
 

 

 

 
 

 
 

Roadside Toll Collection System 
I-485 Express Lanes 

 
 

Request for Information 
 

APPENDICES 
 



Table of Contents

Description of Appendices

Appendix A  Sample Gantry

Appendix B  I-485 AET and ITS Schematic

Appendix C  Suggested KPI Categories

Appendix D  I-485 ITS Concept Plans

Appendix E  NCTA Express Lane Signing Typical Layouts

Appendix F  NCTA Standard Express Lane Drawings

Appendix G  AET Pull Off Areas Standard Detail

Appendix H  ITS Final Early Works Plans

Appendix I  AET Site Locations

Appendix J  NCTA ITS Standard Details

Appendix K  NCTA Express Lane Pavement Marking Standards

Appendix L  Sample MVD Sensor Locations

Appendix M Existing Traffic Information

3

4

11

7

9

34

39

37

113

24

104

76

52

111



Description of Appendices 

Appendix Name Discipline Description 

Appendix A 
Sample Gantry 

AET 
Sample of cross-sectional design of toll zones 
gantries on the I-485 Express Lanes Project. 

Appendix B 
I-485 AET and ITS Schematic 

ITS, AET, 
Signing 

Strip map schematic showing major signs, toll 
point, ingress/egress, and ITS device locations on a 
single plan. This is a "living document" updated 
with each contractor submittal. 

Appendix C 
Suggested KPI Categories 

AET 
List of suggested KPIs, performance requirements 
and frequency of measurement.  

Appendix D 
I-485 ITS Concept Plans 

ITS 
ITS-related conceptual drawings used by the I-485 
Express Lanes Project Design-Build team to 
complete the project’s ITS design plans. 

Appendix E 
NCTA Express Lane Signing Typical 
Layouts 

Signing 

Includes NCTA standards for express lanes signing 
design (including delineators) used by the I-485 
Express Lanes Project Design-Build team to 
complete the project’s signing design plans. 

Appendix F 
NCTA Standard Express Lane 
Drawings 

AET 

NCTA standards for express lanes toll gantry and 
toll cabinet designs used by the I-485 Express 
Lanes Project Design-Build team to complete the 
project’s AET design plans. 

Appendix G 
AET Pull Off Areas Standard Detail 

AET Detailed design for AET maintenance pull-off areas. 

Appendix H 
ITS Final Early Works Plans 

ITS 
ITS plans related to early construction work taking 
place along the median. It includes plans for 
median conduit runs and devices. 

Appendix I 
AET Site Locations 

AET 
Design plans showing the location of AET sites and 
their corresponding maintenance pull-off areas. 

Appendix J 
NCTA ITS Standard Details 

ITS 
NCTA standards for ITS design used by the I-485 
Express Lanes Project Design-Build team to 
complete the project’s ITS design plans. 

Appendix K 
NCTA Express Lane Pavement 
Marking Standards 

Pavement 
Marking 

NCTA standards for express lanes pavement 
markings design used by the I-485 Express Lanes 
Project Design-Build team to complete the 
project’s pavement marking design plans. 

Appendix L 
Sample MVD Sensor Locations 

ITS 
Drawings showing sample cross-sections of MVD 
poles (best case, worst case). This is not a formal 
submittal. 

Appendix M 
Existing Traffic Information  

Traffic 
Charts showing average weekday hourly volumes 
and weekday peak period speed summaries for 
existing I-485 corridor.  
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I-485 AET and ITS Schematic 
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Suggested KPI Categories 



 

 

Category KPI Performance Requirement Measurement  
Frequency 

Availability Express Lanes Each lane (travel lanes and shoulders) 
99.9% of the time excluding scheduled 
and Approved maintenance 

Monthly 

Availability Toll Rate Dynamic Message 
Signs and Cameras 

99.95% of the time, excluding scheduled 
and Approved maintenance. 

Monthly 

Availability Roadway Support System 
(RSS) 

Functioning as per system design 99.95% 
of the time, excluding scheduled and 
Approved maintenance. 

Monthly 

Availability Dynamic Pricing System Functioning as per system design 99.95% 
of the time, excluding scheduled and 
Approved maintenance. 

Monthly 

Completeness Toll Facility Maintenance All Maintenance is complete, 
documented, and report provided to 
NCTA 

Monthly 

Operations  ITS - Complete and timely 
data transmission 

100% of required traffic data is 
transmitted to the Dymamic Pricing 
System for processing in time to be used 
in the calculations 99.5% or greater of 
the time. 

Monthly 

Operations AVI Transaction Complete 
and Timely Transmission to 
back office 

Within 2 hours of the transaction 
date/time for 100% of the transactions 

Monthly 

Operations Image Transaction Complete 
and Timely Transmission to 
back office 

Within 72 hours of the transaction 
date/time for 100% of the transactions. 

