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Chapter 1 Goals and Objectives of the SLA Truck Configuration
Library

1.1 Introduction

Historically, the Texas Department of Transportation (TXDOT) State Legislative Affairs (SLA)
Section, TxDOT subject matter experts (SME) and the University of Texas — Center for
Transportation Research (CTR) and University of Texas — San Antonio (UTSA) researchers have
responded to complex questions from the legislature about impacts of proposed changes to truck
size and weight during the legislative session. Due to the fast-paced nature of legislative sessions,
often information is requested on short notice and timeframes that leave little time to conduct a
sufficiently detailed analysis in recognition of the importance and long term potential effects of
the legislature. For this reason, TXDOT SLA contracted with UT-CTR early in 2016 to develop
a Truck Configuration Library with pavement and bridge consumption costs that would provide
SLA and TxDOT SME with information to respond to legislative questions.

To provide information about trucking industry interests in changes to truck size and weight, SLA,
TxDOT SME, UT-CTR and UTSA conducted two workshops with trucking industry to gain
insights about the weights and configurations that were planned to be presented during the
upcoming FY 17 Legislative Session. Additional interviews with the Texas Department of Motor
Vehicles, Motor Carrier Division, Vehicle Titles and Registration Division, the Texas Department
of Public Safety and one-on-one discussions with trucking industry representatives provided
valuable insights.  The workshops, meetings with SLA and TxDOT SME and the Truck



Configuration Library are the primary deliverables from this contract. The following sections
briefly explain goals and objectives, the organization and the outcomes of this study.

1.2 Study Framework

Figure 1.1 shows the relationship between the seven tasks that were performed under this study.
Task 1 and 5 consisted of Workshops with the trucking industry to obtain information about
changes to truck size and weight laws that would benefit different truck freight and economic
sectors. Summaries of the main ideas from each Workshop were documented to provide SLA,
TxDOT SME and the research team with information about truck types and configurations to
include in the Truck Configuration Library. Task 2 involved a discussion of the results of
Workshop | and a preliminary list of truck operation and configuration types for pavement and
consumption analysis in Tasks 3 and 4. A draft Truck Configuration Library was delivered to
SLA on June 30" for review and comment.

The draft Truck Configuration Library concept was presented during Workshop 1l along with
preliminary pavement and bridge consumption analysis results. Additional truck operational types
and configurations were identified from the Workshop and during meetings with Senator Robert
Nichols, members of his staff, TXDOT, TXDMV and members of the research team. Based on
meetings with Senator Nichols and later contacts with the trucking industry, the following truck
operational and configuration types were identified for potential further analysis:

1. 90,000 Ib 6-axle livestock truck (not evaluated) Workshop Il and follow up contacts with
the Texas Cattle Feeders Association

2. 90,000 Ib 6-axle grain truck (not evaluated) Workshop 11 and follow up contacts with the
Texas Cattle Feeders Association

3. 95,000 Ib or 97,000 Ib milk tank trailer (not evaluated) Workshop II

4. Multiple configurations for a 97,000 Ib heavy weight container truck considering designs
in operation at the Heavy Weight Container Corridor; Longbeach, California and on the I-
5 heavy container corridor in Tacoma, Washington State. Meetings with Senator Nichols
and members of his staff - Analyzed and included in the Truck Configuration Library
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Figure 1.1: Study framework showing major tasks and deliverables

The results of the Workshops, the pavement and bridge consumption analyses and preparation of
the Truck Configuration Library are discussed in more detail in the following Chapters.



Chapter 2 Workshop | and Discussion Results

Workshop I was held from 9:30 to 11:00 AM on February 29, 2016 at the TXDOT Dewitt C. Greer
Building, Commission Meeting Room. Seventy-two representatives from trucking industry
associations, city and state agencies, TXDOT, TxDMV, TxDPS, the Houston Police Department,
and CTR/UTSA attended this workshop. A list of all Workshop | attendees can be found in
Appendix A.

The main purpose of this workshop was gathering information about the truck configurations and
weight limits of interest to the trucking industry. This information supplemented configurations
described in draft bills considered by the legislature during the previous session and provided the
initial set of draft configurations for further discussion with TxDOT.

The CTR/UTSA research team presented the study goals and objectives, data needs and
methodologies for bridge and pavement consumption analysis. The presentation slides are attached
as Appendix B. During the presentation, Dr. Mike Murphy presented examples of different
container chassis and container size combinations to illustrate the fact that there can be many
possible configurations. He also presented ready mix truck and milk tank truck configurations to
encourage comments from the audience. Dr. Jorge Prozzi explained the pavement consumption
analysis process which was of great interest to the group. In addition, Dr. Jose Weissmann
presented the bridge consumption analysis process and solicited questions from the audience
regarding the analysis approach.

After the presentations a discussion session was held with the audience. The purpose of this
discussion session was to facilitate open discussions with industry regarding truck configurations
and operational considerations that would affect load distribution and the ability of the driver to
adjust load among axles and axle groups. The audience was also invited to ask questions about
how this data would be used to develop the Truck Configuration Library.

The major discussion results of this workshop are:

e Certain configurations of container trucks, milk tank trucks and ready mix trucks will be
included in the OS/OW truck configuration library. Oil Well Servicing vehicles were
excluded from the analysis though a bill had been introduced regarding a proposed new
permit in the previous legislative session. The researchers and TXDOT bridge engineers
had found that over 50% of bridges in the state would require load posting for many of the
Oil Well Service Rig configurations that were analyzed which was considered infeasible.

e The research team invited the industry to provide input regarding additional types of trucks
or truck configurations for further consideration and possible inclusion in the Library.

e The possible reduction in the number of trucks transporting a given amount of cargo, due
to a proposed increase of the weight limit increase, will not be considered in this analysis
due to the scope of this study and the complexity of the problem.
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e TxDOT will use the Library and CTR/UTSA research team’s analysis results as reference
to provide information for the legislature to support decisions.

Detailed summary notes of the presentations and discussions held during this workshop are
attached as Appendix C. This workshop helped prepare the research team an unexpected series of
meetings with Senator Robert Nichols and members of his staff regarding the CTR/UTSA analysis
method and proposed heavy weight container configurations.



Chapter 3 Development of the Truck Configuration Library

3.1 Overview of the Truck Configuration Library

An Excel-based Truck Configuration Library was developed to store and manage data and findings
regarding the selection of truck types and configurations, truck dimension and load distribution,
and pavement and bridge consumption rates. The Library consists of two types of information
sheets: 1) a summary sheet and 2) detailed information sheets for every selected truck
configurations, as shown in Figure 3.1.

The summary sheet provides an overview of truck dimension/weight and consumption analyses
for 51 configurations of container trucks, 5 configurations of Milk Tank Trucks, and 13
configurations of Ready Mix Trucks, including

e Truck Configuration ID
Truck Description
e Truck Weight and Dimension
e If comply with Bridge Formula B
e Pavement and bridge consumption rates - Statewide
e Container trucks
o Pavement and bridge consumption rates — Harris county
o Pavement and bridge consumption rates — High functional class routes in Harris
county
e Ready Mix Trucks
o Pavement and bridge consumption rates — Top 20 Counties of Registered Ready
Mix Tucks

For each configuration, a hyperlink is provided to direct users to the detailed information sheet of
the configuration. Table 3.1 — 3.3 list configurations analyzed for the container trucks, milk tank
trucks, and ready mix trucks.

Base case

The team reviewed results and feedback from previous sessions and discussed with TXDOT subject
matter experts (SMESs) to determine the base case for each truck group. For Container Trucks,
configuration Container_0 is the base case and consists of an 80,000 Ib 5-axle tractor semi-trailer
with 40' container, which is with legal axle weights and spacing and Federal Bridge Formula B
compliant. Consumption rates of the rest 50 container truck configurations were compared with
the total statewide consumption rate of the base case Container 0_1 and calculated as the cost ratio.

For Milk Tank Trucks, configuration MilkTank 1-1 is the base case and consists of a Bridge
Formula compliant 80,000 Ib GVW 5-axle tractor semi-trailer. For Ready Mix Trucks,



configuration ReadyMix_1-1 is the base case and consists of a 54,000 Ib 3-axle legal loaded ready
mix truck. Within both groups, comparisons to the total statewide consumption rate of each base
case were conducted.

Detailed Information Sheets documents pavement and bridge consumption rates. Bridge analysis
results include consumption rates of five highway systems at county level in both rural and urban
areas, and the percentage of bridges that is above 1.36 moment ratio or approximately operating
rating. Additionally, each sheet presents an example truck and drawings from Load Xpert with
detailed information on truck dimension and how load is distributed. The part also discusses
whether a configuration comply with Federal Bridge Formula B and highlights axle group(s) that
violate the Formula B if there is any.
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(b) An example of detailed information sheets

Figure 3.1 Screen shot of the truck configuration library



Table 3.1: Container Truck Pavement and Bridge Consumption Rates

Summary on Consumption Analysis

Summary on Consumption Analysis

- Harris County High Functional Class Routes

Summary on Consumption Analysis

- Statewide - Harris County (IH, SH, US, SL,55,BR)**
Truck Estimated
Configuration ID Truck Description Pavement| Bridge Total Pavement Bridge Total Pavement Bridge Total Revenue
Consumpt | Consumpti | Consumpti | Cost | Consumpti | Consumpti | Consumpti | Cost | Consumpti | Consumpti | Consumpti| Cost | $/VMT
ion Rate/ | onRate/ | on Rate/ |Ratio*| onRate/ | onRate/ | onRate/ |Ratio*| onRate/ | onRate/ | on Rate/ |Ratio*
VMT VMT VMT VMT VMT VMT VMT VMT VMT
Container_0 Base case 80,000 Ib-40' Container-5-axle truck -48" tandem $ 0.15 $ 0.030 S 0.180 | 1.00 - - - - - - - $0.04
Container_1-1 80,000 Ib-20' Container-6-axle truck - 40'11"Chassis- 98" tridem $ 0.11 $ 0.052 $ 0.162 | 0.90 $ 0.11 $ 0.731 $ 0.841 | 4.67 $ 0.11 $ 0.983 $ 1.093 6.07 $0.04
Container_1-2 97,000 |b-20' Container-6-axle truck - 40'11" Chassis- 98" tridem $ 022 $ 0.105 $ 0.325 1.81 S 022 S 1.466 S 1.686 9.37 S 022 S 1.968 $ 2.188 | 12.16 $0.05
. Maximum GVW under Bridge Formula-20' Container-- 6-axle truck -
Container_1-3 201" Chassis- 98" tridem $ 0.13 $ 0.060 $0190 | 1.06 | $ 0.13 $ 0.872 $1.002 | 557 | $ 0.13 $ 1.173 $ 1303 | 7.24 $0.04
Container_2-1 80,000 Ib-20' Container-6-axle truck - 40'11"Chassis- 109" tridem $ 0.11 $ 0.052 $ 0.162 | 0.90 $ 0.11 $ 0.724 $0.834 | 4.63 $ 0.11 $ 0.973 $ 1.083 6.02 $0.04
Container_2-2 97,000 Ib-20' Container-6-axle truck - 40'11"Chassis- 109" tridem $ 0.22 $ 0.105 $ 0325 | 1.81 $ 0.22 $ 1.465 $ 1.685 | 9.36 S 022 $ 1.967 $ 2.187 | 12.15 $0.05
. Maximum GVW under Bridge Formula-20' Container- 6-axle truck -
Container_2-3 40'11"Chassis- 109" tridem $ 0.13 $ 0.063 $ 0.193 1.07 S 0.13 $ 0.915 S 1.045 5.81 S 0.13 $ 1.230 $ 1.360 7.56 $0.04
Container_3-1 80,000 Ib-20' Container-6-axle truck - 40'11"Chassis- 122" tridem $ 0.11 $ 0.051 $ 0.161 | 0.89 $ 0.11 $ 0.746 $ 0.856 | 4.75 $ 0.11 $ 1.003 $ 1.113 6.18 $0.04
Container_3-2 97,000 Ib-20' Container-6-axle truck - 40'11"Chassis- 122" tridem $ 0.22 $ 0.101 $ 0321 1.78 $ 0.22 $ 1.490 $ 1.710 9.50 S 022 $ 2.000 $ 2.220 | 12.34 $0.05
. Maximum GVW under Bridge Formula-20' Container- 6-axle truck -
Container_3-3 40'11"Chassis- 122" tridem $ 0.13 $ 0.059 $ 0.189 1.05 S 0.13 $ 0.880 $ 1.010 5.61 S 0.13 $ 1.183 $ 1.313 7.30 $0.04
Container_4-1 97,000 Ib-20' Container-6-axle truck - 53' Chassis- 122" tridem $ 0.22 $ 0.082 $ 0.302 1.68 $ 022 $ 1.123 $ 1343 | 7.46 $ 0.22 $ 1.515 $ 1.735 9.64 $0.05
. Maximum GVW under Bridge Formula-20' Container- 6-axle truck -
Container_4-2 53'Chassis- 122" tridem $ 0.16 $ 0.058 $ 0.218 1.21 S 0.16 S 0.817 S 0.977 5.43 S 0.16 S 1.104 S 1.264 7.02 $0.04
Container_5-1 80,000 Ib-40' Container-6-axle truck - 40' Chassis- 98" tridem $ 0.11 | $ 0.052 $0.162 | 090 | $ 0.11 $ 0.759 $0869 |48 | $ 0.11 $ 1.021 $ 1.131 | 6.28 $0.04
Container_5-2 97,000 |b-40' Container-6-axle truck - 40' Chassis- 98" tridem $ 021 $ 0.102 $ 0.312 1.73 S 021 S 1.475 S 1.685 9.36 S 021 S 1.980 $ 2190 |12.17 $0.05
Container 5.3 | M®mum GVW under Bridge Formula-40' Container- 6-axle truck- 40" | ¢ 13 | ¢ 0061 | $ 0191 | 106 | ¢ 013 | $0.878 | $1.008 | 560 | $ 013 | § 1180 | $ 1.310 | 7.28 | $0.04
Chassis- 98" tridem
Container_6-1 80,000 Ib-40' Container-6-axle truck - 40' Chassis- 109" tridem $ 011 | $0.052 | $0.162 | 090 | $ 0.11 $0759 | $0869 | 483 | $ 0.11 $ 1.021 $ 1.131 | 6.28 $0.04
Container_6-2 97,000 Ib-40' Container-6-axle truck - 40' Chassis- 109" tridem $ 021 $ 0.102 $ 0.312 1.73 S 021 S 1.475 S 1.685 9.36 S 021 S 1.980 $ 2190 |12.17 $0.05
Container_g-3 | Maximum GVW under Bridge Formula-40' Container- 6-axle truck-40" | ¢ 413 | ¢ 006 | $0192 | 107 | & 013 | 0896 | $1026 | 570 | ¢ 013 | § 1204 | $ 1334 | 741 | s0.04
Chassis- 109" tridem
Container_7-1 80,000 Ib-40' Container-6-axle truck - 40' Chassis- 122" tridem $ 0.11 $ 0.050 $ 0.160 | 0.89 $ 0.11 $ 0.755 $ 0.865 | 4.80 $ 0.11 $ 1.015 $ 1.125 6.25 $0.04
Container_7-2 97,000 Ib-40' Container-6-axle truck - 40' Chassis- 122" tridem $ 0.21 $ 0.099 $0309 | 1.72 $ 021 $ 1.486 $ 1.696 | 9.42 S 021 $ 1.996 $ 2206 |12.26| $0.05
Container 7-3 | M@imum GVW under Bridge Formula-40’ Container- 6-axle truck-40" | ¢ 15 | ¢ 0061 | ¢ 0181 | 101 | & 012 | $0911 | $1031 | 573 | $ 012 | $1224 | § 1344 | 747 | s0.08
Chassis- 122" tridem
Container_8-1 97,000 Ib-40' Container-6-axle truck - 53' Chassis- 98" tridem $ 021 $ 0.083 $ 0.293 1.63 S 021 $ 1.091 S 1.301 7.23 S 021 S 1.472 S 1.682 9.35 $0.04
Container g-2 | Maximum GVW under B”gﬁ:;’sr_';:!f’;‘igef:”ta'”e" Gaxtetruck-53" |« 015 | $0057 | $0207 | 115 | ¢ 015 | $0771 | $0021 | 512 | § 015 | ¢ 1042 | §1192 |662| s0.04
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Container_9-1 97,000 Ib-40" Container-6-axle truck - 53' Chassis- 109" tridem $ 021 | $008 | $0293 | 163 | $ 021 | $1001 | $1301 | 723 | $ 021 | $1472 | $ 1682 | 935 | %005
Container 9-2 | M®Ximum GVW under Bridge Formula-40’ Container- 6-axle truck-53' | ¢ 15 | ¢ 0059 | $ 0209 | 116 | ¢ 015 | $0794 | $0944 | 525 | ¢ 015 | § 1073 | $1.223 | 679 | $0.04
Chassis- 109" tridem
Container_10-1 97,000 Ib-40' Container-6-axle truck - 53' Chassis- 122" tridem $021 | $0078 | $0288 | 160 | $ 021 | $1.002 | $1302 | 723 | $ 021 | $1474 | $ 1684 | 935 | %0.05
Container_10-2 | M@Ximum GVW under Bridge Formula-40' Container- 6-axle truck -53' | ¢ 16 | ¢ gosg | §0218 | 121 | ¢ 016 | $0815 | 0975 542 | ¢ 016 | $1101 | $1261 | 7.00 [ s004
Chassis- 122" tridem
Container_11-1 |°7/0001b-40" Container-7-axle tr”Ckl'b553' Chassis- 122" tridem-liftable 6250| o 1o | ¢ 9074 | s 0254 | 141 | ¢ 018 | $ 1121 | $1301 | 723 | ¢ 018 | $ 1507 | ¢ 1687 | 937 | <005
Container_11-2 | Maximum GVW;:::;:T;%?, i:g”;:ﬁ?tgblc:?ggfgs7ax'e truck-53" | ¢ 516 | $0072 | $0232 | 120| ¢ 016 | 1080 | $1249 | 694 | ¢ 016 | § 1465 | 1625 | 903 | s0.05
Container_12-1 | 97/0001b-40' C°”tai"er’7'ax'eltlrgg'8'ls:‘ Chassis- 122" tridem-liftable | « 1c | ¢ 0071 | $0231 | 128 | ¢ 016 | $1124 | s1284 | 723 | ¢ 016 | 1517 | $1677 | 932 | 005
Container_12-2 | Maximum GVWC‘:\';‘:‘ZST;;@,‘?ti?(;;“;lﬁ;f:t;lcei”ltgggeg'ax'e truck-53" 1 ¢ 515 | $0070 | $0220 | 122 | ¢ 015 | $1114 | s1264 | 702 ¢ 015 | s0983 | $1133 | 620 | s0.05
Container_21-1 | 80000Ib-40' Container-MACK 6X4 tractor-53' DBN X11 tridem chassis | $ 0.11 | $0.043 | $0.156 | 087 | $ 011 | $0.340 | $0453 | 252 | $ 011 | $ 0350 | $0463 | 257 | $0.04
Container_21-2 |  900001b-40' Container-MACK 6X4 tractor-53' DBN X11 tridem chassis | $ 0.17 | $ 0068 | $0237 | 132 | $ 017 | $ 0521 | $0690 |38 | $ 017 | $0535 | $0704 | 391 | $0.04
Container_21-3 |  970001b-40' Container-MACK 6X4 tractor-53' DBN X11 tridem chassis | $ 0.23 | $ 0086 | $0312 | 1.73 | $ 023 | $ 068 | $0909 | 505 | $ 023 | $0702 | $0928 | 515 | %0.05
Container_21-4 1020001b-40' Container-MACK 6X4 tractor-53' DBN X11 tridem chassis $ 0.28 $ 0.105 $0.38 | 212 | $ 028 $ 0.821 $1.097 | 610 | $ 0.28 $ 0.842 $ 1.119 | 6.22 $0.05
Container_21-5 | Max payload-40' Container-MACK 6X4 tractor-53' DBN X11 tridem chassis | $ 0.17 $ 0.059 $0.225 | 1.25 S 0.17 $ 0.489 $ 0.655 | 3.64 S 0.17 $ 0.503 $ 0.669 | 3.72 $0.04
Container_22-1 | 80000Ib-40' Container-MACK 8X6 tractor-53' DBN X11 tridem chassis | $ 0.09 | $0.040 | $0.129 | 072 | $ 009 | $0320 | $0409 | 227 | $ 009 | $0330 | $0419 | 233 | $0.04
Container_22-2 90000Ib-40' Container-MACK 8X6 tractor-53' DBN X11 tridem chassis $ 0.13 S 0.064 $0197 | 1.09 | $ 0.13 $ 0.494 $0627 | 348 | $ 013 $ 0.508 $ 0.641 | 3.56 $0.04
Container_22-3 |  97000lb-40' Container-MACK 8X6 tractor-53' DBN X11 tridem chassis | $ 0.18 | $ 0081 | $0.257 | 143 | ¢ 018 | $ 0651 | $0827 | 459 | $ 018 | $0669 | $ 0845 | 469 | $0.05
Container_22-4 | 102000lb-40' Container-MACK 8X6 tractor-53' DBN X11 tridem chassis | $ 0.22 | $0098 | $0314 | 174 | $ 022 | $0767 | $0982 | 545 | $ 022 | $0788 | $ 1003 | 557 | $0.05
Container_22-5 | Max payload-40' Container-MACK 8X6 tractor-53' DBN X11 tridem chassis | $ 0.15 $ 0.075 $0222 | 1.24 $ 0.15 $ 0.649 $ 0.796 | 4.42 $ 0.15 $ 0.668 $ 0.815 | 4.53 $0.05
Container_23-1 | 80000Ib-40' Container-MACK 6X4 tractor-51' DBN X11 tridemchassis | $ 0.11 | $0.041 | $0.152 | 084 | $ 011 | $0.354 | $0465 | 258 | $ 011 | $ 0364 | $0475 | 2.6a | $0.04
Container_23-2 |  90000Ib-40' Container-MACK 6X4 tractor-51' DBN X11 tridem chassis | $ 0.17 | $ 0062 | $ 0230 | 128 | $ 017 | $0516 | $0683 |38 | $ 017 | $0530 | $0698 | 3.88 | $0.04
Container_23-3 |  970001b-40' Container-MACK 6X4 tractor-51' DBN X11 tridem chassis | $ 0.22 | $ 0083 | $0307 | 171 | § 022 | $ 0669 | $0894 | 496 | $ 022 | $0688 | $0912 | 507 | %0.05
Container_23-4 | 102000lb-40' Container-MACK 6X4 tractor-51' DBN X11 tridem chassis $ 028 | $ 0.095 $ 0370 | 206 | $ 0.8 $ 0.801 $1.077 | 598 | $ 0.28 $ 0.823 $ 1.098 | 6.10 $0.05
Container_23-5 | Max payload-40' Container-MACK 6X4 tractor-51' DBN X11 tridem chassis | $ 0.17 $ 0.062 $0.231 | 1.28 S 0.17 $ 0.519 $ 0.688 | 3.82 S 0.17 S 0.534 $ 0.703 | 3.90 $0.04
Container_24-1 | 80000Ib-40' Container-MACK 8X6 tractor-51' DBN X11 tridem chassis | $ 0.08 | $0.038 | $0.122 | 068 | $ 008 | $0.338 | $0421 | 234 | $ 008 | $0347 | $0430 | 239 | $0.04
Container_24-2 90000Ib-40' Container-MACK 8X6 tractor-51' DBN X11 tridem chassis $ 0.12 | $ 0.060 $0.180 | 1.00 | $ 0.12 $ 0.504 $0.625 | 347 | $ 0.12 $ 0.519 $ 0.639 | 3.55 $0.04
Container_24-3 |  970001b-40' Container-MACK 8X6 tractor-51' DBN X11 tridem chassis | $ 0.16 | $0.079 | $0.236 | 131 | $ 016 | $ 0652 | $0809 | 450 | $ 016 | $0670 | $ 0827 | 460 | $0.05
Container_24-4 | 102000lb-40' Container-MACK 8X6 tractor-51' DBN X11 tridem chassis | $ 0.19 | $0.090 | $0.280 | 156 | $ 019 | $ 0775 | $0965 | 536 | $ 019 | $079 | $ 098 | 548 | %0.05
Container_24-5 | Max payload-40' Container-MACK 8X6 tractor-51' DBN X11 tridem chassis | $ 0.14 $ 0.077 $0219 | 1.21 S 0.14 $ 0.677 $ 0.818 | 4.55 S 0.14 $ 0.695 $ 0.837 | 4.65 $0.05

* Compared with the total statewide consumption rate for Container_0.
**|H=Interstate, SH=State Highway, US=US Highway, SL=State Loop, SS=State Spur, BR= Business Route.
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Table 3.2: Milk Tank Truck Pavement and Bridge Consumption Rates

Summary on Consumption Analysis
Truck ) Estimated
) - Truck Description e Bridge Total Cost Revenue
Configuration ID Consumption Consumption Consumption Ratio** $ /VMT
Rate/ VMT Rate/ VMT Rate/ VMT
MilkTank_1-1 5-axle tractor with 6,300 gallon tank trailer - 80,000 Ibs GVW $ 0.17 $ 0.043 $ 0.213 1.00 $ 0.05
MilkTank_1-2 5-axle tractor with 6,590 gallon tank trailer - 84,000 lbs GVW - agricultural $ 022 $ 0.052 $ 0272 198 $ 005
exemption (12% tolerance on one tandem)
. 5-axle tractor with 7,000 gallon tandem axle truck tractor tandem axle tank
MilkTank_2-1 trailer - 90,000 Ibs GVW S 0.28 $ 0.065 $ 0.345 1.62 S 0.05
MilkTank_2-2 6-axle tractor with 7,000 gallon tridem axle tank trailer - 90,000 Ibs GVW S 0.16 $ 0.061 $ 0.221 1.03 $ 0.05
MilkTank_2-3 6-axle tractor with 7,000 gallon trailer tridem axle tractor - 90,000 Ibs GVW S 0.14 $ 0.068 $ 0.208 0.98 $ 0.05

* An effort has been made to meet legal axle or GVW limits - however, small tolerances were accepted within the weight tolerance allowed based on DPS
roadside weighing procedures and agriculture axle weight tolerances.

** Compared with the total consumption rate for MilkTank_1-1.
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Table 3.3: Ready Mix Truck Pavement and Bridge Consumption Rates

. . Estimate
Summary on Consumption Analysis Summary on Consumption Analysis d
A . P ¥ - Top 20 Counties of Registered Ready Mix
- Statewide Revenue
Tucks ***
T $/VMT
ruck s
" . Truck Description ) )
Configuration ID Pavement Bridge Total Pavement| Bridge Total Cost
Consumpti | Consumpti | Consumpti Cost [Consumpt | Consumpti | Consumpti Ratio*
on Rate/ on Rate/ on Rate/ | Ratio** | ion Rate/ | on Rate/ on Rate/ *
VMT VMT VMT vMT VMT vMT
ReadyMix_1-1 3-axle ready mix truck - 54,000 Ib maximum GVW legal load limits $ 0.10 $ 0.021 $ 0.121 1.00 $ 0.10 $ 0.121 $ 0.221 1.83 | $ 0.07
. 3-axle Ready Mix Truck - state exemption of 69,000 Ib GVW 23,000 Ib
ReadyMix_1-2 steer, 46,000 Ib tandem max S 0.29 $ 0.057 S 0.347 2.86 S 0.29 S 0.341 S 0.631 521 | $ 0.08
. 3-axle Ready Mix Truck - Ready Mix Truck Permit 69,000 Ib GVW
ReadyMix_1-3 exemption - (but up to 25,300 Ib steer, 50,600 Ib tandem) S 0.47 $ 0.085 $ 0.555 4.58 S 0.47 S 0.486 S 0.956 7.89 S 0.08
ReadyMix_2-1 SU-4 4-axle ready mix truck with 1 Pooster axle - 69,000 Ibs state $ 0.20 $ 0.046 $ 0.246 2.03 $ 020 $ 0323 $ 0523 432 | ¢ 008
exemption
ReadyMix_2-2 | SU-4 4-axle ready mix truck with 1 pusher axle - 69,000 Ibs state exemption S 0.28 $ 0.081 $ 0.361 2.98 S 0.28 S 0.470 S 0.750 6.19 | $ 0.08
ReadyMix_2-3 SU-4 4-axle ready mix truck with 1 pusher axle - 70,100 Ibs $ 0.31 S 0.087 S 0.397 3.28 S 031 S 0.501 S 0.811 6.69 | $ 0.09
ReadyMix_2-4 SU-4 4-axle ready mix truck with 1 booster axle - 70,100 lbs $ 0.23 $ 0.052 $ 0.282 2.33 S 023 $ 0.371 S 0.601 496 | $ 0.09
ReadyMix_3-2 SU-5 5-axle ready mix truck with 1 pusher a>.<Ie and 1 booster axle - 69,000 $ 017 $ 0.048 $ 0218 1.80 $ 017 $ 0.332 $ 0.502 414 | $ 0.09
Ibs state exemption
ReadyMix_3-3 SU-5 5-axle ready mix truck with 1 pll;zher axle and 1 booster axle - 70,500 $ 015 $ 0.051 $ 0.201 1.66 $ 015 $ 0.354 $ 0.504 116 $ 0.09
ReadyMix_4-2 SU-6 6-axle ready mix truck with 2 pusher a)fles and 1 booster axle - 69,000 $ 013 $ 0.058 $ 0.188 1.55 $ 013 $ 0.399 $ 0.529 437 | ¢ 0.09
Ibs state exemption
ReadyMix_4-3 SU-6 6-axle ready mix truck with 2 plubssher axles and 1 booster axle - 75,500 $ 013 $ 0.065 $ 0.195 161 $ 013 $ 0.485 $ 0.615 508 $ 0.09
ReadyMix_5-2 SU-7 7-axle ready mix truck with 2 pusher ax.IeZ and 1 booster axle - 69,000 $ 011 $ 0.047 $ 0.157 1.29 $ 011 $ 0.329 $ 0.439 363 $ 0.09
Ibs state exemption
ReadyMix_5-4 SU-7 7-axle ready mix truck with 3 plubssher axles and 1 booster axle - 80,000 $ 0.12 $ 0.066 $ 0.186 153 $ 012 $ 0523 $ 0.643 530 $ 0.09

* An effort has been made to meet legal axle or GVW limits - however, small tolerances were accepted within the weight tolerance allowed based on DPS
roadside weighing procedures and agriculture axle weight tolerances.

** Compared with the total consumption rate for ReadyMix_1-1.

*** Top 20 counties of registered Ready Mix trucks are Dallas, Harris, Bexar, Tarrant, Collin, Comal, Travis, Fort Bend, Liberty, Mclennan, Montgomery, Brown,
El Paso, Denton, Hidalgo, Williamson, Lubbock, Potter, Ector, and Hays. The consumption rates are calculated as the weighted average based on vehicle miles
traveled (VMT).
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3.2 Load Xpert Analysis of the Preliminary Set of Truck Configurations

Load Xpert is a truck modeling and load analysis calculation software that allows users to create
diagrams and visually configure most types of trucks. Users can visually create truck models, upon
which different types of loads can be placed, to analyze the load distribution and center of gravity
of the loaded truck. The software also allows for easy modifications to truck load placement. With
a click of a button, loads can be added or removed, and the software displays changes in axle loads
instantly. Users are allowed to adjust not only loads, but the truck dimensions as well. The fifth
wheel, axle groups and accessories on the truck can all be changed, depending on the real life truck
being modeled. All of this data can be stored in configuration files which can be shared for
collaboration. The software itself allows for the storage of size and weight information of tractors,
trailers, accessories, payloads, axle groups, etc. in a database.

Truck configuration and load combinations can also be compared with the Federal Bridge Formula
to make instant assessments of compliance. If the configuration is non-compliant, the software
mentions which axle group is causing non-compliance, and by how much weight. Furthermore,
the output of the Load Xpert analysis — the axle load distributions for the vehicle — can easily be
transferred to pavement and bridge consumption analyses.

How it was used in the analysis?

In preparation of the truck configuration library, the team used Load Xpert to analyze a group of:

e Observed truck configurations and load combinations
e Hypothetical truck configurations and load combinations of possible cases in the coming
legislative session based on discussions with TXDOT SME and industry

Observed truck configurations: a variety of current available truck configurations were analyzed
for better understanding on how truck weights are currently distributed over axle groups, and
assumptions or limitations when changes are made.

Hypothetical truck configurations: Inputs for possible legislation changes were taken from past
legislative sessions and conversations with TXDOT SME and trucking industry representatives.
Then, specific possible future configurations were modelled with the software and load distribution
were calculated. The analysis also tested whether or which axle group(s) challenge the current
weight limit or violate the Federal Bridge Formula B.

To begin the modelling of a truck configuration in Load Xpert, pre-existing templates for truck
configurations can be selected, or new configurations can be created from scratch. Key inputs
include:

e Type of axle (single, tandem, triple, liftable, etc.)
e Number of axles
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e Axle group spacing

e Spacing between Axles and axle groups

e Tare weight of axles

e Positioning of axles

e Cab Type

e Positioning of fifth wheel and trailer kingpin

e Payload type (point, distributed (liquid, etc.))

e Positioning of load

e Type of tractor and trailer or straight truck (conventional, cab over etc.)

With all these inputs, an axle load distribution is created and shown. The result gives detailed
information on:

e Weight on each axle group (tare + payload)

e Total weight on vehicle

e Top + Side view of vehicle with spacing dimensions
e Federal Bridge Formula compliance

Example Analysis

For the example of a Ready Mix Truck with a booster axle, once the data inputs for axle spacing,
ready mix weight, etc. are put into the software, the model results are as follows:

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40" 3")

232.00

134.00

Inter Axle Spacing

(Total =433) 228 55 150
I +— 1
Ready Mix
Axle Loads: [zl L #2 1 LE3 Llotaly
(Ib) (Ib) {Ib) (Ib)
(Tare: . 200 2w o _%_ _____________ 31000__
|Accesseries: ____ _______________________________9o0 ____________________ o 0 ... b ___
Payload: 12759 14341 12000 39100
Total 21958 36142 12000 70100
|Desired/(GVW)™: __ U.S. Bndge Formula__ _ - -
[GAWRNGVWR'): _______________________________.: 23000 _________________46000___________ 12000 o _____ (70100}

Figure 3.2: Dimension View of an example ready mix truck
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The results show, for example, that the final total axle spacing after adjustments were made to
attempt compliance is 433" from the front axle to the rear liftable axle. The spacings are shown in
the diagram of the truck configuration, while the table below shows the axle weight distributions.
For example, the total weight on the steer axle is approximately 21,960 Ibs, of which payload
weight is approximately 12,760 Ibs.

The second portion of results are those which assess the configuration based on compliance with
the Federal Bridge Formula.

U.S. ERIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 {Ib)

Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot

Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle Allowable| Current
Bridge | Load (Ib) | Load {Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (lb) Bridge | Load (Ib) | Load (b}

A aeewo) avess i« L

~2 7177200007 T~38071
3 20000

{--_54000
{--_66000
{--_34000
{---48500
{---40000 ]

T IR ) s
P
P

4 =S, Bridge Formula Violation Page 1 of 1

Figure 3.3: U.S. Bridge Formula check of an example ready mix truck

The results show axle numbers, how much weight the axles are allowed under the limits set by the
Federal Bridge Formula, and how much weight the axles experience in the configuration that is
being modelled. In each instance of a violation, the table shows a black left-pointing triangle. In
this example, the model is non-compliant with the bridge formula in five separate occasions: the
steer axle, the group of axles formed by axles 1 and 2, and so on.

This information is then provided to the pavement and bridge consumption analysis team and helps
ensure that truck axle weights are consistent with the truck type and axle spacings. This is
considered more consistent that simply assuming an axle weight distribution based on maximum
legal axle weights.

