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1. INTRODUCTION

This document provides guidance on the use of the ARTVAL (Arterial Evaluation) computational
engine. The engine implements the Quick Estimation Method for Urban Streets (QEM-US)
described in Highway Capacity Manual (HCM2010) as the core computational module for arterial
street analysis [1], considers planning-level inputs, and provides work-zone evaluation modules
developed for the state of North Carolina.

The engine was developed as part of NCDOT research project 2013-09 “Delay and User Cost
Estimation for Work Zones on Urban Arterials”. ARTVAL is a Microsoft Excel based engine
coded in the Visual Basic for Applications (VBA) platform. The tool has a Graphical User
Interface (GUI) to facilitate data entry and navigation throughout. The core of the tool is the QEM-
US, which is the computational procedure for urban street facilities in Chapter 30 of the 2010
Highway Capacity Manual. Some modifications and enhancements to the methodology have been
made to improve its usability by NCDOT. These changes have been documented in the final
project report [2].

1.1 Overview of ARTVAL Base Methodology

ARTVAL is a computerized, worksheet-based environment designed to faithfully implement the
operational analysis computations for urban street facilities in the 2010 Highway Capacity Manual.
It incorporates the QEM-US procedure in Chapters 30 of HCM2010 for urban streets segments. It
also contains additional modules to assist the user in estimating signal timing parameters based on
Webster’s signal timing method. ARTVAL includes a set of default values for a variety of analysis
inputs that can be utilized in the absence of field data.

ARTVAL also includes a work zone analysis module that is developed based on findings from the
“Delay and User Cost Estimation for Work Zones on Urban Arterials” project. This includes the
incorporation of a method to adjust saturation headways based on the configuration of the work
zone [3]. Finally, ARTVAL generates a variety of output performance measures for intersections
and the urban street segments between those intersections.

ARTVAL is organized as a sequence of linked Excel worksheets, and can be used autonomously
to analyze individual urban streets segments or an entire bi-directional facility. The user must
define the individual segments and enter all necessary inputs required for each intersection and
urban street segment, as defined in HCM 2010.

The computational engine is further designed to allow the user to revise inputs following the
completion of an analysis. This feature allows for quick sensitivity analyses of different demand
scenarios or geometric changes to the facility. However, the user is cautioned to ensure that all
prior inputs are retained when using ARTVAL for extensive scenario evaluation. ARTVAL is not
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a commercial-grade software product, and relies on the findings of NCDOT project 2013-009
“Delay and User Cost Estimation for Work Zones on Urban Arterials”.

1.2 Document Organization

The next section focuses on the step-by-step input coding process of the ARTVAL tool. The
analysis process starts with basic input of project summary information, and then requires detailed
input of the facility configuration. Each of these components is discussed in detail. The document
concludes by discussing the output performance measures generated by ARTVAL.

2. ARTVAL INPUT CODING PROCESS

When coding a new problem, the user must start with the basic file named Generic_ ARTVAL.xlsm.
The first step is to create and save one (or preferably multiple) copies of the generic file, since
once an example problem has been coded, the generic version is no longer available for future use.
The analyst can also edit an existing file. ARTVAL assists the user in data entry by distinguishing
between “default values” and “facility specific” data categories using different color codes. Any
Yellow back ground cell represent a facility specific input. On the other hand, green back ground
cells indicate that the value is a default. More details on color coding and extra features are
discussed throughout the coding process explanation.

There are five major steps to run the tool:

1- Global Facility Data Entry

2- Geometric and Demand Data Entry

3- Detailed Analysis Periods Data Entry

4- Signal Timing Data Entry

5- Performing Urban Street Analysis and Facility Performance Measures

Note that the user must follow the computational steps in this sequential order. The data entered
in each step configure the necessary input data in subsequent steps.

IMPORTANT NOTE: The user should move between worksheets and steps using the
navigation buttons provided in the worksheets. By pressing the buttons, all required changes
and adjustments are automatically performed to configure the subsequent worksheets.

The ARTVAL tool requires the use of Visual Basic macros, which need to be enabled depending
on the settings in the Microsoft Excel program. Figure 1 shows the message provided by Excel
2013 regarding enabling the macros.
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ARTVAL is a model developed at the Institute for Transportation Research and Education (ITRE) at NC State Univer
for the North Carolina Department of Transportation (NCDOT). It is a planning-level tool for lyzing operations ¢

3 arterial streets, which can incorporate consideration of work zone activities on segments or intersections
4 Step 1 : Configure Global Input Data for the Arterial Street

