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Part A - Introduction

- Factors that Affect TUIn Lane Length ... o e e e e e e e e e e e e e e en e A-1
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Full Access
_ 1,200 — 1,500 feet -
N Typical o
-
(Indirect Left Turn Access w |

| Recent safety research has identified indirect turns as an intersection design concept that:

= Reduces or eliminates the high-risk crossing maneuvers.
= Substitutes with low-risk turning, merging or diverging maneuvers.

| This concept is considered experimental because it has been deployed at approximately 20 locations, primarily in Maryland,
North Carolina and Missouri. Initial evaluations have documented an 80% - 90% overall crash reduction and 100% reduction in

the most severe angle crashes.

| A directional median was installed along TH 169 in Belle Plaine. A preliminary evaluation found crash reductions consistent

with the national results.




Part A - Introduction

Factors that Affect Turn Lane Length

All Mn/DOT
Facilities

®  These turn lane length guidelines \
document the primary factors that influence

the suggested length of any particular turn

lane and a best practices design process.

These suggested turn lane lengths are
considered to be reasonable default
values that should be used when more
precise output from computer modeling
(SYNCHRO, SimTraffic, CORSIM, etc.) is
not available.

The primary factors affecting the suggested
length of turn lanes along Mn/DOT facilities
include:

“  Location: Rural vs. Urban
) . ) . . . ) ) “  Facility Type: Expressway Vvs.
L Unsignalized — Unsignalized | Unsignalized Unsignalized Conventional
Intersection Intersection Intersection Intersection “  Intersection Type: Uncontrolled or
Signalized
Signalized Signalized Signalized Signalized *  Speed: 30 mph to 65 mph
~ Intersection ~ Intersection — Intersection Intersection *  Traffic Volumes

Figure A-1 — Mn/DOT Facilities

Other Factors Include:

*  Grade

“  Vehicle Mix: passenger vehicles or
heavy commercial

“  Consistency Along Corridor

“  Proximity to Horizontal Curves
“ Single vs. Dual Turn Lane operaticy

A-1



Part A - Introduction

Facility Type Classification

Rural
Expressway
Divided roadways with

limited access and
high speeds in rural

area

Rural
Conventional

Undivided two-lane

roadway with multiple
access locations and
low to high speeds in

rural area

Urban
Expressway

Divided roadway with
limited signalized

intersections and high
speeds in urban area

Urban
Conventional

Undivided two-lane or
four-lane roadway with
multiple access
locations with low
speeds in urban area

A-2



Part A - Introduction

List of Tables o2

All Mn/DOT / \
Facilities = Urban vs. Rural: Based on

Access Management
Category Assignments
prepared by Mn/DOT Office
of Investment Management

www.dot.state.mn.us/accessmanag
ement/index.
categoryassignments.html

C Conventional vs.
Expressways: Based on
segment determination

completed by district staff and
. collected by the Mn/DOT
— Unsignalized — Unsignalized — Unsignalized — Unsignalized . .
Intersection Intersection Intersection Intersection _I(?ff'(;]e Olf Traffic, Safety, and
Tables B-2 & B-3 Tables B-2 & B-3 Tables B-2 & B-3 Tables B-1 & B-3 echnology
— Signalized — Signalized — Signalized — Signalized
Intersection Intersection Intersection Intersection

Tables B-2&B-4,50r6  1aphjes B-2& B-4,50r6  Tables B-2& B-4,50r6  Tables B-1& B-4,50r 6 \ /

Figure A-2 — Mn/DOT Facilities and Tables

A-3
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Part A - Introduction

List of Tables o2

*Table B-1 — Urban Conventional Roadway (10 mph deceleration in thru lane) Page B-11
eTable B-2 — Urban/Rural Expressway Roadway (no deceleration in thru lane) Page B-11

*Table B-3 — Unsignalized Intersection — Page B-12

eTable B-4 — Signalized Intersection — 60 sec cycle — Page B-14
*Table B-5 — Signalized Intersection — 90 sec cycle — Page B-14
*Table B-6 — Signalized Intersection — 120 sec cycle — Page B-14

*Table B-7 — Page B-11

*Table B-8 — Page B-17

*Table B-9 — Page B-19

A-4



Part A - Introduction

Basic Objective

K The basic objective of a turn Iane}

: = Functional to reasonably accommodate
Demand DEERIETE + Storage Turn Lane deceleration plus storage.
Length u The design process involves first

computing the expected DEMAND,
which is based on vehicle speeds
and volume and is considered to be
the FUNCTIONAL TURN LANE
LENGTH.

= Geometric

Turn Lane
Length *  The next step in the design process

involves determining the DESIGN
side of the equation, how to
distribute the available space in the
corridor between the taper and the
full width portion of the turn lane.
The DESIGN is considered to be
the GEOMETRIC TURN LANE
LENGTH.

DESign Taper [Bx CUlBWCH ool Adjustments

Turn Lane

Example of Turn ——— TRAFFIC
Lane Design L=100 1 TO 180 f '

*  Adjustments may need to be
applied to the design components
of the turn lane length
determination.

Source: AASHTO Green Book — Geometric Design of Highways and Streets, 2004 \ /

A-5
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Part B - Process
I

] (T o I A 0] 1o I - | - PR USOPPPPRPR B-1
- StEP 2 - DEtEIMINE Fa Gty Ty DO . u ettt et e e e e e e e e et et e e e e e e e e e e e s e e e r e e e e e e s e aaaes B-7
- Step 3 - Calculate Turn Lane DEMEANG ...... ..ottt et e e e e e e e e e nnes B-10
- Step 4 - Calculate TUM Lane DeSIgN. .. ...t it et e et e e e e et et e et e e e et e e e e e e ee e B-16
- Step 5 - Determine Turn Lane LENGEN. .. ... e e e e e e e e e et et e e e e e e B-25

Innovative Intersection Design Concept — Indirect Left Turn

| A variation of the indirect turn intersection design concept

is being used in Missouri. This design is more compact

STA 118757.82 RTE 65 ¢ MED. o
STA 11094359 EX. RTE. 66 COWN.
STa 1232+54.62 RIE. EE

than the directional median version and prohibits all

movements except the right turns at the minor road.

| The downstream u-turns which provide access between

all legs, are located approximately 600 feet past the

minor leg. The left turn lane for the u-turn extends all the

way back to the minor roads to encourage drivers on the

minor road to turn directly into the left turn lane (instead

318 1336430,
§TA 18720, 8

.06 pTE. EE /
& OUTER ROAD

i m of into the through lanes on the major road and then
SPECIAL SHEET

[P

o ; - weaving).
Source: Missouri Department of Transportation ea g)




Part B - Process

Turn Lane Length Process

Demand Factors Design Factors
- Speed - Distance to Adjacent Intersections
St ep 1 - Forecast Volumes - Roadway Geometry (Horizontal Curve)
p - Seasonal Variations
- Grade

- Heavy Commercial %

- Facility type in Figure B-1
- Intersection control

Step 2

- Calculate deceleration based on Tables B-1 & B-2
- Calculate storage needs based on Tables B-3 to B-6
- Suggested signal cycle lengths on Table B-7

Step 3

- Determine taper length based on Table B-8
- Calculate turn lane design (turn lane demand length from Step 3 minus taper)
- Determine appropriate adjustments based on list.

Step 4

- Depending on constraints of the area, characteristics of the
intersection and their applicability to the stated assumptions, and
engineering judgment, determine final length of turn lane.

Step 5

B-1



Part B - Process
Vehicle Speed
S

u Understanding vehicle speeds along a segmeﬁ
of highway is a key factor affecting the

recommended deceleration component of the
ultimate turn lane length.

Design Speed_ 60 MPH
re an B L Distance

Helght of eye_3.5. Meight of object 2.0r
Design Speed not achieved at;

STA. T0 3TA. MPH

=  There are a variety of measures of related vehicle
speed. For determining turn lane lengths, the
Example of Design Speed suggested order of preference is:

5| | from Standard Plans * 1. Design Speed of the facility

© 2. 85™M percentile Speed of facility

“ 3. Statewide Average 85" percentile for

80 - .
Facility Type (see Figure B-1)
[ o
./.___.\—-\. , e ® In no case should the posted speed limit be used
76.7 Rural Freeway 70 mph speed himi . o X .
76 in determining the estimated deceleration Iengy
= X
g 74 m 73.3 Rural Divided Highway 65 mph firmit
e ’
g 741.1 Urban Freeway 60 mph speed fimit
70
e .
3 o W Rural {3_jane/3- 61 mioh speed it
- > ET-T Uinan ivided Bompn spacd it
B 66 el —— : . .
= _*_...- ""‘"'-1 5.2 Rural (2-lane/2-way) 55 mph spesd imit
64
54
62 Bl 2
i TR
B0 i7 R -
= ﬁ N 5
_ 2005 2008 IEEID? 2008 2010 Example of Spot Speed g i "i"E
Source: Minnesota Department of Transportation (85th Percentile) Study 42l e

Figure B-1 - Statewide Average Speed Trends B ™ B-2



Part B - Process

Forecast Traffic Volumes

Forecast traffic volumes were estimated using the following sources:

1 - Historic Traffic Growth — Linear Regression (MnDOT)
2 - State Aid Manual (County growth rate)

Example of Different
Forecast Methods

3 - US Highway 52: Oronoco to Pine Island Sub-Area Study
18000

26 Vplameas
16,600 s tvey 52
16000 / Pine lslend Sub-Arcs Study)
14,700
14000 /// 4,700 panpoT State Ald 2
imm
§ 1000 / z 10.720 ctmow eorersion) 4
anuu I
-
; 8000 — =
4000
000
=3d StSW lat St
+US Fwy 52 Sub-Avea Study

o
1975 1965 1995 2005 ams 25 2%

Source: CH2M HILL 2009 TRAFFIC FACTOR PROJECTION

CURRENT TRAFFIC PROJECTION FACTORS

County
Number Name District

County State Aid Traffic County Seat
Proiecii

Source: Mn/DOT State Aid, 20-Year Traffic Projection Factors

K Forecast Traffic Volumes (both \

turning and mainline volumes)
should be calculated by one of the
following methods (in order of
preference):

1. Design Year Volumes (provided
by District/Central Office
Planning Staff)

2. Historic Volumes extrapolated to
estimate 20 Year forecast
volumes

3. 20-Year Multiplier as
documented by State Aid and
found at the following website

under County Reference Data:
www.dot.state.mn.us/
stateaid/sa_csah.html

* Inno case should existing volumes
be used in computing the estimated
future demand.

(& )
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Part B - Process

Seasonal Variations

Seasonal Peak ,4499 /

24000 *  If the segment of highway is

/\ subject to large seasonal
variations (recreational routes,
22000

29% primary farm to market routes,
O, etc.), the designer should make a
20000 decision — is the turn lane going
/ \ } to be designed to accommodate
18000 \/ ' the seasonal peak or the yearly
- —7/— - “:;m::ml'_" - e average?
16000 ¥ Yearl Ave'r/;: - “  There is no correct answer to this
W y 9 x question, but the answer may
14000 ——gnee impact construction costs
13,840 ; (designing for the seasonal peak

will likely result in the need for
longer turn lanes) and public
perception (the road was just
10000 e o ' ’ D reconstructed — why are queues

AV S f QGQG«" of vehicles backing out of the
y‘,a'“ . S » 3 j dﬁ" g

brand new left turn lane?).

12000

Monthly distribution based on ATR dala from TH 210 near Batte Lake

Example of Seasonal Variation

(& )

B-4




Part B - Process

Grade and Heavy Commercial

Example of /

Intersection on

Grade ®  Grade at Intersection — what is the
roadway grade at the intersection?
Downhill grades in excess of 3%
increase deceleration distances by
20% to as much as 35%. Uphill
grades in excess of 3% shorten
deceleration distances by 10% to

20%.

. Heavy Commercial - what is the
fraction of heavy commercial in the
traffic stream? Determining a storage
length requires an understanding of
the composition of the traffic stream.
The distance required to store a
platoon of passenger cars (at 20
feet/vehicle) is much less than for

14.63 m[48 ft] Trailer

Heavy 137m_ 12.34 m [40.5 ) o P commercial vehicles — single unit
Commercial 45" : I‘ (1sa] trucks (30 feet), buses (up to 45 feet)
Size Example f 0. &% 108 i " and interstate semi trailers (75 feet).
1
! 0 1im 25m 091m |
! scale B II B B
(= e
D@ T @© ©
- 122 m 1.35m . 530m . [ 122m
! [ [aazf] [ M420 s9sm (774f | [“n
b 18.90 m [62 fi] Wheelbase  [19.5f1] -1
i 20.88 m [68.5 fi) ol \ /

Source: AASHTO Green Book, WB-19 [WB-62] Design Vehicle B-5



Part B - Process

Roadway Geometry & Adjacent Intersections

Intersection
Influence Areas

Roadway Geometry — Is the intersection
located near or in a horizontal curve? The use
of 15:1 tapers to transition into turn lanes has
been observed to result in erratic maneuvers
on the part of some drivers when the
beginning of the turn lanes is located near or
on the outside of a horizontal curve.

The 15:1 taper can look very much like the
tangent extended and the entrance to the turn
lane is, therefore, not well define. In this case,
the designer is encouraged to use a sharper
taper to better identify the entrance to the turn
lane.