More detailed results of the Load Xpert Analysis are discussed in Appendices D - F.
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Chapter 4 Pavement Consumption Analysis

4.1 Background

During the Rider 36 study (Prozzi et al 2012), CTR evaluated Oversize/Overweight (OS/OW) load
permits issued by the Motor Carrier Division (MCD) of the Department of Motor Vehicles (DMV).
A pavement consumption analysis methodology was developed during Rider 36 considering that
these loads might exceed either the Texas legal axle load limits or total gross vehicle weight
(GVW). The Rider 36 pavement consumption methodology was used as a basis to evaluate heavy
truck pavement consumption rates.This report presents a methodology for establishing
equivalencies between OW loads based on the concept of *““equivalent consumption™ to the
pavement structure using mechanistic-empirical pavement analysis procedures. In the proposed
methodology, each pavement section is evaluated using three different distress criteria: (1) surface
deformation or rutting, (2) load-associated fatigue cracking, and (3) riding quality in terms of
roughness (International Roughness Index, IRI). The methodology proposed here represents a
significant enhancement over previous procedures in the sense that it allows the analyst to adopt a
modular approach towards calculation of the overall load equivalency for any given truck
configuration because the overall pavement consumption due to a combination of different axles
is equivalent to the sum of the consumption caused by each individual axle. The primary objectives
of the pavement analysis are:

e Determination of the “equivalent consumption factor” (ECF) for different axle loads and
axle configurations with respect to three different failure mechanisms: rutting, fatigue
cracking, and roughness.

e Generalization of the results of the analyses using appropriate statistical techniques.

Equivalent Consumption Factor (ECF)

The fundamental principle behind the proposed methodology involves the assumption of
equivalency between different axle loads and configurations that result in the same level of
pavement distress, pavement performance or pavement consumption. In establishing such
equivalency, a standard 18-kip single axle was used as the reference. Recent studies have also
shown that the equivalency factors for different axle loads and configurations are partially
governed by the bearing capacity of the pavement structure and the environmental conditions
(Prozzi and De Beer 1997; Prozzi et all, 2007). It is, therefore, it is essential to determine ECFs for
different axle loads over a spectrum of pavement structures.

In Texas, pavements are designed to reach a terminal distress condition under the given traffic and
environmental conditions at the end of its design period, which is 20 years. However, due to
inherent differences in the failure mechanisms, it is impossible to reach each of the three terminal
distress values simultaneously at the end of the design period. Therefore, it becomes necessary to
determine the required traffic volume that would result in the associated terminal distress under
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each of the failure criteria. Thus, the calculated traffic volume will depend on the distress
mechanism being considered. Once the design traffic volumes are determined, the next step
involves analyzing each of the pavement structures for a range of different axle loads and
configurations and to determine the time (or traffic) to reach each of the aforementioned failure
criteria. The Equivalent Consumption Factor (ECF) in this study is calculated as follows:

ECF =22 (4. 1)

L

Where

Tas: time to failure under “N” repetitions of a standard 18 kip axle; and
Tv: time to failure under “N” repetitions of any given axle load “L”

Therefore, the ECF represents the relative pavement life for any given pavement structure under
given environmental conditions under the 18-kip single standard axle over the life of the same
pavement under the same conditions under any given load and configuration. It is important to
note that in this process, one would develop separate ECFs based on each of the distress criteria
above-mentioned. From a practical standpoint, a given axle configuration loaded to “L” Kips
should have a single ECF. For these reason, it is important to establish a weighting mechanism to
be applied to the individual ECFs (i.e. rutting, cracking and roughness) for establishing the
combined and unique ECF for the particular axle load and configuration. The weighting
mechanism should be devised such that it takes into account fundamental engineering principles.
For example, it is known that rutting is more critical in warm climatic regions while cracking is
the dominant distress mechanism in colder climatic regions.

Mechanistic-Empirical Pavement Analysis

For the mechanistic analysis, it was decided to use the newly developed AASHTOWare ME
Pavement Design for analysis and computation of pavement distresses resulting from the imposed
traffic (ARA, 2008). The AASHTOWare uses the same mechanistic-empirical concepts as its
predecessor, the Mechanistic-Empirical Pavement Design Guide (MEPDG) developed under the
National Cooperative Highway Research Program (NCHRP). The methodology has been
approved by the American Association of State Highway and Transportation Officials (AASHTO)
and supported by the Federal Highway Administration (FHWA).

In mechanistic-empirical pavement analysis, the fundamental pavement responses under repeated
traffic loadings are calculated using a multi-layer linear elastic approach. This approach assumes
that a flexible pavement is a multi-layered structure and that each of the layers exhibit a linearly
elastic response to traffic loads. Although this is not the case, the linearity assumption is reasonable
at the low strain levels typical of highway traffic. The method computes the stresses and strains
that are induced in the pavement layers due to traffic loadings. These critical pavement responses
are then related to field distresses using empirical relationships, which are calibrated based on field
observations.
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Experimental Design

The ECF for any given axle load and configuration is expected to be a function of the structural
capacity of the highway facility (Prozzi et al, 2007; Kinder, 1988). Besides, environmental
conditions determine several site features including the climatic profile and type of subgrade
support which in turn have a bearing on the pavement response and performance that is typically
built in a given region. For these reasons, it is important to design an experiment that encompasses
different pavement structures, traffic levels and climatic regions.

Permitted load configurations do not necessarily conform to typical legal limits that are placed on
highway vehicles. Due to the nature of the payload, these vehicles can have atypical axle
configuration as well as axle loads. This aspect led the study team to simulate a wide range of axle
loads with different configuration such that the full axle spectra for OW loads can be characterized.
Contact stress (assumed to be equal to the tire inflation pressure) was restricted to 120 psi for all
possible combinations of axle loads and configurations.

4.2 Analysis Results

Determination of ECF for Rutting

It is possible to establish an approximated linear relationship between the ECF and the
normalized axle load on a log-log scale. As an example, Figure 4.1 shows that there is a strong
linear relationship between these two variables.
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Figure 4.1: EDFs based on Rutting Criterion

The slope of the line differs slightly for all pavement sections and this indicates that the ECF for
any given axle load and configurations is influenced by the pavement material properties,
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structural capacity of the highway and the environmental conditions. For the case of tandem and
tridem axles, the study team introduced the group equivalency factor (GEF) in establishing the
ECF. The following generalized expression was used to estimate the ECF for any given axle load
and configuration while using the rutting failure criteria:

— Tig) _ WL
In(ECF) = a X ln(TL) =aXln (wam) (4.2)
Where
o = Axle Load Factor (ALF)
B = Group Equivalency Factor (GEF)

It was established that the axle load factor (ALF) is quite consistent for a given pavement
structure and hardly changes for the different axle groups. Based on the literature, ALFs are
expected to be a function of the structural capacity of the pavement structures. This would imply
that the ALF should exhibit high correlation with the structural number, as the GEF is optimized,
such that it gives the best linear predictor between the ECF and the normalized load in a log-log
scale for all pavement sections included in this study.

Figure represents the correlation between Axle Load Factors and pavement structural capacity
as represented by its structural number (SN). It is between axles.
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Determination of ECF for Fatigue Cracking

The calculation of ECF for fatigue cracking was undertaken using the same approach as for
rutting. As an example, Figure shows the relationship between the normalized loads and the

ECF on a log-log scale.
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Figure 4.3: ECFs based on Fatigue Criterion
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Once again, it was observed that the calculated ALF follow a similar pattern for different axle
configurations for different pavement sections. It is important to note that the rutting and fatigue
cracking transfer functions, which are used in the mechanistic analysis, have similar specification
forms which explains why the relationship between these two variables has similar characteristics.
However, it was noticed that the ALF values when computed using the fatigue cracking failure
criterion are numerically higher than those calculated using the rutting criterion.

While for the rutting failure mechanism, a noticeable relationship between ALF and SN was
observed across different axle configurations, the situation was not the same in the case of the
fatigue cracking. Due to the lack of a significant correlation in this case, the study team decided to
compute an average for each of the axle configurations included in this study.

It is interesting to note that there is a noticeable trend in the mean of the ALFs for the different
axle groups. In general, the ALF decreases with increasing number of axles per axle group.

Determination of ECF for Roughness

The determination of the ECF based on roughness was approached differently than that for rutting
or fatigue cracking. The initial estimates for the ECF were calculated using Equation 4.1 where
the time to failure for a given axle load and configuration were normalized using the time it took
for the pavement to fail under the standard 18-kip single axle. Riding quality deteriorates and
roughness increases as a result of the increase of one or more of the primary distresses including
rutting, shoving, fatigue or thermal cracking. AASHTOWare uses a transfer function that relates
predicted roughness values with other forms of distresses using a linear model. Consequently, the
EDFs calculated did not follow a power relationship. After careful investigation of the trends in
the data, it was realized that the relationship between the normalized load and the EDF can be
approximated by an exponential relationship. Figure presents the ECFs calculated for single,
tandem, tridem and quad axles for two different sections based on the roughness analysis.

23



EDF

-0.6 -0.4 -0.2 0 0.2 0.4
(W /[GEFxW,g)-1

(a) Section 1, single axle

i #

. e

é /
e y = @0-954x
' R?=0.9639
0.6 0.4 fOI.Z 0 0.2 0:4 O.IE; 0.8 1
(W, /(GEFxW,g)-1
(b) Section 1, tandem axle
& 2 A/./
w ’//
1.5 +
&4 * v =nl.2027x%
t/ y L=
R2=0.896
-0.4 -DI.Z 0 0:2 0.4 0:6 0.8 1 1.2

(W /{GEFxW,g)-1

(c) Section 1, tridem axle

Figure 4.4: EDFs based on Roughness Criterion

Following is the relationship that was used to relate the EDFs calculated using the roughness
failure criteria with the normalized load:
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In(ECF) = ALF x (amww 1) (4.3)
While in the case of rutting and fatigue cracking, it was seen that there is a strong linear relationship
between the GEFs and the number of axles in the axle group, the same was not the case for those
calculated using the roughness criteria. In fact, it was noticed that a power law can relate the GEF
to the number of axles in the group (see Figure ).
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Figure 4.5: Relationship between GEF and Number of Axles

When evaluating the correlation between ALFs with the bearing capacity of the highways in
terms of SN, no systematic trends were found. For this reason, an ALF with p = 0.7 is proposed
for single axles and with p = 0.9 for the other axle groups. The final relationship for
determination of EDF using the roughness is as given below:

In(ECF) = p x (-t — 1) (4.4)

GEFxW;g
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Chapter 5 Bridge Consumption Analysis

5.1 Analysis Objective and Results Description

The objective of this analysis is to provide an estimate of the bridge consumption costs for
designated truck configurations, by county, urban/rural area, and highway classification. One of
the configurations is the standard 18-wheeler (interstate semi-trailer at 80K gross vehicle weight),
which provides a baseline case for incremental cost calculations. The estimated costs are per one-
way trip and per mile.

Urban/rural information comes from RHiNo 2013, data item “functional system.” The highway
classifications had to be grouped in similar classes, in order to ensure a representative number of
bridges in each county, urban/rural area, and highway class. Table 5.1 shows the aggregated
classifications used in this analysis.

Table 5.1: Highway Classes Used in the Bridge Analysis

Comprises
Bridge Analysis P _
Route Designations Description RHINO.201§ Route
Designations
FM/RM/PR FM-RM-RR-PR-Rec. Roads and their spurs FM. FS, PR;:;;E’ RM. RR,
IH IH main lanes and frontage road segments with bridges IH
SH State highways SH
SL/SS/BR/OSA State loops, State spurs, their bus_lness roads, and all on- BF, BI, BS, BU, PA, SL,
system arterials SS
us US highways, alternatives, and spurs US,UP,UA

Note: Table 5.3 provides more information on the abbreviations used in Table 5.1.

The cost of any specific one-way route can be estimated by multiplying the unit cost by the route
mileage, taking care to match highway class, and urban/rural area. For round trip, double the cost.
If a route contains a segment with multiple highway classifications, the highest classification
should be utilized. If a new road with a previously non-existent classification is being considered,
use the estimates by urban area and region (east or west Texas) for that highway class. When
estimating a route cost, is important to assign each route segment to its proper urban or rural area.
The average costs generally are considerably different due to the higher bridge density in urban
areas.
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— Costofone trip over the mileage.

— Centerline mileage of all roads included in the classification, by county and area.
Average number of bridges/mile in the road mileage described above.
Estimated cost of an one-way, one-mile-long trip on a road included
in classification, located in (rural/urban) area of the county. =
| |
County UR Classification |cost mileage | Density |Cost/mi/trip
ANDERSON RURAL [FM/RM/PR S 1.22 | 249.744| 0.7888| S 0.00
ANDERSON RURAL |SH S 0.73 68.484| 2.2487|5 0.01
ANDERSON RURAL [US S 3.53 80.59 1.824| 5 0.04
ANDERSON URBAN [SL/SS/BR/OSA | $ 1.07 12.13| 2.9678|§ 0.09
ANDERSON URBAN [US S 0.05 17.162| 4.7197|5% 0.00
ANDREWS RURAL [SH S 012 108.08| 0.3238| % 0.00
ANGELINA RURAL [FM/RM/PR S 0.96| 182.979 1.093| 8 0.01
ANGELINA RURAL |SH S 1.65 61.8] 19417|S 0.03
ANGELINA RURAL [US S 2.18 52.63| 2.1471|S 0.04
ANGELINA URBAN [FM/RM/PR S 048 | 24.012| 4.6227|S 0.02
ANGELINA URBAN |SL/55/BR/OSA |S 3.88| 20.715| 6.2756|5S 0.19
ANGELINA URBAN |US S 5.69 16.875| 7.1111| S 0.34
ARANSAS RURAL [FM/RM/PR S 0.01 18.312| 1.7475| S 0.00
ARANSAS RURAL [SH S 3.62 33.27| 10219|S 0.11
ARANSAS URBAN |SH S 0.28 5.04| 3.5714|% 0.05

Figure 5.1: Sample of the bridge analysis results for one truck configuration

5.2 Bridge Consumption Methodology

The data available in the NBI/BRINSAP database is conducive to the application of simplified
methodologies to estimate bridge consumption for load configurations at the policy level.
Applying Equation 5.1 twice (once for the Inventory rating load and again for the heavy weight
truck load) and then subtracting one result from the other, one obtains Equation 5.2.

logN=C-mlog S (5.1)
Where:

N — Number of cycles or load applications
S — Stress range

m — Constant: material dependent

C — Constant
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m
N Inverdtory — S OSOW

N OSOW S;"‘?"fo’y (52)

Where:

Ninventory — Number of load applications for the inventory rating load
Nosow — Number of load applications for the OS/OW load

Sinventory — Stress range for the inventory load

Sosow — Stress range for the OS/OW load

m — Constant: material dependent

At the policy level, it is not feasible to calculate actual stress ranges for bridge details. Digital
descriptions of bridge cross sections and other characteristics are not available; even if they were,
computational demands would make this task unfeasible within this project’s time frame. An
acceptable method successfully used in previous OS/OW studies involves using live load bending
moments as surrogates for the stress range (Imbsen et al., 1987; Weissmann & Harrison, 1992;
and Weissmann, et al., 2002). This approach substitutes the stress ranges in Equation 5.2 with
bending moments, defining the bridge consumption ratio as depicted in Equation 5.3. Simply put,
Equation 5.3 states that the bridge consumption ratio induced by a bending moment of an inventory
rating load passage on a given bridge is equal to 1. Loads inducing bending moments twice as
large as the inventory rating bending moment lead to a bridge consumption ratio of two to the
power “m”, where “m” is a function of the bridge material. Altry et al., 2003 and Overman et al.,
1984, recommend “m” values that can be matched to the corresponding BRINSAP structure type
codes.

m

ConsumptionRatio =| 1 0SOW.

Inventory
(5.3)

Where:

Minventory — Live load bending moment for the inventory rating load
Mosow — Live load bending moment for the OS/OW load
m — Constant: material dependent
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The bridge consumption in dollars due to the passage of a given load is estimated by using
Equation 5.3 combined with a consumable asset value for the bridge. The recently completed
Federal Truck Size and Weight study recommends that the current asset value of a bridge is $235
per square foot of deck area. Previous highway cost allocation studies established that the asset
value of a bridge should be allocated according to Error! Reference source not found., with 11
percent of the bridge asset value attributable to loads that are over HS20-44 (FHWA, 2000).
HS20-44 is a standardized bridge design load, and current bridge inventory ratings are usually
represented as multiples of the HS20 design load when recorded in NBI/BRINSAP.

Table 5.2: Bridge Asset Value Percentages for GVW Categories

Percent
Vehicle Class Allocation
Passenger Vehicles 65.02%
Trucks
Single Unit 7.67%
Combinations
under 50 kips 2.68%
50 - 70 kips 5.15%
70 - 75 kips 8.41%
Over HS20-44 Loading 11.08%
TOTAL = 100.00%

With the help of computerized routines, Equation 5.4 is applied on a bridge-by-bridge basis to all
bridges in each county, urban/rural area, and highway classification used in this analysis. Bridge
asset consumption results for each bridge are summarized and aggregated to determine an overall
cost for a given mileage of a given highway class in a given area of a given county. This is
divided by the mileage to get a cost-per-mile for bridge consumption.

m

Consumption,,, =(Area)(235)(0.11) Mosow 1. (5 000,000

5.4
M Inventory .4)

Where:

Minventory — Live load bending moment for the inventory rating load for each bridge in the
permit dataset

Mosow — Live load bending moment for the OS/OW load for each bridge in the permit
dataset
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m — Constant: material dependent

235 — Asset value for a bridge in dollars per bridge deck square foot

0.11 — The bridge asset value responsibility for heavy trucks (see Table 5.3).

2,000,000 — Number of allowable load cycles that define bridge design life according to
AASHTO.

The computer program Moment Analysis of Structures (MOANSTR) is used to calculate the live
load moment ratios required by Equation 5.4. The MOANSTR program’s core is a finite
differences routine that calculates live load moment envelopes generated by SLA truck
configurations and NBI/BRINSAP rating loads. The MOANSTR routine, developed by members
of the UTSA research team, incorporates previous research by Matlock (Matlock et al., 1968) and
others (Weissmann & Harrison, 1992 and Weismann et al., 2002). MOANSTR calculates moment
envelopes and identifies the maximum live load bending moments (positive and negative) induced
by the SLA truck configuration and the inventory rating load.

5.3 Data Preparation

The steps listed below summarize the data preparation that was necessary to obtain mileages,
assign a consistent highway classification as well as urban/rural area to each bridge, and arrive at
the cost results previously discussed.

Step 1: Assign a consistent urban/rural classification to each bridge.

First, urban/rural classifications were retrieved from both RHiNo and BRINSAP, using their
functional system variables. Urban/rural classification using the “functional system” RHiNo
variable does always not match the urban/rural classification using BRINSAP’s equivalent
variable, described in item 26/26A of the coding guide. It was necessary to manually resolve all
inconsistencies.

Step 2: Develop a highway classification system that is consistent with RHiNo and BRINSAP.

The research team needed to assign a RHiNo classification to each bridge. As depicted in Table
3, highway classifications in RHiNo do not always match those used in BRINSAP (items 5.2 or
5.2A, depending on whether the bridge is located on the inventory route or passes under it).
Every time the two classifications did not match, the bridge was assigned the same classification
as the RHiNo segment where each it is located.

Once each bridge had a RHiNo classification, the following was done:

1. Using RHiNo, determine the total centerline mileage within each county and urban/rural
area for each highway classification.
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2. Using BRINSAP and the RHiNo highway classification of each bridge, determine the
number of bridges in each county, urban/rural area, and each RHiNo highway

classification.

3. Not every area in each county actually had bridges in each RHiNo classification; thus, it
was necessary to aggregate some classifications to ensure meaningful results. These final
aggregated classifications were listed in Table 5.3.

Table 5.3: RHiNo and BRINSAP On-System Highway Classifications

risple RHNoWighvay LT BRINSAPVariale o ooty
Value Value RHiNo’s

BF Business FM 28 Business F.M. Hwy BF
Bl Business IH 25 Business Interstate BI
BS Business SH 27 Business S.H. Hwy BS
BU Business US 26 Business U.S. Hwy BU
FM FM 15 E:;Tlle‘irRF;j;Ch © FM/RM
FS FM Spur
IH IH 11 Interstate Highway IH
PA Principal Arterial
PR Park Road 16 Park Road PR
RE Recreational Road 17 Recreational Road/Spur RE
RM RM 15 E:;Tlle‘irRF;j;Ch © FM/RM
RR Ranch Road
RS RM Spur
SH SH 13 State Highway SH
SL SL 14 State Loop or Spur SL/SS
SS State Spur 14 State Loop or Spur SL/SS
UA UsS Alt.
uUpP US Spur 12 US Highway (Spur) US (Spur)
us us 12 US Highway (Spur) US (Spur)

20 Toll Road

51 State Lands Road

19/99 Other
24 NASA1
41 Federal Lands Rd
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Step 3: Identify and eliminate from the analysis parallel bridges, culverts, and tunnels.

BRINSAP has variables identifying these situations. Culverts and tunnels are straightforward, and
so is travel direction. However, an additional data treatment was necessary to eliminate parallel
bridges in the same traffic direction, which are often present. BRINSAP item 101 was used but
several cases had to be manually checked in online maps and pictures using the geographical
coordinates of the bridge. The data treatment to eliminate all parallel bridges was necessary due to
the nature of the RHiNo data reportong centerline mileage. If calculating the consumption due to
one truck pass, considering more than one parallel bridge in the same location would artificially
increase the cost; the truck consumes only one of the bridges in each pass.

Step 4: Calculate the bridge consumption of all on-system bridges.

The previous steps resulted in an analysis database with all pertinent BRINSAP variables, the
aggregated highway classification developed as described in step 2, an urban/rural area consistent
with RHiNo, and no parallel structures or structures other than on-system bridges. This database
was used to calculate the moment ratio and costs for each bridge, which were then added up by
highway classification, area type, and county, to obtain the final results reported in the spreadsheets
previously discussed (see Error! Reference source not found. and Error! Reference source not
found.). The costs were also added up by highway classification, urban/rural, and Texas region
(east/west) for use in planned or new highways with a classification that was previously
nonexistent in the desired county.

5.4 Conclusions

The product of this analysis is a network-level bridge consumption cost per vehicle miles traveled
by county, urban/rural area, and the aggregated highway class depicted in Table 5.1, for each of
the configurations of interest. It provides a useful tool to estimate the bridge consumption costs of
proposed configurations for any given route in any county. Nevertheless, such estimates are less
accurate than a project-level analysis of specific routes or corridors, basically for two reasons:

1. A corridor or route analysis calculates each specific bridge consumption cost rather than
use average costs by factorial cells, and

2. The network-level analysis presented here depends on averages by highway class, area,
and county, which in turn required resolving some inconsistencies among RHiNo and
BRINSAP based on network-level type of reasoning and/or judgment, as previously
discussed. This does not occur in a route-specific analysis where each individual bridge is
considered. On the other hand, this analysis is not tied up to specific routes or highways
and its results can be used statewide.
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Chapter 6 Workshop Il and Discussion Results

Workshop 11 was held from 9:00 to 11:30 AM on July 18, 2016 at TXDOT D.C. Greer Building.
Forty representatives from trucking industry associations, city and state agencies, TXDOT and
CTR/UTSA attended this workshop. The sign-in sheet of this workshop is contained in Appendix
G.

The main purpose of this workshop was to provide an opportunity for the CTR/UTSA research
team to present preliminary pavement and bridge consumption analysis results for the truck
configurations included in the Library. In addition, the study team sought feedback from the
industry on the analysis to ensure that no important factors were missed.

When this workshop was held, twelve ocean container truck configurations, five milk tank truck
configurations and seven ready mix truck configurations had been analyzed and added to the
Library. The CTR/UTSA research team presented case studies based on the truck configuration
Library which included a summary table of all the configurations that has been analyzed and
detailed analysis results for each configuration. The CTR/UTSA research team explained the
weight and dimensions of these configurations and how bridge and pavement consumption rates
were calculated.

Dr. Jose Weissmann explained that bridge consumption rates are a function of bridge density, or
bridges per mile. As a result, the bridge consumption rates for a metro county such as Harris
County in Houston would be higher than bridge consumption rates for a rural county, such as
Hudspeth County. These differences resulted in significant total pavement and bridge consumption
costs considering statewide, metro, urban and rural counties and different route classifications.
Thus, in general, an Interstate (IH) route in a rural county could be expected to have lower
consumption costs that an Interstate route in a metro county. In addition, Dr. Weissmann
explained that the number of bridges above their operating rating was calculated for each
configuration since TXDOT had set a policy that a configuration which resulted in a load 50%
above the operating rating would require that the bridge is load posted.

During the presentation, interesting questions are brought up and discussed among CTR/UTSA
research team, industry representatives and TXxDOT personnel. The presentation slides are attached
as Appendix H.

An open discussion session was held after the presentation. The CTR/UTSA research team asked
for input from the industry regarding additional truck operational types and configurations of
interest to the audience. Questions regarding over weight milk tankers, livestock trailers, grain
haulers and mobile cranes were discussed. CTR/UTSA requested more detailed specifics for these
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trucks to be submitted to TxDOT so that a determination could be made whether an analysis would
be performed. Other major results from this discussion are:

Each truck configuration is analyzed in terms of pavement consumption, bridge
consumption and number of bridges that would require posting depending on bridge
density, county and route designation (IH, US, SH and FM roads).

The goal of the configuration analysis is to achieve distribution of the load among the axle
groups to meet the federal bridge formula requirements and then to achieve the minimum
possible consumption rates.

The Truck Configuration Library provides information about the consumption rates of
legally loaded trucks as the ‘base line” and the consumption rates of the heavier trucks for
calculation of a consumption ratio to the base line truck.

Bridge consumption rates can be very different among different counties due to different
bridge density or number of bridges per mile.

More truck configurations will be studied to arrive at some general recommendations for
lower $/VMT configurations with lower bridge posting issues.

Oil Well Service Rigs do not need to be considered due to the high percentage of bridges
that would require posting.

Projecting the potential reductions in number of trucks after weight limit change or
evaluating the benefit of truck industry bring to the state are out of the scope of this study.
The CTR/UTSA research team advises or answer questions posed by the State Legislature
or TXDOT Administration; the research team does not develop policy.

Detailed summary notes of the presentation given and discussion held during this workshop are
contained in Appendix I. This workshop informed the industry regarding configurations that were
analyzed to date and the CTR/UTSA research team’s approach for performing consumption
analysis. The Workshops helped to create an open line of conversation between TxDOT,
researchers and industry. Many interesting questions were raised and discussed.
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Chapter 7 Summary and Conclusions

A Truck Configuration Library was developed based on three truck operational types: Ready
Mix Trucks, Milk Tank Trucks and ocean containers. The Truck Configuration Library includes
information specified by TxDOT SLA including:

Pavement, bridge and total consumption rates for each truck configuration

A *base case’ truck representing the maximum, legal size and weight permitted in Texas.
Other configurations were compared to the base case to determine a factor indicating
equality (1.0) lower consumption (< 1.0) or higher consumption (> 1.0).

The Truck Configuration Library contains a summary page listing all configurations that
were analyzed grouped according to truck operational type. A hyperlink is provided for
each configuration which directs the user to a detailed page for that specific configuration
The detailed truck configuration page contains a photograph of a truck similar to the
configuration analyzed, a Load Xpert analysis showing the truck dimensions and axle or
axle group load distributions, the pavement and bridge consumption rates. Bridge
consumption rates are provided for all 254 counties for each configuration. A network-
level assessment of the number of bridges that are 50% above operating rating and are
potential candidates for load posting.

During development of the Truck Configuration Library, two Workshops were conducted to
obtain feedback from the trucking industry regarding:

Options available to the truck driver to adjust truck axle and axle group loads
Information about fixed design features, such as mixer drum front and rear pedestal load
percentages
Discussions regarding the difference between consumption rates, and in particular bridge
consumption rates in a high bridge density metro county versus and low bridge density
rural county.
Differences in consumption rates for different route types (IH, US, SH, FM roads etc.)
Discussions regarding other truck operational types of interest to industry and thus
potential truck types for further analysis:

0 Livestock tractor — trailers

o0 Livestock feed trucks

o Higher weight limits for milk tank trucks

0 Mobile cranes
However, no further analyses were performed beyond the three truck types mentioned
above.
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The Workshop presentations and summary notes are included as appendices to this report. The
performing agency also attended project meetings and one-on-one meetings with the truck
industry at the request of SLA.

Pavement and Bridge Consumption Conclusions

The main findings of the pavement and bridge consumption analysis are discussed in the
following section:

Ready Mix trucks

e Based on Load Xpert analyses of 3-axle ready mix trucks, the maximum allowable load
of 69,000 Ibs GVW cannot be achieved unless an annual permit is purchased that allows
for higher axle weight limits, and in particular, tandem drive axle weight limits, than is
permissible by state statute.

e The SU-4 configuration whether with a booster or one pusher axle was not found to meet
the Federal Bridge Formula (FBF) requirements at the proposed 70,100 Ib GVW limit.

e The SU-5 through SU-7 ready-mix truck configurations comply with the FBF based on
the allowable GVW:s listed in the previous legislative session bill

Milk Tank Trucks

e A 6-axle 90,000 Ib GVW milk tank truck with tridem axle trailer configuration results in
a lower consumption rate than a milk tank truck with tridem tractor. This configuration
meets federal axle group load requirements.

e Recent rulings contained in the FAST Act (Fixing America’s Surface Transportation)
provides an exemption for milk tank trucks that allows operation to the maximum tank
capacity as a ‘non divisible’ load. Thus, a fully loaded milk tanker that exceeds 80,000
Ibs can operate on the Interstate Highway system.

e The Dairy Industry representatives who attended the workshop expressed interest in
proposing a higher GVW limit of 95,000 Ibs or 97,000 lbs GVW though no further
analysis of these higher limits was undertaken

Ocean Containers

e Container configurations operating in California and Washington State were evaluated
based on discussions with the chief engineer with Dionbilt Trailers, a major west-coast
chassis designer / manufacturer.

e Pavement and bridge consumption analyses were performed for 6-axle and 7-axle ocean
containers at a maximum GVW of 97,000 Ibs. The 7-axle configurations yielded lower
consumption rates and the increase in consumption rates was lower with increased GVW
above 97,000 Ibs (up to 102,000 Ibs)
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e The resulting analysis showed that the consumption rates for heavy weight containers
operating in Harris County are significantly higher than the same truck configuration and
weight based on state wide consumption rates or rates in rural counties in Texas.

e Each configuration was analyzed with regard to bridge operating rating. It was found
that certain configurations could exceed 50% of the operating rating for some bridges
which suggests that bridge load posting might be required.

Analyses of Oil Well Servicing Units was not undertaken based on preliminary analyses that
showed 50% to 100% of the state’s bridges would be above operating rating for certain
configurations proposed in draft legislation.

The Truck Configuration Library and the Final report are deliverables under this contract along
with the two Workshops, project meetings and presentations that were prepared.

The performing agency looks forward to future opportunities to add to the Truck Configuration
Library as new truck operational and configuration types are considered by the state legislature.
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Appendix A: Workshop | Attendees

Name Organization Represented Email Address
Tommy Texas Agriculture Coop Council tommy@texas.coop
Engelke

Daniel Luehrs

EdCot Coop Gin

dluehrs@edcotcoopgin.com

Bryon Vecera

Houston Police Department

bryon.vecera@houstonpolice.o

rq
Tom Howard Domtar Corporation thomas.howard@domtar.com
Ron Hufford Texas Forestry Association rhufford @texasforestry.com
Jim Reaves Texas Nursery and Landscape jim@tnlaonline.org
Association
William Corpus Christi Police Department williamb@cctexas.com
Breedlove
Dan Hinkle Association of Energy Service kdan@kdanhinkle.com
Companies
Rich Szecsy Texas Aggregates and Concrete rich.szecsy@tx-taca.org

Association

Ernest White

Houston Police Department

ernest.white@houstonpolice.or

g

Chris Pepper

Texas Aggregates and Concrete
Association

cpepper@winstead.com

Chris Lechner

Precast Concrete Manufacturer's
Association of Texas

lechner@pcmatexas.orq

Kaleb Texas and Southwestern Cattle Raisers kmclaurin@tscra.org
McLaurin Association
Ed Small Texas Forestry Association esmall@jw.com

Nelda Martinez

Mayor, City of Corpus Christi

neldam@cctexas.com

Shanna Igo

Texas Municipal League

sigo@tml.org

Rick Thompson

Texas Association of Counties

rickt@county.org

Mark Borskey

Texas Trucking Association

mark@borkseyqgr.com

Colin Parrish

cparrish@gandpaffairs.com

Daniel Womack

dwomack@dow.com

Allen Beinke

Texas Coalition for Transportation
Productivity

Dow Chemical

Texas  Aggregates and  Concrete
Association

abeinke@tuggeyllp.com
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. . City of Houston Public Works L
Shiva Singh Department shiva.singh@houstontx.gov
Steve Loo City of Houston Public  Works steven.loo@houstontx.gov
Department
Tom Tagliabue | City of Corpus Christi tomtag@-cctexas.com

Tony Bennett

Texas Association of Manufacturers

tony.bennett@manufacturetexa
s.org

Diego Larrea

Ruckit

diego@ruckit.me

Jorge Hinojosa

Precast Concrete Manufacturer's

Association of Texas

jorge.hinojosa@bexarconcrete.
com

Jennifer Associated General Contractors of Texas | jnewton@agctx.orq
Newton
Josh . )

; Texas Cattle Feeders Association josh@tcfa.org
Winegarner

James Terrell

Select Milk Producers

talltexan2@gmail.com

Shannon
Rusing

Texas Oil and Gas Association

srusing@txoga.orq

J. Pete Laney

Texas Association of Dairymen

ipete@jpetelaneylaw.com

Jim Allison

County Judges and Commissioners
Association of Texas

j.allison@allison-bass.com

John D. Esparza

Texas Trucking Association

john@texastrucking.com

Les Findeisen

Texas Trucking Association

les@texastrucking.com

John Dahill Texas Conference of Urban Counties john@cuc.org
Michael
Pacheco Texas Farm Bureau mpacheco@txfb.org

Michelle Wittenburg

mwittenburg@mwittenburg.co
m

Legislative/Age
ncy

Kristy Schultz Texas Department of Motor Vehicles kristy.schultz@txdmv.gov
Carl Weeks Texas Department of Public Safety carl.weeks@dps.texas.gov
CB;SIZ eSV|eve Federal Highway Administration genevieve.bales@dot.gov

Steven Albright

Office of the Governor

steven.albright@gov.texas.gov

Chris Nordloh

Texas Department of Public Safety

chris.nordloh@dps.texas.gov
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Rep. Armando
Martinez

Texas House of Representatives

mando.martinez@house.texas.
gov

Scott Jenkines

Texas House of Representatives - Rep
Martinez

scott.jenkines@house.texas.go
i

Matthew Miller

Texas Department of Motor Vehicles

matthew.miller@txdmv.gov

Melissa Meyer

TxDOT Federal Affairs

melissa.meyer@txdot.qgov

Michael Lee TxDOT Maintenance Division michael.lee@txdot.gov
Mark McDaniel | TxDOT Maintenance Division mark.mcdaniel@txdot.gov
John Bilyeu TxDOT Maintenance Division john.bilyeu@txdot.gov
Gregg Freeby TxDOT Bridge Division aregq.freeby@txdot.gov
m'ecmhg::as TxDOT Bridge Division nicholas.nemec@txdot.gov

Thomas Galvan

Legislative Budget Board

thomas.galvan@]Ibb.state.tx.us

Laura Kolstad

TxDOT State Legislative Affairs

laura.kolstad@txdot.gov

Aaron Kocian

Office of the Lieutenant Governor

aaron.kocian@]ltgov.state.tx.us

Sondra Johnson

TxDOT Freight and International Trade

sondra.johnson@txdot.gov

Caroline Mays

TxDOT Freight and International Trade

caroline.mays@txdot.gov

Sara Haenes

Texas House of Representatives - Rep
Phillips

sara.haenes@house.texas.qov

Trent Thomas

TxDOT State Legislative Affairs

trent.thomas@txdot.gov

Blake Calvert

TxDOT State Legislative Affairs

blake.calvert@txdot.gov

Jonathan Sierra-
Ortega

Texas Senate Transportation Committee

jonathan.sierra-
ortega sc@senate.texas.gov

Sam Gammage

Texas House Transportation Committee

samuel.gammage@house.texas
.gov

CTR/UTSA

Michael Walton | CTR cmwalton@mail.utexas.edu
Michael michael.murphy@engr.utexas.e
Murphy CTR du

Swati Agarwal | CTR swatiaagarwal @utexas.edu
Hongbin Xu CTR hongbinxu@utexas.edu

Manar Hasan CTR manar.hasan@utexas.edu
gtfzaboms' CTR loftusotway @mail.utexas.edu
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Jose

Weissmann UTSA jose.weissmann@utsa.edu
Angela .

