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MODULE 1
BACKGROUND
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. Research Project 0-5105

o
= RMC 4 - Traffic Operations

= Project title

= Development of Guidelines for Ramp Reversal
Projects

= Funding
= $135,262

= Joint Texas Transportation Institute (TTI) and
University of Texas at Arlington (UTA) project
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. TXDOT Project Team

= Lauren Garduno (ODA) — Program Coordinator
= Roy Parikh (FTW) — Project Director

= Project Advisors
« Brian Barth (DAL)
= Albert Durant (FTW)
= Doug Eichorst (ODA)
= Cynthia Landez (DES)
= Wade Odell (RTI)
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. The Research Team
-

= Scott Cooner (TTI) — Research Supervisor
s Steve Venglar (TTIl) — Co- Research Supervisor
= Dr. Jim Williams (UTA)

= Other members:
» Ed Pultorak (TTI)
= Yatin Rathod (TTI)
=« Stephen Mattingly (UTA)
= Phong Vo (UTA)
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MODULE 2
KEY TOPICS
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. #1: When to Consider Reversals

™
= WWhen & where should the use of ramp
reversals be considered?
"E': """ Main lane§™ "~ EE“" Main lanes™™ ™~
SINGLE ON > OFF = X
E;) """ Frontage---- E; ''''' Frontage----
E);"" Main lanes™ ™~ Z": """ Main lane§™ "~
SINGLE OFF > ON Y =
E)f ------ Frontage---- EEEECEEEE Frontage - - - -
E»: """"""" Main lanés """ """ :: """"""" Main lanes™™ """
PAIR =% NN N 7=
TTeemenmeeeeees Frontage™"""""""""""""""" e Frontage™""""""""""""""""
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#2. Diamond vs. X-ramp Pattern

|
‘H = When & where should an X-ramp pattern be
used as opposed to diamond ramp design?

Entrance Exit Exit Entrance

—
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\
Diamond X-ramp
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Pros and Cons of Converting
from Diamond to X-Ramps

PROS

CONS

Increased development along frontage
road

Costly means of improving signal operation

Reduced through demand on
frontage road approach to intersection

Construction activities will disrupt
business along frontage road

Move the weaving area between an
entrance ramp and exit ramp from the
main lanes to the frontage road, where

Invites sling-shot maneuvers allowing
motorists to bypass cross-street signals; this
poses safety and capacity problems on

speeds and volumes are lower frontage road

+ Increased storage area for cross- — Addresses the queue storage problem but
street intersection queuing queuing delay will not be remedied

+ Better opportunity to use frontage — Likely increase in short trips on the
road as alternate route as part of freeway
incident management if auxiliary
lanes are provided

— Construction of auxiliary lanes may require
major reconstruction at cross-streets

= Texas . g
/ Transportation UTA
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#3. Project Evaluation

‘H = How should ramp reversal projects be
evaluated?

”’”/}‘
Operational impacts

@ Safety impacts

! Basic economic impacts
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MODULE 3
STATE-OF-THE-PRACTICE
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. Ramp Reversal Studies

o

s Not much literature
= Report 210-12F

= [exas issue
= Frontage Roads

= 1980s case study
= |[H 610 in Houston
= B/C ratio of 3.8 to 1

AN ANALYSIS OF URBAN
FREEWAY OPERATIONS
AND MODIFICATIONS

RESEARCH REPORT 210-11F
STUOY 2-18-77-210
UIREAN FREEWAY HODIFICATIONS
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. X-ramp Studies

H ALTERNATIVE ANALYSIS OF X-RAMP
AND DIRMOND RAMP DESIGNS

= [ipton & Pinnel — 1967

s Borchardt — 1986

TTI: 721903

= TTI Report 335-1F /
Klaver — 1995 »

« TTI Report 2903-4F
= Kockelman — 2000
« CTR 1873-1

= Texas
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. Braided Ramp Studies

w
l Bonilla & Urbanik (376-2F) — 1986

s Grade-separation when:

= Weaving or access problems not solved by ramp
elimination or relocation

s Warrants
s Guidelines
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. Freeway Weaving
‘# = Highway Capacity Manual

EXHIBIT 24-2. LOS CRITERIA FOR WEAVING SEGMENTS
Density
Freeway Weaving Multilane and Collector-Distributor
LOS Segment Weaving Segments

A <10.0 <12.0

B >10.0-20.0 >12.0-24.0
C >20.0-28.0 >24.0-32.0
D >28.0-35.0 >32.0-36.0
E >35.0-43.0 > 36.0 -40.0
F >43.0 >40.0

/ ] %ﬁsspmﬁun T
Al [nstitite I" Texas U A 16
partment
of Transportation



Frontage Road Weaving

= Fitzpatrick — 1996 _
Procedures to Determine Frontage Road

u PrOCedureS for anaIyZ|ng Level of Service and Ramp Spacing
frontage road weaving

= Spacing requirements for
ramp junctions

| L O S a n a IyS I S Research Report 1393-4F
rative Research Program

= Adopted in TXDOT
Roadway Design Manual
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TTI Project 7-2927 - Desirable

Preferred Access Control at Entrance Ramp
Junction with Frontage Road

Intersection of Roadway Surfacin
Intersection of Travelways

Entrance
T Ramp

w

Frontage

Road
200

A

- 100°

-

300" MIN. ACCESS DENIED

A

<« VAR 5

. .

