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INTRODUCTION

In this study, procedures for determining allowable lane closure hours to perform
maintenance, construction, resurfacing, regional permit, and major access permit work
on the state highway system were evaluated. The current process to develop allowable
lane closing hours that is being conducted by the NJDOT involves the collection of
traffic volumes, consultation with local authorities and the reliance on previous
knowledge of the roadway. This is an ad-hoc process that lacks uniformity and does
not make use of traffic engineering basics to assess the impacts of lane closures. Thus,
there is a need to develop a process for determining and modifying lane closures that

will have uniformity and take into account effects on productivity and traffic delay.

The two major goals of this project are:
1. Develop a uniform process for lane closures that takes into account the impact of
lane closure on traffic and productivity.

2. Adopt this uniform process for use throughout the NJDOT.

Various tools that are available to planners and engineers to address work zones are

illustrated in Figure 1. The spectrum described here includes ten available tools that

could be used to address the fisoft costo of
ten tools is placed on a continuum from simple to complex. Simpler tools include the

categories of sketch planning and analytic while more complex tools include regional

travel demand models (TDM) and general-purpose traffic simulations.

Before selecting a specific work zone-modeling tool, there are five model selection
criteria that should be considered: functionality, results, time, training and cost.
Choosing a tool is generally a tradeoff among these five criteria. Functionality (the
capability to represent specific work zone attributes) and results (precision of analysis)
are the two main critical criteria. If the tool cannot analyze a specific situation or provide

the necessary results to the precision or accuracy required, it would not be useful



regardless of the cost, training or time applied. In some instances, such as a project
currently in the construction phase, it may be critical that results be provided in a timely
manner. The time required to rapidly assemble the required data and calibrate a
simulation tool is generally much longer than the time and resources required for
utilizing a sketch-planning tool. The need for timeliness must be balanced against the
ability of the sketch-planning tool to provide a precise solution accurately reflecting the

problem under study.

Finally, the training associated with a particular tool should be considered. Simulation
tools often require a high level of expertise only found in a few individuals or
consultants. On the other hand, many of the sketch planning and analytic tools are more
accessible and can be mastered by a broad range of staff within a short period of time.

CLY DELAYE /— SYNCHRO CORSIM
Highway
Capacity QUEWZ58 FLH-QuickZone
Manual [ I
HCS 2000 QuickZone 1.0
+\l | _.-ll‘l‘_

Sketch Planning Analytic TDM
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Rough Estimation <ee=sssssssssssssssees RESULTS senesnsnssssssnnnnnnnd» Precise Calculation
Shorter ssnssnansnnnnnnsnsnnnnns TIME ssssssnusnusnansnnnnnnade Longer
Limited agsennsnansnnnnnnnnsns: TRAINING =sesssssssansnnnnnnaie Required
Lower snnnnnansnnnnnnnnsnnnnn; (OJG] sussssnunnnnnannnnnnnnadm Higher

Figure 1. Work zone modeling spectrum @

In order to decide which tool to select for work zone analysis, a panel of experts was
assembled, which included a number of NJDOT engineers involved in lane closure
decision making. The specifics of the lane closure tools, the lane closure algorithm, and
the available traffic count data were discussed. The panel decided that for short term



lane closures, the Rutgers Interactive Lane Closure Application (RILCA) tool was to be
utilized. For long term lane closures, QuickZone lane closure tool was selected. The
panel agreed that only freeway lane closures will be considered in this project. RILCA is
an easy to use analytical lane closure tool, and with its precision it falls between
QuickZone and SYNCHRO in the chart shown in Figure 1.

QuickZone represents one set of tradeoffs among these five criteria and is appropriate
for the type of work zone analyses that are generally conducted by NJDOT. QuickZone
is an analytic tool that has more functionality specific to the analysis of work zones
compared to HCS 2000, but is not as detailed as CORSIM or other traffic simulation
tools. The results of QuickZone are calculated on a link-by-link and hour-by-hour basis.
This type of time-based granularity is similar to other simple lane-closure impacts
analysis tools like QUEWZ-98. However, QuickZone performs this level of analysis for
one or many interacting work zones, and estimates impacts over time, taking into
account changes in traffic control and travel demand that can vary day-to-day, week-to-
week, or phase-to-phase. This flexibility makes QuickZone a good choice when many
different work plans (often spanning two or more construction seasons) must be
evaluated. Often, results from QuickZone can be obtained in less than one minute for

typical networks once the data has been entered.

On the other hand, simulation programs can directly represent a wider range of work
zone attributes, require significant more time and resource investment to build and

analyze.

Below are several facts that warrant the decision of choosing QuickZone for this project:

1. QuickZone, developed by Noblis, Inc. (formerly Mitretek) with FHWA funding, is
recommended by the FHWA as one of several tools to determine work zone
delays. @

2. QuickZone considers traffic engineering parameters specified in the Highway

Capacity Manual such as volume, truck percentage, lane width, etc.



3. As demonstrated in Figure 2, QuickZone is widely used by other State and local
DOTs in the USA and thus it is well tested and validated. Current FHWA partners
using QuickZone include Maryland State Highway Administration, Central
Federal Lands Highway Division, Pennsylvania DOT, Ohio DOT, Wisconsin
DOT, Washington DOT, Utah DOT, North Carolina DOT.
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Figure 2. Various s tates where QuickZone is used

4. QuickZone program is well tested and virtually free of bugs. FHWA has identified
QuickZone as one of its key A&presendggreato depl
advantage given the application-oriented nature of this project. In many cases,
just debugging a new program might require several months of professional
effort.

5. Data requirements for QuickZone are well established and flexible enough to
accommodate projects with minimal available data as well as projects that have a

wealth of detailed data.



6. QuickZone is a well-tested benefit/cost estimation module satisfying one of the
main objectives of this study.

7. QuickZone is user friendly and does not require special expertise. Users of
common spreadsheets are already familiar with its primary user interfaces. This

makes it a perfect tool for wide-use by NJDOT6 s st af f .

