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ABSTRACT

Improvements on the GIS Software to perform automated routing of overweight/oversize
vehicles for the Texas Department of Transportation are reported. Originally developed for
Texas Department of Transportation (TxDOT) in Research Study 0-1482, the software was
incorporated with functional improvements to consider vehicle turn penalties, to obtain maximal-
capacity routes and to speed up the computation process in determining routes by network
partitioning. Also included in this report are (a) the description of the procedure to update the
GIS information due to periodic changes in the BRINSAP database and the geographic features
of the On-system Highways of Texas as documented in digitized county maps; (b) a summary of
observations made during the correction and verification of the bridge locations for all On-
system bridges in Texas; and (c) installation and user's guides manual of the routing software.
The software is intended to be used by the Motor Carrier Division (MCD) and the Design
Division of TxDOT for the evaluation of bridges and clearances along routes of superheavy-
vehicles.
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EXECUTIVE SUMMARY

The objective of this project was to develop an automatic procedure for evaluating the adequacy
of bridges along routes for overweight/oversize vehicles. The procedure developed uses a
network representation of the On-system roads to identify inadequate bridges in the vehicle's
route. The network model is included within a Geographic Information System operating in the
PC environment. The model was based on the On-system roadways and simulates the travel of
vehicles within the On-system highways only. The system automatically finds a shortest path
between an origin and a destination disabling segments with inadequate bridges due to capacity
or clearances for a given overload/oversize vehicle.

The overweight vehicle is first analyzed according to the Texas Administrative Code
requirements. If the vehicle fails to meet these requirements, then the determination of a route is
performed evaluating the bridges using the Bridge Load Formulae and the rating and description
parameters included in BRINSAP.

This report includes:

(a) A summary of the work accomplished by correcting for the bridge locations of all the bridges
located on the On-system highways for the entire State of Texas.

(b) A description of improvements incorporated into the GIS routing program to consider turn-
penalty information (the inability of large trucks to make sharp turns), to determine maximal-
capacity routes, and to accelerate the computation time of determining routes.

(c) A discussion of update issues of BRINSAP and TxDOT County Urban Maps.

(d) A description of procedures to update the GIS information in the routing software due to the
periodic releases on new versions of BRINSAP and County Urban files by TxDOT.

(e) An installation manual and a User's Guide for the Routing Software.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The Motor Carrier Division (MCD) of the Texas Department of Transportation (TxDOT) is in
charge of issuing permits for overload and overweight vehicles for the state highways under its
jurisdiction. These are referred to as the On-system highways. With the continuing increase in
commerce and trade in Texas, the MCD continues to experience increases in the number of
permits issued for oversize and overweight vehicles.

Some of the permit requests are for superheavy loads that is vehicles in excess of 300,000
pounds. The customary procedure for processing these requests is time consuming and costly.
The process consists of (a) manually establishing a tentative route, (b) identifying all the bridges
on the route, (c) obtain the information of the bridges to be crossed, and (d) analyzing for the
structural adequacy of the bridge for the superheavy vehicle. Alternate routes are investigated,
as some bridge structures are found inadequate. As an effort of reducing the time to process the
permits, it is becoming customary to re-use portions of routes already analyzed for greater loads;
an approach, which may create future problems due to repeated overloads.

1.2 Current Permitting Procedure

The current method MCD utilized for the routing of overweight/oversize vehicles is governed by
the Texas Administrative Code [1] (TAC). These regulations limit the loads based on a gross
axle weight criterion (which depends on the number of axles per axle group) and a tire load
criterion of 650 1b per inch in of tire width. If either criterion is exceeded, MCD uses another
method based on equivalent distributed loads to explore the adequacy of the vehicle. This
method allows consideration of factors that provide greater distribution of the axle group's
weight. The axle group weights are converted to an equivalent distributed load that is compared
to a maximum value allowed. If the vehicle still fails to meet the criteria above, TxDOT's
Design Division performs an analysis of the bridges along the vehicle's route to determine if a
permit may still be issued. The significant drawback of analyzing each bridge is that the
engineering efforts are time consuming and costly.

1.3 Summary of Projects 1266 and 1443

TxDOT sponsored Projects 1266 and 1443 to develop general formulae and procedures for
issuing overload permits and to demonstrate the feasibility of an automated routing procedure.
In project 1266 [2], formulae for limiting group weights passing over H15, H20 and HS20
simple span bridges were developed, and the feasibility of an automatic routing procedure
through the use of network models [3,4] was demonstrated.

