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ABSTRACT

This study includes the development of a methodology to assess the economic impact of
overweight permitted vehicles hauling timber, lignite coal, and coke fuel on Louisiana
highways and bridges. The highway routes and bridges being used to haul these commodities
were identified and statistically selected samples were selected and used in the analysis.
Approximately 1,400 control sections on Louisiana highways carry timber, 4 control sections
carry lignite coal, and approximately 2800 bridges are involved in the transport of these
commodities. Three different gross vehicle weight (GVW) scenarios were selected for this
study including: 80,000 Ib., 86,600 Ib or 83,000 |b, and 100,000 Ib. The current GVW is
80,000 Ib. while the 86,600 Ib. GVW is the permitted load for log trucks

and the 88,000 Ib. GVW isfor lignite coal and coke haulers. The 100,000 Ib. GVW isthe
highest level currently permitted by the state of Louisiana, for sugarcane haulers.

The methodology for analyzing the effect of these |oads on pavements was taken from the
1986 AASHTO design guide and involves determining the overlay thickness required to
carry traffic from each GVW scenario for the overlay design period. Differencesin thelife of
an overlay were calculated for different GVW scenarios and overlay thickness and costs were
determined for a 20-year analysis period. These costs were developed for the sample all
control sectionsincluded in the study. These net present worth costs were expanded to

represent the cost for all control sections carrying each commodity.

The methodology for analyzing the bridge costs was devel oped by determining the shear,
moment and deflection induced on each bridge type and span and developing a cost to repair
fatigue damage for each vehicle passage at 108,000 b GVW.

Results indicate that permit fees paid by timber trucks should increase from the current $10
per year to around $136/year for a GVW of 86,600 Ib. The current permit fee for lignite coal
should remain at current levels, and that the legislature should not consider raising the GVW
level to 100,000 Ib. because the pavement overlay costs increase 4-fold and the bridge repair
costs become astronomical. In many cases, the bridge costs per passage of aloaded truck

amount to $39. This means that the cost of bridge damage per truck per year can easily



exceed $5,000 to $16,000.

The project staff recommend that the legislature leave GVWs at the current level but increase

the permit fees sufficiently to cover the additional pavement costs.
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IMPLEMENTATION STATEMENT

The results from this project can be immediately implemented by the Louisiana legislaturein
the 2005 legidlative session. A review of the pavement and bridge costs compel the
legislature to define the level of subsidy provided to the timber, lignite coal, and coke
industries. In analyzing the effect of the current GVW defined by Louisiana statutes, project
staff determined that at the current 86,600 Ib. GVW prescribed for timber trucks, provides a
minimum subsidy of $127 per vehicle per year. This minimum value is based on the
assumption that all agricultural harvest permits are log trucks, which clearly they are not. It
should be noted that the bridge study indicates that the effect of log trucks loaded to 86,600
Ib. GVW isminimal. Therefore, project staff recommend increasing the permit fee for
agricultural harvest permits from $10/year to $136/year.

However, when investigating the effect of increasing the GVW to 100,000 Ib.,the added cost
of overlaysincreased four-fold when compared to current conditions and bridge repairs
increased from zero to $39 for each passage of alog truck loaded to 108,000 Ib. Asaresult
project staff recommend that no consideration be given to increasing the GVW from current
levelsto 100,000 Ib.
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INTRODUCTION

During the 2004 regular session the Louisiana senate passed a concurrent resolution (Senate
Concurrent Resolution 123), sponsored by Senators Smith and M cPherson, which urged the
Louisiana Department of Transportation and Development (DOTD) to study the laws
governing the operation of vehicles which haul Louisiana products and which are loaded in
excess of the standard limitations set forth in law. Resolution 123 specifically requested that
the study include vehicles hauling timber, lignite coal, and coke fuel. In addition, the
resolution asked the DOTD to study the laws that govern operation of all vehicles which haul
Louisiana products in excess of the standard limitations set forth in law and to make any
recommendations to the legislature and offer proposals for legislation to update such laws.
Resolution 123 also requested that the following issues be included in the study:

1 The economic impact to the state and to the industry should loads be permitted
to exceed the present legal limitation set forth in law,

2. The fiscal impact on the state should |oads be permitted to exceed the present
legal limitation set forth in law,

3. The adequacy of current special permit fees assessed on trucks, semi-trailers,
truck-tractors, tandem trucks, or combinations, and other similar vehicles,
both when in compliance with standard limitations and when in excess of
standard limitations, which operate on Louisiana s highways, roadways, and
bridges, and

4, A review of the laws in surrounding states which govern the operation of

heavily loaded vehicles on highways, roadways, and bridges.

The purpose of thisreport is to describe the work conducted to address the issues
raised by Senate Concurrent Resolution 123. To set the stage for this study the followingisa
description of current situation on gross vehicle limits for timber, lignite coal, and coke as
fuel.

Current state laws allow truck operators hauling certain agricultural and natural
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resource commodities to purchase overweight permits and haul at gross vehicle weights
(GVW) that exceed the legidlated limit of 80,000 pounds. Among these agricultural and
natural resource commodities are timber which is harvested in all but two parishes of
Louisiana. However, the industry is concentrated in the northern, central, and Florida parishes
of Louisiana. Table 1 containsthe dollar value of forestry products harvested in Louisiana
parishesin 2003. It should be noted that the vast majority of these totals are timber products.
As can be seen in Table 2, forestry products account for amost 22 percent of the total
agricultural production in Louisianain 2003. Since forestry is such an important part of
Louisiana s economic base, it isimperative that any changesin the legal weight or
overweight permit structure for Louisiana consider the potential impact on the forestry
product industry as well as the cost to maintain and rehabilitate the roads and bridges used by

vehicles hauling forest products.

There are only two lignite coal minesin Louisiana, the Dolet Hills mine near
Mansfield and the Oxbow mine near Armistead. All of the lignite from both minesis used to
power the Dolet Hills power plant. The lignite mined from the Dolet Hills mine leaves the
mine area by off-road truck and is carried to the crusher. The crushed lignite then travelson a
7.5-mile conveyor to the power plant, never leaving mine property. The lignite produced at
the Oxbow mine travels from the mineon La 177 to US 84 to LA 3248 to the power plant,
according to personnel of Red River Mining Co. who operate the mine. Personnel of Red
River Mining indicated that all of the 750,000 tons/year of lignite produced at the Oxbow
mine goes to supply energy needs of the Dolet Hills power plant.

When petroleum refineries process petroleum without producing asphalt, the
residuum is cracked to reduce the heavy products and produce lighter constituents. The
bottom of the barrel product is coke which isused for fuel to produce €electricity and to power
ocean going vessels, is calcined for use in aluminum production, is used in steel production,
aswell asother uses. This coke is transported to the end users by rail cars, ocean going

vessals, barges, and trucks. The only portion of the transportation of interest in this project is

18



that transported by truck.

Since vehicles hauling these products can purchase overweight permits which allow
the transport vehicles to carry in excess of the 80,000 Ib. gross vehicle load (GVW), this
study will evauate the highway cost consequences of these permitted vehicles hauling these
commodities. Highway costs will be generated for three scenarios:

Scenario 1-vehicles hauling each commodity at 80,000 Ib GVW

Scenario 2-vehicles hauling at the currently permitted load

Scenario 3-vehicles hauling each commodity at 100,000 Ib GVW
Bridge costs will be generated for 108,000 Ib. GVW, which represents scenario 3 loads plus
the load factors included in the LRFD method of design.
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Tablel
2003 forestry harvest value for Louisiana parishes

Parish 2003 Value, Parish 2003 Value,
million $ million $

Acadia 6.220 M adison 2.706
Allen 42.451 M or ehouse 19.161
Ascension 0.714 Natchitoches 32.566
Assumption 0.075 Orleans 0.009
Avoyelles 5.660 Ouachita 10.775
Beauregard 61.137 Plaguemines 0.003
Bienville 61.675 Point Coupee 5.200
Bossier 24.082 Rapides 37.600
Caddo 18.375 Red River 12.409
Calcasieu 9.599 Richland 1.755
Caldwell 13.059 Sabine 60.160
Cameron 0.000 St. Bernard 0.000
Catahoula 8.456 St. Charles 0.445
Claiborne 46.410 St. Helena 11.144
Concordia 3.542 St. James 0.231
Desoto 34.826 St. John 0.070
East Baton Rouge 3.618 St. Landry 4.179
East Carroll 2.320 St. Martin 0.569
East Feliciana 11.670 St. Mary 0.009
Evangeline 14.461 St. Tammany 9.471
Franklin 0.916 Tangipahoa 17.284
Grant 13.057 Tensas 2511
Iberia 0.011 Terrebonne 0.087
I berville 1.850 Union 43.491
Jackson 48.798 Vermillion 0.086
Jefferson 0.188 Vernon 67.576
Jefferson Davis 1.940 Washington 27.961
L afayette 0.245 Webster 32.766
L afourche 0.022 West Baton Rouge 0.588
Lasalle 22.680 West Carroll 0.757
Lincoln 16.848 West Feliciana 6.063
Livingston 26.392 Winn 47.114
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Table?2

Total value of agriculturein Louisiana for 2003

Crop Gross Farm Value in 2003, million $

Cotton 311.491

Forestry 956.352

Fruits 17.835

Feed Grains 194.062

Greenhouse Vegetables 1.726

Hay for Sale 36.349

Home Gardens 118.463
Nursery Crops 106.974

Pecans 15.069

Rice 152.098

Sod Production 14.875
Soybeans 182.521

Sugar cane 359.020

Sweet Potatoes 87.653

Vegetables 39.906

Wheat 10.527
PLANT ENTERPRISESTOTAL 2,614.137
Fisheries& Wildlife Enterprises 409.539

TOTAL

Animal EnterprisesTOTAL 1,331.090
All Agricultural EnterprisessTOTAL 4,354.765
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OBJECTIVES

The principal objectives of this study are to:

22

1.

Assess the impact of vehicles hauling forestry, lignite coal, and coke fuel
products on the maintenance and rehabilitation of Louisiana state highways
and bridges under current Louisiana laws which set forth gross vehicle
weights and the permit structure which describes the conditions under which
legal overweight permits may be purchased.

Develop proposals, for consideration by the legislature, to modify current laws
to provide modified weight restrictions to reduce damage to Louisiana state
highways and bridges while keeping these L ouisiana industries economically
viable.



SCOPE

The primary thrust of this project will be to assess the magnitude of highway and bridge
rehabilitation costs incurred by vehicles hauling timber, lignite coal and coke fuel on
Louisiana highways and bridges in excess of the 80,000 Ib. gross vehicle limit. Some trucks
hauling timber start out on parish roads adjacent to the land where the timber is harvested.
However, this study will concentrate on determining costs for highways and bridges that the
DOTD isresponsible for constructing, rehabilitating, and maintaining. In addition, off-
system bridge inventory datawill be reviewed in order to develop a preliminary order of
magnitude indication of the effect of increased axle loads and gross vehicle weights on the
performance of these bridges. Highways used to haul lignite coal and coke fuel will aso be

identified and the effect of transporting these commaodities on highway cost determined.

Although the principal concern of this study will be on highway and bridge effects,
safety concerns will be addressed by including results from previous DOTD safety studies
which will be provided to project staff.
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METHODOLOGY

The first item of work was to define the Louisiana highways and bridges over which timber,
lignite coal and coke fuel are hauled. The project staff was very successful in identifying the
roads used to transport timber and lignite coal. However, little information could be found
on either the quantity or routes used to transport coke fuel. In the following sections the
routes involved in transporting each commodity will be identified and the sample of roads
and bridges included in the study described. Then the calculation methodology that was
devel oped to estimate the overlays required to support transportation of the commodities
under the various gross vehicle weight scenarios will be described. Lastly the evaluation

methodology for bridge effects will be described.

IDENTIFYING CONTROL SECTIONSCARRYING TIMBER
To identify roads in the state involved in transporting timber products, project staff worked

with the Louisiana Forestry Association (LFA) headquartered in Alexandria, La. Using
DOTD district maps, the staff of the LFA identified the roads currently used to haul timber
products. Project staff then used the DOTD control section books and mapsto list al the
control sectionsin each district carrying timber traffic. A summary of the number of control
sections in each district carrying timber traffic is shown in Table 3.

Table 3.
Control sections carrying timber productsby La DOTD district

District No. & No. of Control Sections
Office Location | carrying Timber Products

2 0
3 120
4 291
5 193
7 66
8 299
58 88
61 175
62 180

TOTAL 1,412




Once the control sections were identified, project staff went to each district office to meet
with district personnel including maintenance engineers, maintenance specialists, design
engineers and construction engineers to generate the typical pavement cross section for each
control section. While many control sections had more than one cross section, project staff
made it clear that the predominant cross section along the control section was needed. Asa
result, project staff were able to record this information in most districts during a one-day
meeting. Information collected included layer type and thickness for surfaces and bases for
each control section. It should also be noted that project personnel told district personnel that
accuracy to within 1 to 2 inches for individual layers was well within the accuracy required
for thisstudy. Asaresult there was generally no need to locate construction plans for control
sections, indeed, there was not enough time to get into that detail since the duration of this
study was only 6-months. Asaresult, most of the layer thickness information was devel oped

from the field experience of the district personnel in working on different control sections.

Once the pavement cross sections were defined, the structural number was calculated for each
control section. Structural number (SN) is defined as sum of the relative strength coefficient,

a, times the layer thickness, D, for al layersin the pavement:

SN=a*Di+a*D;
Where,
a; = relative strength coefficient for the wearing & binder courses
D, = combined thickness of the wearing & binder courses
& = relative strength coefficient for the base course
D, = thickness of the base course
NOTE: the mtermincluded in the 1986 AASHTO flexible pavement design
guide has been omitted from the cal culation of structural number because most of these

pavements in this study were designed before that guide took effect.

To calculate a weighted structural number for each control section, the SN was multiplied

time the length of the control section, in miles, times the number of lanes. Oncethe ADT
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sampl e groupings are defined, the weighted structural number for all control sectionsin each
group was summed and then divided by the sum of the length times the number of lanes to
get the average structural number for that group. The standard deviation of structural number
was also calculated for each ADT group.

Sample size calculations for_control sections carrying timber products. The sample size

for each adt group was determined using the central limit theorem of statistics [1]:

N = {[ (Zapra2) * Sigma] / {[ (% error in the estimated mean)/100] * M}} Y2
Where,
n = the size of the sample needed to give an acceptable estimate of the
mean
Zaphaz = Value of the standard normal deviate at an error level of alpha/2
alpha = magnitude of the type 1 error willing to be tolerated
Sigma = the standard deviation of all observations in the data set
% error in the estimated mean = the error in the estimated mean, for
example, if the estimate of the mean is to be within 10%
of the actual mean, then the % error is0.10* M

M = the mean or average of al observationsin the data set

To make these calculations, values had to be selected for alpha and percent error in the
estimated mean. These values were chosen with two things in mind, the accuracy of the
results of the study and the time available to perform the study. In selecting an accuracy level
to estimate the sample size, project staff were significantly influenced by the ability of district
personnel to provide typical pavement layer thickness data. Since the estimated thickness of
both the hot mix asphalt surfacing and base materials was within two inches, this translates to
a SN range of between 0.28 and 0.88 ( for the base: SN = 0.14 * 2 = 0.28 and for the wearing
course: SN =0.44* 2 =0.88). To determine the percent of the mean that these numbers
represents, the mean (M) for each ADT grouping was calculated. Each group isidentified in
Table 4 along with the mean of the SN, the standard deviation of SN for each group, and the

27



calculated number of control sections needed to estimate the effects of timber trucks within
20% of the mean SN 90% of the time.

Table4.
ADT grouping of control sections along with mean, standard
deviation of structural number (SN), and required sample size

ADT Range #of Control | Calculated Calculated No. of control
Sections | Mean of SN Standard sectionsrequired
Deviation of
SN
Less than 1000 504 2.224 0.973 13
1000 to 4000 497 3.319 1.521 15
Greater than 4000 411 4918 1.899 11
TOTALS 1412 39

After the number of control sections needed for each ADT group was determined, the
control sections to be included in the analysis of cost were selected. The selection process
involved using arandom number generator program secured from off the internet which was
written in Visual Basic and defines a function “calcrandnum”. The function executes the
program using the “RND” syntax which generates random numbers. Three variables*upp”,
“low”, and “r” arerequired asinput. The number of control sectionsin each ADT groupis
“upp” and “low” isone, the number of the first control section in therange. The program
asks for the number of selections to be made, that is, the sample size whichis“r”. The
program is then executed to produce a set of “r” random numbers. Once the random numbers
are generated, the control section corresponding to each number was identified and islisted in
Table 5 for each of the ADT groups.

Table 6 contains a brief description of each control section included in the sample. The
control sections have been arranged by LaDOTD district in order to show the distribution of
control sections across the state. Each district was sent thislist of control sections and asked
to confirm the pavement cross sections, determine when the road was built and the original
cross section, determine when the last major rehabilitation was performed on each control
section, and describe the last major rehabilitation. In addition, the traffic section of each

district was asked to conduct field traffic surveys on all the control sections to provide
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accurate ADT, and classification count for each vehicle type. Thetraffic section in Baton

Rouge provided the traffic growth rate for each control section.
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Tableb.

| dentification of control sectionsincluded in each ADT group

ADT Group Random number | Route number Control District
ID for each control section number

section number
24 La771 830-01 58
82 La548 323-01 5
83 La 968 863-10 61
141 La591 834-08 5
144 La 963 819-19 61
ADT < 1,000 150 La500 128-02 8
(1504 control 153 La 126/503 130-02 58
sectionsin this 194 La169 45-31 4
range) 203 La 154 83-06 4
208 La151 317-05 5
327 La151 89-06 5
479 La8 134-02 8
495 La464 136-01 8
41 La757 849-26 3
93 La9 89-03 4
104 La 1050 853-05 62
131 La110 190-02 7
145 La38 263-02 62
163 La 1054 853-12 62
189 La416 224-01 61
1000< ADT < 206 La169 48-02 4
4000 229 La1l5 805-18 8
(497 control - 291 La 1056 853-14 62
sectionsin this 316 La2 83-01 4
range) 355 La63 27202 62
391 La43 260-07 62
451 La413 227-02 61
458 La 1062 415-04 62
10 La482 842-09 8
41 La27 31-07 7
177 La423 817-31 61
224 US 190 8-03 61
232 La64 253-04 61
ADT > 4000 259 La34 67-09 5
(411 control - 261 US 190 12-13 3
sectionsin this 286 La 156 92-02 8
range) 344 La67 60-01 61
377 La34 67-09 5
378 Lal 53-09 4
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Tableb.

Control section numbers, cross sections, and ADT by DOTD district number

Dist. Route No. Control ADT W.C& B.C. Base Type &
No. Section No. Thick., in. Thickness, in.
3 La757 849-26 1114 3.5 8.5”, soil cement
US 190 12-13 11639 8.0 8", PCC
La169 45-31 400 3.5 6", soil cement
Lal154 88-06 420 35" 8.5", soil cement
La9 89-03 1270 3.5 8.5”, soil cement
4 Lal169 48-02 1805 3.5" 8", PCC
La2 83-01 2423 3.5 8.5”, soil cement
Lal 53-09 25986 5.5 8", PCC
La548 323-01 246 3.5 8.5”, soil cement
La591 834-08 344 Surface Trt. 6", sand clay gravel
5 Lal51 317-05 422 Surface Trt. 6", sand clay gravel
Lal51 89-06 636 3.5 8.5", sand clay gravel
La 34(2-lane) 67-09 11602 3.5 8.5”, soil cement
La 34(4- lane) 67-09 25182 5 9", PCC
7 La110 190-02 1432 3.5" 8.5”, soil cement
La27 31-07 4582 6” 8.5”, soil cement
La500 128-02 353 15" 8.5", soil cement
La8 134-02 947 3.5" 8.5", sand clay gravel
8 La 464 136-01 976 3 8.5", soil cement
Lal115 805-18 1867 3.5 12", soil cement
La482 843-09 4154 3.5 8.5”, soil cement
La 156 92-02 13763 3.5 8.5”, soil cement
58 La 126/ 503 130-02 361 3.5" 8.5”, soil cement
La771 830-01 142 Surface Trt. 6", sand clay gravel
La 968 863-10 248 Surface Trt. 9", sand clay gravel
La963 819-19 348 Surface Trt. 9", sand clay gravel
La416 224-01 1721 3.5" 8.5”, soil cement
La413 227-02 3466 3.5 8.5”, soil cement
61 La423 817-31 7696 35 8.5”, soil cement
US 190 8-03 9774 3.5 8.5”, soil cement
La64 253-04 9933 35" 8.5", soil cement
La67 60-01 20516 3.5 8.5”, soil cement
La 1050 853-05 1305 Surface Trt. 12", sand clay gravel
La38 263-02 1494 3.5 12", soil cement
La 1054 853-12 1595 2 12", soil cement
62 La 1056 853-14 2256 3.5 12", soil cement
La63 272-02 2646 12" 8.5", soil cement
La43 260-07 2963 3.5 8.5”, soil cement
La 1062 415-04 3537 Surface Trt. 12", sand clay gravel




I dentifying Control Sections Carrying Lignite Coal

Lignite coal is produced from two mines in northwest Louisianain Red River and Desoto
parishes at the Dolet Hills and Oxbow mines. All the coal mined at the Dolet Hillsmineis
transported via conveyor from the mine to the power plant. The only lignite coal transported
over Louisiana highways travels from the Oxbow mine at Armistead, Louisiana

a Along La 1 for about 8 milesto the point where US 84 diverges west,

b. The coal then moves approximately 6 miles along US 84, past 149, to La 3248,

and

C. Along La 3248 for approximately 2 miles where the trucks turn onto the road

to the Dolet Hills power plant.

Since all the highways carrying lignite coal arein district 04, requests were made for
them to supply pavement cross section and history information. The traffic section in Baton
Rouge was asked to supply ADT, vehicle classification data, and traffic growth rates for each
of the control sections carrying lignite coal shown in Table 7. However, the traffic section in
Baton Rouge indicated that no ADT data was readily available for these control sections so
the district traffic personnel collected traffic count and classification data on these 4 control
sections. Estimates of traffic growth rate were provided by the traffic section in Baton
Rouge.

The pavement cross section data for US 84 was secured using ground penetrating radar data
collected for the LaDOTD in 1995. That data was supplemented with information from
District 04 personnel to develop the current cross section. In addition, District 04 personnel

provided data on rehabilitation activities on each of the control sectionsincluded in Table 7.
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Table7.
Control section numbers, cross sections, and ADT for roads carrying lignite coal

District | Route Control ADT W.C& B.C. Base Type &
No. No. Section No. Thickness, in. Thickness, in.
Lal 53-07 1608 7.0 Soil Cement, 8.5
4 uss4 021-04 909 9.5 Soil Cement, 8.5
uss4 21-03 1122 6.5 Soil Cement, 8.5
La 3248 816-07 335 5.0 Soil Cement, 8.5

I dentifying control sections over which coke fuel was transported
Project staff contacted Louisiana refineries to determine how much of their coke was
transported over highways of Louisiana. Thisinformation will be discussed in the results

section of thisreport.

Calculation Procedureto Estimate Highway Overlay Costsfor Overweight Vehicles

The following calculation procedure has been devel oped to study the effect of trucks carrying
timber, coke and lignite on the Louisiana highways. This procedure will be applied separately
for each commodity on the roads used to transport those commodities. The description below

isfor timber but will be applied for the transport of lignite coal and coke fuel.

1. Secure pavement design datafrom DOTD to have information on design of the latest
major rehabilitation on each control section. Other data needed includes the pavement
cross-section, date of construction, the current ADT, subgrade resilient modulus and
other required data for an assessment of the effects of different gross vehicle weights
on rehabilitation costs.

2. For each control section, determine how many tons of each study commodity was
hauled over the road during 2003 on the way from the production point to the first
processing or use point. This data has been developed with the assistance of industry

personnel who work with each commaodity.

33



3. Using the data, estimate the time when the existing control section will carry al the
design traffic for each weight scenario. The weight scenarios to be investigated for the
Louisiana Type 9 vehicle carrying timber are shown in Table 8. The scenario 2
represents the present situation where the timber trucks carry 86,600 Ib gross vehicle
weight (GVW).

Type 9 Axleloadsfor vehicles car r;i-sglteir?]ber for each GVW weight scenario
GVW Highway | Steering Tandem Tandem
Scenario type Axlelbs | Axlelbs | Axlelbs GVW, lbs.
Scenariol | State& US | 12,000 34,000 34,000 80,000
Scenario2 | State& US | 12,600 37,000 37,000 86,600
Scenario 3| State& US | 12,000 44,000 44,000 100,000
Table9
Timber payload for each weight scenario
GVW Highway | Sumof Axle | VehicleEmpty | Payload/Truck,
Scenario Type Loads, Ibs weight, I1bs Ibs
Scenariol | State& US 80,000 26,600 53,400
Scenario2 | State & US 86,600 26,600 60,000
Scenario3 | State & US 100,000 26,600 73,400

4. For each weight scenario, determine the empty weight of type 9 trucks so that the
average payload per truck can be determined (Payload = GVW — empty weight).
Table 9 an example of payload calculation for type 9 trucks carrying timber. Calculate
the number of trucks required to carry the commodity by dividing the total weight
hauled over the road by the average payload. This number of trucksis appropriately

added into the traffic estimates for each scenario.



