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SUMMARY 

This report examines a model designed to calculate 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. 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. 

2. Hourly traffic volumes are used rather than ADT. This allows for a 

much more accurate estimate of average speeds, and the estimated queue 

when oemand exceeds capacity. 

3. A typical hourly speed-volume relationship is assumed in the model, 

but can be changed by the user as part of the input data. 

4. Vehicle capac;ty 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 ar. not appropriate, the user can override the program

generated work zone capacity in the input. 

5. A relatively small amount of data is required to run QUEWZ. These 

data elements include, the lane closure strategy, total number of 
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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 output from QUEWZ includes 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 (!). Both are updated to DeceMber 

1981 values. 

Several of the user costs calculations utilize information obtained from 

recent TTl 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 lane 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 esti~ates resulting from the 

forced movement through a restricted work zone area. 

There are several models which attempt to measure those costs <I,!,!), 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 a.re 

made in the input data. Two vehicle types are used in the model, passeng~r 

cars and trucks. 
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CHARACTERISTICS OF r10DEL 

User costs resulting from restricted capacity through a work zone can be 

placed in four general categories, 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, whfle traffic moving in the opposite direction 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 (l,~). 

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 CLOSEO IN ONE OIRECTION OF TRAFFIC 
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LANE CLOSURE STRATEGY 2 
CROSSOVER ONE OR MORE LANES CLOSEO IN EACH OIRECTION OF TRAVEL 

FIGURE 1 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 

Output Data 

Vehicle Capacity 

Average Speed Through Work Zone by Hour 

Hourly User Costs 

Daily User Costs 
0" 

If a Queue Develops, Average Length of Queue each Hour 
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Many of the items listed on Table 1 are apparent. A few need some addi

tional explanation. 

Current 1y QUEWZ 'hand 1 es two 1 ~ne c 1 osu re s t rat egi es as shown in F i gu re l. 

The user is required 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 typical speed-volume relationship. The user 

of the. program has the option of defintng a different speed-volume relationship' 

by inputting the free flow speed, speed and lane volume at the dividing 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 
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factor. Since the QUEWZ program uses a probability distribution for 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 (~). The program uses a preset risk factor of 60 which will give 

approximately the mean capacity for each closure configuration. If a lower 

risk reduction factor is us~d 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 program 

solutions against actual field conditions (e.g., by comparing queue length, 

speed, etc.), and adjust the risk factor accordingly. 
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For some lane closure configurations, capacity data are unavailable for 

Texas work zones, and default values are automatically assigned ~ the computer 

program based on NCHRP Report l-lUA (1). 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 cap.acity value will override the work zone capacity generated by QUEWZ. 

CHARACTERISTICS OF STRATEGY 2, CROSSOVER 

Due to the lack 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 Texas 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 (1) and 

the EAROMAR Model (1). 
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USE OF THE r·10DEL 

The input data for each prohlem 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 co 1 IJmns 

1 - 2 

3 

*4 7 

*8 - 10 

*11 - 13 

*14 16 

*17 - 19 

*20 - 23 

*24 - 27 

28 

29 

30 - 33 

34 

35 

36 - 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: 50) 

LOS DIE breakpoint speed in miles per hour (default: 40) 

capacity speed in miles per hour (default = 30) 

LOS DIE breakpoint volume per lane in vehicles per hour 

(default: 1600) 

capacity volume per lane in vehicles per hour (default = 

2000) 

total number of lanes inbound direction (1-6) 

total number of lanes outbound direction (1-5) 

length of restricted capacity in miles 

number of open lanes, inbound direction, through work 

zone. Must be equal to or less than card column 28 

number of open lanes, outbound 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) 
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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) 

capacity estimate risk reduction factor, probability that 

estimated capacity will be less than or equal 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 

* indicates 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 

5 - 9 

problem number (must be the same as card 1) 

direction {I-inbound or a-outbound} 

period (I-for first 12 hours of day, 2-second 12 hours of 

day) 

total traffic volume, all lanes, in specified direction, 

in first hour of period (UOOO to 0100 hours or 1200 to 
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10 - 14 

15 - 19 

20 - 24 

25 - 29 

30 - 34 

35 - 39 

40 - 44 

45 - 49 

50 - 54 

55 - 59 

60 - 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 160U hours) 

fifth hour total traffic volume (0400 to 0500 hours or 

1600 to 170U hours) 

sixth hour total traffic volume (05UO to 0600 hours or 

170U to 18UO hours) 

seventh hour total traffic volume (060U 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) 

e1eventh hour total traffic volume (1000 to 1100 hours or 

2200 to 2300 hours) 

twelfth hour total traffic volume (1100 to 12UO hours or 

2.300 to 2400 hou rs) 

QUEWZ can be used to look at a number of different work 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 
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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 blank, 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 (CPI) for that month, with 1967 = 100, into the 

following formula for the cost update factor (CUF), 

CUF CPI 
= ~28:i:-:;1~.;:-5 

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 f6r lane closure 

strategy 2 (the crossover problem). There are no default traffic volumes, so 

all volumes on each card must be 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 
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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 ~nd 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 MODEL1S USE 

In the examples used to test the model, 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 traffic 

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, Table 2 has three problems 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 
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capacity, producing an error, and ~he problem was not process~d. If a work

zone capacity is gi ven as part of the input data, it cannot exceed 90% of the 

normal capacity per lane. 
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Table 2. 

PROB 
NO 

2 

3 

~ 

!I 

B 

7 

B 

9 

10 

II 

12 

13 

1~ 

15 

18 

TOTAL 
NUMBER 

OF 
LANES 

INB OUIB 

2 

2 

2 

2 

3 

3 

3 

3 

~ 

~ 

~ 

5 

5 

5 

5 

8 

2 

2 

2 

2 

3 

'3 

3 

3 

~ 

~ 

~ 

5 

5 

5 

5 

6 

NUMBER 
OF OPEN 

LANES 
THRU WZ 

INB OUIB 

2 

2 

~ 

~ 

~ 

~ 

3 

2 

5 

2 

2 

3 

3 

3 

3 

3 

2 

5 

5 

5 

5 

6 

LENGTH 
OF 

WORK 
ZONE 

(MILES' 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I. 00 

1.00 

. 1.00 

1.00 

1.00 

1.00 

1.00 

.00 

17 PROBLEM NOT PROCESSED 

18 

III 

20 

6 

6 

6 

6 

6 

6 

3 

2 

6 

6 

6 

1.00 

1.00 

1.00 

• •• SUMMARY OF EXAMPLE PR08LEMS 

NORMAL 
CAPACI TY 

EACH 
DIRECTION 

IVPH' 

4000. 

4000. 

4000. 

4000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

10000. 

10000. 

10000. 

10000. 

12000. 

12000 

12000. 

12000. 

RESTRICTED 
WORK ZONE 

INACTIVITY 
HOURS IVPH' 
INB Ol,lTB 

1800. 

1800. 

1800. 

1800. 

3600. 

1800. 

3600. 

1800. 

7200. 

5400. 

3600. 

1800. 

9000. 

5400. 

3600. 

1800. 

1800. 

1800. 

5400. 

3600. 

1800. 

CAPACITY 
WORK ZONE 
ACTIVI TY 

HOURS IVPH) 
INB OUTB 

1332. 

1354. 

1650. 

1354. 

2983. 

1127. 

2983. 

1127. 

6200. 

4500. 

2745. 

1200. 

8250. 

4500. 

2800. 

1200. 

1354. 

1354. 

4577. 

2968. 

1200. 

HOURS OF 
RESTRICTED 

CAPACI TY 
BEG END 

8 

8 

o 

o 

8 

8 

o 

o 

o 

o 

o 

o 

o 

o 

o 

9 

9 

9 

9 

16 

16 

23 

23 

16 

16 

23 

23 

23 

23 

23 

23 

23 

23 

23 

15 

15 

15 

15 

HOURS OF 
WORK ZONE 
ACTIVI TY 
BEG END 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

II 

9 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

LONGEST 
EST QUEUE 

LENGTH 
IMILES) 

INB OUTB 

1.9 

1.7 

1.0 

1.7 

0.0 

3.6 

0.0 

4. I 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.7 

0.0 

0.0 

0.0 

0.8 

0.0 

2.9 

0.0 

3.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL ADD. 
DAILY USER 
COSTS DUE 

TO LANE 
CLOSURE IS' 

17647. 

35112. 

1121.4. 

78343. 

546. 

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 restri cted 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 models 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 

av?id 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 should 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 probability 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 TTl 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 TTl 

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 

TTl Research Report 228-6, (!). 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., 

queue lengths). 
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For example, the 85th percentile for the (3,1) situation is 1030 vphpl. 

This means that 85% of the studies conducted on 3-lane freeway sections with 1 

lane op~n 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 I-IDA (~) are use<1. 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 userl, for five or six lanes 

with four lanes left open, 1550 vphpl capacity 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 TTl Research Report 228-6 (i) 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 (~). The three speed parameters, SP1, SP2, and SP3; along with 

the volume 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: 

SP1 = 60 mph 

. SP2 = 40 mph 

SP3 = 30 mph 

VI = 2,000 vphpl 

V2 = 1,600 vphpl 
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Table 3. Restricted Capacity Coefficients 
Du ri ng Work Zone Activity Hours 

Norma 1 Number Open Lanes Through Work Zone in One Direction 
of Open Lanes 

in One Direction Intercept Term (a) 
1 2 3 4 5 

2 1460 

3 1370 1600 

4 1200 1580 1560 

5 1200 1460 1500 1550 
6 1200 1400 1500 1550 1580 

Slope Term (b) 
1 2 3 4 5 

2 2.13 
3 4.05 1.81 
4 0.00 1.60 0.57 

5 0.00 1.46 0.00 0.00 

6 0.00 0.00 0.00 0.00 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 

SP1 60 60 60 
SP2 37 38 41 

SP3 30 30 30 

VL2 1800 1650 1500 

VL1 2000 2UOO 2000 

6 lanes 

SP1 60 60 6U 

SP2 37 39 41 

SP3 30 30 30 

VL2 !fWO 1650 1500 

VL1 2000 2000 2000 

8 1 anes 

SP1 60 60 60 

SP2 37 39 42 

SP3 30 30 30 

VL2 1800 1650 1500 

VL1 2000 2UOO 2000 

---
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Table 4 gives some additional quidance for speed and volume parameters 

from the Highway Capacity Manual (1) which vary by the number of freeway lanes 

and the peak-hour factor, whic~ 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 (L) recommends a peak-hour factor of 0.91 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 VIC 

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, HE EM (!). 

V2 if - > VIC, then 
V -I 

- V 2 
if -- < VIC ~ 1, then 

VI 

if VIC > 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 (SPwz ) is calculated from the 

same speed equations above, using the VIC ratio of the work zone area. 

Unpublished data on work zones in Texas, collected by TTl (~) (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 VIC ratio accounts for the lower average speeds. 

That same »work zone datal! 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 VIC ratio of the work zone, 

If there is a queue, then SPmn = O. 

Calculation of Delay Through the lane Closure Section 

The "work zone data" also indicate that the distance over which vehicles 

slow down through a work zone is not always the entire distance of >restricted 

capacity. 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 zone 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 slowdown 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/Cwz ) 
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where WZD = length of restricted capacity around work zone, in miles. 

If WZD ~ 0.1, or if V/Cwz > 1, the,n 

CLL = WZD + 0.2 

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

(CDWZ), is calculated with, 

CDWZ 
1 1 PTT· VLT t 

= (CLL)(~ -~)(VL)(CUF)(PTC.VLTc+ 0 9 ) 
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 

VLTc = 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. trqffic wi 11 divert. to avoid the queue. If vehiel es are 

assumed to arrive at a constant rate during a given hour, and enter the work 

zone at a constant rate during 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 (ACUM i_1) and 

the end of the houri (ACUM i ), 

ACUM. 1 + ACUM. 
o QU E ; = ---=-'--:=..,2=------.:..1 

where ACUMi = ACUMi_1 + VLi - CAPWi 

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

VLi = vehicle demand during houri 

An example is presented graphically in Figure 4. The times along the 

horizontal axis represent hours, so T1 = hour 1, T2 = hour 2, etc. The V's 

along the vertical axis represent the number of accumulated vehicle demand at 

any given time. For example, V1 represents the total number of vehicles in 

the first hour, V2 represents the total number of vehicles in the first two 

hours, etc. The CiS represent the work zone capacity. C1 represents vehicle 

capacity for the first hour, C2 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 ACCUMO = O. The queue at the end of the hour, ACCUM1 = V1-C1, 

so the average delay during the first hour is 

= 

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 

line during the fourth hour t and the right.hand side is the volume demand line 

during the same hour. 

(E-T3}[(C4-C3}-(V4-V3)] = V3 - C3 

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

V3 - C3 
E = T3 + (C4-C

3
) - (V4-V

3
) 

Therefore if the queue dissipates during hour it then the delay calculation 

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

PQUEi 
= Vi _1 - Ci _1 = 

(C.-C. 1) - (V.-V. 1) 
1 1- 1 1-

Average delay is then calculated aS t 

ACUM;~l 
DQUEi = 2 ·PQUEi 

ACUM
i
_
1 

CAPW.-VL. 
1 1 

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

calculated aS t 

The average length of queue (QUELi), in miles t can also b~ 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 (~). Until more 

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

be used. 

QUELi 
40(DQUE i ) 

= 5280{TL) 

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

For the hour when the queue dissipates, 

QUELi 
40(DQUE i ) 

= 5280(TL)· PQUE i 

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 VIC ratio through the work zone, 

DSC = 0.5 + O.25(V/Cwz ), with the constraint that DSC ~U.75 

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

the delay cost can be calculated from, 

CDSC 
2 1 PTT· VL T t 

= (DSC)(Sp +SP -~)(VL)(CUF)(PTC.VLTc+ 0.9 ) 
ap mn ap 
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In order to estimate the change in vehicle operating costs resulting from 

the speed-change cycles, cost equations were developed from tabular data in the 

AASHTO Redbook (1) and updated to Qecember 1981. The speed-change costs per 

1000 vehicle miles for cars (SPCC) and trucks (SPCT) are calculated by, 

SPCC = -5.2187 + 1.1241(SPap ) - 1.1125(SPmn ) 

SPCT = -32.2883 + 7.1226(.9SP ap ) - 6.684(.9SP mn ) 

The additional operating cost of the speed-change cycle (CSPC) is, 

CSPC = (1~50)(CUF)(PTC.SPCC+PTT.SPCT) 

If a queue is present, then additional speed-change operating costs (CSPQ) 

must be added. The '~ork zone data" indicate approximately three 0-10 mph 

speed-change cycles occur per mile of queue. nerefore the cost can be 

calculated, 

CSPQ = (1~6o )(CUF )(3· QUEL) (6.0223, PTC+31.8151· PH) 

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

by PQUE. 

Change in Veh1cleRunn1.ng Costs 

Vehicle running costs are also affected by changes in average speeds. The 

change in car running costs (VOCc ) and truck running costs (VOC t ) per 1000 

vehicle miles can be calculated by the following equations. these equations 

were also estimated from tabular data in the AASHTO Redbook (l), updated to 

December 1981. 
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VOCc = f(SPwZ ) - f(SP ap ) 

VOC t = g(.9SPwz ) - g(.9SP ap ) 

where f(SP) = (39S.6898)e·01537(SP}sp-·45525 

g(SP) = (179.1466)eo02203(SP)sp-·35902 

+ (1201.8847)e· 0322(SP)sp-·79202 

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

If a queue forms, the average speed through the queue (SPq) can be calculated 

using a formula in TTl Research Report 165-8 (lQ), 

where Cap = normal capacity (vph) 

The cost equations are: 

QVOCc = f(SPq) - f(SP ap ) 

QVOCt = g(.9SPq ) - g(.9SPap ) 

OCQ = (1~~O)(CUF)(QUEL)(QVOCc.PTC+QVOCt·PTT) 

During the hour the queue dissipates, OCQ 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 + OC + OCQ 

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 

I 23. 567 8 9 ~ 

(; 

C 
C 

QUEWZ MODEl QUEUE AI~D USER COST EVALUATION OF A WORK ZONE 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEfE£EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
E CHARACHR-I DIR E 

'EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

CHARACTER-I TIME 
CHARACTER- 1 VT 

I 

I 
I NTEGER all, BHR, EHR, BHW, EIIW, OOL 
D IMENS ION VT •• ', KPROB 1 4 I,D I R (4 I , T I ME (4' , vall 4 • 12' , I T (2,2' ,\Il« 2.24 I 

.,CP(8,SI,SLPI6,5),CAPN(2I,CAPRI21.CAPW(21,VLT(21,CQUE12,241,VC(21, 

.SP(2),QUEL(2,2.',CDSC(2,24),CDWZ(2.24',CSPC(2,24I,CVOCI31.0C(2,24) 
o,OCQ(2,2.',SPDI2,2,24),THC(2,24', THCQ(2,24"STL(24I,CHAR(9', 
.NHA(2.),CAP(2,2.' 

I 
C VALUE OF TIME FOR CARS AND TRUCKS 

C 

C 

C 

I 
DATA VLT/9.72, 17.711 

I 
VALID lETTERS TO IDENTIFY DIRECTION AND TIME OF VOLUME DATA 

DATA VT/'I','O','I','2,'1 
I 

I 
INTERCEPT TERM FOR WORK ZONE CAPACITY EQUATION 

I 
DATA CP/o.O, 1460.,1370.,1200.,1200.,1200. ,0.0,0.0, 1600 

01580.,1480.,1.00. ,00,0 0,0.0,1560 ,1500.,1500 ,0.0, 
00.0,0.0,0.0,1550.,1550. ,0. ,0. ,0. ,0 ,0. ,1580./ 

I 
SLOPE TERM FOR WORK ZONE CAPACITY EQUATION 

I 
DATA SLP/0.O,2 13,4.05.0.0,0.0,0.0,0.0,0,181,16,1.46,0 

'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./ 
I 

SET END fLAG AND PROBLEM COUNT TO ZERO 
I 

5 IPROB IPROB' 1 

I 
OK 
I 

.9.8. 7 6 5 4 

• 

-----0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
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I 
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I 
I 
I 
I 
I 

I - - -, 
I 
I 
I 
J 
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I 

J -----------
I 
I 
I , 
I 
J 
J 
I 
I 
I 
I 
I 
I , , , 

.. ----~------ - .. 

I 234 5 6 1 8 9 0 

PIIGE 2 
I 

C IF CAPACI H IS RESTRICHO, INBOUND KI I. OUTBOUND KO= I 

IF IIEND.EO II Goro 99 

KI=O 
KO=O 
10=0 
'FLAGoO 
SUM=O.O 

I 

I 
C ZERO ALL VOLUME. SPEED, AND COST ARRAYS FOR EACH PROBLEM 

00 15 N= 1,2 

,."., ......... . 
00 .5 No 1,24 

00 35 L = 1,2 

., "., .... 
spon,M, NI =0 0 

35 CONTINUE 

CAPtM,NI=O,O 
VlIM.NI=O.O 
CQUEtM,N'=O.O 
CDSCtM,N'=O,O 
CDWZCM,N'=O.O 
CSPCIM,NI=O 0 
OCCM,Nl=O 0 
QUElOil.Nl=O.O 
THCtM.N'=O.O 
THCQ(M,NI=O.O 

15 CONTINUE 

I 

9 8. 1 . 6 , 5 , 4 . 3 

9 8 7 6 . 5 4 3 

2 

-v 
I 
I , , 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I· 
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I 
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I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
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J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1 2 3 .. 5 6 7 8 9 0'· 

-~---------- -------. 