Distance to Adjacent Intersections — How
constrained are the conditions in terms of
distances to adjacent intersections and
driveways? The distance to adjacent
intersections can have a significant effect on
the recommended turn lane length.
Intersections have influence areas both
upstream and down and basic access
management principles suggest that to
optimize safety these influence areas should
not overlap. In addition, an effort should be
made to avoid the placement of private

driveways anywhere along the length of either
the full width turn lane or taper. /

B-6



Part B - Process

Turn Lane Length Process

Demand Factors Design Factors
- Speed - Distance to Adjacent Intersections
Step 1 - Forecast Volumes - Roadway Geometry (Horizontal Curve)
p - Seasonal Variations
- Grade

- Heavy Commercial %

- Facility type in Figure B-1
- Intersection control

Step 2

- Calculate deceleration based on Tables B-1 & B-2
- Calculate storage needs based on Tables B-3 to B-6
- Suggested signal cycle lengths on Table B-7

Step 3

- Determine taper length based on Table B-8

Step 4 - Calculate turn lane design (turn lane demand length from Step 3 minus taper)
- Determine appropriate adjustments based on list.
- Depending on constraints of the area, characteristics of the
St 5 intersection and their applicability to the stated assumptions, and
ep engineering judgment, determine final length of turn lane.

B-7



Part B - Process
Functional Classification

1 - High-Prierity Interregional Cerriders (IRCs)

Category | Facilty Type TypjealFunciional | Typical Posted Speed - Selecting a facility type is an

important step because the facility

1F Interstate Freeway Interstate Highways 55 — 75 mph d h . h
1AF Non-Interstate Freeway Principal Arterials 55 - 65 mph type SuggeStS a Spe_e ’ W IC
1A Rural Principal Arterias 85 - 65 mph influences deceleration distances,
18 Urban / Urbanizing Principal Arterials 40 — 55 mph - - o ..o
1c Urban Core Principal Arterials 30 - 40 mph and It SuggeStS a dGSIg n prlorlty'
2. Priority g Corridors .
2AF Non-Interstate Freeway Principal Arterials 55 - 65 mph On high speed (rural and urban
gnsp
2 Rual_ Princlpa Antenals 5525 meh arterials it is suggested that ALL
2B Urban / Urbanizing Principal Arterials 40 - 55 mph i X
2 Urban Core Principal Arterials 30— 30 mph deceleration take place in the turn
SL=ReglonaliCoMmtors : . lane but on low speed urban
IAF Non-Interstate Freeway Principal Arterials 55 — 65 mph Exam p le Rural Conventional i
3A Rural Principal/Minor Arterials 45 — 65 mph Roadwa roadways a fraction of the
3B Urban 7 L Principal /Minor Arterials 40 - 45 mph y H H
deceleration can take place in the
ac Urban Core PrincipalMinor Arterials 30 — 40 mph
4 - Principal Arterials in the Twin Cities Metropolitan Area and Primary Regional Trade Centers th roug h lane.
(Non-IRCs)
4AF Non Freeway Principal Arterials 55 - 65 mph Dete rm | n at| 0 n of ru ral OI’ u rban
4A Rural Principal Arterials 45 — 55 mph .
2 Urban / Urbanizing Principal Arterials 20— 35 mpn category is based on Access
4C Urban Core Principal Arterials 30 — 40 mph Man ag em ent Categ 0 ry
5 - Minor Arterials .
SA Rural Minor Arterials 45 — 55 mph ASSIgnmentS prepared by the
5B Urban / Urbanizing M?nor Arterials 40 - 45 mph M n/DOT Offlce Of I nvestment
5C Urban Core Minor Arterials 30 — 40 mph Management
& - Collectors
SA Rural Collectors 45 - 35 mph Access Management Website:
6B Urban / Urbanizing Collectors 40 - 45 mph
o Urban Core ro—— 3040 mph www.dot.state.mn.us/accessmanagement/
7 - Specific Area Access Plans index. categoryassignments.html
7 [ Al | All Al . .
Example Rural Expressway The roadway is categorized as
Source: Mn/DOT Access Management Manual Roadway expressway or conventional
Figure B-2 - Mn/DOT Access Categories roadway based on segment
determinations completed by
Examples: Location Category Facility Type Functional Classification s/llSt/rE)CéS_l:_taofff ?nd C?I'Irethef'd b)é t?e
n | raifi t
US Highway 10 Anoka Co 1A-F Non-Interstate Freeway Principal Arterial ceo attic, satety,

US Highway 10

Washington Co 5A

Rural Conventional Minor Arterial

and Technology.

/,

B-8
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Intersection Control

25,000 -

Major Street Daily Traffic Volume

10,000

5000 1"

1,000 2,000 3,000 4,000 5,000 6,000

Minor Street Daily Traffic Volume

Source: CH2M HILL

Figure B-3 - Estimated Probability of Meeting the Volume
Warrant for Traffic Signal Installation

Part B - Process

/ Assigning a type of intersection contm
(Thru/STOP, All-Way STOP or Traffic

Signal) has a significant effect on the
determination of turn lane lengths.

Controlled intersections which require
vehicles to stop, increase storage
lengths while vehicles wait for their turn
to enter the intersection.

It is important to remember that turn
lanes are designed for a point in time 20
years in the future. As a result, itis NOT
sufficient to document the existing
intersection control. An effort should be
made to estimate the type of control that
would likely be in place in the design
year. Discussion with District Traffic
Engineering staff can provide insight.

In addition, plotting the forecast traffic
volumes on the adjacent graph results in
an estimate of the probability of the
combination of major and minor road
forecast volumes exceeding the warrants
for signalization in the Minnesota Manual
on Uniform Traffic Control Devices

(MNMUTCD). /

B-9



Part B - Process

Turn Lane Length Process

Demand Factors Design Factors
- Speed - Distance to Adjacent Intersections
Step 1 - Forecast Volumes - Roadway Geometry (Horizontal Curve)
p - Seasonal Variations
- Grade

- Heavy Commercial %

- Facility type in Figure B-1
- Intersection control

Step 2

- Calculate deceleration based on Tables B-1 & B-2
- Calculate storage needs based on Tables B-3 to B-6
- Suggested signal cycle lengths on Table B-7

Step 3

- Determine taper length based on Table B-8

Step 4 - Calculate turn lane design (turn lane demand length from Step 3 minus taper)
- Determine appropriate adjustments based on list.
- Depending on constraints of the area, characteristics of the
St 5 intersection and their applicability to the stated assumptions, and
ep engineering judgment, determine final length of turn lane.

B-10



Part B - Process
Deceleration Length

Table B-1 Deceleration Distances for Lower Speed Urban Conventional Roadways
(No Deceleration in Through Lane) (10 mph Deceleration in Through Lane) u The deceleration component of the

turn lane length is a function of the

Design Speed | Stop Condition To 15 mph Stop Condition To 15 mph . o
(mph) (feet) (feet) (feet) (feet) design speed of the facility and the
amount of deceleration that is
20 70 35 20 - allowed in the through lanes.
— 110 = 40 : C Deceleration lengths are provided
30 160 125 70 35 for both a stop condition that would
- - - 2 - apply to left turn lanes and to 15
mph that would apply to right turn
40 275 240 160 125 lanes.
45 350 215 215 180 “ Table B-1 - Urban
50 425 390 275 240 Conventional Roadway —
assumes 10 mph
Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways deceleration in through lane
(No Deceleration in Through Lane) (10 mph Deceleration in Through Lane) © Table B-2 — Urban/Rural
: - - Expressway Roadway —
Design Speed | Stop Condition To 15 mph Stop Condition To 15 mph assumes no deceleration in

(mph) (feet) (feet) (feet) (feet)

through lane

u Italicized values within the tables

50 425 390 275 240 are interpolated. The 15 mph
values were calculated by
55 515 480 350 315 subtracting 35 feet from the stop
60 605 570 425 390 condition column.
65 715 680 515 480 Table Source: ITE Traffic Engineering Handbook
(2009), Table 10-2, Page 172
70 820 785 605 570

75 940 905 715 680 511



Part B - Process

Storage Length — Unsignalized Intersection

Table B-3

Storage Length for Unsignalized Intersections

Left-
Turning 0-5%
Volume Heavy
Commercial
50 50
60 55
70 65
80 73
0 8
100 %5
10 105
120 10
130 120
140 130
150 145
160 150
170 160
180 165
190 175
200 185

Storage Length (feet)

>5-10%
Heavy
Commercial

BEBIBEEERBERE8B38S

Storage Length =((Turn Lane Peak Hour Volume / 60)*2))*((% Passenger Vehicles * 25 feet) + (% HC * 75 feet)

/

Average number of cars in
2-minute arrival period

>10 — 15%
Heavy
Commercial

BEREBIBERREE 8BS

Weighted average between
passenger cars and heavy
commercial

/ The storage length computation for Ieh
turn lanes at unsignalized intersections is

based on accommodating the average
number of arrivals in the turn lane during a
two-minute period. The two minute period
represents the upper range of the typical
delay incurred by a left turning vehicle
waiting for opposing vehicles to clear the
intersection.

®  The recommended practice assumes a
minimum storage length for 2 vehicles
equals 50 feet.

®  The storage length requirements for right
turn lanes at unsignalized intersections is
assumed to be zero since, in virtually all
cases, these vehicles would have the

right-of-way entering the intersection and
would incur no delay.
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Part B - Process

Storage Length — Signalized Intersection o3

Method 1 — Basic Equation

*  Note: The following method for estimating the storage length requirements at signalized intersections should only be used when
the output from computer models (Synchro, VISSM, etc.) are not available.

®  The storage length requirements for both right and left turn lanes at signalized intersections are based on the premise that
vehicles only need to be stored during the red portion of the signal cycle. As a result, the basic equation includes the following
mathematical operations:
*  Dividing the design hour approach volume by the number of signal cycles/hour.
“  Multiplying the vehicles per signal cycle by the fraction of the cycle that is red for that movement.
“  Multiplying by the average of 25 feet per vehicle and adjusting for the fraction of heavy commercial and the number of turning

lanes.
\ “  Multiplying the results by 2 to account for the random arrival of vehicles. /
B . Adjustment to hourly Average storage length Randomness factor that
DHV = Design Hourly volume to account for for a passenger vehicle converts the average storage

Volume for turn lane

heavy commercial traffic. length to a 95™ percentile
1-G/C = Identifies the fraction of the signal cycle that is red for a storage length
particular movement. Two key points — the formula assumes that
vehicles only need to be stored during the red portion of the signal
phase and that ALL vehicles in that arrival on red clear the

intersection on the following green phase.

5 :
\‘D V(14 Y0 Heavyl(()ié)mmerual 25 x 2)
Storage Length (ft) =

(# cycles per hour)(# traffic lanes)

60 sec cycle length = 60 cycles per hour # of Turn lanes (single or
90 sec cycle length = 40 cycles per hour dual turn lanes)
120 sec cycle length = 30 cycles per hour

B-13



Table B-4 — 60 Second Signal Cycle Length

Storage Length — Signalized Intersection ors)

Method 2 — Look Up Tables

N

Part B - Process

A second method for determining the storage length at a signalized intersection involves using Tables B-4, B-5 and B-6. The storage
lengths in these tables are the output from the basic equation and represent the recommended left turn storage lengths in a single

left turn lane for three common cycle lengths. The tables assume 5% heavy commercial and one turn lane.

Storage Length Determination - Use of the tables require estimation of cycle length and the percent of left turn green time. Designers
are encouraged to coordinate with District traffic signal operations staff for assistance. If signal operations staff are not available,
Mn/DOT’s Traffic Signal Timing and Coordination Manual, Section 3.7 Critical Lane Analysis, should be reviewed to estimate cycle
length and percent of green time for left turn movements. See Page B-15 for the Sum of Critical Movement approach for determining
cycle length and percent of left turn green time.

-

Storage Length in Feet (60 second cycle)

awnjoA Buiuing-e
B BREBEIBREBEEBEREB

BEBESHESB

10%

100

140

2%

3

BIBBEBBBEERES

Percent Left-Turn Green Time

30%

BEENBBBIBESBEERS8BS
BEBEEBBEsSRERBBYS
B3BEsR8BEE8B838S

40%

50%

60%

S5 RRBEE883 38888

0%

EEES88338¢8s45 4

80%

8

3338383888885 88

Table B-5 — 90 Second Signal Cycle Length

Storage Length in Feet (90 second cycle)

awWn|oA BuiuIng-1je7
8 BREIBERBEERE
828 8BEBBIBRRBER
858 38KEBIBEBRBEE
E8ERBBBEBBYBERB

BKEBEEBEESRBER

10%

20%

Percent Left-Turn Green Time

30%

40%

80
100
120
140

50%
70

8

JBEBRBESESEEB

BEBEBERBBE

60%

60
70
80
100
110
120
140

70%

EEsB8RBEEB88B8I B8 S

80%

EEEsS883383885835884

Table B-6 — 120 Second Signal Cycle Length
Storage Length in Feet (120 second cycle)

awWn|oA Buiung-1je
B8 BEREIBEREBEERE
B8B8RBBEE5238KBEBEB
8238 8E8EBRBRBE
8B8B8YEBRBERBRRBEER

833 88BISE
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>
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Q
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Percent Left-Turn Green Time

30%

40%

8B 8 E

50%

EBEBIEREBEBRBEE S
BIEBEBRBEBSRBE S8

BEBEBRBBE

60%

70%

60
70
80
100
110
120
140

80%

EBREB8R883 I8 B B
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Part B - Process
Storage Length — Signalized Intersection @ors)

I I ———
\

Sum of Critical Movements — Estimating Cycle Lengths and Percent Left Turning Green Time

u The process of summing critical movements at a signalized intersection (basically the addition of the left turn and opposing
through volume on the N/S and E/W legs of intersections) provides a reasonable estimate of signal cycle lengths and the
percent of left turn green time.

u The estimated cycle lengths are obtained from Table B-7 and the percent of left turn green time is computed by dividing the
left turn volume on any given approach by the total sum of the critical movements

g J/

Table B-7
Suggested Signal Cycle Lengths 3.7.3.  Summary of Critical Lane Analysis
Sum of 2 Phase 5 Phase 8 Phase A summary of the critical lane method for evaluating the adequacy of a signalized intersection is as follows:

Critical Volume Signal Signal Signal * Assign traffic volumes to lanes.
1. Separate turn lanes accommodate their respective turning movements.

