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ABSTRACT 

The Louisiana Department of Transportation and Development (LA DOTD) is interested in 

applying the Federal Highway Administration’s (FHWA) life cycle cost analysis procedures 

and model to large roadway construction, maintenance, and rehabilitation projects within the 

state. The purpose of this study was to validate the application of one component of this 

model – estimation of user delay costs – to projects in Louisiana.  The main objective of this 

research is to determine if the results given for the user delay costs by the FHWA model are 

sufficiently accurate for use in determining user delay costs for the Louisiana system.  

A procedure for the study is specified in the body of the report. The study evaluated 

the delay times incurred by users on interstate highway projects on I-10 in the La Place area 

and I-10 near Lake Charles. The delay times were calculated from the data collected at the 

site, and compared to the values obtained from the FHWA model. 

For the LaPlace construction project, an in-depth analysis of the LA DOTD’s Life 

Cycle Cost Analysis (LCCA) model performance was conducted.  The model overestimated 

delay time by 10% (with a confidence interval of ~3%..17%) largely due to reduction in 

queue related delays resulting from diversion around the work zone.  The Lake Charles 

model underestimated delay time by 11% primarily due to an error in the assumed Average 

Daily Traffic (ADT).    

For both sites, the validity of the model input values used and the sensitivity of the 

model results to errors in the inputs were examined.   

Based on the results of the analysis, recommendations were made concerning data 

collection and modeling procedures, as well as modifications in the model itself in order to 

improve accuracy of the delay time prediction: 

• Care needs to be taken in specification of work zone vehicle speeds, work zone 

lengths, ADT hourly traffic distribution, and cost rates for the LA DOTD’s LCCA 

model.  Traffic distributions should be based on more than one day’s worth of 
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traffic count data collected prior to construction.  The traffic counts should also be 

used to confirm the validity of the assumed ADT. Cost rates derived in earlier 

years should be extrapolated to the present using a Consumer Price Index (CPI) 

expansion factor. 

• Weekends should be modeled separately from weekdays when applying the LA 

DOTD’s LCCA model, as traffic demand and distribution changed substantially. 

• If there are known construction work phases, and work zone length will change 

during each phase, the phases should be modeled separately. 

• The LA DOTD LCCA model has several fundamental weaknesses that should be 

addressed:  

o The model should be modified to account for the effect of diversion on 

queue-related delays.  This was the dominant source of error in the LA 

DOTD’s model for the LaPlace location. 

o The model should be modified to account for reduced speeds through the 

work zone during peak traffic hours (regardless of queuing). 

o Further investigation should be made to develop a reliable predictor of 

road capacity during construction for Louisiana roadways. 
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IMPLEMENTATION STATEMENT 

The following recommendations should be followed in order to implement the results 
of this study: 
 

• Care needs to be taken in specification of work zone vehicle speeds, work zone 

lengths, ADT hourly traffic distribution, and cost rates for the LA DOTD’s LCCA 

model.  Traffic distributions should be based on more than one day’s worth of 

traffic count data collected prior to construction.  The traffic counts should also be 

used to confirm the validity of the assumed ADT. Cost rates derived in earlier 

years should be extrapolated to the present using a CPI expansion factor. 

• Weekends should be modeled separately from weekdays when applying the LA 

DOTD’s LCCA model, as traffic demand and distribution changed substantially. 

• If there are known construction work phases, and work zone length will change 

during each phase, the phases should be modeled separately. 

• The LA DOTD LCCA model has several fundamental weaknesses that should be 

addressed:  

o The model should be modified to account for the effect of diversion on 

queue-related delays.  This was the dominant source of error in the LA 

DOTD’s model for the LaPlace location. 

o The model should be modified to account for reduced speeds through the 

work zone during peak traffic hours (regardless of queuing). 

o Further investigation should be made to develop a reliable predictor of 

road capacity during construction for Louisiana roadways. 
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INTRODUCTION 

Life cycle cost analysis (LCCA) is an analysis technique for economically evaluating the 

complete lifetime costs of competing project alternatives.  It considers not only initial 

construction costs, but also ongoing maintenance costs over the lifetime of the project as 

well as other user costs, such as lost productivity due to traffic delays.  Projects are then 

chosen not just on lowest initial costs, but are also based on whether they minimize costs 

over the entire project lifetime for all users. 

The Federal Highway Administration (FHWA) has published guidelines for 

conducting LCCA in its Life-Cycle Cost Analysis in Pavement Design technical bulletin 

[1] , hereafter referred to as the FHWA LCCA manual.  While LCCA is not yet required 

on state transportation projects using federal dollars, it is likely to be required in the near 

future. 

The FHWA LCCA guidelines provide a methodology and model for calculation 

of both agency costs (construction, maintenance, and management costs) and user costs.  

User costs are the costs borne by cars and trucks using the roadway.  For maintenance, 

construction, and rehabilitation projects, user costs are primarily due to capacity 

reductions in the form of lane reductions such as two lanes on an interstate having to 

merge into to one lane. From a driver’s point of view, the impact of congestion is longer 

travel times with associated lost productivity, higher fuel costs, increased pollution, 

increased accident rates, and less easily quantified costs due to user dissatisfaction and 

frustration.  

The Louisiana Department of Transportation and Development (LA DOTD) is 

interested in evaluating the use of the FHWA LCCA user cost model. This model 

predicts estimated user costs due to congestion resulting from a planned construction, 

maintenance, or rehabilitation project.  The estimate is then used as part of an overall 

cost-benefits analysis of the projects feasibility that also considers direct construction 

costs (labor, materials, and equipment) and future maintenance cost changes. 
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The FHWA LCCA user cost model is based on results from several national 

studies. The LA DOTD is concerned, however, about the accuracy of the model as 

applied to roadwork projects in Louisiana.  This study investigates the model’s validity as 

applied to two major construction projects within the state (one on I-10 in LaPlace, and 

another on I-10 in Lake Charles).  The study also investigates the models sensitivity to 

errors in its input parameters, many of which must be estimated. 
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OBJECTIVES 

The objective of this study was to evaluate the accuracy of the FHWA LCCA user delay 

cost model in estimating user delay costs for roadwork projects in Louisiana. 
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SCOPE 

This research addressed only the user delay cost component of the FHWA LCCA model. 

Evaluation of the FHWA LCCA model was further limited to its application to two state 

roadwork projects in progress at the time of this study (one at I-10 at LaPlace, and 

another on I-10 at Lake Charles).  The evaluation performed consisted of 1) analysis of 

the accuracy of model inputs, 2) analysis of the model outputs as compared to actual 

delay times observed, and 3) sensitivity analysis of the model’s user delay cost estimates 

to errors in model inputs. 
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METHODOLOGY 

Delay times were observed and analyzed at two different construction zones — I-10 at 

LaPlace and I-10 at Lake Charles.  The LaPlace construction occurred between mileposts 

194 and 209 on I-10 (between Sorrento and LaPlace – see boxed area in Figure 1).  The 

construction zone was approximately 4.3 miles long in each direction, although this 

varied slightly in length on different days.  The posted speed limit in the construction 

zone was 45 mph, and 70 mph outside the zone (it is normally 70 mph within the work 

zone).  The primary alternate route was US-61 between the Sorrento and LaPlace 

interchanges. 