I 2 3 .. 5 6 7 8 9 0 

PAGf 3 
I 

00 55 IZ 1,2 

DO 55 IY=I.2 

SS CONTINUE 

I 
C READ IN FIRST CARD OF PROBLEM 
C If CEAF IS GREATER THAN 100, I J IS ASSUMED TO BE THE WORt( ZONE 
C CAPACITY, AND THE PROGAAM GENERATED CAPACITY Will NOT BE USED, 

I 
RAAAARAARRRRRAARRRRARRAARRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 
R READ C5,IO,END=99.ERR=30)IPROB.MODEl,CUF.PT,SPF,SPCG,SPCAP,VOlCG, 
R .VOleAP,. Tl,OTl,WZD, 10l,OOL.BHR, EHR ,BHW, EIIW.CERF, 
R • (CHAR I ...... ' ....... = I ,91 R 
RRRRRAARAARRRRAAAARAARRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 

I 
10 FORMA TI I 2 , I 1 , F 4 , 0 , .. F 3 , 0 , 2 F 4 , 0, 2 I I , F.. 0, 2 I 1 , .. I 2 , F ... 0 , 8 A4 , A I ) 

I 
C SET DEFAULT VALUES IF NOT PROVIDED FROM INPUT 

IF lCUF EQ,O,OI CUF=! 0 
IF (PT.EQ,O,OI PT=8.0 
IF (SPF,EQO,OI SpF=60 
IF (SPCG.EQ,O,OJ SPCG=40 
IF ISPCAP.EQ,O,OJ SPCAP=30 

I 

IF (VOlCG.EQ,O.OI VOlCG= 1600. 
IF IVOlCAP,fQ,O.OI VOLCAP=2000 
IF {CERF.EQ,O.OI CfRF 60 

IF (BHW.GT 0 OR,EIIW.GT.O. ,GOTO 9 

BHW=BHR 
EHW=EHR 

C PRINT ASSUMPTIONS FOR PROBLEM 
I 

I 
I 
I 
I 
I 
I 

,9.8. 7 . B 

. - -

9 8 . 7 6 

5 . .. . 3 . 2 
I 
I 
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------V 
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I 2 3 <1 5 6 7 8 9 0 PIIGE 4 9 8 7. 6 . 5 <1. 3 2 

I 23<1 5 6 789 0 

OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 9 WRITE 16,111 IPR06,CCHIIRIJKI,JK'I,9I,MODEl,CUF,PT,ITl,OTl,WZD, W 
W .10L,OOL,BHR,EHR,BHW,EIlW W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
II FORMATC'I'.' PROBLEM '.12,IX,9114//' MODEL',T35.11//' COST UPDIlTE F 

.ACTOR', T30,F6.2//' PERCENTIIGE TRUCKS', T32,F<1 all' TOTIIl NUMBER OF 

.LANES'/<1X,'INBOUND',T35,lil4X,'OUTBOUND',T35,11//' LENGTH OF WORKZ 

.ONE',T30,F6.2,' MILES'/I' WORKZONE OPEN LANES'/4X,'INBOUND',T35,1I 

./4X.'OUTBOUND' ,T35, I 1//' HOURS OF RESTRICTED CAPIICITY'/4X,'BEGINNI 

.NG',T34,12/<1X,'ENDING', T34, 12//' HOURS OF WORKZONE ACTIVITY'/4X, 'B 
• EGI NN I NG' , T 34, 12/4 X • ' E NO I NG' , T 34 . 12/) 

BHW=BHW'I 
BHR=BHR'I 
EHW=EHW'I 
EHR'EHR'I 
IFIEHW.GT.2<11 EHW'24 
IFIEHR.GT.2<11 EHR'24 

GOTO <10 

I 

• - - - - - - - - - - - - - - - - - - - - - - - V 

OK, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 20 WRITE 16,12/ IPROB W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
12 FORMIITI/' HOURLY VOLUME 011111 CIIROS MISSING, WRONG, OR OUT OF ORDER 

• FOR PROBLEM '.121 

GOTO 99 • - - - - - - - - - - - - - - - - - - - - - - - - - - --v 

OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 30 WRITE 16,13) IPROB W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
13 FORMATc/' ERROR IN HARDWIIRE REIID, PROBLEM' ,12) 

I 

GOTO 99 • - - - - - - - - - - - - - - - - - - -I - - -I - - - - - --V 
I I I 
I I I 
I I I 

9 8 7 6 5 <1 3 2 



1 234 567 8 9 ~ 

1-- -----------------
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 234 5 6 789 0 

C 

PAGE 5 

CHECK FOR VALID LAND CLOSURE STRATEGY NUMBER 

OK
I ............ ..... . ..... , .. 

40 IF (MODEl,EQ. ,OR MODH.EQ 2) GOTO 45 

I 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
W WR I TE C 6 • 3 I) I P ROB w 
WWWWWWWWWwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

C 
C 

I 
31 FORMATI/' INVALID LANE CLOSURE 

I 

GOTO 99 

STRATEGY NUMBER ON PROBLEM' .121 

READ NEXT TWO CARDS IF LANE CLOSURE STRATEGY I. 
NEXT FOUR CARDS IF LANE CLOSURE STRATEGY 2 

9 , 8 , 7 , 6 ,5 4. 3 , 2 
I I I 
I I 1 
I 1 1 
I I I 

- ----- - 1---0 I 
I I 
I I 

--------·--------1- ----v I 
I 1 1 
1 1 1 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

• -------- --------1-------1-- V 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

OK- ---------- --------- ---------- --------- ---------- -1-------0 I 
I I I 

I I 
45 IM.MODEL'2 1 I 

I I 
I I 
I I 

DO 50 1'1. 1M I I 
I I 

I I I 
AAAAAAAAAAAARARRRRRRRRRRRRRRRRRARRRRRRRRAARRAAARRRRRRRRRAAARARRRRRRRRRRRRR I I 
A AEAD IS.14.END=60.ERA 70) KPROB«II.DIAIII.TIMECII.(VOLII.JI. .------ ------ --- 1----- V I 
R 'J=I.121 .------- -----------I---V I I 
RAAAAAAAARRRRARRAAARRRRRRRRRRRRRRRRRRARRRRRRRRRRRRRRRRRAAAARRRRRRRRRRRRRRR I I I I 

. I I I I I 
14 FORMAT '(J2.2AI.12F5 0) 

IF (IPROB.NE KPROB!I I) GOIO 20 

GOTO 50 

9 

I I I I 
I I I I 
I I I 1 

------- ------A I I I 

V 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Q , 7 , 6 , 5 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
432 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 234 5 6 7 8 9 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I --. 

I 234 5 6 789 0 

.. , .. 
70 IflAG=KPROBII I 

PAGE 6 
OK -
I 

I 
:WWWWWW::~~~W~~~~~~W~::~:~~~WWWWWWWWW.WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW: 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWWWWWWWW 
I 

c 

c 

SO CONTINUE 

GOTO 65 

60 IENO: 1 

If ERROR IN PROBLEM, GO TO 

65 If elflAGNE.OI GOlO 5 

OK---
I 

OK - - - - - - - - - -
I 

I 
NE XI 

I 
OK
I 

I 

PROBLEM 

CHECK INBOUNO OIRECIION rOR CAPACI'Y REDUCTION 
I 

If Illl lOll 80.100.90 

I 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWW 
W 80 WRllE (6,41' IPROB w 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

I 
41 FORMATe/' RESTRICTED CAPACITY GREAIER IHAN TOIAl CAPAC'IY -

• 'PROBLEM' .12, 'SKIPPEO' I 

GOIO 5 

9 8 7 6 5 
- - I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

----0 

. 4 
-0 

3 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• ---- .--- ----- ----- V I 
I I 
I I 
I I 
I I 
I - - -0 
I 
I 
I 
I 
I 
I 
I 

- - --0 

2 1 , , 
, I 
, I 
I I 
, I 
I , 
I I , , 
I , 
, I 
, I , , 
I 1 
I I 
, I 
1 1 
I I 
I 1 
1 1 , , 
I I 
I , 
I , 
, I 
1 1 
1 I 
1 I 
I I 
I I 
I I 
I I 
1 I 
I , 

.----~ ---------------1- -A 

.---~ ----- -~--~ ---.,,~ --~V 

9 

•• ---.---- .-- -V I 

8 7 6 5 

I I 
I I 
I I 
I I 
, I 
I I 
I I 
I I 
I I 
I I 

---I -I' 
I I 
I I 
I I 
I I 
I I 
I I 
4 3 

I I 
, I 
I I 
, I 
, I 
, I 
I I 
I , 
I I 
I I 
I I 
I I 
I I 
I I 
I '1 
I I 
I I 
I - - - II 
I , 
I I 
I I 
I I 
I I 
I I 
2 I 



I 234 567 890 

1- -----------
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 234 567 8 9 0 

PIIGE 

90 KI=I 

C CHECK OUTBOUND DIRECTION fOR 

100 IF COTL-OOL I 110.130.120 

7 

OK----
I 

I 
CIIPIICITY 
I 
OK-------
I 

REDUCTION 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 110 WRIlE(6."" (PROB W 
WWWWWWWWWWWWWWWWWWWWWWWwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

GOTO 5 

120 KO= 1 

I 

OK 
I 

I 
C SE T UP I IT I IIRRII Y SUCH THII r TRllfF I C VOLUME CIIRD, NO, W ILL APPEAR IN 
C FOLLOWING LOCIITION ITlI,II:INB,IIM. ITII,21:INB.PM, lTI2,O:OUTB,AM 
C ITI2.21:0UTB,PM 

130 DO 140 IR: I, 1M 

••• > • 

IF (DIRIIR) EQYTI II) 10=1 
IF IDIRIIR) EQ YTr21l 10=2 

I 
OK - - - - - - - - - - - - - - - - - - - - - - -
I 

IF ITIMEIIR),NE VT(3)) GOTO 135 

. , 
!TOO, II IR 

, 9 8 , 7 6 5 4 
I 
I 

------------0 

3 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-------------------0 

.----- --- - ----------- ---V 

.------ ---------- -----y I 

9 8 

I 1 
I I 
I I 
I I 
I 1 
I 1 

·1 I 
- 1 - I 

( I 
I I 
1 I 
I I 

-0 1 
I 
1 
I 
1 
I 
I 
I 
I 
I 

---- - ---- ------0 

7 , 6 5 

----v 
I 
I 
I 
I 
I 
I 
I 
I 

4 3 

2 1 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
( I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

- - I - - II 
I I 
I I 
I I 
I 1 
I I 
I I 
I I 
1 I 
I 1 
I I 
I I 
1 1 
I I 
I 1 
I 1 
I I 
I I 
I 1 
I 1 
I I 
1 I 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 1 
I 1 
I I 
I I 
I I 
2 1 



I 234 5 6 7 8 90' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 234 5 6 789 0 

Goro 140 

PAGE 
I 

A 

OK-----------
I 

................. ,' 
135 IF ITiMEHRI.NE Y114/1 GOIO 145 

ITIID.2)=IR 

Goro 140 

OK-------------
1 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWwwwwwwwwWwwwwwwwwwww 
W '45 WRITE (6.29) IPROB w 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
29 fORMAru' INYALID TIME OR DIRECTION CODE-PROBI.EM • ,12,' SKIPPED" 

I 

Goro 5 

140 CONTINUE 

If IKJ.LT " GOIO 165 

IF IIII I, I' 11 II GOIO 185 

IF IITCI,21.l1 II Goro 185 

OK 
I 

9 , 8 7 6 , 5 , 4 3 
1 
I 
I 
1 
1 
1 
I 

· - -

· ----

· ---

.- -

, 9 

--------------Y 
I 
I 
I 
1 

------------1 
1 
I 

- -0 

-----------1- -Y 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 

---------------Y I 
I I 
I I 
I I 
I I 

------------- I -0 
I 
I 
1 
I 
I 
I 
I 
I 

-- ---------- I 
1 
1 
I 
I 

-------------- -0 

------------- --Y 
1 
I 
I 

---------------- -Y 

8 7 6 5 

I 
I 
I 
I 
I 
4 

--V 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
3 

2 I 
I I 
I I 
I I 
I I 
1 1 
I I 
1 I 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

- - - I - - - A 
I I 
I 1 
I I 
I I 
I I 
I I 
I I 
'I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
2 I 



1.;234561890 

1 234 5 618 9 0 

, ....... , 

165 IF IIIO.LT.I' COTO 180 

PIICE 9 
I 
Oil - - - - - - - - -
I 

9 8 1 6 . 5 4 3 
1 I 

- 1---0 
1 
I 

+------------------ ---I--Y 
I I 

. I I 
. .... .... . I I 

IF f1T12. n LT. n COTO 185 

., .................. . 
IF IIH2.21.LT.1I GOTO 185 

GOTO 180 

+---- ------------------Y I 
I I 
I I 
I I 

-------------Y I 
I I 
I I 
I I 
I---Y 
1 I 
I I 
I I 
I I 

Oil - - - - - • - - - - - - - - - - - - - - - - - - - - - - - - - - ----- ----.-- -----. -0 I 
I 

MMMMMMWWWMMMWMWWMMWWWWWWwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWWWWWWWW 
M 185 MRITEf6,49) IPROB W 
MMMMMMMMMMMMwMMMWWWMWWMWWWWwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWWWWWWWWWW 

C 
C 

I 
49 FORMATI/' DIRECTION ON TRAffiC CARDS 00 NOT MATCH DIRECTION OF 

.'RESTRICHD CAPACITY - PROBLEM' .12.' SKIPPED') 
I 

GOTO 5 

SET UP INBOUND AND/OR OUTBOUND TRAfFIC ARRAYS IF CAPACITY IS 
RESTRICTED IN THAT DIRECIION YLIKS,KYI 

180 KT=2-1I1 
KU=KO' I 

OK---
I 

1 
C IF NO CAPACITY REDUCIION. GO 10 NEXT PROBLEM 

I 

IF (liT lE IIU) GOlD 155 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WR I IE «6.33) I PROB W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
I 
1 

. I 
J 
J 
I 
I 
I 
I 
I 
I 

.---.-- ---.----.--- ----- I 

9 8 7 6 5 4 

I 
I 
r 
I 
I 
I 
I 

---0 

V 
I 
1 
1 
1 
I 
I 
I 
I 
3 

2 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
J 
I 
1 
1 
I 
J 
J 
I 
1 

I 
I 
I 
1 
J 
J 
I 
1 
1 
J 
I 
1 
J 
1 
J 
'2 

I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
1 
I 
1 
1 
1 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
A 
I 
1 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 2 3 .. 5 6 1 8 9 0 PAGE 10 

1--- -----------
I 
1 

I 
33 fORMATI' NO CAPAC I n REDUCTON, PROBLEM', 12,' SIlIPPED'I 

I 

GOTO 5 

011 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 

I ................ . 
1 1------- -.--------
1 1 
1 1 
I I 
I I 
I I 
I I 
1 I 
I I 

00 160 IIV 1,12 

", ........... . 
YlIIIS,IIYI.YOLIITIIIS,II.IIYI 
IIW=KY'12 
YlCKS.KW)=YOLIITCIIS,21.IIYI 

1 I ........... . 
I ------------. 160 CONTINUE 
1 
I 
I 

------ ...... - ---_ .. -+ 150 CONTINUE 

I 
C CALCULATE USER COSTS III: I If INBOUND COSTS, IA=2 If OUTBOUND COSTS 

I 

00 200 IA=I.2 

1 
C CALCULIITE CAPACITIES CIIPN=NORMAL CAPIICITY, CAPR'RESTRICTED 
C CAPACITY DURING NONWORlllONE IICTIVITY HOURS, CAPW=CAPACITY 
C DURING WORIIZONE IICTIVIT. HOURS 

I 

If i iii 1 I 175. 175. 170 

115 If 1111 EO.OI GOTO 200 

23" 5 6 7 8 9 0 

. 9 . 8 1. 6 . 5 . .. . 3 2 
1 I 
I I 
1 1 
1 I I 

---------------------I---l---A 
I 
I 
I 
I 

-- ------ -0 

-·····_----_·······_---Y 
I 

. I 
I 

t------- --.-------. V I 
I I 
I I 
I I 
I I 
I I 

.98 765 4 3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 234 5 6 789 0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 234 5 6 7 8 9 0 

PACE II 
I 

, .......... . 

C 
C 

CAPNIIJ=VOlCAP.ITl 
CAPRII'=VOlCAP.IOl·0.9 
CAPWell (CPIITl,IOLJ-SLP(ITL,IOLI'CERFI'IOL 

CHECK TO SEE IF WORK lONE CAP!'eITY FROM INPUT DATA IS TO 8E USED 
INstEAD OF PROCRAM C[NERATED CAPACITY 

I 

IF eCERF GT. 100 I CAPW! 1) =CERF tlOl 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16,16) CAPNCII,CAPRIII,CAPW(I) W 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

C 
C 
C 

I 
16 FORMATI' INBOUND CAPACITY'!4X, 'NORMAL ',l30,F6.0,' IVPHI'!4X, 

"RESTRICTED ',T30,F6 0,' (VPHI'!4X,'WORIIINC HOURS ',T30,F6.0, 
.' (VPHI'/I 

TEST TO DETERMINE IF 
RESTRICTED CAPACITY 
PROBLEM AND AN ERROR 

........ 

I 
USER INPUT 

IF IT IS, 
MESSAGE IS 

I 

IF ICAPWII).lT CAPRII)' COlO 190 

CAPACITY IS CREAlER THAN 
CONTROL TRANSFERS TO THE NEXT 
DISPlAYED. 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWwwwwwwwwwwwwwwwwwwww 
W WRITE 16,43) IPR06 W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
43 FORMAT 1/' WORK lONE CAPACllY CREATER THAN RESTRICTED CAPACITY -', 

.' PROBLEM' ,12,' SIIIPPED'!!' POSSIBLE SOURCE OF ERROR: USER-'. 

.'SUPPlIED CAPACITY ESllMATE CREATER THAN 90% OF NORMAL CAPACITY') 
I 

GOTO 5 

170 IF (11.0 EQ.OI COlO 200 

CAPNI21 VOLCAP'OTl 
CAPR(21 VOlCAP'OOL'O 9 

011 - - - - - - - - - - - -
I 

CAPWI21 ICP(OTl,OOll-SLPiOTL,OOl)'CERF)'OOL 

98. 7 . 6 . 5 4 3 2 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I 1 
I I I 
I I I 
I' I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

- ------- ---v I I I 
I I I I 
I I 1 I 
I I I I 
I I I I 
I I I I 
I I 1 I 
I I I I 
I I I 1 
I I 1 I 
I I 1 I 
1 I 1 1 

-1---1 1---1 
I 1 1 I 
I I 1 I 
I I 1 I 
1 I I I 

-------- •• -.- •• 1---1---0 I 
I I I 
I I I 

--.------ ------1 V 1 
I I I 
I I I 
I I I 
I I 1 
I I I 
1 I 1 
I I I 
I I I 
I I 1 
I I 1 

98. 7 654 3 2 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.1 
I 
A 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 



234 5 6 7 890 

3 4 5 6 7 890 

C 
C 

PIIGE 12 
I 

CHECK TO SEE IF WORK ZONE CIIPACITY FROM INPUT DIITII IS TO 6E USED 
INSTEAD OF PROGRIIM GENERIITED CIIPIICITY 

I 

IF ICERf.GT 100.) CAPWI21=CERF·00L 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE (6,17) CAPN(2I,CIIPR(21.CIIPW(21 W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

C 
C 
C 

I 
17 FORMAl(' OUTBOUND CAPACITY',/4X.'NORMAL ',T29,F7.0,' (VPH)',/4X, 

.'RESTRICTED ',T29,F7.0,' (VPHI'/4X,'WORKING HOURS ',T29,F7.0, 

.' I YPH)' II 

TEST TO DETERMINE IF 
RESTRICTED CAPACITY. 
PROBLEM AND AN ERROR 

..................... 