700 45 60 90
800 60 75 105 2. Right turns are equivalent to through movements if a separate turn lane is not provided.
3. If separate left turn lanes are not used, lane distribution is attained through the use of through
900 60 & 105 vehicle equivalents.
1000 75 90 105 4. If there are single lane approaches, special adjustments must be made to account for the
1100 75 90 105 impeding effect of left turning vehicles.
1200 90 105 120 ¢ Check if two-phase signal operation is feasible or if a multi-phase operation is required to provide
protected left turn movements.
1300 105 120 135
+ |dentify critical movements for each signal phase.
1400 120 135 150
Evaluate level of intersection operation based on summation of critical movements.
1500 135 150 165
1600 150 165 180 Source: Mn/DOT Traffic Signal Timing and Coordination Manual
1700 165 180 180
1800 180 180 180

B-15



Part B - Process

Turn Lane Length Process

Step 1

Step 2

Step 3

Demand Factors Design Factors
- Speed - Distance to Adjacent Intersections
- Forecast Volumes - Roadway Geometry (Horizontal Curve)
- Seasonal Variations
- Grade

- Heavy Commercial %

- Facility type in Figure B-1
- Intersection control

- Calculate deceleration based on Tables B-1 & B-2
- Calculate storage needs based on Tables B-3 to B-6
- Suggested signal cycle lengths on Table B-7

Step 4

- Determine taper length based on Table B-8
- Calculate turn lane design (turn lane demand length from Step 3 minus taper)
- Determine appropriate adjustments based on list.

Step 5

- Depending on constraints of the area, characteristics of the
intersection and their applicability to the stated assumptions, and
engineering judgment, determine final length of turn lane.

B-16



Taper Lengths

Unconstrained Conventional/Expressway  1:15

Constrained Expressway Roadway 1:8
Constrained Conventional Roadway 15
Table B-8

Taper Lengths

180 feet
100 feet
60 feet

Example of Constrained Urban
Environment

Part B - Process

Tapers are the transition from the through lanes to the
full width portion of the left or right turn lane. The basic
taper length that should be used in most cases is 1:15
or 180 feet for a twelve foot wide turn lane.

The two most common cases where consideration
should be given to reducing the length of the taper
include:

Beginning turn lanes near or in horizontal
curves. At many curves, the 1:15 taper does not
provide enough of a visual cue to drivers and they
may end up following the taper because it can
appear to be the tangent extended. If a shorter
taper is used it is the recommended practice to
add the difference to the full width portion so that
the overall turn lane length remains sufficient to
accommodate both deceleration and storage.

In constrained urban environments where the
distance between adjacent intersections is
insufficient to provide both the recommended
taper and full width storage distances. In these
constrained conditions, the recommended practice
is to provide as much of the full width storage as
possible and to sacrifice taper lengths to the
extent necessary to make the design fit the
available space. However, in all cases the

length of the full width turn lane should exceed

\ the taper length.
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Part B - Process

Adjustments - Summary o

Heavy Horizontal Dual Left Location Corridor

Grade Commercial Curves Turn Lanes  Constraints Consistency

o
: i F i m i
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Part B - Process
Adjustments - Grades o7

Table B-9 /- Grades in excess of 3% \

Grade Adjustment significantly effect vehicle
speeds and, therefore,
deceleration distances. It is the
recommended practice to

3% to 4% 0.9 i apply the adjustment factors in
5% to 6% 0.8 1.35 Table B-9_ in o_rder to shorten
deceleration distances on

uphill grades and to lengthen
deceleration distances on

downhill grades. /

Example of Intersection
On a Grade
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Part B - Process

Adjustments — Heavy Commercial ot

Table B-10
Average % Heavy Vehicle Based on Facility Type

Facility Type Sample Size Average % Heavy Commercial
Rural Conventional 11 14%
Rural Expressway 7 9%
Urban Conventional 1 7%
Urban Expressway 2 4%

Source: Heavy Commercial Volumes at Selected Piezo and Wim Sites (2004 — 2009), Office of
Transportation Data and Analysis, March 2010.

lg B.88m[28.5 fi] Trailer by BB [28.5 ) Trailer
[ 701m[23f) "l e 701 m[23 ) *l

Example of Heavy

= e 3 ) o 0 peen : .

B M ™ 71 [—_fesa | Commercial Vehicle
| looim 078m | ' orem | B\ . :

| ©em RSt T [Te ofim @sm | Dimensions from Green
I R ————— -—-""/ — '.i - = et '.'; — "‘ —— o d Book

E@ 0 St 10N ;\_@. @) _ i )

sz *’?* g ame Pl

2043 m [67 fI] Wheelbase
i 224 m (7330

——

Source: AASHTO Green Book, WB-20D
[WB-67D] Design Vehicle

Example of Heavy
Commercial Vehicle

= Adjustments to Storage based on
Higher Heavy Commercial % :

Synchro Method - In the Synchro
computer model the default value
for heavy commercial is 2% and
the analyst needs to replace the
default volume with the actual
value.

Method 1 — Basic Equation — use
the actual % heavy commercial in
the equation to account for the
higher truck volume.

Method 2 —Tables B-4 through B-6
— if the % heavy commercial is
greater than 15%, use Method 1 to
determine storage needs.

®  Adjust Deceleration Lengths -

Consider providing more deceleration
length than shown in Tables B-1 and B-
2 to accommodate heavy commercial
deceleration characteristics if the %
heavy commercial is higher than the
averages shown in Table B-10. The
suggested increase is 30% to the
deceleration length. (Source: Current practice
of lllinois DOT)




Adjustments — Horizontal Curves uofv

Example of Intersection
Located on a Horizontal
Curve

Example of Horizontal Curve Adjustment to Taper Length

Full Width Turn Lane Length =

Turn Lane Design =

Adjusted Design =

Deceleration + Storage

570 feet + 0 = 570 feet

Taper + Full Width

180 feet + 390 feet = 570 feet
Taper + Full Width

180 feet + 390 feet =570 feet
-80 feet + 80 feet

100 feet + 470 feet =570 feet

\ left.

Part B - Process

The recommended practice for
designing turn lanes that begin
near or in the outside of a
horizontal curve is to shorten the
taper from the typical 1:15 (180
feet) to 1:8 (100 feet) in order to
better delineate the entrance to the
turn lane. The recommended
practice also includes adding the
difference (80 feet) back to the full
width portion.

An example of this adjustment on
a rural two-lane highway with a
design speed of 60 mph, the
design of a right turn lane that
begins near the start of a
horizontal curve is shown to the

),
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Part B - Process

Adjustments — Dual Left Turn Lanes o

Example Dual Left
Turn Lane Design

It is recommended practice to consider
providing two left turn lanes at signalized
intersections whenever the following
conditions are present:
The design year peak hour left turn
volume approaches 300 vehicles per
hour.
On divided roadways where the
median is wide enough such that dual
turn lanes can be provided without
having to realign the opposing
roadway.
The primary advantage associated with the
use of dual left turn lanes is improved traffic
operations due to the shorter queue of
vehicles in each of the two left turn lanes.
The shorter queue requires less green time
to clear, allowing the cycle length to be
shorter, which reduces the average vehicle
delay, the established performance measure
for signalized intersection operations.
If dual left turn lanes are provided, the
receiving leg of the intersection also needs
to provide two departing lanes for a minimum
distance of 500 feet (distance to allow the
two lanes of vehicles to merge back to a

single lane).
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Adjustments — Location Constraints eof7

/ The most common local constraint invc@
short block spacing in established urban

Access Alternative

Source: CH2M HILL, TH 14 in Rochester

Example of Constrained Corridor and
Access/Turn Lane Design Decisions
Some access were closed in order to
accommodate longer turn lanes at adjacent
intersections.

areas, where the distance between adjacent
intersections can be as little as 300 to 400 ft.

In these cases it is important to note that
vehicle speeds along urban conventional
roadways are low (especially if the facility
experiences congestion during peak traffic
periods), so deceleration distances are
relatively short. In addition, the
recommended deceleration lengths in these
low speed, urban conditions are further
shortened as a result of allowing for a 10
mph speed reduction in the through lanes.

In constrained urban corridors with frequent
intersections and many turning
opportunities, the number of turning vehicles
at any one intersection will likely be low,
particularly at unsignalized intersections. As
a result, turn lane lengths will likely be the
minimum = 60 feet taper + 60 feet full width
= 120 feet. If these minimum values cannot
be provided, consideration should be given
to closing adjacent intersections in order to
provide the space necessary for the

\recommended turn lane lengths. /
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Adjustments — Corridor Consistency ot

®  The key corridor consistency issue
involves determining whether the design
of turn lanes along a corridor is uniform

Example of Corridor with Multiple Turn becagse Orf'slimil)?r conditi(()jns = Vg_ltl_JmeS,
Lane Design speed, vehicle types — or do conditions
— . - . — across the corridor vary sufficiently to
e AT W SN A ; - BE ) MH ﬂ» - : .
] gﬂiﬁ?&iﬁma B et T e ST ﬁ? w?.'igmm ?“%mﬁ}‘ warrant a different design. Consistency
08 P 5 Broadway (Hwy 63) requres Qu RS o .
FRE g A Bl

"_ it e e | with the design of adjacent turn lanes will

/]
e o
|

better meet driver expectations throughout
the corridor.

®  The basic objective of turn lanes is to
accommodate deceleration plus storage
; ¥ . . : of the turning vehicles at an intersection.
e i s One common corridor issue on high
S e s e o OO S T volume urban arterials is that the queue of
2} :_ f.rf 'S : vehicles in the through lanes lined up from
o o a traffic signal often extend beyond the
entrance to the turn lanes. In these cases,
the length necessary for deceleration plus
storage in the turn lanes is less than the
length of the queue in the through lanes.
In order to support improved intersection
operations designers should consider
lengthening the full width portion of the
turn lane beyond the length for storage so
that turning vehicles have full access to
the turn lanes.

Source: CH2M HILL, TH 14 in Rochester
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Part B - Process

Turn Lane Length Process

Demand Factors Design Factors
- Speed - Distance to Adjacent Intersections
Step 1 - Forecast Volumes - Roadway Geometry (Horizontal Curve)
p - Seasonal Variations
- Grade

- Heavy Commercial %

- Facility type in Figure B-1
- Intersection control

Step 2

- Calculate deceleration based on Tables B-1 & B-2

Step 3 - Calculate storage needs based on Tables B-3 to B-6
- Suggested signal cycle lengths on Table B-7
St 4 - Determine taper length based on Table B-8
ep - Calculate turn lane design (turn lane demand length from Step 3 minus taper)

- Determine appropriate adjustments based on list.

- Depending on constraints of the area, characteristics of the intersection and
their applicability to the stated assumptions, and engineering judgment,
determine final length of turn lane.

Step 5

B-25



Part C - Examples

- Example 1 — Rural Expressway UNSIgNaliZed ....... ..ot e e e e e e e e e e e C-4
- Example 2 — Rural Expressway SIignaliZed. .. .......c..io it e e e e e C-6
- Example 3 — Rural Conventional UnSignaliZed.............coii i e e e e e e e e e e e e C-8
- Example 4 — Rural Conventional SIgNaliZed... ... e e e C-10
- Example 5 — Urban Expressway UNSIGNaliZEa. .. ... ..ot e e e e e e e e e e e e C-13
- Example 6 — Urban EXpressway SignaliZEed..........ccooiiiiie i e e e e e e e e e e e C-15
- Example 7 — Urban Conventional UnSigNaliZed. .. ........ccoiiiinit e e et e e e e et e e e e e e C-18
- Example 8 — Urban Conventional SignaliZed.......... ..o e e e e e e e C-20

Innovative Intersection Design Concept — Positive Offset Turn Lanes

ot Turn Lanes

The traditional turn lane design along median divided roadwaysb

opposing left turn lanes negatively offset — to the left each driver in
the left turn lanes.

This negative offset results in a drivers line of sight to opposing
through vehicles being intercepted by the queue of vehicles in the
other left turn lane and this creates conflicts at signalized
intersections when the left turn movements are permitted (pick a
group during the green ball instead of an exclusive turn arrow).

An innovative solution involves creating a positive offset by putting
some (or all) of the median on the right side of the left turn lane to the
right and completely opens the line of sight to oncoming vehicles in
the through lane.

If there is a history of left turn (head on) crashes, at a negative offset
permitted left turn lane , there are two likely mitigations — conversion
to exclusive left turn phasing or construction of the positive offset.
The use of the positive offset would allow the continued use of a
permitted left turn operation which would result in a lower level of
intersection delay and a better level of service.




TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)

STEP 1 - DATA GATHERING

Location

State Roadway: Intersection:
[0 Left Turn Lane Design for Approach: N / S / E / W

O Right Turn Lane Design for Approach: N / S / E / W

Vehicle Speed
Page B-2

Choose one. Shown in order of preference.
[J Design Speed: mph
0O 85™ Percentile Speed: mph

[0 Statewide Average Speed: mph (page B-2, Figure B-1)

Forecast Traffic

Choose one. Shown in order of preference.

\P/olun;ej I Design Year Volumes (provided by District/Central &
e Office Planning Staff)
.'_

[0 Historic Volumes (existing volumes extrapolated to ‘J ‘Ir L o

estimate 20 year forecast volumes)

[0 20-Year Multiplier (documented by State Aid and found f

at the following website under County Reference Data: “-| T |_"

http://www.dot.state.mn.us/stateaid/sa_csah.htmi —

Turning Volumes: see graphic at right, also note the _+

number of lanes for each movement.

Daily Volumes

Major Street Daily Traffic Volumes: vehicles per day

Minor Street Daily Traffic Volumes: vehicles per day
Heavy
Commercial Percent Heavy Vehicle: % (If percentage of heavy commercial is high special consideration should
Page B-5 be taken in Step 4 for deceleration and storage length of turn lane)
Grade

[0 Upgrade [ Downgrade

Page B-5

Grade of approach: % (If greater than 3%, apply deceleration adjustment in Step 4)
Seasonal Is there a large seasonal variation within the corridor (recreational routes, primary farm to market routes, etc)? If
Variations yes, consider the variation and potential increase in traffic volumes during peak periods. Is it enough of an
Page B-4 increase to change the design? [ Yes, adjust traffic volumes [ No
Roadway Is the intersection located on a horizontal curve? If yes, adjust taper in Step 4. (See Page B-17 and Table B-8)
Geometry and
Corridor O Yes, on horizontal curve [ No
Characteristics Are there adjacent intersections that may influence the turn lane design? If yes, consider adjustments to the turn
Page B-6 lane design to better accommodate the constrained conditions. (See Pages B-23 and 24)

I Yes, constrained location [0 No

STEP 2 — DETERMINE FACILITY TYPE

Determine Rural vs. Urban (based on Access Management Category Assignments:
Facility Type
Page B-8 O Urban 0O Rural

Expressway vs. Conventional (determined by Mn/DOT Office of Traffic, Safety and Technology)

[ Expressway [ Conventional

Intersection
Control

Page B-9

O Signalized: sec cycle length [0 Unsignalized O Future Signal? (see Figure B-3)

Development of Turn Lane Design Guidelines



http://www.dot.state.mn.us/accessmanagement/index.%20categoryassignments.html

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)

STEP 3 — CALCULATE TURN LANE DEMAND

Deceleration

Based on speed and facility type determine deceleration length for turn lane.

Deceleration Distance

Length e Table B-1 for low speed (20 — 50 mph) Urban Conventional Roadway
Page B-11 e Table B-2 for high speed (45 — 75 mph) Rural and Urban Roadways feet
Interpolation between values in the tables may be necessary based on speed data.
Storage Length | Unsignalized Intersections Storage
Page B-12 Left Turn Lane — see Table B-3, based on Left-Turning Volume and Heavy Commercial | Distance
%, or equation on Page B-12.
Right Turn Lane — assumed to be 0 feet since in virtually all cases these vehicles would
have the right-of-way entering the intersection and would incur no delay
Signalized Intersections
1 Synchro Output Available: 95" percentile queue length.
[0 Method 1 — Basic Equation: equation on Page B-13.
[0 Method 2 — Look Up Tables: Tables B-4 through B-6 on Page B-14 using Sum of feet
Critical Movement Calculations (see Page 4 of checklist)
Turn Lane Turn Lane Demand
Demand Add the Deceleration Distance and the Storage Distance
= feet
STEP 4 — CALCULATE TURN LANE DESIGN
Determine Determine Taper based on Facility Type
Taper Taper Length
Page B-17 O Unconstrained Conventional/Expressway = 180 feet (1:15 taper)
O Constrained Expressway = 100 feet (1:8 taper)
O Constrained Conventional = 60 feet (1:5 taper) feet

Full Turn Lane
Length (before
adjustments)

Take the Turn Lane Demand minus Taper Length

Full Width Turn Lane
Length (no adjustments)

feet

ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adjust Taper
Page B-21

If the intersection is located on a horizontal curve, use a 1:8 taper (100 feet)

Adjusted Taper Length

feet

Adjust Full turn
Lane Length

If grade is greater than 3% adjust based on Table B-9 (multiply the
Deceleration Distance by adjustment in table and document the
difference in deceleration to the right. Page B-19 ft

If heavy commercial is greater than averages shown in Table B-10,
increase Deceleration Distance by 30% and document the difference
in length to the right. Page B-20 ft

Are there more than 300 vehicles per hour? May consider dual lefts.
The storage length required would be half of the calculated Storage
Distance. Document the difference in distance to the right. Page B-22 ft

Are there constraints with the adjacent intersections or driveways?

Does the through lane queue extend further than the turn lane length?
Document a review of the potential impact to the desired turn lane ft
length and adjust accordingly. Page B-23 & B-24 -

Total Adjustments + /-

Full Width Turn Lane
Length

(with adjustments)

feet

Development of Turn Lane Design Guidelines




Examples

All Mn/DOT

Facilities

Rural
I
I I
Expresswavs Conventional
P Y Roadways
Unsignalized Unsignalized Unsignalized

Intersection #1

Signalized
Intersection

#2

Intersection #3 Intersection #5

— Signalized Signalized
Intersection #4 Intersection 6

Different adjustments are
used in each example

Examples are provided for
each of the eight Mn/DOT

facility type situations

Part C - Examples

Table C-1
Turn Lane Calculation Examples
Roadway Roadway Intersection )
) Adjustments
Location Type Type
— Unsignalized
Intersection #7
m O Cc @) @) (@]
< o > [%2] o Il o lor]o
. . R 5 7 9 50
Signalized 48 2 s |3 5| e g o =225 & |28|2¢8
Intersection 5 o o 2 2 = g |af|2c| - |52]|25
= > s o N ® ® ls<|®°z| 2 |52]%¢°
SR A - = E e
Example 1 X X X X X
Example 2 X X X X
Example 3 X X X X X
Example 4 X X X X
Example 5 X X X X
Example 6 X X X X
Example 7 X X X XX
Example 8 X X X X X | X

C-3



Part C - Examples
Example 1 — Rural Expressway Unsignalized qof2

120 turning vehicles with
TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2) Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways 5% heavy commercial
STEP 1- DATA GATHERING {NoDeceleration in Through Lane) {10 mph Deceleration in Through Lane)
Locati. Design Speed | Stop Condition To 15 mph Stop Condition To 15 mph
on State Roachway TH 99 In i CR 10 (mph) (feet) (feet) (feet) (feet)
X Lsft Turn Lans Dasign for Approach: N (5 ) E / W 45 350 315 215 Table B-3 o .
{1 Right Turn Lane Dssign for Approach: N / S / E / W & o con e Storage Length for Unsignalized Intersections
Vehicle Speed | Sooes one. Shownin arder ol preferance. Storage Length (feet)
Page 82 X Design Spesd:__ (O mpn : z: ::g 2:: 0-5% >5-10% >10-15%
Speed: Heavy Heavy Heavy
0 66" Porontie " mph Commercial Commercial Commercial
[ Statewids A Spesd: mph (page 82, Figure 8- 1) 65 680 515
Forecast Tratfic Mmmmmem 70 785 605 : : 2 z
Volumes Design District/Central
b koo glboﬂl:\l.n: ;:l}n“ e | - 75 940 905 715 70 5 70 80
-— 20 75 80 90
1 Histork: Volumes (sxisting vel ctrapolated to JlL — % 8 % 100
sstimats 20 ysar forscast volimes) Speed of 70 mph, No 100 % 100 115
D“Z:‘fu wwwtmwmwammu;m 4 +| T r Deceleration in Through 1o 1= 1o 125
at the folkow| sbsite County Refersnce Data: 120 120 135
bRy il sbeor o — | ! Lane on Expressways, and — @ — —
Turning Volumes: see graphic at right, also note the N iti
e b g e 3 N Stop Condition for Left Turn 140 130 140 160
Dally Volumes Lanes 150 150
160 160
Major Strast Daily Traffic Volumes:__ 2,000 vahiclss per day o 70
Minor Strest Daily Traffic Velumes: __ () vebicles per day 180 180
190
He
Commercial P i Vehick: 5 % (i p A ofholnr ial is high spedial consideration should 200
Page B-5 be takenin Step 4 for decelration and skrags length of tu )
Page B-5 4 X Upgrads [ Downgrads
Grads of apgroach: % (I grsater than 3%, apply deselsraticn adjustment in Step 4) TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)
Seasonal Is there seasonal variation within the conidor (recreational rcutes, primary farm 1o markst etc)? It
Variations vfn 'w potential increase in r‘uﬂcmmmmm«mm:f"m " STEP 3- CALCULATE TURN LANE DEMAND
—— increase 1o changs the design? [ Yes, adjust trffic voumes XN Deceleration | Basedcn speed and faciity ype rer——y—— e ey
Length »  Tabls B-1 for low (20~ 50 mph) Lkban Corventional
M:;“ Is the inersaction located on a horizental curve? If yes, adjust taper in Step 4, (Ses Page B-17 and Table B-8 Page B-11 B lebﬁzlorh@-lw g Nt nu:'q 820
mﬂtlﬁu X ¥es, on horizontal curve [ No L lation b values in the tabks may b ry based on speed data.
Characte mmmmummummwﬂmmmnmm Storage Length | Uhsignalized Intersections Storage
Page 86 lane design 10 batter (See Pages B-23 and 24) Page 812 Lef Tum Lane - ses Tatie 5.3 based on Le# Tuming Vokums and Heary Commers Distance
(1 Yes, constrained kcation [XNo %, or equalion on ege &
Right Turn Lane - muuommmmummmm
STEP 2~ DETERMINE FACILITY TYPE have the right-of-way entsring the intersection and would incur no dalay
Determine Mwmmunmm«u Calegory Assigr
Facility Type whaw ol 8 s agementindax . catégrry assignments himl) w
Page B-8 7 Utban lehuaJ mm-oo.ﬂb ailable: 6" parsentile quaus length.
= Ty i =) quation: ecuation on .B-!s.
o s { ¥ MO Office of Yrafia, Bafwty:and Technology) L) Method 2~ Lock Up Taties: rmmms-eonnmsummu 110 tu
Exp ay O G ional Critical Movement Calculatons (see Page 4 of checkdist)
Tun Lane Tumn Lane Demand
mcﬁon {1 Signalized: 00 cycle X v {1 Future Signal? (ses Figure 8-5) Add the Deceleration Distancs and the Storage Distance




Part C - Examples
Example 1 — Rural Expressway Unsignalized o2

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2) |
18I)f

e AR gy
STEP 4 CALCULATE TURN LANE DESIGH Unconstrained Conventional/Expressway ~ 1:15

Determine
Tapar CRSERS T i roie Time Taper Langth Constrained Expressway Roadway 100 feet
Page B17 X1 Uncanistrainsd Conmvaimtional'Bx pressw sy = 180 fast (1115 taper) = =

11 Canstrainsd Expressway = 100 fast (18 1apsr) Constrained Conventional Roadway 15 60 feet

11 Constrained Gamnventional = 80 fest {15 tapsr) 180 ... Table B-8

Taper Lengths
Full Tum Lare | Taks e Tum Lane Demand minus Tapsr Length Full Wit Turm Lane
Le {before Length ino adjustments)
adjustmants |
930 -180 = 750 ga
ADJUSTMENTS AND FINAL TUBN LANE DESIGN

Adjust Tapar | If the intarssciion is beated on & horizontal survs, uss & 138 taper (100 festy | Adjustad Tapsr Langth Road curves to the right, the left turn lane
e 100 would be considered on the outside of
Adivet Fall rp— ™ i baned on Takie Bt o imuiioh to - the curve so an adjustment is necessary.
Labe Langth ™ | DSceieratin Distree by adusmant n e and dbcumente o

dl‘l‘hrsrmlndu:slsraﬂnnm the right. Fages 19 ft

If heavy commercial is graater than averages shown in Table 5-10,

increass Decaleration Distance by 307% and desument the diference | +

in langth 1w the right. Page 820 0 & Full Width Turn Lane

Brs thara meare than 300 vehicks par hour? quorﬂdarmfm Length

Th kength recpired would b= half of the caksulated St ‘ th adjustments)

ﬁ:tmummarrm dlﬁ:;l:maln dl.tmnce?m the right. Fa;agazi‘ 0O e

A tham conswaintswith the adjacantintareactions or diveways? _6_6_8_19:;1

[ues the fwouoh lane quewe axtend further than the lurnlare kngth? -

Ciocurnerit & revizw of the potantial npact tothe desired wm lans 1 s

length and adust accondingly. face 5230 B Table B-9

Totsl Adjwstments + F@ Grade Adj.UStmEth

_82n 49 )
6 upgrade, so the deceleration length
by 82 feet based on 10% reduction (90%
of the length) shown in Table B-9 3% to 4%
5%to 6% [}_8 1