ACCESS DENIED WHERE FRACTICAL

A

Recommended “Desirable” Modifications to the Current Guidelines of the TxDOT
Operations and Procedures Manual

(Figure 7, Texas Transportation Institute Report No. 2927-2)
= Texas .
/ Transportation
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. TTIProject 7-2927 - Minimum

Wie

Preferred Access Control at Entrance Ramp
Junction with Frontage Road

Intersection of Roadway Surfacing

Intersection of Travelways Entrance
_— Ramp
Frontage
Road
< 100' > e 00"
< 150" MIN. ACCESS DENIED >

Absolute Minimum Guidelines for the TxDOT Operations and Procedures Manual
(Figure 8, Texas Transportation Institute Report No. 2927-2)
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MODULE 4
DISTRICT SURVEYS
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. Survey Questions

-

= Project type

= Date of implementation
= Roadway type

= Project cost

= Project rationale

= Evaluation studies
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Survey Responses

-

= 18 of 25 Districts responded

ELP

AMA

WFS
ATL

TYL
BwDn WAC LFK

AUS BMT
HOU
SAT  yKM

LRD
CRP

ABL

\

= UTA
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. Project Type

-
H Type of Ramp Modification

2, 6%

@ Single ramp

3, 8% reversal (on to off)

m Single ramp

18. 50% reversal (off to on)
y (0]
13, 36% 0O Ramp rewversal pair

(on/off to off/on)
0O X-ramp corridor

!
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. Date of Implementation

™~
# Project Implementation Status
11, 31%
14, 38% O Existing
B Ongoing
O Planned

11, 31%

= Texas
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. Roadway Type

‘
Roadway Type

O Interstate

B US Highway

8, 22% _
O State Highway
23, 64%

O FM, Loop or
Other

Sfoas =t
=T — UTA
Al [nstitute l T

LN
Departmont
f Transportation




| Project Rationale

o

= Safety issues 68%
= High traffic volumes 60%
= |Inadequate ramp spacing 43%
= Main lane weaving 43%
= Political/developer request 41%
= Land access 30%
= Frontage road weaving 11%
Aﬁ i’%?%fﬁ’r‘émm ﬁ UTA 26



. Project Rationale - Others
o
= [wo-way to one-way frontage road conversion (6)
= EXxit ramp queue spillback (5)
= Better utilize frontage road capacity (2)
= Eliminate two consecutive entrance ramps

= Construction of an additional overpass

= Alleviate frontage road congestion at the arterial
street
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MODULE 5
CASE STUDIES
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. Identify and Select Study Sites
‘H = Candidate sites

= Survey, internet searches & previous evaluations
= 12 ramp reversal case studies
= 3 X-ramp corridor case studies

Interstate Access Justification: Existing Configuration 2003

{ Direct Connector

mmmmmmmm

eee= Rail

Graphic Courtesy of Texas Transportation Institute

= Texas
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= Impacts D
= System delay

Ll . us 75
—
—
.y
Ej\
£

= Volume fluctuations i
= Freeway main lanes t, o s
- Frontage road /e
= Downstream intersection |1 { e —
= Queuing 5 \ S —

Graphic Courtesy of Jacobs Civil (Dallas)

= Ramp spacing

= Texas
A institute l oaas 30




Safety Evaluation

s Crash rate before vs. after
= Main lane

= Frontage road
= |otal

s Anecdotal

A |nstitute



e
BT Basic Economic Evaluation

o

= Sales tax receipts
=« Corridor vs. citywide

= Property values
=« Corridor

= Business
development
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1 |WB SH 114 in Grapevme

= Reversed Bus. 114 entrance with
Spur 103 (Main St.) exit -
= Construction cost = $2,025,193
= Driving force = improved access
= Property owners paid for engineering design

Photo Courtesy of Flickr.com (publlc)
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Evaluation Results

Evaluation Outcome

%

*w// Lesson learned: exit ramp warning sign placement is critical.
\,&,rr/\
\1
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Parks Mall of Arlington

s, ey — e
W, e

= Reversed the Matlock
entrance with the FM 157
(Cooper St.) exit

s Construction cost =
$7.049.023

= Driving force = improved
access to Parks Mall

= Joint funding

T i
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2 {Improved Frontage Road

M
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Evaluation Results

Evaluation Outcome

+

+

\/Q\ Lesson learned: speed enforcement needed on frontage road.
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'3 | EB IH 30 in Dallas

o Slgnificant slowdown on IH35E
= Short weaving section
= Horizontal curve — truck rollovers

-LConstructlon cost - 600 OOO
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(1649)

(2012)
M&)
(2577)

(3633)

Before Volumes

(PM Peak Hour)

(956)
(593)

(2012)

FROM (3792)

EB IH 30 (3633) (5445) TO EB IH 30
,7_" - L= —— Y Ut
% N fol A414 N93) ~

FROM S AP A

SBIHIBE N TZTo---------o- TO

7 7 N
(2577) " N\ GRIFFIN YD
FROM NB IH35E LAMAR oy 11
@29 A T
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After Volumes
(£199) (3818) (PM Peak Hour)

(2529)
MS)
(2554) (1265)

(882) (+185)

(2529) / (4482)
FROMEB IH30 (3818) (5388) TO EB IH 30
Z-ZIIIZIZ] gtttk Sttt et
> 2 S A~E14) (1129V—/ﬁ‘ —

FROM \\ /N  _ _ ______

SB IH35E (1265) - - - - =~ AN TO

(2554) arard AN HARWOOD
_amk GRIFFIN "~ 413
FROM NB EXIT
IH35E REXIT  (258) TO IH45
(+309) (2244) (139) (2759)

(-748)
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3 'Evaluation Results

.....

..........

ﬁ e !.. el

A : £
> Delay reductlon of $7OO OOO/yr

> 31% decrease in injury crash rate
> Truck rollovers have ceased

>

B/C ratio = 9:1
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Evaluation Results

Evaluation Outcome

+

+
%)

\/\ Lesson learned: even reversal of single ramp can produce
significant benefits.
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4 'WB IH 30 in Dallas

= Emergency exit ramp built across the
existing Harwood entrance ramp

= Closed with a traffic gate during non-
Incident conditions

= Construction cost = $600,000
= Driving force = incident management

= Property owners paid for engineering
design

.\

L g
e UTA
Ins ﬁw

of Transportation

46



D200E MNAWTESY

L ation =
B nstiite l U IA

Departmont
f Transportation



Evaluation Results

Evaluation Outcome

+

+

&” -~ Lesson learned: operational flexibility provides benefits.

