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Abstract
A calculation procedure has been developed to determine the
economic benefit of increased pavement life that results from
operation of a port of entry. It uses Weigh-in-Motion data
and the AASHTO ESAL tables to evaluate the percentage of
overloaded trucks and their equivalent ratio. These values
are used to calculate a reduction of pavement life. The cost
of reduced pavement life is based on construction and
rehabilitation costs of a typical asphalt highway section with

3

an assumed life of 36 years.
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Introduction

Ports of entry (POE’s) are operated in the State of Idaho to
1) issue permits and collect fees, 2) reduce the number of
overloaded trucks and thereby reduce damage to pavement and
bridges, and 3) perform other associated tasks, such as
regulation of hazardous wastes. Efficient economic management
of these ports requires that their costs and benefits be
estimated. The objective of this project is to develop a
method to quantify the economic benefit to the State of Idaho
that results from prevention of premature pavement failure:
The results for a specific site can be combined with other
economic benefits (such as permits and licenses) and costs
(personnel and facilities) to help determine the economic
viability of a port of entry.

This report begins with a discussion of other economic
studies of ports of entry, the relationships between port
operation and truck overloading, and the limitations of
weigh - in - motion equipment. The procedure is next
described and illustrated with examples. The method is then
applied to the Bliss, Lewiston, Moyie Junction, and Marsing
ports of entry. A sensitivity analysis is performed to
determine how much the results change if two key inputs are

changed.




Literature Review

Only a few publications have attempted to quantify
benefits of increased pavement life due to ports of entry.
Barros (8) estimated the cost of overweight trucks to New
Jersey highways. He assumed that approximately 20% of the
trucks were overloaded, based on portable scale results in New
Jersey and on weights obtained from strain gages on a bridge
on I 80 in nearby Pennsylvania. Remaining pavement life was
calculated from existing highway conditions and a statewide
average truck fleet. Wyatt and Hassan (63) estimated that‘
$1.8 million (1982 Canadian dollars) in pavement damages to
the southern Saskatchewan provincial highways system was due
to overloaded trucks.

Nielsen (38) calculated the cost of reduced pavement life
in order to recommend fines for overloaded vehicles. He
assumed an average truck trip length, an average cost per
equivalent single axle load (ESAL) per mile of roadway, and a
3 to 1 factor of actual to apprehended overload violators.

Related studies include Abdel Halim and Saccomanno (1),
who compared increased pavement costs and transportation costs
under 2 different load limits. They determined that increased
operating costs associated with decreases in pavement
serviceability and increased repair costs are not offset by
gains in efficiency arising from higher axle load limits.

A key component of this study is the estimation of the
effect of ports of entry on truck weights. However, little

information relating weigh station operation with weight




violation rates has been published. Wyatt and Hassan (62)
investigated the relationship between enforcement effort and
weight compliance at permanent and mobile weigh stations in
Saskatchewan. They report that at permanent weigh stations,
zero enforcement results in violation rates that exceed 15%
for all types of loaded trucks. The violation rate is reduced
to about 3% when the probability of apprehension exceeds 10%.
For mobile weigh cars, zero enforcement corresponds to
violation rates of about 30%, with the violation rate reducing
to 9% as inspections increase. In both situations, once léw
violation rates are achieved, additional enforcement effort
results in little improvement. These results are expressed as
a percentage of loaded trucks, and were obtained from
violation rate records (static weighing), number of loaded
trucks checked, and average percent time the scale is open.

Similar data were taken for short haul trucks, using
weigh - in - motion (WIM) equipment. Under normal enforcement
(approximately 20 hours per week in the case cited), 31.2% of
382 trucks, (26% of all trucks) exceeded legal gross vehicle
weights. Under zero enforcement 34.5% of 3S2 trucks (33.2% of
all trucks) exceeded legal weight limits. These violation
rates are expressed as a percentage of loaded trucks.

In the last few years, weigh - in - motion (WIM)
equipment has been deployed in the State of Idaho. This
equipment uses stress - strain relationships to weigh trucks
without reguiring them to stop. Data from WIM sites are used

in this study. Shannon and Stanly (43) investigated the



accuracy of the PAT weigh - in - motion systems used by the
Idaho Transportation Department (ITD). While they found that
it was not accurate enough to replace static axle weighing for
enforcement purposes, they found good agreement between WIM
total gross weight and static weights. With the exception of
the front axle, the R?® coefficient of determination between
WIM axle weights and static axle weights ranged from 0.7 to
0.95. Their results indicate that WIM is acceptable for
planning purposes, if its limitations are kept in mind.