RILCA is an interactive computer tool developed for NJDOT for planning work zone
lane closures. RILCA is aimed at providing engineers with a computerized and easy

tool for determining allowable lane closure hours on NJ freeways.

RILCA was developed using ArcView GIS software package as the main development
environment. The GIS map of the NJ freeways and its surrounding network is displayed
using ArcView and various analysis and visualization options are provided for planning

of lane closure hours. The tool has the geometric details of NJ freeways. It provides

users the following applications:

A Volume information on selected links at a given time period on any given date.

A Link characteristics (such as number of lanes, AADT, milepost, link length).

A A function that generates lane closure schedule for selected link based on the
hourly volume data processed by the Rutgers Intelligent Transportation Systems
(RITS) team.

A A simple visualization function that shows the extent of expected delays as a
result of lane closure and possibility of spill back onto the upstream links all in the
form of link colors.

A Integrated lane closure cost estimation function.

The developed tool provides the NJDOT with a simple and interactive way to navigate
visually along the freeways and gather link and volume information and estimate the

impact of lane closure scenarios at selected locations.



LITERATURE REVIEW

The literature review focused on the methods used to measure capacity and the factors

that affect capacity at work zone areas. The literature review also focused on the

analysis tools developed to assess the traffic impacts at work zones in various States.

Existing Guidelines for Measuring Capacity at Work Zones

Several studies were found to address the estimation of remaining capacity at work

zones based on several factors such as ratio of heavy vehicles, number of lanes closed

and intensity of work zone activity, etc. Table 1 summarizes several studies on work

Zzone capacity:

Table 1. Studies on work zone capacity

# of Work Capacity at Work
Study Year Location Zones Length of Study Zone
Krammes and
Lopez 1992 Texas 33 4 years 1600 pcphpl
Dixon et al. 1996 North Carolina 24 9 months 1440 pcphpl
Yi 1999 Indiana 4 19 months 1258-1689 pcphpl
Maze et al. 2000 lowa 19 days 1400-1600 pcphpl
Al-Kaisy etal. 2000 Ontario 2 3 days 1750-2150 pcphpl
Kim et al. 2001 Maryland 12 Not reported 1228-1790 pcphpl
Schnell et I. 2002 Ohio Not reported 866-2982 vphpl
Al-Kaisy, Hall 2003 Ontario Different for sites 1853-2252 pcphpl
Sarasuaetal. 2004 South Carolina 23 1 year 1460 pcphpl
Benekohal etal. 2004 lllinois 11 1 day 597-1294 vphpl
Lee et al. 2008 Wisconsin 8 4 months 1134-2643 pcphpl
Florida,
Heaslip et al. 2008 Massachusetts 2 7 and 10 days 1245-1992 vphpl

Research by Krammes and Lopez ® developed capacity values for short-term freeway

work zone lane closures using data collected at 33 work zone sites in Texas between

1987 and 1991 for three to one, two to one, four to two and five to three work zone lane

configurations. This study recommended a base capacity value of 1,600 passenger cars




per hour per lane (pcphpl) for all short-term freeway lane closure configurations. Several
adjustments were made to the base capacity value including adjustments for intensity of
work activity, effect of heavy vehicles, and presence of ramps when applying to specific

work zone location.

A study by Dixon et al.®) estimated work zone capacity values for rural and urban
freeways in North Carolina This study found that intensity of work zone activity and type
of study site, i.e., rural or urban, had strong affects on work zone capacity. This study
found that for two to one lane operation in rural sites with heavy work intensity, capacity
was 1,210 vehicles per hour per lane in the activity area, where as in urban area with
same lane operations under moderate and heavy work zone intensity, activity area
capacity were 1,560 vehicles per hour per lane and 1,490 passenger cars per hour lane,
respectively. This study reported an activity area capacity of 1,440 passenger cars per

hour per lane for moderate work intensity in urban sites.

Jiang “ assessed vehicle speeds and queue-discharge rates at work zones In addition
to traffic capacity. The traffic data collected from four different work zones on Indiana
four-lane freeways used. Low vehicle speeds and fluctuating traffic flow rates are
indication of congestion at work zones. Therefore, work zone capacity was defined as
the traffic flow rate just before a sharp speed drop, followed by a sustained period of low
vehicle speed and fluctuating traffic flow rate. Study results indicated that capacity at
work zones varied between 1,258 and 1,689 passenger cars per hour per lane, and also

heavy vehicle ratio has effect on the capacity.

Al-Kaisy and his colleagues ® investigated freeway capacity at a reconstruction site
with long-term lane closures. They also considered the effect of some important control
and extraneous variables such as temporal variation, grade, day of week, and weather
conditions. They used data from a construction site on Gardiner Expressway in Ontario
at each direction. Normal three lane configuration was reduced to two at the
construction zone in each direction and approximate length of work site in each

direction was 1,640 feet. As a result of the study, they found that the capacity varied



within a wide range between 1,750 and 2,150 pcphpl and with mean values of 1943.
Later, Al-Kaisy and Hall ©® added for different construction site in Ontario to this data.
Individual investigations were used to estimate a base capacity for freeway
reconstruction sites and determine the effect of important factors including heavy
vehicles, driver population, rain, site configuration, and work zone activity. A generic
work zone capacity model (R?=0.63) was created for freeway reconstruction sites using
a base capacity value of 2,000 passenger cars per hour per lane for reconstruction sites
under favorable conditions with heavy vehicles and driver population exhibiting the

effect on capacity.

Maze et al. ” investigated a work zone on a rural interstate highway (I-80) at lowa, to
measure the volume of vehicles that can pass through a work zone lane closure prior to
and during congested operations and to understand driver behavior at a work zone.
They collected data for 19 days on the work zone. To find maximum capacity at the
work zone, the average volume of the ten highest volumes immediately before and after
the queue is taken. They found that the capacity at the work zone varies between 1,400
to 1,600 pcphpl.