750 (full width from Step 4)
— 82 (total adjustments)
= 668

The recommended design of this turn lane would be 100 feet taper and

670 feet (rounding to the nearest 10 foot) of full width turn lane. -



Part C - Examples

Example 2 — Rural Expressway Signalized o2

TURN LANE DESIGN CHECKLIST (PAGE 1 0F 2) Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways
STEP 1- DATA GATHERING {NoDeceleration in Through Lane) (10 mph Deceleration in Through Lane)
Location o TH 99 - CR 15 Design Speed | Stop Condition To 15 mph Stop Condition To 15 mph
State F ¥ (mph) (feet) (feet) (feet) (feet)
X Left Turn Lane Design for Approach: N K5) E / W 45 350 315 215 Synchro Output
[] Right Turn Lane Design for Approach: N / § / E / W = o o = LR S B e T T St
Vehick Speed Thaose one. Shown in arder of prelersnce. e HEE SWL_SWT_SWh
ge g L] Design Spesd: meh 85 B0 B v 8 1065 1500 5439 100 1aks s X riem w0 2 reey
X as”"“’“hw:_?B mph 60 425 gﬁmwr &ag 1883 123 Fr) 1m'15§=§ N 1553 M) 1;;
) Statowide Average Speed: ____ moh (oage 82 Figwe B.1) 6 -
Forecast Traffic Ch S order cf prel Lo Group Flow (ph) 313 108 209 45 83 22 133 I8 3 15 B3 334
Volme X Design Year Volumes (provided by District/ Central w 2 L 20 i 605 :“,,m‘?:',m P YO PR PR P g
PR Office Planning Staff) SBEkr 75 715 Gotacoe rasas I S T T A S S
I N NSO D | 76 Mmooy a0 0 ob mb s 313 B3 1o b
[ Histori: i l ap © .JlL ‘—77 }:&-W aﬂﬂ;&:ﬂxwu,l 00 30 B4 B4S 80 TBE
8] . 20
[7 20-Year Multiplier {documanted by Stats Al and found Deceleration in Through LondLag Wed Lo Lead L lsd La Lag s
at the following websits under County Reference Data: 288 — ‘-I 1 r Lane on Expressways, and oot 7 ety L Ry e ORI -V -0
hittp:/ Aweerw dot, state.mn.us/ stateaid'sa_csah.him! 99 — L ! :2.‘..".’.%"‘».': 0t uei; 4 YL LA W B S 1)
Turning Volumas: see araphic &t right, also note the 550 % 538 Stop Condition for Left Turn Rt 0% ol 013 o o ;i 0% oi0 o o om o
Ry . N e Lanes T’ o3 % of % sle 6 ot s o4 e my &4
Dalty Volumes
" 50 000 Los w c ?‘E A [ ”E A c “E A D "E A
Strest Daily Traffic Vol hicls a gt 0]
Wefor Grem Dely : vy e RN . D T
Minor Strest Daily Traffic Volumes: | | Ig!! vehicles per day Ty Lo (1 ’:: o o el = T
Heavy St Cap Redoen [ % " BT
Commercial Parcent Heavy Vehicks: 7 % (it of heavy ial is high special considsration shoukd Spilback Cap Reductn B ° AR TR
Page B-5 be takenin Sisp 4 for décaRraBomand strage Fngih of tun lans) i ot o1 : ® 003 037 a2t
Grade
Page B-5 0 [J Upgrade [ Downgrade
Grada of approach: * (If greater than 3%, apply deceleration adjustment in Stap 4)
Seasonal Isﬂmalﬂpmﬂm%hwﬂw(-ﬂwm prmary farm to markat roukes, etc)? i TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)
Variati and p mmmmuu of an
Page B4 mumumﬂ [ Yas, adjust traffic velumes X No STEE S CALOUNATE THEN FANG DGR
Roadw Is the inkrssction located cn a h curve? lyes, adpsttapst n Step 4, (Ses Psge 817 and Tabie B Dacalerat Basad o apsad and fackly yps ncelaraiion lengé! for Lun fn Duceferaion Diskuince
Obargiy and P Aptiger g P Length + Tabls B-1 forlow spesd 20 - 50 mph) Utban Convsntional Roadway 940
Corridor DYn.onlbrlzorlllwm X! No Page B-11 +  Table B2 for high speed (45 - 75 mph) Rural and Urban Readways at
Characteristics 4 that may s lans dsign? If yes, considsr adjustments 1 the turn Inirpolation b values in the tablss may b y based on speed data.
Page B4 Iallednb! nmmmmumwm l&quuB-ssllﬂM Storage Length | Unsignalized intersections Storage
Page B-12 tﬂl'l'umum w-a-a.bmdmunmvmmmw Distance
o aquation on
Right Turn Lane — assumed to be 0 feet sincs in virtually all cases thess vehicles would
Determine have the right-of-way entering the intersaction andwould incur no dalay
Facility Type
asing Signalized Intersections o
Em aﬂb quation: equation on .B-!s. 71 fost
0 lﬁthdz-l.wklbhﬂu TMB\JWHWMSMWMG —_—
Critical Movement Calculations (sse Page 4 of chacklist)
Intersection Turn Lane Tumn Lane Demand
Control X Signalzed: 25 sac oycle length [ Unsignalized [1 Future Signal? (ses Figure B-5) Demand Add the Decelsration Distanos and the Storage Distance 1 01]‘
= st




Part C - Examples
Example 2 — Rural Expressway Signalized o2

TURN LANE DESIGN CHECKLIST (PAGE 1 0F 2 | Facility Type Length
STEP 4 - CALCULATE TURN LANE DESIGN Unconstrained Conventional/Expressway ~ 1:15 (180 feet >
De termine srmine based acility
Taper ;’: T.‘p.ir_ oan - Type TEO Rk LIAE Taper Length Constrained Expressway Roadway 18 100 feet
PageB17 P y = 15 1aper) . = .
ac B ay = 100 fost (18 taper) Constrained Conventional Roadway 1:5 60 feet
1 Constrained Conventional = 60 fest (15 taper) 180.., Table B-8
Taper Lengths
Full Tum Lane | Take the Tum Lane Demand minus Taper Length Full Width Turn Lane
Lbr-uﬂldﬂ;m Length (no
s 1,011-180=| 831,.
ADJUSTMENTS AND FINAL TURN LANE DESIGN
Adjust Taper | if the intersection is located on & horizontal curve, uss a 1:8 taper (100 fest) Adjusted Taper Length N ) e
Page B-21 a Group "~ SELSET NWR Nl 3 SWT 8
= it B4 R4 L RE L e
Adjust Full turn | i grade is than 3% rmose[wwn Pareninag Y ‘ =
Lndmhngihm ll\lg:‘.' mﬂlm sl - ;nnwml naglm |mw|m|mwm1m|mm|m
hM“MDMmWBfP _0 e e T ———
Mmﬁdhmwmmbfdo&m . %"e"m"‘é‘“...m E':E o] F% FE o .E -E :::PE PEE a F;%
hmnummgsm J_‘ Full Width Turn Lane mm 1z - 1z = 7 4 . ER o
A than 300 vehich hmx ider oot ';’f*' ey Y, PER 40 20 ;p 73 ;0
wm = . Mirirrum Spht (3) 80 200 8.0 0 80 275 275 120 M5
B ndeancsts e s 22| 0w ' Check for blockage by queues in  JsEam o s uiim o aionn oy s s e macon
Are there e ith the adj ) e feat mm{n: a5 as 35 15 35 55 55 20 &5
omunwmmmmndmmuunmm? NE 831 the northeast bound through lane. wuriee o5 oe  on oo o w0 s o
review of the I impact 1o the desired b 0 & The queue in the through lane is  EES™™ o 05 e i i e e s e
mmdmw Page 8-27 8 B-2 227 feet. | th the full width AxBeiGroen(®) 120 7 77 120 87 TMT 83 I3 N3 84 24 T8I
Totdl Adustments al - eet, less than the tull wi e S oui o oce G 001 % oa 0o 0% om0 431
turn lane length, therefore no Gomabum 03 35 05 6 06 b ae 'ob oo ‘ca ub os
. . Total Delay N3 M5 02 W04 00 348 133 54 09 201 03
adjustment IS nhecessary. e L A A C B A D A

odeB3H.

]
3
400
43
2
o
o
03

B

The recommended design of this turn lane would be 180 feet taper and
830 feet (rounding to the nearest 10 foot) of full width turn lane.
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Part C - Examples

Example 3 — Rural Conventional Unsignalized o2

Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways
(NoDeceleration in Through Lane) (10 mph Deceleration in Through Lane)

Design Speed | Stop Condition To 15 mph

(mph) (feet) (feet) (feet)

Stop Condition

To 15 mph
(feet)

85" Percentile speed of 65 mph, No Deceleration in Through
Lane on Rural Conventional, and up to 15 mph condition for Right

Turn Lanes

TURN LANE DESIGN CHECKLIST (pAGE 1 0F 2)

STEP 3~ CALCULATE TURN LANE DEMAND

T Basad.

peed and Facility type detemine decaleration length for turn &

Length »  Tabls B-1for low spead (20 - 50 mph) Lvban Convantional Roadway 680
Page B-11 «  Tablk B-2 for high speed (45 — 75 mph) Rural and Urban Roadways

I lation b values in the tables may be necessary based on speed data.
Storage Length | Linsignalized intrsections. Storage
PageB12 Left Tum Lans — mTaH-B-a.bmdmhl-Tm%hmdemCmrmu Distance

%, of aquation on Page B-

I?::N right-of-way entering the intersaction andwould incur no dalay

w

l'J Methad F‘Eu .q.mlon s:a."

s2e Page 4

TURN LANE DESIGN CHECKLIST (pace1 oF 2
STEP 1- DATA GATHERING
Location
Gtats Foadwey: US 1 Intarsaction; CR 2
[T Lsft Turn Lans Design for Approach: M 7 57 EJ W
X Right Turn Lane Design for Approach: N/ 5 (E) w
Vehicle Spead Thoos= ane. Shown in order of prelerence.
Page 8-2 [ Desian Spesd: mph
X 85" Parcantils Spesd: DD mph
[ Statewide Averags Spesd: mph (page B2, Figurs B-T)
Forecast Traffic Chooss ane. Shown in arder of prefersnce.
Volumes X Dissign Year Volumes (provided by District/Caniral N
s Offize Planning Staff
—
[1 Historic Volumss (existing volumss extrapolatsd to ‘J l L
astimate 20 ysar forscast volumes) l
[0 20-Year Multiplier {documantsd by Stats A and found ’
at tha follkwing websits under County Referancs Data: 4-| T r
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html _—
Turning Volumas: ses graphic at right, alse nota the _*
nurmbsr of lanes for each rmovament. 100
Daly Volumes
Major Strast Daily Traffic Valumeas: 51000 wehicles par day
Minar Strest Dally Trafic Volumes: _ DQ0  vehiclss per day
- 12
Commercial Parcant Haaey Vehick: % (If parcentage of heavy commercial i high spedial corsideration shauld
Page B-5 L takenin Step 4 for decelkeration and skrage length of turn lane)
Grade
Pags 8-5 3 [T Upgrade X Downgrade
Grade of approach: _ > % (If greater than 3%, apply deceleration adjustment in Step 4)
Ssasonal Iz there a large ssasonal variation within the comidor (ecreational routes, pimary farm o markat roues, atz)?
Variations e, cmsldarﬂ'levarls:hn and potentid increase Inn'aﬁcvnlumsad.lrlm peak paricds. |3 itsnough afan
i ol increass to changs the design? [ Yes, adjuet traffic valumse X Mo
Roadw ay Iz the inersaction located on a horizontal curea? If yes, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8
Geometry and
Carridor )ﬂ Yes, on horizontal curve [ Mo
Characteristics | s hare adacent intersections that may influence the tum lans design? If yes, consider adjustments & the m
Page B-8 lane design 1o batter accommodats the constrainad conditions. (See Pages B-23 and 24)
[T Yes, constrainsd kecation X Mo
STEP 2— DETERMINE FACILITY TYPE
Detarmine Rural va. Urban (basad on Accass Mﬂ.rﬂga'mm (hmgmjﬁsdgnmnm
Facility Type e diot stats mn.ue accessmanagementing da | patenory assinmenits.himl)
Page 8-8 [0 Urban ¥ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
[ Bsxprasswsy % Convantional
Inberse ctio
Control " [ Signalized: 2ac oyels langth R Unsignalzed [ Fumure Signal? (zes Figure B-5)
Page B-2

Turn Lane - m.mdnboohuﬂmhmdmmwﬂdumd

L] Mathod 2= Look Up Tables: TMNWHWMB‘MMMOI
Critical Movement Calculations (see of chackdiet)

Add the Decderation Distancs and the Storage Distance

Turn Lane Demand




Part C - Examples

Example 3 — Rural Conventional Unsignalized o2

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)

R
STEP 4 - CALCULATE TURN LANE DESIGH

Does the froegh lne gusye sstend further than the umlare kngth? w1
Document a revies of he potertial irpact 1o the desired um lans 0 &
length and adust accordingly. Pare 520 5 821

Toial Adfustmenis +! -

?;:TW Determing Tapsr based on Facility Type Yaper Langih
Page 817 X Unsonstrained Caor sntionaExprasawsy = 160 fst (1:15 taper)

11 Constrained Expres sway = 100fest (15 tapsr)

1 Gonstrainad Gam antional = &0 fast (15 tapsr) 180 ..
Full Tum Lare | Take the Tum Lans Demand minus Taps r Length Full Width Turn Lames
Lengih ibefors Length ineadjusiments)
adjusmmants)

680 — 180 = 500 gt
ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adjust Taper IFthe intersection is kcated on a herizontal curve, uss a 1:8 taper (100 fest) Adjusted Taper Length
Page B-21
Adjust Full wrn | ifgradeis rthan 3% adfust hasad on Table B9 (multiply the:
Lare Length Dn«lnmig:?wmby ustment intable and documsnt the @' *

difisrencs in decsleration o tha right. Fac= &9 136

IFhaavy commenzid is graater than averages shown in Table 8-,

increase Deceleration Distanse by 30% and dosument the diflerence | +

in length 1o the right. Page 8.20 —0 | Full Widih TurnLane

fra thers mare than 300 vahides par hour? May considar dusl isfts, Length

Thasturﬂ% ramlrad wauld be half of the caloulated Storage % {with adjustments)

acument the diffsrence in distance o the ight. Fage 522 0Ot
FAra thara consirains with the adjacent intercedions or divewsays? 636 hat

Length
Unconstrained Conventional/Expressway  1:15 @
Constrained Expressway Roadway 18 100 feet
Constrained Conventional Roadway 1:5 60 feet

Table B-8
Taper Lengths

Turn Lane is on the outside of a
horizontal curve, the taper is
shortened to 100 feet (1:8 taper
instead of the typical 1:15)

Table B-8
Grade Adjustment

3% downgrade, so the deceleration

length determined in Step 3 (680) is

lengthened by 135 feet based on 20% 3044 49
increase shown in Table B-9

5%to 6% 0.8 1_35

500 (full width from Step 4)
+ 136 (total adjustments)

=636

The recommended design of this turn lane would be 100 feet taper and
640 feet (rounding to the nearest 10 foot) of full width turn lane.