Users of WIM data are cautioned that a truck of legal)
static weight may register as an illegal truck on WIM
equipment due to normal weight redistribution at speed, and
normal truck vibrations. (Hamrick, J. L., unpublished)

The State of Idaho ﬁses a number of criteria to determine
if a truck is legally loaded. These include the following
maximum legal weights:

Single axle 20,000 1lbs.
Tandem axle 34,000 lbs. (Federal interstate
system)
37,800 lbs. (If total gross weight
does not exceed 79,000
lbs. allowed on non-
interstate system)
Total Weight 80,000 lbs. (With out permit on
interstate highways)
For purposes of this study, a legal truck is defined as one

that weighs less than 80,000 lbs. gross.



Methods

Our procedure employs the following steps: 1) after the
port has been identified, the road segments under its
influence are identified. Since some trucks on each segment
do not route through the port, the percentage of trucks
influenced by the port is estimated for each segment. 2) For
each road segment, the percent reduction in pavement life due
to overloaded trucks is calculated from the percentage of
overloaded trucks, axle equivalents and nei weights of legal
and overloaded trucks, and the percentage of trucks that afe
influenced by the port. This calculation is performed for
port open and port closed conditions. The percentage of
overloaded trucks and their equivalents are estimated from
1989 WIM data. 3) The cost of building and repairing the
road system under decreased lifetimes is calculated for port
open and port closed conditions. The difference between these
values is the economic benefit that results from operation of
the port of entry, assuming that the port is either always
open or always closed. For this study, the port open
condition assumes that the POE is open 24 hours per day, 365
days per vear. The port closed condition assumes that the POE
is closed 365 days per year. In real time, the Idaho
Transportation Department does not normally operate the ports
on a 24 hours per day schedule.

Selecting the road segments that are influenced by the port

The preferable method for selecting road segments would

consist of an origin - destination study of trucks coming to



and going away from the port of entry (PCE) being analyzed.
An origin - destination study would have the benefit of
providing both an estimate of the number of trucks on each
road segment that are influenced by the POE, as well as the
range that the road segment system should extend outward from
the port.

An origin - destination study was available only for the
Marsing port of entry, and was used in conjunction with a
geographic zone of influence to select the road segments to be
included in the analysis. The origin - destination study Qas
conducted over a 1 week long period in October, 1989 near the
Marsing POE. Each truck’s origin, destination by state and
county, and principal route was recorded. Using these data,
it was possible to identify the road segments for each truck
passing through the POE (influenced trucks). The road
segments were broken up at county lines and highway
intersections. Trucks traveling on any portion of a
particular road segment were considered to travel the entire
length of that segment. To calibrate the influenced truck
volumes resulting from the origin -destination study to ITD’s
ADTT volumes, all influenced volumes were adjusted by the
ratio of the POE road segment origin - destination volume to
ITD’s ADTT volume.

an origin - destination study was not available for the
remaining three sites. Therefore, a geographic zone of
influence was identified for the Bliss, Lewiston, and Moyie

Junction ports of entry. That is, road segments were divided



between the subject POE and neighboring POE’s. Figures 1, 2,
3 and 4 illustrate the road systems used in the Bliss,
Lewiston, Moyie Junction and Marsing analysis respectively.

As long as the zone of influence is not too extensive, and
since every road in the state would not be assigned to a POE,
the results of each analyses should be conservative, since the
influence of each POE likely extends past the selected road
systems.

Determining Influenced Truck Volumes on Roéd Segments

When origin - destination data is not available for a'
road segment, the influenced truck traffic on that segment
must be calculated using an alternate method. For each of the
road segments considered in the analysis, the average daily
truck traffic (ADTT) for 1989 was collected from the Idaho
Transportation Department’s (ITD‘s) MACS/ROSE data base.
Weighted averages of ADTT are calculated for each road
segment, but point ADTT data are used for calculating turning
volumes at intersections.

All of the truck traffic on the POE road segment is
assumed to be influenced by the port when it is open, or 100%
influence (i.e. segment A in Figure 5). At each branch in the
road system leading away from the POE, the influence of the
POE on the truck traffic on a given road segment decreases due
to the turning traffic. Traffic that travels on road segments
in a POE zone, but never passes through the POE is considered

uninfluenced traffic.



The number of influenced and uninfluenced trucks on each
road segment is estimated using turning movement calculations.
On Figure 5, the trucks that follow AC or AB are influenced by
the POE, while the trucks that follow BC bypass the POE, and
are uninfluenced by it.

To compute the volume of trucks that follow any of the
three possible routes at a three way intersection, the ADTT
for all three segments must be known at the intersection.
Equations 1, 2, and 3 are used to compute the turning volumes

>

illustrated in Figure 5.

ap o ADTT, + ADTT, - ADTT, (1)
2

ac o ADTT, + ADTT, - ADTT, (2)
2

e o ADTT, + ADTT, - ADTT, (3)

2

For the situation illustrated in Figure 5, the truck traffic
on segment C consists of AC influenced trucks, and BC
uninfluenced trucks. Segment B has AB influenced trucks and
BC uninfluenced trucks. Segment A has all influenced trucks.
The influenced truck traffic is found for each road

segment by computing the turning volume at each intersection,
working outward from the POE. The number of influenced trucks
on a road segment is determined by multiplying the number of
influenced trucks at the intersection by the percent of trucks

that turn onto the road segment being analyzed. The following



example illustrates the procedure used to compute the number
of influenced trucks on each segment for the POE shown in
Figure 6.

