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Session 5: Procedure for Interchange Ramps
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Texas Roadway Safety Design (TRSD) software
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Highway Design Process

Part L. Introduction to Workshop Series
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1. Highway Safety Issues

» Key Highway Design Elements
- Safety-Conscious Design
» Crash Data Variability

Key Design Elements

ign Elements that Influence Safety




Overcoming Variability

* Summary

Questions — Comments?

2. Safety Evaluation

» Safety Pr 1 Model
+ Analysis Procedures
+ Texas Roadway Safely Design Software




Analysis Procedures

» Safety Prediction Procedure
» Segmentation Process
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Step 1
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Questions — Comment
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TRSD Worksheet

+ Texas Roadway Safety Deslign
Worksheet
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Texas Roadway Safety Design

Developed by: Jarnes A. Bonneson, Karl Zimmerman, and Mke Prat
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Basic Roadway Data Messages and Range Checky
Number of through lanes: 0K
Segmant Isngth {L), mi:
Traffic Data
| Average daily traffic (ADT), veh/d:
Geonetric Data PN
Presence of harizontal curve: No
Presenca of spiral transiion cuves: No. ot applicable
[Curve radius (R), fi: (= 5.7 degreas) K.
Curve langth (L,), mi: 2
rate specified by design guidelines (¢q), %: 30K
Superelgvation rate (6), percent: 20K
Crade orcant: 0K
Cl cl @
o o
Base a ate [ o
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ey 00
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Centers ip (A ) X
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Passing tave G, 300
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£ ik 00
oy polo ofver (ARF e} I3
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Calibration Parameters
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= Calibration

Calihration Parameters

Local calibration factor () Hoon]
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= 3. Highway Segments

» Overview

=+ Safety Prediction Model

g ——

. Components

> Relationship

C, * AMF, % AMF,... (3-3)

where:

C= expected severe crash frequency, crashes/yr;

C, = expecled severe base crash frequency, crashes/yr;
AMF,, = lane width accident modification factor; and
AMF = driveway density accident modification factor.

mpes Base Model

° Sése Mode M

C, = 0.000365 Base ADT L f (3-1)

xpected severe base crash frequency, crashesiyr;
severe crash rafe (see Table 3-1), crashes/mvm;
verage daily traffic volume, vehid;
= highway segment length, mi; and
= local calibration factor.

Median Type Attributes Bass Crash Rate, severs crashesimvm®

l Through Lanes:
Urxiivided or Surfaced®

Depressed
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T Curve Radius

» Base Condition

» Limits
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» Questions
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Acsident Modiication Factor

Outside Shoulder Width, #

« Base Condition

» Limits

« Noles

Accigent Modification Factor

Iside Shotilder Width, ft

Median Width

I R ETT

« Base Condition

» Limits

Accident Modification Factor

Hedian Width, ft
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==  Driveway Density

- Base Condition

Accidunt Modifization Factor

s 1 %

Orivewny Density, drivewaysinl

« Answer

Driveway Density, divewsysimi

== Exercise 1: Rural Highway

> Given




=+ Exercise 1: Rural Highway

e

» Additional Questions

> Now it’s your turm. ..

=~ Exercise 2: Rural Highway

s R RTR,

s Given

== Exercise 2

e Answer
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Session 4:

Session 5:

Session &

Session 7

= 4. Freeway Segments

« Overview

- Safety Prediction Model

+ Components

+ Relationship
C = C, x AMF,, x AMF,,, ...

where:
C = expected severe crash frequency, crashes/yr;
C, = expected severe base crash frequency, crashes/yr;
AMF,, = lane width accident modification factor; and
AMF,,, = median width accident modification factor.
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Accident Modification Factors

» Freeway

Exercise 3: Freeway

« Given

« Question

- Exercise 3: Freeway

Lai d Range Dhecks

— Area type
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Exercise 4: Freeway

= Question

Exercise 4: Freeway

R L PRV L

Exercise 4: Freeway

ERS———————

» Answer
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Ramp Types

» Non-Frontage Road Ramps
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= Exercise 5: Ramp

[Expected severa base crash frequency for accelerstion lane n
Ch). crashos/yr g

= Exercise 5: Ramp

- Additional Question

» Now it's your turn. . .