5. Oncethe current design traffic has been served, redesign an overlay for each roadway
assuming that each weight scenario continues during the next overlay design period
which is 8 years for Louisiana. Repeat this procedure for the length of the analysis

period to generate a project cost stream including these periodic rehabilitations.

6. Calculate the net present worth of the rehabilitation costs for each project using an
interest rate provided by the DOTD. An interest rate of five percent is suggested for

these calculations.

7. Comparethe cost differential for the various weight scenarios and develop cost

differential tables for comparisons between the weight scenarios.

8. Estimate the state wide cost impact for the cost differentials developed in step seven.

A detailed description of each step in the pavement effects methodology is contained in the
following paragraphs.

Step one involves securing pavement design data from different district offices on the most
recent rehabilitation on each construction. In addition, project construction history data was
provided along with ADT and vehicle classification data collected by the district on each
control section. Pavement layer thickness and material type were also provided by the district.
Traffic growth rates were provided by the Traffic Monitoring and the System Inventory
section of the DOTD. The pavement and geotechnical design section provided sub-grade soil
resilient modulus data in addition to other pavement design parameters including initial and
final serviceability levels and reliability values for each roadway type, a and m-values used

for various materials and the overall standard deviation used to design Louisiana pavements.

Step two involves determining the quantity of each commodity hauled over a particular

control section in the base year of the study, 2003. This datawill be provided by industry
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representatives. The provided data represents the total 2003 payload carried by trucks
transporting each commodity over each control section. The number of trucks required to
carry the total payload is calculated by dividing the total payload by the payload carried by

each truck for each of the various GVW scenarios.

Step three involves defining the weight scenarios to be investigated for each commodity
included in the study. The base scenario is assumed to be that in which all vehicles operate
according to the legal loading with no special permits. Scenario 1 provides a basic picture of
how the pavements will perform without special overweight permits for agricultural products.
As anticipated in a preliminary study the three weight scenarios for timber are 80,000 Ibs,
86,600 Ibs and 100,000 |bs.

For each weight scenario the payload per truck is determined in step four. The payload per
truck is calculated by subtracting the empty weight of the truck from the sum of the axle
weights for the vehicle shown in Table 8 and recorded in Table 9. Using the total commaodity
hauled and the average payload per truck, the number of vehicle-trips required to carry the
total weight of commaodity can be calculated for each commodity. The average empty weights

of the type 9 vehicle, carrying timber is considered to be 26,6001bs [2].

Since timber operations generally occur during all months of the year, these vehicles are
assumed to be included in the traffic projections at the current permitted level of 86,600Ibs.
Therefore the number of trucks required to carry the timber under scenario 2 areincluded in
the current pavement design traffic volume estimates. The number of timber trucks required
to carry the total payload under scenario 2 will be subtracted from the type 9 traffic stream for
scenarios 1 and 3, and a new number of trucks with different payloads (and axle loads) will
be added back in to complete the traffic estimates for scenarios 1 and 3.

Step five involves taking the pavement design traffic in ESALS, construction date of the most

recent rehabilitation, and traffic growth rate to estimate how much of the design traffic has
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been carried by each control section at the end of 2003. The difference between the design
traffic and that carried to the end of 2003 will be applied using the three weight scenarios
presented earlier to estimate a date when the total design traffic has been carried by the road
and rehabilitation is needed. Traffic for the new rehabilitation will be developed by projecting
the pervious traffic. Therefore there will be three traffic estimates worked out for each control
section, for each rehabilitation that occurs during the analysis period. A cost stream will be
generated for each scenario for each control section representing the rehabilitation costs

which are included during the analysis period.

Step six involves computing the net present worth of rehabilitation costs for each control
section under the three different weight scenarios. The interest rate used in these cal culations

i 5.0 percent.

Step seven involves devel oping comparisons between the three different weight scenarios.
The comparisons between scenarios 1 and 2 which will indicate the pavement costs
associated with moving from the no permit weights (scenario 1) to the current permits on
each control section (scenario 2). A second comparison of special interest will be that
between pavement costs associated with moving from scenario 2 to scenario 3 which allows

up to 100,000 Ibs on all control section for the FHWA type 9 vehicle carrying timber.

Step eight involves taking the data for the control section in each ADT group and expanding
that data to produce a state wide estimate of effect of each GVW scenario. This state wide
estimate will be developed by multiplying the number of miles statewide in each ADT group
times the number of milesin the study control sections times the cost difference from step
seven.

Example demonstrating use of methodology

As discussed in the methodol ogy, road sections transporting each commodity were identified.
The pavement design data was secured for the control sections constituting these highways.
This data was used along with commodity estimates transported over each control section to

predict the effect of the additional ESAL on 1) the time to the next overlay and 2) the amount
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of overlay required. These data were then used to generate aDOTD cost stream for each
weight scenario. Net present worth was calculated for each scenario and the differences
between the net present worth for the GVW scenarios provided a basis for comparing the
effects of the different weight scenarios on pavement costs.

To demonstrate how these calculations were performed, a pavement section on US 84

over which timber was transported is included next.

US 84 Carrying Timber

Thetotal timber carried on US 84 in the year 1998 was 550,000 tons (50% in each east &

west direction) or 275,000 tons in the design lane of this 2-lane road.

Weight of Timber transported = 275,000* 2,000 = 550,000,000 Ibs

The current GVW condition is represented by scenario 2 under which the permitted vehicles
carry 86,600 Ibs. Hence scenario 2 will be discussed before the other two scenarios.
Information provided by the Louisiana DOTD showed that the terminal serviceability index
(P,) for this highway is 2.0. To determine the truck factor for alog truck loaded at the GVW,
the structural number (SN) was assumed to be 4.0.

The 20-year analysis period included in the sample calculation is from mid-1999 to mid-
2019. As aresult, the overlay thickness required to carry traffic for this 20 year period will be
determined and their net present worth in mid-1999 calculated for each of the three GVW

scenarios.

Calculation of ESAL for the first performance period under current conditions (Scenario 2).
For atimber truck loaded to 86,600 Ibs of gross vehicle weight, the following axle
configuration was used and the load equivalence factors were obtained from tables D1 and
D2 of AASHTO [3] for SN =4.0and P; = 2.0;

Steering Axle (12,600 Ibs) =0.2331

Tandem Axle (37,000 Ibs) =1.55

Tandem Axle (37,000 1bs) =1.55
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ESALs per Truck = 3.3331 ESALs
Maximum Payload per truck = GVW —tare weight of truck
= 86,600 — 26,600 = 60,000Ibs.
Hence the number of trucksrequired to carry the timber in 1998 under scenario 2 withaGVW of

86,600 Ibs = 550,000,000 _ 9,167 trucks/year = 25 trucks/day

60,000
For the traffic distribution and 1998 ADT, the number of 18-kip ESALsfor the first
performance period of scenario 2(present conditions) were calculated as shown in Table 10. It

was assumed that the 1998 overlay was calculated for the traffic calculated in Table 10.
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Table 10
Calculation of ESALs for 1998 to 2006 under present GVW conditions ( scenario2 )

Timber on US 84, Rural Major Collector

Performance Period:

8years(Overlaid section)

Average Daily Traffic in 1998: 3232 Last Overlaid in :1998
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth of Non - Timber Traffic: 1%lyear
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth of Timber Traffic: 0%/year
Growth Factor for Timber Traffic: 8

FHWA Class %ADT AR poer | T pnnal | Crowth TF 18k ESAL*

1 0.3 10 1 8.2857 0.0005 7
2 66.1 2136 1 8.2857 0.0005 1,615
3 21.1 682 1 8.2857 0.0188 19,387

4 0.4 13 1 8.2857 0.1932 3,777
5 1.4 45 1 8.2857 0.1932 13,219
6 3.2 103 1 8.2857 0.4095 64,042

7 0.2 6 1 8.2857 0.4095 4,003
8 1 32 1 8.2857 0.8814 43,076

9a (Non-Timber) 146 1 8.2857 1.1 243,151
9b(Carrying Timber) >3 25 0 8.0000 3.3331 244,427
10 0.7 23 1 8.2857 1.45 49,605

11 0.1 3 1 8.2857 1.84 8,992

12 0 0 1 8.2857 1.84 -
13 0.2 6 1 8.2857 1.84 17,985
100 3232 713,287

*Design lane Traffic = } (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Since timber operations generally occur during all months of the year, trucks carrying timber
are assumed to be included in the traffic data collected by the districtsin this study. Therefore
the number of trucks required to carry the timber under scenario 2 isincluded in the current
pavement design traffic volume estimates. The number of type 9 trucks which do not carry
timber are then calculated by subtracting the timber trucks from the total number of type 9
trucks, see column 3 of Table 10. The design lane ESAL calculations are then made for a
performance period of 8 years from the time since the last overlay was placed (1998 for US
84). The performance period for overlays designed by the DOT includes traffic for a period of
8 years.

Calculation of ESAL sfor the second performanceperiod. ESAL calculation similar to those
generated for the first performance period are generated for the second performance period and
areincluded in Table 11. Thetraffic was projected using the traffic growth factors provided by
thetraffic sectionin Baton Rouge. The ADT for the beginning of the second performance period
isgenerated by multiplying the 1% growth per year for eight yearsor 3,500 vehiclesper day. The
distribution of traffic is assumed to remain constant during the 20 year analysis period, i.e., the
percent of each vehicletype does not change. However the number of log trucks (Type 9 carrying

timber) changes with the different GVW scenarios.
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Table 11
Calculation of ESALs for 2006 to 2014 under present GVW conditions ( scenario2 )

Timber on US 84, Rural Major Collector

Performance Period:

8(Overlaid section)

Average Daily Traffic in 2006: 3500 Last Overlaid in: 2006
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth in Non - Timber Traffic: 1%/year
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth of Timber Traffic: 0%/year
Growth Factor for Timber Traffic: 8

FHWA Class %ADT ADT Per | % Annual | Crowth TF |18k ESAL*

1 0.3 10 1 8.2857 0.0005 8

2 66.1 2313 1 8.2857 0.0005 1,749
3 211 738 1 8.2857 0.0188 20,993

4 0.4 14 1 8.2857 0.1932 4,090
5 1.4 49 1 8.2857 0.1932 14,314
6 3.2 112 1 8.2857 0.4095 69,348

7 0.2 7 1 8.2857 0.4095 4,334
8 1 35 1 8.2857 0.8814 46,645
9a (Non-Timber) 5 3 160 1 8.2857 1.1 266,759
9b(Carrying Timber) 25 0 8.00000 3.3331 244,427
10 0.7 24 1 8.2857 1.45 53,715

11 0.1 3 1 8.2857 1.84 9,738

12 0 0 1 8.2857 1.84 -
13 0.2 7 1 8.2857 1.84 19,475
100 3500 755,596

*Design lane Traffic = } (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Design overlay for second performance period. Under Scenario 2 an overlay is designed
for the second performance period using the AASHTO method of overlay design. According
to the AASHTO method, the thickness of overlay is calculated as follow:

a. Flexible overlay on aflexible pavement

_ SNol _ SNy — Fru SNixeft
ol ol

hol

b. Flexible overlay over arigid pavement, using visual condition factor method:
_ SNl _ SNy — FRL(azrDO + SNixeff - rp)

ho = . =
Where, Hq = Overlay Thickness, inches

SNy = Required Structural Number of Overlay

SNy = Total structural number required to support the overlay traffic ~ over
existing sub-grade conditions, calculated using the AASHTO flexible
pavement design.

3ol = Structural layer coefficient of HMA overlay

Fre = Remaining life factor

SNyt = Total effective structural number of existing pavement structure above
the sub-grade prior to overlay

3oy = Structural Layer coefficient of existing cracked PCC pavement

layer
Do = Existing PCC layer thickness, inches
SNyeft-rp = Effective structural capacity of all of the remaining pavement

layers above the sub-grade except for the existing PCC layer

Thevalue of SNy is calculated with the pavement structural information prior to the
design of overlay. When overlaying an existing pavement it was assumed that two inches of
the existing surface would be removed by milling immediately before the overlay was placed.
The structural coefficient of the existing HMA materialsis reduced to 0.33 to reflect the
distressed condition of the pavement and its reduced structural capacity. A macro has been

written to cal culate the value of SNy usingthe AASHTO design equation. Design lane ESALs
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are generated in the Table 11 traffic data. The values for reliability and terminal serviceability
were provided by the DOTD and vary with the functional classification of the road. AsUS 84
isarura maor collector, hence reliability(R) is taken as 85% and the P; and P; values are
taken as 4 and 2 respectively. The remaining life factor, Fr_ istaken as 0.6. The overlay

thickness is worked out as shown in the bottom calculation in Table 12.



Table 12

Overlay design for US 84 under current condition (Scenario 2) for second performance period

Existing Pavement

Layers Thickness, in | Structural Coefficient Drainage Factor SN

1* 25 0.33 1 0.825

2 9 0.14 0.9 1.134

3 3.5 0.07 0.9 0.2205

* Thickness after milling 2" 21795

Overlay Material Design
Remaining Life Factor(Fg.) 0.6
Asphalt Modulus, psi (a,) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESALs 755,596
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (P)) 4
PSI at the end of Overlay (P 2
A PSI 2
=4 SN 2.91
Overlay thickness 3.64
Wearing course thickness 6.14
after overlay

h ol
ol

ol

_ SNo _ SNy — FreSN et — 2.91—(()).3(42.1795) 264 inches
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Traffic calculation for third performance period. Calculation of ESALSs for the third
performance period follows the same procedure as for the second performance period. The
ADT for 2014 was calculated by multiplying the 2006 ADT times a growth factor for 1%
growth per year for 8 years. The distribution of non-timber traffic is assumed to remain
constant during the 8 year performance period. Design Lane ESALSs are generated in the
Table 13.
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Calculation of ESALs 2014 to 2022 under present GVW conditions ( scenario2 )

Table 13

Timber on US 84, Rural Major Collector

Performance Period: 8years(Overlaid section)
Average Daily Traffic in 2014 3790 Last Overlaid in 2014
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth of Non - :Il-'i'r:f?iif 1%/year
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth of Timber Traffic: 0%/year
Growth Factor for Timber Traffic: 8
FHWA Class %ADT AL Der | Topnmal | Growth factor | TF | ciof,
1 0.3 11 1 8.2857 0.0005 9
2 66.1 2505 1 8.2857 0.0005 1,894
3 211 800 1 8.2857 0.0188 | 22,732
4 0.4 15 1 8.2857 0.1932 4,429
5 1.4 53 1 8.2857 0.1932 | 15,500
6 3.2 121 1 8.2857 0.4095 | 75,094
7 0.2 8 1 8.2857 0.4095 4,693
8 1 38 1 8.2857 0.8814 | 50,510
9a (Non-Timber) 176 1 8.2857 1.1 292,323
9b(Carrying Timber) >3 25 0 8.0000 3.3331 | 244,427
10 0.7 27 1 8.2857 1.45 58,166
11 0.1 4 1 8.2857 1.84 10,544
12 0 0 1 8.2857 1.84 -
13 0.2 8 1 8.2857 1.84 21,089
100 3790 801,412
*Design lane Traffic = } (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)

a7




Overlay design for thethird performance period. Determination of the overlay thickness
for the third performance period followed the same procedure as described for the second
performance period. The overlay thickness required for scenario two for the third

performance period was 2.96 inches as calculated in Table 14.
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Table 14

Overlay design for US 84 under current condition (Scenario 2) for third performance period

hol

Existing Pavement

Layers Thickness, in | Structural Coefficient | Drainage Factor SN
1* 4.14 0.33 1 1.36605
2 9 0.14 0.9 1.134
3 3.5 0.07 0.9 0.2205
* Thickness after milling 2" SNyt 2.721
Overlay Material Design
Remaining Life Factor(Fg,) 0.6
Asphalt Modulus, psi (a,) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESALs 801,412
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (P;) 4
PSI at the end of Overlay (P) 2
| APSI 2
SNy
SN 2.94
Overlay thickness 2.96
Wearing course thickness 510

after overlay

_ SNo _ SN, —FruSNar _ 294-06(2720) _ 0

ool

ol
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Calculation of net present worth for scenario 2. The overlays carried out on US 84 under
the present conditions for the twenty year period between mid-1999 and mid-2019 are shown
in Figure 1. The net present worth (NPW) of these overlays was calculated for mid-1999

using an interest rate of 5%/year. The net present worth cost for the US 84 overlays, under

present conditions (scenario 2) are PW = OCi(———) + OCx( 1 5)
(1+i1)" @+in"
1 1
PW =$14,784x 4.01(——————) + $14,784x 3.47(——————=) = $68,530
1((1+ 0.05)%° ) ((1+ 0.05)14'5)

Where, PW = Net Present Worth
OC; = Overlay Cost for the second performance period
i1 =2 = Theinterest rate
OC, = Overlay Cost for third performance period
n; = number of years from the beginning of the study to the end of second
performance period = 6.5 years
n, = number of years from the beginning of the study to the end of second
performance period = 14.5 years
$14,784 represents the cost/ 12 ft lane mile.
OC, = $14,784 * overlay thickness in inches (based on 1999 statewide average cost of
HMA)
The overlay cost for the second performance period was ($14,784)* (3.64) = $53,807
and that for the third performance period was ($14,784)* (2.96) = $43,830.
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Figure 1. Overlay rehabilitation schedule for US 84 under present conditions (scenario 2)

Traffic calculation for remaining life of US 84 at the beginning of the analysis period
(mid —1999). To apply other GVW scenarios, the amount of traffic applied between 1998
when the last overlay was placed and the beginning of the analysis period must be calcul ated.
The number of ESALSs applied during this 1.5 year period is deducted from the design lane
ESAL for which the overlay was designed. The value after the subtraction is the traffic to be
served for the remaining life of the current overlay under each of the other GVW scenarios.
The calculations of traffic applied between 1998 and mid-1999 is shown in Table 15.
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Table 15
Calculation of design traffic on US 84 that was applied under scenario 2 between
1998 and mid-1999

Year of last over lay

Timber on US 84, Rural Major Collector
1998 Year when Study was conducted: 1999.5

ADT/AADT: 3281 Period Since Last Overlay: 1.5
Directional Distribution Factor: 50 %
Lane Distribution Factor: 100 %
Annual Growth in Non Timber Traffic: 1 %/Year
Growth Factor for Non-Timber Traffic: 1.5037
Annual Growth in Timber Traffic: 0 %l/Year
Growth Factor for Timber Traffic: 1.5

FHWA Class %ADT ADL Per | Tefnmal | Growth factor | TF |18k ESAL

1 0.3 10 1 1.5037 0.0005 1

2 66.1 2168 1 1.5037 0.0005 298

3 21.1 692 1 1.5037 0.0188 3,571

4 0.4 13 1 1.5037 0.1932 696

5 1.4 46 1 1.5037 0.1932 2,435

6 3.2 105 1 1.5037 0.4095 | 11,798

7 0.2 7 1 1.5037 0.4095 737

8 1 33 1 1.5037 0.8814 7,935

9a (Non-Timber) 149 1 1.5037 1.1 44,906
9b(Carrying Timber) >3 25 0 1.5000 3.3331 | 45,830
10 0.7 23 1 1.5037 1.45 9,138

11 0.1 3 1 1.5037 1.84 1,657

12 0 0 1 1.5037 1.84 -

13 0.2 7 1 1.5037 1.84 3,313

100 3281 132,316

*Design lane Traffic = } (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Calculation of number of yearsrequired by scenario 1 to usetheremaining design
trafficin first performance period. For atimber truck at 80,000 Ib GVW, following axle
configuration and ESALSs are obtained from tables D1 and D2 of AASHTO [3] with SN=4
and P, = 2.0;

Steering Axle (12,000 Ibs) =0.183
Tandem Axle (34,000 Ibs) =1.08
Tandem Axle (34,000 1bs) =1.08
ESALsfor each Truck =2.343 ESALs
Maximum Payload per truck = GVW —tare weight of truck
= 80,000 — 26,600 = 53,400 Ibs.
Hence Number of trucks required to carry the timber under scenario 2

_ 550,000,000

=10,300 trucks/year = 28 trucks/day
53,400

A simulation was run in excel to find the number of years required for the scenario 1
traffic to equal the remaining ESALs in the 1998 overlay designed for scenario 2. The results
presented in Table 16 show that under scenario 1, where timber is carried by 28 trucks/day, a
little over 7 yearsis required to use the remaining design ESALSs. Noticein Table 16 that in
7.04 years the scenario 1 traffic produces 581,507 ESALs which is dlightly larger that the
580,692 ESALsremaining life for the scenario 2 overlay.
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Table 16

Calculation of Number of Years required by Scenario one to use the remaining Design Traffic
in First Performance Period

Timber on US 84, Rural Major Collector

Scenario 2 Remaining

Performance Period: 7.04Years Life ESALs: 580,971
ADT/AADT: 3281 year:1999.5
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth in Traffic: 1%/year
Growth Factor for Non-Timb.er 796
Traffic:
Annual Growth in timber Traffic: 0%/year
Growth Factor for Timber Traffic: 7.04
FHWA Class %ADT | AQT Per | % Annual TF Srowih | 18k ESAL
1 0.3 10 1 0.0005 7.26 7
2 66.1 2168 1 0.0005 7.26 1,434
3 211 692 1 0.0188 7.26 17,208
4 0.4 13 1 0.1932 7.26 3,352
5 1.4 46 1 0.1932 7.26 11,733
6 3.2 105 1 0.4095 7.26 56,845
7 0.2 7 1 0.4095 7.26 3,553
8 1 33 1 0.8814 7.26 38,235
9a Non Timber Trucks 5.3 146 1 1.1 7.26 211,860
10 0.7 23 1 1.45 7.26 44,030
11 0.1 3 1 1.84 7.26 7,982
12 0 0 1 1.84 7.26 -
13 0.2 7 1 1.84 7.26 15,964
9b Timber Trucks 28 0 2.343 7.04 169,648
100 3281 581,850
Years Simulator
Number of Years required to reach Scenario 2 ESALs 7.04
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Calculation of ESAL for scenario one second performance period. Since scenario 1
traffic uses the remaining design ESALSs by mid-2006, the overlay for the second
performance period carries traffic generated between 2006 to 2014. ESAL calculations
similar to those generated for scenario 2 are generated for scenario 1 and included in Table
17. The traffic was projected using the traffic growth factors. The ADT for the beginning of
the second performance period is generated by multiplying 1% growth per year for eight

yearsto get 3,519 vehicles per day.
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Table 17

Calculation of ESALs starting in mid-2006 to 2014 under scenario 1

Performance Period:

Timber on US 84, Rural Major Collector

8-00years(0verlaid Section)

ADT/AADT: 3519 Last Overlaid in  2006.5
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth of Non - '_Il:irr:f?iif 1.00%/year
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth for Timber Traffic: 0.00%/year
Growth Factor for Timber Traffic: 8.00

FHWA Class %ADT ADT Per | T pnmual | Growth | 1F | 18kESAL

1 0.3 11 1 8.2857 0.0005 8
2 66.1 2326 1 8.2857 0.0005 1,758
3 211 742 1 8.2857 0.0188 21,106
4 0.4 14 1 8.2857 0.1932 4,112

5 14 49 1 8.2857 0.1932 14,391
6 3.2 113 1 8.2857 0.4095 69,722
7 0.2 7 1 8.2857 0.4095 4,358
8 1 35 1 8.2857 0.8814 46,896

9a (Non-Timber) 158 1 8.2857 1.1 263,621
9b(Carrying Timber) >3 28 0 8.0000 2.343 191,564
10 0.7 25 1 8.2857 1.45 54,005
11 0.1 4 1 8.2857 1.84 9,790

12 0 0 1 8.2857 1.84 -
13 0.2 7 1 8.2857 1.84 19,580

100 3519 700,912

*Design lane Traffic = 3 (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Overlay design for the second performance period. Determination of the overlay
thickness for the second performance period in scenario 1 followed the same procedure as
described earlier in scenario 2. The overlay thickness required for scenario 1 for the second

performance period was 3.56 inches as calculated in Table 18.
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Table 18
Overlay design for US 84 under scenario 1 for the second performance period

Existing Pavement

Layers Thickness, in Structural Coefficient |Drainage Factor SN
1* 25 0.33 1 0.825
2 9 0.14 0.9 1.134
3 3.5 0.07 0.9 0.2205

* Thickness after milling 2" SNyt 2.1795

Overlay Material Design

Remaining Life Factor(Fg,) 0.6
Asphalt Modulus, psi (a,) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESALs 700,912
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (P)) 4
PSI at the end of Overlay (Py) 2
SNy 2
| A PSI
SN 2.88
Overlay thickness 3.56
Wearing course thickness 6.06
after overlay

_ SN _ SN —FriSNyerr _ 2.88-06(21795 =356 inches
2l &l 044

hy
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Traffic calculation (mid-2014 to mid-2022) for the third performance period.
Calculation of ESALsfor the third performance period follows the same procedure as for the
second performance period. The ADT for 2014 was cal culated by multiplying the 2006 ADT
times a growth factor for 1% growth per year for 8 years. The distribution of non-timber
traffic is assumed to remain constant during the 8 year performance period. The design lane

ESALsare generated in Table 19.
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Table 19
Calculation of ESALs starting in mid-2014 to 2022 under scenario 1

Performance Period:

Timber on US 84, Rural Major Collector

8years(OverIaid Section

ADT/AADT: 3810 Last Overlaid in  2014.5
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth of Non - Timber Traffic: 1%/year
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth for Timber Traffic: 0%/year
Growth Factor for Timber Traffic: 8
FHWA Class %ADT  |ADT Per Class| ‘il | Srowin TF 18k ESAL
1 0.3 11 8 8.2857 0.0005 9
2 66.1 2519 8 8.2857 0.0005 1,904
3 211 804 8 8.2857 0.0188 22,855
4 0.4 15 8 8.2857 0.1932 4,453
5 1.4 53 8 8.2857 0.1932 15,584
6 3.2 122 8 8.2857 0.4095 75,499
7 0.2 8 8 8.2857 0.4095 4,719
8 1 38 8 8.2857 0.8814 50,782
9a (Non-Timber) 5 3 174 8 8.2857 1.1 289,323
9b(Carrying Timber) 28 0 8.0000 2.343 191,564
10 0.7 27 8 8.2857 1.45 58,479
11 0.1 4 8 8.2857 1.84 10,601
12 0 0 8 8.2857 1.84 -
13 0.2 8 8 8.2857 1.84 21,202
100 3810 746,974

*Design lane Traffic = 3 (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Overlay design for thethird performance period. Calculation of the overlay thickness for
the third performance period is presented in Table 20. The overlay thickness required for

scenario 1 for the third performance period was 2.84 inches.
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Table 20

Overlay design for US 84 under scenario 1 for third performance period

SNy

hol

_ SNo _ SNy — Fru SN s

Existing Pavement
Layers Thickness, in Structural Coefficient |Drainage Factor SN
1* 4.06 0.33 1 1.341
2 9 0.14 0.9 1.134
3 35 0.07 0.9 0.2205
* Thickness after milling 2" SN,es 2.695
Overlay Material Design
Remaining Life Factor(Fg,) 0.6
Asphalt Modulus, psi (a,) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESALs 746,974
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (p;) 4
PSI at the end of Overlay (py) 2
APSI 2
SN 2.90
Overlay thickness 2.93
Wearing course thickness 4.99
after overlay

_ 29 —06(26%5) _, g5 i

ol

ol 0.44

62




Calculation of net present worth for scenario 1. The overlays carried out on US 84 under
the present conditions for the twenty year period between mid 1999 — and mid 2019 are
shown in Figure 2. The net present worth (NPW) of these overlays was calculated for mid
1999 using an interest rate of 5%/year. The net present worth cost for the US 84 overlays,
under scenario one is $37,364 for second performance period and $20,765 for third

performance period for atotal NPW cost of $58,129 per 12ft lane mile.

