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SUMMARY

This report examines a model designed to cdlculate the additional road

user costs as a result of lane closures at highway work zones. The model,

QUEWZ, is designed for evaluation of freeway work zones, but can be used for

other highway types. The program presupposes a safe and adequate traffic con-

trol plan.

The major characteristics of the model include:

1.

5.

Two categories of lane closure strategies are assumed. The first type
is closure of one or more lanes in a single direction of travel. The
second type is a crossover, where one side of the roadway is closed
and two-lane, two-way traffic is maintained on the other side of the
roadway.

Hourly traffic volumes are used rather than ADT, This allows for a
much more accurate estimate of average speeds, and the estimated queue
when demand exceeds capacity.

A typical hourly speed-volume relationship is assumed in the model,
but can be changed by the user as part of the input data.

Vehicle capacity through the work zone is not a constant parameter but
based upon a distribution of work zone capacities in Texas. The model
user can select the probability that his work zone capacity estimate
will cover a certain percentage of workzone capacities observed in

Texas. For those cases which are not supported by Texas data, or if

" Texas data are not appropriate, the user can override the program-

generated work zone capacity in the input.
A relatively small amount of data is required to run QUEWZ. These

data elements include, the lane closure strategy, total number of

1i



lanes and the number of open lanes through the work zone, the length
of closure, the hours of closure and work zone activity, and hourly
traffic volumes.

6. The 6utput from QUENZ.inc]udes vehicle capacity and average speed
through the work zone, hourly road user costs, daily user costs, and
if a queue develops, the average length of queue each hour.

The user cost calculations in QUEWZ fall into three general categories.
Delay costs result from slowing down and going through the work zone at a
reduced speed, and if a queue develops, the delay of vehicles in the queue.
Change in vehicle running costs come from a lower average running speed through
the work zone and queue, if one develops. Speed-change cycling costs come from
slowing down to go through the work zone and stop-and-go conditions if there is
a queue. Dollar values of operating costs come from the AASHTO Redbook (1),
and the values of time from the HEEM program (2). Both are updated to December
1981 values.

Several of the user costs calculations utilize information obtained from
recent TTI findings regarding work zone capacities, average speeds through work
zones, characteristics of queues which have formed upstream of the closure, and
the effect of work activity in the work zone on vehicle reaction while going
through the work zone.

The report also presents twenty sample lane closure problems. The esti-
mates of user costs and queue length from QUEWZ are presented, along with some
suggestions for using the output in decisions regarding lane closures through

work zones.
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INTRODUCTION

An important aspect of a highway work zone is the lane closure strategy
and the movement of traffic through the work zone. As part of the evaluation
to determine the effects of different Tane closure strategies (e.g., one-,
two-, or three-lane closures on a four-lane section), the additional costs to
vehicle users should be considered. It is therefore necessary to have a model
which will improve the accuracy of user costs estimates resulting from the
forced movement through a restricted work zone area.

There are several models which attempt to measure those costs (3,4,5), but
each one has several limitations which prevent it from accurately calculating
user costs, or are so complicated that it cannot be used very quickly or easily.
Those limitations include, use of average daily traffic (ADT) volume instead of
hourly traffic volumes, large amounts of required input data, no adjustment for
stop-and-go conditions in a queue, and no adjustment for the effective length
of reduced speed through the work zone for low traffic volumes.

This report presents a model, QUEWZ, to estimate the additional user costs
resulting from lane closures in one or both directions of travel. User costs
can be estimated when one or more lanes are closed in just one direction of
travel, or when a crossover is used. Hourly, as well as daily user costs are
estimated, and when vehicle demand exceeds capacity, the model also estimates
the length of queue. The model is designed specifically for freeway condi-
tions, but it can be used in other situations if appropriate adjustments are
made in the input data. Two vehicle types are used in the model, passenger

cars and trucks.



CHARACTERISTICS OF MODEL

User costs resulting from restricted capacity through a work zone can be
placed in four general ;ategories, delay or travel time costs, vehicle running
costs, speed change cycling costs, and accident costs. Delay costs result from
reduced speeds through the work zone, delay in slowing down from and returning
to the approach speed, and delay in a queue if demand exceeds capacity. Changes
in vehicle running costs result from reduced speeds through the work zone and
queue, if any. Speed change cycling costs are generated from slowing down to
go through the work zone and stop-and-go conditions if a queue is present.
Changes in accident costs are not calculated in this model due to the lack of
data on changes in accident rates through a typical work zone.

Two general configurations of lane closures through a work zone are incor-
porated into QUEWZ. These configurations are illustrated in Figure 1. The
first configuration involves situations where one or more lanes are closed in
one direction, while traffic moving in the oppositeﬂdirection is not affected.
The second configuration involves a crossover, where all lanes in one direction
of travel are closed and two-lane, two-way traffic is maintained on the other
directional lanes. A maximum of six lanes in each direction can be handled in
the model.

Most other models use ADT as the input data for vehicle volume (3,4).
However, the daily peaking pattern can have a significant impact on average
speeds and queues during the day. Therefore hourly traffic volumes are used in
this model, and the user costs are calculated for each of those hourly traffic
volumes. The hourly user costs are then summed, giving the daily user costs.
The input and output data for the model are listed in Table 1. Details are

presented in the section entitled "Use of the Model."
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LANE CLOSURE STRATEGY 1

ONE OR MORE LANES CLOSED IN ONE DIRECTION OF TRAFFIC

LANE CLOSURE STRATEGY 2

FIGURE 1

CROSSOVER ONE OR MORE LANES CLOSED N EACH DIRECTION OF TRAVEL

TRAFFIC CLOSURE CONFIGURATION THROUGH
A WORK ZONE



Table 1. Input and Output Data for QUEWZ

Input Data

Required
Lane Closure Strategy (See Figure 1)

Total Number of Lanes
Number of Open Lanes Through Work Zone
Length of Closure
Time of Lane Closure and Work Zone Activity
Actual Traffic Volumes by Hour
Optional
Factor to Update Cost Calculations
Percentage Trucks
Speeds and Volumes for Speed-Volume Curve
Capacity Estimate Risk Reduction Factor or Work Zone Capacity

Problem Description

Qutput Data
Vehicle Capacity

Average Speed Through Work Zone by Hour
Hourly User Costs
Daily User Costs

If’é Queue Develops, Average Lehgth of Queue each Hour




Many of the items listed on Table 1 aée apparent. A few need some addi-
tional explanation.

Currently QUEWZ handles two 1§ne closure strategies as shown in Figure 1.
The user is réquired to identify the time when lanes will be closed and reopen-
ed. For long term road work that lasts for more than one day, the time of day
when the work crews are at the site must also be specified. For short term
projects the hours of restricted capacity would coincide with the work zone
activity, so the hours of work zone activity could be left blank.

The factor to update cost calculations is used to update the dollar user
costs to current prices. The method for determining the factor is presented in
the section entitled "Use of the Model."

The QUEWZ program also allows the user to include a problem description.
Such information as highway number, location of work zone, etc. can be
included.

The program has constant values built into the model for all optional
inputs. If the user does not specify values for the optional inputs, the pro-
gram automatically uses its preset values. These program constant values, or

default values, are presented in later sections of the report. Details of the

user cost calculations are contained in Appendix A.

CHARACTERISTICS OF STRATEGY 1, SINGLE DIRECTION CLOSURE

The QUEWZ program assumes a typicai speed-volume relationship. The user
of ;he program has the option of defining a different speed-volume relationship -
by inputting the free flow speed, speed and lane volume at the dividiﬁg point
between level of service D and E, speed at capacity, and lane volume at
capacity.

The user has an option of including a capacity estimate risk reduction



factor. Since the QUEWZ program uses a probability distribution fof each type
of lane closure configuration, the user can select a level of confidence that
his work zone capacity estimate will cover a certain percentage of those capa-
cities observed to date in Texas. For example, if the user selects a risk
reduction factor of 100, the estimated work zone capacity will be low but the
user can be assured at a 100% level of confidence that the actual work zone
capacity will be equal to or larger than the estimated capacity (based on capa-
cities observed thus far for single direction closures in Texas). A lower risk
reduction factor will yield a higher estimated work zone capacity with an asso-
ciated risk that the actual work zone capacity will be less than the estimated
capacity (6). The program uses a preset risk factor of 60 which will give
approximately the mean capacity for each closure configuration. If a lTower
risk reduction factor is used in the input data, the result will be a higher
estimated capacity through the work zone than the mean capacity observed to
date for work zones in Texas. A value more than 60 would have exactly the
opposite effect on the estimated capacity. Additional information on the
selection of the appropriate value is contained in Appendix A.

It should be noted that the capacity estimate risk factor is used to cali-
brate the program to actual conditions at a particular work zone. The level of
work activity, its proximity to traffic, whether the work is short or long
term, and other factors not well defined as of this writing, affect work zone
capacity. In addition, the program does not account for traffic diversion.

The amount of traffic diverting to alternate routes can vary from site to site.
In order to properly calibrate the model, the user should check the prog}am
solutions against actual fieldvconditions (e.g., by comparing queue length,

speed, etc.), and adjust the risk factor accordingly.



For some lane closure configurations, capacity data are unavailable for
Texas work zones, and default values are automatically assigned by the compdter
program based on NCHRP Report 1-10A (3). If these values are not appropriate,
or if the Texas data do not properly describe the actual work zone capacity,
then the user can specify the per lane capacity in the work zone. The speci-

fied capacity value will override the work zone capacity generated by QUEWZ.

CHARACTERISTICS OF STRATEGY 2, CROSSOVER

Due to the Tack of capacity and speed data for crossover configurations,
the same approach and parameters previously described for strategy 1, are used
for the crossover strategy. In effect each direction of travel through the
work zone is treated independently. The same speed-volume relationship is
assumed for each direction of travel.

The capacity in each direction is estimated based upon the previously
described Texa§ capacity data for closures affecting a single direction of
travel. For example, a crossover for a 4-lane freeway would consist of two-
lane, two-way traffic through the work zone. The capacity for each direction
of travel would be estimated using the lane reduction in that direction. In
this case each direction is being reduced to one lane in a single direction,
which would be treated as a single direction closure for both directions of
travel. This is the same way crossovers are handled in the FPS Model (3) and

the EAROMAR Model (5).



USE OF THE MODEL

The input data for each probhlem in the model consists of one card to

describe the parameters, and an-additional two or four cards for the hourly

traffic volumes.

Card 1

Card columns

1 -

*g .
*11 -
*14 -
*17 -
*20 -

*24 -

28
29
30 -
34

35

36 -

2

10
13
16
19
23

27

33

37

problem number (1 to 99)

lane closure strategy; 1 indicates single direction
closure, 2 indicates crossover

factor to update cost calculations (default = 1.00)
percentage trucks (default = 8)

free flow speed in miles per hour (default = 60)

LOS D/E breakpoint speed in miles per hour (default = 40)
capacity speed in miles per hour (default = 30)

LOS D/E breakpoint volume per lane in vehicles per hour
(default = 1600)

capacity volume per lane in vehicles per hour (defﬁu]t =
2000)

total number of lanes inbound direction (1-6)

total number of lanes outbound direction (1-6)

length of restricted capacity in miles

number of open lanes, inbound direction, through work
zone. Must be eqdai to or less than card column 28
number of open lanes, outhbound direction, through work
zone. Must be equal to or less than card column 29
beginning hour of restricted capacity.in military time

(0 to 23)



38 - 39

*40 - 41

*42 - 43

*44 - 47

*48 - 80

ending hour of restricted.capacity in military time (1 to
24), (must be greater than beginning hour of restricted
capacity)

beginning hour of work zone activity in military time (0
to 23), (default = beginning hour of restricted capacity)
ending hour of work zone activity in military time (1 to
24), (default = ending hour of restricted capacity)
capacityeestimate risk reduction factor, probability that
estimated capacity will be less than or egqual to actual
capacity (default = 60). If a user-supplied capacity is
desired, the work zone capacity’per lane should be speci-
fied in this field. If this value if greater than 100,
the program assumes that capacity is being specified.
This value should not exceed 90% of the per lane normal
capacity; otherwise an error message will be displayed and
the problem skipped.

problem description

* 1nd1cétes optional data with default values, may be left blank.

Cards 2-3 if lane closure strategy 1, single direction closure

Cards 2-5 if lane closure strategy 2, crossover

Card columns
1 -2
3
4

problem number (must be the same as card 1)

direction (I-inbound or O-outbound)

period (1l-for firét 12 hours of day, 2-second 12 hours of
day)

total traffic volume, all lanes, in specified direction,

in first hour of period (U000 to 0100 hours or 1200 to



10

15

20

25

30

35

40

45

50

55

60

14

19

24

29

34

39

44

49

54

59

64

1300 hours)

second hour total traffic volume (0100 to 0200 hours or
1300 to 1400 hours)

third hour total traffic volume (0200 to 0300 hours or
1400 to 1500 hours)

fourth hour total traffic volume (0300 to 0400 hours or
1500 to 1600 hours)

fifth hour total traffic volume (0400 to 0500 hours or
1600 to 1700 hours)

sixth hour total traffic volume (0500 to 0600 hours or
1700 to 1800 hours)

seventh hour total traffic volume (0600 to 0700 hours or
1800 to 1900 hours)

eighth hour total traffic volume (0700 to 0800 hours or
1900 to 2000 hours)

ninth hour total traffic volume (0800 to 0900 hours or
2000 to 2100 hours)

tenth hour total traffic volume (0900 to 1000 hours or
2100 to 2200 hours)

eleventh hour total traffic volume (1000 to 1100 hours or
2200 to 2300 hours)

twelfth hour total traffic volume (1100 to 1200 hours or
2300 to 2400 hours)

QUEWZ can be used to look at a number of different Qork zones at‘the same

time, as well as different closure strategies at a single work zone. Each

alternative at each work zone must be given a different problem number. The

problem number can range from 1 to 99. Care must be taken that the first card

10



for each problem specify the model correctly, and the data are in the correct
card columns. Only a few of the data elements on the first card must be speci-
fied, most can be left blank. If the card columns are left blahk, then the
model will use the previously described default values for those data elements.
To update the cost calculations to any month since December 1981, merely insert
the Consumer Price Index (CPL) for that month, with 1967 = 100, into the

following formula for the cost update factor (CUF),

Any other price index could be used by replacing 281.5 in the denominator with
the index value for December 1981.

For projects lasting less than a day, just the hours of restricted capaci-
ty need to be specified, the hours of work zone activity can be left blank.
For projects lasting more than 24 hours, the restricted capacity can be speci-
fied for some period greater than the hours of work zone activity. In this
situation the hours of restricted capacity must be specified (which would
normally be the 24 hour period), along with the hours of actual work zone
activity.

The volume cards for each numbered problem can come in any order, after
the first card of the problem, but there must be the right number of cards
specifying the volume data. There must be two cards for lane closure strategy
1 (the lane closure in one direction problem) and four cards for lane closure
strategy 2 (the crossover problem). There are no default traffic volumes, so
all volumes on each card must bé specified or zero will be used for that hour.
Of course only traffic volumes for those hours when the lane(s) are closed

would be needed for the cost calculations, so traffic volumes for hours when

11



all lanes are open can be left blank. It would be advisable, however, to
include a few hours of traffic after the lanes are open to account for the
possibility of a queue at the time the lanes are opened, and the necessary
additional time period(s) to relieve the congestion.

Twenty sample problems are presented in the next section using QUEWZ. The
program and the complete output for each of the test problems are presented in
Appendix B. The output format is basically the same for all problems, except
for the treatment of the work zone capacity. If the program calculates the
capacity, then the CERF factor used in the calculation is printed out. If the
work zone capcity is part of the input data, then the CERF factor is not used,

and therefore not printed out.
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EXAMPLES OF THE MODEL'S USE

In the examples used to test the mode]; the same hourly traffic volumes
are used for each problem. The freeway work zone is assumed to be one mile in
length and work activity begins at 9:00 AM and ends at 3:00 PM. It is also
assumed that the lane closures through the work zone remain closed for an en-
tire 24 hour period for some problems, and for others it is assumed that clo-
sure begins at 8:00 AM and ends at 4:00 PM. A vehicle mix of eight percent
trucks is also assumed.

Table 2 presents some summary results of twenty test problems. Complete
output for each problem is contained in Appendix B. In several of the test
problems, demand exceeded capacity for some hours and a queue formed. The user
costs increased substantially for those hours when a queue was present, which
dramatically increased the total daily user costs.

An interesting comparison can be made with problems five and six. Suppose
an engineer has to perform maintenance work on a freeway and has the choice of
closing one or two lanes of the three inbound lanes. If the hourly trgffic
volumes were similar to those assumed in these test problems, then a one lane
closure would not be expected to produce any queues and a small amount of user
costs. If the second lane is closed however, then very long queues could be
expected, along with substantial user costs. This is the sort of situation
where QUEWZ could be very useful, by providing relevant information concerning
the available alternatives.

In addition, Téb]e 2 has three pr&biems to test the work-zone capacity as
part of the input data, which replaced the computer generated capacity of 1332
vphvl. The same thing happened with problem 16, However on problem 17 the

work-zone capacity was intentionally given a value greater than the restricted

13



capacity, producing an error, and the problem was not processed. If a work-
zone capacity is given as part of the input data, it cannot exceed 90% of the

normal capacity per lane.

14
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SUMMARY OF EXAMPLE PROBLEMS

RESTRICTED CAPACITY

WORK ZONE
INACTIVITY
HOURS (VPH)
INB outs
1800.

1800. 1800.
1800.

1800. 1800.
3800.

1800.

3600,

1800.

5400.

3600.

1800.
7200.
5400.
3600,
1800.
9000.
5400.
3600.
1800.

WORK ZONE
ACTIVITY

HOURS

1332.
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1650.
1354.
2983.
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2983.
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23
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CLOSURE (8)
17647.
35112,
11214
78343.
5486.
64108.
847.
120878.
.368.

986.
101485.
214.

436.
1126.
81736.
58.

217.
551.
27495.



SUMMARY AND RECOMMENDATIONS

This report presents a model to calculate the additional user costs gener-
ated by restricted capacity through a work zone. The model goes through a
number of calculations to estimate the various user costs associated with work
zones. Those user costs, presupposing an adequate Traffic Control Plan,
include delay costs and change in vehicle running costs through the work zone,
speed-change cycle costs in slowing down and returning to the approach speed,
and costs if a queue forms in the form of delay costs, vehicle running costs,
and speed-change cycle costs. The accuracy of the cost calculations has been
increased significantly over previous modeis by using hourly rather than daily
traffic volume and by incorporating recent findings regarding work zone capaci-
ties and average speeds.

Additional work remains in order to accurately estimate the effect on
average speeds from varying shoulder widths, and the change in accident rates
should be the subject of further research. In addition more work should be
done on the user costs generated in a queue including vehicles which divert to
avoid waiting in the queue, which is not currently accounted for. This addi-
tional information would increase the accuracy of the user cost calculations,
which in turn would increase the reliability of decisions regarding work zone
configurations and the tradeoffs involved. The program'shou1d also be written
to output alternative traffic control strategies that can improve traffic oper-
ations if excessive queues develop. This will assure that the user explores
all alternatives and it increases the pr&babi1ity of completing the required
work at minimum cost and time. A few alternative traffic control strategies
include closing entrance ramps, temporary use of the shoulder as an operating
lane, diverting traffic to the frontage road, and splitting traffic during

middle lane closures.
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USER COST CALCULATIONS

The calculation of user costs in QUEWZ, in most respects, is typical of
user cost calculations elsewhere. There are significant differences, however,
for several aspects of speeds, capacities, and queues which incorporate several
recent findings by TTI concerning work zones. As a result, several different

equations and approaches are presented here which are not found in other models.

Estimation of Vehicle Capacity Through Work Zone

Generally, the primary effect work zones have on traffic is the restricted
capacity around the work area and the resulting effect on average speeds. The
model assumes highway capacity under normal conditions will be 2,000 vehicles
per hour per lane (vphpl), but this can be changed as part of the input data.
When lanes are closed for prolonged periods (i.e., longer than one day), but
work activity is not taking place in the work zone, previous research by TTI
has found the capacity to be about 1800 vphpl, or about 90 percent of normal
capacity, which is used in this model.