 

Figure 1 
LaPlace construction area 

The Lake Charles construction occurred in both directions between mileposts 44 

and 64 on I-10 (between Iowa and Jennings, See Figure 2). The construction zone was 

approximately 6.5 miles in length in the westbound direction, although this varied 

slightly on different days. The eastbound construction zone was initially about 1.25 miles 

when observations were collected in November, but was about 6.5 miles in length when 

observations were later collected in December.  The posted speed limit in the 

construction zone was 40 mph, and 70 mph outside the zone (it is normally 70 mph 

within the work zone). No alternate route was designated.   
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Figure 2 
Lake Charles construction area 

  For each site, the methodology detailed in the following sections was applied. 

Data Collection 

Delay Time Data 

Trip time data was collected on six days during the construction period for the LaPlace 

location, and on seven days during construction at the Lake Charles location.  On each of 

these days, several trips were made by car through the construction zone in each 

direction. Table 1 summarizes the trips made. 

The vehicle was equipped with a Magellan 330 global positioning system (GPS). 

The speed of the car, travel distance, and travel time were measured every minute from 

the GPS device and recorded continuously.  The driver was instructed to drive at an 

“average” rate of speed for the cars around them.  In addition, the driver noted at what 

point within the traffic zone congestion began and what the length of the queue was 

preceding the start of the work zone.  The raw data collected from these trips for LaPlace 

and Lake Charles may be found in Appendix I and II respectively. 
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Table 1 
Data collection trips  

Location Date Direction Starting time - Hour of the Day 
East 4pm, 5pm, 6pm, 7pm Wed 10/24/01 
West 4pm, 6pm 
East 4pm, 5pm Thu 10/25/01 
West 4pm, 6pm, 7pm 
East 7am, 7am, 4pm, 5pm Fri 10/26/01 
West 5pm, 6pm 
East 3pm, 4pm Sat 10/27/01 
West 3pm, 4pm 
East 4pm Fri 11/2/01 
West 6pm 
East 12pm, 1pm 

LaPlace 

Sat 11/3/01 
West 1pm 
East 3pm, 5pm 11/30/01 
West 3pm, 4pm 
East 1pm 12/1/01 
West 1pm 
East 4pm, 6pm 12/6/01 
West 4pm, 5pm 
East 12pm, 1pm 12/7/01 
West 12pm, 12pm 
East 6pm 12/14/01 
West 5pm 
East 4pm 12/19/01 
West 3pm 
East 4pm 12/20/01 
West 4pm 
East 2pm 

Lake Charles 

12/21/01 
West 2pm 

At LaPlace, a trip was also made through the primary alternate route on Thursday, 

Oct 25, 2001, during the 5 p.m. hour.   This data can be found in Appendix I. 

Trip times and distance were recorded either from the start of queuing, or from 

the start of the work zone, whichever was sooner.  Distance and time were recorded 

through the end of the work zone. 
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Several trips were also made during peak evening hours outside the construction 

period (in Oct 2002) at both of the sites.  No congestion was noted at either site, and the 

average vehicle speed was approximately 75 mph.  The trip time outside the construction 

period will be referred to as the normal trip time, and is the time to make the trip at the 

posted 70mph (i.e., trip distance / 70 mph). 

Trips during the construction period will be referred to as construction trip times.  

Each trip time is associated with the hour of the day at which the trip was made.  Where 

trips were made at the same time of day on different days, the trip times were averaged 

together for that time of day. 

The delay time for a particular time of day was calculated as the difference 

between the normal (non-construction) trip time and the construction trip time for the 

same hour of the day.   The difference is assumed to be due to the reduced speed caused 

by construction.   

Vehicle count data was also collected by the LA DOTD at both sites within the 

construction zones using a pneumatic traffic-counting tube, and provided for use in the 

study.   

For the LaPlace location, vehicle counts were collected during the construction 

period from Monday, October 22, 2001, through Monday, October 29, 2001, for both 

directions. No counts were collected from 7 p.m. Friday to 11 a.m. Saturday due to the 

counter having to be moved for paving.  The traffic count data for LaPlace is given in 

Appendix III. Post-construction vehicle count data was also collected at the LaPlace 

location. Hourly traffic counts were collected from noon Thursday, January 22, 2002, 

through Saturday evening, January 26, 2002, and again from Friday, February 1, 2002, 

through Tuesday, February 5, 2002.  The post-construction vehicle count data for 

LaPlace is included in Appendix IV. 

For the Lake Charles site, vehicle counts were unfortunately not collected during 

the construction period.  However, post-construction vehicle counts were collected from 
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Monday, June 24 2002, through Wednesday, June 26, 2002, in the East bound direction, 

and from noon Thursday, July 20, 2002, through Sunday, June 30, 2002, in the 

westbound direction.  The vehicle count data for Lake Charles is included in Appendix V. 

Model Data 

LA DOTD engineers had performed the FHWA LCCA user cost analysis for both 

the LaPlace and Lake Charles locations. The FHWA LCCA user cost model has been 

implemented by LA DOTD staff using an Excel spreadsheet.  The model’s input and 

output values from their analysis were collected from the LA DOTD for both locations.  

A printout of the spreadsheet for the LaPlace and Lake Charles locations may be found in 

Appendix VI and VII respectively. 

Evaluation of the FHWA User Delay Costs Model 

The FHWA LCCA user cost model estimates the difference between normal (non-

construction) user costs and user costs during construction within a work zone.   These 

costs are composed of three cost components: 

q Vehicle operating costs (VOC), which include fuel usage and vehicle wear due to 

idling and slowdowns in work zones. 

q User delay costs, which include lost productivity due to users being 

unproductively delayed in work zone traffic.  

q Crash costs, deriving from increased accident rates in and around construction 

zones. 

Following is a brief summary of the steps of the FHWA user cost analysis: 

1. Estimate traffic demand for the work zone in the year(s) of construction. 

2. Calculate normal (non-construction) work zone directional hourly demand: 
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Hourly Demand = ADT x Hourly Distribution Factor x Hourly Direction Factor (2) 

3. Determine the normal (non-construction) work zone capacity and the expected 

work zone capacity during construction 

4. Calculate the daily queuing and delay time due to demand exceeding capacity 

during normal operations.   

5. Calculate the daily queuing and delay time due to demand exceeding capacity 

during construction. 

6. Calculate the daily delay time as the difference between steps 4 and 5.  

7. Select unit VOC and user delay cost rates, and calculate VOC and user costs 

based on these rates and the result of step 6.  The total daily delay time can be 

determined by multiplying the delay time per vehicle each hour by the number 

of vehicles affected each hour, and adding all hours of the day.  The daily 

delay time can then be multiplied by the project length (in days) to get the 

total project delay time.  The total project delay time is then multiplied by a 

cost rate per hour to get the total project delay time cost.  This process may be 

done for all users in aggregate, or by different user classes (for example, cars 

versus trucks) that may have different cost rates. 

8. Estimate and add crash costs. 

Our concern in this study is strictly with evaluating the accuracy of the user delay 

costs component.  After completing the data collection and summary, the results of the 

FHWA model were evaluated for each location and compared to the actual delay times 

observed.  There were several components to this analysis: 
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• Analysis of Model Input Values.  Where possible, model input values (such as 

average daily traffic (ADT) and hourly traffic distribution) were compared 

against empirical data collected from the construction zones. 