Monthly 

Operations AVI Transaction Accuracy  Provide accurate and complete AVI 
transaction with an error rate of 0.01% 
or less. 

Monthly 

Operations Image Transaction Accuracy  Provide accurate and complete image 
transactions with an error rate of 0.2% 
or less. 

Monthly 

Operations Image Rejection Accuracy Correctly reject un-pursuable images 
with an error rate of 0.01% or less. 

Monthly 

Operations Image Quality   0.1% or less of the images are rejected 
for reasons under the Contractor’s 
control.     

Monthly 

Operations Back Office File 
Communications 

Received and processed 100% files and 
Updates per Requirements 

Daily 

Operations Wrong-Way Vehicle 
Detection and Notification 

Correctly detect 100% of wrong-way 
vehicles and provide notifications and 
alerts per requirements 

Daily 
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ITS Concept Plans 
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4. DISTANCES SHOWN SHALL BE TO THE DECISION POINT OF EGRESS OR EXIT FROM THE EXPRESS LANE. 
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   OR OVERHEAD STRUCTURE.      
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5. ROUTE MARKER ASSEMBLY MAY BE USED FOR A SINGLE LANE APPROACH.

4. SIGN MAY BE GROUND MOUNTED FOR SINGLE LANE APPROACH. 

   ON RATE SIGN.  IN THIS CASE, SEPARATE RATE SIGNS FOR DIFFERENT DIRECTIONS SHALL BE USED.

   TO THE GENERAL PURPOSE LANES, TWO OR MORE DESTINATIONS WITH RATES SHALL BE SHOWN

3. IF TWO OR MORE DESTINATIONS ARE ACCESSIBLE VIA A SEGMENT PRIOR TO THE NEXT EGRESS

2. VEHICLE RESTRICTION PANEL NOT REQUIRED IF FACILITY HAS NO VEHICLE RESTRICTIONS.
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NCTA Standard Express Lane Drawings  
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Appendix G 

 

AET Pull Off Areas Standard Detail  





Appendix H 

ITS Final Early Works Plan 



























Appendix I 

AET Site Locations 

















































 

 

Appendix J 

 

NCTA ITS Standard Details  

























































 

 

Appendix K 

 

NCTA Express Lane 

Pavement Marking Standards  



2 2

LEGEND

TRAFFIC FLOW

DIRECTION OF

LANE AND ARROWS

PAVEMENT WORD MARKINGS
EXPRESS

LAN
E

150'

100'100'

B

B

D

D

E

E

C

C

EDGE LINE

YELLOW

SHOULDER

E.O.T.

MINI-SKIP LINE

WHITE 3'-9'/SP

EXPRESS

LAN
E

120'

A

A

LANE LINE

WHITE SKIP

TAPER

300'1000'-1500'500'

TAPER

300'

MARKERS

TUBULAR

A

A

LINE

LANE

WHITE

SEE NOTE 2

(2:1 SLOPE)

(CHEVRON)

LINE

DIAGONAL

WHITE

LINE

LANE

WHITE

LINE

WHITE

DOUBLE

INSET 2

SEE INSET 2

INSET 1

INSET 1

SEE

3' BUFFER WIDTH

LINE

WHITE

DOUBLEMINI-SKIP LINE

WHITE 3'-9'/SP

40'

MARKERS

TUBULAR

MARKER TRANSITION

3. FOR SECTION C-C, TUBULAR MARKERS SHALL BEGIN WHEN BUFFER WIDTH IS 3'.

2. ADD 12" WHITE DIAGONAL LINES (CHEVRONS) AT 40' SPACING WHEN THE BUFFER WIDTH IS 8' OR GREATER.

1. SEE SHEET 5 OF 7 AND SHEET 6 OF 7 FOR SECTION DETAILS.

NOTES:

WHITE

DIAGONAL

LINE

(CHEVRON)

(2:1 SLOPE)

SEE NOTE 2
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-
1
8
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-
1
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R
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R
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.
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R
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R
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.
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3 3

LEGEND

TRAFFIC FLOW

DIRECTION OF

LANE AND ARROWS

PAVEMENT WORD MARKINGS

LANE

ENDS

500 FT

1500 FT

120' 120'

120' 120'

ENDS

LANE

TAPER

300'

TAPER

300'

EDGE LINE

YELLOW

E.O.T.

LANE

EXPRESS

120'
LANE

EXPRESS

A

A H

H

SHOULDER

C

C

2000' (TYP.)