As a continuation, Project 1443 defined permit bridge load formulae applicable to bridges
designed for the AASHTO H-type and HS-type axle configurations [5]. These efforts included
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formulae for bridges that may have been designed by or reduced to designations other than H15,
H20, HS-15 and HS-20 (i.e. HX or HSX). Two types of formulac were derived, a general
formula, function of the vehicle configuration, and a bridge-specific formula that is additionally
function of the span length [5]. These formulae were suitable for implementation in an
automated route evaluation system.

1.4 Summary of Project 1482

In project 1482 [6,7], the work focused on research and procedures towards building an
operational system to route overweight and oversize vehicles on the system roads of Texas (On-
system highways). The system was developed using Geographic Information Systems (GIS)
technology, implementing the current TAC procedures and overweight load formulae developed
in project 1443.

To develop such system, a survey was required to determine and gather the available information
needed for the GIS. The survey focused on available digitized maps, road databases, bridge
databases and GIS software. The following decisions were made in project 1482:

1) Use the TxDOT official digitized maps available from the Graphic Office of the Planning
Division. The main reason for this selection was because these drawings are the most
complete drawings available, containing the geometric characteristics of overpasses,
underpasses, interchanges and exit ramps, needed to perform a comprehensive routing
through the On-system roads.

2) Use the TransCAD GIS software. This decision was primarily made because this particular
software is specifically designed for Transportation applications. In addition, the software is
easy to use and flexible for its customization to particular applications.

3) Use TxDOT's roads database attached to the official digitized maps.

4) Use TxDOT's Bride Inventory Inspection and Appraisal Program (BRINSAP) database.
BRINSAP is the only bridge database available.

Two critical elements for the success of project 1482 were (a) to accurately account for the
correct bridge at its correct location and (b) to have an accurate network of the roads along with
the directional flow information.

The procedure utilized for the identification of the correct bridge location was as follows. A GIS
map showing points at the BRINSAP longitude and latitude coordinates of the bridges was
created. This map was superimposed on another map containing the On-system roads and bridge
symbols as defined in the TxDOT's urban files. The superposition allowed for the manual
identification of the correct bridge location, each bridge at a time. The BRINSAP bridge
locations were verified and corrected based on the location information in the BRINSAP
database, the bridge symbol locations of the urban files and the bridge locations indicated in
printed maps for the corresponding county.
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For the creation of an accurate GIS roads network, a process was developed to convert TxDOT
drawings (i.e., urban files) to GIS maps and is described in details in Reference [6]. In summary,
this was accomplished by exporting the Intergraph urban files with their corresponding roads
database to a TransCAD format and writing and implementing several macro program within
TransCAD to facilitate and speed-up the process of converting the "drawings" of the roads into a
network of highways suitable for routing. The macros performed tasks such as deleting
duplicate lines, correcting connection problems (overshoots and undershoots), transferring
database information from the centerlines to the actual road links, definition of overpass and
underpasses and the assignment of traffic flow directions for one-way and divided roads.

Once these two critical elements were addressed, a relational database was created between the
roads and the BRINSAP databases to automatically identify bridges as functions of routes of
vehicles.

Reference [6] also documents the development of a macro that utilizes the vehicle, bridge
information and clearance information to route overweight loads using the shortest path and
bypassing inadequate bridges and locations of restricted clearances. The procedure uses a
network representation of a system of roads and bridges to identify feasible routes. In addition,
the routing methodology was consistent with the Texas Administrative Code [1] provisions for
legal loads. The approach uses bridge load formulae (BLF) developed by Keating, Litchfield
and Zhou [5]. The system automatically finds a shortest path between an origin and a destination
disabling segments with inadequate bridges due to capacity or clearances for a given
overload/oversize vehicle.

The activities of project 1482 also consisted of (a) enhancing the operations of the routing macro,
(b) improving the computational efficiency of the macro in determining feasible routes, (c)
expanding the coverage of bridge location corrections, and (d) illustrating bridge management
applications of the GIS system [6,7]. The modifications to enhance the routing software
included the avoidance of U-turns, the computational procedure to evaluate bridges and sorting
of bridges based on rating and the longest span length. Project 1482 culminated with a routing
package for overweight/oversize vehicles operational for TXDOT's Houston District.