• Analysis of Model Outputs. The user delay time predicted by the model was 

compared against the empirical data collected from the construction zone.  In 

addition, intermediate model results, such as prediction of congestion for each 

hour of the day, were also compared against the actual data collected. 

• Sensitivity Analysis.  The sensitivity of the model results based on incorrect 

model assumptions were also analyzed in order to provide guidelines as to 

what values should be most carefully estimated. 
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ANALYSIS AND RESULTS 

Summary and Discussion of Collected Data 

Tables 2 and 3 summarize the trip delay times for LaPlace and Lake Charles respectively 

for each hour of the day and in total.   The slots where no trip time observations were 

taken were outside peak hours, and from vehicle counts it appears there was no queuing-

related congestion (i.e., user delays were strictly due to speed reduction through the work 

zone).  An average speed of approximately 50 mph was observed through the work zone 

during non-queuing periods. However, the posted speed of 45 mph was used to determine 

the normal trip time. Trip delay time equals construction trip time minus the normal trip 

time. The number of users affected is based on the average traffic counts outside the 

construction period for the specified time of day.  The traffic counts are averaged over 

five weekday observations for both locations in each direction. The total delay time is 

equal to the trip delay time multiplied by the number of users affected.  This value is then 

summed over all 24 hours to give a daily delay time for each location. Observations are 

aggregated across both eastbound and westbound traffic. 

For Lake Charles, the delay times for eastbound and westbound were substantially 

different, and were averaged separately. The posted speed limit of 45 mph was used in 

determining trip delay times for times having no observations. 

Evaluation of the FHWA Model – LaPlace Location 

In this section, we evaluate the accuracy of the delay-time model provided for the 

LaPlace location. 

LaPlace Model Inputs 

The model requires a number of inputs, which come from observation by LA 

DOTD technical staff, pavement design information determined by LA DOTD engineers, 

and from the FHWA LC manual.  A printout of the spreadsheet model is shown in 

Appendix VI. 
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Table 2 
Delay time summary (LaPlace) 

Start Time  Number 
of Obs. 

Trip Delay Time  
(in min) 

Number of Users 
Affected (W | E | 
Total) 

Total Delay Time  
(W | E | Total) (in hours) 

12am 0 2.04 min 267 | 191 | 458 9.08 | 6.49 | 15.57 
1am 0 2.04 min 159 | 148 | 307 5.41 | 5.03 | 10.44 
2am 0 2.04 min 138 | 149 | 287 4.69 | 5.07 | 9.76 
3am 0 2.04 min 145 | 192 | 337 4.93 | 6.53 | 11.46 
4am 0 2.04 min 220 |304 | 524 7.48 | 10.34 | 17.82 
5am 0 2.04 min 483 | 757 | 1240 16.42 | 25.74 | 42.16 
6am 0 2.04 min 793 | 1241 | 2034 26.96 | 42.19 | 69.16 
7am 1 2.04 min 907 | 1230 | 2137 30.84 | 41.82 | 72.66 
8am 0 2.04 min 958 | 1074 | 2032 32.57 | 36.52 | 69.09 
9am 0 2.04 min 970 | 1076 | 2046 32.98 | 36.58 | 69.56 
10am 0 2.04 min 845 | 996 | 1841 28.73 | 33.86 | 62.59 
11am 0 2.04 min 1004 | 990 | 1994 34.14 | 33.66 | 67.8 
12pm 0 2.04 min 972 | 957 | 1929 33.05 | 32.54 | 65.59 
1pm 0 2.04 min 1003 | 1030 | 2033 34.1 | 35.02 | 69.12 
2pm 0 2.04 min 1092 | 1051 | 2143 37.13 | 35.73 | 72.86 
3pm 2 4.41 min 1179 | 1196 | 2375 86.66 | 87.91 | 174.56 
4pm 7 9.00 min  1342 | 1185 | 2527 201.3 | 177.75 | 379.05 
5pm 2 7.89 min 1392 | 1190 | 2582 183.05 | 156.49 | 339.53 
6pm 3 2.41 min 1033 | 1039 | 2072 41.49 | 41.73 | 83.23 
7pm 2 2.14 min 698 | 707 | 1405 24.9 | 25.22 | 50.11 
8pm 0 2.04 min 542 | 510 | 1052 18.43 | 17.34 | 35.77 
9pm 0 2.04 min 538 | 422 | 960 18.29 | 14.35 | 32.64 
10pm 0 2.04 min 428 | 352 | 780 14.55 | 11.97 | 26.52 
11pm 0 2.04 min 335 | 261 | 596 11.39 | 8.87 | 20.26 

Total Daily Delay Time (in hours): 1,867 
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Table 3 
Delay time summary (Lake Charles) 

Start Time  
Hour of Day 

Number of 
Obs. 

Trip Delay 
Time (W | E) 
(in min.) 

Number of Users 
Affected 
(W | E | Total) 

Total Delay Time  
(W | E | Total) (in hours) 

12am 0 2.68 422 | 492 | 914 18.85 | 21.98 | 40.83 
1am 0 2.68 415 | 427 | 842 18.54 | 19.07 | 37.61 
2am 0 2.68 385 | 374 | 759 17.2 | 16.71 | 33.9 
3am 0 2.68 415 | 401 | 816 18.54 | 17.91 | 36.45 
4am 0 2.68 560 | 392 | 952 25.01 | 17.51 | 42.52 
5am 0 2.68 784 | 536 | 1320 35.02 | 23.94 | 58.96 
6am 0 2.68 996 | 703 | 849 44.49 | 31.4 | 37.92 
7am 0 2.68 1032 | 905 | 1937 46.1 | 40.42 | 86.52 
8am 0 2.68 1072 | 1061 | 2113 47.88 | 47.39 | 94.38 
9am 0 2.68 1170 | 1102 | 2272 52.26 | 49.22 | 101.48 
10am 0 2.68 1288 | 1154 | 2442 57.53 | 51.55 | 109.08 
11am 0 2.68 1341 | 1243 | 2584 59.9 | 55.52 | 115.42 
12pm 2 2.68 | 5.95 1331 | 1326 | 2657 59.45 | 131.5 | 190.95 
1pm 4 2.68 | 8.06 1358 | 1402 | 2760 60.66 | 188.34 | 248.99 
2pm 1 2.68 | 7.98 1347 | 1322 | 2669 60.17 | 175.83 | 235.99 
3pm 2 2.68 | 26.51 1385 | 1410 | 2795 61.86 | 622.99 | 684.85 
4pm 5 10.26 | 14.46 1444 | 1561 | 3005 246.92 | 376.2 | 623.13 
5pm 3 12.37 | 44.97 1329 | 1640 | 2969 274 | 1229.18 | 1503.18 
6pm 2 2.68 | 10.29 1121 | 1280 | 2401 50.07 | 219.52 | 269.59 
7pm 0 2.68 1050 | 1098 | 2148 46.9 | 49.04 | 95.94 
8pm 0 2.68 883 | 901 | 1784 39.44 | 40.24 | 79.69 
9pm 0 2.68 742 | 839 | 1581 33.14 | 37.48 | 70.62 
10pm 0 2.68 649 | 655 | 1304 28.99 | 29.26 | 58.25 
11pm 0 2.68 521 | 558 | 1079 23.27 | 24.92 | 48.2 

Total Daily Delay Time (in hours): 2,550 

Average Daily Traffic (ADT).  The LaPlace model used an ADT of 34,000 

(combined for both directions).  This number was derived from LA DOTD records for 

the control sections within the construction zone. It is unknown when the ADT had last 

been updated. 