Influenced Traffic on Segment 1

No traffic leaves segment 1 until the intersection, therefore
all trucks on segment'l are influenced by the POE. On segment
1, 2180 trucks are influenced by the POE.

Influenced Traffic on Segment 2

2180 + 90 - 2180
2

= 45 trucks on segment 2 influenced by

POE

Influenced Traffic on Segment 15

2180 - 45 = 2135 , trucks on segment 15 influenced by
POE or 97.94% of the total.

Influenced Traffic on Segment 3

2180 + 120 - 2180

> = 60 trucks on segment 3 from segment 15.
That is:
zigo x 100% = 2.75% of all trucks on segment 15 turn on

to segment 3

There are

0.0275 * 0.9749 * 2180 = 59 trucks on segment 3 influenced by

the POE.
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Influenced Traffic on Segment 16

2135 - 59 = 2076 trucks on segment 16 influenced by the PCE or
95.2% of the trucks.

This method does not account for the possibility of
trucks leaving and entering the system between intersections,
which would decrease the percentage of influenced trucks.
However, this method also ignores trucks that go through the
subject POE influence zone and then travel in other POE zones
without encountering another POE. This category of truck -
movement should properly be counted as a benefit of the
subject POE. In this sense, our method can be considered a
pessimistic estimate of both the influenced road system and
benefit of the subject POE.

One way of dealing with this "under-accounting" is to
accredit any truck travelling in the subject POE zone (that
routes through only one POE) as being influenced by the
subject POE, regardless of which POE it came through. This
obviously mis-applies benefits among POEs. However, if done

consistently over the state, the correct state-wide benefit

would be accounted for. This additional benefit will be
calculated later for the Bliss POE and included separately.

Calculating Percent Loss of Life

The percent loss of pavement life is calculated from the
axle equivalents of legal (LEE) and overloaded (OE) trucks,
the percent of overweight trucks in the traffic stream (OL),

and the net (freight) weight of legal (LNW) and overloaded
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V(ONW) trucks. The difference in net weights must be included
so that equai amounts of freight are carried regardless of the
percent of overloaded trucks. Equation 4 was developed in
this research to calculate the percent loss of pavement

service life.

§ Years Lost = (1 - ( A—E—EWEI ) x
( (1-OL) x LNW + OL x ONW) / ( (1 - OL) x LEE + OL x OE) ) x 100% (4)

This equation estimates the proportional loss of pavement life
due to overloaded trucks.

Equivalents and Percent Overloads

Equivalents are a measure of pavement fatigue from truck
axle loads. Percent overloads for this study are the percent
of total trucks with a gross weight greater than 80,000 lbs.
only axle weights of trucks with a gross weight greater than
80,000 lbs are used to calculate OE.

For this study, AASHTO ESAL tables are used to calculate
equivalents. Calculating equivalents from AASHTO tables
requires knowledge of the truck axle weights, the terminal
serviceability index P., and the structural number (SN) for
asphalt concrete or thickness for portland cement concrete.

The predominant pavement material throughout the study
area is asphalt concrete. A 3S2 analysis truck (5 axle
tractor - single trailer truck, 1 steering axle and two tandem
axles) is used to compute the legal equivalents since the

majority of trucks on Idaho highways are of this type. The
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legal equivalent is computed from the AASHTO tables as
follows:

0.19 equiv.

Steering Axle-12 kip = 1 axle * 0.19 equiv.
Tandem Axles-34 kip = 2 axles * 1.09 equiv. = 2.18 equiv.
Total Equivalents = 0.19 + 2.18 = 2.37 equiv. (legal)

It is preferable‘to conduct a long term, site specific
survey to obtain an actual percent of overloaded trucks and
equivalents. Since this is not available, axle weights are
obtained from WIM data available-at locatiohs throughout the
state for port open and closed conditions. Figure 7 shows‘the
WIM site locations for 1989. OL and equivalents were
calculated at selected interstate and secondary WIM sites, for
both port open and port closed conditions. The OL and
equivalent values applied to the sample study areas are based
on averages from these WIM sites.

Figure 8 illustrates the calculation procedure used to
estimate average equivalents (E) for a group of tandem axles.
adding the average equivalents for the front axle and the
other tandem results in an average equivalent for the group of
trucks. A summary of the eguivalent and overload calculations
is included in Appendix B.