1.5 Objective

The objective of this document is to report on the progress of the activities undertaken in Study
0-1823 during its first year, towards the development of an automated routing system. The main
goals of Project 0-1823 are to correct bridge locations for the entire state of Texas, to enhance
the procedure performed by automatic routing macro developed in Project 1482, and to develop
procedures for updating the GIS information related to the routing software.
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1.6 Scope of Report
The following tasks define the scope of Project 0-1823:

(1) Modify the overweight routing program to make it more “operational” for routing
purposes in the MCD.

(2) Correct for bridge locations for all districts of the State.

(3) Modify the routing macro to allow for the consideration of penalty turns, network
partitioning, and routes with maximum capacity (defined as safety margins).

(4) Incorporate procedures to upgrade TxDOT databases such as BRINSAP.

(5) Investigate exporting the routing software program in an ARC/Info ARC/view
platform.

(6) Convert routing software program to an ARC/Info ARC/view platform for Houston
District.

Task (1) has been accomplished by making modifications of the software according to user's
input. Personnel of the MCD of TxDOT are currently using the routing software.

Chapter 2 of this report includes a summary of the work accomplished under Task (2), completed
for all 25 Districts of the State. Chapter 3 presents a summary of the work accomplished under
Task (3). Chapter 4 is based on the work completed in Task (4).

Task (5) consisting of exploring the possibility of exporting the software from TransCAD to
Arc/Info has been completed. Most critical TransCAD commands that the routing software

utilizes have a similar command in the ARC/View software. Details of this task will be included
in the final report.

Task (6) is the subject of the second year of Project 0-1823 and is not discussed in this report.
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CHAPTER 2

CORRECTION OF BRIDGE LOCATIONS

2.1 Introduction

On of the most critical elements of the functionality of the routing model developed in this
research is to have the correct bridge location properly placed on the correct link of the highway
network. The BRINSAP database includes geographic longitude and latitude coordinates that
have been entered into the database without a quality control procedure. As a result, some of the
coordinates are incorrect. In addition, the coordinates do not have the accuracy needed to match
the resolution of the GIS maps created for the routing software. For this reason, the proper
location for each bridge in the State of Texas was corrected or verified. This Chapter presents a
summary of observations made during the correction of the location of the bridges.

2.2 BRINSAP Coordinates Problems and Information Available

The BRINSAP database has been entered manually over the years. Each bridge has geographic
coordinates in a degree-minute format accurate to one-tenth of a minute. However, the method
used to determine the original BRINSAP coordinates was a manual interpolation using reference
points in printed maps. The accuracy of the coordinates obtained with this method is nowhere
near the one that can be obtained today with GPS technology. In contrast, TXDOT developed the
County Urban Maps by digitizing USGS Satellite Quad images that are very accurate. In
principle, if a bridge is properly located on the County Urban Maps, then accurate geographic
coordinates are simultaneously obtained.

The information that was available to identify the correct geographic coordinates of the bridges
was the following: ‘

(a) Longitude and latitude coordinates in BRINSAP. :

(b) Description of facility carried over, feature crossed, description of location and direction of
travel inside BRINSAP.

(¢) Bridge symbols indicating the presence of bridges on the road in the County Urban Maps.

(d) Printed maps for most of the Texas Districts indicating the bridge identification at the correct
location.

() Printed County maps that contain the names of all On-system and Off-system roads along
with other geographic features such as rivers, railroad crossings, creeks, etc.

In addition to inaccurate coordinates, some of the bridges in BRINSAP had missing and/or
mistyped coordinates. Furthermore, some of BRINSAP's descriptions of location, facility
carried over, and the feature crossed were incorrect for some bridges. The County Maps had
their problem also; the maps showed bridge symbols at locations where there was no bridge, and
for some locations, the bridge symbols were missing. .
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2.3 Procedure to Correct Bridge Locations

An effective procedure to correct the bridge longitude/latitude coordinates stored in BRINSAP was
developed. The geographic coordinates coded in BRINSAP were used to create points on the GIS
system indicating the potential location of the bridges. The On-System roads and the bridge
symbols included in the geographically accurate Urban Maps were also imported to the GIS system.
By overlaying the BRINSAP points and the roads and bridge symbols, the inaccuracies in the
BRINSAP coordinates were obvious because the points and the symbols usually did not coincide
(see Figure 2.1). .

