140 (41%)
Bridge end 14 (20%) 21 (17%) 10 (20%) 4 (9%) 2 (7%) 3 (12%) 54 (16%)
Bridge Unclear 11 (15%) 28 (23%) 13 (27%) 9 (20%) 4 (15%) 3 (12%) 68 (20%)
Orderof strike P1MaTY Strike 69 (97%) 121 (98%) 49 (100%) 43 (98%) 23 (85%) 24 (92%) 329 (96%)
Secondary Strike 2 (3%) 3 (2%) (0%) 1 (2%) 4 (15%) 2 (8%) 12 (4%)
# of crashes in Day Light 25 (35%) 57 (46%) 26 (53%) 18 (41%) 14 (52%) 13 (50%) 153 (45%)
# of crashes Dusk 2 (3%) 6 (5%) 1 (2%) 2 (5%) (0%) 1 (4%) 12 (4%)
# of crashes Dawn 2 (3%) 2 (2%) (0%) (0%) 1 (4%) 1 (4%) 6 (2%)
Light # of crashes Dark Roadway Lit (0%) (1%) 1 (2%) 1 (2%) (0%) (0%) 3 (1%)
Conditions  # of crashes Dark Roadway not Lit 40 (56%) 58 (47%) 20 (41%) 21 (48%) 12 (44%) 10 (38%) 161 (47%)
# of crashes Dark unkown lighting (0%) (0%) (0%) (0%) (0%) 1 (4%) (0%)
Unknown 2 (3%) (0%) (0%) (0%) (0%) (0%) 2 (1%)
Not Reported (0%) (0%) 1 (2%) 2 (5%) (0%) (0%) 3 (1%)
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Table C.4. Bridge width frequency for LVR bridge crashes (cont.).

Bridge Width, ft (IM Report)

Criteria Unknown 1to 20 (%) 20.1to 23.9 (%) 24 t0 27.9 (%) 2810 29.9 (%) 30 or greater (%) Total (%)
# of crashes on Clear day 37 (52%) 58 (47%) 29 (59%) 22 (50%) 14 (52%) 15 (58%) 175 (51%)
# of crashes on partly cloudy day 11 (15%) 24 (19%) 4 (8%) 7 (16%) 6 (22%) 5 57 (17%)
# of crashes on a cloudy day 6 (8%) 15 (12%) 4 (8%) 4 (9%) 4 (15%) 33 (10%)
# of crashes on a Foggy day (0%) 3 (2%) 1 (2%) (0%) (0%) 1 5 (1%)
# of crashes on Misty day 1 (1%) 1 (1%) (0%) 2 (5%) (0%) 1 5 (1%)
Weather Of crashes on Rainy day 1 (1%) 5 (4%) 2 (4%) 1 (2%) (0%) 9 (3%
Condition #1 # of crashes with Sleet/hail 2 (3%) 1 (1%) 1 (2%) 1 (2%) 1 (4%) 1 7 (2%)
# of crashes on snowy day 5 (7%) 4 (3%) 2 (4%) 2 (5%) 2 (7%) 2 17 (5%)
# of crashes on Severe Winds 1 (1%) 2 (2%) 1 (2%) 1 (2%) (0%) 1 6 (2%)
# of crashes w/ Blowing Soil/Snow (0%) 1 (1%) (0%) (0%) (0%) 1 (0%)
# of crashes condition not reported 2 (3%) 2 (2%) 2 (4%) 2 (5%) (0%) 8 (2%)
Other (0%) 1 (1%) (0%) (0%) (0%) 1 (0%)
# of crashes unknown 5 (7%) 7 (6%) 3 (6%) 2 (5%) (0%) 17 (5%)
# of crashes on dry surface 33 (46%) 54 (44%) 27 (55%) 20 (45%) 14 (52%) 10 158 (46%)
# of crashes on wet surface 1 (1%) 4 (3%) 3 (6%) 2 (5%) (0%) 2 12 (4%)
# of crashes on icy surface 3 (4%) 13 (10%) 1 (2%) 5 (11%) 4 (15%) 4 30 (9%)
. # of crashes on snowy surface 7 (10%) 5 (4%) 4 (8%) 3 (7%) 2 (7%) 3 24 (7%)
Driving Surface
Conditions # of crashes on slushy surface 2 (3%) 2 (2%) (0%) 2 (5%) 1 (4%) 1 8 (2%)
# of crashes on dirt/oil/gravel 22 (31%) 45 (36%) 12 (24%) 6 (14%) 4 (15%) 6 95 (28%)
other (0%) (0%) 1 (2%) 1 (2%) 1 (4%) 3 (1%)
Unknown 1 (1%) (0%) (0%) 1 (2%) 1 (4%) 3 (1%)
Not Reported 2 (3%) 1 (1%) 1 (2%) 4 (9%) (0%) 8 (2%)
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Table C.5. Bridge length frequency data for LVR inventoried bridge population.

Bridge Length, ft (IM Report)

Criteria 1to 49 (%) 50 to 99(%) 100 to 149 (%) 150 to 199 (%) 200 or greater (%) Total (%) Known Info
Bridges # of inventoried bridges 9004 (100%) 4102 (100%) 2343 (100%) 918 (100%) 863 (100%) 17230 (100%) 15423
Unknown 6 (0%) 3 (0%) 1 (0%) 1 (0%) (0%) 11 (0%)
1to 49 5525 (61%) 2567 (63%) 1144 (49%) 349 (38%) 207 (24%) 9792 (57%)
AADT 50to 99 2178 (24%) 943 (23%) 654 (28%) 271 (30%) 291 (34%) 4337 (25%)
100 to 149 545 (6%) 261 (6%) 177 (8%) 90 (10%) 117 (14%) 1190 (7%)
150 to 199 214 (2%) 93 (2%) 93 (4%) 54 (6%) 66 (8%) 520 (3%)
200 to 400 536 (6%) 235 (6%) 274 (12%) 153 (17%) 182 (21%) 1380 (8%)
Unknown 1748 (19%) 55 (1%) 2 (0%) 2 (0%) (0%) 1807 (10%) (-)
1to 20 3652 (41%) 1984 (48%) 692 (30%) 325 (35%) 193 (22%) 6846 (40%) (44%)
Bridge Width, 20.1to 23.9 1841 (20%) 806 (20%) 397 (17%) 147 (16%) 141 (16%) 3332 (19%) (22%)
ft (IM Report) 2410 27.9 1209 (13%) 628 (15%) 612 (26%) 211 (23%) 180 (21%) 2840 (16%) (18%)
28t029.9 308 (3%) 333 (8%) 320 (14%) 105 (11%) 138 (16%) 1204 (7%) (8%)
30 or greater 246 (3%) 296 (7%) 320 (14%) 128 (14%) 211 (24%) 1201 (7%) (8%)
1to 49 9004  (100%) (0%) (0%) (0%) (0%) 9004 (52%)
. 50to 99 (0%) 4102 (100%) (0%) (0%) (0%) 4102 (24%)
Bridge Length, o " o o o o
ft (IM Report) 100to 149 (0%) (0%) 2343 (100%) (0%) (0%) 2343 (14%)
150to 199 (0%) (0%) (0%) 918 (100%) (0%) 918 (5%)
200 or greater (0%) (0%) (0%) (0%) 863 (100%) 863 (5%)
Unknown (0%) (0%) (0%) (0%) (0%) (0%)
Bridgerail not to standard 6582 (73%) 3214 (78%) 1483 (63%) 567 (62%) 466 (54%) 12312 (71%)
Bridgerail meets standards 1251 (14%) 852 (21%) 857 (37%) 348 (38%) 397 (46%) 3705 (22%)
Bridgerail not required 1171 (13%) 36 (1%) 3 (0%) 3 (0%) (0%) 1213 (7%)
Unknown (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Transitions not to standard 7042 (78%) 3452 (84%) 1690 (72%) 649 (71%) 509 (59%) 13342 (77%)
Transitions meet standards 750 (8%) 552 (13%) 614 (26%) 252 (27%) 350 (41%) 2518 (15%)
Traffic Safety Transitions not required 1212 (13%) 98 (2%) 38 (2%) 17 (2%) 4 (0%) 1369 (8%)
Unknown (0%) (0%) 1 (0%) (0%) (0%) 1 (0%)
Approach rail not to standard 7051 (78%) 3425 (83%) 1626 (69%) 642 (70%) 443 (51%) 13187  (77%)
Approach rail meets standards 751 (8%) 579 (14%) 680 (29%) 259 (28%) 416 (48%) 2685 (16%)
Approach rail not required 1202 (13%) 98 (2%) 36 (2%) 17 (2%) 4 (0%) 1357 (8%)
Unknown 1 (0%) (0%) 1 (0%) (0%) (0%) 2 (0%)
Approach ends not to standard 7081 (79%) 3486 (85%) 1715 (73%) 676 (74%) 523 (61%) 13481 (78%)
Approach ends meet standard 730 (8%) 519 (13%) 590 (25%) 225 (25%) 336 (39%) 2400 (14%)
Approach ends not required 1192 (13%) 97 (2%) 37 (2%) 17 (2%) 4 (0%) 1347 (8%)
Soil surface 617 (7%) 297 (7%) 74 (3%) 21 (2%) 6 (1%) 1015 (6%)
Road Surface Grawel surface 7706 (86%) 3477 (85%) 1949 (83%) 728 (79%) 647 (75%) 14507 (84%)
Type Bituminous 102 (1%) 55 (1%) 44 (2%) 21 (2%) 32 (4%) 254 (1%)
Asphalt 399 (4%) 190 (5%) 172 (7%) 92 (10%) 77 (9%) 930 (5%)
Concrete 180 (2%) 83 (2%) 104 (4%) 56 (6%) 101 (12%) 524 (3%)




[1-D

Table C.6. Bridge Length frequency for LVR bridge crashes.

Bridge Length, ft (IM Report)

Criteria Unknown (%) 1to 49 (%) 50 to 99 (%) 100 to 149 (%) 150 to 199 (%) 200 or more (%) Total (%) Known Info
Crashes  #fo bridge related crashes 59 (100%) 96 (100%) 80 (100%) 51  (100%) 23 (100%) 32 (100%)| 341 (100%)| 282 270
Unknown (0%) (0%) 1 (1%) (0%) (0%) (0%) 1 (0%)
1to 49 26 (44%) 32 (33%) 25 (31%) 7 (14%) 7 (30%) 2 (6%) | 99  (29%)
AADT 50to 99 15 (25%) 34  (35%) 24  (30%) 13 (25%) 4 (17%) 11 (34%) | 101  (30%)
100 to 149 5 (8%) 11  (11%) 12 (15%) 4 (8%) 5 (22%) 3 (9%) | 40  (12%)
150to 199 6  (10%) 5 (5%) 4 (5%) 4 (8%) 1 (4%) 3 (9%) | 23 (7%)
200 to 400 7 (12%) 14 (15%) 14 (18%) 23 (45%) 6 (26%) 13 (41%) 77 (23%)
Unknown 59 (100%) 12 (13%) (0%) (0%) (0%) (0%) | 71 (21%)
1t020 (0%) 45 (47%) 45 (56%) 13 (25%) 9 (39%) 12 (38%) | 124  (36%) (46%)
Bridge Width, 20.1to 23.9 (0%) 20 (21%) 9 (11%) 12 (24%) 6 (26%) 2 (6%) 49 (14%) (18%)
ft (IM Report) 24to27.9 (0%) 14 (15%) 11 (14%) 9 (18%) 4 (17%) 6 (19%) 44 (13%) (16%)
2810 29.9 (0%) 3 (3%) 10 (13%) 12 (24%) (0%) 2 (6%) 27 (8%) (10%)
30 or greater (0%) 2 (2%) 5 (6%) 5 (10%) 4 (17%) 10 (31%) 26 (8%) (10%)
Unknown 59  (100%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
1to 49 (0%) 9%  (100%) (0%) (0%) (0%) (0%) 96 (28%) | (34%)
Bridge Length, 50to 99 (0%) (0%) 80  (100%) (0%) (0%) (0%) | 80  (23%) | (28%)
ft (IM Report) 100 to 149 (0%) (0%) (0%) 51  (100%) (0%) (0%) | 51 (15%) | (18%)
150 to 199 (0%) (0%) (0%) (0%) 23 (100%) (0%) | 223 (65%) | (79%)
200 or greater (0%) (0%) (0%) (0%) (0%) 32 (100%)| 32 (9%) (11%)
Unknown 59  (100%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Bridgerail not up to standard (0%) 71 (74%) 56 (70%) 26 (51%) 17 (74%) 17 (53%) 187  (55%) | (66%)
Bridgerail meets standards (0%) 18 (19%) 23 (29%) 25 (49%) 6 (26%) 15 (47%) 87 (26%) | (31%)
Bridgerail not required (0%) 7 (7%) 1 (1%) (0%) (0%) (0%) 8 (2%) (3%)
Unknown 59  (100%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Transitions not up to standard (0%) 77 (80%) 69 (86%) 29 (57%) 17 (74%) 24 (75%) 216 (63%) | (77%)
Transitions meet standards (0%) 11 (11%) 9 (11%) 22 (43%) (22%) 8 (25%) 55 (16%) | (20%)
Traffic Safety Transitions not required (0%) 8 (8%) 2 (3%) (0%) (4%) (0%) 11 (3%) (4%)
Unknown 59  (100%) (0%) (0%) (0%) (0%) (0%) | 59  (17%)
Approach rail not up to standard (0%) 76 (79%) 67 (84%) 28 (55%) 18 (78%) 20 (63%) | 209 (61%) | (74%)
Approach rail meets standards (0%) 14 (15%) 11 (14%) 23 (45%) 4 (17%) 12 (38%) 64 (19%) | (23%)
Approach rail not required (0%) 6 (6%) 2 (3%) (0%) 1 (4%) (0%) 9 (3%) (3%)
Unknown 59  (100%) (0%) (0%) (0%) (0%) (0%) 59 (17%)
Approach ends not up to standard (0%) 78 (81%) 68 (85%) 31 (61%) 18 (78%) 23 (72%) 218  (64%) | (77%)
Approach ends meet standard (0%) 12 (13%) 10 (13%) 20 (39%) 4 (17%) 9 (28%) 55 (16%) | (20%)
Approach ends not required (0%) (6%) 2 (3%) (0%) 1 (4%) (0%) 9 (3%) (3%)
Soil Surface 3 (5%) (1%) 1 (1%) (0%) (0%) (0%) 5 (1%)
Road Surface Gravel Surface 49 (83%) 79 (82%) 60 (75%) 28 (55%) 20 (87%) 22 (69%) | 258  (76%)
Type Bituminous 3 (5%) (0%) 8 (10%) 5 (10%) (0%) 1 (3%) 17 (5%)
Asphalt 3 (5%) 14 (15%) 9 (11%) 14 (27%) 1 (4%) 3 (9%) 44 (13%)
Concrete 1 (2%) 2 (2%) 2 (3%) 4 (8%) 2 (9%) 6 (19%) | 17 (5%)
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Table C.6. Bridge Length frequency for LVR bridge crashes (cont.).

Bridge Length

Criteria Unknown (%) 1to 49 (%) 50 to 99 (%) 100 to 149 (%) 150 to 199 (%) 200 or more (%) Total (%)
Fatal Crash 1 (2%) 4 (4%) 3 (4%) 3 (6%) (0%) 1 (3%) 12 (4%)
Major Injury 3 (5%) 6 (6%) 7 (9%) 3 (6%) (0%) (0%) 19 (6%)
Crash Severity Minor Injury 12 (20%) 25 (26%) 21 (26%) 14 (27%) 3 (13%) 6 (19%) 81 (24%)
Possible or unknown 10 (17%) 14  (15%) 14  (18%) 2 (4%) 8 (35%) 9 (28%) | 57  (17%)
Property Damage only 33 (56%) 47 (49%) 35 (44%) 29 (57%) 12 (52%) 16 (50%) 172 (50%)
Guardrail (b/n terminal & bridge) 7 (12%) 10 (10%) 5 (6%) 2 (4%) 3 (13%) 7 (22%) 34 (10%)
Guardrail (terminal) 2 (3%) 4 (4%) 1 (1%) 3 (6%) 1 (4%) 1 (3%) 12 (4%)
Object Struck Guardrail (unclear) 3 (5%) 7 (7%) 10 (13%) 8 (16%) 2 (9%) 3 (9%) 33 (10%)
Bridge rail 23 (39%) 41 (43%) 30 (38%) 26 (51%) 11 (48%) 9 (28%) | 140 (41%)
Bridge end 13 (22%) 12 (13%) 13 (16%) 8 (16%) 1 (4%) 7 (22%) 54 (16%)
Bridge Unclear 11 (19%) 22 (23%) 21 (26%) 4 (8%) (22%) 5 (16%) | 68  (20%)
Order of Strike "TIMary Strike 57 (97%) 93  (97%) 77  (96%) 49  (96%) 23 (100%) 30 (94%) | 329  (96%)
Secondary Strike 2 (3%) 3 (3%) 3 (4%) 2 (4%) (0%) 2 (6%) 12 (4%)
# of crashes in Day Light 19  (32%) 44  (46%) 35  (44%) 27  (53%) 13 (57%) 15 (47%) | 153 (45%)
# of crashes Dusk 2 (3%) (4%) 3 (4%) 1 (2%) 2 (9%) (0%) 12 (4%)
# of crashes Dawn 2 (3%) (1%) (0%) (6%) (0%) (0%) 6 (2%)
Light # of crashes Dark Roadway Lit (0%) (3%) (0%) (0%) (0%) (0%) 3 (1%)
Conditions  # of crashes Dark Roadway not Lit 34 (58%) 44 (46%) 41 (51%) 19 (37%) 8 (35%) 15 (47%) 161 (47%)
# of crashes Dark unkown lighting (0%) (0%) (0%) (0%) (0%) 1 (3%) 1 (0%)
Unknown 2 (3%) (0%) (0%) (0%) (0%) (0%) 2 (1%)
Not Reported (0%) (0%) 1 (1%) 1 (2%) (0%) 1 (3%) 3 (1%)
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Table C.6. Bridge Length frequency for LVR bridge crashes (cont.).
Bridge Length

Criteria Unknown (%) 1to 49 (%) 50 to 99 (%) 100 to 149 (%) 150 to 199 (%) 200 or more (%) Total (%)
# of crashes on Clear day 29 (49%) 50 (52%) 39 (49%) 27 (53%) 16 (70%) 14 (44%) 175 (51%)
# of crashes on partly cloudy day 11 (19%) 15 (16%) 17 (21%) 11 (22%) 2 (9%) 1 (3%) 57 (17%)
# of crashes on a cloudy day 4 (7%) 8 (8%) 12 (15%) 3 (6%) 2 (9%) 4 (13%) 33 (10%)
# of crashes on a Foggy day (0%) 1 (1%) 1 (1%) 1 (2%) 1 (4%) 1 (3%) 5 (1%)
# of crashes on Misty day 1 (2%) 2 (2%) (0%) (0%) 1 (4%) 1 (3%) 5 (1%)
Weather # of crashes on Rainy day 1 (2%) 2 (2%) 3 (4%) 1 (2%) (0%) 2 (6%) 9 (3%)
Condition #1 # of crashes with Sleet/hail 1 (2%) 4 (4%) 1 (1%) (0%) (0%) 1 (3%) 7 (2%)
# of crashes on snowy day 4 (7%) 4 (4%) 2 (3%) 3 (6%) 1 (4%) 3 (9%) 17 (5%)
# of crashes on Severe Winds 1 (2%) 3 (3%) 1 (1%) (0%) (0%) 1 (3%) 6 (2%)
# of crashes w/ Blowing Dirt/Snow (0%) 1 (1%) (0%) (0%) (0%) (0%) 1 (0%)
# of crashes condition not reported 2 (3%) 1 (1%) 2 (3%) 2 (4%) (0%) 1 (3%) 8 (2%)
Other (0%) (0%) (0%) (0%) (0%) 1 (3%) 1 (0%)
# of crashes unknown 5 (8%) 5 (5%) 2 (3%) 3 (6%) (0%) 2 (6%) 17 (5%)
# of crashes on dry surface 27 (46%) 47 (49%) 34 (43%) 29 (57%) 12 (52%) 9 (28%) 158  (46%)
# of crashes on wet surface 1 (2%) 2 (2%) 3 (4%) 2 (4%) (0%) 4 (13%) 12 (4%)
# of crashes on icy surface 3 (5%) 5 (5%) 9 (11%) 6 (12%) 3 (13%) 4 (13%) 30 (9%)
Driving Surface # of crashes on snowy surface 6 (10%) 6 (6%) 5 (6%) 2 (4%) 2 (9%) 3 (9%) 24 (7%)
Coniitions # of crashes on slushy surface 1 (2%) 5 (5%) 1 (1%) (0%) (0%) 1 (3%) 8 (2%)
# of crashes on dirt/oil/gravel 19 (32%) 29 (30%) 24 (30%) 8 (16%) 6 (26%) 9 (28%) 95 (28%)
other (0%) (0%) 1 (1%) 2 (4%) (0%) (0%) 3 (1%)
Unknown 1 (2%) 1 (1%) 1 (1%) (0%) (0%) (0%) 3 (1%)
Not Reported 1 (2%) 1 (1%) 2 (3%) 2 (4%) (0%) 2 (6%) 8 (2%)




v1-0

Table C.7. Object struck crash frequency with respect to bridge safety features.

Object Struck
Criteria Guardrail between Guardrail Guardrail unclear Bridge rail Bridge end Bridge Unclear Total Known
terminal & bridge terminal (%) (%) (%) (%) Info
Crashes # of bridge related crashes 34 (100%) 12 (100%) 33 (100%) 140 (100%) 54 (100%) 68 (100%) 341 (100%) 282
Unknown 7 (21%) 2 (17%) 3 (9%) 23 (16%) 13 (24%) 11 (16%) 59 (17%)
Not up to standard 15 (44%) 6 (50%) 16 (48%) 75 (54%) 30 (56%) 45 (66%) 187 (55%) [ (66%)
Bridge Rail Meets standards 10 (29%) 2 (17%) 13 (39%) 39 (28%) 11 (20%) 12 (18%) 87 (26%) | (31%)
Not required 2 (6%) 2 (17%) (3%) 3 (2%) (0%) (0%) 8 (2%) (3%)
Unknown 7 (21%) 2 (17%) (9%) 23 (16%) 13 (24%) 11 (16%) 59 (17%)
Not up to standard 18 (53%) 5 (42%) 16 (48%) 90 (64%) 36 (67%) 51 (75%) 216 (63%) [ (77%)
Transition Meet standards 6 (18%) 3 (25%) 12 (36%) 23 (16%) 5 (9%) 6 (9%) 55 (16%) [ (20%)
Not required 3 (9%) 2 (17%) 2 (6%) 4 (3%) (0%) (0%) 11 (3%) (4%)
Unknown 7 (21%) 2 (17%) 3 (9%) 23 (16%) 13 (24%) 11 (16%) 59 (17%)
Approach Not up to standard 12 (35%) 4 (33%) 16 (48%) 88 (63%) 36 (67%) 53 (78%) 209 (61%) | (74%)
Guardrail Meets standards 14 (41%) 4 (33%) 12 (36%) 25 (18%) 5 (9%) 4 (6%) 64 (19%) [ (23%)
Not required 1 (3%) 2 (17%) 2 (6%) 4 (3%) (0%) (0%) 9 (3%) (3%)
Unknown 7 (21%) 2 (17%) 3 (9%) 23 (16%) 13 (24%) 11 (16%) 59 (17%)
Appraoch Not up to standard 15 (44%) 5 (42%) 17 (52%) 91 (65%) 36 (67%) 54 (79%) | 218  (64%) | (77%)
Guardrail End Meet standard 11 (32%) 3 (25%) 11 (33%) 22 (16%) 5 (9%) 3 (4%) 55 (16%) [ (20%)
Not required 1 (3%) 2 (17%) 2 (6%) 4 (3%) (0%) (0%) 9 (3%) (3%)




APPENDIX D: BENEFIT-COST SAFETY ANALYSIS WORKSHEETS
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Intersection or Spot Benefit / Cost Safety Analysis R

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: Intrans Date Prepared: Dec. 11, 2009
Intersection:  Total of 12312 Inventoried Bridges with Bridge Rail Not Up to Standard
Improvement
Proposed Improvement(s): Improving All Bridge Railing Not Up to Standards (low CRF)
Scenario 1
$74,500,000 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 4,970,000 Cther Annual Cost (after initial year), AC 5 Crash Reduction Factor {integer), CRF
$85,941 404 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of §), INT
sedef, x ) Present Value Cost, COST = EC + OC
INT|  (+iINTY )
Traffic Volume Data
Source; GIMS Varies Date of traffic count

Daily Entering Vehicles by Approach {or AADT f 2)
716,036 261,353,140 Current Annual Entering Veh., AEV = DEV * 365

— e 716,036 wveh / day, Final Year DEV, FDEV

)

7,840.59 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G o LN .
TMEV = ’15[_ [ 1 (l i 10°
716,036 Current Daily Entering Vehicles, DEV -G | )
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
4 Fatal Crashes Fatalities @ $3,500,000 $ 17,500,000
__20 Maijor Injuries @ $240,000 & 4,800,000
96 Injury Crashes __ 55 Minor Injuries @ $48,000 5 2,640,000
__57 Possible Injuries @ £25000 $ 1,425,000
87 Property Damage Only (assumed cost per crash) $2,700 $ 234,900
-OR- enter Actual Cost of all property damage:
187 Total Crashes, TA Total $ Loss, LOSS § 26,599,900
23.38 Current Crashes / Year, AA=TA/T 0.09 Crashes/MEV, Crash Rate, CR
$ 142245 Cost per Crash, AVC = LOSS/ TA CR=TAx 106 /(DEV x 365xT)
701.3 Total Expected Crashes, TECR = CR x TMEV $ 2,874,790 |Present Value of Avoided
1.17 Crashes Avoided First Year AAR = AAx CRF /100 Crashes, BENEFIT
$ 166,249 Crash Co;ts Avoided in First Year, AAR x AVC i AVC % A4R " iy ¥
35.1 Total Avoided Crashes, TECR x CRF/ 100 BEN . = —— —
(INT —O) 1+ INT
"Benefit/ Cost Ratio
Benefit : Cost = $2,874,790 : $160,441 404 = 0.02 |