Data on work zone capacities during work activity hours are reported in
TTI Research Report 228-6, (6). Using the data in that report, linear approxi-
mations of the cumulative distributions for each reported closure combination
are estimated. These capacity approximations are depicted in Figure 2. The
numbers in the parentheses indicate the number of original lanes and the number
of open lanes through the work zone. The function of the Figure is to assist
the users in identifying risks in using certain capacity values for a given
lane closure situation to estimate the effects of the lane closures (e.g.,

gueue lengths).
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For example, the 85th percentile for tHe (3,15 situation is 1030 vphpl.
This means that 85% of the studies conducted on 3-lane freeway sections with 1
lane open through the work zone.resulted in capacity flows equal to or greater
than 1030 vphpl. The capacity flow was equal to or greater than 1290 vphpl on
only 20% of the cases studied. Thus, to assume a higher capacity of 1500 vphpl
(which is the mean capacity for (3,2) and (4,2) closures), for (3,1) work zones
would tend to underestimate the length of queues caused by the lane reduction
at the vast majority of these work zones. While this data only applies to sin-
gle direction closure strategies, the same capacities are used here for the
crossover strategy until capacity data are available for crossover stategies.

For those lane closure combinations which did not have capacity data (i.e.,
(4,1), (5,1), (5,3), (5,4), (6,1), (6,2), (6,3), (6,4) combinations), the clo-
sure capacities in NCHRP Report 1-10A (3) are used. For freeways with four,
five, or six lanes in each direction, and only one lane left open through the
work zone, an average capacity of 1200 vphpl is used. For five or six lanes
with three lanes left open, 1500 vphpl capacity is used, for five or six lanes
with four lanes left open, 1550 vphpl capaqity is used, and for six lanes with
five lanes left open, 1580 vphpl capacity is used. Estimated capacity is cal-

culated in the program with the following equation,
CAPW = a-b(CERF)

where CAPW

restricted capacity during work zone activity hours

CERF = capacity estimate risk factor, probability that the
estimated capacity will be less than or equal to the

actual capacity.
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The values for coefficients a-and b are listed in Table 3. The coeffi-
cients were qbtained through regression analyses of the capacity data presented
in TTI Research Report 228-6 (6) and illustrated in Figure 2. The capacity
estimate risk factor (CERF) in the above equation can take any value from 1 to
100. The value of CERF can be specified as part of the input data, but it is
not necessary. If the value is left blank or is zero, a value of 60 will auto-
matically be used in the model, which yields the approximate mean capacity for
Texas work zones. This work zone capacity generated within the program can be
overriden by a user specified capacity as part of the input data. To input the
work zone capacity, it is necessary to replace the CERF number with the work
zone capacity per lane. Any number in that field greater than 100 will be used
as the work zone capacity, and the program generated capacity will not be used.
Calculation of Average Speeds

The average approach speed is calculated using the assumed speed-volume
curve depicted in Figure 3. Truck speeds are assumed to be 90 percent of car
speeds (2). The three speed parameters, 5Py, SP,, and SP3; along with
the volﬁme parameters, Vi, and V2; have preset constant values or default
values if the user does not specify speed and volume parameters. Those default

values are given by:

5Py = 60 mph
- SPy = 40 mph
SP3 = 30 mph
Vi = 2,000 vphpl
Vo = 1,600 vphpl
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Table 3.

Restricted Capacity Coefficients
During Work Zone Activity Hours

Normal Number
of Open Lanes
in One Direction

O B W

v N B W N

1460
1370
1200
1200
1200

2.13
4.05
0.00
0.00
0.00

Open Lanes Through Work Zone in One Direction

1600
1580
1460
1400

1.81
1.60
1.46
0.00

Intercept Term (a)

3

1560
1500
1500

Slope Term (b)
3

0.57
0.00
0.00

4

——

1550
1550

0.00
0.00

1580

0.00
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Table 4. Recommended Speeds and Volumes for Freeways
of Various Lanes and Peak-Hour Factors

Peak -Hour Factor

4 lanes 1.00 0.91 0.83 0.77
SPy 60 60 60 60
SPy 37 38 41 42

" SP3 30 30 30 30
VL, 1800 1650 1500 1400
VL 2000 2000 2000 2000

6 lanes
SPy 60 60 60 60
SPs 37 39 41 43
SP3 30 30 30 30
VLo 1800 1650 1500 1400
VL 2000 2000 2000 2000

8 lanes
SPy 60 60 60 60
SPy 37 39 42 44
SP3 30 30 30 30
VL, 1800 1650 1500 1400
VL 2000 2000 2000 2000
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Table 4 gives some additional quidance for speed and volume parameters
from the Highway Capacity Manual (7) which vary by the number of freeway lanes
and the peak-hour factor, which is simply the ratio of the peak-hour traffic
volume and the maximum 5-min. rate of flow within the peak-hour. The Highway
Capacity Manual (7) recommends a peak-hour factor of U.91 for large metropoli-
tan areas over a million population, a peak-hour factor of 0.83 for areas
between 500,000 and 1,000,000 population, and a peak-hour factor of 0.77 for
areas under 500,000 population. These values may need calibration to match
field conditions.

The hourly traffic volume specified by the user is converted into a V/C
ratio, and the approach speed, in mph, is calculated using the following equa-
tions, which is based on the assumed speed-volume relationship. The equations

are taken from the Highway Economic Evaluation Model, HEEM (2).

7
if -= > V/C, then
V1 -

V,(SP,-SP,)
SP = SP + ——7——+ (V/C)
2

. V2
if VI <V/C <1, then

SP = sP Pa- - 2
2 + (SP2-SP3)[1-( T, )¢]

if V/C > 1 or a queue is present, then

SP = SP3(2-V/C), with the speed constrained to the following range,

20 < SP < SP3
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The average speed through the work zone (SP,.) is calculated from the
same speed equations above, using the V/C ratio of the work zone area.
Unpublished data on work zones in Texas, collected by TTI (8) (which will be
referred to as the "work zone data" in this report), indicates the speed-volume
relationship does not change if capacity is restricted through a work zone.
The higher V/C ratio accounts for the lower average speeds.

That same "work zone data" also indicate that the minimum speed (SPmn)
of vehicles is somewhat lower than the average speed through the work zone, and

can be estimated using the V/C ratio of the work zone,
SPan = SPyz = 2.3 = 25.7(V/Cyz)2
If there is a queue, then SP,. = 0.

Calculation of Delay Through the Lane Closure Section

The "work zone data" also indicate that the distance over which vehicles
stow down through a work zone is not always the entire distance of restricted
capacify. When the traffic volume is light, vehicles tend to slow down only
when passing the paving machine or other major work activity. An adjustment
distance of 0.1 miles on each side of the work zene is also included to account
for the effects of average speed being reduced upstream of the lane closure.
If the work zone closure is less than 0.1 miles, then the model assumes traffic
will siow.down through the entire work zone. The following equations are used

to estimate the effective length of closure (CLL), in miles, of reduced average

speeds,

CLL = 0.1 + (WZD+0.1)(V/Cy,)
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where WZD = length of restricted capacity around work zone, in miles.

If WD < 0.1, or if V/Cy, > 1, then

CLL = WZD + 0.2

The dollar delay cost of going through the work zone at reduced speed

(CDWZ), is calculated with,

PTT-VLT,
—5.9 )

CONZ = (CLL)(gg— = zp—) (VL) (CUF) (PTC VLT +
WZ ap

where SP

ap = approach speed (mph)

VL = hourly vehicle volume (vph)

CUF = factor to update cost calculations
PTC = percentage cars # 100

PTT

percentage trucks ¢ 100
VLT, = car value of time ($/hr.)

VLTt = truck value of time ($/hr.)

Calculation of Queue Delay

If demand exceeds capacity of the work zone, the program assumes that a
queue will form. The model also assumes there will be no change in demand as
the queue forms, no traffic will divert to avoid the queue. If vehicles are
assumed to arrive at a constant rate during a given hour, and enter tﬁe work
zone at a constant rate durfng a given hour, then the average delay for each

hour a queue is present (DQUE), in vehicle hours, is simply the average of the
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accumulated vehicles in the queue at the beginning of hour i (ACUM;_;) and

the end of the hour i (ACUM;),

ACUM, _

+ ACUM,
DQUE; = 1 1

2

where ACUM;

(1}

ACUMj.1 + VLi - CAPW;

CAPW = restricted capacity through work zone (vph) for hour i

L]

VLj = vehicle demand during hour i

An example is presented graphically in Figure 4. The times along the
horizontal axis represent hours, so Ty = hour 1, Ty = hour 2, etc. The V's
along the vertical axis represent the number of accumulated vehicle demand at
any given time. For example, V| represents the total number of vehicles in
the first hour, Vy represents the total number of vehicles in the first two
hours, etc. The C's represent the work zone capacity. Cj represents .vehicle
capacity for the first hour, C» represents vehicle capacity for the first two
hours, etc. The shaded area represents the queue delay, the excess of vehicle
demand above capacity. In the first hour, there is no queue at the beginning

of the hour so ACCUMg = 0. The queue at the end of the hour, ACCUMj = Vi -Cq,

so the average delay during the first hour is

0 + (Vl-cl) Vl -C

2 = 2

1

DQUE; =

The average delay for each of the next two hours can be calculated in exactly
the same fashion. However, in the fourth hour the queue dissipates, therefore
an adjustment must be made for that portion of the hour when the queue was

present. The point E, the time when the queue dissipates, can be calculated by
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solving the following equation. The left side of the equation is the capacity
1ine during the fourth hour, and the right hand side is the volume demand line

during the same hour.

(E-T3)(C4-C3) = (E-T3)(V4-V3) + (V3-C3)

(E-T3)[(C4-C3)-(Vg4-V3)] = V3 - C3
Vy - C

E-Tyg= 3 73
(64‘C3) - (V4‘V3)
E=T Y3 - 3

KR GRS e a7
(C4-Cq) - (Vg-V3)
Therefore if the queue dissipates during hour i, then the delay calculation

must be modified by the proportion of the hour that a queue was present (PQUE;).

Vi - iy ACUM,

j-1
(C.~C

PQUE; = .
i7Ciog) - W=V ) CAPWG -V

Average delay is then calculated as,

ACUM, -

Once the average delay is calculated, then the cost of the delay (CQUE;) is

calculated as,
CQUEi = (DQUEi)(CUF)(PTC-VLTC+PTT-VLTt)

The average length of queue (QUELj), in miles, can also be estimated, assum-

ing an average distance of 40 feet for each vehicle, and vehicles in the closed
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lane(s) will merge to the open lane(s) after the queue has formed. It appears
that the number of vehicles remaining in the closed lane(s) is a function of
the sight distance to the work zone and traffic volumes (9). Until more

definitive data become available, the above assumption on vehicle merging will

be used.

40(DQUE1)
QUEL; =
i = 5280(TL)

where TL = total number of lanes upstream of the work zone

For the hour when the queue dissipates,

40(DQUE;))
QUELy = 5280(TL) - PQUE,

Cost of Speed-Change Cycles

An additional delay cost which is included in QUEWZ is the delay cost of
slowing down and returning to the approach speed, as a result of the presence
of a work zone (CDSC). The "work zone data" indicates a relationship between
the distance traveled, in miles, during the speed-change cycle (DSC) to be a

function of the V/C ratio through the work zone,

DSC = 0.5 + 0.25(V/Cyz), with the constraint that DSC < 0,75

If the speed is reduced and increased at an approximately constant rate, then

the delay cost can be calculated from,

PTT-VLT,

2 1
- =5—) (VL) (CUF ) (PTC - VLT o4 —=—5—)
P ptPon  SPap 0.9

CDSC = (DSC){
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In order to estimate the change in vehfc]e operating costs resulting from
the speed-change cycles, cost equations were developed from tabular data in the
AASHTO Redbook (1) and updated to December 1981, The speed-change costs per
1000 vehicle miles for cars (SPCC) and trucks (SPCT) are calculated by,

SPCC

-5.2187 + 1,1281(SP,p) - 1.1125(SPpp)
SPCT

-32.2883 + 7.1226(.95Pap) -~ 6.684(.95Pq,)
The additional operating cost of the speed-change cycle (CSPC) is,

CSPC = (—%%EJ(CUF)(PTC'SPCC+PTT'SPCT)

o

I[f a queue is present, then additional speed-change operating costs (CSPQ)
must be added. The "work zone data" indicate approximately three 0-10 mph
speed-change cycles occur per mile of queue. nerefore the cost can be

calculated,

CSPQ = (rggg) (CUF ) (3+ QUEL)(6.0223- PTC+31.8151- PTT)

During the hour the queue dissipates, the above equation for CSPQ is multiplied

by PQUE,

Change in Vehicle Running Costs

Vehicle running costs are also affected by changes in average spéeds. The
change in car runnjng costs-(VOCC) and truck running costs (VOC.) per 1000
vehicle miles can be ca]cu]ate; by the following equations. These equations
were also estimated from tabular data in the AASHTO Redbook (1), updated to

December 1981.
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VOCe = £(SPyz) = F(SP,p)

VOCy = g(.95Py;) - g(.95P4p)
where f(SP) = (395-5893)e'0153?(sp)SP-’45525
g(SP) = (179.1466) " 02203(SP)gp=. 35902

+ (1201_gg47)e~0322(5P)SP-.79202

The change in vehicle running costs (OC) is then calculated as,

= ———V L . .
0C = (755g) (CUF) (CLL)(VOC,+PTC+VOCy-PTT)
If a queue forms, the average speed through the queue (SPq) can be calculated
using a formula in TTI Research Report 165-8 (10),
SP C i
SPq = (—H)[1+(1-222) ]

Cap

where Cap = normal capacity (vph)
The cost equations are:

Qvoc,
QuoC,,

0CQ = (3gs5) (CUF ) (QUEL ) (QUOC,-PTC+QVOCY-PTT)

During the hour the queue dissipates, 0CQ is multiplied by PQUE.

#
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Total User Costs
Total hourly user costs (THC) in each direction are merely the sum of the

component user costs,

THC = CQUE + CDWZ + CDSC + CSPC + CSPQ + 0C + 0CQ

In similar fashion, the costs can be summed up to yield the daily user costs

resulting from restricted capacity through the work zone.
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PROGRAM DOCUMENTATION .

Program Description

QUEWZ is a computerized program written in FORTRAN IV and designed for
batch input. The program was tested on a WATFIV compiler but can be run on any
ANSI 77 FORTRAN compiler. QUEWZ currently uses about 20K of memory and 0.97
seconds CPU time during execution on the WATFIV compiler for the twenty test
problems. The source code is 435 lines long.

QUEWZ consists of a main program where input is read, arrays set up, most
cost calculations performed, and output written out. There is one subroutine,
UPCOST, which is called from the main program to calculate vehicle running
costs per 1000 vehicle miles, given an average speed and percentage trucks.

This Appendix contains a computer generated flow chart, a variable dic-
tionary, a program listing, and output for the sample problems presented in the

section "Examples of the Model's Use."”
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Program Flowchart

<
C QUEWZ MODEL - QUEUE AND USER COST EVALUATION OF A WORK ZONE
[+

EEEEECEEEEEECEEEEEEEEEEEEEEEECECEEEFEEEFEECEEEECEEEEFEEEEEEEEEEEEEEEEEEEEE

E CHARACTER+1 DIR E

EEECEECECEECEEEEEEEEECEEEEEEECEFEEECEECEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEREEEE
I

. CHARACTER+ 1 TIME .
f CHARACTER+1 VT .

INTEGER OT( ,BHR, EHR, BHW, ENW,00L

DIMENSION VTI{(4) KPROB(4) ,DIR(4),TIME(4) ,VOL(4,12),1T(2,2),VL(2,24)
«,CP(8,5),5LP(6,5) CAPN(2) ,CAPR{2) ,CAPWI2) VLT(2}),CQUE(2, 24} VC(2]},
«SP(2),QUEL{2,24),CDSC(2,24),CDWZ(2,24),CSPC(2,24),CV0C{3),0C{2,24)
+,0CQ(2,24) ,SPD12,2,24),THC(2,24) ,THCQ(2,24} . STL(24) ,CHAR(S),
*NHR(24) ,CAP(2, 24}

¢ VALUE OF TIME FOR CARS AND rnbcxs
DATA YLT/9.72,17.71/ !

c VALID LETTERS TO IDENTIFY DlRéCTIO“ AND TIME OF VOLUME DATA
DATA VT/ 1°,0°,1',°2"/ !

c INTERCEPY TERM FOR WORK ZONE éAPAcITV EQUATION
DATA cv/o.o.|4eo,.1370..|2oo.fc2uo..1200.,o.o.o‘o.ssao .
+1580., 1460, ,1400.,0.0,0.0,0.0, 1560 ,1500.,1500 ,0.0,
+0.0,0.0,0.0,1550,,14550,,0.,0.,0.,0 ,0.,1580./

e SLOPE TEAM FOR WORK ZONE CAPA%ITV EQUATION

DATA SLP/0.0,2 13,4.05,0,0,0.0,0.0,0.0,0 ,1 81,1 6,1.46,0 ,
#0.0,0.0,0.0,0.57,0.0,0.0,0.0,0.0,0,0,0.0,0.,0.,0.,0,,0.,0.,0,0./

1
¢ SET END FLAG AND PROBLEM COUNT 1O ZERO
I
1END= 0
IPROB:0
........ 1 e
OK ......................................................

-

23 45867838¢

-y 10 bt b o
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123456789290

123456788940

1f CAPACI

ZERO ALL VOLUME,

Ty

IS RESTRICTED,

[}

0.0

C- OOOO0OC

-
O 0 OO0 0

PAGE

[ ——

2

!
INBOUND Ki=1,
!