HGA -
=~ S
&ﬂ//\
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US 67 In Cedar Hill

s Reversed the SB
Pleasant Run entrance §
with the FM 1382 exit

s Construction cost =
$1.041,783

= Driving force =
improved safety

= Joint funding

A [nstitute



O  Roadway Layout
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Evaluation Results

Evaluation Outcome

+

+

+

\//\ Lesson learned: ramp reversals can produce significant
2 economic impacts.
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SB IH35 in Austin

= Bottleneck project on lower level of IH 35”—
southbound E

= Eliminate 2 entrances B L
. Reverse tWO rampS %_;é—_"i_—

= Add auxiliary lane L
= Construction cost = $2,376,137
= Driving force = improved safety

L ation - T
- 1'. nsti I'SEI'E - Texas U A 5 2
oot

of Transportation



Roadway Layout
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IH 35 Lower Level

= Texas
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Main Lane Speed Study

- Speed Before Speed After Significant
Direction Peak Section (mph) (mph) Difference?

51st — Airport 23.6 32.8 No

Airport — 38 %2 53.3 52.9 No

L, — 32nd : : N

AM 38% -3 55.0 56.3 0

32nd — 26t 56.2 55.8 No

26" — Manor 55.8 57.9 No

Manor — MLK 56.8 58.4 No

Southbound :

515t — Airport 12.6 19.4 No

Airport — 38 12 7.5 11.8 Yes

oM 38 1, — 32nd 7.3 10.8 Yes

32nd — 26t 59 12.0 Yes

26" — Manor 7.8 10.6 No

Manor - MLK 8.0 11.6 Yes

= Texas . ;
/ Transportation UTA
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Frontage Road Speed Study

Speed Before | Speed After Significant
Direction Peak Section (mph) (mph) Difference?
51st— Hancock 26.9 41.3 Yes
Hancock — 38 Y- 8.1 10.9 No
38 1, — 32nd 17.1 20.5 Yes
AM
32nd — Manor 27.8 20.6 Yes*
Manor — MLK 21.3 23.9 No
MLK — 15th 19.5 36.5 Yes
Southbound
51st — Hancock 38.4 38.9 No
Hancock — 38 Y- 5.3 8.3 Yes
PM 38 1, — 32nd 18.9 15.9 No
32nd — Manor 29.9 23.9 Yes*
Manor — MLK 11.2 18.9 No
MLK - 15th 25.5 28.4 No

/ '.'Irﬁéxnas ortation
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Safety Evaluation

Total Non- Minor Major Injury or
Direction Condition Crashes Injury Injury* Fatality
Before
(4/30/00 — 5/1/01) % 24 69 3
Southbound
After 62 27 34 1
(10/2/01 - 9/30/02) | (-35%) (+13%) (-51%) (-67%)

* Includes accidents classified as “possible injury”
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Evaluation Results

Evaluation Outcome

+

+
%)

- @
X{/ Lesson learned: proper implementation produces safety benefits.
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7 'NB IH 35 in Austin

= Bottleneck project on lower level of IH 35
— northbound

= Eliminate 2 entrances
» Reverse single ramp
= Add acceleration lane

= Construction cost = $2,376,137
= Driving force = improved safety
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Main lane Speed Study

Direction Peak Section Speed Speed Significant
Before After Difference?

11t — MLK 53.3 56.1 No

MLK - 26t 57.0 58.0 No

AM 26t — 38 1 60.1 61.4 No

38 ¥ - Airport 59.1 60.4 No

Airport — 515 54.7 50.4 No

Northbound

11t — MLK 23.8 24.2 No

MLK - 26t 32.8 36.4 No

PM 26 — 38 ¥ 36.9 33.5 No

38 Y2 - Airport 37.1 48.3 No

Airport — 51% 34.3 38.0 No

/ '.'Irﬁéxnas ortation
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Direction Peak Section Speed Speed Significant
Before After Difference?
MLK - Manor 26.0 10.5 Yes*
Manor — 32nd 19.6 15.7 No
AM
32nd - 38 1 32.1 35.8 No
38 2 — Hancock 16.6 21.1 No
Northbound MLK — Manor 26.2 12.1 Yes*
Manor — 32nd 19.2 27.5 No
PM 32nd _ 38 30.5 27.0 No
38 % - Hancock 13.3 12.6 No
MLK — 15th 25.5 28.4 No

« Significant delay impacts are noticed in the after data collection due to the installation of a traffic signal

at the Manor interchange along IH 35; these delays are not necessarily related just to the geometric
reconfiguration of the lower level.
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Direction Condition Total Non- Minor Major Injury
Crashes | Injury Injury* or
Fatality
Before
g @000 -51101) o4 13 >0 L
After 37 9 28 0
(10/2/01 - 9/30/02) | (-42%) (-31%) (-44%) (-100%)

* Includes accidents classified as “possible injury”
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Evaluation Results

Evaluation Outcome

«»

+

%,

\//\ Lesson learned: speed and throughput should be considered
" together in evaluating performance.
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| WB US 190 in Killeen

Killeen Mall
|

= Reversed the FM 2410
entrance with the W.S. Young| |
exit ramp

s Construction cost =
$1.169,149

= Driving force = commercial
development & accommodate [{US-3gg\" — ==

b 4

i

Y

P

{5

&/ =
"r- -
| E§

E@H{j

. . N = — ____:::-{?L a—
increased traffic volumes G_h\‘smmk.rz@@aa;ﬁ%%@m
= City of Killeen contributed W.S. Youn
$250,000 > J
= Texas )
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Evaluation Results