5 Please enter the following data about the arterial street configuration.

6

7 Arterial Facility Name: US 70

8 Analyst Name: ITRE

9 No. of Features (combined # Links and Intersections)*: 5 ‘* see note below

10 Analysis Start Time (Select from menu): |7:15 AM -

11 Analysis End Time (Select from menu): 8:30 AM [

12 Area Type (Select from Menu): Urban

14 Eari Inrludae Madian? /Colort fram AMonul: Vae hd

READY ] M o-——+ 130%

Figure 1 — Enabling macros in MS Excel
Step 1: Global Facility Data Entry

The analysis process starts by entering global facility information. This step is shown in the “start”
worksheet in ARTVAL. Figure 2 shows the schematic of the “Start” worksheet in ARTVAL.
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2 A R I VA L ART erial e VAL uation Version 1.0 (June 2, 2015) o ITRE
ARTVAL is a model developed at the Institute for Transportation Research and Education (ITRE) at NC
State University for the Morth Carolina Department of Transportation (NCDOT). It is a planning-level
tool for analyzing operations on arterial streets, which can incorporate consideration of work zone
activities on segments or intersections
F Step 1 : Configure Global Input Data for the Arterial Street
5 Please enter the following data about the arterial street configuration.
[
7 Project Name: US 70
8 Analyst Name: Behzad
] Mo. of Features (combined # Links and Intersections)®: 5 * see note below
10 Analysis Start Time (Select from menu): 7:15 AM
11 Analysis End Time (Select from menu): 8:15 AM
12 Area Type (Select from Menu): Urban
13 Facility Includes Curb? (Select from Menu): Yes
14 Facility Includes Median? {Sefect from Menu): Yes
15 Does this analysis include any work zone activity? Yes
16 AM Peak Direction? 2NB
17 Average Number of Driveways per Centerline mile: 18.7 The default value is 18.7
18 Percent Trucks on the Facility: 5%
19 User Delay Cost for Cars ($/Hr): $ 21.07 | The default value is $21.07
20 User Delay Cost for Trucks{$/Hr): $ 26.08 | The default value is $26.08
21 Vehicle Operating Cost for Cars($/Hr): $ 22.85 | The default value is $22 85
22 Vehicle Operating Cost for Trucks($/Hr): §  154.73 | The default value is $154.73
23 Proceed to Step 2a =>
Note : Below is a sample schematic of an Arterial Street System with three features (fea). The
24 first and last feature are NOT included in the evaluation.
25| All directions are labeled following NEMA naming conventions
» | St EEEE - © :« 3

Ml -——+ 100%

Figure 2 — Start Worksheet in ARTVAL

ARTVAL uses the concept of a “feature” as the smallest arterial street unit that should be defined.
A feature can be either be an intersection or a link between two intersections. The HCM defines
the combination of a link and the downstream intersection and as an urban street segment. In
ARTVAL, the arterial street corridor should always start and end with intersections. The ARTVAL
puts two dummy links at the beginning and end of facility so that the HCM procedures can be
implemented. These dummy links are not completely part of analysis and ARTVAL will not
provide performance measures. Figure 3 shows an example of an arterial street facility that has
been coded in ARTVAL. As seen, the facility consists of three features (one link and two
intersections). Two dummy links are added to the beginning and end of this facility, but these will
not be part of analysis.
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Figure 3 — Schematic and Definition of a Feature in ARTVAL

The following information must be provided by the user. In general, all yellow cells in ARTVAL
must be filled with non-zero entries to avoid a crash of the software. Entering all yellow cells
assures that the arterial is fully defined for analysis.

1.
2.
3.

Project Name: This cell contains the name of the analysis project

Analyst Name: This cell contains the name of the analyst

No. of Features: This is the sum number of the number of Links and Intersections. The
analyst must enter the number of features that the subject arterial facility has in this cell.
As an example in Figure 3 the number of features are 3 and not 5.

Analysis Start Time (Select from menu): This start time of the analysis. ARTVAL uses
15 minutes time increments. The user can select the start time from the coded combo box.
Analysis End Time (Select from menu): The end time of the analysis. ARTVAL uses 15
minutes time increments. The user can select the end time from combo box

Area Type (Select from Menu): Analyst selects the area type from the drop down menu.
Facility Includes Median? An option that allows ARTVAL to prefill the percent median
in each segment. User can override or customize this value later in step 3.

Does this analysis include any work zone activity?: Select whether the analysis contains
work zone or not by checking Yes/No from the provided combo box.

AM Peak Direction? Select the appropriate direction of peak traffic in the AM peak
period. This information will be used to determine the appropriate default hourly demand
factors in step 2.

10. Average Number of Driveways per centerline mile: Enter average number of driveways

per centerline across the spatial limits of the arterial facility. The default value associated
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with “Urban area type” and “Suburban area type” are 18.7 and 9 driveways/ mile,
respectively.

11. Percent Trucks on the Facility: The user needs to specify % trucks on the facility. This
input will be used for User Cost analysis.