The axle load data available at each WIM site indicates
that the average overload equivalent on interstate and
secondary highways for influenced and uninfluenced trucks is
approximately 3.80, and is only weakly related to percent of
overloaded trucks. See Figure 9 for the relationship between

percent overload and equivalents. Although the percent of
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overloaded trucks is not closely related to the equivalent for
overloaded trucks, the percent that a truck is overloaded is
well correlated to the overload equivalent. Figures 10 and 11
illustrate this relationship for both interstate and non
interstate roads.

WIM data from 1989 is used to estimate the percent
overloads on interstate and secondary highways for influenced
and uninfluenced truck traffic. Again, a long term survey at
the site would be preferable. The OL valués used in the
benefit calculation are shown in Table 1. The percentages
given in Table 1 are rounded averages of the WIM data from
Figure 12. For convenience, the data from Wyatt and Hassan
(62) for all truck types is shown next to the values used in
the benefit calculation. Unlike the U of I values, the
Saskatchewan data is expressed as a percentage of loaded
trucks as opposed to total trucks, and uses static weighing.

Due to the small size of the "secondary open" data set,
and since secondary ports are frequently closed, it is assumed
that 10% OL is a reasonable figure if the port was normally
open. The Saskatchewan data indicates a 3 to 1 ratio of
percent of overloaded trucks for closed and open ports.

The 1989 WIM data used to estimate axle equivalents (E)
and percent overloads (OL) was taken during périods of
approximately one week or less for each WIM site. Data
collected during a relatively short time span may be
influenced by short term local or seasonal events. A more

accurate estimate would be possible from a larger data set
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collected over a longer time span, preferably from several
times throughout the year. The Wyatt and Hassan data was
collected over longer periods.

Calculate Percent Loss of Life for Continuous POE Operation

If the port was operating continuously, truck traffic on
road segments within the study area would consist of both
influenced and uninfluenced trucks due to turning traffic that
is not influenced by the port. To account for the difference
in percent overloads of influenced and uniﬁfluenced trucks,
the percent loss of service life is computed for both port
open and port closed condition for each road segment using
equation 4. Then a weighted average percent loss of service
life is found using the number of influenced and uninfluenced
trucks on each road segment. The weighted average percent
loss of service life is used to compute a reduced life for the
condition of continuous POE operation. The following example
illustrates the procedure used to compute the weighted average
loss of life.

Given the following conditions:

Influenced traffic, loss of pavement life = 4.06%

Il
’—J
}__l
[\
~
o

Uninfluenced traffic, loss of pavement life
POE influenced ADTT = 1530
POE uninfluenced ADTT = 710

then:

4.06% x 1530 + 11.27% x 710

= 6.35%
1530 + 710 >

wtd. Avg. Loss of Life =
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Calculate Percent Loss of Life for POE not Operating

If the port did not exist or is not operating, it is
assumed that all truck traffic in the study area would be
uninfluenced. The percent loss of life would be 11.27% in
this case.
Computing Reduced Life

The Idaho Transportation Department uses a pavement
design life of 20 years, but maintains roads on a 36 year
replacement schedule with maintenance and fepairs scheduled at
12 and 24 years after initial construction. For this stud?,
it is assumed that a reduction in pavement service life would
reduce the 36 vear scheduled life-time, as well as the 12 and
24 year maintenance schedule.

The reduced service life was computed as illustrated in

Equation 5.

Reduced Life = 36 - 36 x $ Yrs. Lost (5)

Calculating present cost per mile with reduced life

The Idaho Transportation department uses the following
cost estimate for a 4 lane asphalt concrete highway. The
initial cost per mile is $868,600. The 12 and 24 year
maintenance are $168,200 and $401,100, respectively. The cost
of a 2 lane road is one-half of these costs. ITD uses a 4
percent interest rate to evaluate its projects.

For this study, it is assumed that truck traffic on
interstate and 4 lane highways travels in the outside lanes.

The inside lanes do not experience any loss of pavement life
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due to overloaded trucks. Therefore, all road segments,
interstate or secondary, are considered to be 2 lanes wide for
allocating costs attributable to pavement damage from
overloaded trucks.

A cash flow diagram for a 2 lane road is illustrated in
Figure 13. The diagfam is for a 1 mile long road segment.

The present cost of 2 lane road segments per mile is
determined using Equation 6 for both port operating and not

operating conditions.

4%, Reduced Life )

3 (6)
x 2)

PC = $434,300 + $84,100 x (P/F,

Reduced Life
3

+ 3$200,550 x (P/F, 4%,

The annual cost of each 2 lane road segment per mile in
the study area is found using Equation 7 for both port

operating and not operating conditions.