OUTBOUND KO=1

1
AND COST ARRAYS FOR EACH PROBLEM
I
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PAGE 3
1
....... bb’éé’éiéulﬁ"
i e e e e S
....... bb.gs.i*;i;é.,.. e e
. e . §oT e e
SRR iiiii;i*i;o ...... e e e e e e
e e e R
..‘.éé‘ébkiihoé .............. e e e e e
P T N
c READ IN FIRSY CARD OF PROBLEM
C IF CERF IS GREATER THAN 100, IT IS ASSUMED TO BE THE WORK ZONE
Cc CAPACITY, AND THE PROGRAM GENERATED CAPACITY WILL NOT BE USED.
1

ARARRRARARARARRARRRARRARRRAARARRARRARRARARRRARRRARARARRARRRARRARRRARRRARARAARR
R READ (5, 10,END=99, ERR=30)1PROB, MODEL ,CUF  PT,SPF SPCG, SPCAP, VOLCG,

R «VOLCAP, ITL,OTL ,WZD, IOL ,00L . BHR,EHR, BHW , EHW,CERF,

R ¢ (CHARCJI) , Ju=1,9) R
RRARRARRARRRARARARRRARRRARRARARARARRARRARARARRRARRRARARRRAARRARARRAARRARARRRARRARAR

10 FORMAT(I2, 11, F4. 0, 4F3 0,2F4. 0,211 ,F4.0,211,412,F4.0,8A4,A1)
I
c SET DEFAULT VALUES IF NOY PROVIDED FROM INPUT
1

3
F (PT_EQ.0.0) PI=8.0

F (SPF . EQ.0.0) SPF:=60

F (SPCG.EQ.0.0) SPCG=40

F (SPCAP.EQ.0.0) SPCAP=30

F (VOLCG.EQ.0.0) VOLCG:=1600.
F (VOLCAP £Q.0.0) VOLCAP=2000
F (CERF.EQ.0.0) CERF=60

IF (BHW.GT 0 OR.EWw.GT.0.}.qoTo & oot

!
ﬁHw;BHR‘ ..................
EHW=EHR

I
c PRINT ASSUMPTIONS FOR PROBLEM

— - - —

(R 0=t 0 e i o s ot S St ot b - T - e e Sas o P B B

B e - - -
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WHWHWWWWHWWWWWWEN WA W W W W W AW W W W W W W WA W W W W W W W W W W W W W W W W W W W W W W W

w 9 WRITE (6,11) IPROB, (CHAR(JK), JK=1,9) MODEL,CUF PT,ITL,OTL,WZD, w

+»10L,00L,BHR,EHR,BHW, EHW w

WHWHWWWNNWWW W W WA WA W W W W W WA W WA W W W W W W W W W W W W W W W W W W W W W W W W W WY
1

19 FORMAT(’ 1’ .’ PROBLEM ‘  12,1X,9A4//' MODEL’,T35,11//° COST UPDATE F
*ACTOR’ ,T30,F6.2//° PERCENTAGE TRUCKS' ,kT32,F4.0//' TOTAL NUMBER OF
*LANES’ /4X, ' INBOUND ,135,11/4X%, 'OUTBOUND’ ,135,11//* LENGTH OF WORKZ
*ONE’ ,T30,F6.2,’ MILES’//' WORKZONE OPEN LANES’/4X,  INBOUND' , T35, 11
+/4X,'OUTBOUND’ ,T35,11//° HOURS OF RESTRICTED CAPACITY'/4X, ' BEGINNI
*NG’ ,T34,12/4X, "ENDING’ ,T34,12//* HOURS OF WORKZONE ACTIVITY'/4X,6’'B
+EGINNING’ ,T34,12/4X, "ENDING’ ,T34.12/)

1
BHW:=BHW+ |
BHR=BHR+ 1
EHW=EHW+ |
EHR=EHR+ 1
IF(EHW . GT.24) EHW=24
IF(EHR.GT.24) EHR:=24

WHWNWWWWWWAWWWW WA W WA WA W WA WA WA W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W

w 20 WRITE (6,12) 1PROB w
WHWWWWWWWWW W W W W W W W W W W W W W W W WW W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W W
1

12 FORMAT(/’ HOURLY VOLUME DATA CARDS MISSING, WRONG, OR OUT OF ORDER
+ FOR PROBLEM ' 12)
1

GOTO 99

WHWHWWWN WA W AW W W WA W WA W W W WA W WA W W W W W W W W W W W W W W W W W W W W W W W W

w 30 WRITE (6,13) IPROB w

WHHWWWW W NN W AW W NN W W AW W W W AW W W W W W W W W W W W
1

13 FORMAT(/’ ERROR IN HARDWARE READ, PROBLEM ’,(12)
1

© = ot o ottt o ot ot e e b ot B St B e (ot B St St Bt o ot ot o St e e Bt bt St St ot )

W et ettt St St St St St B B b O Bt B ot ey Ry ot B R R et et St St bt ey St e et R Gt St St St R b St bt St St St St ottt e et St St e )
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PAGE 5
C CHECK FOR VALID LAND CLOSURE STRATEGY

1

NUMBE R

LAl WHWW NN NN NN WHWHNNWW RN WHNHNWW

WRITE (8,3%) IPROB

w w
WHWWWH W WW NN NN WA AN AW WA AW W W WA W W N W W W W W W AW W W W W W W W W

1
31 FORMAT(/‘ INVALID LANE CLOSURE STRATEGY NUMBER ON PROBLEM

1
...... coieee
c READ NEXT TWO CARDS IF LANE CLOSURE STRATEGY I,
c NEXT FOUR CARDS If LANE CLOSURE STRATEGY 2

1
i ROBELLa T e e e e
R e
""" 00 50 1=1,1M o
.................... e e

ARRARRAARARRARRARARRARARARRAARRAARRRAERARARRARRARARARRARARARRARRRAARRARARARARARARRRRR
R READ (5,14 END=BO ERR=70) KPROB(I) CIR(L), TIME(]L) (VOL(I J},

sd=1, 12

R . )
RRARRRRRRARARRARARAAANRARRARRARRARRARARRARAAARARARARRRRRRARRRRRRRARRARRRRARRARARR
1

14 FORMAT (12, 2A1, 12F5 0)
I

12

-}

D o e e e St S S W G W B BOOE Bt TR T W D W et St Gt G G W G S SNE Dast B B WK W0 P oo et ey

LY ot ottt ot o ot

(LY PR

Bh O o ot T ot Tt Bt Do Dot St S0 S o

W

£ ottt o T i B o
f
'

[ R e e h e b L Ty puppwapw————

¢

IND S S e ot o S o T T bt oot Bl St T o S -y . D Sk S o G W o o S B (o Dotk St AT Ss B Bt B G P et o o St Bt o fm S St )

O ot B A - . T e e W O ) (ot mt ot B Tk o oy St Sk S g o Yot Vot B Bt S W ok M B S S St S W O S T oy e e Sh g St 0 Pt
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t 234567890

) oo o e o - oot o s £

'
i
[

PAGE 6 s 8.7 .6 5.4
e R L 1---0
; .
.............. 11
70 IFLAG=KPROB{1) I
.............. [
1 1
uuuuwwuwwuwuuuwwwwuwwNwwwwwuwwwwwwuwwwwwwwmmwwvmwwuwwwwwuwuwwwuuuuwwuuuwu 1
WRITE (6,137 KPROBI(1) w i
ﬂuwmuuwuwwwwwwwww\wwwuuwuuuwwuuw\mwwwwwwwwwwwwwwwwwuuwwwwwwwuuwwwwwuwwuwww 1
1 1
L R R o
I
50 COMTINUE
1
GOTO B85 LR TR P v
................ i
1
1
i
L R R e T £---
1 1
............................................... 1
60 1END=1 ]
................. 1
1 1
c 1f ERROR IN PROBLEM, GO TO NEKT PROBLEM 1
I I
e e R R o
I
65 1F (IFLAG.NE.O) GOIO 5 D
1
c CHECK INBOUND DIRECTION FOR CAPACITY REDUCTION
1
If (ITL-IOL} BO. 100,80 b e
B m m ke M e e n e e m o W e o= = e v
I
1 I
WA WA AW W W WA W W W W W W W W N W W W W W W W W W W W W I
W 80 WRITE (6,41) IPROB w 1
WHWWW WA W AN WA NN W W WA WA WA W NN W W N WY W W AW W W W W W W W W W 1
] 1
41 FORMAT(/* RESTRICTED CAPACITY GREATER THAN TOTAL CAPACITY - -, 1
«'PROBLEM *, 12, SKIPPED') 1
i i
.............. . e e i
coto s R T T P---
e s [
1
I
1
i
1
8 8 7.6 5 4

[ e e s T Sy

R — .
bt il L N e L L

e R I el L I oo U

st i 1 s o o £ . e B e B B ot B ot S o B B B St St B
\
. .
.
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1
1
S s o
i
SRTRIDY T T e e
¢ CHECK QUTBOUND DIRECTION FOR CAPACITY REDUCTION
i
S
1
o0 IEIOTLIO0LI 116 136 126 T T e
. e v
....... S O i PRSP [ i
i
'ﬁ"w“w"w"“‘*w“ww““ﬁu“wwu“Nﬂwwwwwwﬁ”uwNN““ﬂwﬁ“wwww“ﬂ“www“wﬂwwwwaﬂ“w“wuwu“”" 1
W IO WRITE(S 41) IPROB 1
uwwwwwuvuwwwwuuuuwwwuuunnwuwwuuwwwwuwwnwwwwuwuwwuwuuwwwwuuuwwwuuwuuwuwuwww 1
1 1
....... COTE S T T e . T
............................................................... 1
]
1
1
Y S o
i
S ekei o
............ l R
[H SET UP (1T} ARRAY SUCH THAT TRAFFIC YOLUME CARD NO. WILL APPEAR IN .
[ FOLLOWING LOCATION IT()V 13=INB, AM, 1T(1,2)=INB,PM, 1T{2, 1)=0UTB, K AM
¢ 17¢2,2)=0UTB,FM
H
OK -« = m e e e e e e e e e an e
i
""" 130 DO 140 1R=1, IM
........ S - T
"""" 1F (DIRCIR) EQ.VTi1}) 1D=1 o e
IF (ODIRCIR)Y EQ VTU(2)) 1D=2
......... o .. I e
e IF (TIME{IR}).NE VT(3)) GOTO t35 =t nrooorrrnrren e e e e e m e
.............................. R LI TRRTIETRRTRTPRTRREIRRE
....... iiiié Gein U
R P e e e
1
I

LA ot 2 ot o S o

B 0t ot o g o G b g S Gt Bt B O Gt G o St Do S P S SR ok ot ot M B e B D B O B O B O G W St S e b S S Y o St St g o o Ot N

S P e ) Do o T Gt Vo S Gk ok gt B G e o o i o T ot Bt o Sy e e D B o Sk S St S Bk e Bl G R B e T St St St ek
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PAGE 8 9 8 7 6 5

....... ote e e e
I~ w === m == m e m e e ke m e e e e
i

CTY38 1F (TIMECIR) NE VT(4)) GoTo 145 T oo T T LT TR

..................... o R

....... e i e

............ RO ;

"""" 610 a0 B e
O = = = = = === m e e s e e e e e e Mmoo
H

WHW W NN NN W W W AN AW AW R RN AN WA WA NN NN W W WY

W 145 WRITE (6,29) 1PROB w

WHWNWHHWWWW NN NN WA W N R W W WA WA WA W W W W W N W W W NN NN NN
1

29 FORMAT(/* INVALID TIME OR DIRECTION CODE-PROBLEM ° ,12," SKIPPED')

1

""""" cafo’ s SRR S
K - = = = = = m e = e e e e e e m oo
I

"UF (KI.LT 1) GOTO 165 e s
S o IR URTETUNRTRPRERS
"""" 16 (ET(3, 10 LT 1) GOYTO 185 g
............ T . e
""""" TF (1TC(1.2).07 1} GOTO i85 e eman e
.................. . o e e
i
I
I

. - a
¢
+
i
€ e o LS

p---v

Pl

[

T

T

11

1

P

v o

P

P

I

o1

{---0

1

1

1

1

1

1

1

1

l .......

1

1

1

1

o

—e-ev
I
!
1

v o1

o1

11

1o

v o

I

11

11

1o

o

4 .3

) G S b "k pon T Tt St G o G o G ot 2 o B B o St St o e G B S Bt G o g S ot Dt b ok b o B B B B i ot ot ot St DS
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1 I
O~ = = < e e e i---0
] 1
e e e . e e e e e e i
165 IF (KO.LT.i) GOTO 1BO e fon-¥
............ e e e . PR e e e Lo PR i 1
{ 1 1
................. P e e e e 1 1
IF €1T(2,8) LT.t) GOTO 185 e I v i
.................................................................. H ]
t T
.................... . . L. N R FE 1 1
. IF (17(2.21.LT.1) GOTO 185 e OV
..................................................... i i
I 1 i
B T . ) R . i1
GOTO 180 b 1---v
.......................... . . 4 e . . o it
1 i
P
1
DK+ == m = == m e m e e e e i ae e o 1
I : 1
WHNWWIRW W W W W W W W W W W W W W W Wi W WW W W W W W W W W W 1
W  I1B5 WRITE(G,49) IPROB v 1
I VY Y0 Y O DO W W W W I W W W I W W W W W W W W WV W W W W W W W W W W W W i
1 i
49 FORMAY(/’ DIRECTION ON TRAFFIC CARDS DO NOT MATCH DIRECTION OF -, 1
+"RESTRICYED CAPACITY - PROBLEM °,12,’ SKIPPED'} 1
. ' 1
...... coio & L T
............................................. ;
c SET UP INBOUND AND/OR OUTBOUND TRAFFIC ARRAYS IF CAPACITY IS 1
c RESTRICTED IN THAT DIRECIION VLIKS, KV) 1
i
1
D= = = = o % m = e e £ e s e e e 0
1
ab kilzemr
KU=KO+ I
............... ; R
¢ IF NO GAPACITY REDUCTION, GO [0 NEXT PROBLEM
1
""" IF (KT LE KU) COIO 155 R # e ey
........ R, O I
1 I
NN R W W W W W W W W W W W W W W W W W W W W W i
w WRITE (6,33) IPROB W 1
WH W W W W RN W W W W W W W W W W W W W W W W WA WW I 1
1 1
i 1
t 1
s .8.7 & 5 4 3

Tl M ettt g S Do Do G ot oot Bont Sk b o e - o o o ot e G W W G S ot s o b S O B TN O Gk o gt St Bt g s e Bt S N

1
s
1
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PAGE 10
1
33 FORMAT(’ NO CAPACITY REDUCTON, PROBLEM °,12.’ SKIPPED’)
i
e
oK
1
"' i55 po 150 KS=KkT.KkU 0w
..................... . :
"""" 00 180 V1,12 '
............ e 1
"""" VL(KS. KV =VOL (ETEKS, 1), KV) ' o
KW=KV+12
VLUKS,KW)=VOL(1T(KS,2) KV)
........................ L S
T P TTTIRLERERY S I
........................ 1 A e
" 150 CONTINUE
,,,,,,, g !
c CALCULATE USER COSTS IA=1 INBOUND COSTS, IAz2 If OUTBOUND COSTS
I
....... bo 200" 1Alh 2 e U
............ o 1 e
...... ioimeo o e
. R LTI TRIRERREERS
¢ GALCULATE CAPACITIES CAPN:NORMAL CAPACITY, CAPR=RESTRICTED
c CAPACITY DURING NONWORKZONE ACTIVITY HOURS, CAPW=CAPACITY
c DURING WORKZONE ACTIVITY HOURS
i
TUUNF GtASy 178 78470 o rrrrrnn ey
e T C
$75 IF (K1 EQ.0) GOTO 200 oo
...... .. . I R
i
P
I

S -

C o o -t o

O o - {J
f
' .
W Tt o ot ot o ot o o o Bt ot ot ot B OO ot o e B B B et bk g P B G oo e Do B PO n ) Gt B o o P - o ot - D

t
1
i
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PAGE 1t
1

I

c CHECK TO SEE IF WORK ZONE CAPACITY FROM INPUT DATA IS 10 BE USED

c INSTEAD OF PROGRAM GENERATED CAPACITY
1

Lodododedid nuww

w ;;lTE ig,IB) CAPNUI) CAPRUL)Y CAPWIT)

w
WHHWWW WA W NN N WA WA AWV N NN NN AW W W NN W W W W W W W W
I

16 FORMAT{(* INBOUND CAPACITY /4X, NORMAL ‘' ,¥30,F6.0,°
**RESTRICTED *,¥30,F6.0," (VPH) /4X, WORKING HOURS
' (VPH)'/)

{VPH} /4K,
+,730,F6.0,

I
TEST TO DETERMINE IF USER INPUT CAPACITY 1S GREATER THAN

c

[ RESTRICTED CAPACITY

[ PROBLEM AND AN ERROR MESSAGE IS DISPLAYED,
1

1
WA W W W WA NN W W W WA W W W W WA W W W W N WA NN W W NN W W W W W W W

WRITE (B,43) 1PROB

w
WHWWHWH WA W WA W W W W W W W W W W W WA RN W W W W W W W W W W W W W W W W
i

43 FORMAT (/° WORK ZONE CAPACITY GREATER THAN RESTRICTED CAPACITY -°
+' PROBLEM ° 12, SKIPPED'//* POSSIBLE SOURCE OF ERROR:

1F 1T IS, CONTROL TRANSFERS TO THE NEXTY

WA RN RN A NN AR NIRRT RTINS T Y ew

USER- ",

« SUPPLIED CAPACITY ESTIMATE GREATER THAN 90% OF NORMAL CAPACITY')

CAPN{2) =V
CAPR(2):VOLCAP+OOL+0 ©
CAPW(2) =1

1
1
i

L+

LT o o ot st ot ko S O o B o O o P B D B ot o S o Wt

1
1
1
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1
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i
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W WRITE (8,43) 1PROB w
. WHHAWWW W WAV AW N NN W VW W W W W W W W W W W WW W W WW W W W W W W W W W W W W W W W W W W

34567890
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1
Cc CHECK TO SEE IF WORK ZONE CAPACITY FROM INPUT DATA IS TO BE USED
Cc INSTEAD OF PROGRAM GENERATED CAPACITY

1
WHWWWWWWWWWWWWW W WWW W W W W W WV WWW W W W W W W W W W W W W W W W W W W W W W W W

w WRITE (6,t7) CAPN(2),CAPR(2) CAPW(2) w
WHHWWWWW NNV NN W WV W AW W W W W W W WW W W W WWW W W W W W W W W W W W W W W W W W W W
1

17 FORMAT{‘ OUTBOUND CAPACITY',b /4X, 'NORMAL ‘' ,T29,F7.0,’ (VPH)', /44X,
+*RESTRICTVED ‘,T29,F7.0,° (VPH)’'/4X, 'WORKING HOURS ‘' ,T129,F7.0,
« (VPH)'/)

' 1
TEST TO DETERMINE IF USER INPUT CAPACITY IS GREATER THAN

Cc
Cc RESTRICTED CAPACITY. IF IT IS, CONTROL TRANSFERS TO THE NEXT
Cc PROBLEM AND AN ERROR MESSAGE IS DISPLAYED.
1
....... iﬁ.iéiéﬁiéi:LiIéAbﬁiéii‘éot.'iéb‘ .. R

1
WHHWWWWWWW W W WWW WV W W W W W WA W W NN W W W W W W W W W WW W W W W W W W W W W W W

O 1 ot e ot o o ot o ot o O ot S o o Gt St o G ot o B B o G o e bt bt o ()

GOTO & e e .
c CALCULATE USER COSTS FOR EACH HOUR J
T
1
"190 DO 210 J=1,24
o TN TETENE IR
Lale e e
NHR(J) =0
..... . ‘ o
c SELECT APPROPRIATE CAPACITY THROUGH WORKZONE FOR HOUR J
1

IF (J.GE.BHW.AND J LE EHW) GOTO 220 : e

[ . L L e e e
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PAGE 18 2 8
1
OK _________________________________________________
1
. '330 SPMNz0.0 oy
...................... P L SR EREEEEEEE
c CALCULATE LENGTH OF REDUCED SPEED THROUGH WORK ZONE ARES (CLL)
1
L e L R TR
1
©' 7340 1F (wzo.LE€.0.1) GoTo 350 0 T Tt bemmm s
............................. . . e e
"""" CLLZ0. 1+{WZD+0. 1) vVC(2}
............................. |
....... chio aee T o .
T R T R
1
Caseeliiwibie.a
.................. l e e
c CALCULATE DISTANCE (DSC) AND DELAY COST (CDSC) OF SLOWING DOWN AND
c RETURNING TO APPROACH SPEED
I
L e L R L TR
1
360 DSC:0.6e0.25evCi2) o Trnnorm o rnn e
PTT:=PT/100.
PTC:=1.-PT/100
CDSCU{TA.J)=DSC+(2 /(SP(1}+SPMN) 1 /SP(1))+VL(IA J)eCUF«.
VLT(21)

*(PTC*VLT(1)+PTT/0.9

G
Cc CALCULATE DELAY COST OF REDUCED SPEED THROUGH WORK 2ONE (CDWZ)
I

CDOWZ(TA,d
¢« 0.9«VLTI{

1
C CALCULATE COST OF SPEED CHANGE CYCLE (CSPC)
1

SPCC=-5.2187+1.1241+SP(1)-1 1125+SPMN
If (SPCC.LT.0.0) SPCC=0.0
SPCT=-32.2883+7 1226+0 9+SP(1)-6 684 +SPMN+0 .9
IfF (SPCT.LT.0 O) SPCI=0.0

B e L e e e L e L Y i e I SR SIS IR R Sy e ey S S ke |

1 1 1
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1 1
] 1
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1 1
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1 1
0 1
1
1
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1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCGCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCC

1F (IQUE EQ. 0} GOT0 380

PAGE 19
CSPC(IA,J)=VL(IA, J) *CUF+{PTC+SPCC PTT'SPCI)/IOOO

l
ADD COST OF QUEUE CYCLING COSTS IF THERE IS A QUEUE
1

IF (IQUE.EQ.0) GOTO 370

T TR
CSPQE(6.0223+PTC 31.BI51+PITICUF VLIIA J}+3 . +QUEL(IA,J) /1000,
IfF (1QUE EQ.2) CSPQ=CSPQ+PQUE

GSPCIIA,J)=CSPCIIA, U} 1CSPQ

1
CALCULATE RUNNING COST DIFFERENCE THROUGH WORK ZONE (OC!

CALL OPCOSTU(SPEED,PT, VOC)

SPE-SPF/2 . v(1-SQRT(1. -CPP/CAPN(!A))D

[

C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCC
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PAGE 20

i
CCCCCCCCCCCGCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CALL OPCOST(SPEED, PT,vaC)

<
CCOCOCCOCOCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
I

CvoC(3) = VOC*VL(IA J)/1000. v

oca(lA, Jyz(cvoe(al- CVOC( 1)} +QUELCTA, J) «CUF
1F (1QUE.EQ.2) OCQUIA,J)=0CQ(IA,J}+PQUE
OCLIA, J}=0C{IA, d)‘OCQ(IA J)

1
SUM UP COSTS TO GET TOTAL HOURLY USER COST (THC) IN EACH DIRECTION

..................... i
CALCULATE HOURLY COST PER MILE QUEUE {THCQ)
1

T USPDIIS, 1A, J)=SRIIS)

CONTINUE

L
SUM HOURLY USER COSTS INTO DAILY TOTAL
I

SUM=SUMI THC (1A, J)
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I
c WRITE OUT CAPACITY ESTIMATE RISK FACTOR IF WORK ZONE CAPACITY
C IS CALCULATED IN PROGRAM AND IS NOT PART OF INPUT DATA
I

1
NWNHWW W N RN W NN NN RN NN AW NN W NN NN W W
 d WRITE(6,37) CERF w
WHHRHHH N WA NN RN WNNWN NN RN WA NN NN W R W W W A W W W W W W W W W W W W W

I
37 FORMAT {(° CAPACITY ESTIMATE RISK FACTOR, "/
* PROBABILITY THAT ESTIMATED' /° WORKING HOURS CAPACITY 157/
«' LESS THAN ACIUAL CAPACITY’ T32 F4 0, PERCENT'/)
i
c WRITE OUT SUMMARY HEADINGS

WHHNWHNWWIAW VW NN W W W AW WA W W W W N W W W W W W W W W W W W W

W 430 WRITE (6,18) [PROB w

WHWHNIWH NN NN AW AW N W WA W W NN W AN WA R W W W W W W W W W W W
1

18 FORMAT(' t° 48K, ' SUMMARY OF USER COSTS - PROBLEM ", 12, //18K,
«“»ee INBOUND DIRECTION see’ 18X, '+’ 5K, " ¢sv CUTBOUND -,
“‘DIRECTION +=+" 14X, ’+ TOTAL ADD.")