I 
USER INPUT 

I FIT IS, 
ME SSIIGE IS 

I 

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

CIIPIICITY IS GREIITER THIIN 
CONTROL TRIINSFERS TO THE NEXT 
DISPLIlYED. 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16,43) IPROB W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 

GOTO 5 

C CIILCULIITE USER COSTS FOR EliCH HOUR J 

9 8 . 7 6 . 5 . 4 . 3 . 2 

.- --- - -- -- ------ ----V 

.------------------- --- ------- ---A 

OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 

190 DO 210 J=I,24 

IHR=O 
NHR (J) = 0 

I 

I 
C SELECT IIPPROPRIIITE CIIPIICITY THROUGH WORKIONE FOR HOUR J 

I 

IF (J.GE BHW liND J LE HIW) GOTO 220 • - - - - - - - - - - - - - - - - - - - - - - -I - --V 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

9 . 8 7 654 3 



I 2 3 4 5 6 7 8 9 O· PIIGE 13 9 8 7 6 5 '" 3 2 1 
I 1 I 1 I I 1 
I 1 ... , .......... 1 1 1 1 
1 1 IF eJ. GE .SHR .IIND. " I.E.EHRI Goro 230 

WM _________ 

--V I I 1 1 
I I .... . . . . . . I 1 1 I 1 
1 1 I I I I I 
I I 1 1 I I I 
I I CPp~CAPNtIAI 1 I I I 
1 I CAPelA,JI cpp 1 I I I 
1 1 ............... 1 1 1 I 
I 1 1 1 1 I 
I 1 ....... ,., ... , ... •• < •• "" ••• 1 1 I I 
1 I IF (ACUM.GT. O. I GOlD 240 . - -----------V I 1 1 1 
1 1 , . .................... 1 I 1 I I 
1 1 I 1 I I I I 
I 1 ....... ~ . . ... ...... , ..... I I I I I 
I I NHRld'-' I 1 I I I 
I I ....................... , I 1 I I I 
I I I 1 I I I 
I J .............. . . J 1 1 1 1 
1 1 GOTO 210 .- .. -~-~-- V 1 1 1 1 1 1 
1 1 ............... I 1 I J I I 1 
1 1 I 1 1 I J I 1 
J I J 1 J I J I I 
I 1 I 1 J 1 1 I I 
1 I OK - - - - - - ---------- --------- ------1-- 1 - - 1 - - I - -0 I I 
I I I I J I I 1 I 
I I ........... ........ , .... I I I I I 1 
I I 220 cpp = CAPWi IA I I I I I I I 

I I CAP I lA, J I =CPP I I I I I I 
U'I I 1 IHR=2 1 I I 1 I I 
0 1 1 1 I J 1 I I 

I I 1 I I 1 1 I 
I 1 " ...... I 1 1 I I 1 
I 1 GOTO 240 ---------I---V 1 I I I 
I I ....... . . 1 I I I I I 
I I 1 I I I I I 
I 1 1 I I I 1 I 

I I 1 I I I I I 
I I OK-------- ---------- ~--------- - ----1---1 -0 1 I I 

I I I I I I I I 

I I ' . , . , . . . I I I I I 

I I 230 CPP=CAPRI IAI I I I 1 I 

I I CAPIIA,JI=CPP I I I I I 

I I IHR=\ I 1 I I I 

I I ....... , ....... I 1 I I I 
I 1 I 1 I J I I 
I I C CAlCUlA TE DELAY IN QUEUE tOQUE' , COST OF QUEUE eCQUE., AND LENGTH I I I I I 
1 1 C OF QUEUE IQUEl ) 1 QUE = I \liITH QUEUE, IQUE=2 HOUR QUEUE DISSIPATES I 1 I I 1 
1 I 1 1 1 I I 1 

I I OK-------- -------- ------------------------------1---0 I I I 

I 1 1 I I I I 

I I ......... ........ . . .. , ..... , ............... 1 I I 1 
I 1 240 IF (VLlIA,JI GT CPP) GOTO 250 +------- ---1------ ---1-- V I I 

1 I .... . ... . . .., ......... 1 1 I I I 

1 I I I 1 1 1 

1 1 1 1 I 1 I 

I 1 I 1 I I 1 
I 1 I I 1 I I 

I 2 3 4 5 6 7 8 9 0 9 8 7 6 5 '" 
3 2 I 



I 2 3 4 5 6 1 8 9 0 PAGE 14 9 8 1 6 5 4 3 2 1 
I I I I I I I I 
I I ... . ........ I I I I I 
I I If IACUM,GT 0,0) GOTO 260 I ------Y I I I I 
I I - -- .. " .... ,., , I I I I I I 
I I I I I I I I 
I I ........... I I I I I I 
I I IQUE;O I J I I I I 
J J ........ J J J J I I 
I I I J I I I I 
1 I ........ I J I I I I 
1 1 GOIO 210 .. ~ ~ -------1-- \I J I J I I 
I I ..... " ...... I I I I I I I 
I I I I I I. I I I 
I I I I 1 I 1 1 I 
I I I I I I I I I 
I I OK - - - - - - - - -------~ ~~---~---- ---------- 1---1---1 - I --0 I I 
I I I I I I I I I 
I I ........ I I I I I I 
1 I 250 1 QUE = I I I I I I I 

I EXD=Yl(IA.JI-CPP I I I I I I 
I ......... , , . . . . . . . . I I I I I I 
I I I J I -I I I 
I OK--- ---------- -------~ --------- ---1---1 --1---1---0 I I 
I I I I I I I I I 
I ." ..... ........... , I I I J I I I 
I 255 DQUE=ACUM·EXD/2. I I I J I I I 

PTC'I -PT/IOO I I I I I I I 
P TT = P TI 100 , I I I I I I I 

I I I I I I I 
01 I I I J I I J J ...... OK-------- -------- --------- ------>----0 I I I I I I I 

I I I I I I I I I 
- . ...... I I I I I I I 

265 CQUE (lA, J I =DQUE +cur -« PTC .\lL TIll 'PTT -\ll f( 2)) I I I I I I I 
.. , ..... . .... ,. , ............ ....... . I I I I I I 

I I I I I I 
, .... , ...... I I I I I I 

IF (fA- II 215,215.285 • - Y I I I I I I 
" ........ , I I I 1 I I I 

I I I 1 I I I 
I I I I I I I 

215 ALH'lll I I I I I I I 
I I I I I I I 
I I I I I I I 

I I I I I I I I 
I GOIO 295 ,-1/ I I J J I I I 
J I I I J I I I I 
I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I 
I OK - - - - - - -- -------- --- -------- -1-0 I I I I I I I I 
I I I I J I I I I I I 
I I I I I I I I I I 
I 285 AlN'OTL I I I I I I I I I 
I I I I I I I I I I 

I I I I I I I I I I 

I I I I I I I I I I 

I I I I I I I I I I 
2 3 4 5 6 1 8 9 0 9 8 1 6 5 4 3 2 1 



I 2 3 4 5 6 7 9 9 0 PAGE 15 9 9 7 6 5 4 3 2 I 

• • • • I I • I I I I • I 1 OK· - ~------- -------- ------ --0 I I I I I I I • 
I I • I I I I I I I 1 
1 I .. , .... , ..... , 1 1 I 1 I 1 I • 
1 I 295 QUEll lA, J I DQUE/IALN'132 1 I I 1 I I • I 
I I ...... ..... , I I 1 I I I I I 
I I I I I I I 1 I • 
I I .............. I I I I I I I I 
I I IF I IQUE. NE 2 ) GOTO 335 -Y • I I I I I I I 
I • , ........... , .... .. . I I I I I I • I I 
I I I I I I I I I I I 
I I ........... , ...... I • I • I I I • • 
I I QUEL(IA,JI=QUELIIA,JI/PQUE I I I I I I I 1 • 
I I ............ . ..... , . . . I I I' I I I I I • 
I I I I I I I I I • I I 
I I OK- - ------ -------- -0 I I I I I I I I 

• I I • I • • I • I • 
I ................... . ... I I I I I • I I 
I 335 ACUM=ACUM'EXD • I I I I I I I 
I IF (ACUM.Ll 0.01 ACUM=O.O I I I I I I I • 
I I I I I I I I I 
1 I I I I I I I I 
I . . . . . . . . I I I I I I I I 
I Gala 270 • - - - - - 1 -I---Y I I I I I 
I ........... I I I I I I I • 
I I I I I I I I • 
I I I I I I I I I 

I I I I I I I I I 

• OK-- ------ - -- - - - -- -1---1- 1-- -0 I I • I 
<.Tl • I I I I I I I I 
N I I I I I I I I I 

I I 260 IQUE=I I I I I I I I 
I I SRP=CPP-YlIIA,JI I I I I I I I 

I I PQUE=ACUM/SRP I I I I I I I 
I I EIlD=-SRP I I I I I I I 

I I ........ I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I IF (ACUM GE .SRP) GOTO 255 - I - - I 1----- J - - - A • I 

• J • I I J • I 

I I I I I • I I 

I I . . . I I J I I I 

• • DQUE=(ACUM"2)/(2 .SRP) I I I I t I 

I • 'QUE 2 I I I I I I 

I I I I I I I 1 

I I I I I I I I 

I • I I I I I • 
I I GOTO 265 . - - --A I I I • • 
I • I I I I • 
I • I I I I I 

I I I I I I • 
I I C CALCUAL IE PARAME IE RS FOR SPEED-VOLUME EQUATIONS I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I • • I 

I 2 3 4 5 6 7 9 9 0 9 9 7 6 5 4 3 2 I 



I 234 5 6 7 8 9 0 
I I 
I I 
I I 
I I 
I I 
I 1 
I I 
I 1 
I I 
I I 
I I 

C 
C 

PAGE 16 
OK 

270 SLO VOLCAP+tSPCG-SPFI/VOlCG 
CGV VOLCGIVOLCAP 
SPE SPCG-SPCAP 

I 

I' 
CALCULATE VIC RATIO AND AVERAGE SPEED FOR NORMAL CONDITONS JC=I, 
AND FDA RESTRICTED CAPACITV JC=2 

I 

9 . 8 . 7 . 6 . 5 . 4 . 3 
- 1 - -0 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
I 1 
1 1 
I 

I I ................. . 
I 
I 
1 , I I --------------

I I 
I I 
I I 
I I 
I 1 
1 
1 
1 
I 
I 
1 
1 
1 

I 
1 . 
1 
1 
I 
I 
1 
1 
1 
I 
I 
1 
I 

I I 
23456 7 890 

DO 280 JC=I.2 

.... " ....... , ...... . 
IF IdC.fQ.2. GOTO 300 

. . . . . . . . . . . 
VCldCt·VLIIA.Jt/CAPN(IAI 

GOTO 310 

, , . . , . . . 
300 VC(JCI=VLtIA,JI/CPP 

IF (IQUE EQ II GOTO 320 

310 IF fVC(JCI or I I Goro 320 

IF tVCtJCI-CGYI 305.305,315 

305 SP(JC)=SPF'SLO'YCtJC) 

OK - - - - - - - - - - - - - - -
I 

I 
OK -----------
I 

I 
1 

.- ---------1-------- - ---v 
1 1 
1 1 
1 1 
1 1 
1 ·1 1 
1 1 1 
1 I 1 

.------ ---I-------V I 1 
I 1 1 I 
I 1 1 1 
1 1 I 1 
I 1 1 I 

---------------.- -----------1- -1---1---0 
1 1 1 
1 I 1 
1 1 1 
1 1 1 
1 I 1 
1 I 1 

-I -----1---1-- V 
1 1 I 1 
1 1 1 1 

------------- --------1-------0 1 I 
1 1 1 
I 1 1 

-------1--- I---V 
1 1 I 
I 1 I 
I I 1 
1 - - V I 1 
1 1 I 1 
1 1 1 1 
1 1 I 1 
1 1 1 I 
1 I I 1 
1 I I I 
1 1 1 I 
I 1 I I 
1 I I 1 
1 1 1 I 
I I 1 I 

9 8 7 654 3 

2 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
1 
I 
1 
2 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 



t 2 3 '" 5 6 7 8 9 0 PAGE 17 9 8 7 6 5 '" 3 2 t 
I I I I I I I I I I 
I I I .............. ,. " I I I I I I 
I I I GOTO 325 .-~--- - - - - I --v I I I I I 
I I 1 ............. . . I 1 1 1 1 1 1 
1 I 1 1 1 1 1 1 I I 
1 1 1 1 1 I .1 1 I I 
I 1 1 I 1 1 1 1 1 1 
1 1 1 OK--------- 1---1---0 I I 1 1 
I 1 I 1 1 1 1 1 1 I 
1 1 1 .... ~ ..... . . . . . . . . " . . . . . I 1 1 1 1 1 
1 1 1 3.S SP'dCI=SPCIIP.SPE'SQRTI I. , (VC I dC I - CGV ) I , 1 . - CGV ) I •• 2 I 1 1 1 1 1 I 
1 I 1 .. , ..... .... " , .. "., .... , .. 1 1 1 1 I 1 
1 1 1 1 1 1 1 1 I I 
1 I I OK- - ------ ------------ ------------ -----------1 --0 I 1 I I 
I 1 I I I I 1 I I 
1 1 1 . . . . ~ .......... . . ..... ., .. , .. ",., . . ... , .... 1 1 1 I I 
1 1 I 325 IF ( 1 QUE. EO 2 .IIND. dC. EQ.2ISPIJCI f I -PQUE),SPfJCI·PQUE·SPCAP 1 1 1 I I 
1 1 1 .................... 1 1 I 1 1 
1 1 I 1 1 1 I I 
1 1 I " ...... ' ...... , I I I I I 
I I I GOTO 280 ---------1-- --v 1 I I I 
I I I .......... " ....... , ..... I I I I I I 
I 1 1 I I I 1 I I 
I I I I I I I I I 
1 I I 1 I I I I 1 

1 I 1 OK - - - - - - - - - - - - - - - 1 I --1---0 I I 

1 1 I I I I 1 I I 
I I 1 ......... I I I I I 
1 1 I 320 SPIJCI=SPCIIP.12 -VCIJC)) I I I I 1 

(J1 I I I If (SPtJC).lT.20 ) SPfJC)=20 1 I I I I 
~ I I I If (SPIJCI.GT SPCAP) SPIJCI'SPCAP I I I I I 

I I 1 VCtJC)=I. I 1 I 1 I 

I I 1 1 I 1 I I 

1 I I I I 1 I I I 

1 I I OK- -----_ .. ----- - - - - I -0 I I I 

I I 1 I I I I I 

I 1 1 I 1 I I 

I I ------- 280 CONTINUE I I I I 

I I I I I I 

I I I I I I I 

I I C CALCULA IE MINIMUM SPEED ISPMNI fOR SPEED-CYCLE COST CALCm A TlON I 1 I I 

I I I I 1 I I 

I I I I I I 

I I If (IOUE EO II GOIO 330 -1---------- 1-- - V I I 
1 I I I I I I 

I I I 1 I I I 

I I 1 1 I I I 

I 1 SPMN=SP(21 2.3 - 25.7. f VC 121" 2 I I I 1 I I 

I I If IIQUE.EO.2) SPMN=SPMN'( I -PQUEI 1 I I I I 
I I . . , , . . ... ,' . I I I I I 

I I I I I I I 

I I I I I I I 

I I If (SPMN. GE .0.0) GO TO 340 . -- .. --- - - - 1 - -----V I I I I 

I 1 '" , .... 1 I I I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

1 I I 1 1 1 1 I 1 

I 2 3 4 5 6 7 8 9 0 9 8 7 6 5 4 3 2 I 
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3 4 5 6 7 8 9 0 

330 SPMN~O.O 

PAGE 18 
I 

9 8 

OK - _. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 

I 
C CALCULATE LENGTH OF REDUCED SPEF.D THROUGH WORK lONE ARES (CLL' 

I 
OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 

7 . 6 . 5 
I 

-------�---
I 
I 
I 
I 
I 
I 
I 

-------0 

4 . 3 . 2 
I 

---0 

340 IF IWlD.LE.O. It GOTO 350 .----------- ----------- ---v 

CLL~0.1·IWlD·0.lt·VC(2' 

GOTO 360 .----------- -------v 

OK - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 
I 

350 CLL~WlD'0.2 

I 
C CALCULATE DISTANCE IDSC' AND DELAY COST (CDSC' OF SLOWING DOWN AND 
C RETURNING TO APPROACH SPEED 

I 
OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 

360 DSC=0.5·0.25'VC(2' 
PTT'PT/IOO. 
PTC' I. -PT/IOO 

I 

CDSC(r'A.J"DSCO(2 /ISP! It'SPMNI I ISP( Itt'VlIIA,JI'CUF' 
.(PTC'VLTI I"PTT/O 9'VLT(21 I 

I 
C CALCULATE DELAY COS~ OF REDUCED SPEED THROUGH WORK lONE (COWl' 

I 

CDWl ( I A, J , = C L L • ( I . / S P ! 2 , - I / SP! I ) , • V L ( I A . J t • CUF • ( P TC' V L T ( I , • P T T / 
• 0.9·VLT(2tt 

I 
C CALCULATE COST OF SPE[D CHANGE CYCLE ICSPC' 

I 

SPCC'-5 2187'1.1241'SP!I)-1 1125.SPMN 
IF (SPCC LT. 0 0) SPCC=O 0 
SPCT=-32.2883'7 1226'0 g'SPllt-6 684·SPMN.0.9 
IF (SPCI.LT.O ot SPCI'O 0 

9 8 6 5 3 



1 2 3 '" 5 6 7 8 9 0' P/IGE 19 9 B 7 6 5 .. 3 :1 1 
I I CSPCCIA,Jl=YLIIA,J)'CUF'(PTC,SPCC·PTT.SPCTI/IOOO. I I I I 
I I ............ I I I I 
I I I I I I I 
I I C ADD COST Of QUEUE CYCLING COSTS IF THERE IS /I QUEUE I I I I 
I I I I I I I 
I I ........... I I I J 
I I If t I QUE. E Q. 0 I GO TO 370 -- ~ ~ - ~ - - - - I - ---I---Y I 1 

I I ................. I I I I I 
I I I I I I I 
I I , ............. , .. . , , .. . . I I I I I 
I I CSPQ:C6.0223.PTC·31.8151.PTTI·CUF.YlIIA,JI.3, 'QUElIIA,JI/IOOO. I I I I I 
I I IF II QUE, E Q, 2 I CSPQ=CSPQ'PQUE I I I I I 
I I CSPCCIA,JI'CSPCCIA,JI'CSPQ I I I I I 
I I .. , ............... " ... I I I I I 

I I I I I I I I 
I I C CALCULATE RUNNING,COST OlfffRENCE THROUGII \'jORK lONE lOCI I I I I I 
I I ! I I I I I 

I I OK- ---~~~---~ --------------~~ - - - I - - - - I - -0 I I 

I I I I I I I 

I I ......... , .............. I I I I 
I I I - ~ --- -..... - .. 370 00 380 lOP. 1.2 I I I I 

I I I ......... ' ...... •• < •• , I I I I 
I I I I I I I 

I I I ......... I I I I 

I I I SPEED=SP ClOP I I I I I 
I I I '" . .............. I I I I 

I I I I I I I I 

I I I CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I I I I 

I I I C CAll OPCOSTISPEEO,PT,YOCI C I I I I 
U'1 I I I CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I I I I 
0'1 I I I I I I I I 