AC = PC of Segment x (A/P, 4%, Reduced Life) (7)

Total Annual Pavement Costs of Study Area

The total annual cost of all of the road segments in the
study area is determined by multiplying the annual cost per
mile of each road segment by its length (in miles), and
summing the costs of each road segment. The difference
between the total annual cost for port bperating and not

operating is the benefit derived from operating the port.
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Bliss Results

Example calculations for the Bliss port of entry are
shown in Figures 14 and 15. They show the spreadsheets and
procedures used to calculate the annual benefit. The
following truck related values were used in the Bliss
analysis: legal truck equivalent ratio of 2.37, overloaded
truck equivalent ratio of 3.8, legal truck net freight weight
of 51,400 1lb, overloaded truck net freight weight of 58,400
1b, and an empty truck weight of 30,000 lb;

In Figure 14 the difference between net weights of leéal
and overloaded trucks is ignored. Under these conditions, and
with the POE open continucusly, the net benefit of the POE is
$5,304,567 - $5,063,012 = $241,555.

In Figure 15 the difference between net weights of legal
and overloaded trucks is included. With the POE open
continuously, and if the difference in net weights is
included, the AC is $4,987,627. With no port operation, the
AC is $5,163,017. Under the assumptions employed, it shows
that full time operation of the port results in an annual
benefit of $5,163,017 - $4,987,627 = $175,390. The length of
the road system included in the Bliss example analysis is
159.2 miles long. The annual benefit of full time operation
of the port per mile is $1,102. This represents the minimum
benefit of the Bliss POE under the given assumptions, since
the calculation does not include benefits of the Bliss POE
that occur outside of the Bliss zone which are not included in

the benefits of other POEs.
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The annual cost (AC) of building and repairing the
roadways in the Bliss area would be $4,756,300 with no
overloaded trucks. The benefit if all overloading could be
stopped is $5,163,017 - $4,756,300 = $406,717. This
represents the maximum benefit possible.

If it is assumed that all of the trucks and roads in the
Bliss 2zone are influenced by the Bliss POE (100% influence),
but overloading (OL) is only reduced to 10%, then the annual
benefit is $366,850. |

If instead, it is assumed that 90% of the trucks on
Highway 30 (segment 2040) are influenced by the Bliss POE
(instead of 32%), and the percent influence on each segment
remains as originally calculated in Figure 14, and OL is 10%,
then the annual benefit is $296,797. While the port influence
calculations show that most (68%) of the trucks on Highway 30
are not influenced by the Bliss POE, these trucks have a very
high probability of routing through adjacent POEs. Since the
adjacent POEs would not have their beneficial influence on
Highway 30 attributed to their zone, it is reasonable to apply
this benefit to the Bliss POE. Consistency requires that any
benefits from the Bliss POE that are felt in other 2zones (and
the truck only travels through the Bliss POE) should be
accredited to those POEs, and not the Bliss POE. This would
be a consistent way to apply this otherwise ignored benefit.
It also results in the correct total state-wide benefit.

This is the recommended method for calculating the correct

benefit amount.
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Lewiston Results

Example calculations for the Lewiston port of entry are
shown in Figures 16 and 17. The figures illustrate the
procedures used to calculate the annual benefit of the port
with respect to pavement life. The following truck related
values were used in the Lewiston analysis: legal truck
equivalent ratio of 2.37, overloaded truck equivalent ratio of
3.8, legal truck net freight weight of 51,400 1lb, overloaded
truck net freight weight of 58,400 1lb, and én empty truck
weight of 30,000 lb.

In Figure 16 the difference between net weights of legal
and overloaded trucks is ignored. Under these conditions, and
with the POE operated continuously, the net benefit of the
Lewiston POE is $8,822,356 - $8,250,525 = $271,831.

In Figure 17 the difference between net weights of legal
and overloaded trucks is included. With the POE open
continuously, and if the difference in net weights is
included, the AC is $8,098,904. With no port operation, the
AC is $8,294,942. Under the assumptions employed, it shows
that full time operation of the port results in an annual
benefit of $8,294,942 - $8,098,904 = $196,038. The length of
the road system included in the Lewiston example analysis is
255.7 miles long. The annual benefit of full time operation
of the Lewiston port per mile is $767. This represents the
minimum benefit of the Lewiston POE under the given

assumptions, since the calculation does not include benefits



of the Lewiston POE that occur outside of the Lewiston zone

which are not included in the benefits of other POEs.
The annual cost (AC) of building and repairing the

roadways in the Lewiston area would be $7,641,400 with no

overloaded trucks. The benefit if all overloading could be

stopped is $8,294,942 - $7,641,400 = $653,542. This

represents the maximum benefit possible.

20
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Moyie Junction Results

Example calculations for the Moyie Junction port of entry
are shown in Figures 18 and 19. The figures illustrate the
procedures used to calculate the annual benefit of the port
with respect to pavement life. The following truck related
values were used in the Moyie Junction analysis: legal truck
equivalent ratio of 2.37, overloaded truck equivalent ratio of
3.8, legal truck net freight weight of 51,400 lb, overloaded
truck net freight weight of 58,400 1b, and én empty truck
weight of 30,000 1lb.