Weissmann UTSA angela.weissmann@utsa.edu
Jorge Prozzi CTR prozzi@mail.utexas.edu

Wu Hui CTR wuhui@utexas.edu
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Appendix B: Workshop | Presentation

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

Oversize / Overweight Vehicle Workshop

TxDOT D.C. Greer Building
Hearing Room

February 29, 2016

COLLABORATE. INNOVATE. EDUCATE.

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

IAC Manager — Tonia Norman
Project Management Blake Calvert

UT —CTR Contract Supervisor — Professor C. Michael Walton, P.E.

Project Team Members

UT-CTR

Dr. Jorge Prozzi Faculty - pavement modeling / consumption

Dr. Mike Murphy, P.E Research Engineer / Configurations / Interviews / Factors
Mr. Robert Harrison CTR Deputy Director - Economics / Cost analysis

Dr. Hui Wu, P.E. Research Assistant Configurations / Factors / Safety considerations
Ms. Lisa Loftus-Otway Legal / Legislative issues

Manar Hasan MS GRA

Hongbin Xu Ph.D. GRA

Swati Agarwal MS GRA

UTSA

Dr. Jose Weissmann, P.E. Faculty - Bridge analysis / modeling / consumption

Dr. Angela Weissmann Researcher - Bridge analysis / modeling / consumption

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™
Dr. Mike Walton — Overview of on-going Truck Size & Weight studies

1. Origin of Texas — Pavement and Bridge Consumption Analysis Methods

Sunset Commission — TxDOT Review
Issue 7: Exemptions from oversize and overweight regulations cause
considerable damage to roads and bridges.

More Information Is Needed to Improve Regulation of Oversize
and Overweight Vehicles to Prevent Damage to Roads and Bridges

State Legislature: Rider 36 Conduct an analysis of 0S/OW Vehicle Permit Fees

TxDOT Research Project: 0-6736 ‘Oversize/Overweight Vehicle Permit Fee Study’

http://ctr.utexas.edu/wp-content/uploads/pubs/0_6736_2.pdf full-report

http://library.ctr.utexas.edu/hostedPDFs/txdot/psr/0-6736-s.pdf  summary

COLLABORATE. INNOVATE. EDUCATE.

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™
Dr. Mike Walton — Overview of on-going Truck Size & Weight studies

2. State Legislative Affairs — Contract ‘Develop a Library of Truck Configurations and
Consumption Rates’

Task 1: Workshop | — identify truck configurations of interest to industry

Task 2: Work with TxDOT to identify truck configurations for draft Library

Task 3: Pavement Consumption analysis

Task 4: Bridge Consumption analysis

Task 5: Workshop Il — present findings to Industry obtain Feedback

Task 6: Revise Library and add new Configurations as necessary: draft Library and Report

Task 7: Finalize Library of Configurations — Prepare final report
Project end date: October 31, 2016

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

Dr. Mike Walton — Overview of on-going Truck Size & Weight studies

3. Project 0-6817 ‘Review and Evaluation of Current Gross Vehicle Weights and
Axle Load Limits’ Project Completion February 29, 2016

Extends the consumption analysis work originally done under Rider 36

Evaluation of 18 Infrastructure friendly truck configurations for Texas
conditions

Configurations are implemented in other states or under consideration
by USDOT/FHWA for national implementation (e.g. 33’ double trailer unit)

Evaluation includes selected Longer Combination Vehicles (LCVs) operating in
U.S. Western States, Canada and Mexico.

One or more LCV configuration are also permitted in every state from Canada
to the Texas border with Oklahoma.

p VRN Rocky Mountain Double (RMD) Perimtted by Permitted by
State Tumpike Authority
[ rRmo B rPo & RMD

Tumpike Double (TPD)
Q ] TPO&RMD I v ypes

= [JtTarmD

Triple Trailer (TT) - All LCV types
D E] LCV not permitted

Source: U.S. Department of Energy, 2006




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

Dr. Mike Walton — Overview of on-going Truck Size & Weight studies

4, Project 0-6820 ‘A Process for Designating and Managing OS/OW Corridors
at Coastal Ports and Border Ports of Entry ’ Project Completion
August 31, 2016

5. Project 0-6897 ‘Evaluate Specialized Hauling Vehicles (in Texas) with regard

pavement and bridge consumption and posting limits’
Project Completion August 31, 2017

COLLABORATE. INNOVATE. EDUCATE.

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

1. Overview of Workshop Process Dr. Mike Walton

2. Overview and Analysis

House Bill Truck Configurations Dr. Mike Murphy
Pavement Consumption: Dr. Jorge Prozzi
Bridge Consumption: Dr. Jose Weissmann

3. Case Study: HB 3129 ‘Milk truck weight increase — 90,000 GVW’

4. Summary and Discussion Dr. Mike Walton

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

1. Overview of Workshop Process Dr. Mike Walton
and Study Group Member introductions

COLLABORATE. INNOVATE. EDUCATE.

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

1. Overview of Workshop Process Dr. Mike Walton
2. Overview and Analysis

House Bill Truck Configurations Dr. Mike Murphy

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

1. HB 3129 Raw milk tankers up to 90,000 lbs GVW

COLLABORATE. INNOVATE. EDUCATE.

Current Legal maximum axle and gross vehicle weight — Configuration 1

Tandem axle group Tandem axle group Steering Axle
34,000 Ibs 34,000 lbs 12,000 Ibs

Gross Vehicle Weight = 80,000 Ibs

Based on discussions with a dairy transport company, tank capacities
6,000 — 6,500 gallons




Raw milk is an agricultural product: state statutes allow:
5% over GVW and 12% axle weight tolerance — Configuration 2

Tandem axle group Tandem axle group Steering Axle
36,000 lbs 36,000 |bs 12,000 Ibs

Gross Vehicle Weight = 84,000 lbs

Based on discussions with a dairy transport company, tank capacities
6,000 — 6,500 gallons

HB 3129 90,000 Ib gross vehicle weight — Configuration 3

T

Tandem axle group Steering Axle
34,000 Ibs 14,000 lbs

Tridem axle group
42,000 |bs
?

Gross Vehicle Weight = 90,000 lbs

Based on initial calculations a 7,000 gallon milk tank trailer would be required.
Industry feedback is needed regarding axle configurations and tank sizes.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

1. HB 3129 Raw milk tankers up to 90,000 lbs GVW

2. HB 3061 Sealed Ocean Containers 97,000 lbs GVW

COLLABORATE. INNOVATE. EDUCATE.

Base Case
80,000 Ib tractor semi trailer with ocean container (legal axle weights)

Steer axle Drive tandem axle Trailer tandem axle
12,000 Ibs 34,000 lbs 34,000 Ibs

Configuration 1

Assumes 17,000 Ib tractor + 4,950 Ib standard duty container trailer 58,050 Ib container + cargo




97,000 Ib tractor semi trailer with ocean container (HB 3061 axle weights)
t

40’ ocean container

Trailer tandem axle
60,000 Ibs
?

Steer axle Drive tandem axle
12,000 lbs 25,000 lbs

Configuration 2

Assumes 17,000 Ib tractor + 11,400 Ib heavy duty container trailer 68,600 Ib container + cargo
Trailer length = 42" extended.

97,000 |b tractor semi trailer with ocean container (trailer tridem axle)

(on a 20’ tridem axle container trailer, 32’ collapsed position)

20’ ocean container — compressed gas in frame

Steer axle Drive tandem axle Trailer tandem axle
12,000 lbs 25,000 Ibs 60,000 Ibs
?

Configuration 3
Assumes 15,000 Ib tractor + 9,350 Ib heavy duty container trailer 72,650 |Ib container + cargo




97,000 Ib tractor semi trailer with ocean container (trailer tridem axle)

(20’ container on a 40’ tridem axle container trailer - 42’ extended position)

20’ ocean container

Steer axle Drive tandem axle Trailer tridem axle
12,000 lbs 35,000 Ibs 50,000 Ibs
. . ?
Configuration 4 :

Assumes 15,000 Ib tractor + 9,350 Ib heavy duty container trailer 60,650 Ib container + cargo
Trailer GVWR = 70,000 |bs

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™
1. HB 3129 Raw milk tankers up to 90,000 lbs GVW

2. HB 3061 Sealed Ocean Containers 97,000 lbs GVW

3. HB 2606 New permit(s) for Oil Well Servicing Units

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™
8 SECTION 4. Chapter 622, Transportation Code, is amended by

9 adding Subchapter K to read as follows:

10 SUBCHAPTER K. SPECIAL USE VEHICLES
11 Sec. 622.151. AXLE WEIGHT RESTRICTIQONS. (a) In this
12 section, "special use vehicle" means a self-propelled

13 well-servicing unit.

14 (b) A special use wvehicle may be operated on a public

15 highway of this state only if:

16 (1) the guad axle weight is not heavier than 120,000
17 pounds;
i8 (2) the triple axle weight is not heavier than 90,000
19 pounds;
20 (3) the tandem axle weight is not heavier than 65,000

21 pounds; and

22 (4) the single axle weight is not heavier than 30,000
23 pounds.
24 (c) A special use vehicle may be operated at a weight that

25 exceeds the maximum single axle, tandem axle, triple axle, or guad

26 axle weight limitation by not more than 10 percent if the gross

27 weight is not heavier than 135,000 pounds and the department has

COLLABORATE. INNOVATE. EDUCATE.

HB 2606(S) 90,000 Ibs GVW

Manufacturer’s standard

Axle ratings

20,000 Ib single Single steer axle Tandem axle
46,000 Ib tandem HB 2606S 30,000 Ibs HB 2606S 60,000 Ibs
Standard Gross Vehicle Weight

66,000 lbs.

Configuration 1 (HB 2606 axle weights — as first introduced)




Twin Steer axle Tandem Axle
HB 2606S 55,650 Ibs HB 2606S 55,650 Ibs

Configuration 4 (HB 2606 axle weights — as first introduced)

Manufacturers’ estimated Gross Vehicle Weight = 82,000 Ibs — 90,000 Ibs: possibly greater

HB 2606 129,000 lbs GVW

Twin Steer axle Tridem axle
HB 2606S 60,000 Ib HB 2606S 69,000 Ibs

Configuration 5 (HB 2606 axle weights — as first introduced)

Manufacturers’ estimated total weights vary from 91,000 Ibs to 120,000 lbs: possibly greater




HB 2606 135,000 Ibs GVW maximum cap

j [||| ‘n|n‘1"'

i i
1 l\ )
b1 (1

* Liftable axle paired with fixed tandem axle
' l l l l l axle spacing based on manufacturer’s spec

Tridem Steer Axle Tridem Fixed Axle
HB 2606S 67,500 Ib HB 2606S allows 67,500 Ibs

Manufacturers’ estimated total weights vary from 97,000 Ibs to 130,000 Ibs: possibly greater.

Configuration 6 (HB 2606 axle weights — as first introduced)

Work over Rig
Twin steer tandem axle - quad rear axle (2 optional lift axles)

Manufacturer’s axle ratings = 136,000 lbs GVW

: b*oo 52 000 f.xeci‘zo%bo




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

1. HB 3129 Raw milk tankers up to 90,000 lbs GVW
2. HB 3061 Sealed Ocean Containers 97,000 lbs GVW

3. HB 2606 New permit(s) for Oil Well Servicing Units

4. HB 2592 Ready Mix Trucks up to 80,000 Ibs GVW
with associated axle configurations

COLLABORATE. INNOVATE. EDUCATE.

TTC 622.011 - .017 Ready Mix concrete and pump trucks

Legal Up to 20,000 lbs. Up to 34,000 lbs.
Exemption Up to 23,000 Ibs. Up to 46,000 lbs.

Legah
Exemption: Total Vehicle up to 69,000 lbs. GVW

* Cannot operate at over legal loads on IH or Defense Highway Network




HB 2592 ‘Ready mix trucks up to 80,000 Ibs with additional axles’

Booster axle

HB 2592 70,100 Ibs GVW if the

E Ready mix truck has 4 axles

HB 2592 70,500 Ibs GVW if the
Ready mix truck has 5 axles




HB 2592 75,500 lIbs GVW if the
Ready mix truck has 6 axles

HB 2592 80,000 Ibs GVW if the
Ready mix truck has 7 axles




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

1. Overview of Workshop Process Dr. Mike Walton
2. Overview and Analysis

House Bill Truck Configurations Dr. Mike Murphy
Pavement Consumption: Dr. Jorge Prozzi

COLLABORATE. INNOVATE. EDUCATE.

Equivalent Pavement

Consumption Factors
(ECF)

Dr. Jorge A. Prozzi

prozzi@mail.utexas.edu
(512) 471-4771

W Texas Department of Trammﬂa"m_




@.‘ Pavement ConsumEtion Analzsis

* Mechanistically-based methodology for the
determining consumption due to “OW
Traffic” relative to “Design Traffic”.

* QOutputs:

— Developed methodology for determine relative
pavement consumption.

— Estimated consumption for typical axle and load
configurations.

— Estimated consumption for specific vehicles.

ol
|’ Texas Department of Transportation|

@.‘ Pavement ConsumEtion Analxsis

* From Load Equivalency Factor (LEF) to
equivalent consumption factor (ECF)

; 4
Single Axle Load
e LEF = ( )
18,000
Axle Load\"
« ECF = (—)
18,000.k

=k
|’ Texas Department of Transportation




@.‘ Pavement ConsumEtion Analzsis

* From Load Equivalency Factor (LEF)
— Empirical (AASHO Road Test)
—1950’s vehicles

* Equivalent Consumption Factor (ECF)
— Mechanistically based
— Nationally Calibrated
— Multi-criteria
— Today’s Vehicles
— Texas pavements and conditions

ol
|’ Texas Department of Transportation|

@.‘ Pavement ConsumEtion Analxsis

 Step 1: Traffic characterization and
pavement design

— Pavement design traffic (in ESALSs)
— Standard axle (18 kips single axle)
— OW traffic
* We sampled 2,000 vehicles from OW Central

Permitting System (CPS) database (now
TxPROs)

=k
|’ Texas Department of Transportation




@.‘ Pavement ConsumEtion Analzsis

 Step 2: Determination of traffic routing and
representative pavement structures

— Select representative traffic sample

— Identify routes and quantify VMT

— Select representative pavement structures
— Develop pavement experimental design.

ol
|’ Texas Department of Transportation|

@.‘ Pavement ConsumEtion Analxsis

 Step 3: Mechanistic-Empirical Pavement
Analyses

— Axle configurations
* Reference axle (18 kips single axle)
* Other common axle configurations
— Relative Pavement Consumption (RPC) =

* Number of 18,000 lbs single axles to fail a pavement
/ number of other axle to fail same pavement

=k
|’ Texas Department of Transportation




@.‘ Pavement ConsumEtion Analzsis

* Step 3: Mechanistic-Empirical Pavement
Analyses (cont.)

— Muti-criteria analysis:
* Rutting
* Cracking
* Roughness
— Distresses are a function of:
* Pavement structure
* Environmental conditions
* Traffic (axle configuration and loads)

ol
|’ Texas Department of Transportation|

@.‘ Pavement ConsumEtion Analxsis

 Step 3: Mechanistic-Empirical Pavement
Analyses (cont.)
— Tool: AASHTO’s DARWin-ME (Aug 2011)
— AASHTO product supported by FHWA

— ECF for individual axles using the following
criteria @ 20 years:
* 0.5” of rutting

* 10% of lane area cracked
* Terminal IRl = 125 in/mile

=k
|’ Texas Department of Transportation




@.‘ Pavement ConsumEtion Analzsis

 Step 4: Determination of consumption
— Determine the pavement performance under
“Design Traffic”

— Determine the “OW Traffic” that results in the
same performance as the Design Traffic

— Superimpose “Design + OW Traffic”

— Determine the cost of additional pavement
structure required to obtain equivalent
performance as original design

ol
|’ Texas Department of Transportation|

@.‘ Pavement ConsumEtion Analxsis

 Step 4: Determination of OW Traffic to
produce equivalent pavement consumption

OW Traffic 1 = 300,000 vehicles
Design Traffic OW Traffic 2 = 200,000 vehicles
OW Traffic 3 = 240,000 vehicles

—— Design Traftic OWTl ——OWT2 ——OWT3

SURFACE RUTTING (in.)
SURFACE RUTTING (in.}
= = = = =

10 (
YEARS YEARS

=k
|’ Texas Department of Transportation




@.‘ Pavement ConsumEtion Analzsis

 Step 4: Determination of OW Traffic to
produce equivalent pavement consumption

Design to Accommodate OW Traffic
(e.g. $60,000/ lane . mile)

Original Design

Natural Subgrade Natural Subgrade

M Texas Dapartment of Tramortaﬁon_

@.‘ Pavement ConsumEtion Analzsis

» At the end, we provided TxDOT with:

— Step-by-step methodology that can be used to
determine equivalent pavement consumption (ECF) for
any vehicle configuration.

— Estimated ECF for common axle configurations and
facility types that can be combined to estimate
consumption of specific vehicles on specific routes.

— Average ECF for typical vehicles in Texas that can be
used for planning and programming purposes.
* Based on marginal pavement consumption and
marginal cost of reinforcing a new pavement.

M Texas Department of Trammnaﬁm_
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Bridge Consumption

Jose Weissmann and Angela Weissmann

University of Texas San Antonio
Department of Civil and Environmental Engineering

UTSAEngineering
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Data Sources

* Federally mandated bridge inventory (NBI/BRINSAP)
* Road segments GIS file

Road Segments and bridge data combined with
ArcMap

Or County road mileage by road class

Data cleaning using SAS

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

4 GIS Road Segments and Bidges
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Each Bridge has a Rated Capacity

Inventory Rating
Operating Rating
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Bridge Fatigue Concepts

M OSOW — N Inventory
N osow

ConsumptionRatio =
Inventory

U Minventory Mosow—Live load moments for the Inventory Rating load and OSOW
configuration respectively

0 Consumption Ratio — Consumption factor for the OSOW load relative to the Inventory
Rating load for one passage of the OSOW load

0 m—Constant dependent on material and bridge detail
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Computerized Bending Moment Envelopes
Mgsow for network)

(Calculation of Miy entory
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Bridge Consumption — Asset Value

@

* Asset Value = Deck Area x 200 $/sqft
* How much of the Asset Value is Heavy Truck responsibility ?

* Federal Highway Cost Allocation Study

Percent
Vehicle Class Allocation
Passenger Vehicles 65.02%
Trucks
Single Unit 7.67%
Combinations
under 50 kips 2.68%
50 - 70 kips 5.15%
7075 kips | 8.41%
Over H520-44 Loading 11.08%
TRl = T00.00%
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Exa m p I e Moment Ratio Based on Inventory Rating

Cumulative Frequency

. Pl
/

| 12%above 1.36

08 1 15 2 25 3

Moment Ratio

360" (legal inner bridge)

53"-0" (minimum legal 51’ outer bridge)

2 3 3

Tridem axle group Tandem axle group Steering Axle TS
42,000 Ibs 34,000 Ibs 14,000 Ibs

Gross Vehicle Weight = 90,000 Ibs

LN
 $0.066/v

o

$0.034/VMT

THE UNIVERSITY OF TEXAS AT AUSTIN
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Example Results

Milk Truck
Counties  Random Mileage Total consumption $ ST Estimated % above operating rating
Base case 80,000 Ib 5-axle truck tractor semi-tank trailer (Legal Load limit) east 13,002 559.87 0.043 7
west 19,589 42709 0.022
90,000 |b &-axle truck tractor semi-tank trailer (legal load limit) east 13,002 858.54 0.066 12
west 19,589 657.84 0.034

Current Legal maximum axle and gross vehicle weight

360" (legal inner bridge) 360" legal innec bridge)
530" (minimum legal 51" outer bridge) 530" {minimum legal 51" outor bridgs
b Tandem axe group Tandem exle group Steering Axle
Tridem axle group Tandem axle group Steering Axle
42,0001bs 34,000 Ibs 14,000 Ibs 34,0005 34,000 1bs 12,000 Ibs
Gross Vehicle Weight = 90,000 lbs Gross Vehicle Weight = 80,000 Ibs
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Summary

*Two types of analysis are possible: Analysis by
County/Road Class or Random assignment for an
estimated annual mileage.

*Results are reported in terms of bridge
consumption per mile driven.

*Results can be reported in terms of absolute costs
or incremental costs.
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Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

COLLABORATE. INNOVATE. EDUCATE.

Current Legal maximum axle and gross vehicle weight — Configuration 1
3 =

e S
Tractor wheelbase 19°-0”

40"

40" 17°-0”

36’-0” (legal inner bridge)

53’-0” (minimum legal 51’ outer bridge)

3 4 3

Tandem axle group Tandem axle group Steering Axle
34,000 Ibs 34,000 lbs 12,000 lbs

Gross Vehicle Weight = 80,000 lbs




40"

5% over gross vehicle weight and 12% axle tolerance — Configuration 2
e 7 NSERE

“Tractor wheelbase 19'-0”

17°-0”

36’-0” (legal inner bridge)

53’-0” (minimum legal 51’ outer bridge)

Tandem axle group
36,000 lbs

4

Tandem axle group
36,000 Ibs

Gross Vehicle Weight = 84,000 Ibs

Steering Axle
12,000 Ibs

ractor wheelbase 19’-0”

HB 3129 90,000 Ib gross vehicle weight — Configuration 3

17°-0”

36’-0” (legal inner bridge)

53’-0” (minimum legal 51’ outer bridge)

42,000 Ibs

?

Tridem axle group

3

Tandem axle group
34,000 Ibs

Gross Vehicle Weight = 90,000 lbs

Steering Axle
14,000 Ibs
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Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

Step 2. Obtain information about milk production and
milk trucks operating in Texas

COLLABORATE. INNOVATE. EDUCATE.

Q? Texas Association of Dairymen HOME ~ ABOUTUS- ISSUES- NEWS-

INTERACTIVE MILK DATA MAP

Texas has 437 dairies with more than 389,000 cows. Where are
they located? Find them - and get other milk data - onour
interactive map.

There are 2 ways to view milk data for an area.

1.5elect a county on the map to the right or drop-down below.
Select a Texas county

or

2. Select a district area from the drop-down below.

| select a Texas senate District v |

=) pri
= Print Data
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Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

Step 2. Obtain information about milk production and
milk trucks operating in Texas

Step 3. Verify milk tank trailer size in relation to GVW

COLLABORATE. INNOVATE. EDUCATE.

QUALITY AND DURABILITY [ W in

= Polar ‘Food Grade’

= Tremcar

Technical specifications lauits)
i w2 £ ks 3 ACME

Wasmng symem | = Hier:

= Paul Mueller

Sanitarynase

Fanger

= Seneca
= \West Mark
= Walker

= QOthers.....
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Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

Step 2. Obtain information about milk production and
milk trucks operating in Texas

Step 3. Verify milk tank trailer size in relation to GVW

Step 4. Select feasible milk tank truck configurations

COLLABORATE. INNOVATE. EDUCATE.
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Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

Step 2. Obtain information about milk production and
milk trucks operating in Texas

Step 3. Verify milk tank trailer size in relation to GVW
Step 4. Select feasible milk tank truck configurations

Step 5. Perform pavement and bridge consumption analysis

COLLABORATE. INNOVATE. EDUCATE.




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

Step 1. Identify potential truck configurations based on
House Bill criteria (GVW, axle weights other factors)

Step 2. Obtain information about milk production and
milk trucks operating in Texas

Step 3. Verify milk tank trailer size in relation to GVW
Step 4. Select feasible milk tank truck configurations

Step 5. Perform pavement and consumption analysis

Step 6. Write Legislative Analysis for TxDOT SLA Office

COLLABORATE. INNOVATE. EDUCATE.
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CTR / UTSA analysis document

@ UTSA.ooo 1. Summarizes changes to
i truck size & weight introduced
Analysis of increased Gross Vehich Weght Tor milk Erucks by the Bi”‘

Dackprownd

HE 3179 [the Bl would sutharise the Traas Department of Motor Vebiches 10 bue &

2. Lists assumptions and information

sources

desgrans in which coun nends 10 operate. The permit fees e silocated
0% 15 the State Mighwiy Fund 8nd SO% 15 The Coustiel AMmEd by The BOplicant when
pure harung the pro=et

Bt o e e T ot o et 3. Shows photos of truck
sppronmacely 437 deries (Prodecers) and 15 rew MK processons which resin i
s G D T & e e B configurations, GVW, axle loads
Agndutture]. The Texas Department of Agricufture ranked mik 3™ in terma of cash recessts at . .
518 billon annually behind cotion 2 st 52 2 Bdlion and Cattie [1) ot 5105 billion and d|menS|OnS‘

Curient Applicabie Tiampartation Code

A5 4 agricultursl Droduct, faw Mk quakfies for & 5% GVW Bnd & 1I% wié weight
o

4. Provides a table summarizing

ik TanK TFUCK T9 CEeraTE Wi B nner lengin of 28 (ouser from the Two
Landem axie proues] compared to he leghl length of 3. (TTC Sec. 822081 %11 (2)) Cost per VehiC|e mlle trave”ed for
Amatysis

s 15 i ek o R i each configuration S / VMT.

MES125 Boet not ADplY 0 Euck tractor sembtralen CATYINg Drocessed mik in cartong for
rETion B & grotery Sore.

5. Additional information requested
by the legislature.
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Discussion
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Appendix C: Workshop | Notes

1.1 Welcome and introductions

1.1.1 Opening remarks

Bill Hale set out the objectives and importance of the workshop, which is to gather realistic
useful configurations for the library. Consumption estimates will be used in permit pricing.

Trent Thomas explained briefly what organizations are present and introduced Rep.
Armando Martinez who will chair a committee on this issue.

Trent explained that TxDOT is preparing for the next legislative session and therefore
needs to make assumptions about configurations that may be put into bills.

He noted that permit fees determinations are for the legislature to decide, when bills are
filed, TXDOT does not set any fee rates but takes requests for reviewing OSOW bills. These
impacts are considered secondary impacts and do not appear in the fiscal notes prepared by the
Legislative Budget Board. TXDOT is also asked to give testimony on proposed legislation.

Trent then had all attendees introduce themselves: see sign in sheet for details

1.1.2 Overview of Workshop process

Dr C. Michael Walton talked about previous and ongoing CTR studies related to OS/OW
issues. Dr. Walton gave an overview of the SLA Draft Truck Configuration Library project. Dr.
Walton noted the AASHTO study was focused on how to make vehicles more compatible with the
existing infrastructure and what can be done to improve productivity. He noted that more axles
do not necessarily mean less impact on bridges. Sometimes the configurations that are the most
accommodating for pavements are bad for bridges.

Dr. Walton spoke about a recently completed national Truck Size & Weight (TS&W)
study, which was somewhat unsuccessful due to insufficient data at federal level (; however, we
do have more data here in Texas.!

The program then turned to a presentation by the research team on the projects goals and
objectives, data we need help on and the methodology for bridges and pavements. Dr Mike
Murphy, Dr Jorge Prozzi and Dr. Jose Weissmann presented.

Dr. Murphy explained that the basic goal of the consumption analysis is to be commodity
neutral; that is to evaluate consumption independent of what the truck is carrying and only
considering axle groups, loads and spacing. We often do not necessarily need to know the
commodity, but in some cases it is important to know the commodity since a proposed bill may
address a specific commodity which is carried in trucks of a specific configuration. In addition,

! Comprehensive Truck Size and Weight Limits Study summarizes data limitations found in the study:

“...significant limitations in data availability persist, which also affected prior studies. For example, the lack of
descriptive information regarding commercial motor vehicles involved in crashes continues to prevent adequate
analysis of highway safety and truck crashes. The lack of data on gross vehicle weight (GVW), number of axles on a
vehicle, and the spacing between the axles imposed significant constraints in drawing national-level conclusions. In
addition, the lack of crash data relevant to oversize trucks impeded the study team’s ability to project crash rates of
different truck sizes and configurations on a national scale.”
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existing state statutes might be in place which need to be considered when analyzing a specific
commodity such as milk (a liquid) or or loads which are solid

Dr. Murphy noted that we had analyzed different truck configurations for the following
house bills in the 84th Legislative Session:

HB 3129: milk tank trucks at 80,000 Ibs (base case) 84,000 Ibs with a 5% over Gross, (12%
over axle weight tolerance) — this is because Texas state statutes authorize agricultural products to
be transported during the harvest at these increase weight limits. Two analyses were performed
for a 6—axle milk tank truck operating at 90,000 Ibs GVWSs. Dr. Murphy showed examples of
possible milk truck configurations and of questions we would need answered in order to analyze
realistic configurations.

e Question: A Workshop attendee asked Dr. Murphy how the steering axle load was set at

14,000 Ibs for the 90,000 Ib load.

e Response: Dr. Murphy indicated that the tridem trailer axle was set at the maximum
allowable limit of 42,000 lbs, the drive tandem on the tractor at 34,000 Ibs and the remaining
load placed on the steer axle.

e (TR is aware of software that is used by professional trucking companies to calculate the
allocation of load to the different axle groups depending on the flexibility available to the
driver to move the fifth wheel, move the trailer axles (such as on a dry box van) or the location
of the king pin setting. However, not every commodity offers this flexibility; as is the case with
a milk tank truck which has fixed trailer axles that cannot be shifted to balance load. CTR has
purchased copies of Load Xpert and will analyze axle group loads using this software.
Previously, CTR used a freeware program for this purpose (TruckLoad Scale) and though
helpful that program does have limitations.

e Additional questions we had regarding the milk tank trucks was the ability to add a third axle
to the trailer since there is no super-structure available to add the axle — this suggests that
modifications would be required to the trailer undercarriage or a tridem axle tank trailer
would have to be purchased.

e We also considered a configuration with an additional, liftable axle added to the tractor;
however we are unsure how practical this configuration would be.

e In addition, we take the most conservative approach when analyzing truck configurations
when considering load distribution, total VMT. Loaded VMT, and additional factors depending
on the type of commodity that may further reduce the loaded VMT. Thus, for milk tank trucks,
though we assumed that 42,000 Ibs would be carried on the trailer tridem, though we are
unsure how a liquid could be distributed to the trailer and drive tandem axles other than
equally. Nevertheless, we have studied liquid tankers operating at the border which do have
unbalanced loads on the axles — thus we have more to learn about tank trailer load
distribution.

HB 3061: sealed ocean containers. The Federal Highway Administration has made the
determination that each state can decide whether to pass laws that allow an overweight sealed
ocean container to be considered a non-divisible load.

Dr. Murphy showed examples of different container chassis and container combinations to
illustrate the fact that there are too many possible configurations. Dr. Murphy mentioned that both
5-axle and 6-axle container chassis were evaluated based on a review of sealed ocean container
vehicles authorized in other states, though HB 3061 specifically mentioned that a 6-axle chassis is
proposed operating at a maximum Gross Vehicle Weight (GVW) of 97,000 Ibs. Other states have
enacted legislation that requires heavy 20 containers to be transported on 40’ chassis in other
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cases; heavy 20’ containers are not permitted. — the current laws in those states that authorize
sealed, heavy ocean containers to operate varies widely.

Dr. Murphy indicated that the Research Team explored chassis manufactured by the major
companies in the U.S. including Chassis King, Pratt and Cheetah Chassis. It was noted that one
chassis configuration that provides a lower consumption rate compared with many of the tridem
axle chassis is the Cheetah Quad. This chassis has a fixed tandem axle and two liftable axles placed
about 1/3 of the distance from the king pin to the rear of the trailer. This chassis can carry different
container configurations including both heavy 20 and 40’ containers.

HB 2606: oil well servicing. Dr. Murphy noted that the definition of what constitutes an
oil well servicing rig (or workover rig) is not specific and is used by the oil industry to address a
wide variety of trucks and configurations. However, oil well service rigs, which are similar in
appearance to Oil well drilling rigs, were selected for analysis for HB 2606. In fact it has been
learned that Oil Well Drilling Rigs can be used as an oil well service rig. These vehicles y are
expensive, and are kept in service for a very long time either by the original company that purchase
the unit or by other companies that buy and refurbish the oil well service rig This means that though
there are companies that manufacturer new oil well service rigs such as Service King and Dragon
from which the vehicle details can be obtained for analysis purposes, there are many other designs
in operation that might be more difficult to characterize since the company that produced these
units is no longer in business.

HB 2606 would allow 30kips on single axle, 65kips on tandem, 95kips on tridem and
120kips on quadruple axle. Total weight is capped at 135kips. A variety of oil well servicing rigs
was shown to the workshop audience.

Oil well service rigs are in operation that are much heavier than 135,000 Ibs GVW and it
is also noted that during a 3-year period from 2007 — 2009 about 29,000 oil well service rigs were
permitted using one of 4 existing permit types offered by the Motor Carrier Division.

It was also noted that the House Bill only addressed self-propelled oil well service rigs
though trailer mounted oil well service rigs exist in Texas. Thus, trailer mounted units were not
evaluated in the original analysis by the Research Team.

HB 2592: ready mix concrete. This bill would allow ready mix trucks to operate at up to
80,000 Ibs GVW depending on the number of axles. Ready mix trucks are in operation in the
Austin Area that has an additional, liftable booster axle, liftable booster and pusher axles. There
are many different configurations and there are questions which configurations are of interest to
industry including both rear discharge and forward discharge ready mix trucks.

Forward discharge ready mix trucks are much more common in Northern States and have
a tare weight that is about 10,000 Ibs heavier than rear discharge trucks which are most common
in Texas. Rear discharge trucks are more expensive, but tend to operate more years than a rear
discharge unit — thus the Team questions whether industry is interested in both types. The Team
has found a few examples of rear discharge units in operation or for sale in truck sales newspapers.

These questions are important considering the many different axle configurations that are
in operation for both forward and rear discharge ready mix trucks.

e Note: During a recent trip to Houston, 6 axle ready mix trucks were seen in operation at two

different ready mix / material operations plants.

e The Researchers have noted, based on information obtained from the National Ready Mix

Concrete Association annual survey and information obtained from truck sales websites that
10, 10-1/2 and 11 CY ready mix drums are most common on 3-axle trucks and that 11 CY
drums are most common on multi-axle ready mix trucks. Thus, based on discussions with
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TxDMV — Motor Carrier Division and this above insights, it appears that axles are currently
added to allow operation on the Interstate Highway System, not to carry more load.

e |t is further noted that the maximum mixer drum size commonly available from Beck or
McNeilus is 14 CY. It appears that the proposed House Bill could open the Texas Market to
forward discharge ready mix trucks which currently cannot compete with rear discharge units
due to the increased tare weight of the forward discharge truck.

Dr. Murphy presented examples of configurations running in several states posed questions
we would need to explore to ensure that configurations of interest to industry are included in the
Truck Library.