From the post-construction vehicle counts (Appendix IV) plus one day of data 

collected by the LA DOTD prior to construction (on January 11, 2001 – a vehicle count 

of 35,285), the 3-sigma (99.7%) confidence interval for the 24-hour count (combined for 

both directions) was 35,362 ± 4,834 (based on eight days of observation).  The assumed 

ADT falls well within this confidence interval and is within 4% of the observed mean. 

The assumption appears reasonable. 



 18 

Data on traffic counts collected during the work zone implementation, however, 

varies substantially from the assumed ADT.  Table 1 shows vehicle counts for three 

different weekdays during the construction period. 

Table 4 
Daily vehicle counts (LaPlace) 

 
Date Daily Vehicle Counts 

10/23/01 29,100 
10/24/01 27,167 
10/25/01 25,200 

Average=27,156 
Standard Deviation=1950 

+/-3stdev confidence interval = [21,305..33,005] 

The 3-day average represents a 19% reduction from the assumed ADT.  This 

indicates that a significant diversion of traffic (due to alternate routes or avoided trips) is 

occurring around the work zone during construction.   

The LA DOTD’s spreadsheet model does not consider diversion. It assumes that 

the full ADT moves through the work zone each day in calculating user delay costs. As a 

result, there is an implicit assumption that diverted traffic will have user costs equal to 

traffic moving through the work zone.  The validity of this assumption is addressed later 

in this report. 

Hourly Traffic Distribution in Each Direction. The values used in the LA 

DOTD’s user costs model were derived by observation of one day in the year (two days 

are noted but they have identical data). A sample over several days (preferably taken over 

several weeks) would be preferable to insure the distribution was representative.  

It has already been noted that traffic counts during the construction period were 

substantially less than during the non-construction period. The percentage distribution 

will be addressed here. 
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Figure 3 shows the overall traffic distribution by hour as a percentage of the total 

daily traffic. The model distribution was based on data collected January 11, 2001, at 

which time there was no construction. The other three series were collected during 

construction.  The distribution shows that traffic was considerably more constant (spread 

out) throughout the workday than was assumed in the model distribution on all three days 

during construction. This might again be due in part to avoidance behaviors (e.g., time-

shifting). 
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Figure 3 

LaPlace traffic distribution by hour as a percentage of total daily traffic 

Figures 4 and 5 show the percent of traffic flowing in each direction by hour. 

Again, the model assumption (based on January 11, 2001 data) is shown against the three 

workdays during construction.  Also included is a half day of data from a weekend date 

(Saturday, October  27, 2001). This data shows that eastbound traffic was 5-10% higher 

throughout most of the day than was assumed in the model calculations. 
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Figure 4 

Percent of traffic flowing eastbound by hour (LaPlace) 
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Figure 5 

Percent of traffic flowing westbound by hour (LaPlace) 

Figures 6 and 7 show the actual traffic count distributions for these east and 

westbound traffic.  As noted previously, traffic was considerably lower than assumed 

during the construction workdays. Note however that a considerably different pattern of 

traffic occurred on the weekends (as well as considerably higher peak traffic). On the 
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weekend day (Saturday, October 27, 2001), traffic was much lower than projected during 

the morning hours, but stayed high throughout the afternoon and into the evening hours 

(later than the normal peak hours).  Due to the substantial differences in traffic patterns 

observed over the weekend, it is recommended that weekends and holiday periods be 

modeled separately.  
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Figure 6 

Actual traffic count distributions for eastbound direction (LaPlace) 
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Westbound Traffic Count
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Figure 7 

Actual traffic count distributions for westbound direction (LaPlace) 

Percent of cars, single unit trucks, combination trucks.  The values used in the 

model appear to have been derived by observation.  These values have a significant effect 

on the cost calculations, and were examined for validity in this study. 

The percentage of cars versus trucks was substantially different than that assumed 

in the model during the work zone period. The model assumed 81.4% cars, and 18.6% 

trucks (combined single and combination trucks). Table 5 presents the car count readings 

for four days during the construction period, during peak traffic periods (~3-5pm). 

Table 5 
Car counts at peak traffic during construction (LaPlace) 

Date Cars Trucks % Cars % Trucks 
Wed. 10/24/2001 879 111 88.8 11.2 
Thur. 10/25/01 146 6 96.1 3.9 
Fri. 10/26/01 1242 72 94.5 5.5 
Sat. 10/27/01 1124 38 96.7 3.3 
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It appears that the percentage of cars in the work zone is considerably higher than 

assumed (and conversely, the percentage of trucks is considerably lower).  This has 

important consequences for the model accuracy, as unit delay time costs are substantially 

higher (~2x) for trucks than for passenger cars. 

Assuming the percentages used in the model accurately represented traffic during 

non-construction periods, the discrepancy may be due to higher diversion rates among 

trucks than cars.  Truck drivers tend to be better versed in alternate routes, have more 

control over timing, and have good communication regarding developing traffic 

problems. 

Work zone length for each work zone.  The model assumed a work zone length 

of 5.121 miles in each direction.  During observations, the work zone length was only 4.3 

miles in length.  The impact of the extra length on the model prediction was largely 

cancelled out by the fact that the model assumed a 60 mph speed limit throughout most of 

the zone, while in fact the speed limit was posted 45 mph throughout the entire zone (see 

the following paragraph). 

Speed assumptions. Work zone speeds used in the model (45 and 60 mph) were 

based on assumed posted limits for different sections of the construction zone; however, 

the actual posted speed within the entire work zone was 45 mph.  An upstream speed of 

70 mph is based on the posted speed limit for this section of the interstate. Queue speed 

(6 mph) was based on judgment.  The validity of these assumptions was examined. Table 

6 summarizes the average upstream, work zone, and queue speeds for trips over several 

days. 

The average values show that the assumptions were reasonably accurate, with an 

upstream average speed of 74 mph (versus 70 mph assumed in the model), and a queue 

speed of 7 mph (versus 6 mph assumed in the model). The work zone average speed of 

41-44 mph was in line with the 45mph used in modeling part of the work zone; however, 

60mph was assumed for the bulk of the work zone in the model, and this is not consistent 

with the vehicle speeds observed. 
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Table 6 
Average observed upstream, work zone, and queue speeds (LaPlace) 

 Eastbound  Westbound 
 Upstream Work Zone Queue Upstream Work Zone 
10/24/2001 72 30.44   44.79 

  57.07   43.6 
  49.07    
  49.18    
10/25/2001  51.66   46.19 

  36.46   46.89 
     59.47 
10/26/2001  54.98 5.95  57.03 

  29.12 9.93  55.16 
  24.57   35.75 
10/27/2001 76.7 52.76   25.66 

 73.6 56.72   21.58 
11/2/2001  26.9 4.77  36.6 
11/3/2001  31   52.4 

  23.5    
AVERAGE 74.1 41.0 6.9 - 43.8 
STDEV 2.4 13.1 2.7 - 12.0 

A significant difference was noted between work zone speeds in the presence or 

absence of a queue ahead of the work zone.  This is significant as queues appear during 

peak hours, and thus a large number of vehicles are affected.  Table 7 summarizes the 

difference in work zone speeds between queue and non-queue time periods. 