Intersection or Spot Benefit / Cost Safety Analysis Tl

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: Intrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving All Bridge Railing Mot Up to Standards (high CRF)
Scenario 1
$74,500,000 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
$ 4,970,000 OCther Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$85,941,404 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of §), INT

~

o0 = AC '1 B 1 $ 160,441,404 |Present Value Cost, COST =EC + OC
INT| (vt )

Traffic Volume Data

Source; GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT [ 2)
716,036 261,353,140 Current Annual Entering Veh., AEV = DEV * 365
— ?i= 716,036 wveh f day, Final Year DEV, FDEV

7,840.59 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G i +a¥Y) .
TMEV = ’Er_ 1 (l = | 10°
716,036 Current Daily Entering Vehicles, DEV gL N1 J )
Crash Data
2001 First full year --> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
4 Fatal Crashes Fatalities @ $3,500,000 $ 17,500,000
__20 Major Injuries @ $240,000 $ 4,800,000
96 Injury Crashes __ 55 Minor Injuries @ 348,000 5§ 2,640,000
5? Possible Injuries @ $25,000 $ 1,425,000
87 Property Damage Only assumed cost per crash) $2,700 $ 234,900
-0OR-  enter Actual Cost of all property damage:
187 Total Crashes, TA Total $ Loss, LOSS § 26,589,900
23.38 Current Crashes / Year, AA=TA/T 0.09 Crashes/MEV, Crash Rate, CR
$ 142,245 Cost per Crash, AVC = LOSS/ TA CR=TAx 10"6 / (DEV x 365 x T)
701.3 Total Expected Crashes, TECR = CR x TMEV $11,499,159 |Present Value of Avoided
468 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 664,998 Crash Co;ts Avoided in First Year, AAR x AVC ) AVC % AAR ” 4+ G ¥
140.3 Total Avoided Crashes, TECR x CRF/ 100 BEN .= ——— —
(INT —G) 1+ INT

Benefit / Cost Ratio
Benefit : Cost = $11,499159 : $160,441404 = 0.07 4



Intersection or Spot Benefit / Cost Safety Analysis Re. 508

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: Intrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s). Improving All Bridge Railing Not Up to Standards for Fatal Crashes
Scenario 1
$ 74,500,000 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
3 4,970,000 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$ 85,941,404 Present Value Cther Annual Costs, OC 4.0% Discount Rate {time value of 3}, INT
g - [5 160,441,404 |Present Value Cost, COST = EC + OC

INT| (14 InT)Y )

Traffic Volume Data

Source; GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
716,036 261,353,140 Current Annual Entering Veh., AEV = DEV * 365
— - — 716,036 wveh / day, Final Year DEV, FDEV

»

7,840.59 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G a0 f o 3 -
MEY = 2EX [1 L ] 10
716,036 Current Daily Entering Vehicles, DEV -G
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
4 Fatal Crashes Fatalities @ $3,500,000 $ 17,500,000
____ Maijor Injuries @ $240,000 § -
_ Injury Crashes ___ Minor Injuries @ 348,000 3 -
Possible Injuries @ $25,000 $ -
Property Damage Only (assumed cost per crash) $2700 % -
-OR- enter Actual Cost of all property damage:
4 Total Crashes, TA Total § Loss, LOSS § 17,500,000
0.50 Current Crashes ! Year, AA=TA/T 0.00 Crashes/MEV, Crash Rate, CR
$ 4,375,000 Cost per Crash, AVC = LOSS/ TA CR=TAx 10"/ (DEV % 365xT)
15.0 Total Expected Crashes, TECR = CR x TMEV $34,800,217 |Present Value of Avoided
0.46 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 2,012,500 Crash Co_sts Avoided in First Year, AAR x AVC AVC x AAR 1+4G ¥
13.8 Total Avoided Crashes, TECR x CRF/ 100 BEN .= —
(INT —G) A+ INT
Benefit/ Cost Ratio
Benefit : Cost = $34,800,217 : $160,441404 = 0.22 4



Intersection or Spot Benefit / Cost Safety Analysis L

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving Railings on Bridges with AADT Less Than or Equal to 99
Scenario 2
$ 59,659,020 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 3,977.268 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$ 68,775,050 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of $), INT
s AE;, & [5 128,434,070 |Present Value Cost, COST = EC + OC
INT| (14 INTY
Traffic Volume Data
Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
379,302 138,445,230 Current Annual Entering Veh., AEV = DEV * 365
= ?i= 379,302 wveh f day, Final Year DEV, FDEV

4,153.36 MEV, Total Million Entering WVeh, Over
life of Project, TMEV

0.0% Projected Traffic Growth {(0%-10%), G AEYV 1+
TMEV = - [l ‘ ]()
379,302 Current Daily Entering Vehicles, DEV —G e &
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Pericd, T
Additional months values as of Dec. 2007
3 Fatal Crashes Fatalities @ $3,500,000 $ 14,000,000
__15 Maijor Injuries @ $240,000 § 3,600,000
35 Injury Crashes __ 31 Minor Injuries @ $48,000 § 1,485,000
__36 Possible Injuries @ $25,000 $ 900,000
59 Property Damage Only assumed cost per crash) $2,700 $ 159,300
-OR- enter Actual Cost of all property damage:
97 Total Crashes, TA Total $ Loss, LOSS § 20,147,300
1213 Current Crashes / Year, AA=TA/T 0.09 Crashes/MEV, Crash Rate, CR
$ 207,704 Costper Crash, AVC = LOSS/TA CR=TAx10"6/(DEV x 365xT)
3638 Total Expected Crashes, TECR = CR x TMEV $ 8,709,694 |Present Value of Avoided
2.43 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
S 503,683 Crash Co;ts Avoided in First Year, AAR x AVC i AVC x AAR 1+G ¥
72.8 Total Avoided Crashes, TECR x CRF/ 100 BEN —— —
(INT —G) 1+ INT
Benefit/ Cost Ratio
Benefit : Cost = $8,709,694 : $128,434070 = 0.07 +1



Intersection or Spot Benefit / Cost Safety Analysis Tl

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Railings on Bridges with AADT Less Than or Equal to 99 Fatal Cras
Scenario 2
$59,659,020 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 2,275,812 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$39,353,416 Present Value Cther Annual Costs, OC 4.0% Discount Rate (time value of §), INT

e AE ’1 4 ) Present Value Cost, COST = EC + OC

INT|  (1eanT)Y )

Traffic Volume Data

Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
379,302 138,445 230 Current Annual Entering Veh., AEV = DEV * 365
— . 379,302 wveh { day, Final Year DEV, FDEV

»

4.153.36 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G AEV (F 1+aY ) "
TMEV = [ 1 ( J 10
379,302 Current Daily Entering Vehicles, DEV —£F
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
3 Fatal Crashes Fatalities @ $3,500,000 $ 14,000,000
____ MajorInjuries @ $240,000 $ 2
Injury Crashes __ Minor Injuries @ 543,000 § -
Possible Injuries @ $25,000 $ -
Property Damage Only assumed cost per crash) $2,700 $ -
-0OR- enter Actual Cost of all property damage:
3 Total Crashes, TA Total $ Loss, LOSS § 14,000,000
0.38 Current Crashes  Year, AA=TA/T 0.00 Crashes/MEVY, Crash Rate, CR
$ 4,666,667 Costper Crash, AVC =LOSS/TA CR=TAx 106/ (DEV x 365x T)
11.3 Total Expected Crashes, TECR = CR x TMEV $27,840,173 |Present Value of Avoided
0.35 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 1,610,000 Crash Co_sts Avoided in First Year, AAR x AVC i AVC x AAR ] {4 N
10.4 Total Avoided Crashes, TECR x CRF/ 100 BEN .= —— —
(INT —G) 1+ INT
Benefit / Cost Ratio
Benefit : Cost = $27,840,173 : $99012436 = 0.28 4



Intersection or Spot Benefit / Cost Safety Analysis R

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Railings on Bridges with Bridge Width Less Than or Equal to 23.9
Scenario 3
$ 51,497,370 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
$ 3,433,158 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$ 59,366,282 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of §), INT

“e =£[1 R Present Value Cost, COST = EC + OC
INT| (Nt )

Traffic Volume Data
Source; GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT [ 2)

448,631 163,750,315 Current Annual Entering Veh., AEV = DEV * 365
— *i= 448,631 wveh f day, Final Year DEV, FDEV

491251 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G - L) .
448,631 Current Daily Entering Vehicles, DEV -G 1))
Crash Data
2001 First full year --> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
i Fatal Crashes Fatalities @ $3,500,000 $ 14,000,000
__17 _Major Injuries @ $240,000 & 4,080,000
70 Injury Crashes __ 36 Minor Injuries @ $48,000 § 1,728,000
__48 Possible Injuries @ $25,000 $ 1,200,000
62 Property Damage Only (assumed cost per crash) $2,700 $ 167,400
-OR- enter Actual Cost of all property damage:
135 Total Crashes, TA Total $ Loss, LOSS § 21,175,400
16.88 Current Crashes/ Year, AA=TA/T 0.10 Crashes/ MEV, Crash Rate, CR
$ 156,855 Cost per Crash, AVC = LOSS/ TA CR=TAx 10"6 / (DEV x 365 x T)
506.3 Total Expected Crashes, TECR = CR x TMEV $ 9,154,143 |Present Value of Avoided
3.38 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 529,385 Crash Costs Avoided in First Year, AAR x AVC AVE % A4R 3 {8 RE
101.3 Total Avoided Crashes, TECR x CRF/ 100 BEN .= o [ a0 )
(INT —G) 1+ INT
"Benefit/ Cost Ratio
Benefit : Cost = $9,154,143 : $110,863 652 = 0.08 o |



Intersection or Spot Benefit / Cost Safety Analysis e

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving Railings with Bridge Width Less Than or Equal to 23.9; Fatal Crash
Senario 3
% 51,497,370 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
$ 3,433,158 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$ 59,366,282 Present Value Other Annual Costs, OC 4.0% Discount Rate {time value of 3}, INT
- =£[| o J [$ 110,863,652 | Present Value Cost, COST = EC + OC
INT| (14 INTY
Traffic Volume Data
Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
448 631 163,750,315 Current Annual Entering Veh., AEV = DEV * 365
=‘*ﬁ= 448 631 wveh / day, Final Year DEV, FDEV

491251 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth {0%-10%), G a0 f o 3 -
MEY = 2EX [1 L ] 10
448 631 Current Daily Entering Vehicles, DEV -G
Crash Data
2001 First full year --> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
<) Fatal Crashes Fatalities @ $3,500,000 $ 14,000,000
____ Maijor Injuries @ $240,000 $ -
Injury Crashes ___ Minor Injuries @ 548,000 % -
Possible Injuries @ $25,000 $ -
Property Damage Only assumed cost per crash) $2700 % =
-OR- enter Actual Cost of all property damage:
3 Total Crashes, TA Total $ Loss, LOSS § 14,000,000
0.38 Current Crashes ! Year, AA=TA/T 0.00 Crashes/ MEV, Crash Rate, CR
$ 4,666,667 CostperCrash, AVC=L0SS/TA CR=TAx 106 /(DEV x 365 xT)
11.3 Total Expected Crashes, TECR = CR x TMEV $ 27,840,173 |Present Value of Avoided
0.35 Crashes Avoided First Year AAR= AA x CRF /100 Crashes, BENEFIT
$ 1,610,000 Crash Costs Avoided in First Year, AAR x AVC AVC x AAR 1+4G ¥
10.4 Total Avoided Crashes, TECR x CRF/ 100 BEN .= — ( — J
(INT —G) A+ INT
Benefit/ Cost Ratio
Benefit : Cost = $27,840,173 : $110,863652 = 0.25 6 |



Intersection or Spot Benefit / Cost Safety Analysis TR

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving Railings on Bridges with length Less Than or Equal to 89
Scenario 4
$39,400,560 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
$ 2275812 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$39,3563,416 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of 3), INT
. - ’I _ ) Present Value Cost, COST = EC + OC

INT|  (+iINTY

Traffic Volume Data

Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
504,481 184,135,565 Current Annual Entering Veh., AEV = DEV * 365
—5 e 504,481 wveh [ day, Final Year DEV, FDEV

L

5,524.07 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G 4
ey =257 \ [“G ‘ 10°
504,481 Current Daily Entering Vehicles, DEV -G \
Crash Data
2001 First full year --> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
3 Fatal Crashes Fatalities @ $3,500,000 $ 14,000,000
__20 Major Injuries @ $240,000 $ 4,800,000
90 Injury Crashes __ 52 Minor Injuries @ $48,000 $ 2,496,000
__46 Possible Injuries @ $25000 $ 1,150,000
93 Property Damage Only assumed cost per crash) $2,700 $ 251,100
-OR- enter Actual Cost of all property damage:
186 Total Crashes, TA Total $ Loss, LOSS § 22.697,100
23.25 Current Crashes/ Year, AA=TAIT 0.13 Crashes/ MEV, Crash Rate, CR
$ 122,027 Cost per Crash, AVC = LOSS/TA CR=TAx 106/ (DEV x 3685 xT)
6975 Total Expected Crashes, TECR = CR x TMEV $ 9,811,975 |Present Value of Avoided
465 Crashes Avoided First Year AAR= AAx CRF /100 Crashes, BENEFIT
$ 567,428 Crash Co;ts Avoided in First Year, AAR x AVC ) AVC % AAR 146 ¥
139.5 Total Avoided Crashes, TECR x CRF/ 100 BEN .= — —
(INT -G) 1+ INT
"Benefit/ Cost Ratio
Benefit : Cost = $9,811975 $78,753,976 = 0.12 2



Intersection or Spot Benefit / Cost Safety Analysis TR

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Bridge Railings with length Less Than or Equal to 99, Fatal Crash
Scenario 4
$39,400,560 Estimated Improvement Cost, EC 30 Est Improvement Life, years, ¥
$ 2,275812 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$39,353,416 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of 3}, INT

-] R [s78.753,976 | Present Value Cost, COST = EC + OC

CINT\ QaInNTY

Traffic Volume Data

Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
504,481 184,135,565 Current Annual Entering Veh,, AEV = DEV * 365
— e 504,481 weh [ day, Final Year DEV, FDEV

)

5,524,007 MEV, Total Million Entering WVeh, Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G ¥ 3
TMEY = 2EY [1 [Lr&) J ‘ 10°
504,481 Current Daily Entering Vehicles, DEV —~& \
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
<) Fatal Crashes I 4 Fatalites @ $3,500,000 $ 14,000,000
__ 0 Major Injuries @ $240,000 § =
0 Injury Crashes 0 Minor Injuries @ $48,000 % -
__0  Possible Injuries @ $25,000 $ -
0 Property Damage Only assumed cost per crash) 52700 % -
-OR- enter Actual Cost of all property damage:
3 Total Crashes, TA Total $ Loss, LOSS § 14,000,000
0.38 Current Crashes / Year, AA=TA/T 0.00 Crashes/ MEV, Crash Rate, CR
$ 4,666,667 Costper Crash, AVC = LOSS/TA CR=TAx 106/ (DEV x 3685 xT)
11.3 Total Expected Crashes, TECR = CR x TMEV $27,840,173 |Present Value of Avoided
0.35 Crashes Avoided First Year AAR= AAx CRF /100 Crashes, BENEFIT
$ 1,610,000 Crash Costs Avoided in First Year, AAR x AVC AVC x AAR 146 °
10.4 Total Avoided Crashes, TECR x CRF/ 100 BEN .= e
(INT - G) 1+ INT
‘Benefit/ Cost Ratio
Benefit : Cost = $27,840,173 : $78,753,976 = 0.35 2



Intersection or Spot Benefit / Cost Safety Analysis R

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Railings on Bridges with Relative Bridge Width Less Than Zero
Scenario 5
$ 43,527,690 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, ¥
$ 2901846 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$ 50,178,817 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of §), INT

e =£[1 R Present Value Cost, COST = EC + OC
INT| (Nt )

Traffic Volume Data
Source; GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT [ 2)

348,099 127,056,135 Current Annual Entering Veh., AEV = DEV * 365
— = 348,099 wveh f day, Final Year DEV, FDEV

3,811.68 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G - L) .
ey =2E [l (l i 10°
348,099 Current Daily Entering Vehicles, DEV -G 1))
Crash Data
2001 First full year --> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
2 Fatal Crashes Fatalities @ $3,500,000 $ 10,500,000
__ 13 Major Injuries @ $240,000 & 3,120,000
62 Injury Crashes __ 28 Minor Injuries @ $48,000 $ 1,392,000
__42 Possible Injuries @ $25,000 $ 1,050,000
57 Property Damage Only (assumed cost per crash) $2,700 $ 153,900
-OR- enter Actual Cost of all property damage:
121 Total Crashes, TA Total $ Loss, LOSS § 16,215,900
15.13 Current Crashes / Year, AA=TA/T 0.12 Crashes/ MEV, Crash Rate, CR
$ 134,016 Cost per Crash, AVC = LOSS/ TA CR=TAx 106 /(DEV % 365xT)
453.8 Total Expected Crashes, TECR = CR x TMEV $ 7,010,147 |Present Value of Avoided
3.03 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 405,398 Crash Costs Avoided in First Year, AAR x AVC AVE % A4R ] {8 RE
90.8 Total Avoided Crashes, TECR x CRF/ 100 BEN .= o [ a0 )
(INT —G) 1+ INT
"Benefit/ Cost Ratio
Benefit : Cost =  $7,010,147 : $93,706,507 = 0.07 |



Intersection or Spot Benefit / Cost Safety Analysis L

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Railings on Relative Bridge Width Less Than Zero, Fatal Crashes
Scenario 5
$43,527,690 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 2,501,846 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$50,178,817 Present Value Cther Annual Costs, OC 4.0% Discount Rate (time value of ), INT

P {I - 1) Present Value Cost, COST = EC + OC
INT| (1+nT)Y

Traffic Volume Data
Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)

348,099 127,056,135 Current Annual Entering Veh., AEV = DEV * 365
— +— 348,099 wveh f day, Final Year DEV, FDEV

3,811.68 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G +o ¥
ey = 22V [ ! fl 4 J 10°
348,099 Current Daily Entering Vehicles, DEV -G | 1
Crash Data
2001 First full year —= 2008 Last full year 8.0 years, Time Pericd, T
Additional months values as of Dec. 2007
2 Fatal Crashes Fatalities @ $3,500,000 $ 10,500,000
___ MajorInjuries @ $240,000 $ -
Injury Crashes __ Minor Injuries @ $48,000 $ -
_____ Possible Injuries @ $25,000 § -
Property Damage Only assumed cost per crash) $2,700 $ -
-OR- enter Actual Cost of all property damage:
rd Total Crashes, TA Total $ Loss, LOSS § 10,500,000
0.25 Current Crashes { Year, AA=TA/T 0.00 Crashes/MEV, Crash Rate, CR
$ 5,250,000 Cost per Crash, AVC = LOSS/TA CR=TAx10"6/(DEV x 365xT)
7.5 Total Expected Crashes, TECR = CR x TMEV $20,880,130 |Present Value of Avoided
0.23 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 1,207,500 Crash Co§ts Avoided in First Year, AAR x AVC ) AVC x AAR . L §F
6.9 Total Avoided Crashes, TECR x CRF/ 100 BEN .= — —
(INT —G) 1+ INT |
Benefit/ Cost Ratio
Benefit : Cost = $20,880,130 : $93,706,507 = 0.22 +1



Intersection or Spot Benefit / Cost Safety Analysis L

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:

Improvement
Proposed Improvement(s): Improving Railings on Relative Bridge Width Greater or Equal to Zero, All Crash
Scenario 5
$29,880,260 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 1,992,684 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$34,457 558 Present Value Cther Annual Costs, OC 4.0% Discount Rate (time value of ), INT

P { i Present Value Cost, COST =EC + OC
INT| (1+nT)Y

Traffic Volume Data

Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
325,002 118,625,730 Current Annual Entering Veh., AEV = DEV * 365
— +— 325,002 wveh f day, Final Year DEV, FDEV

3,558.77 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G +o ¥
TMEV_’ILEI‘ [l (l &2 J 10
325,002 Current Daily Entering Vehicles, DEV -G | 1
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
2 Fatal Crashes Fatalities @ $3,500,000 $ 7,000,000
__7__Major Injuries @ $240,000 § 1,680,000
32 Injury Crashes __ 24 Minor Injuries @ $48,000 § 1,152,000
__15 _ Possible Injuries @ $25,000 $ 375,000
30 Property Damage Only assumed cost per crash) $2,700 $ 81,000
-OR- enter Actual Cost of all property damage:
84 Total Crashes, TA Total $ Loss, LOSS § 10,288,000
8.00 Current Crashes { Year, AA=TA/T 0.07 Crashes/MEV, Crash Rate, CR
$ 160,750 Cost per Crash, AVC = LOSS/TA CR=TAx10"6/(DEVx 365xT)
240.0 Total Expected Crashes, TECR = CR x TMEV $ 4,447,511 |Present Value of Avoided
1.60 Crashes Avoided First Year AAR = AA x CRF /100 Crashes, BENEFIT
$ 257,200 Crash Co§ts Avoided in First Year, AAR x AVC ) AVC x AAR . L §F
48.0 Total Avoided Crashes, TECR x CRF/ 100 BEN .= — ==
(INT - G) 1+ INT
Benefit/ Cost Ratio
Benefit : Cost =  $4,447 511 $64 347818 = 0.07 #1



Intersection or Spot Benefit / Cost Safety Analysis L

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: InTrans Date Prepared: Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving Railings on Relative Bridge Width Greater or Equal to Zero, Fatal Cre
Scenario 5
$29,880,260 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
$ 1,992,684 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
$34,457 558 Present Value Cther Annual Costs, OC 4.0% Discount Rate (time value of ), INT
P { i Present Value Cost, COST =EC + OC
INT| (1+nT)Y
Traffic Volume Data
Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
325,002 118,625,730 Current Annual Entering Veh., AEV = DEV * 365
— +— 325,002 wveh f day, Final Year DEV, FDEV

3,558.77 MEV, Total Million Entering Veh. Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G +o ¥
ey = 22V [ ! fl 4 J 10°
325,002 Current Daily Entering Vehicles, DEV -G | 1
Crash Data
2001 First full year —= 2008 Last full year 8.0 years, Time Pericd, T
Additional months values as of Dec. 2007
2 Fatal Crashes Fatalities @ $3,500,000 $ 7,000,000
___ MajorInjuries @ $240,000 $ -
Injury Crashes __ Minor Injuries @ $48,000 $ -
_____ Possible Injuries @ $25,000 § -
Property Damage Only assumed cost per crash) $2,700 $ -
-OR- enter Actual Cost of all property damage:
rd Total Crashes, TA Total $ Loss, LOSS § 7,000,000
0.25 Current Crashes { Year, AA=TA/T 0.00 Crashes/MEV, Crash Rate, CR
$ 3,500,000 Cost per Crash, AVC =LOSS/TA CR=TAx10"6/(DEV x 365xT)
7.5 Total Expected Crashes, TECR = CR x TMEV $13,920,087 |Present Value of Avoided
0.23 Crashes Avoided First Year AAR = AA x CRF / 100 Crashes, BENEFIT
$ 805,000 Crash Co§ts Avoided in First Year, AAR x AVC ) AVC x AAR . L §F
6.9 Total Avoided Crashes, TECR x CRF/ 100 BEN .= — —
(INT —G) 1+ INT |
Benefit/ Cost Ratio
Benefit : Cost = $13,920,087 : $64,347 818 = 0.22 +1



Intersection or Spot Benefit / Cost Safety Analysis Rev. 108

lowa DOT Office of Traffic & Safety

County: Statewide Prepared by: Intrans Date Prepared: _Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving All Bridge Railing Not Up to Standards with B/C = 0.80
Scenario 6
$6,713,928 Estimated Improvement Cost, EC 30 Est Improvement Life, years, Y
$ 447,595 Other Annual Cost (after initial year), AC 20 Crash Reduction Factor (integer), CRF
$7.739,828 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of $), INT
- =£[| o J [ 14,453,756 |Present Value Cost, COST = EC + OC
INT| Q+inT)Y

Traffic Volume Data

Source: GIMS Varies Date of traffic count

Daily Entering Vehicles by Approach (or AADT / 2)
716,036 261,353,140 Current Annual Entering Veh,, AEV = DEV * 365

— - 716,026 wveh / day, Final Year DEV, FDEV

4

7,840.59 MEV, Total Million Entering Veh, Over
life of Project, TMEV

0.0% Projected Traffic Growth (0%-10%), G 3
e — ey =2 [ [HU] ‘ 10°
716,036 Current Daily Entering Vehicles, DEV
Crash Data
2001 First full year —> 2008 Last full year 8.0 years, Time Period, T
Additional months values as of Dec. 2007
4 Fatal Crashes Fatalities @ $3,500,000 $ 17,500,000
__20 Maijor Injuries @ $240,000 § 4,800,000
96 Injury Crashes __ 55  Minor Injuries @ $48000 § 2,640,000
__57 Possible Injuries @ $25000 § 1,425,000
87 Property Damage Only (assumed cost per crash) $2,700 $ 234,900
-OR- enter Actual Cost of all property damage:
187 Total Crashes, TA Total $ Loss, LOSS § 26,599,900
23.38 Current Crashes/ Year, AA=TA/T 0.09 Crashes/MEV, Crash Rate, CR
$ 142245 Cost per Crash, AVC = LOSS/ TA CR=TAx10"6/(DEVx 365xT)
701.3 Total Expected Crashes, TECR = CR x TMEV $ 11,499,159 |Present Value of Avoided
4 68 Crashes Avoided First Year AAR= AAx CRF /100 Crashes, BENEFIT
$ 664,998 Crash Costs Avoided in First Year, AAR x AVC AVC % AAR il ¥
140.3 Total Avoided Crashes, TECR x CRF/ 100 BEN .= ———— [ = J
(INT - G) 1+ INT
Benefit / Cost Ratio
Benefit : Cost = $11,499,159 : $14 453,756 = 0.80 o4