1

WWHHN NN NN NN WV RN W W W AW WA W W W WA W AW W W W W W W W

w WRITE (86,19) w

uwuuuuwuwuwwwwuﬁuuwuuwwuwwwwwwwuwuuwwwnwuuwuwuuwuuwuwwwuuuwuuwwuwwwwwuuuuw
i

1
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PAGE 22

I
19 FORMAT(’ HOUR VOLUME CAPACITY APRCH WORK LENGTH',
759, "ADDITIONAL « VOLUME CAPACITY APRCH WORK LENGTH" |
+T107, "ADDITIONAL + HOURLY USER')

1

WHWWH W W NN WA N W W W W W RN W W W W AW WA AN AW NN W W NN W

w WRITE (6,21) w

WHWNHN W AW WA WA W WW N AR W AW WA W AW WW W W W W W W W W N W W W W
i

21 FORMAT(9X,  {VPH) (VP SPEED ZONE',5X, OF’,7X, HOURLY’,
«T83, '+ (VPH} (VPH)* . 4X, SPEED ZONE',5X, OF*,7X, ‘HOURLY’,
*T119, ¢ COSTS DUE’)

H
WA NN WA WA NN RN NN NN W WW NN W W W W NN W W R W W N W W W W W W
w WRITE {(8,22) w
wwwwwwuwuuuuusu&wwawwwwuuuwwuwwwwwwwwwwwwwwuwwwwwwwwwwwwuwwuwwwwwwwwuuuuuu

1
22 FORMAT{27X,  (MPH) SPEED QUEUE USER COSTS «’ , 784, (MPH) ',
+2X, *SPEED QUEUE USER COSTS » TO LANE')

I

WWWWW WK WHNWWW W WA WW RN W W W W RN W W W W W W W

w WRITE (6,23) w

WWRNANWNAWWW W NN W W W NI W NN R W NN WA W RN W NN W R W W W NN W N W W
1

23 FORMAT (34X, " {MPH) (MILES) 5K, ($)’ 68X, " 191,  (MPH} (MILES)
“GX, (8} ,8X%,°+ CLOSURE (8)°/)
I

C WRITE OUT CALCULATED USER DATA FOR EACH HOUR AND DAILY TOTAL
i

t
WHWWWWH W N W W W NN W W W W W W W W W W W W W WW W W W W W W NN W W WY
WRITE(6,39) LC1,LC w
W WA N W W W W W W W W W W WA WA W W W W W W W RN W W W W W W W W W W W W W W W W W W W W
1

39 FORMAT{1X, 12, ", 12)

1
WWNWH NN W WA W W W W NN W W WA W W W R NN W W R R W W W N W W W W
w WRITE (6,24) VLI LCI, CAPUL, LC) SPDUT,1,LCY , SPDC2,1,LC) ,QUEL{I,LC)W
WRWW NN W W W W W NN AW VW W WA W NN RN W N W W W W W W W W W NN

1
1
I
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PAGE 23
I
24 FORMATI( +’ T F7.0,2X,F7.0,3%X,F4.0,3%X ,F4.0,T41,F6.1)

WHHHRW NN AW N WA RN W W RN W WA W WA W NN W W RN W RN W W
W 440 WRITE (6,25) THCUI,LC) ]

- WHNNNWAWAW RN W W L WHRENNRNW RN W

25 FORMAT( '+’ 152 F8 0,763, °+"}

1
WWWWW AW WW WA WA WA AWV W W W W W W W W W W W WA W W W W W W WA W W W W W W W W W
w WRITE (B6,26) VL(2,LC) CAP(2,LC)},SPD(1,2,LC) , SPD(2,2,LC), QUEL(2,LC)W
WHWHWHWWA NN NN AN WEN NN W W W AW W WA W W W W NN W W W W W W W W
I

286 FORMAT (“+’  T85,F7.0,774,F7 0,784 ,F4.0,7T92,F4.0,797 F6 1}

WNNWN N NN W W RN W W W W AW W NN W W W W W W W W
"

‘W 480 WRITE (6,27) THC(2,LC), STLILC)

2345678690

W ww WHWHW NN W W W W WHWWHWNWWN W N WHNWWN NN WY
1
27 FORMAT {(’+’  TI10B,F8.0,T1(9, "+  T121,F9.0/)
1

1
WHHNHWRWAWW AW AW NV AR WW W W W W W W AW W W W W WA W W W W W W W W W W W W W W W W W W
w WRITE (6,28) SUM w
WHWWWHWIWWNWWW W AW WE W W W W WA W W W W N W W W W W WA W W W W W W W W W W W W W W W W

1
28 FORMAT (SX, ' TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE’,
»' CLOSURE = * ,F10.0./)

A
c WRITE OUT WARNING IF QUEUE GREATER THAN A MILE
1

- - -
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: 234567890 PAGE 24 9 8.7 .6 .5.4.3.2
: 1 1
r e e Ll e e 1
B R R TR DO 500 J=1,24 1
vy . L e e e e s e |
11 I 1
rr L . Lo e e e e, 1
i IF (QUEL(I,J) GT.QMAX) QMAX=QUEL(I,J) 1
T . . 1
] I 1
L o 1
-------------------- * 500 CONTINUE 1
..................... 1
1 . 1
....................... S . Cee 1
IF (QMAX.LE.1.) GOTO 480 L R R T TR R v oo
....................... e e . I l
I 1 1
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WRITE (6,42) QMAX W 1 1
WWWWW W W W W W W W W W W W W W W W W W W W W W W W W W W W W W 1 1
1 1 1
42 FORMAT (° «¢++ WARNING +++ QUEUE ESTIMATED TO REACH ‘,F6.1,° MILES’ . 1 1
*,’ LONG. QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY ’, 1 1
*‘T0 DIVERT '/’ 'T0 OTHER ROUTES. CHECK ALTERNATE *, I 1
+“ROUTES - DIVERSION MAY TAKE PLACE.’) I 1
1 1 1
c GO TO NEXT PROBLEM, IF ANY 1 1
i 1 1
L R e T R T R TR o I
1 1
....... R TP e e e 1
480 IF (1END.EQ.1) GOTO 99 e i v
oo S o . 1
I 1
...... C e e e I
GOTO 5 e 1
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1
1
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FORTCHY, VERSION A1 MAINTAINED BY DALE L. SCHAFER, PHONE B845-1714
E=ENTRY, T=TERMINAL, C=CALL, R=READ, W:=WRITE

c
EEEEEEEEEEEEEFEEEEECEEECEEEEREEEEEEEEECEEEEEEECEEEEEEEEEEEEEEEELEEEEEEEEEE
£

E SUBROUTINE OPCOST{(SP ,PTR,CST)
EEEEEEEEEEEEEEECEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEEEEEEEEEREEEEE
|

c
c CALCULATES RUNNING COSTS PER 1000 VEHICLE MILES, GIVEN SPEED AND
c PERCENTAGE TRUCKS
1
RERE Spaiop T
. SPT=5P+0.9
PT=PTR/100.
e e 1
¢ CAR RUNNING COSTS
i
" CR-395.689B+EXP{.0157vSPC)e(SPC) v+ (- 45525)
............................ T
c TRUCK RUNNING COSTS

CEXPL 0D22+SPT)I»(SPThest- 7820233
CET={{1.-PT)+CR«PI+IK)

1
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Variable Dictionary

Main Program

ACUM
ALN

BHR

BHW
CAP(2,24)
CAPN(2)
CAPR(2)

CAPW(2)
CDSC(2,24)
CDWZ(2,24)
CERF

cGv
CHAR(9)
CLL
CP(6,5)

CPP

CQUE(2,24)
CSPQ

CUF
CVoC(3)

accumulated number of vehicles in queue at beginning of hour
total number of lanes upstream of queue

beginning hour of restricted capacity

beginning hour of work zone activity

capacity array (vph) for output, in direction IA, hour J
normal vehicle capacity (vph) in each direction

restricted vehicle capacity (vph) during work zone inactivity
hours

restricted vehicle capacity (vph) during work zone activity
hours

delay cost ($) of slowing down and returning to approach speed,
direction 1A, hour J

delay cost ($) of reduced speed through work zone, direction IA,
hour J

-capacity estimate risk reduction factor or work zone capacity

per lane from input

V/C ratio at LOS D/E breakpoint

array to-hold problem description

length of reduced speed through work zone area (miles)

intercept term for work zone capacity equation, up to 6 total
lanes and 5 open lanes through direction of closure

vehicle capacity (vph) in direction IA, hour J, which is used in
user cost calculations

cost of queue delay ($) in direction IA, hour d

cost of speed-change cycles in queue ($)

cost update factor from input

hourly vehicle running cost per mile, CVOC(l) = running cost at

approach speed, CVOC(2) = running cost at restricted speed,
CVOC(3) = running cost at queue speed
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DIR(4)

DQUE
DSC
EHR
EHW
EXD

IA

ID

IEND

IFLAG

IHR

IM

I0L
10P

IPROB
IQUE

IR
IS

ISM

direction of traffic for each hourly traffic volume input card,
DIR = I for inbound, DIR = 0 for outbound

vehicle hours of queue delay during hour J

distance of slowing down and returning to approach speed (miles)
ending hour of restricted capacity

ending hour of work zone activity

excess demand of traffic volume during hour J

index for direction of travel for calculating maximum queue
length, QMAX

loop index to calculate user costs, IA = 1 if inbound costs, IA
= 2 if outbound costs

index to indicate the direction of travel for each traffic
volume card, ID = 1 if inbound, ID = 2 if outbound

index to indicate end of file, IEND = 1 if end of file, IEND = O
otherwise

index to indicate problem number when there is an error in the
read command

index for type of capacity restriction, IHR = 1 if work zone

- inactivity hour, IHR = 2 if work zone activity hour, IHR = O if

capacity not restricted during hour

number of traffic volume cards to be read for problem, IM = 2 if
single-lane closure, IM = 4 if crossover

number of open lanes, inbound direction

index to indicate capacity reduction for cost calculations, IOP
= 1 for normal conditions, I0P = 2 for restricted capacity

problem number from input data

queue index, IQUE = 0 if there is no queue during hour J, IQUE =
1 if there is a queue during entire hour J, IQUE = 2 if queue
dissipates during hour J

index for the volume card being put into array 1T(2,2)

index to put speeds into final array for output

index to sum hourly user costs to daily user costs total
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17T(2,2) traffic volume card array, IT(1,1) = inbound, period 1; IT(1,2)
= inbound, period 2; IT(2,1) = outbound, period 1; IT(2,2) =
outbound, period 2

ITL total number of inbound lanes

1y index to zero out traffic card array for each problem

Iz index to zero out traffic card array for each problem

J Toop index for each hour 1-24, to calculate hourly user costs

JC index to calculate V/C ratio, JC = 1 for normal conditions, JC =
2 for restricted capacity

KI index of inbound capacity restriction, KI = 1 if capacity
restricted in inbound direction, KI = O otherwise

KO index of outbound capacity restriction, KO = 1 if capacity
restricted in outbound direction, KO = 0 otherwise

KPROB(4) problem number on traffic volume card

KS index for traffic card to set up traffic volume arrays

KT lower bound to set up traffic volume arrays, KT = 1 if KI = 1,
KT =2 if KI = 0O

KU upper bound to set up traffic volume arrays, KU =1 if KO = O,
KT = 2 if KO = 1

KV hour index 1-12, to set up traffic volume arrays

KW hour index 13-24, to set up traffic volume arrays

L index to zero out accumulated arrays for each problem

LC index to write out hourly user data

LC1 beginning of hour for hourly user cost output data

M index to zero out accumutated arrays for each problem

MODEL closure strategy, MODEL = 1 if single-lane closure, MODEL = 2 if

- crossover : :

N index to zero out accumulated arrays for each problem

NHR(24) index of capacity reduction during hour J, NHR = 1 if no
capacity reduction, NHR = O otherwise

0c(2,24) change in hourly running cost through work zone ($)
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0CQ(2,24)
0oL
0TL

PQUE

PT

PTC

PTT

QMAX
QUEL(2,24)
SLO
SLP(6,5)

SP(2)

SPCAP

SPCC

SPCG

SPCT
SPD(2,2,24)
SPE

SPEED
SPF
SPMN
SRP

STL(24)

change in hourly running cost through queue ($)
number of open lanes, outbound direction

total number of qutbound lanes

proportion of the hour the queue is present, for calculations
during hour queue dissipates

percentage trucks from input data

percentage cars + 100

percentage trucks # 100

longest queue length during closure period (miles)
average length of queue (miles) in direction IA, hour J
slope term for speed-volume equation

slope term for work zone capacity equation, up to 6 total lanes
and 5 open lanes through direction of closure

speed through work zone {mph), SP(l) = speed with no capacity
restrictions, SP(2) = speed with restricted capacity

capacity speed (mph) from input data

car speed-change cycling cost per 1000 vehicles ($)
LOS D/E breakpoint speed (mph) from input data

truck speed-change cycling cost per 1000 vehicles ($i
array of average speeds (mph)} for output

difference between LOS D/E breakpoint speed and capacity speed,
used in speed-volume equation

average speed (mph) for vehicle running cost calculations
free flow speed (mph)
minimum speed (mph) for speed-cycle cost calculations

surplus of vehicles that'capacity exceeds demand for hours when
queue is reduced

total additional hourly user costs in both directions ($)



SUM total additional daily user costs due to lane closure ($), the
sum of the hourly user costs

THC(2,24) total additional hourly user cost in each direction ($)

THCQ(2,24) total additional hourly cost per mile of queue ($)

TIME(4) period index for each hourly traffic input data card, TIME = 1
for first 12 hours, TIME = 2 for second 12 hours

VC(2) V/C ratio, VC(1) = V/C ratio for normal conditions, VC(2) = V/C
ratio for restricted capacity ‘

vL(2,24) hourly traffic volumes for 24 hour period, each direction

VLT(2) value of time ($/hr.), VLT(1l) = car value of time, VLT(2) =
truck value of time

voC running cost per 1000 vehicle miles ($)

VoL (4,12) hourly traffic volumes (vph) from input data

VOLCAP capacity volume per lane (vph)

VOLCG LOS D/E breakpoint volume per lane (vph)

VT(4) acceptable characters for direction and period on traffic data

input cards, VT(1) =1, VT(2) =0, VT(3) =1, VT(4) = 2

WZD -length of work zone (miles)

Subroutine OPCOST

CR car running cost per 1000 vehicle miles ($)
csT total running cost per 1000 vehicle miles ($)
PT percentage trucks + 100

PTR percentage trucks

SP ~average speed (mph}

SPC average car speed (mph)

SPT average truck‘speed {mph)

TK truck running cost per 1000 vehicle miles ($)
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Program Listing

c
C QUEWZ MODEL - QUEUE AND USER COST EVALUATION OF A WORK ZONE

o
CHARACTER*1 DIR
CHARACTER~l TIME
CHARACTER=*1 VT
INTEGER OTL,BHR,EHR, BHW,EHW,O0L
DIMENSION VT(4),KPROB(4),DIR(4),TIME(4),V0OL(4,12),IT(2,2),VL(2,24)
*,CP(6,5),SLP(6,5) ,CAPN(2) ,CAPR(2) ,CAPW(2) ,VLT(2) ,CQUE(2,24),VC(2),
»SP(2) ,QUEL(2,24) ,CDSC(2,24) ,CDWZ(2,24) ,CSPC(2,24) ,CV0C(3),0C(2,24)
*,0C0(2,24),8PD(2,2,24) ,THC(2,24) ,THCQ(2,24) ,STL(24) ,CHAR(9),
*NHR(24) ,CAP(2,24)
c VALUE OF TIME FOR CARS AND TRUCKS
DATA VLT/9.72,17.71/
VALID LETTERS TO IDENTIFY DIRECTION AND TIME OF VOLUME DATA
DATA vT/*'I','0','1','2'/ ’
c INTERCEPT TERM FOR WORK ZONE CAPACITY EQUATION
DATA CP/0.0,1460.,1370.,1200.,1200.,1200.,0.0,0.0,1600.,
»1580.,1480.,1400.,0.0,0.0,0.0,1560.,1500.,1500.,0.0,
x0.0,0.0,0.0,1550.,1550.,0.,0.,0.,0.,0.,1580./
c SLOPE TERM FOR WORK ZONE CAPACITY EQUATION
DATA SLP/0.0,2.13,4.05,0.0,0.0,0.0,0.0,0.,1.81,1.6,1.46,0.,
*0.0,0.0,0.0,0.57,0.0,0.0,0.0,0.0,0.0,0.0,¢.,0.,0.,0.,0.,0.,0.,0./
o SET END FLAG AND PROBLEM COUNT TO ZERO
IEND=0
IPROB=0
5 IPROB=IPROB+1
c IF CAPACITY IS RESTRICTED, INBOUND KI=1, OUTBOUND KO=1
IF (IEND.EQ.1) GOTO 99
KI=0
KO=0
I1D=0
IFLAG=0
SUM=0.0 )
c ZERO ALL VOLUME, SPEED, AND COST ARRAYS FOR EACH PROBLEM
DO 15 M=1,2
DO 15 N=1,24
DO 35 L=1,2
SPD(L,X¥,N)=0.0
35 CONTINUE
CAP(M,N)=0.0
VL(M,N)=0.0

[§]

CQUE(M,N)=0.0
CDSC(M,N)=0.0
CDWZ{¥,N)=0.0
CSPC(M,N)=0.0

OC(M,N)=0.0
QUEL(M,N)=0.0
THC(M,N)=0.0
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15

55

10

THCQ (M, N)=0.0

CONTINUE
Do 55 I12=1,2
Do 55 I1¥=1,2-

IT(12,1¥)=0

CONTINUE
READ IN FIRST CARD OF PROBLEM
IF CERF IS GREATER THAN 100, IT IS ASSUMED TO BE THE WORK ZONE
CAPACITY, AND THE PROGRAM GENERATED CAPACITY WILL NOT BE USED.
READ (5,10,END=99,ERR=30) IPROB,MODEL,CUF,PT, SPF, SPCG,SPCAP, VOLCG,

*VOLCAP, ITL,OTL,WZD, IOL,00L, BHR, EHR, BHW, EHW,CERF,

* (CHAR(JJ) ,J7=1,9)
FORMAT(I2,I1,F4.0,4F3.0,2F4.0,211,F4.0,211,412,F4.0,834,a1)
SET DEFAULT VALUES IF NOT PROVIDED FROM INPUT
IF (CUF.EQ.0.0) CUF=1.0
IF (PT.EQ.0.0) PT=8.0
IF (SPF.EQ.0.0) SPF=60.