Kim et al. ® developed a new methodology to estimate capacity for freeway work zones
that examined various independent factors that contribute to capacity reduction in work
zones. Data were collected at 12 work zone sites with lane closures on four normal
lanes in one direction, mainly after the peak hour during daylight and night. A multiple
regression model was developed to estimate capacity on work zones for establishing a
functional relationship between work zone capacity and several key independent factors
including number of closed lanes, proportion of heavy vehicles, grade, and intensity of
work activity. The stepwise regression analysis of the proposed model was promising
with a R? value of 0.993. Model results were also compared with existing capacity
models using the root mean square (RMS) error, and showed the new capacity
estimation model is better than the others, which exclude key independent factors

affecting work zone capacity.



Schell et al. © studied feasibility of commercially available traffic simulation and
prediction tools at work zones for Ohio Department of Transportation. The simulation
and prediction tools used in the study include HCS, Synchro ,CORSIM ,NetSim and
QueWZ92.They collected field data from 4 different work zones (2 interstate and 2
state) at highways in Ohio. The values obtained from the field data are compared with
the outputs of each tool. They found that although they are visually appealing,
simulation packages: Synchro and CORSIM have inaccuracies in prediction of queue
lengths. In the study, it is reported that none of the tools except QueWzZ92 and ODOT

Spreadsheet are designed for modeling work zones operating at or above capacity.

Karim and Adeli ® developed an adaptive computational model for estimating the work
zone capacity and queue length and delay. In their model, they proposed various
factors that affect the capacity such as the number of lanes, number of open lanes,
work zone layout, length, lane width, percentage of trucks, grade, speed, work intensity,
darkness factor and the proximity of ramps. A radial-basis function neural network
model was developed to learn the mapping from quantifiable and non-quantifiable
factors describing the work zone traffic control problem to the associated work zone

capacity.

Ullman and Dudek Y developed a theoretical approach for estimating queue length
during short-term road work on urban freeways. They argued that although the
traditional approaches, basically macroscopic work zone analysis tools, work well for
rural and suburban work zones, they may severely overestimate traffic queues. This is
mainly due to entrance and exit ramps are spaced relatively far apart whereas in urban
areas the ramps are closely spaced which enable users to take many diversion
opportunities and routes. Their model is based on macroscopic fluid-flow analogies of
traffic and consideration of the freeway corridor as a section of permeable pipe. This
model also calibrated to represent the magnitude of traffic queues at work zones on

freeways in Texas.



Sarasua et al. ™ investigated various factors affecting capacity of short-term lane
closures for Interstate work zones in South Carolina. In this research, they were
developed to assess current practices for short-term work zone closures on the
Interstate system and they distributed this survey to transportation agencies in all
states, Puerto Rico, and the District of Columbia. Although eleven surveys were
returned to them, they provide information especially about threshold lane volume used
by agencies. Below table shows the formally adopted threshold lane volume by

agencies:

Table 2. Threshold lane volumes adopted by DOTs

State Threshold Lane Volume
Connecticut 1,500 to 1,800 vphpl
Missouri 1,240 vphpl
Nevada 1,375 to 1400 vphpl (7% trucks)
Oregon 1,400 to 1,600 pcphpl
South Carolina | 800 vphpl
Washington 1,350 vphpl
Wisconsin 1,600 (rural) and 2,000 pcphpl (urban)

Later, they collected the field data (flow, speed and queue length) at 23 work zone sites,
which had 2, 3 or 4 lane roads and different lanes were closed at each site, for one
year. Then, using the passenger car equivalent flow and speed data, they developed a
model which can estimate the capacity at work zones based on vehicle make up,

number of lanes open at the work zone and work zone intensity.

Adeli *® conducted a study to model work zone capacity using a case-based reasoning
model for freeway work zone traffic management that considered work zone layout,
traffic demand, work characteristics, traffic control measures, and mobility impacts. An
adaptive computational model was created for estimating work zone capacity, queue

length and delay.
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Benekohal et al. ™ presented a methodology for estimating speed and capacity in
freeway work zones. The underlying principle of this methodology is that operating
factors in work zones, which include work intensity, lane width, lateral clearance, and
other factors, cause motorists to reduce their speed. Video data were collected for 11
two-to-one work zone lane closures on interstates in lllinois including eight long-term
and three short-term sites. Work zone intensity was quantified and correlated with
consequent speed reduction using field data for long-term work zones and driver survey
data for short-term work zones. Based on these relationships an anticipated work zone
operating speed can be computed using a speed-flow relationship developed from

project data.

Lee et al. @ developed a tool to predict delays and queues for short-term lane closures.
In order to evaluate and enhance their tool, they collected field data which contains
information about traffic flow and queuing patterns during work zone operations on
selected urban freeways. The field data showed that capacity of roadway changes
between 1,134 pcphpl and 2,643 pcphpl depending on number of lanes closed, intensity

of work zone activity.

Study by Heaslip et al. *® proposed an enhanced methodology for assessing capacity
at work zones. They investigated the impact of driver behavior at work zones and they
found that driver behavior influences flow quality when drivers encounters to changing
roadway conditions and lane configurations. For this study, the data collected from two
highways, one in Florida for ten days and the other in Massachusetts for seven days.
The observations showed that the average capacity is 1,992 vphpl for Florida site
whereas 1,245 vphpl for Massachusetts site. Later, based on the field observations they
calculated the driver behavior factor which is based on assessment of tendencies such
as driver familiarity, driver adaptability, driver aggressiveness, and driver

accommodation tendencies that are unique for different demographic groups.
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Work Zone Traffic Impacts Assessment Tools

Several tools are available for estimating the effects of various transportation projects.
These tools vary in level of complexity, and each tool offers different capabilities. Some
tools were designed specifically for work zone applications. Other traffic analysis tools,
although not designed specifically for work zones, can be used for to analyze work zone

situations. This section includes information on both of these types of tools.

