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ABSTRACT

Work zones have significant negative impacts resulting from reduced capacity and speed, and increased accidents
and delay. Thus, it is important to design a traffic control strategy that has minimum potential impact on the traffic
at the work zone and the traffic in its vicinity. In this study, a regional microscopic model is used to evaluate
different control strategies at a work zone on interstate 1-89 in Vermont. The strategies are, i) no lane closure, but no
shoulders, ii) one northbound lane closure, iii) one northbound and one southbound lane closure. The model
predicted no significant traffic jam at any place in the work zone and surrounding area. Evaluation of strategy ii) for
three different speed limits of 45, 35, 25 mph also resulted in a smooth traffic flow, but at reduced speed and
increased density. However, a significant diversion of traffic to alternate routes was predicted. Data gathered during
construction field observation and data fairly agree with the model prediction. The during-construction and before-
construction analysis shows significant diversion of commuters on weekdays. But the traffic flow on a weekend
during-construction is found similar to the flow on weekend before-construction.
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1. INTRODUCTION

Developing an efficient traffic control strategy at work zones and in its vicinity is a challenging
task. The task is made more difficult when a work zone is on a major arterial requiring lane(s)
closure. The potential negative impacts of traffic in work zones includes increased accidents (1;
2), reduced speed and capacity (3; 4; 5), and increased congestion and users cost (6). The
control strategies usually adopted by traffic managers at a work zone include using shoulders,
partial road closing, one directional traffic flow, constructing crossovers, and closing the road in
both directions. Usually the impact of work zone is not limited to the traffic on the road being
repaired, but the work zone also affects the traffic on nearby roads. Thus control strategies at
work zone may necessitate additional control strategies on nearby roads. The selection of any
particular strategy is a tradeoff between construction work difficulty and traffic impact. For
example, using only road shoulders and not closing any lane might have least impact on traffic,
but might increase construction cost by reducing contractor’s staging areas. On the other hand,
closing the entire road could make construction easier, but it can have significant impact on the
traffic in terms of increased travel cost and discomfort/fatigue to travelers.

Ideally, the traffic manager should evaluate all feasible control strategies, taking into account
both construction cost as well as users’ discomfort and travel cost. The difficulty associated with
evaluating control strategies, however, is that each work zone is unique. Work zones differ in
terms of the number of lanes being closed, the length of the work zone, the duration of the work
zone, allowable speed limits in and outside work zone, type of barricades in partial road closures,
deployment of dynamic message signs (DMS) and other sign boards, road geometry at the work
zone (gradient, curve, etc), type of the road, and the availability of the alternative routes.
Although HCM2000 provides expressions for estimating capacity of freeway at work zones, it is
not easy to develop standard analytical models to evaluate the overall performance of work
zones. A microscopic simulation model is capable of modeling both traffic dynamics as well as
travelers’ complex routing logics (7; 8; 9; 10); thus it is an appropriate tool for conducting work
zone analysis. For work zones, the ability of the simulation model to capture drivers’ routing
behavior is critical, because drivers encountering a work zone are likely to seek alternative routes
especially if appropriate information is provided via strategically-located DMS. In this study we
present a case study of a work zone on interstate 1-89 in Vermont modeled using a PARAMICS
based micro-simulation model. Additionally, we analyze the traffic characteristics (traffic counts
and speed) observed during-construction and compare it with the before-construction and model
predicted traffic characteristics.

The main purpose of this paper is to demonstrate the feasibility, and advantages, of using a
regional microscopic traffic simulation model to evaluate various traffic control scenarios
proposed for a work zone. This is accomplished by looking at a real-world case study from the
State of Vermont, where a regional PARAMICS model, previously developed for Chittenden
County in northwestern Vermont (10), was used to evaluate three suggested traffic control
strategies for a major repaving/reconstruction project on Interstate 89. The paper uses real-world
traffic data, collected before the beginning of the construction work and during the construction,
in order to compare the traffic characteristics predicted by the model with actual traffic
characteristics during construction.