55,000 52678

50,000 -

45,000 43,253

40,000

35,000

30,000 -

Overlay Cost Dollars/12 ft lane mile

25,000

2006.54 2014.54
Year

Figure 2 Overlay rehabilitation schedule for US 84 under scenario one.

OC, =3.56* 14,784 = $ 52,678 /12 ft lane mile
OC, =2.84* 14,784 = $ 43,253 /12ft lane mile

Calculation of number of yearsrequired for scenario 3 traffic to usetheremaining
design traffic ESALsin thefirst performance period.
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In scenario 3, aGVW of 100,000 Ibsis used for timber transport on the FHWA class 9
trucks. For atimber truck at 100,000 Ib GVW, the following axle configuration and ESALSs
are obtained from tables D1 and D2 of AASHTO [3] with SN=4 and P, = 2.0;

Steering Axle (12,000 1bs) =0.2331
Tandem Axle (44,000 Ibs) =3.18
Tandem Axle (44,000 Ibs) =3.18
ESALsfor each Truck = 6.5931 ESALs
Maximum Payload per truck = GVW —tare weight of truck
= 100,000 — 26,600 = 73,400l bs.
Hence Number of trucks required to carry the timber under scenario 3

_ 950,000,000
73,400

=7493 trucks'year = 21 trucks/day

A simulation was run in Excel to find the number of years required for the scenario 3
traffic to equal the remaining ESALs in the 1998 overlay design traffic under scenario 2. The
results presented in Table 21 shows that under scenario 3, where timber is carried by 21
trucks/day, amost 5.34 years are required to use the remaining design ESALSs. Asseenin
scenario 1, the scenario 3 produces 581,591 ESALSs in 5.34 years which is slightly larger than
the 580,692 ESALs for the scenario 2 overlay design.



Table 21

Calculation of Number of Years required by Scenario Three to use the remaining Design Traffic in
First Performance Period

Timber on US 84, Rural Major Collector

Scenario 2 Remaining

Performance Period: 5.34Years Life ESALS- 580,971
ADT/AADT: 3281 1999.5
Directional Distribution Factor: 50%
Lane Distribution Factor: 100%
Annual Growth in Traffic: 1%/year
Growth Factor for Non-Timber
Traffic: 5.46
Annual Growth in timber Traffic: 0%/year
Growth Factor for Timber Traffic: 5.34
FHWA Class %ADT | AT Per | % Annual TF % Crowih| 48y EsaL
1 0.3 10 1 0.0005 5.46 5
2 66.1 2168 1 0.0005 5.46 1,078
3 211 692 1 0.0188 5.46 12,936
4 0.4 13 1 0.1932 5.46 2,520
5 1.4 46 1 0.1932 5.46 8,820
6 3.2 105 1 0.4095 5.46 42,732
7 0.2 7 1 0.4095 5.46 2,671
8 1 33 1 0.8814 5.46 28,742
9a Non Timber Traffic 5.3 153 1 1.1 5.46 167,668
10 0.7 23 1 1.45 5.46 33,099
11 0.1 3 1 1.84 5.46 6,000
12 0 0 1 1.84 5.46 -
13 0.2 7 1 1.84 5.46 12,000
9b Timber Traffic 21 0 6.5931 5.34 263,320
100 3281 581,591
Year simulator
Number of Years required to reach Scenario 2 ESALs 5.34
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Calculation of ESAL for scenario three from 2004.8 to 2012.8 for second performance
period. Since the scenario 3 traffic uses the remaining design ESALs at the end of 2004, the
second performance period carries traffic generated between 2004.8 to 2012.8. ESAL
calculations similar to those generated for the scenario 2 are generated for scenario 3 and
included in Table 22. The traffic was projected using the traffic growth factors. The ADT for
the beginning of the second performance period is generated by multiplying 1% growth per
year for eight years or 3,281 vehicles per day.
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Table 22

Calculation of ESALs starting in 2004.8 to 2012.8 under scenario 3

Timber on US 84, Rural Major Collector

Performance Period: 8.00
ADT/AADT: 3460 Last Overlaid in  2004.8

Directional Distribution Factor: 50
Lane Distribution Factor: 100
Annual Growth of Non - Timber Traffic: 1.00
Growth Factor for Non-Timber Traffic: 8.2857
Annual Growth for Timber Traffic: 0.00
Growth Factor for Timber Traffic: 8

FHWA Class %ADT | ADT Per Class | o annual | Orowth | 7| 4gx EsaL

1 0.3 10 8 8.2857 0.0005 8

2 66.1 2287 8 8.2857 0.0005 1,729

3 211 730 8 8.2857 0.0188 20,752

4 0.4 14 8 8.2857 0.1932 4,043

5 1.4 48 8 8.2857 0.1932 14,150

6 3.2 111 8 8.2857 0.4095 68,553

7 0.2 7 8 8.2857 0.4095 4,285

8 1 35 8 8.2857 0.8814 46,110

9a (Non-Timber) 5 3 162 8 8.2857 1.1 270,062

9b(Carrying Timber) 21 0 8.0000 6.5931 404,289

10 0.7 24 8 8.2857 1.45 53,099

11 0.1 3 8 8.2857 1.84 9,626

12 0 0 8 8.2857 1.84 -

13 0.2 7 8 8.2857 1.84 19,252

100 3460 915,956

*Design lane Traffic = } (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Overlay design for the second performance period. Calculation of the overlay thickness
for the second performance in scenario 3 is presented in Table 23. The overlay thickness

required for scenario 3 was 3.84 inches.
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Overlay design for US 84 under scenario 3 for second performance period

Table 23

Existing Pavement

Layers Thickness, in | Structural Coefficient Drainage Factor SN

1* 25 0.33 1 0.825

2 9 0.14 0.9 1.134

3 3.5 0.07 0.9 0.2205

* Thickness after milling 2" SNyetr 21795

Overlay Material Design
Remaining Life Factor(Fg.) 0.6
Asphalt Modulus, psi (ag) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESALs 915,956
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (P,) 4
PSI at the end of Overlay (P) 2
s | i
| A PSI
SN 3.00
Overlay thickness 3.84
Wearing course thickness 6.34
after overlay

hy = SNo _ SNy - Fr SNt _ 3.00 —C()).iE‘rZ.l?QS) =384 inches

ol aAol




Traffic calculation for the third performance period. Calculation of ESALs for the third
performance period follows the same procedure as for the second performance period. The
ADT for 2014 was calculated by multiplying the 2006 ADT times a growth factor for 1%
growth per year for 8 years. The distribution of non-timber traffic is assumed to remain
constant during the 8 year performance period. The design lane ESALs are generated in Table
24,
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Table 24

Calculation of ESALs starting in 2012.8 to 2020.8 under scenario 3

Timber on US 84, Rural Major Collector

Performance Period: 8.00
ADT/AADT: 3746 Last Overlaid in  2012.8
Directional Distribution Factor: 50
Lane Distribution Factor: 100
Annual Growth of Non - Timber
Traffic: 1.00
Growth Factor for Non-Timber Traffic: 8.29
Annual Growth for Timber Traffic: 0.00
Growth Factor for Timber Traffic: 8
FHWA Class %ADT | ADT Per Class | onnudl | Srowth | g 1k ESAL
1 0.3 11 8 8.2857 | 0.0005 8
2 66.1 2476 8 8.2857 | 0.0005 1,872
3 21.1 790 8 8.2857 | 0.0188 22,471
4 0.4 15 8 8.2857 | 0.1932 4,378
5 1.4 52 8 8.2857 | 0.1932 15,322
6 3.2 120 8 8.2857 | 0.4095 74,233
7 0.2 7 8 8.2857 | 0.4095 4,640
8 1 37 8 8.2857 | 0.8814 49,930
9a (Non-Timber) 53 199 8 8.2857 1.1 330,263
9b(Carrying Timber) 21 0 8.0000 | 6.5931 404,289
10 0.7 26 8 8.2857 1.45 57,499
11 0.1 4 8 8.2857 1.84 10,423
12 0 0 8 8.2857 1.84 -
13 0.2 7 8 8.2857 1.84 20,847
100 3767 996,175

*Design lane Traffic =

5 (Col.3)X(Col.5)X(Col.6)X(365)X(0.5)X(1.0)
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Overlay design for thethird performance period. Determination of the overlay thickness
for the third performance period followed the same procedure as described for the second
performance period. The overlay thickness required for scenario 1 for the third performance
period was 3.10 inches as calculated in Table 25.
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Table 25
Overlay design for US 84 under scenario 3 for third performance period

Existing Pavement

Layers Thickness, in | Structural Coefficient | Drainage Factor SN
1* 4.34 0.33 1 1.433475
2 9 0.14 0.9 1.134
3 3.5 0.07 0.9 0.2205
* Thickness after milling 2" SNyt 2.788

Overlay Material Design
Remaining Life Factor(Fg) 0.6
Asphalt Modulus, psi (a,) 0.44
Roadbed Modulus, psi 9,176
Design Lane Traffic, ESAL,s 996,175
Reliability (%) 85
Overall Std. Deviation (So) 0.47
Initial PSI (P;) 4
PSI at the end of Overlay (P) 2
s | i
T A PSI
SN 3.04
Overlay thickness 3.10
. Wearing course 5.45
thickness after overlay

ho = SNo _ SNy— FriSNyer _ 3.04 — 0.6(2.788) _ 310 inches

ol aol 0.44




Calculation of net present worth for scenario 3. The overlays carried out on US 84 under
the present conditions for the twenty year period between mid 1999 — and mid 2019 are
shown in Figure 3. The net present worth (NPW) of these overlays was calculated for mid
1999 using an interest rate of 5%/year. The net present worth cost for the US 84 overlays
under scenario 3 is $43,793 for second performance period and $23,939 for third

performance period for atotal cost of $67,732 per 12 ft lane mile.
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60,000 56,828

55,000

50,000 -
45,895

45,000

40,000 -

35,000

Overlay Cost Dollars/12 ft lane mile
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Figure 3 Overlay rehabilitation schedule for US84 under scenario 3

OC,;=4.22* 14,784 = $ 56,828 per 12 ft lane mile
0OC, =3.64* 14,784 = $ 45,895 per 12 ft lane mile

Comparison of net present worth among the 3 Scenarios. Table 26 contains the net present
worth of the DOTD cost to rehabilitate one 12-ft lane mile US 84 for each of the three scenarios.
Notice that as the GVW increases, the overlay thickness and their subsequent costs increases.

One of the critical issues from the DOTD viewpoint is “do the fees paid by the timber haulers
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pay for theincreased cost incurred by theDOTD”. To provide part of theanswer to thisquestion,
one must consider the added cost to carry these heavier loads aswell as the value of the permit
paid by trucks transporting timber. The extra cost incurred by the DOTD for 12-ft lane mile

between scenario 2 and scenario 1 is $2,659 or $5,318 for one centerline mile of US 84.

Table 26
Comparison of Overlay thickness, cost and net present worth of the GVW Scenarios

Thickness, in Cost/ 12 ft lane mile Net present
Scenario | GVW, Ibs worth at
Overlay 1 Overlay 2 Overlay 1 Overlay 2 5%I/year
1 80,000 3.56 2.93 52,678 43,253 58,129
2 86,600 3.64 2.96 53,807 43,830 60,788
3 100,000 3.84 3.10 56,828 45895 67,732




Evaluation of bridge costs

The methodology used in the analysis phase will evaluate the effect of the heavy loads on the
bridges from the truckstransporting forestry products, Louisiana-produced lignite coal, and coke
fuel, based on LRFD and LFD design recommendations. The demand on the bridge girders due
to the heavy truck loads will be calculated based on inventory information on span type and
geometry, i.e. simple span, continuous span, total length, length of main span, and number of

approach spans. Finite element analysis will be used in this task of the research.

The effects of hauling timber, lignite coal, and coke fuel on Louisiana bridges were determined
by comparing the flexural, shear and serviceability conditions of the bridges under their design
load to the conditions under 3S2 Truck configuration as shown in Figure 4. The bridge analysis
methodology was discussed in the PRC meetings on July 29 and September 2, 2004. A
simplified method based on AASHTO design guidelineswas determined to be the most prudent
approach to meet the short and strict schedule for this study.

The short and long term effects of the timber and lignite coal truck |oads were determined based
on theratio of the maximum moments, shear forces, or deflection for each bridge in the sample.
The AASHTO Line Girder Analysis approach, detailed analysis using finite element model's, and
GTSTRUDL Software were used. The design load for the bridge, as listed in the bridge
inventory, was used. The truck loads for hauling timber and lignite coal were based on the 3S-2
truck configuration, with atotal GVW of 108,000 Ib.

Thefirst step inthe analysis used the influenceline proceduresto determinethecritical location
of the trucks on the bridges that would result in maximum moment and shear forces. Based on
the results from influence line analyses, the effects of the loads on the bridge girders and bridge
decks were determined. Also, the magnitude of the maximum moment and shear forces were
calculated. Next theratios of theresultsfor 3S2 truck and the design truck (H15 or HS20-44) for
flexural and shear forces or stresses were calculated. The serviceability criteriawere evaluated

for smply supported girders based on their deflections.
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The selected bridges (State 1,881 and Parish 945) were listed in Appendix A Table 1, were
grouped into six different categories based on their design approach. These categories were:

* Simple Beam

» Continuous Beam

* Culvert

* Others

* Posted Bridges

* DesignLoad Low (5, 10 ton)



/] Louisiana Timber
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Gross Vehicle Weight = 108,000 1bs

Figure4 Truck 3S2 hauling timber or lignite coal on Louisiana bridges.

During the PRC meeting on September 2, 2004, the above bridge categories were discussed and
it was recommended and approved that the analyses in this study would focus only on the two

categories (Simple Beam and Continuous Beam).

The analysis for bridges in the “simple beam” category was performed using spread sheets to
calcul ate the maximum moment along with shear and deflection for al the spansin the sample
for thisstudy. Theratiosfor theflexural, shear, and deflection due to the design|oad and the 3S2
truck load were calculated. All calculations pertaining to this category were included in the
appendices of this report.
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Theanalysisfor bridgesin the“ Continuous Beam” category was performed using GTSTRUDL
to devel op theinfluence linesfor moment (positive and negative) and shear forces. Theseresults
were used in spread sheets to determine the critical location for the design truck and the 3S2

truck. Then, the maximum moments and shear forces were calcul ated.

I dentify the critical bridgesfor study

Thecritical bridgesfor thisstudy are considered to belocated on the roadsthat are most traveled
by the trucks hauling timber or lignite. The roads considered are LA State Highways, U.S.
Numbered Roads and Interstate Highways. The review and sel ection processes were done based
on two factors: (1) the amount of timber harvest each parish produces, and (2) parish’s

geographic location.

Trucks hauling timber
State bridges
The eleven parishes that were selected reported more than 30-million dollars as income from
their 2003 timber harvest, as shown in the Figure 5. Also, these parishes are located north of
Interstate Highway I-10.

The control section numbers for roads heavily traveled by timber and lignite trucks were
identified in thisstudy. Theroadsthat are located in the parishes shownin Figure5, wereusedin
the bridge inventory data base to identify the critical bridges for this study. From Table 1in
Appendix A, there are 1,872 state bridges located on the roads most traveled by trucks hauling
timber. These bridges are used in the following task, the analysis phase of this study.

Trucks hauling lignite coal

Thelignite coal istransported between Oxbow and Dolet Hills Power Plant. Thetrucksuse LA
1, US 84, LA 3248. The bridges on this route were identified from the bridge inventory data
base. There are nine (9) bridges that are included in the analysis phase of this study.
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Parish bridges

Thecritical parish bridgesareidentified asbridges|ocated on parish roadsthat connect to
the LA State Highways, U.S. Numbered Roads and Interstate Highways most travel ed by trucks
hauling timber. The LA DOTD Personnel identified 945 parish bridges that were included in

Appendix A Table 1.
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Analysisfor bridgegirders

Influenceline analysis

When the truck loads, performed as the concentrated |oads, were placed on the bridge

deck an influence surface could be generated. Instead of using theinfluence surfacesto find the
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critical moments, shear and deflection under certain load conditions, theinfluencelinewas used.
The bending moment and shear for which theinfluence line wasto be determined was computed
as a unit load placed at different positions over the length and the width of the bridge. The

maximum deflection was computed by superposition.

In this study the H15 truck loads, HS20-44 truck loads, and 3S2 truck loads were used in the
analysis procedure. Both hand cal culations and computer modelsin GTSTRUDL were used to
determine the critical load location and the corresponding moment and shear forces. Also,
associated deflections and stresses in the bridge girders and bridge decks were determined.
Simple Span Bridges

Theinfluenceline analysisfor bridgeswith simple spans was performed using hand calculation
and spread sheets. The standard truck configurations for H15 and HS20-44, as provided in
AASHTO Chapter 3, were used. The trucks that haul timber and lignite coal in Louisianawere
similar to the Type 3S2 truck configuration shown in Figure 4. The span length for bridge girders
between 20ft and 120ft (at 1ft increments) were considered for this study. All truck loads were

placed on each girder as shown in Figures 6, 7 and 8.

Fe=c4 Kips

14 £+

Figure6 H15 truck loadson simple span bridge girders.
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Figure 7 HS20-44 truck loads on simple span bridge girders.
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Figure 8 3S2 truck loads on simple span bridge girders.

Theloadswere moved on the bridge girder at 1ft incrementsto cal cul ate the absol ute maximum
moment and shear forces. The different load conditionsfor the corresponding girder span lengths

are shown in Appendix B, Table 1.

Absolute maximum shear, moment and deflection. The absolute maximum shear in simply
supported bridge girders occurred next to the supports. Therefore, the loads were positioned so

that the first wheel load in sequence was placed close to the support.

The absolute maximum moment in simply supported bridge girder occurred under one of the
concentrated forces. This force was positioned on the beam so that it and the resultant force of

the system were equidistant from the girder’s centerline.

Thetruck location on the bridge girder that caused the maximum absol ute moment was used to

determine the maximum deflection.
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Also, uniform lane load of 0.48kip/ft as provided in AASHTO Standard Specifications for
Highway Bridges were considered. Lane load controlled some of the design conditions for the
H15 Truck loads. Tables 2, 3 and 4 in Appendix B summarize the results for the absolute
maximum moment, shear and deflection, for the H15, HS20-44 and 3S2 truck configurations.

Note, that cases where lane loads controlled the design were identified.

Continuous span bridges

The influence line analysis was performed using GTSTRUDL software. The bridge girder
models were considered as three equal spans. The first support for the girder was considered
pin support and the remaining three supports were roller type. The span lengths considered
for this study varied between 20ft to 130ft (at 5ft increments). All truck loads were placed on

each girder as shown previoudly in Figures 6, 7 and 8.

Modelingin GTSTRUDL. GTSTRUDL software was used to calculate the influence line of
moment and shear at each joint along the length of the bridge girder. Due to the symmetry of
the bridge, only the left half part of the bridge girder was considered. The truck loads were
applied in both directions, from left to right and from right to left as shown in Figure 9. The

results were used in the following steps to cal culate the moment and shear forces.
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Figure 9 Truck 3S2 and HS20-44 configuration on continuous bridge girder.

Determining the critical location of the truck. After generating the influence line for each
joint, the position of the truck loads on the bridge girder that would result in maximum positive
moment, maximum negative moment and maximum shear forces was determined. The results

were summarized in Table 5 of Appendix B.

The maximum moments and shear forces. The maximum positive moment, maximum
negative moment, and shear forces due to the wheel loads were cal culated by moving the truck
loads along the bridge girdersin 1ft increments. The magnitude of the moment and shear were
calculated by taking the sum of the ordinates multiplied by the magnitudes of theloads. Thenthe
loads were placed at the point which produced the maximum value. The location of the truck
load which caused the maximum positive moment occurred around 40% of thefirst span, while
the location of the maximum negative moment occurred close to the first support of the bridge.

The results were presented in Appendix B, Tables6 and 7.

Theresults of the analysis for the maximum positive moment, the maximum negative moment,
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and the maximum shear forces for HS20-44 and 3S2 trucks on continuous bridge girders were
shownin Appendix B, Figures 1 through 3. Theincreasein thetruck load on the momentsin the
bridge girder wasinsignificant for girders with spans shorter than 70ft. However, the impact on

the girders with long spans was more significant.
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Analysisfor bridge decks

The focus in this subtask will be on the strength and serviceability of bridge decks due to the
impact of the heavy loads from the trucks that are transporting forestry products and
Louisiana-produced lignite coal. The evaluation will consider composite and hon-composite
bridge systems. Finite element analysis was used for atypical deck and girder system to
determine the effects of the trucks on the stresses in the transverse and longitudinal

directions.

All bridges considered for this study have concrete decks. According to the LADOTD Bridge
Manual concrete bridge decks are designed as a continuous span over the girders. The bridge
deck analyses for this study were performed using finite element models and GTSTRUDL
software. The finite element models for typical bridge decks were generated with atypical
bridge-deck width of 30-ft and 8-inch thickness supported by five girders. The design load
for the bridges included in this study and the loads from 3S2 truck configuration were applied
to the deck. Only the “ Fatigue” load combination, as presented in AASHTO LRFD, was
performed for these typical bridge deck models.

The finite element model used for bridge decks in this study simulates the behavior of
continuous span bridges. The girders are modeled using Type-1PSL tridimensional elements
availablein GTSTRUDL. Type-SBCR plate elements were used for the bridge deck.
Prismatic space truss members were used to model end diaphragms and the connection

between the deck plate elements and the girder elements.

Girder element type-1PSL

Properties of type tridimensional finite elements were explained in the GTSTRUDL user
guide analysis, and were summarized in the section. These were used to model the behavior
of general three-dimensional solid bodies. Three translational degrees of freedom in the
global X, Y, and Z directions were considered per node. Only force type loads could be

applied to these tridimensional elements.
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The Type-IPSL tridimensional finite element used was an eight node element capabl e of
carrying both joint loads and element loads. The joint loads could define concentrated |oads
or temperature changes, while the element |oads could define edge loads, surface loads, or
body loads. GTSTRUDL resultsincluded the output for stress, strain, and element forces for
type-IPSL tridimensional elements at each node. The average stresses and average strains at

each node were calcul ated.

Plate element type-SBCR

Properties of type plate finite elements were explained in the GTSTRUDL User Guide
Analysis, and were summarized in the section. Type Plate Finite Elements were used to
model problems that involved both stretching and bending behavior. The element was a two-
dimensional flat plate element commonly used to model thin-walled, curved structures. The
type plate finite elements were formulated as a superposition of type plane stress and type
plate bending finite elements. For flat plate structures, the stretching and bending behavior
was uncoupled, but for structures where the elements did not lie in the same plane, the

stretching and bending behavior was coupled.

The type-SBCR plate finite element was a four node element capable of carrying both joint
loads and element loads. The joint loads could define concentrated |oads, temperature
change loads, or temperature gradients, while the element loads could define surface |oads or
body loads. GTSTRUDL provided the output for in-plane stresses at the centroid and
moment resultants, the shear resultant, and element forces at each node for type-SBCR plate
elements. The average stresses, average principal stresses and average resultants at each node
were calcul ated.