Highway Capacity Manual (HCM) 1994

HCM reports the range of observed capacities and the corresponding average
capacities of freeway work zones in Texas. It demonstrates graphically how to estimate
the number of vehicles in the queue and the queue length. The procedure requires low
input data requirement and ease of use. However the capacity values are outdated,
since the capacity charts were determined for work zones in Texas that were conducted
before 1982.

Highway Capacity Manual (HCM) 2000

For short-term work zones, HCM 2000 suggests a base capacity value of 1,600 pcphpl
that was obtained from work zone studies conducted in Texas. The manual suggests
applying adjustment factors for intensity of work zones, the percentage of heavy

vehicles and the presences of ramps in the vicinity of the work zone.

The advantage of HCM 2000 is the low input data requirement, ease of use and quick
output capabilities. However, the manual does not provide any approach for estimating
gueue lengths. Also, the capacity values and the adjustment factors may not apply to all
work zones. Also the effects of traffic diversion cannot be obtained due to the simplistic

nature of the inputs.

12



Spreadsheet Models

Several Department of Transportation (DOT) offices adopt spreadsheet-based tools for
estimating the impacts of work zones. The spreadsheets estimate delay and queue
lengths as the main output values using the graphical procedures explained in the HCM.
Calculations are usually carried in MS Excel. For example, NJDOT uses these tools,
where the inputs include traffic demand for each hour, the number of open lanes,
roadway capacity, percentage of trucks, the work zone layout ®. These tools require
very few inputs and give quick results. However, they too cannot account for the effects

of traffic diversion, therefore overestimate the duration of delay and queue lengths.

DELAY Enhanced 1.2

DELAY Enhanced 1.2 is an application develope
the traffic impacts of incidents. The model is applicable to work zones as well. The tool

uses the same deterministic queuing model used by the other available tools. It requires

minimal input data, presents results quickly. The program has the disadvantage of all

the HCM-based models.

QUEWZ

Queue and User Cost Evaluation of Work Zones (QUEWZ) was developed by the
Texas Transportation Institute. This tool can estimate the capacity of the work zone
when work activity is present using the HCM2000 model for short-term work zone
capacity. It also has a speed-volume relationship. It estimates the queue length and
gueue delay using arrival departure plots. QUEWZ can estimate the work zone
capacity, average speed, average queue length, travel time costs for a given lane
closure schedule at a work zone. It calculates the queue lengths based on the
methodology given in HCM 1994. The tool needs slightly more input data as compared
to the earlier methods. It is easy to use and to obtain results quickly. It also has a

simplistic diversion algorithm.

QuickZone
QuickZone, developed by Noblis (formerly Mitretek) using FHWA funding, is referenced

in the FHWA guidelines as one of several suggested tools to determine work zone

13



delays . Quickzone is coded as a program within MS Excel. The program considers
traffic engineering parameters as specified in the Highway Capacity Manual such as
volume, truck percentage, lane width, etc. It has been widely used by other State and
local DOTs in the USA and thus it is well tested and validated. Current partners of
FHWA using QuickZone are Maryland SHA, CFLHD, Pennsylvania DOT, Ohio DOT,
Wisconsin DOT, Washington DOT, Utah DOT, North Carolina DOT. Data requirements
for QuickZone are well established and flexible enough to accommodate projects with
minimal available data as well as projects that have a wealth of detailed data. It is
comprehensive and highly detailed. It incorporates various factors that have impacts on

traffic delays at work zones.

QuickZone provides analysis options to estimate work zone delays and user costs for
different demand patterns and for temporal (seasonal, weekly, daily) and spatial
variations of work zone configurations. It can quantify corridor delay resulting from
capacity decreases in work zones; identify the impact on delay of alternative
construction phasing plans; and support tradeoff analyses between construction costs
and delay costs. Work zone impacts and costs are estimated for an average day of
work, which can then be amortized to get an estimate of average annual costs based on
a user-specified life-cycle for the improvement. It can assess the impact of delay-
mitigation strategies, such as alternate routing, signal re-timing, lane widening, and
ramp metering. In addition to estimating work zone delays and user costs, QuickZone
also provides a sketch-planning analysis of travel behavioral changes in response to

work zones. QuickZone also supports the calculation of work-completion incentives.

Microscopic Simulation Tools

Microscopic simulation models simulate the movement of individual vehicles, based on
theories of car following and lane-changing. Typically, vehicles enter a transportation
network using a statistical distribution of arrivals (a stochastic process), and are tracked
through the network over small time intervals (e.g., one second or fraction of a second).
Typically, upon entry, each vehicle is assigned a destination, a vehicle type, and a

driver type. In many microscopic simulation models, the traffic operational

14



characteristics of each vehicle are influenced by vertical grade, horizontal curvature,
and super-elevation, based on relationships developed in prior research. Computer time
and storage requirements for microscopic models are large, usually limiting the network
size and the number of simulation runs that can be completed. Examples of microscopic
simulation models include Traffic Software Integrated System/Corridor Simulation
(TSIS/ICORSIM), INTEGRATION, SimTraffic, Wide Area Traffic Simulation (WATSIm),
VISSIM, and Parallel Microscopic Traffic Simulator (PARAMICS).

Figure 1 shows the spectrum of the analysis tool described above. It includes ten tools

currently available that could be used to addresstheis of t cost 6 of roadway
projects. Each of these tools is placed on a continuum from simple to complex. Simpler

tools include the categories of sketch planning and analytic while more complex tools

include regional travel demand models (TDM) and general-purpose traffic simulations.