The paper is organized into seven sections as follows. In the next section a brief literature
review on work zones and simulation models is presented. Background information about the
case study, and the PARAMICS regional microscopic simulation model used to evaluate the
three different traffic control strategies, are provided in section 3. Section 4 describes how the
PARAMICS model was first validated, and how the different scenarios were then modeled in
PARAMICS. The modeling results for the three scenarios are also presented in this section.
Additional analyses are performed to show the impact of different speed assumptions on the
results in section 5. Finally, traffic data collected before and during construction are presented
and contrasted against the model results in section 6. Section 7 concludes the paper by
summarizing the important findings of the study.

2. LITERATURE REVIEW

As discussed above, each work zone has unique characteristics, thus no standard analytical
models to evaluate overall work zone impact are not available in the literature. However, many
empirical studies and experiences concerning the various aspects of work zones such as capacity,
speed, user cost, and safety have been reported. Capacity, speed, and queue-discharge rate at
work zones on a four-lane freeway in Indiana are studied in (3). The findings in the study
indicate that sustained low vehicles speeds and fluctuating traffic flow rates are the
characteristics of most work zones. The study reported traffic flow reductions of up to about 21%
traffic flow and up to about 56% in speed. Dixon, et al., (5) determine work zone capacities for
rural and urban freeways based on the traffic data from 24 work zones in North Carolina. The
authors conclude that the intensity of work activity and the type of area (rural or urban) strongly
affect work zone capacity. A procedure to determine speed limits that maximizes traffic safety in
work zones is developed in (11)

Safety of workers and drivers in work zones is a primary concern, arguing for strong precautions
to be taken while developing and implementing traffic control strategies. A study by Rouphall, et
al. (2) documents the safety and operational aspects of 46 short term and long-term (construction
lasted longer than 4 days) work zones in the Chicago metropolitan area. It is reported that long-
term closures increased accidents by 88% during the existence of work zones. The analysis of
accidents over a three year period from 1994 to 1996 in New York State is reported in (1).

An important observation from the literature review is that the majority of the past studies
restrict the analysis to the work zone without giving much attention to the traffic and roads in the
vicinity of the work zone. This is mainly because studying the impacts on the surrounding area
would require modeling drivers’ complex routing decisions including diversion to alternative
routes. A static model such as user equilibrium traffic assignment cannot model work zones
traffic dynamics realistically. Analytical approaches of modeling traffic dynamics suffer from
many challenges such as simpler behavioral assumptions, complexity of analytical formulations,
and other issues (12; 13). The difficulties with the analytical models have led researchers to
develop simulation models to model traffic dynamics and drivers’ behavior. Simulation models
have become popular because of their ability to model various traffic flow conditions
realistically therefore resulting in more accurate results (14; 13). For example, a large-scale
micro-simulation model for the Salt Lake Area is developed by Rakha, et al., (15) and a micro-
simulation is used to model freeway work zone traffic control in Mousa, et al., (9). The study
integrates simulation and optimization submodels to determine optimum merging strategy.



Zhang, et al., (7) present systematic validation of a microscopic simulation model which involves
animation comparison and quantitative/statistical analysis at macroscopic and microscopic
levels. Numerous other studies are found in the literature where microscopic simulation tools
have been used to model traffic dynamics and drivers’ behavior from relatively small highway
facilities such as traffic signals to large-scale regions involving traffic and highways in multiple
cities and towns.