C-9



Part C - Examples
Example 4 — Rural Conventional Signalized @ o3

TURN LANE DESIGN CHECKLIST (BT RS Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways
STEP 1- DATA GATHERING (NoDeceleration in Through Lane) (10 mph Deceleration in Through Lane) .
Locaflon, e S 1 CR6 Design Speed | Stop Condifin ~ To15mph | Stop Condition To 15 mpg
e ——— Eln%mn' (mph) ) (feet (L2 Table B-5-90 Second Signal Cycle Length
X S 45 350 315 215 180 Storage Length in Feet (90 second cycle)
[ Right Turn Lane Design forApproach: NS 87 E 7 W e o P o
Vehicle Speed Thoos= ane. Shown in order of prelerence. 50 425 390 275 240 Percent Left-Tum Green Time
Page B2 [ Design Spesd: meh 55 515 480 350 315 % e A% A% SR G TO% 8%
X 85" Parcantils Spesd: DD mph 60 5 570 425 290 : :g: ::; 2 z : z
[ Statewide Averags Spesd: mph (page B2, Figurs B-T) 65 680 515 480 o h Al ) e e T T
; Chaozs one. Shawn in arder cf prefees
rosscani ke i i 70 785 605 570 ~ % 20 W0 M W W W D K0
o [ Design Year Volumes (provided by District! Cantral 5 B © { 200 — o o5 s i ;5 00 240 20 10 190 140 10 o @
. Offiss Planning Staf) © O O | 780 £ 2 0 % 20 W 1 M W e
X Historic Volumss (sxisting volumss sxtrapolatad to ‘J l L ;—100 . . % 20 0 0 20 O 0 140 0 T
sstimate 20 yaar forscast volumae) Speed of 65 mph, No Deceleration in < 75 W W W 2 W W M 0
o
T Y MG A ot ks 8 o ) 4-| T r Through Lane on Expressways, and Stop § W W W0 W W A W W W
at the ng under nty Reference Data: o
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html 280—" Condition for Left Turn Lanes ﬁ : ﬁ : 2 g j: :z :)
Turning Volumas: ses graphic at right, alse nota the _‘ = oo
numbsr of lanss for sach movament, 40 8 ©o 375 40 40 30 N0 250 200 E 100
Dalty Volumes 400 40 40 30 X0 0 210 W 110
Major Street Daily Traffic W'h-lm“!—14’600 vehicles per day ‘—T
Minar Strest Daily Trafic Volumes: D 000 vehiclss per day TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)
He v
Em;aminl Parcant Haaey Vehick: 11 % (If parcentage of heavy commercial i high spedial corsideration shauld STEP - CALCULATE TURN LANE DEMAND
Page B-5 be takenin Step 4 for decekeraticn and skrage length of turn lane) De celerati Based on speed and facility ype d ing decaleration length for turn k Dece ke ration Distance
e Length + Tabls B-1 for low spesd 20~ 50 mph) Urban Convantional Roadway 715
Page 85 2 [T Upgrads X Downgrade Page B- +  Table B-2 for high speed (45 — 75 mphl Rural and Urban Roadways
i Grade of approach: & % (If greater than &%, apply deceleration adjustment in Step 4) Inlerpolation betwesn values in the tabks may be necessary based on speed data.
Saasonal Iz there a large saasonal variation within the ceridor (recreational routes, pri farm o markat reules, etz)? I Storage Length | Unsignalized Intersactions Storage
Variations ysa.cmdarmevmhnm"dponamd Immasalnvaﬁcvnlumsad.lrlmpeakparlnda Is it enough afan Page 812 Left Tum Lane — see Table 5-3 based on La- Tuming Volume and Heavy Commercial Distance
i ol increaze to changs tha design? [ Yas, adjust traffic volumss X No :;mmmmiuonmm - "
Roadw ay o Iz the inersaction located on a horizontal curea? If yes, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8 hawe the right-of way entering the intersection and would incur no delay
l::cni\intw [T Yas, on horizontal curve M Mo
Characteristics w
Ara thare adacent intarsactionz that may influsncs the tum lane design? If yes, congider adjustments & the rn
Page -6 lane design 1 better acoommadats the consrainad cordliions. (Ses Pages B-23 and 24 TS SRS iss 53" parerifle arnig laagh. 120
[ Yas, constrainsd keation X1 Ne & mmz Lock Up Tatles: Tabies B-4 hrcugh B. on Page 8-14using Sum of —_—feat
STEP 2- DETERMINE FACILITY TYPE Tum Lane Turn Lane Demand
S —— Fural vs. Urban (bazed on Acosss Management Calagory Aseigrmens: Demand Add the Deceleration Distancs and the Storage Distance
Facility Type waei. it stale mn.u e accsssmanagamantindss . category asslanments.himl) - 835'“
Page 8-8 [0 Urban ¥ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
D Exprazswsy 0 Comvantional See next page (Page 2 of 3 for Example 4) for Forecast using
meaian | o ea 0 e Y e Fp e e Historical Volumes and Sum of Critical Movement Analysis to
- determine Cycle Length & Percent of Left-Turn Green Time

C-10



Part C - Examples
Example 4 — Rural Conventional Signalized o3

Estimate Cycle Length & % Left Turn Green
Time based on Sum of Critical Movements and

Table B-5
3.7.3.  Summary of Critical Lane Analysis
A summary of the critical lane method for evaluating the adequacy of a signalized intersection is as follows:
f_ 60 or 100  Assign traffic volumes to lanes.
130 100 90 20 \E/W: +780 +280
<+ T80 840 _380 1. Separate turn lanes accommodate their respective turning movements.
100
l L ‘ 2. Right turns are equivalent to through movements if a separate turn lane is not provided.
I 3. |If separate left turn lanes are not used, lane distribution is attained through the use of through
60 ‘-‘ T ’_' N/S: 90 or 100 vehicle equivalents.
2:;" 100 90 50 ﬂ +100 4. If there are single lane approaches, special adjustments must be made to account for the
¥ 180 m impeding effect of left turning vehicles.
+ Check if two-phase signal operation is feasible or if a multi-phase operation is required to provide
Sum of Critical protected left turn movements.
Movements =1,040 « Identify critical movements for each signal phase.
Table B-7 * Evaluate level of intersection operation based on summation of critical movements.

Suggested Signal Cycle Lengths

Sum of 8 Phase
Critical Volume Signal Source: Mn/DOT Traffic Signal Timing and Coordination Manual
700 45 80

800 60 75 105
500 60 75 105
1000 75 = 106
1100 75 106
1200 80 3 120
1300 105 120 135
1400 120 135 150
1500 135 150 165
1600 150 165 180
1700 165 180 180
1800 180 180 180

Cycle Length = 90 sec (Table B-7)

% Left Turn = 100 left turns =10%
Green Time 1,040 sum of critical
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Part C - Examples
Example 4 — Rural Conventional Signalized o3

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2) | Length

e ———
STEP 4 - CALCULATE TURN LANE DESIGN Unconstrained Conventional/Expressway  1:15 @

Determi
Toper id ;’:""’*" T'p":““’ °“ F“::’ Type 150 emt (115 gt Taper Length Constrained Expressway Roadway 1:8 100 feet
Page B17 L e : i : -

o = oy = 100 oot (18 Constrained Conventional Roadway 15 60 feet

1 Constrained Corventional = 60 fest (1:5 tapsr) 180.., Table B-8

Taper Lengths
Full Tum Lane | Take the Tum Lane Demand minus Taper Length Full Width Turn Lane
tb-*;m Length (n> adjustmants)
: 835 -180 = 655..

ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adjust Taper If the intersection is located on a horizontal curve, use a 1:8 taper (100 fest) Adjusted Taper Langth
Page B-21

“TT keat
Adjust Full turn lmﬂmmmm on‘."dhﬂ-e[mwn
Lane Length -
hdmdrﬁmbmmpq;vsw 0
Tabis B-
mm‘hmwmﬁwnh able B-10, .
hmnutm Page B-20 —0 | FullWidth Turn Lane
than 300 vehicks psr hour? May coneider dusi fefts. Length .
“'W“”ﬁ““"ﬂ:ﬁf%‘:ﬁ?z g g |- Check for blockage by queues in the
oo Dhare s with the adiacentimereecions or di ) 655 ga northeast bound through lane — the
m’m&’:mhm*.:‘m&m’ 0 through lane is 245 feet, less than the
';‘o’f:;f“m:‘”‘"“ e - full width turn lane length, therefore no
adjustment is necessary.

Queue Through Lane = (1 — G/C) (DHV) (25) (2) / (cycles/hr)
= (1 —780/1,040) (780) (25) (2) / 40 = 245 feet

655 (full width from Step 4)
+ 0 (total adjustments)
=655

The recommended design of this turn lane would be 180 feet taper and
660 feet (rounding to the nearest 10 foot) of full width turn lane.
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Part C - Examples

Example 5 — Urban Expressway Unsignalized aof2)

TURN LANE DESIGN CHECKLIST (pace1 oF 2
STEP 1- DATA GATHERING
Location
Gtats Foadwey: TH 80 Intarsaction; CR 99
X Left Turn Lane Design for Approach: N E/W
[ Right Turn Lane Design forApproach: NS 87 E 7 W
Vehicle Spead Thoos= ane. Shown in order of prelerence.
Page 8-2 [ Desian Spesd: mph
[ 85" Pementile Spesd: mph
X Statawids Averags Speed: 67 mph {page B2, Figurs B 1)
Forecast Traffic Chooss ane. Shown in arder of prefersnce.
Volumes X Dissign Year Volumes (provided by District/Caniral N
s Offize Planning Staff
—
[1 Historic Volumss (existing volumss extrapolatsd to ‘J l L
astimate 20 ysar forscast volumes) l
[0 20-Year Multiplier {documantsd by Stats A and found ’
at tha follkwing websits under County Referancs Data: 4.| T r
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html _— o
Turning Volumas: ses graphic at right, alse nota the _+ 8
nurmbsr of lanes for each rmovament.
Daly Volumes
Major Strast Daily Traffic Valumeas: 20,000 wehicles par day
Minar Sirest Daily Traffiz Voiumes: O, £ 00 vahicles per day
- 17
Commercial Parcant Haaey Vehick: % (If parcentage of heavy commercial i high spedial corsideration shauld
Page B-5 L takenin Step 4 for decelkeration and skrage length of turn lane)
Pags 8-5 1 [T Upgrade X Downgrade
Grade of approach: = % (If greater than 3%, apply deceleration adjustment in Step 4)
Ssasonal Iz there a large ssasonal variation within the comidor (ecreational routes, pimary farm o markat roues, atz)?
Variations e, cmﬂdarmevmhn and potentid increase Inn'aﬁcvnlumsamrlm peak paricds. |3 itsnough afan
i ol increase to change the design? [ Yes, adjust traffic volumse X Na
Roadw ay |z the inkersaction located on a horizontal curea? If yas, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8
Geometry and
Carridor [T Yas, on horizontal curve N Mo
Characteristics | s hare adacent intersections that may influence the tum lans design? If yes, consider adjustments & the m
Page B-8 lane design 1o batter accommodats the constrainad conditions. (See Pages B-23 and 24)
[T Yes, constrainsd kecation X Mo
STEP 2— DETERMINE FACILITY TYPE
Detarmine Rural vs. Urban (based on Acsess Management (hmmjﬁsdgnmnm
mm-!m vk dot stale. mn.u g sccsssmanagemantinds: . category assignments.himl)
Page 8-8 X Urban [ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
X Expressway O Gomvantional
Inberse ctio
Control " [ Signalized: 2ac oyels langth R Unsignalzed [ Fumure Signal? (zes Figure B-5)
Page B-2

Table B-2 Deceleration Distances for High Speed Urban & Rural Roadways
(No Deceleration in Through Lane) (10 mph Deceleration in Through Lane)

Stop Condition To 15 mph Stop Condition To 15 mph

(mph) (feet) (feet) (feet) (feet)

Table B-3

Storage Length for Unsignalized Intersections

Design Speed

50 425 B 50 Storage Length (feet)

55 515 480 350 0-5% >5-10% >10-15%
60 605 570 425 Commercial  Commercial  Commercil
65 680 515

70 785 605

75 940 905 715

Average Facility speed of 67 mph, No
Deceleration in Through Lane on Rural
Conventional, and Stop condition for Left Turn
Lanes

TURN LANE DESIGN CHECKLIST (pAGE 1 OF 2)

STEP 3~ CALCULATE TURN LANE DEMAND

peed and facility iype detemmine decaleration length for turn la Dece ke rati
Tablks B-1 for low spead (20— 50 mph) Lrban Corvantional

Table B2 for high speed (45 - 75 mph) Rural and Urban Roadways
dation b values in the tables may be necessary based on speed data.
Storage Length | Unsignalized intersections
Page B-12 Left Tum Lans — mTaHtB-&bmdmhl-Tmbg%hmdewyCmrmﬂ
%, of aquation on Page B-
Right Turn Lane - mnuoumhmummmm
have the right-ol-way entering the intersaction andwould incur no dalay

w

|:1 Methad laﬂbE .qmon s-u."