Table 3 shows the summary of the survey conducted by the Virginia Transportation
Research Council in 2006 regarding the current practices used by nineteen states for
assessing the traffic impacts at work zones. Table 4 shows the current practices
performed by ten more states compiled by Edara and Cottrell *”. The most common
tool for determining the capacity at work zone bottlenecks appears to be the experience
of the DOT staff. For the estimation of traffic impacts, HCM- based tools and

spreadsheets are the most popular among DOTSs.
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Table 3. Responses from State DOTSs regarding current practices for assessing

work zone traffic impacts

17

Tools Used for Estimating Traffic

State Tools Used for Estimating Capacity Impacts: Queues and Delays
Colorado d((:;cuurlnednte l'ines in the Synchro/Sim Traffic and HCS
HCM Delaware Transportation Model, HCS,
Delaware Synchro, CORSIM
Chapter 10 o f FDOT6s Pl a Chapter1l0o f FDOTo6s Pl
Florida Manual and HCS 2000 Preparation Manual and HCS 2000
) HCM A HCM and experiert
Hawaii A QuickZone in the future
Kansas None Experience, if any None
Experience, no formal procedure A No formal proce
Kentucky ’ A Rare use of CORSIM
A Spreadsheet and
. Synchro/SimTraffic for partial closures
Experience and HCM 1994 A TRIPS (Travel Demand Model) for
Maine full closures of bridges or highways
Start with base capacity value and apply A Spr eads (BAIGQUENO
based on O6PIl anni n¢
adjustment factors for lane widths, truck Wo r k Zone Traffic
of FHWA (Chapter 2, page 15),
percentages, grades, etc. (similar to published in 1981
A Also use QuickZone, TRANPLAN
Massachusetts HCM) for complex projects
Montana No estimation HCM, if used
A Cur r entCORSING HEOM
Nevada HCM 2000 A QuickZone in
New Jersey HCM 1994 Spreadsheet based on HCM
Ohio QUEWZ-98 Ohio DOT Spreadsheet
A Currently experiA Currently CORSI
A Aim to dewvelop graph from CORSIM
Oregon A Actual traffic counts in future results and validate it with field data
A Mostly HCM and
Rhode Island HCM 1997 A Occasionally QuickZone
Mix of actual traffic counts and HCM Web-based Queue/Delay Prediction
Tennessee procedures Model under development
Texas QUEWZ QUEWZ and CORSIM
Mix of actual traffic counts and HCM A Primarily QUEWZ
Washington procedures A Limited use of QuickZone
Mainly spreadsheet based on HCM,
Experience and literature but occasionally CORSIM and
Wisconsin QuickZone
Wyoming HCM and Synchro HCM and Synchro
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Table 4. Current practices for assessing work zone traffic impacts in selected

DOTs @7

Tools Used for Estimating Traffic

State Tools Used for Estimating Capacity Impacts: Queues and Delays

Alabama Oklahoma DOT Spreadsheet

Arizona (QUEWZ)

Arkansas (QUEWZ)

California Experience and HCM Spreadsheet based on HCM

lllinois (HCS 2000, SIG/Cinema, HCM, and (HCS 2000, SIG/Cinema, HCM-based
QUEW2Z) Spreadsheet, QuickZone, and QUEWZ)

Indiana (Past data, HCM) (QUEWZ, QuickZone, Synchro, CORSIM)

Maryland MD-QuickZone (modified QuickZone) using MD-QuickZone (modified QuickZone)
HCM Value or University of Maryland
Model or any user defined value

Oklahoma Spreadsheet based on HCM

Pennsylvania

Actively using QuickZone

Utah

DELAY Software for small projects,
MINUTP (comprehensive planning model)
for large projects

Indiana Department of Transportation (INDOT) developed interstate highways lane

closure policy to eliminate or reduce delays caused by the work zones. This policy

applies to all individual contractors. With this policy, INDOT is required to accept some

increases in project costs. The cost increases in order to comply with the policy may

include permanent lane additions and/or bridge widening or the use of accelerated

construction methods and materials.

INDOT lane closure policy encourages the use of a microscopic simulation model for

the modeling of work zone queues.

The following thresholds are used for the evaluation of project queue lengths as

determined by the computer model *®:

1. For queues less than 1.0 mile, the work zone impacts are acceptable.
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2. For queues greater than 1.0 mile and less than 1.5 miles, the work zone impacts
are acceptable if the queue exceeds 1.0 mile for two hours or less. Additional
advanced work zone warning signs are required where queues are expected.

3. For queues longer than 1.0 mile for more than two hours or longer than 1.5 miles
for any period of time, the work zone impacts are unacceptable.

California Department of Transportation (CALTRANS) requires Transportation
Management Plans (TMP) including contingency plans for all construction,
maintenance, encroachment permit, planned emergency restoration, or other activities
on the State highway system . These TMPs are considered early, during the project
initiation or planning state. TMPs are expected to minimize project related traffic delay

and accidents. The work zone delay policy includes the following two criteria:

1. Major lane closures are expected to result in significant traffic impacts despite the
implementation of TMPs. However, there are no specifications of the magnitude
of the traffic impacts.

2. Significant traffic impact is considered as 30 minutes above normal recurring
traffic delay, or the delay threshold set by the District Traffic Manager, whichever

is less.

CALTRANS uses PARAMICS micro simulation software to determine the traffic impacts
of various lane closure scenarios before the implementation of each project. Two
ongoing projects funded by CALTRANS, I-710 in Long Beach, and I-15 in San
Bernardino have illustrated the benefits of using PARAMICS as part of the traffic
analysis for construction delays. In addition to the impressive visualization capabilities
offered by the graphical user interface, the traffic simulation software provides a
powerful analysis tool to quickly and accurately evaluate a large number of freeway

reconstruction scenarios and associated traffic management plans

British Columbia Ministry of Transportation uses the following policy for the acceptable

delays caused by lane closures ©9:
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1. Minor Delays: Less than 2 minutes in duration; for occasional interruption due to
construction activities. These delays shall be coordinated with available breaks in
the traffic flow.