12. User Delay Cost for Cars: The cost associated with delay for cars.

13. User Delay Cost for Trucks: The cost associated with delay for trucks.

14. Vehicle Operating Cost for Cars: The cost associated with cars operations.

15. Vehicle Operating Cost for Trucks: The cost associated with trucks operations.

After providing the above information for the subject arterial facility, the user can proceed to step
2 by pressing “Proceed to Step 2a” button. By pressing this button, ARTVAL will configure
subsequent worksheets based on the information provided in the “start” worksheet.

2.1 Step 2: Geometric and Demand Data Entry

Step 2 has two parts, the first (Step 2a in Figures 4 and 5 below) is related to demand and geometric
information of the facility, and the second (Step 2b in Figure 6) is related to determining the hourly
demand (AADT) distribution. The first part consists of four tables.

The first table contains “Basic Geometric Data” including feature type and length. A Dynamic
graph is provided under this table to assist the user in configuring the arterial facility. After
completing the required data entries in that first table, the user must press “Press Here to Configure
the Arterial Facility” to adjust all subsequent tables in the worksheet. ARTVAL will use the
information provided in the first table to customize the remaining data entry tables.

Figure 4 shows the schematic of this portion of Step 2 in the worksheet labeled “Facility Features”.
Note that there are four buttons provided at the top left corner of the worksheet that will allow the
user to move between the steps. Also, if the user decides to add or delete any feature for any
purpose he/she can press “Insert a Feature” or “Delete a Feature”. By pressing those buttons, a
window will open requesting the desired location of the new feature as well as the feature that
needs to be deleted. There are some limitations on the use of this functionality including the fact
that the user cannot delete the first or last feature of the facility.
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Proceed to Step 2h => D mRe
2 Step 2a : Enter Basic Arterial Street Data
S <= Retum to Step 1 Please enter hasic geometric and demand information for the facility. If the work zone analysis option is not selected in Step 1, then work zone related fields are hidden

4 Basic Geometric Data

5 Insert a Feature Feature Number: 1 2 3 a4 5

. Feature Name (Enter Street or intersection name): S| (B | o R

b Delete a Feature Rd Moore St St

7 Feature Type (Segment, Signalized Intersection):| Link int. Link int. Link int. Link

8 Feature Length or width (ft): 120 1,890 89 1,463 93

g WZ Active (Direction 1, Direction 2, Both Directions, None); None None | D2&D6 | None None

Direction 2NB mmmp

Arterial Facility Preview

500 1000 1500 2000 2500 3000 3500 4000
Cumulative Distance along Arterial Street (ft)

10 '
Press Here to Configure the Arterial Facility | l
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Robertson
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13 [Main Street Data -
Start | Facility Features Hourly Factors. =l = = = Signal Timing ()] 4 3

READY %3

Figure 4 — Basic Geometric Data Entry in Facility Features Worksheet

The second and third tables in this worksheet (Figure 5, tables shown in blue color) require
information on the segment AADTS, number of lanes, speed limit, as well as the directional
AADTs on the minor approaches to each signalized intersection. In order to model a T-
Intersection, the user needs to drastically reduce the directional AADT value for one of the minor
approaches, and fill this value with *“1” for both directional AADT and Number of Lanes. It is
not advised to enter zero “0” in any cells in the engine.

If the analyst selected to model a work zone in step 1, the fourth table will be invoked, and
configured based on the location of the work zone entered in the first table. In this example, the
user had specified in Step 1 that the analysis contains a work zone (see Figure 2). Then in Step 2,
(Figure 4) the user had specified that the work zone is located on Feature 3 and only in Direction
6. Thus, the fourth table enables data entry for the third feature as shown in Figure 5.
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12 Main Street Data

14 Feature Number:| B 1 2 3 a 5

15 Average Annual Daily Traffic, AADT (BOTH DIRECTIONS)

16 Direction 2 Number of Through Lanes on Approach:|

17 irection Speed Limit (mph};

12 e Number of Through Lanes on the Approach:

19 irection speed Limit (mph):

20

7 Cross Street Data

n Feature Number:|

24 ; - Directional AADT:

% Direction 4 Number of Throu :

27 Direction 8 Directional AADT:|

29 Number of Through Lanes on the Approach:

20

Eil

2 Feature Number:

EE] Number of Through Lanes Closed:

4 Exclusive Turning Lanes Closed (none, right, left, bothl

ES Presence of Ledge [yes/na);

S _— Work Intensity (light/heavy):

7 EoEEET Pavement Condition {smaoth/milled):

38 Right Turn Geometry (tight/wide):

39 Start 15 Minute Time Intervall

40 Finish 15 Minute Time Interval:

4 Number of Through Lanes Closed:

42 Exclusive Turning Lanes Closed (none, right, left, bothl:

43 Presence of Ledge (yes/nal;

44 _— Work Intensity (light/heavy):