Dr. Jorge Prozzi discussed the Pavement Consumption analysis process that was developed
during the Rider 36 (Project 0-6736) study.

The analysis process developed for Rider 36 is based on marginal pavement consumption
in relation to a specific truck axle configuration and axle weights. Marginal consumption means
that only the weight above the allowable load limit of the pavement is used for the consumption
cost calculation.

He explained the AASHTO Road Test, the 4th power damage equation, and the expansion
of this concept into a pavement consumption factor. Dr. Prozzi explained relative consumption =
ratio between the number of 18-kip axle passes to failure and number of axles to failure at a
different weight or axle configuration. Thus, a 20-kip single axle will have a higher pavement
consumption value than an 18-kip single axle based on an exponential, 4th power relationship. Dr.
Prozzi explained that the pavement consumption models are based on 3 failure criteria:

e International Roughness Index (IRl) — 125 in/mile is terminal condition
e Rutting (1/2” rut depth is terminal condition)
e Fatigue Cracking (10% cracked wheel path area is terminal condition)

The pavement structures and design traffic were obtained for actual pavements
representing different functional classes, climatic conditions and other factors relevant to Texas.

The DarWin Mechanistic Empirical (DarWin ME) analysis program was used to perform
the calculations. In each case the number of passes of a given Overweight axle was applied to the
pavement structure to determine years to failure. The difference between years to failure (typically
20 years) for the design traffic used to develop the actual pavement design and the years to failure
under the overweight axle was determined.

Many trial pavement overlay thicknesses were applied to result in a pavement structure
that could meet a 20 year design life with the design traffic + overweight loads. The additional
thickness was then analyzed to determine cost which was then used to compute $/ VMT.

Questions asked during this segment were:

Question: Please explain again the 4th and nth power equations?

Question: How many pavement types did you analyze?
Answer: it was in the presentation
Question: What is an OS/OW truck?

Answer: anything above the legal weight limit of the pavement keeping in mind that some
routes can carry 80,000 Ibs GVW but the load zoned roadway system is designed for 58,420 Ibs
GVW.



Question: If consumption is cost / VMT, there is a reduction in the number of trips if larger
trucks are allowed but this is not accounted for in your methodology.

Answer: Dr. Walton explained the uncertainties involved in this type of estimate. Said that he
has never seen a study that actually calculated it. There is not enough information.

Question: How are pavements designed? Which configuration?
Answer: explained the standard.

Question: Do you consider the road geometry such as narrow lane width and pavement edge
failures?

Answer: no; the 3 failures modes used were roughness (IRIO, rutting and fatigue cracking

Dr. Weissmann then explained data sources for bridge analysis, and how we overlap the
bridge data to the highway data, since the result must be $/VMT. Dr. Weissmann explained
inventory versus operating bridge ratings. The methodology compares moment envelopes of
OSOW load to the inventory load. It also calculates marginal cost. Moment ratios may cap the
analysis due to safety considerations.

The asset value of the bridge is estimated as $200/sq. ft. A federal study recommended that
11% of the cost is due to trucks. Dr. Weissmann showed the milk truck analysis from last
legislative session.

1.1.3 Case study summary Discussion

The workshop began a discussion session for dialogue with industry and other
representatives and to give a question and answer session. Note: numbered questions are from
audience.

Question 1

How do you incorporate consumption costs into a fee structure?

Dr. Walton noted he had never seen a fee structure that actually pays for all the damage.

Dr. Prozzi noted that this method uses Marginal pavement + bridge + safety costs per VMT.
The analysis is predicated on the concept of “If we could predict the OS/OW traffic, how much
stronger should the pavement be?” We then calculate the cost to build a pavement to withstand
such traffic. Dr. Prozzi mentioned several possible options to design a pavement based on life-
cycle-costs to illustrate why it is not practical to do such analyses in this case.

Question 2

Does TxDOT consider overweight traffic when designing a pavement?

Dr. Prozzi noted that it was very difficult to estimate traffic over 20 years. We work with
averages. TxDOT uses traffic volume and weigh in motion data to determine average truck
weights for a given vehicle class. Districts must provide additional information to the
Transportation Planning & Programming Division if a local heavy truck generator (such as a



quarry, landfill, or ready mix plant) exists along a route for which pavement design traffic data is
requested.

Dr. Weissmann noted that bridges have a design life that is consumed depending on the
moment ratio and the materials. We do the analysis on a bridge by bridge basis.

Question 3

For the determination of traffic routing and traffic routes, especially for non-routed permits
how do you take into account routes if you don’t have that information?

Dr. Prozzi: this is not a big issue. The variation of pavement structures impacts more on
the analysis.

Dr. Prozzi stated that the general trend is Continuously Reinforced Concrete Pavement
(CRCP) is very robust and marginal cost is lower than flexible pavements. However, the initial
construction cost of CRCP is much higher than for many flexible pavements, thus CRCP is
typically used on very high traffic routes in metro areas where closing a lane of traffic to perform
repairs or rehabilitation is expensive. Thus, in first 20 years of pavement life CRCP pavements
may not require much maintenance whereas a flexible pavement might require an overlay. Each
site has its own conditions such as climate, subgrade soil, traffic, local materials availability etc.

Dr. Weissmann noted that it depends on the project objectives. Sometimes we are asked to
analyze one or more particular corridors. If not, the options are:

(1) a random route assignment to estimate the mileage,

(2) cost/VMT by road class and/or county and/or region and/or urban/rural area. The only
way to take into account actual routes is if the industry puts a GPS in each truck, prepares a geo-
referenced database of passes over each route, and give it to us.

Question 4

Panhandle traffic. There are less OS/OW there than in the rest of Texas, especially East
Texas.

The team noted that engineers are aware of that and take that into account in the design and
construction.

Question 5

A representative from the timber industry indicated that his trucks have been weighed by
DPS using portable scales, found to be overweight which resulted in a fine. However, when the
truck arrived at the sales location, it was weight 2,000 Ibs lighter - what can be done about this?

Question is outside the scope of this project, suggested to talk to DPS.

Dr. Walton then asked a question of our audience. Is there any guidance with respect to
upcoming proposed configurations we should consider in our analyses?

Nobody suggested a configuration.

Question 6

Whether or not we consider a reduction in number of trucks if they are allowed to be
heavier, and if not, why.



Dr. Walton noted that neither Texas nor the federal agencies have done a cost allocation
study in quite a while. Other states have. We don’t have this information or the data to estimate
the reduction. It is believed that such reductions do not matter because the baseline trucks have no
fee at all.

Dr. Murphy gave an example that occurred in Illinois where soy bean farmers, container
trucks and rail took advantage of the new sealed ocean container permit process to create new
opportunities and market for the industry and eventually increased the numbers of trucks in the
area. Empty ocean containers were used to transport soy beans from the field to intermodal rail
yards where they were shipped to the Great Lakes and the St. Lawrence Sea Way for international
export.

Question 7

The industry would prefer to know which vehicle configurations would be better for the
infrastructure, so that we could decide what to do.

Dr. Murphy stated that we looked at what other states are doing so we suggest, but we still
need your input as to whether or not you are interested.

Dr. Walton noted that it is important to get ahead of this curve. Investments are required
on both parts.

Question 8

Can we use the library in reverse, i.e. to make recommendations on how to design
pavements and bridges?

Mark McDaniel of Austin District at TxDOT briefly mentioned pavement design
(AASHTO), Rider 36 and other studies’ methodology. He explained that the library objective is
the fiscal impacts. Mr. McDaniel agreed with the assertion that industry runs their own analyses.

Question 9

We look at 20-year design lives. Can we use the tool in reverse to see what the savings
would be?

Mr. McDaniel noted that typically when we run the analysis and find that the consumption
is greater than for normal traffic it is a shortening of the structural life. For example, it is not
economical to rebuild roads affected to withstand heavier trucks. It would be too expensive.

Comment from audience

Statements like “we don’t have the money” can be interpreted as implying “therefore we
will make you (the trucking industry) give it to us (State Government).”

Dr. Murphy noted that Texas issues over 800,000 permits per year. It is impossible to
predict what will happen globally in the next 20 years that may create the need for heavy loads.
Examples: a tsunami in Japan resulted in the immediate need for heavy electrical transformers that
moved westward across Texas to California. Hundreds of wind turbines have been constructed in
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different areas of the state which resulted in unplanned, new OS/OW loads traveling to west and
central Texas.

The audience indicated that shale fracking and oil production in the Permian Basin,
Eagleford and Barnett Shale plays had significantly increased OS/OW truck traffic in regions of
the state.

Question 10

There is a finite amount of cattle that we transport. If you increase weight limit we will
decrease the number of trucks.

Dr. Murphy stated that we must consider the larger picture. For example, silage which is
an agricultural product and therefore can take advantage of higher weight limits is needed to feed
the cattle and other livestock and is often being transported on load zoned FM roads. This can
result in unplanned expensive repairs which a district must address due to safety concerns — this
means other planned projects must be delayed to repair the damaged routes. These routes are often
damaged by custom harvesting operations that are located out of state, travel to Texas for the
Summer and Fall harvests and then move north through Oklahoma until they reach Canada. Thus,
the custom harvesters have made money as has the location agricultural community but the district
is left trying to fund the repairs with no additional money.

Mr. McDaniel noted that TXDOT must look at the overall network: cargo fleets into ports,
containers that potentially could go anywhere. That is what complicates the consumption analyses.

1.2 Closing

Trent wrapped up by noting that if TXDOT is called out to testify as witness, it will say
what the impacts are. The turnaround for analysis is very quick, sometimes less than 5 days.
TxDOT will use the library as reference.

TxDOT is advocating neither against nor for OSWO, all TxDOT does is provide
information for the legislature to make decisions.

1.3 Workshop Attendee Lists
A list of workshop attendees can be found in Appendix A to this Technical Memo.

1.4 Workshop Powerpoint

The workshop powerpoint presentation is attached as a separate appendix to this Technical
Memorandum.

1.5 Other Meetings

A follow up discussion with Bob Fogarty — an engineer with Cheetah Chassis has resulted
in his offer to conduct a workshop in Austin, his company’s expense, which he calls ‘Chassis and
Container 101’°. This workshop was developed to help educate a broad based audience in the design
and operational consideration related to container chassis.



Bob indicated he is available in April — The research team has developed a tentative date
for the workshop, which would be paired with a workshop for project 0-6820 subject to further
discussions with TxDOT.

In addition, prior to the SLA Workshop and after the Workshop, opportunities to visit
industry trade groups or specific companies were extended to CTR/UTSA researchers.

A meeting was held with the Texas Trucking Association — Intermodal Committee on
March 8 in Houston at the Gulf Intermodal Company headquarters. Due to scheduling conflicts
Dr. Mike Murphy was the only representative available to meet that day. The meeting included
the following individuals

John Esparza (CEO — TxTA)

Les Findeisen (Government Relations — TxTA)
Mark Borskey — Borkey Government Relations LLC
Marcia Faschingbauer — Excargo

BJ Tarver — Gulf Winds International

Chester Loth — EMTL (Empire Truck Lines)

Will Conner — Gulf Intermodal

Rick Maddox — Canal Cartage

Brian Fielkow CEO - Jetco Delivery

Name unknown — container chasis pool operator

Name unknown - representative of container chassis truck drivers.

The main discussion points of the meeting included:

Discussed a number of issues relating to a heavy container corridor in Houston. There is
not a consensus within the Committee whether an overweight corridor (like those at
Brownsville, HCRMA etc.) or even the container bill is in the best interests of the trucking
companies or those who operate the chassis pool(s).

Experience in other states has been that additional fees could be charged to customers
for overweight containers in the 1st year and perhaps the 2nd; after than the customers
refuse to pay the additional cost because it is now standard practice.

Customers may refuse to pay increased costs associated with permit fees even if they can
transport more load. One committee member indicated that if the contents of 5
containers can be carried in 4 heavier trucks, he's lost business, not increased it.

Private truckers that haul containers are often not paid anymore to haul heavier loads
which increases their costs (fuel, tires, maintenance, and affects safety.

The group thinks that the over weight containers are mainly of interest to the pelletized
resin manufacturers. Other industries that are not transporting loads in containers might
want the same rules to apply to them so that they can haul oil field equipment, etc. at the
same costs.

| was asked why we did not consider the benefit of fewer trucks due to the increased
load. | responded by saying that we don't know what the consequences of allowing
heavier containers might be - in lllinois, soy bean farmers worked with container
companies, truckers and rail to fill empty containers moved by truck from the field to a
rail yard for shipment overseas. Their market was expanded, but this resulted in more,
not fewer trucks on the road.

| was asked several times how increased weights would affect bridges in Houston. | gave
an overview of the bridge fatigue concepts but said that Jose would need to explain the
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details. | offered to have a meeting at CTR with the group to conduct a workshop on
pavement and bridge consumption concepts - these types of meetings can help each
group better understand the challenges and concerns to help unify the parties involved.
The group said that the following corridors would be of interest, but would send you an
email confirming these routes for consideration in project 0-6817.

= a)SH 225 from IH 610 to SH 146 (about 14.5 miles)

= b)SH 146 from US 90 to IH 45.(about 29.1 miles)

The group indicated that they would be interested in assessing these routes for 5 and 6
axle heavy containers including heavy 20' containers on 40' chassis, the Cheetah quad,
and a 20' slider chassis. | noted that 20' chassis in Houston include both short and longer
goose-neck units. Also there are split tandems operating in Houston, which may be
interesting to evaluate to compare consumption rates.

John Espinoza was interested in knowing about the brochure published by the governor's
office promoting the state's resin manufacturing capabilities.

Dr. Murphy visited the Barbours Cut Container Terminal and took a number of photos both
inside and outside the terminal of container chassis configurations and containers mounted on
chassis of various configurations.

During the photo session in Barbours Cut — Port Police met with Dr. Murphy and
requested him to talk to the Department of Homeland Security by phone to explain why
he was taking photos. Dr. Murphy was requested to obtain a letter from TxDOT on TxDOT
letter head advising of the purpose of the photo documentation. This letter was
supplemented by a request to take photos and other documentation.

Dr. Murphy was allowed to keep the photos he took which will be used to help analyze
configurations for HB 3061.

Dr. Murphy also traveled the length of SH 146 (South from US 90 to IH 45 and North from
IH 45 to IH 10E. He also traveled SH 225 West from SH 146 to IH 610 and East from IH 610
to SH 146. Though these trips were informative, it was raining heavily which obscured
some details. It was noted that an LTPP test section is still marked on SH 146 south of IH
10 that could be helpful regarding detailed pavement information if analysis of these
corridors is pursued.

In addition, after Workshop I, Mr. Thomas Howard with Domtar paper ((803-802-8041) ,
located in southern Arkansas met to discuss his company’s interest in the Container Bill to allow
paper products to be transported from a plant in southern Arkansas through a portion of Texas to
eastern destinations. In addition, Mr. Howard indicated that Domtar is interested in potential
container shipments to the Alliance Intermodal Yard in Dallas.

Further Daniel Waumach with Dow Chemical contacted Dr. Murphy to request a meeting
with Dow Chemical’s truck operations personnel regarding HB 3061. Daniel indicated that Dow
Chemical is interested in this Bill and would like to discuss their preferences. (512) 636-6243



Appendix D: Ocean Container Analysis Summary

TARE WEIGHT

The weight of tractor for all configurations is assumed as 16,620 Ibs, including 1,200 lbs for steer axle,
1,910 Ibs for each axle in a drive axle group. The tare weights of each chassis configurations are listed
below, including 1,620 Ibs for each axle in a tridem axle group, a tandem axle group, or a liftable axle:

NO. 1 2 3 4 5 6 7 8 9 10 11 12 21 22 23 24
V\-lrea:;eht 24,980 | 24,980 | 24,980 | 25,980 | 23,980 | 23,980 | 23,980 | 28,320 | 28,320 | 28,320 | 29,940 | 29,940 | 29,496 | 31,406 | 29,156 | 31,066
w:ﬁ;ﬁ: 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 16,620 | 15,996 | 17,906 | 15,996 | 17,906
%];ZSI“I; 8,360 | 8,360 | 8,360 | 9,360 | 7,360 | 7,360 | 7,360 |11,700 11,700 11,700 13,320 |13,320 13,500 | 13,500 | 13,160 | 13,160

OVERVIEW OF ANALYSIS

In the analysis, the following are conducted:

For configuration NO. 1-7: Weight distributions for GVW of 80,000 Ibs, 97,000 Ibs, and maximum GVW
the configuration can carry were analyzed;

For configuration NO. 8-12: Weight distributions for GVW of 97,000 Ibs, and maximum GVW the
configuration can carry were analyzed;

For configuration No. 21-24: Weight distributions for GVW of 80,000 Ibs, 90,000 Ibs, 97,000 Ibs, 102,000

Ibs and maximum GVW the configuration can carry were analyzed.

NO. | Conaner| S| Toten | Tem | Uitele | Toog’ | 'sooun | viker | viokion | G
GVW* GVW* ' ' FBF

1| 20 | a011r | - 98" . None T Rl e - 84,000 Ibs
2 | 20 | a011r | - 109" . None SRl be e - 84,500 Ibs
3| 20 | a011r | - 122" . None T Py - 84,500 Ibs
4| o 53 - 122" . None - | 15,1626, 46 - 89,721 Ibs
5 | 40 a0 - 98" . None T Py - 83,500 Ibs
6 | 40 40 - 109" : None T by - 84,000 Ibs
7| a0 40 - 122" : None T Py - 84,000 Ibs




NO. | Container Chassis | Tandem | Tridem | Liftable Vglglgt(;gn V;glgt(;gn Violation Violation GWT#CT;

. ) . , s * *
Length | Spacing | Spacing Axle GVW* GVW* 97,000 GVW 102,000 GVW FBE

8 40' 53' - 98" - - - 1-5, 1-6, 2-6, 4-6 - 87,745 Ibs

9 40' 53' - 109" - - - 1-5, 1-6, 2-6, 4-6 - 88,640 Ibs

10 40' 53' - 122" - - - 1-5, 1-6, 2-6, 4-6 - 89,663 Ibs

11 40' 53' - 122" 6,250 Ibs - - 1-6, 1-7,2-7 - 96,500 Ibs

12 40' 53' - 122" | 11,000 Ibs - - 1-6, 1-7, 2-7 - 96,500 Ibs
\ , , 1-6, 2-6, 4-5, 4-6, | 1-6, 2-3, 2-6, 3-6,

21 40 53 = 122 > None 4-6 5.6 4-5,4-6,5-6 89,504 Ibs

2 | 4 53 - 122 . None 57 | 27,5657,67 | 7203750 97,000 bs
1-3,1-5, 1-6, 2-3,

23 40' 51' - 128 - None 2-6,4-6 | 1-6, 2-3,2-6, 4-6 | 2-5, 2-6 4-5, 4-6, | 89,999 Ibs

5-6
24 40' 51' - 128 - None None 2-7,5-7 1-7,2-7,3-7, 5-7 | 96,009 Ibs

*All axle and inter-axle weights that violate the Bridge Formula B requirements are listed. Specifically, for GVW of 97,000, a group number in red
and bold represents cases where the inter-axle weight violates Bridge Formula but comply with SLA axle group weight requirements**.

**Accroding to the scope of the SLA study, the weight limits for trucks carrying ocean containers are 97,000 Ibs for GVW, 20,000 lbs for single
axle, 34,000 Ibs for tandem axle group, and 51,000 lbs for tridem axle group.




Conf. 1: 40°11’’ Chassis with tridem axle spacing 98"’
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1-2. 97,000 Ib GVW
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1-3.

Maximum Payload under U.S Bridge Formula
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Conf. 2: 40°11’’ Chassis with tridem axle spacing 109’
2-1. 80,000 Ib GVW

BEA S0 (50 857)

491.00

S0 O.'j 180 00
24 27
30700
Intar Axiky Spacing
(Total =619) 155.5 490 305.5
¥ #
Tractor 20 A0° 11" Chassis

Axle Loads: LF# - L ;
—_— (1] [L2]
Tare: 10055 ranz
Accessorles: O e
Payload: 1485 19899

H 11554 Br052
b e o - s oS
CAWRNGUVWR):

U.S. BERIDGE FORMULA for
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Bridge length rounded to the nearest foot
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2-2. 97,000 Ib GVW
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2-3. Maximum Payload under U.S Bridge Formula
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Conf. 3: 40°11’" Chassis with tridem axle spacing 122’’
3-1. 80,000 Ib GVW
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Tara: 10067 G50 24980

33617 55020

Accessories. o
- 80000

U.S. BRIDGE FORMULA for

Printout of Load Xpert sofftware

Company:
Ref.:
Date:

BRIDGE FORMULA OPTIOMN:

Maximum Gross Vehicle Weig ht: 80000 {Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 &

Pemissible Load rounded to the nearest 500 (Jb)

Bridge lemgth rounded to the nearest foot

Axle [llowablCurrent Axle [llowablCurrent Axle [(llowablCurrent Axle [llowablCurrent
Bridge |oad (Ilbload (Il Bridge load (Ibload (lb Bridge |cad (Ilbload (lb Bridge |ocad (Ilbload (Il

_liB-8 |3aooo [2roy2 [T

_3-4a [aoo00 (27ass | Lo [
_3-5_ 88500 j40991 | | L. I IS A S R R B
_3-6 [B5500 154527 | |} I I I R I D R B
a4-3 | 24000 (2vor=2 | f 1 | N IR I S R R I

£ 43500 | 40608
-1 = U.5. Bridge Formula Viclation Page 1 of 1



3-2. 97,000 Ib GVW

693.50 (57 9.5")

k
491.00
3
118.00 50.00
: . |
‘ [E]
¥
| »
——
o > 'ooo
4 85.00
50.00 140,00 L 85.00
¥ A 248.06
391.00
Inter Axle Spacing
(Total =619.5) 155.5 49 293 61 L]
E —# i —A
Tractor 20 40" 11" Chassis
Axle Loads: L L # 1 ) L Total |
() (1) ()
OO L. ASSTSNURUUURRO 1. SO OR R RRRSSS. ....24980
Accessories: a 0 0
Payload: 1946 26070 44004 F2020
Total: 12013 33993 50994 97000
Desired/|GVW)": OO - s

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weig ht: 80000 {Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 a4 5 6
Pemissible Load rounded to the nearest S00 {(Ib)
Bridge length rounded to the nearest foot
Axle [(llowablCurrent Axle (llowablCurrent Axle [(lowablCurrent Axle [llowablfCurrent

Bridge Load (b

Load (Ib

Eridge load (Ibload (Ib| |Bridge |oad (Ib

Load (Ib| [Bridge

load (Ibload (Ib

4 -6

- = U._5. Bridge Formula Viclation

Page 1 of 1



3-3.  Maximum Payload under U.S Bridge Formula

682 50 (56" 10.57)

" 491.00
118.00 50.00
—i]
u
n
1 | 8500
50.00 180.00 8,00 L 8500
. — 242 38
301.00
Inter Axie Spacing
(Total =608.5) 155.5 40 282 61 61
¥ H— - # # A
Tractor 20 40 11" Chassis
Axle Loads: L 7 3 Total
(L] (L] [[3]
Tare: 10151 7839 GI90
Accassories: e D e e
Payloa 3190 21242 35088
Total: 13341 209081 42078
Desired/{GVW]": U.5. Bridge Formula
GAWRNGVWRY):
U.5. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date: —
£
BRIDGE FORMULA OPTION: |1
Maximum Gross Vehicle Weight 37000 (Ib}
Maximum Load on axles with single tire: (131 1 ? 3 4 5 6
Pemissible Load rounded to the nearest bh
Bridge length rounded to the nearest foot
Axle (llowabWCurrent Axle |[llowabWCurrent Axle [lowabWCurrent Axle |[llowabWCurrent
Bridge | cad {Iblocad {Ib Bridge L ocad {Iblocad {Ib Bridge Locad {Iblocad {Ib Bridge | ocad (Iblocad {Ib
B DR LT =212 IR RSN SRR I RN MO IR B
« = U.5. Bridge Formula Violation Page 1 of 1



Conf. 4. 53’ Chassis with tridem axle spacing 122"’
4-1. 97,0000 Ib GVW

838.50 (69° 10.57)

636,00

112.00 50,00

0%

(o)

241250
¥ 5.
" a8 0o
50,00 180.00

340 04
538 00
Intow Al Spacing
(Total =764.5) 1555 49 438 61 81
k * g * * 1
Tractor 20

Axle Loads: LE L L #3 ) o Total

[ (1] (k)
Tare: 10103 7407 25980
Accessories: U LB IR
P 19409 oo
Total 12017 3 7000
Desi L ¥, 5. Bnage Formula
GAWRIGVWR"):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

[

OO0

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weig ht: 80000 (Ib)
Maximum Load on axles with single tire: 20000 (1b) 1 2 3 4 5 &
Pemissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge |oad (Ibload (lb Bridge [oad (Ibload (lb Bridge |oad (Ibload (lb Bridge load (Ibload (lb
A _5-6 34000 33005 | [ 11l
=B I-Ts o To o <1< 2 A Y U AR I D DA B
B N =T To Tl =174 I S I B I D A B
4 |20000 116998 | )l | SN DR S R
5
& IR AR RN N N ]
JA-2 [40000 (29070 ) )| lo_._____ L. B DN P A .
J1-3 (48500 148007 | ) L | SN DR S R
-4 178000163005 ) ) L SN DR S R
1-5_180000 ) 80002 | | _____ | _______ SN DR S R
1-6_| 80000 (97000 () | .. R R T A R D T D ]
4 -6
- = U.S. Bridge Formula Violation Page 1 of 1



4-2.  Maximum Payload under U.S Bridge Formula

827.50 (68 11.57)

112,00 50.00

a5

85.00

31895

Inter Axle Spacing
(Tatal =753.5) 1555 49 427 a1 61
k 4 " " "

Axle Loads: # &2 #3 Total

Desired/|{GVW)": U 5. Bridge Formula
GAWRIIGVWR'):

U.S. BERIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: -
— R
o == 0 == O

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 6
Pemmissible Load rounded to the nearest 500 {Jb}
Bridge length rounded to the nearest foot

Axle [llowablCurrent] Axle [llowablCurrent Axle [llowablCurrent] Axle [llowablCurrent|
Bridge |oad (Ibload (lb Bridge |oad (Ibload (lb Bridge |oad (Ibload (lb Bridge |oad (Ibload (lb

« = U.S. Bridge Formula Violation Page 1 of 1



Conf. 5: 40’ Chassis with tridem axle spacing 98"’
5-1. 80,0000 Ib GVW

671.50 (55 11.57)

480,00
118.00 IW.W
4
1 el =
.
9 00
50.00 180.00
386.00
Imer Axle Spacing
(Total =591.5) 155.5 289 49 49
‘ A—t—A
Tractor 20
Axle Loads: 1 3 Tatal

()]

305 20375

13152 Z78a8 B0000
DesirediGVW)': e B RO ettt e
CAWRIGVWR'): . = E .

U.S. BRIDGE FORMULA for

Printout of Load Xpernt software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION: GOS8
Maximum Gross Vehicle Weig ht: 80000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 y 3 A4 5 B
Pemissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot
Axle llowablCurrent Axle [(llowabhCurrent Axle llowablCurrent Axle (llowablCurrent
Bridge Load (Iblcad (Ib Bridge [oad (IblLoad (Ib Bridge Load (Iblecad (Ib Bridge [oad (IbLoad (lk
~|.B=8 34000 [2e073 [ [l
3-4 I I IS N BN -
3-5 B P B D
3-8 B P B D
A4-5 B P B D
4 -6
- = U.S_ Bridge Formula Violation Page 1 of 1



5-2. 97,000 Ibs GVW

671.50 (55" 11.57)

480.00
116.00 50.00
i u
o
000
‘ 79.00 |
180,00 | _T79.00 |
T 1
Inter Axde Spacing
(Total =591.5) 155.5 49 289 49 49
y ;
F 1
Tractor 20 A0 Chassis
Axle Loads: L# L Total ,
(Ib) [L9]
10102 P

33993

480929

Payload:
Total:
Dasirad|GVW)":

SBAWERGYIWITL ... eecscccnasssscessseniassansns ssassssacnsassansessne

14078

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: —
=1
BRIDGE FORMULA OPTION: oZo 3l o000
Maximum Gross Vehicle Weig ht: 80000 (Ib)
Maximum Load on axles with single tire: 20000 {Ib) 1 R 1 4 5 &
Pemissible Load rounded to the nearest 500 (| b)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle [llowablfCurrent Axle |llowablCurrent| Axle |llowablCurrent
Bridge load (Ibload (Ib Bridge load (Ibload (Ib Bridge Load (IblLoad (Ib Bridge Load (IblLoad (Ib
+ = U.5, Bridge Formula Viclation Page 1 of 1



5-3.  Maximum Payload under U.S. Bridge Formula

671.50 (55" 11.57)

480.00
1800 50.00
! L N
‘ i i 7]
41
> 000
-23.50
-1 i![;o 1900
000] 18000 [ . 79.00
236.98
386.00

Inter Aude Spacing
(Total =591.5) 1555 49 289 49 49
L Lo |- e

F T F
Tractor 20 40 Chassis
Axle Loads: = = #3 Total

J
A

‘Payioad: 5

Total: 13343 240¢ A1080 BAR00
B e — WS BHARE FOMUR e eeeieeeee s e seaeses s s meassns s e masme st eamssesss s meaeseassamaese s samsns et eansnn e s easmnn e s eanen erarn
BAWRIGVWRY:

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

[

BRIDGE FORMULA OPTION: o ogld OO0y

Maximum Gross Vehicle Weig ht: 97000 (Ib)

Maximum Load on axles with single tire: 20000 {Ib) 1 2 3 4 5 6

Pemmissible Load rounded to the mearest 500 (|b)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowabhkCurrent Axle |llowablCurrent Axle |[llowablCurrent
Bridge [oad (Ibfload (Ib Bridge Load (IbLocad (Ib Bridge Load (Ibload (Ib Bridge [oad (Ibload (Ib

i8-8 ]34000 (27373 [ [\ L]

« = U.S. Bridge Formula Viclation Page 1 of 1



Conf. 6: 40’ Chassis with tridem axle spacing 109"
6-1. 80,000 lbs GVW

67150 (55" 11.57)

480.00
118.00 50.00
ak |
L
&>
79.00
79.00
38600
Inter Axde Spacing
(Total =597) 155.5 49 2835 545 545
- bk A
Traclor 20 40 Chassis
Axle Loads: L& L # L I | Total ,
(i) () (i)
10102 7512 23980

Total 13152 278728 020 BO000
LT -
GAWRIIGVWR'):

U.S. BRIDGE FORMULA for

Printout of Load Xpernt software

Ccompany:
Ref.:
Date:

BRIDGE FORMULA OPTION: o=

Maximum Gross VWehicle Weig ht: 80000 {Ib)

Maximum Load on axles with single tire: 20000 {Ib) 1 7 3 4 5 G

Pemmissible Load rounded to the nearest 500 {Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge load (lbload (lb Bridge load (lbload (lb Bridge load (lbload (Ib Bridge load (lbload (Ib

_|iB=8[3a000 (26033 [ T

7 [ Y AR N, IR U I (R Y U SRR -

« = U.S. Bridge Formula Viclation Page 1 of 1



6-2. 97,000 Ib GVW

671.50 (55" 11.57)

480.00

118.00 50.00

S

000‘ 180.00

Inter Axle Spacing

(Total =597) 1555 a9 2835 545 545
k T : i
Tractor 20 40 Chassis
Axle Loads: #1 #2 #3 Total y
[((] (i) () (o)
'Pa[Ioad: 3976 26480 42563 T3020°
Total: 14078 33993 48629 7000
DealredVWT: U, Bridge Formula -
VW

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: -
s

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight; 80000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib)
Pemmissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge load (lbLoad (Ib| [Bridgeload (Ibload (Ib Bridge [oad (IbLoad (Ib Bridge Load (lbioad (Ib

__1. 20000 [14078 | 1 5-8 [34000 [32620 [ [ Y Lol
2. {20000 18906 | |l [ IO A N I I U SR DU
3 fzo000 1e0oe | |l [ IO A N I I U SR DU
_4feo0oo freso ) IO N IR I 0 DS SN DU
5. fzo000 1310l |l [ IO A N I I U SR DU
__6__ 20000 130 ) | IO N IR I 0 DS SN DU
-2 {40000 31074 ) | L[ IO A N I I U SR DU
-3 f4ss00 jasort )| | L[ IO A N I I U SR DU

I
1
(3]
.
M2
o
()
()
I
[as)
(=]
MJ
(=]
F Y

« = U.5. Bridge Formula Viclation Page 1 of 1



6-3. Maximum Payload under U.S. Bridge Formula

671.50 (55' 11.57)

480.00

118.00 J-GCHJCI

o000

15, 79.00
180,00 . 79.00

38600

Inter Axke Spacing
(Total =597) 155.5 49 2835 545 545
‘ o ¥ ¥ Kl
Tractor 20 40 Chassis

Axle Loads: #3
(k)

Tan :

A

il H
Total: 13370 29278 41352

Desired/[GVW)
GAWRIGVW

U.S. BRIDGE FORMULA for

... US. Brndge Formula

Printout of Load Xpert software

Company:
Ref.:
Date: =
2

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (1b) 1 2 3 4 5 6
Pemmissible Load rounded to the nearest 500 (jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge (oad (Ibload (lb Bridge (oad (Ibload (lb Bridge (oad (Ibload (lb Eridge (oad (Ibload (lb
120000 [ 13370 ] | 5-6 |34000 {27568 [ [ |1l [l |
220000 [14e39 | ||| I I I S A B

3 20000 | 14639
4 [zoooo [as7e4 | 1|
e 20000 (13784 | | | | N T IS I I D B R
LB 20000 (13784 | | e I O IS E, ) PR S R
J1-2 [40000 (28009 | | | | N T IS I I D B R
(-3 (48300 (42848 | | )| N T IS I I D B R
L4, 189500 (86432 | I O IS E, ) PR S R
L8 (78000 (70216 | I O IS E, ) PR S R
J1 -6 [84000 (84000 | | | | N T IS I I D B R
J2-3 (34000 (29278 | | || N T IS I I D B R
_2-4 57000 (43062 | | || N T IS I I D B R
2-5 |B3500 | 568486
26 [7iooo [ voe3o | ||
_3-4 (40000 (28423 | | || N T IS I I D B R
3-5 | 57000 | 42207
36 [edooo 55001 | ) |l
4-5_ [34000 | 27568 | | .| [ I I I O A B
4-6 | 42500 | 41352
« = U_S. Bridge Formula Violation Page 1 of 1



Conf. 7. 40’ Chassis with tridem axle spacing 122"’
7-1. 80,0000 Ib GVW

675,00 (56" 37)

480 00
118.00 50.00
u
3
- =
., 8500
85 00
A
380.00
Inter Axle Spacing
(Total =601) 155.5 49 2745 -6 61
¢ — L
Tractor 20 40 Chassis
Axle Loads: #1 #2 #3 Total
- (] (D] [ (Ib)
JEEL et s et s LY L RN B3N ..ottt ettt e 23980
Accessories: 1] 1] (1] o
Payload: 2539 20311 J3170 SE020
Total: 12619 27822 39559 80000
Desired/[GVW)": U.5. Brndge Formula

GAWRIGVWR'):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION: o=

Maximum Gross Vehicle Weight: 80000 (Ib)

Maximum Load on axles with single tire: 20000 (1b) 1 7 3 4 5 6

Pemissible Load rounded to the nearest 500 {|b)

Bridge length rounded to the nearest foot

Axle (llowablCurrent Axle (llowablCurrent Axle (llowablCurrent Axle (llowablCurrent
Bridge |oad (Ibload (lb Bridge [oad (lblLoad (Ib Bridge |oad (Ibload (lb Bridge [oad (lblLoad (lb

526 ]