Intersection or Spot Benefit / Cost Safety Analysis e

lowa DOT Office of Traffic & Safety

County: Unkown Prepared by: InTrans Date Prepared: _Dec. 11, 2009
Intersection:
Improvement
Proposed Improvement(s): Improving Railings on an Individual Bridge with a Fatal Crash
Scenario 7
3 6,750 Estimated Improvement Cost, EC 30 Est. Improvement Life, years, Y
] 450 Other Annual Cost (after initial year), AC 92 Crash Reduction Factor (integer), CRF
] 7.781 Present Value Other Annual Costs, OC 4.0% Discount Rate (time value of $), INT
s A (1 D [$ 14,531 |Present Value Cost, COST = EC + OC
INT| (1+INTY |

Traffic Volume Data

Source: GIMS Varies Date of traffic count
Daily Entering Vehicles by Approach (or AADT / 2)
50 18,250 Current Annual Entering Veh., AEV = DEV * 365
=‘E — 50 weh [ day, Final Year DEV, FDEV

0.55 MEV, Total Million Entering Yeh. Over
life of Project, TMEV

0.0% Projected Traffic Growth {0%-10%), G AEY N+ 3 »
TMEV == 1[I = 1 10
50 Current Daily Entering Vehicles, DEV -G | 1 /)
Crash Data
1980 First full year —= 2009 Last full year 30.0 years, Time Period, T
Addttional months values as of Dec. 2007
1 Fatal Crashes J| 0 Fatalities @ $3,500,000 $ -
1 Major Injuries @ $240,000 $ 240,000
0 Injury Crashes 0  Minor Injuries @ $48,000 S -
0 Possible Injuries @ $25,000 § -
0 Property Damage Only (assumed cost per crash) $2,700 $ -
-0OR- enter Actual Cost of all property damage:
1 Total Crashes, TA Total § Loss, LOSS § 240,000
0.03 Current Crashes ! Year, AA=TA/T 1.83 Crashes/MEV, Crash Rate, CR
$ 240,000 Cost per Crash, AVC = LOSS/TA CR=TAx10"6 /(DEV x 365xT)
1.0 Total Expected Crashes, TECR = CR x TMEV $ 127,269 |Present Value of Avoided
0.03 Crashes Avoided First Year AAR= AA x CRF /100 Crashes, BENEFIT
3 7,360 Crash Costs Avoided in First Year, AAR x AVC AVC % AAR 18N
0.9 Total Avoided Crashes, TECR x CRF/ 100 BEN .= —— ( — J
(INT —G) 1+ INT
Benefit / Cost Ratio
Benefit : Cost = $127,269 : $14 531 = 8.76 £



APPENDIX E: STANDARD BRIDGE RAIL AND APPROACH RAIL DRAWINGS
FROM VARIOUS STATES
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Alberta Ministry of Transportation
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GENERAL NOTES

+ ALL DINENSIONS ARE IN MILLIMETRES UNLESS NOTED OTHIEWISE.
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THAT HAS BEEN CRAGH TEGTED AND MEETS THE REGUIREMENTS
DF FENFORMANCE LEVEL | OF THE AASHTO GUIDE SPECHICATIONS
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California DOT

.-fp

-rP TPOGI

ost t
No,T7 No.T6 No.TS No.T4
ELEVATION

Toos

Post j
No.T2

+
No.T3

Pay Limits for Transitlon Ralling (Type WB)

10" x 10" x 6°-0" Wood pos
with 8" x 8" x 1~ 2"Iuod blnck

%" ¢ Button head

Splice balt with washer

and nut on threaded
. end (See Note 3)

o
@

§ Vertical
@ !aca-l
&

M

H o O

1" Galv HS bolts, total 4
\ [ 114" # Galv pipe or PVC pipe sleeve or 1%4" drilled holes
IHI L I

Plate ‘A

Vertical foce —

: =P

(Ko Blockout Attachment)
_Poy Limits for Transitfon Railing (Type W8)

beam element.

belts, total 4
14" @ Galv pipe

AN 4 P

oo

- 1" Galy HS
\ or PVC pipe sleeve or 14" drilled holes
1 Strolght Metal Box Spocer (See Detoils A ond B and Note 7)

HeH §

and nut on threaded
end (See Mote 3)

End Cop (Type TC)
sandwiched betwesn
12 goge and 10 gage
thrie beam elements

LEGEND

>

PLAN

TRANSITION RAILING (TYPE WB)

(Blockout Attachmant)

8" x 4% " x V"R
see Detall B

(&) Mested thrie beam
(one 12 gage element nnstod
over one 10 gage element).

(B) one 10 gage "W beam +o
thrie beom element.

14"

7
/1 ‘
7

DETA

(©) one 12 goge thrie beam
element.

One 10 & "W
@ rl'o:I fl":n?ml \‘.'-' 3'{2
eng

10 goge = 0.135" thick

12 goge = 0.108" thick

e

_ Hole plocement
front and back panel

DETAIL A
STRAIGHT METAL BOX SPACER

bax spacer

Concrate barrier

or ralling

b U L Typ

%" @ Button head
" Splice bolt with washer

Plate "A" front and 25'-q"
i il . ) Standard i 1
” co:.l:mchm. total 4 y-11" Typ 314" 314" LRI FTA 31 gaa n i rail I;%G!Rec on
W x o See Note €
o | e ey | e fes
5 ae Note
and washars. ¥ Sestair b e P vl |
;?cp:?:d thread * — . = = —— o
- ra i B— T x " =
=i ———— e ————
Concrete Brid | 1 — = -
Railing or Wall-=| | | | I ! i
" @ Button head bolt T T
with hex nut, typical 2'-8
(see Note 1) ————— T¥p Wood or steel
10° x 10" x IB‘ 0" Wood post line post
with 8" x 8" x 1°-10" Post Wi Eian
wood block. lsoe HNote &) — No.T1 8" x 8" x 6'-0"

wood pos:
with 6 x 8" x 1°-2" \fmd block.

12 Gaoge thrie
beom element

End cop (Type TC)

10 Gage thrie
beam element 12 Gage thrie
beam element

Hex nuts
= Plate

T ' :
BT, tﬂ AL 0 e ® Soncrete barrier_
Hirfs beam alamangs ; N g PLAN SECTION A-A
TRA G_(TYP W 12 Gage thrie End cop (Type TC)

10 Gage thrie

beain slomant: 12 Goge thrie

beam element

Hex nuts
== Plate A

Metal Box Spacer

SECTION B-B

N
PORTTA € Wood post

PLATE ‘A’

Begin Concrete
Straight metal - Dioe. TE) Bridge Railing or Woll
€ Anchar L=t 1L 1 x 214" Slots In end cap
— B % A% x TR bolts slot— T and thrie beam elements for
) 2 Ayl e 1" bolts and Plate A’ Connection
Wald 1" fioles o Bt N
long each ‘H"'H-__
corner 2 | '/gf ,’I
3 - MET
12" = < L
Vel o - H -
& ! - i
L ECN = L\ R [~ % x5 1
\ﬁ / Slots for splice
114" Holes We L Golts: In.end eop
DETAIL C % splice —| [~ Chomfer |
e DETAIL D

ToIT
DIST| COUNTY | ROUTE | yorar PRBUEET

o T

REGISTERED CIVIL ENGINEER

June &, 2008
FLANS APPROVAL DATE

NOTES:

1.Use %" # Button heed bolts and hex
nuts for connections to posts. No washer
on rall foce for bolted connectlons +o post.

2. 'I'he nested rail elements, end cap, and
W' beam to thrie beam element moy be
ap! iced together prior to bclfl'ng the elements
!Ilh- wood post ond concrete barrier or
railing.

3.Exterior splice bolt holes for rail element splices
at Post No.T4 and the connection to the
ooncreie borrier or ralling shall be the
tanderd %" x 14" slot size. Intarior
.wplloe bolt holes at tmsa lecatlons may be
Increased up to 14" @, Only the fop 2
and the bottom 2 epl lce bolts with washers
and nuts ore required for rall splices ot Post
No.T4 and the connection to the concrete
barrier or railing.

4.Direction of odjocent traffic indicated by =g,

5.The top elevgtion of Post Nes.T2 through T7
shall not fm]acl mare than 1" above the
top elevation of the rail element.

connected to Transition

be either standard ralling
railing or an

reatment attoched to

s.ry Tcal | rafiin
ring frm wa) wll
sec:hun of metal beam
approved Caltrans end
Post No.T1.

7.The depth of the metal box spocer varies from
the 54" to 114" ond s ndent on the

¢ width of the concrete ralll
combined dimension for the
box spacer plus the width of rallmq or wall is
typically 17%4". Where the spoce between the
backside of the concrete railing or wall and
the rear thrie beam element Is less than 145",
metal plates similor to Plate "A" are to be used
as spocers.

8.Where the width of the concrate rmll'ng or wall
is greater than 17%", wood blocks ore to be
used to fill the space created between the
backside of Posts No.4 through No.7 and
the rear thrie beom element. These wood blocks
shall be 8" in width and 1°-2" in langth. The
dimensicn between the front thrie beam element

ond the rear thrie beam element is to match the
width of the concrete railing or wall.

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

AL BEAM GUARD RAILING
TRANSITION RAILING
(TYPE WB)

NO SCALE

RSP ATTJ4 DATED JUME &, 2008 SUPERSEDES STANDARD PLAN ATTJ4
DATED MAY 1, 2006 - PAGE 75 OF THE STANDARD PLANS BOOK DATED MAY 2006.

[REVISED ST

ANDARD PLAN RSP A77J4

PrilY dSH NV1d QUVANVY.LS d3SIA3H 9002
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Florida DOT

3 o lo] ©

F * € §'0 Boit Hales

TOP VIEW

'@ x 10" Golvanized
fva -Bonded Anchor
Studs (4 Regd. ), Hex

.~ § WEx9 Post
T

- : % 7" (M)
VTl T e

SIDE VIEW

SPECIAL STEEL POST FOR ROADWAY THRIE -BEAM
TRANSITIONS TO BRIDGE TRAFFIC RAILING RETROFITS

10 Goge Thrie-Beom Or Thrie-Beom Termingl Connector —

Traffic Ratiing | Theie-Beam
Or Vertical Foce Retrofit)

10 Toper Rate
HSI' Rate

R
.

| Foodwey Guardrall Transition

|
10 Goge Thefe-Heam Or Thrie-Beam Tarminal Cannector -\.‘rl{ EE H H H H H ) H H H

- A

Troffic Rolling ( Thrie -Beom
0r Vertical Face Retrofit]

APPROACH SLAB WITHOUT CURS

& Posts Spoced @ 16" e 314" =5 3t e -4t T

CURB TYPE F FLARE WHEN
END OF EXISTING APPROACH
SLAB CURB EXPOSED

GENERAL NOTES

I. This Indes provides thrie-beam fronsifion and connection defalls far approach
on exlsting bridges, and onchoroge defalls far WWM end trofflc rolling refrofils and
safely shapes on existing bridges. Sheeis | ihrough 23 apply fo hrfwrs n’M‘! mmrmn
traffic rallings, | Sheet 23 shows the frolling and guardrall conmectfom:
applies fo bridges with safefy shaped traffic ralling.

2, The schemes identifled by Aroble numerols In fhis Index ore complementary fo
traffis rolling barrler refrofit schemes with ke numerol identification In index Nos.
through 476, 480 fhrough 483, The
complamentory fo bridge safety shaped
oocardance with applications of criteria specified In the Structures Wonuol.

L8 !wmm:wmmmnmmduwm and aocessories that are nof
provided on 1his index, refer fo Index Mo, 400,

end guardrall

NOTES FOR GUARDRAIL TRANSITIONS CONNECTING TO
TRAFFIC RAILING RETROFITS ON EXISTING BRIDGES

I. The tronsition detall shown on this sheef shows (o) the stondord post spocings wi
the Iypleal thrie-beam approoch fransitions connecting fo exlsting :rmu n‘m nWﬂ
traffic rallings, and (b} depief the fypicel alignmenis of the opproach fransitlans.

2. The curt and guiter flare shown on fhis sheef i3 fyplcal of flares thet ore fo be
consfructed when approach sich curbs exfend fo the baginning of the slab, ond where after
treatment fo curb blunt ends are not in ploce.

3, The speciol stee! past for roocway Hie-beam fransifions defoiied on fhis sheef iy specific
to oll transition applications on this index thaf require one or more steel posfs.

The speciol steel post ond bose piofe otsembly shoil be fobrioofed using ASTW AJE or
ASTW ATOS Grode 36 sfeel. Welding shalf conform fo MWMW:{I’S D5, The

essembly shall be hat-aiip zine cooted in eccordonce with Section S35 of fhe Specifications.

Anchor studs sholl be fully threoded rods In occardonce with ASTW FISS4 Grode 38 or
ASTW AJST Grode B7. ANl nuts shall be heavy hex in oocordance with ASTW ASEZ or
ASTW AS4, Anchor studs and neis shall be hat-dip rinc coated In occordance with the
Specifications. After the nuls hove been snug tightened, the anchor siud fhreods shall be
single punch disforted Immadiately abave fha fop nuts 19 prevent loosening of the nuts.
Distarted threods shall be cogted with o golvonizing compound In oocordonce wifh fhe

Adhasive banding material systams for anchors stall comply with Specifieation Section 97
ond be Insfalied In cocordance with Specificotion Section 45,

4. Nested beam extensions and poinis for ferminal connector atfochments will vary for frafflc
raliing Mm’a( wertical foce refrofits. The plan views for the vertical foce refrofif borriers
show the pri configurations for eoch particulor scheme. The ol wiews
show the WMM

5. For Instaliing thrie-beam terminal connector fo troffic ralling uﬂ‘hal'fwl refrof s,
see nofotions on Sheefs |2 through IS5 and the flog nofation on Sheef 25,

6. Payment for connectlons fo troffle rolling vertical foce refrofiis ore fo be mode under
M: wﬂmwﬂﬂ'ke for Bridge . EA.. and shall be full compensaflon for
boit hale construction, ferminal anncctor, terminal connectar piafe and balts, nufs and washers.

DESIGN NOTES FOR GUARDRAIL TRANSITIONS CONNECTING
WTWFMMMMWMM

125'Rr W0 Taper Fole

¥ iR 145 Taper fiate

_._‘.:"

| Roodway Guardrall Transition ., _

APPROACH SLAB WITH CURS

-

Longitudinal Location OF Tronsition Blocks And Curb End Flares Wiil Vory With Scheme Type

FPARTIAL PLAN VIEWS

£-3"
q
L5

I. For selection of on appropriate fronsition scheme, see the Structures Monual for
ingtruotions fo the Strucfures ond Roodway engineers.

GUARDRAIL TRANSITION ALIGNMENTS FOR BRIDGE THRIE-BEAM AND VERTICAL FACE TRAFFIC RAILING RETROFIT
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S|

Front Foce OF Existing Bockwall
& Begin Or End Existing Bridge %
_— Exlsting Perpendicuiar Or Angled Wing Post Removed

~ Tronaltion Block In Absence Of Curb

Special Steel Post For Roodway T
Existing Railing Removed . Thria-Beom Transitions —L o
Existing Curb To Remain ™

See Indexes For L
Fooe OF Rolf Offset —|

SEE INDEX NO. 471 - SCHEME |

Front Face OF Existing Boctwall
& Begin Or End Exlsting Bridge )

Exfsiing Rallfng Remeved ——
Exfsting Curb To Remain =

;:::rm Paralie! Wing _~ Transition Block In Absence Of Curb

See Indexes For
Fagce OF Rall Offsat

Key Post (€ Post Botts ) —_|
_Treffie Roiiing { Yoeie-oom Ruetraflt) i, Roscwey Goordvoll Traneitlen o

SEE INDEX NO. 471 - SCHEMWE 2

-~ Exlsting Flared Wing Post Remaved

Front Fooe OF Existing Bockwail
_~ Curb And Transiilan Block

& Begin Or End Existing Bridge s

Existing Railing Removed —_
Exlsting Curb To Remain

L = -
Ses Indares For L~ Gutter Line— I ‘{ 4
Faco Of Rall Offsat — . e L . e |
i ~Exfsting Approoch Slab
Key Post { § Post Bolts ] —_
i

Troftle folting { Thrle-Bacm Retrofir) fiodway Guendroll Tronattion

~ Exlsting Flared Wing Post Removed
[ -~ Curb And Tronsiflon Block

ﬁﬁﬂﬂi

Front Foce OF Existing Backwall

& Begln Or End Existing Bridge —
Existing Railing Removed —._
Existing Curd To Remaln ™

See indaxes For l/
Fooe Of Roll 0ffset

Roocwoy Guordroll Tronalfion

= - i
“Existing Approach Sich

SEE INDEX NO. 471 - SCHEME 3

PARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT)

CONNECTIONS FOR EXISTING BRIDGES
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9-4

Front Face Of Existing Bockwall & Spaslal Stesl Post Far Racdwdy
Begin O End Existing Bridge e (,-" Thrle-Beom Tronsitions
j _——Ealsting Paraliel Wing Posi
B B e £ ek o ot i —Jyenation Blct i
comon, | A AAARA EE;: i,
Sea indexas For /"./. @ e _m' | >
Fooe OF RallOffsest — [ = = ===
I ulfar Lie ™ | ::I ‘“-, Existing Approach Sicb
| € PostBolts —| 4 Key Pust (€ Pust Boits) . Any Detoched Or infergral
H Sidewalt Removed

Troftic Ralling ( Theie-Beon Retrofit) | Readway Guordralt Transiton

SEE INDEX NOS. 472 & 475 - SCHEME 2

Front Foge OF Exlsting Bockwall & I
Begla Or End Existing Bridge _\‘l Begln Or End Existing Bridge ——.

-~ Existing O Angled Wing Post

Spec
1 1~ Thrin-Beam Transitions Exlstirg Curb
. [[] - Tronsitlen Block In Absence OF Curb See Indexes For

Front Foce OF Exlating Bastwall & .r = Tcle -G T ronkifions

fol Steel Post For Roodway T '|‘7|, -

Special Steal Post For Aoadway
- Falsting Fiared Wing Post

) Ve 4 _—Any Detoched Or integrol
1’ Sidewalt Ranoved

e

@m@RAR i e e

iy e |

‘s:rm Approoch Slab

Existing Curk X <) e s
Saa Indaxes For ] oce Gf all OFfset
Foce OF Roll Offset — e el b
: "+ 1
¥ PostBolls —j |— ey Post [ Post Bolita] “Ezmrumsm L,——nymu Past Boifs )
Traffic Railing { Thris-Beam Retrafit) ooty Guordrall Transition . Troffic Ratling ( Thele-Boam Retrofit) | | Foodway Goardrail Transitian
i T

SEE INDEX NOS, 472 & 475 - SCHEME 2

SEE INDEX NOS. 472 & 475 - SCHEME |

Front Foce Of Existing Bockwall &
Begin Or End Exlsting Bridge —~ ~

MS:::;:'G#Fw -~ Existing Flared Wing Post

"8 | _— Tronsitions r Any Detoched Or integral
3 Removed

/"SM

'-_ smm e - Special Steel Fost For Roodwey

" Thria-Boam Transitions

= mEE‘ igl::ii:ﬂ ﬁ FE Eﬁ H /.,:Ewmwmsm

£

= Truffic Ratiing { Thrie-Beam Retrofit) |
I

L € Post Boifs — .~ Key Post (§ Post Bolts) .

~—— Exlsting Infegral Approcch Slab Wide Curb,
I = Remove Portion OF Curb As ired For Post
Plosament, Area Of

it
Smooth And Even WIth Adfoining Area.

FRoodway Guardrali Transition

SEE INDEX NOS. 472 & 75 - SCHEME £

PARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT )
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LA

tatermediate Foals May Be Required.
See lndex Nos, 712 Or 475
Far Alfernate Specings. —

Front Foca OF Existing Backwall —
& Begin Or End Existing Brioge “

_— Existing Flared Wing Post
’

Existing Infegral Rainforesd Agprooch Siah
Safety Curt Or Sidewatt
16* Minlmum Thicknassl,

_— St infax Mos. 472 Or 475 For
L~ Aproceh Siab Conflgurafions.
Special Steel Post For foadway

—"‘ Thrie-Beam Transifions

gme. [ m E Eﬁﬁﬁiﬁﬁﬂﬁ

- T
Gutter Ling— |

i ph :mme Approoch Siab
. 1 v | £ 4

€ Post Boits —_ Key Poxt ( € Post Bolis )

k.
-

v e
Troffi Rolting (Thele-Beom Refrofift) | Roodway Guordroll Tronsition A

SEE INDEX NOS. 472 & 475 - SCHEMES 3 & 4

Ba Required. -
Su mm vm.wz ?-ﬁs - Existing Fiared Wing Post
For Alfernate Spocings. — — /
e / Exlsting Infegrel Reinforced Agprooch Slob
Frant Foce OF Existing Bockwall t \ |
& Begin Or End Exisfing Bridge ~ . e - - :'fwcm Or Shdewnlt

Thigknassl.
~— $00 lndex Nog, F1E Or 475 For
Approach Siab Configurations.
__ Special Steel Post For Roodway
~ Thrie-Beam Trangitions

Gufter Line =

3

ey Past (€ Post Blta) g
Poodway Guardrail Trvmr!m

T . . l
- 1
¥ Fost Belfs —~—

Traffic Raliing { Thele -Beom Retroflf )

SEE INDEX NOS. 4TE & 475 - SCHEMES 3 & 4

Intarmediate Fosts IW Bi Re-w!m‘-

Seo indax Noz. &2 O
Far WMM:. .____\
Front Foce Of Exlsting Bockwol! I_._\._.J
& Begin Or End Existing Bridge —. | | |
T | | Existing Paralfel Wing Past
- e =
=== : —— Tronsition Biock In Absence Of Curd
Exlsting Cur
e or @‘.@@@Eﬁrﬁ:@ﬁﬂﬂﬂ
Faoe OF Ralt Offsat — A Y
i,,-mmrrf ot gt Exsing Aorh Sl
- 2 Traffic Rolling ( Thrie-Beam Refrofif} Roodway Guardrol! Transifian =
SEE INDEX NOS. 472 & 475 - SCHEMES 5 & 6
Infermediate Fosts Moy Be Required.
Soe Indax Nos. 472 Or 475
For Aifernate Spocings. —
| N
- s -
Fronf Foce Of Existing Backwall i
& Begin Or End Exi -
xisting Bridge b Endof&rdml_
| 1y~ Appraoch Sied Fiore
- : 9 _-Transition Biock fn Absence OF Curb
\ /
Exlating Curd | 4 ] HH HHHH
Son indexes Far L @ J
el ol B3 @ EEWE'J [T
Gutter Line—" Y

“'*Emrw Approoch Slab
‘—Keg Post [ € Post Boits )

Troffic Ralling { Thele -Beom Retraflt) Foodway Guardrall Transition B

SEE INDEX NOS. 472 & 475 - SCHEMES 5 & 6

FPARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT )
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8-d

Bogin Or End Existing Bridge "'-\l See Index Nos. 73 Or 476
! For Alfernate Spocings. e 7
\ Exlsfing Infegral Reinforced Approsch Siab
Front Foce OF Exlsting Bockwall =, /
1~ Existing Perpendicular Or Angied Wing Post & Begin Or End Exfsting Bridge ——_ - - g:'y‘mmmm %Mm;l
~

o f
Special Steal Past For Roadway i = Ses index Nos. 473 Or 478 For
Theie-Beam Transitians | ._>° t} ,/ Agproach Siab Configuratlons,

Front Foce Of Existing Backwall & intarmadicte Fosts Wy Bo Required,
_— Exiating Flarad Wing Post
-

Extsting Curb —~Tiiaiiod 2look i Awacos: UF- Qi " Special Stoe! Post Far Foatway
Indaxes Far Lo H H F| ~ Thrie-Boam Transitions
Foce OF Rall Dffset — /| Extstlng Curd
Gertter Line —— i Fs_w Jf&uu For H H
ace
¢ Post Bolts — | ‘-f — Key Post (€ Post Boits ) [ Existing Approoch Slab [Emmu Acprocch Siad
i Traffis Ralling ( Thrie -Beam Refrofit ) Aooway Guardrall Tronsition | §
| N € Post Bolts — ,— Key Fost (€ Fost Botts |
SEE INDEX NOS. 473 & 46 - SCHEME | Traffic Raliing ! Theie-Beam Reiroflt) Reodeiy Guordrol] Transtiion
SEE INDEX NOS. 473 & 476 - SCHEMES 3 & 4
Special Steel Post Far
| Roadway Thria-Beom
Front Foce Of Exlsting Bockwall & y— Tronsitions
Begin O £nd Existing Bridge —_ | | e ~Existing Flared Wing Post
1 A e B e informedlofo Pasts Moy Be Rwufred.
A Ste Indax Nos. 473 Or 476 — Exlsting Flored Wing Post
= For Affarnats Spocingd. — /-’
Exlsting Cur o iton Bleck In ™,
s Hed I . Iagasition Pest, Front Fooa Of Existing Baciwell N / Saton Burd of Shtave . oo b
Fooa- 0 R afaat: = [Tl E'Lﬂ B H— B H— Fl & Bogle O Eng Exhoiig Brime ™ | ) 16" Winimam Thicknoos.
et 41 _— 5ew index Nos. 473 Or 476 For
Gutfer Ling —" el L ,r’ Approoch Siab Conflgurafians,
1] 3 = A _ Speclal Steel Post For Roodway
€ Fost Bolfs --_4 | i P T Pt Bl ) " Existing Approgeh Slab o i gl " Thric-Beom Truur‘tﬂm'
L - o
- o Teoffic Aatting (Thvie-emm Aetrarrr) | " Roodeay Guorsrol Temition St iaurae For. | 7 -
I Foce Of Fatioffsst T [T m ﬁl ﬁl-' H H |
SEE INDEX NOS. 473 & 476 - SCHEME 2 7 z |
Gutter Ling_~ -
LI { i 1
'Pﬂﬂ’&”&"--.‘ ‘f Key Poast (€ mfﬂ,fﬂl h o - Exlating Approcch Siab
. Traffic Ralling { Thris-Bean Retrofit) 'Roodway Guordrall Transition
Front Face OF Existing Backwoll & ol Steel Post Fi
seinor £ Exsig S —_ | | ooy ie” amf'. 7 S, Figeit Wi Fout
™ o Any Defoched O integral SEE INDEX NOS. 473 & 476 - SCHEMES 3 & 4

ar,— Tronsftions P ?\ ’SM‘MM
-~ — Roodway Speciol Steel Guardrall Posts

m.lwﬁE*Efa 4 ot

. g S i
€ PostBolts —, - Key Port (€ Post Balts)  ~___
* ~— Existing tntagral Sl Wide Curb.
Traftic Rolling { Thrie-Bean Retrofit) | Roodway Guordrell Transifion ., R mu Requirad For Post

Exlsflng Curt
Soo Indoxas For
Foce OF Rali Offsef

SEE INDEX NOS. 473 & 476 - SCHEME 2

PARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT)
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64

Infarmediate Pasts Moy Be Required.
Soe indox Nos, 473 Or 475
For Affernate Spocings: —__

- e -

Front Foce OFf Existing Bactwall i |
& Begin Or End Existing Bridge ﬁ\wf Flared
[ g

il
| hartoch St Fiaro

|

i

#7 d
gy N B - -~ Transition Block In Absence Of Curd
e, @ im ,_&:-;ﬁfﬂﬂl‘ﬁtﬁﬁﬂ RAA
—

Facs Of Rall Offrat — freere gy
| Gutter Line—" ~ t
. " Existing Approoch Slat

|y—Key Post( & Posi Bolts )
Traffic Ralling ( Theie-Bean Retrofit) |, Rosdwoy Guordrall Tronsition
|
SEE INDEX NOS. 473 & 476 - SCHEMES 5 & 6

Intarmediate Posts bay Be Fequired,
Ses indax Nos. 73 Or 476
For Alternle Spocings. —
Fronf Foce Of Existing Bactwall '
& Begin Or End Existing Bridge ~—_| = . -
| | Existing Paraliel Wing Pest

Exiating Curb It i N
Seo Indaxes For A :fj | m B
Foce Of Rali Offset = f——————— ?-_-P;E_J:@_ =l

| utter Line —"_ ;| P

| —Key Post (¢ Post Bolts) - Falsting Anproseh Sia

Troffic Ralling { Thris-Beam Refrofit) . Roocway Guardral! Transitfan 4

SEE INDEX NOS. 473 & 476 - SCHEMES 5 & 6

PARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT)
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01-d

Front Foce OF Exisiing Bockwall
& Begin Or End Exlsting Bridge 1
- Exlsting Perpendicular Or Angled Wing Post Remved
Vd Specil Stael Post For Roodway
Exlsting Ralling Removed —_ T~ Thele-Beom Transitions
| .F'MHMBMMMWM

Sk © @ @ @B as i,

- L 1 .