500'

MINI-SKIP LINE

WHITE 3'-9'/SP 

MINI-SKIP LINE

WHITE "WIDE" 3'-9'/SP 

1500'

100'100'

A

A

B

B

LANE LINE

WHITE SKIP

SEE NOTE 2

(2:1 SLOPE)

(CHEVRON)

LINE

DIAGONAL

WHITE

LINE

WHITE

DOUBLE

LINE

WHITE

DOUBLE

40'

WHITE

DIAGONAL

LINE

(CHEVRON)

(2:1 SLOPE)

SEE NOTE 2

4. FOR SECTION B-B, TUBULAR MARKERS SHALL BEGIN WHEN BUFFER WIDTH IS 3'.

3. FOR SECTION C-C, TUBULAR MARKERS SHALL END WHEN BUFFER WIDTH IS 3'.

2. ADD 12" WHITE DIAGONAL LINES (CHEVRONS) AT 40' SPACING WHEN THE BUFFER WIDTH IS 8' OR GREATER.

1. SEE SHEET 5 OF 7 AND SHEET 6 OF 7 FOR SECTION DETAILS.

NOTES:

2
-
1
8

2
-
1
8

E
X

P
R

E
S

S
 

L
A

N
E
 
I

N
T

E
R

M
E

D
I

A
T

E
 
I

N
G

R
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R
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R
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R
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P
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4 4

LEGEND

TRAFFIC FLOW

DIRECTION OF

500'

TAPER

300'

TAPER

300'

100'100'

EDGE LINE

YELLOW

E.O.T.

A

A

150'

1000'-1500'

C

C

LANE LINE

WHITE SKIP

PAVEMENT ARROWS

MARKERS

TUBULAR

SHOULDER

A

A

MINI-SKIP LINE

WHITE 3'-9'/SP

F

F

G

G

B

B

SEE NOTE 2

(2:1 SLOPE)

(CHEVRON)

LINE

DIAGONAL

WHITE

MINI-SKIP LINE

WHITE 3'-9'/SP

LINE

LANE

WHITE

LINE

WHITE

DOUBLE

SEE INSET 2

INSET 2INSET 1

MARKERS

TUBULAR

INSET 1

SEE

3' BUFFER WIDTH

LINE

LANE

WHITE LINE

WHITE

DOUBLE

40'

MARKER TRANSITION

WHITE

DIAGONAL

LINE

(CHEVRON)

(2:1 SLOPE)

SEE NOTE 2

3. FOR SECTION B-B, TUBULAR MARKERS SHALL BEGIN WHEN BUFFER WIDTH IS 3'.

2. ADD 12" WHITE DIAGONAL LINES (CHEVRONS) AT 40' SPACING WHEN THE BUFFER WIDTH IS 8' OR GREATER.

1. SEE SHEET 5 OF 7 AND SHEET 6 OF 7 FOR SECTION DETAILS.

NOTES:

2
-
1
8

2
-
1
8
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R
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S
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P
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R
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.
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5 5

C
L

C
L

8"

8"

8'-0"

O.C.

SECTION A-A

SECTION B-B

SECTION C-C

8'-0"

O.C.

2
'-

0
"

M
I

N

8"

8"

C
L

C
L

M
I

N

8
'-

0
"

VAR

8"

8"

6"

E
X

P
R

E
S

S
 

L
A

N
E
 

B
U

F
F

E
R
 

S
E

C
T
I

O
N
 

D
E
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A
I

L
S

E
X

P
R
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S

S
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A

N
E
 

B
U

F
F

E
R
 

S
E

C
T
I

O
N
 

D
E

T
A
I

L
S

C
L

C
L

3
'-

0
"

M
I

N

8"

6"

8"

(VAR)

8" MIN

(VAR)

2'-0" MIN

6"

8"

8"

6"

8'-0"

O.C.

C
L

C
L

M
I

N

8
'-

0
"

VAR

8"

8"

6"

8"

8"

6"

8'-0"

O.C.

10"

10"

2"

2"

2"

2"

2"

2"

2"

2"

LEGEND

TRAFFIC FLOW

DIRECTION OF

TUBULAR MARKERS

C
L ROADWAY PLANS

LANE LINE FROM

MILLED RUMBLE

5. SEE SHEET 7 OF 7 FOR MILLED RUMBLE DETAILS.

4. TUBULAR MARKER SPACING IN BUFFERS AND THROUGH TRANSITION AREAS SHALL NOT EXCEED 8'.

3. IN TRANSITION AREAS GREATER THAN 4' WIDE, OFFSET THE CENTER OF THE TUBULAR MARKERS 10" FROM THE LANE LINE.

2. IN BUFFER AREAS UP TO 4' WIDE, CENTER TUBULAR MARKERS WITHIN BUFFER.

1. LONGITUDINAL LINES SHALL BE 2" MINIMUM FROM LONGITUDINAL JOINTS IN CONCRETE AND ASPHALT SURFACES.

NOTES:
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8
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3' - 8' BUFFER

< 3' BUFFER

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

(2:1 SLOPE)

LINE (CHEVRON)

WHITE DIAGONAL

(2:1 SLOPE)

LINE (CHEVRON)

WHITE DIAGONAL

WHITE LANE LINE

WHITE LANE LINE

OPTIONAL 8" MILLED RUMBLE

OPTIONAL 8" MILLED RUMBLE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

OPTIONAL 8" MILLED RUMBLE

OPTIONAL 8" MILLED RUMBLE
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N
 

D
E

T
A
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L
S

LEGEND

TRAFFIC FLOW

DIRECTION OF

TUBULAR MARKERS

C
L ROADWAY PLANS

LANE LINE FROM

SECTION G-G

8'-0"

O.C.