45 Direction & Pavement Condition (smooth/milled):

4 Right Turn Geometry (tight/wide):

47 Start 15 Minute Time Interval

42 Einish 15 Minute Time Interval:

49

50 -

Start | Facility Features Hourly Factors. =l = = = Signal Timing ()] 4 3

READY %3

Figure 5 — Demand and Work Zone Data Entry in Facility Features Worksheet

By pressing “Proceed to Step 2b” located on top left side of “Facility Features” worksheet (see
Figure 4), the user will be redirected to the “Hourly Factors” worksheet, where he/she can enter
the desired hourly factor for AADT (see Figure 6). The yellow cells are editable, and time periods
that are associated with this analysis, are highlighted in darker yellow. The user must ensure that
the sum of hourly AADT factors for each direction is 100% as shown at the bottom of the table.
Based on the entered values, the graph located on the right side of the worksheet will display the
AADT distribution.

In the absence of actual facility-specific hourly demand (AADT) data, the user can press “Insert
Single Peak Defaults” and “Insert Dual Peak Defaults” to populate the table with single peak and
dual peak default AADT distribution developed from North Carolina data.

10
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2 Proceed to Step 2c => Step 2b : Enter Hourly Demand Factors for the Arterial Street
3
4 Please enter the hourly demand distribution covering the entire study period in the table below.
5 - The demand factor represents the portion of average daily traffic occuring by direction each hour of the day.
6 <= Return to Step 2a - The selected analysis period from step 1 is highlighted in yello
7 - The hourly demand factors will automatically be converted inte 15-minute flow rates by linear interpolation.
8 - If the analysts do not have access to this information, they can populate the table with defaults values
g - The analyst can override any value in the yellow cells and insert facility specific hourly factors at any time.
10 Insert Single Peak WARNING: The sum of hourly demand distribution s
" Hour % AADT in % AADT in Hourly Demand Factor for Direction 2 and 6
Direction 2 (In | Direction 6 (In
From To Indicated Hour) | Indieated Hour 3 AADT in Direction 2 (in Indicated Hour) m—S6 AADT in Directions (In Indicated Hour)
12 Insert Dual Peak
13 12 AM 1AM 0.42% 0.27% a.00%
14 1AM 2AM 0.25% 0.13% 12.00%
15 2AM 3 AM 0.16% 0.12% 10.00%
16 3AM | 4AM 0.15% 021% 5 somk
17 4AM 5AM 0.19% 0.52% ; -
18 5 AM &AM 0.66% 1.89% -
19 6 AM 7AM 188% 5.99%
20 I} 7aM | BAM 447% 10.43% oo
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29 4PM 5PM 993% 6.89%
30 5PM 6 PM 11.99% 7.07%
3 & PM 7FM B.50% 5.03%
32 7PM 8PM 5.63% 3.75%
3 B8 PM 9PM 3.79% 2.39% " -

Start Facility Features Hourly Factors | t=1 t=2 t=3 t=4 =5 Signal Timing ()] 1 »

READY B M -— B+ a5%

Figure 6 — Hourly AADT Distribution Data Entry in Hourly Factors Worksheet.

By pressing “Proceed to Step 3” button in the Hourly Factors worksheet the user can proceed to
the next step. A form appears requesting that the user specify, which data items he/she wants to
enter manually, and which ones default. In general, the analyst can elect to default all further
entries. The default values in this form are:

1.

Mid-Segment Volumes: Computed based on entered AADT and hourly demand
distribution.

Delay Due to Access Points: This item prefills the input tables in step 3 with an average
delay value based on the number of access points by area type (see final report).

Delay Due to Other Sources: This will prefill the input tables in step 3 with 0 sec/veh
value as a default.

Turn Percentages at Intersections: Enabling this option will invoke a methodology
described in the project final report to automatically estimate the turn percentages based
on approach demand using a gravity model method.

Median Length: Based on the entered value in the “Start” worksheet, the tables in step 3
will be prefilled with the appropriate value.

Proportion of Curb: Based on the entered value in the “start” worksheet, the tables in step
3 will be prefilled with the appropriate value.

The user may specify the temporal and spatial limits for applying these default parameters. Those
limits can be inserted in the second and third section in the “Incorporation of Default Values” form

11
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shown in Figure 7. Defaults can be applied for all time periods and features, or the user may only
elect to enter defaults for some periods, while manually entering others.

r ~
Incorporation of Default Values.... [&J

Select Which Default Values to Incorporate in Anahysis:

[ Mid-Seament Volumes [Based on AADT and Hourlv Factors)

V' Delav Due to Access Points

V¥ Delzv Dus to Other Sources

[¥ Tumn Percentaaes at Intersection
[V Medizn Lenath

V' Procorticn of Curk

Select Analysis Periods for Which to Apply Defaults:

Start Anahysis Period: 1 -
End Anahysis Period: 3 =

Select Features for Which to Apply Defaults:

Note that default values zre only applied where approprizte for the given feature, For
example Signal Timing can apply only to intersections.