Prismatic space truss members

Properties of space truss members were explained in the GTSTRUDL User Guide Analysis,
and were summarized in the section. Space truss members were used when a member
experiences only axial forces and where the member was ideally pin connected to each joint.

No force or moment loads could be applied to a space truss member. Only constant axial



temperature changes or constant initial strain type loads could be applied. The self weight of

these members was generated as joint |oads which the member was incident upon.

When the prismatic member property option was used, the section properties were assumed
to be constant over the entire length of the member. Up to fourteen prismatic section
properties could be directly specified and could be directly specified or stored in tables. If
not specified, the values could be assumed according to the material specified. All fourteen
member cross-section properties were assumed to be with respect to the member cross-
section’s principal axis (local y- and z- axes) which had their origin on the centroidal axis

(local x- axis) of the member.

Geometry of bridge deck

The geometry of the bridge was dependant on the width of the roadway, girder type and
quantity, number of spans, span length, girder spacing, the bridge skew angle, and the
diaphragm skew angle. The span length was measured from the center of one support to the
center of an adjacent support. The girder spacing was measured from the center of one girder
to the center of an adjacent girder which was identical and parallel to the previous girder. All
the models considered in this study were non-skewed with end diaphragms. The structures
analyzed in this study were 30ft wide and three-equal spans. The girders are simply supported
and the concrete deck was continuous over the girders. The girders were spaced at 8ft in the
middle and 7ft on the outside all models contain only five girders, as shown in Appendix C,

Figures 1 and 2.

Boundary conditions
Therestraints for all models consisted of four joints across the width at the base of the girder
at the end and intermediate supports. Also, the two joints that connect the plate elements to

the rigid members at the end supports behave as pins.

AASHTO loading
A uniform volumetric dead load of 150pcf was applied to all elements and all membersto
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account for the self weight of the concrete. The truck loading on the bridge was represented
by the HS20-44 and 3S2 truck loading with 1.3 impact factor, based on AASHTO Chapter 3.

In addition to the dead and truck loads, a future wearing surface loading of 12psf, according
to LADOTD Bridge Manual, was placed on the deck to account for future overlays. The
loading conditions used in this investigation were the fatigue loads (self weight, live loads
with impact factor) as required by the AASHTO LRFD Bridge Design Manual.

Finite element modeling of the girder over interior supports
Since the girders were simply supported and the deck was continuous over the girders, then
during the construction of the bridge a space would be created between the two girders over
the interior supports. Because the end diaphragm did not provide continuity in this case, the
girder would require a 2inch gap between the girders, as shown in Appendix C, Figures 3 and
4,
Bridge decks contain longitudinal reinforcing bars for the tensile stresses induced by the
negative moment over the support. In construction, the combination of the deck and the
bearing pad would restrict the rotation of the girder over the support. Although the girders,
when constructed with end diaphragm, were not joined end to end, the girder was not
completely free to act as atruly simply supported beam. In modeling the connection with a
2inch gap between adjoining girders, the girders were free to rotate and act as asimply
supported beam because the beam was supported by points at the end of the girder and not
resting on the pad. Due to the restricted rotation of the girders, tensile and compressive
stresses would still exist at the girder ends.
Influencelines

To determine the critical location of the truck, the influence line analysis for the
bridge on the transverse direction was required. The width of the bridge was 30ft, supported
by 5 girders with simple supports. The space between the central three girders was 8ft, and
was 7ft to the outer girders. Truck loads were placed on the deck as concentrated loads.
GTSTRUDL was used to obtain the influence line for each joint of the deck, and EXCEL was
used to analyze the data to get the critical location of the truck as discussed beforein this



study.
Bridge deck evaluation

The materiasin bridges are subject to high cycle fatigue damage. This means that
after many cycles of stresses even below the maximum permitting stress, damageis
accumulated that may eventually cause the failure of the bridge. This would especially occur
on those bridges that meet with the heavily traveled vehicles. In this study, the fatigue
behavior of three equal span bridges was performed. The finite element analysis was
performed using GTSTRUDL, the load combination included the fatigue factor and impact
factor to investigate the behavior of the bridge. According to the AASHTO Specification, the
fatigue factor 0.75 and the impact factor 1.3 were used. The span lengths of the bridges were
in the range of 20 to 120 feet with ssmple support conditions. Truck loads for HS20-44 and
3S2 were applied at critical locations for maximum positive and negative moment in the
bridge deck to determine the corresponding stresses. The maximum value of longitudinal,
transverse and shear stresses in the bridge deck were obtained then grouped as the tensile
stress and compressive stress. Appendix C, Tables 1 through 4 summarize the results for the
maximum stress values of the top and bottom surfaces of the bridge deck, under both HS20-
44 and 3S2 truck loads. Also, Appendix C, Figures 5 to 10 present the results for stresses on
the top surface of the deck, and Appendix C, Figures 11 to 16 present the results for stresses

on the bottom surface of the deck.
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DISCUSSION OF RESULTS

INTRODUCTION TO PAVEMENT COSTS

The pavement costs calculated for this study include the costs of overlays required to
support the 80-kN ESALs under the various GVW scenarios. The overlay costs were
determined for each control section included in the study for both timber and lignite coal.
The discussion of results from these studies will begin with coke fuel and then lignite coa

will be presented and finally the timber results will be presented.

COKE FUEL

Of the sixteen refinery companies in Louisiana, only three were involved in
transporting coke from the refinery by truck. Of these three, project investigators were able
to identify for only two the amounts of coke transported and the destination. Citgo Petroleum
in Lake Charles, had approximately 1,000 tons/month of its coke transported to a paper mill
north east of Campti, La. The coke was transported on a 3-S3 vehicle ( FHWA class 10
vehicle) with atandem axle on the tractor and atriple axle on the trailer at a GVW of 88,000
Ib. Since only an average of 1 truck load per day was required to haul the coke fuel, project
staff decided that the pavement and bridge damage would likely be minimal and not
significant when compared to that from the other two commoditiesinvolved in this study.

The Motiva/Norco Enterprises refinery in Norco, La. transported approximately
48,000 tons of coke in 2003 to the ClI Carbon plant in Gramercy, La. This coke is calcinated
by CII Carbon for use in aluminum productions and is not used as fuel, so it was not included
in this study.

The Conoco-Coke Terminal aso transported some coke by truck. However, project
staff were unable to secure specific information on the quantity of coke transported nor the
destinations of the coke.

Based on the above information, project staff concluded that there was not alarge
amount of coke fuel transported in Louisianain 2003 and that further efforts to define

amounts and destinations were not justifiable given the deadline for this project. The
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available effort of project staff needed to be directed toward evaluating the effect of the much
larger quantities of timber and lignite coal being transported on Louisiana highways and
bridges.

EFFECTS OF TRANSPORTING LIGNITE COAL ON HIGHWAY COSTS

Current Conditions. Lignite coal is produced from two minesin northwest

Louisianain Red River and Desoto parishes at the Dolet Hills and Oxbow mines. The only
lignite coal transported over Louisiana highways travels from the Oxbow mine at Armistead,
Louisiana
1. AlongLal for approximately 8 milesto the point where US 84 diverges to head
west,
2. the coal then moves approximately 6 miles along US 84, past 149, to La 3248, and
3. Along La 3248 for approximately 2 miles where the trucks turn onto the road to
the Dolet Hills power plant.
Thelignite coad is hauled in a 3-S3 vehicle ( FHWA class 10) with atriple axle
on the 42-foot bottom dump trailer which is pulled by a standard truck with a single steering
axle and atandem drive/load axle. The current permitted gross vehicle weight on this vehicle
is 88,000 pounds and Savage Industry, who has the hauling contract, personnel indicated that
the tare weight of the truck was 28,000 pounds and that the tandem and triple axles carried
about the same weight when loaded to GVW with coal. Under the current conditions,

scenario 2, the payload per truck is 60,000 pounds.

Savage Industry personnel indicated that all the lignite coal from the Oxbow mineis
transported to the Dolet Hills power plant and that in 2003 563,000 tons of coal was hauled.
For the 60,000 pound payload per truck, the number of truck loads per day averages 51.42
trucks/day for 365 daysayear. Savage Industry aso indicated that the amount of lignite
mined each year is afairly stable number, so in this study, a growth rate of O percent per year

has been assumed.

Control sections carrying lignite coal. Since al the highways carrying lignite coal
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arein district 04, requests were made for them to supply pavement cross section and history
information. The traffic section in Baton Rouge was asked to supply ADT, vehicle
classification data, and traffic growth rates for each of the control sections carrying lignite
coa shown in Table 27. However, the traffic section in Baton Rouge indicated that no ADT
data was readily available for these control sections so the district traffic personnel collected
traffic count and classification data on these four control sections. Estimates for the traffic

growth rate were provided by the traffic section in Baton Rouge.

The pavement cross section data for US 84 was secured using ground penetrating
radar data collected for the LaDOTD in 1995. That data was supplemented with information
from District 04 personnel to develop the current cross section. In addition, District 04

personnel provided data on rehabilitation activities on each of the control sections.

With the payload information plus roadway and traffic data, project staff were ableto
develop the 20-year analysis period cost to rehabilitate these four control sections used to
transport lignite coal under three scenarios included in this study:

a Scenario 2 represents current conditions, as described above, include a

GVW of 88,000 pounds being hauled in a FHWA class 10 vehicle, with a
triple on the trailer and a tandem on the tractor, each axle carrying the
same |load.

b. Scenario 1 represents a GVW of 80,000 pounds which involves no special
overweight permits. In that case, it is assumed that a FHWA class 9 vehicle
would be used.

C. Scenario 3 represents a GVW of 100,000 pounds carried by the FHWA class
10 vehicle used under scenario 2 with each axle loaded equally.
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Control section numbers, cross sections, and ADT for roads carrying lignite coal

Table 27.

District | Route Control ADT W.C& B.C. Base Type &
No. No. Section No. Thickness, in. Thickness, in.
Lal 53-07 1608 7.0 Soil Cement, 8.5
4 uss4 021-04 909 9.5 Soil Cement, 8.5
uss4 21-03 1122 6.5 Soil Cement, 8.5
La 3248 816-07 335 5.0 Soil Cement, 8.5

The number of ESALs for each vehicle |loaded at the different GVW scenarios were
determined from the load equivalence tablesin the AASHTO pavement design guide. For
US 84, SN of 4.0, P; of 251n TablesD.4, D.5, and D.6 and the axle loads below produced
the following axle load equivalence factors for each scenario:

a Scenario 2 (88,000 Ibs. GVW), axle loads and equivalence factors are:

12,000 Ib. steering 38,000 Ib. tandem 38,000 Ib. triple
0.213 + 1.68 + 0.436 = 2.329 ESALSg/vehicle

b. Scenario 1 (80,000 Ibs. GVW), axle loads and equivalence factors are:
12,000 Ib. steering 34,000 Ib. tandem 34,000 Ib. tandem
0.213 + 111 + 1.11 = 2.433 ESALS/vehicle
NOTE: It was assumed that under the 80,000 |b. GVW the lignite
transport vehicle would revert back to FHWA class 9 vehicle
instead of the class 10 vehicles.

C. Scenario 3 (100,000 Ibs. GVW), axle loads and equivalence factors are:
12,000 Ib. steering 44,000 Ib. tandem 44,000 Ib. triple
0.213 + 2.88 + 0.769 = 3.862 ESALs/vehicle

As can be seen above, scenario 2 provides the lowest ESALSs per truck for the three
scenarios. It should be noted that the use of the triple axle on the trailer has a significant
positive affect in reducing the destructive effect of axle loads on the pavement. A summary

of the factors represented by the three scenariosis provided in Table 28 for the control
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sectionson US 84. Similar summary tablesfor La 1 and La 3248 are provided in Tables 29
and 30. La 3248 has afunctional classification of collector while US 84 and La 1 are classed
asarterials. Thedataincluded in Table 29 for La 1 used a SN of 3.0, P, of 2.5 so the ESAL
calculations used equivalence factors from Tables D.4, D.5 and D.6 of the AASHTO flexible
pavement guide. The dataincluded in Table 30 for La3248 isfor aP; of 2.0, and SN of 3.0
so the ESAL calculations use equivalence factors from Tables D.1, D.2 and D.3 of the
AASHTO flexible pavement guide.

Table 28.
Summary of the factorsrepresented by scenarios 1, 2 and 3 for control sections 21-03
and 21-04 on US 84

Scenario | GrossVehicle | Payload per ESALs | No. of loads/day required to
Weight, Ibs vehicle, Ibs | per truck transport coal in 2003
1 80,000 56,000 2433 55.09
2 88,000 60,000 2.329 51.42
3 100,000 72,000 3.862 42.85
Table 29.
Summary of thefactorsrepresented by scenarios 1, 2 and 3 for control section 53-07
onLal
Scenario | GrossVehicle | Payload per ESALs | No. of loads/day required to
Weight, Ibs vehicle, Ibs | per truck transport coal in 2003
1 80,000 56,000 2.449 55.09
2 88,000 60,000 2.380 51.42
3 100,000 72,000 4.000 42.85
Table 30.
Summary of thefactorsrepresented by scenarios 1, 2 and 3 for control section 816-07
on La 3248
Scenario | GrossVehicle | Payload per ESALs | No. of loads/day required to
Weight, Ibs vehicle, Ibs | per truck transport coal in 2003
1 80,000 56,000 2.349 55.09
2 88,000 60,000 2.309 51.42
3 100,000 72,000 4.129 42.85

Table 31 contains a summary of the traffic growth rate data provided by the traffic

section in Baton Rouge and the ADT data collected by district 04 personnel. In addition to

this data, district 04 personnel collected classification data on each control section. The

95



classification data was used to predict the number of ESALS applied to each control section

under current conditions, scenario 2, for which overlays were designed.

Table 31.
Summary of traffic data for control sections used to transport lignite coal
District | Route Control Length of Control section | Growth | ADT
No. No. Section No. over which coal is Rate, from
transported %/year | dist. 04
Centerline | Lanemiles
miles

Lal 53-07 8.05 16.10 8.7 1,608
uss4 21-04 2.44 4.88 31 909
4 us g4 21-03 3.95 9.36 4.9 1,122
La 3248 816-07 1.55 3.10 10.0 335

Costs associated with transporting lignite coal. Using the information described
above, the overlay costs (in $/12 ft-lane mile) associated with transporting the lignite coal
during the 20-year analysis period were calculated for each of the three GVW scenarios.
These data are tabulated in Table 32 and show the time when each overlay was required, the
thickness of the overlay, and the cost of the overlay in terms of cost when constructed and in
2003 dollars (net present worth). The data from Table 32 was summarized for each GVW
scenario in Table 33. Notice in Table 33 that the scenario 2 minus scenario 1 costs are
negative, i.e., by having the coal transported in FHWA class 10 vehicles, the state of
Louisiana actually saves money compared to using FHWA class 9 vehiclesat a GVW of
80,000 Ib. However, when the GVW on the class 10 vehicle isincreased to 100,000 Ib. the

required overlay costs on each control section increases.

Table 34 shows the total cost of overlays for the total length of the control sections over
which lignite codl is hauled for the analysis period. The total cost data was devel oped by
multiplying the cost per 12-ft lane mile in Table 33 times the number of lane miles on each
control section times the lane width of each control section and dividing by 12 feet. This

product represents the actual cost of overlays on each control section.
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A comparison of the total costs between scenarios 2 and 1 ( current conditions and going
back to a GVW of 80,00 Ib. ) and between scenarios 2 and 3 ( current conditions and
increasing the GVW to 100,000 Ib.) are shown in the last two columns of Table 34. The
statewide total for these same two scenario comparisons are shown in the last row of Table
34. These statewide totals indicate that by alowing lignite coa to be transported in the
FHWA class 10 vehicle, with atriple axle on the trailer, the state of Louisiana saves $61,960
during the 20-year analysis period as compared to lowering the GVW back to 80,000 Ib.
However, if new laws were passed to alow this same vehicle to carry coal at 100,000 Ib., it
would cost taxpayers of Louisiana an additional $139,670 during the 20-year analysis period,
when compared to the current GVW of 88,000 Ib. This 20-year period net present worth
amounts to $11,210/year for pavement costs. Before devel oping a recommendation on
raising the GVW to 100,000 Ib., the bridge costs must be determined and added to the
roadway Costs.

Bridge costs on lignite coal control sections. Table 35 contains the actual

calculated cost of damage to 9 bridges that lignite coal trucks cross for scenario 3. The data
in this table represents the statewide average cost of fatigue damage to bridges of each type.
Notice that the cost is on a per trip basis so the cost per year can be determined by
multiplying the number of trips per year times the number of bridges times the cost per trip
for each bridge. Asnoted earlier, lignite coal trucks make 18,767 trips per year carrying the
563,000 tons of coal from the mine at Armistead to the Dolet Hills power plant.

If the legislature were to increase the GVW to 100,000 Ib, scenario 3, the bridge costs
incurred by the state on control sections carrying lignite coal would be:
Annual Bridge Cost = 18,767 trips/year* [ 7 bridges* ($11.5/trip) + 2 bridges* ($16/trip)]
= 18,767 trips/year *[ $112.5/ trip]
Annual Bridge Cost = $2,111,000/year
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Combined pavement and bridge costs. The total cost of increasing the GVW from 88,000

Ib. to 100,000 Ib. is $2.122 million per year on the lignite coa travel route. It appears
obvious that maintaining the current GVW and truck configuration is the most favorable
option for the taxpayers of Louisiana. It appears doubtful to the authors that Savage Industry
could save enough in operating cost by increasing their payload from 60,000 Ib./truck to
72,000 Ib./truck to offset paying $2.111 million dollars per year in additional permit feesto
cover fatigue damage done to bridges at the 100,000 Ib. GVW.

98



Table 32.

Overlay thickness, time and cost for highways carrying lignite coal

Highway & GVW Perfor Overlay Construction NPW of
Control Scenario | mance _ Overlay,
Section No. Period Th'Ck" Year of Cost, $/12-ft-Im
inches Overlay $/12-ft-Im
1 2.00 1997 - -
1 2 3.34 2005 65,170 62,037
3 3.44 2013 67,292 43,356
105,363
1 2.00 1997 - -
Lal 2 2 3.27 2005 63,852 60,811
53-07 3 3.43 2013 67,069 43,233
104,040
1 2.00 1997 - -
3 2 3.44 2005 67,133 63,933
3 3.46 2013 67,630 43,593
107,526
1 2.00 1998 - -
1 2 2.53 2005 49,359 45,011
3 2.50 2013 48,779 30,107
75,118
usea4 1 2.00 1998 - -
21-04 2 2 2.44 2006 47,721 43,284
3 2.46 2014 48,122 29,543
72,827
1 2.00 1998 - -
3 2 2.63 2005 51,411 47,569
3 2.54 2013 49,601 31,081
78,677
1 2.00 1997 - -
1 2 3.09 2005 60,415 57,510
3 2.95 2013 57,693 37,171
94,681
1 2.00 1997 - -
uss4 2 2 3.00 2005 58,635 55,843
21-03 3 2.92 2013 57,104 36,810
92,653
1 2.00 1997 - -
3 2 3.21 2005 62,648 59,636
3 2.99 2013 58,455 37,662
97,298
La 3248 1 1 4.22 2004 82,460 82,460
816-07 2 1 3.95 2004 77,096 77,096
3 1 4.36 2004 85,261 85,261

99



Table 33

Net present worth of pavement costs and comparison between scenariosfor highways
carrying lignite coal

Highway & GVvWwW NPW of Overlay Scenario 2 — Scenario 3—
Control Scenario Costs, $/ 12-ft Scenario 1 costs, | Scenario 2 costs,
Section lane mile $/12-ft lanemile | $/12-ft lane mile

Lal 1 105,363 -1,323 3,486
53-07 2 104,040
3 107,526

uss4 1 75,118 -2,391 5,850
21-04 2 72,827
3 78,677

uss4 1 94,681 -2,028 4,645
21-03 2 92,653
3 97,298

La3248 1 82,460 -5,364 8,165
816-07 2 77,096
3 85,261

Table 34

Statewide total costs between different GVW scenarios for highways carrying lignite

coal during the 20-year analysis period
Highway & # 12-ft lane TOTAL NPW of TOTAL NPW of
Control milesin control | Scenario 1 —Scenario2 | Scenario 3—Scenario 2
Section section Costs Costs
Lal 14.758 -19,520 51,440
53-07
uss4 4473 -10,690 26,160
21-04
uss4 8.823 -17,890 40,980
21-03
La3248 2.583 -13,860 21,090
816-07
Statewide TOTAL -61,960 139,670
Table 35

Statewide weighted aver age bridge fatigue costsfor trucks hauling lignite coal at
108,000 Ib GVW

Bridge Support # of bridgeson BridgeDesign | Statewide Weighted

Conditions lignite coal route L oad Cost per loaded trip
Simple 7 HS20-44 $11.5
Continuous 2 HS20-44 $16.
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Developing Statewide Timber Costs From Control Section Data For Each ADT Group

To develop an estimate of the statewide rehabilitation cost for all highways used in
the transport of timber, the cost for all control sections in each category was first devel oped.

Scenario 2 net present worth of study control sections. The net present worth of

overlay cost for each control section was generated by multiplying the number of lanes times
the width of each lane times the control section length times the net present worth of the cost
of overlaysfor the various GVW scenarios. Data used to calculate the net present worth for
each control section are shown in Tables 36, 37 and 38 for the detailed analysis. In Table 36,
datain the first four columns was secured from the DOTD control section log books and
includes the control section number, number of lanes, lane width, and length of the control
section or each subsection with a different number of lanes or lane width. Column 5 of Table
36 contains the product of columns 2, 3, and 4. Column 6 data represents the scenario 2 net
present worth of overlay cost developed from the analysis methodology. Column 7 isthe
product of columns 5 and 6 and is the net present worth of overlay costs for each control
section. Table 36 contains the NPW data for control sections with ADT less than 1,000
vehicles per day, Table 37 contains similar data for control sectionswith ADT between 1,000
and 4,000 vehicles per day, and Table 38 contains similar data for control sectionswith ADT
greater than 4,000 vehicles per day.

The net present worth for scenario 2 overlay costs for the 20-year analysis period for
each ADT group issummarized in Table 39. The datain column 3 of Table 39 is produced
by adding together al the totals from column 7 of Tables 36, 37, and 38. Similar data for
study control sections was developed for scenarios 1 and 3 and are also included in Table 39.
Notice that the net present worth of overlaysislowest for scenario 1 and greatest for scenario
3. Scenario 2, present conditions, is between scenario 1 and 3 but is closer to scenario 1 than
scenario 3. Thisresult is as was anticipated because of the non-linear relationship between
axle load and equivalence factor used to calculate the ESALSs per truck under the different

GVW scenarios.
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Scenario 2 statewide net present worth of overlaysfor all control sections. Data

for statewide control sections over which timber was transported were tabulated in the same
manner as in the first five columns of Tables 36, 37 and 38, however, this tabulation of data
is not included in the report because of its size. However, summaries of the statewide control
section dimensions by ADT group are included in Table 40. Timber was transported over
504 control sectionswith ADTsless than 1,000 vehicles per day, 497 control sections with
ADTs between 1,000 and 4,000 vehicles per day, and 411 control sections with ADTs greater
than 4,000 vehicles per day. The sum of all of the control section dimensions used to

transport timber are included in Table 40, column 3.

Table 36.
Dimensions and scenario 2 overlay cost for 13 study control sections
with ADT lessthan 1,000

Control No. of Lane Length, Product of (Col. Scenario 2 NPW Scenario 2 Total NPW of
Section No. Lanes Width, ft. mi. 2* Col.3* Col.4) | of Overlay Cost/ Overlay Cost of each
12-ft-lane-mile Control Section,
(Cal. 1) (Cal. 2) (Cal. 3) (Col. 9 (Col. 5) (Col. 6) [((Col. 5)/12)*Col. 6] =
(Ca.7), $
45-31 2 10 7.18 143.60 43,347 518,719
88-06 2 10 6.34 126.80 51,659 545,863
89-06 2 10 6.22 124.40 55,495 575,298
128-02 2 10 147 29.40 47,899 117,353
130-02 2 10 13.82 276.40 47,015 1,082,912
134-02 2 1L 100 175.00 85,692 1,249,675
2 10 7.65 ' T
136-01 2 10 9.21 184.20 91,513 1,404,725
317-05 2 9 3.32 59.76 67,577 336,533
323-01 2 10 71.72 154.40 29,304 377,045
819-19 2 10 5.50 110.00 71,222 652,868
2 11 8.35
830-01 5 10 > 61 235.90 64,114 1,260,374
834-08 2 10 9.02 180.40 75,507 1,135,122
863-10 2 9 0.61 10.98 73,873 67,594
TOTALS 1,811.24 9,324,082
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Table 37.