€ Post Bolts —, o Kay Post [ § Pnslﬂnh'ﬂ “‘(ﬁm‘ﬂw Approoch Siob
Traffic Railing ( Thrie-Beam Refrofif | I FRoodwoy Guardrall Transition
|

SEE INDEX NO. 474 - SCHEME |

Front Foce Of Existing Bockwall
& Begin Or End Existing Bric - |

Exlsting Ralling And Paraliel —_

Wing Post Remaved ""\. -~ Transition Biock fn Absence OF Curb
r
poman, | m‘E‘%“E‘M ARAE,
See indaxes Far
Facs Of Rall Offset -f—'————EE?————t—g
Gutter Ling—" +

~ Exigting Approceh Siab
: o Key Post ( § Posf Baits ]

Traffic Railing ¢ Theia -Beas Mﬂ'ﬂﬂ”_—;’_ Roodway Guardroll Tronaltion

SEE INDEX NO. 474 - SCHEME 2

ide Remove FPorfion Of Curb
For Post Plocement.
0F Curb Removel To Be Flnlsh Smocth
Existing Flored Wing -7 =And Even With Adjoining Area.
Front Foce OF Existing Bockwall  Woll Removed N / Special Steel Post For Roodway

"' Thrie-Beom Tronsitions

__ Edge of Existing Approach Siob Varles
Configurations Vories

j"‘éﬁmﬁ Ty

& Begin Or End Existing Aridge —

Exigting Railing And Flared — |

Wing Post | N L _==.'1
Exlating Core A 0 L;P——'%

P——————————
Fm ar mwm | Cutter Line— !
€ Post Bofts —_ f V—XIYMH' Post Bolts )
Treffic Rafling [ Theis-Beam Refrofit) _| Foocwey Guardroll Tronsition
SEE INDEX NO. 474 - SCHEME 3
Exfsting integral Approach Siab
Wide Curh. Remcve Porflon OF Curb
As Required For Fost t,
Area OF Curb Removal To B Flnlsh Smooth
Existing Flarad Wing 7 AV Even- Rith Adjoliing Area,
Front Fooe Of Existing Bockwail Wall Ramoved _ Speclal Sfeel Pos! For Roodwoy
& Begln Or End Existing Bridge ~——_ ™ " Theie-Beam Tronsitions

.

— EM of Existing w Siab Varles
‘iguretions Vor.

Eﬂﬂ

€ Fost Bolts —~ k—lwﬂ)ﬂ'f" Post Bolts )
A Troffic Rajling [ Theie-Beam Retrofit) | FReodeay Guardnall Tronsition

Existing Railing And Flared —_
Wing Post Removed

Exigting Curd @ E@
See Indexes For —

Foce OF RaliOffset { Gutter Line— " |

-,

~ Exigting Approoch Siob

SEE INDEX NO. 474 - SCHEME 3

PARTIAL PLAN VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
FOR BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT )
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PICTORIAL VIEWS OF GUARDRAIL AFFPROACH TRANSITIONS AND CONNECTIONS FOR
BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT)
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PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS FOR
BRIDGE TRAFFIC RAILING ( THRIE-BEAM RETROFIT )
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Nk, PICTORIAL VIEWS OF GUARDRAIL APPROACH
S, TRANSITIONS AND CONNECTIONS FOR BRIDGE
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.

\ B
Sy
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2008 FDOT Design Standards | sheat No.

CONNECTIONS FOR EXISTING BRIDGES

GUARDRAIL TRANSITIONS AND R
402




Si-d

Fronf Foce Of Existing Bockwall
& Begin O Eng Exlsting Bridge "4|.
i
|

Traftic Falling Exieitog Ralitng Removed

{ Verticol Foce Retrofit } Constructed - y i

_— Existing Perperdiculer Or Angled Wing Post Removed
./Ph:c Firsf Post 2*
== Cisar o Wing Walr

~Tronsitfon Block in Absence Of Curh

i — e A

} Front Foce OF Exlsting Bockwall |
* & Begin Or End Exlsting Bridge

Exlsting Curb - See Inderes
For Face Of Rolling Offsel  —

Roodway Guordrall Tronsition ,_'_ P

Extsting Approach Siob Exlsting Ralilng Removed

Traffic Rofiing { Verfion Fooe Retroflf )

SEE INDEX NO. 481 - SCHEME |

Front Face Of Existing Bockwall | Porolis! Wing Post

Removed,
& Begin Gr End Exlsiing Bridge . Traffic Rolling ( Verticol Foce mimﬂ'”

-~ 5'0r Mare In Length Construch

Existing Railing Removed —_ /
.. 1 ! I| ﬁ ﬁr

ing
{ Vertical Foce Refrofit) Constructed

Existing Fiared Wing Post Removi
.r’ Traffic Ralling { Vertioal Fooe mmm: Canstructed

Special Stee! Post For Roodway
" Thrie-Beam Troosiffons

Bfln g

"t Exlsting Approoch Siab

Extsting Curb - Sea Indexes E
For Foce Of Raillng Offset

Floodway Guardrell Transition

- A

/TW”IMBMMMWM

AAAR R

Exlsting Curd - See indaxsy —
For Foce Of Ralling Offset
Troftic Raiifng { Vartical Foce Retrofit)

SEE INDEX NO. 48/ - SCHEME 2

- “lr

FRoagway Guardrall Transliion

|
1
? Existing Approach Siob
Fronf Foce OF Existing Bockwall _
& Begin Or End Existing Bridge

Exlsting Ralilng Remaved
Traffic Raliing

Traffic Rafling ( Vertioal Face Retrofit) J

SEE INDEX MNO. 48/ - SCHEME 3

Existing Flared Wing Post Remaved.
/" Troftic Railing ( Vertical Foce Retrofis ) Constructed

Special Steel Post For Roodway

. " " Thrie-Beam Tronsitions
{Vertiool Face Retrafit] Consfructed
o i A%fn a

Exlsting Curd = See indexes —

| ~

1 Existing Approoch Siab

For Foce Of Ralllng Offset
Front Foce OF Existing Bockwall Pargllel Wing Past Removed Traffic Railing { Vertical Foce Refrofit)
& Brgin Or End Existing Bridge % Tratfic Ralling | Vartical Foos Retrofit} 4 i = |
-~ Less Than 5'in Length Construsted

Existing Ralling Remaved —__

e ) ES ST N N R ]

rﬁ:@: RRAR A

~ - .. |

L | S i 1'

] | 3 Enfli A 5
Exlsting Curb - Ses Thrie -8 FE Bri I | Roodway Guardroil Transiti

- 's-Beom For ransition
indaxes For Foos OF F e Coon L
Raiting Gffset B = Traffic Railing ( Vertiool Foce Retrofit) _I
SEE INDEX NO. 48/ - SCHEME 2
Nofe:

*21s 12° & §* Theie-Beam Terminal Connector Plate { Book-Up .%r::.mf @ x 12" Long
HS Hex Bolts And Nufs (5 Regd. | With 24* 00 Plain Round Washers Undor Heads And Nufs

PARTIAL PLAN VIEWS OF TRAFFIC RAILING (VERTICAL FACE RETROFIT)

SEE INDEX NO. 48/ - SCHEME 3
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91-4

Front Foce Of Existing Bockwall ___ |
& Begin Or End Existing Bridge 1 _— Enisting Pargiie! Wing Post

~ Tronsition Block In Absence Of Curd

mm:HHHH

Existing Curb - See Indexesi— — ¥
For Foce Of Ralling Offset  —— '-"' 1|
1 ~ Exlsting Approoch Siab

1
_,‘_.

Troffic Railing ¢ Vertioal Foce =
Retrafit ) (o floodwoy Guordrall Tronsition .

Traffic Ralling | Vertical Face Retrafit)
SEE INDEX NO. 482 - SCHENE 2

Fronf Foce Of Existing Bockwall Exlsting Flared —

g End of Exish
& Begin Or End Existing Bridge % Wing Past g

* " Approoch Slab Varles
| . Tronsifion Block in Absence Of Curh

—_— .*‘ﬁ.HHHH

Exisfing Curb - See inderss | & ) 7 1
Far Foce OF Rolling Offset = — H—T -
e " -t “— Exlsting w Slats
Traffic Ralling { Vertial Foce  — |
i = floodwoy Guordrail Transition e -
o i Traffic Ralling ( Vertical Foce Refrofit)

SEE INDEX NO. 482 - SCHEME 2

Notor

*21* x 2° x |* Thie-Beom Terminal Connector Plgte {Bock-Up Piate ), And §* 8 x [2° Long
HSH!IBMWM&I’5RMJI‘JMZ* 00 Pigin Round Woshers Under Heods And Nuts

PARTIAL PLAN VIEWS OF TRAFFIC RAILING (VERTICAL FACE RETROFIT)

Traftic Aatiing -
(Vertical Foce Refrafit) — 1
Extsting Curb - See indexes | A el i ey l Existing Approoch Siab
For Face OF Rolling Offset A1 | Ll
| o Koy Post (§ Post Bolfs )
| Roarway Guordrai Transifion =

Front Face O Existing Bockwall
& Begin Or End Exlsting Bricge
< _— Exlsting Flared Wing Post
T ( Existing Infegrolly Relnforced Wide Curb
J/— Spechal Steel Post For Roodway
/’" n\m Beam Tronsitions

Traffic Railing 1
{ Vartical Foce Rﬂnﬁr}
|
Existing Curb - See indeces | ] - Existing Agprooch Siap
For Foce Of Rotling Offsat — *- . 1.} i
i L— Key Post { § Post Bolfs)
| Rootway Guardrail Tronsition | ™ -

Trd!k‘ &Hl\-y ﬂ'bﬂ‘!m! Fme Relmﬂ“

s&mm.m-ms

Front Face Of Existing Backwall
& Bagin Or End Existing Bridge
T _—Existing Flarad Wing Post
# — Existing Integrally Aeinfarced Wide Curt

. Special Steal Post Far Roodway
Thrie-Beam Transiifons

Traffic Ralllng ( Verfical Fm! Retrofit ) |

SEE INDEX NO. 482- SCHEME 3

2008 FDOT Design Standards “,l:,"] Sheat No.
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Front Foce OF Existing Bockwall
& Begin Or End Existing Bridgge ~ s

"

__—Existing Perpendicular Or Angled Wing Post

|~ Ploee Flrst Post 2"
'1""' Clear O Wing Wall

Fo7or .
Troffic Rolfing - .._ _~Transition Block in Absence OF Curb
(Vertical Foce Retroflt) | ——._ 1 i FI |3| H H
- = I : 4 |
| r.‘ i:-. I & I
: LA “— Exlsting Approcch Skt
Existing Curb - Sea Indewes |
For Foca Of Ratiing Offset 2= b finodway Guardral/ Tronsition A -

= Traffic Railing { Vertical Foce RcfruHH

SEE INDEX MO, 482 - SCHEME |

Fronf Foce OF Exisfing Bockwoll _
& Bogin Or End Existing Bridge A
Y P §) Wide Curb Consfrusted Infegrally

_— Exlsting Fiored Wing Post

Front Fooe Of Existing Bookwall
& Begin Or End Existing Bridge

S 4

Traffic Rolling
{ Vertiool Foce Raetrafit) ™|

_— Extsting Flared Wing Past

Wide Curb Constructed Infegrally

Exisfing Curd - Sen
For Foce OF mm\w Bf!ul'

- -

Front Foce OF Existing Bockwall |
& Bogin Or End Existing Beidge 3

7| Wit Existing Approach Siab
' B B S
ﬂ:ﬁjﬂ AAA B

“_ | & —Ex:afnwwms.'m

FRoodway Guardrall Transitlen

- le -

Teaffio Ralling  Vertioo! Foce Refrafit ) ‘-l

SEE INDEX NO. 482 - SCHEMWE 5

Wide Curb Consfructed fnfegrolly

-~ With Existing Approach Siob

= With Existing Approach Siab | .~ Exlsting Poralel Wing Post
__ Special Stea Past For Roodway i - Tronaition Biock Infegral Wih Retrofif Approoch
7~ Thrio-Boom Tronsitions /7 Siab In Absence Sl Cur
Traffic Ralting - = > Traftic Rafling =
{Vertionl Foce Refrofit ) ——— < i 1 - m (Vertical Face Refrofit) —— H FI H H H }
= -3 Exlsting Curb - See I'
g 1 | Exteting Approcch e priniisiof ol s, ot 4
A IS " iy 4 Rafilng Offset t - t — i
Existing Curb - Sao Indaxes — | |~ Key Post 1€ Past Bolts) . Troffic Ratiing ¢ Thele-Beam Refrof1t) N Exisliny Appcouch Sht
‘oce Hing | Roadway Guardrail Transition ' 1 = o Foodway Guardrail Transition 4 ]

Troffia Ralling ( Verticol Foce Retrofit )}

SEE INDEX NO. 482 - SCHEME 4

Front Face OF Existing Backwoll _
& Begin Or End Existing Bridge

SEE INDEX NO. 482 - SCHEME 5

_—Existing Flared Wing Post

Wide Curt Constructed infegrally
== With Existing Approooh Siot

__ Spectal Steal Post For Roodwoy
o Thele-Beam Tronsitlons

+— Extsfing Approach Siab

Traftic Ralling
I Vertical Fave Refrofit —— ;
~
r 7 e
b w4t
Exlsting Curb - See inderes — o+ Key Post { € Post Baifs )
For Foce Of Falling Offset L ooy oo Tronsiton|
1, Tratls feiiing {Veritool Fooe Retrarird

SEE INDEX NO. 482 - SCHEME 4

.|

Noter

*21* x 12* x §* Tirie-Beom Terminal Connector Plate {Bock-Up Piate ), And §* 8 x 12* Long
HS Hex Bolfs And Nuts (5 Reqd. ) With 2§* 00 Plain Round Washers Under Heods And Nuts

PARTIAL PLAN VIEWS OF TRAFFIC RAILING (VERTICAL FACE RETROFIT)

2008 FDOT Design Standards
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Front Face Of Existing Bockwoll
& Begin Or End Existing Bridge =

Exligting Ruailing Removed —
| ~,

%w—r—rﬁﬁf

Exigting Curb - Sae Indexes .7 i A [ 4
For Foce Of Aolling Offset 51T L/ 1

Traffic

FAaliing Troasition Block In Absence Of Curk
{ Vertical Foce Retroflt ]| Constructed

Existing Parallei Wing Post Removed und Traftlo | T Eatiog Approash Stab
Ralling (Vertiosl Fooe Refrofif ) Consiructed Roodway Guardral! Transition

«_Traffic Railing { Vertical Foce Refrofit) J

SEE INDEX NO. 483 - SCHEME 2

Existing Rulling Remaved And Traffic Ralling =
{Vertical Fooe Refrofit) Construsted

Front Foce Of Existing Bockwall
& Begin Or End Exisfing Bridge %

Exlsting Ralllng Remored —_
Tratffic Ralling !
{ Vertica!l Fooe Retrafit) Constructed

_~Tronsltion Block in Atssnce OF Cur

ARAA B

= Existing Approoch Skab
Foactway Guardrall Tronsition

Existing Curb - Ses Indexss
For Foce OF Roliing Offset

Exlsting Parcliel Wing Post Remeved ond =
Traffle Rolling { Vertical Foce Retrofit) Constructed

Trofiio Ratiiog ¢ Verticol Fooe Retrefit)

SEE INDEX NO. 483 - SCHEME 2

Existing Curb - See Indexes
For Foce Of Railing OFffset

Existing Railing Remaved And Traffic Railing = i i
[Vertical Foce Ratroft) Canstructed

Nates

.Frw Foce OF Existing Bochwall |
Bagin O End Existing Bridge
EJIBMMWWWGG Wing Woll & Post Revmaved —_

<
— aa‘ . Pice First Post 2* Cleor O Wing Post
| n
[t nwrrruammmmﬂ
Existing Curb - See indexes | il o |
For Foce Of Rolling Offset * M ': A

T

|
Existing Roiling Removed |
Troffic Raliing { Verticol Foce Refrofit) ! Foadway Guardrall Transitien

T Existing Approoch Slab

Traffic Rafiing [ Verfical Foce ﬁl}mﬂ” 7 |

Pr— W ]

Exlsting Flored Wing Post

—~ And Traffic Railing (
Front Foce Of Existing Backwall
& Begin Or End Existing Brigge ——

ﬁ|ﬁ

Existing Curt - Ses lnderas
For Foce 0F Rolling Offsef ——

4,— Key Post { € Post Boits )
Roodway Guardrall Transition

Traffie Ralling { Vertiool Foce Refrofit) _I

n,

SEE INDEX NO. 483 - SCHEME 3

Removed
Vertiool Fooe Redrofif) Construcfed.

Special Steel Post For Roocway
=" Thrle-Beom Transih

Hons

No. 47
For Agprooch Slab M!Ww

-£ xisting Approach Slab

Existing Fiared Wing Post Removed
= And Trafflc Ralling { Verticol Foce Retrafit) Constructed

Front Foce Of Exlsting Bockwall
& Begin O End Existing Bridge ——.__

| Aoadeay Guardrail Tronsition
mmc Rolilng ( Vartical Foce Ratrofit) |

SEE INDEX NO. 483 - SCHEMWE 3

** x 12* x §* Thrie-Beom Termingl Connector Piste { Book-Up Fiate ), And §* @ HS Hex Baits And Nuts 112" Lang For

Scheme | And Length To Fif For Schemes 2 And 31 (5 Reqgd.) With 24* 00 Plaln Found

PARTIAL PLAN VIEWS OF TRAFFIC

Reund Washers Under Heods And Nets

RAILING (VERTICAL FACE RETROFIT)

Special Steal Post For Roocway
.~ Thrie-Beom Tronsitions
. _—— Edge of Approoch Siab Vorles
* See Structures index No. 474
~ Far Approoch Sieh Conflgurations.

2008 FDOT Design Standards "'l:h"rl Sheat No.
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% PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS
- FOR BRIDGE TRAFFIC RAILING (VERTICAL FACE RETROFIT)

07/01/0

GUARDRAIL TRANSITIONS AND e
CONNECTIONS FOR EXISTING BRIDGES 403
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PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND

CONNECTIONS FOR BRIDGE TRAFFIC RAILING (VERTICAL FACE RETROFIT)

2008 FDOT Design Standards
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e, PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS
A AND CONNECTIONS FOR BRIDGE TRAFFIC RAILING
o (VERTICAL FACE RETROFIT)

2008 FDOT Design Standards “.L':"T] Shaat No.
07/01/0

GUARDRAIL TRANSITIONS AND e
CONNECTIONS FOR EXISTING BRIDGES 403




i

Gt

#*,

)

D CONNECTIONS FOR BRIDGE TRAFFIC RAILING
(VERTICAL FACE RETROFIT)
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PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND
CONNECTIONS FOR BRIDGE TRAFFIC RAILING (VERTICAL FACE RETROFIT )
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PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND
CONNECTIONS FOR BRIDGE TRAFFIC RAILING (VERTICAL FACE RETROFIT)
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PICTORIAL VIEWS OF GUARDRAIL APPROACH TRANSITIONS AND

CONNECTIONS FOR BRIDGE TRAFFIC RAILING (VERTICAL FACE RETROFIT)
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THRIE-BEAM RETROFIT NOTES
I See indexes for bridge thrie-beam troffic roiling refrofifs.
2. Tralling end guordrall fo be pald for under #re controct unit price for the porent roodway guardroli;

end measure includes length of end onchoroge ossembiy; oddiffonol payment mode for end
assembly. No odditional payment far connecting roodway thrie-beom fo bridge fhrie-beam refrofif.

NOTES FOR TRAILING END TRAFFIC RAILING
VERTICAL FACE RETROFITS

I. Where Guardrall Extensions Are Required Beyond The Trailing End Of Bridges
With Traffic Railing Vertical Face Refrofiis, Guardrall Connections To The
Bridge Railing Will Be By SPECIAL END SHOE For W-Beom Guardrall Exfensions
And By THRIE-BEAM TERMINAL CONNECTOR For Theie-Beom Guordroll Extensions.

]

Install W-Beam Speciol End Shoes and Thrie-Beom Terminal Connectors With
Back-Up Plates, And §°8 HS Hex Balfs And Nufs (/2% Long) With 24" 0D Piain
Round Waoshers Under Heods And Nufs (4 Required For Special End Shoes And

5 Required For Thrie-Beam Terminal Connectors ). Bock-Up Plates For Special
End Shoes Are 12" 12" x §* And For Termingl Connecfor 21 x 12° x §*.

3. Paymant For Connecting Tralling End Special End Shoes And Thrie-Beam Terming!
Connectars To Traffic Rolling Vertical Foce Refrofits Will Be Made Under
The Controct Unit Price For Guordroll Bridge Anchoroge Assembly, EA..

TRAILING END GUARDRAIL AND ANCHORAGE FOR BRIDGE TRAFFIC RAILING ( THRIE BEAM RETROFITS)

2008 FDOT Design Standards

GUARDRAIL TRANSITIONS AND
CONNECTIONS FOR EXISTING BRIDGES
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LTH

59

* Spilce Locationss Thein-Beam - (2 Guordrall Splice Boits And Recessed Mufs
W-Brom - 8 Guardroil Splice Bolts And Recessed Mtz

Use OF Scheme T Sholl Be Determined

in Accordonce Wil

The Structures Manuol Use Of Schemes [T And I Shell Be Defermined In Ascordonce With The Siruchures Mema!
GUARDRAIL TRANSITION TO EXISTING FLAT SLAB BRIDGES GUARDRAIL TRANSITIONS TO EXISTING PRESTRESSED BEAN OR GIRDER BRIDGES
P J APPROACH FOSTS AND SPECIAL OFFSET BLOCKS
-~ Exigfing Fiat Siob Bridge Wing Fost Block assemblles for speciol offsets con be mode up of one speclal block plus ane standard size
5 ta) Block or of three sfondord size blocks fleid dressed fo coprowimately equal site, with fthe pirces
B | Tronsition | Si_'_l secursd for reiotive position by #6d gotvenized nails, see M NAIL FOR PREVENT)
|~ i—.' i_ OFFSET BLOCK ROTATION' - Index 400, The mested roils sholl not be olied fo fie blocks ond
S posts of posts (o). fol ond fel The defalis shown ore for approcch slobs with internal sdge
‘ | =] dike exfending beyond poropet fype froffic raliing fermin,
T T
n Bripe 1, Approoch k0
Vorles (&) . | ; Sheulder Break ‘d_l
:.E r_e_--.ga;r”; 5:-‘?—| e e s S T S e s i e - AR ICTER R reg”
Beom [r Girder St -

[ T | i T T Gttt Location Shewn For 11 25 Fiore. For Other Fiars /
_n, Bridge | Approoch Siob , - i ! | otr:rmmww' See Indx No, 400,
T m &-3° J ;_9.' L, Exist i | { Shouidier Gutter Shenn "
= S | e wsenpement For Guordrott Prment (e Rematn) T gist, swouster Gutter Tronsition. | Exist. Shoutder Gutters, - ad
oo F = e - <o T
. \ Guardraf! Transition Cost To Be included in The Confroot Unit Price For The
W’%ﬁ:’:‘z . “Vorfas 131§ Min,,  Approoching Gurerall System No Additianal Pament For Thrie-Beam Funets,  PLAN
ogle 3% Uas, Wit Fove  Nested Panals, W-Thels Bean Tronsitian Ponal, and Accessaries.
Reculred - SCHEWE 1T - e
SCHEME
NOTES FOR GUARDRAIL TRANSITIONS TO SAFETY SHAPE
= t rqurmmmgﬂmﬁ;xi‘m TRAFFIC RAILINGS ON EXISTING BRDIGES
ko witw 2% Min. ) IR Far SERA S Hax: Dwlia Are: 1, When the exlsting wing past Is fo be reploved with o beidge Wroffls raliing in ccoordunce with the Struchiras
Nuts 15 Regd, | With 24 00 Piain Round Woshers Under Heods Asd Nuts. [When Affoching :
s g Tl O Ll o g e P S st SO Warue, fhe fhele -beam gurdrall connection stall be In ocoordance with Defall J of index Na. 400.
Conclilts Andt Their Utiifties That Wy B Acuted Through Wing Pasts Or Brivge Rolis. Whaen 2. When ratrafining fhrie-teom guordrall fo existing wing posts or existing beidge safely shape froffla railing, attchment
Condults And Their Utilities Are Encountered, At Least Five §° HS Hex Bolfs Shall Be construciion o be pald for under fhe contract unif price for Guordroll Bridge Ancharage . EA,, ond shall be full
Instolled In Any OF The Soven Holes Provided in The Thrla-Beom Terminal Connector.] compensation for tolt hols construction, ferminal connector, ferminal connector piafel s ond bolks, nuts ond washers.

