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CLASS OBJECTIVES




GEOMETRIC DESIGN

What is Geometric Design?

= Physical Elements of Design

= Horizontal and Vertical Curves

= Grades

= Cross-Sectional Elements

= Cross-Slope and Superelevation

= Sight Distance

= |ntersection and Interchange Design
= General Layout of the Roadway



FUNCTIONAL CLASS

AASHTO

= Provides Definitions for Various Functional Classes of
Highways
= Design Criteria Vary According to the Type of Highway
Facility

= Freeways

= Arterials

= Collectors

= |_ocal Roads

= NHS/Non-NHS
= National Truck Network




DESIGN VEHICLES

= Physical Characteristics

= Operating Characteristics

= Classes

= Passenger Car
= Buses

= Trucks (WB-50, WB-62, WB-67)
= Recreational \Vehicles

= Bicycles
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IMPORTANT PRACTICES

Make Field Visits to Existing Locations

Get Old Plans and Look at Them

Obtain Traffic Volumes & Review Safety
Keep Your Design Documents Up to Date

Get to Know Your Geometrics Area Engineer



REFERENCES

SIGHT DISTANCE GUIDELINES
MDOT &VIDOT
Michigan Department of Transpartation
-
R According to tha 2004 AASHTO, 2005 MMUTCD, and
m Oad DeS | g N M ant Ial crormoto et sna e o
EEEEEEEEEE
- - GEOMETRICS AND CPERATIONS UNIT
RAFFIC AND SAFETY
= Bridge Design Manual
e e

= Bridge Design Guides

= Standard Plans

= Geometric Design Guides

= Sight Distance Guidelines

= Roundabout Design Aid

= T&S Geometric Design Guidance
= DDI Guide



REFERENCES

AASHTO

= Guide for the Development of Bicycle Facilities
= A Policy on Design Standards — Interstate
System
= A Policy on Geometric Design
of Highways & Streets
= Roadside Design Guide



DEFINITION OF TERMS

Acceleration Lane — An auxiliary lane, including
tapers, for the acceleration of vehicles entering
another roadway.

Arterial Road — A roadway which provides a high
speed, high volume, network for travel between
major points.

Average Daily Traffic (ADT) — The average 24 hour
traffic volume, based on a yearly total.

Broken Back Curve — Two curves in the same
direction joined by a short tangent distance.

Collector Road — Roadway linking a local road to an
arterial road, usually serving moderate traffic
volumes.



DEFINITION OF TERMS

= Compound Curve — Two connecting horizontal
curves In the same direction having different radii (no
tangent).

= Crash Analysis — A site specific safety review of
crash data performed to identify whether or not a
specific geometric design element has either caused,
or contributed, to a pattern or concentration of crashes
at the location in question. The analysis Is a critical
component used in determining the appropriate
application of geometric design criteria and in the
evaluation of design exception approval requests.



DEFINITION OF TERMS

Critical Grade — The grade and length that causes a
typical truck or other heavy vehicle to have a speed
reduction of 10 mph or greater.

Cross Slope — Transverse slope i i _M
rate of traveled lane or shoulder. | rlo: = ——u "

Crown Runoff (also called Tangent Runout) — The
distance necessary to remove adverse crown before
transitioning into superelevation on curves. (Referred
to as “C” distance in Standard Plan R-107 Series.)

Deceleration Lane — An auxiliary lane that enables a
vehicle to slow down and exit the highway with
minimum Interference from through traffic.




DEFINITION OF TERMS

Design Hour Volume (DHV) — The hourly volume
used to design a particular segment of highway.

Design Speed — A selected speed used to determine
the various geometric design features of the roadway.

Directional Design Hour Volume (DDHV) — The
directional distribution of traffic during DHV

Free Access Highway — A highway, with no control
of access, usually having at grade intersections, which
may or may not be divided.

Freeway — A divided arterial highway with full
control of access and grade separations at
Intersections. (Limited Access).



DEFINITION OF TERMS

= Gore Area — The “V” area immediately beyond
the divergence of two roadways bounded by the
edges of those roadways. (2’ to 22’ points.)

= Grade Separation — A
structure which provides for
highway traffic to pass over
or under another highway or
the tracks of a railway.

= Horizontal Clearance — An operational offset which
provides vehicle clearance for things such as mirrors
on trucks and buses, and for opening curbside doors
of %a;ked vehicles. (1 6” minimum from face of
curb.




DEFINITION OF TERMS

= |nterchange — A system of interconnecting roadways
In conjunction with grade separations providing for
the interchange of traffic between two or more
Intersecting roadways.

= Level of Service — A gualitative measure describing
operational conditions within a traffic stream;
generally described in terms of such factors as speed
and travel time, freedom to maneuver, traffic
Interruptions, comfort and convenience, and safety.
Levels of service are given letter designations from A
to F, with LOS A representing the best operating
conditions and LOS F the worst.



DEFINITION OF TERMS

= Local Road -A
road which serves
orimarily to
Drovide access to
farms, residences,
HUSINESSeS or other
abutting properties.

= Passing Lane Section (PLS) — Extra lane(s) to
orovide additional capacity and reduce delay caused
oy slow moving vehicles, such as recreational
vehicles, during peak periods. These are often
desirable in areas where slower vehicles are not
necessarily the result of long steep grades.




DEFINITION OF TERMS

= Passing Relief Lane (PRL) — Common all-inclusive
reference to a traffic lane provided for increased
passing opportunities along a route, can be a Truck
Climbing Lane (TCL) or a Passing Lane Section
(PLS).

= Ramp - A connecting roadway between two
Intersecting roadways, usually at grade separations.

= Reverse Curve — Horizontal curves in the opposite
direction joined by a short tangent distance or
common point.



DEFINITION OF TERMS

= Rollover — Algebraic difference in rate of cross slope
between traveled lane and shoulder.

= Service Road (also Frontage Road) — A local street or
road usually parallel and adjacent to a controlled access
highway for service to abutting properties.

= Sight Distance — The unobstructed distance that can be
viewed along a roadway — usually referenced to
decision points for drivers.




DEFINITION OF TERMS

= Spiral Curve Transition — A variable radii curve
between a circular curve and the tangent. The radii of
the transition and the curve are the same at the curve
and increase to infinity at the tangent end of the
transition.

= Superelevation — Tilting of the road surface on
curves to help counter balance or offset the perceived
“centrifugal force” on the vehicle.
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DEFINITION OF TERMS

= Superelevation Transition (sometimes referred to
as superelevation runoff) - The length of highway
needed to change the pavement cross slope from a
section with adverse crown removed to a fully
superelevated section or vice versa. (Referred to as
the “L” distance in Standard Plan R-107 Series.)

= Truck Climbing Lane (TCL) — An extra lane for
heavy vehicles slowed by the presence of a long steep
“critical grade” that provides passing opportunities
for non-slowed vehicles.









4R PROJECTS

NEW CONSTRUCTION
AND
RECONSTRUCTION




EXAMPLES OF 4R WORK

New Roadways or Bridges

Complete Removal and Replacement
of Pavement (Including Subbase)

Major Alignment Improvements

Addition of Thru Lanes

Complete Bridge Deck or
Superstructure Replacement



EXAMPLES OF 4R WORK

Intermittent Grade
Modifications that
|_eave the Existing
Pavement in Service
for Less than 50%
of the Total Project Length




3R PROJECTS

RESURFACING
RESTORATION
REHABILITATION

Code of Federal Regulations 23 CFR

“...work undertaken to extend the service life of an
existing highway and enhance highway safety.”




EXAMPLES OF SR WORK

Resurfacing, Milling, or Profiling
Concrete Overlays and Inlays
LLane or Shoulder Widening (No Added Thru Lane)
Roadway Base Corrections
Minor Alignment Improvements

Roadside Safety Improvements




EXAMPLES OF SR WORK

Signing, Pavement Markings, and Traffic Signals
Intersection and Railroad Crossing Upgrades
Pavement Joint Repalir
Passing Relief Lanes
Crush & Shape and Resurfacing

Rubblize and Resurfacing



EXAMPLES OF SR WORK

Intermittent Grade Modifications that
Leave the Existing Pavement in Service for
More than 50% of the Total Project Length

Bridge 3R Work is Defined in Chapter 12 of the
MDOT...




EXAMPLES OF SR WORK

Deep or Shallow Overlays
Superstructure Repairs

Railing Replacements

Partial Deck or Superstructure Replacement
Deck Widening (No Added Through Lanes)

Substructure Repair or Replacement



COMBINED 3R & 4R PROJECTS

RDM Section 3.08.01C

3R Standards Apply Where 3R Work is Performed

4R Standards Apply Where 4R Work is Performed

Note: The Applicable Standards Apply
Where Other Work Types are Performed

(CPM, M-Funded, Signal & Signing Corridor Projects, Etc.)



4R ROAD GUIDELINES

Non-Freeway Reconstruction/New Construction

RDM 3.10 & RDM Appendix 3A

3R/4R Freeway Projects

RDM 3.11 & RDM Appendix 3A

Design Criteria for Interstate Freeways Based on
“A Policy on Design Standards — Interstate System”

Non-Interstate Freeways Based on
“AASHTO Green Book”















3R/4AR GUIDELINES

Freeway Safety Considerations (3.11.03)

Design Speed

Ramp Geometrics and Taper Lengths
Vertical Curbs
Sight Distance

Crown Location/Pavement Cross Slope



3R/4AR GUIDELINES

Safety Considerations (3.11.03)

Superelevation

Guardrail
and
Concrete Barrier

Attenuation

Shoulder and Slopes



3R/4AR GUIDELINES

Safety Considerations (3.11.03)

Clear Zones
&
Fixed Objects

Culvert End
Treatments




4R BRIDGE GUIDELINES

MDOT Bridge Design Guides
Cover Most Design Elements for Most 4R Work

MDOT Bridge Design Manual — Chapter 7
Deck Replacements and Underclearance Requirements




BRIDGE DESIGN GUIDE

(BDG 6.05.01A)

DRAWN BY: BLT

MICHIGAN DEPARTMENT OF TRANSPORTATION SSLUED 2 /16419
BUREAL OF DEVELOPMENT 15SUED 1“}} _l:
SUPERSEDES:01/28/19

CHECKED BY: W&
APPROVED BY: BMW

BRIDGE CROSS SECTIONS
MEW CONSTRUCTIDN/RECONSTRUCTION

, SHOULDER + 2 , ? DR MORE 12° 1" LAKES . SHOULDER + 2° \
£ ‘ * I
II
-2 - 2% [
2 OR MORE LAMES TWO-WAY
I 1440 (NON FREEWAY ) 14°210° (FREENAYS !
\ -FEEE»!'“.-1 12° 0 . 12' 0" SHOULOER + 2 {OTHERS),
B'=0" *
\ { OTHERS } i
I _e= 2% /
2 LAMES ONE-WAY DIVIDED ROADWAY |
LEFT RIGHT
 SHOULDER + 2° 3 OR WORE 12°-0° LAMES | SHOULDER + 2'
£ 3 *
-
|
L2t =
3 OR MORE LANES OME-WAY DIVIDED ROADWAY
LEFT —B 0" 12 LANES) AIGHT
/ SHOULDER + 2' {3 DR MORE LANES)
j' . AlE.LANE TRAFF[C LAKES ALK, LAWE,  SHOULDER + 2°
M nx e I:'
1
\ 2% 2% I
AUXILIARY LANES - DIVIDED ROADWAY
LEFT RIGHT
NOTES: xs %_IITENET']IM]STaH lIL"EInH'l[ETE 'r";]niu_ﬁl* EI:HE THEN
. R QIRED. & AN OULGER WIDTH ALOMG REWP.
IF A PEDESTRIAN FACILLTY 1% RECULRED. SEE e e B Y o 1A Rk SHOULDER

GUIDE £.05.02.
= SEE

MAKLUAL APFENDLX 34 FOR FREEWAY
AND RANE A:‘PF J\tH SHOLLDER MININLMG.  MAX [NUM
«.H‘IILI‘IEH WIDTH [5 12" OW ALL STRUCTURES. EXCEPT
o HON FREE

I5 OW STRUCTURE ADD 2° TO SHOULDER OR TRANSITION.
INTERSTATE SHOULDER = PAVED PORTION OF SHOULDER.
MOW JWTERSTATE SHOULDER = FULL SHOULDER

ON 2 LAKE FHEEWAYS. WAY STRUCTURE INCLUDING PAVED AND AGGAEGATE SHOULDER BUT
LROILDERS SHall Wach - APPARACH SHELILOER WIDTHS NOT TWELUDING THE LAST 1° CF ACEAEGATE TC
BUT WOT BE LESS THAM VALUE FROW TABLE BELDW: THE HIMGE PDINT.

[ADT WEH DAY [ <400 [ 400-2000 [ =2000 ]

DECE iiEI’LiEEI’E\.TS CARRY OKLY THE SHOLLDERS

[WIN. APPROACH SHLDA.[ 47

[ 6" [ 8 ] ACROSS THE . THE ALOITIONAL 2° 15 WOT

AEDUIRED, B T ’PEFEF:lE[!

FAEPARED BY Y
ESIGN DIVISION 6.05.014




BRIDGE DESIGN GUIDE

(BDG 6.05.02)

DRAWN BY: BLT

MICHIGAN DEFARTMEMT OF TRANSPORTATION I1SSUED:
BUREAL OF DEVELOFMEMT

12/16/18

CHECKED BY: W&
AFFROVED BY: BMW

BRIDGE CHO%S SECTIONS
TRUMKLINE. COUNTY & CITY BRIDGES

SUFERSEDES:DB/21/17

L S1DEWALE 7' LANE WIDTH = WO. OF LAMES 7' SIDEMALEK
BRIOGE RAILING | * 3 2 [ s I BRIOCE RAILING
AESTHETLL LLLE MIN. BRIDGE

FARAFET TLEE

MAXIMUM POSTED SFPEED 40 MPH |

PEDESTRIAN FACILITY REQUIRED

FOR CURBED APFROACHES

42° MIH. HEICHT RAILING AEDUIRED,
//_7 54° PREFERAED
i r&H]ME RAILING 4 TUBE SHOWN

CONCAETE BARRIER SHOWN
142" WIN. HELGHT RAILING REOQULRED Y

T

= 5"

VAR]MELE, SHOULDER + 2° LAKE WIDTH x M. OF LAKES  SHOULDER + 27, | PREFERRED
T an [T | 4"
MIN.

k SHARED USE FACILITY SHOWM

4" CHALM LINE FEMCE WITH
E” CONCRETE BAUSH BLOCK
ITYP. OVER RIVERS)

iz}

i
FEDESTHIAN FACILLTY SHOWM /

10" CURYED TOF CHAIN LINK
FEWCE CTTP. OVER FREEWAYS)I——

POSTED SPEEDS GREATER THAN 40 MPH
PECESTRIAN FACILITY REQUIRED

COMCRETE
BARRLER (TYP1— W SHOULDER + 2°_

LAKE WIDTH x WO. OF LAKES

L SHOULDER + 2° )

5

0
-

ANY FOSTED SPEED
WO PEDESTRIAN FACILITY REQUIRED

FOR COUNTY & CITY BRIDGES DMLY
FOR TAUKELINE BR[DGES WITHOUT PEDESTRIAM FACILITY
SEE BRIDGE DESIGM GUIDE &.05.01

#5'-2" T0 TOE OF CURB. 5°-D" TO BEVEL POIMT.

= WHEM & SIDEwWALE WIDTH OF LESS THAW 5'—0% EX15TS
FOR & LENGTH OF 200" OR WORE [ [NCLUD[NG
APPROACHES] & PASSING SPACE. 5'—0% = 5'-0"
CINCLUSIVE OF THE S[DEWALE i. SHALL BE PRESENT
E¥ERY 200" OR LESS DR & 5'-0" SIDEWALK SHALL BE
USED TROUGHIUT.

®&% FOR WIOTH REFEA TO AASHTD “GUIDE F':IR THE
DEVELOPMENT OF BHICYCLE FACILITIES®

#xew 7' )" WIN. FOR CURE APPROACH.  FOR MINIMUM
AFPROACH SHOULDER WIDTHS SEE BRIDEE DESIGH
MANUAL CH&FTER 7 &MD amSHTO  “a POLICY OW
GEDMETRIC DESIGN OF HIGHWAYS AND STREETS®.
2' ADOITIOMAL OFFSET APPLIES TD BRIDGES OVER
MDOT JURISDICTIONAL FACILITY/ROADNAT.

WHEARE AN ALIXIL [ARY L-'INE EIN THE STPUCTLHE 1%
A CONTINUATION OF A #. WATCH TH

SHOULDER &5 THE L-lTEHI-L CLEARANCE Tﬂ THE
BAIDGE RAIL. WSE 4° (TOTAL! MAX OW LEFT
AMD @' ITOTAL ) M&X. DN RIGHT.

FAEFARED EY
DESIGN DIVISION

6.05.02




DRAWN BY: BLT

CHECKED BY: V2

WICHIGAN DEPARTMENT OF TRANSPORTATION  [[SSUED:
BUREAU OF DEVELOPMEMT

APPROVED BY: BMW

BRIDGE RAMP AND U-TURN

12716419

SUPERSEDES:12/22/11
CROSS SECTIONS

35’0

12° 0"

B "

ROTATION

CONST. “{ :ﬁ [irr‘l.'l-' /—‘

TWO LANE RAMP SECTION
TSTNELE DIRECTION CAONN SHON 1
28'—p*

16" 0"

CONST. ‘ﬁ{
24

—L.r

SIMGLE LANE RAMP SECTION

210" - #23'H"7

20" MIN,
470" MR

12" 40"

SINGLE LANE SLIP RAMP SECTION

1A SLIP RAMP 15 AN ANGULAR COMMECTION BETREEM AN EXPRESSWAY AND A FARALLEL FROMTAGE ROADI

20° 0" WM, s

A

MOTES:

=# USE 2% FOR 4R PROJECTS.

=

* TRANSITION SHOULDER SLOPE OW AFPROACH TO WATCH APPROACH ROAD SHOULDER SLOPE.
# MATCH BRIDCE SHOLLDEAR SLOPE AND DIRECTION WITH ADJACENT THRU LANE.

P
T

U-TURW SECTIOW

WAINTAIN CURRENT SLOPE AND SECTION FOR 2R PROJECTS.

==& SLOPE STRUCTURE [N GIRECTLON OF CLAWE.

sxaa SEE GEOMETRIC QESI1GW GUIDES GECH4DO SERIES

=

PAEFARED 8Y

ODESICH DIVISION E- 0‘5 . 03




CHECKED By: ¥Z SUBSTRUCTURE CLEARAMNCES SUPERSEDES: 11727701
APPROVED BY :5F RURAL STATE TRUNKLINES

SPREAD ROADWAYS - SEPARATE STRUCTURES
TALSO APPLICAHLE FOR TURNING AOADWAYS |

WHERE CORDITIONS, SUCH &5 TERRGIN AND COST DIFFERENTIAL, MaY
BE SUCH THAT IT WOULD BE MOAE DESIRABLE TO USE TWD STRUCTURES
RATHER THAN OWE AMD WHERE THE DISTAMCE BETWEEM STRUCTURES WILL
BE LESS THAN 150 FEET, CONSULT A& DESIGH SUPERVISOR,

NOTES:

MINIHUM DIMENSION [5 THE CLEAR ZONE DISTANCE GIVEM IM BRIDGE DESIGN GUIDE &.08.05. USE
THE MIOOLE OF RAMNGE AT THE AFPROPRIATE DESIGH ADT.  WHERD AOADWAY 15 ON & CLRVE WITH A
RADIUS OF ZBED" OR LESS, DISTANCE TO TOE OF J-0W-2 SLOPE SHOULD BE INCREASED ON DUTSIDE
QE-: EI,H'IIEDEPEF! BRIDGE DESIGN GUIDE &.06.054 OR GUARORAIL PROTECTION OF SLOPE OR PIER SHOULD

IF DISTANCE TO FIER OR TOE OF [-0W-2 SLOPE 15 LESS THAN THE CLEAR JOME DISTAMCE FROVIDE
CUARORAIL PROTECTION OF PIER OR SLOPE,

APFROACH SLOPE FACING TRAFFIC MUST BE GRADED TO |-OW-E WHEM THE TOE OF THE SLOPE W FRONWT OF
THE ABUTHMENT 15 WITHIN THE CLEAR ZOME. GSEE STAMDARD PLAM A-105-SERIES.

SECTIONS ARE AFPLICABLE GEMERALLY FOR STRUCTURES WITH APPROACHMES ON FILL OR WHEN OR&INAGE 15

CARRIED THROUGH STRUCTURE AREA BY USE OF CLLVERTS. FOR EXPRESSWAYS 1N DEEF CUT, CARRY SAME
DITCH SECTION THROUGH STRUCTURE AS CALLED FOR OM EXFRESSWAY SECTION.