L] Mathod 2= Look Up Tables: TM&IWHWP@&MMMG
Critical Movement Calculations (sse Page 4 of chaddist)

T Basad.

M -

Page B-11 -

225 .,

Turn Lane Demand
Add the Decderation Distancs and the Storage Distance
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Part C - Examples

Example 5 — Urban Expressway Unsignalized @of2)

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2)

R
STEP 4 - CALCULATE TURN LANE DESIGH

Does the froegh lne gusye sstend further than the umlare kngth?
Document a revies of he potantial mpact o the desired tum lans
length and adust accordingly. Pare 520 5 821

Toial Adfustmenis

?;:Tm Determing Tapsr based on Facility Type Yaper Langih
Page 817 X Unsonstrained Caor sntionaExprasawsy = 160 fst (1:15 taper)
11 Constrained Expres sway = 100fest (15 tapsr)
1 Gonstrainad Gam antional = &0 fast (15 tapsr) 180 ..
Full Tum Lare | Take the Tum Lans Demand minus Taps r Length Full Width Turn Lames
Lengih ibefors Length ineadjusiments)
adjusmmants)
1,045-180=| 865,
ADJUSTMENTS AND FINAL TURN LANE DESIGN
Adjust Tapsr lfthe interssction is locatsd on a horizontal curves, uss a 1:8 taper (100 feet) Adjuzted Tapar Langth
Page B-21
—oo= kat
Adjust Full wrn | ifgradeis rthan 3% adfust hasad on Table B9 (multiply the:
Lare Length Dn«hmgnﬁwmby ustwent in ke ard docmant the +1 -
diference in decaleration o tha right. =acs 519 it
IFhaavy commenzid is graater than averages shown in Table 8-,
increase Deceleration Distance by 30% and dosument the difierenss o
in length 1o the night. Fage 220 —246 & | Full it Turn Lane
fra thers mare than 300 vahides par hour? May considar dusl isfts, Length
The sto Innmhrazalmd wauld be half of the caloulated Storage % {with adjustments)
Distance. Document the diffsrmncs in distance to the ight. mage 522 0Ot
FAra thara consirains with the adjacent intercedions or divewsays? l ) 111h9t

865 (full width from Step 4)
+ 246 (total adjustments)

=1,111

Facility Type Length

Unconstrained Conventional/Expressway  1:15 @

Constrained Expressway Roadway 18 100 feet
Constrained Conventional Roadway 1:5 60 feet
Table B-8

Taper Lengths

Heavy Commercial of 17% is above the
average of 4% for an Urban Expressway so
the deceleration length was increased to
accommodate the higher % of heavy
commercial

The recommended design of this turn lane would be 180 feet taper and
1,110 feet (rounding to the nearest 10 foot) of full width turn lane.

C-14



Part C - Examples

Example 6 — Urban Expressway Signalized otz

TURN LANE DESIGN CHECKLIST (pace1 oF 2
STEP 1- DATA GATHERING
Location
Gtats Foadwey: TH 99 Intarsaction; US 5
X Left Turn Lane Design for Approach: N E/W
[ Right Turn Lane Design forApproach: NS 87 E 7 W
Vehicle Spead Thoos= ane. Shown in order of prelerence.
Page 8-2 [ Deszign Spasd: miph
X 85" Percentile Speed: 7 mph
[ Statewide Averags Spesd: mph (page B2, Figurs B-T)
Forecast Traffic Chooss ane. Shown in arder of prefersnce.
Volumes X Dissign Year Volumes (provided by District/Caniral 4
e o Office Planning Staff) 60
9 30480 60 <+— 580
[1 Historic Volumss (existing volumss extrapolatsd to J l L < 588
astimate 20 ysar forscast volumes) { 14
[0 20-Year Multiplier {documantsd by Stats A and found
at tha follkwing websits under County Referancs Data: f
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html ggg R 4-| T r
Turning Volumas: ses graphic at right, alse nota the 970 —» 80 710 40
nurmbsr of lanes for each rmovament. 100
Dally Volumes v
Major Strast Daily Traffic Valumeas: 20,000 wehicles par day
Mirar Streat Daily Traffic Volumes: 6 700 vehicles per day
l'.'-m:mmml Parcant Haaey Vehick: 5 % (If parcentage of heavy commercial i high spedial corsideration shauld
Page B-5 L takenin Step 4 for decelkeration and skrage length of turn lane)
z::; 5 0 [T Upgrads [ Downgrads
7 Grade of approach: _ ™~ % (If greater than 3%, apply deceleration adjustment in Step 4)
Ssasonal Iz there a large saasonal variation within the comidor (recreational routes, pri farm o markat rou s, atz)? I
Variations e, cmsldarmevarla:hn ard patantisl increass In'ﬂ’aﬁcvnlumsad.lrlm peak perindz. 13 itsnough afan
i ol increaze to changs tha design? [ Yas, adjust traffic volumss X No
Roadw ay Iz the inersaction located on a horizontal curea? If yes, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8
Geometry and
Carridar [ ¥es, on horzontal curve X Mo
Characteristics | s hare adacent intersections that may influence the tum lans design? If yes, consider adjustments & the m
Page B-8 lane design 1o batter accommodats the constrainad conditions. (See Pages B-23 and 24)
[T Yes, constrainsd kecation X Mo
STEP 2- DETERMINE FACILITY TYPE
Detarmine Rural va. Urban (basad on A.cxxma Mﬂ.rﬂga'mm Gahagmjﬁ
Fﬂﬂ.ﬁﬂﬂm il ot StElE .S ooess
Page 8-8 X Urban [ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
X Expressway O Gomvantional
Inberse cti
Barpar X sigrafzsd: 180 ssc cycls lsngth T Unsignalizsd 01 Futurs Signal? (sss Sigurs 851
Page B-2

*Interpolate between the 65 mph and 70
mph stop condition (left turn lane) and
no deceleration in through lane for
Expressways = 750 feet

Design Speed

(mph)

Stop Condition
(feet)

{No Deceleration in Through Lane)

To 15 mph
(feet)

50 425 390
55 515 480
G0 605 570
65 715 680
70 820 785
75 940 905

Use the Storage Length equation for the

180 second cycle length.

Storage Length = (1 — G/C) (DHV) (25) (2) / (cycles/hr)
= (1 - 20/180) ( 200) (25) (2) / 20 = 445 feet

TURN LANE DESIGN CHECKLIST (PaGE 1 OF 2)

STEP 3~ CALCULATE TURN LANE DEMAND

Deceleration
Length

Page B-11

Based on speed and facility ype detemine decaleration length for turn &

+  Table B-1 for low spead (20— 50 mph) Liban Corvantional Roadway
«  Tablk B-2 for high speed (45 — 75 mph) Rural and Urban Roadways
lation b values in the tables may be necessary based on speed data.

750,

Storage Length
Page B-12

Linsignaliz ed Intersections

Laft Tum Lans — sea Tmo&a.handmhl-Tm%hmmmmConmdﬂ
%, of aquation on Page B-

Right Turn Lane - mnuowmmmwmmmm
hawe the right-ofway entering the intersaction andwould incur no delay

w

*j lhlhod!ug:bs mms:;.m
Mathod 2= kaUpTauu rmaduwms-uonﬂmauudusmol
Critical Movement Calculations (eee Page 4 of checklist)

Storage
Distance

445,

Add the Decderation Distancs and the Storage Distance

Turn Lane Demand

Table B-2 Deceleration Distances for High Speec
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Part C - Examples
Example 6 — Urban Expressway Signalized o3

Estimate Cycle Length & % Left Turn
Green Time based on Sum of Critical
Movements and Table B-7

3.7.3.  Summary of Critical Lane Analysis
| - E/W: 200 or 140 A summary of the critical lane method for evaluating the adequacy of a signalized intersection is as follows:
30 480 60 ¢ g +580 +9/70 «  Assign traffic volumes to lanes.
‘J l L +— 140 780 1,110 1. Separate turn lanes accommodate their respective turning movements.
. 80 60 2. Right turns are equivalent to through movements if a separate turn lane is not provided.
200 _1' .+480 +710 3. |If separate left turn lanes are not used, lane distribution is attained through the use of through
90 —> 560 m vehicle equivalents.
a0 —
W00 0 710 40 4. If there are single lane approaches, special adjustments must be made to account for the
v Sum of Critical impeding effect of left turning vehicles.
Movements =1,880 e Check if two-phase signal operation is feasible or if a multi-phase operation is required to provide
protected left turn movements.
Table B-7 « |dentify critical movements for each signal phase.
Suggested Signal Cycle Lengths * Evaluate level of intersection operation based on summation of critical movements.
Sum of 8 Phase
Critical Volume Signal
o0 ‘5 80 @ Source: Mn/DOT Traffic Signal Timing and Coordination Manual
800 60 75 108
900 80 75 108
1000 75 20 105
1100 75 20 108
1200 %0 105 120
1300 105 120 135
1400 120 135 150
1500 135 150 185
1600 150 185 180
1700 185 180 86
1800 180 180
Cycle Length = 180 sec (Table B-7)

% Left Turn = 200 left turns =11%
Green Time 1,880 sum of critical

C-16



Part C - Examples
Example 6 — Urban Expressway Signalized o3

TURN LANE DESIGN CHECKLIST (PAGE 1 OF 2) | Length

e ———
STEP 4 - CALCULATE TURN LANE DESIGN Unconstrained Conventional/Expressway  1:15 @

Determi
Toper id ;’:""’*" T'p":““’ °“ F“::’ Type 150 emt (115 gt Taper Length Constrained Expressway Roadway 1:8 100 feet
Page B17 L e : i : -

o = oy = 100 oot (18 Constrained Conventional Roadway 15 60 feet

1 Constrained Corventional = 60 fest (1:5 tapsr) 180.., Table B-8

Taper Lengths
Full Tum Lane | Take the Tum Lane Demand minus Taper Length Full Width Turn Lane
tb-*;m Length (n> adjustmants)

S 1,195-180=| 1,015,

ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adjust Taper If the intersection is located on a horizontal curve, use a 1:8 taper (100 fest) Adjusted Taper Langth
Page B-21

~TTm ket
Adjust Full turn Im g"'ﬂﬂlm%m onfdhﬂvﬁlmﬂhl e
. difference in decaleration to the right. wsfp ' L]
hommnﬂeid hm wmﬁwnhfdo&m .
hmhhm Page B-20 _Ot Full Width Turn Lane
than 300 vehicks psr hour? May coneider alusi /s, Langth Check for blockage by queues in the through lane — the
T'I. hhﬂfdhms % (with adjustmeants) .
%ﬂ Gifance i tance s s . 2 | ‘1 032 through lane queue is 1,212 feet, more than the full
oot sy si-sepiinay w0 O LD ke width plus taper turn lane length. Consideration should
D ey M Eun e Sty |17 ) be given to extending the left turn lane 17 feet to have
Total Adjustments e the taper start at the end of the through lane queue.