2. Major Delays: Maximum 10 minutes in duration; for occasional interruption of
traffic for construction activities, between 2 a.m. and 4 a.m. only. Activities that
are anticipated to require Major Delays shall be indicated in a Traffic Control
Plan; as well, traffic control measures to be deployed for these activities shall be

specified in the Traffic Control Plan.

Acceptable delays are approved by the District Highway Manager and only considered

outside peak hours.

Ohio Department of Transportation (ODOT) employs QUEWZ modeling tool to estimate
the traffic impacts of work zones. ODOT uses the following criteria for the acceptable
delay caused by lane closures ?V:

1. For queues less than 0.75 miles, the work zone impacts are acceptable.

2. For queues greater than 0.75 miles and less than 1.5 miles, the work zone
impacts are acceptable if the queue exceeds 0.75 miles for two hours or less.
Where queues are expected to exceed 0.75 miles for any period of time,
additional advanced work zone warning signing should be specified.

3. For queues longer than 0.75 miles for more than two hours or longer than 1.5
miles for any period of time, the work zone impacts are unacceptable. Alternate
strategies shall be considered per the provisions of this policy.

4. A vehicle will be considered part of a queue if its average operating speed is

approximately 10 mph or less.

New Jersey Turnpike Authority follows the following guidelines during the short-term

work zones on New Jersey Turnpike network.

A Define the length and the number of lanes in the closure.

A Define dates and times of closure.
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A Define the roadway section (Route and mileposts) where lane closure will take
place.

A Define the location of the lane closure in term of mileposts (taper to open
roadway).

A Develop a 24-hourly volume (including truck percentage) for a typical weekday
for the lane closure area.

A Compute volume/capacity ratio (v/c) for each hour during a typical weekday
without closure.
Use lane capacity at 1,800 vehicles per hour (truck equivalency of 2.0).
Compute queuing and delays for vehicles approaching the lane closure area
(Road User Cost Manual spreadsheet i see reference 10).

A Do not allow lane closure if the queue is longer than 0.25 miles.

A Provision should be made to identify traffic patterns on weekends (additional
recreational traffic) if lane closure is planned for weekends.
It is recommended that lane closure area be limited to 3 miles at a time.
There should not be another lane closure on the same roadway in an area less
than two miles from another closure area.

A Lane closure hours could be cancelled or modified during adverse weather
forecast for the following conditions:

0 Snow accumulation of more than 2 inches
o Low visibility less than % of a mile due to fog
o Heavy winds with gusts of 20 MPH or more
0

Heavy rain that could cause flooding problems
Lane closure hours could be cancelled or modified if major accidents or incidents

occurred resulting in lane closure in an area less than 2 miles from the planned lane

closure.
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SOFTWARE FOR LONG TERM LANE CLOSURES : QUICKZONE

It is important to briefly describe QuickZone, since it is the centerpiece of delay and cost

/ estimation methodology for this study.

QuickZone provides an easy-to-use, easy-to-learn tool that utilizes software interfaces
that are familiar to the users of spreadsheet applications. QuickZone is a Microsoft
Excel-based application. The use of Excel obviates the need to develop a customized
user interface from scratch, and the workbook application may be distributed free
without royalties or license from Microsoft. The prospective QuickZone analyst need
only have Excel97 or higher running on a Windows-based PC with minimal memory and
processing speed requirements. In order to accomplish the goal of less than three
minutes to analyze the data and produce delay profiles over the project duration, the
following system requirements are needed: 1) PC running Microsoft Windows 95 or
higher with monitor, mouse and keyboard and 2) Microsoft Excel 97 or later. For larger

networks we recommend processor speeds of at least 500 MHz.

In addition to the system requirements, it is recommended that display settings of the
computer monitor be set at a minimum resolution of 800 x 600. All of the QuickZone
worksheets and the code modules have been password-protected to ensure that the
user does not overwrite key system elements. It is recommended that the QuickZone
progam be opened after the Excel program has be
the computer and memory resources that QuickZone requires. Finally, when opening
the QuickZone program, users must ensure to enable macros within Excel; otherwise,
the QuickZone program will not work. (Note: for those reluctant to open Microsoft Excel
macros due to virus threat, it is recommended that you satisfy yourself that the
application is virus-free prior to use; however, the developer and distributor have been
scrupulous in verifying the absence of viruses in the macros.) The QuickZone

development and validation timeline is given in Figure 3.
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Validation of QuickZone

As shown in Figure 3, QuickZone went through several development cycles and have
been improved over time. One of the main advantages of this relatively long
development cycle is the fact that QuickZone was used by many agencies for real
projects and extensively validated. An important aspect of developing any new
modeling tool is validating the results against real-world conditions. For example, a
customized version of the software developed for application in Federal Lands projects,
FLH-QuickZone, the validation effort focused on the new features customized for FLH
application, in particular the ability to accurately predict queue length and delays under

2-way, 1-lane operations.

ControlN um ber 2

FHWA survey pper

identifies need for QZ Partnerships with DOTSs: v QZ Miestone
flexible, rapid work zone MD. NC. WI. OH. WI
delay estimation tool o T &) QZ Case Study
QZ 10
FHWA initiates QZ o Released QZ 20
development effort Validation Release
Case
StudiesNova Nova 1-40 Full
MD VA Scotia Scotia (2) Closue (TN)
YRYRY O ‘
‘ 2000 [ 200 | 2002 [ 2008 | 2004 | 2005
1998 1 0000 @)
§ §@ &
N < o
s &

A FLH-QZ Milesbne
Federal Larjds
©  FLH-QZ Case Study Case Studies

CFLHD initiates FLH-QZ
FLH-QZ development Delivery

m\ Innovative Technology in the Public Interest™

MitreTek Systems

Figure 3. QuickZone development timeline

FLH-QuickZone was validated based on queue length, flow and delay data collected in
conjunction with NPS staff at Glacier National Park. In August 2005, the NPS collected
data at a current work zone operation along the Going-to-the-Sun-Road in Glacier
National Park. Two three-hour data collection events were undertaken at the direction of
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NPS staff using summer students, with the goal of validating key FLH-QuickZone
parameters such as work zone capacity and work zone speed. The data collection
activity also monitored delays and queue length development to verify the outputs of
FLH-QuickZone for the GTSR analysis.