-« = U.S. Bridge Formula Viclation Page 1 of 1



7-2. 97,0000 Ib GVW

675.00 (56' 37)
480.00
Lu
.
85 00
50.00 85.00
380.00
Inter Ade Spacing
(Total =601) 155.5 49 X 2745 &1 . &1 ,
' Tractor 20 ' 40 Chassis " !
Axle Loads: Ii. L4 L] Total 1
{IB) {Ib) {Ib) (IB)
Tare: 10080 7511 6390 23980
AcCcCRESOTias: 1] 1] 0 1)
™ B s e gt
Total: 13389 33986 49625 97000
Desired[GVW] : U5, Bridge Formula 1
e et - P
U.S. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date: —
=1
BRIDGE FORMULA OPTION: oo g [0 =0 =0]
Maximum Gross Vehicle Weight: 80000 (Ib)
Maximum Load on axles with single tire: 20000 {Ib) 1 ? 3 4 5 G
Permmissible Load rounded to the nearest 540 {Jb)
Bridge length rounded to the nearest foot
Axle |llewablCurrent Axle (llowablCurrent Axle |llowabklCurrent Axle (llowablCurrent
Bridge Load (Ibload (Ib Bridge Load (Ibload (Ib Bridge |oad (Ibload (Ib Bridge |oad (Ibload (Ib
_..1.__J20000 (13389 | | 5-6 |34000 [33083 [ [ |l ll [
2. |zo000 (16003 | | | [ I S IO I I DO O
.3 _l20000 16903 | | [l I ! I I OO R R
I 20000 16342 | f | | N Y IS I I DR R R
.9, |20000 116542 4 ) Ll S I IS S R S
.6 |20000 118542 | ) Ll S I IS S R S
(-2 40000 30382 | f || N Y IS I I DR R R
(-3 48500 |\ 47375 | f L | N Y IS I I DR R R
(-4 |88500 |\ e3917 | f || N Y IS I I DR R R
_1-5 | 76000 | 80458 A | | Y IS I I DR R R
J1-6.|80000 (97000 M) | ______|._. ... S IR IS I S R S
L2093, |34000 133986 | ) Ll S IR IS I S R S
_2-4 58000 150527 | | |l S I SR I I I S SR
_2-5 |63500 (67069 |4 | | ... Y IS I I DR R R
_2-6_|71000 | 83611 (& | | Y IS I I DR R R
_3-4.140000 | 33535 | f || Y IS I I DR R R
_3-5 57000 |\ 50076 | f || Y IS I I DR R R
_3-6 | 64000 | 66618 A | | Y IS I I DR R R
VA0 5. |34000 133083 | ) Ll S IR IS I S R S
4-6 | 43500 | 49625 |4
+ = U.S. Bridge Formula Violation Page 1 of 1



7-3.  Maximum Payload under U.S. Bridge Formula

671,00 (55° 117)

480 00
118.00 50.00
i ‘ (X]
;
.{,0 00. " 180 00
v ¥
380.00
Intar Axle Spacing
(Tolal =597) 1555 49 2105 61 61
— f——t—
Tractor 20 40 Chassis

Total: 28707 41928 24000
Desired(GVWY LEES T
GAWRIGVWR'): B - " -

U.S. BERIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: —
=1
BRIDGE FORMULA OPTIOMN:
Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 {1b) 1 p 3 4 5 B
Pemissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle [llowablCurrent Axle |llowablCurrent Axle [(llowablCurrent
Bridge load (IblLoad (Ib Bridge load (IblLoad (Ib Bridge [oad (Ibload (lb Bridge [oad (Ibload (lb
A _[20000 13366 | | 5-6 |34000 (27052 [ [ 1 VL[ L
_________ 20000 | 14253 | ||l
20000 | 14353
420000 [1sove | |l
20000 (13976
6 __[20000 1309ve | | 1L
-2 ] 40000 27719 f f ol Lo L I S R S
1 48500 | 42072
-4 fess00 (se048 | | Lo
JA-5 78000 | yoo2a |\ T T I D D R
1 84000 | 84000
2-3 [3a4000 (28707 | | |
~2-4 |seooo [azes3 | ||l [l I D U B
2-5 | 63500 see6s58 (L | I A R D
S2-6 | 71000 70634 | ) b I S R S
J3-4 40000 28320 | ) )b I S R S
3-95 57000 | 42305
3-6 [64000 |s6281 | || L
“4-5 [34000 | 2795z | || I N R
4-6 43500 | 41928
- = U.5. Bridge Formula Viclation Page 1 of 1




Conf. 8: 53’ Chassis with tridem axle spacing 98"’

8-1. 97,0000 Ib GVW

830.00 (69 2")
636.00
118.00 50.00
(8]
.
000
m =
79.00
79.00
33347
542.00
Inter Axle Spacing
(Total =750) 155.5 49 4475 49
F .o - 4
Tractor 20 40 Chassis
Axle Loads: L# L #2 #3 1 Total |
(] (i) (i) (I}
Tare
Ac

Payload: 5547 T

BAEa0"

97000

Total: 13580 33066
GAWRIGVWRY):™

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:
o
L
BRIDGE FORMULA QOPTION:
Maximum Gross Vehicle Weight: 80000 {Ib})
Maximum Load on axles with single tire: 20000 (Ib) 2 3 4 B &
Pemissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot
Axle |[llowablCurrent Axle [llowablCurrent llowablCurrent llowablCurrent|

Bridge |oad (Ibload (Ib i load (Ibload (lb

load (Ib

load (Ib

load (Ibload (Ib

IS
1
(=]
IS
]
=]
=]
=]
IS
(=]
=
n
B
F'y

+ = U.S. Bridge Formula Vioclation



8-2. Maximum Payload under U.S.

Bridge Formula

830,00 (69' 27)
§36.00
1800 5000
L
"
" 79.00
180.00 79.00
320,05
542 00
Inter Axla Spacing
(Total =750) 1555 49 4475 49 49
3 : ¥ ¥ {
Tractor 20 40 Chassis
Axle Loads: L# | #2 #3
- (b} (b} (i)
10313 9229 arra

13370

32376

41999

DesirediGVW)': e
GAWRIGVWR'):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: -
L
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 97000 {Ib}
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 &
Pemissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent

Bridge |oad (Ibload (Ib| |Bridge |oad (Ibload (Ib

Bridge |cad (IbLoad (Ib

Bridge Load (Ibload (Ib

4-6

« = U.S. Bridge Fermula Violaticn
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Conf. 9: 53’ Chassis with tridem axle spacing 109"
9-1. 97,0000 Ib GVW

Axle Loads:
Tare:

B

Total:
Desired|GVW)":
SAWRNGVIVR'

830,00 (69' 27)
63600
118.00 50.00
i (L]
"
180.00
33347
542 00
Inter Axle Spacing
(Total =755 5) 15855 49 442 545 545
k 4 n 4 " y
Tractor 20 40 Chassis
[ ¥, [ B | Total |
(] (Ib) (] (Ib)
10313 9229 arre 28320
Aoosesonew: e . .|
3267 24737 40676 68580
13580 33966 49454 97000

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:

Printout of Load Xpert software

£

BRIDGE FORMULA OPTIOMN:

Maximum Gross Vehicle Weight: 80000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 E B

Permmissible Load rounded to the nearest 500 (|b)

Bridge length rounded to the nearest foot

Axle |llowablCurrent llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge Load (Ibload (lb load (Ibload (Ib Bridge Load (Ibload (Ib Bridge |oad (Ibload (b
« = U.5. Bridge Formula Violation Page 1 of 1



9-2. Maximum Payload under U.S. Bridge Form

827.00 (688 117)

ula

636.00
118.00 50.00
i i (T]
™
79.00
79.00
319.84
542.00
Inter Axle Spacing
(Tolal =752 5) 155 5 a9 439 545 545
k oo & ; i
Tractor 20 40 Chassis
Axle Loads: #1 #3 Total
- [(3)) by ()
10282 O£ OO ..’
20
13908 32232 42500 BEGAD
i
U.S. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date:
o
Y
I OO0

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 & &

Pemmissible Load rounded to the nearest 500 {|b)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge load (Ibload (Ib Bridge load (Ibjload (Ib Bridge Load (Ibload (Ib Bridge [oad (Ibload (Ib

|os-8 | 34000 {28333 | L

4-6 [4ss00 |aeso0 | ] T N N

- = U.5. Bridge Fermula Viclation Page 1 of 1



Conf. 10: 53’ Chassis with tridem axle spacing 122’’

10-1. 97,0000 Ib GVW

832 50 (69" 4.57)

k
X 636.00
118.00 50.00
# . T
)
333.11
53600
Inter Axle Spacing
(Total =T58.5) 155.5 49 432 61 61
A 1 e k
T T
40 Chassis
Axle Loads: #3
(Ib)

Total g
(Ib)
20

Desired/[GVW]":
VW

U.S. BRIDGE FORMULA for

Printout of Load Xpernt software

Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weig ht: 80000 {Ib)
Maximum Load on axles with single tire: 20000 (1b} 1 2 3 4 5 &
Pemmissible Load rounded to the nearest 50 {(|b)
Bridge length rounded to the nearest foot
Axle (llowablCurrent Axle (llowabhCurrent llowablCurrent| Axle [llowablCurrent
Bridge load (Ibload (Ib Bridge load (Ibload (Ib load (Ibload (Ib Bridge load (Ibload (Ib

4-6 |43500 | 40953 |4

+ = U.S. Bridge Formula Violation

Page 1 of 1

7000




10-2. Maximum Payload under U.S. Bridge Formula

827.50 (68 11.57)

636.00
)
118.00 50.00
u
~
8500 ;
85.00
319.21
536.00
Inter Axle Spacing
(Total =753.5) 155.5 49 427 61 61
" " L & J
T 1
Tractor 20 40 Chassis
Axle Loads: #1 #2 #3 Talal o
() (i) (i) (Ib)
Tare: 10348 94150 8822 28320
ACCOBIONBE: .......coonemirescnmaesrsasnsrassasasssss U u g g

61343

13829

32334

43400

89663

Desired/|GVW)": U5, Bndge Formula
SBARIIGNWIT: ... ccencesscniscssnsssssssasaentssasusanss Sosuaeat asessiss asnensasseus iostsasussos s asesntes sEaamss s s b AR sa b LA ReR A e RO SRR S A A Oa RS e Rem e bas LA A AR S L AR aR LA SR SRS SR et R e aamens b aannassranearans

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: -

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (I1b) 1 2 3 4 5 &
Pemmissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablfCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge Load (Ibjoad (Ib Bridge Lcad (Ibjcad (Ib Bridge |cad (Ibjoad (Ib Bridge Load (Ibjoad (Ib
3. J=2o000 13829 | | 5-6 |34000 29000 [ | 1| loooooo [l
2] 20000 |\ 16167 | f || .. L] D D S _
3 20000 16167 | 1 | . I I I R S DR R A _
4 20000 | 14500 | | | L] D D S _
5L 20000 | 14500 | | | .. I I I R S DR R A _
B 1 20000 | 14500 | | | L] D D S _
J1-2 140000 129996 | | |._______ I I I R S DR R A _
1 -3 48500 as1e4 [ f ] [ L] D D S _
-4 | 7F500 060663 | L | . I I I R S DR R A _
J1-5 184000 (75163 | L | . I I I R S DR R A _
_________ 92000 j89663 | | | oo
_________ 34000 | 32334 | | |
B} __LBRO0O | 46834 ) | | | . I I I R S DR R A _
_________ f2000 je1334 | | |
_________ 79000 |\ w5834 | |l
_________ 40000 ) 30667 | f 1 oo
_________ 60000 | a5167 | 1o Lo
________ r2500 159667 | 1o
_________ 34000 | 29000 | | Lo
4 -6 43500 | 43499
- = U.5. Bridge Formula Viclation Page 1 of 1
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Conf. 11: 53’ Chassis with tridem axle spacing 122°’ liftable axle-

6250 Ibs
11-1. 97,0000 Ib GVW

831,50 (689 3.57)
L 615,00
118.00 50.00
oo
T u
u_\_ =
316.94
536.00
Inter Axda Spacing
(Total =757 .5) 1555 49 303 128 61 61
5 F—% t 4 +
Tractor 20 40 Chassis
Axde Loads: #3 4
(3] ()]
0 9871
............. L [
E50 3313
50 43484
U.S. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date:
BRIDGE FORMULA OPTION: I o‘ WEGI
Maximum Gross Vehicle Weight: 80000 (1D}
Maximum Load on axles with single tire: 20000 {1b) 1 2 3 4 3 & T
Pemissible Load rounded to the nearest 500 {Jb)
Bridge length rounded to the nearest foot
Axle |llowablZurrent Axle |llowablCurrent Axle |llowablZurrent Axle |[llowablZurrent
Bridge |ocad (Ibload (b Bridge |oad (Ibload (lb Bridge |ocad (Ibload (Ib Bridge |oad (Ibload (Ib

i)

[}

- = U.S. Bridge Formula Viclation

Page 1 of 1



11-2. Maximum Payload under U.S. Bridge Formula

82750 (88 11.57)
|
63600
118.00 50.00
i u
3
8500 |
| 8500
&7
536.00
Inter Axde Spacing
(Total =753.5) 155.5 49 299 128 61 61
: " ¥ ¥ ¥ 4
Tractor 20 40 Chassis
Axle Loads: #1 #2 #3, 4 Total
40
& -
13812 d20a7 43451 6500
B e O 01— o
GAWRIGVWR®):
U.S. BRIDGE FOURMULA for
Printout of Load Xpent software
Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weig ht: 97000 {Ib)

Maximum Load on axles with single tire: 20000 (I1b) 2 3 5 (3 7
Pemmissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge load (Ibload (lb Bridge load (Ibload (lb Bridge |oad (IbLoad (Ib Bridge |oad (IbLoad (Ib
Ji3=e [sesoo steed [ [ |l
|.3-7 _|¥e500 (66145 | | | 1. ]
_].4-5 _|40000 (20734 | | | 1 _______ ]
_].A4-86 _|48000 (35217 | | | 1 _______ ]
] A4-7 |56000 (49701 | | | 1. ]
_].5-86 _|34000 (28967 | | | 1 _______ ]
) 57 |43500 (43451 | | |l ]
|67 |34000 (28967 | | | 1l _______ ]
3-5 |eocoo (3777 | | 1poooUUrpooU 1701 N
« = U.S. Bridge Formula Violation Page 1 of 1



Conf. 12: 53’ Chassis with tridem axle spacing 122’ liftable axle-

11,000 Ibs
12-1. 97,0000 Ib GVW

118,00 50,00

840 50 (70F 0.57)

G36.00

316.94 g
536.00
Inter Axla Spacing
{Total =766.5) 155.5 49 nz 128 61 61
k n & " " 4
F u ¥ 4
Tractor 20 40 Chassis
Axle Loads: LE1 “2 | L83 L Ha | L Total
{lB) (I} (1) {lb) (e}

Tare: 10173 0806 3] 2871 29940
et -
Payload: 1489 24034 11000 0537 6060
Total: 11662 330929 11000 40409 97000
Desired/|GVW)": U.8. Bridge Formula -

GAWRIGVWR"):

U.S. BRIDGE FORMULA for

Printout of Load Xpernt software

Company:
Ref.:
Date:

X

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 80000 {Ib}

Maximum Load on axles with single tire: 20000 {Ib} 1 2 3 4 5 ] T

Pemmissible Load rounded to the nearest 500 (|b)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablCCurrent Axle |llowablCurrent| Axle |llowablCurrent
Bridge Load (IbLoad (Ib Bridge Load (Ibload (Ib Bridge oad (IblLoad (Ib Bridge Load (IbLoad (Ib
LA IS I N
2. I

3
4 I I N
5

5 I IS B DO N
T I S S RS
-2 I S S B
-3 S N B
U B P

1-
1-6. ]
AT SO S S S
2-3 I S S B
2-4 N S
2:-5 N
2-6__ N S
2- N
J3-4 N S

3-5
« = U.S. Bridge Formula Viclation Page 1 of 1



12-2. Maximum Payload under U.S. Bridge Formula

827,50 (68 11.57)

636.00

118.00 50.00

. 8500
180,00 . 85.00
- Jan | :
536.00
Inter Axle Spacing
(Total =753 .5) 155.5 49 299 128 61 61
: oo + i
Tractor 20 40 Chassis
Axle Loads: il W2 W3 L) Total
() (b} (Ib) (Ib} (Ib)
LR .. TN L AU ONUROURORAUUURS .. SO R RRURRRRPRRRPRRTRE..|
Accessories: 1] 0 1] 0 o
Payload: 321 21784 11000 30505 GBS0
Total. 13693 31431 11000 40376 96500

BT
GAWRIGUWR'):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 (3 T
Pemissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge [oad (IbLoad (Ib Bridge [oad (IbLoad (Ib Bridge load (Ibload (Ib Bridge load (Ibload (Ib
|i3Z6 |Bes00 (53633 [ T[T
3.7 | 78300 87091 | L B R R
J].A4-5 140000 (24450 | | | ... ]
J].A-6148000 (37917 | 1 || ]
J].A-7 156000 (51376 1 ||| ]
J].5-6134000 (26917 | | || ]
(.57 143500 (40376 | L || ]
J|.B-T |34000 (26917 | 1 . ]
« = U.S. Bridge Formula Viclation Page 1 of 1



Conf. 21: Mack Granite 6x4 axle forward Tractor, tandem axle,
180" wheel base; 53" Dionbilt X11 fixed 122’ tridem axle chassis (no

liftable axles)
21-1. 80,000 Ib GVW

B06.00 (67 27)

L 636.00
116.50
L1
= P )
I 000
‘ 88 65
123 48
9. 180.00 J . 8865
A 347.90
535.35
Inter Axla Spacing
(Total =749.35) 153 54 420,35 61 B1
: ¥ # ¥ 1
MACKEGx4-18 DBEN-X11-53L-122TRI
Axle Loads: #1 #2 #3 Total
(Ib) (Ib) (I} (o)
Tare: gr14 1nsa7 0805 20496
Accessories: 4] 0 0 0
Payload: 2821 15986 31697 S0504
Total: 11535 26873 41583

G

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: =

- o?:oE%
14

BRIDGE FORMULA OPTION:

Maximum Gross Wehicle Weight: 97000 {Ib}]

Maximum Load on axles with single tire: 20000 {(1b) 1 2 3 4 5 6

Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablgurrent Axle [lowabhCurrent Axle |[llowablCurrent Axle |llowablCurrent
Bridge Load (Ibload (Ib Bridge load (Ibload (Ib Bridge Load (lbload (b Bridge Load (IbLoad (Ib
| _Ca Tl 2e0o0 [3Msas | TA S8 | Bavon | 2rv2e | T ]
=N =L TaTe o I === I ) A IR I DR DY S N I NN S
|3 __[20000 [1za36 | [ | ] _____ I DR DR S ]
I N =1 ToTe ol I = =T I ) I N I DR DY S N I NN S
L. 5 __ | 20000 13864 | | | _______ | _______ S (Y U R I IR AR I
| & | 20000 13864 | | | | S I R R I Y I I
| 1 -2 |40000 24971 | | ) . S (Y U R I IR AR I
| 1-3 |48500 38407 | | | | S I R R I Y I I
| 1 -4 | 76500 | S=227=2 | | | | . S (Y U R I IR AR I
| 1-5 | 835300 86136 | | | S I R R I Y I I
|.1-6_ | 91000 80000 ( | 1 ______ | _______ S (Y U R I IR AR I
| 2-3 | 34000 (26873 | | | | S I R R I Y I I
| 2-4_ | 80000 40737 | | ) S (Y U R I IR AR I
| 2-5 | F2000 | S4801 | | | | S I R R I Y I I
|.2-6_ | 79000 63465 | | | ______ | _______ S (Y U R I IR AR I
| -4 |40000 27301 | | | | S I R R I Y I I
| 2-5_ | 80000 (41165 | | S (Y U R I IR AR I
|l.3-6_ | 72000 155029 | | _____ | _______{._______ S R R R R I I R
| 4-5_ | 34000 277209 | | | | _______ S (Y U R I IR AR I

4 -6 43500 | 41593

-4 = U.5. Bridge Formula Viclation

Page 1 of 1



21-2. 90,000

Axle Loads:

JTare:

e

Payload:

Ib GVW

807.00 (67 37)
"
§36.00
u
]
‘ ! 88 65
N 180.00 1 0865
| 346.29
535.35
Inter Axle Spacing
(Total =750.35) 153 54 42135 61 61
k 3 & & 4
' MACKEx4-18 ! DBN-X11-53L-122TRI ' '
L# #2 #3
(i) (Ib) (Ib)

B s

i)
J254

0907 ettt n e enne e

[1]
19276

ararq

BBID e

| Total
(Ib)
(2496
0
60504

Total:

11948

30183

47869

S0000

DESIBAIGVWY L ettt e ee e et o€t ee et £t

GAWRI[GVWRY):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: -

.1
%4

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 {I1b)]

Maximum Load on axles with single tire: 20000 {Ib) 1 2 3 4 5 6

Permissible Load rounded to the nearest 500 {(Jb)

Bridge length rounded to the nearest foot

Axle (llowablCurrent Axle |llowablfCurrent Axle |(llowablCurrent Axle (llowablCurrent
Eridge |(oad (Ibload (Ib Bridge (cad (Ibleoad (Ib Eridge [cad (Ibload (Ib Bridge [cad (lbLeoad (Ib
|1 [=20000[11948 | | 5-8_|34000 |31913 | | | Ll )]
.2 __[20000 15001 ( || B SR N R ]
|3 [20000 115091 | || . I D SRR B I O IR R
4 [20000 15956 ( | | | B SR N R ]
|5 __|20000 15956 | | ______ | ... B SR N R ]
|6 __[20000 15956 ( | | _______|._..___. B SR N R ]
| 1-2 (40000 27040 | )\ || ______. I D SRR B I O IR R
| 1-3 (48500 42134 || . B SR N R ]
|1 -4 | 76300 58087 (|| B SR N R ]
|1 -5 [83300 74044 | B SR N R ]
|1 -6 (82000 190000 | | | _______| ______. I D SRR B I O IR R
|_2-3 34000 /30183 ( | | ______ | ... B SR N R ]
|_2-4 |B0000 46139 ( | || ... B SR N R ]
| 2-9_ | 72000 62006 ( | | ______ | _..____ B SR N R ]
| 2-6_ [ 79000 | 78052 | | | _______| ______. I D SRR B I O IR R
|.3-4 (40000 31048 (|| B SR N R ]
|_3-5 |BO000 | 47004 | || ... B SR N R ]
|_3-6_ | 72000 62960 ( | | _______| _..____ B SR N R ]
| 4-5 (34000 131913 ) || ______. I D SRR B I O IR R
4-6 [ 43500 | 47669 |4
- = U.5. Bridge Formula Viclation Page 1 of 1



21-3. 97,000 Ib GVW

809.00 (67" 57)
L 636.00
116.50
L1
q
v 000
_ BA 65
| BABS
34540
535.35
Inter Axle Spacing
(Total =752.35) 153 54 42335 61 61
¥ ¥ i
MACKEx4-18 DBN-X11-53L-122TRI
Axle Loads: L# 1 #2 ) #3 1 Total |
(] (i) (i) (i)
TarE. e en e DO O L RSN ONORU A UUPTPRTTR. .. OO ORI URUPAURRTPRPRSRRNE <. 2
Accessories: 1] 0 0
Payload: 3352 21785 42367 BI04
Total: 12005 32732 52262 97000

Desired/(GVW)":

GAWRIGVIWR"):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: =

i OF0=0

BRIDGE FORMULA OPTIOMN:

Maximum Gross Vehicle Weight: 97000 {Ib)

Maximum Load on axles with single tire: 20000 {Ib) 1 2 3 4 L &

Permissible Load rounded to the nearest 500 {|b)

Bridge length rounded to the nearest foot

Axle (llowablurrent Axle (llowablCurrent Axle (llowablCurrent Axle |llowablCurrent
Bridge [cad (Ibload (Ib Bridge [oad (Iblead (Ib Bridge [oad (Iblead (Ib Bridge load (IbLoad (Ib

4-6 [43500 |52262 A 00 vp v I
-+ = U.5. Bridge Formula Violation Page 1 0f 1



21-4. 102,000 Ib GVW

#1050 (67" 6.57)

L 636.00

116.50
(8]
Oy
344 85
53535
Inter Axle Spacing
(Total =753.85) 153 54 424,85 61 61

F—# ¥ ¥ !

MACKEx4-18 DBN-X11-53L-122TRI
Axle Loads: L# L #2 | L #3 | L Total
) (i) ] ]

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: =
i

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 & &

Permissible Load rounded to the nearest 500 (b}

Bridge length rounded to the nearest foot

Axle [(llowablCurrent llowablCurrent| Axle |llowablCurrent Axle (llowablCurrent
EBridge [oad (Ibleoad (Ib load (Ibload (Ib Bridge [cad (Ibload (Ib EBridge [oad (IblLeoad (Ib
.1 [20000[11998 34000 | 36934 Ja| Lol ]
220000 javson | | . I IR -
L2 |20000 1730 | I -
420000 1 as467 | | . I IR -
S8 | 20000 | as467 | | . I IR -
...6_ | 20000 18467 | |l ). I -
J1-2 | 400001292009 | 0 f | I IR -
(1 -5 | 48500 146600 | ) f | .. I IR -
-4 | 77500 165066 | | . I IR -
-5 84000 183533 | | I IR -
(1 -6 | 92000 102000 () f | .. ___. I IR -
.273.| 34000 | 34601 (| | ). I -
_2-4 | 80000 153068 | o | . I TR _
205 | 72000 ) 7sas | | I IR -
.2-6_| 79000 | 90002 A\ | __.__..|.....__. S DR NN DR L]
304 | 40000 35767 | | I DR P SO I R RN
(305 | 60000 154234 | | . I DR P SO I R RN
J3-6 | 72500 | 72701 () f | .. I DR P SO I R RN
(4-5 | 34000 136934 ) f | . I DR P SO I R RN

4-6 | 43500 | 55400 |




21-5. Maximum Payload under U.S Bridge Formula (need move container)

210,00 (67" 6")

636.00

=00 7 000

f_eza 0o
1% 00 | Bags
2 12346
9[]_]_ 180.00 ] gl . 8865
T - 316.81 J
535.35
Inter Axle Spacing
(Tolal =753 35) 153 54 42435 B1 B1
k +—k i
MACKEx4-18 DBN-X11-53L-122TRI
Axle Loads: L#1 L #2 | 1 #3 1 | Total

(e
& e —

3374
12007 33997 43500 89504
Dasirad/{GVW)*: U5, Bridge Formula -
GAWRI[GVWR™): -

U.S. BRIDGE FORMULA for

23000 S3605 HOO0E

Printout of Load Xpert software

Company:
Ref.:
Date:

[T}

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 {Ib}|

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 &
Permissible Load rounded to the nearest 500 (|b)

Bridge length rounded to the nearest foot

Axle [llowablfCurrent Axle |llowabliCurrent Axle |llowablfCurrent Axle [|llowablCurrent
Bridge |oad (Ibload (Ib Bridge |cad (Ibload (Ib Bridge |oad (Ibload (Ib Bridge |cad (IbLoad (Ib
_..1__[20000 {12007 | 1 5-8_]34000 29000 | | ool oo {lfo ]
_..2...|20000 (16998 | | | _______| _______] I D U S I R I
o3 |20000 (16998 ) )| _______] I D U S I R I
_..4 120000 (14500 ) ) || I D U S I R I
_..9 2000014300 | o 1 || I D D S I IO IS IO
_.6 | 2000014300 | o 1 || I D D S I IO IS IO
(-2 |40000 129006 | 1 || I D D S I IO IS IO
1-3 [48500 | 46004

a4 [7rsoo teosod | d ]
JA-5 | 84000 75004 | L] S SO S S S N IS O
J1-6.| 92000189504 | 1 || S SO S S S N IS O
.2-3 |34000 133997 | 1| ] S SO S S S N IS O
_2-4.|60000 (48497 ) | ] I D U S I R I
J2-5 | 72000 (62997 ) )| ] I D U S I R I
J2-6_ 179000 (77497 )| ] I D U S I R I
J3-4. 140000 (31498 ) )| _______] I D U S I R I
J3-5 60000 (45998 ) )| _______] I D U S I R I
J3-6 | 7250060498 | | 1 || I D D S I IO IS IO
24-5 34000129000 | | 1 || I D D S I IO IS IO
4-6 | 43500 [ 43500




Conf. 22: Mack Granite 8x6 axle forward Tractor, tridem axle, 230"
wheel base; 53" Dionbilt X11 fixed 122"’ tridem axle chassis (no lift

axles)
22-1. 80,000 Ib GVW

851.60 (70* 11.67)

636 .00
116.50
[E]
. T
"—12i00
P 123 46
b 230.00 — :
u A 348.26 |
1
535.35
Iner Axle Spacing
(Total =794 95) 181 49 49 393 95 61 61
F e
MACK 8x6-2 DBN-X11-53L-122TRI
Axle Loads: #1 &#2 H3 Total 4
(o) (3] [33] (n)
Tare: e 9938 O . TSSOSOV SSUNUOPVUUTUONL ... OOV SOUUSRSNUSRORUOE . 1'o: 3
Accessories: 1] o o o
Payload: 470 15625 30499 48594
Total: 12006 27600 A0394 BOO000
Desired/[GUW)]™:

U.S. BRIDGE FORMULA for

A R G U R L e e e e c e cemamme e scememe s soemss Ceacmeeasesasmsasosasmssoesssmsssoessessssoesessssscessasessessasssssesscsssisiiesesssesssissecisssissiississacsisciseatiincsentsansmmeteoes

Company:

Ref.:
Date:

Printout of Load Xpert software

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 {Ib})

Maximum Load on axles with single tire: 20000 (I1b) 1 2 3 4 5 [:] T

Permissible Load rounded to the nearest 500 {Jb)

Bridge length rounded to the nearest foot

Axle (llowablgCurrent Axle [llowabhCurrent Axle (llowabhCurrent Axle (llowabhCurrent
Bridge |oad (Ibload (b Bridge |cad (Ibfeoad (Ib Bridge Lcad (Ibjoad (Ib Bridge |cad (IbLoad (b
|3 20000 {12006 | | 3-6_|70000 45330 | | [ [l ]
|2 __[20000 [ 9200 ) | 3-7 |77500 138794 | | | ______ | _______ I O I AR
|3 __ | 20000 | 9200 | | 4-5 140000 (22665 ( | | | _______ L]
|4 __[20000 [ 9200 ) | 4-6 |60000 136128 | | | | _______ I O I AR
.5 __ | 20000 | 13465 | | 4-7 |70300 (49594 | | | _______ L]
|._.6 __ | 20000 | 13465 | | 5-6_ 134000 (26929 ( | | | _______ L]
|7 __[20000 (13465 ) | 5-7 |43500 140394 | | | ______ | _______ I O I AR
| .1 -2 | 40000 | 21206 | | 6-7 |34000 (26929 ( | | | _______ L]
| 1-3_ 50000 (30406 ) | | ___l._______ S D P SR I O I AR
| 1-4 | 57300 39606 [ | .. SN DR PR S L]
|.1-5_[83000 (53071 ) | |l ... S D P SR I O I AR
|, 1-6 | 90300 66535 | | | .. SN DR PR S L]
| 1 -7_ 97000 (80000 ) | | ______ | _______ S D P SR I O I AR
|.2-3 | 34000 | 18400 { | | | _______ SN DR PR S L]
|_2-4_ [42000 (27600 ) | | ______ | _______ S D P SR I O I AR
|.2-5 |B89300 | 41065 | | | | .. SN DR PR S L]
|.2-6 | 76300 | 54530 { | | | . SN DR PR S L]
|.2-7 | 84300 67994 | | | | . SN DR PR S L]
|.3-4 | 34000 | 18400 { | | | _______ SN DR PR S L]
3-5 50000 | 31865




22-2. 90,000 Ib GVW

856.30 (T1'4.37)
636.00
116.50
L
o
_ @ ,
ﬂ’/ N T ! )
| = %
A—t-26.10
13.00 B8 85
q ol 230.00 123 46 28,65
346.56
535.35
Intar Axde Spacing
(Totel =799.65) 181 49 48 398.65 61 61
¥k f ¥ {
MACK fb-2 DBN-X11-53L-122TRI
Axle Loads: L 1 #2 | 1 #3 ) Total
{Ib) (Ib) {Ib) ()
Tare: 9462 12049 9595 31406
Accessorles: 4] 1] 0 o

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:
’ L] it

BRIDGE FORMULA OPTION: = L

Maximum Gross Vehicle Weight: 97000 (Ib)|

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 & T
Permissible Load rounded to the nearest 500 (Ib)

Bridge length rounded to the nearest foot

Axle |llowablgCurrent Axle (llowabliCurrent Axle |(llowablCurrent Axle (llowabliCurrent
Bridge |oad (lbload (Ib Bridge |oad (Ibload (b Bridge Load (Ibload (lb Bridge |cad (lbLoad (Ib
_..1.J20000 {11995 | | 3-8 70000 | 52004 | | 0T 0Tl ]
...2__ 20000 [10445 | | 3-7 ]77500 (67560 | | ... | ...l ... I I A .
_..3__| 20000 [10445| | 4-5 4000026002 | | [ [ ]
4 20000 [ 10445 4 -6 | 60000 | 41559
_..5..[20000 15557 | | 4-7 70500 | s7a45 | | oo Tl ]
_..6__ 20000 15557 | | 5-6_]34000 31113 | | | .l ... I I A .
_..7__ 2000015557 | | 5-7 ]|43500 |46670 || [ [ ]
1-2 (40000 [ 22440 6-7 |34000 | 31113
JA-asoooo [3zees | ]
-4 fsrsoof4azso| Ll 5N O O N I I A .
1-5 [s3000[ssss7 | | ] ] I S R N ]
1-6 (91000 | 74443
Aoz Jerooo feoooo [l )
J2-3. 34000120890 o ). I D SRR SR ]
(2044200031335 | | || I IR SR SR I R N R
(2-5 | 6950046892 | | || .. S O SN S ]
(2-6. | 7850062449 | | | I IR SR SR I R N R
(27 |85000 178005 . I D SRR SR ]
(3-4.|34000 120880 | | Q.. I IR SR SR I R N R
3 -5 [ 60000 | 36447




22-3. 97,000 Ib GVW

858.80 (71°6.87)

636.00

116.50

(8]

O=0=0
-24.20
113,00 | 8865
; 1 [ .
i 230.00 S | 2885 J
T 2 34563
535.35
Inter Axle Spacing
(Total =802.15) 181 49 49 401.15 61 61
o ¥ " |
MACK 8x6-2 DBN-X11-53L-122TRI
Axle Loads: 1 L #3 | L Total |
—_— (9] (i)
IBIE e 21208
PR RSRPTE | O
41168 65554
51064 97000

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 E & 7T
Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent| Axle |llowablCurrent| Axle |llowablCurrent Axle |llowablCurrent|
Bridge load (IbjLoad (Ib Bridge load (Ibload (Ib Bridge [oad (Ibload (Ib Bridge load (IblLoad (Ib
120000 [11993 | | 3-8 |70s00 |see72 | [ |l ]
22000011315 | | 3-7 |78000|73603 | | | [ ]
320000 (11315| | 4-5 |40000|28336 ) | | [ ]
42000011315 | 4-6 |60000 145357 | | | | ]
_..5._.|20000 (17021 | 4-7 |\71800 162378 | | . .| .. [l [ I R
_..6._.[20000 (17021 | | 5-6_|34000 |34042 |« | [ [ I S
_..7..|20000 (17021 | | 5-7 |43500|51064 |4| | . [ [ I S
1-2 [40000 | 23307 6 -7 |34000 | 34042 |«

-3 [soooo [a4e2z | Ll T
A-4 57500045036 | | )| I NS SO ]
1-5 83500062058 | | ) | I NS SO ]
A-6 otooo (70079} | ) | I NS SO ]
-7 97000 [o7000 | )l I SN O [ I R
.2-3.[34000 (22620 | | || I N SO S [ I S
.2-4.[42000(33944 | | |l I N SO S [ I S
.2-5.[7000050965 | | || I N SO S [ I S
2-6 | 77900 | 67986

~2-7 85000 [85007 J.| -1l ]
(3-4.134000 122629 | |||, B R R SR I I NN NN
3 -5 | 60000 | 39650




22-4. 102,000 Ib GVW

86020 (71'8.27)

6:36.00
116.50
u
"yl
8665
1 8865
345.06
535.35
Inter Axle Spacing
(Total =803 55) 11 49 49 402 .55 B1 61
k L 1 L % ]
. R T
MACK 8x6-2 DBN-X11-53L-122TRI
Axle Loads: #1 #2 #3
(o) [(3] (o)
Ac [1] 0

Ty T g

. .