Queue Through = (1 — G/C) (DHV) (25) (2) / (cycles/hr)
=(1-50/180) (970) (25) (2) / 20 = 1,212 feet

1015 (full width from Step 4)
+ 17 (total adjustments)
=1,032

The recommended design of this turn lane would be 180 feet taper and
1,040 feet (rounding to the nearest 10 foot) of full width turn lane.
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Part C - Examples

Example 7 — Urban Conventional Unsignalized o2

TURN LANE DESIGN CHECKLIST (pace1 oF 2
STEP 1- DATA GATHERING
Location
Gtats Foadwey: US 99 Intarsaction; CR 1
X Left Turn Lane Design for Approach: N E/W
[ Right Turn Lane Design forApproach: NS 87 E 7 W
Vehicle Spead Thoos= ane. Shown in order of prelerence.
Page 8-2 X Dasign Spasd: 40 mph
[ 85" Pementile Spesd: mph
[ Statewide Averags Spesd: mph (page B2, Figurs B-T)
Forecast Traffic Chooss ane. Shown in arder of prefersnce.
Volumes X Dissign Year Volumes (provided by District/Caniral N
s Offize Planning Staff
—
[1 Historic Volumss (existing volumss extrapolatsd to ‘J l L
astimate 20 ysar forscast volumes) l
[0 20-Year Multiplier {documantsd by Stats A and found ’
at tha follkwing websits under County Referancs Data: 4.| T r
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html _— 3
Turning Volumas: ses graphic at right, alse nota the _+ —
nurmbsr of lanes for each rmovament.
Daly Volumes
Major Strast Daily Traffic Valumeas: 41000 wehicles par day
Minar Strest Daily Trafic Volumes: _ 20 vehiclss per day
Heavy 5
Commercial Parcant Haaey Vehick: % (If parcentage of heavy commercial i high spedial corsideration shauld
Page B-5 L takenin Step 4 for decelkeration and skrage length of turn lane)
Pags 8-5 0 [T Upgrads [ Downgrads
Grade of approach: _ ™~ % (If greater than 3%, apply deceleration adjustment in Step 4)
Ssasonal Iz there a large ssasonal variation within the comidor (ecreational routes, pimary farm o markat roues, atz)?
Variations e, cmﬂdarmevmhn and potentid increase Inn'aﬁcvnlumsamrlm peak paricds. |3 itsnough afan
i ol increase to change the design? [ Yes, adjust traffic volumse X Na
Roadw ay |z the inkersaction located on a horizontal curea? If yas, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8
Geometry and
Carridor [T Yas, on horizontal curve N Mo
Characteristics | s hare adacent intersections that may influence the tum lans design? If yes, consider adjustments & the m
Page B-8 lane design 1o batter accommodats the constrainad conditions. (See Pages B-23 and 24)
X Yez, constrainsd keation [ Mo
STEP 2— DETERMINE FACILITY TYPE
Detarmine Rural va. Urban (basad on Accass Mﬂmga'mm (hmmjﬁsdgnmnm
Facility Type i diot stEls . mn.u e SccEEEmANS nifindex . cateqory assignments.himl)
Page 8-8 X Urban [ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
[0 Expressway X Gomvantional
Inberse ctio
Control " [ Signalized: 2ac oyels langth R Unsignalzed [ Fumure Signal? (zes Figure B-5)
Page B-2

Table B-1 Deceleration Distances for Lower Speed Urban Conventional Roadways
(NoDeceleration in Through Lane)
Stop Condition

(10 mph Deceleration in Through Lane)

Stop Condition To 15 mph
(feet)

Design Speed
(mph)

To 15 mph

(feet) (feet)

Table B-3
Storage Length for Unsignalized Intersections

» 1o ™ e Storage Length (feet)

0 ol e o 0-5% >5-10% >10-15%

35 215 180 110 Heavy Heavy
Commercial  Commercial Commercial

40 275 240 e

45 350 215

50 425 390 275

Design Speed is 40 mph, 10 mph
Deceleration in Through Lane on Urban
Conventional, and Stop condition for Left Turn
Lanes

Storage Defaults to the
minimum of 50 feet

TURN LANE DESIGN CHECKLIST (pAGE 1 OF 2)

STEP 3~ CALCULATE TURN LANE DEMAND

peed and facility iype detemmine decaleration length for turn la

Tablks B-1 for low spead (20— 50 mph) Lrban Corvantional

Table B2 for high speed (45 - 75 mph) Rural and Urban Roadways
dation b values in the tables may be necessary based on speed data.
Linsignaliz ed Intersections
Left Tum Lans — mTaHtB-&bmdmhl-Tmbg%hmdewyCmrmﬂ
%, of aquation on Page B-
Right Turn Lane - mnuoumhmummmm
have the right-ol-way entering the intersaction andwould incur no dalay

w

|:1 Methad laﬂbE .qmon s-u."

L] Mathod 2= Look Up Tables: TM&IWHWP@&MMMG
Critical Movement Calculations (sse Page 4 of chaddist)

T Basad.

M -

Page B-11 -

Storage Length
PageB-12

Turn Lane Demand
Add the Decderation Distancs and the Storage Distance




Part C - Examples
Example 7 — Urban Conventional Unsignalized o2

TURN LANE DESIGN CHECKLIST (PaGE 1 0F 2 |
STEP 4 - CALCULATE TURN LANE DESIGN Unconstrained Conventional/Expressway ~ 1:15 180 feet
Determi e
'fq:: - P Rshadtuac cn Facily Tipe Taper Length Constrained Expressway Roadway 18 100 feet
PageBi7 o U ined C ionalExp y = 180 fast (1:15 tapsr) ) ) -
1 Gonetmined Expresnway < 100feet {16 taped Constrained Conventional Roadway 15
X Constrained Conventional = 60 fest (15 tapsr) 60 ... Table B-8
Taper Lengths
Full Tum Lane | Take the Tum Lane Demand minus Taper Length Full Width Turn Lane
h‘l;ﬂ Length (no adjustmants)
N 210 - 60 = 50

ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adjust Taper If the intersection is located on a horizontal curve, use a 1:8 taper (100 fest) Adjusted Taper Langth
Page B-21

“TTT ket

t.drt.utFnﬂmm Imﬂmmmm on‘."dkﬂ-e[u.tﬂh .
hdmdrﬁmbmmpq;vwo —

MM is averages chown in Table B-10,
increass Decs| mo-wm-umm the diflerence | +

hmnumm\rsm — 9 | Fuwidh Turn Lans
e hyheinc g eyt oot gl th adjustments)
%"ﬂ"m oo v o tge meeez |0 n |™ The taper length can not be longer than the full

aﬂ;.ﬂwm;wm;mm“;“;L'M? o - 60 e« turn lane length. Add 10 feet to have equal

““ m.:‘ ‘‘‘‘‘
mmdmw Page 8-27 & 8- 10 & taper tO fU" Iength
Total Adjustments of -

50 (full width from Step 4)
+10 (total adjustments)
=60

The recommended design of this turn lane would be 60 feet taper and 60
feet (rounding to the nearest 10 foot) of full width turn lane.
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Part C - Examples

Example 8 — Urban Conventional Signalized @ o2

Table B-1 Deceleration Distances for Lower Speed Urban Conventional Roadways

Design Speed

(mph)

(NoDeceleration in Through Lane)

Stop Condition To 15 mph Stop Condition To 15 mph

(feet) (feet) (feet) (feet)

Design Speed is 45 mph, 10 mph Deceleration in Through
Lane on Urban Conventional, and Stop condition for Left
Turn Lanes

{10 mph Deceleration in Through Lane)

TURN LANE DESIGN CHECKLIST (pAGE 1 0F 2)

STEP 3~ CALCULATE TURN LANE DEMAND

Length

Page B-11

Based on speed and fadility ype detemine decsleration length for turn &
+  Table B-1 for low spead (20— 50 mph) Liban Corvantional Roadway
«  Tablk B-2 for high speed (45 — 75 mph) Rural and Urban Roadways
lation b values in the tables may be necessary based on speed data.

Storage Length
Page B-12

Linsignaliz ed Intersections

Left Tum Lans - ses Taﬁ-&a.bmdmhl-Tmb'g%hmardec“rmu
%, of aquation on Page B-

Right Turn Lane - m.mdnboohuﬂmhmdmmwﬂdumd
have the right-of-way entering the intersaction andwould incur no dalay

Slanalzed Intersections

E w»d‘aﬂbs .q.mlon qmg:e:m

I:llhthodz Lock Up Tablas: Tables B4 B4 B4 Sum of
Up ...p..;.,"“"’" on Page B-14using

825 .,

TURN LANE DESIGN CHECKLIST (pace1 oF 2
STEP 1- DATA GATHERING
Location
Gtats Foadwey: TH 1 Intarsaction; CR 1
X Left Turn Lane Design for Approach: N .@ E/W
[ Right Turn Lane Design forApproach: NS 87 E 7 W
Vehicle Spead Thoos= ane. Shown in order of prelerence.
Page 8-2 [ Desian Spesd: mph
X 85" Percentile Speed: 45 mph
[ Statewide Averags Spesd: mph (page B2, Figurs B-T)
Forecast Traffic Chooss ane. Shown in arder of prefersnce.
Yolumes : (=Y
X Design Year Volumes (provided by District/ Canral N O - t 100
s Offize Planning Staff oo u
S O O | «—600
[1 Historic Volumss (existing volumss extrapolatsd to ‘J l L 50
astimate 20 ysar forscast volumes) l
[0 20-Year Multiplier {documantsd by Stats A and found ’
at tha following website under County Reference Diata: 150 4-| T r
it/ dererer. dot. state. mn.us/stateaid’sa_ceah. html 800_'
Turning Volumas: ses graphic at right, alse nota the _+ g ‘-On B
numbsr of lanss for sach movament. 100 el Xe)
Daly Volumes
Major Strast Daily Traffic Valumeas: 20,000 wehicles par day
Minar Sirest Daily Traffiz Voiumes: 18,000 vahicles per day
Heavy 5
Commercial Parcant Haaey Vehick: % (If parcentage of heavy commercial i high spedial corsideration shauld
Page B-5 L takenin Step 4 for decelkeration and skrage length of turn lane)
LS 3 [T Upgrade X Downgrade
7 Grade of approach: _ > % (If greater than 3%, apply deceleration adjustment in Step 4)
Ssasonal Iz there a large ssasonal variation within the comidor (ecreational routes, pimary farm o markat roues, atz)?
Variations e, cmsldarﬂ'levarls:hn and potentid increase Inn'aﬁcvnlumsad.lrlm peak paricds. |3 itsnough afan
i ol increass to changs the design? [ Yes, adjuet traffic valumse X Mo
Roadw ay Iz the inersaction located on a horizontal curea? If yes, adusttapar in Step 4. (Ses Page B-17 and Tabie 5-8
Geometry and
Carridor N Yes, on horizontal curve [ Mo
Characteristics | s hare adacent intersections that may influence the tum lans design? If yes, consider adjustments & the m
Page B-8 lane design 1o batter accommodats the constrainad conditions. (See Pages B-23 and 24)
X Yoz, constrainsd keation [ Mo
STEP 2— DETERMINE FACILITY TYPE
Detarmine Rural vs. Urban (based on Acsess Management (hmgmjﬁsdgnmnm
Facility Type e it Stals mn.u e accsssmans: amantinds: . cater saignmenty.himl)
Page 8-8 X Urban [ Rural
Expressway va. Comventional [detarminsd by MnDOT Offics of Traffie, Safety and Technology)
[0 Expressway X Gomvantional
Inberse ctio
Control " X signalized: 120“-:-, cycle lsngth T Unsignalized [ Fuure Signal? (ses Sigure 8-5)
Page B-2

Add the Decderation Distancs and the Storage Distance

Turn Lane Demand




Part C - Examples
Example 8 — Urban Conventional Signalized o3

TURN LANE DESIGN CHECKLIST (paGe 1 0F 2 |

g o
U B UL e Unconstrained Conventional/Expressway ~ 1:15 180 feet
Detamine o
Tapar S TR SR Taper Length Constrained Expressway Roadway 1:8 100 feet
Page 817 O Unconstrained Carw antiona VExpraasway = 180 fa21 (1:15 tapar) - -
£ Gonstrainad Expressway = 100 fast {18 taps] Constrained Conventional Roadway 1:5 50
X Ganstrained Gom antional = 60 fest (15 tapsr) 60 . Table B-8
Taper Lengths
Full Tum Lare | Take the Tum Lans Demand minus Taps r Length Full Width Turn Lames
Lengih ibefors Length ineadjusiments)
adjusmmants)
1,040 — 60 = 980

ADJUSTMENTS AND FINAL TURN LANE DESIGN

Adiust Taper | Ifthe intersection is kcated on & horizontal curve, uss a 1:8 taper (100 fest) | Adjusted Taper Lenath Table B-2

age 5] 60 i Grade Adjustment

— e — o T B i e 3% downgrade, so the deceleration

el Lt fodopesii :smmlnggﬂe‘a:ddnwmma?ma 2 length determined in Step 3 (215') is ---
T;"M“m:ﬁ:f“”m ﬂ';ﬁ":*’”:m ey : lengthened by 43 feet based on 20%
Iﬂ?@? Eﬂf&i.“?:mb'mwu dosument o difrere |+ () e increase shown in Table B-9 3% to 4% 09 @
Ara thers more than 00 vahicks per hour? May consider ousf isits, Length 50 to 6% V] 135

The keni irzcl would b half of the caloulated Storage O th adjustmnents)
I?iul:;‘h;m-. nmﬁ;rms dlﬁ;:mlnd?mnm:a the sight. Fage 522 413+ e 6]63
VUV kat

FAra thara consirains with the adjacent intercedions or divewsays?
Does the froegh lne gusye sstend further than the umlare kngth? w1

Docufienta revien of the potertial mpact to the desied m lane 0 &
length and adust accordingly. Pare 520 5 821

Toial Adfustmenis

There are 400 turning vehicles in the peak hour, a dual left turn lane
would cut the required storage need by Y2 (825 feet of storage/2 = 413)

980 (full width from Step 4)
+ 43 (grade adjustment)
- 413 (single turn lane to a dual turn lane)
=663

The recommended design of this turn lane would be 60 feet taper and
660 feet (rounding to the nearest 10 foot) of full width turn lane.
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