I I I I I I I 

I I I CYOCCloPl=YOC'YLIIA,JI/IOOO I I I I 
I I I I I I 'I 
I I I I I I I 
I I I I I I I 
I I ---_ ...... -. 380 CONTINUE I I I I 
I I I I I I 
I I I I I I 
I I , .... ,. , I I I I 
I I OC(IA,Jl=ICYOC(21 CVOC( Ill-CLl-CUF I I I I 
I I . . . . , . . . I I I I 
I I I I I I I 
I I C ADO TO RUNNING COSTS TIlE AOOI lIONAl QUEUE RUNNING COSTS IF ANY I I I I 

I I I I I I I 
I I ...... , ..... ... , .. ' . I I I I 

I I IF ( IQUE EQ.Ol GOTO 390 .---~~---- -I-----------I---Y I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I SPE=SPF/2,'( I-SQRTlI. -CPP/CAPNI IA III I I I I I 
I I ""'" ' 

I I I I I 
I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 
I I I I I I I 
I 2 3 .. 5 8 7 8 9 o· 9 8 7 6 5 .. 3 2 I 



I 2 3 4 5 6 7 8 9 0 PAGE 20 9 8 7 6 5 4 3 2 1 
I J I I I I I I 
J J CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I I I I I 
I I C CAll OPCOST C SPEED, PT,YOC) C I I I I I 
I I CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I I I I I 
I I I I I I I I 
I I ............... " , ., ........ I I I I I 
I I CYOC(3) YOC+YLIIA,JI/IOOO. I I I I I 
I I OCOCIA,J)=ICYOCC31-CYOCC Il'+QUElIIA,J'+CUf I I I I I 
I I IF C I QUE. EO. 2 , OCQIIA,J),oc9CIA,J)+PQUE I I I I I 
I I OCtIA,J}:OCCIA,JI'OCQCIA.JI I I I I I 
I I ........ . ... " , ............ I I I I I 
I I I I I I I I 
I I C SUM UP COSTS TO GET TOTAL HOURLY USER COST ClHC} IN EACH DIRECTION I I I I I 
I I I I I I I I 
I I OK- - ------- .. -------- - ------I------~----I---O I I 
I I I I I I I 
I I ............... , , " .. . I I I I 
I I 390 THCIIA,JI=CDSCIIA,J)'CDWIIIA,J)'CSPC(IA,J)'OCCIA,JI'CQUfllA,Jl I I 1 1 

I , ......... , ...... I I I I 
I 1 1 I I I 
I C CALCULATE HOURLY COST PER MILE QUEUE ( mCQI 1 1 1 I 
1 I I 1 I I 
I . . . . . . " . " ...... . .. , .. , ... " .. I 1 I I 
I IF (QUELCIA,JJ.EO.O. 0) GOTO 400 + ~ - - ----1-----------1 -Y I I 
1 ..................... I I I I I 
1 1 I I I I 
I ....... THeil, i A: oJ i = THe i i;', J )/QUEL II A, J) 

I I I I I 
I I I I I I 
I . . , . . . . . . . . .. I 1 1 I 1 

Ul I I I I I 1 I ...... I C PUT SPEEDS INTO ARRAY FOR OUTPUT I I I 1 I 
I 1 I I I I I 
I OK - - - - - - - - - - - - _ ..... -- ... _---------------- --1-----------1---0 I I 
I I I 1 1 I 
I 1 I 1 1 
I I - - - 400 DO 410 IS: 1 ,2 1 I I I 
I I 1 I I I 
I I I I I I 
I I I I I I 
I I SPDIIS,IA, .. lI SP (IS' I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I 410 CaNT I NUE I , I I I 
I I I I I 
I I I I I I 

I C SUM HOURLY USER COSTS INTO DA Il Y TOTAL I I I I 
I I I I I I 
1 1 I I I 
I SUM'SUM'THC(IA,JI I I I I 

I I I I 1 

1 I 1 I I 

1 1 I I I 
I I I I I 

I I I I I 

I I I I I 
I I I I I 
I 1 I I I 

I 2 3 4 5 6 7 8 9 0 9 8 1 6 5 4 3 2 I 
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I 
I 
I -----. 

--- ......... 

C 

PAGE 21 
OK---------------
I 

210 CONTINUE 

I 

~II 

200 CONTINUE 

I 
SUM HOURLY COSTS fOR EACH DIRECTION FOR TOTAL HOURLY COSTS 

I 

DO 420 ISM=I,24 

....................... 

C 
C 

S III ISM) = THC I I , ISM' <THC 12, ISM) 

<420 CONTINUE 

I 
WRITE OUT CAPACITY ESTIMATE RISK fACTOR If WORK ZONE CAPACITY 
IS CALCULATED IN PROGRAM AND IS NOT PART Of INPUT DATA 

I 

If ICERf .CL 100. I COTO 430 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITEI6.371 CERf W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

c 

I 
37 fORMAT I' CAPACITY ESTIMATE RISK FACTOR, '/ 

.' PROBABILITY THAT ESTIMATED'/' WORKING HOURS CAPACITY IS'I 
" LESS THAN ACTUAL CAPACITY'.T32.f4 0,' PERCENT'n 

I 
WRITE OUT SUMMARY HEADINCS 

I 

. 9 8 7 
------0 

OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

, 234 5 6 789 0 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 430 WRI TE 16,19 I IPROB W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
19 fORMATI' I' ,49X,'SUMMARY Of USER COSTS - PROBLEM' ,12.1119X, 

••••• INBOUND DIRECTION •••. ,19X,'.', ~5X,' ••• OUT80UND " 
"DIRECTION •••• , 14X." TOTAL ADD.') 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRI TE 16,19' W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
I 

. 9 . 8 7 

6 

6 

5 . 4 
I 
I 
I 
I 
I 
I 

-------0 

. 3 

--v 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-------0 

2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5 . 4 3 . 2 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 

19 FORMATI' HOUR 
-l5I,'ADDITIONAl 
'TI07,'ADDITIONAL 

VOLUME CAPACITY APRCH WORK LENGTH', 
VOlUME CAPACITY APRCH WORK LENGTH', 

• HOURLY USER" 
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16,211 W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
21 FORMATI9X,'IVPH) (VPIH SPEED ZONE',5X,'OF',7X,'HOURlY', 

'T63," IVPHI (VPH)',4K,'SPEED ZONE',5X,'OF',7X,'HOURlY', 
'TII9," COSTS DUE', 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16,22) W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
22 FORMATI27X, , IMPHI SPEED QUEUE USER COSTS ",184,' IMPH)', 

.2X,'SPEED QUEUE USER COSTS TO LANE') 
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW~WWWW 
W WRITE 16,231 W 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWWWWWWWW 

I 
23 FORMA T I 3~.II, • IMPH I (M Il E S J ' ,5X, ' ($ J ' ,6X, ' .' , T9 I , ' (MPH I (MILES I' , 

-5.11,'1$1',6.11," CLOSURE ($I'n 
I 

C WRITE OUT CALCULATED USER DATA fOR EACH HOUR AND DAIL. TOTAL 
I 

DO ~50 lC=I.24 

LCI LC-I 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITEI6,391 LCI,LC W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
39 fORMA I I 1 X , 12. ' - ' , 12 I 

IFINHRILCI EQ II GOIO 440 

If (KI EQ,OI GOTO 440 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16,24) VL!I,lCI,CAP(I.LCI,SPDII,I,lCI,SPDC2,I,lCI,QUEUI,lCIW 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

, I 
I 
I 
I 

9 8 . 7 6 5 . 4 3 

t--------.·-·--- ----~~----·v 

9 8 7 6 5 

I 
I 
I 

------V 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4 3 

2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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o 

1 234 5 6 7 S 9 0 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
I 
1 
I 
1 
1 
1 
1 
I 
I 
1 
I 
I 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 

1------
1 
1 
I 
I 
1 
I 
1 234 5 6 7 S 9 0 

PAGE 23 9 . 8 . 7 . 6 5 . 4 . 3 
I 
I 
I 

1 
24 FORMA l ( , .' . T 9 . F 7 . 0 . 2 X • F 1 . 0 . 3 X • F 4 . 0 . 3 X • F 4 . O. T 4 I • F 6. I • 

I 
OK---------- - --- - - - -------------------
I 

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W 440 WAITE (6.25' THC! LLCI W 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

I 
25 FORMAlI·". T52.FS O. T63 '.' I 

................ 
IFtNHRILCI.EQ. II GOTO 460 

..................... , 

IF (KO.EQ.OI GOTO 460 

I 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WRITE 16.261 VU2.LCI. CAP(2 .LCI. SPOt 1.2. LCI. SPO(2. 2.LCI .QUEL (2 .LCIW 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
26 fORMAl 1···.T65.f1.0.T74.f7.0.T84.F4 0.T92,Fo4.0.T97.F6 II 

I 
OK------------------- - - ---------------.--
I 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwWWWWWWWWWWWWWWWWWWWW 
·w 460 WRITE (6.271 THC(2.LCI.Sfl!LCI W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
27 FORMAT ("'.lIOS,f8 0.TlI9.·.·.TI21.f9.0/l 

I 

-. 450 CONTINUE 

I 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
w wRI TE (6.281 SUM w 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
28 fORMAT (5X, • TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE'. 

.' CLOSURE = ',FlO 0./1 
I 

C WRITE OUT WARNING If QUEUE GREAfER THAN A MILE 
1 

QMAX=O 

DO 500 1'1.2 

. 9 8 . 1 

--------0 

---v 
I 
1 
1 

------------'1 
I 
I 
I 
1 
I 
I 
I 
I -----------0 

8 . 5 . 4 . 3 

2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1------------------
I 
I 
I 
I 
I 
I 
I 

-------------------. 

DO 500 J: 1 , 24 

. . . . . . . . . . . 

PAGE 24 
1 

IF (QUElII,JI Gl.QMAXI QMAX:QUElII,JI 

500 CONTI NUE 

IF (QMA X . L E . 1 . GO TO 480 

1 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 
W WR I TE (6,42 I QMA X W 
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 
42 FORMAl (' ••• WARNING ••• QUEUE ESIIMAIED 10 REACH' ,F6. I,' MILES' 

',' LONG. QUEUE DOES NOI CONSIDER DRIVERS LEAVING IHE FREEWAY', 
.'10 DIVERI '/'10 01HER ROUIES. CHECK ALIERNAIE 
.'ROUTES - DIVERSION MAY lAKE PLACE.' I 

I 
C GO TO NEXT PROBLEM, If ANY 

1 

9 8 7 6 . 5 4 . 3 . 2 

·---------------------------v 

OK - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 
1 

480 IF IIEND.EQ. II GOI0 99 .. -----------------------·-------v 
I 
1 
1 

GO TO 5 • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I - - -
I 
I 
I 
I 

OK----------------------------------c---------------------------------0 
I 

TTTITII1TTITTIITIII111111111111111111TI11111111TTTTT11TTTTTTTITTTITTTTTTTT 
1 99 STOP T 
TITTTTTTTTIITTITI1TII1TII11TI1111111111111TTTTITII11TTTTIITTTTTIIITTTTTTTT 

END 



C"I 
N 

FOR1CHT, VERSION AI MAINTAINED BY DALE L. SCHAFER. PHONE 845 1714 
E:ENTRY, T=tERMINAl .• C-CAll. R-READ, W=WRITE 

C 

EEEEEEEEEEEEEEEEEEEEEEEEEEEE[EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEfEEEEEEEEEE 
E SUBROUlI NE OPCOS f( SP, P fR, CS 11 E 
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

I 
C 
C CALCULAIES RUNNING COSTS PER 1000 VEHICLE MilES, GIVEN SPEED AND 
C PERCENTAGE tRUCKS 

SPC=SP 
5PT=SP'0.9 
PT=PTI/IOO. 

C CAR RUNNING COSTS 

.......... , . 
CR=395.6898'EXP(.0157'SPC)'(SPC)"C .45525) 

C tRUCK RUNNING COS1S 

, ..... , .. , , 

lK=179. 1466'EXPI.02203.SPT"ISPT)"C .35902)'11201.8847' 
.EXP! .0322oSP1)'(SPt"'I- 79202» 
'CST 111.-PTj'CR-PT-J!O 

I 
T1TITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTlITI1TTTTIITITTITTlll 
T RETURN 1 
TTTTTTTTTTTTTTTTTTTIITTTlITTTllTTTlTTTTTTTllTTTlTTTTTTTTIT1TTTTTTIITT1TTTT 

END 



Variable Dictionary 

Mai n 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 

CVQC(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 lA, 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 lA, hour J 

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

. capacity estimate risk reduction factor or work zone capacity 
per lane from input 

VIC ratio at LOS DIE 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 lA, hour J, which is used in 
user cost calculations 

cost of queue delay ($) in direction lA, hou.r J 

cost of speed-change cycles in queue ($) 

cost update factor from input 

hourly vehicle running cost per mile, CVQC(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) 

OQUE 

OSC 

EHR 

EHW 

EXD 

I ' 

IA 

ID 

I END 

IFLAG 

IHR 

1M 

IOL 

lOP 

IPROB 

IQUE 

IR 

IS 

ISM 

direction of traffic for each. hourly traffic volume input card, 
OIR = I for inbound, OIR = a 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, 10 = 1 if inbound, ID = 2 if outbound 

index to indicate end of file, lEND = 1 if end of file, lEND = 0 
otherwi se 

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 = 0 if 

capacity not restricted during hour 

number of traffic volume cards to be read for problem, 1M = 2 if 
single-lane closure, 1M = 4 if crossover 

number of open lanes, inbound direction 

index to indicate capacity reduction for cost calculations, lOP 
= 1 for normal conditions, lOP = 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 IT(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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IT(2,2) 

ITl 

IV 

IZ 

J 

JC 

KI 

KO 

KPROB(4) 

KS 

KT 

KU 

KV 

KW 

l 

LC 

LCI 

M 

MODEL 

N 

NHR(24) 

OC(2,24) 

traffic volume card array, IT{I,I) = inbound, period 1; IT(1 2) 
= inbound, period 2; IT(2,1) = outbound. period 1; 1T(2.2) :' 
outbound, period 2 

total number of inbound lanes 

index to zero out traffic card array for each problem 

index to zero out traffic card array for each problem 

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

index to calculate VIC ratio, JC = 1 for normal conditions, JC = 
2 for restricted capacity 

index of inbound capacity restriction, KI = 1 if capacity 
restricted in inbound direction, KI = 0 otherwise 

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

problem number on traffic volume card 

index for traffic card to set up traffic volume arrays 

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

upper bound to set up traffic volume arrays. KU = 1 if KO ~ 0, 
KT = 2 if KO = 1 

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

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

index to zero out accumulated arrays for each problem 

index to write out hourly user data 

beginning of hour for hourly user cost output data 

index to zero out accumulated arrays for each problem 

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

index to zero out accumulated arrays for each problem 

index of capacity reduction during hour J, NHR = 1 if no 
capacity reduction, NHR = 0 otherwise 

change in hourly running cost through work zone ($) 
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OCQ{2,24) 

OOL 

OTL 

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 outbound 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 lA, 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 

spp.ed 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 (I) 

LOS DIE 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 DIE 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 ($) 
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SUM 

THC(2,24) 

THCQ(2,24) 

TIME(4) 

VC(2) 

VL(2,24) 

VLT(2) 

VOC 

VOL(4,12) 

VOLCAP 

VOLCG 

VT(4) 

WZD 

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

total additional hourly user cost in each direction ($) 

total additional hourly cost per mile of queue ($) 

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

VIC ratio, VC(l) = VIC ratio for normal conditions, VC(2) = VIC 
ratio for restricted capacity 

hourly traffic volumes for 24 hour period, each direction 

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

running cost per 1000 vehicle miles ($) 

hourly traffic volumes (vph) from input data 

capacity volume per lane (vph) 

LOS DIE breakpoint volume per lane (vph) 

acceptable characters for direction and period on traffic data 
input cards, VT(l} = I, VT(2) = 0, VT(3) = 1, VT(4) = 2 

-length of work zone (Miles) 

Subroutine OPCOST 

CR 

CST 

PT 

PTR 

SP 

S~ 

SPT 

TK 

ca~ running cost per 1000 vehicle miles ($) 

total running cost per 1000 vehicle miles ($) 

percentage trucks • 100 

percentage trucks 

average speed (mph) 

average car speed (mph) 

average truck speed (mph) 

truck running cost per 1000 vehicle miles ($) 
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Program Li sti ng 
C 
C QUEWZ MODEL - QUEUE AND USER COST EVALUATION 'OF A WORK ZONE 
C 

CHARACTER"'l DIR 
CHARACTER"'l TIME 
CHARACTER*l VT 
INTEGER OTL,BHR,EHR,BHW,EHW,OOL 
DIMENSION VT(4),KPROB(4),DIR(4),TIME(4),VOL(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),CVOC(3),0C(2,24) 
*,OCQ(2,24),SPD(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/ 

C 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.,1460.,1400.,0.0,0.0,0.0,1560.,1500.,1500.,0.0, 
*0.0,0.0,0.0,1550.,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.,0./ 
C SET END FLAG AND PROBLEM COUNT TO ZERO 

IEND=O 
IPROB=O 

5 IPROB=IPROB+1 
C IF CAPACITY IS RESTRICTED, INBOUND KI=l, OUTBOUND KO=l 

IF (IEND.EQ.l) GOTO 99 
KI=O 
KO=O 
ID=O 
IFLAG=O 
SUM=O.O 

~ 

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,M,N)=O.O 

35 CONTINUE 
CAP(M,N)=O.O 
VL(M,N)=O.O 
CQUE(M,N)=O.O 
CDSC(M,N)=O.O 
CDWZ(M,N)';'O.O 
CSPC(M,N)=O.O 
OC(M,N)=O.O 
QUEL(M,N)=O.O 
THC(M,N)=O.O 
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THCQ(M,N)=O.O 
15 CONTINUE 

DO 55 IZ=1,2 
DO 55 IY=1,2' 
IT(IZ,!~)=O 

55 CONTINUE 
C READ IN FIRST CARD OF PROBLEM 
C IF CERF IS GREATER THAN 100, IT IS ASSUMED TO BE THE WORK ZONE 
C 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,OOL,BHR,EHR,BHW,EHW,CERF, 
*(CHAR(JJ),JJ=1,9) 

10 FORMAT(I2,I1,F4.0,4F3.0,2F4.0,2I1,F4.0,2I1,4I2,F4.0,8A4,A1) 
C SET DEFAULT VALUES IF NOT PROVIDED FROM INPUT 

IF (CUF.EQ.O.O) CUF=1.0 
IF (PT.EQ.O.O) PT=8.0 
IF (SPF.EQ.O.O) SPF=60. 
IF (~PCG.EQ.O.O) SPCG=40. 
IF (SPCAP.EQ.O.O) SPCAP=30. 
IF (VOLCG.EQ.O.O) VOLCG=1600. 
IF (VOLCAP.EQ.O.O) VOLCAP=2000. 
IF (CERF.EQ.O.O) CERF=60. 
IF (BHW.GT.O .. OR.EHW.GT.O.) GOTO 9 
BHW=BHR 
EHW=EHR 