3. BACKGROUND
3.1 The case study

The Vermont Agency of Transportation (VTrans) undertook a major repaving/ reconstruction
project over a significant segment of the northbound direction of Interstate 89 (1-89) in the
summer of 2008. 1-89, a two-lane freeway in Chittenden County, connects the Burlington
metropolitan area—the biggest urban cluster in Vermont, to the surrounding towns and counties.
The annual average daily traffic between Exit 11 and Exit 12 on [-89 in 2004 was 28,600
vehicles, which is one of the highest in Vermont (8). The Agency of Transportation expected to
either partially or fully close the northbound roadway for two to four weeks under various
proposed traffic control strategies to complete the reconstruction. Given the critical role that 1-89
plays in accommodating travel throughout Chittenden County and the State of Vermont as a
whole, VTrans was interested in understanding the impact that the project, along with its
potential traffic control strategies, would have on travel characteristics. Obviously, the impact of
a project of such magnitude on travel conditions is not likely to be limited to 1-89 only, but is
expected to affect the surrounding transportation network as drivers seek alternative routes. An
analysis tool capable of evaluating the impact both on 1-89 and the surrounding network and
capable of capturing changes in travelers’ routing behavior in response to the construction work,
was required. This was especially true, given that VVTrans, as a part of the repaving project,
intended to provide travelers’ with real-time information on the expected delay through the work
zone, using a series of strategically-located DMS

VTrans asked the researcher to evaluate three traffic control strategies using microscopic traffic
simulation to examine the effects on the morning and evening peak periods. There was
considerable concern within VVTrans about the impacts of lane closures on 1-89 and surrounding
roads. The three strategies were as follows:

e Strategy 1 (ST- 1): Under this strategy, two lanes would remain open in each direction (i.e.
no lane closure was proposed) by opening the shoulder for traffic. The lanes, however,
would be quite narrow, and traffic would move at a lower speed of 55 mph in the northbound
direction of 1-89. Traffic in the southbound direction would remain unaffected.

e Strategy 2 (ST-2): This strategy includes closing one northbound lane, thus leaving one lane
open for traffic. The southbound traffic is unaffected thus two lanes carry the traffic. Since
the work zone does not affect the southbound traffic the speed limit is not changed. However,
the speed limit of northbound traffic is changed to 55 mph.

e Strategy 3 (ST-3): In this strategy, it is proposed to keep one lane open for traffic in each
direction. This is achieved by closing both northbound lanes and using one southbound lane
for the northbound traffic. Crossovers are proposed to be constructed to maneuver the traffic.



If the period of control strategies were the same for all strategies, ST-1 can be expected to result
in a minimum impact on the traffic since no lane is closed in either direction. On the other had
ST-3 will have the maximum impact on the traffic, because in this strategy only one lane is
available for each of the northbound and southbound traffic. From the contractor’s point of view,
ST-3 would be the most convenient since traffic would not be interfering with the work zone,
and ST-1 would be the most challenging. The estimated construction cost of each strategy was:

ST-1: $9,948,758.00
ST-2: $7,878,758.00
ST-3: $8,293,758.00

The cost of ST-1 is the highest, mainly because the construction period in this strategy was
expected to be 30 days, whereas for the other two strategies, it would be only 15 days.

3.2 The Regional Microscopic Simulation Model

Many traffic simulation tools such as VISSIM (17) PARAMICS (18), DYNASMART (19) , and
MITSIM (20) have been developed in recent years to model traffic dynamics and drivers’
behavior. In this study, a regional microscopic traffic simulation model previously developed by
one of the authors is used to evaluate the likely impacts of the suggested work zone traffic
control strategies and to make recommendations to VTrans aimed at minimizing the impact of
the construction work on the transportation network performance.

The simulation model used in this study was developed for Chittenden County, an area of about
540 sq miles, and population of 146,000, using PARAMICS 6.2. The PARAMICS suite consists
of three basic tools: i) Modeller, the core network building tool, designed to operate at the
microscopic level and integrates with the core PARAMICS tools, ii) Processor, a batch
simulation management tool that reduces simulation run time, and iii) Analyser, a post
simulation data analysis package.