IF (SPCG.EQ.0.0) SPCG=40.

IF (SPCAP.EQ.0.0) SPCAP=30.

IF (VOLCG.EQ.0.0) VOLCG=1600.

IF (VOLCAP.EQ.0.0) VOLCAP=2000.

IF (CERF.EQ.0.0) CERF=60.

IF (BHW.GT.O..OR.EHW.GT.0.) GOTO 9
BHW=BHR

EHW=EHR

PRINT ASSUMPTIONS FOR PROBLEM

9 WRITE (6,11) IPROB, (CHAR(JK),JK=1,9),MODEL,CUF,PT,ITL,OTL,W2D,

11

»I0L,00L, BHR,EHR, BHW, EHW

FORMAT('1',' PROBLEM ',I2,1X,924//' MODEL',T35,I1//' COST UPDATE F
*ACTCOR',T30,F6.2//* PERCENTAGE TRUCKS',T32,F4.0//' TOTAL NUKBER OF
*LANES'/4X, ' INBOUND',T35,I1/4X, '"OUTBOUND',T35,11//' LENGTH OF WORKZ
*ONE',T30,F6.2,' MILES'//' WORKZONE OPEN LANES'/4X,'INBOUND!,T35,I1

_ */4X,'OUTBOUND',T35,I1//' HOURS OF RESTRICTED CAPACITY'/4X,'BEGINNI

20
12

*NG',T34,12/4X, 'ENDING',T34,12//' HOURS QF WORKZONE ACTIVITY'/4X,'B
*EGINNING',T34,12/4X, ENDING',T34,12/)

BHW=BHW+1

BHR=BHR+1

EHW=EHW+1

EHR=EHR+1

IF(EHW.GT.24) EHW=24

IF(EHR.GT.24) EHR=24

GOTO 40

WRITE (6,12) IPROB

FORMAT (/' HOURLY VOLUME DATA CARDS MISSING, WRONG, OR OUT OF ORDER
» FOR PROBLEM ',I2) ‘

GOTO 99

30 WRITE (6,13) IPROB
13 FORMAT(/' ERROR IN HARDWARE READ, PROBLEM ',I2)

GOTO 99
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40

31

45

14

70

50

&0

85

80

41

20

100
110

120

130

138

145
29

140

CHECK FOR VALID LAND CLOSURE STRATEGY NUMBER

IF (MODEL.EQ.l1.OR.MODEL.EQ.2) GOTO 45

WRITE (6,31) IPROB

FORMAT (/' INVALID LANE CLOSURE STRATEGY NUMBER ON PROBLEM ',I2)
GOTO 99 . ’

READ NEXT TWO CARDS IF LANE CLOSURE STRATEGY 1,

NEXT FOUR CARDS IF LANE CLOSURE STRATEGY 2

IM=MODEL*2

DO 50 I=1,IM

READ (5,14,END=60,ERR=70) KPROB(I),DIR(I),TIKE(I), (VOL(I,J),

*J=1,12)

FORMAT (IZ,2Al1,12F5.0)

IF (IPROB.NE.KPROB(I)) GOTO 20

GOTO 50

IFLAG=KPROB (I)

WRITE (6,13) KPROB(I)

CONTINUE

GOTO 65

IEND=1

IF ERROR IN PROBLEM, GO TO NEXT PROBLEM
IF (IFLAG.NE.O) GOTO 5

CHECK INBOUND DIRECTION FOR CAPACITY REDUCTION
IF (ITL-IOL) 80,100,90

WRITE (6,41) IPROB

FORMAT (/' RESTRICTED CAPACITY GREATER THAN TOTAL CAPACITY =~ ',
= 'PROBLEM ',I2,'SKIPPED!')

GOTO 5

KI=1

CHECK OUTBOUND DIRECTION FOR CAPACITY REDUCTION

IF (OTL-OOL) 110,130,120
WRITE(6,41) IPROB

GOTO 5

KO=1

SET UP (IT) ARRAY SUCH THAT TRAFFIC VOLUME CARD NO. WILL APPEAR IN
FOLLOWING LOCATION IT(1,1)=INB,AM, IT(1,2)=INB,PM, IT(2,1)=OUTB,ANM
IT(2,2)=0UTB,PM

DO 140 IR=1,IM

IF {DIR(IR).EQ.VT(1l)) ID=1

IF (DIR(IR).EQ.VT(2)) ID=2

IF (TIME(IR).NE.VT(3)) GOTO 135

I7(ID,1)=IR

GOTO 140

IF (TIME(IR).NE.VT(4)) GOTO 145

IT(ID,2)=IR

"GOTO 140

‘WRITE (6,29) IPROB

FORMAT (/' INVALID TIME OR DIRECTION CODE~PROBLEM ',I2,' SKIPPED')
GOTO 5

CONTINUE
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QO

IF (KI.LT.1l) GOTO 165
IF (IT(1,1).LT.1) GOTO 185
IF (IT(1,2).LT.1) GOTO 185
165 IF (KO.LT.l) GOTO 180 .
IF (IT(2,1).LT.1) GOTO 185
IF (IT(2,2).LT.1) GOTO 185
GOTO 180
185 WRITE(6,49) IPROB
49 FORMAT(/' DIRECTION ON TRAFFIC CARDS DO NOT MATCH DIRECTION OF ',
» "RESTRICTED CAPACITY - PROBLEM ',I2,' SKIPPED')
GOTO §
SET UP INBOUND AND/OR OUTBOUND TRAFFIC ARRAYS IF CAPACITY IS
RESTRICTED IN THAT DIRECTION VL (KS,KV)
180 KT=2-KI
KU=KO+1
IF NO CAPACITY REDUCTION, GO TO NEXT PROBLEM
IF (KT.LE.KU) GOTO 155
WRITE (6,33) IPROB
33 FORMAT(' NO CAPACITY REDUCTON, PROBLEM ',I2,' SKIPPED')
GOTO 5
155 DO 150 KS=KT,KU
DO 160 KvV=1,12
VL (KS,KV)=VOL (IT(KS,1) ,KV)
KW=KV+12
VL (KS,KW)=VOL (IT(KS,2) ,KV)
160 CONTINUE
150 CONTINUE
CALCULATE USER COSTS IA=1 IF INBOUND COSTS, IA=2 IF OUTBOUND COSTS
DO 200 Ia=1,2
ACUM=0.0
CALCULATE CAPACITIES CAPN=NORMAL CAPACITY, CAPR=RESTRICTED
CAPACITY DURING NONWORKZONE ACTIVITY HOURS, CAPW=CAPACITY
DURING WORKZONE ACTIVITY HOURS
IF (IA-1) 175,175,170
175 IF (KI.EQ.0) GOTO 200
CAPN(1)=VOLCAP*ITL
CAPR(1)=VOLCAP*IOL*0.9
CAPW(1)=(CP(ITL,IOL)-SLP(ITL,IOL)*CERF)*IOL
CHECK TO SEE IF WORK ZONE CAPACITY FROM INPUT DATA IS TO BE USED
INSTEAD OF PROGRAM GENERATED CAPACITY
IF (CERF.GT.100.) CAPW(1l)=CERF=*IOL
WRITE (6,16) CAPN(l),CAPR(1l),CAPW(1l)

16 FORMAT(' INBOUND CAPACITY'/4X,'NORMAL ',T30,F6.0,' (VPH)'/4X,
«'RESTRICTED ',T30,F6.0,' (VPH)'/4X,'WORKING HOURS ',T30,F6.0,
x' (VPH)'/)

TEST TO DETERMINE IF USER INPUT CAPACITY IS GREATER THAN
RESTRICTED CAPACITY. IF IT IS, CONTROL TRANSFERS TO THE NEXT
PROBLEM AND AN ERROR MESSAGE IS DISPLAYED.

IF (CAPW(1l).LT.CAPR(1l)) GOTO 190
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240,

43

170

17

190

220

230

250

WRITE (6,43) IPROB
FORMAT (/' WORK ZONE CAPACITY GREATER THAN RESTRICTED CAPACITY =-',

»' PROBLEM ',I2,' SKIPPED'//' POSSIBLE SOURCE OF ERROR: USER-',
»'SUPPLIED CAPACITY ESTIMATE GREATER THAN 90% OF NORMAL CAPACITY')

GOTO '5

IF (KO.EQ.0) GOTO 200

CAPN (2) =VOLCAP*OTL

CAPR(2)=VOLCAP*QOL*0.9
CaPW(2)=(CP(OTL,00L)~SLP (OTL,Q0L) »CERF) »Q0L

CHECK TO SEE IF WORK ZONE CAPACITY FROM INPUT DATA IS TO BE USED
INSTEAD OF PROGRAM GENERATED CAPACITY

IF (CERF.GT.100.) CAPW(2)=CERF*0QL

WRITE (6,17) CAPN(2),CAPR(2),CAPW(2)

FORMAT (' OUTBOUND CAPACITY',/4X,'NORMAL ',T29,F7.0,' (VPH)',/4X,

*'RESTRICTED ',T29,F7.0,' (VPH)'/4X,'WORKING HOURS ',T29,F7.0,
x' (VPH)'/)

TEST TO DETERMINE IF USER INPUT CAPACITY IS GREATER THAN
RESTRICTED CAPACITY. 1IF IT IS, CONTROL TRANSFERS TC THE NEXT
PROBLEM AND AN ERROR MESSAGE IS DISPLAYED.

IF (CAPW(2).LT.CAPR(2)) GOTO 190

WRITE (6,43) IPROB

GOTO 5

CALCULATE USER COSTS FOR EACH HOUR J

DO 210 J=1,24

IHR=0

NHR(J)=0

SELECT APPROPRIATE CAPACITY THROUGH WORKZONE FOR HOUR J
IF (J.GE.BHW.AND.J.LE.EHW) GOTO 220

IF (J.GE.BHR.AND.J.LE.EHR) GOTC 230

CPP=CAPN(IA)

CAP(IA,J)=CPP

IF (ACUM.GT.0.) GOTO 240

NHR(J)=1

GOTO 210

CPP=CAPW(IA)

CAP(IA,J)=CPP

IHR=2

GOTO 240

CPP=CAPR{IA)

CAP(IA,J)=€PP

IHR=1 ‘

CALCULATE DELAY IN QUEUE (DQUE), COST OF QUEUE (CQUE), AND LENGTH
OF QUEUE (QUEL). IQUE=1 WITH QUEUE, IQUE=2 HOUR QUEUE DISSIPATES
IF (VL(IA,J).GT.CPP) GOTO 250

IF (ACUM.GT.0.0) GOTO 260

IQUE=0

GOTO 270

IQUE=1

EXD=VL(Ia,J)=-CPP
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255 DQUE=ACUM+EXD/2.
PTC=1.-PT/100.
PTT=PT/100.
265 CQUE(IA,J)=DQUE*CUF# (PTC*VLT(1)+PTT*VLT(2))
275 ALN=ITL
GOTO 295
285 ALN=OTL
295 QUEL(IA,J)=DQUE/(ALN=132.)
IF (IQUE.NE.2) GOTC 335
QUEL(IA,J)=QUEL(IA,J)/PQUE
335 ACUM=ACUM+EXD
IF (ACUM.LT.0.0) ACUM=0.0
GOTC 270
260 IQUE=1
SRP=CPP-VL(IA,J)
PQUE=ACUM/SRP
EXD=-SRP
IF (ACUM.GE.SRP) GOTO 255
DQUE=(ACUM**2) / (2.*SRP)
IQUE=2
GOTC 265
CALCUALTE PARAMETERS FOR SPEED-VOLUME EQUATIONS
270 SLO=VOLCAP= (SPCG-SPF)/VOLCG
CGV=VCOLCG/VOLCAP
SPE=SPCG-SPCAP
CALCULATE V/C RATIO AND AVERAGE SPEED FOR NORMAL CONDITONS JC=1,
AND FOR RESTRICTED CAPACITY JC=2
DO 280-JC=1,2
IF (JC.EQ.2) GOTO 300
vC(JC)=VL(IA,J)/CAPN(IA)
GOTO 310
300 vC(JC)=VL(IA,J)/CPP
IF (IQUE.EQ.1) GOTO 320
310 IF (VC(JC).GT.l.) GOTO 320
IF (VC(JC)-CGV) 305,305,315
305 SP(JC)=SPF+SLO=VC(JC)
GOTO 325
315 SP(JC)=SPCAP+SPE*SQRT(1l.-((VC(JC)-CGV)/(1.-CGV))*=*2)
325 IF (IQUE.EQ.2.AND.JC.EQ.2)SP(JC)=(1.-PQUE)*SP(JC)+PQUE*SPCAP
GOTO 280
320 SP(JC)=SPCAP=*(2.-VC(JC))
IF (SP(JC).LT.20.) SP(JC)=20.
IF (SP(JC).GT.SPCAP) SP(JC)=SPCAP
ve(J¢)=1. )
280 CONTINUE
CALCULATE MINIMUM SPEED (SPMN) FOR SPEED-CYCLE COST CALCULATION
IF (IQUE.EQ.1) GOTO 330
SPMN=8SP(2)=2.3=25.7* (VC(2) **2)
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IF (IQUE.EQ.2) SPMN=SPMN=(l.-PQUE)
IF (SPMN.GE.0.0) GOTO 340
330 SPMN=0.0
CALCULATE LENGTH OF REDUCED SPEED THROUGH WORK ZONE ARES (CLL)
340 IF (W2D.LE.0.l) GOTO 350
CLL=0.1+(WZD+0.1)*VC(2)
GOTO 360
350 CLL=W2D+0.2
CALCULATE DISTANCE (DSC) AND DELAY COST (CDSC) OF SLOWING DOWN AND
RETURNING TO APPROACH SPEED
360 DSC=0.5+0.25xVC(2)
PTT=PT/100.
PTC=1.-PT/100.
CDSC(IA,J)=DSC*(2./(SP(1)+SPMN)=~1./SP(1))*VL(IA,J)*CUFx
» (PTC*VLT (1) +PTT/0.9*VLT(2))
CALCULATE DELAY COST OF REDUCED SPEED THROUGH WORK ZONE (CDWZ)
CDWZ(IA,J)=CLL*(1./8P(2)-1./8P(1))*VL(IA,J)*CUF=* (PTC*VLT(1)+PTT/
* 0.9xVLT(2))
CALCULATE COST OF SPEED CHANGE CYCLE (CSEC)
SPCC==5.2187+1.1241*SP(1)~1.1125*SPMN
IF (SPCC.LT.0.0) SPCC=0.0
SPCT=-32.2883+7.1226+%0.9*SP(1) -6.684*SPHN*0.9
IF (SPCT.LT.0.0) SPCT=0.0
CSPC(IA,J)=VL(IA,J)*CUF* (PTC*SPCC+PTT*SPCT)/1000.
ADD COST OF QUEUE CYCLING COSTS IF THERE IS A QUEUE
IF (IQUE.EQ.0) GOTO 370
CSPO=(6.0223*PTC+31.8151*PTT) «CUF*VL(IA,J) *3. *QUEL(IA J)/1000.
IF (IQUE.EQ.2) CSPQ=CSPQ*PQUE
CSPC(IA,J)=CSPC(IA,J)+CSPQ
CALCULATE RUNNING COST DIFFERENCE THROUGH WORK ZONE (QC)
370 DO 380 IOP=1,2
SPEED=SP (I0OP)
CALL OPCOST(SPEED,PT, VOC)
CVOC(I0OP)=VOC*VL(IA,J)/1000.
380 CONTINUE
OC(IA,J)=(CVOC(2)=-CVOC (1)) *CLL*CUF
ADD TO RUNNING COSTS THE ADDITIONAL QUEUE RUNNING COSTS IF ANY
IF (IQUE.EQ.0) GOTO 390
SPE=SPF/2.*(1-SQRT(1.~-CPP/CAPN(IA)))
CALL OPCOST(SPEED, PT,VOC)
CVOC(3)=VOC*VL(Ia,J)/1000.
0CQ(IA,J)=(CVOC(3)~CVOC (1)) *QUEL(IA,J)*CUF
IF (IQUE.EQ.2) OCQ(IA,J)=0CQ(IA,J)*PQUE
OC(IA,J)=0C(IA,J)+0CQ(IA,J)
SUM UP COSTS TO GET TOTAL HOURLY USER COST (THC) IN EACH DIRECTION
390 THC(IA,J)=CDSC(IA,J)+CDWZ(IA,J)+CSPC(IA,J)+0OC(IA,J)+CQUE(IA,T)
CALCULATE HOURLY COST PER MILE QUEUE (THCQ)
IF (QUEL(IA,J).EQ.0.0) GOTO 400
THCQ(IA,J)=THC(IA,J)/QUEL(IA,J)
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o PUT SPEEDS INTO ARRAY FOR OQUTPUT
400 DO 410 IS=1,2
SPD(IS,IA,J)=SP(IS)
410 CONTINUE
c SUM HOURLY USER COSTS INTO DAILY TOTAL
SUM=SUM+THC(IA,J)
210 CONTINUE
200 CONTINUE
c SUM HOURLY COSTS FOR EACH DIRECTION FOR TOTAL HOURLY COSTS
DO 420 ISM=1,24 '
STL(ISM)=THC(1, ISM)+THC(2, ISM)
420 CONTINUE
c WRITE OUT CAPACITY ESTIMATE RISK FACTOR IF WORK ZONE CAPACITY
c 1S CALCULATED IN PROGRAM AND IS NOT PART OF INPUT DATA
IF (CERF.GT.100.) GOTO 430
WRITE(6,37) CERF

37 FORMAT (' CAPACITY ESTIMATE RISK FACTOR,'/
+' PROBABILITY THAT ESTIMATED'/' WORKING HOURS CAPACITY IS'/
»x' LESS THAN ACTUAL CAPACITY',T32,F4.0,' PERCENT'/)

I WRITE OUT SUMMARY HEADINGS
430 WRITE (6,18) IPROB

18 FORMAT('1',48X,'SUMMARY OF USER COSTS - PROBLEM ',I2,//19%,
*'xxx INBOUND DIRECTION x*=x',618X,"'*',15X,'**xx QUTBOUND ',
*'DIRECTION *»x',14X,*'* TOTAL ADD.')

WRITE (6,19)

19 FORMAT(' HOUR VOLUME CAPACITY APRCH WORK LENGTH',
*T51, 'ADDITIONAL * VOLUME CAPACITY APRCH WORK  LENGTH',
«T107, 'ADDITIONAL » HOURLY USER')

WRITE (6,21)

21 FORMAT(9X, ' (VPH) (VPH) SPEED ZONE',5X,'OF',7X, 'HOURLY',
*TE3, '« (VPH) (VPH) ',4X,'SPEED ZONE',S5X,'OF',7X,'HOURLY',
*T119,'* COSTS DUE')

WRITE (6,22)

22 FORMAT(27X,'(MPH) SPEED QUEUE USER COSTS x',T84,'(MPH)',

x2X,'SPEED QUEUE USER COSTS * TO LANE')
WRITE (6,23)

23 FORMAT(34X,'(MPH) (MILES)',S5X,'($)',6X,'»',T91,'(MPH) (MILES)',

*5X,'($)',6X,'» CLOSURE ($)'/)
c WRITE OUT CALCULATED USER DATA FOR EACH HOUR AND DAILY TOTAL

DO 450 LC=1,24

LC1=LC~-1

WRITE(6,39) LCl,LC
39 FORMAT(1X,I2,'-',I2)

. IF(NHR(LC) .EQ.1) GOTO 440

IF (KI.EQ.0) GOTO 440 » )

WRITE (6,24) VL(1,LC),CAP(1,LC),SPD(1,1,LC),SPD(2,1,L ) ,QUEL(1,LC)

24 FORMAT('+',T9,F7.0,2X,F7.0,3%X,F4.0,3X,F4.0,T41,F6.1)
440 WRITE (6,25) THC(1,LC)

25 FORMAT('+',T52,F8.0,T63,'*"')
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IF(NHR(LC) .EQ.1) GOTO 460
IF (KO.EQ.0) GOTO 460
WRITE (6,26) VL(2,LC),CAP(2,LC),SPD(1,2,LE),SPD(2,2,LC),QUEL(2,LS)
26 FORMAT ('+',T65,F7.0,T74,F7.0,T84,F4.0,792,F4.0,T97,F6.1)
460 WRITE (6,27) THC(2,LC),STL(LC)
27 FORMAT ('+',Tl08,F8.0,T119,'*',T121,F9.0/)
450 CONTINUE
WRITE (6,28) SUM
28 FORMAT (5X,'TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE',
*' CLOSURE = ',F10.0,/)

C WRITE OUT WARNING IF QUEUE GREATER THAN A MILE
QMAX=0.
DO 500 I=1,2

DO 500 J=1,24
IF (QUEL(I,J).GT.QMRX) QMAX=QUEL(I,J)
500 CONTINUE
IF (QMAX.LE.l.) GOTO 480
WRITE (6,42) QMAX
42 FORMAT (' x=x WARNING »xx QUEUE ESTIMATED TO REACH ',F6.1,' MILES'
*x,' LONG. QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY ',
*'TO DIVERT '/ TO OTHER ROUTES. CHECK ALTERNATE ',
= 'ROUTES - DIVERSION MAY TAKE PLACE.')
c GO TO NEXT PROBLEM, IF ANY
480 IF (IEND.EQ.l) GOTO 99
GOTO 5
99 STOP
END

SUBROUTINE OPCOST(SP,PTR,CST)

QaOa

CALCULATES RUNNING COSTS PER 1000 VEHICLE MILES, GIVEN SPEED AND

PERCENTAGE TRUCKS .