C PRINT ASSUMPTIONS FOR PROBLEM 
9 WRITE (6,11) IPROB,(CHAR(JK),JK=1,9),MODEL,CUF,PT,ITL,OTL,WZD, 

*IOL,OOL,BHR,EHR,BHW,EHW 
11 FORMAT('l',' PROBLEM' ,I2,lX,9A4//' MODEL',T35,I1//' COST UPDATE F 

*ACTOR',T30,F6.2//' PERCENTAGE TRUCKS' ,T32,F4.0//' TOTAL NUMBER OF 
*LANES'/4X,'INBOUND' ,T35,Il/4X,'OUTBOUND',T35,Il//' LENGTH OF WORKZ 
*ONE',T30,F6.2,' MILES'//' WORKZONE OPEN LANES'/4X,'INBOUND.' ,T35,Il 
*/4X,'OUTBOUND',T35,I1//' HOURS OF RESTRICTED CAPACITY'/4X,'BEGINNI 
*NG',T34,I2/4X,'ENDING',T34,I2//' HOURS OF WORKZONE ACTIVITY'/4X,'B 
*EGINNING',T34,I2/4X,'ENDING',T34,I2/) 

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 

20 WRITE (6,12) IPROB 
12 FORMAT(/' HOURLY VOLUME DATA CARDS MISSING, WRONG, OR OUT OF ORQER 

* FOR PROBLEM ',I2) 
GOTO 99 

30 WRITE (6,13) IPROB 
13 FORMAT(/' ERROR IN HARDWARE READ, PROBLEM' ,12) 

GOTO 99 
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C CHECK FOR VALID LAND CLOSURE STRATEGY NUMBER 
40 IF (MODEL.EQ.1.0R.MODEL.EQ.2) GOTO 45 

WRITE (6,31) IPROB 
31 FORMAT(/' INVALID LANE CLOSURE STRATEGY NUMBER ON PROBLEM' ,12) 

GaTO 99 
C READ NEXT TWO CARDS IF LANE CLOSURE STRATEGY 1, 
C NEXT FOUR CARDS IF LANE CLOSURE STRATEGY 2 

45 IM=MODEL"2 
DO 50 I=l,IM 
READ (5,14,END=60,ERR=70) KPROB(I),DIR(I),TIME(I),(VOL(I,J), 

.. J=1,12) 
14 FORMAT (I2,2A1,12F5.0) 

IF (IPROB.NE.KPROB(I» GOTO 20 
GOTO 50 

70 IFLAG=KPROB(I) 
WRITE (6,13) KPROB(I) 

50 CONTINUE 
GOTO 65 

60 IEND=l 
C IF ERROR IN PROBLEM, GO TO NEXT PROBLEM 

65 IF (IFLAG.NE.O) GaTO 5 
C CHECK INBOUND DIRECTION FOR CAPACITY REDUCTION 

IF (ITL-IOL) 80,100,90 
80 WRITE (6,41) IPROB 
41 FORMAT(/' RESTRICTED CAPACITY GREATER THAN TOTAL CAPACITY - , 

,,'PROBLEM ',I2,'SKIPPED') 
GOTO 5 

90 KI=l 
C CHECK OUTBOUND DIRECTION FOR CAPACITY REDUCTION 

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

GOTO 5 
120 KO=l 

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

130 DO 140 IR=l,IM 
IF (DIR{IR).EQ.VT(l» ID=l 
IF (DIR(IR).EQ.VT(2» ID=2 
IF (TIME{IR).NE.VT{3» GaTe 135 
IT{ID,l)=IR 
GOTO 140 

135 IF (TIME(IR).NE.VT(4» GaTO 145 
IT(ID,2)=IR 

"GOTO 140 
145 WRITE (6,29) IPROB 

29 FORMAT(/' INVALID TIME OR DIRECTION CODE-PROBLEM ',12,' SKIPPED') 
GOTO 5 

140 CONTINUE 
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IF (KI.LT.1) GO TO 165 
IF (IT(1,1).LT.1) GOTO 185 
IF (IT(1,2).LT.1) GaTO 185 

165 IF (KO.LT.1) GaTO 180 
IF (IT(2,1).LT.1) GOTO 185 
IF (IT(2,2).LT.1) GOTO 185 
GaTO 180 

185 WRITE(6,49) IPROB 
49 FORMAT(/' DIRECTION ON TRAFFIC CARDS DO NOT MATCH DIRECTION OF ' 

* 'RESTRICTED CAPACITY - PROBLEM' ,I2,' SKIPPED') 
GOTO 5 

C SET UP INBOUND AND/OR OUTBOUND TRAFFIC ARRAYS IF CAPACITY IS 
C RESTRICTED IN THAT DIRECTION VL(KS,KV) 

180 KT=2-KI 
KU=KO+1 

C 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') 
GaTO 5 

155 DO 150 KS=KT,KU 
DO 160 KV=1,12 
VL(KS,KV)=VOL(IT(KS,l) ,KV) 
KW=KV+12 
VL(KS,KW)=VOL(IT(KS,2) ,KV) 

160 CONTINUE 
150 CONTINUE 

C CALCULATE USER COSTS IA=l IF INBOUND COSTS, IA=2 IF OUTBOUND COSTS 
DO 200 IA=1,2 
ACUM=O.O 

C CALCULATE CAPACITIES CAPN=NORMAL CAPACITY, CAPR=RESTRICTED 
C CAPACITY DURING NONWORKZONE ACTIVITY HOURS, CAPW=CAPACITY 
C DURING WORKZONE ACTIVITY HOURS 

IF (IA-1) 175,175,170 
175 IF (KI.EQ.O) GOTO 200 

CAPN(l)=VOLCAP*ITL 
CAPR(1)=VOLCAP*IOL*0.9 
CAPW(l)=(CP(ITL,IOL)-SLP(ITL,IOL)*CERF)*IOL 

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

IF (CERF.GT.100.) CAPW(l)=CERF*IOL 
WRITE (6,16) CAPN(l) ,CAPR(l) ,CAPW(l) 

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

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

IF (CAPW(l).LT.CAPR(l)) GO TO 190 
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WRITE (6 t 43) IPROB 
43 FORMAT (/, WORK ZONE CAPACITY GREATER THAN RESTRICTED CAPACITY -'t 

-' PROBLEM 'tI2 t ' SKIPPED'//' POSSIBLE SOURCE OF ERROR: USER-'t 
-'SUPPLIED CAPACITY ESTIMATE GREATER THAN 90% OF NORMAL CAPACITY') 
ooTO"5 

170 IF (KO.EQ.O) ooTO 200 
CAPN(2)=VOLCAP-OTL 
CAPR(2)=VOLCAP-00L-0.9 
CA?W(2)=(CP(OTL tOOL)-SLP(OTL,00L)-CERF)-00L 

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

IF (CERF.GT.100.) CAPW(2)=CERF-00L 
WRITE (6,17) CAPN(2),CAPR(2)tCAPW(2) 

17 FORMAT(' OUTBOUND CAPACITY',/4X,'NORMAL 'tT29,F7.0,' (VPH) ',/4X t 
-'RESTRICTED ',T29,F7.0,' (VPH) '/4X,'WORKING HOURS ',T29,F7.0, 
-' (VPH) , /) 

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

IF (CAPW(2).LT.CAPR(2» GOTO 190 
WRITE (6,43) IPROB 
GOTO 5 

C CALCULATE USER COSTS FOR EACH HOUR J 
190 DO 210 J=l,24 

IHR=O 
NHR(J)=O 

C 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) GOTO 230 
CPP=CAPN (IA) 
CAP (lA, J) =CPP 
IF (ACUM.GT.O.) GOTO 240 
NHR(J)=l 
GOTO 210 

220 CPP=CAPW(IA) 
CAP(IA,J)=CPP 
IHR=2 
GOTO 240 

230 CPP=CAPR(IA) 
CAP (IA,J)=€PP 
IHR=l 

C CALCULATE DELAY IN QUEUE (DQUE), COST OF QUEUE (CQUE), AND LENGTH 
C OF QUEUE (QUEL). IQUE=l WITH QUEUE, IQUE=2 HOUR QUEUE DISSIPATES 

240. IF (VL(IA.J) .GT .• CPP) ooTO 250 
IF (ACUH.GT.O.O) ooTO 260 
IQUE=O 
ooTO 270 

250 IQUE=l 
EXD=VL(IA,J)-CPP 
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255 DQUE=ACUM+EXD/2. 
PTC=I.-PT/IOO. 
PTT=PT/IOO. 

265 CQUE(IA,J)=DQUE*CUF*(PTC*VLT(1)+PTT*VLT(2» 
IF (lA-I) 275,275,285 . 

275 ALN=ITL 
GOTO 295 

285 ALN=OTL 
295 QUEL(IA,J)=DQUE/(ALN*132.) 

IF (IQUE.NE.2) GOTO 335 
QUEL(IA,J)=QUEL(IA,J)/PQUE 

335 ACUM=ACUM+EXD 
IF (ACUM.LT.O.O) ACUM=O.O 
GOTO 270 

260 IQUE=I 
SRP=CPP-VL(IA,J) 
PQUE=ACUM/SRP 
EXD=-SRP 
IF (ACUM.GE.SRP) GOTO 255 
DQUE=(ACUM**2)/(2.*SRP) 
IQUE=2 
GOTO 265 

C CALCUALTE PARAMETERS FOR SPEED-VOLUME EQUATIONS 
270 SLO=VOLCAP*(SPCG-SPF)/VOLCG 

CGV=VOLCG/VOLCAP 
SPE=SPCG-SPCAP 

C CALCULATE vic RATIO AND AVERAGE SPEED FOR NORMAL CONDITONS JC=I, 
C 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.I.) GOTO 320 
IF (VC(JC)-CGV) 305,305,315 

305 SP(JC)=SPF+SLO*VC(JC) 
GOTO 325 

315 SP(JC)=SPCAP+SPE*SQRT(1.-«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 
VC(jC)=1. . . . 

280 CONTINUE 
C CALCULATE MINIMUM SPEED (SPMN) FOR SPEED-CYCLE COST CALCULATION 

IF (IQUE.EQ.1) GOTO 330 
SPMN=SP(2)-2.3-25.7*(VC(2)**2) 
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IF (IQUE.EQ.2) SPMN=SPMN*(l.-PQUE) 
IF (SPMN.GE.O.O) GaTO 340 

330 SPMN=O.O 
C CALCULATE LENGTH OF REDUCED SPEED THROUGH WORK ZONE ARES (CLL) 

340 IF (WZD.LE.O.l) GOTO 350 
CLL=0.1+(WZD+0.l)*VC(2) 
GaTO 360 

350 CLL=WZD+0.2 
C CALCULATE DISTANCE (DSC) AND DELAY COST (CDSC) OF SLOWING DOWN AND 
C RETURNING TO APPROACH SPEED 

360 DSC=0.S+0.25*VC(2) 
PTT=PT/100. 
PTC=1.-PT/100. 
CDSC(IA,J)=DSC*(2./(SP(1)+SPMN)-1./SP(1»*VL(IA,J)*CUF* 

* (PTC*VLT(1)+PTT/0.9*VLT(2» 
C CALCULATE DELAY COST OF REDUCED SPEED THROUGH WORK ZONE (CDWZ) 

CDWZ(IA,J)=CLL*(1./SP(2)-1./SP(1»*VL(IA,J)*CUF*(PTC*VLT(l)+PTT/ 
* 0.9*VLT(2» 

C CALCULATE COST OF SPEED CHANGE CYCLE (CSPC) 
SPCC=-S.2187+1.1241*SP(1)-1.112S*SPMN 
IF (SPCC.LT.O.O) SPCC=O.O 
SPCT=-32.2883+7.1226*0.9*SP(1)-6.684*SPMN*0.9 
IF (SPCT.LT.O.O) SPCT=C.O 
CSPC(IA,J)=VL(IA,J)*CUF*(PTC*SPCC+PTT*SPCT)/lOOO. 

C ADD COST OF QUEUE CYCLING COSTS IF THERE IS A QUEUE 
IF (IQUE.EQ.O) GOTO 370 
CSPQ=(6.0223*PTC+31.81S1*PTT)*CUF*VL(IA,J)*3.*QUEL(IA,J)/lOOO. 
IF (IQUE.EQ.2) CSPQ=CSPQ*PQUE 
CSPC(1A,J)=CSPC(IA,J)+CSPQ 

C CALCULATE RUNNING COST DIFFERENCE THROUGH WORK ZONE (OC) 
370 DO 380 IOP=1,2 

SPEED=SP (lOP) 
CALL OPCOST(SPEED,PT,VOC) 
CVOC(IOP)=VOC*VL(IA,J)/lOOO. 

380 CONTINUE 
OC(IA,J)=(CVOC(2)-CVOC(1»*CLL*CUF 

C ADD TO RUNNING COSTS THE ADDITIONAL QUEUE RUNNING COSTS IF ANY 
IF (IQUE.EQ.O) GaTO 390 
SPE=SPF/2.*(1-SQRT(1.-CPP/CAPN(IA») 
CALL OPCOST(SPEED, PT,VOC) 
CVOC(3)=VOC*VL(IA,J)/1000. 
OCQ(IA,J)=(CVOC(3)-CVOC(1»*QUEL(IA,J)*CUF 
IF (IQUE.EQ.2) OCQ(IA,J)=OCQ(IA,J)*PQUE 
OC (IA,J) =OC (IA,J) +OCQ(IA,J). . 

C 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)+OC(IA,J)+CQUE(IA,J) 

C CALCULATE HOURLY COST PER MILE QUEUE (THCQ) 
IF (QUEL{IA,J).EQ.O.O) GaTO 400 
THCQ(IA,J}=THC{IA,J)/QUEL(IA,J) 
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C PUT SPEEDS INTO ARRAY FOR OUTPUT 
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 IS 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'/ 
*' LESS THAN ACTUAL CAPACITY',T32,F4.0,' PERCENT'/) 

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

18 FORMAT('l',48X,'SUMMARY OF USER COSTS - PROBLEM' ,I2,//19X, 
*'*** INBOUND DIRECTION ***',18X,'*',15X,.'*** OUTBOUND' 
*'DIRECTION ***',14X,'* TOTAL ADD.') 

WRITE (6,19) 
19 FORMAT(' HOUR VOLUME CAPACITY APRCH WORK LENGTH', 

*TS1,'ADDITIONAL * VOLUME CAPACITY APRCH WORK LENGTH', 
*T107,'ADDITIONAL x HOURLY USER') 

WRITE (6,21) 
21 FORMAT (9X, '(VPH) (VPH) SPEED ZONE' ,SX, 'OF' ,7X, 'HOURLY', 

xT63,'x (VPH) (VPH) ',4X,'SPEED ZONE',SX,'OF' ,7X,'HOURLY', 
xTl19,'* COSTS DUE') 

WRITE (6,22) 
22 FORMAT(27X,'(MPH) SPEED QUEUE USER COSTS x' ,T84,' (MPH)', 

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

23 FORMAT(34X,' (MPH) (MILES)',5X,'($)',6X,'x',T91,' (MPH) (MILES)', 
x5X,'($)',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) LC1,LC 

39 FORMAT(lX,I2,'-',I2) 
IF (NHR(LC) .EQ.1) GOTO 440 
IF (KIa EQ. 0) GOTO 440 . 
WRITE (6,24) VL(1,LC),CAP(1,LC),SPD(1,1,LC),SPD(2,1,LC),QUEL(1,LC) 

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

25 FORMAT('+' ,T52,F8.0,T63,'x') 
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IF(NHR(LC).EQ.l) GOTO 460 
IF (KO.EQ.O) GOTO 460 
WRITE (6,26) VL(2,LC),CAP(2,LC),SPD(1;2,LC),SPD(2,2,LC),QUEL(2,LC) 

26 FORMAT ('+',T65,F7.0,T74,F7.0,T84,F4.0,T92,F4.0,T97,F6.1) 
460 WRITE (6,27) THC(2,LC);STL(LC) 

27 FORMAT ('+',T108,F8.0,Tl19,'w' ,T121,F9.0/) 
450 CONTINUE 

WRITE (6,28) SUM 
28 FORMAT (5X,'TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE', 

w' CLOSURE = ',F10.0,/) 
C WRITE OUT WARNING IF QUEUE GREATER THAN A MILE 

QMAX=O. 
DO 500 I=1,2 
DO 500 J=1,24 
IF (QUEL(I,J).GT.QMAX) QMAX=QUEL(I,J) 

500 CONTINUE 
IF (QMAX.LE.l.) GOTO 480 
WRITE (6,42) QMAX 

42 FORMAT (I www WARNING www QUEUE ESTIMATED TO REACH ',F6.1,' MILES' 
*,' LONG. QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY I, 
w'TO DIVERT 'I' TO OTHER ROUTES. CHECK ALTERNATE I 

*'ROUTES - DIVERSION MAY TAKE PLACE.') 
C GO TO NEXT PROBLEM, IF ANY 

C 

C 

480 IF (IEND.EQ.l) GOTO 99 
GOTO 5 

99 STOP 
END 

SUBROUTINE OPCOST(SP,PTR,CST) 

C CALCULATES RUNNING COSTS PER 1000 VEHICLE MILES, GIVEN SPEED AND 
C PERCENTAGE TRUCKS 

SPC=SP 
SPT=SP*0.9 
PT=PTR/100. 

C CAR RUNNING COSTS 
CR=395.6898*EXP(.0157wSPC)*(SPC)*w(-.45525) 

C TRUCK RUNNING COSTS 
TK=179.1466wEXP(.02203*SPT)w(SPT)w*(-.35902)+(1201.8847 w 

wEXP(.0322*SPT)w(SPT)w*(-.79202» 
CST=«l.-PT)wCR+PTwTK) 
RETURN 
END 
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...... 

Sample Output 

PROBLEM 

MODEL 

SINGLE LANJ CLOSURE TEST PROBLEM 

COST UPDATE FACTOR 1,00 

PERCENTAGE TRUCKS B, 

TOTAL NuMBER OF LANES 
INBOUND 2 
OUTBOUND 2 

LENGTH Of WORKIONE I. 00 MILES 

1II0RKIONE OPEN LANES 
INBOUND I 
OUTBOUND 2 

HOURS OF RESTRle,JED. CAPACI TY 
BEGINNING 8 
ENDING 18 

HOURS Of 1II0RKIONE ACTIVITY 
BEGINNING It 
ENDING 15 

INBOUND CAPACI TY 
NORMAL 4000, (VPHI 
RESTRICTED 1800. (VPHI 
WORKING HOURS 1332 . (VPHI 

...... CAPACITY ESTIMATE RISK FACTOR. 
PROBABILITY THAT ESTIMATED 
WORKING HOURS CAPACITY 'IS 
LESS TlIAN AC fUAL CAPAC I TY 60. PERCENT 



SlIMMARY OF llSER COSTS - PROBLEM 

••• INBOUND DIRECTION OUTBOUND DIRECTION ... • TOTAL ADD_ 
HOUR VOLUME CAPACIT ... APRCH "'ORK LENCIH ADO I r 10NAl, VOLUME CAPACITY APRCH WORK LENGTH AOOI lIONAL · HOURLY USER 

IVPH) IVPH) SPEED lONE OF HOURLY (VPHI (VPHI SPEED lONE OF HOURLY COSTS DUE 
(MPH) SPEED QUEUE USER COSTS (MPHI SPEED' QUEUE USER COSTS TO LANE 

(MPHI (MILES) (S) (MPHI (MILESI IS! · CLOSURE (S) 

0- 0 O. O. 

1- 2 0 0_ 0 

2- 3 0 0, 0 

3- 4 0 0 0_ 

4- 5 0 0_ 0_ 

5- 6 0 O. 0 

6- 7 0 0 0 

7- 8 0 0 0 

8- 9 1750_ 1800. 49_ 35. 0.0 443 0 443 

9-10 1490. 1332_ 51. 26. 0.3 1469 0 1469 

10- 11 1360. 1332. 52. 29. 0,7 2·313 0, 2313 

....... 1 1 12 1040. 1332. 
0:> 

54. 34, 0_4 890 0_ 890 

12-13 1040. 1332. 54 40. 0, 0 149, O. 149, 

13- 14 1210. 1332. 52_ 38. 0_ 0 238 0 238. 