ALL DIMEMSIONS ARE AT RICGHT ANGLES TO ROADWAY




BRIDGE DESIGN GUIDE

(BDG 6.06.02)

DRAWN BY: BLT MICHICAN DEPARTMEMT OF TRANSPORTATION [SSUED: 0214711
BUR GHWAY DEVELOD

CHECKED BY: V& SUREAL Or_AIGHWAY DEVELOPMENT SUPERSEDES: 0B/15/03

) _ SUBSTRUCTURE CLEARANCES

APPROVED BY 72~ RURAL STATE TRUNKL [NES

=5 = =
* wga. o - L g 71" wpe. i
e
TiEans il Ty

AUXILIARY LANES '

0% CROSS[NG OR MODERATELY SKEWED

AUXILTARY LANES
SHARPLY SKEWED

' W, 30" WO,

RAMP
90" CROSSING OR MODERATELY SKEWED SHARPLY SKEWED

MOTES:

MINIMUM DIMENS[ON [5 THE CLEAR ZOKE DISTANCE GIVEN IMN BRIDGE DESIGN GUIDE 6.06
THE WIDOLE OF RAMGE AT THE APPROPRIATE DESICH ADT. WHERE ROADWAY 15 OW A CUR A
RADIUS OF 2660 OR LESS. DISTANCE TO TOE OF 1 OM 2 SLOPE SHOULD BE INCREASED ON OUTSIDE
OF CURYE PER BRIDGE DESIGW GUIDE 6.06.05&4 OR GUARDRA[L PROTECTION OF SLOPE OR PIER SHOULD
BE PROYIDED.

-

+ IF DISTAWCE TO PIER OR TOE OF 1 OW ? SLOPE [5 LESS THAW THE CLEAR FOME DISTANCE PROVIDE
GUARDARAIL PROTECTIONW OF PIER 0OR SLOPE

APPROACH SLOPE FACING TRAFFIC MUST BE CRADED TO 1 O 6 WHEN THE TOE OF THE SLOPE IN FROWT OF
THE ABUTMENT IS WITHIN THE CLEAR ZONE. SEE STAMDARD PLAN R-105-SERIES.

#% AT AUXILIARY LANE TAPER SEE BRIDGE DESIGN GUIDE &.06.01 AND CALCULATE CLEAR ZOME BASED ON
THRU LAKES. SEE SECTION 7.01 OF THE ROAD DESIGH MAMLIAL .

SECTIONS ARE APPLICABLE GEMERALLY FOR STRUCTURES WITH APPROACHES OW FILL OR WHEW DRAIMAGE [5
CARRIED THROUGH STRUCTURE AREA BY USE OF CULVERTS. FOR EXPRESSWAYS IN DEEP CUT. CARRY SAME
OITCH SECTION THROUGH STRUCTURE AS CALLED FOR OW EXPRESSWAY SECTION.

ALL DIMENSIONS ARE AT RIGHT ANGLES TO ROADWAY

PAEPARED &Y
ODESIGH DIVIZION

o
o
]
™




. MICHIGeN DEPRATMERT OF TRANSPORTATION [ -
GRAW BV BT | e pme s 567153

CHECKED BY: V£

SUBSTAUCTURE. CLEARANCES SUPERSEDES: 11/27/01
ovOvED o1: 78

SPREAD ROADWAYS

& MINIMUM DIMEMSION [5 THE CLEAR ZOME DISTANCE GIVEN IM BRIDGE DESIGM GUIDE 6.0E.05. USE
THE MIDOLE OF RANGE aT THE AFPADPRIATE DESIGH A0T.  WHERE ROAOWAY [S ON & CURVE WITH A
RADIUS OF ZBED' OR LESS, DISTANCE TO TDE OF 1-OW-2 SLOFE SHOULD BE INCREASED OM OUTSIOE

0F CURVE FER BRIDGE DESIGH CUIDE &.08.0564 OR CUARDRAIL PROTECTION OF SLOPE OR PIER SHOULD
BE FROVIDED.

« IF DISTAMCE TO PIER OR TOE OF 1-0M-2 SLOPE 1% LESS THAM THE CLEAR ZONE DISTAMCE PROYIDE
GUeRDRATL PROTECTION OF PIER DR SLOPE.

WITHOUT TAIL SPANS WITH TAIL SP&NS
_AUXILIARY LANES

WITHOUT TAIL SPANS WITH Tall SPANS

RAMPS RETAINING WALL SECTIONS & RAILAOAD OVER

GUARDRATL PROTECTION OF RETAINING
WALLS SHALL BE PROVIDED.

WOTE: ALL DIMENSIOWS ARE AT RIGHT ANGLES TO EXPRESSWAY. 6.06.03




DRAWN BY:  BLT
CHECKED BY: W2
APPROVED BY: 72£

MICHIGAN DEPARTHENT [F TRANSPORTATIOM
BUREA) (F HIGHWAY DEVELOPHENT

SUBSTRUCTURE CLEARANCES
COUNTY ROAD AND CITY STREET UNDER

ISSUED: 08/15/03
SUPERSEDES: [1/27/01

~_F

A0°CROSSING OR MODERATELY SKEWED
COUNTY ROAD UMDER

TRANSITION SLOFE AT FROMT OF ABUTMENT TO | ON 6 THROUGH COME AREAS [N ALL OURDRANTS.
1 ON & SLOPES FOR FULL HEIGHT OF EMBAMKMENTS, BﬁEﬁK
ELOPES.

WHERE THERE 1% MOT SUFFICIENT RDOM FOR
SLOFES STAATING WITH 1 ON 6 AT GROUND LINE AMD EXTEMDING TO INTERSECT THE | ONW 2

CITY STREET UMWDER

ALL DIMENSIONS ARE AT RIGHT ANGLES TO COUNTY ROAD.

#eMINIMUM DIMENGION, MAY BE MODIFIED BY AGREEMENT WITH CITY OR SPECIAL COMDITIOMS.

st sl 6.06.04










DECK REPLACEMENT GUIDELINES
(BDM 7.02.31)






3R ROAD GUIDELINES

Design Guidelines for New/Reconstruct May not be Cost Effective

Freeway

« RDM Section 3.11
(3R/4R Freeway Guidelines)

3R Freeway Allowances

Non-Freeway

e RDM Section 3.09
(Non-Freeway 3R Minimum Design Guidelines)



3R GUIDELINES

Two Types of Non-Freeway 3R Guidelines

« NHS (National Highway System) - RDM 3.09.02A

e Non-NHS - RDM 3.09.02B



3R FREEWAY ALLOWANCES

FHWA L etter:




3R FREEWAY ALLOWANCES

Design Speed.:

“an increase In posted speed limit on a given freeway
segment would not be factored into project design speed
for future 3R projects. The 3R project could be designed
using the design speed that had been established for the
latest reconstruction of that road segment or, if none,
then for the original freeway construction.”



3R FREEWAY ALLOWANCES

Geometric Design Elements:

“The standards used for horizontal alignment, vertical
alignment, and widths of median, traveled way, and
shoulders for resurfacing, restoration, and rehabilitation
projects may be the AASHTO interstate standards that
were In effect at the time of original construction or
Inclusion Iinto the interstate system.”












3R GUIDELINES

Non-Freeway Safety Considerations (3.09.03)
Signing
Evaluation of Guardrail and Bridge Rail

Tree Removal

(Crash Frequency, Curves, Sight Distance, Clear
Zone, etc...)

Roadside Obstacles (Culvert Headwalls, Utility
Poles, etc...)



3R GUIDELINES
Non-Freeway Safety Considerations (3.09.03)

Cross Section Elements (Crown Location, Side Slopes)

Crown Location:

Side Slopes:




3R BRIDGE GUIDELINES
MDOT Bridge Design Manual

Chapter 12 — Most Design Elements

Chapter 7 — Underclearance Requirements
















VERTICAL CLEARANCE

Bridge Design Manual, Section 7.01.08
Road Design Manual, Section 3.12









DESIGN SPEED
(RDM 3.06)

Design Speed
= Selected Speed

= Used to Determine Various Geometric Design
Features of the Roadway

Once Selected...

= All Pertinent Design Features Should be Related to It
to Obtain a Balanced Design



DESIGN SPEED (RDM 3.06)
"i MDOT Desirable Practice (‘i

Design Roadway Geometrics for 4R Projects Based on an
MDOT Recommended Project Design Speed 5 mph
Greater than the Posted Speed

Research shows that Operating Speeds are
Typically Greater than the Posted Speeds.

Posted Speeds May be Used as Minimum Project Design Speeds




DESIGN SPEED

3R / 4R Freeway Projects

Recommended Design Speed: 5 mph Greater than Posted Speed

Minimum Design Speed: The Greater of Posted Speed, or 70 mph

3R Freeway Allowance: The Design Speed at the Time of
Construction or the Last 4R Project

“Urban” Freeway Projects
Recommended Design Speed: 5 mph Greater than Posted Speed

Minimum Design Speed: The Greater of Posted Speed, or 60 mph

3R Freeway Allowance: The Design Speed at the Time of
Construction or the Last 4R Project

Freeway Clear Zones
Design Speed — 70 mph




DESIGN SPEED (RDM Appendix 3A)

-

Note: An Allowance is Provided for 3R Work Types




DESIGN SPEED
Non-Freeway, NHS, 3R (3.09.02 A)

Design Speed ‘ Posted Speed Minimum
(see Section 3.06)




DESIGN SPEED

Non-Freeway, Non-NHS, 3R (3.09.02 B)

Postad Speed Minimum



DESIGN SPEED (RDM 3.06)

Geometric Design Elements that Do Not Meet Current
Standards (or Allowances) Based on Minimum Design
Speeds Require:

= A Formal Safety Review
= A Crash Analysis

= Documented Justification in the Form of:
= A Design Exception (Form DE26)
= A Design Variance (Form DV26)

“If the highest attainable design corresponds to criteria for
speeds less than the minimum design speed, a design exception
or design variance must be submitted for approval.”




DESIGN SPEED (RDM 3.06)

Documentation Required for Each
Geometric Element

No Blanket Design Exceptions

A Design Speed Reduction for Individual Geometric Elements
Does Not Redefine the Overall “Project Design Speed”




DESIGN SPEED
(RDM 3.06)

Additional Allowances to Retain EXxisting
Horizontal and Vertical Alignments and
Stopping Sight Distances Based on a Range
of Reduced Design Speeds are Provided
Under the 3R Non-Freeway Guidelines
(3.09.02A & 3.09.02B)









SIGHT DISTANCE

SIGHT DISTANCE GUIDELINES

@MIDOT

Michigan Department of Transpartation

According to the 2004 AASHTO, 2005 MMUTCD, and
Michigan Department of Transportation Guidelines

PREPARED BY
GEOMETRICS AND OPERATIONS UMIT
TRAFFIC AMD SAFETY
February 5, 2008
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SIGHT DISTANCE

“Sight distance is the distance along a roadway
throughout which an object of specified height
IS continuously visible to the driver. This

C
C

Istance Is dependent on the height of the
river’s eye above the road surface, the

S

pecified object height above the road surface,

and the height and lateral position of sight
obstructions within the driver’s line of sight.”

(2011 AASHTO, Section 3.2.6)



SIGHT DISTANCE

Four Types

Stopping Sight Distance
Passing Sight Distance
Decision Sight Distance

Intersection Sight Distance




SIGHT DISTANCE
Stopping Sight Distance...

...I1s the minimum sight distance required along a
roadway to enable a vehicle traveling at or near the
design speed to stop before reaching a stationary
object in its path.

(2011 AASHTO, Section 3.2.2)

Brake Reaction Distance + Braking Distance




SIGHT DISTANCE
Stopping Sight Distance

BRAKE REACTION DISTANCE

1.47Vt

+

BRAKING DISTANCE

1.075V?/a

V = Design Speed (mph)

t = Brake Reaction Time (2.5 seconds assumed)

a= Deceleration Rate (11.2 ft/s? assumed)

Simplified...

SSD = 3.675V + 0.096V?




SIGHT DISTANCE

- -Slopping sight distornce ————————— o

Length of crest vertical curve (L) -

Exhibit 4 Parameters Considered in Determining the Length of a
Crest Vertical Curve to Provide Sight Distance (2004 AASHTO, Exhibit 3-70, 268)

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 2.0 ft




SIGHT DISTANCE

Design Brake Braking Stopping Sight Distance

Speed R:eac:tlmn Distance Caloulated ~—

(mph) Distance on Level alculate esign

(ft) (ft) (ft) (ft)

15 55.1 21.6 76.7 80
20 150 38.4 111.9 115
25 91.9 60.0 151.9 155
30 110.3 86.4 196.7 200
35 128.6 117.6 246.2 250
40 147.0 153.6 300.6 305
45 1654 194 4 359.8 360
50 183.8 240.0 423.8 425
55 202.1 290.3 492 4 495
60 220.5 345.5 566.0 570
65 238.9 405.5 644.4 645
70 2513 470.3 727.6 730
75 275.6 539.9 815.5 820
80 294.0 614.3 908.3 910

Exhibit 1. Stopping Sight Distance (2004 AASHTO Exhibit 3-1, 112)




SIGHT DISTANCE
Horizontal Sightline Offset...

...1s the minimum distance required between the
roadside and an obstruction, measured from the
centerline of the inside lane to the face of the

obstruction.
(2011 AASHTO, Section 3.3.12)

HSO = R [1-c0s((28.65S) / R)]

R = Radius of Curve (feet)
HSO = Horizontal Sightline Offset (feet)
SSD = Stopping Sight Distance (feet)




SIGHT DISTANCE

b :"|1 O I
,.-'-""_FF Sl T -..._\_\_\_\_q_
_,_.--'“';FF Highway cenlerling “‘“-a,_‘_\
1 — T e
- i -
/f’ - e L 1_ . s . ‘“\\\H
_-r"'-r- _'_._'_,_.r-"'f- _—.____-ISD._-_‘__-_-“ H "‘-u.,_\‘\
af = i i T T
- |~ - - i i
’f‘\,.-r'"-" --'f"r .-"fﬂ"-.. HH\“\_‘.(,’JHMH ol
’;7/ o \‘LLinE of sight | \“\H\H‘
/ < .

h’x 3 f{

Centerline inside lane

b
— Sight n:::.:létrucl.icn
\\ /
\,-/

Exhibit 2 Diagram lllustrating Components for

Determining Horizontal Sight Distance
{2004 AASHTO Exhibit 3-54, 227)

HEIGHT OF
SIGHT LINE

2.75 ft




SIGHT DISTANCE

Decision Sight Distance...

“...1s the distance required for a driver to detect an
unexpected or otherwise difficult-to-perceive
Information source or condition in a roadway
environment that may be visually cluttered, recognize
the condition or its threat potential, select an
appropriate speed and path, and initiate and
complete complex maneuvers.”

(2011 AASHTO, Section 3.2.3)



SIGHT DISTANCE

Decision Sight Distance

Avoidance Maneuvers Avoidance Maneuvers
A and B C,D,and E
d=147Vt+ 1.075V?4a d=1.47 Vt

V = Design Speed (mph)
t = Pre-maneuver Time (See Exhibit 3-3)
a= Deceleration Rate (11.2 ft/s? assumed)

t.. = Total Pre-Maneuver and Maneuver Time

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 2.0 ft




SIGHT DISTANCE

Quick Chart for Decision Sight Distance

Design Decision Sight Distance (ft)
SpEEﬁ Avoidance Maneuver
(mph) A B C 0 E

30 220 440 450 535 620
35 275 590 525 625 720
40 330 Ga0 600 715 a25
45 395 800 675 800 930
a0 465 8910 750 240 1030
55 535 1030 865 830 1135
60 610 1150 240 1125 1280
65 595 1275 1050 1220 1365
70 T80 1410 1105 1275 1445
75 875 1545 1180 1365 1545
a0 g70 1685 1260 1455 1650

Avoidance Maneuver A: Stop on Rural Road — (f = 3.0 sec)
Avoidance Maneuver B: Stop on Urban Road - (f=9.1 sec)

Avoidance Maneuver C. Speed/Path/Direction Change on Rural Road -
(fm varies hetween 10.2 and 11.2 sec)

Avoidance Maneuver D: Speed/Path/Direction Change on Suburban Road —

(f varies hetween 12.1 and 12.9 sac)

Avoidance Maneuver E: Speed/Path/Direction Change on Urban Road -
(f varies hetween 14.0 and 14.5 sac)

Decision Sight Distance
(2004 AASHTO, Exhibat 3-3, 116)




SIGHT DISTANCE
Passing Sight Distance...

...I1s the distance required for a passing vehicle to be
able to see a sufficient distance ahead, clear of traffic,
to complete the passing maneuver without cutting off
the passed vehicle before meeting an opposing
vehicle.

(2011 AASHTO, Section 3.2.4)

Minimum Passing Sight Distance Is the Sum of
Four Distances

d,+d,+d;+d,




SIGHT DISTANCE

Passing Sight Distance — d,

Distance Traversed During Perception and Reaction Time and During
the Initial Acceleration to the Point of Encroachment on the
Opposing Lane.

d, = L.A7t[v-m + (at. / 2)]

t. = Time of Initial Maneuver (sec)
a = Average Acceleration (mph/s)
v = Average Speed of Passing Vehicle

m = Difference in Speed of Passed Vehicle and Passing Vehicle (mph)




SIGHT DISTANCE

Passing Sight Distance — d,

Distance Traveled while the Passing Vehicle Occupies the Left Lane.

d, = 1.47vt,

t, = Time Passing Vehicle Occupies the Left Lane

v = Average Speed of Passing Vehicle




SIGHT DISTANCE

Passing Sight Distance — d,

Distance Between the Passing Vehicle at the End of its Maneuver and
the Opposing Vehicle

d; = 100 to 250 ft

Length was Found in the Passing Study to Vary




SIGHT DISTANCE

Passing Sight Distance — d,

Distance Traversed by an Opposing Vehicle for Two-Thirds of the
Time the Passing Vehicle Occupies the Left Lane, or 2/3 of d,

d, = 2d,/3




SIGHT DISTANCE

Opposing vehicle appears
when passing vehicle

reaches Point A
FIRST PHASF T

Passing wehicle

A B
ol | = s
O W= O =D
¢ | 1/
SECOND PHASE
o= Al = o0
E=ID B 1B
Ty
u:i1 ::iI d3 d4

Exhibit 7 Elements of Passing Sight Distance for Two-Lane Highways
(2004 AASHTO, Exhibit 3-4, 119)




SIGHT DISTANCE

Assumed Speeds | Passing Sight Distance
Design (mph) (ft)
Speed | Passed | Passing From Rounded
(mph) | Vehicle | Vehicle | Exhibit9 | for Design
20 18 28 706 710
a5 22 o2 897 900
30 26 36 1088 1090
5l 30 40 1279 1280
40 34 44 1470 1470
45 37 47 1625 1625
50 41 51 1832 1835
B 44 54 1984 1985
60 47 57 2133 2135
65 50 60 2281 2285
70 54 64 2479 2480
Ti 56 66 2578 2580
80 58 68 2677 2680

Exhibit 10 Passing Sight Distance for Design of Two-Lane Highways
(2004 AASHTO, Exhibit 3-7, 124)

HEIGHT OF EYE HEIGHT OF OBJECT

3.5 ft 3.5 ft




SIGHT DISTANCE

Passing Sight Distance — Pavement Markings

Warrants for
Placing No-Passing
Zone Markings
On
Existing and Proposed
Highways

(2011 MMUTCD, Table 3B-1, page 352)



SIGHT DISTANCE

Intersection Sight Distance...

...1s the sight distance needed to allow the drivers of
stopped vehicles to decide when to enter or cross an
Intersecting roadway. (2011 AASHTO, Section 9.5)




SIGHT DISTANCE

Intersection Sight Distance

ISD = 1.47 V' t,

V = Design Speed of Major Road (mph)
t, = Time Gap for Minor-Road Vehicle to Cross the Major Road (sec)



SIGHT DISTANCE

. : Time Gap (ty) (seconds) at Design Speed
Design Vehicle of Major Road
Passenger Car 7.5
Single-Unit Truck 95
Combination Truck 11.5

Note: Time gaps shown are for a stopped vehicle to tum left onto a two-lane road with no median and
approach grades of 3 percent or less. The table values require adjustment as follows:

For Two-Way Roadways with More than Two Lanes:
Add 0.5 seconds for passenger cars or 0.7 seconds for trucks for each additional lane, from the

left, in excess of one, to be crossed by the left-turning vehicle.

For Minor Road Approach Grades:
If the rear wheels of the design vehicle are located on an upgrade which exceeds 3 percent,

Add 0.2 seconds for each percent of grade.

Exhibit 16 Time Gap for Case B1 — Left-Turn from Stop
(2004 AASHTO, Exhibit 9-54, 660)




SIGHT DISTANCE

Design Vehicle Time Gap {tg}{g?ﬁ:;g??na;dnemgn Speed
Passenger Car 6.5

Single-Unit Truck 8.5

Combination Truck 10.5

Note: Time gaps shown are for a stopped vehicle to turn night onto or cross a two-lane road with no
median and approach grades of 3 percent or less. The table values require adjustment as follows:

For Roadways with More than Two Lanes:
For crossing a major road with more than two lanes, add 0.5 seconds for passenger cars or 0.7
seconds for trucks for each additional lane to be crossed, and for narrow medians that cannot
store the design vehicle.

For Minor Road Approach Grades:
If the rear wheels of the design vehicle are located on an upgrade which exceeds 3 percent,
add 0.1 seconds for each percent of grade.

Exhibit 19 (2004 AASHTO, Exhibit 9-57, 664)
Time Gap for Case B2 — Right-Turn from Stop and
Case B3 — Crossing Maneuver




SIGHT DISTANCE

Quick Charts for Intersection Sight Distance

. i , Intersection Sight Distance
Design Speed | Stopping Sight for Passenger Cars (ft)
(mph) Distance (ft) Calculated Design
15 80 165.4 170
20 115 220.5 225
25 155 275.6 280
30 200 330.8 335
35 250 385.9 390
40 305 441.0 445
45 360 496.1 500
50 425 551.3 555
55 495 606.4 610
60 570 6615 665
65 645 716.6 720
70 730 771.8 775
75 320 8269 830
80 910 882.0 885

Note: The given intersection sight distance values are for a stopped passenger car
to turn left onto a two-lane road with no median and minor road approach grades of 3
percent or less. For other conditions, the sight distance must be recalculated.