Evaluation Outcome

+

+

+

\/Q\ Lesson learned: side of freeway with reversals operates better.
¢
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'SB IH 35E in Denton

s Reversed the southbound State School
entrance with the Loop 288 exit ramp

= Construction cost = $1,242,529

= Driving force = improve access to the
gateway roadway to a large master
planned development

= City of Denton paid for engineering
design services

g Jexas =4
<= Transportation
Institute l’ s
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Aerial Photograph
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Evaluation Results

Evaluation Outcome

+

+

+

\//\ Lesson learned: Close coordination can lead to a project that is
~ positive for all stakeholders.
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10 | NB IH 35E in Dentor

|
Golden Triangle I\/IaII
= Reversed the State School entrance 5
with the Loop 288 exit ramp =5 mt
) |
Construction cost = $1,427,790 mi
] - ; . o | BACE (€
= Driving force = commercial [ g A Bﬁ.—D Swe [
development & relieve congestion at L L Yl F Q :
Loop 288 intersection .
= City of Denton paid for engineering u Sf e L8
design services W\ K g

Graphic from simon.com — Leasing Fact Sheet

\
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Evaluation Results

Evaluation Outcome




10 ' Lesson Learned

// @
\J/\ Lesson learned: consideration of frontage road capacity is
= Important — particularly if the cross section is only 2 lanes.
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11 | NB IH 35E in Lewisville

s Reversed the northbound Fox Avenue
entrance with the FM 1171 exit ramp

= Added auxiliary lane on frontage road

= Construction cost = $1,012.826

= Driving force = improve safety — eliminate
frequent queue spillback problem

/%ﬁsps ortati g T
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11 | Aerial Photograph
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Evaluation Results

Evaluation Outcome

+

+

+

\//\ Lesson learned: safety and response time of emergency vehicles
" & access to emergency medical facilities are important to consider.

= Texas
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EB US 190 in Harker

s Reversed the FM 3470
entrance with the FM 2410
exit ramp

s Construction cost = $986,747 |

= Driving force = improve
access to a new Wal-Mart
Supercenter

= Joint funding effort

Photo from Flickr.com (public)
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Evaluation Results

Evaluation Outcome

+

+

+

\//\ Lesson learned: Agreements to share funding can help accelerate
= project implementation.

= Texas
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US 83 In Abilene

= X-ramp corridor project

= Main lanes widened from 4 to 6 lanes

= Frontage road capacity unchanged — 2 lanes
= Construction cost = $20,000,000

= Driving force = improve traffic flow and
access to businesses

e =t T
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Negative Publicity

= Local newspaper headlines:
= Freeway mess
= Freeway ramps confuse drivers
= Engineers work to fix signal timing
= Tough exits

= Anecdotally
= Main lane volumes & congestion decreased
» Frontage road volumes & congestion increased

/_-,‘-':eras ot -

ransportation
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Evaluation Results

Evaluation Outcome

«»

%,

+

&//\ Lesson learned: X-ramp corridor projects cause substantial shifts
In volumes on the frontage road and this needs to be planned for.

= Texas
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14 US 83 In Pharr

= X-ramp corridor project
= Main lanes widened from 4 to 6 lanes
= Conway Avenue to Sugar Road

= Construction cost = $36,600,000

= Driving force = rapid growth and
projected decrease in traffic operations

e o

ransportation T

A nstitute IET‘:‘:’r U A
of?r:l:ns:;mrmrmn

85



AN

_ " r
Pointeri32°24:34°84% N| 99°46:18.57° W elay

P —
A |nstitute




1 The net present cost of delay during the peak hours (AM + PM) over 20 years, assuming

Operatlonal Benefits

Net Present Cost Due to

Corridor Delay, $Millions' Net Benefits
Component Existing Proposed $Millions
Geometrics | Improvements
Freeway main 38.8 1.3 37.5
lanes
Cross-street 142.3 25.9 116.4
Interchanges
Frontage roads 0.2 4.1 -3.9
TOTAL $181.3 $31.3 $150.0

a discount rate of 4%, 250 working days per year, and a value of time of 10.78 per veh.-hr.

Transportation
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Evaluation Results

Evaluation Outcome

+

%,
%,

&//\ Lesson learned: X-ramp corridor projects can produce significant
operational benefits compared to diamond or hybrid configurations.

= Texas
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SH 258 in Corpus Christi

Five most dangerous '

= SH 258 is South Padre Island Dr.
= X-ramp corridor project e

. . . = | =
= Main lanes will be widened from 4 | = b

" and SPID
to 6 lanes in phases ; W 68
= Project limits: SH 286 Crosstown | ;. supiesasiseo.......45
Expressway to Airline Drive i-:.';;:":;i::“---"--iﬁ
- . 5. Ayers and SPID... 34
= Driving force = safety issues and | smm setics
to improve traffiC Operations Graphic from Corpus Christi Caller-Times
= Texas g
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Ramp reversal

Engineers have suggested reversing the entrance and exit ramps to
give drivers more time for merging and crossing traffic.

Currently

Cars exiting SPID must cross
all lanes of the access road
in & shor distance to tum
nght on to Everhart Road,

With ramp reversal:

Cars exiting SPID for Staples
Sireel do so shortly after
Everhart Road giving them
a greater distance to move
into the rght-hand lane of ihe
ACCAss road.