Table 7 
Difference in work zone speeds during queue and non-queue periods (LaPlace) 

 During Queuing (mph) No Queuing (mph) 
Average 25.6mph 47.4mph 
Std Dev 2.8mph 9.1mph 

In fact, even when there was no queuing, work zone traffic speeds dur ing peak 

traffic hours were less than during non-peak hours.  The model does not consider these 

speed reductions. 
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Unit Delay Time Dollar Values (Car, Single Truck, and Combination Truck).  

This input obviously has a significant impact on the final estimates of delay time cost. 

The FHWA LCCA manual (pp. 22-23) provides several sources of data, and the values 

used in the LA DOTD’s model are consistent with these sources. The relevant FHWA 

tables have been included in Appendix VII.  However, the FHWA values are for 1996 

dollars, and it is unclear as to whether any Consumer Price Index (CPI) expansion factor 

was applied to bring the values up to 2001. We did not have a means of validating these 

cost rates further. 

Capacity. Figure 3.4 (p. 50) in the FHWA LCCA manual provides a graph used 

to derive the road capacity at an 80% reliability level (i.e., the minimum capacity 

available at least 80% of the time).  This value was used in the LA DOTD’s model.  A 

copy of Figure 3.4 from the FHWA LCCA manual may be found in Appendix VII. 

The assumed capacity of 1,270 at the 80% reliability level was compared against 

the demand levels at which saturation (i.e., queuing) developed.  It appears that the actual 

capacity was lower than Figure 3.4 in the FHWA LCCA manual would indicate. Table 8 

presents traffic counts during periods of queue development on the eastbound work zone.  

Vehicle counts are given for 1-4 p.m. on October 26, 2001 and 1-3 p.m. on October 27, 

2001. 

Table 8 
Traffic counts during queue development in the eastbound work zone (LaPlace) 

Date Time  Vehicle Count Queue 
Oct 26th 1pm 948 (No observation) 
(Eastbound) 2pm 1093 (No observation) 
 3pm 1220 (No observation) 
 4pm 1167 (No observation) 
 5pm 1221 4:15pm - 1.37mile queue 
 6pm 1139 5:32pm - 2.48mile queue 
Oct 27th 1pm 1225 (No observation) 
(Westbound) 2pm 1259 (No observation) 
 3pm 1225 (No observation) 
 4pm 1294 3:41pm - 0.79mile queue 
 5pm 1183 4:36pm - 0.87mile queue 
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As can be seen, a substantial queue developed on October 26 although the highest 

traffic count was 1,221 and was preceded by a count of 1,167 in the prior hour. On 

October 27, traffic did exceed capacity and there was a queue; however, observations 

were not available from earlier in the day to see when they developed.  On days when 

queues did not develop (October 23-25), the highest traffic counts never exceeded 1,080.  

It appears the actual work zone capacity is in the range of 1,100-1,200 vehicles per hour. 

Added Time Rates For Work Zone . This represents the additional trip time 

through the work zone due to stopping from an initial speed for the work zone and then 

returning to the regular posted speed after the work zone. These values were determined 

from Table 2.3 (p. 18) of the FHWA LC manual. The values are from 1996.  Only 

passenger car values are given for 70 mph in this table; the truck speeds were presumably 

determined by extrapolation from values at lower speeds.  We have no means of 

validating these specific values directly. 

Added Vehicle Operating Costs (VOC) for Work Zone.  The added VOC are 

additional costs borne by the user due specifically from stopping from an initial speed, 

and then resuming that speed after the work zone. These values were determined from 

Table 2.3 (p. 18) of the FHWA LC manual.  The model calculations used the values from 

this table, which are stated in 1996 dollars. The values should have been brought to 

equivalent 2001 dollar values using a CPI expansion factor. Only passenger car values 

are given for 70 mph in this table; presumably the truck speeds were determined by 

extrapolation from values at lower speeds. We have no means of validating these specific 

values directly. 

Added Time Rates for Queuing.  This is added time due to stopping and 

resuming speed when entering and exiting a queue ahead of a work zone. These values 

were determined from Table 2.3 (p. 18) of the FHWA LC manual. The values used are 

from 1996.  Only passenger car values are given for 70 mph in this table; presumably the 

truck speeds were determined by extrapolation from values at lower speeds. We have no 

means of validating these specific values directly. 
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Added VOC for Queuing. This is added VOC associated with stopping and 

resuming speed when entering and exiting a queue ahead of a work zone.  These values 

were determined from Table 2.3 (p. 18) of the FHWA LC manual.  The model 

calculations used the cost values from this table, which are stated in 1996 dollars. The 

values should be brought to equivalent 2001 dollar values using a CPI expansion factor. 

Only passenger car values are given for 70 mph in this table; presumably the truck speeds 

were determined by extrapolation from values at lower speeds. We have no means of 

validating these specific values directly. 

LaPlace Model Outputs 

Following is discussion on the major model outputs and their validation. The main 

intermediate output value produced by the model is queue size and length. Final output 

values from the model include: 

q Reduced speed delay and cost: 

o In work zone. 

o In queue. 

q Added time delay and cost: 

o For slowing down and speeding up at start and end of work zones. 

o For slowing down and speeding up at start and end of queues. 

q Added VOC: 

o due to reduced speed in work zone. 

o due to stop/start for queue. 

o Due to idling in the queue. 

q Total daily work zone delay time (in hours) and cost.  This is simply the sum 

of the above components. 

Table 9 provides the comparison of queue lengths predicted by the spreadsheet 

model versus actual (averaged) observed queue lengths at different dates and times.  

Queue length is a direct determinant of queue-related waiting costs, and therefore an 

indicator of accuracy of the model. Queue lengths are given in miles. Model queue 

lengths are the average lengths used for cost calculations. 
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Table 9 

Actual versus predicted queue lengths, in miles (LaPlace) 

Hour of Day Direction Number of Obs Predicted Avg Actual Avg 
12-1 E 1 0 0 

 W 1 0 0 
1-2 E 1 0 0 

 W 1 0 0 
3-4 E 1 0 0 

 W 1 0 0.79 
4-5 E 5 0 0.98 

 W 3 1.09 0.29 
5-6 E 3 0.24 0.80 

 W 2 1.10 0 
6-7 E 1 0.22 0 

 W 3 1.06 0 
7-8 E 1 0 0 

The summary indicates that the model overestimated the average queuing taking 

place. Again, this is likely due to traffic diversion. Surprisingly, larger queues were 

predicted for the westbound lanes in the evening, but the reverse was found during queue 

observations. There are apparently additional dynamics occurring in the work zone that 

may need to be studied further.  