Total

Total:
e Lt T —
|GAWRIGVWRT):

12006

35792

54202

102000

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:
it
BRIDGE FORMULA OPTION: OEOE'SJ
Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 4 5 6 7
Permissible Load rounded to the nearest 500 {Ib)
Bridge length rounded to the nearest foot
Axle |llowablCurrent Axle |[llowablCurrent Axle |llowablCurrent Axle |(llowabhCurrent
Bridge |oad (Ibload (Ib Eridge |oad (IbLoad (Ib Bridge [oad (lbLoad (Ib Eridge oad (IblLoad (Ib
_..1.[20000 12006 | | 3-8 | 70500 |s50096 | | |l f L]
_..2__|20000 11931 | | 3-7_ |78000 78063 |«| ___ | .. [ _....___ ]
_..3__|20000 (11931 | | 4-5 |40000 29998 | | | .| _...___ ]
4 20000 [ 11931 4 -6 | 60000 | 48065
_..5.__[20000 [18087 |} 4-7 [71500 66132 | | |l ]
.6 | 20000 | 18067 | | 5-6_ |34000 36134 |4) | [ _______ I R IS IR
___7 .| 20000 | 18067 | | 5-7 |43500 54202 4| | | _______ I R IS IR
J1-2 140000 123937 | | 6-7 |34000 | 36134 || | | _______ I R IS IR
J1-3.| 90000 (35868 | | 1| I U SN S I Y I IR
-4 | 97900 (47798 | || I U SN S I Y I IR
J1-2 |83900 65866 | | 1| . I U SN S I Y I IR
1-6 [ 91000 | 83933
_A-7.[eroo0 o200 |ef L] ]
.2-3.| 34000 (23861 | | | | . .. I IR DR SRR I R IS IR
.2-4.142000 (35792 | | || I IR DR SRR I R IS IR
.2-5.| 70000 (53859 | | | | . ____. I IR DR SRR I R IS IR
(2-6_ | 77500 (71926 | | || I IR DR SRR I R IS IR
_2-7.| 80000 89994 | || ... I U SN S I Y I IR
(34| 24000 (23861 | | 1| I U SN S I Y I IR
3 -9 | 60000 | 41928




22-5.

Maximum Payload under U.S Bridge Formula (need move container)

&64.00 (72' 0")
! 636.00
L
",
‘ 88 65
P 230,00 12348 B3 65
i 91.97 {
535.35
Inter Axde Spacing
(Total =807.35) 181 49 48 406.35 61 61
F—% ¥ ¥ {
MACK fxti-2 DBN-X11-53L-122TRI
Axle Loads: ¥ #2 1 #3 ) L Total
() (i) {Ib) {Ib)
TP .2 ST - . NSO RSRURSURUTTS ... SRRSO PUR PPN 1 ..
Accessories: 0 1] 1] (1]
Payload: 2673 29680 33241 BL594
Total: 12014 41850 43138 97000

Desiredl(GVW)": s
GAWRIGVIWR"}:

U.S. BRIDGE FORMULA for

e UL BIIGQE FOMMUIG | et etraceersasasresa st eeras et sasasessasses e s s rase s sasas e e s A aes e A en e e a e e s s s A s ert e e anetraan s nara e rns

Printout of Load Xpert software

Company:
Ref..
Date:
BRIDGE FORMULA OPTION: o0
Maximum Gross Vehicle Weight: 97000 (I1b)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 6 T
Permissible Load rounded to the nearest 500 {Jb)
Bridge length rounded to the nearest foot
Axle |[llowablCurrent Axle [llowablCurrent Axle |llowablCurrent Axle |[llowablCurrent
Bridge |oad (Ibload (lb Bridge |oad (Ibfoad (Ib Bridge Load (Ibload (lb Bridge |oad (IblLoad (lb
|1__[20000 (12014 | | 3-8 | 70800 |sees8 | | | Ll ]
|2 [20000 113950 | | 3-7 | 78000 71036 | | __ | [ ]
|.._3.__[20000 113950 | | 4-5 140000 26329 | | | ______|[._______ ]
4 20000 [ 13950 4 -6 [60000 | 42708
|5 [20000 [14379 | | 4-7 \71500 | 57086 | | |l ]
|.._6.__[20000 114379 | | 5-6_|34000 28757 | | _____| _____|._._____ ]
|.__7.__|20000 114379 | | 5-7 43500 43136 | | _____ | [ _______ ]
|.1-2 40000 | 25964 | | 6-7 |34000 28757 | | __ | | ]
| 103 (250000139914 | 1 |l S D S RN ]
| 1-4 [57900 153864 | )l S D S RN ]
| 1-5 [83900 168243 | 1 )l S D S RN ]
1-6 | 91000 | 82621
|17 [evoco [a7000 oY ]
|.2-3_ 3400027900 | | |.__.___. S D U RN ]
|.2-4 (42000 141850 | ) | S D U RN ]
|.2-5_ | 70000 156229 | | | | S D U RN ]
|.2-6_| 77500 | 70608 | | | _______|.__.___. S D U RN ]
|.2-7 | 82000184986 | | |l S D S RN ]
| 34 (34000127900 | 1 ) 1. S D S RN ]
3-95 | 60000 | 42279




Conf. 23: Mack Granite 6x4 axle forward Tractor, tandem axle,
180" wheel base; 51" Dionbilt X11 fixed 128’ tridem axle chassis (no

lift axles)

23-1. 80,000 Ib GVW

782.00 (65 2")

11650

612 00

3

91.64
01.64
S08. 36
Inter Axla Spacing
(Total =725.36) 153 54 300,36 64 [
k B ¥ 4
MACKEx4-18 DBN-X11-51L-122TRI
Axle Loads: #1 H2 #3 Total
(3] (b} () [}
BRSSPSR ... SRR L1 .- S S SRS STRPUR RS .S USRS <A .-
Accessories: 4] [ 4] o
3244 18382 20218 G044
11927 20007 38076 B0000

U.S. ERIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: ™
i
1%

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 ]

Permissible Load rounded to the nearest 500 {Jb)

Bridge length rounded to the nearest foot

Axle [(llowablCurrent Axle lHowablfCurrent Axle lHowablCurrent Axle |llowablfCurrent|
Bridge [cad (Iblecad (Ib Bridge |lcad (IbLcad (Ib Bridge |locad (Iblcad (Ib Bridge |cad (IbLoad (Ib

| 5-8_]34000 | 25084 | | | [ o]




23-2. 90,000 Ib GVW

785 50 (65" 5 57)

\ 612.00
116 50
u
P
4
ﬂﬁ_ 2
o T
\ = 2 |
(o )E o I 0-0-0
-—-23.50
1900 9164
9 0f) 180,00 173.80 1 9164
T 307.21
508.36
Inter Axle Spacing
{Total =728.88) 153 54 393.86 64 64
L . " &
F T -
MACKGx4-18 DBN-X11-51L-122TRI
Axle Loads: #1 #2 L #3 Total
(3] (b} (I} ()
Tara: BE1T 10781 4758 29156
Pocessonies: e e D L
3379 22501 34964 60844
11996 33202 44722 SO0

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: o

I O=0=0

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)|

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 i}
Permissible Load rounded to the nearest 500 (Ib)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle [(llowablCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge Load (Ibload (Ib Bridge [oad (lbload (Ib Bridge Load (Ibload (lb Bridge Load (IbLoad (lb
_..1...J=o000 (11996 | |} 5.8 ]34000 (20815 | | |l ]
L2, |20000 16647 | L. [ S SR S I AN IS I N
S| 20000 16647 | | | .. I U U SRR I R NN I ]
S4|20000 ) 14907 || o). I U U SRR I R NN I ]
.8 | 2000014907 | | o). I U U SRR I R NN I ]
_.B__|20000 14907 | | | .| I U U SRR I R NN I ]
J1-2.|140000 28637 || L], [ S SR S I AN IS I N
JAo3.|48500 145278 || . [ S SR S I AN IS I N
V-4, | 758800 80185 | | .. [ S SR S I AN IS I N
V-5 |82500 ) 7a093 | ). [ S SR S I AN IS I N
(1061905800 190000 | | o). I U U SRR I R NN I ]

.| 34000 33282 | | || ... I U U SRR I R NN I ]

.2-4 | 60000 48189 | | | I U U SRR I R NN I ]
(205 | 70800\ 63097 | | | .. I U U SRR I R NN I ]
.2-6 | 78000\ 78004 .| L |....... [ S SR S I AN IS I N
(3.4 140000 31548 | | ). I U U SRR I R NN I ]
J3-5.| 60000 46456 | | | I U U SRR I R NN I ]
(306 | 70800 61363 | | | ... I U U SRR I R NN I ]
J4-5 |34000 129815 | | | I U U SRR I R NN I ]
4-6 | 44000 | 44722 |




23-3.

97,000 Ib GVW

F87 50 (65 7 8")

N 612 00
116 50
[T}
¥,
L — -
it & 1N o | LV
E 21.50
A 1R.00
4 X 173.80
20p 180.00
¥ = 305 91
l, 508.36
Intar Axle Spacing
{Tolal =730.86) 153 54 30586 B4 B4
: 1 : ¥ 1
MACKEX4-18 DBN-X11-51L-122TRI
Axle Loads: # #2 1 #3 | Total
(Ib) {Ib) (Ib) ()
TAME. s B2 e T8 ettt AT5B ettt 29156
Accessories: 1] 0 o
Payload. 3447 25410 38987 6844
Total: 12026 36229 48745 97000
Deslrad/{GVW)*: - - = -
GAWRI(GVWR"):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:

Ref.:

Date: m

o
I =00

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire; 20000 (Ib) 1 2 3 4 5 6

Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowabliCurrent Axle |llowablCurrent Axle |llowablCurrent
Bridge load (Ibload (Ib| |Bridge |oad (Ibload (Ib] |Bridge |oad (Ibload (Ib| [Bridgeload (IbLoad (b
4-6 | 44000 | 48745 N I ]




23-4. 102,000 Ib GVW

789,00 (65' 97)

" 612.00
116.50
n
H,_ . 2
0= 00 0-0-0
20,00
12 00 | 9164
28 180.00 173.80 o164
1 305.11 i
1
508 36
Inter Axde Spacing
(Total =732.36) 153 54 397.36 64 64
F * ¥ ¥ ¥ {
MACK6x4-18 DBN-X11-51L-122TRI
Axle Loads: L# 1 L #3 | _Total 5
- [(3] () (o)
SO - ... SOOI .- SO .. .-
B B,
3443 41380 72844
11984 51618 102000
Printout of Load Xpert software
Company:
Ref.:
Date: =
I —

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 {(Ib) 1 2 3 4 5 B
Permissible Load rounded to the nearest 500 (Jb)
Bridge length rounded to the nearest foot

Axle |llowablCurrent| Axle [llowabliCurrent| Axle [(llowabliCurrent Axle (llowabliCurrent
Bridge [oad (Ibload (Ib Bridge |oad (Ibload (lb Bridge |oad (Ibload (Ib Bridge |oad (IbLoad (lb

-1 [20000 [1i9a4 T 5 -6 ) 34000 | 34412 Ja| 1L
2 [=20000 10104 | ) ) ) U AR D ]
..3.ofeo000frorea | ) ) e ]
4 fzoc00 17206 | | ) ) ) U AR D ]
.5 f=0000 f17206 [ 1 N f I SR ISR DU ]
.6 {20000 (17206 | | ) fl e ]

.2:9.170800 [ 72800 Ja| L | 15 SRR SN P IS R S S
.2:-6. 178000 00006 |a| | | e ]
3-4.040000 136200 | | L 15 SRR SN P IS R S S
3 -5 | 60000 | 53606

3-e [7asoo froera YL
(4:9.134000 [34212 | L 15 SRR SN P IS R S S
4-6 | 44000 | 51615 |4




23-5.

786.00 (65' 67)

Maximum Payload under U.S Bridge Formula (need move container)

612.00

= .
or- v
+—23.00
+12.00 91.64
P 180.00 17380 1 91.64
T 302 26
d
50836
Inter Axle Spacing
(Total =729.36) 153 54 39436 64 64
f ¥ ¥ ¥ i
MACKEx4-18 DBN-X11-51L-122TRI
Axle Loads: #1 L #2 #3 Total
(Ib) (Ib) (Ib) (i)
Tare: B608 10790 4758 20156
B O PP R
Payload: 3399 23202 4242 60543
Total: 12007 33992 44000 59999
Desired/(GVW)*: -

GAVWRNGYWRT):

U5 Bridge Formula

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date: )
1% = O3]

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)|

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 ]
Permissible Load rounded to the nearest 500 (b}

Bridge length rounded to the nearest foot

Axle |(llowablCurrent Axle [llowablCurrent Axle |llowablCurrent Axle |[llowablCurrent
Bridge |oad (Ibload (lb Bridge |oad (Ibfoad (lb Bridge Load (Ibload (Ib Bridge |oad (IbLoad (Ib
_..1__ 20000 [12007 | | 5-86 134000 | 20333 | | ||l l]]
220000 16996 | | ). N U U S ]
3. 20000 16996 | | ). N U U S ]
4 20000 | 14667
5 Jzoooo [14eer |1l ]
.6 20000 14667 | | 1| 0 U D I ]
A-2 4000020003 | | 1| 0 U D I ]
1-3 4850045000 | | 1 | 0 U D I ]
A-4 [73500 [eoees | | 1] N DN U S ]
A-s fs2s00 7833z | | ). N U U S ]
1-6 900089999 | | ] N U U S ]
2-3 | 34000 | 33992
~2-4 [eoooo [4seso | | 1) ]
_2-5 |70500 183326 | | | | S S SO RN I I R I
(2-6 |78000 177992 ) | || S S SO RN I I R I
_3-4 40000 131663 ) | | | S S SO RN I I R I
_3-5 |60000 146329 | | || S S SO RN I I R I
J3-6 [ 71500180996 | ol .. S S SO RN L]
JA-5 |34000 129333 | .. S S SO RN L]
4 -6 | 44000 | 44000




Conf. 24: Mack Granite 8x6 axle forward Tractor, tridem axle, 230"
wheel base; 51" Dionbilt X11 fixed 128°’ tridem axle chassis (no lift
axles)

24-1. 80,000 Ib GVW

831.00 (69 37)
) 612.00
116.50
L
2 ]
. 9164
91.64
508.368
Inter Axde Spacing
(Total =774.36) 181 49 49 36736 64 64
F—h—k # *
MACK 8x6-2 DBN-X11-51L-122TRI
Axle Loads: L# L |
(i)
x
03
Total: 11991 30131 ararg 80000
Desired/{GVW)*: - - - -

B R G R e e emem e cemes e e acmeas Cnaomeacosasmsafeasomsaoemssmsaoemsssssoemtisssscemtssicestsescectsssiiesimesssassmsscsssceseesticeseesssscesiessisoessesciasieens

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 & T
Permissible Load rounded to the nearest 500 {Jb)
Bridge length rounded to the nearest foot
Axle |[llowablgCurrent| Axle llowabliCurrent Axle lHowabliCurraent Axle [(llowablCurrent
Bridge |cad (Ibload (Ib Bridge [cad (IbLocad (Ib Bridge |oad (Ibload (Ib Bridge [cad (IbLcad (Ib
| 3-8_]sessoo 45330 | | |l ]
| 3-¥_|¥eooo | Svees | )| L]
| 4-5_ |40000 |z226v0 | f )| . L]
| 4-6_180000 35296 | | ______ | ______| _______ I IR AN I
| 4-¥ 89500 |4ve22 | )| L]
__|..9-B_| 34000 | 25252 | [ )| L]
| 9-¥_|44000 |3vsvs | )| L]
- __|.B-¥_|34000 25252 | [ )| L]
a1- I AR AR P S I S B o] o]
1- I R I R R I S D I R R A ]
2- I AR AR P S I S B o] o]
2= I AR AR P S I S B o] o]
2- I AR AR P S I S B o] o]
2= I AR AR P S I S B o] o]
3 - I R I R R I S D I R R A ]
3




24-2. 90,000 Ib GVW

835,00 (69" T°)
612.00
116.50
u
Lo}
000
91.64
9164
1
S06.36
Inter Axle Spacing
(Total =778.36) 181 49 49 371.36 64 64
L . L L L 4 |
s + + + 4
MACK 8x6-2 DBN-X11-51L-122TRI
Axle Loads: #1 #2 H3 Total
By ) i) By
| Tare: 9398 11910 arsa 31066
L L
Payload: 2616 22452 33867 58034
Total: 12014 34361 43625 0000
| Desired/(GVW)": - - - =
| GAWRI{GVWR"):

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

[X]

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib))

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 3 T
Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llowablfCurrent Axle |llowablCurrent Axle |llowablCurrent
Eridge load (Ibload (Ib Bridge Load (Ibload (lb Eridge [oad (Ibload (Ib Bridge Load (IbLoad (Ib
_..1..[20000 [12014 |73 -6 ]68500 | 51901 | |1 | Tl ]
.2 |20000 [11454 | | 3-7 |76500|66532 | | | | ]
.3 __[20000 [11454 | | 4-5 |40000|25995 | | | | ]
.4 [20000 11454 | | 4-6 |60000|40537 | | | | ]
_..5__[20000 [14542 | | 4-7 ]70000 |55078 | | .||l L]
_..6..[20000 [14542 | | 5-6_|34000|29083 | | | | _..___. ]
_..7...[20000 [14542 | | 5-7 ]44000|43625 | | | | ... ]
1-2 [ 40000 | 23468 6-7 | 34000 [ 29083

_A-3isoooo [34e2z L)
J1-4 157500146375 | | || I A S SRR I ! SR I
J1-5 181500 160917 | | d . I A S SRR I ! SR I
J1-6.190000 175458 | | f ... I A S SRR I ! SR I
_1-7ferooo f9oooo | | L]l 0 S O L]
2-3.[34000 (22008 | | .| % S O ]
2-4 (42000 (34361 | | .| % S O ]
.2-5 [68000 48003 | | .| % S O ]
2-6 | 75500 | 63445

_2-7 [sdooo [77ese |l )
.3-4.134000 122908 | | | ... I A S SRR I ! SR I
3-5 | 60000 | 37449




24-3. 97,000 Ib GVW

837,40 (69° 9.47)

612.00

| t—-21.60
-12.00 91.64
)q{' 230.00 1 173.80 4 91.64

306.24
508.36
Inter Asde Spacing
(Total =780.76) 1 48 49 7376 64 64
k & 4 & £k 4
r T T T T l
MACK 8x6-2 DBN-X11-51L-122TRI
Axle Loads: #1 #2 #1 Total
(i) ] (] (Ib)

Tare: 9363 11945 a758 31066
ACCOBEOTHIE: | .......coonisemcnsssscnmssstsasnssessasggihsssusnsssasaunset sasusnessasaent i dasss s sauunset asssnessasaantss seusens s sauseet 1aseshss s e aantas e AR s Sy g R0 A aeR A e Ran et sasus st tasennsas sssansassennansszaDpuc
Payload. 2634 25411 37889 65934
Total: 11996 37356 47647 G7000
Desired/{GVW)": - - = -

CAWRNCNWILL: .

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 [ 7
Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle [llowablCurrent Axle |llowablCurrent Axle |llowablCurrent Axle [llowablCurrent
Bridge |cad (lbload (Ib| |Bridge |oad (lbload (Ib Bridge Load (lbload (Ib| |Bridge |oad (lbLoad (Ib
_..1_._[20000 [11996 | | 3-8 |69s00 |seeea | | oo o1l ]
.2 | 20000112452 | | 3-7 | 76500 | 72551 | [ | . | ]
o3| 20000112452 | | 4-5 140000 268335 | [ | . |.__..__. ]
o4 | 20000112452 | | 4-6 160000 (44217 | | | | ]
.5 | 20000 156682 [ | 4-7 | 70000160099 | [ | | __.___. ]
.6 __| 2000015882 | | 5-6 |34000 |31765 | [ | |.__.___. ]
...7.._|20000 (15882 | | S-7_)|44000 | 47647 || | | ... ]
J1-2.| 40000 24449 | | 6-7 | 34000 31765 | [ || ]
J1-3.| 5000036907 ( o 1| BN TR EURRN SR ]
JA-4 | 57500149353 | 1S AR IO SR ]
J1-5.|81500 165235 || 1S AR IO SR ]
1-6 | 90000 | 81118

-7 ferooo fo7ooo |ty ]
(2733400024904 | | 1| BN TR EURRN SR ]
(2:4.|42000 37356 | | BN TR EURRN SR ]
_2-5 | 68000153239 | || ... 1S AR IO SR ]
_2-6 | 76000 69124 | )| 1S AR IO SR ]
_2-7.| 84000 185004 (&) | | ... 1S AR IO SR ]
_3-4.|34000 24904 | 1| 1S AR IO SR ]
3-5 | 60000 40787




24-4. 102,000 Ib GVW

838.70 (69" 10.7)

612.00
116.50
L1
4
305 .40
508.36
Intar Axle Spacing
(Total =782.06) 181 49 48 3506 64 B4
F—h—% f # |
MACK 8:x6-2 DBN-X11-51L-122TRI
Axle Loads: L#1, L #3 |
(b}
Jare:
Pa
Total: 12006 39473 50520

B -
GAWRI[GVWRY): : - : -

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 97000 (Ib)|

Maximum Load on axles with single tire: 20000 {Ib} 1 2 3 4 5 ] 7
Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle |llowablCurrent Axle |llocwabllCurrent] Axle |llowabliCurrent Axle |llowablCurrent
Bridge load (Ibload (Ib Eridge lcad (Iblocad (Ib Bridge [oad (Ibload (Ib Bridge lcad (IbLoad (Ib
_..1__[ 20000 | 12006 | - e ]
...2.| 20000 (131588 | | 3.7 _|76500 76836 |4 | _______|...._... O N IS A
...3 .| 20000 (13158 | | 4-5_|40000)29998 | | | | ... I S NN I
_.4 20000 113188 | | 4-6_|60000 (46838 | ) ) | L]
...9 | 20000 116840 | | 4-7 |70000 /63678 | | | ______|._______ L]
.6, |20000 (16840 | | 5-6_|34000 )33680 | | | _|........ O N IS A
... .| 20000 (16840 | | 5-7 |44000)50520 |4\ | _______|..._____ I S NN I
J1-2.140000 (25164 | ) 67 | 34000 133680 | 1 || O N IS A
JA-3.150000 (38322 | ] I R P SR O N IS A
-4 |57S00 (51480 | |l ] I U FR S I S NN I
(-5 182500168320 ) ] I DR DR S L]
J1-6.|90000 (85160 | |l I R P SR O N IS A
V-7, 97000 102000 | | lo...] I R P SR O N IS A
J2-3 | 34000 (26315 | |l ] I U FR S I S NN I
(20442000 (39473 | | I R P SR O N IS A
J2-5 |B8000 (56313 | |l ] I U FR S I S NN I
J2-6 176000173193 ) ] I DR DR S L]
J2-7 | 84000 189994 |\ | [ | I DR DR S L]
V304 [34000 (26315 | | I R P SR O N IS A
3-5 | 60000 | 43156




24-5. Maximum Payload under U.S Bridge Formula (need move container)

£840.10 (70° 0.17)

U5 Bridge Formula

U.S. BRIDGE FORMULA for

. £12.00
116.50
(B}
L]
508,36
Inter Axle Spacing
(Total =783 46) 181 49 49 37646 64 64
| —t F——t—
MACK 8x6-2 DBN-X11-51L-122TRI
Axle Loads: #1 #2 #3 Total 5
(b} {Ib) {Ib) ()]
Tare: Q323 11985 a758 3066
Accessorien: T, OO cennsg B,
Payload: 2687 30012 32244 64943
Total: 12010 41997 42002 SE009
Desirad/{GVWW)*: -

L L N ————

Printout of Load Xpert software

Company:

Ref..

Date:

BRIDGE FORMULA OPTION: L m
Maximum Gross Vehicle Weight: 97000 (Ib)

Maximum Load on axles with single tire: 20000 {Ib) 1 2 3 4 5 & 7
Permissible Load rounded to the nearest 500 (Jb)

Bridge length rounded to the nearest foot

Axle [(llowablgCurrent Axle [llowabliCurrent Axle [llowabliCurrent Axle |(llowablCurrent
BEridge |load (Ibload (Ib Eridge |oad (Iblcad (lb Eridge Load (Ibload (Ib Bridge Load (IbLoad (Ib
_..1...[20000 [12010 | | 3-6 169500 55009 | | 1oLl
.2 | 20000113999 | | 3-7 |76500 (70000 | | __ | ______|..___.__ L]
.3 | 2000013999 | | 4-5 |40000 (28000 | | | ______|..___.__ L]
.4 | 20000113999 | | 4-6 |60000 (42000 | | | ______|..___.__ L]
._.5__[=20000 | 14001 | | 4-7 |70000 36001 | | ______|..__.._. L]
.5 __[20000 | 14001 | | S5-6_|34000 28001 | ____ | ______|..__.._. L]
___f.__| 20000 ) 14001 | | 5-7 |44000 (42002 | | | _______|..______ L]
J1-2. | 40000 ) 26009 | | 6-7 |34000 (28001 | | | ______|. ... L]
J1-3.|50000 140008 | |l S U S SRS I A IR ISR
J1-4 |57500 154007 | | S U S SRS I A IR ISR
J1-5.|82500 168008 | | S U S SRS I A IR ISR
1-6 (90000 | 82008

_A-7oJerooo fesooo |l
2-3 (34000 |27908 | | | | 50 DS D ]
2-4 [42000 41907 | | | | 50 DS D ]
2-5 [68500|s55008 | | | | 50 DS D ]
2-6 [76000 69000 | | | | ... 50 DS D ]
(207 |84000 183999 | | I AR SO SRS L]
(304 |34000 127998 | | I AR SO SRS L]
3-5 | 60000 | 41999




Appendix E: Analysis of Weight Distribution for 90, 000 Ibs Milk

Tare Weight

Truck

The weight of tractor for the configurations changes based on the wheelbase, as well as how many axles
are on it. The trailer weight varies depending on number of axles, as well as the size of the tank used. The
tare weights of each configuration are shown below:

NO. 1-1 1-2 2-1 2:2 2-3
Total
Tare |28,500 |29,400 |30,000 [31,500 |31,500
Weight
Tractor 146 000 117,000 |17,000 |185500 |17,000
Weight
Trailer |15 500 112,400 [13,000 |13,000 |14,500
Weight

Overview of Analysis

Truck Truck Descriotion GVW | Tare FBF violations
Configuration 1D b (Ibs) | Weight | (axle numbers)
. 5-axle truck with 6,300 gallon tank trailer -
Milk_1-1 80,000 Ibs GVW 80,000 | 28,500 1-5,2-3,4-5
5-axle truck with 6,500 gallon tank trailer - 1.5 2.3 2.5 4-
Milk _1-2 84,000 lbs GVW - agricultural exemption (12% | 84,000 | 29,400 ' 5 '
tolerance on one tandem)
. 5-axle truck with 7,000 gallon tank trailer - 4,5, 1-5, 2-3, 2-
Milk_2-1 90,000 Ibs GVW 90,000 | 30,000 5, 4-5
. 6-axle truck with 7,000 gallon tridem axle tank
Milk_2-2 trailer - 90,000 Ibs GVW 90,000 | 31,500 1-6, 2-6, 4-6
. 6-axle truck with 7,000 gallon trailer tridem 5, 6, 1-6, 2-6, 3-
Milk_2-3 axle tractor - 90,000 Ibs GVW 90,000 | 31,500 6, 5-6

Note: FBF violations marked in red are legal (as per the proposed bill, e.g. GVW)
and/or are within a small margin of error.




1-1 80,000 Ibs GVW (5-axle tractor-trailer — 6,300 gallon tank)

723.00 (60" 37)

504.00
504.00

118.00 30.00

148.00

3
I\
(¥}
“_
B
om
(=]
=)
o (O g
o o
(=R 1=]

204.00
1
Inter Axle Spacing
(Total =654) 180 43 378 48
" Mike_trac " Milke_trailer t
Axle Loads: #1 #2 _# Total
Tare: 10435 10885 7181 28500
T U
Payload: 1081 23432 27000 51514
Total: 11576 34377 34187 80014
Desired(GWV*: U8 Bridge FomUIa -
GRWRAGVWRY: "~~~ 40007 I 38000 28000 (80000%]
-
= 14

BRIDGE FORMULA OFTION:

Maximum Gross Vehicle Weight: 80000 (Ib) 1 2 3 4 5

Maximum Load on axles with single tire: 20000 (Ib)

Permissible Load rounded to the nearest 500 (Ib)

Bridge length rounded to the nearest foot

Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current

Bridge | Load (Ib) | Load {Ib) Bridge | Load (Ib} | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib} | Load ({Ib)

4 = U.5. Bridge Formula Violation

1-2 84,000 Ibs GVW (5-axle tractor-trailer with 6,500 gallon tank) — agricultural exemption

E-2



729.00 (60" 97)

504.00
504.00
118.00 36.00
c1
e
L 5.00|
48.00 204.00 %.20 5.00)
1 241.02
435.00
Inter Axle Spacing '
(Total =660) 180 43 384 43
" Mika_trac T Milke_trailer v
Axle Loads #1 i TR N | protal 4
Tare: 10257 10633 8500 29390
Actessonies: T
Payload: 382 25605 28623 54610
Tofal: 10639 36237 3123 84000
Desired/(GVVW)™: 13200 37400 38080 (84000%)
GAWRAGVWRS):™ """~ " rrmmmrrrrmrr e ST ST R
3]
x
1%
BRIDGE FORMULA OFPTION:
Maximum Gross Vehicle Weight: 80000 (Ib) 1 2 3 4 5
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 500 (Ib)
Eridge length rounded to the nearest foot
Axle [Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib} | Load (Ib} Bridge | Load (Ib) | Load (Ib} Bridge | Load (Ib) | Load (Ib} Bridge | Load (Ib) | Load (Ib)
IO 21 < Y IS NN S AN I (SN S S NN MRS
B S I 200000 astie} Lo SN SR IS A SN SR ISR A -
- I 200004 _dstie | L . b b .-
- T 20000) tssezl f oo )eeeo... B W SN S AN PSR BN I -
............ 200004 78se2 | ]
| 1-2 | 40000 28758 | | | _______|.______. I D IR N I D I N -
T 500004 #seTr f | el I S IS A I U IS A -
IO e, S 7e000 4 5438 | | | .. N NRNEEEE BRI REUEN I (RN DTN NN -
T I 80000 | 54000 le | ] ... N R IR I I R SRR I -
|_2-3 | . 34000 ) 36237 |W | | N DR R RN ) R EERRI AR -
. 2:4 ] 600007 347991 L el I S IS A I SR ISR A -
RS- I 68500 r33e | | ... 0 PSRN EESRE RN N ISR IR AR .-
3-8 ). 400007 sesso } f ) |o..o... I SO IS A I U IS A -
L3-8 )] 800004 5s2s2 | | | ... b b -
[ 4:5 ] 0001 Sz ley L ). I PN SN N B ASNTTY NS RS o

4 =U.5 Bridge Formula Violation

2-1 90,000 lbs GVW (5-axle tractor trailer with 7,000 gallon tank)



725.00 (60°57)

504.00
504.00
118.00 36.00
c1
&
148.00 204.00 9600 |
f 249.42
448.00
Inter Axle Spacing
(Total =657) 180 48 381 43
g N — +—
Milk2_trac Milk2_trailer
Axle Loads: #1 #2 #3 Total
Tare: 10619 10881 8500 30000
Accessonies: T
Payload: 2595 25264 32144 60002
Total: 13274 36144 40644 90002~
Desired/(GVWW)*: 14000 38000 38000 (90000%)
GAWRAGVWR® ™"~~~ " T L ST e
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (1b) 1 2 3 4 5
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded o the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load {Ib) Bridge | Load (Ib) | Load {Ib)
AN (3 <5 3 (N Y IS NS O Y IS N N AN I N
R 20000 f gsor2 1 .. I N IS AR I D IS A -
SN I 20000 f 1sor2 | | .. B S IS AR B S IS A i
I N I 200000 20522 la | ... I S S I I SR U I -
____________ 20000 f 20322 \a | | _______f______ L.\ |\l ol
| 1-2 | 40000f 312881 1 ... S R IS AP S R IS A .-
.13 1 20000f 493581 {1 1 ... N VI NN W I SRS RSN S .
| 1-4 | _. 76000 f &se80 | | | _______|_______ B D IS AR B D I I -
L 800001 9000214 1 | ______. B DR NN R I IS RESR B =
L T ey Lo N - T AU NN N b I SRR SRR A -
[ 2-4 | 60000} Sedeol 1 el I S Y A I S Y A .-
[ 2:-5 | 66500 | 76768 e | L 1. ... I U S A I R IS A -
3-8 1. 20000)  se394 d 1 e I S I A SN S SR I .-
| 3-3 | e0000f ssris i 1 .. B S IS A I D S A -
B - 340001 sDeas e f o). I SR SR I I SRR N I .-

4 =U.5. Bridge Formula Violation

2-2. 90,000 Ibs GVW (6-axle tractor trailer with 7,000 gallon tank, with triple-axle group on

trailer)



722.00 (60" 27)

504.00
504.00
118.00 36.00
2]
000
. 76.00
#8.00 204.00 20 76.00
T 24644
413.00
Inter Axle Spacing
(Total =649) N 180 ) 43 . 319 . 5 I‘51 .
" Milk2_trac ' Milk2_trailer o
Axle Loads: #1 #2 #3 Total
Tare: 10621 10899 10000 31520
Accessonies: T
Payload: 2321 22600 33559 58480
Tofal 12942 33499 43559 90000
Desired/(GVVW)*: 14000 34000 42000 -
S R O R
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (Ib) 1 2 3 4 5 6
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib} | Load (Ib) Bridge | Load (b} | Load (Ib) Bridge | Load (Ib} | Load (Ib} Bridge | Load (b} | Load (Ib)
R 20000 G2 [TT[TEtE T LGN =T A R R A N R R I o
- . PO R TN D R O O D e N D )
SO N I (N Y S NS U Y IS NS S SN NN IS
4 20000 14520
SO -1 Lo D Y I S U DY IR NSRS SRR RN I
___________ 20000 des20 | Ll
1-2 40000 29692
SO I 1 2 O ! IR IS U5 DY ISR NN S SN RN IS
1-4 72500 60961
SR IO o O N N SN U5 S IS NS S SRS NN IS
1-6 80000 90000 |4
_2z3 T sde00) T EEey | T
2-4 59000 43019 ]
c2zs poessoo) Cesse | Lok
2-6 72500 77058 |4
SR I 1 2 O A IR IS U5 D! ISR MU S SN R IS
3-5 55000 45789
_3-E [ Tesso0) " wosos | Ty T
4-5 34000 29039
TATE 42500 "4EEsg g T B D R B