Design Intersection Sight Distance — Case B1 — Left-Turn from Stop
(2004 AASHTO, Exhibit 9-55, 661)




SIGHT DISTANCE

Design Speed

Stopping Sight

Intersection Sight Distance
for Passenger Cars (ft)

(mph) Distance (ft) Calculated Design
15 80 143.3 145
20 115 1911 195
15 155 238.9 240
30 200 286.7 290
35 250 334 4 335
40 305 382.2 385
45 360 4300 430
50 425 477.8 480
3 495 525 5 530
60 570 573.3 575
65 645 621.1 625
70 730 668.9 670
15 820 7166 720
80 910 764 4 765

Note: The given intersection sight distances are for a stopped passenger car to turn
right onto, or cross, a two-lane road with no median and minor road approach

grades of 3 percent or less.

recalculated.

For other conditions, the sight distance must be

Design Intersection Sight Distance — Case B2 — Right-Turn from Stop
and Case B3 - Crossing Maneuver (2004 AASHTO, Exhibit 9-58, 664)




SIGHT DISTANCE
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Figure 1. Measurement of Intersection Sight Distance










Problem 1: Non-Freeway, Non-NHS Corridor with a 3R Work Type
Undivided, Two-Lane Roadway
(Solutions) ADT = 12,500
Level Terrain
Posted Speed Limit is 55 mph
2350’ Radius Horizontal Curve

a). What is the minimum allowable design speed?
55 mph (minimum) (RDM 3.09.02B)

(60 mph still preferred, if feasible).

b). Minimum required Stopping Sight Distance?
495’ for 55 mph
(MDOT Sight Distance Guidelines)
(570 for 60 mph)
). Required Horizontal Sightline Offset (HSO)?
13.0’° for 55 mph

(MDOT Sight Distance Guidelines)
(17.3° for 60 mph)

d). Required Intersection Sight Distance?

Left-Turns: 610’ for 55 mph
(665’ for 60 mph)
(MDOT Sight Distance Guidelines)
Right-Turns/Crossing: 530’ for 55 mph

(575’ for 60 mph)



Problem 2: Non-Freeway, NHS Corridor with a 4R Work Type

b).

d).

Divided Roadway, 36° Median Width, 3 Lanes in Each Direction
ADT = 36,000

Level Terrain

Posted Speed Limit is 45 mph

1800’ Radius Horizontal Curve

What is the MDOT recommended design speed?

What is the minimum allowable design speed?

Required Stopping Sight Distance?

Required Horizontal Sightline Offset (HSO)?

Required Intersection Sight Distance?

* (Assume the Design Vehicle is a Passenger Car)
* (Further assume a design speed of 50 mph is utilized)

Left-Turns:

Right-Turns/Crossing:



Problem 2: Non-Freeway, NHS Corridor with a 4R Work Type

Divided Roadway, 36° Median Width, 3 Lanes in Each Direction

(Solutions) ADT = 36,000

b).

d).

Level Terrain
Posted Speed Limit is 45 mph
1800’ Radius Horizontal Curve

What is the MDOT recommended design speed?

50 mph (RDM 3.06)

What is the minimum allowable design speed?

45 mph (RDM Appendix 3A)

Required Stopping Sight Distance?

425’ (50 mph design speed.)
(MDOT Sight Distance Guidelines)
360° (45 mph design speed)

Required Horizontal Sightline Offset (HSO)?

12.5° (50 mph design speed)
(MDOT Sight Distance Guidelines)
9.0 (45 mph design speed)



e). Required Intersection Sight Distance?
* (Assumed Design Vehicle is a Passenger Car)
* (Assumed design speed is 50 mph)

Right-Turns/Crossing:

(6.5 sec.)(1.47)(50) = 480’ for Right-Turn Movement
(MDOT Sight Distance Guidelines)
(6.5 sec. + 0.5 sec.)(1.47)(50) = 515’ for Crossing Movement

e Use 515’ to cover both movements

Left-Turns/Crossing:

(6.5 sec. + 0.5 sec.)(1.47)(50) = 515’ for Crossing Movement

(MDOT Sight Distance Guidelines)
(7.5 sec.)(1.47)(50) = 555’ for Left-Turn Movement

e Use 555’ to cover both movements






HORIZONTAL ALIGNMENT

Major Factor
IN Determining

Safety

Driving Comfort

Highway Capacity




HORIZONTAL ALIGNMENT

Important Factors to Consider...

Passing Sight Distance on Two-Lane, Two-Way
Roadways Should be Maximized

Curves Should be as Flat as Possible and Abrupt
Changes in Alignment Avoided



HORIZONTAL ALIGNMENT

Important Factors to Consider...

Broken Back Curves Should be Avoided

Minimum Distance Between Curves Should be the
Sum of the Transitions Plus Crown Runout Lengths



HORIZONTAL ALIGNMENT

Minimum Radius

= Limiting Value of Curvature for a Given Design
Speed

= Determined from the Maximum Rate of
Superelevation and the Maximum Side Friction
Factor

= To be Avoided Wherever Practical



HORIZONTAL ALIGNMENT

Minimum Radius

V2
15(0.02€max + Frnax)

Rmin =

R = Radius (feet)
V = Design Speed (mph)
e = Rate of Superelevation (%)
f = Side Friction Factor (From AASHTO)



HORIZONTAL ALIGNMENT

Minimum Radius
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HORIZONTAL ALIGNMENT

Minimum Radius
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HORIZONTAL ALIGNMENT

Minimum Curve Length

Minimum
15 x Design Speed

Preferred
30 x Design Speed




HORIZONTAL ALIGNMENT

Compound Curves

Use With Caution

Open Highway — Ratio of Flatter Radius to Sharper Radius
15t01

Ramps — Ratio of Flatter Radius to Sharper Radius
2tol

Sharper Curves in Advance of Flatter Curves




HORIZONTAL ALIGNMENT

Remember the Four Types...

Stopping Sight Distance
Passing Sight Distance
Decision Sight Distance

Intersection Sight Distance

“The designer must be aware that both horizontal and
vertical alignments need to be considered when
designing for sight distance.”




HORIZONTAL ALIGNMENT
Stopping Sight Distance

HSO
ssp= Rcos'(1-" R )

28.65

Horizontal Sightline Offset

HSO = R [1-cos((28.65 SSD) / R)]

R = Radius of Curve (feet)
HSO = Horizontal Sightline Offset (feet)
SSD = Stopping Sight Distance (feet)




HORIZONTAL ALIGNMENT
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COMPONENTS FOR DETERMINING HORIZONTAL SIGHT DISTANCE

HEIGHT OF
SIGHT LINE

2.75 ft







HORIZONTAL ALIGNMENT

Intersection Sight Distance

= Generally, 7.5 Seconds of Entering Sight Distance
Is Used

= Passenger Vehicle Stopped on a Minor Road, Grade
3% Max, Turning Left on a Two-Lane Roadway

= Additional 0.5 Seconds Added for Each Lane

Clear Vision

For At Grade Intersections it is Very Important for Safety
Reasons, Particularly on High Speed Trunklines




HORIZONTAL ALIGNMENT

E. Horizontal Curve Computations

& = Deflection or Central Angle (Delta), degrees
R = Radius of Curve, ft

T = Length of Tangent (P.C_to P.1.
or P1L o P.T.)=R Tan (Af2), it

£ = External Distance =
R[Sec (Af2)-1]or T Tan (&A/d), fi

H50 = Horizontal Sightline Offset =
R Versine (Af2) or E Cos (A/2), it

L = Length of Curve = A ¥ R + 57 20958, f
.. = Point of Curvature

P |. = Point of Intersection of Tangents

P0G T, = Point on Curve Tangent

P T. = Point of Tangency iy

O = Degree of Curyature = 4, [,I.' F.C.
ll
h729 58 = 1
———— degress ~
R (ft) 5
= |j—“;;




HORIZONTAL ALIGNMENT
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E DESIGN SPEED OF THE CURVE AND THE RADIUS AS SHOWN IN THE
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HORIZONTAL ALIGNMENT

Standard Plan R-107

SPIRAL CURVE TRANSITIONS

DESIGN | MAXIMUM | DESIGN | MAXIMUM
SPEED RADIUS SFEED RADIUS
{MPH (FEET) (MPH ] {FEET)

30 436 bl 1827

35 620 B3 2138

40 al0 [t 2479

45 1025 73 2846

20 1265 60 3238

T T s




HORIZONTAL ALIGNMENT

 Horizontal Deflections
= Undesirable - Should be Avoided Wherever Practical

= Shou

= Shou

= Shou

(i.e. Posteo

C

C

C

Not be Used on New Construction

be
be

_imited to 3R Jobs (i.e. Existing Deflections)

_imited to Low-Speed Roads

Speeds of 45 mph or Less)

= Deflections Should Not Exceed the Rates Given In

Geometric Design Guide GEO-650
(I.e. L=W*V or 1/Design Speed)









VERTICAL ALIGNMENT

Based on Several Factors
Design Speed

Existing Terrain
Drainage Considerations
Bridge Elevations & Locations
Cross Road Elevations & Locations
Earthwork Balance
Coordination with Horizontal Alignment




VERTICAL ALIGNMENT
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Establishes the Profile Grade of the Roadway

Two Basic Components

Longitudinal Grades Vertical Curves




GRADES

Maximum Grades Depend On :

= Functional Class of the Roadway

= Urban or Rural
= Design Speed
= Terrain

= Scope of Work




GRADES

Minimum Grades: (RDM 3.03.02D)

= Typically Dictated by/Related to Drainage Considerations

= Uncurbed Roadways

= Minimum Longitudinal Grade of 0% (level) Acceptable
= Independent Ditches When Grade < 0.30%

= Curbed Roadways
= Minimum Longitudinal Grade of 0.30%
= Desirable Minimum of 0.50%



GRADES (RDM Appendix 3A)

Note: Allowances are Provided for 3R Work Types




GRADES

Tangent Grade Lines are Connected & Smoothed
Out by Use of Parabolic Vertical Curves.



TPL W

G,oand G = Targerd grodes in percent
& = Algeheai: offererscE nogrode
L = Length of vericol curve

Exhibit 3-69. Tvpes of Vertical Curves




VERTICAL CURVES (RDM 3.03.02)

A = Algebraic Difference in Gradients, g,-g, (In Percent)
L = Total Length of Vertical Curve (In Feet)

K = Rate of Vertical Curvature, L/A

VPC = The Vertical Point of Curvature

VPI = The Vertical Point of Intersection

VPT = The Vertical Point of Tangency



VERTICAL CURVES (RDM 3.03.02)

AASHTO Controls (Crest)

Based on Stopping Sight Distance
Minimum Length Must Provide Sight Distance S

Assumes 3.5’ & 2.0’ Eye/Object Heights




SIGHT DISTANCE

HEIGHT OF EYE

3.5 ft

HEIGHT OF OBJECT

2.0 ft




CREST VERTICAL CURVES

3-41
S<L AS? (3-41)

| =
100(V2h,+ V2h, )?

S>L (3-42)
200(\/ h,+ h,)?
= 2S - A

L = Length of Vertical Curve (ft) S = Sight Distance (ft)
A = Algebraic Difference in Grades (percent)  h; = Height of Eye Above Roadway Surface (ft)
h, = Height of Object Above Roadway Surface (ft)



VERTICAL CURVES
AASHTO Controls (Crest)

| = _AS?
2158

(3-43)

| = og _ 2158
A

(3-44)




SSD CREST CURVES

US Customa

Stopping Rate of vertical

Design sight curvature, K*
speed

Calculated Design




VERTICAL CURVES
AASHTO Controls (Saq)

Based on Headlight lllumination Sight Distance

Minimum Length Must Provide Adequate Sight
Distance

Assumes 2.0’ Object Height

Assumes 2.0’ Headlight Height with
1° Upward Divergence of Light Beam



SAG VERTICAL CURVES

(AASHTO Equations 3-47 through 3-50)
When S< L

L = AS* or AS®
200[2.0 + S(tan1°)] 400 + 3.5S

When S > L

B 200[2.0; S(tan1?)] .. o . 400 ;3.58

L = Length of Sag Vertical Curve (ft) S = Light Beam Distance (ft)
A = Algebraic Difference in Grades (percent)




SSD SAG CURVES

Stopping _
Design sight Rate of vertical

. ~d
speed distance curvature, K

Calculated Design




VERTICAL ALIGNMENT

General Controls

= Minimum Desirable Length of Vertical Curves Should be
3 X Design Speed

= Smooth Grade Line with Gradual Changes

= Avoid
= Hidden Dips/Roller Coaster Profile
= Avoid Broken Back Vertical Curves

= Desirable to Reduce Grades at At-Grade Intersections on
Roadways with Moderate to Steep Grades



VERTICAL ALIGNMENT

General Controls (Continued)

= Sag Vertical Curves Should Be Avoided in Cuts Unless
Adequate Drainage Can Be Provided

Feathering (RDM 6.03.11C)

= Where Discontinuing HMA Resurfacing...
... rransition at a Rate of %4” \Vertical per 25’ Linear



VERTICAL ALIGNMENT

e Vertical Deflections
= Undesirable - Should be Avoided Wherever Practical

= Shou

= Shou

= Shou

(i.e. Posteo

C

C

C

Not be Used on New Construction

be
be

_imited to 3R Jobs

_imited to Low-Speed Roads

Speeds of 45 mph or Less)

= Maximum 1% Algebraic Grade Differential






COORDINATION OF
HORIZONTAL AND
VERTICAL ALIGNMENT



COORDINATION OF HORIZONTAL
& VERTICAL ALIGNMENT

= Curve and Grade Should be in Proper Balance

= Vertical Curvature Imposed on Horizontal Curvature or
Vice Versa

= Sharp Horizontal
Curvature Should Not
Be Introduced At or
Near the Top of a
Pronounced Crest Curve




COORDINATION OF HORIZONTAL
& VERTICAL ALIGNMENT

= Sharp Horizontal Curvature Should Not Be Introduced

At or Near the Bottom of a Steep Grade Near the Low
Point of a Pronounced Sag Curve

= Horizontal Curvature and Profile Should Be Made as Flat
as Possible at Intersections

Ramps

= Design Speed of Vertical Alignment Must Meet or Exceed
Design Speed of Horizontal Alignment



PLAN

—h
. .-

Tangent Alignment

PROFILE

Preferred —\/v

Avoid designing little local dips in on otherwise long, uniform grade.
These dips usually result from a desire to balance cut and fill and
te reduce overhaul.

Frofile with tangent alignment
—_—




PLAN

=
FEOFILE

/ \

This combination is deficient for two reasons. The tangent between
the curves is too short, ond the reverse occurs on a crest.

Short tangent on a crest between two horizontal curves

—D—




PLAN

This combinotion presents o poor aoppearonce — the horizontaol
curve looks like a sharp angle.

Sharp angle appearance
—E—




PLAN

Crest
PROFILE e

When horizontal and vertical curves coincide, o very saotisfoctory
appearance results.

Coinciding curves in horizontal cnd vertical dimension
—F—




PLAN Minimum curve for the
/ design speed.

...-‘_.""FF _-,..-"" |
Desirable curve for appearance

Very long flat curves, even where not required by a design speed
and regardless of profile, olso hove a pleasing oppeorance when
the centrol angle 13 very small.

Horizontal alignment with small central angles.
_H_




The upper line is on example of poor design becaouse the alignment
consists of a long tongent with short curves, whereas the balance

between the curves and tangents in the lower alignment is the
preferred design.

Horizontal alignment should be balanced
_L_










LANE WIDTH

Lane Width Impacts

Driver’s Safety and Comfort
= Wider Lanes Provide for More
Desirable Lateral Clearance
(Especially Commercial Vehicles
on Two-Lane, Two-Way Roads)

Highway Level of Service

= Narrow Lanes Force Drivers to Operate with Less than
Desirable Lateral Clearances Between Opposing Traffic,
Adjacent Traffic and Roadside Obstacles



LANE WIDTH

LLane Width Impacts

Highway Capacity (Two Lane Rural Roads)
= 12’ Lane Width (or More) - Usually Will Not Reduce
Capacity
= 11’ Lane Width — Capacity Reduction of 7%
= 10’ Lane Width — Capacity Reduction of 16%

Additional Costs to Provide 12’ Lanes Over Narrower
Lanes is Partially Offset by Reduced Surface and
Shoulder Maintenance




LANE WIDTH

Note: Allowances are Provided for 3R Work Types













LANE WIDTH

Freeway Ramps:
= 16° Lane Width Used for One-Lane Ramps
= 12’ Lane Width Used for “Slip” Ramps
= 12’ Lane Widths Used for Multi-Lane Ramps

= Greater Lane Widths May Be Required to
Accommodate Off-Tracking of Large Vehicles
on Small Radius Curves

Collector-Distributor (C-D) Roads:
= 16” Lane Width Used for One-Lane C-D Roads
= 12’ Lane Widths Used for Multi-Lane C-D Roads



LANE WIDTH

Metric US Customary
Pavement width {m) Pavement width (f)
Case | Case | Case | Case ll

Case Il
Two-lane operation—
either ane way or

One-lang, one-way  One-lane, one-way
Radius on operation—no operation—with
inner edge provision for passing  provision for passing

Case I
Two-lane operation—
either ane way or

. One-lang, one-way  One-lane, one-way
Radius on operation—no operation—with
inner edge provision for passing  provision for passing

of a sfalled vehicle a sfalled vehicle two way of a stalled vehicle a stalled vehicle two way
pavement, Design traffic conditions pavement, Design traffic conditions
R (m) A B [ C A B [ R A B C A B c A B c
15 54 2.5 0 6l 7.8 592 94 10 136 Y] 16 18 23 20 26 30 31 b a5
25 48 50 b8 b6 5.9 79 86 87 1MA 75 16 17 20 19 23 27 29 33 28
30 45 49 5 55 6.7 76 8.4 94 106 100 15 16 18 18 22 25 28 31 35
50 42 46 .0 5.3 6.3 7.0 79 8.8 9.5 150 14 15 17 18 21 23 26 29 32
75 39 45 45 5.2 6.1 67 7.7 8.5 8.9 200 13 15 16 17 20 22 26 28 30
100 39 45 4.8 5.2 5.9 65 76 8.3 8.7 300 13 15 15 17 20 22 25 28 29
125 389 45 4.8 5.1 5.9 6.4 76 .2 8.5 400 13 15 15 17 19 21 25 27 28
150 36 45 45 5.1 5.8 6.4 75 8.2 8.4 500 12 15 15 17 19 21 25 27 28
Tangent 3.6 4.2 4.2 5.0 5.5 6.1 7.3 7.9 7.5 Tangent 12 14 14 17 18 20 24 26 26
Width modification regarding edge treatment Nidth modification regarding edge treatment
Mo stabilized Mone Mone MNone Mo stabilized Mone Maone Mone
shoulder shoulder
Sloping curb Mone MNone MNone Sloping curb Mone Mone Mone
Vertical curb: Vertical curb:
one side Add 0.3 m Mone Add 0.3 m one side Add 11t Mane Add 11t
two sides Add 0.6 m Add D3 m Add 0.6 m two sides Add 2 ft Add 1 ft Add 2 ft
Stabilized Lane width for Deduct shoulder  Deduct 0.6 where Stahilized Lane width for Deduct shoulder Deduct 2 ft where
shoulder, one or  conditions B & C  width; minimum shoulder is 1.2 m orf shoulder, one or conditions B & C width; minimum shoulder is 4 ft or
baoth sides on tangent may be width as under wider both sides on tangent may be pavement width wider
reducedto 3.6 m Casel reduced to 12 ft as under Case |
where shoulder is where shoulder is
1.2 m or wider 4 ft or wider
MNote: A = predominantly P vehicles, but some consideration for SU trucks.  Mote: A = predominantly P vehicles, but some consideration for SU trucks.
B = sufficient SU vehicles to govern design, but some consideration B = sufficient SU vehicles to govern design, but some consideration for
for semitrailer combination trucks. semitrailer combination trucks.
C = sufficient bus and combination-trucks to govern design. C = sufficient bus and combination-trucks to govern design.

Exhibit 3-51. Design Widths of Pavements for Turning Roadways










SHOULDER WIDTH

Advantages of Using Paved or Improved
Shoulders

= Accommodates Stopped Vehicles
= Provides Increased Lateral Clearance

= Provides Lateral Support for Subbase, Base, and Surface
Courses

= Provides for Mail Delivery, Bus Stops, Possible Bike Paths

= Sight Distance Is Improved in Cut Section, Thereby
Potentially Improving Safety

= Space Is Provided for Maintenance Operations such as Snow
Removal and Storage




SHOULDER WIDTH

= Shoulder — Measured from the edge of the traveled
way to the intersection of the shoulder slope and
foreslope planes (the hinge point).

}‘ shoulder
o |
T \
EOM Hinge Point

= Hinge Point — The point of intersection between the
shoulder slope and the foreslope.



SHOULDER WIDTH

= Shoulder Drop-Off - Condition where edge of
pavement Is higher than the abutting shoulder

= Shoulder Ribbon — Paved shoulder (usually HMA
material) placed normally on a two-lane, two-way

roadway, typically 3’ wide, used to mitigate shoulder
drop-off.