GUARDRAIL APPROACH TRANSITIONS AND CONNECTIONS FOR EXISTING FLAT SLAB, PRESTRESSED BEAM AND GIRDER BRIDGES
WITH SAFETY SHAPE TRAFFIC RAILING EXTENDING LESS THAN FULL APPROACH SLAB LENGTH

2008 FDOT Design Standards
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8Cd

1, End Wpasurement For Guardroll Payment _|
{3

MODIFIED ECCENTRIC LOADER TERMINAL NOTES

@ {
= Tf--'!]" I The MELT is gpplicoble for design speeds up fo 45 mph. The MELT is infended for use a5 on opprooch end guardrod!
A 15T for shoulder guardrell. mwuarmﬁwmwwrmwmoemdmmd
- @ —— = ”;{ﬁz‘mwm_wm, .5 inclting fivec shmord W-beon ponel uttide of eny siondent uordeall, Quordeai trnaitiond or

ine-. -
Shoulder L -

iz, Asplt Pt <——_

i 1
= Wise, Asphalt Pavt,
= Io suir 2
Yg i, Sen =)
|:| at No. 14
Standard Guardrall, = — m———
Special Transition Or — | 15 3 (=g 4~ Beginning of La»m o Need
Gter Special Treatment_| :',mes @ -z 2 Spoges @ 6'-3° <3
% T ERT Tinbor Posts And Offsat Blacks T
No Holts Theougt Aol To Posts | Rl 2R Fobricated
TBalt Beck Up Picte Ta Mo 4 Post Ta Provide Nested Support For Aall| Over Beg. 6'-3"
I7.5'Flare (Lop Ponels in Direction Of Neor Troffic)

PLAN
MODIFIED ECCENTRIC LOADER TERMINAL ( MELT )

Buffer End Section
™ 3 Long Butfon
Diapbrogm Plate ~ | - "’m, nd
-\ Recess Nufs

g 1 answmmaw/
And Nut With Beom Washer
Under Heod And Nut

TOP VIEW

umfgu:a This mv‘ drowing
the WELT

be assembled in occordonce with

4. Thae first two post must be shorf Hader
be CRT timber posts ond post No. 7 musf be o

5. The MELT con nof be used in medions where hosirondol clearonce requires fhe use of o bockroli.
. See fhe Geneval Notes for fy of mefallic
:’.lnumm:urm.m'.'ra-mnmm‘mmﬂwumawwmmwﬂrwnm

Mhelr incorparation info @ whale sysfem.

3. This stendord drowing s sufficient for plon defolls for fhe MELT when
Ihet requiremant for drowing submitiols uniags fhe piang
distritutor’s defolied drowlngs, procedures ond

posts with stee! foundation fubes ond soli piates. post Nos. 3 they & aust
Himber post.

s procuced the Floride Department Of Tronsporfotion solely fi the Department
s T e S N

the plang coll for end

o e S eonsties ang 007 e
bas the fo Foor
end mduwtw 15 e er T T pho o opeavsd aet i Ton it o po

8. The MELT MMM for under the contfroof unlt price for Guardrall, End

Instatied in connection with puardrall
athwrwise cafl for such sbmitiols. The MELT stall
specifications.

and Ifs

i and

'Flored”af o specific lecofion, mmm
HW&‘MW Where o
end anchoroge will ot be eligible fwﬂ@

(Flarad ), EA ond shall be full
draeings,

Anchoroge
‘and Insfoiling olf componants In oocordonce with fhe pions; the distritutor’s defolied

wwm’wmwmwmm._

.

With tond Wrenen Priar o~
— Breakaway Tarmingl
To Sefting Jom Nufs Siasve

§

Sall Plale ————— | "1 10" Long Bolf And Nt With §* Plaln —
2475 18"k §" b Wasner Under Heod And

or = Soll Plate —_ —
Ty ] E Y

or
Stee! Tube._ zﬁzﬁi‘

I Noter SF"J fubes and offached o

- s ey e mstaied o
T Emm. bockfilling and conpasting

i i to provide full possive sail resistonce

L fo aif surfooes of fthe fube ond solf plate,

121 Driving steel fubs wm&pw« g
rumaanwr post fo prevent
domoge fo breakoway post.

FRONT VIEW

S

B T Strut And Yoke Assambly—. 4
= = = I

And Wosher Eoch End s>
" 5 24" Anber i a :—T i |
5 mmh:m T x - 1 1
To Nose ‘t‘ ! I
"L 10% Long Post Bolt And Mt With i = o ate bos
Waosher Under Heod And ,
" Pialn Round Woshar Under Muf L’_*"‘Li“
FLAT PLATE LAYOUT
Al Siots Sholi Be & x 1§
BUFFERED END SECTION
jrfi' - CEx82
E..!'R Typ. )
I—- 5.,75.
STRUT
g
/ v
i}
~Boaring Plate I Yake
PLAN

==
|
i’___,z gir meamrs Andd Nuts

Wi Round Washer
'_MMM And Nuts
(2 Regd. Per Steal Tube )

END ANCHORAGE ASSEMBLY TYPE MELT

o i
rart st I..i:l

Note: Boit holes are nof required, buf, dicohrogms with either monufacturer
produced fwo or three hole fn fine pofferns are occepfable.

DIAPHRAGM PLATE (2 Reqd. )

mr:m:

MNotes Assembly Instalied with channel furned down for right alde
guordrail and furned up for left side guordrail.

STEEL STRUT AND YOKE ASSEMBLY

2008 FDOT Design Standards
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— g x 25° Long Post Bolt And Nut With —_
Woshar Under Heod And Under Nut
{ Timber Post And Biock )

C><3

TOP VIEW - DOUBLE FACE

"2 8" Boit And Nut With Beom Washer
Long
e Head And §° Plain Aound Washer Under Nut
| T Timber Post And Biock ) :u

Anchor Plale % Cable Assembly-
R m

,i'uu Lang Post Bolt And Nut
J‘mﬂm Washar Under Hood And
" Pialn FRound Washer Under Nt

—{ Rounded End Section When Guardrall

Wisc. Asphait Pavi, K Approoch End Guardrall

-

Steel End Piote, Washer, Hex
Mut And Hex l‘ﬁn.l M\_\

Fiared End Seciion Position Vorles =

Lecated Adfacent To Pedestrion Wy
t

iisc, Asphalt Povt,
&' Trafling End Guordrall .
' 0 1
_— Approoch Rall { Position Varles )

Wisc. Asphalf Po.
ﬁwmw: =

or B
/ : = . |
T e Mex Nt & Mex (Jdom ) Nut —— Flared O Reunded End Sectian— e Moo I
|:> D SaHFm-'J| |4 And Washer Eoch End Troliing Roll Qo Troiling End Section
Short Timber Breatoway Post _30" rswrsa- owHmod To
TOP VIEW - SINGLE FACE | TOP VIEW Sult Ancharoge Allgomert.
|  Miso. Aspholt Povt. Gnly Gne Anchoroge Required.
. End Measuroment For Guordral! Payment J & Tralling End Guardrall Anchoroge To 8. 0n Agproach
= - - Rall When Bofh
I And Troiling Guardrails Are
3 4
1, 8'-3" To Next Fost - 53
e
| — _——=—End Secflen
[ —- - 7 o~ Mise. Asphalf Povt.
=1 = = ; /
Timber Or Steel Post With Timber - 'm ! il sl B §
Biock My Be Used, Timber Fost And | | : T
Block Shown [ This Post Must Ba ! £ | o
Galvanized 4* x 4" x §* Plate
Timber in Steel Post Run OF Rall Coble To Be Drewn Toul / Jrn’ I/a”s“mm’,:,;:g;”‘,m
Adjazent Ta Pedesirian {7 | With Hand Wrench Pricr — L~ 1 ,M . gy
?Gﬁwm{oﬁwm / o To Sefting Jom Nufs 1
b R o alded Visz. Asphalt Povt,
_________ Tmh»hmnm&frmm{wkrmrmwﬁ The aeaisting anchor rod (1° or 1* Dia. ) shall be ﬂm\fﬂn‘.
o " -~ r 5 " threaded 4 mﬂw.mreﬂwmm with Sections 562 ond 571 of fhe Standard Specifications.
x10" Long Bolt And WPU‘J’M’ Piglhy — X Boit And for auftlng, hh'vw'#w mefollzing and the furnbuckie sholl be included In the controot unif price for Rmiﬁvd’v.l’! tF
Woshar Under Head And Nt " Nuis With §° Plaln Rousd
— - Washer Heod And Mut The rmmmd&ammm%wnm:umrwm for furni: ond Insfaliing the
1 12 Regd.) sm%}'w.mm.ﬂwmm,m . efther Flored, Rounded or Buffer End Secfion, and fthe necessary
Soll Piate —__| hardwars,
Ll g Notee Steel fubes ond ahtoched soll
3 e
n—r plate ray be Instoiled bys CONCRETE ANCHOR BLOCK OPTION
She = {1} Excavating, bockfTiling and
compocting fo provide full
passive soil resistonce fa
all surfoces of the tube ond TYPE T NOTES
20t picts, I, Unless speclfied In the pians, the controctar con supely either the coble anchor option or fhe
concrete anchor block aption.
{21 Driving steel fube ond soff
piate gs o unlt with o cbimmy 2. Type I end anchoroge m:uwwrwaum-ww“ramwm aFe
Himbar pest fo prevent demoge rumarmmm ar single fooe free shanding guardrail systems:
L 1o breakoway post. {5 approoch end anchorages for single foce free Standing guardrall ystems when end ancharage
i3 loogted outside of the cleor 2one; ond,
Fm VIEW fe] both approach and frailing ends of double foce guordroil systems.

payment for the Thems r
?Mm for rmuw and MW' mtﬂm Wmem Buffer
Section, the Mﬂ Ancher Plafe, 3

Crash cushions shaoll be conafructed af or In New of approoch Type I end anchoroges located
Inside the oleor rone.

End anchoroge far thrle beam guordrall shall be consfructed the same os defoiled for W-beom,
except use thele beom roll and end sectlon; and the Anchor Piofe 15 fo be otfoched fo the botiom
eovrugation of the fhrie beam.

3. These end anchors are fo be pald for under fhe confroct unit price for Guerdrall, End Anchoroge
Agsembly { Typs IT), EA a5 colled For In the plons or by permit,

END ANCHORAGE ASSEMBLY TYPE II

2008 FDOT Design Standards
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Georgia DOT
Georgia guardrail details 1

FOADTROE B85 M8 NNERRT BRI LGOTL IR g L1 el NS, sy WARATRNISD I bt GO

{TIFF)01 2c tif

; FIVE KL BOLTS: P THRLL P HOLES oM

: O GUARDRALL CONMECTION AT BRIDGE END (OR CONCRETE BARRIER)

;. BRI s S e e L 23 S SR TR, ot

i GUARDRAIL CONNECTION AT TRAILING ENDS BARRIER AS WELL AS BRIDGE ENDS.)

: L WOTE AT BOTTON LEFTY e DO, BLOCK - \x\_\

: HEX WJTS T AT ¥ REOT _>,‘_, 402

' Tt ey S, PLATE i, v Kk @

H r-v,;;r— ALY, PLATE - 07 T \

: me ¥ EALV.PLATES A

: W0OD BLOCK PERMTTED 4T . OF OFFSET BLOCKS ﬁa

N TRANS. SECTION.

H \ vt £ st ST

i ™ W00 BLOCK PERMITIED AT €. 0F

: &%ﬁ'ﬁ;{"ﬂm m'sﬁ_‘m -LL-] Lv‘wo SCCTIONS OF *T* BEAM RAL, ONE SET WSIE THE OTHER J TRANS. SECTION,

: TRAFFIC FLOW o PLAN

' 1 I h

i )\ = * o STDL 4270 —=—s——— = ST0, 400, 4004

[ < Pl B BT

H TRAFFIC FLON 1%: END — 20'- 1% () OF 7" BEAU GUARDRAIL [SEE WOTE BF W' BEAM CUARDALL

i < o oo s it we SHOE

: BLAN LAY 0 USED W LU 0F 3 BoLTs. MDAV ARl A L AT e S o/ ) yROST SPacwG

i I T 1 I 1

H SEE SEPARATE =

! STRNARD

i COMC. FACE —— T

H N BEAM GUARDRAL o w0 e 23

; | E-T-POST SPACHG L ] i o oo, m

1 TYPICAL

! | o K TAPER CURG KGN

[ RO FIALL HERHT

H O MOLE W3 FLET

i rr. < BEAM POST

H CUTTNG 4l OF

H [y !fémm #

i 5 RAR WEIGHT. Ran 15

H bW EEAM POST ——) < AT THE LOCATION.
T : NOTES FOR GUARDRAIL CORNECTION: N
1 H A WHERE CREATER TWAN THE UBBALL LENGTH OF T-BEAM 15 REQURED
(78] : FACE OF CURR MUST ALICH ADDITINIL PRST REMAN s SHOBN WTNN TUE FRST 201 LENGTI, W NoRwal 1 €. T0 €1
=) H WIH BUCK FOCE OF CULADANL SPACNCS FOR THE REMAMIER OF THE INSTALLATION 1510, 42101 (ALESS SPELFED DINERWSE.

: B gurtae af orr on AN JWE FACE OF THE GRYSE S.FAMENT FOR DUARDRAL TIPS T SCLUOES AL ADOTIONAL FOST. 411 SODITIONAL OFF5ET

: B L S8 BLCE | BETALLMG A DLOCKS. THE SPECIAL END SHOE COMMECTION WITW ACCONPANY HARDWARE. TVE €XTAA ScCTION

H CONMECTED THRU TOP SLOT ALY AT TS LOCATHA e WESTED BSEE THE GTIER, ANG TR 17 e PASITION SEE

! ELEVATION c m&lﬁnﬂ FOST ME CRECTED THS SPLLWAY. CONCRETE, CAP OF PAVAG UNDER CUTDRML.

! ELEVATION 3 FurTions O SPRLRAT, CONCRETE+ OR GROUT 45 NELESGRNT FOR FUST

H ﬂSYN.LITmS

: _l_ HORFOA CURS DETALS ASSOCIATED WITH APPROACH SLAB, SEE APPACACH SLAB STANDAAD. FOR CUARDRAL

H N NSTALLATION LOC) WHERE APPROACH SLAS IS NOT USED, PROVIDE A CONCRETE CUMB N ACCORMNCE

' - wIH SECTION * CONCRETE CLAR SHALL BE PAD FOR PER LMEAR FOOT.

| e

+ — Uty A LT AREAPPLICABLE FOR-CONNECTIONS—AT—THE

. - — ~IRALING ENOS. .OF ONE=WAY TRAFFIC_OR AT THE TRAILING END. .

' OF WU TIFLANE (4 OR WORET FACILITIES: -

: GENERAL NOTES:

H NOTE L SPECHICATIONS: GEORGIA 5TANDARD, CURRENT EDNTION & SUFPLEMENTS THERETO.

H s )

: DETALS, AT TOP RIGHT ARE 4PPLICABLE FOR COMMECTIONS AT THE T ST ETE St EAmATE ST AR 18 D?pib‘c'a’isc'm

; APPROACH ENDS OF BRIGES OR CONCRETE SIDE BARRIERS OR e - DU, ST IUIDNG NS, N0 CORECIRE, A 7 b Tz DEPARTMENT OF TRANSPORTATION

' BE COMPLETED BEFORE BEING SUBJECT TO TRAFFIC UMLESS OTHERWISE = | STATE OF GEORGIA

H 4. OFFSET BLOCKS SHALL BE N.lSHC UNLESS SPECFED OTHEAWISE. OFFSET BLOCKS .§| d

: ARE REQURED AT ALL POS 2| S STANDARD

: T COST PR GRLLNG HOLES FOR TIE £ SHOE COWECTION SKILL DE LUED g =

: |9| |&[Z] GUARDRAIL CONNECTION AT BRIDGE END

: é | OR AT CONCRETE BARRIER END

: 5 |

H 5|

‘ NOTE: POST SPACINGS SHOWN ARE TYPICAL AVERAGE WITH

. NORMAL CONSTRUCTION TOLERANCES ALLOWED.

itk 370 W LTI Y5 R i A A 7T T oo s - e - R

1of1



Louisiana DOT
Louisiana GR203A

b4 R
&
- ° RETROREFLEGTIVE SHEETING NOTES:
260" GUARD RAIL TRANSITION (DOUBLE THRIE BEAM) | 126" ; GUARD RAIL END TREATMENT (FLARED)
R F—-—-———-—= {'6LoSKED ouT oUARD RALL AT . 1) FOR ADDITIONAL GUARD RAIL. DETAILS AND INFORMATION, SEE STANDARD
g | ¥ I 704-03-00100 (SEE NOTE 11, SHT. I, STO. PLAN GR - 200) 2) FOR CONCRETE BRIDGE BARRIER TRANSITION DETAILS, SSE BRIDGE PLANS.
L a QBUECT <. z
E | 5 MARKER ASSEMBLY 3) THE GUARD RAIL. TRANSITION SHALL BE PAID FOR UNDER ITEM 704-08- 00200,
i P AND THE TURNDGWN SECTION (INGLUDING THE FOOTING) SHALL
g s ] q f ] BE PAID FOR UNDER [TEM 704-09-00100.
" OBJECT MARKERS (TYPE 3) SHALL BE PAID FOR UNDER ITEM 729-16-00300.
. T THE QUANTITY FoR THE EMBANKLENT. WIDEMING AT BRIDGE ENDS SHALL
Te" # H.S. HEX. BOLTS WITH %" BEARING PLATE BE INCLUDED IN THE EMBANKMENT QUANTITY FOR THE ROADWAY,
: T80 © 4 TURNDOWN GUARD RAIL SECTION CONSISTS. OF RAIL SECTIONS) TWISTED
; : THROUGH 90° , A SPLICE IS PERMITTED AT CONTRACTORS OPTION.
THRIE BEAM TERMINAL CONNECTOR PLAN ' * 5) USE REQUIRED OFFSET AS PER GUARD RAIL END TREATMENT SPECIAL
- PROVISIONS
2-1 .
- © &) EMDANKMENT WIDENING WIDTH BASED ON 4' GUARD RAIL END TREATMENT
U N % ) OFFSET.
{1
1 1 L8y Sy iay - ©7) 100" LONG CURB REQUIRED SEE SHT. 3. GR-200 STD. PLAN FOR DETAILS.
| | — i I

Z ]l
CONCRETE BRIDGE BARRIER TRANSITION

500"

®
25'-0° GUARD RAIL TRANSITION (DOUBLE THRIE BEAM)
TO4-08-00200

50 .
: YIEW B-B

! . rRToM mus—ooion . N . .

f Aﬁ% = | r womey 3
@ FOOTING ? SUARD RAIL —— Lh /r .

! A Z

1
(8]
- = =t
B % 8 HS. HEX. BOLTS WITH %' BEARING PLATE ?"“‘E"ﬁ,'.;',:’,;f&ﬁm "MLM[L : ‘H” T
I kH
i THRIE BEAM TERMIMAL CONNECTOR PLAN | S
21l THREADED 244"
AT TOP WITH 2
HEX-NUTS AND
BEVELED WASHER
[ EACH. (ALL GALV.)
| |— cLass A
: CONCRETE

/ m_l L—L--_'q'—"' cure | NWEJ/ ANchon SECTION — |

GONCRETE BRIDGE BARRIER TRANSITION ELEVATION. FOOTING -
VIEW A-A 2

RL-1, AL-2, UL-1 & UL-2 LAYOUT =

FE]

.
ANCHOR SECTION FOO 2 - |
A= <256 |

BRIDGE | APPROACH SLAB/ROADWAY - EMBANKMENT BRIDGE 1

e . Ve CLEAR WIDTH (TYP.) 5 éEE

e A = -§§ s
B = o =
15" MAx. ‘ot o8 & ROADWAY a5

e FLATTER |- e _Q e

l 5

RL-ZUL-1 &
T5'-07 (RL=3)
A=l

TYPICAL PLAN FOR EMBANKMENT WIDENING
[TYPICAL FOR EACH END OF BRIDGE)

\* NORMAL ROADWAY
DESIGN SLOPE

TYPICAL CROSS SECTION A-A AT EMBANKMENT WIDENING

IF_PWF:dma215854GR203A. d




Louisiana GR203B

15:15

27-JAN-2009

ced

IP_PWP:dms31585\GR203B.dgn

QLMI!EER.ML END TREATMENT (FLARED)

RETROREFLECTIVE SHEETING —7

APPROACH SLAB/ROADWAY

OBJECT MARKER ASSEMBLY

THRIE BEAM TERMINAL CONNECTOR

TO4-11-00100

* REQUIRED

£-3"
W/THRIE BEAM
TRANSITION SECTION
2y
-1
LS s
B
L =
r + | AT I ! |
M H T T T

ﬁcoNﬂFETE BRIDGE BARRIER RAIL (TYP.)

GUARD RAIL TREATMENT (FLARED}
T04-11-00100

A7

ELE\M&
s s O

BRIDGE APPRO: SLAB/ROADWAY g :
vl E 15" MAX.
: B e /
[samet B S
g..J \— EDGE OF SHOULDER \
TYPICAL PLAN FOR EMBANKMENT WIDENING
(TYPICAL FOR EACH END OF BRIDGE)
¥z CLEAR BRIDGE WIDTH (TYP.)
20" 1 SHOULDER TRAVEL LANE TRAVEL LANE SHOULDER
MIN. I
1| OR FLATTER |- £ ROADWAY —=y g
EMBANKMENT

\- NORMAL ROADWAY
DESIGN SLOPE

TYPICAL CROSS SECTION A-A AT EMBANKMENT WIDENING

" NOTES:
1) FOR FURTHER GUARD RAIL DETAILS AND INFORMATION, SEE
STANDARD GR-200.

ZP;;! BRIDGE BARRIER TRANSITION DETAILS, SEE
3) GUARD RAIL BE PAID FOR UNDER: T04-11-00100 GUARD RAIL
END TREA » FLARED) PER EACH.

OBJECT MARKERS (TYPE 3) SHALL BE PAID FOR UNDER [TEM
T29-1 6-00300,

s

HE EMBANKMENT WIDENING AT THE BRIDE
INCLUDED IN THE EMBANKMENT WIDENIN
ITY FOR THE ROADWAY.

NGTH GUARD.RAIL DETAIL WILL BE USED ONLY
ARD GUARD RAIL DETAILS, STD. PLAN GR-203A
D DUE TO SPECIAL SITE COMDITIONS.

*5) UsE O'UIIIIEB 'OFFSET AS PER GUARD RAIL END TREATMENT
© &) EMBANKMENT WIDENING WIDTH BASED ON 4 GUARD RAIL END
TREATMENT OFFSET

20"

10:] OR FLATTER

EMBANKMENT
WIDENING

WET
san

e cEecETIn

e T

OFF-SYSTEM HIGHWAY GUARD RAIL

=1, RL-2, AL-3, UL-1, B UL-2
CLASS HIGHWAY




New Hampshire DOT
New Hampshire approach rail

BAISGE MRLL P {2-0aR if)

FAT LINITS $31D0F SROACs HALL F IT-B) (5 1. ITEN S5, T, LEMGTH = 29°-0°

SREET FDR DETAILE| |
-

L
07 WiMSNALL

-

- -

SiE MOTEL
THE FElAmd™ A¥PRCACH CURS SitaiL WATHTALH The
ANGTH. THE FINAL T4 D APRRIALH

TAPERID DO TO & 4% REVELL A5 SuOW,

it CUNH Sl ke

TOMVEAL TOR THE §IRST 2O s OF
ST BN 2000 WDV A

L4 T
7
L $4000° STMAINT EMaiTE SUM | NDAfAY {TEM
.g‘;‘. :[J;é!;.:";:‘-lc. | BLA OUURCA L (DAY | TN
an B\ |
& -5" dudr i &-0" 1o ¥t e .
i \ y-g’ ; i I i
% ¥ - | | ETalL n_._\? i
[ I IT I = r'-h-___l_/" 7 .] :
7
i | H = :
i 1 s U HILIN | l |
| o . et Ty T
& SPLICE (STIMETAT) - o g g |
i — - =1 — =TT T
i I l B et A B S 0 Y 25 1 |
| Ty IBEEH ! | T ¥ ]
LA 3 ST | i | | | | 1 e
o tuldd i : i | 1 BEREAL N
M | RIEE 1 I (Jd]
{ I R U] t | 11
a1 Y S— iy ! 0 L
/ - TVPICAL T0H POSTS e 7 &G 3 i | 1
=i i ESEE DETALL #1 b HAE R ! = ‘-I'
i Sl INH
i [ ! i
1} = o | i1} e AT 22 (1 - AT 23 |
S Lyt s [y Lotonm
i | - i
| s Syt ynince v sires ben
fes| ELEVATION [ L | AL
YT T \ i
1 TN hhkod 1414 = N -
}
W i g 2 Y
(O8] = . - Yoy
bt | | i i\
i ST A GUMDRL L 4% DEEAILTD ;:‘ L1 ) I S A
| £ MEAE CUAMDRATL Sl = o >l i i TAREHED CUMt =
1 ; i T 1 .
ki N vt | | | | CAOUND L int -
3 : : i 2z o 4 PG sy S i ; 7
iy = | | Y bl 1o 4
g Fiis 3 T T e e = Vran 5]
] 2 i ~— — SEAIL R
F. 8.3 e =Ty s N il
- .y b BCMEr AT 0L
1 WO e Ny
g o I S
7 A % 3 COMLCIIN ST Wt & AR W e pas
o AR 23 BETALL BEAM GURRTREIL SHEET - — SPLICE BAN ~ BEND A5 RED'D FON ASSEMILY
; 0 S BACR-UP FLATE DETAIL /' I50E BALNGE MATL SPLICE AR SLTAILE)

patt
STy

POSTS &1, #2, 3 4 &4

N
s

€ STMMCTMICAL ladut §

SIEEL ARCE-US PLATE fEALTANIZIDY
IBRIDCE QUANTITYY

1011 STRTION OF STTEL Bew
CUARDRATL | ROADNEY QUANT(TY)

WEY WAL CAF LINCW, SEE $ALICC
BAN CETAIL /SRI0GE QUANTITYI

BFLICE MAR = BEND 05 AEQ'C FOR AGSEMAN Y.
FRH AZC | DAL BETAILS EEE SPLICE 848
DUTAL SWET. DWLL & TiF FOR
LAET=1) HEX. wlAD ClF SCMN
ABRIDEE GUANTITY

SECTION &-A

wiLF SCHE

AAlL POST — FRONT ELEVATION
waE N *

ALy 3 .