14 - 15 1490_ 1332. 51. 26 0, 3 141)9 0 1469_ 

15 - 16 1670. 1332, 50. 21 1.2 4271 0, 4211 

16- 17 1190_ 1800. 49 30 I 9 5181 0_ 5787 

17- 18 1610, 4000 50. 46 0 9 612 0 612 

18 - 19 0 O. 0 

19-20 0 0 0 

20-21 0 0 0 

21 - 22 0 0_ 0 

22-23 0 0_ 0 

23 24 O. 0 0 

TOTAL ADDI lIONAL DAIl Y USER COSTS DUE fO LANE CLOSURE : 11641. . . . WARNING ••• QUEUE ESTIMATED TO REACH 1,9 MILES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREE"'AY TO DIVERT 
TO OTHER ROUTE S CHECK AL fERNA TE ROUTES DIVERSION MAY TAKE PLACE, 



PR08LEr.. 2 CROSSqVER lEST PROBLEM 

MODEl 

COST UPDATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

2 

,00 

8, 

2 
2 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 

,00 MILES 

INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 8 
ENDING 16 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 9 
ENDING 15 

INBOUND CAPAC I TV 
NORMAL 
RESTRICTED 
WORKING HOURS 

OUTBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

4000 
1800 
1354 

4000 
1800 
1354 

CAPACITY ESTIMATE RISK FACTOR, 
PROBABILITY TIlAT ESTIMATED 
WORKING IlOURS CAPACITY IS 

(VPH, 
(VPH, 
(VPH' 

(VPH' 
(VPIlI 
(VPH' 

LESS THAN ACTUAL CAPACITY 50 PERCENf 



SUMMARY or USER COSTS PROBLEM 2 ... INBOUND 01 RECT ION . . . . .. OUTBOUND DIRECTION ... • TOTAL ADD . 
HOUR VOLUME CAPACI TY APRCH WORK LENGTH ADDI T 10NAL VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL • HOURLY USER 

(VPH) CVPHI SPEED lONE Of HOURLY {VPHI (VPHI SPEED lONE Of HOURLY COSTS DUE 
(MPHI SPEED QUEUE USER COSTS (MPH) SPEED QUEUE USER COSTS TO LANE 

(MPH) IMILES) ($1 (MPH) (MILES) til CLOSURE IS) 

0- 0 o. O. 

1- 2 o. o. O. 

2 3 0 O. O. 

3- 4 0 O. O. 

4- S 0 O. O. 

5- 6 0 O. 0 

6- 7 0 O. 0 

7- 8 0 O. 0 

8- 9 1750. 1800. 49. 35. 0.0 443 1280 1800. 52. 42 0 0 138 581. 

9-10 1490. 1354. 51. 27. 0.3 1344 1240 1354. 52 38 O. 0 250 1594 

10-11 1360. 1354. 52. 30. 0.5 1972 1250. 1354 52. 38. O. 0 259. 2231 

OJ II 12 1040. 1354. 54. 36. 0 3 575 1300. 1354. 52 36. O. 0 319. 894. a 
12- 13 1040. 1354 54 4 I . 0 0 143 1300 1354. 52 36. 0 0 319. 462 

13- 14 1210. 1354 52. 39 0.0 217. 1330. 1354. 52. 34. O. 0 376. 602 

14- 15 1490. 1354. 51 27 O. 3 1344 1500. 1354. 51 27 0 3 1406. 2750. 

IS 16 1670. 1354. 50 23 3918 1860. 1354 48. 20. 1.5 5276. 9194 

16- 17 1790. 1800. 49. 30 7 5343 2010. 1800 47 26 2.9 8779. 14121 

17 - 18 1610 4000 50 46 o 8 511l 1970 4000 48. 40. 1.6 2164. 2682 

18- 19 0 O. 0 

19-20 0 O. 0 

20- 2 I 0 O. 0 

21-22 0 0 0 

22-23 O. O. 0 

23-24 0 O. 0 

TOTAL ADDI lIONAL DAILY USER COSTS DUE TO LANE CLOSURE 35112 

WARNING • + • QUEUE ESTIMATED TO REACH 2.9 MILES LONG QUEUE DOES NOT CONS IDER DRIVERS LEAVING THE FREEWAY TO DIVERT 
TO OTHER ROUTES. CHECK Al HRNA If ROUTES DIVERSION MAY TAKE PlACE. 



PROBLEM 3 SINGLE LANE TEST PROBLEM 

MODEl 

COST UPDATE fACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 
ENDING 

HOURS OF WORKlONE ACTIVITY 
B£GINNING 
ENDING 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

I 00 

8 

2 
2 

.00 MILES 

1 
2 

0 
23 

9 
15 

.4000 (VPH) 
1800. (VPH) 
1650 IVPH) 



OJ 
N 

HOUR 

0-

1 - 2 

2 3 

3 4 

4- 5 

5 6 

6- 7 

7· 8 

8- 9 

9- 10 

10 11 

I 1 - 1 :2 

12 - 13 

13 14 

14 - 15 

15- 16 

16- 17 

17- 18 

18-19 

19-20 

20-21 

21 22 

22 23 

23-24 

\lOLUME 
(\lPH' 

270. 

160. 

120. 

100 

130, 

4QO, 

1620, 

2080 

1750, 

1490, 

1360, 

1040, 

1040, 

1210, 

1490, 

1670 

1790, 

1610, 

1240, 

1000. 

680. 

630, 

560, 

500 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

(VPH' SPEED ZONE 

1800. 

1800. 

1800. 

1(100. 

1800, 

1800, 

1800. 

1800. 

1800. 

1650 

1650. 

1650 

1650 

1650 

1650, 

1650, 

1800. 

1800 

1800, 

1800 

1800, 

1800. 

1800 

1800 

(MPH, SPEED 

58, 

59, 

59, 

59. 

59 

57. 

50 

47, 

49 

51. 

52 

54 

54 

52. 

51 

50, 

49 

50, 

52. 

54. 

56 

56 

57 

57 

.MPHI 

56, 

58 

58 

59. 

58. 

54. 

39. 

25. 

3()'. 

30, 

38 

44 

44 

42 

39 

30 

30 

38. 

43. 

46 

51 

51 

52 

53 

LENGTH 
OF 

QUEUE 
(MILES I 

0,0 

o 0 

0,0 

0.0 

0,0 

0,0 

o 0 

0,5 

1 0 

0.6 

o I 

o 0 

o 0 

0.0 

o 0 

o 0 

o I 

0.0 

o 0 

0.0 

0,0 

o 0 

o 0 

0.0 

SUMMARY OF USER COSTS - PROBLEM 3 

ADDt T tONAl 
HOURLY 

USER COSTS 
1$) 

2 

o 

o 

7 

293 

2397 

3315 

2124 

A8 

Oil 

143 

27A 

74 I 

827 

304 

124 

63 

2 I 

17 

I? 

9 

VOLUME 
(.,.PH' 

• t. OUT80UND DIRECTION ••• 
CAPACITY APRCH WORK LENGTH 

(I/PH) SPEED ZONE OF 
(MPH) SPEED QUEUE 

(MPH) (MILES' 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE I 1214 

ADDI TlONAL 
HOURLY 

USER COSTS 
($ ) 

o. 

o. 

o. 

o 

o. 

o 

o 

o 

o 

o 

o. 

o 

o 

o 

O. 

o 

o. 

0, 

0, 

o. 
o. 

o 

O. 

o 

• TOTAL ADD . 
• HOURLY USER 

COSTS DUE 
TO LANE 

• .CLOSURE ($) 

2. 

o. 

o 

7 

293 

2397 

3315 

2124 

358. 

88 

88 

143 

278 

74 I 

827 

304 

124 

63 

2 f • 

f 7 

f 2 

9 



00 
W 

PROBLEM 4 CROSSOVER TEST PROBLEM 

MODEl 2 

COST UPOA TE FACTOR .00 

PERCENTAGE TRUCKS 8. 

TOTAL NUMBeR OF LANES 
INBOUND 2 
OUTBOUND 2 

LENGTH OF WORKlONE '.00 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACI TV 
BEGINNING 0 
ENDING 23 

HOURS OF WORKlONE AClIVI TV 
BEGINNING 9 
ENDING 15 

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 

141lES 

IVPHI 
(IIPH' 
• VPH' 

(IIPH) 
(IIPHI 
(IIPHI 

LESS THAN ACTUAL CAPACITY 50. PERCENT 



HOUR 

0-

1- 2 

2 - 3 

3- 4 

4 - 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10- 11 

I 1-12 

12 - 13 

13- 14 

14 - 15 

15- 16 

16- 17 

17 - 18 

18- 19 

19-20 

20-21 

2 I - 22 

22-23 

23-24 

VOLUME 
IVPH' 

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 APRCH WORK 

IYPHI SPEED ZONE 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1"354. 

1354. 

1354. 

1354. 

1354. 

1354. 

1354. 

1800. 

1800. 

1800 

1800. 

1800 

1800. 

1800. 

1800 

IMPH' SPEED 

58. 

59. 

59. 

59. 

59. 

57. 

50. 

47. 

49. 

51 

52 

54 

54. 

52. 

51 

50 

49 

50 

52 

54 

56 

56 

57 

57 

IMPH' 

56 

58. 

58. 

59 

58. 

54 

39. 

25. 

30. 

27. 

30 

30 

39. 

39. 

27 

23 

30. 

30 

37 

46 

51 

51 

52 

53 

... 
LENGTH 

OF 
QUEUE 

IMILES) 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 0 

0.5 

1.0 

I. I 

.4 

0.8 

o 

0.0 

o 3 

7 

3 

o 5 

o 0 

o 0 

o 0 

o 0 

0.0 

SUMMARY OF USER COSTS - PROBLEM 4 

ADDITIONAL 
HOURLY 

US[R COSTS 
1$) 

2 

I. 

o 

o 

7 

293 

2397 

3315 

3737 

4362 

2642 

240 

227 

1344 

3918 

5343 

4731 

A38 

63 

2 I 

17 

12 

9 

VOLUME 
IVPH) 

290 

170 

110. 

80. 

110. 

340 

1110 

1320. 

1280. 

1240 

1250 

1300 

1300 

1330. 

1500 

1860 

2010. 

1970. 

1680 

1080 

810 

740 

650. 

470 

. .. 
CAPACITY 

IVPH' 

1800 

1800. 

1800. 

1800. 

1800 

1800 

1800 

1800 

1800 

1354. 

1354 

1354 

1354 

1354. 

1354. 

1354. 

1800. 

1800 

1800. 

1800. 

1800 

1800 

1800 

1800 

OUTBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
IMPH) SPEED QUEUE 

58 

59. 

59. 

60. 

59 

58 

53. 

52 

52 

52. 

52 

52 

52 

52. 

51 

48 

47 

48 

50 

53 

55 

55 

56 

57 

IMPH' IMILES' 

56. 

58. 

58. 

59 

58. 

55 

45. 

42 

42 

38 

38. 

36. 

36. 

34. 

27 

~o 

26 

27. 

30. 

30 

45 

50. 

51. 

53 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

. 5 

7.9 

3.6 

3 7 

2 

0.4 

o 0 

0.0 

0.0 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE 78343. 

ADDITIONAL 
HOURLY 

USER COSTS 
IS) 

2 

o. 

o. 

o. 

4 

87. 

153. 

138 

250 

259. 

319. 

319. 

376. 

1406 

5276 . 

8779 

10720 

10769. 

6152. 

263. 

26 

18. 

8 

• TOTAL ADD 
• HOURLY USER 

COSTS DUE 
TO LANE 

• . CLOSURE I S I 

5 

2. 

I. 

I. 

II 

380 

2550 

3453 

3987 

4622 

2961 

559 

602 

2750 

9194 

14121 

14951 

11607 

6215 

284 

43 

31 

17 

WARNING ••• QUEUE ESTIMATED 10 REACH 3.7 MILES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERI 
TO O·THER ROUTES CHECK AL TERNATE ROUTES - DIVERSION MAY TAKE PLACE 



PROBLEM 5 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR I 00 

PERCENTAGE TRUCKS 8. 

TOTAL NUMBER OF LANES 
INBOUND 3 
OUTBOUND 3 

LENGTH Of WORKlONE 1.00 MILES 

WORKlONE OPEN LANES 
INBOUND 2 
OUTBOUND 3 

HOURS Of RESTRICTED CAPACIT~ 
BEGINNING' 8 
ENDING 16 

HOURS OF WORKlONE ACTIVIT~ 
BEGINNING 9 
ENDING 15 

INBOUND CAPACIT~ 
NORMAL 
RESTRICTED 
WORKING HOURS 

6000. (VPHI 
3600. (VPHI 
2983. (VPHI 

CAPACIT~ ESTIMATE RISK FACTOR, 
PROBABILITY rHAT ESTIMATED 
WORKING HOURS CAPACITY IS 
LESS THAN ACTUAL CAPACITY 60 PERCENT 



SUMMIIRY OF USER COSTS - PROBLEM 5 ... INBOUND DIRECTION OUTBOUND 01 RECTION . .. · TOTAL liDO. 
HOUR VOLUME CAPACITY APRCH WORK LENGTH IIDOIIIONIIL VOLUME CIIPIIC I TV APRCH WORK LENGTH IIDDITIONIIL · HOURLY USER 

IVPHI IVPHI SPEED ZONE OF HOURLY IVPIlI IVPHI SPEED ZONE OF HOURLY COSTS DUE 
CMPHI SPEED QUF.UE USER COSTS IMPHI SPEED QUEUE USER COSTS TO LANE 

IMPH) IMIlES) IS) IMPH) IMIlES) IS) · CLOSURE IS) 

0- o. 0 o. 

1- 2 0 o. 0 

o. o. o. 

0 0 o. 

.. 0 o. o. 

5- 6 0 o. 0 

6- 7 0 o. 0 

7- 8 0 o. o. 

8- 9 1750. 3600 53. 48. o. 0 73 o. 73 

9- 10 1490 2983. 54 48 0 0 73 0 73 

10- I I 1360. 2983 54. 49. 0 0 56 o. 56 

00 I 1-12 1040. 2983. 56. 51 0 0 26 0 26 
0'1 

12 - 13 1040. 2983. 56. 51. 0 0 26 o. 26 

13 - 14 1210. 2983. 55 50. 0 0 40 o. 40 

14 - 15 1490. 2983. !:j4. 48 0 0 73 o. 73 

15 - 16 1670. 2983. 53. 46 0 0 102 0 192 

16- 17 1790. 3600. 53. 48 o. 0 78 o. 78. 

17- 18 0 o. o. 

18- 19 ·0. o. 0 

19-20 0 0 o. 

20-21 0 o. o. 

21- 22 o. o. 0 

22-23 0 o. 0 

23-24 0 o. 0 

TOTIIL ADDITIONAL DAILY USER COSTS DUE TO LIINE CLOSURE 546. 



PROBLEM 6 SINGLE lANE TEST PROBLEM 

MODEl 

COST UPPATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 
ENDING . 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 
ENPING 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

1.00 

8 

3 
3 

1.00 

I 
3 

8 
16 

9 
15 

6000. 
180O. 
1127 

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

MILES 

IVPHI 
jVPH/ 
IVPHI 

lESS THAN ACTUAL CAPACITY 60. PERCENT 



SUMMARY OF USER COSTS - PROBLEM 6 

••• INBOUND DIRECTION • •• ... OUTBOUND DIRECTION ... · TOIAL ADD. 
HOUR VOLUME CAPACI TV APRCH WORK LENGTH ADDI TlONlll VOLUME CAPAC I TV APRCH WORK LENGTH ADDI TlONAL • HOURLY USER 

(VPH) CYPHI SPEED ZONE Of HOURLY (VPHI (VPHI SPEED ZONE OF HOURLY COSTS DUE 
(MPHI SPEED QUEUE USER COSTS IMPHI SPEED QUEUE USER COSTS TO LANE 

IMPHI (MILES I lSI IMPH) (MILES) lSI • CLOSURE (SI 

0- 0.' O. O. 

2 0 0 O. 

2- 3 0 O. O. 

3- 4 0 O. O. 

4- 5 0 O. O. 

5- 6 0 0 0 

6- 7 0 O. O. 

7 8 O. O. 0 

8- 9 1750. 1800. 53 35. 0.0 464. O. 464. 

9-10 1490. 1127. 54. 20. 0.5 2760 O. 2760. 

10- II 1360. 1'127 54. 24. 2 5646 0 5646 

11- 12 1040. 1127. 56. 30 1.4 6126 0 6126 

12 - 13 1040. 1127. 56 30. 2 5225 O. 5225. 

13- 14 1210. 1127. 55. 28. 2 5310 O. 5310. 

14 - 15 1490. 1127. 54. 20. 7 8004 O. 8004 

15-16 1670. 1127. 53. 20. 2 .9 1284 I O. 12841 

16-17 1790. 1800. 53. 30 3. 6 152A2 0 15282 

17 - 18 1610. 6000 53 46 I fl 2451 O. 2451 

18- 19 0 0 0 

19-20 0 O. 0 

20-21 0 O. 0 

21 - 22 0 O. 0 

22-23 0 O. O. 

23-24 0 0 0 

TOTAL ADDI TIONAl DAIL Y USER COSTS DUE TO LANE CLOSURE 64108. 

••• WARNING ••• QUEUE ESTIMATED TO REACH 3.6 MILES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE fREEWAY TO DIVERT 
TO OTHER ROUTES CHECK ALTERNATE ROUTES DIVERSION MAY TAKE PLACE. 



PROBLEM 7 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE fACTOR 1.00 

PERCENTAGE TRUCKS 8. 

TOTAL NUMBER Of LANES 
INBOUND 3 
OUTBOUND 3 

LENGTH Of WORKZONE 1.00 

WORKZONE OPEN LANES 
INBOUND 2 
OUTBOUND 3 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 0 
ENDING 23 

HOURS OF WORKZONE ACTIVI TY 
BEGINNING 9 
ENDING IS 

INBOUND CAPACITY 
NORMAL 6000. 
RESTRICTED 3600 
WORKING HOURS' 2983. 

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

MILES 

IVPHI 
IVPHI 
(VPHI 

LESS THAN ACTUAL CAPACITY 60. PERCENT 



HOUR 

0-

1- 2 

2 - 3 

3 4 

4 - 5 

5- 6 

6- 1 

1- 8 

8- 9 

g- 10 

10- II 

11- 12 

12 - 13 

13 - 14 

14 - 15 

15- 16 

16- 11 

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. 

14g0. 

1360. 

1040. 

1040. 

1210. 

1490 

1670. 

1790. 

1610 

1240 

1000. 

680. 

630. 

560. 

500. 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

(VPHI SPEED lONE 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

2983. 

2983. 

2983. 

2983. 

2983. 

2983. 

2983 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

IMPH) SPEED 

!>9. 

59. 

60 

60 

59. 

58. 

53. 

51. 

53. 

54. 

54 

56 

56. 

55 

54. 

53. 

53 

53 

55. 

56 

57. 

57 

58. 

58. 

IMPH! 

58. 

59. 

59. 

59. 

59. 

57. 

49. 

46. 

48. 

48. 

49. 

51. 

51. 

50. 

48 

46. 

48 

49 

51 

53. 

55. 

56 

56. 

57 

LENGTH 
OF 

QUEUE 
(MILES! 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 0 

o 0 

0.0 

o 0 

0.0 

'SUMMARY Of USER COSTS - PROBLEM 7 

ADDlllONAl 
HOURLY 

USER COSTS 
($) 

I. 

o 

o 

o 

o 

2 

58 

124. 