Usable Shoulder — (AASHTO 2011 Definition)

“...the actual width that can be used when a driver
makes an emergency or parking stop.”
May include rounding at hinge point if foreslope is 1:4 or flatter.

Valley gutter and the gutter pan of Type G curb & gutter can be
considered part of the useable shoulder.

Gutter pans of mountable curb & gutter types (Types B & D) may

be considered part of the usable shoulder width where
constrained conditions exist




SHOULDER WIDTH

To Construct F

|
MDOT Practice | &

ard Surfaced Shoulders Adjacent to Travel
Lanes on State Trunklines

To Place a Strip of Aggregate (Gravel) Between the
Edge of Paved Shoulder and the Shoulder Hinge Point
(minimum 1’ in width) for Stabilization



SHOULDER WIDTH

New Urban or Rural Construction Projects Should Include
Full Shoulders, Where Practical

Flush Shoulders are Required for New Urban Freeways,
however, this May Not Apply to Urban Freeway
Reconstruction




SHOULDER WIDTH

Freeway Design Criteria
Road Design Manual (Appendix 3A & Appendix 6A)
(section 3.11.01)

= Standards Do Not Differ between New Construction and
Reconstruction. An Allowance is Provided for 3R Work Types.

= 3 or More Lanes Directional — Median Shoulder Width Should
be the Same as the Right Shoulder Width

= Truck Traffic Exceeds 250 DDHV - Use 12’ Paved Width
Shoulders on Non-Interstate Freeways; Consider Using 12’
Paved Width Shoulders on Interstate Freeways (Confer with
Geometrics Unit)

= Ramp Gores Should be Paved to the 22’ Point




SHOULDER WIDTH

Appendix 3A

Freeway

Mainline

Ramp (one lane and two lanes)

Median

Qutside Left Right

8 ft. (4ft. paved)
(8 ft. paved at bridge and barrier
sections)

For 6 or more lane sections (3 or
mere lanes directional) use 11ft.
min (10 ft. paved) and consider
12 ft. paved where truck traffic
exceeds 250 DDHV.

10 ft. min (paved)

For non-interstate freeways,
use 12 ft. paved where truck
traffic exceeds 250 DDHV.

For interstate fresways
consider using 12 ft. paved
where truck traffic exceeds 250
DOHV.

6 ft. (4 ft. paved) | 8 ft. (7ft. paved)

For new construction and reconstruction, the mainline cutside paved shoulder is extendad w

to the shoulder hinge for stabilization.

When w
foot of aggregate when feasible.

idening existing paved shoulders to meet current standard widths, it is desirable to provide the additional

vith 1 ft. of aggregate

Appendix 6A

8" -0 SHOLDER 120 1200t st L
DRIVING LANE TRIVIHG LAME |
® 10'-0° SHOuLEER -}
o [

COMCRETE EDGE OF TRAVELED LanE——

oLass 11 s-mm—/ OFEN-GRADED UWDEFDRL IN FISE 1TTR, \ DEWSE CRADED AGCREGATE (12, 1—
[SEE STANDARD #LAN A-20-SERIES) \
SRIGINAL GEOUAD M CPEM-GEAOED [RAINAGE TOURSE
ITH SRR

VEEE STAMDUAD PLAN B-BO-SERI051

W RIGHT COUPSIDE: CONSIDER 137 PAVED SWIULOCR WWEA[ TRUCK TRAFF IS [XCDIDS 350 D3NV,

LEFT (MEDIAMYE 7 OF MOEE DRIVING LAMES. SF A 10' PAVED SHOULDER SECTIOM,
s DR 15 PAVED WA DO WIEHE TRUEK TEATT |E CRELEDS 250 0OY i WAL ov s
SRIWING LAMES EXIST.
- FOLLOW OTOR DUPARTMONT GUIDLL NS
THELUTING TeE Wik WIXTLRE RS SELECT IoH Bl BEL (NS,

RURAL FREEWAY WITH REINFORCED CONCRETE PAVEMENT



SHOULDER WIDTH

Non-Freeway Design Criteria
Road Design Manual Appendix 3A (4R) & 3.09.02 (3R)

Widths are Determined by
Type of Work: 4R or 3R

Highway Classification

Average Daily Traffic
Design Speed







SHOULDER WIDTH

Non-Freeway, 3R, NHS (3.09.02 A)




SHOULDER WIDTH

Non-Freeway, 3R, Non-NHS (3.09.02 B)




SHOULDER WIDTH

Adjacent to Truck Climbing Lanes and Passing Relief Lanes

Road Design Manual 3.09.05

Adjacent to Right Turn Lane
4’/(3’ Paved) Shoulder or Curb & Gutter

Adjacent to Auxiliary Lanes of 1.0 Mile or Less (Freeway)

2011 AASHTO Page 10-76







SHOULDERS

Corrugations in Paved Shoulders

Refer to R-112-H for
Freeway and Non-Freeway
Corrugations

Freeway — Outside and Median Shoulders
No Ramps

Non-Freeway - Shoulder and Centerline on
Candidate Roadways










Problem 3: Non-Freeway, NHS Corridor with a 4R Work Type
Divided Arterial, 36" Median Width
(Solutions) 3 Lanes in Each Direction
ADT = 36,000
Rolling Terrain
Posted Speed 40 mph

a. What is the MDOT recommended design speed?
45 mph (RDM 3.06)

(A 40 mph minimum design speed may be used per RDM Appendix 3A)

b. What is the required lane width?
Rural: 12’
Urban: 12’ Desirable/11’ Minimum (Unless NTN; then 12’ min.) (RDM Appendix 3A)

Urban Restricted Area: 10’ (Almost Never Applies)

C. Required shoulder widths — left and right?
Rural and/or Urban: 8’ Right and 8’ Left Desirable. (RDM Appendix 3A)

[However, No Shoulders are Required Due to Low Speed (Posted Speed Limit < 50 mph).]

d. Required Stopping Sight Distance?

360’
(MDOT Sight Distance Guidelines)
(305’ if 40 mph design speed is used)

e. Maximum Allowable Grade (%)?
Rural: 6% (40 mph or 45 mph design speed)
Urban: 7% (45 mph design speed) (RDM Appendix 3A)
8% (40 mph design speed)






Problem 4: Non-Freeway, Non-NHS Corridor with a 3R Work Type
Undivided, 2-lane Arterial

(Solutions) ADT = 12,300
Rolling Terrain
Posted Speed 55 mph

a. What is the minimum allowable design speed?

55 mph Minimum (RDM 3.06 and RDM 3.09.02B)

b. What is the required lane width?
11’ Minimum (RDM 3.09.02B)
12’ Desirable on the NTN, but existing widths of less than 12" may be retained.

C. Required shoulder width?

Rural: 6’ Total / 3’ Paved

(RDM 3.09.02B)
Urban: 6’ Total / 3’ Paved — If Not Constrained by ROW.
If ROW Not sufficient, No Shoulders are Required.

d. Required Stopping Sight Distance?

495’ (MDOT Sight Distance Guidelines)

e. Maximum Allowable Grade (%)?

If there are NO crash patterns/concentrations related to the existing
longitudinal grades, the existing grades may be retained (i.e. No Maximum).

(RDM 3.09.02B)

If there 1S a crash pattern related to the existing longitudinal grades, then the
maximum grades are as follows:

Rural: 5%
(RDM Appendix 3A)
Urban: 6%






CURB & GUTTER (RDM 6.06)

Purpose

Control and Direct Drainage
Visually and Physically Define the Travel Way
Define Driveway Locations

Promote Aesthetics of Roadside Development




C&G IN CONJUNCTION
WITH SHOULDER

Curb & Gutter Should Not be Used on Roadways with Flush
Shoulders, If Feasible

Curb & Gutter Should Not be Used Adjacent to the Travel
Lane Where Posted Speeds are 50 mph or Greater

Roll Curb & Gutter Is Frequently Used to Define the Radii
of Rural Crossroad Intersections, but These are Placed
Beyond the Edge of Shoulder and Therefore are not
Adjacent to the Traveled Way




CURB & GUTTER IN
CONJUNCTION WITH SHOULDER

MDOT
Standard Plan
R-30-G

Curb & Gutter Should
Not be Used Where
Open Drainage Ditches
Can be Utilized

1"-1" 16" imi

iy

17 =Yl

By

— gPoxt COATED
i Wi far ——

3'-ET (w3

hJI —=

—B&R AT BE LOCATED

MEOVE DR EELOW TRE
LAME TIE

m GUITER FaR WIDTH Wa® OF SEOUCLD WHEIN

APFROVID BT THE EMGIREESY

AROVE OR BELOW THE
LaN TIE

SO0 MOTES weEM PavTEWT J0|&1
|5 SEALES WITe RECPREME

[ 5 10 5 = DIMERE] D TMCRE BE
Tl LAME TIES FINCEETE LMCRETE DETAIL LARE TIES t N
I €Yl 4 LFT | 6D 4 LFT 1 Ced s LFE
Bt 8" a5 SHOwN SLOE00 | Lw 0,855 4 £ K5 SHIWH 0783
-3 9" Ol | TTED 2. 2500 w0, 855 oz L. D&l TTED 20783
5 L A5 SHOWN 0. 0Ed1 (&0, 08541 H ol L= A5 SHIWN 0.5 E'
W M
By 1!.1'
L] It ll| 1 : 3 w
\ - . o —
. = o | — :
o - } ——— = —a
. = 1" N .:‘ -
L |"'. )
\ . - f i - — EPONT CWTED | — 3 AT BE LOCHTED
‘—— EPZaY COATED ! —|—BiR AT ZE LOCATED B I :
4" &4 HsR 47 | MBI OR BELOW TRE u A {ECTE N BELDW THE
L P :
[ b5 10 5 JIRERS | DH s
COMCFETE [OMCRE 7T
BETAIL | | LA TITS ETAIL T LAAE TIES
[l Ul €YD o LFT ¥ \ CED £ LFD
i BT 85 SHOWN 0. 2506 F1 1" 6% % | k5 SHOWM el
=3 e N 08| TTED &, 3508 F2 1 i TTED 2o Ed
3 D) 14" | a5 SHOWN 0. B2 F 2 A5 FHOWH 0.0610
4 0T 1y | eliTED o 63T ki i & 1 TED 0.0610
1] 20t 1y | o oL En Fi 4| 1y | A e G-prar
Ch A 1y | meiine 4. 8Ta1 C 4 4" 1% | meTRD G.015e F




CURB & GUTTER (RDM 6.06.06)

Most Curb and Cuyth-& . pes are Defined as

Eith€ér Mountable/Roll dr Barrier

MDOT’s Detail “B”
May be Used at Any Posted Speed

Usually Used on the Back of Flush Shoulders at Rural Intersections

MDOT'’s Detail “D”
May be Used at Any Posted Speed

Primarily for Drainage and In Conjunction with Guardrail Sections




CURB & GUTTER (RDM 6.06.06)

Most Curb and Curb & Gutters are=2efined as Either

Mountable/Roll «

MDOT’s Detail “C”
May be Used Where Posted Speeds are 35 mph or Less

Typical Usage is with Sidewalks, Trees, or Utility Poles Close to Edge
of Pavement, Parking Areas, or to Match Existing Pavement

MDOT’s Detail “F”
May be Used Where Posted Speeds are 45 mph or Less

May be Used to Replace Detail “C”, or in Place of Detail “B” or “D”




CURB & GUTTER (RDM 6.06)

MDOT’s Detail “G” (Urban Freeway Curb)

= Considered Mountable
= Usually Used on Urban Freeways (Only in Cut Sections), in front of
Earth Berms, or Adjacent to Retaining Walls at the Back of Shoulder

MICHIGAN DEPARTMENT OF TRANSPORTATION

BUREAU OF HIGHWAY DEVELOPMENT STANDARD PLAN FOR

Referto RDM6.06.10 | o opprp VALLEY GUTTER

and MDOT Special | y\Np URBAN FREEWAY CURB
Detall R-33-G

9-26-2007 R-33-F SHEET

F.H.W.A. APPROVAL PLAN DATE 1 OF 2

These Curb Details May be Used at Non-Freeway Locations when Approved.



CURB & GUTTER (RDM 6.06)

Concrete Valley Gutter - Developed to be Used on Freeways in
Order to Provide Flush Shoulders

Replaced Curb & Gutter That was Previously Used Between the
Travel Lane and the Paved Shoulder

4

&

To Place Concrete Valley Gutter at the Outside Edge of the
Shoulder and Adjacent to CMB or Single Face Barrier, if Present

"“ MDOT Practice




CURB & GUTTER (RDM 6.06)

Bridge Approach Curb & Gutter Detalls

Should be Determined by the Bridge Designer

If a Road Plan is Included with the Bridge Plan,
the Quantities will be in the Road Plan

Refer to RDM 6.06.08 and
MDOT Special Detail R-32-F










CROSS SLOPE / CROWN

= Cross Slope — Transverse slope rate of travel lane or
shoulder.

= Normal Crown — Uniform slope towards the outside
edge of pavement

Undivided Roadways Divided Roadways

May be Crowned at
Centerline or at Inside
or Outside Edge of
Pavement

Typically Crowned at
Centerline or Edge of
Center Lane




CROSS S

EACH PAVEMENT SLOPES ONE WAY

Exhibit 4-3. Roadway Sections for Divided Highway (Basic Cross-Slope Arrangements)




CROSS SLOPE / CROWN

The Department Uses a Standard Cross Slope of

2.0%

Allowable Cross Slope Variances for 3R Projects are Given
In RDM 3.09.02

A Design Exception Is Needed for Cross Slopes that are
Less than the Required Minimums, Greater than 2%, or
Parabolic in Nature.

Except...



CROSS SLOPE / CROWN

Three or More Lanes Inclined in the Same Direction
(Free Access Curbed Highways)

= Slope May be Increased After the First Two Lanes from the Crown
Line
= Upto 1%
= When EXxisting Side Conditions Do Not Allow the Preferred
Uniform Standard Crown Rate

2% 2% 239,

—

CROWN |
LINE

= Requires Additional Transition in Superelevated Sections



CROSS SLOPE / CROWN



CROSS SLOPE / CROWN
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CROSS SLOPE / CROWN
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CROSS SLOPE / CROWN

Bridge Design Guides (6.05.01)

SHOULDER + & "

L SHOULDER + 2' L 2 DR MORE 12" -0" LANES L
o — . . -
H\ 27 2 /
Z2 OR MORE LANES TWO-WAY
e 12" -D" 12' -0 . SHOULDER + 2'
*
K 2% P
\ g
[
i 2 LANES ONE-WAY DIVIDED ROADWAY
LEFT RIGHT




280"

160" — 8’0"

CONST. @ P.G. &
FOINT OF
21, ROTATION

- S

SINGLE LANE RAMP SECTION

[——]

* TRANSITION SHOULDER SLOPE OW APFRODACH TO MATCH APPROACH ROAD SHOULCER SLOPE.




CROSS SLOPE / CROWN
Non-Freeway, NHS, 3R (3.09.02 A)

Cross Slopes Traveled way 1.5% - 2%, Shoulder see Section 6.05.05



CROSS SLOPE / CROWN
Non-Freeway, Non-NHS, 3R (3.09.02 B)

Cross Slopes Traveled way 1.5% - 2%, Shoulder see Section 6.05.05




CROSS SLOPE / CROWN

Where Resurfacing is Less Than 4”...

The Crown Point May be

Retained in Its Existing Location

2% Cross Slope Shoulo

be Established or Maintained

Where Resurfacing is 4”or More...

The Crown Point Should be

Moved to Meet Current Standards



CROSS SLOPE / CROWN

Shoulder Slopes
Road Design Manual 6.05.05 and Standard Plan R-107

= Standard Slo
Shoulder ano

= Standard Slo

ne for Gravel or Earth Surfaced

= Standard Slo

pes for Superelevated Sections

Shoulder Ribbon is 6% (0.06ft/ft)
pe for Paved Shoulder is 4% (0.04ft/ft)

HITH SILDE SHOULDEE CHART
- WHEK RSTE OF FILL SHOLLCER SLOFE
Hop b SUFERELEVAT [0H 15 &T FULL SLFERELEVATIUN EGUALS
HRHELER 13 SREATER
{ - SHILLER FAVEVENT 10TH SHOILOER RETE OF SLFERELEVATLOH HIHUS
N FROW 0 T 3% MORMAL SHOULDER SLOPE
SHALDER SLIFE —=e £y BT 10N
| VEE W SIEE 3%, TD AKD - RUE G AR
t SHOLLLER CHART - THELLDING 5% — - 3 1= -
.' —— o
L — - SHOULDER
r:-J_ | I =
————————— ———
f—_}—"—T:T—_————‘_ - '-N —_ RATE OF SUPERELEVATION
— e S . TN IVER =1 ==
= - R : — [
. — ~— N
e P p ~ SHOULDER
S -




CRQOSS SLOPE / CROWN
Shoulder Slopes

Slope Rates Between 4% and 6% are Generally Acceptable
for Aggregate Shoulders

Slope Rates Between 4% and 6% May be Used for Paved
Shoulders if Side Conditions are Constrained, and iIf it Does
Not Result in a Rollover of Greater Than 6%

Slopes of Less Than 4% (Except on Bridges or in Superelevated Sections)
or Greater Than 6% (Except in Superelevated Sections) Require a Design Exception



CROSS SLOPE / CROWN
Shoulder Slopes

Do NOT Change Slope Rates Within the Plane of the Shoulder
— Keep Paved and Unpaved in Same Plane

A
A

Hinge Point




CROSS SLOPE / CROWN

Retaining an Existing Parabolic Crown will
Require a Design Exception

The Desirable Rollover (Algebraic Difference in Cross Slope)
between Traveled Lanes and Shoulders 1s 6% or Less

MDOT Maximum Rollover: 6%
AASHTO/FHWA Maximum Rollover: 8%

(Design Exceptions Required if These Values are Exceeded)









SUPERELEVATION

= Superelevation — The banking of the roadway In the
direction of the curve to help counter balance the
perceived “centrifugal force” on the vehicle

The Appropriate Rate of Superelevation is
Determined From...

= Design Speed
= Curve Radius

= Maximum Allowable
Side Friction Factor

= Superelevation Method




SUPERELEVATION

Michigan’s Climate Limits
Superelevation to 7% on...

= Rural Freeways
= Free Access Trunklines
= Rural Ramps

For Maximum Superelevation on
“Urban” Freeways (DS = 60 mph)
and Ramps See R-107




SUPERELEVATION

Obtaining Superelevation Rates

Preferred
MDOT Standard Plan R-107

Minimum
Straight Line Method (RDM 3.04.03)

Interpolating between the AASHTO 6% and 8% E_.., charts Is
not appropriate! Interpolating within the R-107

or Straight-Line charts is allowable!

If the Straight-Line superelevation rates
cannot be met, a Design Exception/Design Variance Is required.




SUPERELEVATION

. 2



SUPERELEVATION
Point of Rotation (RDM 3.04.01)

Crowned Multi-Lane Roadways

POR POR POR
— Ty o — . o
- — - = — - = — -

Single-Lane or Unidirectionally Crowned Roadways (i.e. Ramps)

POR POR —-_._________:E_"(DR
0 —— O
W W W

~—— 1




SUPERELEVATION
Point of Rotation (RDM 3.04.01)

Special consideration should be given to superelevating
an odd number of lanes (i.e. three-lane or five-lane
sections) as the point of rotation should be determined
by site conditions. See Standard Plan R-107-Serles.

/\ /\

et




SUPERELEVATION

Superelevation Transitions (RDM 3.04.02)

Consists Of...