In Figure 18 the difference between the net weights of
legal and overloaded trucks is ignored. Under these
conditions, and with the POE operated continuously, the net
benefit of the Moyie POE is $2,059,995 - $1,922,883 =
$137,112.

In Figure 19 the difference between net weights of legal
and overloaded trucks is included. With the POE open
continuously, and if the difference in net weights is
included, the AC is $1,904,911. With no port operation, the
AC is $2,005,075. Under the assumptions employed, it shows
that full time operation of the port results in an annual
benefit of $2,005,075 - $1,904,911 = $100,164. The length of
the road system included in the Moyie example analysis is 61.8
miles long. The annual benefit of full time operation of the
Moyie port per mile is $1621. This represents the minimum
benefit of the Moyie POE under the given assumptions, since

the calculation does not include benefits of the Moyie POE



that occur outside of the Moyie zone which are not included
the benefits of other POEs.

The annual cost (AC) of building and repairing the
roadways in the Moyie area would be $1,847,100 with no
overloaded trucks. The benefit if all overloading could be
stopped is $2,005,075 - $1,847,100 = $157,975. This

represents the maximum benefit possible.

22
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Marsing Results

Example calculations for the Marsing port of entry are
shown in Figures 20 and 21. The figures illustrate the
procedures used to calculate the annual benefit of the port
with respect to pavement life. The following truck related
values were used in the Marsing analysis: 1legal truck
equivalent ratio of 2.37, overloaded truck equivalent ratio of
3.8, legal truck net freight weight of 51,400 lb, overloaded
truck net freight weight of 58,400 1lb, and an empty truck
weight of 30,000 1b.

In Figure 20 the difference between the net weights of
legal and overloaded trucks is ignored. Under these
conditions, and with the POE operated continuously, the net
benefit of the Marsing POE is $11,143,043 - $10,988,715 =
$154,328.

In Figure 21 the difference between net weights of legal
and overloaded trucks is included. With the POE open
continuously, and if the difference in net weights is
included, the AC is $10,726,997. With no port operation, the
AC is $10,845,697. Under the assumptions employed, it shows
that full time operation of the port results in an annual
benefit of $10,845,697 - $10,726,997 = $118,700. The length
of the road system included in the Marsing example analysis is
334.3 miles long. The annual benefit of full time operation
of the Marsing port per mile is $355. This represents the
minimum benefit of the Marsing POE under the given

assumptions, since the calculation does not include benefits



of the Marsing POE that occur outside of the Marsing zone
which are not included in the benefits of other POEs.

The annual cost (AC) of building and repairing the
roadways in the Marsing area would be $9,991,000 with no
overloaded trucks. The benefit if all overloading could be
stopped is $10,845,697 - $9,991,000 = $854,692. This

represents the maximum benefit possible.

24
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Sensitivity Analysis of OL and Equivalent Ratio

Due to the uncertainties of OL and ER, these variables
were allowed to vary in order to check the sensitivity of the
results. ER is the ratio of overloaded equivalents (OE) to
legal equivalents (LEE). Figures 22 and 23 show the results
of the sensitivity analysis for the Bliss study area. If the
assumed percentage of overloaded trucks is reduced by 50%, the
annual benefit is $118,300, or $743 per mile, which is a
reduction of 51%. If the assumed equivalent ratio is
increased by 20%, the annual benefit is increased to $375,074,
or $2350 per mile, which is an increase of 56%. OL and ER

have a strong effect on the results. The results confirm that

care should be used when estimating them.
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Conclusion

A calculation procedure has been developed to determine
the economic benefit due to increased pavement life that
results from operation of a port of entry. It uses WIM data
and the AASHTO ESAL tables to evaluate the percentage of
overloaded trucks and their equivalents. These values are
used to calculate a reduction of pavement service life. The
cost of reduced pavement life is based on construction and
rehabilitation costs of a typical asphalt highway section and
an assumed life of 36 years. ‘

The procedure has been applied to the Bliss, Lewiston,
Moyie Junction, and Marsing POEs. The annual benefit of the
Bliss POE is $1102 per mile. Lewiston POE has an annual
benefit of $767 per mile. The annual benefit of the Moyie
Junction POE is $1621 per mile. Marsing POE has an annual
benefit of $355 per mile of highway. The benefits of each
port differ because of varying total truck volumes, influenced
truck volumes, and the total length of road segments in each
study area. These benefits are unique to the conditions used
to analyze each of the ports studied. Any changes to the
conditions used to analyze these ports will result in

different benefits.



Appendix A

Figures and Tables
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Table 1 - OL VALUES

Interstate
Roads
Secondary

Roads

1 percent of all trucks, WIM

POE
Open
Closed
Open

Closed

Used*
% 0.L.
10
30
10

30

28

Saskatchewan?