Table 10 presents a summary of queue delays by hour of the day. It is apparent 

that queue delays were considerably lower than predicted by the model.  

Table 11 summarizes the delay time results of the LA DOTD LCCA model as 

compared to our empirical results.  Because the observed data is sampled from a 

stochastic population, it was necessary to construct a statistical confidence interval 

around the point observation in order to provide a sufficient basis for comparison 

between the observed and predicted values.  To construct this interval, empirical 

distributions were developed for the delay time in each hour based on the observations 

collected.  Using these distributions, a Monte Carlo simulation was then run to generate 

1,000 daily delay observations. From these observations, an overall 95% confidence 
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interval on the total daily delay was constructed. The 95% confidence interval estimate is 

1,867±149, or 1718..2016. 

Table 10 
Comparison of predicted versus actual average queue delays (LaPlace) 

Hour Direction # of Obs. Actual (hr) Predicted (hr) 
7-8AM E 1 0 0 

 W 1 0 0 
12-1 E 1 0 0 
1-2 E 1 0 0 

 W 1 0 0 
3-4 E 1 0 0 

 W 1 0.032 0 
4-5 E 5 0.181 0 

 W 3 0.013 0.182 
5-6 E 2 0.104 0.040 

 W 2 0 0.183 
6-7 E 2 0 0.037 

 W 2 0 0.177 
7-8 E 1 0 0 

 W 1 0 0.092 
 

Table 11 
Comparison of observed versus predicted total daily delay time (LaPlace) 

 Observed 
(point estimate 
& 95% CI) 

Predicted % Diff From Obs. 
(point estimate & 
95% CI) 

Daily Total Delay 
Time (in hours) 

1,867 
(1718..2016) 2,074 9.98% 

(2.9%..17.2%) 

There is a significant, although not large difference, between the observed and 

predicted values, with the point estimate of the difference showing the predicted value 

approximately 10% greater than the observed.  The difference was traced largely to the 

model overestimation of queuing delays versus observed delays.  The cause of this 

overestimation is based in the assumption that traffic will not divert to alternate routes, or 

change behaviors (earlier or later travel times and avoided trips).  As was previously 
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noted, traffic volume was substantially lighter than normal through the work zone during 

the construction period, and also demonstrated “spreading” of the peak traffic volume. 

Queue Length and Delay Analysis Using Actual Daily Traffic Counts 

It was previously indicated that the ADT values used in the Laplace model were 

substantially higher than the observed total daily traffic counts.  The investigators were 

asked to explore whether the model would have been more accurate in its queue length 

and queue delay predictions had more accurate total daily traffic values been used.   

The LA DOTD traffic count data collected at LaPlace overlapped with queue 

length and delay data collected by the investigators on four days – Wednesday, October 

24, 2001 through Saturday October 27, 2001.  Traffic count data was missing for part of 

Friday afternoon and Saturday morning due to a malfunction with the collector so we 

used the average weekday traffic for Wednesday and Thursday to complete the Friday 

data, and the average morning traffic from Wednesday through Friday to complete the 

Saturday morning traffic. 

Each of the four days was analyzed separately.  The total daily traffic count was 

used in place of the original ADT for each of the four days in the spreadsheet model. 

However, the original traffic distribution data was used, as the hourly counts during 

construction would be distorted by the reduced capacity and not necessarily reflect true 

demand in each hour. 

Table 12 provides a summary of actual queue lengths (AQL) versus predicted 

max (PQL-Max) and average (PQL-Avg) queue lengths in number of vehicles for hours 

during which observations were taken.  It also summarizes actual queue delay (AQD) in 

minutes versus predicted average queue delay (PQD). The times indicate the end of the 

hour in which the observations were taken (e.g., an observation at 3:10 p.m. would be 

recorded as 4 p.m.) in order to be consistent with the model.   
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Queuing was observed on two of the four days for which traffic count data was 

available (Friday, October 26, 2001 and Saturday. October 27, 2001).  For the other two 

days (Wednesday, October 25 – Thursday, October 26) no queuing was predicted and no 

queuing was observed. No queuing was predicted or observed in the westbound lane on 

Friday, October 26 or in the eastbound lane on Saturday, October 27 as well. 

Substantial queuing was observed for the eastbound lane on Friday, October 26, 

2001.  Between 4 and 5 p.m., a queue of 1.37 miles in length was observed with a delay 

time of 12 minutes. Between 5 and 6 p.m., a queue of 2.48 miles as observed, with a 

delay time of 14.5 minutes.  For both of these time periods, the model did not predict any 

queueing.  

Queuing was both observed and predicted by the model for the westbound lane on 

Saturday, October 27, 2001.  Significant queuing (0.8 miles, 2.25 minutes delay) was 

observed between 3 and 4 p.m. although the model predicted no queuing.  The model 

estimated of queue length was only half that observed between 4 and 5 p.m., but the 

observed delay time was actually smaller than the estimate by approximately 15%.  

Although we don’t have observations, the traffic counts were actually higher during the 

hours 1-2 p.m. and 2-3 p.m. than from 3-4, so it is likely that there was queuing then as 

well.  The model did not predict any queuing during those time periods.  As previously 

noted, traffic distributions were substantially different on the weekends, and the LA 

DOTD should consider modeling weekends separately. 

Based on these observations, it appears that the model is still inaccurately 

estimating queue delay and lengths even when very accurate daily total traffic count data 

is used.   

The same analysis was performed using the average total daily traffic (=27,156) 

for all days during construction that traffic count data was collected.  In this case, the 

model did not predict any queue or queue delays at all for any hour of the day or either 

direction, which conflicts with this study’s observations.  Of six days observed, queuing 

was observed on 3 of the days.  Therefore, it appears that simply lowering the ADT to 
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account for traffic diversions during the construction does not improve the quality of the 

estimate. 

Table 12 
Predicted versus actual queue length and delay based on actual daily traffic counts 

(LaPlace) 

Wed 10/24/01 

West Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg 

AQD PQD 

5pm 0 0 0 0 0 
7pm 0 0 0 0 0 

East Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg 

AQD PQD 

5pm 0 0 0 0 0 
6pm 0 0 0 0 0 
7pm 0 0 0 0 0 
8pm 0 0 0 0 0 

Thu 10/25/01 

West Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

5pm 0 0 0 0 0 
7pm 0 0 0 0 0 
8pm 0 0 0 0 0 

East Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

5pm 0 0 0 0 0 
6pm 0 0 0 0 0 

Fri 10/26/01 

West Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

6pm 0 0 0 0 0 
7pm 0 0 0 0 0 

East Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

5pm 0 0 0 0 0 
6pm 0 0 0 0 0 

Sat 10/27/01 

West Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

4pm .79 0 0 2.25 0 
5pm .87 .4 .07 3.15 3.68 

East Bound Time 
of 

Day AQL PQL-
Max 

PQL-
Avg AQD PQD 

4pm 0 0 0 0 0 
5pm 0 0 0 0 0 
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Evaluation of the FHWA Model – Lake Charles Location 

In this section, we evaluate the accuracy of the delay-time model provided for the Lake 

Charles location.  It should be noted that this model was developed after completion of 

the construction project. 