® Original BRINSAP Location
v Corrected Location

Figure 2.1 Correction of BRINSAP Coordinates in a Highway Interchange.

The following procedure for correcting the coordinates was used:

1) Every bridge in a county was considered one at a time.

2) Itslocation was first checked in printed maps that were provided by TxDOT’s Design Division.

3) The BRINSAP information that provides the description and location of the bridge, such as
feature crossed, facility carried over, location description, and etc. was revised.

4) The correct location was then found in the GIS maps, and the point corresponding to the bridge
was moved to its correct location, automatically providing accurate longitude/latitude
coordinates that were updated. For most bridges, the above procedure was sufficient to
correctly locate them. However, for those bridges with missing bridge symbols, without
coordinates, or in complicated interchanges, individual attention was required in the localization
process. This process was very safe, however, it was time consuming.

During the process undertaken for correcting bridge locations, general observations on the bridge
locations were meticulously documented. The observations were compiled in files containing
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information pertaining to the identification and location of each bridge. The observation reports
include the bridge identification (in ascending order), the BRINSAP Structure number, the check
status, observations or comments regarding its location status, feature carried over, location
description, original longitude and latitude coordinates and the updated or modified coordinates.
Appendices A through F of Reference [6] contain the observation reports for the Houston
District.  The observation reports of Austin, Beaumont, Bryan, Dallas, Lufkin, Waco and
Yoakum Districts can be found in Appendices A through G of Reference [7].

As of the end of fiscal year 1997-1998 the rest of the Districts in the State of Texas have been
completed. However, due to extensive amount of information, the observation reports are not
included in this report. Instead, a summary of the observation reports is listed in Tables 2.1
through 2.25, corresponding to all 25 Districts of the State.

The completion of this task demonstrated two major benefits for TxDOT:

1) A link was created between the BRINSAP data and the bridge locations on the base maps. This
was performed by a clever utilization of the BRINSAP latitude / longitude and other BRINSAP
data without the use of GPS receivers, and

2) By correcting BRINSAP longitude/latitude coordinates and merging BRINSAP to a GIS
system, capabilities were developed to quickly display bridges as function of their attributes.
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g a3vqd

[-£281-0 110day yo.vasay

%¥T %6 %IT | %9 | %6E | %61 %0y %Y %01 | %LT (HOWUT %
81€1 611 143 8LI L8T LI LST IS 9S1 V9 |SIO0DHY AVSNIMH TV.LOL
01¢ 1T L 1} (41! (43 €01 4 ST LT RHOYII/A SMIOOTY 40 'NNN TV.LOL
SEE 1T L 11 I€1 [£3 901 [4 Ll 8T |'TVIOL
[S £ 3uIpesH paueAU]
0 10911091 uooun( Jo JJo 9OURBISIP 6] 9OUIYY
0 UOIBo0] 1921100 0] papau uopdwnssy
F4 ¢ |uonoaxp pajioedsun
0 doydn paijioadsun
9] i r4 ssed1oAo payyroadsun)
91 8 8 ssediapun pagjroadsupn)
LT I 14 91 [4 [4 T |uoneoo| pagroadsupn
0 AXIVAL 1 9.0 90ud1ajar Suoip
01 01 IOA0 ALIED JO PIsSOId aInjea) SUoIm JoUIY
0 AL POOUSIJI WOIY 9INSBIW JOUUR))
0 uonisod urelaoun o1 paAo
0 dew o Jou UOIIBI0] 6, 2OUIITY
0 (6:1) @ouRISIP UOIIBOO] 0} 20USIAJI FUOIM
0 [0qWAs ND( 2WES Y} 9ABY S2INJONIS OM ],
1 I peoi/pIeAdnoq SUISSIA
4 I I 9 11 9  |°8puq SuissTA
¢ € ssediopun urenasun)
LE 01 LT ssedisAo melIe0UN)
¢ I Z UOnBO0] UrBlIaou)
811 $9 £S UOTR3IIp Urepadu[)
L1 C £ 6 €  |Arepunoq s Jo apisino AjjeursLQ
LS £ C £ £l I1 €l L S |uoneoo] oyjoue Jeau AJ[euidLQ
SIOMAY | SI0MXT  |SXOXAG | STOXIY [SIOLIY | SIOXIY | SIOJIY | SIOLYY | SICIXF |SI0AIT |:SuoneArasqQ jo sadLj,
TV.LOL| 19ARy pay | sutey |aeweT | juny |sunjdol | uosfeis | uipjuesy |umuueg | eyoq