% O.L.
3
18.6
S

30

2 percent of loaded trucks, static weights
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1989 WIM Data for 3S2 Trucks with GVW >= 80000 1lb
All Trucks, Asphalt Concrete

Tandem 1
Axle % of Equiv. / - Sum of
Load Tandems Axle, SN=5 Equiv.
20000 0 0.121 0
24000 0 0.180 0
28000 0 0.364 0
32000 0 0.658 0
36000 2 1.090 2
40000 32 1.700 54
44000 25 2.510 63
48000 8 3.550 28
52000 0 4.860 0
56000 0 6.470 0
60000 0 8.400 0
Sum = 67 148

Average Equivalent = 148 / 67 = 2.2

Figure 8. Example calculation of average equivalent for one
tandem axle (Pt = 2.5 and SN = 5).
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Interstate Roads - POE Open

Total # of Percent Weighted
Location Trucks Weighed Overload ER
Buhl-Hollister 267 9 3.26
Cotteral 903 19.9 3.75
Lewiston 630 6.8 4.42
Average 11.9 3.81

Interstate Roads - POE Closed

Total # of Percent Weighted
Location Trucks Weighed Overload ER
Buhl-Hollister 28 17.9 3.5 -
Cotteral 1499 46.5 4.26
Average 32.2 3.88

Secondary Roads - POE Open

Total # of Percent Weighted
Location Trucks Weighed Overload ER
Samuels 104 26.7 3.66

Secondary Roads - POE Closed

Total # of Percent Weighted
Location Trucks Weighed Overload ER
Samuels 387 20.4 4.13
Ashton 176 38.1 3.76
Council 172 17.4 3.91
Payette 278 24.8 3.65
Cottonwood 151 33.8 3.64
Average 26.9 3.82

Figure 12.

OL and E for open and closed POEs
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Appendix B
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WIM DATA ON ROAD SEGMENT 2070 (HWY-20) AT MP 351

*ATT, TRUCKS* *QVERLIMIT TRUCKS*

NUMBER NUMBER
SAMPLED = 176 SAMPLED = 67
PERCENT PERCENT

LEGAL = 61.9 OVERLIMIT = 38.1
TOTAL, AVERAGE EQUIVALENT = 3.76

WIM DATA ON ROAD SEGMENT 2130 (BEWY-44) AT MP 23

*ALL TRUCKS* *OVERLIMIT TRUCKS*

NUMBER NUMBER
SAMPLED = 15 SAMPLED = 5
PERCENT PERCENT

LEGAL = 66.7 OVERLIMIT = 33.3
TOTAL AVERAGE EQUIVALENT = 3.61

WIM DATA ON ROAD SEGMENT 1540 (HWY-95) AT MP 437

*ATLL TRUCKS* *QVERLIMIT TRUCKS*
NUMBER , NUMBER
SAMPLED = 318 SAMPLED = 20
PERCENT PERCENT

LEGAL = 93.7 OVERLIMIT = 6.3

TOTAL AVERAGE EQUIVALENT = 1.51
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WIM DATA ON ROAD SEGMENT 1540 (BWY-95) AT MP 254

*AT.T, TRUCKS*

NUMBER
SAMPLED = 151
PERCENT

LEGAL = 66.2

TOTAL AVERAGE EQUIVALENT =

*QVERLIMIT TRUCKS*

NUMBER

SAMPLED = 51
PERCENT
OVERLIMIT = 33.8
3.64

WIM DATA ON ROAD SEGMENT 2040 (HWY-30) AT MP 206

*ATL TRUCKS*

NUMBER
SAMPLED = 295
PERCENT

LEGAL = 90.2

TOTAL AVERAGE EQUIVALENT =

*OVERLIMIT TRUCKS*

NUMBER
SAMPLED = 29

PERCENT

OVERLIMIT = 9.8

3.3

WIM DATA ON ROAD SEGMENT 1540 (HWY-95) AT MP 305

*AT.L TRUCKS*

NUMBER
SAMPLED = 630
PERCENT

LEGAL = 93.2

TOTAL AVERAGE EQUIVALENT =

*QVERLIMIT TRUCKS*

NUMBER
SAMPLED = 43

PERCENT

OVERLIMIT = 6.8

4.42




WIM DATA ON ROAD SEGMENT 1540 (HEWY-95) AT MP 486

*AT.T, TRUCKS* *QVERLIMIT TRUCKS*
NUMBER NUMEER
- SAMPLED = 491 SAMPIED = 107
PERCENT PERCENT
LEGAL = 78.2 OVERLIMIT = 21.8
TOTAL AVERAGE EQUIVALENT = 4.01