SPC=8P

SPT=8P*0.9

PT=PTR/100.

C CAR RUNNING COSTS
CR=395.6898*EXP{.0157*SPC) « (SPC) »x (~.45525)

C TRUCK RUNNING COSTS

TK=179.1466*EXP (. 02203*SPT) » (SPT) = (~.35902)+(1201.8847«

*EXP (.0322*8PT) * (SPT) »x (=.79202) )

CS8T=({(1.~PT) *xCR+PT*TK)

RETURN

END
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Sample Output

PROBLEM 1 SINGLE LANE CLOSURE TEST PROBLEM

MODEL '
COST UPDATE FACIOR 1.00
PERCENTAGE TRUCKS ' a.
TOTAL NUMBER OF LAMES

INBOUND 2

QU TBOUND 2
LENGTH OF WORKZONE 1.00 MILES
WORNZONE OPEN LANES

I NBOUND 1

OUTBOUND 2
HOURS OF RESTRICTED. CAPACITY

BEGINNING 8

ENDING T
HOURS OF WORKZONKE ACTIVITY

BEGINNING ™

ENDING 15
INBOUND CAPACITY .

NORMAL 4000. (VPH)

RESTRICTED 1800. (VPH)

WORKING HOURS 1332, (VPH)

CAPACITY ESTIMATE RISK FACTOR,

PROBABILITY THAT ESTIMATED

WORMING HOURS CAPACITY 1S

LESS THAN ACTUAL CAPACITY 80. PERCENT



8L

HOUR

4 -
5
6~

® N M s W N

7-
8- 9
g8-10
10-11¢
11-12
12-13
13- 14
14-15
15-186
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24

VOLUME
(VPH)

1750.
1490,
1360.
1040,
1040.
1210,
1490 .
1670,
1790.
1610,

«+¢ [NBOUND DIRECTION

CAPACITY
{VPH)

1800,
1332.
1332. -
1332.
1332,
1332,
+332.
1332.
1800,
4000

APRCH WORK

SPEED
(MPH)

49 .
51.
52,
54,
54 .
52.
g1,

49
50.

ZONE
SPEED
(MPH)

35.
26 .
29.
34.
40.
38.
26
22
a0
46

L R]

LENGTH

OF

QUEUE
(MILES)

oo 0 o o O ©
8T N WO D A WO

SUMMARY OF USER

ADDI TIONAL

HOURL Y

USER COSTS

{

$)

(- - - - - -

=

443
1469
2313

890

149,

238
1469
4277
5787
G112

o O 0 ©

0,

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE

¢rs WARNING »+¢

QUEUE ESTIMATED TO REACH

TO OTHER ROUTES

1.9 MILES LONG

CHECK ALTERNATE ROUTES -

“ e

-

COSTS

VOLUME
{VPH)

17647,

PROBLEM

e
CAPACETY
(VPH)

OUTBOUND DIRECTION s+«

APRCH
SPEED
(MPH)

WORK
ZONE
SPEED -’
{MPH)

LENGTH
OF
QUEUE
(MILES)

ADDITIONAL

HOURL Y

USER COSTS

{($)

¢ ¢ o & o ¢ O O 0 0 6 O © 0 0 0 o0 8 o0 O o o o O

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE
 CLOSURE ($)

OO?QOOO

443
1469
2313
890
149 .
238.
1469 .
4277
5787
612

¢ © o O ©

QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERT
DIVERSION MAY TAKE PLACE.
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PROBLEM 2 CROSSQVER TEST PROBLEM

MODEL 2
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS 8.
TOTAL NUMBER OF LANES
INBOUND 2
OUTBOUND 2
LENGTH OF WORKZONE 1.00
WORKZONE OPEN LANES
INBOUND 1
OUTBOUND t
HOURS OF RESTRICTED CAPACITY
BEGINNING ' 8
ENDING 16
HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING t5
INBOUND CAPACITY ,
NORMAL 4000
RESTRICTED 1800
WORKING HOURS ° 1354
OUTBOUND CAPACITY
NORMAL 4000
RESTRICTED 1800
WORKING HOURS 1354

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 50

MILES

PERCENT



08

HOUR

-

-

1-

(2 M

2-
3-
a-
5-
6-

® ~ O O &

7 -
8- 9
9-10
10-11
t1-12
12-13
13-14
14- 45
t5-16
16-17
17-18
18-19

19-20"

20-21
21-22
22-23
23-24

VOL UME
(VPH)

1750.
1490,
1360.
1040,
1040.
1210,
1490
1670.
1790.
610

**+ INBOUND DIRECTION

CAPACITY
(VPH)

1800,
1354,
1354 .
1354,
1354 .
1354 .
1354 .
1354 .
1800 .

4000

APRCH
SPEED
{MPH}

49.
51.
52.
54,
54
52.
sS4
50
49,
50

WORK
ZONE
SPEED
(MPH)

35,
27.
30.

36.

39.
27
23
30

46

L)

LENGTH

OF

QUEUE
(MILES)

e o o o o0 o O
W o © W o w o

~

SUMMARY OF USER COSTS

ADDITIONAL

HOURL Y

USER COSTS
(s

}

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE

v+ ¢ WARNING

TO OTHER ROUTES.

+ve QUEUE ESTIMATED TO REACH

2.9 MILES LONG

CHECK ALTERNATE ROUTES -

[~T - A - D - D - T - T -]

* e e

VOLUME
{VPH)

£1280.
1240,
1250,
1300,
1300

13390
1500.
1860.
2010.
18970

35112,

PROBLEM
e

CAPACITY
{(VPH)

1800,
1354,
§354 .
1354
13654,
1354 .
1354 .
1354
18060

4000

2

OUTBOUND DIRECTION
LENGTH

APRCH
SPEED
(MPH)

52.
52
52.
52
52
52.
S1
48 .
a7

48 .

WORK
ZONE
SPEED
{MPH)

42

348.
8.
36.
28.
34,
27

20.
286

40.

OF
QUE
(MIL

e o o © ©o O o
[~ I - S R~ - 2 - 2 - T - T - T -1

e

UE
ES)

ADDITIONAL
HOURLY
USER COSTS
%)

QO 00 0 0 0 0 ©

138
250.
259 .
319.
319,
3786.
1408.
5276.
8779.

2164 .

© o © © © o

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LAME
CLOSURE (8}

e O O 0O o0 & o o

581,
1594 .
2231t
894
462
602
2750.
2194
14124
2682

e o o o ©

QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERT
DIVERSION MAY TAKE PLACE.
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PROBLEM 3 SINGLE LANE TEST PROBLEM

MODEL - 1
COST UPDATE FACTOR 1 00
PERCENTAGE TRUCKS 8.

TOTAL NUMBER OF LANES
1 NBOUND 2
OUTBOUND 2

LENGTH OF WORKZONE - .00

WORKZONE OPEN LANES
INBOUND ‘
QUTBOUND 2

HOURS OF RESTRICTED CAPACITY
BEGINNING
ENDING 23

HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 15

INBOUND CAPACITY
NORMAL 4000
RESTRICTED 1800.
WORKING HOURS 1650

MILES



8

SUMMARY OF USER COSTS - PROBLEM 3

»o+ INBOUND DIRECTION +++ ’ svs OUTBOUND DIRECTION ++» + TOTAL ADD.
HOUR  VOLUME CAPACITY APRCH WORK LENGTH  ADDITIONAL + VOLUME CAPACITY APRCH WORK LENGTH  ADDITIONAL + HOURLY USER
(VPH) (VPH) SPEED ZONE oF HOURL Y + (VPH) (VPH) SPEED ZONE of HOURL Y »  COSTS DUE
(MPH) SPEED  QUEUE  USER COSTS + (MPH) SPEED  QUEUE  USER COSTS +  TO LANE
(MPH)  (MILES} (%) v (MPH) (MILES) ($) » CLOSURE ($}
0- 1 270, 1800, 58 56 0.0 2 . 0. . 2.
1- 2 160 . 1800. 59, 56 c.0 ! v o. . '
2- 3 120, 1800. 59, 58 0.0 0 . 0. ' 0.
3- 4 100 1800 59, 59. 0.0 0 ' o ' 0
a- 5 130, 1800, 59. 58. 0.0 1 . 0. . 1
5- 6 460, 1800. 57. 54. 0.0 7 ’ 0 + 7
6- 7 1620. 1800. 50 39. ¢.0 293 . o . 293
7- 8 2080. 18006, 47. 25. 6.5 2397 . o v 2397.
8- 9 1750. 1800, 49 30. 10 3115 . o . 3315
g-10 1490 1650. 51. 30. 0.6 2124 . o . 2124
10-11 1360, 1650. 52 38 o 158 : . . 358 .
11-12 1040 1650 54 44 00 as . 0 . a8
12-13 1040. 1650 54 a4 0.0 an . o . a8
13- 14 1210, 1650 52. 42 0.0 143 ‘ 0 ' 143
14-15 1490, 1650 51 39 ¢o0 278 ' 0. . 278
15-16 1670 1650. 50. 30 00 741 . o . 741
16-17 17890, 1800 a9 30 o 1 827 . 0. . 827
17-18 1610, 1800 50, 38, 0.0 304 . o, . 304
18-19 1240, 1800. 52. 43, 6.0 124 . 0. . 124
19-20 1000. t800 54 46 0.0 63 . o . 63
20-21 680 . 1800, 56. 51 0.0 219 . 0. . 21
21-22 630. 1800. 56 51 00 17 . 0 . 17
22-23 560. 1800 57 52 00 12 . 0. . 12
23-24 500 1800 57 53 0.0 g ’ o . 9

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE - 11214
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PROBLEM 4 CHOSSOVER TEST PROBLEM

MODEL
COSY UPDATE FACTOR
PERCENTAGE TRUCKS

TOTAL NUMBER OF LANES
INBOUND
OV TBOUND

LENGTH OF WORKZONE

WORKZIONE OPEN LANES
INBOUND
QUTBOUND

HOURS OF RESTRICTED CAPACITY
BEGINNING
ENDING

HOURS OF WORKIONE ACTIVITY
BEGINNING
ENDING

INBOUND CAPACITY
NORMAL
RESTRICYED
WORKING HOURS

DUTBOUND CAPACITY
NORMAL
RESTRICTED
WORKING HOURS

CAPACITY ESTIMATE RISK FACTOR,

PROBABILITY VHAT ESTIMATED
WORKING HOURS CAPACITY IS
LESS THAN ACTUAL CAPACITY

2

t.00

8.

2

2
1.00 MILES

1

1

[+]

23

9

15
4000 (VPH)
1800 (VPH)
1354. (VPH)
4000, (VPH)
1800 (VPH)
1354. (VPH)

50. PERCENT



¥8

HOUR

o- 1
1-
2-
3-
4-
5 -

6-

® N 0 U & W N

7-
8- 9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23

23-24

VOLUME
(VPH)

270
160.
120.
100.
130.
460 .
1620.
2080,
1750.
1490
1360.
1040
1040.
1210,
1490
1670.
1790.
1610,
1240.
1000
680.
630
560 .

500

«++ INBOUND DIRECTION

CAPACITY
{(VPH)}

1800.
1800.
1800.
1800,
1800.
1800.
1800.
1800.
1800.
1354 .
1354.

1354,
1354 .
1354,
1354,
1354
1800.
1800 .
1800
1800.
1800
1800.
1800.

1800

APRCH
SPEED
{MPH)
58.
59.
59.
59.
59.
57.
50.
47.
49.
51
52
54
54 .
52.
51
50
49
50
52
54
56
56
57
57

WORK
ZONE
SPEEL
(MPH)
56
58.
58.
59
58.
54
39.
25.
30.
27.
30
30
39.
39.
27
23
30.
30
37
46
51
51
52

53

LX)

LENGTH

OfF

QUEUE
(MILES)

0.

o © © o ©

o ©
U o © 0o o o o

- c o © ©°
w ©

© © © © o
e © © ©o o »n W

0.

o

~

SUMMARY OF USER COSTS

ADDITIONAL

HOURL Y

USER COSTS

(%)
2

293
2397
3315
3737
4362
2642

240

227

1344
3918
5343
4231

838

63
21
17
12

9

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE

*++ WARNING

LI

QUEUE ESTIMATED 1O REACH

TO OTHER ROUTES

3.7 MILES

CHECK ALTERNATE ROUTES -

LONG

’
.
.
.
.

.

VOLUME
(VPH)

290
170
110.
80.
t10.
340
1160
1320.
1280.
1240
1250
1300
1300
1330.
1500
1860
2010.
1970.
1680
1080
810
740
650.
470

78343.

PROBLEM
vee

CAPACITY
(VPH)

1800
1800.
1800.
1800 .
1800
1800
1800
1800
1800
1354 .
1354
1354
1354
1354
1354 .
1354.
1800.
1800
1800.
1800
1800
1800
1800
1800

4

OUTBOUND DIRECTION
LENGTH

APRCH

SPEED

{MPH)
58
59.
59.
60.
59
58
53.
52
52
52.
52
52
52
52.
51
48
47
48
50
53
55
55
56
57

DIVERSION MAY TAKE PLACE

WORK
ZONE
SPEED
(MPH)
56 .
58 .
58.
59
58 .
55
45 .
42
42
38
38.
36.
36.
34.
27
Z0
26
27.
30.
30
45
50.
51.

53

OF
QUE
(MIL

0.

c © © © © © o o o © ©o ©o o o
o O 0w o oo © o © © o o©

e o0 © N W W N

ey

UE
ES)

[+]

o © © ©o ©°

- ~

£y

o ©

ADDITIONAL
HOURL Y
USER COSTS
s

o © ©

&

153 .
138
250
259,
319.
319.
376.
1406
5276.
8779
10720
10769.
6152 .
263.
26
18.

TOTAL ADD
HOURLY USER
COSTS DUE
TO LANE

. CLOSURE
S

2550
3453
3987
4622
29614
559
602
2750
9194
14121
14951
11607
6215
284
43

31

QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVER]

($)



g8

PROBLEM S SINGLE LANE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR 1 00
PERCENTAGE TRUCKS 8.
TOTAL NUMBER OF LANES
1 NBOUND 3
OUTBOUND 3
LENGTH OF WORKIONE 1.00
WORKZONE OPEN LANES
INBOUND 2
GUTBOUND 3
HOURS OF RESTRICTED CAPACITY
BEGINNING 8
ENDING i6
HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING i5
INBOUND CAPACITY
NORMAL 6000.
RESTRICTED E 3600.
WORKING HOURS 29863 .

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY YHAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60

MILES

(VPH)
(VPH)
(VPH)

PERCENT
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SUMMARY OF USER COSTS - PROBLEM 5

ves INBOUND DIRECTION +¢+ . +++ QUTBOUND DIRECTION +++ ¢ TOTAL ADD.
HOUR  VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL + VOLUME CAPACITY APRCH WORK LENGTH  ADDITIONAL + HOURLY USER
(VPH) (VPH) SPEED ZONE oF HOURL Y ¢ {VPH) (VPH) SPEED ZONE oF HOURL Y +  COSTS DUE
(MPH) SPEED QUFUE  USER COSTS + (MPH) SPEED QUEUE  USER COSTS TO LANE
(MPH)  (MILES) (s) . (MPH)  (MILES) (s) + CLOSURE ($)
o- 1 0. . o . 0.
V-2 o * 0. . o
0. v 0. . 0.
(] . o . 0.
“ o o . 0. . 0.
5- 6 o . 0. . 0
6- 7 4] . 0. ¢ 1]
7- 8 o . 0. . 0.
8- 9 1750, 3600 53. 48. 0.0 73 , 0. . 73
9-10 1490 2§83. 54 48 0.0 73 . 0 . 73
10-11 1360. 2983 54, 49. 0.0 56 . 0. . 56
11-12 1040, 2983. 56. 51 oo 26 . 0. . 26
12-143 1040. 2983. 56. 51. 00 26 . 0. . 26
13- 14 1210, 2983. 55 50. 0.0 a0 . 0. v 40
14-15 1490. 2983. 54. 48 0.0 73 . 0. . 73
15-16 1670. 2983. 53. 46 00 102 . o . 102
18- 17 1790 3600. 53. 48 0.0 78 . o. " 78.
17-18 o . 0. . 0.
18-19 0. . 0. . o
19-20 0 . 0 . 0.
20-21 0 . 0. . 0.
21-22 0. . 0. . o
22-23 0 . 0. . 0
23-24 ] . 0. . o

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE - 546.
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PROBLEM 6 SINGLE LANE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS - 8.
TOTAL NUMBER OF LANES
INBOUND 2
OUTBOUND 3
LENGTH OF WORKZONE 1.00 MILES
WORKZONE OPEN LANES
1 NBOUND t
OUTBOUND 3
HOURS OF RESTRICTED CAPACITY
BEGINNING
ENDING 16
HOURS OF WORKZONE ACTIVITY
BEGINNING g
ENDING 15
INBOUND CAPACITY
NORMAL 8000. (VPHI
RESTRICTED 1800, (VPH)
WORKING HOURS 1127  (VPH)

CAPACITY ESTIMATE RISK FACTOR,

PROBABILIYY THAT ESTIMAYED

WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60. PERCENT
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SUMMARY OF USER COSTS - PROBLEM 6

*ve¢ INBOUND DIRECTION ++y + t++ QUTBOUND DIRECTION s+ + TOTAL ADD.
HOUR VOLUME CAPACITY APRCH WORK LENGTH ADDI YIONAL # VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL + HOURLY USER
(VPH} tVPH) SPEED IONE OF HOURL Y * {VYPH) {VPH} SPEED ZONE OF HOURL Y + COSYS DUE
{MPH) SPEED QUEUE USER COSTS » (MPH} SPEED QUEUE USER COSTS » TO LANE
(MPH) (MILES) i) * {MPH) (MILES) s) * CLOSURE (%)
0o- o ¢ a. * 0.
- 2 4] * 0. * [
2- 3 1} + 0. . 0.
3- 4 O * 0. * 0.
4- 5 4] 4 0. * 0.
5- 6 [v] A o . 0.
6- 7 [} ¢ . * Q.
T- 8 0. ’ o. + [
8- 9 1750 1800. 53 . 35. 0.0 464 * 0. * 464 .
9-10 1490 1127, 54, 20. .5 2760 ’ 0. + 2760,
10-41 1360, 1127, 54 . 24 . 12 5646 + [N . 5646
11-12 1040, 1127, 56. 30. 1.4 6126 » b . 6126
t2-13 1040, !}27. 56 . 30. 1.2 5225 * 0. + 5225,
13-t 1210, 1127. 56, 28 . 1.2 5310 . 0. * 5310,
1415 1490. 1127, 54 . 20. 17 8004 * 0. . 8004
15-16 1670 . 127, 83. 20. 2.9 1284 M 0. . 12841
16-17 1790. 1800, 53 . 30 3.6 15282 . L] + 15282
17-18 1610, 6000 53 46 t 8 2451 . 0. v 245 ¢
186-19 o v D] . Q
t9-20 (3] ¢ 0. + o
20-21 1] + 0. 4 o
21-22 4] . 0. + 4]
22-23 [ . 0. 4 0.
23-24 Q ’ [} + o
TOTAL ADDITIONAL DALLY USER COSTS DUE TO LANE CLOSURE = 64108 .
s+ ¢ WARNING ¢v+ QUEUE ESTIMATED TO REACH 3.6 MILES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING YHE FREEWAY TO DIVERT

TO OTHER RAOUTES CHECK ALTERNATE ROUTES - DIVERSION MAY TAKE PLACE.
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PROBLEM 7 SINGLE LANE TEST PROBLEM

MODEL
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS 8.