Dimensions and scenario 2 overlay cost for 15 study control sections
with ADT greater than 1,000 but less than 4,000

Control No. of Lanes Lane Length, Product of (Col. Scenario 2 NPW Scenario 2 Total NPW of
Section No. Width, ft. mi. 2* Col.3* Col.4) | of Overlay Cost/ Overlay Cost of each
(Cal. 2) 12-ft-lane-mile Control Section,
(Coal. 1) (Cal. 3) (Cal. 4) (Cal. 5) (Cal. 6) [((Col. 5)/12)*Col. 6] =
(Cal. 7)
2 10 3.57
2 11 4.22 176.24 44,896
48-02 5 12 0.50 659,373
83-01 2 11 6.41 141.02 38,900 457,140
89-03 2 11 17.18 377.96 75,635 2,382,250
190-02 2 10 8.45 169.00 95,864 1,350,085
2 10 4.47
224-01 5 11 575 149.90 137,240 1,714,356
227-02 2 12 2.61 62.64 66,366 346,431
2 12 4,94 2,100,313
260-07 5 11 X7 246.60 102,205 i
263-02 2 11 7.17 157.74 76,984 1,011,955
2 11 10.79
272-02 5 12 0.67 253.46 36,643 773,961
415-04 2 10 6.04 120.80 101,037 1,017,106
2 10 5.52
4 12 0.44 136.80 68,376 779,486
805-18 2 12 | 0.2
2 11 2.58
849-26 5 12 0.50 68.76 94,634 542,253
853-05 2 10 4.07 81.40 65,064 441,351
853-12 2 11 3.56 78.32 77,371 504,975
853-14 2 10 2.81 56.20 18,663 87,405
TOTALS 2,276.84 14,298,213
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Table 38.
Dimensions and scenario 2 overlay cost for 11 study control sections
with ADT greater than 4,000

Control No. of Lane Length, Product of (Col. Scenario 2 NPW Scenario 2 Total NPW of
Section No. Lanes Width, ft. mi. 2* Col.3* Col.4) | of Overlay Cost/ Overlay Cost of each
12-ft-lane-mile Control Section,
(Coal. 1) (Cal. 2) (Cal. 3) (Cal. 4) (Cal. 5) (Cal. 6) [((Col. 5)/12)*Col. 6] =
(Cal. 7)
8-03 4 12 11.29 541.92 39,978 1,805,406
4 11 0.22
12-13 7 12 16.03 779.12 44,076 2,861,708
31-07 2 12 2.84 68.12 120,198 682,324
4 12 8.69
53-09 6 12 0.15 456.72 59,066 2,248,052
8 12 0.30
4 11 1.86
60-01 4 12 6.07 396.30 49,597 1,637,941
6 11 0.35
67-09 2 12 4.70 112.80 81,708 768,055
4 11 0.55
67-09 7 12 587 161.96 103,390 1,395,420
92-02 2 10 8.49 169.80 44,653 631,840
2 11 0.30
253-04 5 12 517 130.68 84,819 923,679
817-31 2 11 2.44 53.68 48,483 216,881
843-09 2 10 0.92 18.40 48,923 75,015
TOTALS 2,889.50 13,246,321
Table 39.

Net present worth of study control section overlay costsfor the 20-year analysis period

for each GVW scenario by ADT group

ADT Group NPW of Overlay Costsfor each scenario for
control sections carrying timber, million $
Scenario 1 Scenario 2 Scenario 3
(80,000 Ib GVW) | (186,600 1b GVW) | (100,000 Ib GVW)
(Col. 1) (Cal. 2) (Cal. 3) (Cal. 4)
ADT lessthan 1,000 9,276,210 0,324,082 0,899,624
ADT greater than 1,000
but less than 4,000 13,885,228 14,298,213 15,141,848
ADT greater than 4,000 13,178,193 13,246,321 13,549,475
TOTALS 36,339,631 36,868,616 38,590,947
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The scenario 2 statewide cost of overlays for study control sections carrying timber

during the 20-year analysis period was calculated using the following equation:

Statewide scenario 2 net present worth =

[(Table 40, Col. 3, Row 1)/(Table 36, Col. 5 Total)] * [Table 36, Col. 7 Total] +

[(Table 40, Col. 3, Row 2)/(Table 37, Col. 5 Total)] * [Table 37, Col. 7 Total] +

[(Table 40, Col. 3, Row 3)/(Table 38, Col. 5 Total)] * [Table 38, Col. 7 Totad]
The sum of the above calculation was entered into Table 41, column 3, total row as the
statewide net present worth of overlay costs for scenario 2.

A similar procedure was used to devel op the statewide costs for scenarios 1 and 3.
The data showing scenario 1 and 3 overlay costs for each ADT group are contained in Tables
42, 43, and 44.

Table 40.
Summary of the product of number of lanes X lane width X control section length for
each ADT group for 1,412 control sections carrying timber

ADT Group No. of Control | Product of no. lanes X lane width X length
Sections for all control sectionsin each ADT group
(Cal. 1) (Cal. 2) (Cal. 3), (ft of width-miles)
Row 1: ADT gresater 504 59,423.22
than 1,000
Row 2: ADT greater 497 80,556.32
than 1,000 but less
than 4,000
Row 3: ADT greater 411 82,053.01
than 4,000
TOTAL 1,412 222,032.55
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Table 41.

Statewide net present worth of all control section overlay
costsfor the 20-year analysis period for each GVW scenario by ADT group

ADT Group Statewide NPW of Overlay Costsfor each scenario for
all control sections carrying timber, million $
Scenariol | Scenario2 | Scenario3 | Scenario2— | Scenario 3—
(80,000 1b. | (86,6001b. | (100,000 Scenario 1 Scenario 2
GVW) GVW) Ib. GVW)

(Cal. 1) (Cal. 2 (Cal. 3) (Cal. 4) (Cal. 5) (Cal. 6)
ADT lessthan 304.334 305.905 324.787 1571 18.882
1,000
ADT greater 491.270 505.882 535.730 14.612 290.848
than 1,000 but
less than 4,000
ADT greater 374.221 376.155 384.764 1934 8.609
than 4,000

TOTAL 1,169.825 | 1,187.942 | 1,245.281 18.117 57.339

Table 42.

Scenario 1 and 3 overlay costsfor 13 study control sections
with ADT lessthan 1,000

Control Section | Product of # | Scenario 1 NPW Scenario 1 Total NPW Scenario 3 NPW Scenario 3 Total NPW
No. lanes*lane of Overlay Cost/ | of Overlay Cost of each | of Overlay Cost/ | of Overlay Cost of each
width* 12-ft-lane-mile Control Section, 12-ft-lane-mile Control Section,
length [((Coal. 2)/12)*Col. 3] = [((Col. 2)/12)*Col. 5] =
(Cal. 1) (Cal. 2) (Cal. 3) (Coal.4) (Cal. 5) (Cal. 6)
45-31 143.60 44,484 532,325 50,336 602,354
88-06 126.80 49,137 519,214 58,293 615,963
89-06 124.40 56,267 583,301 56,872 589,573
128-02 29.40 47,699 116,863 51,149 125,315
130-02 276.40 45,839 1,055,825 52,095 1,199,921
134-02 175.00 83,893 1,223,440 92,131 1,343,577
136-01 184.20 91,367 1,402,483 95,765 1,469,993
317-05 59.76 66,835 332,838 71,790 357,514
323-01 154.40 29,304 377,045 29,304 377,045
819-19 110.00 71,626 656,572 74,197 680,139
830-01 235.90 64,633 1,270,577 66,125 1,299,907
834-08 180.40 75,666 1,137,512 77,691 1,167,955
836-10 10.98 74,552 68,215 76,905 70,368
TOTAL [1811.24 9,276,210 9,899,624
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Table43.

Scenario 1 and 3 overlay costsfor 15 study control sections

with ADT greater than 1,000 but less than 4,000

Control Section | Product of # Scenario 1 Scenario 1 Total NPW Scenario 3 NPW Scenario 3 Total NPW
No. lanes*lane NPW of of Overlay Cost of of Overlay Cost/ of Overlay Cost of each
width*length | Overlay Cost/ each Control Section, 12-ft-lane-mile Control Section,
12-ft-lane-mile | [((Col. 2)/12)*Coal. 3] = [((Col. 2)/12)*Col. 5] =
(Cal. 1) (Cal. 2) (Cal. 3) (Cal. 4) (Cal. 5) (Cal. 6)
48-02 176.24 40,269 591,417 47,219 693,490
83-01 141.02 38,212 449,055 43,831 515,087
89-03 377.96 71,804 2,261,587 85,004 2,677,342
190-02 169.00 96,126 1,353,774 99,048 1,394,926
224-01 149.90 138,697 1,732,556 138,719 1,732,831
227-02 62.64 67,364 351,640 67,791 353,869
260-07 246.60 100,255 2,060,240 109,668 2,253,677
263-02 157.74 74,725 982,260 84,229 1,107,190
272-02 253.46 36,897 779,326 40,101 847,000
415-04 120.80 99,119 997,798 108,394 1,091,166
805-18 136.80 68,376 779,486 68,376 779,486
849-26 68.76 95,496 547,192 97,476 558,537
853-05 81.40 64,993 440,869 68,172 462,433
853-12 78.32 72,949 476,114 87,650 572,062
853-14 56.20 17,491 81,916 21,940 102,752
TOTAL | 2,276.84 13,885,228 15,141,848
Table 44.
Scenario 1 and 3 overlay costsfor 11 study control sections
with ADT greater than 4,000
Control Section | Product of # | Scenario 1 NPW | Scenario 1 Total NPW Scenario 3 NPW Scenario 3 Total NPW
No. lanes*lane of Overlay Cost/ of Overlay Cost of of Overlay Cost/ of Overlay Cost of
width*length 12-ft-lane-mile each Control Section, 12-ft-lane-mile each Control Section,
[((Coal. 2)/12)*Cal. 3] = [((Col. 2)/12)*Col. 5] =
(Cal. 1) (Cal. 2) (Cal. 3) (Cal. 4 (Cal. 5) (Cal. 6)
8-03 541.92 39,978 1,805,406 39,978 1,805,406
12-13 779.12 43,904 2,850,540 44,638 2,898,196
31-07 68.12 120,422 683,596 125,621 713,109
53-09 456.72 59,066 2,248,052 59,066 2,248,052
60-01 396.30 49,591 1,637,743 49,615 1,638,535
6/-09 112.80 80,349 755,281 87,470 822,218
67-09 161.96 101,706 1,372,692 106,092 1,431,888
92-02 169.80 42,473 600,993 51,659 730,975
253-04 130.68 85,412 929,923 88,777 966, 782
817-31 53.68 48,483 216,881 48,483 216,881
843-09 18.40 50,276 77,090 50,501 77,435
TOTAL | 2,889.50 13,178,193 13,549,475




Statewide net present worth of overlay costs for all GVW scenarios. Similar

calculations were performed to produce the statewide net present worth of overlay costs of all
control sections carrying timber during the 20-year analysis period for GVW scenarios 1 and
3. Net present worth costs of all control sections for scenarios 1,2 and 3 are shown in Table
41.

Interpretation Of Statewide Net Present Worth Of Overlay Costs

The dataincluded in Table 41 is best interpreted by comparing costs between the
different GVW scenarios. For example, to evaluate the equity of the current permit structure,
the difference in cost between scenario 2 and scenario 1 as shown in column 5 of Table 41
should be compared to the extrafees paid by the timber industry while transporting timber
under scenario 2. However, before making these comparisons, it is helpful to discuss the
concept of equity in allocating transportation costs.

Cost Allocation Studies. Equity isthe concept of alocating pavement costs,

produced as aresult of the presence of that particular group, to that group through vehicle
licensing, registration, permit, fuel and various excise taxes. The Federal Highway
Administration last contracted for a cost alocation study in 1997 [4]. In that study, it was
determined that most commercial vehicles paid their fair share except for overweight
vehicles. Overweight vehicles are those which, permitted or not, are loaded above the 80,000
Ib. gross vehicle weight limit.

From the 1997 cost allocation study, Roberts and Djakfar [2] presented equity ratios
for various vehicles including overweight combination vehicles as shown in Table 45. It
should be noted that the overweight vehicles included in this federal cost allocation study are
those weighed at various weigh stations operated by the individual statesincluding permitted
overweight vehicles. Notice in Table 45, for the two combination truck categories weighing
between 80,001 and 100,000 Ibs. and greater than 100,000 Ibs., the equity ratios are 0.6 and
0.5 respectively. This meansthat vehiclesin these two weight categories are paying only 60

and 50 percent of the costs they incur as aresult of their presence. Remember that these data
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arefor all government levels across the US. Table 46 provides a breakdown of these data for

each government level.

Notice in Table 46 that under combination trucks the row titled greater than 80,000 |bs.
produces about 10 percent of the cost for all combinations, for all government level. This
cost (10 percent) isincurred while the vehicle-miles traveled carrying these loads represent
only 3 percent of the total vehicle milestraveled for all combination trucks [2, page 14].
These data indicate that overweight combination trucks generate a disproportionate cost

relative to the taxes they pay to operate on the highway system.
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Table 45.
Calculated equity ratiosfor the 1997 federal highway cost allocation study for
various vehicle classesfor the year 2000 [2]

Vehicle Class/ Registered Weight 2000 For ecast Period
User Fees Cost Equity
Paid’, % Incurred?, % Ratio

Automobiles 42.6 43.8 1.0
Pickups/vans 21.4 154 14
All Personal Use Vehicles 64.0 59.2 11
Buses 0.1 0.7 0.1
Single Unit Trucks

Equal to or less than 25,000 Ibs. 55 3.6 15
25,001 to 50,000 Ibs. 2.2 3.1 0.7
Greater than 50,000 |bs. 18 4.0 0.5
All Single Unit Trucks 9.5 10.7 0.9
Combination Trucks

Equal to or less than 50,000 Ibs. 11 0.7 1.6
50,001 to 70,000 Ibs. 1.9 1.7 1.1
70,001 to 75,000 Ibs. 1.4 1.4 1.0
75,001 to 80,000 Ibs. 20.3 22.5 0.9
80,001 to 100,000 Ibs. 1.0 1.8 0.6
Greater than 100,000 |bs. 0.7 14 0.5
All Combinations 26.4 294 0.9
All Trucks 35.9 40.1 0.9
All Vehicles 100.0 100.0 1.0

Percent of total federal user fees paid into the Highway Trust Fund by vehicle class
“Percent of total federal cost responsibility incurred by vehicle class
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Table 46.
Estimated cost responsibility for the year 2000 incurred by vehicle classesfor each level
of government [2]

Vehicle Class/ Registered Cost Responsibility ($ Millions)
Weight Federal State L ocal Total
Automobiles 12,405 35,988 15,791 64,184
Pickups/vans 4,770 13,678 6,328 24,777
All Personal Use Vehicles 17,396 50,049 22,378 89,832
Buses 221 383 268 871
Single Unit Trucks
Equal to or less than 25,000 Ibs. 1,074 1,755 886 3,715
25,001 to 50,000 Ibs. 081 1,867 1,349 4,197
Greater than 50,000 |bs. 1,098 1,929 1,212 4,239
All Single Unit Trucks 3,153 5,551 3,447 12,151
Combination Trucks
Equal to or less than 50,000 Ibs. 222 325 149 696
50,001 to 70,000 Ibs. 528 722 306 1,555
70,001 to 75,000 Ibs. 408 517 178 1,103
75,001 to 80,000 |bs. 6,329 8,353 2950 17,632
Greater than 80,000 Ibs. 778 1,125 450 2,353
All Combinations 8,264 11,042 4,032 23,338
All Trucks 11,417 16,593 7,479 35,490
All Vehicles 28,813 66,642 29,866 125,322

Scenario 2 pavement and bridge costs. Now let us attempt to interpret the cost

implications of the current permit structure for timber in Louisiana. In 2003, there were
10,626 harvest permitsissued by the Truck Permits office of the Department of
Transportation and Development. These permits may be purchased for vehicles hauling farm
or forest productsin their natural state. The DOTD does not differentiate among these
permits so it is not possible to determine exactly how many of these permits were purchased
to haul forest products. Asaresult, we will assume that all the harvest permits were
purchased to haul forest products. For a permit fee of $10, atimber truck is allowed to
increase the gross vehicle weight from 80,000 Ibs. to 86,600 Ibs. These two GVWs represent
scenario 1 ( 80,000 Ibs.) and scenario 2 ( 86,600 |bs.) The permit fee income generated for
the state of Louisianais $106,260 which is deposited into the state general fund. It isreadily
acknowledged by both the Louisiana Forestry Association and the DOTD that the $10 fee
was initialy set to pay for the paperwork associated with issuing the permit and not to pay for
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road costs which may be associated with the presence of these overweight timber trucks.
Therefore, it must be concluded that the Louisiana legislature made a decision to subsidize
the timber industry by whatever amount these vehicles cost minus the $106,260 paid for the
privilege of hauling at 86,600 |bs.

Datafrom Table 41 provides information on the magnitude of this subsidy to the
timber industry. The magnitude of the subsidy is determined by subtracting the net present
worth of the total overlay costs of scenario 1 from the net present worth of scenario 2 which
in Table 41 isthe total in Column 5 or $18,117,000 over the 20-year analysis period. This

$18,117,000 can be converted to an equivalent annual amount using the following formula:

A =P (A/P, 5%, 20 years)
A =$18,117,000 (0.08024) = $1,453,700/year

The per vehicle subsidy is aminimum of $1,453,700/10,626 or $137/year/truck, minus the
$10/year fee currently paid for atotal subsidy of $127/year/truck. If only half of the harvest
permits are purchased by timber haulers, the subsidy will be $274/year/truck, minus the
$10/year fee currently paid for atotal subsidy of $264/year/truck. The Louisiana Forestry
Association estimates that each log truck pays the equivalent of $835/year in local, state, and
federal taxes[5]. Based on the estimates above, it appears that this total tax cost per vehicle
should be increased at least $127/year for atotal annual tax burden of $962/year to cover the
pavement costs associated with the presence of these vehicles on Louisiana highways.

In order to get an idea of the magnitude of the bridge costs under scenario 2, the project team
selected a small group of bridges and evaluated the effect of the 86,600 Ib. GVW on bridge
moments, shear and deflection. The results for bridges of different span length are shown in
Table47. Spans of 20, 50, 70, 75 and 80 feet were included in thisanalysis. Columns 2, 3
and 4 of Table 47, shows the moment, shear and deflection ratios. Aslong astheratio is 1.00
or less, the moment or shear produced by the 86,600 Ib. GVW does not produce detrimental
effects on the bridge. As can be seen in Table 47, none of the moment or shear ratios are

greater than 1.00, so no extra bridge cost is produced as aresult of fatigue damage to be
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charged to scenario 2 GVW. So the total cost for scenario 2 is based on pavement costs

aone.

Table 47.

Moment, shear, and deflection ratiosfor HS 20-44 and 86,600 |Ib. GVW loads
Span Moment Ratio Shear Ratio Deflection Ratio
(col1) (col2) (col3) (col3)

(ft) 3-S2/HS 20 3-S2/HS 20 3-S2/HS 20
20 0.94 0.86 1.07
50 0.81 0.84 0.78
70 0.88 0.96 0.90
75 0.91 0.98 0.93
80 0.93 0.99 0.96

Scenairo 3 pavement and bridge costs. Similarly, the overlay cost for increasing

the GVW from 86,600 to 100,000 Ibs. can be calculated by subtracting Column 3 from
Column 4 in Table 41 or $57,339,000 over the 20-year analysis period. The annual cost for

these overlaysis $4,601,000. The charge required to recover these costsin annual permits

would be $433 assuming that all the 10,626 permits were issued to log trucks. The permit fee

for 100,000 Ib. GVW isover 3 timesthat for 86,600 Ib. GVW. In addition, at the 100,000 Ib.

GVW, bridge costs contribute a significant additional cost that must be recovered from

permit fees. As previously noted, the bridge costs were determined on a per use basis with a

range of cost from $11.50 to $39.0 for the different types of bridges on the highway system.

The magnitude of the costs that atypical log truck operating under scenario 3 at 100,000 Ib.

GVW may impose on the bridge system is hypothesized below:

Assume the following scenario:

1
2.

A log truck makes 2 trips per day loaded to 108,000 Ib.
The loaded log truck crosses only 1 bridge on the route from the forest to the
mill.

The logger works 5 days per week and 40 weeks per year
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4, The total number of trips per year = (2 trips/day)X (5days/wk)X (40 wks/year)

=400 trips/year

5. If the bridge replacement cost ranges from $11.5 to $39.0/loaded log truck

trip, as shown in Table 48, then the bridge replacement cost varies from

6. Bridge Cost/year = ($11.5/trip) X (400 trips/year/truck) = $4,600/year/truck

($39.0/trip) X (400 trips/year/truck) = $15,600/year/truck

It must be concluded from this example, that the combined pavement and
bridge costs produced by 100,000 Ib. GVW cannot be paid by the timber trucker when the
highway costs range from $5,033 to $16,033/year/truck. It isalso apparent that the
legislature cannot ask the citizens of Louisianato pay such a high price to alow log truck
operators to reduce the number of trips required to haul their products by approximately
[((200,000 Ib.- 86,600 Ib.)/60,000 Ib. payload/truck ) * 100%] or 22.7% by increasing the
GVW from 86,600 |b. to 100,000 Ib.

It should be noted that the Louisiana legislature has the right and the obligation to
pass laws that provide favored status for any sector of the economy. However, it is aso their
obligation to ascertain the magnitude of the proposed subsidy and to inform the public of its
decision. If the magnitude of the proposed subsidy, once established, is inappropriate, it is
the legislature’ s responsibility to modify the law or the permit fee structure to bring all

considerations into balance for both the industry and the public.

In the event that the legislature decides that the scenario 2 subsidy of $18,117,000

over the next 20 yearsistoo large, some of the available options are:

1 Modifying the law to eliminate this overweight permit, i.e., revert to
scenario 1, agross vehicle weight of 80,000 Ibs., and eliminate the subsidy
currently paid by the taxpayers of Louisiana, or

2. Increase the permit fee to alevel more consistent with the overlay and bridge
costs produced by vehicles hauling timber at 86,600 |b. GVW.

Author’s note: Equity demands that any change in permit fees be
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deposited into the highway trust fund to finance a portion of the extra cost,
paid by DOTD, to more frequently rehabilitate the roads over which
overweight permitted timber truckstravel. Otherwise, the DOTD will beina
position strikingly similar to that faced by the children of Isragl in the Old
Testament book of Exodus 5: 7-8.

In exploring option 2 above, the Louisiana legislature must decide if it desiresto
provide a subsidy to the timber industry. Historically, Louisiana has subsidized agricultural
industries but alowing them special privileges in the transportation of their products. The
general reasoning has been that many of these products are perishable and need to either get
to the market or to the first processing point as quickly as possible. In the case of timber, this
reasoning is specious since the product is not perishable in the time frame typically applied to
agricultural products. Asaresult, the legislature should consider whether thereis an
authentic need for timber overweight permits. In addition, the legislature must also consider
the magnitude of the increased transportation cost to the timber industry if the payload is
decreased by 6,600 Ib. per truck load to a GVW level of 80,000 Ib. The payload per truck
under the 86,600 GVW is 60,000 Ib. of timber. Decreasing the payload by 6,600 Ib. per truck
would generate one additional truck trip for every 9.09 loads under the current law. Asa
result, the operating cost for atrucker would increase by 11 percent if the GVW is reduced
from 86,600 Ibs. to 80,000 Ibs. However, the legislature must also take into consideration the
increase in overlay costs paid by the DOTD which amount to: {[Scenario 2 total cost —
Scenario 1 Cost] / Scenario 1 total cost } * 100% = 1.96 percent. So the legislature must
answer the question: “Should each citizen of Louisiana pay 1.96 percent more for highway
costsin order to reduce timber truck operating costs by 11 percent?” The answer is
especially important when one considers the fact that by subsidizing timber truck operating
costs the citizens of Louisiana are lowering the cost of lumber for citizens of other states who
purchase Louisianatimber. The legislature may also consider placing a user tax fee on the
timber owner for use of the highway system to transport the timber from the harvest point to

the processing site. Such a charge should be on the basis of weight and distance the timber
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travels on the road system. The user tax fee could be subtracted from the purchase price of
the timber at the first processing plant, when the timber isweighed. Such atax would be
applied directly to the party benefiting from having the road system available for hauling the

timber to the first processing point.

It must also be noted that bridge costs presented earlier show that if the GVW is
reduced from 86,600 Ibs. to 80,000 |bs. that the cost to reconstruct bridges will be reduced an
unknown amount. In the bridge analysis the only load for which costs were estimated was
108,000 Ibs. which corresponds to the Scenario 3 GVW. The extra bridge fatigue costs
produced by trucks at 80,000 Ib. GVW was estimated to be zero in an independent research
study conducted by staff of the Louisiana Transportation Research Center [6].
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Introduction to bridge costs

Previous studies

Thetruck industry is faced with the demand of increasing the truck weight to get more
carrying capacity, [8, 9, 10, 11]. On the other hand, the bridge owners have the right to control
the loading on the bridges to control the deterioration of the existing bridge infrastructurein the
United States to keep the structure at a safe condition. To solve this problem, regul ations allow
the truck weightsto increase to acertain range while guaranteeing the safety and serviceability of
the bridge systems. The Federal | egidlation introduced a program regul ating truck weightsknown
asFederal-aid Highway Act. Thislegidlation restrictsthe grossweights of trucks and weights of
different axles and axle groups. The maximum weight of the gross vehicleis 80,000 Ibs, while
the limit for the single axle load is 20,000 Ibs and 34,000 Ibs for the tandem axles. The axle

group weights are regulated based on the truck weight formula or well known as the “Formula

B”, given by:
W = BN +6N +18
2(N-1

Where W is the overall gross weight (in pounds), B is the length of the axle group (in
feet), and N isthe number of axlesin the axle group. By using the Formula B, the overstressing
of the bridges whose design load isHS20 can be avoided by more than 5 percent and the bridges

whose design load is H15 can be avoided by more than 30 percent.