=]

'i Exit ramp
fior Slaples
To Staples

= Effective promotion:
= Newsletters
= Press releases
= Presentations

= Outreach to local e bEl || E
businesses LR :

= Local media coverage /"

- -,
...u-/'"""‘;";
- =

Sourca: Capt. Wayne Tesdale, CCPD Aahbary Raam/Caled-Timos
/ ]]_"EIES " g Graphic from Corpus Christi Caller-Times
ransportation
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Evaluation Results

Evaluation Outcome

+

+

%,

\//\ Lesson learned: Thorough evaluation & well-planned public education
% can lead to project implementation even in complex corridors.
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MODULE 6
PROJECT EVALUATION

o
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Project Evaluation Process

Evaluation criteria

Data collection activities

Traffic analysis tools for project evaluation
Evaluation framework

Decision flowchart
= Cost-effectiveness procedure for ramp reversals
= Warrants for grade separated ramps

= Texas
- = UTA
Al [nstitute l T

Xl
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. Evaluation Criteria

w = [raffic volumes

= Ramp spacing
= Weaving

= Capacity/LOS

= Interchange type

= Cross-street operation N HIGHWAY
CAPACITY

= Auxiliary lanes MANUAL

s Access

= Queuing

/ Fr%ﬁ:asspﬂmﬁun
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| Data Collection Activities

“ = Traffic volumes r

= [ravel times
= Queue lengths

. : \ 7 ITpa\e .
= Physical inventory Time Data

Collection
/Handbooks!

— e S TR L g
- o _— -
n exit ram . :
s i Photo Courtesy#T Texas TraniSSoRtate _
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A Institute lm
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. Traffic Analysis Tools
-

= Model selection
= FHWA Toolbox
= Microscopic
models
=« CORSIM
= VISSIM

Queue Spillback on

S VB IH 635 main lanes

/ Jrr%ﬁzasspamﬁun
A [nstitute l" o
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Project Evaluation Framework

-

= Define purpose and need
= Collect data
= Select analysis tool(s) n
= Perform analysis
= Assess viabillity

= Joxas rati =
A Transpwtatmn
Institute l” Texas
P T
af Transportation
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. Decision Flowchart — Part |

L Reversal, X-ramp or Braided
Ramp?
Freeway data Frontage road data Main lane data
Total volume Volume Volume
Weaving volumes Weaving Vehicle mix
# of lanes # of lanes Ramp spacing
Vehicle mix Type of operation
Speed

Property access
Location to access

v

L ation =
B nstiite l U IA
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. Decision Flowchart — Part |l

Are there
operational
concerns with exit
ramp separation
from the cross-
street? Does it
meet guidelines?

Are there weaving
problems on the frontage
road or main lanes? Does

ramp terming spacing
meet guidelines?

Are there safety or
property access
concerns that need to
be addressed?

/ '.'Ir%xnas ortation
A .'nsﬁrsfre

Toxas
Departmont
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. Decision Flowchart — Part Il

-
Would the reversal of a single Would the reversal of a multiple
ramp provide operational or ramp pairs provide operational or
safety benefits? safety benefits?

Perform alternatives analysis

A 4
Use cost-effectiveness
evaluation procedure

= Texas
L ation o
A [nstitute l Toxas 101
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. Evaluation Procedures
‘# L e /] o

K-Factor 1 1

= Ramp reversal 5 == L2 | £E/
. | | |
= TTl research project S e —

210-12F e | | EE

Pm-corstmction duly Prst-construchion
* for potentially daily coet for o

= Cost-effectiveness
= Flowchart

/ Tonsportation T
AN Insﬁ?ﬁre l Toxas U A 102
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. Evaluation Procedures

“- Grade-separated (i.e., braided) ramps

= T Tl research project 376

= \Warrants based on volume and crash rate
th reS h O I d S Photo Courtesy of texasfreeways.com

= 1,600 vph

=T
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|
‘# MODULE 7

GUIDELINES FOR
SUCCESSFUL
IMPLEMENTATION
OF RAMP REVERSAL
AND X-RAMP PROJECTS

.- Institute l Texars U I A
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. Guidelines Development

-

= Guidelines should be:
= Clear
= Concise
= Practical

o UTA
(7] Toxas
Department

I\h
|
°3
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. Guidelines Synergy

o

Ramp modifications

Access management

L ation - T
B notiite r U A

CXTS
Departmont
of Transportation
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. Access Management Themes

Improve Safety Provide Reasonable  Promote Local

and Mobility Access to Government
Developments Partnerships

Graphic from Report No. 0-4141-P3, Texas Transportation Institute

= Texas
Al nstitute l Texas 107

Xl
Departmont
of Transportation



Guldelines Framework

|
‘H = D categories (based on 5Es of SR2S)
= Educational

= Encouragement

= Engineering

= Enforcement

= Evaluation

/ ]Igjas ortation
za i UTA .



[‘23,9 Guideline 1: Educational

1l

= Use the local media, department
resources and other innovative
techniques to promote projects:
= prior to construction
= during construction
= after completion
= following evaluation

= Texas
Al [nstitute A 109
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[:9,9 Prior to Construction
i

UNIVERSITY OF TEXAS AT ARLINGTON

THE SHORTHORN

www.theshorthorn.com (_) ff[i:” (’

PAGE ONE

NEWS NEWS | OCT. 17

EP“H]S Arlington

City aims to reduce traffic
The 57 million project hopes to reduce congestion in the I-20 and 5South Cooper
Street corridor.