0=

B 0 HiDH
- VLTS o
WEAD BOLE
5 REIRED)

-y '--I<mnmn LY
B "+' T YD MERLASE MIYEYS

H

§

§

5 .
7

VALVET O BOLT TG P87

FLARCE O EXTWUDE &S

- A wHOMED PORTION OF
FLENGE |

DETAIL A
ALY Ay i

= 1% 5407 b BIDGL MAlL aNp

=13 THREAMT IN SPLICE BAR FOR

o' =130 ATRLESY ATEEL

WEX. WAL GAR CHEN iTw 1hg”

DUTSIOE @ 4 Ty INI0E @ 8 Myt
ER
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New Hampshire approach rail

AAIL T4 4F : PAT_LIMITS BRAIOGE APPROACH AATL T4 (F o [TEW $65.24,  LENOTH = 29°.1° g 8 a..-nn-.m L1 s mwum 116
TIOH WAL $RAETNG GEE
ERIDOE Rajl I}

VTR TELE SECTION 4-21

&7 % 4% w000 OFFSET BLOCK FDe GOTTOM KEil —/—.' 87 s 107 LONS WOO0 POST ITYR)

aar1ou KAl BT 40" D SFFRET MLOEK (TVR
e i - . — 7 ot —
P
& ] = ! [ = - |— = —| L — |
T . : ] ) ] - = v - z - )
1 T | ¥ ] ] i
== T LA e L d FIELD DRILL AND BOLT BOVIIM W ) ! -
T!. :uns—‘ 1AL PANITRD | i L ; _(_
t |
SAIDUC €8 1 1TEM 6E8.31 J_ o STRALONT GRKWITE CURS | ROADWAY (TEMI
e e et PLAN VIEW — APPROACH RAIL
Lt (EENT) T
eie SPLICE T B P w-'ll. SEUEL Ny = 1D ‘
PPADLTY AALL ) 1y \ 3 SPALES 8 7'-2" « §'oE" 7' . DELE MESTED 17 GALE THALE BEAM 110°5%r ) =37 THANEITION SECTIEN L, W-EEAM GASTRAL |13 GAGE) (RTADwAY |TEWS
1 . ‘::'-“n g 1 T H AN TG TWIE REAM] “ﬁé\'h:u 1 Th =2 FOTT BBACING TTFIEAL | -
- i THAL AU 1
1430wk s 1 P g yiotig ] PP B
prdv i £l CYR TR 1 ! i i
o O, RIEREN | I U AREES 1A - g an 3l : I I AP SEET oM |
_— R it o 1 t 1 1 TN THRCCTION OF TRETTIC :
| BETTOM RAIL i & | i ! (=i e 140 SaP (Bu il
= ‘ ; = = = = e 3 TBOTTIM WATL1
! NN N S 1 SN RN 1 S — B
} | = = = o ol phal 1
. " i ) (= A i o Aiet—]
5 ' == =5 - Raim B
. , A R . ¥
H HiH — :
| = == s R | § "
' o T B = . ¥
o 1] =
RS Lo, X geacans e e R LS A R A o0
1= fung SEE BRIOGE WAL SHEET PO ‘mm.-/ et Lperate a ?° CLMB FEVEM.
Wi va AT ATIACHIAT & THE YTrF T o L3 -m?ﬁ'a‘r%—-‘ REIAL ELEVATIDN - APPRDACH BAIL ', ST BN R
PR ST v . SCALEE By = 110"
LT S
les] (Sl 5 < et
Sy @ AIO7 M.k, NDST BOLT o w A
1 OFFSET BLOCK WITH PAATE SABER 1TVPL " STEEL 1OA %61 "'—l ® WLG Ta3% 10 END R PLATE
sy i TEALY i 1 TARCIED POSITION &3 Cap
S 2 e © A1 B,
N Lt o e S WP seber mmy TRy . i i T el P e
HEN BT WETH b |/ T L, o &
i " (5= 'y
5 e SEE MAIL NOTES 0N BRIGE
i AALL LY
s 3" ros
CEC i

" WADIU YR

END CAP DETAILS
SCMEL iy = 110"

THRIE-BEAM TO W-BEAM TRAKSITION SECTION

LTS 1 EAT m
AT BOLT LIWE Ay chapiage oAl ]

€ ST PONY — = Ly NOTES:
i iy Lk

£CT 1 110 ALL BAIDOE APFREAGH RAIL MATERFALS.
—SONNECTION PUATE R Mty e GIMCHSIONS. SI7LE. AND WOTES SHALL
7 BCAES IhF = 1 / BE TN SAME AL THOSC OF Twil BALOOL
" MAIL« UMLESS OTHEMNISE WOTED. SEE
SECTION A-A 1POST RAIL ASSEMBLY) § WATL POET (%€ w 351 SAIBCL MAIL SAELT FON IS LH)
seak Byt e 1t o0" 5 £V T ADDITIONAL INFOHALY DN,
347 Sarien wes L VE1 CANNIAGE BOLTE SHALL ME ASTM AJDTy
i1 \ l A AND NTE SHALL DE A5TM A24
19 GAUGE —) — P ll i : GHADE A OF BETTER (QALVANIZED?.
W . ] ) i e E30 WELD &% IEE s dnb RAIL TuMES T
. . ] = FIT Himld, USE COMPLETE JOTNT
B : 3 ”Q WALES rnn.'_ ‘m.lu,lm :l“n ;J R 1 i BT WATL & SENCTRATION BUTT WELD 18021y
& s . B £ T T i AL — Bl THES MMIDCE MATL TRARSTTION LrEvOu
BT r ! ! i I v || semmenan I 1 TOWECT 1B TLATT HOTTOM 24 WS ekl AECKRYES KO NCHA 350 7T
‘ : e @ | &l A 3 : TL HASLO T Cmis TESTING APHIL 3008
o o 5 i = d SECTION B-8 (CONNECTION PLATE) BY ThE- M
2 4 i . £ 3 N ¥ 2| i L Vi = 10
; 3 s 4 - 7! ¢ | + STATE OF NEW HAMPSHIRE
s £ R L @ -4 L praeThy -« T C1 s @ NG HoH, PV DEPARTMENT OF TRANSPOR’
g % 3 :r—;&% .% FLatl ' = . FELT WPLATE WASHER (TTP)
P <l I o T ¢ | AL @ Af0Y Buri
[ c : e iy TARATAEE BT R : e
g - VIEW £-C R | GALeANIZEDS 15 1o vANTHLD |
as barob o og Ay wgte BT T it ) Lol
R ..—.-..——.-.-.!!.n h SCMEF 10 & 10 FHONT VIEW SI0E VIEW DETAIL &
TR |E-BE AV TERMINAL CONNECTOR BAIL PDS QLA GO Nl en s Bl
SCALET 1° = 1/ -0 SCRED Vi = 170" SCALLE 1" = 170"




New Hampshire bridge rail

BOLT BAD et DuBe iyt Fabeow Nyt
THICK UMM WASER | 30R4-TH1

. § =t et

‘_.r - - LTS

ETROBEFLECTIVE BRIDGE
BT T .
EE WOTE w6

-'{2{1@225'{}}552}:

0%

]

I

BACE VIEE

RAIL CLAMP BaR
FULL SILTE

FLAX Virw

Tt

§ - Ty" @ WOLES FOW YW@ WiDH
BUTTON HEAD HIVETS A57W 8016 O°

WIZ) ALLOY BOG1-T6. MIVETS SHALL
MAVE WANUFACTURED oiiCH BUTTOM WEAGE
MEETING THE (EWTNS {DmAL R CUIRENERTS
OF ANST BY8.4 AND SHRLL MAVE DRIVEN
COuE FDINT HEL0S,

ettt

L3 B &5 Ln

=4
A WUTE ]
1}
1]
]
i

BTANLIAD LTE(L
TS

e i
t

el w4
S

-

Ul L R

CESTEMED AMOUT § W)L PO

#HETEE ALL WELEHTS ABE

SIVEW FDR USE WITHW &

SIDTWALK, WITH & BRUGH & SEIWDRCTNG CAFACITY BHALL
r 133

M. UEE 4 b sectioh wigw T Of CECECO THAT segwr

B itk ELEVATICN YIEY.
POST BASE DETAILS
SCAEE 17 = 170"
Vitw k-a RAIL WOTES:

= pust ASSEMBLY Vo POSTY SkaLy BE MORMAL 10 FINISHED GRAOE.
SCALET 1%yt = 1D 2. THACAZS FOR AMCHDN BOLTH MAY BE AGLLED DWCUL. |V CUF MEADS ANE LSO,

FROVIDE FOR ASTM BN TAND CAGT Faqt T *
uiNON k9 TAIVE FIT mujnu S/ FCDu LMy SLLOY £C_ TOAT SHARLESS I l’mﬁ":?.i‘:ﬁ%l“?" SRE U0 DOLT DINGTER SaLl ST S LS5 THAN RGBT DI TER O TRAEADD:

_BACE ELEVATION ¥IEW
BOST ASSEMHLY :
CTOEE

Ge-H

’ AR USED. AOLT DIAWETER SHALL WOT 8E LESS THAN RODT N TER OF THAEADS.
A AU ATTI AL
it ool $. JINTS [N AT LENGTH BMALL BE §PLICED 45 DETALLED.
DESICRAT LN 230841 /_!!E.E
CoMCRLTE 4. DNDS O TUME BECTIONS HALL BE BASLD OW MILLED.
S, CUT EMUS SHALL BE TRUE AND SMOOTe.
&5 FADH SATL SECTION SMAL A6 STTACHED T8 & WiNIMAAL OF TwaTd 130 POSTS,
Te RING WL EDOCE SMOOTH.
MATERTAL:
& BLUMIMUM EXTRUSIING (FOSTS, DASES. WAILS. SPLICE BamS, PN AND CLAMS gamsi
SHALL B0 ASTM BEI1. ALDY GO6Y-TE O ALLOY S351-TH tuik. 0% ELOWGATIONL.
T STADGESE STELL ANCWOR STLOS. W00 SfAC BOLTE 860 HER WUTS TTYPL BOF1 SHALL &
ASTU A3TE. TYAE 430 WD DR TYML 204 M. FT00.000 PEI AND 15T ELONGAT 0N,
3. WTEEL CMBEUDED MM SND MOE MUTE SWALL BE ASTV ASGH GHADL & OF BETTIA.
A BLUMIMUM WASHERE Dhail S ALTW S209. MLOV 2074-13 MLCLAD,
A= N MRPONVED CLATICUERIC BEARING FAD THALL MEYT NEOUIRCMONTS OF AW MESIC
ANEWIR PATE srargamn &, FETROSEFLECTIVE DELIMEATONS, FIELD DRILLING OF PDSTS, STA{MESS STEEL (TYPE 104)
Tie Tate HOLTS. hUTS B WASHERS SMALL S SUBS[DIARY O [TEW 563,73,  SCE STANDAD Pyaws
PO ROAD A0 WIDUE COMSTRUETED (9L-11 FOR ANDITICH GRTATLE 40 SPATING
ANCHOR ASSEMBLY NOTES:
1o 55 an0 N, AVERTEAN STANDAMG ¢ TNISHED HERACOM STEEL WUTS ON BOTTOW OF ANCWOM
L il Eepiareh
& - %" stapesss | S 1§ = %" STAILISS 3“’;31‘ -c“:lﬁ »" AMAITAN STANDARD #IRIRAE WEXAGONM STELL JaM huts on ToR
Pay LEWGTW OF BWIGCE NAIL I [3-BAR1IF 1, [ FEG 86373 FTLEL ANCHOR-STUDE T ETEEL EnCHIN 008 £o dy” aAD S47 ATAINLESS STEEL WEASON AUTS ON TOP EWO0S OF UULTS WitW CLASS P8
SFACEL W - POST ¥ TRRLADE, g™ LaBue 77 Cufur 9" TRICE ALUMINUM WASHRS UMDTR MUTS ON TOP.
4] ‘Mﬂm_iﬂsszf‘m- ALL WUTE GALL COWPLY WITH SMEWICAN pEEAGDN MNST $PEC, MIN.Z. STEIMESS
M 4" = TR SVEEL WENACON WuTH TMALL WAVE FULL TWRLCADS.
SPLICE BAR DETALLS:
Ve BEE STAMCEAD MLANS FO ADIY AND BAIDCE COMSTAUCTIDN EBS-ASI FOR DET
BALUSTER DETA|ILS:
Ve SEE STANDAND PLANS FDR WCAD AN WRIDCE COMSTAUCTION (UR-R4| FOR CETAILS AND NDTCS.

STATE OF NEW

HAMPSHIRE
DEPARTMENT OF TRANSPORTATION * BUREAL! OF BRIDGE DESIGN
BRIDGE NOU STATE PROJECT

4

VL 1P,
AN

o u'.!—\;

v

PNEAS Y 3
TCRL EOTW ERITT

AAIL SECTION RALL END CAP
W BT HALF SLIT
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New York standard double box beam

Iv-d

ELEVATION ELEVATION
SPLICE A PROTRSIINS CAUSED BY WELDDNG OR GALVANZDE WRE T SPLICE D
PERMITIED DN THE CUTSIDE NALLS OF THE SPLICE TLEE Mo
THE OUTSEE SURFAES OF THE FILL PLATES.
Fed
SEE NOTE K" — | 42
- ik, VX 110 BT T LoNG 17
£ T Moo T ST Y HEX M T T0 BE EDGER 1B,
THE FIRST THREAD BELON THE WUT =
L TIE BAMAGED AOBE. (YR }
SPLICE TEE A gt
:i_i : wPaEr ek Ly — by
SrE e B R A LS B R s sm e
. PLAN oot & S £ Iff
“m#élnmﬂ%g - o HEAVY POST TRANSITION POST
e le | 1 v WOT 70 SCALE MO TO SCALE

SET 1)y @ 6aF

L™ bt

_1_' = :-Ir'—-" = Tl s T A
T O R I e ey
TixGx¥y = - L (I
TP BRIDGE RAL TOP TRAMSITION RAL
ELEVATION

SPLICE B

SEE NOTE "A*
w.mnmammu:
R0ESUE DU - 10 LU ST hm [Tt o & FINGER T,
BOTTOM OF TSEx6x MND THE FIRST THREAD BELOW THE MUT

TsExbxRe

A R

; —TRIFFIC SIDE
TIGHT, AND THE FIRST THREAD BELDW PLAN
THE WUT TO BE DAMAGED ADRE. TYPJ

- SET 114" ® 6E°F
O B DU - 2 LONG SLOTS et
e o e T~ — F-?‘h’%‘%'&%a“.
- "I o TIEE 8
TExex ¥
ELEVATION

SPLICE C

Sy

ELEVATION
SPLICE TUBE A

FOR FDED JOINT DETAILS, SEE "SPLICE DETAL [*

16 MV, £DED JT FUR EXPANSION JOINT DETIILS, SEE "SPLKE OETAL C°
WHWJIJ? ;

HOTESe

FOR ADOITICMAL WOTES, SEE BO-RLSE.

FOR LOCATION OF “SPLICE A" THRU "SPLICE 0,
SEE BO-FLE.

FOR "SPLICE E* AND "SPLICE TUBE B, SEE BO-RLSE.

H
B
i
i
i
:
E

Wr- cor rost
ﬁ- = = 1SS0 STATE OF WEW YORK
. 5/51/08 TRANSPORTATION J
JONT hSSEMELY—" i _E!: Wﬁl ——
RATEEr T T e
R {NON-NHS) BRIDGES @ OF 3)

TYPICAL RAILING ELEVATION ON BRIDGE
WOT TO SCALE

171808
CRIGINAL SIHED BY ISSUED LMDER EB D8-002
EFFECTIE




New York standard double box beam
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NOTES:

1. THRIE BEAM GUARDRAIL SHALL COMPLY WITH THE REGUIREMENTS OF SECTION 805 OF
THE SCOOT STANDARD SPECIFICATIONS FOR llH.'-H'IlY CONSTRAUCTION (LATEST EDITION) AND
CONFORM TO AASHTO M 180 FOR CLASS A E 2.

WHERE LAPS [N AAIL ARE MECESSARY THEY SHALL BE PLACED [W THE SAME DIRECTION AS
\‘HE FLOW OF Y?»’F Ic, CLIIHB}TI. SECTIONS MAY BE FURNISHED AMD INSTALLED [N STANDARD
LENGTHS OF SECTIONS. LAY LENGTH IS BASED DN POST SPACING.

WHERE GUAADAAIL |5 ERECTED ON CURVES OF 150 FT. RADIUS OA LESS THE RAIL
SHlLL BE PRE-CURVED IN THE SHOP TO FIT THE RECUIRED RADIUS.

4. FOR MARDMARE SEE DRAWING 80S-005-00.
FOR POST AND BLOCKOUT DETAILS SEE DRAWING 805-310-00 .

STEEL POSTS SHALL CONFOAM TO AASHTD M2TOCASTM ATO9). GRADE 36. AND
IMENSTONS COMFOAM TO AASHTO M 1G0{ASTM GA). STEEL POSTS SHALL BE GALVANIZED
EN:-CDITEDI ACCOADING TO AASHTO M 1110ASTM A123). WOOD POSTS ARE NOT ALLOWED

W THRIE BEAM CUARDRAIL. EXCEPT FOR TYPE “8" END TREATMENT.

BACKUP PLATES ARE NOT REQUIRED WITH WOOO. COMPOSITE. DR PLASTIC BLOCKOUTS.

.« NO STEEL BLOCKOUTS ARE ALLOWED., DMLY WOOOD BLOCKOUTS MEETING THESE

PECIF [CATIONS AND DIMENSIONS CH AN APPROVED PLASTIC OR COMPOSITE BLOCKOUT FOUND
QUAL [F [ED PRODUCT LIST 49 MAY BE USED. BLOCKOUTS SHALL BE 6*xXBX21'4" NOMINAL

ONS FOR THRIE BEAM GUARDRAIL. BLOCKOUTS ARE TO BE [NSTALLED ON {Wﬁ

SIDE OF THE PDSTS.

N THRIE BEAM CUARDRAIL 1S INSTALLED ACAOSS A BRIDGE THE FACE OF THE

IL SHOULD LINE UP AS CLOSE AS POSSIBLE WITH THE BACK OF THE CURS. WHEN

. BLOCKDUTS SHOULD BE USED ACROSS BAIDGES WHEN POSSIBLE. BLOCKOUTS MAY
E REMOVED WHEM TRAVEL LANE 15 OVERLY COMPROMISED.

10.  BLOCKOUTS SHALL MEET THE REOUIREMENTS OF SECTIONS 706, AND BOS OF THE
STANDARD SPECIFICATIONS FOR HIGHWAY CONSTRUCTION [LATEST EDITIONI. ALL TIMBER
SHALL RECEIVE A PRESERWATION TREATMENT IN ACCORDANCE WITH SECTION 707 OF THE
SCDOT STANDAAD SPECIFICATIONS. BLOCKOUTS SHALL BE EITHER AOUGH SAWN (UN-PLANED]
TR 545 WITH NOMINAL DINENSIONS INDICATED.
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NOTES:

E BEAM GUARDRAIL SHALL COMPLY WITH THE REQUIREMENTS GIVEN ON STANDARD
URAWING &US-!DGM

2, ALL MARDWARE SHALL COMPLY WITH THE TS GIVEN ON DRAWING
BOS-005-00.

3. BACKUP PLATES ARE NOT REOUIRED WITH WOOD. COMPOSITE. OR PLASTIC BLOCKOUTS.

N0 STEEL BLOCKOUTS ARE ALLOWED. CIFI.V hPFFMﬂ wOO0, COMPOSITE. OR FLASTIC
WOOD P SEE OUAL [FIED PRODUCT LIST 43
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ALL TIMEER SHALL RECEIVE & PRESERVATION TREATMENT lN mmmcz I'[TH
ECTION 707 OF THE SCOOT STANDARD SPECIFICATIONS. BOTH 5 AND
LOCKOUTS SHALL MEET THE RE CH.IIREIENTS OF SECTIONS 706 M 805 lND SNM,

ITHER GH SAWN [LIN-PLANE OR 545 WITH NOMINAL DIMENSIONS INDICATED
MEET THE STANDARD SPECIFICAT[DNS FOR HIGHWAY CONSTRUCTION (LATEST EDITIONI.

6. HOLES IN COMPOSITE/PLASTIC BLOCKOUTS USED WITH STEEL PﬂST MAY BE
MANUFACTURED OM BOTH THE LEFT AND/OR RIGHT SIDE. HOLES IN WOODEN BLOCKOUTS
USED WITH STEEL FDSIS]:HMB BE L!N[YEESEB EITHER THE LEFT OR HEDHT 1DE ug

5
THE ouT. 5 WODDEN POSTS MUST HAVE HOLES
DRILLED [N CENTER OF BLOCKOUT.

T. STEEL POSTS SHALL CONFORM TO AASHTO M 270 (ASTM AT09).GRADE 356, AND
DIMENSIONS CONFORM TO AASHTO M 160 (ASTM BAJ. STEEL POSTS SHALL BE GALVANIZED
(ZINC~COATED ) ACCORDING TO AASHTO M 111{ASTM A123). DRILL HOLES IN STEEL POSTS
ON BOTH LEFT AND RIGHT SIDE AND FRONT AND BACK OF POST.

8 TOLERANCE FOR WOODEN S SHALL NOT BE MORE THAM ' IMCH. DIMENSIOMAL
TOLERANCES ARE [NTENDED m nF THUSE CONSISTENT WITH THE P FUNCTIONING
OF THE INCLUDING ITS APPEARANCE AND ACCEPTED MANUFACTURING PR!&T[CES
’1"25 wm‘lﬁ"f RESEAVES THE RIGHT TD REVISE BLOCKOUT DIMENSIONS AS DEEMS

Mmoo

o
=

ESSARY.
9. WHEN GUARDRAIL 1S AECUIRED AND THE PROPER SHOULDER DISTANCE BEHIND THE
GUARDRAIL CANNOT BE mﬂlm. anu]Tlmn_ LENGTH FOSTS ARE REQUIRED. SE£E
TASLE BOS=010F ON DRAWING 01000,

E BID FOR GUARDRAIL SHALL INCLUDE ALL COSTS OF FURNISH HG iNﬂ
BLOCKOUTS. AND ALSD OF FURNISHING. GALWANIZIMG. AND PLACING THI
GUARDRAIL [ INCLUDING POST sm.‘s NUTS, AND "LSHERS ECESsM\' FOR SPLICES IN‘D
FOR FASTENING RAIL TO POSTS) AS CALLED FOR ON PLAN:

11. WHERE GEOSYNTHETIC REINFORCEMENT IN AN EMBAMEMENT 1S5 LESS
FROM THE T0P OF THE FINISHED GRADE. DIG THE POST HOLE DOI
RE [NFORCEMENT. THEN CUT OR PUNCH THE GEDSYNTHETIC WATERT.
THE GUARDRAII T. R
L

THAN 4.0 FEET

0 THE GEOSYNTHETIC
AL IN ORDER TO ERECT
ICE OF THE ITEM OF WORK
BE INCLUDED IN THE

THIS WORK IS INCLUDED IN THE BID P
FOft_ WHICH THE POSTS ARE BEING !NSHI.I.ED THE POST SHALI
UMIT BID PRICE OF THE GUARDRAIL

12. THE PAY [TEM SHALL
THRIE BEAM GUASDRAIL .

STEEL POST

NO WASHER REQUIRED
WITH STEEL POST

HIEI_ES 1IN BOTH

. \

P =4

HSE-N GUARDRAIL
e
ASSEMBLED bl S
STEEL POST SYSTEM
PLAN VIEW

REFERENCES
DOCUMENT

AASHTD K270, AASHT MIBO: WASHTD Mi11s
ASTN ATO9, ASTM &Ae ASTM 123,
TASK FORCE 13 REPORT~ Y. AKSHTOTF 13, 0RG

SECTION 706 & 707 SCEOT STAMDARD
SFECIFICATIONS FOR HIGHWAY CONSTRLCTICN,
QAL IFIED PRODICT LIST 43

FELATED ERAVINGS & TEYWRDS
Ba-105-00, ME-005-00

PRECONSTRUCTION
SUPPORT ENGINEER

AT CANLINA BCAANTIENT OF TRUSRATRTIR
DESIGN STANDARDS OFF ICE
955 PARK STREET

ROOM 405
COLUMBIA, SC 293201
STANDARD DRAWING

GUARDRAIL

[ THRIE BEAM)
POST_4& BLOCKOUT
DETAILS

805-310-00
[EFFECTIVE (ETTIG OE] Wy 005
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[ REFERENCES
WATIAL

SE00T_DOCINENTS
QLML IF 1ED PRODUCT LIST 49

FELATED DRUNINGS & KETWORDS

A05-305-00, ﬁ-m-ﬂ‘ A0k-0-014
A03-205-02, B-3M-0

PRECONSTRUCTION
SUPPORT ENGINEER

SIGHN

MARCH 3. 2008
DATE

EE

ST CaRL T SPAN TN £ TRIRTAT [

DESIGN STANDARDS OFFICE
955 PARK STREET

405
COLUMBIA. SC 29201

STANDARD DRAWING

GUARDRAIL
(THRIE BEAM)

RIDGE
CONNECTOR
(SAFETY SHAPE)

805-325-00
[EFPECTIVE VTG ONTE_w zoa

Ty O1A. BOLTS x
NECESS.IRY LENGTH
{5 REQUIRED )

END VIEW SHOWING
TERMINAL CONNECTOR

THRIE BEAW [ Rra
TERMINAL

17 HOLES THRU

PARAPET
" BOLTS
= A
> .