Start Fasture: 1 -
End Festurs: : -

Cancel Insert Default Values ‘

Figure 7 — Incorporation of Default Values Configuration Form

2.2 Step 3: Detailed Analysis Periods Data Entry

In this step, ARTVAL provides detailed input tables for each 15 minutes analysis period. Users
can move between worksheets “t=1", “t=2" ... depending on the temporal size of the analysis. Any
cell in green background indicates that the value is a default) If a default value is overridden by
the user, then the background automatically turns yellow. This functionality is dynamic. Figure 8
shows a detailed study period input table for the first time period (t=1) in the analysis.

12
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Step 3: Enter Detailed Analysis Period Information
Detailed geometric and demand information for the facility in current analysis period are listed in the table below.
Default values are show as green shading, custom user inputs are shown in yellow shading
The analyst can override any values in the cells with green or yellow shading.
Detailed Input WorkSheet for US 70 From 7:30 AM To 7:45 AM
Feature Number: 1 2 3 4 5
Feature Type (Link, Signalized Intersection, Roundabout, TWSC):|  Link Int. Link Int. Link Int. Link
Feature Length (ft): (1] 120 1890 39 1463 93 1]
Mid-Segment 15 minute Flow Rate Per Hour:| 1,160 1,527 1,432 1,336
] i i d
= Total Delay Due to Turns into Access Points (sec/veh):| - - 0.5 - 0.5
_% g Delay Due to Other Mid-Segment Sources (sec/veh):| - - 0.0 - 0.0
[
L h of it with restricti dian (ft):] o 1,890 1,463 o
-g = ength of segment with restrictive median (ft) - - -
a Proportion of Street with Curb on Right-Hand side:| 0.0% [ cox R oo I oo+
Turn Percentage from exclusive (Right +Left) turn lanes: 0.0% 0.0% 0.0%
'é' Mid-Segment 15 minute Flow Rate Per Hour:| 2,710 3,566 3,344 3,120
_uz_"' Total Delay Due to Turns into Access Points (sec/veh):| - 0.5 - 0.5 - 0.5
(-] -
Delay Due to Other Mid-S: it S h): 0.0 0.0
= elay Due to er Mid-Segment Sources (sec/veh) - - -
.% Length of segment with restrictive median (ft): o - 1,890 - 1,463 - o
o Proportion of Street with Curb on Right-Hand Side:| 0.0% - 0.0% - 0.0% - 0.0%
(=] 5.0%

Turn Percentage from exclusive (Right +Left) turn lanes: - 25.4% - -

Start Facility Features Hourly Factors t=1 t=2 t=3 t=4

Signal Timing

READY [i2) M o-——+ 00%

Figure 8 — Detailed Input for t=1 Worksheet, first 15 min Analysis Period

As an illustration, all values provided in the entry labeled “Mid-Segment 15 minute Flow Rates
Per Hour” in Figure 8 are the default values, which in this case is equal to AADT times the hourly
factor. If the user changes this cell value to specify field measured flow rates, then that cell is
shown with a yellow background. Figure 9 illustrates this effect. After completion of this step, the
user can select the “Signal Timing” tab to proceed to Step 4.
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Step 3: Enter Detailed Analysis Period Information
Detailed geometric and demand information for the facility in current analysis period are listed in the table below.
Default values are show as green shading, custom user inputs are shown in yellow shading
The analyst can override any values in the cells with green or yellow shading.
Detailed Input WorkSheet for US 70 From 7:30 AM To 7:45 AM
Feature b 1 2 3 4 5
Feature Type (Link, Signalized Intersection, Roundabout, TWSC):|  Link Int. Link Int. Link Int. Link
Feature Length (ft): (1] 120 1890 39 1463 93 (1]
Mid-Segment 15 minute Flow Rate Per Hour:| 1,160 1,500 1,400 1,336
o~ a A
Total Delay Due to T to A Point: h):l 0.5 0.5 0.5 0.5
= _ otal Delay Due to Turns into Access Points (sec/veh) - - -
_12: § Delay Due to Other Mid-Segment Sources (sec/veh):| 0.0 - 0.0 - 0.0 - 0.0
=
z Length of t with restricti dian (ft): o 1,830 1,463 0
.g z ength of segment with restrictive median (ft). - - -
a Proportion of Street with Curb on Right-Hand Side: - 4 - -

Turn Percentage from exclusive (Right +Left) turn lanes:

Direction 6 (vema)

Mid-Segment 15 minute Flow Rate Per Hour:|

Total Delay Due to Turns into Access Points (sec/veh):
Delay Due to Other Mid-Segment Sources (sec/veh):
Length of segment with restrictive median (ft):

Proportion of Street with Curb on Right-Hand Side:

Turn Percentage from exclusive (Right +Left) turn lanes: - 25.4% - - 5.0% -

] 1,e;90 R 1,4;63
0.0% [ oo

0.0%

Start Facility Features Hourly Factors
READY i) o -——+ 100%

Figure 9 — Replacing Defaults with Facility Specific Entries in t=1 Worksheet

o

=2 || 1=8 || 14

Signal Timing

0.0%
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2.3 Step 4: Signal Timing Data Entry
In this step, the user specifies signal timing data for each intersection and for each 15 minutes
analysis period. All cells with yellow background must be filled as shown in Figure 10. The details
of signal timing in ARTVAL consists of:

a s wNhE

Cycle Length: which is in seconds.
Green Time for each Direction: which is the actual green time in seconds.
Lost Time per Phase: which is in seconds.
Number of Phases in Critical Path: which varies by coordination configuration.
Platoon Ratio: which is used to describe the quality of signal progression for the

Tuesday, June 02, 2015

corresponding movement group. It is computed as the demand flow rate during the green
indication divided by the average demand flow rate. Values for the platoon ratio typically

range from 0.33 to 2.0.

The user can invoke the signal timing wizard to fill this table based on default parameters values
provided in ARTVAL using Webster’s signal timing method. Table 1 provides ARTVAL’s default
values for “Number of Critical Phases”, “Lost Time”, and “Platoon Ratio” for peak and nonpeak
directions. This is done by clicking the “Estimate Signal Timing” button located in the top left
corner of the “Signal Timing” worksheet. Figure 11 shows a schematic of this wizard. The top two
sections of the wizard provide options for the user to select the temporal and spatial limits that the
wizard should fill with signal timing data.

E C

OI1RE

Run Analysls ‘

1
2
3
4
5

o

Step 4 : Advanced Signal Timing

Estimate Signal Timing Please enter advanced signal plan for the arterial street

6
Feature

Feature

Analysis Period #

Start Time 7:15 AM 7:30 AM 745 AM B:00 AM B:15 AM
Number: Name:
) End Time 7:30 AM 7:45 AM 8:00 AM B:15 AM 8:30 AM
9 Cycle Length (sec) 60.0 60.0 75.0 85.0 1200
10 Dir 2 522 520 648 821 1034
Green Time (sec)
11 Dir 6 522 52.0 64.9 821 1034
12 1 Shotwell Rd. Lost Time Per Phase (sec) 5.0 5.0 5.0 5.0 5.0
13 # of Phases in critical path 4 4 4 4 4
14 . Dir 2 1.00 1.00 1.00 1.00 1.00
Platoon Ratio
15 Dir 6 133 133 133 133 133
16 Cycle Length (sec) 60.0 60.0 75.0 85.0 1200
17 Dir 2 522 520 476 648 86.1
Green Time (sec)
18 Dir 6 522 52.0 476 64.8 86.1
19 3 5. Moore St. Lost Time Per Phase (sec) 50 5.0 5.0 5.0 5.0

# of Phases in critical path

4

4

4

4

Dir 2

1.00

1.00

1.00

1.00

1.00

Platoon Ratio

Dir 6

133

133

133

133

133

Cycle Length (sec)

60.0

60.0

75.0

95.0

1200

Dir 2

52.2

520

649

821

1034

Green Time (sec) |

Start Facility Features Hourly Factors t=1 t=2 +
READY i M -——+ a8

Figure 10 —Detailed Data Entries for Signal Timing Worksheet
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t=4 | [ 1=5 Signal Timing
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Signal Timing Configuration and Optimization “

Select Analysis Periods:

Start Analysis Period: T -
End Anafysis Pericd: 5 =

Selact Faatures:

Note that, the default values are only applied where appropriate for the given festure,
For example Signal Timing can apply only to intersections.

Start Feature: 1 =
End Festure: 3 S

Cydle Length Estimation

{* Use Webster's Method to Estimate Cyde Length
(" Set User Spedified Cycle Length (sec)

Coordination Settings

Select Coordination Configuration:

Medium Coordination of Arterial's Pesk Direction j

Cancsl ‘ Estimate Signal Timing ‘

Figure 11 - Signal Timing Wizard Form

In the third section of the wizard, the user may choose between specifying an input cycle length or
use Webster’s optimal cycle length formula. This feature helps the user configure various signal
timing plans by time of day. The signal coordination section of the wizard form gives four options
to estimate what the platoon ratios in Figure 9 should be. Finally Table 1 below depicts the default
values for some of the signal timing and coordination parameters listed in Figure 11.