Tangent Runout
(Crown Runout (C) )

Length of Roadway Needed
to Accomplish a Change in
QOutside-Lane Cross Slope
from the Normal Cross
Slope Rate to Zero (Flat)
or Vice Versa

Superelevation Transition

(Transition (L) )

Length of Roadway Needed
to Accomplish a Change in
Outside-Lane Cross Slope
from Zero (Flat) to Full
Superelevation or Vice Versa




SUPERELEVATION
Superelevation Transitions (RDM 3.04.02)

Relative Gradient
Along the Edges of the Pavement

(Delta Percent), (A%)

= Dependent on Superelevation Rates and Design Speeds

= May be Increased as Needed Up to the Maximum
Relative Gradient for the Design Speed

= Requires a Design Variance if Values Exceed
the Maximum for the Design Speed






SUPERELEVATION

E
Elements of a Superelevation Transition (Right Curve)




SUPERELEVATION

CL

2% 2%

i

Road Cross Section




SUPERELEVATION

CL

15% 2%

_ T

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION
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Road Cross Section




SUPERELEVATION
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Road Cross Section




SUPERELEVATION

CL
— 0.5%
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Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

CL
X 40

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION

Road Cross Section




SUPERELEVATION
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SUPERELEVATION

CL

o 2%

Road Cross Section




SUPERELEVATION
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SUPERELEVATION

Road Cross Section




SUPERELEVATION
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Road Cross Section




SUPERELEVATION
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Road Cross Section




SUPERELEVATION

MDOT Standard Plan R-107
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MDOT Standard Plan R-107
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SUPERELEVATION
MDOT Standard Plan R-107

RATE OF SUPERELEVATION AND SUPERELEVATION TRANSITION SLOPE
] UREAN
F#EH? 10 WPH 35 WEH 40 MPH 45 WPH 50 MEH 55 MPH £0 WPH 65 MEH FREEWAYS F.ﬁ:EaEﬁf -'rSAMH-'h.!-:I
70 WPH 75 WPH &0 WPH
et | 8% |en | a% |en| at |er] ot [ex | 2% [en] a2 [ex] ax [ex [ a2 [es] an [ex] ax [ex ] a2

Z3000| NC | —— | WC | ——=| HE | —— | KC NC | — | WC | — | hC NC | — | WC | —— | W |—| W | —
20000 NG | —— | WE | ——— | HE | —— | NG | — | W& |— | w2 | —— | NC | — | WE | — | ®we |—]| mt | — | mc | —
17000 NG | -—-| NG | —= | WG |—— | WC | — | NC | —— | WC |— | WC |— | NC | — | WC | ——| W |—| Mo | —
qona| WC | ——=| we [ —= wo [ — | we [ — 1 we | — 1 we [ — | w¢c [ — [ wc [ — [ 2.0 {03t 2.0 {030 wo | —
12000 NG -— NC —_—— NI —_ C e — 1 —_— [ —_— NE 2.0 | 032 2.0 | 0.31 2.0 | 0.30 MNC —_—
0000 NC | —=| BC | ——| HEC | —— | NC | — | WC | —— | HE | —— | 2.0 | 0.36 | 2.0 | 0.32 | 2.1 | 0.31 ] 2.3 | 0.31| 2.0 | 0.34
8000 NG | —— | KC | —— | HE | — | WC | — | 2. ) 2.0 |0.36 | 2.1 | 0.%6 | 2.3 | 0.33 | 2.6 | 0.32 | 2.9 | 0.31 | 2.0 | 0.34
&000| WC | ——| e | —=| WL | — | 2.0 | 0.40 | 2. 7.5 | 0.39 | 7.7 | 0.31 | 3.0 3.3 | 0.33] 3.7 | 0.33| 7.4 | 0.3
5000] WC | —=| KC | ——=| 7.0 | 0.40 | 2.0 | 0.40 | 2. 2.7 | 0.3% | 3.1 | 0.38 | 3.5 3.9 | 0.34 | 4.4 | 0.24 | 7.8 | 0.37

4000 NC ——— | 2.0 | 0.45 | 2.0 [ 0,40 2.4 | 0.41 ] 2. 3.3 | 0.40 | 3.8 ) 0.39 | 4.2 4.7 | 0.36 | 5.3 | 0.35( 3.3 | 0.39

3500 NC | ——= | 2.0 | 0.45 | 2.2 | 0.41 | 2.6 | 0.42 | 3. 3.6 | 0L | 4.2 | 0.40 | 2.7 5.2 | 0.37 | 5.9 | 0.36 | 3.5 | 0.40

3000| 2.0 | 0.50 | 2.0 | 0.45 | 2.5 | 0.42 | 3.0 | 0.43 | &. 4.1 | 0.42 | 4.7 | 0.41 | 5.2 5.9 | 0.36 | &.5 | 0.27| 3.8 | 0.41
7500| 7.0 | 0.50 | 7.4 | 0.6 | 7.8 | 0.43 | 3.5 | 0.44 | 4. 4.7 | 0.43 | 5.3 | 0.47 | 5.8 | 0. 5.5 | 0,39 | 7.0 | 0.38 | 4.7 | 0.47
2000] 2.3 | 0.51 | 7.9 | 0.48 | 3.5 | 0.45 | 4.1 | 0.46 | 4. 5.4 | 0.44 | 6.1 | 0.43 | 6.6 | 0.47 | 7.0 | 0.40 |7 MIN.= 2344] 4.6 | 0.44
1800 2.5 [ 0.52 ] 3.1 [0.49 ] 3.8 | O.46 ] 4.4 | 0.47 | 5. 5.7 | 045 | 6. | D44 | 6.9 | 0.43 | MIMN.= 1922 4.8 | 0.44
600 | 2.7 | 0.52 | 3.4 |0.50 | 4.1 | 0.a8 | 4.8 | 0.48 | 5. 6.1 | 0.45 | .71 | 0.44 | 7.0 | 0.43 4.9 | 0.45
1400| 3.0 | 0.55 | 3.1 | 0.51 | 4.5 | 0.48 | 5.1 | 0.49 | 5. 6.5 | 0.46 | £.9 | 0.45 | MIN.= 1565 R OuIN. = 1217
1700| 3.4 | 0.54 | &.1 | 0.52 | 4.9 | 0.50 | 5.6 | 0.50 | 6. 5.8 | 0.47 [& MIN.= 1763

1150] 3.5 | 0.56 | 4.3 | 0.53 | 5.0 | 0.50 | 5.7 | 0.50 | 6. 5.9 | 0.47

1000 2.8 [ 0.56 ) 4.8 [ 0.54 ] 5.4 | D.52 B.1 | 0.5 . F WIN.= 1008

G000 4.1 | 0.57 | 4.8 | .55 5.7 | 0.53 | 6.4 | 0.52 | 6.

820 | 4.3 | 0.57 | 5.1 | 0.55 | 5.9 | 0.54 | &.6 | 0.55 | 7 -

00| 4.4 | 0.58 | 5.1 | 0.56 | 6.0 | 0.54 | &.7 | 0.53 | 1.0 | o NOTES:

720| 4.6 | 0.58 | 5.4 | 0.57 | 6.3 | 0,85 | 6.9 | 0.54 |R MIN.= 734" LOOF RAMPS SHALL HAVE & 7% RATE OF SUPERELENATION.

ooy ATy 0.99 4 5.3 (0574 8.3 (0.0 L8010 THE RATE OF SUPERELEVATION FOR CURVES APRROACHING RAMP TERMINALS

600 5.0 | 0.60 | 5.9 | 0.58 | 6.7 | 0.57 [R MIN.= 614’ THE RA ELEVA Rt CURVES APPROACHING RAMP TERMINALS

z00l 5.3 10611 54 (o601 7.0 [o.58 (STOPPIMNG CONDITLOM! SHOULD RE LIMITED TO 5% MAX.

50| 5.7 | 0.62 | 6.6 | 0.61 |R WMIN.= 464’ IF DELTA VALUES FROM THE CHART CAMNOT BE DSTAINED FOR THE DESIGH

qn0| &.0 0.63 6.8 0.61 AADIUS. USE THE wax[woy DELTA YALUE FOR THE CORRESPOMDING SPEED.

350] 6.3 | 0.64 | 7.0 [ 0.62 FOR MADL] LESS THAM THOSE TABULATED, (BUT MOT LESS THAM R MIN. 1,

300 &.7 | 0.65 |R MIN.= 327 USE & mox - AXIWUM SUPERELEVATION FOR URSAN FREEWAYS AND URBAN

2651 6.9 1 0.66 RANPS (MITH & 60 MPH DES[GN SPEED) IS 5% OTHERWISE @pax = 7% -

225| 7.0 | 0.66

R WIN.= 727




SUPERELEVATION
MDOT Standard Plan R-107

THE CROWN POINT AND POINT OF ROTATION WILL NORMALLY BE AT
THE CENTER OF TWO-LANE AND FOUR-LANE UNDIVIDED PAVEMENTS
AND AT THE EDGE OF AN INSIDE LANE OF FIVE-LANE UNDIVIDED
PAVEMENTS. THE POINT OF ROTATION WILL NORMALLY BEATHE
INSIDE EDGES OF DIVIDED PAVEMENTS.



SUPERELEVATION
MDOT Standard Plan R-107

THE CROWN IS TO BE REMOVED IN SUPERELEVATED SECTIONS.




SUPERELEVATION
MDOT Standard Plan R-107

ON URBAN SERVICE ROADS AND URBAN FREE ACCESS TRUNKLINE
CURVES WHERE DRIVEWAYS ARE PREVALENT, AND WHERE NORMAL
SUPERELEVATION CANNOT BE OBTAINED, A MINIMUM OF 1.5% TO 2%

SUPERELEVATION IN THE DIRECTION OF THE CURVE MAY BE USED TO
REMOVE THE ADVERSE CROWN.



SUPERELEVATION
MDOT Standard Plan R-107

DESIGN MODIFICATION OF TRANSITIONS, POINT OF ROTATION,
AND CROWNS MAY BE NECESSARY TO IMPROVE RIDING QUALITY
AND APPEARANCE.




SUPERELEVATION
MDOT Standard Plan R-107

THE LOCATION, LENGTH OF SUPERELEVATION TRANSITIONS,
CROWN RUNOFF LENTGHS, SUPERELEVATION RATES, AND
POINT OF ROTATION WILL BE AS SPECIFIED ON THE PLANS.




SUPERELEVATION
MDOT Standard Plan R-107

SPRIAL LENGTHS WILL BE EQUAL TO OR LONGER
THAN TRANSITION SLOPE LENGTHS.




SUPERELEVATION
MDOT Standard Plan R-107

SPIRAL TRANSITIONS SHOULD BE USED ON NEW ALIGNMENTS,
BASED ON THE DESIGN SPEED OF THE CURVE AND THE RADIUS
AS SHOWN IN THE TABLE. THE TABLE GIVES THE MAXIMUM
RADIUS IN WHICH A SPIRAL SHOULD BE USED.




SUPERELEVATION
MDOT Standard Plan R-107

BEGIN THE HIGH SIDE SHOULDER TRANSITION AT THE PAVEMENT
CROWN RUN OUT POINT (CROWN REMOVED). TRANSITION THE
SHOULDER IN THE DISTANCE “L” TO THE SHOULDER SLOPE RATE
REQUIRED AT FULL PAVEMENT SUPERELEVATION.




SUPERELEVATION
MDOT Standard Plan R-107

IF THE RATE OF FULL PAVEMENT SUPERELEVATIONS IS GREATER
THAN THE NORMAL SHOULDER SLOPE, BEGIN THE LOW SIDE
SHOULDER TRANSITION WHEN THE PAVEMENT REACHES THE SAME
PLANE AND SLOPE RATE AS THE NORMAL SHOULDER.



SUPERELEVATION

MDOT Standard Plan R-107

WHEN TRANSITIONWIMG THE SHOULDER SLOPE TOSFROM A BRIDGE SECTIOM.
CALCULATE THE TRAWSITIOW  DISTANCE USING THE SUPERELEVATION
TRANZ[TION SLOPE &%) REOQUIRED FOR THE CURYE. OR IN TAMNGENT
SECTIONZ+  USE THE MINIMJE WALLE FOR  SUPERELEVATION TRAHSITION
sLOPE (&%) GIVEW IW THE TAELE« [N THE COLUMM FOR THE SFEED OF
THE ROACEAY.  (TRAWSITIOW DISTANCE = GHOULCER ®ICTH = (RATE OF

BRIDGE SHOULCER SUPERELEYATION MINUS RATE OF ROAC SHOULDER
SUPERELEVATIUM] x 100 7 &%)



SUPERELEVATION

MDOT Standard Plan R-107

SPIRAL CURVE TRANSITIONS
DESIGN | MAXIMUM | DESIGN | MAXIMUM
SPEED RADIUS SFEED RADIUS
{MPH (FEET) (MPH ] {FEET)

30 436 bl 1827
35 620 B3 2138
40 al0 [t 2479
45 1025 73 2846
20 1265 60 3238
T T s




SUPERELEVATION

MDOT Standard Plan R-107
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SUPERELEVATION

MDOT Standard Plan R-107
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SUPERELEVATION

MDOT Standard Plan R-107
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SUPERELEVATION

STRAIGHT LINE SUPERELEVATION
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S000 MG - MLC. = M.C. = H.C. - 2.0 D.an 2.0 03s | 20 0.3 2.0 .32 2.0 2.3 2.0 0.30 20 0.3
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Problem 5: Non-Freeway, NHS Corridor (4R Work Type)
Divided Arterial, Three lanes in each direction
(Solutions) ADT = 15,000
Level terrain
Posted speed 50 mph

a. What is the design speed?
55 mph /50 mph (RDM 3.06 / RDM Appendix 3A)

b. What is the lane width?
Rural or Urban: 12’ (RDM Appendix 3A)

C. Paved shoulder width — left and right?

Rural: 8’ Right and 8” Left
(RDM Appendix 3A)

Urban: 8’ Right and 8’ Left — If Not Constrained by ROW.
Where ROW is Not Sufficient, No shoulders are required.

d. Stopping sight distance?
495’ (55 mph) / 425’ (50 mph) (MDOT Sight Distance Guidelines)
e. Maximum grade %?

Rural: 4% (50 mph or 55mph design speed)
(RDM Appendix 3A)
Urban: 5% (55 mph design speed) / 6% (50 mph design speed)

f. Cross-slope for the traveled way and shoulders in a normal crown section?
Traveled Way: 2.0%
(RDM Appendix 3A)
Shoulders: 4.0%
g. Minimum required superelevation rate for a horizontal curve with R=1800"?

3.5% (55 mph)
(Straight-Line Superelevation Rate - RDM 3.04.03)
2.8% (50 mph)

h. Superelevation rate for a horizontal curve with R=1800" using Standard Plan R-1077?

5.7% (55 mph)
(R-107 Superelevation Rate - Standard Plan R-107)
5.1% (50 mph)



8 ft.

Problem 6:
Given the following information:
Design Speed = 50 mph

R = 2500 feet
Straight Line Superelevation Chart

PT.
P.C. STA 15+00
STA 10+00

POR

12 ft

/ 4.0% EA

Barrier

V.P.T.
STA 14+00

V.P.C.

STA 11+00
6 ft

L.C. =300 ft

Calculate the following:

V.P.l.

Superelevation Rate
. Delta Percent Value
. Crown Runout Length (C)

. Superelevation Transition Length (L)
Superelevation Transition Distribution/Placement Inside and Outside of the Curve.

Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping Sight

Distance. Is the Required HSO Provided in this Case?
g. Determine the K Value Based on the Proposed Vertical Alignment. Does this K Value Meet for

the Design Speed of the Roadway?

D o0 T



Problem 6:
(Solutions)

Given the following information:

Design Speed = 50 mph - o
R = 2500 feet STA 10400 STA 15+00
Straight Line Superelevation Chart

V.P.C.
STA 11+00

V.P.T.
STA 14+00

Barrier Curve Length = 300 ft

V.P.L
Determine/Calculate the following:

a. Superelevation Rate: 2.0% (RDM 3.04.03)
b. Delta Percent Value: 0.40 (RDM 3.04.03)
c. Crown Runout Length (C): (2%)(127)/0.40 = 60’ (MDOT Standard Plan R-107)

d. Superelevation Transition Length (L): (2%)(127)/0.40 = 60’; (20’ into curve/40’ out of curve).

e. Superelevation Transition Distribution/Placement Inside and Outside of the Curve.

AtPC: L = Sta. 10+00 + 20’ = Sta. 10+20 - 60’ = 9+60. L: 9+60 to 10+20.
C = Sta. 9+60 - 60’ = Sta. 9+00. C: 9+00 to 9+60.

AtPT: L = Sta. 15+00 - 20’ = Sta. 14+80 + 60’ = 15+40. L: 14+80 to 15+40.
C = Sta. 15+40 + 60’ = Sta. 16+00. C: 15+40 to 16+00.

f. Determine the required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping Sight
Distance. Is the Required HSO Provided in this Case?

D.S. =50 mph, R =2500’: Required HSO =9.0°. Yes; 12.0’ of HSO is Provided.

g. Determine the K Value Based on the Proposed Vertical Alignment. Does this K Value Meet for
the Design Speed of the Roadway?

K=L/A=300/5=60. No; K(sag) = 60 Does Not Meet for 50 mph; it Meets for 35 mph.

(NOTE: This Would be an Allowable Vertical Alignment for a 3R Non-Freeway Project).



Problem 7:

Given the following information:

Design Speed = 60 mph

R =2050’

Straight Line Superelevation Chart PC. e
STA 10+00

STA 15+00

POR

12 ft

V.p.C.
STA 10+50

V.P.T.
STA 14+50

12t .
Barrier

Curve Length = 400 ft

6 ft

4.0(%A

V.P.l.

Determine/Calculate the following:

Superelevation Rate:

Delta Percent Value:

Crown Runout Length (C):

Superelevation Transition Length (L):

Superelevation Transition Distribution/Placement Inside/Outside of the Curve:

®oo0oTw

—h

Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping
Sight Distance. Is the Required HSO Provided in this Case?

g. Determine the K Value Based on the Proposed Vertical Alignment. Does this K Value
Meet for the Design Speed of the Roadway?



Problem 7:

Given the following information:

Design Speed = 60 mph
R = 2050’ p.C. STA 153;0‘

STA 10+00

Straight Line Superelevation Chart

POR

V.P.C.
STA 10+50

V.P.T.
STA 14+50

12 ft N
Barrier

8“‘/3
/4.0%

6 ft

40%\
Calculate the following: VP
a. Superelevation Rate: 3.9% (RDM 3.04.03)
b. Delta Percent Value: 0.40 (RDM 3.04.03)

c. Crown Runout Length (C): C =(247)(2%)/0.40 = 120°.

d. Superelevation Transition Length (L): L = (247)(3.9%)/0.40 = 234’. (78’.in /156’ out).

e. Superelevation Transition Distribution/Placement Inside/Outside of the Curve:
PC: L = Sta. 10+00 + 78” = Sta. 10+78 - 234’ = Sta. 8+44. C = Sta. 8+44 — 120’ = Sta. 7+24.
Crown Runout: Sta. 7+24 to Sta. 8+44. Super Transition: Sta. 8+44 to Sta. 10+78.

PT: L = Sta. 15+00 - 78’=Sta. 14+22 + 234’=Sta. 16+56. C = Sta. 16+56 + 120’=Sta. 17+76.

Super Transition: Sta. 14+22 to Sta. 16+56. Crown Runout: Sta. 16+56 to Sta. 17+76.

f. Determine the Required Horizontal Sightline Offset (HSO) to Ensure Adequate Stopping
Sight Distance. Is the Required HSO Provided in this Case?

D.S. = 60 mph, R = 2050°: Required HSO =19.8’. No; the Proposed HSO is Only 12.0°.

g. Determine the K Value Based on the Proposed Vertical Alignment. Does this K Value
Meet for the Design Speed of the Roadway?

K =L/A=400/45=88.9. No; K(sag) = 88 Does Not Meet for 60 mph; it Meets for 45 mph.

(NOTE: This Would be an Allowable Vertical Alignment for a 3R, Non-Freeway Project).