WIM DATA ON ROAD SEGMENT 1540 (BWY-95) AT MP 213

*ATI, TRUCKS* *OQVERLIMIT TRUCKS*

NUMBER NUMBER
SAMPLED = 118 SAMPLED = 5
PERCENT PERCENT

LEGAL = 95.8 OVERLIMIT = 4.2
TOTAL AVERAGE EQUIVALENT = 3.43

WIM DATA ON ROAD SEGMENT 1540 (HWY-95) AT MP 60

*ATT. TRUCKS* *QVERLIMIT TRUCKS*
NUMBER _ NUMBER
SAMPLED = 278 SAMPLED = 69
PERCENT PERCENT

LEGAL = 75.2 OVERLIMIT = 24.8

TOTAL AVERAGE EQUIVALENT = 3.65
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WIM DATA ON ROAD SEGMENT 1540 (BWY-95) AT MP 125

*ATI, TRUCKS* *OVERLIMIT TRUCKS*
NUMBER NUMBER
SAMPLED = 172 SAMPLED = 30
PERCENT ' ' PERCENT

LEGAL = 82.6 OVERLIMIT = 17.4
TOTAL AVERAGE EQUIVALENT = 3.91

WIM DATA ON ROAD SEGMENT 2040 (BWY-30) AT MP 206

*ATL, TRUCKS* *QVERLIMIT TRUCKS*

NUMBER NUMBER
SAMPLED = 295 SAMPLED = 29
PERCENT PERCENT

LEGAL = 90.2 OVERLIMIT = 9.8
TOTAL AVERAGE EQUIVALENT = 3.3

WIM DATA ON ROAD SEGMENT 2040 (BWY-30) AT MP 212

*AT.I,. TRUCKS* *OVERLIMIT TRUCKS*
NUMBER NUMBER
SAMPLED = 111 SAMPLED = 32
PERCENT PERCENT

LEGAL = 71.2 OVERLIMIT = 28.8

TOTAL AVERAGE EQUIVALENT = 6.6
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WIM DATA ON ROAD SEGMENT 1600 (HWY-IS0B) AT MP 1

*ATT, TRUCKS*

NUMBER
SAMPLED = 1088
PERCENT

LEGAL = 85.5

TOTAL AVERAGE EQUIVALENT =

*#*QVERLIMIT TRUCKS*

NUMBER

SAMPLED = 158
" PERCENT
OVERLIMIT = 14.5
3.68

WIM DATA ON ROAD SEGMENT 1660 (HWY-ISO0) AT MP 38

*ATLT. TRUCKS*

NUMBER
SAMPLED = 913
PERCENT

LEGAL = 85.2

TOTAL AVERAGE EQUIVALENT =

*QVERLIMIT TRUCKS*

NUMBER

SAMPLED = 135
PERCENT
OVERLIMIT = 14.8
3.5

WIM DATA ON ROAD SEGMENT 1660 (BWY-IS0) AT MP 69

*ATL, TRUCKS*

NUMBER
SAMPLED = 1218
PERCENT

LEGAL = 82.8

TOTAL AVERAGE EQUIVALENT =

*OVERLIMIT TRUCKS*

NUMBER

SAMPLED = 210
PERCENT
OVERLIMIT = 17.2
3.4
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WIM DATA ON ROAD SEGMENT 1260 (HWY-I86) AT MP 56

*ATT, TRUCKS* *QVERLIMIT TRUCKS*
NUMBER NUMBER
SAMPLED = 887 SAMPLED = 408
PERCENT PERCENT

LEGAL = 54 - OVERLIMIT = 46
TOTAL AVERAGE EQUIVALENT = 4.2

WIM DATA ON ROAD SEGMENT 1330 (BEWY-I15) AT MP 13

*ATT. TRUCKS* *QVERLIMIT TRUCKS*

NUMEER NUMBER
SAMPLED = 975 SAMPLED = 348
PERCENT PERCENT

LEGAL = 64.3 OVERLIMIT = 35.7
TOTAL AVERAGE EQUIVALENT = 3.7

WIM DATA ON ROAD SEGMENT 1330 (HWY-I15) AT MP 28

*ATL TRUCKS* *OVERLIMIT TRUCKS*
NUMBER NUMEER
SAMPLED = 672 SAMPLED = 305
PERCENT PERCENT

LEGAL = 54.6 OVERLIMIT = 45.4

TOTAL AVERAGE EQUIVALENT = 4.3
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WIM DATA ON ROAD SEGMENT 1660 (HWY-I90) AT MP 9

*ATLL TRUCKS*

NUMBER
SAMPLED = 1025
PERCENT

LEGAL = 57.7

TOTAL AVERAGE EQUIVALENT

*QVERLIMIT TRUCKS*

NUMBER

SAMPLED = 434
PERCENT
OVERLIMIT = 42.3
3.7

WIM DATA ON ROAD SEGMENT 1010 (EWY-I84) AT MP 23

*ATLI, TRUCKS=*

NUMBER
SAMPLED

2402

PERCENT
LEGAL = 63.5

TOTAL AVERAGE EQUIVALENT

*OVERLIMIT TRUCKS*

NUMBER
SAMPLED = 877

PERCENT
OVERLIMIT = 36.5

4.06
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