ARA 1E]
oR

TOP OF

/\/

THRIE BEAM
BRIDGE TERMINAL CONNECTION

25.0" SECTION OF THRIE BEAM GUARDRAIL

END VIEW

SIDE VIEW
OF BRIDGE

ALL 127-57

TRANSITION SECTION

HOTES:

EE DRAWINGS 805-305-00 & B05-775~02 FOR TMRIE BEAM GUARDRAIL DETAILS.
IwmINIE- GALVANIZING. ETC.

2. SEE DRANING BO5-330-00 FOR DETAIL OF THRIE BEAM TERMINAL CONMECTOR.

CONCRETE TRANSITION CURB SHALL BE PLACED AT ALL BRIDGE APPROACHES AND
l‘l.lREU Elﬁl ER 'I'NE GLIIHEIR![I. AT A RATE OF 831 TO PREVENT VEHICLE

TRANSITION CURB AND/OR FLUME INFORMATION. SEE

STANDNID DRJ\IINES 40!—205—01 4 A03-205-02.

Y WOOD, COMPOSITE. OR PLASTIC BLOCKOUTS ON STEEL POSTS SHALL BE USED

I'[l'll IHR]E BEAM GUARDRAIL. STEEL BLOCKOUTS ARE WOT APPAOVED (SEE OUALIFIED

WUCI LIST 49 FOR LIST OF APPROVED MANUFACTURERS). SEE DRAWING 805-305-00
Of FOSTS AND BLOCKOUT RECUIREMENTS.

5. THE UNIT PRICE BID FUH TH. 5 I|‘£I-I SHALL lll{l.UBE l'lE THRIE BEAM TERMIKAL
CONNE| ONE 25°'-0' RIE

CTOR. RIE BEAM RAIL.
6°=3" TRANSITION S&:TIDN (THR F. wlll T
ALL NECESSARY NUTS. BOLTS. WASHERS. HARDWARE.
INSTALLATION. W-BEAM GUIHDﬂ! L TO COMNECT TD THIS ]NSTM_L!'I!EN SHALL BE
BID AS A SEFARATE ITEM,

6. THE PAY ITEMS SHALL BE:
THRIE BEAM G.R. BRIDGE CONNECTOR ____
CONCRETE TRANSITION CURB

se
2
5
o
&
E

CONNECTOR
SEE DETAIL
r\ b S L - S L A S L &'-3"
TOP OF BRIDG
PARAPET m.q.E_\ f}"ﬂ“’m&?—?“‘\
. s W5 DOUBLE LAYE GUARDRAIL
e HOLT & NUT
RECTANGUL AR X
WASHERS
WHERE MOTE!
= -]
GUARDRALL SHALL BE LAPPED IN DIRECTION OF TRAFFIC P
SECTION A HER AT
SECTION B-B
TRAFFIC o i;y
"y BRIDGE STEEL “W" BEAM GUARDRAL .
STEEL BEAM r
GUARDRAIL o }
(= T T L] B ] ] | -4 L ST g }} B ]
\ 8
813" E
-
EXAMPLES OF MINI M INSTALLATION
SEE PLANS FUT LENGTH )




South Carolina standard rail
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| REFERENCES

NATICHAL DOCUNENTS

AAGHID) WIBO, MASHTO W70, AASHTO MIG0
AASHTD NHTOASTU ATOS, ASTH AIZS,
TASK, FORCE 13 REFORT - WY, MSHTOIF 13,00

WO0O BLOCKOUTS
OW STEEL POSTS

OO L OCKIUTS
ON WOOO POSTS

® SEC NOTE MO 4 S50 & 6

QUL IF [ED PRODUCT LIST 43,
#!mlsm: srm SPECIFI

fiks ¥

|EU|IEII TRANINGS & RETWOL
BU-005-00. BOS-150-02

PRECONSTRUCT ION
SUPPORT ENGINEER

I

NeRCH 3, 2008
DATE

SOATH CARCL THa SEFNTENT 5 SeaFTRTATESY

DESIGN STANDARDS OFFICE
55 P

0 05
COLUMBIA. SC 29201
STANDARD DRAWING

GUARDRATIL
(W _BEAM)

TYPICAL
INSTALLATION

805—-105-00
(EFPECTIVE CEVTING ONTE |z

|~ ¢ PosT soLT

§'-3"

TYPICAL PLAN

6'-3"

¢ POST BOLT— )

CIRECTION OF TRAFFIC

A" DAL % 1lef SPLICE BOL
18 REQ'D. PER SPLICE = "\'P»F

[-—A

e 2 J,
‘l:g i
WOOD OR STEEL POST
\m LiNE
TYPICAL ELEVATION
(INITIAL INSTALLATION)
13" =6'%;" OR 26'=0hy"
2 rgdad oty
12'r & = b 4 OFTED HOLES (TYP. )
[ | FiH-erem
e l aroa T §LPTTER HOLE (TYP. )
12'-6” OR 25'-0" (ALl POST SPACING 6'-3") E

0 160 GALVANIZED

El
T BOLT IS INSTILLED. ”V\PlclLl

F#lCE

FDST nuLt = %" D1A. X NECESSARY LENGT

NAILS OR

CUT STEEL WASHER
1 w00D POST ONLY-—

FRONT VIEW OF STEEL BEAM RAIL

NOARMAL SHOULDER WIDTH

OR PLANNED DI1STANCE

42% (MIN. 1

FROM TRAVELWAY

QUIRED PER FDSI DURING INITIAL
|NsTﬂLLlIIDN (TYP.

FILL SLOPE-

/|

WOOoo OR
STEEL POST

1011 WA

SECTION A-A

[ADJUSTABLE GUARDRAIL SHOWN AT INITIAL INSTALLATION)

. 5L

27%" FROM GROUND L1
21%" FROM GROUND LINE

TRAVELWAY

EDGE.

NOTES:

1. STEEL BEAM GUARDRAIL SHALL COMPLY WITH THE REQUIREMENTS OF SECTION 805 OF THE
SCOOT STANDARD SPECIFICATIONS FOR WIGHWAY CONSTRUCTION (LATEST EDITION) AND CONFORM
TO AASHTO M 180 FOR CLASS A. TYPE 2.

2. WHERE LAPS IN RAIL ARE NECESSARY. THEY SHALL BE PLACED IN THE SAME DIRECTION AS
THE FLOW OF TRAFFIC, GUARDRAIL SECTIONS MAY BE FURNISHED AND INSTALLED IN STAKDARD
LENGTHS OF 12'-6"AND 25'-0" SECTIONS.

WHERE GUARDRAIL IS ERECTED DN CURVES OF 150 FT. RADIUS ORf LESS. THE RAIL SECTIONS
!HM.L BE SHOP BENT TO FIT THE REQUIRED RADIUS.

4. FOR HARDWARE SEE DRAWINGS B05-005-D0 AND 805-750-02.

8. STEEL FOS!S SHILI. ﬂﬂiFDﬁll TU llﬂﬂ'ﬂ ll ZII'I (ASTM ATO9). GRADE 36
CONF 160 1 SHALL BE GALVANIZED (
a?:ﬁeﬁmﬁ Tﬂ MSHI’G u ||HJ|$!'M n‘Z!l uuun FDS?S SHALL BE 6"xB"x6'-0

6. MO ETEEL BLOCKOUTS ARE ALLUWED. ONLY APPROVED WOUD. COMPOSITE. OA PLASTIC

BLOCKOUTS MAY BE USEC WITH STEEL OR WOOD POSTS. SEE CUALIFIED PRODUCT LIST 4% FOR A

LIST OF APPROVED umnncruusns OF PLASTIC/COMPOSITE BLOCKOUTS. FOR BLOCKOUTS AND

STEEL POSTS, INSTALL SOLT ON LEADING EDGE [TRAFFIC SIDE) OF POST. OMLY OME

3;;"*5:;;;?&& POST AND nannuuT FINISH SHALL BE USED FOR ANY ONE COMTINUDUS LENGTH
G

- AND DIMENSIONS
INC-COATED ]
HOMINAL

TH WOOUEN POSTS AND BLOCKOUTS SHALL MEET THE REOUIREMENTS OF SECTIONS TO06 IND
lUs G THE STINDIIHU SP’ECI?ICIT]WS FOR HIOHWAY CONSTRUCTION (LATEST EDITIOM).
TIMBER SHALL RECEIVE A PRESERVATION TREI?IEHT IN ACCORDANCE WITH SECTION TOT OF 'ﬂli
SCOOT STANDARD SPECIFICATIONS. B80TH S AND BLOCKOUTS SHALL BE EITHER ROUGH SAMN
[UN-PLANED} ORt S45 WITH NOMINAL DIIENSIONS INDICATED.

8. TOLEAANCE FOR WOOOEN BLOCKOUTS SHALL NOT BE MORE THAN ' INCH. DIMENSIONAL
TOLERANCES ARE INTENDED TO BE THOSE CONSISTENT WITH THE PROPER FUNCTIONING
OF THE PART. INCLUDING ITS APPEARANCE AND ACCEPTED MANUFACTURING PRACTICES.
stzgplﬂﬂiﬁﬂ RESERVES THE RIGHT TO REVISE BLOCXOUT DIMENSIONS AS IT DEEMS

9. BACKUP PLATES ARE NOT REQUIRED WITH WDOO. COMPOSITE. DR PLASTIC BLOCKOUTS.

10. THE UNIT PRICE BID FOR GUARDRAIL SHALL INCLUDE ALL COST OF FURNISHING AND
PLACING POST. BLOCKS AND ALSC OF FUANISHING, GALVANIZING. ACING THE STEEL
GUARDRAIL {INCLUDING POST BOLTS. MUTS. AND WASHERS NECESSARY FOR SPLICES AND FOR
FASTENING RAIL TO POSTS) AS CALLED FOR ON PLANS.

11. WHERE GEOSYNTHETIC REINFORCEMENT [N AN EMBAMCMENT 15 LESS THAN 4.0 FEET FROM lHE
TOP OF THE FINISHED ORADE. DIO THE FOST HOLE DOWN TO THE CEDSYNTHETIC REINFORCEMENT

THEN CUT OA PUNCH THE GEOSYNTHETIC MATERIAL IN ORDER TO ERECT THE GUARDRAIL POST.
THIS Iﬂllﬂ s mu.uuzn IN THE BID PRICE OF THE ITEM OF WORK FOR WHICH THE POSTS ARE
BEING INSTALLED, POST SHlLL BE ITHCLUDED IN THE UNIT BID PRICE DF THE GUARDRAIL

12. WHEN MOUNTING GUARDRAIL. A TOLERAMCE OF 3 [MCMES AROVE AND 1 [NCH BE

| LOW THE
STANDARD MOUMTING HEIGHT IS PERMISSIBLE OVER NECESSARY SURFACE [RREGULARITIES.

THE PAY ITEM SHALL BE:
S‘IEEL BEAM GUARDRAIL

NCIRIINAS ST &1 P,

SECTION A-A

({STANDARD GUARDRAIL SHOWN WITH CONCRETE CURR & GUTTER)

3 TRAVEL WA Sop

SECTION THROUGH
STEEL “W"” BEAM GUARDRAIL
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WwDoD POST

[FRONT VIEW
TRAFFIC SIDE)

!
3

&
El

,....
¥

A
S5

[cxeeeeemeansnnens

-
STEEL POST

(FRONT VIEW
TRAFFIC SIDE}

LEHIS DRAWING |5 NOT TO SCALE

HCILE

14"

]

34" DIA

W=

WASHER

wooo
POST

WooD
/ BLOCKOUT

ol

FRONT SIDE

WOOD BLOCKOUT
FOR
WOOD POST SYSTEM

WOOD POST SYSTEM

Tleg MIN.
OFFSET
FROM POST
T0 FACE
OF BLOCK

14"

./; Ri

=

ROUTED OR FORMED
NOTCH TO PREVENT
OTATION OF BLOCKOUT
AROUND BOLT

WooD OR COMPOSITE

S

BLOCKOUT FOR
TEEL POST SYSTEM

STEEL POST SYSTEM

{SE

E NOTE &1

GUARDRAIL

ASSEMBLED
WooD POST 1S YSTEM
v

PLAN

EW

NOTES!T

TEEL BEAM GUARDRAIL SHALL COMPLY WITH THE REQUIREMENTS GIVEW ON
STMME DRAWING BO5-105-00.

2, AL HARDWARE SHALL COMPLY WITH THE RECUIREMEWTS GIVEN ON STANDARD
DAAWINGS BO5-005-00.

3. all:lGI.I'F PLATES ARE NOT REQUTRED WITH WOOD. COMPOSITE. OR PLASTIC
BLOCKOUTS

4. N0 STEEL BLOCKODUTS ARE ALLOWED. LY W00« COMPOSITE,
PLASTIC ELEKIK('I.ITS uAY EE USED WITH S'EEL m m POSTS. SEE OUAL IF IED
PRODUCT LIST 49 FOR A LIST OF APPROVE LIFBCTII'ERS OF PLAST

BLOCKOUTS. ELWDLI'IS ARE 'ID BE [NS'IN.LE ON THi FIC SIDE OF

POSTS. OWLY ONE COMBINATION OF POST AND BLUC'(NT FIN'SH SHALL BE USED FOR
ANY ONE CONTINUOUS USE OF GUARDRAIL.

5. ALL TIMBER SHALL RECEIVE A PRESERVATION THEH‘NT IK M:CUFU.I NCE WITH
SECTION 707 OF THE SCOOT STANDARD SPECIFICATIONS. BOTH WOOD iST‘S MD
BLOCKOUTS SHALL Iﬁ I'HE WEDIJ]HEIEN'IS OoF SECTIMS 706 &D m

EITHER ROUGH SAWN Ot S45 WITH NOMINAL OIMENSIONS INO I:ﬂl‘EB IND
MEET THE STANDARD SPEC"[CA"M FOR HIGHWAY CONSTRUCTION (LATEST EDITION).

B NG.ES IN COMPOSITE/PLASTIC BLOCKOUTS USED WITH STEEL POST MAY BE

MANUF AL D 0% BOTH THE LEFT AND/OR RIGHT SIDE. HOLES [N WOODEM BLOCKOUTS

LISED l['I'H SVEEL POSTS SHOULD BE LIMITED TD E1THER THE LEFT OR RIGHT SIDE OF
THE BLOCKOUT. HOLES IN ALL ELIEII]J'IS USED WITH WDODEN POSTS MUST WAVE

HOLES DRILLED IN CENTER OF BLOCKOU

7. TOLERANCE FOR WODDEM BLOCKOUTS SHALL NOT BE MORE THAN |y INCH. DIMENSIONAL
TOLERANCES ARE INTENDED TO BE THI’SC CDNSISTENY WITH THE PAODPER FUNCTIONING
OF THE PART. INCLUDING ITS APPEAR CEPTED MANUFACTURING PRACTICES.
:EEEgES:;RTIENT RESERVES THE NGNY YD HE\‘ISE BLOCKOUT DIMENSIONS A4S [T DEEMS

B. STEEL POSTS ﬁIﬂLL Cmfﬂﬁll TO AASHTO M 270 (ASTM ATO9). GRADE 36. AND
DIMENSIONS CONFOAM T 160 (ASTM BAD. STEEL POSTS SHALL BE
GALVANIZED [?]NC“W!IEQI Iccuﬂm"ﬁ TO AASHTO M 111(ASTM A1231. DAILL

WOLES IM STEEL POSTS ON BOTH LEFT AMD RIGHT SI1DE AND FRONT AND BACK OF POST.

WHEM GUARDRAIL IS REGUIRED AMD THE PROPER SHOULDER DISTAMCE BEHIND THE
ELI:IHEIFU[L CANNOT BE TAIMNED. ml"lml\. LENGTH POSTS ARE REQUIRED. SEE
TABLE 805-010F ON DRAWING 605-010-00.

10. THE UNET PRICE BID FOR GU&ND‘MIL sHJ.LL INCLUDE ALL COSTS OF FUANISHING
AND PLACING POST. SLOCKOUTS. AND AL F ﬁNlSHlNG CiL\‘.lI![ZING AND
PLACING THE STEEL CUARDRAIL [INCLW[ NUTS.

NECESﬁ‘R\' FOR SPLICES AND FOR FﬂSTEH[HG RlIL Tﬂ PﬁSTS] lS fMLED Fm oy

11. WHERE GEDSYNTHETIC REINFORCEMEMT [N AN ENBAMKMENT 15 LESS THAN 4.0

0P OF THE FINISHED GRADE., DIG THE POST HOLE DOWN TO 'I'HE
ORCEMENT. THEN CUT OR PUNCH THE GEOSYNTHETIC MATES

IN I:HI]ER Tﬂ EHECT HE GUARDRAIL POST. THIS WOAK 1S [NCLUDED IN TNE Sia FRICE

OF T FOR WHICH THE POSTS ARE BEING INSTALLED. THE P

WILL SE INCLUQED [N THE UNIT BID PRICE DF THE GUARDRAIL.

12. THE PAY ITEM SHALL
STEEL BEAM GUARDRAIL ..

STEEL POST

MO WASHER REOQUIRED
WITH STEEL POST

" MIN.

POST & BLOCKOUT-

=777

¢

| 4 TRAFF IC
‘\ FLOW
GUARDRAIL

= INSTALL BOLT 0N LEADING
E0GE (TRAFF IC 5102
ASSEMBLED
STEEL POST SYSTEM
PLAN VIEW

REFERENCES

[T}

MASHED WET0, AASHDD NIGA, MASHTO MIT1,
ASTH ATOS, MSTH 6, ASTM AVED

TASE FIRCE 13 REPURT- WAL AASHTDTF 13. 0RG

<007 DOOENTS

% Pl 06 & 707 SCOOT STAMDARD.
CEFICATIONS FOR HIGHILY COHSTRRCTION,
QUILTFIED PRODUCT LEST 43

ﬁirm Ei[l‘é & KETWERDS

B05-105-00, BIE-005-00

PRECONSTRUCTION
SUPPORT ENGINEER

WEH 3.
DATE

BOTH AN, IR PEFARTMENT DF TRANERVIATIEN

DESIGN_STANDARDS OFFICE
955 PARK STREET
ROOM 405
COLUMBIA. SC 29201
STANDARD DRAWING
GUARDRAIL

(W BEAM)
POST & BLOCKOUT
DETAILS

805-110-00
[FFEETIOE LTI OUE] v 2|
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REFERENCES
RATIHUL DOCTUENTS

ASTH EABE,
TASK FORCE 13 REPCRT- WM. AASHTOTF 13, 0R%

SCOOT DOCINENTS

FELATED CRAWINGS 4 RETWORDS

PRECONSTRUCT ION
SUPPORT ENGINEER

MARCR 3. 2008
IATE

FEE
1.5 DIHOLE)

MINIMUM
(NOTE 41

BT AL TN SCRITMNT B TRASPIRTATION
DESIGN STANDARDS OFF ICE
955 PARK STREET
COLUMBIA, SC 29201

STANDARD DRAWING

GUARDRAIL
(W BEAM)
BASE PLATE
CUNNECTIDN

WX 90 s tuick
YOSI /‘BRSE PLATE
17 A BACK
T— Iley”
R AR
5leg"
ot g
SLOTTED HOLES——S N
(TYPICAL) ; 5
RONY i)
FACTNG [TRAFF
|‘;l|4! |4'+l,‘

BASE PLATE SHOULD BE DRILLED AS SHOWN,

BUT MAY BE FLIPPED 180° TO FIT CONDITIONS AS DIRECTED BY THE ENGINEER.

DO NOT ROTATE 90°!

SIDE VIEW

D{HOLE)

BACK

805—-120-00
[EFEECTIYE (ETTOWG ONTE] o 70681

FMUST HAVE 7 IMCHES OF CLEARANCE
FROM EMBEDDED ANCHOR TO EDGE OF
STRUCTURE (FRONT OR BACK).

RESIN ANCHORS TO CURB
OR EDGE OF STRUCTURE

0 SCALE

Sfx T FULLY
ASTZ2 gr.50 H.D.

. DUHOLE)

1.5 D{HOLE)

MINT MM
{NOTE 41

GALVANIZED FRONT VIEW

N\

RESIN ANCHORS
TO LARGER STRUCTURES

HOTES FOR ATTACHING TO STRUCTURES:

WHERE A STANDARD LEMGTH CUARDRAIL POST CANMOT BE ERECTED OYER A
RUC'[LIHE O UN-WEATHERED ROCK, CUARDRAIL AND POSTS SHALL BE ATTACHED AS

—IE THFE'EED RDCE ‘mcnt"gs ?E Gatﬁﬁ; ?Smsib ‘MEE THE&& ﬁwmgucu DECK
TAIL SED FOR STRUCTURES WHERE SPECIFIED BY THE ENGINEER.

THE MINIMUM EDMENT OF THE STEEL ANCHOR BOLT INTO THE EXISTING
ﬁE IE‘? ENo RUCK 15 5 [NCHES WHEN CONCAETE Di UN-SEATHERED
AS A C VE STRENGTH OF 4000 ﬁa'l. IF THE COMCRETE DR

THERED RDEK HIS A COMPRESSIVE STRENGTH OTMER THAM 4000 psi. CONSULT
HE DESIGN ENGINEER.

5
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i faim

ISP S SO0 ML ST 20 R 15 STLERTY M TV
MGH‘:I“}E ISNMKHI?RS IS DISCUSSED WITHIN THE SPECIAL PROVISIONS FOR

.-H.
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E
15 Gl

TRUCTURE MUST B Al’ T 8
Eé!ﬁlﬁms of HES; EGLIJ E RESIN MANUFACTURER

%
g i
g)
B3,

SIDE VIEW

BACK

SAME DIMENSION
AS BASE PLATE

DETAIL OF BOLTING THROUGH DECK




Tennessee DOT
Tennessee guardrail

LIMIT OF PAYMENT FOR LIMIT OF PAYMENT FOR ITEM TOS
_i I EWTOE E‘i oz IBEGIN PAYMENT FIRST EI1THER S1DE OF STRUCTURE)

b

:

I

4 BOLT [NSERT

INSERT ASSEMBLY * 1

FOR 34" DIAMETER X 4 HEX HEAD BOLTS
(ASTM A-30T SPECIFICATION}

17 X 1%
SLOTTED HOL

CLR.

2 AsSEMLY
L ‘=80 MIN, PLAN NOTE: MAIWTAIW 6°-3° POST SPACING WHEREVER 1528 BETAILY
END OF RAIL FOR PATMENT . o ype WAy, POSSISLE FOR USE WITH 25° STANDARD RAIL
SECTION. SYMETRY OF POST SPACING 15
573" (USUALT | geoge [Ty WECESSARY.
— [T:‘? . L 3T -1 TP
! - - — - n
it 1 L1 ;u;,\ g DETAIL *A*
A EXTER{G WALL 3nwtLia
Eolh =i SEE DETAIL *A* 4 ;
INTERIOR ~
WALL

INSERT ASSEMBLY IS FOR CONNECTION OF POSTS
OVER WALLS ONLY AND NOT A SUBSTITUTE FOR
PLATE ASSEWAL SEWHERE.

¥ EL!

SECTION “A-A"

A

INSIDE ELEVATION OF GUARDRAIL

14° X 8" X 6"
WDOOD BLOCK-0UT

eyl WE K9 OR 8.5
1 GALVANIZED

STEEL POST
W B'-3" C.C
NG SPACING

TOP OF ADJACENT
WING WALL

6% X Yt ¥ Bt GAL
A=36 PLATE WITH l!h
DIAMETER HOLES

DETAIL FOR CONCRETE DECK USED AS
A RIDING SURFACE SHOWING OUTLET END

BOLY LENGTH = SLAB THICKNESS PLUS 27

DETAIL FOR CONCRETE DECK WITH &"
T0 1'-0" OF ROADWAY FILL COVER

BOLT LENGTH = SLAB
THICKNESS PLUS 2*

HOLES AND 34* DIAMETER
A=30T GALVANIZED BOLTS
WITH NUTS AND WASHERS

REV. 9=8-97: MOOIFIED INSIOC
ELEVATION OF GUARDAAIL DETAIL.

REV, 7-29-884
BLOCK=CUTS TO OO0 BLOCK =0UTS
IM ALL DETAILS AMD WOTES.

REV, S-2T-3%
DIMETER FORMED

CHANGED STEEL

RELOCATED 134°
HOLES QUTNARDLY

RWEY. 10-26-00: nmuwn
BETAILS FOR

mu:n.

mta MOTE

BEV. S-27-Dls  CHANGED 1TEN NO.
TO5-06.01 TO 105-01.04,

BEV, 4-18-021 CHANGED SHEET MWAME.
t'l.I:IIlTW ﬁ'll!l.! FoR M:HT.
'"C‘[Li ToR KIUIV'I Lﬁ# THAN

1 CHANGED TYPE

GﬂEl T
mv WITH NEW 5
CRANINGS STD-15-1 IM!W 15T,

BEV, 11-71-0T1 MEVISIO GUARDRATL
FOST SPACING.

WEY. 3-13-D8: MEVISED FILLED WELD
S1IE BETWEEW POST/BASE PLATE.