TOTAL NUMBER OF LANES
INBOUND
QUTBOUND

LENGTH OF WORKZIONE 1.00 MILES

WORKZONE OPEN LANES
INBOUND
OUTBOUND

HOURS OF RESTRICTED CAPACITY
BEGINNING

ENDING 23

HOURS OF WORKZONE ACTIVITY

BEGINNING

ENDING 5
INBOUND CAFPACITY

NORMAL ' 6000,

RESTRICTED 3600.

WORKING HOURS® 2983.

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60 .

{(YPHI}
{VPH)
{VPH)

PERCENT
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'SUMMARY OF USER COSTS - PROBLEM 7

vev INBOUND DIRECTION ¢+ . +++ OUTBOUND DIRECTION +e« + TOTAL ADD.

HOUR  VOLUME CAPAGITY APRCH WORK LENGTH  ADDITIONAL + VOLUME CAPACITY APRCH WORK  LENGTH  ADDITIONAL + HOURLY USER

(VPH) (VPH) SPEED ZONE Of HOURL ¥ ¢ (VPH) (VPH} SPEED ZONE OF HOURL Y v+ COSTS DUE
(MPH} SPEED  QUEUE USER COSTS + (MPH) SPEED  QUEUE  USER COSTS 1O LANE

(MPH)  (MILES) ($) v (MP#)  (MILES) s) * CLOSURE (%)
o- 1 270. 3600. LY 58, 0.0 1 . Q. « I
t- 2 160. 3600. 59. 59. 0.0 0 v o. * 0.
2- 3 120. 3600. 60. 59, 0.0 0 v . 0. . 0.
3- 4 100. 3600. 60 59. 6.0 0 g 0. . 0.
4- 5 130, 3600. 59, 59. 0.0 0 . 0. + 0
5- 8 460, 3600. 58. 57. 0.0 2 . o. . 2.
6- 7 1620, 3600, 53. 49, 0.0 58 ' 0. v 58.
7- 8 2080. 3600. 51. 48. 0.0 124, . . o ¢ 124
8- 9 1750, 3600. 53. 48. 0.0 73. . 0. . 73
9-10 1490. 2943, 54 . 48. 0.0 73 . 0 . 73
10-1 1360. 2983, 54 49. 0.0 56 . 0. ' 56
t1-12 1040, 2983 . 56 51, 00 26 ’ ) . 26,
12-13 1040. 2983, 56. 51, 0.0 26 . o . 26
1314 1210. 2983, 55, 50. 0.0 a0 , 0. . 40
14-15 1490. 2983. 54, 48 0.0 73 . 0 . 73
15-16 1670. 2983 53. 46. 0.0 102 . o . 102
16-17 1790. 3600. 53 48 0.0 78 . 0. N 78
17-18 1610 3600. 53 49 0.0 57 [ o . 57
18-19 1240 3600, 55, 51 o0 27 . 0. ’ 27
19-20 1000. 3600. 56 53, oo 15, . 0. . 15.
20-21 680. 3600. 57. 55, 0.0 B . 0. ’ 6
21-22 630. 3600. 57 56 0.0 5. v 0. ' 5 .
22-23 580. 3600. 58 . 56. 0.0 4. . 0. v 4.
23-24 500. 3600. 58 . 57 0.0 3 . o. N 3

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE = 847
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PROBLEM '8 SlNGLf‘LANE TEST PROBLEM

MODEL [
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS 8.
TOTAL NUMBER OF LANES

I NBOUND 3
OUTBOUND 3

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
I NBOUND
OUTBOUND

[N

HOURS OF RESTRICTED CAPACITY
BEGINNING [
END ING 23

HOURS OF WORKZONE ACYIVITY
BEGINNING 9
ENDING 15

INBOUND CAPACITY
NORMAL 6000
RESTRICTED 1800.
WORKING HOURS 1427,

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACLITY IS

LESS THAN ACTUAL CAPACITY 60.

(VPH)
{YPH)
(VPH)

PERCENT



4

HOUR  VOLUME CA;;EITV APRCH

(VPH) (VPH) SPEED

{MPH)
o- 1 270. 1800. 59
1- 2 160 1800. 59
2- 3 120 1800. 60
3- 4 100, 1800, 60 .
4- 5 130. 1800, 59
5- 6 460. 1800 58 .
6- 7 1620. 1800 . 53.
7- 8 2080. 1800. 51.
a- 9 1750, 1800. 53.
9-10 1480 . 1127. 54,
[LERN 1360. 1127, 54,
t1-12 1040. 1127 56
12-13 1040. 1127. 56,
13- 14 1210, 1127, 55,
t4-15 1480, 1127, 54 .
15-186 1670, 1127, 53
16-17 1790, 1800. 53
17-18 1610 1800 53
18- 19 1240. 1800. 55
19-20 1000, 1800 56
20-21 680, 1800, 57
21-22 630 1800 . 57,
22-23 560. 1800 58
23-24 500 1800 58

TOTAL ADDITIONAL DAILY USER COSTS DUE 10O LANE CLOSURE -

WARNING

e LRE )

TO OTHER ROUTES

INBOUND DIRECTION

WORK
ZONE
SPEED
{MPH}
56 .
58 .
58.
59.
58.
54 .
39.
25
30.
20,
24.
30.
30.
28.
20
20
30
30
30
30.
49
51.
52

53

QUEUE ESTIMATED TO REACH
CHECK ALTERNATE ROUIES

s

LENGTH

OF

QUEUE
{MILES)

0.

e & 0 o o o o o

oW R 20 ® Q@ O & O 0 0 o o O

- AW w

[~ - -

o

.0
o

3]

LI - > Y

(]

4

MILES LONG

SUMMARY OF USER COSIS

ADDITIONAL : VOLUME
HOURLY v {VPH)
USER COSTS «
(%) »
2 .
§ .
[} .
0 ‘
1 .
9 B
314 *
2407 4
3316 i
5148 *
8031 *
8509, +
7608 .
7694 «
10393 ’
15231 *
17670 .
15554 .
12512 s
5370 .
64 A
i9 *
14 +
i «
120878

PROBLEM 8

e

OQUTBOUND DIRECTION

e

CAPACITY APRCH WORK LENGTH
{(VPH) SPEED IONE OF

{MPH) SPEED QUEUE

{MPH) (MILES)

ADDITIONAL

HOURLY

USER COSTS
($)

090 ¢ o ¢ O © 0 O £ O 0 O O O e ¢ o 0 o o O ©

.

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE

CLOSURE

)

-

[= B -]

g

34,

2407

336,

5148
8031

8509.

7608
7634
10393
15231
17670
16554
12512
5370

64,

19

QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERT
DIVERSION MAY TAKE PLACE.
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PROBLEM 9 SINGLE LANE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS 8.
TOTAL NUMBER OF LANES
I NBOLIND 4
OU TBOUND 4
LENGTH OF WORKZONE 1.00 MILES
WORKZONE OPEN LANES
INBOUND .
OUTBOUND a
HOURS OF RESTRICTED CAPACITY
BEGINNING o
ENDING 23
HOURS OF WORKZONE ACTIVITY
BEGINNING a
ENDING 15
OUTBOUND CAPACITY
NORMAL 8000 (VPH)
RESTRICTED 5400 {VPH)
WORKING HOURS 4577. {(VPH)

CAPACITY ESTIMATE RISK FACTOR,

PROBABILITY THAT ESTIMATED

WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60. PERCENT
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SUMMARY OF USER COSTS

¢ts INBOUND DIRECTION +» ¢

HOUR VYOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL

(VPH) (VPH) SPEED ZONE OF HOURLY
. {MPH) SPEED QUE UE
(MPH) (MILES) ($)

+

- 1 o

©

1-

[~

2~
3~
4~
8§ -
6-

® ~N 0 A Wow

7-
8- s
8-10
10- 11
11-12
12-13
13-14
14-15
15- £6
16-¢7
17-18
18- 19
19-20
20-21
21-22
22-23
23-24 . ‘

TOTAL ADDITIONAL DAILY USER COSTS DUE 1O LANE CLOSURE

e O N e ¢ v O o L o o v v o0 0o o o o ¢ O L

USER COSTS

‘e

VOLUME
{(VPH)

290
170
110
80
110
340,
1110
1320
1280,
i240
1250
1300,
1300
1330
1500
1860
2010
1970
1680
1080
810
740
650.
470

368 .

PROBLEM
s

CAPACITY
(VPH)

5400
§5400.
5400 .
5400.
5400 .
5400
5400
5400,
5400.
4577 .
4577
4577 .
4577,
4577,
4577.
4577
5400
5400,
5400
5400
5400
5400,
5400

5400,

9

OUTBOUND DIRECTION ++¢

APRCH WORK

SPEED
(MPH)
59
59
60
60.
60
59 .
87
S5
56
56
56
56 .
56
56,
33
54
54
54
55
57
57
58
58
59.

ZONE

SPEED

{MPH}
59.
59
59
60
59
58
59
54
54,
83.
53.
53.
53.
53
52
50
51
51
52.
55
56
57.
57.

58.

LENGTH

OF

QUEUE
(MILES)

0.

QOQ e © © ©o O O °o L O L o0 0 O 0 o O o Cc D O
e 0 0 2 O 0 0O 0 O O O O O o O L o O o 0 0 O O

4]

ADDITIONAL

HOURLY

USER COSTS

(8}

-

15.
13.
19.

19

24,

21
23
3
56
45
43

28.

L= T - B - B }

N W b

TOTAL ADD.
HOURLY USER
COSTS OUE
TO LANE

CLOSURE

-

QO & o

($)

15,

13.

19.

19
21
2t
23
31
56
45
43
28
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PROBLEM 10 SINGLE LANE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR i.00
PERCENTAGE TRUCKS e
TOTAL NUMBER OF LANES

INBOUND 4
OUTBOUND 4

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
I NBOUND 4
OUTBOUND 2

HOURS OF RESTRICTED CAPACITY
BEGINNING ]
ENDING 23

HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 15

OUTBOUND CAPACITY
NOBMAL 8000.
RESTRICTED 3600
WORKING HOURS 2968 .

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60

(VPH}
{¥PH)
tYPH

PERCENT
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SUMMARY OF USER COSTS - PROBLEM 10

+9+ INBOUND DIRECTION ¢¢+ , ++¢ OUTBOUND DIRECTION ++» + TOTAL ADD.
HOUR VOL UME CAPACITY APRCH WORXK LENGTH ADDITIONAL . ¥OL UME CAPACITY AFRCH WORK LENGTH ADDI TIONAL + HOURLY USER
(VPH) {VPH) SPEED ZONE oF HOURL Y * (VFH} {VPH} SPEED ZONE oF HOURLY *» COSTS DUE
{MPH} SPEED QUEUE USER COSTS * (MPH) SPEED QUEUE USER COSTS . TO LANE
{MPH) {MILES) (81 » (MPH) {MILES) (%) "CLOSURE (8
o~ 1 O + 290 3600 59 58 0.0 1. * 1.
- 2 o + 170. 3600, 59 . 59. .0 ] . L}
2- 3 o. * 110 3600. 60 59 . 0.0 0. . 0,
3- 4 0. * BoO 3600. 60 59 0.0 0. . 0.
4- 5 o ’ 110 3600 60 59 0.0 o * 14
5- 6 [} + 340 3eo00 59 58 o o0 2. * 2
6- 7 o + 11410 3600 57 52. 0.0 24 . * 24 .
7- 8 (] + 1320. 3600 . 56 . St 0.0 38, 0. s:]
8- g 0 . 1280 3600 56 54, 6.0 35, + 35
9-10 o + 1240 2968 . 56 50 0.0 49 . . 49 .
10-114 ' V] + 1250 2968 . 56 49 0.0 50. + 50
FE-12 o + 1300 . 2968 56 49 6.0 585 . + 55,
12-43 4] : 1300 2968 . 56 49 . 0.0 56 . . 58 .
13-14 o . 1330 2968 56 49 0.0 59. ’ 59,
14-15 1] + 1500 29868 . 55. 47 6.0 a83. ” .83.
15-16 0 * t860. 2968 54 . 44 . 0.0 159, + 159
18- 17 0 ’ 2010. 3600. 54. 46. 0.0 128 . ’ * 128
t7-18 o ¢ 1970 3600 54 46 . 0.0 120. . 120.
18-19 0 + 1680 3600. 55 . 48 . 0.0 75 . 5
19-20 ] + 1080 . 3600. 57. 53 . 0.0 22 ’ 22
20-21 4] * BiC 3600, 587 54 . 0.0 it . 1
21-22 (4] v 740 3600. 58 55 . 0.0 9 + 9
22-23 V] . 650 3600 . 58. 55, 0.0 « 6
23-24 [+ + 470, 3600. 59, 57. 0.0 3 v 3

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE = 286
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PROBLEM 11 SINGLE LANE TEST PROBLEM

MODEL

1

COST UPDATE FACTOR 1.00

PERCENTAGE TRUCKS 8.

JOTAL NUMBER OF LANES
I NBOUND
OUTBOUND

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
1 NBOQUND
OuTBOUND

HOURS OF RESTRICTED CAFPACITY
BEGINNING

-

ENDING 23

HOURS OF WORKZONE ACTIVITY
BEGINNING

ENDING 15

OUTBOUND CAPACITY

NORMAL 8000,
RESTRICTED 1800,

WORKING HOURS 1200

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60.

(VPH}
(VPH}
{VPH}

PERCENT
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SUMMARY OF USER COSTS

424 INBOUND DIRECTION +oo

HOUR VOLUME CAPAGCITY APRCH WORK LENGTH ADDITIONAL

{(VPH) {VPH) SPEED ZONE OF HOURL Y

(MPH) SPEED QUEUE USER COSTS

(MPH} (MILES!) (%)

»
1
® ;N A WN

8- 9
9-10
10-11
-2
12-13
13-14
14-15
15-16
16-17
t7-18
t8-19
19-20
20-21
21-22
22-23
23-24

[~ - D - - - - I - A - - -~

(=2 -]

[+]

TOTAL ADDITIONAL DAILY USER COSVS DUE TO LANE CLOSURE

v+s WARNING ++¢ QUEUE ESTIMATED 1O REACH
TO OFHER ROUTES CHECK ALTERNATE ROUTES

[T - S - N - B - N - TR - N ~ S - B ]

3.2 MILES LONG.

PR

VOLUME
{(VPH)

290,
t70.
110,
a0
110
340
1110,
1320.
1280,
1240,
1250.
1300
1300
1330
1500,
1860,
2010,
1970
1680
1080
810
740
650

470.

101485 .

QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY 1O
DIVERSION MAY TAKE PLACE

PROBLEM t1

v
CAPACITY
{VPH)

1800 .
1800 .
1800
1800 .
1800
1800,
1800,
1800,
1800
1200.
1200
1200
1200,
1200.
1200
1200
1800
1800
1800
1800 .
1800
1800
1800,
1800

OUTBOUND DIRECTION
APRCH WORK

SPEED
(MPH)
59
59
60,
60
60
59
57.
56
56
56
56.
586.
56
56
565.
54,
54
- 654
55
57
57
58
58.
59.

ZONE

SPEED

(MPH)
56
58 .
58
59 .
58 .
55
45 .
42,
42.
29.
29.
28
28 .
27,
23
20.
26
27.
30
30
3t.
50
51,
53

e

LENGTH

OF
QUE
(MIL

0.

e e D O o 0o O O C e o o O

W W N N -

c O C O 0N
[“ - - A

Qe o O o ©o o © O

~ W

N O

UE
ES)

]

-

ADDITIONAL
HOURLY
USER COSTS
{(s$)

3.

LS ~ B ~ T - 4

101.
173,
157
704
1179,
2002
3038 .
4260 .
6701
12015
16286 .
8214
18269
136786
4638
12
22.

i0

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE
CLOSURE ($)

3.

[ -~ - A -

101,
173,
i87.
704
1179,
2002
3038.
4260
6701
12015
16286
18214
18269
13676
4638.
32
22

10

DIVERT
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PROBLEM 12 SINGL; LANE TEST PROBLEM

MODEL
COST UPDATE FACTOR
PERCENTAGE TRUCKS

TOTAL NUMBER OF LANES
INBOUND
OUTBOUND

LENGTH OF WORKZONE

WORKZONE OPEN LANES
INBOUND
OUTBOUND

HOURS OF RESTRICTED CAPACITY
BEGINNING
ENDING

HOURS OF WORKZONE ACTIVITY
BEGINNING
ENDING

INBOUND CAPACITY
NORMAL
RESTRICTED
WORKING HOURS -

CAPACITY ESTIMATE RISK FACTOR,

PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS
LESS THAN ACTUAL CAPACITY

1.00 MILES

10000. (VPH)
7200. (VPH)
6200 (VPH)

60 PERCENT



001

HOUR VOLUME

{

»
€
[ - N . L

9-10
10-11
1-12
12-13
13-14
14- 15
15-16
16-17
17-18
18-19
19-20.
20-21
21-22
22-23
23-24
TOTAL

VPH)

270.
160.
120.
100.
130.
460,
1820,
2080,
1750
1490.
1360.
1040.
10490,
i210.
1490 .
1670.

1790
tgio
1240

1000,
680.
630.
560.

500

ADDITIONAL DAILY USER COSIS DUE TO LANE CLOSUR

¢ve [NBOUND DJIRECTION

CAPACITY
(VPH}

7200.
7200
7200.
7200.
7200,
7200,
7200.
7200.
7200.
6200,
6200
6200,
6200,
68200,
6200,
6200.
7200.
7200.
7200,
7200,
7200,
7200,
7200.
7200,

APRCH
SPEED
(MPH )
59.
60 .
60.
BO .
80.
59.
56.
55 .
56.
56.
57.
57.
57
57.
56
56 .
56.
56
57
58
58
s8.
59
59

WORK
ZONE
SPEED
{MPH)
59.
59 .
60,
60.
[:1:
58,
54
53.
54.
54,
55
56 .
56
56 .
54 .
53.
54.
54
56
57.
58
58
58.
58

e

LENGTH

OF

QUEUE
(MILES)

0.

[ S -

o L 0 Qe & 0o &4 o 0 O ©o

c o 0o © & o0 o O

(-]
o 0 ¢ 5 © oo O &6 0 v 0o v 60 D 0 o o L o0 O 0o © o

0.

o

SUMMARY OF USER COSTS

ADDITIONAL : YOLUME

HOURLY . (VPH)
USER COSTS  »
($) .
1 *
0. «
[ +
0. .
0 .
1 .
14 +
28 ’
8. +
17 *
14 *
7 .
7 *
10 .
17 .
23. .
19 +
4 *
7 *
s v
2 .
2 B
2. .
2 B

E = 214

PROBLEM

vy
CAPACITY
(¥PH)

12

OUTBOUND DIRECTION ¢« ¢

APRCH
SPEED
{MPH)

WORK
ZONE
SPEED
{MPH}

LENGTH
OF
QUEUE
(MILES)

ADDITIONAL

HOURLY

USER COSTS

{8}

¢ &6 & ¢ 0 0 & 6 & O 0o & v o0 & 8 0 v o v O o o O

TOTAL ADD.
HOURLY USER
COSTS DUt
T0 LANE
CLOSURE (§)

14
28,
18
17

14

10
17
23
19
i4.

NN R KN
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PROBLEM 13 SlNGLEnlaﬂE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR t.00
PERCENTAGE TRUCKS. 8.
TOTAL NUMBER OF LANES
I NBOUND . 5
DU TBOUND 5
LENGTH OF WORKZONE 1.00
WORKZONE OPEN LANES
I1NBOUND a
OUTBOUND 5
HOURS OF RESTRICTED CAPACITY
BEGINNING 0
ENDING 23
HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 15
INBOUND CAPACITY
NORMAL ’ 10000.
RESTRICTED 5400
WORKING HOURS 4500

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAY ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60.