The road network modeled includes all important roads including interstate, state highway, and
other major routes. The trip matrices were obtained from the Chittenden County Metropolitan
Planning Organization (CCMPO). The matrices were developed and calibrated for year 2000.
The CCMPO model has a total of 367 traffic analysis zones (TAZs) including 17 external zones.
The same zoning, used in the CCMPO model, is used in the micro-simulation model. More
details of the model development and calibration are presented in (10). Originally the model was
developed only for the evening peak period. Therefore, in order to develop the demand profile
during the morning peak, the authors used a diurnal trip distribution derived from a 24-hour trip
diary survey conducted by the CCMPO in 1998. For the morning peak, the period modeled
extended from 6:30 AM to 8:45 AM.



4. TRAFFIC CONTROL STRATEGY EVALUATION
4.1 Model Validation

As discussed above the original PARAMICS model uses year 2000 trip matrices and was
developed only for the evening peak. For the purpose of this study, new trip tables are developed
assuming 1% annual growth rate in trips since 2000. Thus there is a need to validate the updated
model with the existing traffic condition to assess the model’s accuracy. The scope of the
validation effort was limited to the area near the proposed road improvement, thus the model is
validated with the morning and evening traffic counts on the segment of 1-89 to be repaved and
major arterials in its vicinity (US-2 and VT-2A). The traffic counter locations used in the study
are shown in Figure 1.

| B ||:||:|u|:|r:|-||||-|:||:|u|:||:|| i} |

|4

| I |.:||:||:||:||:|-||||-|:||:n:u:||:.| +|

Figure 1 Observed traffic count locations

Table 1 compares the simulated traffic counts to the field counts at seven locations in the vicinity
of the proposed project for both the morning peak period (6:30 AM to 8:45 AM), and the
evening peak period (3:30 PM to 5:45 PM). The initial 30 minutes are assumed to be the warm-
up period, thus the simulated link counts during that period are not compared with the observed
counts.



Table 1 Comparison of Estimated Flows with Field Counts

Simulation Field %

Time NB | SB | Total observed | difference
1-89 between exit 11 and 12

7:00 AM| 8:00 AM 1344 360 1704 2323 -26.6%
8:.00 AM| 9:00 AM 1593 527 2120 2150 -1.4%
4:00 PM| 5:00 PM 924 1074 1998 2642 -24.4%
5:00PM| 6:00PM 913 1095 2008 2760 -27.2%

P6D129 (Williston VT2A just N of Marshall Awe)
7:00AM| 8:00 AM 388 805 1193 1223 -2.5%
8:.00 AM| 9:00 AM 459 708 1167 1309 -10.9%
4:00 PM| 5:00 PM 570 1035 1605 1792 -10.4%
5:00 PM| 6:00 PM 592 1025 1617 1654 -2.2%

P6D061 (Williston US2 0.2 mi Eof industrial aw)
7.00AM| 8:00AM 475 379 854 663 28.9%
8:00 AM| 9:00 AM 500 489 989 766 29.2%
4:.00 PM| 5:00 PM 617 613 1230 1163 5.8%
5:00 PM| 6:00 PM 624 673 1297 1033 25.6%

P6D099 (S Burlington 1-189 0.4 mi Eof US7)
7.00AM| 8:00AM 923 1395 2318 3198 -27.5%
8:.00 AM| 9:00 AM 1145 1711 2856 3201 -10.8%
4:00PM| 5:00 PM 2472 1611 4083 3833 6.5%
5:00PM| 6:00PM 2528 1560 4088 4032 1.4%
P6D091 (S Burlington 1-89 0.7 mi N of US2 (Ext14))
7:00 AM| 8:00 AM 1995 1388 3383 3014 12.2%
8:.00 AM| 9:00 AM 2412 1600 4012 4238 -5.3%
4:00PM| 5:00 PM 2188 2550 4738 5507 -14.0%
5:00PM| 6:00PM 1996 2905 4901 5312 -1.7%
S6D111 (Williston US2 0.8 mi Eof VT2A)
7:.00AM| 8:00AM 548 87 635 825 -23.0%
8:00 AM| 9:00 AM 664 103 767 782 -2.0%
4:00 PM| 5:00 PM 183 1050 1233 1002 23.1%
5:00 PM| 6:00 PM 189 1128 1317 1080 22.0%
S6D112 (Richmond: US2 W of Village Cemetery Ent)