Lake Charles Model Inputs 

Average Daily Traffic (ADT).  The Lake Charles model used an ADT of 34,650 

(combined for both directions).  This number was derived from LA DOTD records for 

the control sections within the construction zone. It is unknown when the ADT had last 

been updated. 

From the post-construction vehicle counts (Appendix V), the 3-sigma (99.7%) 

confidence interval for the 24-hour count (combined for both directions) was 45,798 ± 

4,846 (based on seven days of observation).  This is well above the ADT assumed by the 

model, and is the primary reason that the model did not predict any queuing. 

Unfortunately, no traffic counts were collected by the LA DOTD during 

construction, so it was not possible to determine if there was any reduction in traffic. 

Hourly Traffic Distribution in Each Direction. The values used in the LA 

DOTD’s user costs model were derived by observation using traffic counts from two 

weekdays after construction had ended.  The count data used is the same post-

construction count data provided to us for this study (Appendix V).   Because no count 

data is available from the construction period, there is no means of determining whether 

the traffic distribution changed during the construction period. 

Percentage of cars, single unit trucks, combination trucks.  The values used in 

the model appear to have been derived by observation.  These values have a significant 

effect on the cost calculations, and were examined for validity in this study. 
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In contrast to LaPlace, the percentage of cars versus trucks did not change 

substantially dur ing the work zone period from the percentages assumed in the model. 

The model assumed 75.5% cars, and 24.5% trucks (combined single and combination 

trucks). Table 13 presents the car count readings from five days during the construction 

period, during peak traffic periods (~3-5 p.m.).  The percentages observed were almost 

exactly the same as those assumed for the model. 

Table 13 
Car counts at peak traffic during construction (Lake Charles) 

Date % Cars % Trucks 
11/30/01 75.6 24.4 
12/06/01 75.8 24.2 
12/19/01 73.6 26.4 
12/20/01 71.3 28.7 
12/21/01 67.0 33.0 

Work zone length for each work zone.  The LA DOTD model assumed a work 

zone length of 11.68 miles in both directions. This differed substantially from the 

observed work zone lengths.  The eastbound construction remained at approximately 5.3 

miles in length over the two months data was collected.  The westbound construction 

zone, however, was only 1.3 miles in length during the November observations, and then 

lengthened to approximately 6.3 miles in length for the December observations.  

The impact on the model’s delay time prediction due to the difference in lengths 

assumed by the model and observed is partially offset by the model’s assumption that the 

speed limit was 60 mph throughout almost the entire work zone.  In fact, the work zone 

was posted 40 mph throughout. 

Speed assumptions. Work zone speeds used in the model (45 and 60 mph) were 

based on assumed posted limits for different sections of the construction zone; however, 

the actual posted speed within the entire work zone was 40 mph.  An upstream speed of 

70 mph is based on the posted speed limit for this section of the interstate. The models 

assumed queue speed was not relevant, as the model did not predict queue development 
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in either direction.  Table 14 summarizes the average upstream, work zone, and queue 

speeds for trips over several days. 

Table 14 
Average observed work zone and queue speeds (Lake Charles) 

 Eastbound Westbound 
 Work Zone Queue Work Zone Queue 
11/30/2001 18.7 7.0 18.37 11.04 
 20.87 6.43 11.41 8.11 
12/01/2001 20.58 14.50 46.02  
12/06/2001 18.77 11.59 44.46  
 30.60 10.61 48.60  
12/07/2001 36.78 8.28 48.35 41.54 
 49.26  57.98  
12/14/2001 36 11.08 17.27 13.02 
12/19/2001 38.9 11.4   
12/20/2001 30.5 5.2   
12/21/2001 40.5 12.9   
AVERAGE 31.0 9.9 36.6 18.4 
STDEV 10.3 3.0 17.8 15.5 

The average values show that the assumed work zone speed was inaccurate, 

particularly during queuing periods. As in LaPlace, a significant difference was noted 

between work zone speeds in the presence or absence of a queue ahead of the work zone.  

This is significant as queues appear during peak hours, and thus a large number of 

vehicles are affected. In fact, even when there was no queuing, work zone traffic speeds 

during peak traffic hours were less than during non-peak hours.  The model does not 

consider these speed reductions. 

Capacity. Figure 3.4 (p. 50) in the FHWA LCCA manual provides a graph used 

to derive the road capacity at an 80% reliability level (i.e., the minimum capacity 

available at least 80% of the time).  This value was used in the LA DOTD’s model.  A 

copy of Figure 3.4 from the FHWA LCCA manual may be found in Appendix VII.  Due 

to the lack of traffic count data from the construction period, the capacity assumption 

could not be validated. 
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Other Input Factors. Values used for unit delay time dollar values (for cars, 

single trucks, and combination trucks), added time for the work zone and queuing, and 

added VOC for the work zone and queuing were the same as for the LaPlace model. 

Lake Charles Model Outputs 

Following is discussion about the major model outputs and their validation for the Lake 

Charles model. The types of model outputs were previously described in the “LaPlace 

Model Outputs” section. 

Table 15 provides the comparison of queue lengths predicted by the spreadsheet 

model versus actual observed queue lengths at different dates and times.  Queue length is 

a direct determinant of queue-related waiting costs, and therefore is an indicator of 

accuracy of the model. Queue lengths are given in miles. Model queue lengths are the 

average lengths used for cost calculations. 

Table 15 
Actual versus predicted queue lengths, in miles (Lake Charles) 

Hour of Day Direction Number of Obs  Predicted Avg Actual Avg 
12-1 E 1 0 0.23 

 W 1 0 0.15 
1-2 E 2 0 .43 

 W 2 0 0 
2-3 E 1 0 0.81 
3-4 E 1 0 0.89 

 W 1 0 0.41 
4-5 E 3 0 1.37 

 W 2 0 0.88 
5-6 E 1 0 3.74 

 W 2 0 0.81 
6-7 E 2 0 1.07 

The summary indicates that the model seriously underestimated the average queue 

length – in fact, the model did not predict any queuing. This was the result of an assumed 

ADT that was significantly below the observed ADT.  
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Table 16 summarizes the delay time results of the LA DOTD LCCA model for 

Lake Charles as compared to our empirical results. As with the LaPlace site, because the 

observed data is sampled from a stochastic population it was necessary to construct a 

statistical confidence interval around the point observation in order to provide a sufficient 

basis for comparison between the observed and predicted values.  To construct this 

interval, empirical distributions were developed for the delay time in each hour based on 

the observations collected.  Using these distributions, a Monte Carlo simulation was then 

run to generate 1,000 daily delay observations. From these observations, an overall 95% 

confidence interval on the total daily delay was constructed. The 95% confidence interval 

estimate is 2,550±93, or 2457..2643. 

Table 16 
Comparison of observed versus predicted total daily delay time (Lake Charles) 

 Observed 
(point estimate 
& 95% CI) 

Predicted % Diff. From Observed (point 
estimate & 95% CI) 

Daily Total Delay 
Time (in hours) 

2,550 
(2457..2643) 

2,252 -11.69% 
(-8.3%..-14.8%) 

 

The Lake Charles model significantly underestimated the actual delay times 

encountered.  This can primarily be attributed to use of an ADT in the model that was 

either based on outdated data or improperly entered. 