INTERCHANGE - GENERAL

= |nterchange — A system of interconnecting roadways
In conjunction with grade separations providing for
the interchange of traffic between two or more
Intersecting roadways




INTERCHANGE - GENERAL

= Two Types
= System
= Service

= Configuration Based on Service
Demand

= Spacing
= Rural
= Urban

= Approach to Structures
= Sight Distance




INTERCHANGE

Design Principles

= |nterchanges Should be Designed to Best Serve the
Projected Design Hourly Volume Safely and
Efficiently

Operational Uniformity Concept

= |nterchange Design Should Reinforce Driver
Expectancies that Conform with (or Reinforce) a
Prior Experience



INTERCHANGE LAYOUT

Road Design Manual (3.07.02 B)

= Adequate Visibility on Ramps
= Sight Distance at Least as Long as SSD

= Clear View of Entire Exit Terminal
= ExIit Nose
= Section of Ramp Roadway Beyond Gore

= Exit Ramps Should Begin Where the Freeway Is on
a Tangent
= Exit in Advance of Structure

= |Loop Ramps Beyond a Structure Usually Need a Parallel
Deceleration Lane



INTERCHANGE LAYOUT

Road Design Manual (3.07.02 B)

Extreme Care Exercised to Avoid Left-Hand
Entrances and EXIts

Avoid Lane Drops between Closely Spaced
Interchanges

Loop Ramps should be Designed with a Minimum
Radius of 260’ If Possible

Gore Areas Should be Designed as Flat as Possible

Consistency Should be Provided in Interchange and
Ramp Design and Utilization



INTERCHANGE

Spacing
= Impacts Freeway Operations
= Capacity/Congestion

= Urban Areas
= Difficult to Get Spacing - 1 Mile Spacing Desirable

= Rural Areas
= 2 Mile Spacing Desirable




INTERCHANGE

EN-EN OR EX-EX

EX-EN

TURNING ROADWAYS

EN-EX (WEAVING)
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Ex = EXIT

BIGNING, THEY SHOULD BE CHECEED IN ACCORDAMCE WITH THE PROCEDURE QUTLIMED IN THE HIGWWAY CARACTTY

MANUAL {4) AND THE LARGER OF THE VALUES 15 SUGGESTED FOR USE.
THE <L" DISTANCES WOTED IM THE FIGURES ABOWE ARE BETWEEM LIKE POINTS, NOT MECESSARILY -PHYSICAL" GORES,

A MINIMUM DISTAMCE OF 90 m [2T0 f1 15 RECOMMENDED BETWEEN THE END OF THE TAPER FOR THE FIRST ON
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RAMP TYPES

GEO-100-F GEO-101-F GEO-110-C GEO-120-C
One Lane One Lane Two Lane Successive
Tapered Entrance Parallel Entrance Entrance Entrance
GEO-130-D GEO-131-D GEO-140-B  GEO-150-c  ©E0Q-202-B
: 12° Width
One Lane One Lane Two Lane Successive Entrance & Exit
Tapered Exit Parallel Exit Exit Exit

Slip







MINIMUM ENGLISH LENGTHS FOR TAPERED

ENTRANCE RAMPS

THPER=:5:1 TAPER=R0:1 TAPER=5511 TAPER=50:1 TAPER=45:1
f=0rae R3" A=D°ET 17" A=1°02" 30" A=1%08'45" f=1716"23"
RAMP PERCENT ROADWAY ROADWAY ROADKAY ROADKAY ROADWAT
DES[GN GRADE DESLGM SPEED DESIGN SPEED DESIGN SPEED DESIGN SPEED | DESIGH SPEED =
SPEED OF = 75 HeH =70 WPH = &0 MPH =55 45 50 MPH | 45 or less WPH
[WFH) THROUGH A 5
F!I_'I.I'n:l'ﬂ'.fn'f = T80 FT T = I'E':l FT T = E.Ll'f' FT T = l'.l'.JL'_ FT = 34_!.: FT
Lgap = 390 FT | Lgop = 360 FT | Lgaop = 330 FT | Lgap = 300 FT | Lgap = 270 FT
L Q La aQ Lo o Lo o La a
(FT) | €FT) | CFTy | (FTy | ¢FTy | ¢FTy | tFT1 | (FT? | (FT! | (FT)
—3 T0 LESS THAN —5| 478 77.1 5917 77.2 | 660 74.0 | &0& 22.2 | 450 22.0
20 |BETWEEN -3 AMD 43 | 1830 37.1 | 1870 37.4 | 1100 7.0 | a0 7B.2 | 450 22.0
+3 TO LESS THAN +5[ #2528 50,9 | 2280 50.0 | 1540 40.0 | 1084 3.9 | 608 25.5
-3 TO LESS THAW -5| 548 26.6 B57 76.7 | 817 73.2 | §00 22.0 | 430 22.0
75 |BETWEEN -3 AND 43 | 1580 3.4 | 1470 35.7 | 1020 30.6 780 27.6 | 450 22.0
+3 TD LESS THAN 45| 2528 50.9 | 2701 48.7 | 1479 8.9 | 1082 33.9 | &G04 25.5
-3 T0 LESS THAN 5] 306 6.0 10 75.5 | 555 22.0 | 500 22.0 | 450 22.0
30 BETWEEN -3 AMD +3 [ 1510 5.3 1350 3.5 310 8.6 G670 25.4 450 22.0
+3 TO LESS THAN 45| 249z 50.4 | 2160 48.0 | 1365 6.3 | 972 31.5 | &oa 25.5
—3 T0 LESS THAN 5| 852 5.7 738 24,3 | 550 22.0 | 500 22.0 | 450 2.0
15 BETWEEN -3 AMD 43 | 1420 1.9 1230 32.5 800 6.6 550 23.0 450 22.0
+3 T0 LESS THAN 45| 2450 43,7 | 2030 45,9 | 1200 33.9 794 26.0 | 608 25.5
—3 T0 LESS THAN -5| &9 22,8 00 22.0 | 550 22.0 | 500 22.0 | 450 22.0
40 | BETWEEN -3 #MD +3 | 1160 79.9 | 1000 28.7 | 580 27.0 | 500 22.0 | 450 22.10
+3 TO LESS THAN 45| 208 44,2 | 1700 40.4 | ars 7.0 175 76.5 | &08 25.5
—3 TO LESS THAN —5| &&0 772.0 00 72.0 | 550 22.0 | 500 22.0 | 450 ?22.0
45 [BETWEEN —2 amp 43 | 1040 28.0 B0 75.7 | &40 22.0 | 00 27.0 | 450 72.0
+3 TO LESS THAN +5| 1324 41.6 | 1435 6.0 | 828 27.0 | 175 76.5 | 608 25.5
-3 TO LESS THAN -5 Bal £2.0 BOD 22.0 350 22.0 500 2e-0
50 |BETWEEN -3 AND +3 | 780 7.0 BO0 72.0 | 540 22.0 | 500 22.0
+3 TO LESS THAN +5| 148F 34.8 | 1080 0.0 | 475 27.0 | 125 26.5
-3 TO LESS THAN -5 B50 2.0 B0 22.0 50 22.0 500 22:0
55 |[BETWEEM -3 #mD 43 [ 650 22,0 600 22.0 | 540 22.0 | 500 22.0
+3 TO LESS THAN 45| 126B 31.5 | 1080 0.0 | A5 7.0 | 125 26.5
-3 TO LESS THAN -5 650 22.0 BO0 2.0 550 22.0
&0 |[BETWEEW —% AND +3 | 650 72,0 00 72,0 | &40 72.0
+3 TO LESS THAN 45| 1766 31.5 | 108D 0.0 | 85 77.0
-3 T0 LESS THAN -5| &G0 22.0 BO0 22.0
65 | BETWEEN —3 &MD +3 | 650 7720 &00 77.0
+3 T0 LESS THAN +5] 1768 31.5 | 1080 30.0
-3 T0 LESS THAN -5| &40 272.0 RO0 22.0
T [ BETWEEN -2 AND +3 RED 22.0 B0 72.0
+3 TO LESS THAN 45| 1768 31.5 | 1080 0.0
-3 TO LESS THAN -5| 850 22.0
75 |BETWEEN -3 AND +3 | &50 72.0
+3 TO LESS THAN 45| 126 31.5
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KOTES:

1. The designer hos the flexibility to choose aither the toper type ramp or the
paral lal typs romp.  However. the same type of antronce ond exit ramp should
b used within on interchange and corridor.  Uniformity in design is neaded to
aid driver expectoncy. 0On sharp curves. 1t may be preferable to use parallel type
ramps.

. Select design speed tosed on a combination of the superelevation rate and the rodius
of tha curve. See clso chapter 3 of the MOOT Rood Design Manual.

If an additional through lane 18 provided o the entronce ramp joins the mainline
on the high side {outside!l of the curve. use GEO-101-Series.

If the through povement is curved. plot offsets for toper ond connect with
appropriate curve.

Frepare detail grodes and profiles from Section A—& to section B-B.

The wvalus of Lo or Lgoo. whichever produces the grecter distonce downstream from

the 2 £t (0.6 ml pofnt. is suggested for use in the design of the ramp enfrance.

La is the accelerction distance. Laap is the minfmum distonce required to find o gop
in traffic and merge onto the mainline.

Spirals transitions should be used cn new ramp al ignments bosed on the design speed
of the curve ond 1he rodius as shown in the table of the Rood Stondord Flan
R-107-Series. The toble gives the maximum radius in which a spiral should be used.

The maximum algebrofc difference in pavement cross slope between the mainline
and the ramp ouxtl fory lane should not excead 5%.

. Tha oross slope in the gore orea betwean the 2 £+ (0.6 ml point and the 22 T+ (6.6 ml
point should not exceed BY%. with a 6% maximum algebraic difference in cross slope
betwaen the gore ond the adjacent paved lane. This algrebraic difference also opplies
within crowned gores.

The design speed of the romp vertical alignment should meet or exceed the design speed
of the romp horfzontal ol ignment.

. Tha mainline shoulder width should extend along the romp to where the gore is 2 ft
(0.8 m wide. Use o 1:25 taper fransiticn where i1 Joins the ramp shoulder paving.

Each ramp should be coreful ly studied to provide moximum vision at its merge
paints. Sae Geometric Design CGuide CEO-300-S5eries.

. Thase design concepts ore for new construction. Wnere modificotion may be needed

for retrofitting to existing road features. consult the Geometric Design Unit
of Lansing Troffic ong Sofety.

NOT TO SCALE
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MINIMUM TAPERED EXIT RAMPS
TAFEA=25:1 TAPER=F5:1 TAPER=25:1
A=20 1T 26" A=2 1T 26" A=2*17"26"
PERCEMT - , ROADWAY ROADWAY
ROADWAY ROADWAY Acpan . -
':le_FE DES[GH SPEED pEsIoN speen | DESTON SPEED ) DES[EN SPEED
; =75 WPH = &0 WPH =53 WPl = 45 MEH
THROUGH T0 50 WPH 0& LESS
ROADWAY Lg min = 330 i 330 Lg min = 300 Lg min = 300 Lg min = 300
La [+ Q La Q Lo Q
CFTy [ tFT { LFT1 FT (FT: (FTy [ CFTy | (FT2
=3 TO LESS THAW -5 144 36.8 B -8 35.1 528 2 350 27.6
20 AND +3 620 T A 3i.2 440 3 325 25.0
THAR +5 B .1 79.3 396 E] 300 24.0
.0 L 4.1 492 T 354 28.2
25 ] .4 30.4 410 0. 4 300 24.0
] «5 ‘BB 369 3. B 300 74.0
.0 a 1.7 456 30.3 300 24.0
30 - 4 298.2 B0 7.2 oo 24.0
.3 [ 27.5 342 25.7 300 24.0
-4 [ 1.5 420 28.8 oo 24.0
35 BETWEEN -3 .9 q 2B, 2 35 26.0 oo 24.0
+3 TO LESS THAN +5 .1 1 2E. 6 315 24.6 300 24.0
—3 TO LEZS THAN -5 B 9.8 ZB.8 342 25.7 oo 24.0
a0 BETWEEN -3 AND +3 A T 26.0 200 24.0 300 24.0
+3 TO LESS THAN +5 .7 .2 4.6 300 24.0 300 24.0
—3 TO LESS THAN -% & 7.6 PB4 300 24.0 300 24.0
15 BETWEEN -3 AND 42 7 25.0 4.0 200 24.0 300 24.0
+3 TO LESS THAW +5 ¥ 23.7 24.0 200 24.0 300 24.0
=3 TO LESS THAW -5 .6 26.4 4.0 300 24.0
50 BETWEEN —3 AND +3 .0 24.0 74.0 300 24.0
THEN +5 T 23.0 24.0 300 24.0
THEN -5 -6 Z6.4 24.0 300 24.0
5 AND +3 .0 24.0 24.0 200 24.0
+3 TO LESS THAN +5 23.0 24.0 ElY 24.0
—3 TO LEZS THEN -5 B Zh.4 4.0
60 BETWEEN =3 AND +3 5.0 24.0 34,0
+3 TO LESS THAN +5 T 23.0 24.0
—3 TO LESS THAN -5 1] 26.4
1] BETWEEN =3 AND +1 .0 4.0
+3 TO LESS THAN +5 23.7 23.0
=3 TO LESS THAN -5 1EE 27.6 7E.4
o 390 25.0 24.0
5 23.7 23.0
&8 27.6
] BETWEEN 3 90 25.0
+3 TO LESS THAK +5 351 23.7
MOT TO SCALE
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I2E
DUE 2 (@|Z
; e e A r —
32’::-‘ a o = E 4 B O s Y T T S TS S T T BT ST T T e T .
el EI o= )/i 2t (0.6 m
il = 0= L s 12 £t (3.6 m))
o iQlg — — o S—
= :" g S TN e
: 2 s - ema e
é' m Contirue minl'mahﬂ_'_‘___,_ﬂ-r’"" 1125 Povag
Shoulder Width to Shau | -
- 2 £t (0.6 m) Point Moulder Transitice
' ’
=
=
Clo| = 200 £t (B0m) for 73 to 7O mph y
=& & = 100 'fuf 130m) for &0 mph cnd |ess « 150 Ft 146m) Minimum o as neades
SE E o imimUm Maneuver Length I 1 r i
% H & %; 100 £+ 190m) Minimum rg Lg or Ssuperelevation Trans)fion =
= =] E
g 8 L= s )
ol 5| T2 ¥ Wnen transition spiral is used. reguce the distance "EY by
ﬁ o L = r;mlf of the transition spiral length. Recalculate the
3 o= 0" distance. ”
: 8 =3
i 5| 28
E M3 EDGE OF PAVEMENT ELEVATION RELATIONSHIPS
- - Whan fthe through lanes are suparelsvoted
E Wnen the theough lanas  |When the throuch lones are and N_is higher than W
= ars net superslecated | superelevated ang “N° is fiome ond througn | ane Ramp ang tnrough lane
= lowar then MY superelevoted in same suparalevated in
= directicn cppasite direction
SECTION A-A
€ m r u
22 . e f o 0 I 5 m 5
— = p =
=
(=%
- r:'l 2 Points n. o & p should Paints m n. ¢ & p should|Paint o should be higher |POINT o should be squal 14
E L 5 be progressively Iower. | be progressively lowsr. | than paint m. o lower then point n.
— = g SECTION B-B
o | - @
S =2 2
L= oa N M
- — B
< . m
ﬂ m Foints N. 0 & P snould Paints M, Mo O & P should | Points Mo Ny 0 & P should| Points M. M. O & P should
- % be in the some plana. be in the some plae. be in the some plane. be in the samse plame.
=k Mota: Moximum glgebreic difference in o pavement cross slope between
S mainline and remp auxi | iory lone should not excesd 5%




MIMNIMUM

ENGLISH LENGTHS

FOR PARALLEL EXIT RAMPS

TAPER=30:1 TAFER=30:1 TAPER=25:1 TAPER=25:1 TAPER=25:L
a=l=54' 23" A=1*54"33" A=E*1T" 26" e W A=2%17" 28"
RAMF PERCENT ROADWAY ROADEAT ROADWAY ROADWAY ROADEAY
DESIGM GRADE. DES1GH SPEED DESIGN SPEED DESIGN SFEED DESI1GN SPEED DESIGH SPEED
SPEED OF 2 15 WFH = 70 WPH = &0 MPH = 55 MPH = 45 WPH
(WPH ! THROLIGH _ T0 50 MPH OR LESS
ROADWAY Q=23 0 =247 =24 , 0 =24 )
Lg min = 350° Lg min = I00° Lg min = 300 Lg mim = 300°
Ld Lo Lo Ld
(FT1 (FT1 (FT1 (FT1
—3 TD LESS THAN -5 T44 EB4 576 528 390
20 BETWEEN -3 AND +3 B20 570 450 440 325
+3 TO LESS THAN +5 558 513 432 EET 300
—3 TO LESS THAN -5 TE0 660 552 492
25 BETWEEN -3 AHD +3 E00 550 460 410
+1 TO L THAN 45 540 495 414 ELE]
—3 TO LESE THAN -5 630 24 516 456
an BETWEEN -3 AHD +3 575 520 430 IB0
+3 TO LEES THAN +5 518 4EE 347 342
—3 TO LESS THAN -5 642 588 436 320
35 EETWEEN —3 AND +3 535 490 405 350
+3 TO LESS THAH +5 482 441 385 315
=3 TD LES5 THAN -5 SE8 528 420 342
40 BETWEEH —3 AHD +3 450 440 350 00
+3 TD LESS THAN +5 441 396 315 Ioo
—3 T LE%% THAN -5 528 4E8 360 00
45 EETWEEN —3 AND +3 440 390 300 o0
+1 Th LESS THAN +5 396 5L 300 I00
=3 T0 LEGS THAW -5 68 13z 300 00
50 EETWEEN —3 AND +3 190 EL 300 In0
+3 TO LESS THAH +5 351 350 300 00
—3 TD LES5 THAN -5 Aiag LEF 300 I00
55 BETWEEN —3 AHD +3 220 380 300 00
+3 TD LESS THAN +5 351 350 300 300
—3 TO LESS THAH -5 468 132 300
B0 EETWEEN —3 AND +3 390 360 300
+3 TO LESE THAH 4 351 350 300
—3 TD LESE THAN -G 465 432
BS BETNEEN —3 &HND +3 390 360
+3 TO LESE THAN +5 351 350
—3 TO LES5 THAN -5 468 412
70 BETWEEN —3 AHD +3 390 380
+3 TO LESS THAN +5 351 350
—3 TO LESS THAH -5 468
5 EETWEEN =3 AHD +3 3490
+3 TD LESS THAN +5 351
Note: W#hen an Lgq value of 300" Is used for mainline design speeds of 60 mph and less.

the paral lel portion of the ramp is omitted., and the ramp taper connects directly
with the malnline taper to form a unlform deflectlion (Al

MOT TO SCALE
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NOTES:

1. Tha designer hos the flexibility fo choose the toper type ramp or the parallel
type ramp.  Howsver. the some type of entrance ond exit ramp should be usad
within an interchange ond corridor. Uniformity in design 1& needed to aid driver
expectancy. 0On sharp curves. 1+ may be prefercble to use porallel type ramp.

. select design speed Dosed on g combination of the superelevation rate and the
radius of the curve. See also chopter 3 of the MIOT Rood Design Maonual.

. If an additicnal through lane is provided or the exit romp leoves the mainl ine
on the high side (outside) of the curve, use GEO-131-Series.

If the through pavement is curved. plot offsets for toper ond connect with the
appropriate curve.

Preparad detall grades and profiles from Section 88 through Section A-A.

Spirals transitions should be used on new ramp cl lgnments based on the design spsed
of the curve ond the rodius os shown in the table of the Rood Standard Flan R-107-%eries.
The table gives the maximum radius in which a spiral should be used.

. Tha maximum algebrofic difference in pavement cross slope between the mainline and the
ramp auxiliary lane should not excesd 5%.

The cross slope in the gore orea betesen the 2 £t (0.6m) point and the 22 £+ (6.6 mi
point should not excesd BY. with g 6% maximum algebraic difference in cross slope
betwsen the gore ond the odjocent paved lane. This algebraic difference also applies
within crowned gores.

The design speed of the ramp vertical alignment should meet or exceed the design speed of
the ramp horizontal alignment.

. Tha mainline shoulder width should extend along the romp to where the gore is 2 ft
(0.6 ml wide. Use o 1125 toper transition where it joins the ramp shoulder paving.

. Each ramp will be corefully studied to provide moximem vision at its merge points.
see Gecmetric Design Guide Geo-300-Serias.

Caution must be used in positioning a taper type deceleration lane on a left
turning highwoy. The exit should begin before or after the F.C. or S5.T. to avoid
having the appecronce of an extensicn of the mainline to the motorist. Consider
using a parallel type deceleration lane.

The sight distonce in advance of the exit ramp gore should be at least 25% longer
than tha minimum stopping sight distonce for the design speed of the mainline.

. Thasa dasign concepts ore for new construction. Where modification may be neaded
for retrofitting to existing rood feotures. consult with the Geometric Dasign Unit
of Lansing Traffic ond Sofety.

NOT TO SCALE
WTCHTEAN DEFAATVENT OF TRAWSFORTRTIo  TRAFFIE A0 SAETY CEOVETRIC DESTEN Gl TFITIE00 |
FILE:PW AD-T5-TCoumtr |on/GEDT30C DEVEAT-dgn BEV. Ge/zdrzoil If PLAN OATEL GEO—130-0




INTERCHANGE

Upgrading Existing One-Lane ENTRANCE
Ramps on “3R” Freeway Projects

Tapered GEO-100

(Meet L, and L )

Locate 12’ Width Point

Stub on Length of Parallel 12
Lane as Needed to Achieve
Required L, and L, Distances

Add 300’ Closing Taper

Parallel GEO-101

(Meet L, and L )

Locate End of 12’ Parallel Lane

Stub on Length of Parallel 12
Lane as Needed to Achieve
Required L, and L, Distances

Add 300’ Closing Taper




INTERCHANGE

Upgrading Existing One-Lane EXIT
Ramps on “3R” Freeway Projects

Tapered GEO-130 Parallel GEO-131
(Meet L) (Meet L)

Locate 12° Width Point Locate End of 12’ Parallel Lane
Stub on Length of Parallel 12’ Stub on Length of Parallel 12’
Lane as Needed to Achieve Lane as Needed to Achieve
Required L4 Distance Required L4 Distance
Add 300’ Opening Taper Add 300’ Opening Taper




INTERCHANGE




INTERCHANGE

12’ Width Entrance and Exit Slip Ramps

Slip Ramps Connect a Freeway to a Parallel Service
Road Not a Perpendicular Crossroad

Only for Use on True “Urban” Freeways
Maximum Design Speed 60 mph

Minimum Radii of 1145’ (Maximum Curvature of 5°)
for Any Horizontal Curves
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=] Exit Slip Ramp
Er‘ L 172.0 F+ {51.6 m) -
o
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R AR A0 g /3
2= - -
m= 2 £t (0.6 m)
B M
-l
R T ""?_ - —————
Curb or Rataining well
i¥ Necessory
Tapsr = 300 1 190 m} 5 = 300 FF 190 &)
1
#{yurve gotg
ﬁ"ﬂ —h‘ ‘:‘-ﬂl
R2B84.E £f (BT5 m)
171.6 1 1651.5 ml T=100.0 ¥4 130 m)
g B 160 41 1108 ml L=100.0 §* 160 m)
= S AL : T e
P b : B e
—_— £
7 £t 106 ml N —
n <
- 13 i f‘.-:.;':'-"':-"";"' L e T e e e <t e ey o T
- L o
== i g Curb & Gutter ¥ Necessory
£ ST 17 £t (3.6 m
L

1125 Shoulderfcurt tranaltion

End curb Tremaition

L:u Type B Curd
]

Afteructe When Mecessory

éﬁ # 17,5 ml Tranaition S
Retoining Wall Whan Raguired

F.l.oe 1.5, or tangent

furb

Urban freswlsy exit ram
ED WPH 1100 Em'nel to
10 WPH (50 Em'hr |l deceleration

s kP L | q
T % GADE
ANCLE TF11 | imi | CFF1 ] imi
-Y o LESS TRAN -3 B87.6 | 213.5 | 4.0 | 14.§
o _H“I:FI =1 AND 1 §Jl.6 | 186.5 | 42.0 13.0
WY vo LESS THAN +4 5586 | 173.0 | 9.0 | 13.1

#%#Type D curts vallay gutter or flush

kKoter Refer f0 Appendix &-4 of the currant Food Design Marwal for curb #ype and plocement.