Table 1 — Default Values for Signal Timing Parameters in Figure 11

Sianal Coordination Number of Lost Time Platoon Ratio | Platoon Ratio
gConfi uration Critical Per Phase in Peak in Off-Peak
g Phases (sec) Direction Direction
Free Running Arterial 4 5 1.00 1.00
Medium Coordination of
Arterial's Peak Direction 4 5 1.33 1.00
High Coordination of
Arterial's Peak Direction 5 167 1.33
Super Street Coordination 2 5 2.00 2.00

2.4 Step 5: Performing Urban Street Analysis and Facility Performance Measures

After entering all signal timing inputs in Step 4, the user can execute the Quick Estimation Method
for Urban Streets (QEM-US) described in Chapter 30 of the 2010 Highway Capacity Manual by
pressing the “Run Analysis” button as shown in Figure 10. ARTVAL then un-hides all the output
worksheets automatically. There are three types of outputs generated by ARTVAL.:
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2.4.1 Detailed analysis period output

Worksheets “t=1", “t=2", etc. ... display some input data echo as well as the detailed output of the
associated analysis period, in both directions. The output table produces all applicable performance
measures for each feature as well as for the entire facility. Figure 12 shows a schematic of the
detailed analysis period output worksheet by feature (link and intersection).

H ©- s Generic ARTVAL - Excel ? B - 0O %X
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW WIEW ACROBAT Sign in
T Calibri M - === Ef General - % Conditional Formatting = iil %

: |t3 (g~ B I U- A A === - % -9 » [dFormatasTable- Cells Editing
aste =
I - M A == - <8 28 [ Cell Styles - . .

Clipboard Font ] Alignment Fl MNumber P Styles S

B120 M f,r Feature NUMBER: b

] B C u] E F G H I J K L ML

1 DITRE

z Step 3: Enter Detailed Analysis Period Information

<} Detailed geometric and demand information For the facility in current analysis period are listed in the table below.

4 Default walues are show as green shading, custom user inputs are shown in yellow shading

H The analyst can override any walues in the cells with green or gellow shading.

B

Detailed Output WorkSheet for US 70 From 7:30 AM To 7:45 AM
13
120 | Feature NUMBER: T - 1 2 E] [} 5 -
Shotw 5. Rober

Feature Name: - ell Us70 Moor |US 70 rson =
121 Rd. e 5t Rd.
122 Feature Type [Segment, Signalized InterFeature.] Link Ik, Link Ik, Link Inik. Link.
123 Feature Length [Ft): 0 120 1530 23 1463 a3 0
124 Number of Lanes on Arterial: 2 2
125
126 15 Minute Demand On Arterial[vph]: 1,500 1400
127 Through gfc Ratio: 046 046 046
128 Saturation Flow Rate Per Lane[vph]: 1,766 1,765 1,765
123 Approach Capacity [vph): 1613 1613 1613
130 Demand to Capacity Ratio [W/C): nrz 093 086
13
132 Uniform Delay [sec]: 1054 15288 14570 " 420 se
155 Incremental_delay [sec): 1.740 3294 2.E15 " 76 S
154 Control Delay [5ec): 14835 15583 17185 " 506 e
135 = Intersection Approach LOS: B B B
136 E Speed Limit [(mph): 45.0 45.0
137 = EBase Free Flow Speed [mph]: 478 478
158 ": Free Flow Speed [mph]: 3248 328
154 =2 Travel Speed [(mph): 4.7 4.0
140 = Travel Speed as Proportion of Base Free Flow 0. .29
14 £ HCM Seqment Level of Service: E F
142 =
143 Segment Running Time [min]: 115 080 " 21 min
144 Travel time per vehicle [min) 14F 118 3 min
145 Free-flow travel time [min) 0.45 0.35 " na min
145 Travel Time Index: 33 34 X
147
145 Gueue Size [veh]: 000 0.00 ] weh
143
150
151
152
166 Number of Lanes on Arterial: 3 3
16T
165 15 Minute Demand On Arterial[vph]: 2450 2400
163 Through gfc Ratio: 045 045 048 -
EL T Cakturabinn Clasw Fatn Dar | anafoankl. 17CR 17CR 17CR

3 Start Facility Features Hourly Factors t=1 (=2 == B ... (+ 1 3

READY izl M -——F—+—+ 6%

Figure 12 — Detail Analysis Period Output by Feature in “t=1" Worksheet
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2.4.2 Facility summary output

In the “Facility Summary” worksheet, ARTVAL aggregates the outputs across all analysis periods,
and provides performance measure output summarized across all analysis periods. The output
provides information for each feature in the study period, as well as facility-level performance.
Figure 13 shows a schematic of this output for the subject facility. The user can access this output
by clicking on the “Facility Summary” tab in ARTVAL.