7:.00AM| 8:00AM 673 96 769 764 0.6%
8:00 AM| 9:00 AM 841 144 985 782 26.0%
4:.00 PM| 5:00 PM 271 530 801 826 -3.0%
5:00 PM| 6:00 PM 279 557 836 1038 -19.4%

The observed traffic counts are not available for 15 min intervals, thus simulation traffic counts
for 8:45 AM to 9:00 AM and 5:45 PM to 6:00 PM are estimated by extrapolating the simulated



traffic volume during the previous 45 minutes. In other words, the simulated traffic from 8:00
AM to 8:45 AM is assumed to be 75% of the traffic volume between 8:00AM to 9:00AM.
Traffic between 5:00 PM to 6:00 PM is estimated similarly. With the exception of traffic counts
on 1-89, the observed traffic counts are not directional, thus the total volume is compared.

The percentage difference with the observed volume is given in the last column, where it can be
seen that the absolute percent difference ranges from 1% at some locations to 29% at others. For
1-89, the two observed traffic counts indicate that the micro-simulation model underestimated the
traffic on 1-89 except for the traffic between 7:00 to 8:00 AM at P6D091. Route US-2 is an
alternative route that runs parallel to 1-89 along the construction zone. At one location on US-2,
the model overestimates the traffic during both morning and evening peak periods. The trend at
other two locations varies from the morning to the evening peak. Given the stochastic nature of
traffic, the authors felt that the micro-simulation model accuracy was adequate for the purposes
of this project.

4.2 Evaluation of the three Traffic Control Strategies

The general trend of the traffic at the work zone is that the morning peak is more critical to
northbound lanes since the residents of nearby towns (Williston, Jericho, Richmond, etc.) use the
interstate for their morning commute north to Burlington. As a consequence, northbound lanes
carry higher volumes during the morning peak, which means that closing the northbound lane(s)
will affect the morning peak traffic the most, and closing the southbound lane(s) closure will
affect the evening peak traffic the most.

The above three strategies are coded in the PARAMICS models individually and the model run
for both morning and evening peak periods. In coding the different strategies, the following two
assumptions are made: 1) the speed limit in work zone will be reduced from 65 MPH to 55 MPH
2) vehicles will be prohibited from passing in the work zone. An additional run of the base model
without traffic control strategies was also conducted. The visual inspection during the simulation
runs shows no indication of any serious traffic jam at any location in the vicinity of the project
for any of the proposed control strategies. However, the model did indicate speed reduction and
density increase in the work zone. Traffic diversion from 1-89 to the alternative route US-2 was
observed at Exit 11.

The outputs from the simulation runs of Modeller are processed with Analyser and reports are
created to get information on traffic parameters (link counts, speed, delay etc). Two locations
are selected at the work zone on 1-89 and one on US-2 to compare the link count and speed under
different control strategies.

The link counts and speed of the northbound traffic during morning and evening peak on 1-89 at
the construction site are presented in Table 2, while Table 3 shows the similar results for the
northbound traffic on US-2. The results indicate that under all strategies the work zone will
divert the traffic from 1-89 to alternative routes, most likely US-2. The amount of diversion
varies with the strategy. ST-1 is estimated to cause a minimal diversion (average 4.3%) followed
by ST-2 and ST-3. The speed values in all three strategies indicated that lane closure has no
severe impact on the traffic flow.
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Table 2 Link Flow and Speed on 1-89 (NB) for Three Control Strategies

Start End Link Count Link Speed (mph)