Thisformulaisbased on the principle that overstressing of H15 bridges by 30 percentis
still acceptable for bridge safety and serviceability. Most of the H15 bridges are built on the low
heavy-truck volume highways while the HS20-44 bridges are usually built on the interstate
highways. This means that if the bridge is overstressed by more than 5 percent, thereisahigh
risk. However, the engineering experiencesin some states and the province of Ontario show that
the results of Formula B are very conservative. Many states have increased their legal loads
above the standard. For example, Minnesota allows a winter increase in GVW of 10 percent

during dates set by the transportation commissioner based on afreezing index. Michigan alows
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loads up to 154,000 |bs, and most western states allow [oads up to 131,000 |bs.

The Federal Highway Administration (FHWA) supported some research to developed
another truck weight formula known as the TTI formula, which is based on the same
overstressing criterion asthe FormulaB. Comparing with the FormulaB, the TTI formulaallows
higher weightsfor shorter vehicles, tandem, and tridem axle groups, but the smaller grossweight

than Formula B for longer vehicles. The TTI formulais given by:

W=34 + B (Kips) for B <56 ft
W=62 + 0.5B (Kips)  for B >56 ft

In 1990, the Transportation Research Broad (TRB) finished research on amodification of
the TTI formula, which reduced the limits on axles loads and alow the higher gross weights.
However, the modified TTI formula only established stress limits on the bridges whose design
load is the HS20 truck load but without consideration of the H15 truck load, the modified

formulais given by:

W =26+ 2.0B (Kips) for B < 23 ft
W =62+ 0.5B (Kips) for B > 23 ft
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Short term effects on simple and continuous span bridges

Simple span bridges
In this study simple span bridgeswere grouped based on their design load H15 or HS20-
44 AASHTO trucks. The effects of 3S2 truck loads on these bridges will be investigated by

comparing the flexural, shear, and serviceability conditions.

Each of the truck loads was placed on the bridge girder with simple supports and
gpans from 20 to 120 feet. Absolute maximum moment, shear and deflection of the bridge
girder were calculated under each load configuration and the results were previoudly listed in
Appendix B, Tables 2 through 4. The critical conditions for each bridge were determined
based on AASHTO Chapter 3 using both lane load (0.48 kips/ft) and truck loads. In this
study the HS20-44 and 3S2 truck loads controlled the critical conditions. For H15 truck loads

the governing load conditions were summarized in Appendix B, Table 8.

The effects of 3S2 trucks loads on bridges designed for H15 and HS20-44 truck loads
were evaluated by normalizing the critical conditions for each bridge span to the design load.

The results are presented in Appendix B Table 9.

Effects of 3S2 trucks on simple span bridges with H15 design loads

The effects of 3S2 truck loads on simple span bridges designed for H15 truck loads
were presented in Appendix B, Figure 4. The ratio of the absolute maximum moment varied
between 1.62 and 2.07. Theratio of the shear forces varied between 1.77 and 2.10. These
high ratios could induce flexural and shear cracks in the bridge girders. Moreover, these
ratios were much higher than the margin of safety (30%) available for bridges designed for
H15 truck loads. Previous studies [9, 10] reported that due to changes in the design codes and
practices, there was a margin of safety of about 30% in bridges designed for H15 truck loads.

Theratio for deflection caused by 3S2 truck loads as compared to H15 truck loads
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varied between 1.83 and 3.18. Deflection is a serviceability criterion and high ratios as
reported in this study, would result in uncomfortable riding conditions for vehicles crossing
the bridges at the same time as the 3S2 trucks. Also, the high ratios obtained in this study
could result in higher cracking in the bridge girders and bridge decks. Such cracks would

require additional inspections as well as early and frequent maintenance.

Effects of 3S2 trucks on simple span bridges with HS20-44 design loads

The effects of 3S2 truck loads on simple span bridges designed for HS20-44 truck
loads were presented in Appendix B, Figure 5. The ratio of the absolute maximum moment
varied between 0.98 and 1.29. The ratio of the shear forces varied between 0.97 and 1.34.
Where the bridge span was similar to the length of the 3S2 truck, the ratios of the absolute
maximum moment and shear were within 10%. This confirms the findings in the previous
studies that focused on bridge formula. The studies increased the GVW and the truck length
to minimize the impact on the stresses in the bridge girders. However, bridge girders with

absol ute maximum moment ratio or shear larger than 1.1 would be overstressed.

The ratio for deflection caused by 3S2 truck |oads as compared to HS20-44 truck loads
varied between 0.94 and 1.42. The above discussion on the ratio of the absolute moment was
applicable to theratio of deflection. Deflection was a serviceability criterion and high ratios as
reported in this study would result in uncomfortable riding conditions for vehicles crossing the

bridges at the same time as the 3S2 trucks.

The bridgesin this study with absolute maximum moment ratios and shear ratios that
were greater than 1.1 could experience higher cracking in the bridge girders and bridge decks.

Such cracks would require additional inspections along with early and frequent maintenance.

Effects of 3S2 trucks on continuous span bridges with HS20-44 design loads
The effects of 3S2 truck loads on continuous span bridges designed for HS20-44
truck loads were presented in Appendix B, Table 10, Figures 6 and 7. The ratio of the
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maximum positive moment varied between 1.0 and 1.28. For the maximum negative moment
the ratio varied between 1.0 and 1.48. The ratio of the shear forces varied between 0.98 and
1.40. Where the bridge span was similar to the length of the 3S2 truck, the ratio of the
maximum positive moment and shear forces were within 10%. This confirmed the findingsin
the previous studies that focused on bridge formula. The previous studies increased the GVW
and minimized the impact on the stresses in the bridge girders by increasing the truck length.
However, bridge girders with maximum positive moment ratio or shear larger than 1.10
would be overstressed.

The ratio for negative moment for spans between 105ft to 130ft was around 1.4. The
high ratios for the negative moment would increase the compressive stress in the bridge
decks. These conditions could result in compression cracks in bridge decks. The bridgesin
this study with ratios that were greater than 1.1 could experience higher cracking in the
bridge girders and bridge decks. Such cracks would require additional inspections along with

early and frequent maintenance.

121



Short term effects of hauling timber and lignite coal on L ouisiana bridges

Tables 1, 2 and 3 of Appendix A provided the bridges and their categories that were
analyzed in this study. The discussion on state bridges is presented first followed by parish
bridges.

Posted bridges and design load low categories

In this study, there were 169 posted bridges and 55 bridges with low design load. It is
recommended that the 3S2 trucks with GVW and truck configuration similar to those
considered in this study, not be allowed to cross the bridges that are in the Posted bridges or
in the Design Load Low Categories.

Simply supported bridgeswith design load H15

The effects of 3S2 truck loads on simple span bridges that were designed for H15
truck loads were presented in Appendix B, Table 11. The span for most of these bridgesis
20ft. The ratio of the absolute maximum moment and shear due to 3S2 and H15 truck |oads
were 1.62 and 1.77 respectively. These high ratios could induce flexural and shear cracksin
the bridge girders. Moreover, these ratios were much higher than the margin of safety
available for bridges designed for H15 truck loads. In previous studies [9, 10], it was reported
that due to changesin the design codes and design practices, there could be a 30% margin of
safety in bridges designed for H15 truck loads.

The ratio for deflection caused by 3S2 truck loads as compared to H15 truck loads varied
between 1.83 and 2.73. Deflection was a serviceability criterion and high ratios, as reported
in this study, would result in uncomfortable riding conditions for vehicles crossing the
bridges at the same time as the 3S2 trucks. Also, the high ratios obtained in this study could
result in higher cracking in the bridge girders and bridge decks. Such cracks will require

additional inspections along with early and frequent maintenance.
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Simply supported bridges with design load HS20-44

The effects of 3S2 truck loads on simple span bridges designed for HS20-44 truck
loads were presented in Appendix B, Table 12. The span for most of these bridgesis 20ft, the
ratio of the absolute maximum moment and shear due to 3S2 and HS20-44 truck |loads are
1.22 and 1.1 respectively. In previous studies [9, 10], it was reported that due to changes in
the design codes and design practices, there could be a margin of safety of about 5% to 10%
in bridges designed for HS20-44 truck loads.

In this study, there were 60 bridges with span lengths between 40ft and 66ft. The ratio
for the absolute maximum moment was within the margin of safety. There were 57 bridges
with span lengths between 70ft and 120ft, and 38 bridges with span lengths between 25ft and
35ft. Theratio for the absolute maximum moment was larger than 1.1, or more than the 10%
margin of safety. Therefore, the bridgesin Appendix B, Table 12 with ratios that are higher
than the margin of safety available for bridges designed for HS20-44 truck loads could
experience flexural and shear cracks in the bridge girders and bridge decks. Such cracks

would require additional inspections along with early and frequent maintenance.

Theratio for deflection caused by 3S2 truck loads as compared to HS20-44 truck
loads varied between 0.94 and 1.42. Deflection was a serviceability criterion and the bridges
with high ratios would result in uncomfortable riding conditions for vehicles crossing the
bridges at the same time as the 3S2 trucks. Also, high ratios could result in higher cracking in
the bridge girders and bridge decks. Such cracks would require additional inspections and

could result in early and frequent maintenance.

Theresultsin Appendix B Table 12, indicated that as the bridge span increased beyond 70ft
all theratios increased, especially the ratio for the absolute maximum moment consequently
the flexural stresses will increase. The methodology for this study was simplified, with the
approval of the Project Review Committee, in order to meet the legidative due dates. The
results of this study were limited to bridges with span lengths of 120ft. Therefore, the (13)
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bridges which were part of this study with span lengths longer than 120ft were considered

outliers, and should be evaluated with more details under a separate study.

Continuous bridges with design load HS20-44

The effects of 3S2 truck loads on continuous bridges designed for HS20-44 truck
loads were presented in Appendix B Table 13. The ratio of the maximum positive moment
due to 3S2 and HS20-44 truck loads varied between 1.00 and 1.29. Theratio of the shear
forces varied between 0.98 and 1.40. In previous studies [10], it was reported that due to
changes in the design codes and design practices, there could be a margin of safety of about
5% to 10% in bridges designed for HS20-44 truck |oads.

In this study, there were 42 bridges with span lengths between 40ft and 70ft, the ratios
for the maximum moment were within the margin of safety. There were 3 bridges with span
length equal to 20ft, and 81 bridges with span length between 70ft and 130ft, for which the
ratio for the maximum positive moment was larger than 1.1, or more than the 10% margin of
safety. Therefore, these bridges could experience flexural and shear cracks in the bridge
girders and bridge decks. Such cracks would require additional inspections along with early

and frequent maintenance.

The ratio for the maximum negative moment was higher than the margin of safety,
except for the 3 bridges with span lengths equal to 20ft. The high values in negative moment
would result in high compressive stresses in the bridge decks. Such conditions could result in
an increase in the compression cracks and would require additional inspections and could

result in early and frequent maintenance.

The methodology for this study was simplified, with the approval of the Project
Review Committee, in order to meet the legidlative due dates. The results of this study were
limited to continuous bridges with span lengths of 130ft. Therefore, the (19) bridges which

were part of this study with span lengths longer than 130ft were considered outliers. Also
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considered outliers were (2) continuous bridges designed for H15 truck loads with span
lengths of 70ft and 200ft. All bridgesin the outlier category should be evaluated for more
details under a separate study to determine the effects of hauling timber, lignite coal and coke

fuel on these bridges.

Similar analyses were performed for Parish Bridges, the results were presented in

Appendix D.

Bridge decks

This part of research focuses on the strength and serviceability of bridge decks due to
the impact of the heavy loads from the trucks that are transporting forestry products,
Louisiana-produced lignite coal, and coke fuel. Finite element analysisis used for atypical
deck and girder system to determine the effects of the trucks on the stresses in the transverse

and longitudinal directions, and the shear stress.

Continuous bridge decks

The effects of 3S2 truck loads on continuous bridge decks designed for HS20-44
truck loads were presented in Appendix C Table 5, 6 and Figure 17 to 22. The stresses were
computed separately at the top and bottom surfaces. The ratios of the maximum stresses at

the surface were grouped based on whether they were tensile or compressive stresses.

At the top surface of the bridge deck, the ratio of maximum tensile stressin the
longitudinal direction varied between 0.91 and 1.74, and between 0.71 and 1.37 in the
transverse direction, the ratio of shear stress varied between 0.87 and 1.59. For the ratio of
maximum compressive stress, the ratio of maximum stress in the longitudinal direction
varied between 0.58 and 1.09, and between 0.90 and 1.10 in the transverse direction, the ratio
of shear stress varied between 0.98 and 2.23. The ratio of maximum compressive stressis

mostly smaller than the ratio of maximum tensile stress. The ratios of maximum tensile stress
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in the longitudinal direction are larger 1.15 when the span length islonger than 30ft.
Therefore, these bridge decks may experience cracks in the longitudinal direction. Such
cracks would require additional inspections along with early and frequent maintenance. It
should be noted that the locations of maximum stresses due to HS20-44 or 3S2 truck loads
may differ from each other. The difference is what makes the ratio of 3S2 to HS20-44 truck

for some span lengths less than 1.

At the bottom surface of the bridge deck, the ratio of maximum tensile stressin the
longitudinal direction varied between 0.58 and 1.09, in the transverse direction varied
between 0.90 and 1.10, the ratio of shear stress varied between 0.98 and 2.23. For the ratio of
maximum compressive stress, the ratio of maximum stress in the longitudinal direction
varied between 0.91 and 1.74, in the transverse direction varied between 0.71 and 1.37, the
ratio of shear stress varied between 0.87 and 1.59. The ratio of maximum tensile stressis
mostly smaller than the ratio of maximum compressive stress. The ratios of maximum
compressive stress in the longitudinal direction are larger 1.15 when the span length is longer
than 30ft. Therefore, these bridge decks may experience cracksin the longitudinal direction.
Such cracks would require additional inspections along with early and frequent maintenance.
It should be noted that the locations of maximum stresses due to HS20-44 or 3S2 truck loads
may differ from each other, the ratio of 3S2 to HS20-44 truck of some span lengths less than
1.

It can be seen from the results that the ratio of tensile stresses at the top surface is of
the same magnitude as the ratio of compressive stresses at the bottom surface. Also, theratio
of compressive stresses at the top surface is of same magnitude as the ratio of tensile stresses
at the bottom surface. These confirm that the bridge deck is under a stable stress state, no

matter whether the stresses are in the tension zone or the compression zone.

We should consider that the locations of maximum stresses due to HS20-44 or 3S2
truck loads may differ. Further research should be applied to obtain the ratios of the stresses
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at same location to evaluate the deck behavior under heavy truck loads.

L ong term effects on simple and continuous span bridges

The long term effects of heavy trucks, such as trucks hauling timber, lignite coal and
coke fuel on bridges and bridge decks, play an important role in the bridge life evaluation.
The selected bridges for this study were designed under AASHTO standard H15 or HS20-44
truck loads. The traveling of the overload hauling trucks across these bridges will increase the
cost of maintenance and rehabilitation. An accurate estimate for the cost of the damageis
hard to obtain since fatigue damage may lead to many actions including repairs, testing,

rehabilitations, and replacements.

There were many studies done and methods used to evaluate the remaining lives of
bridge structures. These studies were sponsored by federal committees such as AASHTO,
and NCHRP, and by State DOTs. The use of these methods in this study is hindered by the
amount of data on timber and lignite trucks needed. The site specific information available
for this study on timber and lignite trucks, was very limited and statistically insufficient for
use with the NCHRP 495 approach or the other methodol ogies discussed above. The
approach used in this study was discussed and approved during the PRC meeting on
September 2, 2004. A similar method was used in the study prepared for OHIO DOT.

Fatigue is an important performance criterion for bridges that are evaluated. Most of
the bridgesin Louisiana are designed for 50 years fatigue life. Overloaded trucks will
definitely shorten the life of the bridges. The bridges in this study were evaluated for fatigue
cost based on the flexural and shear results of the analyses performed in previous tasks of this
study. The truck ADT value of 2500 was used based on areview for the truck ADT number
reported for the bridges considered in this study and the recommendations of AASHTO. The
following equation was used to determine the percentage of the life of the bridge used when a

truck crossesit.
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(Ratio from analysis)®
%0 Of [1f@ = —mmmm e e * 100
(2500 trucks per day * 365 days per year * 50 years)

The estimated cost per trip across the bridge was obtained by multiplying the percentage
of thelife of the bridge by the total cost of the bridge. In this study, the cost for each state bridge
was considered to be $3 million.

Cost per Trip on Sate Bridge = (% of life) * ($3 million)

For parish bridgesthe cost is $140.00 per squarefoot. The average parish bridgewidthis
30 feet.

Cost per Trip on Parish Bridge = (% of life) * ($140) * (30 ft) * Length

The effect of the trucks hauling timber and lignite on the fatigue life of the bridge was
ignored for the caseswherethe“ratio from analysis’ was equal to or lessthan one. Therefore, the
cost per trip for fatigue calculation is zero.

Since the trucks are operating on a broad route structure, the total damage cost was
estimated on a per bridge basis. This applies to cases where there is no defined route for the
vehicle so the weighted average over al spans lengths and number of spans was used.

L ong term effects of hauling timber and lignite coal on L ouisiana bridges

Thelong term effects of trucks hauling timber and lignite coa with GVW 108,000 |bson

Louisiana state and parish bridges were determined and summarized in Table 48.
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Table 48.
Fatigue Cost for trucks (GVW-108,000lbs) on L ouisiana State bridges.

Bridge Support Condition Design Load Cost per Trip
State Bridge Parish Bridge
Simple H15 $39 NA
Simple HS20-44 $11.5 PXXX
Continuous HS20-44 $16 PXXX

State bridges
Simply supported bridges with design load H15

The long term effects of trucks hauling timber, lignite coal with GVW 108,000 Ibs on
Louisiana state bridges were calculated based on flexural and shear analyses performed in
previous tasks. The span for most of these bridges was 20ft and the controlling factor was the
high ratio of shear forces. The results are presented in Appendix D Table 2. The estimated
fatigue cost per trip is $39.

Simply supported bridges with design load HS20-44

The long term effects of trucks hauling timber, lignite coal with GVW 108,000 Ibs on
Louisiana state bridges were calculated based on flexural and shear analyses performed in
previous tasks. The span for most of these bridges was 20ft and the controlling factor was the
high ratio of flexural moments. Theresults are presented in Appendix D Table 3. The estimated
fatigue cost per trip is $11.50.

Continuous bridges with design load HS20-44

The long term effects of trucks hauling timber, lignite coal with GVW 108,000 Ibs on
Louisiana state bridges were calculated based on flexural and shear analyses performed in
previous tasks. The results are presented in Appendix D Tables 4 and 5. The estimated fatigue
cost per trip is $16.
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Parish bridges
Simply supported bridges with design load HS20-44
The long term effects of trucks hauling timber, lignite coal with GVW 108,000 Ibs on
Louisiana parish bridges were calculated based on flexural and shear analyses performed in
previous tasks. The span for most of these bridges was 20ft and the controlling factor was the
high ratio of flexural moments. The results are presented in Appendix D. The estimated
fatigue cost per trip is $XXX.
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CONCLUSIONS

Lignite coal trucks with a 3-S3 configuration (FHWA class 10 vehicle) carrying
88,000 Ib. GVW cause less damage to pavements than 3-S2 vehicles (FHWA class 9
vehicles) carrying 80,000 |b. GVW. The primary factor producing thisresult is the
triple axle on the trailer that reduces the impact of the extra 8,000 Ib. as compared
with the loads on the tandem axles of the 3-S2 vehicle.

The purchase of a $10 permit to carry 86,600 Ib. GVW on a 3-S2 vehicle carrying
timber causes more damage than is paid for by the $10/truck/year permit fee. Data
developed in this study indicates that these vehicles induce pavement overlay costs
that amount to at least $136/year/vehicle, assuming that al 10,626 of the harvest
permit fees purchased in 2003 were purchased by log truck operators.

Raising the GVW to 100,000 Ib. will substantially increase both pavement overlay
costs and bridge costs. Pavement overlay costs increase four fold and bridge fatigue
costs begin to be very significant with costs ranging from $11.5 to $39 per passage of
a 100,000 Ib. truck on abridge.

Bridge fatigue costs, for bridges on the state system, at both the 80,000 Ib. GVW and
86,600 Ib. GVW are minimal and the stresses induced do not exceed those from the
design load. Asaresult, GVWsin this range may be applied without significant
damage to existing bridges designed for the HS20-44 loading. Load rated bridges and
bridges designed to lower standards are subject to significant damage from loads of
this magnitude.

Off-system bridges on parish roads are subject to substantial damage from
trucks loaded to Aziz: add something here

There appears to be very little coke fuel transported over the Louisiana
highway system. Investigators found only one refinery that shipped coke fuel
to apapermill in north central Louisiana. Asaresult, we recommend no

action on permits for transportation of coke fuel.
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RECOMMENDATIONS

Based on the work accomplished in this project, the following recommendations are offered:

1.
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Theload limit on lignite coal should remain at 88,000 Ib. GVW for the 3-S3

truck configuration ( FHWA class 10 vehicle).

The load limit on timber should remain at 86,600Ib. GVW for a 3-S2 vehicle (FHWA
class9). However, the annual permit fee should be increased to at least $136/truck
lyear, if the legislature desires equity for this type of vehicle. Additionally, the permit
fee should be recalculated after the DOTD determines how many of the 10,626
harvest permits issued in 2003 were purchased by log truck operators. The
$136/truck/year fee was developed assuming all the 10,626 permits were purchased
by log truck operators.

If atimber truck operator modifies the axle configuration on the vehicle from a
tandem axle on the trailer ( 3-S2, FHWA class 9 vehicle) to atriple axle on the trailer
( 3-S3, FHWA class 10 vehicle), the permit fee should remain at $10 and the load
limit increased to 88,000 GVW for equal loads applied to the tractor tandem axle and
the trailer triple axle.

Under no circumstances should the legislature consider increasing the GVW on 3-S2
vehicles ( FHWA class 9 vehicle) to 100,000 Ib. Annual pavement costs increase
four-fold when the GVW increases from 86,600 Ib. to 100,000 Ib. on the 3-S2
vehicle. However, the bridge costs at 100,000 Ib. GVW become exceedingly large,
ranging between $5,000 and $16,000/truck/year, as a minimum, for 3-S2
configuration log trucks.

Off-system bridges are generally designed for lower loads than on-system bridges, as
aresult the impact of trucks loaded to 80,000 Ib. GVW can be very detrimental to the
fatigue life of these bridges. Aziz....something added here?



ACRONYMS, ABBREVIATIONS, & SYMBOLS

No abbreviations, acronyms, or symbols were used in the report.

133



134

10.

11.

REFERENCES

Ostle, Bernard, Statistics in Research, Second edition, The University of lowa Press,

Ames, lowa, 1963.

Roberts F.L. and L. Djakfar , “ Preliminary Assessment of Pavement Damage due to
Heavier Loads on Louisiana Highways.” Report No. FHWA/LA —98/321, Louisiana
Transportation Research Center, Department of Transportation and Devel opment,
Baton Rouge, LA, May, 1999.

“AASHTO Guide for Design of Pavement Structures, 1986,” American Association
of State Highway and Transportation Officials, Washington, D.C. 1986.

“1997 Federal Highway Cost Allocation Study”, Office of the Secretary, Department
of Transportation, Washington, D.C., August 1997.

2004 Louisiana Forestry Facts, Louisiana Forestry Association, Alexandria, La.
Private communication, Masood Rasoulian, Research Project Manager, Louisiana
Transportation Research Center, December 29, 2004 ( from an internal meeting with
Walid Alaywan, Research Manager of bridge engineering ).

“AASHTO LRFD Bridge Design Specifications’, American Association of State
Highway and Transportation Officials, Washington, D.C. 1998.

Bruce, B.; Rusdll, H.; and Roller, J.; Fatigue and Shear Behavior of HPC Bulb-Tee
Girders Interim Report, Report Number 382, Louisiana Transportation Research
Center, Oct, 2003.

Ghosn, M.; Schilling, C.; Moses, F.; and Runco, G.; Bridge Overstress Criteria,
Publication Number FHWA-RD-92-082, Federal Highway Administration, May,
1995.

Moses, Fred; Truck Weight Effects on Bridge Costs, Publication Number FHWA/OH-
93/001, The Ohio Department of Transportation, July, 1992

National Cooperative Highway Research Program Report 495, Washington, D.C
2003.



APPENDIX A
Bridges Considered for this Study

Table 1 Critical Bridgesand Categories Considered in This Study.

Critical Bridgesfor This Study
State Bridges Parish Bridges
Category Number of Bridges Number of Bridges
Simple Beam 998 166
Continuous 149 1
Culvert 435 59
Others 75 20
Posted Bridges 169 302
Design Load Low (5, 10 ton) 55 3
Design Load Unknown NA 394
Total 1881 945

Table 2 State Bridges Considered for Analysis.

Trucks Category  Design Load HS20-44 Design Load H15 Total
Hauling
Timber Analyzed Outliers Analyzed Outliers
Simple 787 13 191 991
Beam
Continuous 126 19 2 147
Lignite Coal
Simple 7 7
Beam
Continuous 2 2
Total 922 32 191 2 1147

Table 3 Parish Bridges Considered for Analysis

Truck Hauling Category Design L oad HS20-44 Total

Timber Beam Simple 166 166
Continuous 1 1

Total 167 167
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Table 1l Load Conditionsfor Simply Supported Bridge Girders.