Entrance S1ip Ramp

—.p-H

P T LT TG e e ”
Vi B lll"l'lll'l'_::'. W TR

znm.s-r__tg,,_

d : : H

Begin transition
fram type D curb

240 £+ (72 ml

1:75 Shoulder Tronsiti

Foloe 5.T. or 'm'_l_f- =R

| 3N NI1530 MEIBSOEY  aiFE Owe O]

0 f+ (%0 mi

P ay

mfrm:r anrance raep
B0 WPE (100 et froswoy
desion speed
PERCENT GRADE 5

aoF
THADYUGH ROADWAT [Lid]

| -3 to LESS THN -§ 340
N -3 AHD +3 EHD
+ LESS #5 | 108D

| 8-202-039 |

135




ROTES:

1. Salact design speed bosed on a combimatisn of fhe supsralsvatien rate and The rogius of
the curve. 598 glso chapter 3 of the MDOT Rood Design Neral.

2. If on ocoditional Hvowgh lore is provided er the enfronce rom joing rna miniing on the
high side (outsicel of e curve. use CEO-100-5eries.

If ha through povement is curve. piot offsets for foper ord conmect with oppropriote curve.
Prepore defoil grodes ong profiles from Section A-4 #o Section B-0.

A cyrvp on The gt romp Deyond he Q0re noy be Infrodeced ehen seoessory beft shooeld hewe o
LIS f (350nl minimwm redivs for slip exi® rome.

& pgrollel enfronce occelerofion jane lengih “5° of of lecst 1080° 03N mi. plus foper. (s
Geairabie wherever it is gnticipoted that ihe romp and freewdy will carry #raffic welumes
opprocimrtely squal to the design capocity of the marging oret.

Spirols tronsition should b8 used on new rom Ol igments bosed on the deslgn speed of the
Curve and #he rodlus as shown in the tobie of *he Aoad Siondarg Pign R-107-3&0 Tes. The
Table Qives 1he Waxium rodide in Whidch O Ehiral ehould be Leed.

The maxifum algebroic di ffersron 0 povemant cross &) ope Ditwesan he mainling and the
ram oiliory lone shauld Aot excesd 5%,

Suparglevation should condorm ta Stondord Plan R=107=%0rfes. The moxinum rote of
siparalevation for ramo curves Should be 5%.

The Srpas slope in the gore oreo betwann tha @ P4 (0G6R) polnd ard the 22 F+ 16.6 mi
point should naot excesd B with a 6% maximim olgabrais differance in crogs s1o0e
betwaan the gore ond the odjosend poved lore.  The sigabrale difference also aoplies
within crowned gores.

11. The design spaed of the ramp wartical allgrment abould moe® or oxceed tho design speed
of the rgm horizontal ol ignment.

12. Tre mainline snoulder wigth should extend olerg the Fomp fo whers Tha gora is 2 41
(e my wide. Usa g [225 taper dronsition where [F jeina the rom shoulcer powing.

13, Each ramp should be eoreful iy studied to provide meximum vision ot thelr merga points.
e Coometric Dasign Guide CEO-300-5er ied.

I4. Tha sight distonce [ odworce of the exif romp Qore should bé af ledst 751 Ionger than
e mininum sHODDing sight distonce for the design dpaed of the moiniine.

15. Tnese design concepts ore for new corstruction. Whare modif oot iong ere nesdsd Ffor
rafrofi fHing fo existing rood fectures. commult fhe Ceoretric Oesign Unif of Lamsing
Troffic ond Sofety.

NOT TO SCALE
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P o T.5.

24° 17.2m)—] 1
T5° 123m) Pavement ond shoulder

, tronsition [paved shoulder transiticned
" te.aml BE— 3 00.9m) to T (2. dml)
o

Curb
ard Gutter (TYP) ———0

250" 175m) is desirable

15" to 90° 190" TS desircblel <

See TYPICAL A —/
CETAIL 1
RAMP ENTRANCE

CURB RETURN OFFSET DETAILS

TYPICAL FOR ALL DETAILS
ALTERNATE
TYPICAL A

10° 13m)

:nrrr—:h_1 3 (nem
fPade shlar

e T SN

12" £ 12' £
{3.6m) (3.6m)

TYPICAL A

LEES it

*See Note #6 on Sheet 5

NOT TO SCALE

M GECMETRIC DESIGN GUIDE FOR
RAMP

TRAFFLC AMO SAFETY
TERMINAL DETAILS

DAAWN BY: OF%
CHECRED @v: 1G & JAT 0371372015 | GEO-370-E | SHEET
FILE:PW AD TA Tyo Final Ges/mset treffle CEO-370-E.dgn AEV. PLAN DATE: 10F 8




16" (4. 8m)

12° (3. 6m)

250" (75m)
225" 170m)

75" (23m) Paved
shou lder transition
3 10.9m) o

7 12.1m}

75° 123m) Poved shoulder

tronsitioned 37 00.9m

to 1 12.4m

Varioble 75* fo 90°
(80 is desirable)

(TYP}

E
T0' [2iml R
/ﬁ:m iTYR 1

o Pavec Shoulasr
[TYF1

17,51

] Storoge to sotisfy demnd or 250' (75m) desirable
f I5torage may continue olong curved portion]

DETAIL 3
DETAIL 2 Frerea
ENTRANCE RAMP TWo LANE RAMP TERMINAL

TERMINAL DESIGHN *= Widening for additional lonels) should cocur on the
= £ = outside of the romp | furthest from +he mainl ine freewayl.
(Directional Passing Flare) Wnen it is not cesiroble to odd leneis! to the outside
of the ramp. The desired widening should be clearly
snown on the plons. See Stondord Plan R—42-Series.

NOT TO SCALE
WICHIGAY OEPRATWMENT OF THAWSPOSTATION  TRAFF[C AND SAFETY CEOMETRIC DESIGM Gul 03132005 i o] SHEET
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16" 14.8m)

I‘r'q..'
ing
ﬂ% Q"b‘a!

Min fiong
581 rrgy

3007 (30m)

Paved Shouldar (TYR) —,

15" (23m} Paved

F.T. or .1,

fu‘ 13.6m1

3m) Shidr Transitioned

12" i3.6m)

Storoge to sotisfy demond or 250" (73m} desircble Ihiiﬂl‘lnly 0¥
(Storoge may continoe along curved portion)

g Lzim "
il

o

|

kY

25’ (7.5m wind

T Left Turn Lone

LRI

DETAIL 4
THREE LANE RAMP TERMINAL

NOT TO SCALE

= Widening for odditional loneis! should ocour on the
outside of the ramp {furthest from the mainline freewayl.
wWhen it is not desirable to ocd lansis) to the outsics of
the romp. The desired widening should be clear ly shown
on the plons. See alsc Standord Plon R—4Z-Series.
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O S e A A N A D D DD DD A DAL DD D DD A D D o E Y AN

==

5 127 T3.6m) Fﬁﬁﬁjﬁi“
e ] z

0 i1
Min

60" (18m} R

40" (12m1 corrugoted median
Sea MMUTCD for povement markings

B0 (1BmM) R

Saries 250" (75m] 10°

75° (23m} pavement and shoulder
tronsition (poved shoulder
tronsitioned 3° (0.9m to

7" e2.0m

250" [75m) Desirable

B S T TR T et WO

L

LET
24" 17.2m) E- E

At unsignalized romp terminals. it is desirable to redirect the eft turns right from
ramp +o an odjocert directional crossover when the medion width con occosmodate truck
offic [WB—65).

DETAIL 5
FARCLO ENTRANCE AND EXIT TERMINAL

NOT TO SCALE

WICHIGAN DECASTWENT OF TRANGPOATATION  TRAFF [ AWD SAFETT CEOWETRIC DESIGN GUIOH Q31372005 GED-370—
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e
s

50' (15m)
10" (3 m) (TYP)

27" (8.2m) E-E

24° (T.2m)

DETATIL &
CURBED MEDIAN DETAIL

WOTES:

1. The dimensions used on this Geometric Design Cuide are typical.

2. Where feasible. joint line and lone line markings shall coincide.

3. See Stondord Plan R—4Z2-5eries for joint loyout.
Clear wvision arsgas ond sight distonce aleng the ramp and its terminals must be
according to current MOOT proctice. No hidden ramp or disappearing crossrood
grades wi |l be permitted.

Provide intersection signt distonce ot all exit ramp terminols.

Alternate Typical A moy be used when construction and maintenance issues moke
the 13.5° (4.1im) curb setback undesirable or the crossrood is curbed.

MOT TO SCALE
WICRIGAN DEPASTVENT OF TRAWSPORTATION TRAFFIC AWD SAFETY CEMWETRIC DESIGN GUIOH 0371372015 SHEET
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CLEAR VISION AREAS

Geometric Design Guidance 1.1.3

Geometric Design Guide
GEO-300-D

Ramps
Crossroad
Terminals

Merge/Diverge Areas






L.A. ROW &

CLEA

3 P L.
’ \
" ~
I M,
p | “
ra
ra
i :
p =1 }
f‘f 300 = 300
v CLEAR wISTOM
L7 a0« a0
I CLEAR wIS[OM SPRING FOINT

LIMITED ACCESS R.OLW.
SHOULD ERD AT & COMMOM FOINT
UKLESS & DIVIDED HIGHWAY.

00 = 3000
-, CLERAR VISIOM

# LIMITED ACCESS RIGHT-OF-WaY TO THE
END OF THE RIGHT TURK TAPER OR 300
MIMIMUM FROM THE SFRINGFDINT, 1F
THERE [% WD DECELERATION LAKE.

; 00 « 300°
= t CLEAR VISTON
r
A 4
3 s
", 1

MAY BE ADJUSTED DUE T0O HICGH
RIGHT -0F -Way COST.
GEOHETRIC DESIGN UMIT OF
TRAEFFIC AKD SRFETY [F
FOJUSTMENTS ARE MWECESSARY.

EE. R.O.W.

CONSLLT THE

SEE GEOMETRIC DESIGN GUIDE VI[-370
SERIES FOR DUIDAKCE OW INTERSECTION
SIGHT O15TANCE.




EX. R.0.W.

# May be adiusted due +o high
rlght-of-way cost.

Erd of topar

FiMF LETTERING

GUIDE FOR LIMITED ACCESS RIGHT-OF-WAY AT RAMP TERMIMALS

NOT TO SCALE
[NICHTGAN UEPTIENT - TRAEPORTATIOH TRAFF € 40D SAFETY GEOVETRIE LESIGH GUIEH
NICHIGAH DEPARTWENT OF TRAWMSFORTATION  TRAFFIC AHD SAFETY GECWMETRIC DESIGH GULD M‘:‘ZQIE: GEU_300_D‘ :HtEFET‘
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L.A. ROW & CLEAR VISION AREAS

Sinca fndfvidial site sonditions
may vary. consult "AASHTO A POLICY
ON GEOMETRIC DESIGM OF HIGHWAYS AND
STREETS".

G E O o 3 O O . D (D) tiear viaten arece wauis ba

A%l 4TV (840.278V)
Bslgn spead In mph (kph)

(Sheet 3 Of 6) @ Clear vision should be based
=~ on RASHTD for stoppling

Bight distancer hoeizontal
elghtline offeet (HED! distance

2’ 10.6m Polnt

min1mam -
N
@
Ny
\e)
-
Ho mounds. tress. e, "L

or other plantings
allowad [ s1ght Is
cbstruated.

—
!

E

[LLUSTRATIVE GUIDE FOR VISION REQUIREMENTS

NOT TO SCALE

MWICHIGAH CEFARTUENT OF TRAMWSPORTATIOH  TRAFFIC SHD SAFETY GECMETRIC DESIGN GULDI 06/03/2010
FILEZPN¥ RD TS Eeo/mdot trof GEO-300-0.dgn REV. 01/20/2010 FLAH DATE:










INTERSECTIONS

= |ntersection — The general area where two or more

roadways join or cross, including the roadway and
roadside facilities for traffic movements within the

dalrea.



INTERSECTIONS

Types
T - Three Leg
4 —Leg
Multi-Leg




INTERSECTIONS

Provide Ease/Control of Access Consistent with the
Function of Intersecting Roadways

The...
Efficiency
Safety
Speed
Delay
Capacity

...of the Facility Depend
on the Design




INTERSECTION DESIGN
ELEMENTS

Human Factors
Traffic Considerations
Physical Elements
Economic Factors
Functional Areas

Number of Conflict Points




INTERSECTIONS

e e s — ——— ——

FLAT
o

e e o .l-|_'-- Fi .‘. -'-".:‘_( - .-
]

S

DEFINED BY FUNCTIONAL [NTERSECTION AREA

Exhibit 9-1. Physical and Functional Intersection Area

Keep
Access Points
Out of
Functional
Intersection
Area



INTERSECTIONS

Intersecting Roads Should Meet At Right Angles

75° to 105° Desirable

Side Roads
Landings < 2%

Adequate ISD & Clear Vision Corners
Should be Provided




Trangition
Tapar 25:1

150 F+ t4ém) minfmum o @ ———u_
reedad for Superelevatlon Transi+ion

Tre= ﬂ|ﬂ1|‘|"|l‘ﬂ to scean
ald allgnmert (+yp!

150 £t [496m) minimn or as
reeded for Superalevatfon Transitlon

Lype 3:

For usa where crossroad has |7ght
through traffic ond reguired R.0.§.
maie Typa 1 ad Type 2 Tmprostical .




TRAFFIC AND SAFETY NOTE 612A

SUBJECT: Clear Vision Areas
PURPOSE: Provide Guidance on When to Obtain Clear Vision
Areas

COORDINATING UNIT: Geometric Design Unit

INFORMATION: Inorderto enhance the safe and efficient movement of traffic, the
acquisition of certain properties, or portions thereof, at intersections sometimes is
necessary. The following guidelines should be followed.

Clear vision areas will be obtained at all at-grade intersections of trunklines with

other roads or streets in rural areas including freeway ramps. Interchange ramps
are considered trunkline.

Clear vision areas will not be obtained within urban areas as determined by the
Bureau of Transportation Planning's urban area boundary description and map.
Clear vision areas will not be obtained within rural areas contiguous to sections of
trunkline where urban conditions exist to the extent that 50 percent or more of the
trunkline frontage is occupied by residential, business, or industrial development.

The Region/TSC Traffic and Safety Representative reviews each case from a traffic
operational and safety standpoint and recommends one of the following courses of
action: acquire all or part of area, defer acquisition in particular quadrant to future
date, or eliminate all clear vision.




PROP LA CLEAR
VISIOH COANER

ACCESS ROW
RINGS & D]STaMCES
OUATRAKTS

CLEAR W]S[IN CIRNERS
afs TO OSE LIMITED ALCESS

FOR SINGLE ROADWAY

INTERSECTION
WITH

LOCATION

TRLREL T k=

ALHEL

COUNTY SUal

1000

200’

Fa|LEDaD

+

*

Fa [LADAD CRITSS NG

CLEAR V]SIOK TAEATHEHT AT
INTERSECTIN OF TrLEL |82 S0aD
WITH THUNELIHE DR M&JDA COUNTT

ADAT IN SUBIRR&N DR RLRAL AREAS.

PROP LA CLEAR
WIS IO CiRnEs

AW &5
SPECIFTED
OH PLAKS

P S

kY
DISTAMCE = & =,
-

-
-
-

-
~ 7 CONST. ¢
-

FOR DUAL ROADWAY

SKETCHES SHOWING DIMENSIONS FOR CLEAR VISION AREAS

Figure 5.24.03
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RAOLT 10 ACTOMMIOETE DESI0R VERIDLE
(TIF, ALL GUAS. )




Assuming it is unfeasible to include proper crossroad work per G-650 by using vertical curves,
the manimum algebraic difference in cross-slope at a croggroad should be 4%, to prevent vehicle
snagping or bottoming out.

1. Prior to the mum,mmun down the dght tum lane or shoolder at the same defta % as the
a2 Reverse the procsss beyond the intersection. '

. How Ear down will work have to ocour on the crossroad in onder to tie-in to the mainline propedy?
. Are excessive intersection breaks (>4% on both the high side and low side) being created due to the

; h thru veh trunkline o see
mmm:dm."lﬁsh especially critical at intersections that are signalized or will have







CURBED INTERSECTIONS
APPROACH TREATMENT DETAIL I1I

MIN] P& A

[ Paved shoulder
[ Faved as par plans

TYPE 1: MINIMUM CUREED COMNNECTION
Curbed rodi T sheuld be used on maJar ool lector
Fockds, wheh graval aoolmuldtion adioe vehicle

ancroachmert is a problems or when roadside
cortrel 1s desirdbla.

30° (9m! Min or
as requirad teo
accommadate
appropriate
design wehicle

Intersecting Road

588 [nsats on Snt 5

(Im) (TP
0 115

1
——

_3\_'5+ﬁ+‘s'ﬂ'lﬁhiﬁ
Pave intersecting road
50' [(15m1 MIn to
Surfacing e l.cnumndu‘in—--"‘/ aurb endfng (TYP)
qutter draimage (TYF all
Types !

Sae Typledl A oh Skt #5
for all Approach Treatment
Cetall [LL

TYPE Z: RIGHT TURN TAPER
See Tratflc & Safety Nete B04A 17.51
far Guldalines

Intersect Ing Road

| 10" (3m (TVPY
See Topar Toble on Skt &

LEX‘!‘&'\G to matan ex

sheuldar sUrFac Ihg

NOT TO SCALE
WICHIGAN DEPARTUENT (F TRAWSPORTATLON _ TRAFFIC AND SAFETY GECWETRIC DESIGH GULDY

SHEET
FILE:FN FD T5 Gemvmiot frof GEO-£50-Ddan REV. 03/18/2010 I GEO-650D | ;7




CURBED INTERSECTIONS
APPROACH TREATMENT DETAIL II11

TYFE 3: RIGHT TURN LAME

P
=g
oi—

o

Ses Trafflc & Safety
Note 6048 (7.51 for
quidal Ines
See Tnsats on Sht #5
10" t3m) Typleoal
' 250" (75mi See duxiliary Lame N
\ [‘Dvasrr:mle Taper Toble on SAE § | - stebritzed or paved
= . shaul der

ETATE HICHWAY

TYPE 3 MODIFIED: OFFSET RIGHT TURN LANE

Recommended at unslgnallzed Imtarsections with o pottern of croshes
Tnvelving minor—+odd vehicles and major—road vehicles. espadial ly
whera right-turning vehicles may cbatruct the miror-road drivers’
wlaw of dpprodehing traffic.

%ea ineets on Sht #5
10" 13m} Typical

- STATE HiGHWAY — ~— [ — " —

L Stabil ized or paved
12° (3.6m (THRI—" 12" 15.6m shoul der

TYFE 4: DIRECTIONMAL FASSING FLARE
(2 LANE HIGHWAYS}

See Tnsets on Sht &5

225° 170m! CEE0T ATEmL See Auxiliary Lane
! %, | Daslrabl Taper Takle on Shi &
|
|
1
I
1
|

NOT TO SCALE

NICHIGAH CEPERTUENT OF TRAKWSFORTAT [OH TRAFFIC AHD SAFETY GEOWETRIC DESIGH E.l[ﬂq 0650372010 SHEET
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TYPE 4 MODIFIED: PASSING FLARE. FOR T—INTERSECTIONS

. 285" (70m) 300° (90m! Dasirdsla LSEe AU 1Tary Lang,
Tapsr Table on

sht =5

T P T e T T T T T e T R

STATE HIGHWAY

See insets on Sht =5

TYPE 5: TWO TO THREE LANE TRANSITION FOR CENTER LAME FOR LEFT TURNS
[RIGHT TURN LANE OPTIOHALI

250° (75m) Deslrable

¢
Pl

i See suxiliary Lane Taper

Falrded 1sland h Tabla on Skt #5 (TrP1
|

E7 .

T ===

i [, Thru Lana Shift =L _J

T

Thru Lane shi4t =1L
1TYF)

THRU LANE SHIFT L (TYFI

For Fostad Spasda 45 mph For Posted Speeds |ess than
170 kph} or more: 45 mph 170 kphi:

2 3
L=#S (L=0.62W5! Y

L= length In feet (metars!
5= posted epaed in mph {kph)
W= gffsat In feet (meters!

TYPE 5: MAODIFIED (LEFT TURM LANE), FOR T-INTERSECTIONS

250" (75m) Desirable
o to satisfy
left turm storoge

Thru Lame Shift Thru Lane Shift
-
R R A
- g S
T STATE HIGHWAY-

Ses lneats o Sht &5
NOT TO SCALE

WICHIGAH CEPARTWEMT OF TRAWSPORTATION  TRAFFIC AHD SAFETY GEOMETRIC DESIGH E.ll!ﬂq 06/03/2010 SHEET
FILE:PN FD T5 Beovmiot fror GEO-630-0.80n REV. 0371972010 | e GEO-B500 | 7




CURB RETURM OFFSET DETAILS

TYPICAL FOR ALL DETAILS
ALTERNATE
TYPICAL A

10° (3Im}

1TIR r;\l—-T 3 10.9n1
Paved shidr
P b Al BLR

12" (3.6ml 12 (E.Ernlx 12" (3.6m)
E-E E-£ E-£

TYPICAL A

*caa Nota &6 on Sht &7

ALLOWABLE APPROACH ROAD GRADES AUXILTARY LANE TAPER TABLE

Not 1o ba used for transltioning throwgh trafflc.
V.0, The tapar rote is the same for both curbed ad
200" [GOM) uncurbed rocadways.