Interval | Interval |Base ST-1 ST-2 ST-3 Base |[ST-1 |ST-2 |ST-3
7:15 7:30 285 275 -3.5% 267 -6.3% 249| -12.6%| 68.79] 57.79| 60.66| 60.78
7:30 7:45 391 342| -12.5% 341 -12.8% 331| -15.3%| 68.89] 56.29| 59.91| 59.20
7:45 8:00 358 358 0.0% 340 -5.0% 356| -0.6%| 69.45| 56.57| 59.33| 59.55
8:00 815/ 409 393| -3.9% 397 -2.9% 388| -5.1%| 68.63| 56.12| 59.48| 59.28
8:15 8:30 393 408 3.8% 392 -0.3% 387| -1.5%| 68.41| 55.99| 58.62| 59.17
8:30 845 490 450| -8.2% 456] -6.9% 445] -9.2%]| 68.91| 55.90| 59.72| 60.03

(7:15to 8:45) 2326| 2226 -4.3%| 2193 -5.7% 2156| -7.3%
(vehicles/hour) 387.7| 371 -4.3%| 3655 -5.7%| 359.333| -7.3%

Since US-2 is an alternative route to 1-89 in the area of the project, reduction in the traffic on I-
89 is expected to increase the traffic on US-2. This effect is clearly visible from the results of
ST-2 and ST-3 in Table 3. ST-1 shows a small reduction in traffic, but this might be due to the
randomness associated with PARAMICS model. The increase in traffic under strategies ST-2 is
about 7% and ST-3 is about 12%; this increase can be attributed to the diverted traffic from 1-89.

Table 3 Link Flow and Speed on US-2 (NB) for Three Control Strategies

Start End Link Count Link Speed (mph)

Interval| Interval |Base ST-1 ST-2 ST-3 Base [ST-1 |ST-2 |ST-3

7:15 7:30 45 51| 13.3%| 51| 13.3%| 73| 62.2%)| 42.74| 42.25| 43.09| 43.03

7:30 745 46 52| 13.0%] 60| 30.4%]| 64| 39.1%| 41.64 41.72| 41.57| 41.67

7:45 8:00 68 69 1.5%| 92| 35.3%| 72| 5.9%| 41.91| 42.57| 41.96] 42.40

8:00 8:15 76 78] 2.6%| 69| -9.2%| 83| 9.2%]| 42.66] 41.79| 42.08] 41.79

8:15 8:30] 136| 100{-26.5%| 112(-17.6%| 100(-26.5%| 41.53| 42.64| 42.87| 42.62

8:30 8:45 48 63] 31.3%| 64| 33.3%| 76| 58.3%| 41.38] 42.40| 41.67] 41.34

Total link counts 419| 413[ -1.4%| 448| 6.9%| 468| 11.7%
Average link 69.83| 68.83] -1.4%|74.67[ 6.9%]| 78| 11.7%

ST-2 has the minimum estimated cost and the traffic impact is not expected to be significantly
higher than ST-1 (ST-2 is better than ST-2 if there are equal number of days of closure), VTrans
decided to implement ST-2. Thus, further analyses are conducted for ST-2.

5. SPEED SCENARIOS FOR STRATEGY ST-2

The results in the previous section conclude ST-2 is not expected to severely impact traffic in the
project impact area if the free flow speed is 55 mph. However, the past experience on traffic
condition in work zones in Vermont indicates that the free flow speed of 55 mph is very
optimistic. Additionally, the location of the project is on a hill with 5% upward slope for the
northbound traffic. A further complication is that the work zone is on a long curve. Three
additional speed scenarios were developed for ST-2. The outputs of the ST-2 simulation model
are analyzed for the speed of 45, 35 and 25 mph. The results (link flow and speed) at the location
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shown in at two locations (one in the work zone and other on alternative route US-2) are
presented in Table 4 and Table 5.