73 

73 

56 

26 

26 

40 

73 

102 

78 

57 

27 

15. 

6 

5. 

4. 

3 

VOLUME 
(VPli I 

OUTBOUND DIRECTION ••• 
CAPACITY APRCH WORK LENGTH 

(VPHI SPEED lONE OF 
(MPHI SPEED QUEUE 

IMPH I (MILES I 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE 847 

ADDITIONAL 
HOURLY 

USER COSTS 
($) 

O. 

O. 

O. 

o. 

o. 

o 

o. 

o. 

o 

o 

o. 

o 

o 

o. 

o 

o 

o. 

o 

O. 

o. 

o. 

o. 

o. 

O. 

• TOTAL ADD 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE 1$) 

I. 

O. 

O. 

o. 

o 

2. 

58. 

124 

73 

73 

56 

26. 

26 

40 

73 

102 

78 

57 

27 

15. 

5. 

" 
3 



PROBLEM 8 SINGLE LANE TEST PROBLEM 

MODel 

COST UPDATE FACTOR 1.00 

PERCENTAGE TRUCKS 8. 

TOTAL NUMBER Of LANES 
INBOUND 3 
OUTBOUND 3 

LENGTH Of WORKlONE 1.00 MILES 

WORKlONE OPEN LANES 
INBOUND I 
OUTBOUND 3 

HOURS Of RESTRICTED CAPACITV 
BEGINNING 0 
ENDING 23 

HOURS Of WORKlONE ACTIVITV 
BEGINNING 9 
ENDING 15 

INBOUND CAPACITY 
NORMAL 
REStRICTED 
wORKING HOURS 

6000 CVPHI 
1800. (VPHI 
1127. IVPHI 

CAPACltV ESTIMATE RISK FACTOR. 
PROBABILITY THAT ESTIMATED 
WORKING HOURS CAPACITY IS 
LESS THAN ACTUAL CAPACITY 60 PERCENT 



HOUP 

0-

1- 2 

2- 3 

3 4 

4 5 

5- 6 

6- 7 

7 - 8 

a- 9 

9- 10 

10- I I 

I 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 

VOLUME 
(VPHI 

270. 

160 

120 

100. 

130. 

2080. 

1750. 

1490. 

1360. 

1040. 

1040. 

1210. 

1490 

1670. 

1790. 

1610 

1240. 

1<)00. 

680. 

630 

560. 

500 

••• INBOUND DIRECTION 
CApACITY APRCH WORK 

(VPH' SPEED ZONE 

laoo. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1.127. 

1127. 

1121. 

1121. 

1127. 

1127. 

1127. 

1800. 

1800 

1800. 

1800 

IBOO. 

1800. 

1800 

IBOO 

IMPHI SPEED 

59. 

59 

60 

60. 

59. 

58. 

53. 

51. 

53. 

54. 

54. 

56 

56. 

55. 

54. 

53 

53 

53 

55 

56 

57 

57, 

58 

58 

OOIPH I 

56. 

58. 

58. 

59 

58. 

54. 

39. 

25 

30. 

20. 

24. 

30. 

30. 

28. 

20 

20 

30 

30 

30 

30. 

49 

51. 

52 

53 

L E NGTII 
OF 

QUEUE 
(MILES I 

0.0 

o 0 

o 0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.6 

o 

1 8 

2 0 

1.8 

I. B 

2.3 

:I 5 

4 1 

1 9 

2 9 

1.2 

o 1 

o 0 

0.0 

o 0 

SUMMARY OF USER COSTS - PROBLEM 8 

ADDITIONAL 
HOURLY 

USER COSTS 
UI 

2 

o 

o 

9 

314 

2407 

3316 

5148 

803 I 

8509. 

7608 

7694 

10393 

15231 

17670 

5370 

64 

14 

II 

VOlUME 
(VPH) 

CAPACI TV 
IVPH) 

OUTBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
IMPH) SPEED QUEUE 

IMPH' IMltES' 

TOTAL ADDITIVNAl DAILY USER COSTS DUE TO LANE CLOSURE 120878 

ADDITIONAl 
HOURLY 

USER COSTS 
($) 

O. 

o. 

o. 

o 

O. 

O. 

o. 

o. 

o 

O. 

O. 

O. 

o. 

o. 

O. 

o 

o 

o 

O. 

O. 

o 

o. 

O. 

o 

• TOTAL ADD. 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE «$) 

I. 

O. 

O. 

I. 

9 

314. 

2407 

3316. 

5148 

8031 

8509. 

7608 

7694 

10393 

15231 

17670 

16554 

12512 

5370 

64 .. 

19 

14 

II 

WARNING ••• QUEUE ESTIMATED TO REACH 4 1 MILES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING IHE FREEWAY TO DIVERI 
TO OTHER ROUTES CHECK ALTER~ATE ROUTES· DIVERSION MAY lAKE PLACE. 



PROBLEM 9 SINGLE lANE TEST PROBLEM 

MODEl 

COST UPDATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

lENGTH OF WORKZONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 
ENDING 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 
ENDING 

00 

8. 

4 
4 

1.00 

4 
3 

0 
23 

9 
15 

OUTBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

8000 
5400 
4577 

CAPACITY ESTIMATE RISK FACJOR, 
PR06ABILI H THAT E'STIMATED 
WORKING HOURS CAPACITY IS 

MILES 

tVPHI 
CVPHI 
IVPHI 

LESS THAN ACTUAL CAPACITY 60. PERCENT 



SUMMARY OF USER COSTS - PRODLEM 9 

HOUR 

0-

1- 2 

2 3 

3 4 

4 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10- 11 

I I - 12 

12 - 13 

13- 14 

14 - 15 

15- 16 

16- 11 

17- 18 

18 - 19 

19-20 

20-21 

21-22 

22-23 

23-24 

VOLUME 
IVPHI 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

(VPHI SPEED lONE 
(MPH) SPEED 

IMPH) 

LENGTH 
OF 

QUEUE 
(MILES) 

ADDITIONAL 
HOURLY 

USER COSTS 
( $, 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o. 

o 

o 

o 

o 

o 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE 

VOLUME 
IVPH) 

290 

110 

110 

80 

110 

340. 

1110 

1320. 

1280. 

1240 

1250 

1300. 

1300 

1330 

1500 

1860 

2010 

1970 

1680 

1080 

810 

140 

650. 

470 

368. 

CAPAC I TY 
IVPH) 

5400. 

5400 

5400 

5400. 

5400. 

5400 

5400 

5400, 

5400, 

4577 , 

4517 

4577, 

4517. 

4577. 

4577. 

4577 

5400 

5400, 

5400 

5400 

5400 

5400. 

5400 

5400, 

OUT80UND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED lONE OF 
IMPH) SPEED QUEUE 

59 

59 

60. 

60, 

60 

59. 

57 

56 

56 

56 

56 

56, 

56 

56, 

55 

54 

54 

54 

55 

57 

57 

58 

58 

59, 

IMPHI (MILES) 

59. 

59 

59 

60 

59 

58 

55 

54 

54. 

53. 

53. 

53. 

53, 

53 

52 

50 

51 

51 

52. 

55 

56 

57. 

51. 

58 

0,0 

0.0 

0,0 

0,0 

o 0 

0.0 

0.0 

0,0 

0.0 

0.0 

0,0 

0,0 

0.0 

o 0 

o 0 

0,0 

0.0 

o 0 

o 0 

0.0 

0,0 

0,0 

0.0 

0,0 

ADDI lIONAL 
HOURLY 

USER COSTS 
($ ) 

o 

o. 

0, 

O. 

I, 

9, 

15. 

13. 

19 

19 

2 I, 

2 I 

23 

31 

56 

45 

43 

28. 

9 

4 

4 

3. 

2, 

• TOTAl. ADO. 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE ($) 

I. 

o 

0, 

o. 

o. 

9, 

15, 

13. 

19, 

19 

21 

2 I 

23 

31 

56 

45 

43 

28 

9 

4 

4, 

3 

2, 



lO 
0'1 

PROBLEM 10 SINGLE'LANE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 
ENDING 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 
ENDING 

,00 

8 

4 
4 

,00 

4 
2 

0 
23 

9 
15 

OUTBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

8000, 
3600 
2968, 

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

MILES 

CVPH' 
CVPH, 
CVPHI 

LESS THAN ACTUAL CAPACITY 60 PERCENT 



SUMMARY OF USER COSTS - PR06LEM 10 

HOUR 

0-

1- 2 

2 3 

3- 4 

4- 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10- II 

11- 12 

12- 13 

13- 14 

14 - 15 

15-16 

16- 17 

17 - 18 

18- 19 

19-20 

20-21 

2 I -22 

22-23 

23-24 

VOLUME 
(VPH' 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

(VPH, SPEED lONE 
(MPH' SPEED 

IMPH) 

LENGIH 
Of 

QUEUE 
(MILES) 

ADDIIIONAL 
HOURL¥ 

USER COSTS 
($) 

o 

o 

o. 

O. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO LANE CLOSURE 

VOLUME 
(I/PHI 

290 

170. 

110 

80 

110 

340 

1110 

1320. 

1280 

1240 

1250 

1300. 

1300 

1330 

1500 

18BO. 

2010. 

1970 

1680 

1080. 

810 

740 

650 

470. 

986 

OUT60UND DIRECTION '" 
CAPACITY APRCH WORK LENGTH 

(I/PH) SPEED ZONE OF 

3600 

3600. 

3600 

3600. 

3600 

3600 

3600 

3600 

3600. 

2968. 

'2968. 

'2968 

2968. 

2966 

2968. 

2968 

3600. 

3600 

3600 

3600. 

3600. 

3600. 

3600. 

3600. 

(MPH) SPEED QUEUE 
(MPH! (MILES! 

59 

59. 

60 

60 

60 

59 

57 

56. 

56 

56 

56 

56 

56 

56 

55. 

54. 

54. 

54 

55. 

57. 

57 

58 

58. 

59. 

56 

59. 

59. 

59 

59 

58 

52. 

51. 

51. 

50 

49 

49. 

49 

47 

44. 

46. 

46. 

48. 

53. 

54. 

55. 

55. 

57. 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ADDI TlONAL 
HOURlV 

USER COSTS 
IS) 

I. 

I. 

o. 

o 

o 

2. 

24. 

36. 

35. 

49. 

50. 

55. 

55. 

59. 

83. 

159. 

126. 

120. 

75 

22 

II. 

9. 

B. 

3 

• TOTAL ADD 
• HOURLV USER 

COSTS DUE 
TO LANE 

, CLOSURE 1$) 

I. 

I. 

o. 

o. 

o 

2 

24. 

38 

35 

49. 

50 

55. 

55. 

59. 

.63. 

159. 

126 

120. 

75 

22 

1 I. 

9 

6 

3 



PROBLEM II SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR I. 00 

PERCENTAGE TRUCKS B. 

TOTAL NUMBER OF LANES 
INBOUND 4 
OUTBOUND 4 

LENGTH Of WORKl~NE 1.00 

WORKlONE OPEN LANES 
INBOUND .. 
OUTBOUND I 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 0 
ENDING 23 

HOURS OF WORKlONE ACTIviTY 
BEGINNING 9 
ENDING 15 

OUTBOUND CAPACITY 
NORMAL 8000. 
RESTRICTED 1800. 
WORKING HOURS 1200 

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

MILES 

(VPHI 
(VPHI 
(VPHI 

lESS THAN ACTUAL CAPACITY 60 PERCENT 



w 
00 

SUMMARY or USER COSfS - PROBLEM II 

HOUR 

0-

1- 2 

2- 3 

3- 4 

4 - 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10- II 

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 
(VPHI 

••• INBOUND DIRECTION 
CAPACITY APRCH WOR~ 

(VPHI SPEED lONE 
(MPH) SPEED 

(MPHI 

LENGfH 
OF 

QUEUE 
0011 LES I 

ADDI TlONAl 
HOURLY 

USER COSTS 
(SI 

0 .. 

o. 

o. 

o 

o 

o 

o 

o. 

o 

o. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

TOTAL ADDITIONAL DAILY USER COSTS DUE TO lANE CLOSURE 

VOLUME 
(\lPIO 

290. 

170. 

110. 

80 

110 

340 

1110. 

1320. 

1280. 

1240. 

1250. 

1300 

1300 

1330 

1500. 

1860. 

2010. 

1970 

1680 

1080 

810 

740 

650 

470. 

101485. 

... 
CAPACITY 

(VPHI 

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 .0' 
APRCH WOR~ LENGTH 
SPEED lONE OF 
IMPH) SPEED QUEUE 

59 

59 

60. 

60 

60 

59 

57. 

56 

56 

56 

56. 

56. 

56 

56 

55. 

54. 

54 

·54 

55 

57 

57 

58 

58. 

59 

IMPIII (MILES) 

56 

58. 

58. 

59. 

58. 

55 

45. 

42. 

42. 

29. 

29. 

28 

28. 

27. 

23 

20. 

26 

27. 

30 

30 

31. 

50 

51. 

53 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 

0.3 

0.5 

o 7 

2.0 

2 8 

3 2 

3 2 

2.4 

o 9 

0.0 

0.0 

0.0 

ADDITIONAL 
HOURLY 

USER COSTS 
(SI 

3 

I. 

o 

o. 

o. 

5. 

101. 

173. 

157 

704 

1179. 

2002 

3038. 

4260 

6701 

12015. 

16286. 

18214 

18269 

13676 

4638 

32 

22. 

10 

• TOTAL ADO. 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE (S) 

3. 

I. 

o. 

O. 

o 

5 

101. 

173. 

157. 

704 

1179. 

2002 

3038. 

4260 

6701 

12015 

16286 

18214 

18169 

13676 

4638. 

3::> 

21 

10 

0" WARNING ••• QUEUE ESTIMATED 10 REACH 3.2 MILES LONG. QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE fREEWAY TO DIVERT 
TO OTHER ROUTES CHECK AlTERNA1E ROUTES - DIVERSION MAY lA~E PLACE 



PROBLEM 12 SINGLE LANE TEST PROBLEM 

MODEl 

COST UPDATE fACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER Of lANES 
INBOUND 
OUTBOUND 

LENGTH Of WORKZONE 

WORKlONE OPEN lANES 
INBOUND 
OUTBOUND 

HOURS Of RESTRICTED CAPACITY 
BEGINNING 
ENDING 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 
ENDING 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS' 

I. 00 

8. 

5 
5 

I. 00 

4 
5 

0 
23 

9 
15 

10000. 
7200 
6200 

CAPACITY ESTIMATE RISK fACTOR, 
PROBABiliTY THAT ESTIMATED 
WORKING HOURS CAPACITY IS 

MilES 

IVPH) 
IVPHI 
IVPHI 

LESS THAN ACTUAL CAPACITY 60 PERCENT 



........ 
o 
o 

HOUR 

0-

1- 2 

2 3 

3- 4 

4- 5 

5- 6 

6- 7 

7 8 

8- 9 

9- 10 

10- II 

I 1-12 

12- 13 

13- 14 

14 - 15 

15- 16 

16- 17 

17 - 18 

18-19 

19-20. 

20-2' 

21 22 

22-23 

23-24 

VOLUME 
IVPH) 

270. 

160 

120. 

100. 

130. 

460. 

1620. 

2080. 

1750. 

1490. 

1360. 

1040. 

1040. 

1210. 

1490. 

1670. 

1790 

IBIO 

1240 

1000. 

6BO. 

630. 

560. 

500 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

(YPH. SPEED ZONE 

7200. 

7200. 

1200. 

7200. 

7200. 

7200. 

7200. 

7200. 

7200. 

6200. 

6200. 

6200. 

6200. 

6200. 

6200. 

6200 

7200. 

7200. 

7200. 

7200. 

7200. 

7200. 

7200. 

nOO. 

(MPH) SPEED 

59. 

BO. 

60. 

BO. 

BO. 

59. 

56 

55. 

56. 

56. 

57. 

57. 

57 

57. 

56 

56. 

56. 

56 

57 

58 

58 

58. 

59 

59 

IMPH) 

59. 

59. 

60. 

60 

60. 

58. 

54. 

53. 

54. 

54. 

55 

56. 

56 

55. 

54. 

53. 

54. 

54 

56 

57. 

58 

58 

58. 

58 

. . . 
LENGTH 

Of 
QUEUE 

(MILES) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

0.0 

o 0 

SUMMAny OF USER COSIS - PROBLEM 12 

ADDITIONAl 
HOURlY 

USER COSTS 
($ ) 

O. 

o 

o. 

o 

14 

28 

18. 

17 

14 

7 

7 

10 

17 

23. 

19 

14 

7 

5 

2 

2 

2. 

2 

VOLUME 
IVPHI 

. .. 
CAPACITY 

( YPIO 

OUtBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
IMPH) SPEED QUEUE 

IMPH. (MILES' 

TOTAL ADDITIONAL DAILY USER COS'S DUE 10 lANE ClOSURE 214. 

ADDITIONAL 
HOURLY 

USER COSTS 
(S ) 

o 

O. 

O. 

o 

o 
o 

o 

o 

o. 

o. 

O. 

o. 

O. 

o 

O. 

O. 

o. 

o. 

o. 

O. 

o 

o. 

o. 
O. 

• TOT AL ADD . 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE 1$) 

I. 

o. 

O. 

o. 

O. 

1. 

14 

28. 

18 

17 

14 

7 

7 

10 

17 

23 

19 

14. 

7 

5 

2 

2 

2 

2 



PROBLEM 13 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDA IE FACTOR 1.00 

PERCENTAGE TRUCKS B. 

TOTAL NUMBER OF LANES 
INBOUND 5 
OUTBOUND 5 

LENGTH OF WORKZONE 1.00 

WORKZONE OPEN LANES 
INBOUND 3 
OUTBOUND 5 

HOURS OF RESTRICTED CAPAC I TV 
BEGINNING 0 
ENDING 23 

HOURS Of WORKZONE ACTlIIITY 
BEGINNING 9 
ENDING 15 

I NBOUND CAPAC I TY 
NORMAL 10000. 
RESTRICTED 5400 
WORKING HOURS 4500 

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

MI LES 

IIIPH' 
IIIPH' 
IIIPH' 

LESS THAN ACTUAL CAPACITY 60 PERCENT 



..... 
o 
N 

HOUR 

0-

1 - 2 

2 - 3 

3 - 4 

4 - 5 

5 - 6 

6- 7 

7- 8 

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 
CYPHI 

270. 

160. 

120. 

100. 

130. 

460. 

1620 

2080 

1750. 

1490. 

1360. 

1040. 

1040. 

1210. 

1490 

1570 

1790 

1610. 

1240 

1000, 

680. 

630 

560. 

500 

••• INBOUND DIRECTION 
CAPACITY APRCH WORK 

IYPHI SPEED ZONE 

5400. 

5400. 

5"100. 

5400. 

5400 

5400. 

5400. 

5400. 

5400. 

4500. 

4500. 

4500. 

4500 

4500. 

4500 

4500 

5400. 

5400 

5400 

5400 

5400. 

5400 

5400, 

5400 

IMPIH SPEED 

59. 

50. 

60. 

60 

60. 

59. 

56. 

55. 

56. 

56. 

57. 

'57. 

57. 

57. 

56 

56 

56 

56 

57 

58 

58 

58 

59 

59 

(MPHI 

59. 

59 

59. 

60 

59. 

58. 

52. 

50. 

52. 

52. 

52. 

54 

54. 

53. 

52. 