/ '.'Irﬁéxnas ortation
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|§9 During Construction

; L:te onling home of the City of Arlington TX

Information | City Govermment | Departments A-G | Departments H-Z | Economic Development | Col

Home = Press Releases > Weekly News = Archives > October 2001 == Article 02

IdRrESs RELEASES @i‘fﬁ’?
news archives %ﬁb

City Celebrates Progress of $7 Million Ramp Reversal Project at Interstate 20
Officials Say Cooperative Project is Six Months Ahead of Schedule

by Cheryel Carpenter
October 12, 2001

opRKS MALL —
- e = =
>y 3 “”'Jj
— b\

C—=—=-COOPER STREET

- e

NEW CONSTRUCTION

H-20 RAMPS
COOPER STREET

CITY OF ARLINGTON
DEPARTMENT OF TRANSPORTATION

DRAWN BY: CURTIS SANDERS

g

Texas
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~ 4

E’p Following Evaluation

o

Fort Worth Star-Telegram

Accidents up on improved IH 20 frontage road

Crash Frequency

30
25
20
15
10

#df Qades

TTI Analysis

Crash rate actually significantly reduced

Before After

Crash Rate

3.5

2.5

1.5

Rete per 100MWV
N

0.5

Before After

/ Fr%ﬁ:asspﬂmﬁun
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[‘23,9 Guideline 2: Educational

= Develop fact sheets, brochures,
newsletters or other media to educate
the public and stakeholders of the
proposed project.

as )
ortation

.\IL
:%
@
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[:9,9 Online Fact Sheet

Expressway

ools | Links | What's New | Help
SH & (Earl Rudder Freeway) Ramp [ Frontage Road Improvements - From Greens Prairie Road to FM 158

Brazos County

The Bryan District is currently developing a project to improve traffic
flowy weithin the SH 6 carridor. The improvements will include
adjustment or addition of access ramps, conversion ofthe frontage
roads to one-way aperation and construction of additional turn-
around interchanges. Public meetings wera heldto assistin
determining the prefarred improvemeants.

Mo new right-ofway acquisition is regquired for this project.

Caonstruction is anticipated to bhegin in 2006,

Additional information about this project can be obtained hy
contacting: StﬂtiDl’l
hr. Karl Melson, F.E.
Bryan Area Engineer

Phone: 979-778-6233
Fan 078-778-1375
E-mail: knelson@dot. state b us

Bryan Area Office
2102 Tahor Road - In Bryan

Back to Brazos County project list

ST e T Graphic from TxDOT website — www.dot.state.tx.us

Departmont
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E’p Newsletter

Good job of
highlighting

project goals

SH 358

South Padre Island Drive

Toras
Department

of Transportation
Carpus Chrigti Districr

Safety Improvement and Congestion

Management Project

Project Description

Tha Tesss Deparemars of Trensperssmen (TaDOT)
PrEponifyg umprr-aments 1 fiar ass of Seave Maghess
[8H) B0, alee kmewn as Beuth Pedre lilsnd Dnee
IEFD), esnanding frem Keoweys Feed petennaly w lids
2rve Hevarsl apprenihei are bang tonasiered outh a4
FECRRiIRY R . PRI SEEE e ST
rerarkang s m’lﬂfl i sl dung pussinrr _F‘lmn Tha

wad g weald | Lmpreee L AR
-*Iuﬂ- and sddrasd GRAERINER RlEmg . whaak
wnrras mars el then any sther rend in e
Corpun Chman arse. TuDOT rensprases vsr " oe
WS URAIPEFIAEEN TSRRAATIS 14 SR wl the wrea's

ARSI enery sl wRRE vy
wmarses, the publs end lzenl effisials sy in ke
PROGELT PLARARINE.

Background & Project Histary

Tha purrent “diamend” mrhnpmmmmlﬂmm'ilmrmmmnﬂiumdm s
ddlsrant nppranch " ramp’ dangn hes becoma the modern eesdard snoarban Tasss. As che SFID pmd stk cids nren
EL T mare 157l i and davalsgsd, the resdwsy has ecoma mors comgamnad Ovar rha yerrs, speransmal
umprsvEmAene: have hu—.iilllhﬁ'unql ready :l_.l.-.‘_“.ll. and sgmabransm, bar eafary problams mmd
Fangaamon have o . Tha C = end E Fra) -_hqﬁ.-m;m:u,ﬁ‘uulh-u\lll
BH 3%E, bwi in swean te sen pears @ w F\i.i.l.ruﬂ.l&.l.lﬁ.- baread of wmi

TxDOT suicsd Tamar Tramrperoacen lnomroas (T o anelrs sccdence slong ths sorrdar, ke oopreesmant appronshss,
lni.lh.u:hll..l.i.'r.t.hm,mwdﬁﬁm“ﬁjl!ﬂuu’ﬂ-l.h‘ﬂrpllmlﬂﬂ‘ﬂ.uiﬂu:urrul
Chreel Ciry Council They nosad that 0 of cha nop 1] accidenry case m the ooy wars alang dher commdar. The maser asssdans
citas wers betwsan tha sct rempe and ihe mcartesnonc sxcept in tha Bh-#.l.l ts Aorlmae nres, whars 2 dgrficant namkar
of nrcdanse wars ssowreing naar otk gt | ¥ d e cont of vhass accidaser o £33 4 milbicom,
'ﬂmﬁﬂr]:.lr]u'[:ﬂ"]mhm}ch* TxD3T sngaged Tumaer Collis axd Fraden (TCH) and Obwarn &
Ax 1 w davulop = prs Flan

Project Goals

Improve Operations § Improve Safety B Address Congestion
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E’p Guideline 3 - Educational

= Develop educational and promotional
messages consistent with the three
access management themes.
= Improve safety and mobility

= Provide reasonable access to
developments

= Promote local government partnerships

e o

ransportation T
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% Guideline 4 - Encouragement
o
= Encourage funding
contributions from local
government entities and

private developers to offset
project implementation costs.

= Texas
Al [nstitute IE Texas 117



% US 190 in Harker Heights

r

$350,000

$242,000

$350,000
O TxDOT B Harker Heights O Wal-Mart

it = UTA
Lo 118
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@ Guideline 5 - Encouragement

entities an Iness owners to

- consider access revisions of
frB‘Mage road drlveways as part of
the ramp modification project.