Summary of User Delay Time Cost Model Performance 

For the LaPlace case, the predicted daily delay time was approximately 10% higher than 

the observed daily delay time. The dominant source of error was traffic reductions from 

diversions and other traffic behavior modifications, resulting in smaller than expected 

queuing-related delays.  For the Lake Charles case, the model substantially 

underestimated the daily delay time (-11%). The error was due primarily to an incorrect 

ADT value.  
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Several other sources of errors were noted, but when aggregated largely cancelled 

each other out: 

• Vehicle speeds assumed for most of the work zones in the model were higher 

than posted and observed. This tended to underestimate user delay time. Care 

must be taken in specifying these values as they directly impact calculation of 

reduced speed delays.  

• Lengths assumed in the models did not match observed work zone lengths 

(the model lengths were longer), and the work zone lengths also changed 

during the project.  These assumptions led to the overestimation of user delay 

time. Care must be taken in specifying these values as they directly impact 

calculation of reduced speed delays.  In addition, if there are known phases, 

the model should be calculated for each phase and the work zone lengths 

expected in those phases. 

• Observed work zone speeds during peak hours were considerably lower than 

assumed.  Since during the peak period many cars are affected by the lower 

speeds, the user delay time is underestimated. The model should be modified 

to account for these speed changes during peak traffic hours. 

• The actual capacity of the work zone during construction at the LaPlace site 

appeared to be substantially lower than that projected by the FHWA LCCA 

manual.  As a result, the user delay costs were overestimated. Since vehicle 

count data was not collected during construction, capacity at the Lake Charles 

site was not evaluated. 

• The spreadsheet model does not consider changes in traffic count and 

distribution for weekends, holidays, and seasonal or special event 

considerations.  Weekend distributions for the LaPlace site had a substantially 

different distribution than weekdays, with heavy demand sustained over the 

entire afternoon and into the evening, resulting in long queues.  Weekend 
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delay costs should be modeled separately, and traffic distribution data and 

ADT should be collected separately for weekends as well. 

• Many of the cost rates used in the spreadsheet model were for 1996, and 

should be extrapolated to the current year using the CPI index.  This does not 

impact the delay time estimates, but does tend to underestimate the associated 

cost of the delay time. 

• The spreadsheet model does not consider any form of diversions of traffic 

from the work zones.  It appears from the traffic count data that up to 20% of 

the ADT may be diverting around the zone.  Those diverting around the zone 

may have different delay and VOC costs than those delayed in the work zone. 

In conducting this study, it was assumed that diverted users had equal costs to 

those traveling through the work zone. The validity of this assumption was not 

confirmed. 

• Related to the previous observation, in LaPlace the car vs. truck distribution 

differed significantly during construction from what was found in the work 

zone.  This indicates that trucks appear to be diverting in larger numbers than 

cars.  It is not likely that this has a substantial impact on user costs, as trucks 

would not generally be diverting if the alternate route was not at least as fast 

as the work zone. 
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Sensitivity Analysis 

An analysis of the sensitivity of the estimated user delay costs was performed with 

respect to the model inputs. Each input was evaluated with respect to the impact of a 

±10% error in the input value on the user delay cost. 

Table 17 
Sensitivity analysis 

Input Variable 
Error in Estimated Daily 
Delay Time In Response to 
±10% Error in Input Value 

Comme nts 

Work zone length ±5% 
Directly affects reduced speed delay.  Reduced speed 
accounted for close to 50% of the delay time at both 
LaPlace and Lake Charles. 

Work zone speed ±5-7% 

Direct inverse effect on reduced speed delay.  Also 
impacts added time and costs, so effect is not exactly 
1:1. Reduced speed accounted for close to 50% of the 
delay time at both LaPlace and Lake Charles. 

ADT ±5-30% 
 

If the ADT is low and no queuing is anticipated, then 
error in the ADT only affects reduced speed delay (on 
a 1:1 basis).  If queues are expected, the impact of the 
ADT depends on the hourly traffic distribution (greater 
concentration of traffic at peak hours will yield 
substantially higher queuing delays) 

Diversion ±0-30% 

Diversion reduces traffic flow through the work zone 
and thus queuing.  The exact impact of diversion 
depends on the hourly traffic distribution. The model 
currently assumes no diversion. 

Hourly traffic 
distribution 

Peak hour, ±0-10% 
Non-peak hour, ±0-5% 

We are only looking at 10% error in 1 hour here (with 
the remaining hour percentages being adjusted evenly 
to maintain a sum of 100%). Only influences queue 
delay times. See discussion on ADT above. 

Capacity ±0-30% Only influences queue delay times. 

Queue speed ±0-5% 
Directly affects queue delay calculations.  Queue delay 
accounted for ~50% of the delay time at both LaPlace 
and Lake Charles. 

% of cars, single 
unit trucks, 
combination trucks 

For delay time: ±0.5-1% 
For delay costs: ±1-8% 

Effect on delay time is primarily through change in 
added time and costs, which is relatively minor. Effect 
on delay costs is more pronounced, since cost rates are 
significantly different between the user classes. 

Unit delay time 
cost rate – cars, 
truck, combination 
truck 

No bearing on delay time 
±10% on delay cost 

Only used in cost calculations. 

Added time & cost 
– work zone ±0.5-1% 

Only accounts for 10-20% of reduced time delay, 
which in turn is approximately 50% of total delay time. 

Added time & cost 
– queuing ±0-3% 

Only accounts for 10-20% of queuing time delay & 
cost, which in turn is approximately 50% of total delay 
time. 
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CONCLUSIONS AND RECOMMENDATIONS 

For the LaPlace construction project, we were able to conduct an in-depth analysis of the 

LA DOTD’s LCCA model performance.  The model overestimated delay time by 10% 

(with a confidence interval of ~3%..17%) due largely to reduction in queue related delays 

resulting from diversion around the work zone.  We were not able to draw significant 

conclusions from the Lake Charles model as a result of apparent errors in the model 

inputs, as well as the lack of traffic count data being collected during the construction 

period. 

 
Based on the analysis, the following items are recommended: 
 

• Care needs to be taken in specification of work zone vehicle speeds, work 

zone lengths, ADT, hourly traffic distribution, and cost rates.  Traffic 

distributions should be based on more than one day’s worth of traffic count 

data collected prior to construction.  The traffic counts should also be used to 

confirm the validity of the assumed ADT, if the ADT is not known to be 

current. Cost rates derived in earlier years should be extrapolated to the 

present using CPI factors. 

• Weekends should be modeled separately from weekdays, as traffic demand 

and distribution changed substantially. 

• If there are known construction work phases, and work zone length will 

change during each phase, the phases should be modeled separately. 

• The LA DOTD model has several fundamental weaknesses that should be 

addressed:  
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o The model should be modified to account for the effect of diversion on 

queue-related delays.  This was the dominant source of error in the 

LaPlace model. 

o The model should be modified to account for reduced speeds through 

the work zone during peak traffic hours (regardless of queuing). 

o At the LaPlace site, it was observed that the actual capacity of the 

work zone during construction at the LaPlace site appeared to be 

substantially lower than that projected by the FHWA LCCA manual 

and used in the LA DOTD model.  Further investigation should be 

made to develop a reliable predictor of road capacity during 

construction for Louisiana roadways. 
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