Initial estimates were made on certain input parameters such as demand, jam density
and roadway capacity. Initial results of FLH-QuickZone (primarily queue length) using
these parameters tended to overstate delays and queue lengths because the
assumptions about work zone operations were more conservative than those
implemented in the field. Once these input parameters were adjusted to more
accurately reflect work zone operations (that is, input parameters were better
calibrated), user delay and queue length estimates generated by FLH-QuickZone were
within 5 percent of actual conditions; consistent with other QuickZone validation efforts

in urban settings.

As of January 2005, there were more than 100 copies sold to over 75 different
organizations plus seven partner states. Mitretek estimates 150+ users nationwide and
even more worldwide. This user base has generated a wealth of information on
applications and provided us with a pool to drawn on when deciding how to improve the
model. In addition, FHWA has tracked a number of State DOT (green) and Federal
lands (cyan) case studies where QuickZone has been successfully applied to a local
work zone problem. In some of these case studies, data collection during the
construction phase has helped to validate the queues and delays predicted by
QuickZone.

Major QuickZone applications include:
1. Urban Freeway
1 Knoxville, TN: I-40, full closure analysis (green circle in Figure 2).
1 Maryland/Virginia Woodrow Wilson Bridge: 1-95 (green circle in Figure 2).
2. Urban Arterial

T Little Bras do6Or Br i (geencirclhioFigure3)c ot i a,
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1 Reeves Street: Nova Scotia, Canada green circle in Figure 2).
3. Rural High AADT
1 Yosemite National Park (cyan circle in Figure 2).
1 Zion National Park (cyan circle in Figure 2).
4. Rural Low AADT
1 Beartooth Highway (cyan circle in Figure 2).
1 Louis Lake Road (cyan circle in Figure 2).
5. Other Applications
1 Pennsylvania I-80.
1 ITS Technology Assessment.
These applications and the corresponding characteristics of the QuickZone models are

given in Table 5.
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Table 5. Study comparison matrix ( http://quickzone.mitretek.org/updates/)

Traffic Control EI t:

QuickZone

Purpose

- Objective QuickZone
AADT Farial Full Closure | Flagging Detour Matwork Planning Operations (for use of QuickZone) Version
Closure Model
Urban Freeway
; | 2 Long Large, Determine feasibiity of full closures V1.0
nondle SN0 High X Duration * Complex K option for a congested urban freeway. Summer 2004
el Analyze additional construction staging
MEI’WEI"IEI."\':II’IQII'IIE s . Medium, i ; strategies to maximize time for MD-QuickZone
Woodrow Wilson Bridge: High X Results of QuickZone : :
Complex g contractor in work zone without Fall 2001
1-95 verffied in field. : ; .
impacting motorists.
Urban Arterial
Little Elras_dOr Bridge: M dhari X Small, Simple Hasults of Quitlr it Det_er_m_me feasible congtructlonnmes V099 Beta
Nova Scotia, Canada e to limit impact on motorists. Summer 2001
verffied in field.
Heeves Sirect: Nova . . X . JUStIfY alddmonal cost of night work by V10
: Medium X Small, Simple Results of QuickZone |quantifying delays expected from ;
Scotia, Canada A o ; ’ Winter 2002
verffied in field. planned daytime roadwork
Rural High AADT
) Alternatives analysis comparing one- .
Yosemite National Park High X Long X e i, X season and two-season construction Qume_one-CFLHD
Duration Complex : Spring 2004
phasing.
Zion National Park High X Small, Simple % Analyzn_e various construction staging Qume_one-CFLHD
SCENaros. Spring 2004
Rural Low AADT
Analyze overall construction impact on :
: s Large, : : ] QuickZone-CFLHD
Beartooth Highway Low Periodic X Complex X motorists resulting from multiple work 2003 - 2004
zones.
Estimate economic loss and delays ’
Louis Lake Road Low Periodic X X Large, Simple X from a work zone with a lengthy QUICKZ;E§4CFLHD
detour.
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The utilization of QuickZone is not relegated to just one type of roadway facility or
location. QuickZone can be used for multiple applications including:

Rural or Urban.

Big Projects/Small Projects.

Operations and Planning.

Freeway and Arterial.

Single Work Zones to Projects with Multiple, Interacting Work Zones.

Full and Partial Lane Closures, Flagging Operations, Periodic Full Closure.

Projects with Good Detour Routes.

= =2 =4 A4 A4 A - -

Projects with No Detour Routes.

QuickZone has the capability to calculate user and economic costs resulting from
construction activity. Conducting a cost analysis using QuickZone is optional and is not
required in order to analyze queuing and delay impacts. Also, QuickZone will generate
useable user and economic cost impacts by utilizing the default values within
QuickZone. In order to conduct a detailed cost impact analysis, there are five categories
of user and economic costs required: travel time delay costs, vehicle operating costs,

inventory costs, economic costs, and other costs.

Detailed travel demand and other project data may not always be available for every
project. QuickZone is designed to allow the inclusion of project-specific data when
available and provide default values when data are not available. Each of these default

values is based on the best available data.

In many cases, default values come from a document or report that is updated

periodically, e.g., annually or every few years. The analyst should always ensure the

most current references are used. For example, travel time cost is a function of the

nati onwi de average hourly wage, which is avai
Compensation Surveyi Compensati on Cost Trends, 0 which i
the U.S. Department of Labor Statistics. QuickZone allows the user to check the

reference of each default value and also to update its source information including the

26



date it was last updated. A comment box is provided for each user and economic cost
component for the analyst to record any notes for later reference. A brief description of

User and Economic Cost resources is provided in Appendix of this report .