WITH 1%g* DIAMETER HOLES
" VARIABLE g}g_:

DETAIL FOR CONCRETE DECK WITH
TO 3°-8" OF ROADWAY FILL COVER

- 24-0° W < APPROACH WIOTH
1.0 3% vamiame ) 1M, g0
. 2:-9° : ¥ = APPREACH WIDTH L =+ } t Jj'—"-I
1
I.A_Fﬁ_ﬂ'_.{ (4% ¥ 8" ¥ & o
1—%' 5 ¥OOD BLOCK-OUT |~
140 X B % 6" i 1 | 12 GA. GALVANIZED
woon sLock-our — | § [
w6 X 5 08 5.8 1 2 WE X 8 OR B.5 B
GALVANIZED a GALVANIZED  — | ¥
T b ; e s F
. = ~ EX-TT *® SPACTHG
. TOP OF ADJACENT. BALvANIZED e o i
A Lt WING WALL 5
107 X W X 6 [ ;o 164
GALVANIZED A-36 - T B
s 10° X % X § ;
&3&3’?«3 3 ad GALVANIZED A-35 e
= 2 PLATE WITH & ¥e
8 s SLOTTED HOLES & L
% E  GALVANIZED -3¢
e S PLATE WITH
SLOTTED HOLES
B TER A-307 GALvANIZED BoLTS T
. 67 X 4" X 87 GALV. A-36 PLATE AT s AT v ) € 134" DIMETER Foamen
B IS AN MRS WITH 19" DIAMETER HOLES. @ 1% DIAMETER FORMED £ % 1* X 8° GALV. A-38 PLATE MOULS 0D, ' HCANG/TER

e A-30T GALVANIZED BOLTS

WITH NUTS AND WASHERS

BOLT LENGTH = SLAS
THICKNESS PLUS 2*

H: DENOTES ADJOINING
ROADWAY SIDE SLOPE

140"

GENERAL NOTES

DESIGN NOTES

TRANS | 11 OKE;

@ ®

BOL

® @

THE EXACT POSITION OF GUARDRAIL SHALL BE AS SHOWN ELSEWHERE ON
THE PLANS OR AS IHIIEC!'ID BY THE ENGINEER.

TH CONNECTION WITH OTHER GUARDRAIL OR
STRUCTURE Rllthl’- AS SHONN ELSEWHERE DN PLANS.

AT THE OPTION OF THE CONTRACTOR TME RAIL ELEMENTS FOR THE
GUARDRAIL MAY BE FURNISHED IN EITHER 12 OR 25 FOOT WOMINAL
LENGTHS WITH POST BOLT SLOTS FOR CONMECTION TD FOSTS.

T5 SHALL BE OF SUFFICIENT LENGTH TD EXTEND THIIMN THE FULL
THICKNESS OF THE NUT AND NO MORE

GUARDRAIL THAT 15 INSTALLED ON CURVE WITH A RADIUS OF 150 FEET
OR LESS SHALL BE SHOP CURVED.

®

A 8% X 6 WOOD BLOCK-0UT SHALL

SI'EEL POST su!u BE BLOCKED OUT.
H § SEE STANDARD DRAWING 5-CR-13 FOR

TH E TEEL POST.
SPEEIFICH'IONS AMD DETAILS.
WELDED STEEL POSTS SHALL MEET THE REGUIREMENTS OF ASTM A-TE3.
THE FLANGE WIDTH AND THICKWESS, WEB THICENESS. AND DEPTH OF
WELDED POSTS SHALL EQUAL OR EXCEED THE DIMENSIONS OF A STANDARD
ROLLED W6 X 8.5 OR W6 X 9.0 STEEL POST.

S'I'(El. POSTS SHALL MEET THE REQUIREMENTS OF ASTM A-36. BOLT HOLES
L BE APPROXIMATELY CENTERED BETWEEM WEB AMD EDCE OF FLANGE OF
SPLCERS AMD POSTS .

FOR DIWMENSIONS AND DETAILS MOT SHOWN SEE STANDARD DRAWING NOS.
5T0-15-6, 5TD-15-T, AND THE S-CA-SERIES.

CUARDAAIL SF;LI.I. BE

THAN %" BEYOND

®
®
@

®eee

@

GUARDRAIL POST SPACING SHALL BE REDUCED TO 3*-114* AT COMCRETE
DECK ATTACHMENTS.

WHEN DEPTH OF FILL AT FACE OF GUARDRAIL EXCEEDS 3'-6" DELETE THE
USE OF BOLTED BASE PLATES AND DRIVE POSTS.

THE USE OF PRECAST, PRESTRESSED CONCRETE DECK PANELS IN BOX AND
SLAB TYPE CULVERTS 15 PROMIBITED.

THIS RAIL SYSTEM HAS BEEN TESTED m u:mw[ WITH THE CRITERTA

SET FORTH IN NCHAP REPORT NUMBER 1981, AND SUCCESSFLLLY

CONTAINED A 4,450 POUND VEWICLE AT A vei.o:m OF 61.8 WPH AND AN

wm ANGLE OF 25.3 DEGREES. REFERENCE REPORT FHWA/TX-86/84-405-
» KOVEMBER 1986,

lNI EIHFWIW SITEI. THAT [NTERFERES WITH THE 134" DIAMETER
BE MOVED HORIZONTALLY TO PROVIDE A 1% MININUM
CI.EM T\'l TlE HII.E.

O MIMOR REVISION — FHNA
APPROYAL WOT REQUIRED.

STATE OF TEMMERSEY
BIPANTMENT OF TAAWSPONTATION

GUARDRAIL ATTACHMENT
TO CONCRETE DECKS OF

SLAB CULVERTS
AND BRIDGES

§=22-89 I 5-GR-22




Texas DOT
Texas bridge end

8¢

mponsinl | ity for the conversion of this stondord to

Ko worronty of ony Kind fa mode by TeDOT for oy purpose whatscever.
other forrols or for Incorrect results or domoges resulting from it use,

The use of this stondord s governed by the *Tewos Englineering Proctlice
oEELMAE N0 r

DISCLA [MER:

8
B
2
5
E

Ena of
Brioge Roll

« For more ocetoll: See MBGF, SGT, ond MBGF tronsiflion stondord sheets.
iy oumr.tl.l ol’ metol beam guord fence (MBOF) of Ingividual oricge ends
ions,

. Termingl onchor

. The crown will be

. For rlitr.l:hv. wigth bri
connect to the

8 \rur-arrunl 1r1 mt Bpac |

10. Tronsition |

2- 0" tyo.] " " E
So0 note 11

GENERAL NOTES

@ ENown @lsewnere in p

Use overoge dolly troffic (ADT) for the current yeor to determine MBGF
||nqor| of nno In gocordoence with the Roooway ulgs Monugl unless othorwise
spaci gnificent rraffic volume growth is anticipated on low
mlull ro-?su .lDT! Mwu;-e. use length d.hrmmoﬂml for the nlmr volume
category.

MBGF may not be reguired to shleld ceporture end of bridge unless other
obstocies within the horizontal cleoronce |imits or opposing traffic indicote
a MBOF consideration,

sections (T.A.5) ore only for downstreom end cnchoroge usoge
8108 th Par 120m10r §100FaRCe Oreo of nm.lm rortion

Direct connection of MBGF (ot €' -3" post spocing without troneition) to
concrote rall Is only for dewnstream rol | connectlions outside the horlzental
clearonce orea of oppesing troffic.

wigdenad fo cccommodote MBGF.  Typicol ly the crown |ine
should be 2'- 0" from the bock of the MBGF post. This opplies to new
construction on new ol Igment or where existing rocdway OI‘OCG m&lnﬂ is
to be widened t0 increose width. This doss not oD

TiTtotion work where ennmg roagway erown width is to be ra!uinod

iSee Typico! Cross Section of WMBGF).

a 25 it section of MABGF should
wingwall, n od]mnlng MBCF that |ies within the roocdway
(Lones & Shoulder ored) crown should be flored of the rote of 25:1
flongitudinal 1 Loteral). Lengtn ot these brioges should be oaflmfnon a8

stoted cbove or the |ength necessary Yﬂ locote the termincl end ot o 2°= 0%
offset from shoulder edge, whichover 16 greater.

n?u om!or me use of spocer blocks or shims may be
he Engineer occommodate the required roil connection
tu 'Xl" ing lY!W?LI'GI

h ond post spocing will vory depending an the tronsition type.
Tronsition typa wiil Do shown elsawhers In the plans.

BEGIN MBGF
FOR PAYMENT
‘I 1°-0" TYP,

See MAGF stondord
for post Types.

CONCRETE
RAIL

E:! Crown | Ine:
= 1
i AN 174 .
T p—— K
: B8 B 5§ § §EENEGE
X 1
g $0° 'SGT (2501 Stroight Topers | MBGF Transition 3
E |___(5ee note 11 (See note 10)
WEGE_lengtn of nesa (L}
= - i
§ pegin or end *
structure
b MEGF lengtn of nees (L}
sabe N 5
3 50" S 12521 Stralght Toper) L WBGF 16" - 3" Spocing! It MBCF Tronsitlon 6.
g ’—:sEu note 11 | | 1Ses 100
— 7t ¥ § ¥ ¥ ¥ ¥ ®§ ¥ ¥ ¥ § ¥ ¥ ¥ § ¥ U ¥ ¥ § BEOICY _f_'\\“{-. 7
g™ \'—:rm ine |r I\
6 LEna of
HE TWO LANE (RURAL) HIGHWAYS Bricge Rall
8,
& e Rati alh
i ol Crown | fne— 3.
A N\ i X
- ——
\““‘ l 'i L AiRE L L B i E L'} i i B il B B B B E E ] ] '} B 2 i 1
[}
RO Traw] 1o ~ WBGF_(6'- 3" Spocing) | 50° SGT (2511 Straignt Toper) ! .!i
(5ee note 100 T ! tSee note 11 1
e S TP - :
(T
Bealn or I oo Biraction veriable
atructure —
-
~SEE DETAIL & T.A.5. Optlon & 25" MBGF flore of 25:1
/ = Crown
B'-3"SPACING |, 25' Terminal_Anchar, 3
-\ MECF fength of need (L) | Section (T.A.5.} <
"7” T B I B S e = Mad | fy
/T \ 2 -0 Burlad I i
Brigge Rall - 1 nchor Offset
Chack for herizomtol End of Concrete it . TYP
iSee General Notea 4, 5 & &)
' MULTILANE UNDIVIDED (RURAL) HIGHWAYS
2 n
a2 Crown |ine End of
3 Bridge Rail
5‘_ / dge E,{r/
. | i &8 8 P 5 B 5 3§ § § § § § 8 s [ & B & § § §EguE
§§ 50° ST (25:1 Straight Toper) MEGF 16"~ 3° Spacing) o | w8GF Tranaition
38 (Sen note 11 " tsee note 101
2
MEGF length of need (L] -
-
ONE_WAY TRAFFIC i =
{Any numoer of lanea) glnor g
= —_ NEGF |engtn of need (L} >

MBGF (6'- 3" Spocingl

MBSF Troneltion

!
!
50° SGT 12511 Stroight Toper: i
1 o | iSee note 1) I

Voriaoble

shoulger

| tsee nove 100

L] L] b FEREEEDR

;uuﬂ
o4 Z

ONE_WAY TRAFFIC

Crown Iing

AN

/[ﬂﬂ of Bridge Rall

Edge of shoulder l
or widened crown, TERMINAL CONMECTOR
{see MBGE stongord, orloge
rail or other plon sheets for
detalls of MBGF to concrete
rail connection. )

DETAIL A

TION

Texas Department of Transportation
Dasign Divshan (Roodway!

BRIDGE END DETAILS

BED-03

L L S |

BET | feaoa AlE rmcE




Texas single sided crash cushion

654

DISCLAIMER:

DOT for ony purpose whatsosver.
'er the conversion of this stondord to

othar formots or for Incorrect results or domoges resulting from Its use.

& governed by the “Temoa Enginesring Proctice
mode by Ta

Item H

—
Direction of Troffic

Stoticnary Concrete
Troffic Barrier or
Concrete Bridge Roll

2-1%: " Dia
Holes

Concrete bridge rails

Loop cable
ties through
holes Tn gusset.

Tie " cable using cable tias on
opposite side of the post bregker.

IMPACT HEAD DETAIL

POSTS 2 THRU 6

may require a modified
end at the terminal

connection, (Contoct the
Bridge Division

END SPLICE PLATE DETAIL

A

POSTS 7 & 8

W @©
(®

] i1
VAO,
(CHENED

A

SECTION A-A

vertical wall

2-1% " Dia ?Omn spacer on

Ho lel\

(:i \ R
.| @ tv
;
* Approx. 4"
CT8 foe

SECTION B-B

ta

GENERAL NOTES

1. Dus o Tt" lded deslgn tha BEAT-SSCC [s not approorlote for use ot locotlone
where boo fowcrds the rigid concrele borrier ore poasible, .5 In gors orece,

s It wur‘ulu for wse in o norrow medion bockslde opposite directlon
nits ore |Tkely.

ll'nl'l

-

. Al bolts, ruts, coble casesdiles, cabie enchors, bearing plote, tubing, mt. Imoost
ond other stesl componants hall be palvonized, uniess othersiss

3. The breckowdy coble 0sseToiy must be tout. A locking device, (vice orips or chonmei
lm piTers} snculd be used to prevent the cotile fram twinting when tightening the ruts,

4. Wnen alte congitions permit, costs may be orlven. Tne iowsr ssction of bost W1 should
rot be orlven with fhe upoer poat section offoched, If posts ore ploced In o orllled
Fole, tre tockfl||l soteriol mat b sotisfoctor]ly compocted 10 Drevent settiemnt,

5. If roce sxcavetion In rcantaced, sen morufosturer” s nEtol lotion bookiet for
|mnen¢n Feconmendat fona.

. Post snall not be set full ceptn In conorete.

b

goorcoriote connecton of the SSCC o the atotionory rigia structure fs o
eriticol component to lnure proper of the syatem. The length of the
17 BOI1s ued 10 GHOCH the ayates to the rigld structure wiil vory with the wall
wtructurs cnd will need fo be determined In the fleld.

L eporooch crea in front of the SSCC and the orea within #he system itssif shall
5' free of flxec cbstocies greater thon 4 Inches [n halgnt ond hove o 111 slooe or
o cut aiope of 1VII0H or floter.

8. Unisms otherwiss shown in the plona, S50C rofl plcesd fn the wicinity of curbe ahall
Be blooked out B0 thot fhe foce of curb 18 locoted directly below the foce of roil.
Tne stesl posts snoll be Tnatoiled of fhe proper ground eievorion coove the gutier
pon or roocwny surfoce. Curbe located clong or in front of the SSCC ayntem snall not
bo grecter than 4 Tnches In height.

10, An obfect shall be Instalied on the front of the Imocct heod on
detalied on 0 & DWEYIAL.
1 TEM) aTY DESCHIPT IOM
doger Ko Poa [oll WL
Lower End it _[Ad] WE x |5 x * L8,
Supoort Brockst (811 (4 w 2 x 4° L0,
Post Brecksr (AZ] Weiged T52 x 2w lfy~
Coble Anchor Amsentiy
[ ng Flote
[] Tng Tuoe Boll tA%) x §°-0° G
J Stes| Brekowoy Poat We w 8 x 6 -0° LS.
03 Supoort Brocket w/ Biookout (AB) TSE ¥ & w/ ,
L sméh ail] & @ 2% 16
M - o
C] R0
P
a - x TYp" Hex Bolt a1
(o] Tttt
€|
] “x 3 hew Boit (AA9]
. R
[ ~ Washer
9 == 1 - Boit il
n ~ Recess WUt
1 Tx 7 Wex Boit (AFS or A4S
i ] Hew Bolt 1A3Z3 or A449)
18 5
LW
b 17 14325 or Ad4d)
T x 9 tex Boiv (AJTS or Addd1
T % 5" es Dolt (ASIS or Adw |
Y
5 % 3° paw Boi1 (ASOT or_adda1
+ s 10 hwa Bol® ASPS or n«% ILengin Vories wiwall Secti|
u ~ bex bt (2H »-mr Hew Mut)
[l *_Wosher STructiral Wosner
]
F s 11
K3 [ ke

Texas Department of Transporiation

Deslgn Difaton (Roodwey)
SINGLE SIDED
CRASH CUSHION

(BEAT-SSCC)
SSCC-03A
_u{m1§fr“‘]--u —
oy u--u,nmuuim.m
| |




Wyoming DOT
Wyoming TL3 railing

09-4

SLEEVE DETAILS

Note:

Thread |

34"

Wyo. Proj. X

Sheet BX of BX Shests

PLAN

(% posis req’d on bridge)
(X posts req’'d on approoch slabs)

11 Ensure the expansion splice is localed in the roliing panel which
passes over the bridge expansion jolnt as indicated on the plan.

21 Siots may be omitfed fn slondard sleeves where bolls are required
on one side of splfce only.

3) Anchor bolts may be lock welded fo anchoroge (Shop or fleld),

4} At post locallons, drlil two | i *® holes in the ralls fo recelve rell
balls (Shop or fleld). Sse Posf Defalls for hole spocing.

5) Before Instaliing ralls, palnl cut, drilled, or ofherwise damoged
surfoce arpas of the railing componenis wilh two coals of zing rich
palnt conforming fo fhe requirements of ASTM A T80,

B Affer Insialilng the ralls, pafnt exposed boll fhreods with two coals
of zine rich paint conforming fo the requirements of ASTM A 780,

WYOMING  DEPARTMENT OF TRANSPORTATION
BROCE PROGITAW

boidiion BRIDGE RAILING DETAILS

TL3ubr']_.V8.,dgn

I8 Curk Clear Roadwey 187 Curd Clear Roodway
FF Curl and 6~ L 37
7\ I TS 6zéx 4 =
ﬁ ? TIPS 1L i
] =
(See Rall Bolt Detalf : | -
and Nofe No. 4) X :‘—_:.}‘ Curd
b T S m m— .
bl & o 8 B o —e Fxtixr-24=
= & c
4 A L—1 47 Hale (Typ)
I uy,
“Px -3° HS Ball r |
5" threod)w/2 Hex Nufs 0
¢ 2 Washers. Wrench| oy
tlght. (3 req'd per posf) - = =
s - L
— 78e |73 |44
s B e v 4 £ 2
Place anchorage bafween 7‘ <P
fop and boftom mm‘s:| Yook VIEW A-A
of reinforcing steel ASSEHBLY DETAIL tAnchor bolls, rails, and
(Shown neor € Post) raif bolts nol shownl!
{Bridge slab shewn, approach slab stmifar)
14"
EARF 24
- >|_. - i‘ 247,
ye, Tvp Bor 2x § xr-8* g
B x10x 110~ (2 Eo) . P . :
i } 2| 747 __ @
L4 A
v |
x b
e o
& @ i F¥ + A
=) — 3 Silof (Typd| 5 P w
I Tee —Ig = 4 0
- 1 = I )
oy g . T3 1 I Y
% "R Hgor 3x 4 x0-3"—L S |y
iyl
HBar 3x 4 x -6 w0
] ~ L
B § i~ 1*# Hole (Typ)- Ly
z“‘l_ L | o Hgr 3x 4x2-0r | "
1
i SECTION B-8
SIDE VIEW (ot galvanlzed)
POST DETAILS tAnchar bolfs and slab nof shown)
(See View A-A for anchor boll hole spocing) Bar 483 09"
% 0~
2-q i R x2x0-547
- B Washer w/|
si,fgrﬁm & i 6 _ 4 : 7 3 i “# Holgs| |
of {Ty (Cantered)
(Top ¢ Bott) '\ :‘1 1“2 347 o
(See Nole No. 2) S _ Slo! (Typll~=—=——= == - -t Lock Washe
i _ (Top € Bolt) . i e fl
= 0 L ! e Hex Mt :rrw
s [;,; T VA W x o |
i, we T (Top ) nt, we 347 . - -
confinuous, N centinueus, and "-é" | --L e i -L
ground Hush ground flush i . 54
STANDARD SLEEVE EXPANSION SLEEVE END VIEW F il

RML BOLT DETAJL

e or ; Illrvo.Na. X Isnsa! X of ¥

—_—
Sroncard Sheat Cates §-9-0% x.dgn




19-4

y i 5 . R—CAWS TC-Udc
‘ ri.._..1l N E
L) i " i 4 )
i ¥ i s s 3
= i) I
: > fe 07
* " Hole IT) o i - '
Wl ) | [i=x 4= Stat (Typ
(Top ¢ Bolt f ..“L” (Top € Bott) )
of both fubss) € End Pos?
End Post , [=q" *
x
B 4 p - benr P Limit - " g
we!'a’nd muH’nm.\s i i mi oy
Fey Limit and ground flush)
;-- TS 6x2x 4 (Typ) ,,'E (.‘Hp |r
i i - i o : :‘ I
n
x
§ el T)@gv— - L
L = - mdicy ] e [l | Pai = T | =
¥ T il L)
L. -
a0°
Al e

ELEVATION AT TERMINAL TYPE (D)
(Box beam guardrall connectfon)

Place Benl £ & x 9

flush w/FF Cloir
TS 6x2x 4| ‘Roodway
iz —Beni B x9

7
¥

TS 6x2x § (Typ)

SECTION C-C
b e 17
52 6~
‘i_:_: paboduadomfd i fubajp dolps | oga oy | Qadindfried 2§

Standard SJm?

E e o o e e
Al A fa

STANDARD SPLICE
Top or botlom rall)

Ciear

Rosdway

Benl I i x 9 (See Beni Plafe Section)
ELEVATION AT TERMINAL TYPE &)

(Box beam guardralf connection, Inferstate exil end oniy)

(With provisfon for lemporary corrugafed beam guardrall conneciion)

Bent & x9x 234"

Place edge of
Bar 2x 4 flush w/
RF TS5 6x2x

-1 4 ‘

Bar 2x 4 xO-9°

—)
LA

2

Top rall nat shown)

X
23" [ N
) . LFF 7S 6x2x #

BENT PLATE SECTION

fSee Note No, 7)

(Regq'd af Type (@) and (3) Terminals)

| 2. 4 Clear

BRACE BAR DETAIL

End Post
x
ofs _ 4° 47
Pay Limit —w qc‘* TS Gx2x 4 (Typ)
Ay
I — ~
Ty ¥ I
2V ; b
Fx CHp Myp)— ‘E_ = +
== )
-
Nofe Nﬂ. BJ>rfJ; S d >

Note:

TS Gx2x & (Typ)

Wyo. Proj. X

sheet BX of BX Sheets

Benl B & x 9 (Sea Benf Plate Section)

ELEVATION AT TERMINAL TYPE (3

(Corrugated beam guardrall connecifon
or no guardrall connecilon)

1) Either fop or boffom rail In lermingl seciion may be
the longer rail.

21 Ensure each rall lengih is confinuous over o minimum
of two posis. Ralling that is part of o rypeﬁ
ferminal Is contlnuous If efther the fop or boftom rall
In the termingl Is continuous over @ minfmum of two

Posis.

3 In rehabllitation work, ensure rofiing 1hat cannol feasibly
be mode confinuous over @ minfmum of fwo posts hos o
double-bolled splice.

4} Spllces may be focafed on efther side of posl.

5) Mot more than ane splice Is permified per side of post,
excep! of exponsion spiices.

&) Do not shop splice rails.

7} Ensure o brace bar s ploced 2-07 from fhe spiice end
of the shorfer tube al type @) and (3 terminals.

8} Ensure the fabricofor prepares o sample of fhe Indicated
Jaint and it Is mocroalched o demonsirale thot the required
effective throat Is ochleved.

WYOMING  DEPANTMENT OF THANSPORTATION
BROGE_PROGHAM

7S 6x2x § frpr—/

- |
€ " Holes In roll (Cenfered)) € Post i
for §“8x 34" HS Boll w/ I”#"_"j_
Hex Nul, Washer, € Lock|
Washer, Wrench tight, 67 38 3d~
do_notf crush rali,
(Typl tAll spiices) 1
y L P
-------- - b SRR (ol Bl T e o o i
Sy ettt
Expansion Sleeve
Al 4 lle alale

S —

DOUBLE-BOLTED SPLICE

(Top or bottom rall)

EXPANSION SPLICE
(Top and boffom rait)

SPLICE DETAILS

pm— BRIDGE RAILING DETAILS

TL3_br2_V8.dgn

Deslgn Sectlon X

(o

e ———
Stoncoro Sheet Dates $9-03

[P — s
T R
" ; 2% |orwato. X [Shest X of X
x.dgn




94

20 el 4ol
£ 14" Hole o T——
in §* Bar for |- g — 2o g £ End Post
147 Anchor Bof;—J ] l i~
—
) s !
2
f [ [ H J
H—
t =
*ieg|
o —_— —

g
Curd

End of
e
Siab L
XX

1"# Venl Hole
In §" bar

(Centered under
TS 6x2x £1(Typ)

TR

_ =
1 |

Pay Limlt for
Bridge Ralling

&=94 Minit

=

PLAN AT TERMINAL TYPE @
(Bolts nof shown)

dlary o Bridge Ralling I-6"

g\»

TS Bx2x 4 (Typ)-

e

™ Pay Limit

End of
Approgeh
Stab

$*

g

- g

Posr

E Post

Clear
Rogdway

€ "P loles In rall (Centored))

for #§*Px 34" HS Boll w/|
Hex Nul, Washer, § Lock
Washer. Wranch ilght,

do not crush rall,

(Typ) tAll splices)|

SECTION C-C

{#*Px -3° HS Bolt

(4" Thd) w/2 Heay

Hex Nuis € | Washer or

{#*#x("-4* HS Threoded
Rod wr/3 Heovy Hex Nul.

&
¢ | Washer (2 req’d per fermingl)

Bor 7x §

Flace anchoroge befween
g?u and botfom mals
reinforeing steel

Bar 2x § x0'-9"~

BRACE BAR DETAIL
(See Nofe No. 7)

Nole:

STANDARD SPLICE
Top or bottom rail}

DOUBLE-BOLTED SPLICE
(Top or bottom rolf)

SPLICE DETAILS.

Wyo, Prol. X

sheat BX of BX Shoots

HBar 3x $x2-3"-

HBar Ix #x0r-8"

SECTION D-D

(Showlng enchor Dors)
(R Nol galvanlzed)

TS Bx2x 4 (Typ)

1} Either fop or botfom rail In fermingl secfion may be
the longer rall,

#) Ensure eoch roil length is confinuous over o minimum
of two posts. Ralling that is porl of o Iype(4) terminal
Is confinuous If efther fThe fop or bottom rall in fhe
terminal Is continuous over o minfmum of two posts.

3) In rehabllitofion work, ensure raliing that cennot
foosibly be mode conlinuous over @ minfmum of two
pasts has o double-bolled splice.

4) Splices meoy be locoled on either side of posi,
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Note: 1) In rehablilfation work, ensure railing thal cannot
feasibly be made confinuous over o minlmum of
two posts hos o double-baolled spiice,

2] Spileas” may be focoted on either side of posi,

31 Not more than one splice Is permitfed per side
of posi, excopl af expansion splices.

4) Do noi shop spifce ralls.
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