4 = U.5. Bridge Formula Violation

2-3. 90,000 Ibs GVW (6-axle tractor trailer with 7,000 gallon tank, with triple-axle group on tractor)




715.00 (59 77)

504.00
504.00
118.00 36.00
c
&
8.00
8.00
437.00
1
Inter Axle Spacing
(Total =643) 1305 495 48 367 48
1 I N 1. I ]

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (Ib) 1 2 3 4 5 6
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 500 (Ib)

Bridge length rounded to the nearest foot

Axle |Allowable| Current Axle [Allowable| Current Axle [Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load {Ib) Bridge | Load (Ib) | Load {ib)
BN L3 2 O A . L -0 Y S N N SN IS IS,
2 0000 6000
T SN I R NN NSRRI [ I PN RSN NSNS Y DN NI e
4 20000 16214 ] 4
5 f 200 ) Cvosu N ]

SO L 0 U O IS SN S SN ISR NSRRI A BURRN SRS M, i
oA 1 o8] et L S RSN RSV I INCRUUN IRUTNI S -
-5 79000 69910

il
o,
o
=1
=1
=1
=1
W,
=
=1
=
=}

Y

B 1) 251 N O AN NN N SN IS SN S SN IS I
314742000 | 98427
B 1 S O Y AN NSNS U U AN IS N SN IS I
216 [ 75000 | " 78608 |4 ] ]
SR S IO L 2.2 O Y AN IS N SRR ISR AU S DRSNS DR NS
15 060000 | T 517
BRI IO 2L T AN NSNS N AU AN SN N SN NN I
(A5 L 4000] sesed ] .. S SR SO I Y (N R a

Y
i

(=1}
i,
(=]
(=1
(=1
(=]
&
(9}
=

4 = U.5. Bridge Formula Viclation



Appendix F: Analysis of Axle Load Distribution for Ready Mix

and 1 booster axle

Trucks
Overview of Analysis
FBF
Truck Truck Description GVW (lbs) Tare violations
Configuration ID P : (axle
weight
numbers)
Ready mix_1-1 3-axle ready mix truck 46,800 30,000 2-3
Ready mix_1-2 3-axle ready mix Truck 62,800 30,000 2,3,1-3,2-3
ReadyMix_1-3 3-axle ready mix truck 69,000 30,000 2,3,1-2,1-3,
2-3
Ready mix_2-1 SU-4 4-axle ready mix truck with 1 booster axle 69,000 31,000 1,1-3,1-4, 2-
3
Ready mix_2-2 SU-4 4-axle ready mix truck with 1 pusher axle 69,000 32,000 | 3,4,1-4,2-4,
3-4
Ready mix_2-3 SU-4 4-axle ready mix truck with 1 pusher axle 70,100 31,000 3,4,1-4, 2-4,
3-4.
Ready mix_2-4 | SU-4 4-axle ready mix truck with 1 booster axle 70,100 31,000 1,1-2,1-3, 1-
4,2-3
Ready mix_3-2 SU-5 5-axle ready mix truck with 1 pusher axle 69,000 34,000 none
and 1 booster axle
Ready mix_3-3 SU-5 5-axle ready mix truck with 1 pusher axle 70,500 34,000 1-4
and 1 booster axle
Ready mix_4-2 SU-6 6-axle ready mix truck with 2 pusher axles 69,000 33,000 none
and 1 booster axle
Ready mix_4-3 SU-6 6-axle ready mix truck with 2 pusher axles 75,500 36,000 1-5
and 1 booster axle
Ready mix_5-2 SU-7 7-axle ready mix truck with 3 pusher axles 69,000 35,000 none
and 1 booster axle
Ready mix_5-4 | SU-7 7-axle ready mix truck with 3 pusher axles 80,000 38,000 none




1-1. 3 axle ready mix truck configuration with GVW 46,800 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
350.00 (29" 2")

234.00

116.00

152.00
§2.00

36.00)
232.00
Inter Axle Spacing
(Total =259.5) | 204.5 | 55 |
I I 1
Ready Mix
Axle Loads: L#) L #2 ) LTotal y

Payload:
Total: 34091 46800
GAWR/(GVWR"): 46000 (70100%)

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 50000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3
Permissible Load rounded to the nearest 500 (k)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (lb) Bridge | Load (lb) | Load (Ib) Bridge | Load (Ib) | Load (lb)

4 = U.S. Bridge Formula Violation Page 1 0of 1



1-2. 3 axle ready mix truck configuration with GVW 62,800 Ibs

All'lengths in inches and weights in pounds Printout of Load Xpert software
350.00 (29" 2")

234.00

116.00

169.76 82.00
152.00
36,00 82.00
232.00
Inter Axle Spacing
(Total =259.5) | 204.5 | 55 |
f T 1
Ready Mix
Axle Loads: LE# 1 #2 ] LTotal §
(Ib) (Ib) (Ib)
Tare: 84 __ ____________ . =2:ew ] l} ____________ 30000 __
Accessorles: ..o | L
Payload: 8483 24317 32800
Total 16847 45953 62800
Desired/(GVW)": . U.S.Bridge Formula ____ A
GAWRIGVWRY): 23000 ________#e000 ___ (701007) _
U.S. BRIDGE FORMULA for
Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 0000 (Ib) 1 2 3
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle Allowable| Current Axle Allowable| Current Axle Allowable| Current Axle Allowable| Current
Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib)

""""" 1 ) A U At O NS

« = U.S. Bridge Formula Violation Page 1 of 1




1-3. 3 axle ready mix truck configuration with GVW 69,000 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
350.00 (29' 2")
234.00
116.00
E @) \Vi
173.35 82.00
152.00
82.00
6.0 232.00
Inter Axle Spacing
(Total =259.5) . 204.5 ‘ 55 |
Ready Mix ‘ I
Axle Loads: L#1 #2 LTotal §
(Ib) (Ib) (Ib)
Tare: 8364 21636 30000
Accessories: 0 0 0
Payload: 9078 29922 39000
Total: 17442 51558 69000
Desired/(GVW)*: U.S. Bridge Formula -
GAWR/(GVWR*): 23000 46000 (70100*)
U.S. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 3
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (lb) | Load (Ib) Bridge | Load (Ib) | Load (lb) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (lb)
1 20000 17442
2 20000 25779 |4
3 20000 25779 |4
1-2 40000 43221 |4
1-3 52500 69000 |4
2-3 34000 51558 |«
4 = U.S. Bridge Formula Viclation Page 1 of 1
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2-1. 4 axle ready mix truck configuration with 1 booster axle with GVW 69,000 Ibs

483.00 (40°37)

23200
134.00
- ‘ ‘(/‘T '\\ \‘ ::\Y;
f—il_ &\\ \ \ by

205.52 80.50
151.50
! JD. 255.50
Inler 4xle Spacing
(Total =433) 228
_—

Ready Mix
Axle Loads:

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:
BRIDGE FORMULA OP TION:
Maximum Gross Vehicle Weight: 80000 (15} 1 2 3 4
Maximum Load on axles with single tire: 20000 (Ib)
Permissible Load rounded to the nearest 3040 (Ib)
Bridge length munded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib} | Load [Ib} Bridge | Load (Ib} | Load (Ib} Bridge | Load [Ib} | Load (Ib} Bridge | Load [Ib} | Load [Ib}
4 = U.5. Bridge Formula Viclation Page 1 of 1



2-2. 4 axle ready mix truck configuration with 1 pusher axle with GVW 69,000 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
366.00 (30'6")

232.00

134.00

Inter Axle Spacing
(Total :2?5)L 166 54 55

o
Ready Mix
Axle Loads: (AN | i #2 1 [} Llotaly
(Ib) (Ib)
Mare: oo Moeel Q21839 32000__
2 A N 0y
21292 37000
42631 68000
- _AB0OO o ————— (701007 _

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4
Permissible Load rounded to the nearest 500 (1)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge |Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load ({lb) | Load {lb) Bridge | Load (Ib) | Load {Ib)

4 = 1.5, Bridoe Formula Violation Page 1 of 1



2-3. 4 axle ready mix truck configuration with 1 pusher axle with GVW 70,100 Ibs

366.00 (30°67)

L 232.00
134.00
o ———
N VN
LA \
~ I \ L \\ VA
i | VoV |
— \ Vo I3
lg \ W \ T
o0
20210 8050
: 55.50 s
Inter &xle Spacing
(Total =283) 170 58 55
Ready Mix

Axle Loads:

8000

50126

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:
BRIDGE FORMULA QP THIN:
Maximum Gross Vehicle Weight: 80000 [Ik} 1 3 3 4
Maximum Load on axles with single tire: 20000 [lz)
Permissible Load rounded to the nearest 500 (Ib)
Bridge length reunded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (b} | Load (Ib} Bridge | Load (Ib) | Load {Ib} Bridge | Load (Ib} | Load (It} Bridge | Load (It} | Load (b}
+ = U.5. Bridge Formula Violation Page 1 of 1



2-4. 4 axle ready mix truck configuration with 1 booster axle with GVW 70,100 Ibs

All lengths in inches and weights in pounds

483.00 (40" 3")

232.00

134.00

Inter Axle Spacing

Printout of Load Xpert software

(Total =433) 228 55 150
I a— J‘
Ready Mix
Axle Loads: #1 #2 [E:2N] Llotaly
(Ib) (Ib) (Ib) (Ib)
\Tare: __ __ . 00 __ ______________ 21800 ___________| 0 I}L _____________ 31000__
|Accessorles: o0 ____________________ [ O ¢ I
Payload: 12759 14341 12000 39100
Total: 21958 36142 12000 70100
|Desired/(GVW)*: US. Bridge Formula__ _ - -
|GAWR/(GVWR): 23000 48000 1200 (70100%)
U.S. BRIDGE FORMULA for
Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 {Ib)
Maximum Load on axles with single tire: 20000 (b} 1 2 3 4
Permissible Load rounded to the nearest 500 (lb)
Bridge length rounded to the nearest foot
Allowable| Current Axle Allowable| Current Axle Allowable| Current Axle Allowable| Current
Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load {Ib) [ Load {Ib) Bridge | Load (Ib) | Load (Ib)

« = 1.5, Bridge Formula Violation



3-2. 5 axle ready mix truck configuration with GVW 69,000 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40" 3")

232.00

134.00

204.90 87.50
144.50
0.0
248.50
Inter Axle Spacing
(Total =433)| 167 | 54 | 55 | 157 |
I T I T 1
Ready Mix
Axle Loads: L# L#3 ) #2 1 w3y LTotal §
(Ib) (Ib) (Ib) (Ib) (Ib)
Tare: 022 .0 __ 24978 ______ 0 [y------m--- 34000
Accessorles: ..o 0 o o 0
Payload: 10912 3300 8788 12000 35000
Total 19934 3300 33766 12000 69000
Desired/(GVW)™: o __ US.Bridge Formula _________________________________________T___.
GAWRIGWWRY): 20000 800 0 34000 100 (705007) .

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 {Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5
Permissible Load rounded to the nearest 500 {lb)
Bridge length rounded to the nearest foot

Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle [Allowable| Current
Bridge |Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load {Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib)

4 = U.S. Bridge Formula Violation Page 1 of 1




3-3. 5 axle ready mix truck configuration with GVW 70,500 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40' 3)

23200

134.00

Inter Axle Spacing

(Total =433) 167 54 55 1587
1 A——f—4 +
Ready Mix
Axle Loads: [ 2311 #2 1 (RN Llotaly
(Ib) (Ib) (Ib) (Ib) [} (Ib)
Tare: 9022 [ 24978 o 34000__
Accessories: .9 _____________ o _____ o0 0 0
10841 5700 7159 12800 36500
19863 5700 32137 12800 70500
U.S. Bridge Formula -
00 8

U.S. BRIDGE FORMULA for

Printout of Load Xpert software

Company: PSRV
Ref.: AT \
Date: |
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 {Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (lb) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib)

1 20000 198623

« = .S, Bridge Formula Viclation Page 1 of 1




4-2. 6 axle ready mix truck configuration with GVW 69,000 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40' 3")

232.00

134.00

202 .97 83.50
148.50
0.0p 252.50
Inter Axle Spacing
(Total =433) 122 48 55 55 153
I e— e +
Ready Mix
Axle Loads: [E:al] [EXNTRN N #2 ) [E:5N | Llotaly
(Ib) (Ib) (Ib) (Ib) (Ib) (Ib)
fare: 9844 0 0 23156 o [}, ,,,,,,,,,,, 33000
Accessories: _________________________________.. o0 0 __0_ | o___ R | B
2306 8000 8000 10194 7500 36000
12149 8000 8000 33351 7500 59000
VW __ us.Brdge Formila - S
__________________________________________ 20000_______8000 8000 ___34000 __________12000 _____________________________(¥53007)

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 80000 (Ib)
Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 &
Permissible Load rounded to the nearest 500 (Ib)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Allowable| Current Axle |Allowable| Current
Load (Ib) | Load (Ib) i Load (Ib) | Load (Ib) i Load (1) | Load {Ib) Bridge | Load (Ib) | Load {Ib)
+« = U.S. Bridge Formula Viclation Page 1 of 1




4-3. 6 axle ready mix truck configuration with GVW 75,500 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40' 3")

232.00

134.00

Inter Axle Spacing

(Total =433) 122 48 55 55 153
I oo |
Ready Mix
Axle Loads: [E:al] [EXETECN

8000 8000
17019 8000 8000
DesirediGVW)™: u.s.Bridge Formula e
GAWRI(GVWR): 20000 8000 8000

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:

BRIDGE FORMULA OPTION:

Maximum Gross Vehicle Weight: 80000 (Ib)

Maximum Load on axles with single tire: 20000 (Ib) 1 2 3 4 5 6

Permissible Load rounded to the nearest 500 (lb)

Bridoe length rounded to the nearest foot
Allowable| Current Axle Allowable| Current Axle Allowable| Current Axle Allowable| Current
Load (Ib) | Load (b} Bridge | Load (Ib) | Load (lb) Bridge | Load (b} | L oad (Ib) Bridge | Load (Ib) | Load (Ib)
__20000] _A7otg [ [7"B-6 |~ abooo [ 2e74d | ) - 1T LT
200004 _8OOO( 1 4 | _______| o] I U U A N
...20000| 30000 IR -
200004 157401 _ I U U A N
20000 15740 | ISR AR NN ISR SR
20000 11000 [ _ IR SRR NN ISR R I
40000 25019 [ _ IR SRR NN ISR R I
__ 48500 33019 ( _ IR SRR NN ISR R I
54500 48760  _ IR SRR NN ISR R I
__ 62500 64500 |4 IR SRR NN ISR R I
._.155004 75500 _ IR FENPRR NN IV N
340004 18000 _ IR SRR NN ISR R I
_423004 340 IR FENPRR NN IV N
..505004 47481 ( IR FENPRR NN IV N
._.B40004  sad81 | IR FENPRR NN IV N
..340004 23740 ( IR FENPRR NN IV N
425004 asaen | 1 | | ] AR VRN E A N
...aes00  sede) |4 ] S IR S S A S RN
__340004 3481 | 1 | ] o] I U U A N

43500 42481
« = U.S. Bridge Formula Violation Page 1 of 1




5-2. 7 axle ready mix truck configuration with GVW 69,000 Ibs

All lengths in inches and weights in pounds Printout of Load Xpert software
483.00 (40' 3")

232.00

134.00

151.50
0.0p 25550
Inter Axle Spacing
(Total =433) 103 41 41 43 b5 150
Ready Mix
Axle Loads: (RN LE3 g #4 g #D g #2 1 Lisy Llotaly
(Ib) (Ib) (Ib) {Ib) (Ib) (Ib) (Ib)
\Tare: ________ 109« 0_o0 o zam o JX} ____________ 35000_
|Accessories: 0 0 0 0 o o 0
Payload: 3552 500050005000 6448 9000 34000
Total: 14861 500050005000 30139 9000 69000
|Desiredi(GVW)™: U.s.Brdge Formula ____________________________ o ____- -
|GAWR/(GVWR"). 20000 ____ 800080008000 34000 12000 (80000%)
U.S. BRIDGE FORMULA for
Printout of Load Xpert software
Company:
Ref.:
Date:
BRIDGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 (Ib)
Maximum Load on axles with single tire: 20000 (1b)
Permissible Load rounded to the nearest 500 (k)
Bridge length rounded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge |Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load (Ib) Bridge | Load (Ib) | Load {Ib) Bridge | Load (Ib) | Load (Ib)

_40139

4 = U.5. Bridge Formula Viclation Page 1 of 1



5-4. 7 axle ready mix truck configuration with GVW 74,000 Ibs

483.00 (40 3)

232,00

A 197.82 30.50
151.50 |
0.0}

Inter Axle Spacing

(Tatal =433) 102 41 41 43 55 150
Ready Mix
Axle Loads: #3 g W4 85 # : L#6 Tata_l

(b} (16} {1b) (Ib)

U.S. BRIDGE FORMULA for

Company:
Ref.:
Date:
BRIDNGE FORMULA OPTION:
Maximum Gross Vehicle Weight: 80000 [}
Maximum Load on axles with single tire: 20000 [Ib)
Permissible Load rounded to the nearest S00 (k)
Bridge length munded to the nearest foot
Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current Axle |Allowable| Current
Bridge | Load {lb} | Load [Ib} Bridge | Load (Ib} | Load (Ib} Bridge | Load (Ib} | Load (Ib} Bridge | Load {Ib} | Load [Ib}
----------- EET 8 I R I R R N N I
----------- e Y R R Y e e
-------- 5 =L R Y D e
________ [ L O R e P e e
L T JRNE:LC O A IS AN S DS AR S
[ 28077
________ T A e e e e
Zsua
+ = ll.5. Bridge Formula Violation Page 1 of 1
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Appendix G: Workshop 11 Sign-in Sheet
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0S/0W Stakeholders Workshop |
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Date: July 18, 2016

~ Industry/Company s
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Appendix H: Workshop Il Presentation

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @ The University of Texas at San Antonio™

Oversize / Overweight Vehicle Workshop Il

TxDOT D.C. Greer Building
Ric Williamson Hearing Room

July 18, 2016

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @ The University of Texas at San Antonio™

IAC Manager — Tonia Norman
Project Management Blake Calvert

UT —CTR Contract Supervisor — Professor C. Michael Walton, P.E.

Project Team Members

UT-CTR

Dr. Jorge Prozzi Faculty - pavement modeling / consumption

Dr. Mike Murphy, P.E Research Engineer / Configurations / Interviews / Factors
Mr. Robert Harrison CTR Deputy Director - Economics / Cost analysis

Dr. Hui Wu, P.E. Research Assistant Configurations / Factors / Safety considerations
Ms. Lisa Loftus-Otway Legal / Legislative issues

Manar Hasan MS GRA

Hongbin Xu Ph.D. GRA

Swati Agarwal MS GRA

UTSA

Dr. Jose Weissmann, P.E. Faculty - Bridge analysis / modeling / consumption

Dr. Angela Weissmann Researcher - Bridge analysis / modeling / consumption




Workshop Il Agenda

=

. Introduction and purpose of Workshop Presentations Mike Murphy

N

. Safety of Life at Sea (SOLAS) rules & international containers Robert Harrison
3. Container Truck SLA Configurations — analysis and discussion Jose Weissmann
4. Ready Mix Truck SLA Configurations — analysis and discussion Mike Murphy

5. Milk Tank Truck SLA Configurations — analysis and discussion Mike Murphy

6. Oil Well Service Rigs — discuss challenges / feedback Mike & Jose

7. Open Discussion — Mike Murphy, Jose Weissmann, Jorge Prozzi, Robert Harrison

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @ The University of Texas at San Antonio™

Introduction and purpose of Workshop Presentations

1. Ensure consistency of each configuration analysis
2. Present evaluated truck configurations — discuss analysis
3. Ask questions to clarify industry objectives and expectations

4. Obtain feedback from industry regarding additional factors
and/or configurations for consideration




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @ The University of Texas at San Antonio™

Truck analysis Information that will be presented

1. Description of configurations

2. Pavement and Bridge consumption values
a) Containers — Statewide, Harris County — 2 analyses
b) Ready mix trucks — Statewide, Metro counties
c) Milk Tank trucks — Statewide
d) Oil well service vehicles

3. Bridge impacts regarding posting requirements (in progress)

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @ The University of Texas at San Antonio™

Safety of Life at Sea (SOLAS) Convention

IMPACTS FOR TEXAS LANDSIDE SUPPLY CHAINS

Robert Harrison




SOLAS

* International Maritime Organization (ILO)
e Convention has 162 Signatories
e SOLAS Container VGM laws began July 1 2016

* Requires the shipper recorded on the Bill of Lading to verify the gross mass
(VGM) of each loaded containers

* Marine Carriers will not allow a loaded container without a VGM to be
moved onboard at the terminal

e Currently daily around 300,000 loaded containers are impacted globally

* Essentially most container terminals in the world (including Houston) have
refused to weigh containers on port premises




Highway Enforcement Issues

Any loaded imported container will have a VGM

At some point in the supply chain exported containers will
need to have a GVM before entering port terminals

The VGM can be completed in two ways

Almost all loaded container commodities can be accurately
estimated at the point of loading without a truck weigh scale

The challenge of shippers, dray companies and enforcement is
to insure the VGM is adequately distributed across the chassis
and tractor while on the highway portion of the supply chain.

Container Chassis and Bridge
- Consumption

31 Configurations Evaluated

§ 20’ ocean ||
container

José Weissmann and Angela J. Weissmann

m University of Texas at San Antonio




THE UNIVERSITY OF TEXAS AT AUSTIN
CENTER FOR TRANSPORTATION RESEARCH

m® The University of Texas at San Antonio™

Data Sources

Federally mandated bridge
inventory
BRINSAP/NBI

Bridge data

Highway classification
Urban/rural

County

TxDOT’s Roadway Highway
Inventory Network
RHINO

Roadway segment mileage
Highway classification
Urban/rural

County

Road Segments and Bridges (GIS System)

HINO

ox
Jim Hog BRINSAP B * fooks];
Identify from: <Top-most lay~. me”‘.'ﬁ/ from: <Top-most lay~_
115106810! A i SHO186 g
v
Y]] &I
Location: -08.3%1928 26.379373 © Location: -98.050367 26.511097
Field Value' ~ Field Value ~
_000_Struc  211090966901001 ey o
g8 | _FileNo 0 :\;YS z:nms
_District 21
__County 109 TE AS HNUM 0186
_4_Contro 0669 HSUF
_5.Sectio 01 W\ FRM_NBR 522
_i_Milepnt 22878 v FRM_SUF v
s R = N
Identified 1 feature Identified 1 feature
Hidal Lh
ipburg® 17 l.w
- ri
On System = )
22,118 Bridge Structures 3
Asset Value: $80 billion §o~TAER|CO
0" Bravo
/ femi
MEXICO 5




@

3.

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH @The University of Texas at San Antonio™

Data Preparation

Assign a consistent urban/rural classification for
bridges BRINSAP/NBI (some inconsistencies resolved
manually)

Harmonize highway classifications (RHINO and
BRINSAP) Example: BRINSAP uses value 15 for both
FM and RM. RHINO separates FM and RM

Result: Assign the same highway classification to
bridges and RHINO segments

m University of Texas at San Antonio

@

THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

Calculations

RHINO: total alignment mileage in each county,
urban/rural area, and highway classification

BRINSAP: number of bridges in each county,
urban/rural area, and highway classification

Handle parallel bridges. Rhino provides only
alignment center line miles

m University of Texas at San Antonio




THE UNIVERSITY OF TEXAS AT AUSTIN m
CENTER FOR TRANSPORTATION RESEARCH ® The University of Texas at San Antonio™

Structural Analysis

@

* Objective: bridge consumption costs per mile,
in each highway class, by urban/rural area and
by county.

e Concepts: ratings, moments, fatigue
e Formulas

e Results

m University of Texas at San Antonio

Each Bridge has a Rated Capacity
Recorded in the Database (HS Loading)

Inventory Rating
Operating Rating

i .
:-7 14" 10 Y s | et

| |
32,000 biaxie 32,000 blaxio 8,000 biaxde

HS20 TRUCK

University of Texas at San Antonio




Bridge Fatigue Concepts

General Formulation of Fatigue

LogN=C-mlLog $
H : N nventor o
ConsumptionRatio = Mosow | _ N imenary _ osow
M Inventory N osow Inventory

U Minventoryy Mosow—Live load moments for the Inventory Rating load and OSOW configuration
respectively (surrogate for the stress range)

4 Consumption Ratio — Consumption factor for the OSOW load relative to the Inventory Rating load
for one passage of the OSOW load

O m — Constant dependent on material and bridge detail

0 N — Number of allowable cycles to failure

0 S — Stress range

m University of Texas at San Antonio

Computerized Bending Moment Envelopes

Calculation of M ventory

and M, for network of thousands of bridges
Uses BRINSAP/NBI data

Inventory

ConsumptionRatio =[MOSOWJ




Bridge Consumption — Asset Value

 Asset Value = Deck Area x 230 $/sqft
* How much of the Asset Value is Heavy Truck responsibility ?

* Federal Highway Cost Allocation Study

Percent
Vehicle Class Allocation
Passenger Vehicles 65.02%
Trucks
Single Unit 7.67%
Combinations
under 50 kips 2.68%
50 - 70 kips 5.15%
70 - 75 kigs 8.41%
I Over H520-44 Loading 11.08% I
e =OTAL 100000

Detailed Results for One Container
Configuration Hudspeth Conty

16957 16997 16310 18310 18310

97,000 Ib GVW

40’ ocean container

County UR Functional Class | #Bridges | Cost Miles | Density $/mile
HUDSPETH RURAL FM/RM/PR 8 2.69 134.4 0.060 0.020
HUDSPETH RURAL |IH 24 3.15 73.1 0.328 0.043
HUDSPETH RURAL |SH 2 1.01 16.7 0.120 0.061
HUDSPETH RURAL |SL/SS/BR/OSA 2 1.24 4.1 0.484 0.299
HUDSPETH RURAL |US 3 1.43 65.3 0.046 0.022
Totals 39 9.51 293.7 0.133 0.032

m University of Texas at San Antonio




Detailed Results for One Container
Configuration Harris County

14078 18957 16957 16310 16310 16310

97,000 Ib GVW

40’ ocean container

County UR Functional Class | #Bridges | Cost Miles | Density $/mile
HARRIS RURAL |US 18 8.10 18.3 0.986 0.443
HARRIS URBAN |FM/RM/PR 36 21.28 124.7 0.289 0.171
HARRIS URBAN |IH 432| 347.74 166.8 2.580 2.085
HARRIS URBAN |SH 185| 147.78 1229 1.505 1.202
HARRIS URBAN |SL/SS/BR/OSA 242| 253.96 130.4 1.856 1.948
HARRIS URBAN |US 249 222.98 71.0 3.509 3.142
Totals | 1162| 1001.82 634.0 1.833 1.580

m University of Texas at San Antonio

Detailed Results for One Container
Configuration Harris vs Hudspeth County

14078 16957 16997 16310 18310 18310

97,000 Ib GVW

40’ ocean container

Harris County #Bridges] Cost ] Miles [Density[ $/mile \

iTotals I ] | 1162] 1001.82] 634.0[ 1.333[ 1.530}
Hudspeth County #Bridges [ Cost [ Miles [Densitv[ $/mile |
Totals | | | 39, 9,51 293.7 0.133 0.032

m University of Texas at San Antonio




Bridges Expected to be Above Operating
Rating Harris County

14078 18957 16957 16310 16310 16310

97,000 Ib GVW *

40’ ocean container

Functional One Way Percent Above One Way

Class Bridge Operating Rating Bridges Above
Count Operating
Rating
HARRIS FM/RM/PR 36 0 0
HARRIS IH 432 35 15
HARRIS SH 185 0.5 1
HARRIS SL/SS/BR/OSA 242 1.2 3
HARRIS us 267 2.2 6

Totals 11627 2.2% 25

m University of Texas at San Antonio

Summary
And Yes the Presentation is almost
Over

* Developed computerized methodology to calculate bridge
consumption per mile using county mileage per functional
class and bridge fatigue concepts.

* Calculated tables for bridge consumption per mile,
summarizing the results for a library of vehicle
configurations: Container Chassis, Milk Trucks, Ready Mix
Trucks.

* Results are summarized by county, functional class, urban
or rural. Percentages of bridges probably exceeding
operating rating are also summarized.




Pavement Consumption Analysis Concepts

e DarWin ME is used to evaluate specific distress types
of interest to pavement engineers with regard to axle
configurations and loads applicable to this study

* Roughness (IRIl), rutting and fatigue cracking were
chosen to evaluate consumption

e Each distress type may yield a different consumption
rate S / VMT over a 20 year period

* The average consumption $ / VMT for roughness,
rutting and fatigue cracking was computed

Consumption cost $/VMT using the UT-CTR pavement analysis methods

Calculated based on the additional pavement structure needed to achieve the
pavement design life considering increased loads associated with the specific
Vehicle configuration

2” Overlay
HMA Surface

Treated Subgrade Treated Subgrade
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Ready Mix Trucks

3-axle ready mix truck — State Exemption 69,000 lbs, with permit up to 25,300 Ib steer, 50,600 |b tandem

“ 3
Bal,

Summary on Consumption Anslysis Summary on Consumption Anslysk
Trusk Weight sad Dimansion « Seatawide Tap 20 Counties of Registered Ready Mix Tueks ***
Truek ‘ u
Truek Deseriptian with Bridge
Outer [ Pavment Total Pavment Total
Configuratian ID o | raposs el [Pty I % | ek L o |, B : Cost
[ridge ridge P Ratie™® P Ratla™
. e m L} Rate/ VMT | Rste/ VMT | Raste/ VMT Rate/ VMT | Rate/ VMT | Rate/ VMT
ReadyMiz 1-1 | 3-axke ready mix truck - 58,000 Ib maximum GVW legal load limits | 45,700 | 15,700 ELd s Yo ] [LELAE] o021 § LEE 100 ] LECIES oazi | § 0221 158
S-gcle Ready Mix Truck - state sxemption of 69,000 Ib GVW 25,000 Ik ana . . )
ReadyMix 1.7 stowr, 46,000 15 ta s 63,000 | 33,000 P § No 1] 029 |5 0087 | § 0.247 186 ] ar|s 0341 (S 063 s
s J-aule Ready Mix Truck - Ready Mix Truck Permit 68,000 Is GYVW . X N
Bgpdblis 13 expmption - [but up to 25,300 lb steer, 50,600 [b tanden) £a00 | 38,000 o ; it $ 047(5  oms|S 0355 pihd ’ ol K d Bl (g




4-axle ready mix truck (SU 4) proposed weight 70,100 lbs GVW

Waigh Dimank Summary on Consumption Analysh Summary an Consumption Analysis
Frosk wd - Statewide « Top 20 Counties of Registered Ready Mix Tucks *=*
— H camply
Canfiguration 10 W | Payioaa | OUe B || e | | Mo et B | e | It R Cost
Mou]® | Pos) Ratio®* Ratia®*
" m Rate/ VMT | Rate/ VMT | Rate/ WMT Rata/ VMT | Rata/ VMT | Rate/ VMT
Resdyblia 3-1 5‘““‘“""""'“"""':K“:'"":l:’”“‘ anle - 69,0001 state | gooo0 | 3000 | a0 1 me |5 o2|s oos|s oae| 200 |5 oz|s oms osa| am
Beadybc 33 | U4 4w ready mix truck with 1 pusher axde - 63,000 Ros state | gy oo | 17000 | o ¥ N 5  o028|s ocer|s ode]| 298 |s  oas|s osm|s or0| 619
xemption
ReadyMix 2.3 SU-4 4.anke ready mix truck with 1 puther axle - 70,100 lbe 70,100 | 39,100 o ¥ No - 031|s 0087 [ § 0.397 kW, 5 03 |5 0sm |5 0811 669
Resdybix 24 S04 bt ey il truck with 1 booster aale - 70,100 I 00 | 100 | a0 18 we |5 ox3|s  ees2fs ome| 23 s em|s oesm|s  ose| ase

- — - — — — - —
Truek Weight and Dimenilon « Statewide +Top 20 Counties of Regirtered Resdy Mix Tucks ***
o comply
Truch Deseription Outer with Bridge | b,y ot Bridge Total Pavment Aridge Total
Conliguration ID Gl Lo st Sidge | Formuia 8® [¢ b Cost ; Cont
s * ) Ratio®* Ratio®®
m m Rate/ VMT | Rate/ VMT | Rate/ VAT Rate/ VMT | Ratef VMT | Rate/ VMT
= 5U-5 S-anke ready mis truck with 1 pusher asle and 1 booster asle - il 5 3
Eeadvhily 3- prpizapatnap st 9,000 | 13,000 &1 0 Yes H 017 |5 o048 |5 o028 150 5 oaris o35S 0502 414
Rbddy 3.3 | 5 S-ele rewdy min truck "J_"o";{;o"l';"" scde and 1 boasterasle - | o0 oo | 3500 | ar w veo |5 oas|s oosi|s ouoa| wes |5 oas|s  oasals  osm|  ass




6-axle ready mix truck (SU 6) proposed weigh

t 75,500 lbs GVW

Summary on Consumption Analysis Summary en Consumptisn Analysis
Truck Walght and Dt " - Statewide - Top 20 Counties of Registerad Ready Mix Tucks ***
Truck L vy
Truck Deseription with Bridge
Configuration ID oW | Payioad Duter Inner Formula B Pavmant Bridge Total Fy Pavmant Bridea Taotal o
fbs)* | fibs) e i Ratio** Ratic®*
i i Rate/ VMT | Rate/ VMT | Rate/ vMT Rate/ VMT | Rate/VMT | Rate/vmMT
) SU-6 G-axle ready mix truck with 2 pusher axles and 1 booster axle - ; . . ; c
Readyhix 4-2 £3,000 Ibs state exsmption 63,000 | 36,000 ay 2y Yes 013|5  o0s8(S 0188 155 013|5 0399(S 0529 437
HeadyMix 4-3 $U-6 6-aule ready mix truck W;;hbimﬂ\;::er axles and 1 booster axe - 75,500 | 39,500 4 - Ne 03| % 0.065 | 5 0.195 161 013 (% 0.485 | § 0.615 5.08
7-axle ready mix truck (SU 7) proposed weight 80,000 Ibs GVW
Summary on Consumption Analysis Summary on Consumgption Analysls
fLrxsh Wtyirt nrie Dlopemsat e - Statwwide - Tap 20 Counties of Registured Ready Mis Tucks ***
Truck W ¥
Truck Dascription with Bridge T

Configuration ID v | Paylosd Outer Inmer et b Pavmant | Bridge 1§ Total Cost Pavment I Bridge - otal Covt

Dos)* | (s - . Ratio®* Ratio®*
(L] 0] Rate/ VMT | Hate/ VMT | Rate/ VMT Rate/ VMT | Rate/ VMT | Rate/ vMT
y SULT T-anle resdy mix truck with 2 pusher axle2 and 1 booster aule - " n iy ,
sadyhtix §-2 9000 thi Hhbt Bt 69,000 | 34,000 ax ¥ Vs 4 011§ 0047 |§ 0157 1.9 0118 03298 043 161
Anndvhy 5o | 57 Terde ready mix truck “;;"0;3‘::‘" tudes and 1 boostar e« | oo | @200 | @ e Yes B 012|%  o00es|S  01se 153 o12|s  osa3|s  oeas 530




Ready Mix Truck Analysis

R = ‘Summary on Consumption Analysis Summary on Consumption Analysis
W Sd Dmetenia - Statewide ~Top 20 Counties of Registered Ready Mix Tucks =%
B Tk pesroe it
5 ruck Description ige . o
Confiematian D) mllseos ;:; ;::E | Pavment N Bridge . Total L Pavment L pridge : Total
(Ibs) = (bs) Ratio** Ratio®*
() (ft) Rate/ VMT | Rate/VMT | Rate/ VMT Rate/ VMT | Rate/VMT | Rate/VMT
ReadyMix 1-1 | 3-axle ready mix truck - 54,000 Ib maximum GVW legal load limits | 46,700 | 16,700 20 s Yes $ 010|$§ o0o21|$  oa21 1.00 e 010|$ oa21|$ o221 183

3-axle Ready Mix Truck - state exemption of 69,000 1b GVW 23,000 Ib
fyMix 1- 63,000 | 33,000 u 5 X 3 : X :
ReadyMix 1-2 e I e No $ 029|s 00575 0347 286 $ 029|s 0341|s 0631 521

3-axle Ready Mix Truck - Ready Mix Truck Permit 69,000 |b GVW

ix 1- 59,000 | 39,000 2 5
ReadyMix 1-3 exemption=-{bt upde 45500 b e Sbea0 b amdem) 2 . No s 047|S 00855 0555 458 s 0475  0486|S 0856 7.89
SU-4 4-axle ready mix truck with 1 booster axle - §9,000 Ibs state
ReadyMix 2-1 - 5 & 63,000 | 38,000 20 19 No s 020|$ 0046|5 0246 2.03 s 020|$ ©0323|$s 0523 432
exemption
SU-4 4-axle ready mix truck with 1 pusher axle - 69,000 Ibs state
ReadyMix 2-2 ¥ P 53,000 | 37,000 26 g No s 0285 0081|S 0361 298 s 028|$ 0470|$ 0750 619
exemption

ReadyMix 2-3 SU-4 4-axle ready mix truck with 1 pusher axle - 70,100 ibs 70,100 | 39,100 26 y No s 031|s o087 |$ o397 328 s 031|s osor|s osu 6.69

ReadyMix 2-4 5U-4 4-axle ready mix truck with 1 booster axle - 70,100 Ibs 70,100 | 39,100 20 19 No $ 023|s 00s2|S 0282 233 s 023|s ©0371|s o601 296
5U-5 S-axle ready mix truck with 1 pusher axle and 1 booster axle -

ix 3 ! 69,000 | 35,000 ar 2 Ye : i : X . iz

ReadyMix 3-2 S0 I e 5 i e $ 017|$ 0088 (s o218 150 $ 017|$ ©0332|s o502 414
5U-5 5-axle ready mix truck with 1 pusher axle and 1 booster axle -

ReadyMix 3-3 o 6 5ooum5 70,500 | 36,500 a1 22 Yes s 01s5|§ 00515 0201 166 s 015|§8 ©0354|§5 0504 216
5U-6 G-axle ready mix truck with 2 pusher axles and 1 booster axle -

ix 4 % 69,000 | 35000 a1 2 Ye X 4 . X i .