HIn  Ex amor Rd

S ] W
d ey HE =35(=60)| 75 (23}
mm':n'"' znnY'{t:Enj £x 40 160 | 100 (300

i m 45 1701 | 130 (aoy

50 1800 | 180 (55}

55 1901 | 225 (701

Foadway 5lope

INTERSECTING ROAD WITH INSETS INTERSECTING ROAD WITH
OR WITHOUT SHOULDERS ADDED RIGHT TURN LANE

Widen approash rood
slrface o back of curb

M EE
\

30° (9ml or g5 recomrended - b
by Iocal Jurlsdiction 8 e Widen approach
road surfaca

INTERSECTING ROAD WITH 1o back of curb
ADDED LEFT TURN LANE

Widen approach road
surface to back &f curk

Warlable

NOT TO SCALE
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GEO-650

TAELE OF RADIT FOR DESIGN VEHICLES

SEE HOTE 4
TABLE 1 [(R#l TAELE 2 [R##]
TURH FROW 12° (3-6m] OUTSIDE LANE TO TURM FROM 12" (3.&m! OUTSIOE LANE TO
12" ¢3.6m! CUTSIDE LAHE 20° (6m! CUTSIDE LAHE

errl WCU TP Ce ANGLES DF TURH UL 1Pl Ce ANGLES OF TUEN
DES[GH YEH[CLES =T T 100 —120° CES16N VEHICLES FTS R B0" —a9° T -3
P 0" (smiR| 30" 9m)R| 107 (&EmIR F 307 [9miR| 307 (SmiR| 30" (&miA
5l 207 (15miR[ 50° (1SmiR| 40" (1imiR &l 30T (AmdR| 300 (SmiR| 307 (%miR
WB-50 40" (2TmIR| 80" (24miE| 60" C1EmMIR KE-F0 B0 (16miR| 50" (15miR| 40° (1ZmiA
WE-E5 170" (5LmIR[110" [33miR| B0° (24miR HE—65 70° (21miR| B0° (1EmiR| 50° (15mlR

1.

Luteide lane may include paved shodlder width o orb offset

e
Y
ingle I:rF——_;><"~
h ‘-.,‘ :t:"-‘

Far
ingle of i
turn \‘a,ff’f ,r’_f'?’f
)

1'LH'T| I|I 'y _‘;‘-__‘:‘ Il"_l"
e == P D] = D
Siate Highwdy  ~— "~ -
BO® -T9* 100*-Lz20*

Design vehicles: P=Passenger Car. SU=Single Unit Truck (307 (9m) overall ),
WB-R0=Tractor-Trailer Combinaticn (50" [15m! wheelbagsal, WB-G5=1ntarstate Semi-—
Trailer (657 (19.8m! wheelbasal.

Angle of Trtersectlon of approach road ond state hilghway should not be less than
E0 degress o more than 120 degrees.

. The above tablas are +o be used as g guida. turning vehicle templates or AutaTurn

shiodld be used for verlflcdticn.

. When a state highway intersects 4 one way dpptoach. in noen—turning quadrants the

radius shal | be a maximum of 107 (3ml.

On the Natlfonol Truck Wetwork and Green Route Intersectlons where trucks turnm. a
WB-63 Interstote Semi-Trafller s the design vehicle.

. For dual turns - consult the Geometric Raview and Congestion Analysis Unit.

Division of Oparations.




INTERSECTION LAYOUTS

IA 25"“;1'5"“' L 25 (1.sm 1B

Min Surfacing te occommoddate
*+ gutter dralnage (TVF.)  _ss

IC

25 iT.5m) 25° i7.5m)
Min

R+

MOTES:

1.

2.

3.

&N intersecting road s herein defined may be a oity strest, county road or state
highway.

12° (3.6m! wide lares are o be used unless condltlons require narrower lanes.
On horizontal curves. the cross slope on turn lanes should be the some as the
through pavement., Whate physical constraints do not make this practical the

max Tmum dl lowdb e dlgebrale difference 1h cross—slope between the turn ldhne dhd
mainling is 5% with g desirable maximum of 4%.

See Standard Plan RE-30-5eries for curb and gutter details.

Clear vislon areas should be conslidered at ol | Intersestlons.

Alternate Typical & may be used when construction and mainterance make the 13.5°
(4.1m) curb setback undesirable or the crossroad s curbed.

Current AASHTO “A Policy on Geometric Design of Highways and Streets” and MDOT
Guidel ines should be used for sight distance requirements.

See Traffic & Safety Note eld2 for guidance on nearside and farside |ane drops
at intersections.

These design concepts are for naw construction. Where modification may ba nesded
far retrofitting +o existing road featurss. consult the Geomstric Review and
Congestion &nalysis Units Division of Operations.




ROUNDABOUTS

Potential Benefits:

» Reduced Delay

» Reduced Conflict Points
» Reduced Crash Severity
» Reduced Bridge Width

» Reduced Design Requirements




ROUNDABOQOUTS

Yield at Entry

Deflected at Entry

Flared at Entry

Traffic Calming




Circulatory
Roodway
Width

Entry
Radius

Inser ibed
Cirela
0l ometar

Exit
Radius

Yield Line

Approoch Width

Exhibit 9-15. Geometric Elements of a Single-Lane Modern Roundabout




ROUNDABOUTS

Common Misconceptions:

» Do Not Accommodate Large Trucks

» Difficult to Navigate/Confusing to Motorists









DIVIDED ROADWAY
INTERSECTIONS

Michigan Vehicle Code

“...where a highway includes two roadways 30 feet or
more apart, then every crossing of each such divided
highway by an intersecting highway shall be
regarded as a separate intersection...”

MMUTCD

Provides direction for use and placement of TCD’s at
divided highway intersections



Travelsd Travelsd
Way Way

Example of Median Width Measarement on an Uncurbed Dvided Readway

BEBVIDOT ——

TRAFFIC ARD SAFETY) INTERSELTIONS
KOTE

DRAWN BT MTS Cra/ 16 2005 5048 SHEET
([CHECKED 8Ys  JaT FLAN DRTE: 3 OF3
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BI-DIRECTIONALS
FREE-ACCESS

Dimensicns moy vary depending on design vehicle ond turning movements. See GEO-850-Series for oddtional details.

SPEC (AL

Special situations. f.e..
wide strests. cne—way
stroets. o heavy left-
turn movements may

moxe other crossover
widths desiraonle. Their
details should be
determined by the
Geometric Review and
Congastion Analysis Unit.
Divisien of Operations.
4lsc. see notes.

Radii shall form o semicircle for median Raodii shal | form o semicircle for median
widths of 40" (12m) or less. widths of 40" (12m] or less.
h|sc. ses notes. Also. see notes.
B-2 B0
GENERAL PLACEMENT OF DIRECTIONAL CROSSOVERS

Align crossowver with
¢ of sida street.

! |J ! Qim directiongl crossover spocing for signal progressicn is _|
[ |‘| | | 660" (Z00m) (* 100" (30ml} from o mojor infersection |
1 1

The numper of crossovers per mile (kmb is determined by meed. General lys 178 mile (0.2km)
spocing is wsed in urban areas and 144 mile {0.4km) spocing is used in rural oreos.

NOT TO SCALE

m GEOMETRIC DESIGN GUIRE FOR
L o i

TRAFFIC AND SAFETY CROSSOVERS

DA 873 ECH
CHECKED AY: IRG SHEET
FILE:PW AD TS Geosmoot traf CED-GT0-E.agn GEO_BTO‘_E 1 OFS




DIRECTIONALS

FREE-ACCESS

Cross—street directionols for medion widths over 100°
and |ess tnan 67 (8m) require special study. Rural
directionals reguire special sthudy.

MEDTAM B
WIOTH. M L
100" 66" C30m—20m) [11.40iMi
—41 " (20m-12m) |11.40iM
0'=28' (12m8ml [{1.B1 (M)

DETAIL

b My

SPECTAL

~ be goded
Wy * Use GEO-100-Series ond
GED-101-5eries for gesirable flore rotes.

ot a common rodus point e— veway cerrter line or troffic

b lef+ edge of povement in the case
M iz measured edge of povement to edge ang—way street o ramp.
of pavemant.
D-10 THRU D-13U
= =
—————f';_ III_'!]._—1.»'-"lt:nl________-n-_
Taper is not required f?_ +_
]
if number of lones an DETAIL h';E.IE.III‘ u Ry Re
"ﬂ“'rl.'rne 'ﬁpgrfnfﬂr ii T—210 |100 —30° (30momi | W17 [i1.751cu1
e Wi . i mes - -
R e N 0-=20 SPECTAL
- Medign wigths over 100" (30m) omd less thon

Driveway center|ine or 30" 19m! requ

e special study.

traffic diviger:s left | 1!
gage of povement in the ol
a one—way street— E

SPECTAL AUXTLTARY LANE TAPER TABLE

special situotions moy moke ofher crossover detolls Not to be used for ——
d ale.  Their details should be determines oy the tronsiticning through F;‘L:g:_% p";glp‘é:m
Geomatric Review aond Congestion Analysis Unit. troffic. The toper i

. MPH (kph ! Ft Im1l

rate 15 the some for = =

Special study is required for directional crossovers soth curbed ond =35 {= 60} 750231
with medion widths less thon 307 19m) o greater than uncurbed roodways. ) 100030}
120" 136m). 45 (70} 1300 40m)
Loons may be required cpposite crossover to 50 £80) 1806 55m)
gccommadate turns in norrow medians. 55 (900 2250 70m)

0-0 -1

s ot shareos le aeren . CROSSOVER LAYOUT DETAIL

both inside ond outside radii.

Show | der

0-1 = (1im) dual lanas

NOT TO SCALE

WICHLGAN DEPARTMENT OF TRANSPORTATION _ TRAFFIC AMD SAFETY CEOVETRLC DESICN TULDH Te/107201 CEO—£70 SHEET
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CURBED SECTION

Crest of mound. for drainoge and ocesthetics.
should not exceed 1° 10.3m) above the top of
curlr. 14 not poved. wvegetotion must not
opstruct driver sight distonce (TYPIL.

B—5'(1.5m R (TP}
For loyout astail =30°
wso:{lfl I!T'!Pall ’ 100° (30m] Minimm S ——
1150" (45m) Dasired)
See D-1 ITYP)

#Sge detail “L" on Stondard Plan A-29-Ser |as.

UNCURBED SECTION

Curb along rodius
Curb entire divider and storoge lone

Fer layout details
Ses D-1 (TYP) Fer layout details
See D=1 (TYP)

#5ee detail “L" on Stondord Plon R—29-S5eries.

DUAL TURNS

For loyout detoils

-1 [TYP
225" {70m! Desirable . See D-1 (TP}

1
—— 2507 (T5m) Minimum — 4 ————

NOT TO SCALE

WICHIGAN DEPARTWENT OF TRANSPORTATION  TRAFFIC AND SAFET® CEOMETRIC DESIGH GUIDE Q61047004 GEO-RT0-E
FILE:PW AD TS5 Geasmdot traf CED-670-E.dgn REW. | FLAN OATE:
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MIMIMUM DESIGNS FOR U-TURNS

M - Min. width of median -
ft {m) for design vehicle

Type of Maneuver ] sU aus W50 WE-65
i

49’ 76’ 80’ 82’ g2'
(13.4m) | (23.2m) | (24m] | (25m) | (25m)
1

32’ 64’ 68’ 70 70!
19.8m) [ (19.5m}| (20.Tm} (2Im} | (21m]
®

22’ 51’ 58’ 60’ 60"
[6.7m) | (16.5m) [ (17.7mif (18m} | (18m)
L]

Vehicle Codes and Length of

e Design Vehicle — ff (m)

provide 367 (11m) crossover width P = Possenger. 19 [5.8m)

or 4° 11.2m) poved area benind curd SU = Single Unit Troek. 30° (S9m)

on the inside rodius. from spring point BUS = Bus. 40" [12m)

to spring paint. WE-50 = Semi-Truck Medium Size. 55° (16.5m)
W65 = Semi-Truck Lorge Size. 707 (Z1m)

MOTES:

Crossovers should be called for by their respective detail number or detailed in
the plans.

Crossover details are to be used on fres—occess facilities only.

Bi—directional crossovers should have a minimum width of 30° (9ml at intersecting
streets or commercial drivewoys which are 30" (9m) or less in width., For intersecting
streets or commercial driveways thot have a width of greater than 30° (9ml. the width
of the crossover should match the cross street width.

Desirably. free—-occess crossover grades should not exceed 3% steeper grodes require
special sTudy.

For type of curb on crossovers. see Sec. ©.06.06 of Road Design Manual.

For typical jeint layouts on concrete pavement. see Stondard Plan R—42-Series.

These design concepts ore for new construction. Where modification may be needed for
retrofitting to existing rood feotures. consul+ the Geometric Review ond Congestion

Analysis Unit. Division of Operations.

Current AASHTOD “A Folicy on Geomeiric Design of Highways and Streets” and MDOT
Guidel ines should be used for signt distance requirements.

NOT TO SCALE
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CROSSOVERS
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INDIRECT LEFT TURNS

Advantages
Safety
Capacity
Efficiency

Disadvantages
Adverse Distance
Weaving




INDIRECT LEFT TURNS




DIRECT LEFT TURNS
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1. Ensure design vehicle can turn opposite another design vehicle without encroaching. This can be verified with turning templates.
Widen the median opening as needed.

2. Ensure (in high speed areas) that the left turn bay is placed such that a median shoulder can still be provided.
3. Ensure that there is adequate storage length for left-turning vehicles.

4, Ensure that once the design vehicle completes the left-turn that it does not encroach into the crossroad traffic’s outbound lanes,
This can be verified with turning templates.




RIGHT TURN LANES AND TAPERS

(Geometric Design Guidance Document 1.1.4)
(Formerly Traffic and Safety Note 604A)

= At Any Intersection Where a Capacity Analysis

Determines a Right Turn Lane is Required for a
Desired LOS

= Crash Experience, Engineering Judgment, Indicates a
Right Turn Lane will Improve Operations

= Any Unsignalized Intersection which Satisfies the
Criteria on the Following Charts...



RIGHT TURN LANES AND TAPERS

(Geometric Design Guidance Document 1.1.4)
(Formerly Traffic and Safety Note 604A)



LEFT TURN LANES AND FLARES

(Geometric Design Guidance Document 1.1.5)
(Formerly Traffic and Safety Note 605A)

= Unsignalized Intersections on Two-Lane Highways:
Charts for 35 mph, 45 mph, and 55 mph

= Unsignalized Intersections on Four-Lane Highways:
Chart for any/all speeds

= Any Intersection where...
= Crash Experience
= Traffic Operations
= Sight Distance Concerns

...Indicate that a Left Turn would Improve Operations



LEFT TURN LANES AND FLARES

(Geometric Design Guidance Document 1.1.5)
(Formerly Traffic and Safety Note 605A)

Two-Lane
Highways






DRIVEWAY PASSING FLARES

(Geometric Design Guidance Document 1.2.3)
(Formerly Traffic and Safety Note 603A)

= Function of Peak Hour Left Turn Volume and 24 Hour
Two-Way Volume

= Prohibit Left Turns

= Provide Driveway Passing Flare

= Cost Should be Borne by Developer

= See GEO-650-D for Design Considerations



DRIVEWAY PASSING FLARES

(Geometric Design Guidance Document 1.2.3)
(Formerly Traffic and Safety Note 603A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



SPACING FOR COMMERCIAL DRIVES AND STREETS

(Geometric Design Guidance Document 1.2.2)
(Formerly Traffic and Safety Note 608A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)



INTERSECTION LANE DROPS

(Geometric Design Guidance Document 1.1.6)
(Formerly Traffic and Safety Note 614A)









DESIGN EXCEPTIONS
DESIGN VARIANCES



DESIGN ELEMENTS

Design Speed

I

Superelevation
Rate

|
Vertical Clearance
| |

Maximum
Grade
Superelevation
Transition

Shoulder Width Structural Capacity
||
Stopping Sight Distance

(Horizontal & Vertical)

Lane Width

‘ Horizontal Curve
Radius

Cross Slope

Acceleration/Deceleration Length



DESIGN EXCEPTIONS / VARIANCES
(RDM 3.08.01E)



DESIGN CRITERIA

SR PROJECTS

Road Design Manual
3.09 & 3.11.01

NHS

Road Design Manual
3.09.02A

Non-NHS
Road Design Manual

3.09.02B

AR PROJECTS

Road Design Manual
3.11

Freeway

Road Design Manual
Appendix 3A

Non-Freeway

Road Design Manual
Appendix 3A































Design Exception
Crash Analysis
Instructions

1]

2]

3]

7l

aj

g1

10)

REQUIRED ELEMENTS OF A COMPREHENSIVE

PESIGH EXCEPTION REQUEST CRASH ANALYSIS

Subect headng which includss a descrpion of the project (route number,
control section, PR numbser, contrel section and P.R. begnning and
endng mile points, and job number).

& staternent that the crash analyss is in relation 1o 3 specific design
excapion request (35 cpposed o a project wide analysis)

& staternent indicating which geometric featurs the design exception has
been reguesied for, and the location to which it applies (Control Seclion or
7R number and mile poinis)

& description of the exsting condition or va'ue of the geometric feature in
questicn.

& description of the proposed condition or value of the geomeinc featurs
in queston.

& staternent detaling what the standsrd vaiue = for the geometric festurs
in gqueston, and 3 refersnce to the appropriate govemning Standard or
Suide

A description of the crash data used in the analysis (lime span and mile
point lirrits of the data guery). Ths should be the most recent four years
for which crash dafta is avalable, using the Safety Management System in
THE.

& summary of the tofal numbers and types of crashes found in the
anaysis.

& statement that the crash iypes associated with the geometric feature in
gquestion were specfically investigated in detaill.  Refer to Table A to
determine which crash types are associated with which geometric
fzawres. This detsiled investigation shall include a review of all crash
reports (LID-10°s) for these crash types. If there are a large number of
crashes of the associated types. 3 representative sample of UC-10's may
be selecied for review (35 opposed 1o all of them).

A statement that the analysis did not (or conversely, dic] find a pattern or
concentration of crashes sssociated wih the geometric feaiurs for which
fhe design exception has been reguesisd




Design Exception
Crash Analysis
Instructions

TABLE A

GEOMETRIC FEATURE TC WHICH
DESIGH EXCEFTION APPLIES

ASSOCIATED CRASH TYPES

Cieslgn Sp=sd

Al Crash Tvpes

Lane Widh

Shdeswipe, FlEad-Chject, Run-C8f, Creanum

Shouldar Widsh

Sideswipe. Flzad-Chject, Run-Cd, Crearum

Bridge Widin

Sideswipe, Flwad-Cbjecd

Sheciural Capacity

A

Horizontal Allgnmes

Flaed-Dbject, Run-Cif, Cverlum,
Sideswine, Head-0n

Wertical Algnmeni

Rear-Snd, Sldeswipe, Head-On. Fxed-Chjeo,
Aun-0f, Swerfum, Angle

Longihudinal Grags

Redr-End. Sldeswipe, Head-oOn

Shapping Sight Dislance

Rear-=nd, Sldesaipe, Head-On, Fxed-Cbjed,
Aun-0T, Owertem, Angle

Cross-Slope/Ral-Cver

Too LElle: Fear-Snd, Percent Wed, Pencent oy

Too Geat Flzed-Objec], Run-08f, Creermumn

Superelesation

Flaed-0pject, Run-Cif, Cvertum,
Sideswipe, Haad-Cm

Wertical Clearance

High-Load Hiis

Heorizontal Clearance
(Excluding Claar Zong|

Slezwipe, Rear-End, Head-0n, Feed-Chjes

Ramp Aosaksration or
Dieceleration Length

Sideswipe, Rear-End, Flxed-Ciject,
Aun-0fT, Owerfum

* At might, the available sight diztanca throuzh sag vertical cunves &5 largely deternyined
by haadlighs dliimvicarion distanca. Therefore, when reviewing crazhes m relation o sag

collistons. A bigh percentaze of nighi-tme aashes could indicxie a cash patbern related
o maudfcient swopping sight dismoce. While apinal collisions are mot gensrally incinded
m crazh amabyses dos to the lree wocemanty as o their canses and’or exact locations,
they showld mof be sommanly dispnzsed, either.  Amiraal crashes can be taken with
together with the crazh data s=f as a whole and can sometmes help ideniify crash
paiterns speciboally related o resmicted sight distance.

VWhen performing 2 crash anabysis as pamt of 2 design exception request, focus the review
om the crash fypes which are assectased with the gecrpetic feahurs in question. Tie the
iatle above to detenmine whick crash fypes are associaied with sach geomeinic feahuze.
Almo, comsider ooly the crashes which have oooummed o the wiciooly of the subject
Feomeic feaiure (Dot mecessanly project wads)l It o wsually soffciect to set the mls
poimt Lmits of the cash data query to a few bundred fest on either sids of the promeinic
feanme i quesdon.

Crash amabysis is, by its macure, an ipexact and subsectdve exarcize. There will often fimes
b= umoeriainty as o whether or not a pariiodlar gepmetnic feafure conmbated fowards a
given sk The informaten poovided m the UD-10%:, aloop with enginssnng
Judgement, can usally resalve aoy guestons adeguasely



