H ©- = Generic ARTVAL - Excel ? B - 0O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ACROBAT Signin
H103 - Ir v
A B C D E F G H | J K L N [a

: DITRE

2 Summary Results by Feature and Facility

3 Start time: 715 AM

4 End Time: 8:30 AM

5 This worksheet provides, a summary of the performance measures across the total study period.

:} Revise Input Data

8

9 Detailed Qutput WorkSheet for US 70

10 FEATURE NUMBER: 1 2 3 4 5

" Feature Nick Name: Shf:eu us70 > h';:m us70 R;:::_j

12 Feature Type (Segment, Signalized Intersection, Roundabout, TWSC): Int. Link Int. Link Int.

13 Feature Length (ft):] 120 1890 B9 1463 a3 Facility Wide

14 Mumber of Lanes: 2 2

15 — Average gfc:|] 0.5% 0.59 0.59

16 E: Uniform Delay (sec)| 122 146 138 [ 406

17 £ Incremental_delay (sec):| 1.2 26 18 [ 56

13 r: Control Delay (sec)| 13.3 172 157 [ 462

19 0 Speed Limit{mph): 45 a5

20 E Travel Speed{mph): 148 143

| 5 Running Time({min): 117 091 : 21 min

22 Travel Time(min): 145 117 26 min

24

56 Mumber of Lanes: 3 3

57 — Average gfc:] 059 059 0.59

58 3 Uniform Delay (secl] 143 163 140 [ 447

59 £ Incremental_delay (sec):| 6.0 96.1 60 [ 1080

&0 ‘,‘; Control Delay (seci| 127 1036 126 [ 1289

61 0 Speed Limit{mph): 45 a5

62 E Speed{mph): 15.6 114

63 5 Running Time(min}: 119 093 : 21 min

64 Travel Time(min): 140 2,65 41 min

66 -

« L (BES1|E=20 | i=3 | =4 (=5 | Facility Summary Unserved Vehicles TTI Speed Delay . @ 4 3

READY HH M -———+ 8%

Figure 13 — Facility Summary Worksheet
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2.4.3 Performance measure contours

Along with the detailed and summary performance measure outputs, ARTVAL produces several
performance measure contours in a color coded format (MS Excel’s standard color code format).
The color coded performance measures include “Unserved Vehicles” (number of vehicles that
could not discharge during the simulation), “TTI (Travel Time Index)”, “Average Travel Speed”,
“Control Delay”, “LOS Int.” (Intersection LOS) , and “LOS HCM Segment”. As an illustration,
Figure 14 depicts the Travel Time Index (TTI) contour output for the subject facility.

H ©- = Generic ARTVAL - Excel ? B - 0O X
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ACROBAT Signin

F221 - Jfr v

A B C D E F G H J K L M=
1
2 Travel Time Index (TTI) on the Facility Features:
3
4 Direction 2:
5 Feature #: 1 2 3 4 5

Feature Name: Shotwell Us 70 S. Moaore Us 70 Robertson
6 Rd. st. Rd.
7 Feature Type: Int. Link Int. Link Int.
8 t=1 7:15 AM 7:30 AM 326 3.40
9 t=2 7:30 AM 7:45 AM 3.09 3.22
10 t=3 7:45 AM 8:00 AM 3.11 3.24
11 t=4 8:00 AM 8:15 AM 3.22 3.36
12 t=5 8:15 AM 8:30 AM 3.48 3.55
104
105
106 Direction 6:
107 Feature #: 1 2 3 4 5
Foerroe My Shotwell =T S. Moore 57 Robertson
108 Rd. St. Rd.
109 Feature Type: Int. Link Int. Link Int.
110 t=1 7:15 AM 7:30 AM 410 3.00
111 t=2 7:30 AM 7:45 AM 271 2.69
112 t=3 7:45 AM 8:00 AM 2.83 2.90
113 t=4 8:00 AM 8:15 AM 2.97 3.12
114 t=5 8:15 AM 8:30 AM 3.06 8.00
206
207
4 Facility Summary Unserved Vehicles TTI Speed Delay LOS Int. LOS HCM Segment ()] 4 »

Figure 14 — Travel Time Index (TTI) contour output

After exploring all the outputs, and wanting to modify some of the inputs, the user may press the
“Revise Input Data” button in the “Facility Summary” worksheet and will be redirected to the input
pages. By pressing that button, ARTVAL reconfigures the worksheets to the previously-described
input mode.
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NOTE: It is recommended that the user saves the file after performing any additional
analyses or revising inputs. Especially if the user wants to change inputs and compare the
performance measures for different scenarios.
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