MILES

PERCENT



201

HOUR

>
'
® W 0 0 s N

8- 9
Q-10
10-11
14-12
12-13
t3-1a
14-15
15-16
16-17
17-18
18-19
19-20
20-21
2y-22
22-23
23-24

YOLUME
{VPH)

270.
180
120.
100,
130.
460.
té20.
2080.
1750.
1490,
1360,
1040.
1040,
1210.
1480
1870
1790
1610,
1240.
1000,
680,
630
560,
500.

«+¢ [NBOUND DIRECTION
CAPACITY APRCH WORK
{VPH) SPEED ZONE
(MPH) SPEED
{(MPH)
5400, 59. 59.
5400 60, 59
§400. 60. 59,
5400 60. 60
5400, 60. 59.
5400. 59. 58.
5400. 58. 52.
5400. 55, 50.
5400. 58. 52.
4500. 586. 52,
4500. §7. 52,
4500. 57. 54
4500 57. 54.
4500. 57. 53,
4500. 56 52.
4500 56 51
5400. 56 52
5400 56 53
5400 57 54
5400 58 55
5400. 58 57
5400 58 57
5400. 1) 57
5400 59 58

LR

LENGTH

QUEUE
(MILES)

-]
o

0.

Q 0 L ¢ v 0 0 © o o0 0 o 0 O v O © 0 o © o
c © o O o o o 0 0o 0o 0o o0 @ & 0 o o 0 0 0 & 8 °©

SUMMARY OF USER

ADDIVIONAL -

HOURLY

USER COSTS

(%)

N

30

3
2

TOTAL ADDITIONAL DAILY USER COSTS DUE YO LANE CLOSURE

.

[T - - -

E N

cOsTs -

VOLUME
(VPH}

436

PROBLEM 13

ey e

QUTBOUND DIRECTION

CAPACITYY APRCH WORK LENGTH
(VPH} SPEED ZONE OF

(MPH)} SPEED QUEUE

(MPH) (MILES)

ADDITIONAL

HOURLY

USER COSTS
(s

)

O?QOOOOOOQOOOOOOOOOOOOOO

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE

CLOSURE

($}

N QO O O

3o,

859

37.

36.

29.

14

21

36.

49
39
30

MW W s
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PROBLEM 14 SINGLE LANE TEST PROBLEM

MODEL

COST UPDATE FACTOR t.00

PERCENTAGE TRUCKS 8.

TOTAL NUMBER OF LANES
INBOUND
OUTBOUND

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
I NBOUND
OUTBOUND

HOURS OF RESTRICTED CAPACITY
BEGINNING

ENDING 23

HOURS OF WORKZONE ACTIVITY
BEGINNING

ENDING 15

INBOUND CAPACITY

NORMAL 10000,
RESTRICTED 3600.
WORKING HOURS 2745.

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACILITY IS

LESS THAN ACTUAL CAPACITYY 60,

(VPH])
{(VPH)
{VPH)

PERCENT
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SUMMARY OF USER COSTS - PROBLEM 14

+++ INBOUND DIRECTION v+ . +++ OUTBOUND DIRECTION +++ « TOTAL ADD.

HOUR  VOLUME CAPACITY APRCH WORK LENGTH  ADDITIONAL + VOLUMF CAPACITY APRCH WORK  LENGTH  ADDITIONAL + HOURLY USER

{(VPH} (VPH) SPEED ZONE OF HOURL Y t (VPH) {VPH) SPEED ZONE OF HOURL Y ¢+ COSTS DUE
. (MPH} SPEED  QUEUE  USER COSTS ¢ (MPH) SPEED QUEUE  USER COSTS +  TO LANE

(MPH)  (MILES) %) ’ (MPH) (MILES) (s) + CLOSURE ($}
o- 1 270, 3600, 59, 58 0.0 o 0. . '
i- 2 160. 3600, 60. 59 0.0 1. . 0. . t
2- 3 120. 3600 60, 59 0.0 ) ’ 0. v 0.
3- 4 t00. 3800, 80. 59 . c.0 o * [+ + . [}
4- 5 130, 3600. 60, 59, 0.0 o ’ 0. s c
5- 6 460, 3600. 59, s57. 0.0 2 s o . 3
6- 7 1620, 3600. 56, 49 0.0 73 . o ’ 73
7- 8 2080, 3600. 85. 46, 0.0 152 . 0. ’ 152
8- g 1750. 3600, 56. 48 0.0 91 ’ 0. . a1
a-10 1490 . 2745 . 56. 46 . 0.0 102 ’ o. + 102
10-414 1360, 2745, 57. 48, 0.0 78. v 0. . 78
11-12 1040 . 2745, 57. 51. Q.0 37 » 0. 4 37
12-13 1040, 2745, 57. 5%. oo 37 ’ 0. . 37.
13-14 1210, 2745. 57. 49 oo 56 . o . 56
t14-15 1490 . 2745. 56 . 46 0.0 102 4 4] ¢ 102
15- 16 1670. 2745, 56 45, o0 143 . 0. . 143,
16-17 1790. 3600. 56 48 0.0 a7 . 0. . a7
17-18 1610, 3600 56, 43, 0.0 72 . 0. * 72
18- 19 1240. 3600. 57. 51 0.0 35 . 0. N as
19-20 1000, 3600, 58. 52 0.0 20 , . v 20
20-21 680, 3600, 58 55 0.0 8 . 0. . 8
21-22 630. 3600, 58 56 0.0 7 ’ 0. . 7.
22-23 560, 3600 59 56 0.0 5 v a. . 5
23-24 500. 3600 59, 57 oo 4 . o ' 4

TOTAL ADDITIONAL DAILY USER COSTS DUE YO LANE CLOSURE = 1126
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PROBLEM 15 SINGLE LANE TEST PROBLEM
MODEL ’ t
COST UPDATE FACTOR 1.00
PERCENTAGE TRUCKS. a
TOTAL NUMBER OF LANES
INBOUND 5
OUTBOUND 5
LENGTH OF WORKZONE 1.00 MILES
WORKZONE OPEN LANES

INBOUND
QUTBOUND 5

HOURS OF RESTRICTED CAPACITY
BEGINNING.
ENDING 23

HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 15

INBOUND CAPACITY
NORMAL : $0000. (VPH)
RESTRICTED 1800. {(VPH)
WORKING HOURS 1200. (VPH)

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60. PERCENT
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. SUMMARY OF USER COSTS - PROBLEM 15

sss [NBOUND DIRECTION e+ v 1v+ OUTBOUND DIRECTION ¢v+ + TOTAL ADD.
HOUR VOLUME CAPACITY APRCH WORK  LENGTH  ADDITIONAL + VOLUME CAPACITY APRCH WORK  LENGTH  ADDITIONAL » HOURLY USER
(VPH) (VPH) SPEED ZONE OF HOURL Y v tVPH) (VPH) SPEED ZONE OF HOURL Y + COSTS DUE
- (MPH} SPEED  QUEUE  USER COSTS (MPH) SPEED  QUEUE USER COSTS TO LANE
(MPH) IMILES) (%) ‘ (MPH}  (MILES) t$) » CLOSURE (%)
o~ 1 270. 1800. 59. 56 0.0 3. . 0. . 3
1- 2 160 1800, 80. 58 0.0 i + 0. . 1.
2- 3 120. 1800, 80, 58, 0.0 1 v o [ '
3- 4 100, 1800. 60. 59, 0.0 0 ’ 0. . o
4- 5 130. 1800. 60 . 58 . 0.0 1 ’ o. . 1.
5- 6 460. 1800. 59. 54, 0.0 10 . 0. « 10
6- 7 1620 . 1800. 56. 39. 0.0 328, . 0. + 328.
7- 8 2080. 1800. 55, 25. 0.2 2414 . 0. . 2414
8- 9 1750. 1800. 58. 30. 0.4 3.8 + 0. . 3318
9-10  1490. 1200,  56. 23, 0.6 4664 o. 4664
10- 1 1360 1200, 57 26. 0.9 6829 , 0. . 6829,
11-12 1040, 1200. 57. 30. 0.9 6617 + °. + 6617
12-13 1040. 1200 57. 30. o7 4960 . 0. . 4960
13- 14 1210, 1200. 57 30. 0.6 4254 C 0. . 4254
14-15 1490, 1200, 56. 23. 0.8 6115 ¢ 0. . 6415,
15- 16 1670. 1200, 56 20 i.4 10284 . 0. ’ 10284
16-17 1790, 1800 . 56 30. [ 12348 . 0. + 12348
17-18 1610 1800. 56, a0 1 6 11241 * ~ 0. . 11241
18-19 1240, 1800 . 57 30 ) 7243, . o. + 7213
19-20 1000. 1800. 58 39 0.3 1061 . 0. ¢ 1061,
20-21 680. 1800, 58. 51 00 26 . 0. . 26
21-22 630. 1800, 58 51 0.0 21 ' o . 21
22-23 560 1800 59. 52 0.0 16 ’ o . 16.
23-24 500. 1800 59 53 00 12 . 0. v 12
TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE - 81736
+vs WARNING ¢++ QUEUE ESTIMATED TO REACH t 7 MILES LONG  QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERT

TO QTHER ROUTES CHECK ALTERNATE ROUTES - DIVERSION MAY TAKE PLACE.
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PROBLEM 16 SEINGLE LANE CLOSURE TEST FROBLEM

MODEL |
COST UPDATE FACTOR 1,00
PERCENTAGE TRUCKS ! 8
TOTAL NUMBER OF LANES
INBOUND ’ 2]
CUTBOUND -3
LENGTH OF WORKZONE .00 MILES
WORKZONE OPEN LANES
INBOUND S
OUTBOUND ]
HOURS OF RESTRICTED CAPACITY
BEGINNING . 9
ENDING 5
HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 15
INBOUND CAPACETY
NORMAL : 12000. (VPH)
RESTYRICTED 8000 . (VeH)
WORKING HOURS 8250, (vPH)
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HOUR
O~
- 2
2- 3
3- 4
4- 5
5- 6
6- 7
7- 8
8- 9
g-10
10-11
ti-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24

VOLUME
tVPH)

1480 .
1360.
1040
1040
1210.
1480,
1870,

e

CAPACI
(VPH)

8250
8250

8250,
8250,

8250

8250,
8250,

INBOUND DIRECTION

TY APRCH WORK
SPEED  ZONE
(MPH) SPEED

(MPH)
57 55,
57 56
58. 57,
58 57
57. 56.
57 55,
57 55.

[ Y

LENGTH

[s13

QUEUE
{MILES)

© O 0o o o © ©

[T~ B -

o

o

SUMMARY OF USER

ADDITIONAL
HOURLY

USER COS1IS

(%)

o

=]

[~}

=]

o

TOTAL ADDITIONAL DAfLY USER COSTS DUE TO LANE CLOSURE

(- T~ A - - -]

O © 0O 0 o o W e O v v & o

e v

COSTS - PROBLEM 16

e et

OUTBOUND DIRECTION

VOLUME CAPACITY APRCH WORK LENGTH
{VPH) (VPH} SPEED ZONE OF
(MPH) SPEED QUEUE
{MPH) (MILES)
58.

ADDI TI0NAL

HOURLY

USER COSTS
%)

[~ - T - S -2 - - T - T - B - T - T - Y - S - A - S - 2 - 2 - T - T - B - T ~ T — B - A ]

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE
CLOSURE ($)

[T~ S - S - D - T - T~ S % ST - TN+ N I N - - 2 -2 - T - T - T - T - N -~ B -

=]
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PROBLEM 17 SINGLE LANE TEST PROBLEM

MODEL 1
COST UPDATE FACTOR 1.00
PEACENTAGE TRUCKS 8.
TOTAL NUMBER OF LANES
INBOUND 8
OQUTBOUND 8
LENGTH OF WORKZONE 1.00 MILES
WORKZONE OPEN LANES
INBOUND 4
OUTBOUND 8
HOURS OF RESTRICTED CAPACITY
BEGINNING 9
ENDING 15
HOURS OF WORKZONE ACTIVITY
BEGINNING 9
ENDING 5
INBOUND CAPACITY
NORMAL . 12000. (VPH)
RESTRICTED 7200. (VPH)
WORKING HOURS - 7400. (VPH)

WORK ZONE CAPACITY GREATER THAN RESTRICTED CAPACITY - PROBLEM 17 SKIPPED

POSSIBLE SOURCE OF ERROR: USER-SUPPLIED CAPACITY ESTIMATE GREATER THAN 90%

OF NORMAL

CAPACITY
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PROBLEM 18 SINGLE LANE TEST PROBLEM

MOCEL '
COST UPDATE FACTOR .00
PERCENTAGE TRUCKS B .
TOTAL NUMBER OF LANES
INBOUND 5]
OuTBOUND 6
LENGTH OF WORKZONE 1.00 MiLES
WORKZONE OPEN LANES
INBOUND 3
OUTBOUND -]
HOURS OF RESTRICTED CAPACITY
BEGINNING 9
ENCING 5
HOURS OF WORKZONE ACTIVITY
BEGINNING 8
ENDING 15
INBOUND CAPACITY
NORMAL 12000 (VvPH}
RESTRICTED 5400. (VPH)
WORKING HOURS 4500 (VPH)

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS
LESS THAN ACTUAL CAPACITY

60 PERCENT



111

HOUR

o~

-

1-
2-
a-
4-
5~
[

- I 7 e

7~
B- 9
8-10
10-41
11-12
12-13
13-14
t4-15
15-16
16-17
17-18
18-19
19-20
20-214
21-22
22-23
23-24

TOTAL ADDITIONAL DAILY USER COSYTS DUE TO LANE CLOSUR

VOL UME
{VPH)

1490,
1360
1040
1040.
1210

1490,
1670,

.

v++ INBOUND DIRECTION +¢+
APRCH WORK

CAPACITY
{YPH)

4500,
4500,
4500.
4500.
4500,
4500.
4500,

SPEED
{MPH)}

57.
57.
58.
58

57

57.
87.

ZONE
SPEED
{MPH}

52.
52.
54,
54.
53
52

51,

LENGTH

OF

QUEUE
(MILES)

Cc o o O & 0 O
o ¢ °o o & & O

SUMMARY OF USER

ADDITIONAL
HOURLY

USER COSTS
t$

)

12
[}

31
16
(13

23

" 39

53

V]
0
[]
0o
4]
L]
o
4]
E

(- - - - - - - T - -

... x .

COSTS

VOLUME
(¥YPH)

217.

PROBLEM 18

ver
CAPACITY
(VPH)

OUTBOUND DIRECTION «+v

APRCH
SPEED
(MPH)

WORK
ZONE
SPEED
(MPH)

LENGTH
OF
QUEULE
(MILES)

ADDITIONAL

HOURLY

USER COSTS

($)

e O o O 0o & o o O O O e & L o o O &0 0 ©o o o o O

TOTAL ADD.
HOURLY USER
COSTS DUE
TO LANE
CLOSURE (%)

& © © © & o o o ©

P W K e ow W W
Wk & W O - O

2 ¢ © ©o © ¢ o ©
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PROBLEM 19 SINGLE LANE TEST PROBLEM

MODEL

COST UPDATE FACTOR 1.00

PERCENTAGE TRUCKS 8

TOTAL NUMBER OF LANES
INBOUND
OUTBOUND

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
. INBOUND
OUTBOUND

HOURS OF RESTRICTED CAPACITY
BEGINNING.
ENDING 1

HOURS OF WORKZONE ACTIVITY
BEGINNING
ENDING 1

INBOUND CAPACITY

NORMAL - 12000
RESTRICTED 1600

WORKING HOURS 2800

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACITY 60

2
]

5

{VYPH)
(VPH)
{VPH)

PERCENT
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SUMMARY OF USER COSTS - PROBLEM 18

" ¢¢+ INBOUND DIRECTION «++ ‘ ¢vs OQUTBOUND DIRECTION ¢+« + TOTAL ADD.

HOUR VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL ¢+ VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL +« HOURLY USER
(¥PH} {VPH) SPEED ZONE GF HOURL Y +  (VPH) {VPH) SPEED ZONE OF HOURL Y + COSTS DUE
{MPH) SPEED QUEUE USER COSTS « (MPH) SPEED QUEUE USER COSTS « TO LANE

{MPH) (MILES) s * (MPH) (MILES) (%) * CLOSURE ($)
LR | LY ' * 0. 4 .
- 2 L+ L4 O. * o.
2- 3 o * 0. 4 0.
3- 4 4] . 0. . a.
4- 5 [} . 0. » o.
5- 6 0 ’ 0. - o.
6- 7 o ¢ 0. » o
7- 8 0. ¢ 0. LI 0.
8- 9 0 * 0. . 0.
9-10 1490. 2600, 57. 47. 0.0 101 . 0 l 101
10-114 1360 2800. 57. a8 . 0.0 78 * 0. * 78
14-12 1040 . 2800 . 58. 51. 0.0 37 * 0. 4 27
12-13 1040, 2800 58B. 1 0.0 37 * 0. . a7
13-14 1210, 2800. 57. 49 . 0.0 -1- 0. * 56.
14-15 1490, 2800, 57, 47. a0 101 . 0. * 101
{5-18 1670. 2800 57. 45, 0.0 141 ¢ o, + 141,
8-17 0 . 0. * .
17-i8 o * 0. . o
18-19 0. * a. * 0.
19-20 - 0. ¢ a. L4 04'
20-21 o . a. * o
21-22 9. 4 0. . 0.
22-23 o ¢ 0. v a.
23-24 o ¢ 0. * 0.

TJOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE = 551
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PROBLEM 20 SINGLE LANE TEST PROBLEM

MODEL |

COST UPDATE FACTOR 1.00

PERCENTAGE TRUCKS a.
TOTAL NUMBER OF LANES

INBOUND 6
OUTBOUND 6

LENGTH OF WORKZONE 1.00 MILES

WORKZONE OPEN LANES
INBOUND 1

OUTBOUND a8

HOURS OF RESTRICTED CAPACITY

BEGINNING 9
ENDING {5

HOURS OF WORKZONE ACTIVITY

BEGINNING 9
ENDING 15

INBOUND CAPACITY
NORMAL . 12000,
RESTRICTED 1800,
WORKING HOURS - 1200,

CAPACITY ESTIMATE RISK FACTOR,
PROBABILITY THAT ESTIMATED
WORKING HOURS CAPACITY IS

LESS THAN ACTUAL CAPACETY 60

{(VPH}
(YPH)
(VPH)}

PERCENT
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HOUR VOLUME
(VPH)

- 13
1-
2~
2.
4-
6 -
6-

® ~w o s W N

7~
8- 9
9-10 1490 .
10-11 1360,
ti-12 1040,
12-13 1040,
t3-14 1210,
14-18 1490
15-16 1670,
16~ 47 1790.
17-18
18-19
19-20
20-21
21-22
22-23
23-24

+v+ INBOUND DIRECTION

CAPACITY
(VPH)

1200.
1200
1200.
1200.
1200.
1200,
1200,
12000,

APRCH
SPEED
{MPH)

57.
57.
58,
58
57
57.
57.
56

WORK
ZONE
SPEED
(MPH}

23.
26.
30,
3o
30.
23
20
54

LR R

LENGTH

of

QUEUE
(MILES)

(=2 - T - -2 - - - T -]

NoOoWwo;wm N

&

SUMMARY

ADDITIQONAL

HOURL Y

USER COSTS
(%

)

<

2282

4448 .

4236
2579
t872

3732.

78498

449

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE

CORE USAGE

OBJECT CODE=

17064 BYTES ARRAY AREA:

[T ~ B ]

o 0 o ©

o 0 O O o o

. s 0.

3260 BYTES, TOTAL AREA AVAILABLE=

QF USER COSTS - PROBLEM 20

#+% QUTBOUND DIRECTION e+

VOLUME CAPACITY APRCH WORK LENGTH
{VPH) {VPH) SPEED ZONE OF

{MPH} SFPEED QUEUE

(MPH) (MILES)

27495

ADDITIONAL

HOURL Y

USER COSTS

%)

173056 BYTES

(-] 9 p p P L= - T - R - S - D - - T - T - T - R - B - B - B - T - N < - - T -

TOTAL ADOD.
HOURLY USER
COSTS DUE
10 LANE
CLOSURE ($)

(=T - A - D - D - 2 - T - B -

2282
4448 .
4236,
2579
1872,
3732
7898 .

449

9 (=T - B ~ T - B - I - |