= Exercise 6: Ramp

+ Question
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6. Section Evaluation

S —

« Review Safety Prediction Procedure
» Road Section Evaluation
+ Project Evaluation

=t

Safety Prediction Procedure

N

»  Six Steps

Exercise 7: Section Evaluation

S P B
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Exercise 7: Section Evaluation

= Given

» Question

Exercise

: Section Evaluation

nswers

Exercise

Section Evaluation
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Exercise 8: Project Evaluation

A

» Answers

Exercise 8: Project Evaluation

« Additional Questions

= Answers

Exercise 8: Project Evaluation
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Exercise 9: Alternatives Analysis

» Current Design

Exercise 9: Alternatives Anal

» Analysis Process

Exercise 9a: Alternatives Analysis
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cise 9b: Alternatives Analysis

e

Exercise 9b: Alternatives Analysis

T L

+ Guestion

+ Answer

Exercise 9b: Alternatives Analysis

+ Question
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Exercise 9c: Alternatives Analysis

o

. A alysis

« Question

« Answer

Exercise 9c: Alternatives Analysis

N——

alysis

* Answer

rcise 9c: Alternatives Analysis

T S T

Analysis

0.27 crashes/yr

{Ex. 6) \ 0.16 crashes/yr
/ (Ex.6)

0.20 crashes/yr = 0.12 crashes/yr

(given) / " (given)
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Exercise 9c: Alternatives Analysis

Finding

Exercise 9: Alternatives Analysis

tive Selection Summary

Exercise 9: Alternatives Analysis

L S
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EXERCISE 1: RURAL MULTILANE HIGHWAY SEGMENT
INPUT DATA

Basic Roadway Data
Number of through lanes: 4
Segment length: 2 mi
Traffic Data
Average daily traffic: 22,000 veh/d
Geometric Data
Presence of horizontal curve: No
Grade: O percent
Cross Section Data
Lane width: 11 ft
Outside shoulder width: 8 ft
Median type: Flush paved
Median width: 10 ft
Presence of shoulder rumble strips: None
Access Control Data
Driveway density: 3 driveways/mi
Roadside Data
Horizontal clearance: 30 ft
Side slope: 1:6
Utility pole density: 25 poles/mi
Utility pole offset: 20 ft

OUTPUT SUMMARY

What is the expected crash frequency? .........cooeiiiiiiiiiiiiiiiiiiiiiie

What is the combined AME T oo e et eeans

What does the combined AMF say about this segment, relative to the typical segment?

Which attribute(s) tend to increase the crash rate of this segment, relative to the typical segment?
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EXERCISE 3: FREEWAY SEGMENT
INPUT DATA

Basic Roadway Data

Number of through lanes: 6

Area type: Urban

Segment length: 1 mi
Traffic Data

Average daily traffic: 82,000 veh/d
Geometric Data

Grade: 0 percent
Cross Section Data

Lane width: 11 ft

Outside shoulder width: 6 ft

Inside shoulder width: 4 ft

HOV lane presence: No HOV lane present

Median type: Depressed

Median width: 50 ft

Presence of shoulder rumble strips: Both sides
Roadside Data

Utility pole density: 25 poles/mi

Utility pole offset: 15 ft

OUTPUT SUMMARY
What is the expected crash frequency? ..........cooviiiiiiiiiiiiiiii
What is the combined AME? ....oiniiiriii i e
If the cross section is changed to:

Lane width: 12 ft

Outside shoulder width: 10 ft

Inside shoulder width: 6 ft

Median width: 36 ft
What is the expected crash frequency? .........coooiiiiiiiiiin

What is the combined AME? ..oviiirie ittt iasaaeiatisenraenenenssinaensaaas
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EXERCISE 5: INTERCHANGE RAMP
INPUT DATA

Basic Roadway Data

Area type: Urban
Traffic Data

Average daily traffic on ramp: 2500 veh/d

Average one-way daily traffic on the adjacent mainlanes: 41,000 veh/d
Geometric Data

Ramp type: Entrance

Ramp configuration: Slip

OUTPUT SUMMARY

What is the expected crash frequency? .......ooooeveiiiiiiiiiiiiiniceieercaene

For an exit ramp with similar conditions:
Ramp type: Exit
All other input data are unchanged