The results in Table 4 show that the reduced speed in work zone discourage drivers from using I-
89. The average percentage of diversion during peak hours with the free flow speed of 25 mph is
about 34%. The speed values indicate that the traffic would move without any significant queue
formation. The large percentage of diversion from 1-89 has resulted in a significant increase in
the volume on US-2 (Table 5). When the speed in work zone is 45 mph the increase in peak
hour traffic is about 26% and when the speed is reduced to 25 mph, the increase in traffic is
about 76%. Nevertheless, it appears that even with these more conservative estimates for traffic
speed in the work zone, the network performance would still be acceptable, although a
significant percentage of drivers would have to divert to US-2 to maintain acceptable flow
conditions.

Table 4 Link Flow and Speed on 1-89 (NB) for Speed Scenarios (Morning Peak)

Start End Link Flow (vehicles/hour) Link Speed (mph)

Interval | Interval |Base | SP-I (45 mph) | SP-11 (35 mph) [sP-111 (25 mph)|Base [sp-1 [sp-u [sp-m
7:15 7:30| 1176| 972 -17.3%| 884 -24.8%| 648 -44.9%| 7083 4972 3900 27.76
7:30 7:45| 1344| 1264 -6.0%| 976 -27.4%| 804 -40.2%| 69.46 4897 3818  27.40
7:45 8:00| 1496| 1188 -20.6%| 1268 -1529%| 968 -35.3%| 68.35 4871 37.64 27.43
8:00 8:15| 1672| 1568 -6.2%| 1260 -24.6%| 1040 -37.8%| 6851 4880 3802  26.97
8:15 8:30| 1504| 1168 -22.3%| 1124 -253%| 1144 -23.9%| 68.97 5007 3836  27.00
8:30 8:45| 1712| 1680 -1.9%| 1364 -20.3%| 1300 -24.1%| 67.92 48.08 37.52 26.74

Total link counts
(7:15to 8:45) 2226 1960 -11.9%| 1719 -22.8%]| 1476 -33.7%

Average link flow
(vehicles/hour) 1484( 1306.7 -11.9%| 1146 -22.8%| 984 -33.7%

Note: The flow is per hour and not per 15 minutes

Table 5 Link Flow and Speed on US-2 (NB) for Speed Scenarios (Morning Peak)

Start End Link Flow (vehicles/hour) Link Speed (mph)
Interval |Interval|Base caj SP-1 (45 mph) | SP-11 (35 mph) [SP-111 (25 mph)|Base  [sP-1  [sP-1 [spP-m

7:15 7:30 204 272 33.3% 400 96.1%| 472 131.4%| 4326 4151 43.08 4324
7:30 7:45 216 296 37.0% 384 77.8%| 592 174.1%| 42.62 42.82 4257 43.22
7:45 8:00 284 376 32.4% 304  7.0%| 476 67.6%| 4292 42.06 4251 42.72
8:00 8:15 328 448 36.6% 604 84.1%| 700 113.4%| 42.26 4226 4268 41.99
8:15 8:30 516 620 20.2% 656 27.1%| 540 4.7%| 4138 4284 4215 42.38
8:30 8:45 396 436 10.1% 652 64.6%| 644 62.6%| 43.09 41.87 4183 41.84

Total link counts
(7:15 to 8:45 AM) 486 612 25.9% 750 54.3% 856 76.1%

Average link flow
(vehicles/hour) | 324.00[ 408.00 25.9%| 500.00 54.3%|570.67 76.1%

Note: The flow is per hour and not per 15 minutes
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6. FIELD OBSERVED TRAFFIC DATA DURING CONSTRUCTION