APPENDIX B

Bridge Girder Evaluation Results

HS20-44 Truck Configuration

3S2 Truck Configuration

Girder Span (ft) Load on Girder Girder Span (ft) Load on Girder
| 20To 28 | P2 (or P3) | 20To 24 P1 |
20To 28 Pl1& P2 20To 26 P2 & P3
20To 28 P2 & P3 20To 56 P4 & P5
33To 120 P1, P2 & P3 24To62 P1, P2 & P3
33To 120 P1, P2 & P3 50 To 57 P1, P2, P3& P4
52To 120 P1, P2, P3, P4 & P5

Table 2 Absolute M aximum Moment, Shear and Deflection for H15 Truck L oad

H15 (GVW 30Kips)

Span M oment Shear Deflection*El (ft) Deflection*El (ft)
(ft) (K-ft) (K) (Dueto Lane L oad) (Dueto Truck L oad)
20 120.0 25.8 -4000.00 -4000.00
21 126.0 26.0 -4630.50 -4630.50
22 132.0 26.2 -5324.00 -5324.00
23 138.0 26.3 -6083.50 -6083.50
24 144.0 26.5 -6912.00 -6912.00
25 150.0 26.6 -7812.50 -7812.50
26 156.0 26.8 -8681.94 -8681.94
27 162.7 26.9 -9865.61 -9865.61
28 170.1 27.0 -11150.24 -11150.24
29 177.5 27.1 -12539.62 -12539.62
30 185.0 27.2 -14037.52 -14037.52
31 1924 27.3 -15647.71 -15647.71
32 199.8 274 -17373.96 -17373.96
33 207.3 275 -19220.04 -19220.04
34 214.7 21.7 -21189.72 -21189.72
35 222.2 27.9 -23286.75 -23286.75
36 229.6 28.1 -25514.90 -25514.90
37 237.1 28.4 -27877.93 -27877.93
38 244.5 28.6 -30379.60 -30379.60
39 252.0 28.9 -33023.67 -33023.67
40 259.5 29.1 -35813.89 -35813.89
42 274.4 29.6 -41847.83 -41847.83
44 289.3 30.1 -48511.46 -48511.46
46 304.3 30.5 -55834.84 -55834.84

Table 2. Cont. Absolute Maximum Moment, Shear and Deflection for H15 Truck L oad
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H15 (GVW 30Kips)

Span M oment Shear Deflection*El (ft) Deflection*El (ft)
(ft) (K-ft) (K) (Dueto Lanel oad) (Dueto Truck L oad)
48 319.2 31.0 -63847.98 -63847.98
50 334.2 315 -72580.91 -72580.91
52 349.1 32.0 -82063.67 -82063.67
54 364.1 32.5 -92326.27 -92326.27
56 379.1 32.9 -103398.72 -103398.72
58 397.6 334 -70728.10 -115311.05
60 418.5 33.9 -81000.00 -128093.26
62 439.9 34.4 -92352.10 -141775.37
64 461.8 34.9 -104857.60 -156387.38
66 484.1 35.3 -118592.10 -171959.31
68 506.9 35.8 -133633.60 -188521.16
70 530.3 36.3 -150062.50 -206102.94
75 590.6 375 -197753.91 -254716.48
80 654.0 38.7 -256000.00 -310360.95
85 7204 39.9 -326253.91 -373505.13
90 789.8 41.1 -410062.50 -444617.84
95 862.1 42.3 -509066.41 -524167.86
100 937.5 43.5 -625000.00 -612623.96
110 1097.3 45.9 -915062.50 -818129.51
120 1269.0 48.3 -1296000.00 -1064884.63
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Table 3 Absolute Maximum Moment, Shear and Deflection for HS20-44 Truck

HS20-44 (GVW 72 Kips)

Span Moment Shear Deflection*El

(ft) (K-ft) (K) (ft)

20 160.0 41.6 -5333.33
21 168.0 42.7 -6174.00
22 176.0 43.6 -7098.67
23 184.0 44.5 -8111.33
24 192.7 45.3 -9135.61
25 207.4 46.1 -10920.96
26 222.2 46.8 -12903.44
27 237.0 474 -15091.36
28 252.0 48.0 -17493.00
29 267.0 48.8 -20116.60
30 282.1 49.6 -22970.36
31 297.3 50.3 -26062.45
32 312.5 51.0 -29401.04
33 327.8 51.6 -32994.26
34 343.5 52.2 -36815.69
35 361.2 52.8 -41262.90
36 378.9 53.3 -46024.81
37 396.6 53.8 -51110.45
38 414.3 54.3 -56528.84
39 432.1 54.8 -62289.00
40 449.8 55.2 -68399.93
42 485.3 56.0 -81710.22
44 520.9 56.7 -96531.82
46 556.5 57.4 -112936.81
48 592.2 58.0 -130997.28
50 627.8 58.6 -150785.28
52 663.5 59.1 -172372.87
54 699.3 59.6 -195832.10
56 735.0 60.0 -221235.00
58 770.8 60.4 -248653.61
60 806.5 60.8 -278159.96
62 842.3 61.2 -309826.06
64 878.1 61.5 -343723.96
66 913.9 61.8 -379925.66
68 949.8 62.1 -418503.18
70 985.6 62.4 -459528.53
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Table 3 Cont. Absolute Maximum Moment, Shear and Deflection for HS20-44 Truck

HS20-44 (GVW 72 Kips)

Span M oment Shear Deflection* El
(ft) (K-ft) (K) (ft)
75 1075.2 63.0 -573273.80
80 1164.9 63.6 -703893.30
85 1254.6 64.1 -852512.17
90 1344.4 64.5 -1020255.53
95 1434.1 64.9 -1208248.44
100 1523.9 65.3 -1417615.97
110 1703.6 65.9 -1904975.13
120 1883.3 66.4 -2491333.31
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Table4 Absolute M aximum Moment, Shear and Deflection for 3S2 Truck

352 (GVW 108 Kips)

Span (ft) Moment (K-ft) Shear (K) Deflection*El (ft)
20 194.4 45.6 -7322.4
21 206.3 46.3 -8543.67
22 218.2 46.9 -9890.91
23 230.1 47.5 -11370.13
24 242.0 48.0 -12987.33
25 255.4 48.5 -14782.74
26 2704 48.9 -16960.80
27 285.4 49.3 -19333.74
28 300.3 49.7 -21909.06
29 315.3 50.1 -24694.28
30 330.3 50.4 -27696.91
31 345.3 50.7 -30924.46
32 360.3 51.0 -34384.43
33 375.3 51.3 -38084.33
34 390.3 51.5 -42031.67
35 405.3 51.8 -46233.96
36 420.3 52.0 -50698.69
37 435.3 52.2 -55433.38
38 450.3 52.4 -60445.52
39 465.2 52.9 -65742.62
40 480.2 54.0 -71332.18
42 510.2 56.0 -83418.71
44 540.2 57.8 -96765.11
46 570.2 59.5 -111431.41
48 600.2 61.3 -127477.62
50 630.2 63.1 -144963.74
52 660.2 64.8 -163949.80
54 690.2 66.4 -184495.79
56 722.4 67.9 -208187.94
58 774.6 69.3 -242277.99
60 827.0 70.6 -279480.87
62 879.5 71.8 -319906.42
64 932.1 72.9 -363664.28
66 984.7 74.0 -410863.88
68 1037.5 75.0 -461614.46
70 1090.3 75.9 -516025.15
75 1222.6 78.1 -668779.84
80 1355.3 80.0 -846791.43
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Table4 Cont. Absolute Maximum Moment, Shear and Deflection for 3S2 Truck

3S2 (GVW 108 Kips)

Span M oment Shear Deflection*El
(ft) (K-ft) (K) (ft)
85 1488.2 81.6 -1051757.25
90 1621.3 83.1 -1285372.35
95 1754.7 84.4 -1549330.35
100 1888.2 85.6 -1845323.54
110 2155.6 87.6 -2540180.37
120 2423.5 89.3 -3383466.43
Table5 Critical Location for Truckson Continuous Bridge Girders.
Span HS20-44 352
Length Truck Location X (ft) Truck Location X (ft)
(From L eft Support to Front Tire) (From L eft Support to Front Tire)
(ft) M ax M ax M ax M ax M ax M ax
Positive Negative Absolute Positive Negative Absolute
M oment Moment Shear M oment M oment Shear
Force Force
55 8 12 26 6 25 7
60 10 15 31 8 30 12
65 12 18 36 10 34 17
70 14 21 41 11 39 22
75 17 24 46 13 66 (a) 27
80 19 27 51 15 69 (a) 32
85 21 30 56 17 72 (a) 37
90 23 32 61 20 75 (a) 42
95 25 35 66 22 78 (a) 47
100 27 38 71 24 81 (a) 52
105 29 41 76 26 35 57
110 31 44 81 28 87 (a) 62
115 33 47 86 30 90 (a) 67
120 36 50 91 32 93 (a) 72
125 38 53 96 34 96 (a) 77
130 40 56 101 36 99(a) 82

(a) The Truck is moving from left to right along the bridge. Otherwise from right to left.
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Table6 Maximum Momentsin Continuous Bridge Girder

Span Length HS20-44 3 S2 Truck
(ft) Truck
Max Positive | Max Negative | Max Positive | Max Negative

M oment Moment M oment Moment

(Kip*ft) (Kip*ft) (Kip*ft) (Kip*ft)
20 128.17 -114.82 163.43 -112.18
30 221.56 -167.49 262.61 -246.92
40 352.42 -239.39 381.88 -376.82
45 422.21 -274.03 442.17 -426.20
50 492.82 -316.15 502.70 -468.51
55 564.00 -357.46 564.39 -504.61
60 635.61 -398.13 650.70 -535.69
65 707.63 -438.28 757.74 -563.11
70 779.70 -478.02 857.95 -587.29
75 852.10 -517.41 959.68 -639.02
80 924.79 -556.51 1062.59 -705.45
85 997.59 -595.38 1166.47 -770.74
90 1070.49 -634.07 1271.17 -835.06
95 1143.45 -672.60 1376.59 -898.52
100 1216.48 -710.98 1482.56 -961.26
105 1289.55 -749.22 1588.99 -1052.50
110 1362.67 -787.36 1695.83 -1084.89
115 1435.83 -825.38 1802.99 -1145.90
120 1509.14 -863.32 1910.45 -1206.54
125 1582.49 -901.18 2018.16 -1266.75
130 1655.86 -938.97 2126.08 -1326.61
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Table 7 Maximum Absolute Shear Forcesin Continuous Bridge Girder

Span Length HS20-44 Truck 3S2 Truck
(ft) Max Absolute Shear (Kip) Max Absolute Shear (Kip)
20 41.65 44,59
30 51.31 52.05
40 57.60 56.62
45 59.66 61.78
50 61.24 66.29
55 62.48 71.03
60 63.49 75.05
65 64.31 78.36
70 65.00 81.13
75 65.58 83.47
80 66.07 85.47
85 66.50 87.20
90 66.87 88.70
95 67.20 90.01
100 67.49 91.17
105 67.75 92.20
110 67.98 03.12
115 68.19 93.95
120 68.38 94.69
125 68.55 95.36
130 68.71 95.98
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Figure 1 Maximum Positive Moment in Continuous Bridge Girders
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Figure 2 Maximum Negative Moment in Continuous Bridge Girders
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Figure 3 Maximum Absolute Shear Forcesin Continuous Bridges
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Table 8 Governing Load Conditions For H15 Truck

Span
Length Governing L oad Conditions For H15 Truck

(ft) For Moment For Shear For Deflection
Standard Truck Standard Truck Standard Truck

20to 32 Load Load Load
Standard Truck Standard Lane Standard Truck

33to 56 Load Load Load
Standard Lane Standard Lane Standard Truck

57to0 120 Load Load Load
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Table 9 Effects of 3S2 Truck Loadson Simple Span Bridge Girders

Span 3S2/H15 3S2/HS20-44

(ft) M oment Shear | Deflection | Moment | Shear | Deflection
20 1.62 1.77 1.83 1.22 1.1 1.37
21 1.64 1.78 1.85 1.23 1.08 1.38
22 1.65 1.79 1.86 1.24 1.08 1.39
23 1.67 1.81 1.87 1.25 1.07 1.4
24 1.68 1.81 1.88 1.26 1.06 1.42
25 1.7 1.82 1.89 1.23 1.05 1.35
26 1.73 1.83 1.95 1.22 1.05 1.31
27 1.75 1.83 1.96 1.2 1.04 1.28
28 1.77 1.84 1.96 1.19 1.04 1.25
29 1.78 1.85 1.97 1.18 1.03 1.23
30 1.79 1.85 1.97 1.17 1.02 1.21
31 1.79 1.86 1.98 1.16 1.01 1.19
32 1.8 1.86 1.98 1.15 1 1.17
33 1.81 1.86 (a) 1.98 1.15 0.99 1.15
34 1.82 1.86 (a) 1.98 1.14 0.99 1.14
36 1.83 1.85 (a) 1.99 111 0.98 1.1
37 1.84 1.84 (a) 1.99 11 0.97 1.08
38 1.84 1.83 (a) 1.99 1.09 0.97 1.07
39 1.85 1.83 (a) 1.99 1.08 0.97 1.06
40 1.85 1.86 (a) 1.99 1.07 0.98 1.04
42 1.86 1.89 (a) 1.99 1.05 1 1.02
44 1.87 1.92 (a) 1.99 1.04 1.02 1
46 1.87 1.95 (a) 2 1.02 1.04 0.99
48 1.88 1.98 (a) 2 1.01 1.06 0.97
50 1.89 2.00 (a) 2 1 1.08 0.96
52 1.89 2.03 (a) 2 0.99 11 0.95
54 1.9 2.04 (a) 2 0.99 1.12 0.94
56 191 2.06 (a) 2.01 0.98 1.13 0.94
58 1.95(@) | 2.08 (q) 2.1 1.01 1.15 0.97
60 1.98(a) | 2.08 (q) 2.18 1.03 1.16 1
62 2.00(a) | 2.09(a) 2.26 1.04 1.17 1.03
64 202 (@) | 2.09(a) 2.33 1.06 1.19 1.06
66 203(a) | 2.10(a) 2.39 1.08 1.2 1.08
68 2.05(a) | 2.09(a) 2.45 1.09 1.21 1.1
70 2.06(a) | 2.09(a) 25 1.11 1.22 1.12
75 2.07 (@) | 2.08(a) 2.63 1.14 1.24 1.17
80 207 (@) | 2.07 (a) 2.73 1.16 1.26 1.2
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Table9 Cont’ Effectsof 3S2 Truck Loadson Simple Span Bridge Girders

Span 3S2/H15 3S2/HS20-44
(ft) M oment Shear | Deflection | Moment Shear | Deflection
85 2.07 (a) 2.05 (a) 2.82 1.19 1.27 1.23
90 2.05 (a) 2.02 (a) 2.89 1.21 1.29 1.26
95 2.04 (a) 1.99 (a) 2.96 1.22 1.3 1.28
100 2.01 (a) 1.97 (a) 3.01 1.24 1.31 13
110 1.96 (a) 1.91 (a) 31 1.27 1.33 1.33
120 1.91 (a) 1.85(a) 3.18 1.29 1.34 1.36
() Maximum value determined by lane load.
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Figure 4 Effects of 3S2 Truck on Simple Span Bridgeswith H15 Design L oads
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Figure5 Effects of 3S2 Truck on Simple Span Bridges with HS20-44 Design L oads
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Table 10 Ratio of M ax. Positive and Negative Moment for 3S2 and HS20-44 Truck

Span Length Ratio 3S2/HS20-44
(ft) Positive M oment Negative M oment Shear
20 1.28 0.98 1.07
30 1.19 1.47 1.01
40 1.08 1.57 0.98
45 1.05 1.56 1.04
50 1.02 1.48 1.08
55 1 141 1.14
60 1.02 1.35 1.18
65 1.07 1.28 1.22
70 11 1.23 1.25
75 1.13 1.24 1.27
80 1.15 1.27 1.29
85 1.17 1.29 1.31
90 1.19 1.32 1.33
95 1.2 1.34 1.34
100 1.22 1.35 1.35
105 1.23 14 1.36
110 1.24 1.38 1.37
115 1.26 1.39 1.38
120 1.27 14 1.38
125 1.28 141 1.39
130 1.28 141 1.40
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Figure 7 Effects on Shear Forcesof 3S2 Truck on Continuous Bridges
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Table 11 State Bridges Simply Supported with Design L oad H15

Number of Ratio 3S2/H 15
Max Span Length Bridges Design
(ft) Load H15 M oment Shear Deflection
20 or shorter 160 1.62 1.77 1.83
25 17 1.70 1.82 1.89
30 5 1.79 1.85 197
35 1 1.82 1.86 1.99
40 1 1.85 1.86 1.99
46 1 1.87 1.95 2.00
50 1 1.89 2.00 2.00
56 1 191 2.06 2.01
75 2 2.07 2.08 2.63
80 2 2.07 2.07 2.73
Total (191)
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Table 12 State Bridges Simply Supported with Design L oad HS20-44

Number of Bridges

Ratio 3 S2/H S20-44

Design Load
Max Span Length (ft) HS20-44 Moment | Shear | Deflection

20 or shorter 632 1.22 11 1.37
25 30 1.23 1.05 1.35
30 1 117 1.02 1.21
35 7 1.12 0.98 1.12
40 14 1.07 0.98 1.04
46 15 1.02 1.04 0.99
50 16 1 1.08 0.96
56 3 0.98 1.13 0.94
60 12 1.03 1.16 1
66 4 1.08 1.2 1.08
70 17 111 1.22 112
75 7 1.14 1.24 1.17
80 2 1.16 1.26 1.2
85 5 1.19 1.27 1.23
90 5 1.21 1.29 1.26
95 4 1.22 1.3 1.28
100 6 1.24 1.31 1.3
110 5 1.27 1.33 1.33
120 2 1.29 1.34 1.36
125 4
130 1
135 1
140 2 Outliers
145 1
170 2
180 1
235 1

Total (800)
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Table 13 State Bridges Continuous with Design L oad HS20-44

Number of Bridges

Ratio 3S2/HS20-44

Max Span Design Load
L ength (ft) HS20-44 Positive Moment | Negative Moment | Shear

20 3 1.28 0.98 1.07
40 1 1.08 1.57 0.98
45 1 1.05 1.56 1.04
50 14 1.02 1.48 1.08
55 1 1.00 141 114
60 4 1.02 1.35 1.18
65 6 1.07 1.28 1.22
70 15 1.10 1.23 1.25
75 10 1.13 1.24 1.27
80 2 1.15 1.27 1.29
85 5 1.17 1.29 1.31
90 18 1.19 1.32 1.33
95 3 1.20 1.34 1.34
100 13 1.22 1.35 1.35
105 20 1.23 1.40 1.36
110 2 1.24 1.38 1.37
120 2 1.27 1.40 1.38
125 4 1.28 141 1.39
130 2 1.28 141 1.40
135 3

140 1

145 2

150 2

160 1

165 1

175 4 Outliers

180 1

190 1

200 0

330 1

335 1

375 1

Total (145)
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APPENDIX C
Bridge Deck Evaluation Results

ge-1 || B#-2

B# - 3

B# - 4

Figure2 Typical Plate and Girder Elements

G5
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Figure 3 Elevation View of Girdersover Interior Support

Figure 4 Plan View of Girdersover Interior Support
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Table 1 Top Surface of Continuous Bridge Deck for HS20-44 Truck L oads

HS20-44

Span Length

Max Value of Stress (Ksi)

(ft)

Max Tensile Stress

Max Compressive Stress

Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.060 0.216 0.038 -0.309 -0.329 -0.038
30 0.099 0.193 0.045 -0.353 -0.424 -0.057
45 0.127 0.114 0.076 -0.317 -0.432 -0.061
60 0.184 0.127 0.075 -0.337 -0.495 -0.065
75 0.254 0.146 0.068 -0.352 -0.534 -0.066
90 0.363 0.191 0.075 -0.363 -0.554 -0.086
105 0.476 0.231 0.088 -0.373 -0.564 -0.084
120 0.590 0.267 0.102 -0.383 -0.568 -0.108

Table 2 Top Surface of Continuous Bridge Deck for 3S2 Truck L oads

352

Span Length

Max Value of Stress (Ksi)

(ft) Max Tensile Stress Max Compressive Stress
Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.055 0.156 0.060 -0.222 -0.317 -0.085
30 0.114 0.137 0.057 -0.204 -0.380 -0.065
45 0.222 0.121 0.066 -0.223 -0.435 -0.060
60 0.295 0.148 0.073 -0.240 -0.471 -0.064
75 0.317 0.187 0.084 -0.263 -0.548 -0.099
90 0.493 0.253 0.101 -0.396 -0.589 -0.112
105 0.660 0.308 0.118 -0.304 -0.622 -0.118
120 0.844 0.366 0.140 -0.382 -0.621 -0.149
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Table 3 Bottom Surface of Continuous Bridge Deck for HS20-44 Truck L oads

HS20-44

Span Length

Max Value of Stress (Ksi)

(ft) Max Tensile Stress Max Compressive Stress
Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.309 0.329 0.038 -0.060 -0.216 -0.038
30 0.353 0.424 0.057 -0.099 -0.193 -0.045
45 0.317 0.432 0.061 -0.127 -0.114 -0.076
60 0.337 0.495 0.065 -0.184 -0.127 -0.075
75 0.352 0.534 0.066 -0.254 -0.146 -0.068
90 0.363 0.554 0.086 -0.363 -0.191 -0.075
105 0.373 0.564 0.084 -0.476 -0.231 -0.088
120 0.383 0.568 0.108 -0.590 -0.267 -0.102

Table 4 Bottom Surface of Continuous Bridge Deck for 3S2 Truck L oads

352

Span Length

Max Value of Stress (Ksi)

(ft) Max Tensile Stress Max Compressive Stress
Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.222 0.317 0.085 -0.055 -0.156 -0.060
30 0.204 0.380 0.065 -0.114 -0.137 -0.057
45 0.223 0.435 0.060 -0.222 -0.121 -0.066
60 0.240 0.471 0.064 -0.295 -0.148 -0.073
75 0.263 0.548 0.099 -0.317 -0.187 -0.084
90 0.396 0.589 0.112 -0.493 -0.253 -0.101
105 0.304 0.622 0.118 -0.660 -0.308 -0.118
120 0.382 0.621 0.149 -0.844 -0.366 -0.140
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Figure 5 Maximum Longitudinal Stressof HS20-44 Truck at Top Surface of the Deck

Figure 6 Maximum Transver se Stress of HS20-44 Truck at Top Surface of the Deck
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Figure 7 Maximum Shear Stressof HS20-44 Truck at Top Surface of the Deck

‘—Q—Tensile Stress —#— Compressive Stress ‘

(1sy) ssons

130

120

20 30 40 50 60 70 80
Span Length (ft)

10

Figure 8 Maximum Longitudinal Stress of 352 Truck at Top Surface of the Deck
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Figure 9 Maximum Transverse Stress of 3S2 Truck at Top Surface of the Deck
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Figure 10 Maximum Shear Stress of 3S2 Truck at Top Surface of the Deck
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Figure 11 Maximum Longitudinal Stress of HS20-44 Truck at Bottom Surface of the

Deck
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Figure 12 Maximum Transver se Stress of HS20-44 Truck at Bottom Surface of the

Deck
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Figure 13 Maximum Shear Stress of HS20-44 Truck at Bottom Surface of the

Deck
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Figure 14 Maximum Longitudinal Stress of 3S2 Truck at Bottom Surface of the

Deck
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Figure 15 Maximum Transver se Stress of 3S2 Truck at Bottom Surface of the

Deck
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Figure 16 Maximum Shear Stressof 3S2 Truck at Bottom Surface of the Deck

166



Table5 Effects of 3S2 Truck Loadson Top Surface of Continuous Bridge Decks

Ratio of Max Value of Stress of 3S2 to HS20-44

Span Length

Max Tensile Stress

Max Compressive Stress

(ft) Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.912 0.722 1.588 0.719 0.962 2.229
30 1.150 0.707 1.266 0.577 0.896 1.145
45 1.739 1.059 0.870 0.705 1.006 0.975
60 1.599 1.168 0.970 0.711 0.950 0.996
75 1.247 1.284 1.232 0.746 1.025 1.504
90 1.356 1.324 1.348 1.092 1.062 1.295
105 1.385 1.332 1.335 0.813 1.104 1.411
120 1.430 1.371 1.370 0.997 1.093 1.384

Table 6 Effects of 3S2 Truck L oads on Bottom Surface of Continuous Bridge Decks

Ratio of Max Value of Stress of 3S2 to HS20-44

Span Length

Max Tensile Stress

Max Compressive Stress

(ft) Longitudinal | Transverse | Shear | Longitudinal | Transverse | Shear
20 0.719 0.962 2.229 0.912 0.722 1.588
30 0.577 0.896 1.145 1.150 0.707 1.266
45 0.705 1.006 0.975 1.739 1.059 0.870
60 0.711 0.950 0.996 1.599 1.168 0.970
75 0.746 1.025 1.504 1.247 1.284 1.232
90 1.092 1.062 1.295 1.356 1.324 1.348
105 0.813 1.104 1.411 1.385 1.332 1.335
120 0.997 1.093 1.384 1.430 1.371 1.370
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Figure 17 Effects on Longitudinal Stress Top Surface of Continuous Bridge Decks
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Figure 18 Effectson Transverse Stress Top Surface of Continuous Bridge Decks
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Figure 19 Effectson Shear Stress Top Surface of Continuous Bridge Decks
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Figure 20 Effects on Longitudinal StressBottom Surface of Continuous Bridge Decks
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Figure 21 Effectson Transver se Stress Bottom Surface of Continuous Bridge Decks
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Figure 22 Effects on Shear Stress Bottom Surface of Continuous Bridge Decks
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APPENDIX D

Resultsfor Parish Bridges

Table 1 Bridges and Categories Considered for Analysis

Truck Hauling Category Design L oad HS20-44 Total
Timber Beam Simple 166 166
Continuous 1 1
Total 167 167
INCOMPLETE
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APPENDIX E
Fatigue Cost Study for State Bridges

Procedure used in calculating the weighted average cost per trip presented in Tables 1 through 5, Appendix E.