51 

52 

53 

54 

55 

57 

57 

57 

58 

LENGTH 
OF 

QUEUE 
Ill'll LES) 

0,0 

o 0 

o 0 

0.0 

0.0 

o 0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 0 

o 0 

0.0 

o 0 

o 0 

o 0 

0.0 

o 0 

o 0 

o 0 

o 0 

SUMM~RY or USER COSTS - PR05LEM 13 

~ODITION~L' • 
HOURLV 

USER COSTS 
( $) 

o 

o 

o 

O. 

2 

30 

59 

37 

36 

29 

14 

14 

2 I 

36 

49 

39 

30 

15 

9 

4 

3 

3 

2 

VOLUME 
IVPHI 

• • • 
CAPACITY 

(VPH) 

OUTBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
(MPH) SPEED QUEUE 

(MPH) Ill'll LES) 

TOTAL AODITIPNAL PAILI USER COSTS DUE TO L~NE CLosunE 436 

ADDIIIONAL 
HOURLY 

USER COSTS 
lSI 

o. 

o. 

o. 

o. 

o. 

O. 

o 

o. 

o. 

o. 

o . 

o. 

0: 
o. 

o. 

o. 

o 

O. 

o. 

o 

o 

o 

o. 

o 

• TOTAL ADD . 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE 1$) 

I. 

o. 

o 

o. 

o 

2 

30. 

59 

37 

36. 

29. 

14 

14 

21 

36. 

49 

39 

30 

15 

9 

4 

3 

3 

2. 



....... 
o w 

PROBLEM 14 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR 1 00 

PERCENTAGE TRUCKS B, 

TOTAL NUMBER OF LANES 
INBOUND 5 
OUTBOUND 5 

LENGTH OF WORKZONE 00 

WORK ZONE OPEN LANES 
INBOUND 2 
OUTBOUND 5 

HOURS OF RESTRICTED CAPACITY 
BEGINNING 0 
ENDING 23 

HOURS OF WORKlONE ACTIVITY 
BEGINNING 9 
ENDING 15 

INBOUND CAPACI TY 
NORMAL 10000, 
RESTRICTED 3600. 
WORKING HOURS 2745. 

CAPACITY ESTIMATE RISK FACTOR, 
PROBABILITY THAT ESTIMATED 
WORKING HOURS CAPACI.YY IS 

MILES 

(VPH) 
(VPHI 
(VPHI 

LESS THAN ACTUAL CAPACITY 60 PERCENT 



HOUR 

0-

1- 2 

2- 3 

3- 4 

4 5 

5- 6 

6- 7 

7- 8 

8- 9 

9- 10 

10- I 1 

I 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 

VOLUME 
IVPHI 

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 APRCH WORK 

IVPHI SPEED ZONE 

3600. 

3600. 

3600 

3600. 

3600. 

3600. 

3600. 

3600. 

3600. 

2?45. 

2'745. 

2745. 

2745. 

2745. 

2745. 

2745. 

3600. 

31i'00 

3600. 

3600. 

3600. 

3600. 

3600 

3600 

IMPH) SPEED 

59. 

60. 

60. 

60. 

60. 

59. 

56. 

55. 

56. 

56. 

51. 

51. 

57. 

57. 

56. 

56 

56 

56. 

57. 

58 

58 

58 

59 

59. 

IMPH! 

58 

59. 

59 

59 

59. 

57. 

49 

46. 

48. 

46. 

48. 

51. 

51. 

49. 

46 

45. 

48 

49. 

51 

53 

55 

56 

56 

57 

. . . 
LENGTH 

Of 
QUEUE 

IMILES) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

0.0 

o 0 

o 0 

0.0 

o 0 

0.0 

0.0 

0.0 

o 0 

0.0 

0.0 

0.0 

o 0 

SUMMARY OF USER COSTS 

AOOJ T JONAl 
HOURLY 

USER COSTS 
I$! 

I. 

o 

o 

o 

3 

13 

152 

91 

102 

78. 

37 

37 

56 

102 

143 

97 

72 

35 

20 

8 

7 

5 

4 

. . 

VOlUMf 
IVPHJ 

TOTAL ADDITIONAL DAilY USER COSTS DUE TO lANE CLOSURE 1126 

PROBLEM 14 . .. 
CAPAC 1 TV 

IYPHI 

OUTBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
IMPH) SPEED QUEUE 

IMPH) IMILESI 

ADO. TlONAl 
HOURLY 

USER COSTS 
1$1 

o 

O. 

O. 

o 

o. 

o 

o 

O. 

o. 

o. 

o. 

o. 

o. 

o 

o 

o. 

o. 

o. 

o. 

o. 

o. 

o. 

o. 

o 

• TOTAL ADO . 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE ($) 

o 

o 

o 

3 

73 

152. 

91 

102 

18 

37 

37. 

56 

102 

143 

97 

72 

35 

20 

8 

7. 

5 



..... 
a 
<.n 

PROBLEM 15 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE fACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS Of RESTR1CTED CAPACITY 
BEGINNING. 
ENDING 

HOURS Of WORKlONE ACTIVITY 
BEGINNING 
ENDING 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

1.00 

9 

5 
5 

00 

I 
5 

0 
23 

9 
15 

10000. 
1800. 
1200. 

CAPACITY ESTIMATE RISK FACTOR. 
PROBABILITY THAT ESTiMATED 
WORKING HOURS CAPACITY IS 

MILES 

IVPHI 
IVPHI 
IVPHI 

LESS THAN ACTUAL CAPACITY 60. PERCENT 



....... 
o 
0\ 

HOUR 

0-

2 

2 - 3 

3- 4 

4 - 5 

5- 6 

6 7 

7- 8 

8- 9 

9-10 

10- II 

1 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 

VOLUME 
II/PHI 

270, 

160 

120, 

100, 

130. 

460. 

1620, 

2080. 

1750. 

1490, 

1380, 

1040, 

1040. 

1210, 

1490, 

1670. 

1790. 

1610, 

1240. 

1000. 

680, 

630, 

560 

500. 

••• IN80UND DIRECTION 
CAPACITY APRCH WORK 

IVPHI SPEED ZONE 

1800. 

1800. 

1800. 

1800. 

1800. 

1800. 

1800, 

1800. 

1800, 

1200, 

1:100, 

1200, 

1200, 

1200, 

1200, 

1200. 

1800. 

1800. 

180!), 

1800, 

1800. 

1800, 

1800 

1800 

IMPHI SPEED 

59, 

80. 

60. 

60, 

60 

59. 

58. 

55. 

56, 

56. 

57 

57. 

57. 

57 

56. 

56 

56 

56. 

57 

58 

58. 

58 

59. 

59 

(MPH. 

56 

58 

58. 

59. 

58 

54, 

39. 

25, 

30 

23. 

26 

30, 

30. 

30, 

23, 

20 

30. 

30 

30 

39 

51 

51 

52 

53 

.. . 
LENGTH 

OF 
QUEUE 

'MILES' 

0,0 

0,0 

0,0 

0,0 

0.0 

0,0 

0.0 

0.2 

0.4 

O,B 

0,9 

0,9 

o 7 

0,6 

o 8 

4 

, 7 

, 6 

I 0 

0.3 

o 0 

0,0 

0,0 

o 0 

SUMMARY Of USER COSTS - PROBLEM 15 

ADDI T 10NAL 
HOURLY 

USER COSTS 
1$. 

3. 

o 

10 

328. 

2414 

3318 

4664 

6829 

6617 

4960 

4254 

6115 

10284. 

12348 

1124 I 

72.13. 

1061 

26 

11 

16 

12 

\lOlUME 
iI/PHI 

CAPACITY 
(VPH. 

ourBOUND DIRECTION ••• 
APRCH WORK LENGTH 
SPEED ZONE OF 
(MPHI SPEED QUEUE 

(MPH' (MILES. 

TOTAL ADDITIONAL DAilY USER COSTS DUE TO LANE CLOSURE 81736 

ADDI TlONAL 
HOURLY 

USER COSTS 
(SI 

0, 

o 

o 

o. 

o. 
0, 

O. 

0, 

O. 

0, 

0, 

O. 

o. 

o. 

o. 

o. 

0, 

o. 
O. 

o 

0, 

o 

o 

o. 

• TOTAL ADO . 
• HOURLY USER 

COSTS DUE 
TO LANE 

• CLOSURE (S) 

3 

I. 

o 

I. 

10 

328, 

2<114 

3318 

4664 

6829. 

6617 

4960 

4254 

6~ 15. 

10284 

12348. 

1124 I 

7213 

1061. 

26 

21 

16. 

12 

t •• WARNING ••• QUEUE ESTIMATED TO REACH I 7 MilES LONG QUEUE DOES NOT CONSIDER DRIVERS LEAVING THE FREEWAY TO DIVERT 
TO OTHER ROUTES CHECK ALTERNATE ROUTES - DIVERSION MAY TAKE PLACE. 



PROBLEM 16 SINGLE LANE CLOSURE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKZONE 

WORK ZONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING· 
ENDING 

HOURS OF WORKZONE ACTIVITY 
BEGINNING 
ENDING 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 

,00 

8 

6 
6 

00 MILES 

5 
6 

9 
15 

9 
15 

12000 IVPHI 
9000 IVPHI 

~ WORKING HOURS 8250, IVPHI 
a 
"-J 



SUMMARY OF USER COSTS - PROBLEM 16 ... INBOUND DIRECTION . . . OUTBOUND DIRECTION ... • TOTAL ADD. 
HOUR VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL I/OLUME CAPACITY APRCH WORK LENGTH ADDITIONAL · HOURLY USER 

IVPH) CVPHI SPEED lONE OF HOURLY (I/PHI (I/PHI SPEED lONE OF HOURLV COSTS DUE 
(MPH) SPEED QUEUE USER COSTS (MPHI SPEED QUEUE USER COSTS TO LANE 

(MPHI (MILES I ($ I CMPH) (MILESI (S) • CLOSURE (SI 

0- 1 O. O. O. 

1 - 2 0 o. 0 

2- 3 0 O. O. 

3- 4 o. O. 0 

4- 5 0 O. O. 

5- 6 0 O. O. 

6- 7 0 O. 0 

7- 8 0 O. 0 

8 9 0 O. O. 

9- 10 1490 8250 57 55. 0 0 10 O. 10 

10- 11 1360 . 8250 57 56 0 0 a 0 B ...... 
0 11- 12 1040 8250. 58. CO 51. 0.0 5 O. 5. 

12 - 13 1040 8250. 58 57 0 0 5 0 5 

13- 14 1210. 8250 57. 56. 0.0 6 0 6 

14 - 15 1490 8250. 51 55. O. 0 10. O. 10 

'5- 16 '670. 8250. 57 55. 0.0 13 O. 13 

16- 17 0 O. 0 

17 - 18 0 O. 0 .. 

18 19 0 O. O. 

19-20 0 O. 0 

20-21 0 O. 0 

21-22 0 0 0 

22-23 O. O. 0 

23-24 0 O. 0 

TOTAL ADDITIONAL DAIL V USER COSTS DUE TO LANE CLOSURE 58. 



PROBLEM 17 SINGLE 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 

1.00 

8. 

6 
8 

1.00 MILES 

.. 
8 

9 
15 

9 
15 

12000. IVPHI 
7200. IVPHI 

~ WORKING HOUR3 7400. CVPHI 

~ 

WORK ZONE CAPACITY GREATER THAN RESTRICTED CAPACITY PROBLEM 17 SKIPPED 

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



...... ...... 
o 

PROBLEM 18 ~INGlE 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 

1.00 

8. 

6 
6 

t. 00 MilES 

3 
8 

II 
15 

9 
15 

12000 IVPHI 
5400 . IVPHI 
4500 II/PHI 

CAPACITY ESTIMATE RISK fACTOR, 
PROBABILITY THAT ESTIMATED 
WORKING HOURS CAPACITY IS 
LESS THAN ACTUAL CAPACITY 60 PERCENT 



SUMMARY OF USER COSTS - PROBLEM lEI ... INBOUND DIRECTION ... ... OUTBOUND DIRECTION ... · TOTAL ADD. 
HOUR VOLUME CAPACITY APRCH WORK LENGTH ADDI T tONAL VOLUME CAPACI TV APRCH WORK LENGTH ADDI lIONAL • HOURLY USER 

(VPHI (V~H' SPEED ZONE Of HOURLY IVPHI (VPHI SPEED ZONE Of HOURLY COSTS DUE 
(MPHI SPEED QUEUE USER COSTS (MPHI SPEED QUEUE USER COSTS TO lANE 

(MPHI (MILES) ($, IMPHI (MilES) (SI • CLOSURE IS) 

0- 0 0 0 

1- 2 0, O. O. 

2- 3 0 0, 0 

3- 4 0 0 O. 

4- 5 0 0 0, 

5- 6 0 0 O. 

6- 1 0 O. O. 

1- 8 0 0 O. 

8 9 0 O. 0 

9-10 1490. 4500. 57. 52. 0 0 39 0 39 

10- •• 1360 4500 57. 52 O. 0 31 O. 31 
I-' 
I-' 11- 12 1040. 4500. 58. 54. 0 0 16 0 16 
I-' 

12 - 13 1040. 4500. 58 54. 0 0 16 O. 16 

13- 14 1210 4500. 57 53 0 .0 23 0 23 

14- 15 '490. 4500. 57. 52 O. 0 39 O. 39. 

15- 16 .670 4500. 57. 51. 0 0 53 O. 53 

16- 17 0, O. 0 

17- 18 0 O. 0, 

18 19 0 O. 0 

19-20 0 0 0 

20-21 0 O. 0 

21 22 0 O. 0 

22 23 0, 0 0 

23-24 O. O. 0 

TOTAL ADDITIONAL DAilY USER COSTS DUE TO lANE CLOSURE = 211 



...... ...... 
N 

PROBLEM 19 SINGLE LANE TEST PROBLEM 

MODEL 

COST UPDATE FACTOR 

PERCENTAGE TRUCKS 

TOTAL NUMBER OF LANES 
INBOUND 
OUTBOUND 

LENGTH OF WORKlONE 

WORKlONE OPEN LANES 
INBOUND 
OUTBOUND 

HOURS OF RESTRICTED CAPACITY 
BEGINNING. 
ENDING 

HOURS or WORKlONE ACTIVITY 
BEGINNING 
ENDING 

INBOUND CA P AC I TV 
NORMAL 
RESTRICTED 
WORKING HOURS 

1.00 

8 

6 
6 

1.00 

2 
6 

9 
15 

9 
15 

12000. 
3600. 
2800 

CAPACITY ESTIMArE RISK FACTOR. 
PROBABILIT~ THAT ESIIMATED 
WORKING HOURS CAPACITY IS 

MILES 

CVPHI 
eVPHI 
(VPUI 

LESS THAN ACTUAL CAPACITY 60 PERCENT 



SUMMIIRY Of USER COSTS - PROBLEM 19 

••• INBOUND DIRECTION OUTBOUND DIRECTION . .. · TOTAL ADD. 
HOUR VOLUME CAPAC I n APRCH WORK LENGTH ADDI TlONAl VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL • HOURLY USER 

IVPH) (VP,HI SPEED lONE OF HOURLY (VPH! (VPH) SPEED lONE Of HOURLY • COSTS DUE 
(MPH) SPEED QUEUE USER COSTS (MPH) SPEED QUEUE USER COSTS 10 LANE 

IMPH) IMILESI ($! IMPH) (MILES! ( $) • CLOSURE C$) 

0- 0 0, O. 

2 0 O. 0, 

2- 3 0 o. O. 

3- 4 0 0, 0, 

4- 5 0 O. 0, 

5- 6 0 O. 0 

6- 7 0 0, 0 

7- 8 0, 0, 0, 

8- 9 0 0, 0, 

9- 10 1490. 2800. 57. 47. 0, 0 101 0 101 

10- II 1360, 2800 57. 48. O. 0 78 0, 78 ..... ..... I I 12 
(..oJ 

1040. 2000, 58. 51. 0 0 37 0, 37 

12- 13 10<40. "2800 58, 51 0, 0 37, 0, 37 

13- 1<4 1210. 280O. 57. 49, 0, 0 56 0, 56, 

'4 - 15 1490, 2000, 57. 47, 0 0 101 0, 10 I 

15- 18 1870. 2aOO, 57. 45, 0, 0 14 I 0, 141, 

18-17 0 0, 0, 

t? - 18 0 0, 0 

18- 19 O. 0, 0, 

19-20 0 0, 0, 

20-21 0 0, 0 

21-22 0, 0, O. 

22-23 0 0, 0, 

23-24 0 O. 0. 

TOTAL ADDI TlONAL DAILY USER COSTS DUE TO LIINE CLOSIJRE 551 



PROBLEM 20 SINGLE LANE TEST PROBLEM 

MODel 

COST UPDATE fACTOR 1.00 

PERCENTAGE TRUCKS B. 

TOTAL NUMBER OF LANES 
INBOUND 6 
OUTBOUND 6 

LENGTH Of WORKZONE .00 MILES 

WORKZONE OPEN LANES 
INBOUND I 
OUTBOUND 6 

HOURS Of RESTRICTED CAPACITY 
BEGINNING 9 
ENDING 15 

HOURS OF WORKZONE ACTIVITY 
BEGINNING 9 
ENDING 15 

INBOUND CAPACITY 
NORMAL 
RESTRICTED 
WORKING HOURS 

12000. (VPH) 
IBOO. (VPHI 
1200. (VPH) 

CAPACITY ESTIMATE RISK fACTOR, 
PROBABILITY THAT ESTIMATED 
WORKING HOURS CAPACrTY IS 
LESS THAN ACTUAL CAPACITY 60 PERCENT 



SUMMARY OF USER COSTS - PROBLEM 20 

••• INBOUND DIRECTION ... • •• OUTBOUND DIRECT ION . .. • TOTAL ADO 
HOUR VOLUME CAPACITY APRCH WORK LENGTH ADDI T JONAL VOLUME CAPACITY APRCH WORK LENGTH ADDITIONAL • HOURLY USER 

(VPH) (VPH' SPEED lONE Of HOURLY (VPH) 1VPHI SPEED lONE OF HOURLY COSTS DUE 
(MPH' SPEED QUEUE USER COSTS (MPH) SPEED QUEUE USER COSTS TO LANE 

(MPH) (MILES) (S) (MPH) (MILES) ($) • CLOSURE ($I 

0- I O. O. O. 

1- 2 0 O. O. 

2- 3 0 O. O. 

3- 4 0 0 O. 

<I- S 0 O. O. 

5- 6 0 O. O. 

6- 7 O. O. O. 

7- 8 0 O. 0 

8- 9 0 O. 0 

9- 10 1490. 1200. 57. 23. 0.2 2282 O. 2282 

10- 1 ( 1360. 1200 57. 26. 0.5 4448. O. 4448. 
~ 

~ II 12 1040. 1200. 58. 30. O. 5 4236 O. 4236. 
Ul 

12- 13 1040. 1200 58 30 O. 3 2579 0 2579 

13- 1<1 1210. !200. S1 30. 0 2 1872 O. 1872. 

'4 - 15 1490. 1200. 51. 23 o 4 3732. O. 3732 

15- 16 1610. 1200. 51 20 O. 8 7898 0 1898. 

16 11 1790 12000. 56 5-:1 O. 6 449 0 449 

11- 18 0 O. 0 

18- 19 O. O. 0 

19-20 O. O. O. 

20-21 O. O. 0 

21-22 0 0 0 

22 23 0 O. 0 

23-24 O. 0 O. 

TOTAL ADDI TlONAL DAILY USER COSTS DUE TO LANE CLOSURE 27495 

CORe USAGE OB.JECT CODE 11064 BYTES,ARRAY AREA' 3260 BYTES, TOTAL AREA AVAILABLE= 113056 BYTES 
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