"'ﬂ..,h-

.
-,

-

-

/: '.lrrg:aspwtas tion
A |nstitute UTA 119




Driveway Closure/Consolidation
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- Guideline 6 -

= Provide adequate
storage to prevent
vehicles from
stacking onto the
main lanes.

Engineering

Exit Ramp
Gore Area

Photo Courtesy-of Innovative Transportation Solutions, Inc. - Dallas

/ Fr%ﬁ:asspﬂmﬁun
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= Queue spillback from

occurrence in urban
areas, particularly at
locations where
Inadequate storage is
available.

exit ramps is a common |2 &

Exit ramp
Photo Courtesy of NCTCOG

spillback
= Texas
Al [nstitute Depatent 122
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Map = -

==/ q11-yehicle accident
B Time: About 8 a.m. today

W Vehicles involved: 11

B What happened: A weastbound truck
sideswipes and weaves by cars before
! pinning one car to a left guardrail; fire erupts
, t_ .. B Casualties: One killed and 12 injured
Makakilo -
Dirive Cff-ramp
[ H-1 Freeway — .
I
Makakil F £
Pt / N Accident site
i
Star-Bulletin

Graphic from Honolulu Star-Bulletin Article

= Texas
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Roadway Design Manual

Side Streets, or Cross Streets

H Table 3-16: Desirable Space Between Exit Ramps and Driveways,

Spacing
R + ooy | Driveway or Side (t [m))
woh) Street Volume (vph) Number of Weaving Lanes
2 3 4

<2500 <250 460 [140] 460 [140] 560 [170]
; >250 520 [160] 460 [140] 560 [170]
- >750 790 [240] 460 [140] 560 [170]
- >1000 1000 [300] 460 [140] 560 [170]
>2500 <250 920 [280] 460 [140] 560 [170]
; >250 950 [290] 460 [140] 560 [170]
. >750 1000 [300] 600 [180] 690 [210]
. >1000 1000 [300] | 1000 [300] | 1000 [300]

/ '.'Irﬁéxnas ortation
A .fnsﬁrsﬁre
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Guideline 7 - Engineering

= Provide adequate distance between
successive ramps to facilitate safety
and mobillity.

EMTRANCE-ENTRANCE , T ENTRAMCE-EXIT
= . i = i e |
-~ P . f,r"" ,;;F Py .
L L
- .- - _\!-\- L —q'—-- - =
N . x"{;-m
A"
L L

= Texas
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way Design Manual

Minimum weaving length without auxiliory lane 2000 ft [600 m)
Minimum weaving length with aux!liary lane 1500 f+ [450 m]

| MTnimum contral peints B-B |

1 Desirable control points A-A | ’

ENTRANCE RAMP FOLLOWED BY EXIT RAMP

Minimum distance 1000 f+ [300 m]

‘hhh“‘-_hﬁ__‘_____

EXIT RAMP FOLLOWED BY EXIT RAMP
EXIT RAMP FCLLOWED BY ENTRANCE RAMP

ENTRANCE RAMF FOLLOWED BY ENTRANCE RAMP
This situation will be encountered lgflg;zaaggeogegﬁifgngg E:&; :?T?
cnly on infrequent cccasions and be governed by fha geometrics of
§2e3{EéddesiganT?a:gngIWIlé E?re the connections to the adjacent
a : ¥y req roodway or cornecting roodway.

an gdded freeway lane.
The distances shown above are generally used but reference should be made to
the AASHTO publication "A Folicy on Geometric Design of Highways ond Streets'
and the Highway Capacity Manual for more specific information since operationol
aspects are influenced by traffic velumes and may require longer distances.

ARRANGEMENTS FOR SUCCESSIVE RAMPS

Graphic from TxDOT Roadway Design Manual, October 2005 (Figure 3-37)

= Texas
A nstitute l Texs 126
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Case 1: EN-EX

 Minimum weaving length without auxiliary lane 2,000 ft
 Minimum weaving length with auxiliary lane 1,500 ft

Minimum control points B-B

y 3
\ 4

Desirable control points A-A

y 3
\

!

/ Tonsportation T
AN .fnsmsﬁre l Touze U A 127
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Case 2: EX-EX

Minimum distance of 1,000 ft

S S

/ '.'Irﬁéxnas ortation
A .fnsﬁrsﬁre
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Case 3: EN-EN

-

H This situation will be encountered only on infrequent
occasions and special design treatment will be
required. It will usually require an added freeway lane.

1,000 ft

- e

!

/ Jrrﬁéxnas ortation
AN .fnsﬁrsﬁre 24 -
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Case 4: EX-EN

The distance between an exit ramp followed by an
entrance ramp will be governed by the geometrics of
the connections to the adjacent roadway or
connecting roadway.

800 ft

»

<

— < - —

\

/ Tonsportation T
P nstiite I’ Tow U A 130
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Guideline 8 - Engineering

-

-*onsider the use of braided ramps when
economic, geometric and traffic flow
conditions are favorable.

Grade-separated ramps should Koo
be considered when the volume [~ = "= = 8
of the entrance and exitramp | > Bty
pair exceeds 1,600 vphpl.

/ '.'Irﬁéxnas ortation
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. Aerial View of Braided Ramps

o A\

& "'""Coog.lfi"i

Eyepalth 19101t

ainter
= Texas
<= Tran tion
/- Institute

UTA 132



%

. Guideline 9 - Engineering

‘j Provide auxiliary lanes to mitigate merging
Impacts and provide operational continuity
at strategic locations.

-
-,
o 1
=
. i Lo B 1
.
|
B

0 Courtesy of Texas Transportation Institute
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. Guideline 10 - Engineering

= Provide adequate capacity on the
frontage road to service anticipated
traffic demands.