1 Multiply the value of the cost per trip by the number of bridges of certain span length to get the cost per trip viaal certain
span length bridges.

Multiply the value of the cost per trip by the number of main spansto get the cost per trip viaall certain span length.
Multiply the value of the cost per trip by the number of bridges of certain span length by the number of main spansto get the
total cost viaall certain span length bridges.

Multiply the values of the number of bridges and number of main spans.

Sum the values of the number of bridges, number of main spans, and the value of step 4.

Sum the values obtained from step 1, step 2 and step 3.

Divide results obtained from step 6 by the values obtained from 4 and 5, respectively to find the weighted average cost per
trip.

w N

No ok

Table 1 Summary Fatigue Cost for trucks (GVW-108,0001bs) on L ouisiana State bridges.

Bridge Support Condition Design Load Cost per Trip
Simple H15 $39
Simple HS20-44 $11.5
Continuous HS20-44 $16
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Table 2 Fatigue Cost for Simply Supported Bridges with Design Load H15

3S2/H15
Span Length  Number of Number of Ratio from % of Life Cost per Cost per #of Main Cost per
Main Spans Bridges Flexure Trip * #of Trip * #of Spans* #of Trip*# of
Analysis Bridges Main Spans bridges Main Spans*
# of bridges
20 ftor 266 159 1.62 9.32E-06 $4,445 $7,436 980 $27,396
Shorter
25 ft 51 17 1.70 1.08E-05 $552 $1,655 90 $2,921
30 ft 15 5 1.79 1.25E-05 $187 $561 17 $636
35 ft 5 1 1.82 1.33E-05 $40 $199 5 $199
40 ft 9 1 1.85 1.39E-05 $42 $375 9 $375
46 ft 14 1 1.87 1.44E-05 $43 $606 14 $606
50 ft 8 1 1.89 1.47E-05 $44 $353 8 $353
56 ft 7 1 191 1.52E-05 $45 $318 7 $318
75 ft 11 2 2.07 1.94E-05 $117 $642 11 $642
80 ft 4 2 2.07 1.95E-05 $117 $234 8 $468
Sum 390 190 $5,632 $12,380 1149 $33,914
weighted average cost per trip $29.64 $31.74 $29.52
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Table 2 Continued. Fatigue Cost for Simply Supported Bridges with Design Load H15

3S2/H15
Span Length  Number of Number of Ratio from % of Life Cost per Cost per #of Main Cost per
Main Spans Bridges Shear Analysis Trip * #of Trip * #of Spans* #of Trip*# of
Bridges Main Spans bridges Main Spans*
# of bridges
20ft or 266 159 1.77 1.21E-05 $5,772 $9,657 980 $35,578
Shorter
251t 51 17 1.82 1.33E-05 $677 $2,030 90 $3,583
30 ft 15 5 185 1.39E-05 $209 $627 17 $711
35ft 5 1 1.86 1.40E-05 $42 $210 5 $210
40 ft 9 1 1.86 1.40E-05 $42 $378 9 $378
46 ft 14 1 195 1.63E-05 $49 $683 14 $683
50 ft 8 1 2.00 1.76E-05 $53 $423 8 $423
56 ft 7 1 2.06 1.93E-05 $58 $405 7 $405
75ft 11 2 2.08 1.98E-05 $119 $653 11 $653
80 ft 4 2 2.07 1.93E-05 $116 $232 8 $464
Sum 390 190 $7,136 $15,298.52 1149 $43,088
weighted average cost per trip $37.56 $39.23 $37.50
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Table 3 Fatigue Cost for Simply Supported Bridges with Design L oad HS20-44

3S2/HS20-44
Span Length Number of Number of Ratio from % of Life Cost per Cost per #of Main Cost per
Main Spans Bridges Flexure Trip * #of Trip * #of Spans* #of Trip*# of
Analysis Bridges Main Spans bridges Main Spans*
# of bridges
20 ft or Shorter 428 635 122 3.93E-06 $7,489 $5,048 4535 $53,484
25 ft 100 30 1.23 4.09E-06 $369 $1,228 227 $2,788
30 ft 3 1 117 3.52E-06 $11 $32 3 $32
35 ft 18 7 112 3.10E-06 $65 $167 27 $251
40 ft 67 15 1.07 2.67E-06 $120 $536 103 $824
46 ft 86 15 1.02 2.36E-06 $106 $608 121 $856
50 ft 79 16 1.00 0.00E+00 $0 $0 0 $0
56 ft 33 3 0.98 0.00E+00 $0 $0 0 $0
60 ft 57 13 1.03 2.36E-06 $92 $405 93 $660
66 ft 20 4 1.08 2.74E-06 $33 $165 27 $222
70 ft 20 17 111 2.97E-06 $151 $178 68 $605
75 ft 15 7 114 3.22E-06 $68 $145 32 $309
80 ft 11 2 1.16 3.45E-06 $21 $114 11 $114
85 ft 43 5 1.19 3.66E-06 $55 $472 43 $472
90 ft 12 5 121 3.84E-06 $58 $138 19 $219
95 ft 12 4 122 4.01E-06 $48 $145 16 $193
100 ft 53 6 1.24 4.17E-06 $75 $663 53 $663
105 ft 5 4 1.25 4.31E-06 $52 $65 10 $129
110t 8 1 1.27 4.44E-06 $13 $107 8 $107
115ft 4 1 1.28 4.56E-06 $14 $55 4 $55
120 ft 45 1 1.29 4.67E-06 $14 $631 45 $631
Sum 1119 792 $8,852 $10,899 5445 $62,613
weighted average cost per trip $11.18 $9.74 $11.50
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Table 3. Continued. Fatigue Cost for Simply Supported Bridges with Design L oad HS20-44

3S2/HS20-44
Span Length Number of Number of Ratio from % of Life Cost per Cost per #of Main Cost per
Main Spans Bridges Shear Trip * #of Trip * #of Spans* #of Trip*# of
Analysis Bridges Main Spans bridges Main Spans*
# of bridges
20 ft or Shorter 428 635 1.10 2.89E-06 $5,474 $3,664 4535 $39,275

25 ft 100 30 1.05 2.55E-06 $230 $766 227 $1,738
30 ft 3 1 1.02 2.30E-06 $7 $21 3 $21
35 ft 18 7 0.98 0.00E+00 $0 $0 0 $0
40 ft 57 14 0.98 0.00E+00 $0 $0 0 $0
46 ft 86 15 1.04 2.44E-06 $110 $629 121 $886
50 ft 79 16 1.08 2.74E-06 $132 $650 128 $1,054
56 ft 33 3 1.13 3.18E-06 $29 $315 33 $315
60 ft 57 13 1.16 3.43E-06 $134 $587 93 $958
66 ft 20 4 1.20 3.76E-06 $45 $226 27 $305
70 ft 20 17 122 3.95E-06 $201 $237 68 $806
75 ft 15 7 1.24 4.16E-06 $87 $187 32 $400
80 ft 11 2 1.26 4.35E-06 $26 $144 11 $144
85 ft 43 5 1.27 4.52E-06 $68 $583 43 $583
90 ft 12 5 1.29 4.67E-06 $70 $168 19 $266
95 ft 12 4 1.30 4.81E-06 $58 $173 16 $231
100 ft 53 6 131 4.93E-06 $89 $785 53 $785
105 ft 5 4 132 5.05E-06 $61 $76 10 $151
110 ft 8 1 1.33 5.15E-06 $15 $124 8 $124
115ft 4 1 1.34 5.24E-06 $16 $63 4 $63
120 ft 45 1 1.34 5.33E-06 $16 $720 45 $720
Sum 1109 791 $6,867 $10,117 5476 $48,823

weighted average cost per trip $8.68 $9.12 $8.92
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Table 4 Fatigue Cost Based on Flexural Analysisfor Continuous Bridges with Design L oad HS20-44
Sum Volume: # of Bridges

3S2/HS20-44
Span Length Number of Number of Ratio from Flexure Analysis % of Life Cost per Trip* # of Bridges
Main Bridges
Spans
Positive Negative Positive Negative Positive Negative
Moment Moment M oment M oment M oment Moment

20 or Shorter 15 3 1.28 0.98 4.54E-06 0.00E+00 $41 $0
45 ft 19 2 1.05 1.56 2.52E-06 8.25E-06 $15 $49
50 ft 125 14 1.02 1.48 2.33E-06 7.13E-06 $98 $300
55 ft 3 1 1.00 141 0.00E+00 6.17E-06 $0 $18
60 ft 7 4 1.02 1.35 2.35E-06 5.34E-06 $28 $64
65 ft 25 6 1.07 1.28 2.69E-06 4.65E-06 $48 $84
70 ft 71 15 1.10 1.23 2.92E-06 4.06E-06 $131 $183
75 ft 87 10 1.13 124 3.13E-06 4.13E-06 $94 $124
80 ft 11 2 1.15 1.27 3.32E-06 4.46E-06 $20 $27
85 ft 9 5 117 1.29 3.50E-06 4.75E-06 $53 $71
90 ft 37 20 1.19 1.32 3.67E-06 5.01E-06 $198 $270
95 ft 36 3 1.20 134 3.82E-06 5.23E-06 $34 $47
100 ft 85 13 122 1.35 3.97E-06 5.42E-06 $155 $211
105 ft 47 20 1.23 1.40 4.10E-06 6.08E-06 $246 $365
110ft 19 2 124 1.38 4.22E-06 5.73E-06 $25 $34
120 ft 20 2 127 1.40 4.45E-06 5.98E-06 $27 $36
125 ft 15 4 1.28 141 4.55E-06 6.09E-06 $55 $73
130 ft 8 2 1.28 141 4.64E-06 6.18E-06 $28 $37
Sum 639 128 $1,296 $1,994

Weighted Average Cost per Trip $10.12 $15.58
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Table4 Continued. Fatigue Cost Based on Flexural Analysisfor Continuous Bridges with Design L oad HS20-44
Sum Volume: # of Main Spans

3S2/HS20-44
Span Length Number of
Main Spans
20 or Shorter 15
45 ft 19
50 ft 125
55 ft 3
60 ft 7
65 ft 25
70 ft 71
75 ft 87
80 ft 11
85 ft 9
90 ft 37
95 ft 36
100 ft 85
105 ft 47
110 ft 19
120 ft 20
125 ft 15
130 ft 8
Sum 639
Weighted Average Cost per Trip

Number of
Bridges

Ratio from Flexure Analysis

Positive
Moment
1.28
1.05
1.02
1.00
1.02
1.07
1.10
1.13
1.15
1.17
1.19
1.20
1.22
1.23
1.24
1.27
1.28
1.28

Negative
Moment
0.98
156
1.48
141
135
1.28
1.23
124
1.27
1.29
132
134
135
1.40
1.38
1.40
141
141

% of Life
Positive Negative
Moment Moment
4.54E-06 0.00E+00
2.52E-06 8.25E-06
2.33E-06 7.13E-06

0.00E+00 6.17E-06
2.35E-06 5.34E-06
2.69E-06 4.65E-06
2.92E-06 4.06E-06
3.13E-06 4.13E-06
3.32E-06 4.46E-06
3.50E-06 4.75E-06
3.67E-06 5.01E-06
3.82E-06 5.23E-06
3.97E-06 5.42E-06
4.10E-06 6.08E-06
4.22E-06 5.73E-06
4.45E-06 5.98E-06
4.55E-06 6.09E-06
4.64E-06 6.18E-06
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Cost per Trip* #of Main

Positive
Moment
$204
$144
$872
$0
$49
$202
$622
$817
$110
$95
$363
$413
$1,012
$578
$241
$267
$205
$111
$6,305
$9.87

Spans

Negative
M oment
$0
$470
$2,675
$55
$112
$349
$866
$1,078
$147
$128
$496
$564
$1,381
$857
$327
$359
$274
$148
$10,286
$16.10



Table4 Continued. Fatigue Cost Based on Flexural Analysisfor Continuous Bridges with Design L oad HS20-44
Sum Volume: # of Main
Spans*# of Bridges

3S2/H S20-
44
Span Number of Number of Ratio from Flexure % of Life #of Main Cost per Trip*# of Main
Length Main Spans Bridges Analysis Spans* # of Spans*# of bridges
Bridges
Positive Negative Positive Negative Positive Negative
Moment Moment M oment Moment Moment Moment
20 or 15 3 1.28 0.98 4.54E-06 0.00E+00 45 $613 $0
Shorter
45 ft 19 2 1.05 156 2.52E-06 8.25E-06 19 $144 $470
50 ft 125 14 1.02 1.48 2.33E-06 7.13E-06 140 $977 $2,996
55 ft 3 1 1.00 141 0.00E+00 6.17E-06 3 $0 $55
60 ft 7 4 1.02 135 2.35E-06 5.34E-06 14 $99 $224
65 ft 25 6 1.07 1.28 2.69E-06 4.65E-06 50 $404 $697
70 ft 71 15 1.10 1.23 2.92E-06 4.06E-06 126 $1,104 $1,536
75 ft 87 10 1.13 124 3.13E-06 4.13E-06 120 $1,127 $1,486
80 ft 11 2 115 1.27 3.32E-06 4.46E-06 11 $110 $147
85 ft 9 5 117 1.29 3.50E-06 4.75E-06 16 $168 $228
90 ft 37 20 1.19 132 3.67E-06 5.01E-06 93 $1,024 $1,397
95 ft 36 3 1.20 134 3.82E-06 5.23E-06 36 $413 $564
100 ft 85 13 122 135 3.97E-06 5.42E-06 102 $1,214 $1,658
105 ft 47 20 1.23 1.40 4.10E-06 6.08E-06 83 $1,021 $1,513
110 ft 19 2 124 1.38 4.22E-06 5.73E-06 19 $241 $327
120 ft 20 2 1.27 1.40 4.45E-06 5.98E-06 40 $534 $718
125 ft 15 4 1.28 141 4.55E-06 6.09E-06 19 $259 $347
130 ft 8 2 1.28 141 4.64E-06 6.18E-06 8 $111 $148
Sum 639 128 944 $9,562 $14,513
Weighted Average Cost per $10.13 $15.37
Trip
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Table 5 Fatigue Cost Based on Shear Analysisfor Continuous Bridges with Design L oad HS20-44

3S2/HS20-44
Span Length

20 or Shorter
45 ft
50 ft
55 ft
60 ft
65 ft
70 ft
75 ft
80 ft
85 ft
90 ft
95 ft
100 ft
105 ft
110 ft
120 ft
125 ft
130 ft
Sum

Number of
Main Spans

15
19
125
3
7
25
71
87
11
9
37
36
85
47
19
20
15
8
639

Weighted Average Cost per Trip

Number of
Bridges

14

B
aoaNnBEHokrpr

20

N
NANMNMBE®

128

Ratio from
Shear
Analysis

1.07
1.04
1.08
114
1.18
122
1.25
1.27
1.29
131
1.33
134
1.35
1.36
1.37
1.38
1.39
1.40

% of Life

2.69E-06
2.43E-06
2.78E-06
3.22E-06
3.62E-06
3.97E-06
4.26E-06
4.52E-06
4.74E-06
4.94E-06
5.11E-06
5.27E-06
5.40E-06
5.52E-06
5.63E-06
5.82E-06
5.90E-06
5.97E-06

Cost per
Trip* #of
Bridges

$24
$15
$117
$10
$43
$71
$192
$136
$28
$74
$307
$47
$211
$331
$34
$35
$71
$36
$1,782
$13.92

Cost per
Trip* # of
Main Spans

$121
$139
$1,043
$29
$76
$297
$908
$1,180
$157
$133
$568
$569
$1,378
$779
$321
$349
$266
$143
$8,455
$13.23
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#of Main
Spans* # of
Bridges

45
19
140
3
14
50
126
120
11
16
93
36
102
83
19
40
19

944

Cost per
Trip*# of
Main
Spans* # of
bridges
$363
$139
$1,168
$29
$152
$595
$1,611
$1,627
$157
$237
$1,427
$569
$1,653
$1,376
$321
$698
$336
$143
$12,601
$13.35






APPENDIX F

List of the AnalysisFiles

Table 1 Analysis Files of Influence Line Analysis of Simple Span Bridges

Influence Line Analysis - Simple Span Bridges

Design

Load File Name (Excel files .xls)

H15 Absolute Maximum Moment Shear & Deflection - 3-S2 vs H 15
HS20-44 Absolute Maximum Moment Shear & Deflection - 3-S2 vs HS 20-44
HS20-44 Scanned Calculation Max Moment Shear & Deflection - HS 20.pdf

382 Scanned Calculation Max Moment Shear & Deflection - 3 S2.pdf

Table 2 Analysis Files of Influence Line Analysis of Continuous Bridges— M oment

Span

Influence Line Analysis - Continuous Bridges

Length
(ft)

GT Input files (.txt)

Output Files (.gto)

EXCEL Files (.xlIs)

20

IL - 3 Spans - 20 ft - Moment

IL - 3 Spans - 20 ft - Moment

IL - 3 Spans - 20 ft - Moment

30

IL - 3 Spans - 30 ft - Moment

IL - 3 Spans - 30 ft - Moment

IL - 3 Spans - 30 ft - Moment

40

IL - 3 Spans - 40 ft - Moment

IL - 3 Spans - 40 ft - Moment

IL - 3 Spans - 40 ft - Moment

45

IL - 3 Spans - 45 ft - Moment

IL - 3 Spans - 45 ft - Moment

IL - 3 Spans - 45 ft - Moment

50

IL - 3 Spans - 50 ft - Moment

IL - 3 Spans - 50 ft - Moment

IL - 3 Spans - 50 ft - Moment

55

IL - 3 Spans - 55 ft - Moment

IL - 3 Spans - 55 ft - Moment

IL - 3 Spans - 55 ft - Moment

60

IL - 3 Spans - 60 ft - Moment

IL - 3 Spans - 60 ft - Moment

IL - 3 Spans - 60 ft - Moment

65

IL - 3 Spans - 65 ft - Moment

IL - 3 Spans - 65 ft - Moment

IL - 3 Spans - 65 ft - Moment

70

IL - 3 Spans - 70 ft - Moment

IL - 3 Spans - 70 ft - Moment

IL - 3 Spans - 70 ft - Moment

75

IL - 3 Spans - 75 ft - Moment

IL - 3 Spans - 75 ft - Moment

IL - 3 Spans - 75 ft - Moment

80

IL - 3 Spans - 80 ft - Moment

IL - 3 Spans - 80 ft - Moment

IL - 3 Spans - 80 ft - Moment

85

IL - 3 Spans - 85 ft - Moment

IL - 3 Spans - 85 ft - Moment

IL - 3 Spans - 85 ft - Moment

90

IL - 3 Spans - 90 ft - Moment

IL - 3 Spans - 90 ft - Moment

IL - 3 Spans - 90 ft - Moment

95

IL - 3 Spans - 95 ft - Moment

IL - 3 Spans - 95 ft - Moment

IL - 3 Spans - 95 ft - Moment

100

IL - 3 Spans - 100 ft - Moment

IL - 3 Spans - 100 ft - Moment

IL - 3 Spans - 100 ft - Moment

105

IL - 3 Spans - 105 ft - Moment

IL - 3 Spans - 105 ft - Moment

IL - 3 Spans - 105 ft - Moment

110

IL - 3 Spans - 110 ft - Moment

IL - 3 Spans - 110 ft - Moment

IL - 3 Spans - 110 ft - Moment

115

IL - 3 Spans - 115 ft - Moment

IL - 3 Spans - 115 ft - Moment

IL - 3 Spans - 115 ft - Moment

120

IL - 3 Spans - 120 ft - Moment

IL - 3 Spans - 120 ft - Moment

IL - 3 Spans - 120 ft - Moment

125
130

IL - 3 Spans - 125 ft - Moment
IL - 3 Spans - 130 ft - Moment

IL - 3 Spans - 125 ft - Moment
IL - 3 Spans - 130 ft - Moment

IL - 3 Spans - 125 ft - Moment
IL - 3 Spans - 130 ft - Moment
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Table 3 Analysis Files of Influence Line Analysis of Continuous Bridges — Shear

Span

Influence Line Analysis - Continuous Beam

Length
(ft)

GT Input files (.txt)

Output Files (.gto)

EXCEL Files (.xls)

20

IL - 3 Spans - 20 ft - Shear

IL - 3 Spans - 20 ft - Shear

IL - 3 Spans - 20 ft - Shear

30

IL - 3 Spans - 30 ft - Shear

IL - 3 Spans - 30 ft - Shear

IL - 3 Spans - 30 ft - Shear

40

IL - 3 Spans - 40 ft - Shear

IL - 3 Spans - 40 ft - Shear

IL - 3 Spans - 40 ft - Shear

45

IL - 3 Spans - 45 ft - Shear

IL - 3 Spans - 45 ft - Shear

IL - 3 Spans - 45 ft - Shear

50

IL - 3 Spans - 50 ft - Shear

IL - 3 Spans - 50 ft - Shear

IL - 3 Spans - 50 ft - Shear

55

IL - 3 Spans - 55 ft - Shear

IL - 3 Spans - 55 ft - Shear

IL - 3 Spans - 55 ft - Shear

60

IL - 3 Spans - 60 ft - Shear

IL - 3 Spans - 60 ft - Shear

IL - 3 Spans - 60 ft - Shear

65

IL - 3 Spans - 65 ft - Shear

IL - 3 Spans - 65 ft - Shear

IL - 3 Spans - 65 ft - Shear

70

IL - 3 Spans - 70 ft - Shear

IL - 3 Spans - 70 ft - Shear

IL - 3 Spans - 70 ft - Shear

75

IL - 3 Spans - 75 ft - Shear

IL - 3 Spans - 75 ft - Shear

IL - 3 Spans - 75 ft - Shear

80

IL - 3 Spans - 80 ft - Shear

IL - 3 Spans - 80 ft - Shear

IL - 3 Spans - 80 ft - Shear

85

IL - 3 Spans - 85 ft - Shear

IL - 3 Spans - 85 ft - Shear

IL - 3 Spans - 85 ft - Shear

90

IL - 3 Spans - 90 ft - Shear

IL - 3 Spans - 90 ft - Shear

IL - 3 Spans - 90 ft - Shear

95

IL - 3 Spans - 95 ft - Shear

IL - 3 Spans - 95 ft - Shear

IL - 3 Spans - 95 ft - Shear

100

IL - 3 Spans - 100 ft - Shear

IL - 3 Spans - 100 ft - Shear

IL - 3 Spans - 100 ft - Shear

105

IL - 3 Spans - 105 ft - Shear

IL - 3 Spans - 105 ft - Shear

IL - 3 Spans - 105 ft - Shear

110

IL - 3 Spans - 110 ft - Shear

IL - 3 Spans - 110 ft - Shear

IL - 3 Spans - 110 ft - Shear

115

IL - 3 Spans - 115 ft - Shear

IL - 3 Spans - 115 ft - Shear

IL - 3 Spans - 115 ft - Shear

120

IL - 3 Spans - 120 ft - Shear

IL - 3 Spans - 120 ft - Shear

IL - 3 Spans - 120 ft - Shear

125

IL - 3 Spans - 125 ft - Shear

IL - 3 Spans - 125 ft - Shear

IL - 3 Spans - 125 ft - Shear

130

IL - 3 Spans - 130 ft - Shear

IL - 3 Spans - 130 ft - Shear

IL - 3 Spans - 130 ft - Shear
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Table 4 Analysis Files of Deck Analysis of Continuous Bridges — Positive Moment

Span Deck Analysis - Positive Moment
Length EXCEL Files
(ft) GTSTRUDL Input files (.txt) Output Files (.gto) (-xls)
20 3 Spans 20 ft - middle - stress
30 3 Spans 30 ft - middle - stress
3 Spans Stress

45 3 Spans 45 ft - middle - stress Summary
60 3 Spans 60 ft - middle — analysis - stress -Positive
75 3 Spans 75 ft - middle — analysis - stress
90 3 Spans 90 ft- 3 S2 middle — analysis - stress

3 Spans 90 ft - HS 20 middle — analysis - stress
105 3 Spans 105 ft - middle — analysis - stress
120 3 Spans 120 ft - middle — analysis - stress

Table5 Analysis Files of Deck Analysis of Continuous Bridges — Negative M oment

Span Deck Analysis - Negative Moment
Length EXCEL Files
(ft) GTSTRUDL Input files (.txt) Output Files (.gto) (.xIs)
20 3 Spans 20 ft- N middle - stress
30 3 Spans 30ft-N middle - stress
3 Spans Stress
45 3 Spans 45ft-N middle - stress Summary
60 3 Spans 60 ft- N middle - stress -Negative
75 3 Spans 75ft- N middle - analysis - stress
90 3 Spans 90 ft- N middle - analysis - stress
105 3 Spans 105 ft- N middle - stress
120 3 Spans 120 ft- N middle - stress
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