C
L

C
L

1
4
'-

0
"

6"

SECTION F-F

8'-0"

O.C.

C
L

C
L

1
4
'-

0
"

6"

SECTION D-D

8'-0"

O.C.

C
L

C
L

1
4
'-

0
"

6"

SECTION E-E

C
L

C
L

1
4
'-

0
"

6"

SECTION H-H

C
L

C
L

1
4
'-

0
"

6"

12"

2"

2"

2"

2"

2"

2"

2"

2"

2"

6"
4"

2"

6"

4"

2. TUBULAR MARKER SPACING THROUGH TRANSITION AREAS SHALL NOT EXCEED 8'.

1. LONGITUDINAL LINES SHALL BE 2" MINIMUM FROM LONGITUDINAL JOINTS IN CONCRETE AND ASPHALT SURFACES.
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8"

8"

6"

8"

8"

8"

8"

8"

8"

6"

MINI-SKIP LINE

WHITE 3'-9'/SP

MINI-SKIP LINE

WHITE 3'-9'/SP

MINI-SKIP LINE

WHITE 3'-9'/SP

MINI-SKIP LINE

WHITE 3'-9'/SP

MINI-SKIP LINE

WHITE "WIDE" 3'-9'/SP

MINI-SKIP LINE

WHITE 3'-9'/SP

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE

WHITE LANE LINE
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LEGEND

TRAFFIC FLOW

DIRECTION OF

M
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L
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D
 

R
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M
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L
E
 

D
E

T
A
I

L
S

E
X

P
R

E
S

S
 

L
A

N
E
 

B
U

F
F

E
R

SECTION A-A'

SECTION B-B'

7"

12" R

•
"

•
"

A'

B'

BA

SEE MILLING DETAIL

24" 

8" MARKING 8" MARKING

8" MILLED RUMBLE

8" WHITE LANE LINE

8"

8"

8"

TYP.

12"

A'A

SEE MILLING DETAIL TRAVEL LANE

GENERAL PURPOSE

TYP.7"

8"

8"
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M
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L
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D
 

R
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S
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8"

8"

8"

TRAVEL LANE

GENERAL PURPOSE

EXPRESS LANE

MILLED RUMBLE

C'

C

8"

•
"

8" MARKING 8" MARKING

RUMBLE

8" MILLED

RUMBLE

8" MILLED

2. SEE SHEET 5 OF 7 AND SHEET 6 OF 7 FOR TUBULAR MARKER PLACEMENT DETAILS.

1. USING A VACUUM IN THE SAME OPERATION, REMOVE ALL DEBRIS FROM THE MILLINGS JUST PRIOR TO PLACING ANY PAVEMENT MARKINGS.

NOTES:

MILLING/MARKING DETAILS

EXPRESS LANE

3' - 8' BUFFER

< 3' BUFFER

LANE LINE

8" WHITE

(VAR)

8" MIN

TUBULAR MARKER

SECTION C-C'

(VAR)

12" MIN

TYP.
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(VAR)
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  Sample MVD Sensor Locations

Appendix L







 

 

  

 

 Existing Traffic Information

         Appendix M



Source: I-485 Express Lanes DRAFT Investment Grade Traffic and Revenue Report (Stantec, July 23, 2019) 

Figure 4-8: I-485 Inner (WB) Loop Average Weekday Hourly Volumes, November 2018 

 

 

Figure 4-9: I-485 Outer (EB) Loop Average Weekday Hourly Volumes, November 2018 

 
Source: Stantec 2018 Data Collection Program. 

 



Source: I-485 Express Lanes DRAFT Investment Grade Traffic and Revenue Report (Stantec, July 23, 2019) 

Figure 4-13: I-485 Outer (EB) Weekday Peak Period Speed Summary 

 

Source: Stantec 2018 Data Collection Program. 

 



Source: I-485 Express Lanes DRAFT Investment Grade Traffic and Revenue Report (Stantec, July 23, 2019) 

Figure 4-14: I-485 Inner (WB) Weekday Peak Period Speed Summary 

 

Source: Stantec 2018 Data Collection Program. 
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