P —
A |nstitute
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Frontage Road Operatlonal

i ﬁ
Evaluation
: LEGEND
f o XXXX FREEWAY LEVEL OF SERVICES
/ 6 SomLizes msoron
o LEVEL OF SERVICE
= Level-of-service procedures =1 e g

Graphic from Jacobs Civil, Inc - Dallas

= Not required in Interstate Access
Justification report, but should be

= Avoid problems and public backlash

= Particularly important if the frontage
road is two lanes

/ '.'Irﬁéxnas ortation
A .fnsﬂrsﬁre
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. Guideline 11 - Engineering

E

= Adjust signalized intersection operations to
account for traffic pattern changes caused
by the ramp modifications.

._,_- Y g, ¥ ) &
i 5l LS e — T
R e | EEmEa
Famm it o : . Ry .
y Fam= X : Giene—| | =
&= =T

Photo Courtesy of-Fexas Transportation Institute
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%

. Guideline 12 - Engineering

= Develop construction staging and traffic
control plans to minimize the negative
impacts of the ramp modlflcatlon
project. -

P —
A |nstitute
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%

. Guideline 13 - Engineering

w = Consider changes to frontage road
driveway access to promote safe and
efficient operations with the revised
ramp locations. |

P —
A |nstitute
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Access Control @ Exit Ramps

Intersection of tné My
Roadway Surface ATaraaas ion

s [uf Travel Lones 0
Y

Frontage Rood l

. Y ==
Control of / L !

occess |ine

-

Varioble EFng] vnrimlaa)@

Access denied where proctical

Driveway or
Side street

@ For exit ramp to driveway, side street,
or cross street spocings, See Toble 3-16.

@ﬂh&n the 250 f+ (75 m] seporotion distonce cannot
be cbtained, considerotion should be given to
chonnal i zotion methods thot would restrict occess 1o
driveways within +the 250 f+ [T5 m] separation distance.
WOTE: THIS SHEET 1S MOT INTEWDED TO SHOW CHANNEL [ZATIOW,

STRIPFING, OR PAVEMEMT MARK ING DETAILS.
REFER TO THE TENAS WUTCD.

Graphic from TxDOT Roadway Design Manual, October 2005 (Figure 3-13)
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Access Control @ Entrances

| Intersection of

Intersection Roadway Surfoce
of Trovel Lones \

Hl

\ ___..-;"f 1l

sccess Jenled

Frontoge
Road
TN ¢
I NE ..\
Control
- 200 fr 100 f* of occess
34 (60 m) 130 m) line
[F] ol Ol | & desirat e Yor lable
e - = = e
=
o
Ea 3O f+ (90 m] oeslroDie
W
ow

Accass denled where procticol

(D When the 100 f+ [30 m] seporation distonce connot
be obtained, consigeration should be given to
mli:uilm_mim thot would r'l-l‘l'ril:‘r.l:lcl:l?l to
driveways within tHhe 100 f+ (30 m] seporotion distonce.

MOTE? THIS SHELT 15 MOT INTENDED TO SHOW CHAMSEL [TAT 10N,
ETRIFING, Of PAvEMENT WABRE[MG DETAILS.
REFER TO THE TEXAS WUTCD.

Graphic from TxDOT Roadway Design Manual, October 2005 (Figure 3-14)

= Texas
P - —

.- .'ﬂS ﬁfﬂ te Toxas

UTA 140

Department
of Transportation



Guideline 14 - Engineering

‘H = Account for the impacts of revised
ramp configuration on access to
hospitals and other emergency medical
facilities.

I\h
53
233
.

tion
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Guideline 15 - Engineering

= Make necessary revisions to guide and
wayfinding signing so that motorists
can react properly to the ramp
modification project.
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" Guideline 16 - Engineering

= Ramp reversals should be considered
when frontage roads are being converted
from two-way to one-way operation.
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3 Guideline 17 - Enforcement

-

# = Coordinate with law
enforcement officials
for speed enforcement
on frontage roads
following ramp
modifications.

Photo Courtesy Flickr.com (public)
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3 Guideline 18 - Enforcement

‘

H = Utilize speed trailers or other speed
mitigation techniques to supplement
enforcement efforts.
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s Utilize traffic simulation
models to evaluate and
justify complex
projects.
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Guideline 20 - Evaluation

-
‘ = For interstate projects, follow the
requirements contained in Section 4
Additional Access to the Interstate




-

‘ = |f evaluation studies are
performed prior to
project implementation,
consider the operational
iImpacts (capacity and
level-of-service) on both
the freeway main lanes
and frontage road
facilities.

Guideline 21 - Evaluation
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!'_ WRAP-UP

How to implement a successful ramp
reversal, braided ramp or X-ramp
corridor project
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When to Consider Reversed
. and X-ramp Implementation

-

6 scenarios:

= Locations where a significant level of existing or planned
development is located along the frontage road.

= New construction of a freeway corridor in an urban or suburban
setting.

= An existing freeway corridor is undergoing complete reconstruction.

= A lack of adequate spacing between the exit ramp and cross street

exists that routinely causes exiting queues to back up onto the
freeway main lanes.

= During conversion of frontage roads from two-way to one-way
operations.

= When an evaluation study shows that ramp modifications will
significant improve the overall operational performance and produce
a benefit-cost ratio greater than 1.0.
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. Parting Message
o
= Overall, case studies show that the
operational, safety and basic economic
impacts of ramp modification projects
are primarily positive in nature. Further
implementation of this type of project is
strongly recommended using the

guidance developed in the 5105
research.

—
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. Questions?

o

0-5105 Project Summary Report is Online at:

ftp://ftp.dot.state.tx.us/pub/txdot-info/rti/psr/5105.pdf
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