ReadyMix 4-2 R e es s 013|s 00585 0188 155 s 013|5 03%3|s 0529 437
SU-6 6-axle ready mix truck with 2 pusher axles and 1 booster axle -

ReadyMix 4-3 v 2 75,500 | 39,500 41 2 No $ 013|$  0065|$ 0185 161 $ 013|$ ©0485|$5 0615 508

75,500 Ibs.

SU-7 7-axle ready mix truck with 2 pusher axle2 and 1 booster axle -
ReadyMix 5-2 5. 69,000 | 34,000 42 33 Yo 011 0.047 0157 129 011 0329 0433 363
—_—— 59,000 Ibs state exemption = i s 3 # # 3

SU-7 7-axle ready mix truck with 3 pusher axles and 1 booster axle -
ReadyMix 5-4 % e pm; 80,000 | 42,000 ar 33! Yes $ 012§ 0066 | $ 0.186 153 § 01z |$ 0523 | § 0543 530

THE UNIVERSITY OF TEXAS AT AUSTIN
CENTER FOR TRANSPORTATION RESEARCH

@® The University of Texas at San Antonio™

Milk tank trucks
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Truck Weight and Dimension

Y
If comply
Truck
Truck Descripti ith Brid,
Configuration ID rue ription co | zam=s ;::er l;l:ir;er u:; he IJrlna ie . ot
e ge °
bs) * bs) Ratio®™
N (i ) Rate/ VMT e
MilkTank_1-1 5-axle tractor with 6,300 gallon tank trailer - 80,000 Ibs GVW 80,000 | 51,500 61' a9 Ne 0.213 1.00

Truck Weight and Dimension

e Truck Description m:'ift:o:':::ve
Configuration ID Pt oW | payload | OUtEr tnner g cont
bs) * (bs) Bridge Bridge Formula B e
) i) °
MilkTank_1-1 S-axle tractor with 6,300 gallon tank trailer - 80,000 Ibs GVW 80,000 | 51,500 61' 4 No 1.00
MilkTank 1.2 5-axle l.ractor with E’SO{.) gallon tank trailer - 84,000 lbs GVW - 24,000 | 54,600 61 ar No 128
— agricultural exemption (12% tolerance on one tandem)
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— Configuration 2-1

Truck Weight and Dimension

Summary on Consumption Analysis

tank trailer - 90,000 lbs GVW

Truck If comply
rucl
Truck Descripti ith Brid, i
Configuration ID Eec ription Svw | payload Dl-lter In-ner with Bridge Pavmen.t Brldgel Total o
(Ibs)* (Ibs) Bridge Bridge Formula B |Consumption |Co p onst Ratio™*
() (ft) Rate/ VMT | Rate/VMT | Rate/VMT
MilkTank 2-1 5-axle tractor with 7,000 gallon tandem axle truck tractor tandem axle 90,000 | 60,000 ) s No s 028§ 0065 | ¢ 0.345 162

6-axle tractor tridem trailer 90,000 Ib GVW - Configuration 2-2

R

Truck Weight and Dimension y on C: A
Truck tf comply
Configuration ID Truck Description e | q| outer Inner with Bridge | Pavment Bridge Total P
bs) * a‘:::;l Bridge Bridge Formula B |Const ‘onsumpti pti v
() (ft) Rate/ VMT | Rate/ VMT | Rate/ VMT tio
MilkTank 2-1 | 2*1e tractor with 72?3(%::?; f"g"s:’{';;l’::éw tractor tandem axle( g0 00 | 60,000 61" 2 No 3 028|$ 0065|% 0345 162
MillTank 2.2 6-axle tractor with 7,000 gallnnGt:;‘r:vEm axle tank trailer - 90,000 lbs 30,000 | 58,500 56 ™ No s 0168 0.061 ] 3 0291 103
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6-axle tridem tractor tandem trailer 90,000 Ib GVW - Configuration 2-3

Truck Weight and Dimension Summary on Consumption Analysis
[k Truck Description u::t:n:r::'.:ve id 1
Configuration ID pti Svw | payload Dl-lter In-ner 2 Pavmen.t Bri ge Total o
(Ibs)* (Ibs) Bridge Bridge Formula B |Consumption |Co p onst Ratio™*
1) (ft) Rate/ VMT | Rate/VMT | Rate/VMT
. 5-axle tractor with 7,000 gallon tandem axle truck tractor tandem axle \ .

MilkTank 2-1 tank trailer - 80,000 Ibs GVW 50,000 | 60,000 61 44! No ] 0.28|$ 0.065 | $ 0.345 1.62

MillTank 2.2 6-axle tractor with 7,000 gallomGt\rj\d;m axle tank trailer - 90,000 lbs 50,000 | 58,500 56 ™ No s 016 | § 0.061 | 8 0291 103

MilkTank 2-3 6-axle tractor with 7,000 gallon tGri;\I:[r tridem axle tractor - 90,000 lbs 90,000 | 58,500 57 e No s 0248 0068 | ¢ 0.308 145

Milk Tank Truck Analysis Spreadsheet
Truck Weight and Dimension y on C ion Analysi
Truck If comply
Truck Description with Bridge avm i
Configuration ID GVW | Payload g‘.':':t B':'::e Form'uks Fovment | pocec) " o) Cost
(lbs) = (Ibs) Ratio®**
(fr) (f) Rate/ VMT | Rate/VMT | Rate/VMT
MilkTank 1-1 S-axle tractor with 6,300 gallon tank trailer - 80,000 lbs GVW 80.000 | 51.500 61° 44 No 5 017 | $ 0043 | & 0.213 1.00
S-axle tract vith 5,500 gallon tz trail 84,000 |bs GVW
MilkTank 1-2 axie fractar it i € an fankirater ! BA.000 | 54.600 51 4 No 5 022 (5 0052 | S 0272 128
agricultural exemption (12% tolerance on one tandem)
S-anle tractor with 7,000 gallon tandem axle truck tractor tandem axle|
20,000 | BO0O0 el aa . X .34 J
tank trailer - 90,000 Ibs GVW - Ho $ 02815 0.0€5 | 5 0.343 162
G-axle tractor with 7,000 gallon tridem axle tank trailer - 90,000 |bs . ,
milkTank 2-2 ' & G\c:l.'.f s 50,000 | 58,500 35 49 No s 016|$% OO06L|§  o0z21 103
6-axle tractor with 7,000 gallon trailer tridem axle tractor - 90,000 |bs|

MilkTank 2-3 ’ e YW : 50,000 | 58.500 57 48 Ho $ 024§ 0.068 | § 0308 145




7,500 gallon Capacity - tank tare weight 14,365 lbs

THE UNIVERSITY OF TEXAS AT AUSTIN m
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Oil Well Service Vehicles




Estimated % on-system
Configuration Well Servicing unit descriptions bridges above operating
rating
1 Base case 3-axle unit (Legal Load limit) 54,000 GVW 12
2 3-axle unit at 90,000 GVW 80
3 3-axle unit at 94,500 GVW 100
4 4-axle unit 100
5 5-axle unit 93
6 6-axle unit 93
7 7-axle unit 72

. L
“ 94,500 lbs GVW
2 [ ]t 23 - 4 46|46
i 1
30" - 0"
38 - 8"
Twin Steer axle Tridem axle
60,000 Ib 69,000 lbs

20-3" | v
249"
1
Single steer axle Tandem axle
31,500 Ibs 63,000 Ibs

Discussion




Appendix I: Workshop Il Notes

1. Opening remarks

2. Presentations and Discussions

a. Dr. Mike Murphy gave the introduction and workshop agenda, including presenters’
names, and the workshop objectives overview.

b. Mr. Robert Harrison talked about Safety of Life at Sea (SOLAS) rules & international
containers. From July 1 2016, SOLAS Container VGM laws requires shippers recorded
on the Bill of Lading to verify the gross mass (VGM) of each loaded containers. Robert
Harrison also discussed the impact on weight enforcement issues.

Question 1 Area L: Are these containers sealed when they go on ships? Or can
weight be added after the ports are shown a document with a certain weight value on
it?

Mr. Robert Harrison: They are sealed, so no one can add further weight.

c. Dr. Jose Weissmann discussed Container Truck SLA Configurations and bridge
consumption analysis. 31 configurations have been evaluated. Chassis types and how the
containers are put on truck bed impact the results.

The goal of the bridge analysis is to estimate consumption $ /mile for all bridges and all
configurations. Input types needed for the analysis include structural bridge data and
bridge asset value, mileage data, and location. The team retrieved inventory load stored in
BRINSAP, calculated the moment envelope, and compared it to the load under analysis.
Bridge densities are lower in west Texas; Dr. Weissmann discussed how this affects the
consumption /mile. He mentioned that summarized results that would be available in the
library.

Dr. Jose Weissmann explained that 3 bridge consumption analyses were performed:

e Statewide average consumption

e Harris County — all state maintained functional class routes

e Harris County — all high functional class routes.
Dr. Weissmann indicated that bridge density or the number of bridges per mile affects
that bridge consumption rate depending on whether the analysis is conducted in a rural
county such as Hudspeth or a metro county such as Harris.

Dr. Weissmann discussed the bridge analysis concepts used to compute consumption on
the basis of fatigue stress or bending moment analysis. The statewide analysis is based
on travel over all on-system state maintained bridges and the associated route mileage.
The consumption information is determined based on the total consumption divided by



the route mileage to provide $ / VMT for bridges in each county for each roadway
functional class.

A case study was presented for a 6-axle 97,000 Ib 40’ container and the consumption
rates discussed with regard to the differences in bridge densities.

We will be analyzing containers that operate on the West Coast in California and
Washington State at heavier weight limits.

Mike Murphy: Regarding the West Coast configurations, we would like to show industry
some of the configurations that are being operated to obtain your feedback: A range of
photos showing various heavy weight container configurations were shown.

Question 2 Area C (Older Gentleman with cane): You want us to tell you what
configuration to use? We thought you were going to tell us.

Response: We need to understand if these configurations might present some
constraint to your operations since you currently operate different chassis and tractor
types. For example, note that many of tractors running on the West Coast are much
longer wheel base than we've seen in Houston and often have a lift axle.

The overall tractor - chassis length is greater - could this result in geometric problems
inside Barbours Cut as you move from one station to the other in the process of
getting your container approved and off loaded for shipment? Thus the question of
configurations that work not only applies to load, but also geometrics turning radius
and potentially other factors.

We can analyze these configurations for axle and gross vehicle weights considering
97k, but will that configuration work for you?

Question 3 What factors are you considering when looking at these configurations;

Mike Murphy Response: As Dr. Weissmann, Dr. Prozzi and | have discussed, we are
looking at every configuration in terms of pavement consumption, bridge
consumption and number of bridges that would require posting depending on the
functional class system.

Question 4 Trucking Industry-- It is really chicken or the egg. We need to know
what you are recommending so we can determine if that will work for us or
not. What direction have you been given from the legislature?



Dr. Mike Murphy: Determine configurations that will minimize impacts to
infrastructure ($/VMT) and minimize impacts for potential bridge postings.

Trucking Industry: You should go ahead and look at what they are running on the
West Coast and include your recommended configurations in the analysis.

Response: We will continue to examine the different configurations and chassis
designs to arrive at some general recommendations for lower $/VMT configurations
with lower bridge posting issues.

d. Dr. Mike Murphy briefly discussed that previously, pavement designers had relied on the
Equivalent Single Axle Load concept developed at the AASHO roadtest to determine
required pavement thickness. The ESAL and the concept of serviceability were
developed at the Road Test; serviceability essentially is pavement roughness which is the
primary factor used by the public to evaluate how good a job the DOT is doing.
However, the ESAL concept is complex and not easy to explain to the public. In
addition, pavement engineers are interested to know about other distresses such as rutting
which is an indicator of structural problems and a safety concern due to hydroplaning the
pavement consumption models which are based on 3 failure criteria: International
Roughness Index (IRI), rutting, and fatigue cracking.

e. Dr. Mike Murphy presented Ready Mix Truck SLA Configurations and consumption
analysis results for both bridges and pavement. He mentioned that the total number of
ready mix trucks is decreasing (11,000 at the time of the Rider 36 Study and ~ 9,200 now
in Texas) and this was due to Ready Mix companies updating their fleet to newer, more
fuel efficient trucks. Though the trend is still decreasing, based on a discussion with a
major Ready Mix supplier, the trend will bottom out and the number of ready mix trucks
in Texas will increase in the future. The construction industry is very strong in Texas
compared to other states.

f. CTR team used Load Xpert software to make sure the trucks are properly configured, and
the loads are properly distributed among axles/ axle groups for the configurations
included in the library.

Ready mix trucks can carry up to 69,000 Ib GVW under the state exemption. UT-CTR
examined the TXDMV 2060 overaxle weight tolerance permit database and found that
only about 3% of permits are sold to ready mix companies. A new permit for 3-axle
ready mix trucks was authorized during the last legislative session with allows 3-axle
ready mix trucks to operate with up to a 50,600 Ib tandem or 25,300 Ib steer. Axle.

Based on the UT-CTR analysis we were unable to achieve the legal 54,000 Ib limit for a
ready mix truck considering how the load is transmitted from the drum to the chassis
through pedestals at the impeller (front) and roller bearing (rear) sections of the truck; the
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3-axle truck maxed out at 34,000 Ibs on the tandem before reaching 20,000 Ibs on the
steer axle. The same was true when evaluating the ready mix truck at 69,000 lbs GVW,
the tandems maxed out at 46,000 Ibs and was only able to achieve 63,000 Ibs GVW. It
was only when the new 3-axle ready mix truck permit was applied that a 3-axle ready
mix truck could achieve 69,000 Ibs GVW.

Additional analyses were performed for the SU4 (4-axle) 70,100 Ib, SU5 (5-axle) 70,500
Ib, SU6 (6-axle) 75,500 Ib and SU7 (7-axle) 80,000 Ib GVW ready mix trucks proposed
under a previous bill. Each ready mix truck configuration, including the 3-axle trucks
were evaluated for statewide, and the top 20 counties in terms of registered ready mix
trucks (which comprise over 80% of all registrations) for pavement and bridge
consumption. The consumption rates are much higher in the 20 counties which are
predominately metro and thus have high bridge densities.

The team has visually observed over 34,000 trucks statewide to determine fleet
compositions within metro and urban areas and along routes connecting these cities. We
also have obtained 2-hr samples of truck data in multiple locations including ready mix
plants, material plants, landfills and so forth.

From the observation, there are a greater number of 3-axle ready trucks than SHVs and it
has been noted that some companies only operate 3-axle ready mix trucks. Based on a
discussion with a major ready mix supplier, their fleet is composed of 60% 3-axle trucks
and 40% SU5s; they have no current plans to purchase SU6s or SU7s. Based on
statewide data collection we have observed a few SU6s operating in the Houston area but
have not seen SU7s.

Question 5 Area D: what is the relevance of the results to industry? What is an
acceptable level of the consumption rate?

Dr. Mike Murphy: We investigate the relationships between trucks operating at the
current legal load limits and proposed heavier trucks. We provide information about
the consumption rates of legal trucks as the “base line” and the consumption rates of
the heavier trucks to compare consumption ratio to standard trucks. The baseline
truck has a cost ratio of 1.00; a configuration with a cost ratio of 2.00 has twice the
consumption rate.

This analysis is contracted by TXDOT State Legislative Affairs and will be used by
TxDOT and used to inform legislative policy makers on request. We are meeting
with representatives of the trucking industry now to obtain your feedback on the
analysis to ensure that we are not missing any important factors. You will be
provided with this same information for your use in discussing proposed legislation.

The University does not make policy decisions or recommendations. Our
responsibility is to ensure we are evaluating configurations accurately, consistently
and are taking into account all of the flexibility that the trucker has in adjusting loads
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to be legal. When we are analyzing a configuration, our goal is to achieve
distribution of the load among the axle groups to meet the FBF requirements and then
to achieve the minimum consumption rates.

We are asking the industry to ensure we are on target and getting input in case we are
missing something.

Blake Calvert: TXDOT SLA must provide what it will cost the state to run these
trucks and still keep roads safe for the truckers and other road users. Fees are up to
the legislature. The goal is to estimate the true cost and what are the impacts. What
they decide to do at the Capitol with these studies is not our task. We are arming them
with the best information possible as a state agency.

Question 6 Rich Szecy — Texas Aggregates and Concrete Association (asked for
clarification) when SU4 goes up to SU5, there’s only a 400Ib increase in the max
weight?

Dr. Mike Murphy: Correct. However, keep in mind that we were unable to
determine how to configure an SU4 either with a single pusher or booster axle and
meet FBF requirements. The SU5 adds an additional axle and is FBF compliant.

Rich Szecy: What is the difference in consumption?
Dr. Mike Murphy: adding an axle reduces the consumption rate by about 10¢/VMT.

Question 7 Mark McDaniel asked: how are you determining whether a triple axle
will be 17-17-8 or 14-14-14 (weight distributions)?

Dr. Mike Murphy: We’re analyzing the configurations according to what we see in
practice. The state legal tridem axle load is 42,000 Ibs and the assumption is that the
load is equally distributed among the 3-axles (14, 14, 14); however on a ready mix
truck, the additional lift axle is not set by load, the operator reads a chart on the truck
and sets the lift axle airbag pressure depending on the number of CY the truck is
carrying. Thus, a tridem on a ready mix truck typically has a lower load on the
pusher than the fixed tandems; but this varies: when a booster axle is lowered the axle
load distributions can change. However, as mentioned before during the discussion
about the 3-axle trucks we may be missing something, so if any of the trucking
industry representatives knows differently, please don’t hesitate to help us out.

Comments

Dr. Mike Murphy: The study determines bridge-formula-compliant configurations that
are realistic, and then the configurations were sent to pavement and bridge analysis. The
objective here is to get your input and see if we are missing something when coming up
with configurations for analysis.



Blake Calvert: We are trying to create an open line of conversation between TxDOT,
researchers and industry. If you have a configuration you want to run, we can analyze it.

Dr. Mike Murphy showed Milk Tank Truck SLA Configurations and consumption
analysis results for both bridge and pavement. The milk tank truck analysis only
considered statewide values — we know where the dairies and processing plants are
located but the operations are over longer distances thus we cannot; at present, determine
the routes along which milk tankers operate. I’ve seen them on US 281, US 183 and on
IH 35.

Question 8 Dr. Mike Murphy: Is the industry interested in raw milk pickup tankers or

sanitary food grade tankers?

Areas B and C: milk industry is interested more in the sanitary food grade milk
tankers, as they had not seen the other type very often outside farms.

Question 9 Area C: We’ve recently read that federal law now allows milk to be
considered a non-divisible load so that trucks can run at full tank capacity on the
Interstate; 17 states were previously allowed this exemption), but now Texas has been
included so we can operate heavier milk tankers on interstate highways. Are the
standards for IH the same, and did you take this into account in your analysis?

Dr. Mike Murphy: IH’s can vary from region to region due to soil, climate, traffic
loading and other factors. For example in Houston about 60% of their network is
Continuously Reinforced Concrete Pavement, while IH 35 in Austin is primarily
flexible pavement. There are sections of IH 10 headed toward EI Paso that are
actually surface treated pavements due to lower truck volumes. Thus if industry
wants to operate along specific Interstate Routes it would be best to provide Blake
with the routes that are of interest.

Question 10 Area C: Are you also considering county roads in your analysis?

Dr. Mike Murphy: This analysis is for on-system roadways and bridges, and does not
include county roads. But we can provide results for a certain highway classes.

Question 11 Area C: (older gentleman with a cane) So you are letting the counties
figure out how to handle heavier trucks themselves?

Dr. Murphy: Our contract with SLA is to evaluate the Texas on-system network. In
any case, counties typically do not have the type of details for pavements that would
be necessary for the analyses we perform; TxDOT has pavement information stored
in their Pavement Management Information System and we can access plan sets to
obtain information about pavements along specific routes. TxDOT is responsible for
maintaining the bridge inventory database statewide, local county government
typically does not have the staff to perform bridge inspections or to collect and
manage the data that is needed.



Dr. Jose Weissmann: Bridge results by highway class are already in the library.

Dr. Prozzi and Dr. Murphy: Give us routes, guidance, weight limits, etc. (through
Blake), and we’ll try our best.

h. Dr. Mike Murphy and Dr. Jose Weissmann talked about challenges for Oil Well Service
Rigs analysis. Special trip-based permits are sold for Oil Well Service Rigs with high
GVW. Heavy loads and a high percentage of the bridges would have to be posted if the
operations were to be continuous. We did not calculate consumption for these cases.

These trucks are very expensive. Some very old oil well service rigs are still operating
though the original company that built them is no longer in service. This means that the
information about weights, wheel bases and other factors may be hard to find. New units
have completely different configurations and we are able to obtain factory brochures and
information to properly analyze these rigs. We would like to know what configurations
the industry is most interested in.

Question 12 Area K: Some configurations are above operating rating for all bridges.
How do they get special permits?

Dr. Weissmann: Operating rating is when you allow unlimited operations. When it is
a one-time pass, the bridge division does a detailed analysis of the route and decides
if the once in a while pass can be permitted or not.

Question 13 Area J: Trent Thomas The slide shows there isn’t a single on-system
bridge that this could go across? How does that work?

Dr. Weissmann: There’s a significant difference between continuous usage and one-
time. Continuously, these loads over these bridges would be a problem, but it’s a
different story if it’s routed.

Note: After the Workshop, Rich Szecy spoke to Dr. Murphy and advise him that he
was the industry representative that submitted the bill based on the needs of a single
company — however, that company is now bankrupt — and other oil field industry
leaders didn’t understand what this company was trying to achieve. You can forget
about this issue.

3. Open Discussions
Question 14 Dr. Mike Murphy: Is there any other potential type of trucks that industry
are interested in? What | mean is, to prepare for the next legislative session, are their
other industries (different commaodities) that may submit bills requesting higher weight
limits?



Area V: We think Mobile Cranes are something that are of interest, as well as the TX
Crane Owners Association, and we would like to add to the discussion. There’s been lots
of changes in this field, with new technology and other things, and we’d like to be a part
of this.

Dr. Murphy: Great! Please send information to Blake. Also, just to clarify, were you
interested in the large mobile cranes — | saw a 6-axle Liebherr on IH 35 this morning
along with about 5 5-axle step deck support trucks; or are you also interested in truck
cranes? By truck cranes, | have seen standard 3-axle SHV and twin steer trucks with a
crane mounted — these are quite different from a mobile crane.

Area V: Both.

Dr. Prozzi: We need to work closely with industry contacts, especially for the mobile
cranes because of the uniqueness of the tires.

Josh Winegarner — Texas Cattle Feeders Association: We are interested in heaver trucks
for livestock and grain. We will be more competitive with other states if we can haul
heavier loads within Texas and across state lines. Other states have higher weight limits
for livestock trailer for example.

Mike Murphy: Can you provide specifics? | have collected site data at the Junction of
US 287 and IH 44 in Wichita Falls and have seen livestock trailers running between
Amarillo and Ft. Worth. Where do these trucks primarily run?

Josh Winegarner: | can take you outside town here in Austin and show you where
livestock trucks are running.

Mike Murphy: In order to do the analysis we need specifics. I’ve seen 2 level livestock
trucks and single level livestock trucks — are you interested in the same weight limits for
both?

Jose Winegarner: The single level trailers are for heavier cows and bulls. The two level
trailers are for smaller, feeder cattle; we likely would want different weight limits for the
different trailers. Probably somewhere between 90 — 95,000 Ibs.

Mike Murphy: In order to perform the analysis we will need specific weight limits for
each configuration — it is too complicated and too many variables for us to consider a
weight range for a specific configuration.

Josh Winegarner: I’ll talk to our people and we will provide you with specifics.

Mike Murphy: Are the trailers you are currently using able to carry more cows — you are
just maxing out on legal load?



Josh Weingarner: That’s correct, we could carry more cows in the trailers we already
have.

Mike Murphy: Please send them to Blake, he will review them and send the proposed
analysisto us...... but keep in mind, this contract ends in October.

Dr. Mike Murphy: Another factor is that 1’ve seen tandem axles on livestock trucks
spaced at 54” and split tandems at 109” I’ve never seen a tridem axle livestock truck in
Texas — would industry support a tridem livestock trailer/

Josh Winegarner — As was already said — the trailer manufacturers will build whatever we
ask them to build — but the law has to be in place before we make the investment — you
haven’t seen any tridem livestock trailers in Texas because there’s no incentive.

Mike Murphy: What about the grain trailers — what configuration and weight limit?

Jose Winegarner: Likely a similar weight limit to the Livestock trailers — we are talking
about the hopper type trailers.

Rob Harrison — the hopper trailers are very efficient and are already in operation.
Essentially, the truck drives over a grated system, opens the hopper and the grain drops
into a collection system which transports it to the silo.

Dr. Mike Murphy: I’ve seen these types of grain trucks, but I’ve also seen live-bottom
units that dump out of the back. The only reason the operations of the trailer is important
relates to the tare weight of the trailer. If you are using both belly dumps and belt trailers,
we need to know.

Josh Winegarner: I’ll ask this question.

Question 15 Colin Parrish: I will not talk about the policy aspects of it, since that isn’t
your call. In this presentation, the results of this analysis give a $ value, that says is
assigning VMT fee in comparison to standard truck. However, it doesn’t take the
commodity (or its value) into account. Also, wouldn’t the increase in the max weight
allowed result in a reduction of the number of trucks out there? | suggest to assign a
reduction rate because there will be less trucks.

Dr. Murphy: We weren’t tasked with answering that question. Response: We discussed
the fact that projecting the potential impacts to changes in truck size and weight are
difficult at best.....in most cost allocation studies there is not an adjustment made for
potential reductions in number of truck loads. A law that allows increased truck weights
might attract new business and increase the number of containers moving at Houston or
along IH 45/ IH 10.

In fact, right now at 80,000 Ib GVW, I’ve seen many flat beds and car transporters
running empty or with partial loads — would an increase in weight limits change their
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operations? We can’t see if ready mix truck is running fully loaded — though based on
the National Concrete Ready Mix Association annual survey the average load is 9.3 CY.
Based on our evaluation of ready mix trucks for sale in Texas 3-axle trucks typically have
10, 10.5 0r 11 CY drums. SHVs invariably have 11 CY drums.

Dr. Prozzi: We were tasked with evaluating the costs, not the benefits. This analysis still
needs to be done. The cost is a unit cost. When you calculate the total number of trips you
can factor this benefit. Dr. Prozzi gave a simple example of how the industry can account
for the truck reduction using the unit costs provided.

Dr. Prozzi — we are investigating a different statistic in project 0-6817, consumption per
unit Ib. We will be holding workshop for 0-6817 this afternoon at CTR from 2:00 pm to
around 4:30 PM and would like to invite all of you to attend if your schedule permits.

Mr. Robert Harrison: Larger trucks impact all the transportation modes. For example,
history shows that heavier trucks, because they are more competitive on a ton-mile basis,
impact rail shares on key routes. There is a bigger question about whether or not the state
should allow higher productivity for one mode at the expense of a competitor.

Area | (Rail Industry): You’re talking about a drawn out analysis over time, but this is a
static snapshot analysis. How do you propose they do what you’re asking?

Mr. Robert Harrison: We’re only looking at one mode in the entire transportation system
in this project. TXDOT is concerned about its assets and the marginal impact of allowing
more productive trucks to use its system. However, in response to the reduction in truck
issue, looking historically, whenever the truck weight limits were increased the number
of trucks actually grew in the long term. There have only been two Class 8 GVW
increases in over 50 years, one to 72,000 Ib. in the early 1970s and a second to 80,000 Ib.
in the early 1980s Rail lost market share in key areas where distance was less than 800
miles. The one important sector is domestic intermodal where rail and trucking
companies have developed a successful joint business strategy.

Blake Calvert: When the legislature asks SLA to comment on a fiscal note we provide the
unit cost. The trip reduction requires a lot of assumption we have not data to make.

Mark McDaniel: You’re all referring to two different types of analyses. We do keep the
reductions in mind in that second type of longer time-span analysis. We studied this issue
(truck reduction) and found that it depends on the industry.

Question 16 Colin Parrish: This analysis assigns a dollar value per mile. The analysis
itself has lots of underlying assumptions. Would it be better if a ratio was presentation to
policymakers instead of a $/mile value? A ratio that takes both costs and benefits into
account?

Dr. Murphy: TxDOT is not even receiving gas tax and registration revenue equivalent to
the consumption of an 80,000 Ib GVW truck; so a question we have is should the ratio be
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determined based on the consumption of an 80,000 Ib GVW truck even though TxDOT
does not receive this much in revenue, or should it be based on the actual revenue
TxDOT is receiving?

Question 17 Area L: So what this meeting is all about is the permit fee for these trucks?

Dr. Mike Murphy: No, the University does not get involved with making policy - we
advise or answer questions posed by TxDOT Administration and the State Legislature,
we answer guestions they ask. On the basis of this information, the Legislature makes
policy decisions considering other factors beside the consumption analysis.

Question 18 Area L: Did it ever occur to you that the benefit to the state that the
legislature places on the heavier truck weights is the difference between the revenue
TxDOT receives and what you are calculating as the consumption rate?

Mike Murphy: That is a very interesting idea and not one we’ve considered before. We
will study this idea in more detail — this a very intuitive idea.

Blake Calvert: We want to work proactively with the trucking industry, Texas
Department of Motor Vehicles and the University to provide you with the same
information TXDOT will have in hand when the legislators begin submitting bills in
November. It is our intent that we work together proactively to identify the most efficient
configurations prior to the beginning of the Session in January to streamline the process.

Question 19 Trucking Industry: When will the final analysis be provided to us?

Response: We will be working on the additional container configurations between now
and the end of the contract (October, 2016) and will work to include other types of trucks
that have been proposed during this workshop (high weight milk tankers, livestock
trailers, grain haulers, mobile cranes).

Blake Calvert: Again our goal is to be ready when bills are filed in November, we will
send the final draft of the library just prior to filing. It is yet to be seen if the contract will
be extended beyond October.

Question 20 James Terrell: The results of your analyses so far seems like adding an axle
doesn’t significantly affect the consumption rate. So, what if we went higher? Just giving
you a heads-up, but the milk industry might be looking to go higher and seeing what that
does. We’d be interested in analyzing 100k. Michigan does it, and we want to look at
them.



Dr. Murphy: Some states have grandfather laws allowing them to carry more. If you
have specific interest in any truck configuration, please submit it to Blake.

James Terrell: In your analyses, did you see an upper limit of weight on these milk
tankers?

Dr. Murphy: That’s very complex, since it would depend not just on the higher weight,
but also the way it was configured and distributed. But if there’s a certain configuration
industry has in mind, please forward it to Blake.

Question 21 Dr. Murphy asked question about west coast containers and container
corridors. There was one representative (Area AC) interested in container trucks.

Trucking industry: What are the simple differences between the straight truck and the
container?

Dr. Murphy: Laws, since there are laws that categorize ocean containers as non-divisible
loads, thereby giving it different limits. Federal allows each state to enact legislation
about whether or not a container is an indivisible load.

Question 22 Tonia Norman: do we have any data about impacts of these west coast
trucks on their infrastructure?

Dr. Murphy: No, we’d need to look into that.

Tonia Norman: These states chose to do this, so maybe they did it for a reason, we could
see and learn. Industry may want to know which configurations work best for Texas.

Dr. Murphy: the industry has to work with researchers in this. For example, we can spend
time on a container configuration that does not damage the roads and bridge but may be
impossible to maneuver inside the port facilities.

Colin Parrish: I think the market will eventually decide on its own what it wants to do
long term, but is a part of this project you finding some guidance on ideal configurations?
That might help.

Question 23 Area C: Would adding lift axles always reduce consumption rates?

Dr. Murphy: There are many factors, such as if the lift axle is positioned correctly, but
yes, it does have the potential, because of weight spreading.

Area D: Sometimes adding lift axles can make the situation worse.
Dr. Murphy: Correct, depends on the center of gravity and other factors.

Question 24 Area AC: Were there VMT assumptions made during this analysis? Are you
assuming any numbers for the total VMT overall?

Dr. Murphy: We have not been tasked with estimating total VMT.



Question 25 Area AC: Has the container consumption analysis done for state-wide?
What’s a realistic timeline for the completion of the analysis?

Blake Calvert: The researchers have a lot on their plate, but we imagine sometime in the
next couple of months.

Question 26: James Terrell: Is there a time limitation of the contract that industry should
be aware of?

Blake Calvert: End of October for this contract. Right before the election. It is undecided
whether or not to extend.

The Research Team asked the following questions but got no responses from the
audience:

1) How many overweight containers do you expect to move annually (total and/or by a
annual permit).

2) How many VMT (Vehicle Miles Travelled) do you currently operate in Houston
(short haul) or IH 45/IH 10 (long haul)

3) The National Concrete Ready Mix Association conducts an annual Industry survey
regarding ready mix truck operations which provides a wealth of information to their
members and those involved in truck size & weight analyses. For example they provide
the average mpg for a loaded ready mix truck, the high estimate and the low estimate
mpg. Similar information would be helpful for containers and other truck types under
consideration.

4. Blake Calvert concluding remarks.

Notes may refer to people without names, identified by general seating area, corresponding to the
following diagram.
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