Within the User and Economic Cost Modules, the grayed out text boxes have figures
that are either filled in automatically by QuickZone from default values or from inputs in
other parts of the program. For example, within the Travel Time Delay Costs screen,
percent of cars and trucks is input in the travel demand module; average vehicle

occupancy is a default value that is unchangeable from this screen.
Travel Time Delay Costs

The only inputs required for delay costs are percent business trips vs. percent personal

trips for cars, and percent local trips vs. percent intercity trips for personal trips. Percent

of cars and trucks should already have been input in the travel demand module. If

percent of cars and trucks has not yet been input before arriving at this screen,

QuickZone will prompt the user to input these values first. Trip purpose and trip length

can come from origin-destination surveys, or they can be estimated if such data

collection is not possible. Details on how cost per hour of delay is calculated from these

inputs are provided in the User Costs Literature Review. An abbreviated explanation will

be available by the QuickZone user by <clickin
the input screen. The default values used in the cost calculations may be updated by

selecting the AUpdate Default &liapluteceesnd butt on

The calculation of delay costs, vehicle operating costs, and inventory costs, each rely

on a set of default wvalues. By selecting AUpd
form for viewing and updating the default values is shown. For delay costs, as shown

above, the default values are average vehicle occupancy for business and personal

trips, wage rate information, and wage rate multipliers. Source data for each value or

calculation methodology is provided in a text box beside each set of default values. As

new data become available, this source information can be updated and saved into the
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program for subsequent projects.

The input screen for vehicle operating costs does not actually need any additional input
from the analyst beside the percentage of cars and trucks, which is input in the travel
demand module, and the vehicle operating cost per mile for each vehicle type, which

are default values.

Default values for vehicle-operating costs are cost per mile for trucks, light duty

trucks/ SUV6s, and cars. The calculation of wveh
of light duty trucks vs. cars, calculates a cost per mile for non-truck traffic, and applies it

the percentage of cars in the traffic stream. It then takes the cost per mile for trucks and

applies it to the percentage of trucks. The weighted average by vehicle mix (95% trucks,

5% cars in this example), gives a cost per vehicle-mile for all traffic demand. This is

then applied to any traffic diverting to a detour. The total vehicle operating cost for the

work zone is the cost per vehicle-mile times the volume taking the detour times the

additional distance traveled on the detour compared with the work zone route.

Inventory Costs

Inventory costs apply to freight vehicles. Given t hat a truckés payl oad
a cost to it being delayed reaching its destination. This cost is the value of the payload

amortized based on a discount rate. The inputs are average payload, average payload

value, and discount rate. The default values used in QuickZone, which are based on the

most recently available nationwide average freight statistics, may be changed to reflect
region-specific or project-specific values. The discount rate is typically chosen to be the

prime rate + 1% for this calculation. This value can be found in the Wall Street Journal

or on any of a number of different financial web sites.
Economic Costs

Economic cost is proportional to the reduced traffic flow to affected businesses. Daily
revenue in the area of reduced traffic flow due to the work zone is input here. Different

values can be input for each month. This is to allow for projects where demand is highly
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seasonal, which includes most projects. This data should be collected as part of the
environmental impact assessment. Sources will vary by the nature of the project and the
types of businesses in the project area. For example, important inputs for national parks

will be entrance fee and concessions revenue.

SOFTWARE FOR SHORT-TERM LANE CLOSURE S: RILCA

RILCA is a GIS based interactive lane closure tool that is intended for short-term lane
closures in this project. The complete list of the highways included in RILCA is as
follows: 1-278, 1-78, 1-280, HWY 24, I-76/1-676, NJ 3, Atlantic City Expressway,
Palisades Interstate Parkway, NJ 19, NJ 29, NJ 440, NJ 495, HWY 287, 1-195, 1-95, 1-80
and 1-295.

This chapter describes how to use RILCA in detail.

Getting Started

Opening GIS Software

In order to open the GIS application, open (double-click) the shortcut icon named
Shortcut to NJ-RILCA.mxd on your desktop (See Figure 4).

Figure 4. Shortcut to GIS Application

The shortcut is linked to the application file named NJ-RILCA.mxd located in the folder
C:\NJ-RILCA\Shape Files . This shortcut opens the GIS application as shown in Figure
5. The map is composed of following layers of GIS shape files:

1. NJTPK _Highways.

2. counties.
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These layers are listed on the left column of the GIS window under the Layers menu as

shown in Figure 6.

Main Menu

Lane Closure Schedule
Lane Glosure Info

Incident Analysis

Yolume Info
Toll Plaza Volume Info
Travel Time Info
Zoom
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Figure 5. GIS application window

Adding Missing Shape Files to the Document

If any of the shape files are missing, follow the procedure shown below to add the
corresponding shape files. For instance, if Njnahighways and counties shape files are
missing in the Layers list will appear as shown in Figure 6.

SE=41 ayers
- [ MITPK_Maodes
@

= MITPE_Mainline_F.amps

= counties
|:|

Figure 6. List of Shape files
1. Right-click on the Layers list and select the Add Data (see Figure 7)
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Figure 7. Add data to replace missing shape files

2. Then open the folder C:\NJ-RILCA\Shape Files , where the shape files are

located (see Figure 8). The shape files have the extension *.shp.

Figure 8. List of shape files in the main directory
3. In this folder all the shape files are present and the missing shape files can be

selected and added to the document.

Please note that it is imperative to have the shape files in the same order. If they are
present in a different order, the order can be adjusted by dragging (with the left mouse

button held down) the shape file to the respective place.

Setting Selectable Layers

In order to set selectable layers in the main toolbar choose (see Figure 9).
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