What is the expected crash frequency? .........ccocoiiiiiiiiiiiiiiiiniiiiiiiieien
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EXERCISE 7: SECTION EVALUATION
Location: Rural multilane highway segment “a”
INPUT DATA

Basic Roadway Data
Number of through lanes: 4
Segment length: 1.18 mi
Traffic Data
Average daily traffic: 4000 veh/d
Geometric Data
Presence of horizontal curve: No
Grade: 0 percent
Cross Section Data
Lane width: 12 ft
Outside shoulder width: 8 ft
Median type: TWLTL
Presence of shoulder rumble strips: None
Access Control Data
Driveway density: 4 driveways/mi
Roadside Data
Horizontal clearance: 30 ft
Side slope: 1:4
Utility pole density: 25 poles/mi
Utility pole offset: 20 ft

OUTPUT SUMMARY

Record your results in the table on the last page for Exercise 7.
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EXERCISE 7: SECTION EVALUATION

Location: Rural multilane highway segment “c”

INPUT DATA

Basic Roadway Data
Number of through lanes: 4
Segment length: 0.18 mi
Traffic Data
Average daily traffic: 4000 veh/d
Geometric Data
Presence of horizontal curve: No
Grade: 0 percent
Cross Section Data
Lane width: 12 ft
Outside shoulder width: 8 ft
Median type: TWLTL
Presence of shoulder rumble strips: None
Access Control Data
Driveway density: 11 driveways/mi
Roadside Data
Horizontal clearance: 30 ft
Side slope: 1:4
Utility pole density: 25 poles/mi
Utility pole offset: 20 ft

OUTPUT SUMMARY

Record all results for segments “a,” “b,” and “c” into this table.

Facility Component

Expected Crash Frequency (crashes/yr)

Combined AMF

Segment “a”

Segment “b”

Segment “c”

Total for roadway section
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EXERCISE 9a: ALTERNATIVE A

Description: Widen the inside and outside shoulders on the north-south road. To provide the
increased width while remaining within the right-of-way, it is necessary to reduce the side slope.

Please complete the table and answer the questions below.

Facility Component Exercise Number | Expected Crash Frequency | Combined
(crashes/yr) AMF
North-south road 2-b (after change)
East-west road 7 “a”
Intersection Given 2.48 1.19
Total for facility

Is this alternative safer than the current configuration (see Exercise 8)?

How many crashes are reduced per year, relative to the current configuration?

Given the following assumptions:

$750,000 construction cost to widen the shoulders on the north-south road

25-year life span for the project
$100,000 benefit per crash reduced

Benefit:

Cost: $

Is this alternative viable?

What is the net benefit for Alternative A, relative to the current configuration?

crashes/yr reduced x $100,000/crash reduced = $

construction cost +

yr life span = §

/yr
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EXERCISE 9¢: ALTERNATIVE C

Description: Grade-separate the roads. Use a diamond interchange with four diagonal ramps.

INPUT DATA

Basic Roadway Data

Area type: Rural
Traffic Data

Average daily traffic on ramp: 1000 veh/d

Average one-way daily traffic on the adjacent mainlanes: 8500 veh/d
Geometric Data

Ramp type: Exit

Ramp configuration: Diagonal

OUTPUT SUMMARY

What is the expected crash frequency? ........c.oivviiiiiiiiiiiiiieiiiiineeieea,

For an entrance ramp with similar conditions:
Ramp type: Entrance
All other input data are unchanged

What is the expected crash frequency? ........coviiiiiiiiiiiiiiiiiiirieieieeeaen,
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INCORPORATING SAFETY INTO THE HIGHWAY DESIGN PROCESS:
MULTILANE HIGHWAYS AND FREEWAYS WORKSHOP

Date:
Location:

Your Agency:

Your Position:

Course Content (circle one)

Yes No
1. Did the course meet your expectations? 1 2 3 4 5
Comments:
2. Was the material presented at the correct level of difficulty? 1 2 3 4 5
Comments:
3. Was the topic of the course covered adequately (nothing left 1 2 3 4 5
out, no one topic overemphasized)?
Comments:
4. Was the software easy to use? 1 2 3 4 5

Comments:
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