The reconstruction work started on May 15, 2008 and the northbound lane was closed from
Thursday May 15, 2008 to Sunday May 25, 2008. In order to analyze and compare the traffic
characteristics during the construction period, VTrans collected traffic volume and speed at the
work site both before and after construction. Before construction hourly traffic volumes were
collected on northbound lanes starting from 1:00 PM on Tuesday May 06, 2008 to Monday, May
12, 2008. The during construction traffic data collection started on 11:00 AM on Thursday May
15, 2008 and ended 10 AM on Tuesday May 20, 2008.
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Figure 2 Comparison of before and after traffic volumes on weekdays

Figure 2 compares traffic volumes on 1-89 at the work zone before and after the beginning of
construction. As can be seen, traffic volume on 1-89 at the work zone has two distinct peak
periods and the volume during morning peak is higher than in the evening peak. The plot shows
that during construction traffic volume is significantly less than the before construction traffic
volume, especially during peak hours. The average reduction in volume during 7:00 to 9:00 AM
is about 35%. The percentage of diversion estimated by the micro-simulation models was about
34% for the speed of 25 mph. Therefore at the reduced speed assumption the model predicted
traffic diversion volume accurately. Unlike the weekday the hourly traffic on a weekend shows a
single peak spread over several hours of a day (Figure 3). Additionally, there is no significant
diversion of traffic from 1-89 to other routes.
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Figure 3 Comparison of before and during traffic volumes on weekends

It should be noted that, on the second day of the lane closure (Friday May 16, 2008) between
7:00 to 9:00 AM there was about 50% traffic diversion. However, the diversion decreased during
the later part of the day (Figure 4). The reduction in traffic volume decreased significantly after
4:00 AM, this we believe is mainly due to the drivers returning to Burlington for a weekend.
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Figure 4 Traffic comparison on the second day of lane closure

The before construction speed data is collected for both passing and through northbound lanes.
During construction the passing lane was closed. For the purpose of comparison, we combine
both passing lane and through lane speed data. The speed is not available in absolute values but
in ranges, as shown on the horizontal axis of Figure 5 and Figure 6. The plots show that there
are not significant differences in the vehicles speed on weekdays and weekends. In the absence
of the work zone, on a weekday about 83% of vehicles moved at a speed between 61 to 75 mph.
During the construction activities about 72% of the vehicles moved at a speed between 41 to 45
mph. The speed during construction is much higher than the speed anticipated by VTrans
officials.
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Figure 6 Comparison of before and during speed on weekday

7. CONCLUSIONS

In this study a regional PARAMICS based microscopic simulation model is used to model and
evaluate different traffic control strategies at a work zone on interstate 1-89 in Vermont. 1-89 has
two lanes each in northbound and southbound directions; the work zone is in the northbound
direction. The simulation model is validated with the traffic counts collected at 7 locations on I-
89 and arterials in nearby area. The three control strategies evaluated for morning and evening
peak periods are, i) no lane closures in either direction, but not shoulders for northbound traffic,
i) one northbound lane closure, and iii) one northbound and one southbound lane closure. The
model predicts 4.3, 5.7, and 7.3 percent traffic diversion from northbound lanes during morning
peak in the first, second, and third strategies respectively assuming the speed limit in northbound
is 55 mph. The model predicts smooth flow for the second strategy for speed values of 45, 35
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and 25 mph. A higher diversion of up to about 34% was observed in the second strategy for a
lower speed of 25 mph. The reduction in the traffic at work zone resulted in the increased traffic
on US-2, an alternative route to 1-89 for the traffic in surrounding area. No reduction in the speed
because of congestion is predicted on any route. During construction, data show about 50%
traffic diverted from 1-89 to other routes during morning peak hours.

The results presented in the study and our own experience from this exercise demonstrate the
regional microscopic simulation models such as the one used in this study are capable modeling
the complex traffic conditions and drivers behavior at a work zone and its vicinity. The models
help in understanding the capacity, speed, flow, etc under various control strategies. Thus, it is an
appropriate tool for agencies interested in evaluating traffic impacts of work zones, especially the
ones which require lane(s) closure for a longer period.
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