sHEd ~ [( PLUSI( 10§ SOLIEWWNG UoREAIdsqQ JVSNINA 1'T 21981




6 28vd [-£28 -0 340daYy yoipasay

%LT | %8I | %LE %V %€l %9 %67 | %6 | %8I | %6 [HOWII %
101¢ 91 L81Y X4 €51 081 161 | 9L §S OIT |SMIODTH JVSNIYY TVIO.L
SLS £€C 134 ! 07 1T SS L 01 0T ROWII/M SMIODHYT 40 'WON TV.LOL
LI8 £C 859 I €7 (4! L L I 0I IVIOL
0 uondLIosap uoes0] uMouNu()
0 uondLIoSap UOTIEI0] 109.1100U]
0 s[oquiAs ND( 0M] sey aInjonas suQ
L 9 I SUIPESH POMoAU]
< € 1001100Ul uonoun{ J0 JJO 20UBISIP 6, FOUIIRIIY
0 UOI}E00] 1991109 JOJ papau uondwinssy
Fé Z uonoaip payroadsuny
0 doydn pamgroadsun
z z ssediaao pargroadsun
7z 61 € ssediapun paoadsun
4 1 € uoneoo| patroadsun)
0 IXIVAL 1 9 2oua1jal uoIp
0 I9A0 A11BD 10 Passod aInyes] Suoim Joynug
0 N PeoUaIajal WOIJ 2INSeaUW JOUUR))
0 uonisod ureuasun 03 PIAOIN
0 dew uo j0u UOHEIO| 6, 29USIAIY
€T I Al {(6.1) 2oURISIP UOIIEO0] 0} 99UIYAT SUOIM
0 [oquIAS ND( SWies 9} 9ABY SAINJONIS OM],
1! 1 8 I S peol/pIeaa[noq SuIsSIA
667 S S¥C el S 6C 1 I [°3puq 3ulssin
7 Fa ssediapun urelaoun)
S € . ssedIoA0 urelIRouN)
¥y ¥ UO1BO0] UTBLIddUN)
¥ ¥ UOTIOAIIP UTeIIUN)
8€7 I 80¢ I z 3 ! z I 9  |Arepunoq Ajunos jo 1no AJ[eurdlQ
661 4! Sl L 4 14 S €  |uoneoo[ Jayjoue Jesu A|jeudLQ
SIOLIY |SAOLLY | SIOXXY | SIOXAF | SIOLIY | SIOLKY | SIOLIY |SIOLLIY |SIOLIY |SI0LLY |:SUOBAIISGQ JO SAdA],
TVLOL| 9siAA [jueiie], | [[PAI0mOg | 19)ag ] | 03Ul O[ed | uosuyopr | ydef | pooy | yrelry

IO YIIOY - 70 ILUSI(] 10§ SILIBTIIING UOHEAISIO JVSNIIE T 2I9EL



0l 23vyd

[-E£281-0 #0day yo.4vasay

%IT | %L1 %L1 %8¢ %6 %¥T %6l | %8I | %8I | %71 RIOWIH %
0301 v8 611 yog Sp 141) ! {114} (44} 6€ €8 |SQIO0DTY JVSNIIY 'TVLOL
14X 14! 0T <8 14 ST LT (44 L 0T  HOUII/A SMIODHY 40 ‘IAON TV.LOL
L9T ST 0T €71 |4 LT 6¢ (44 L 01 |'IVIOL
0 ToquiAs 23p1iq ajo1duwioouy
0 uondiosap uoreI0] UMOUN)
0 uondLIosap UolEo0] 1931I00U]
0 Uo1eo0] 1991109 10J papau uopdunssy
8 8 uonoaxp payroadsuny
4 z doydn pagroadsun)
€ € ssed1oAo pagroadsupny
(%4 € ssedaopun paijioadsupn)
1€ S 4 9 9 S L fuoneoo] payroedsun
0 AXLIVAL T 9. 20ua1a)a1 Suoip
0 IoAO A1Ied JO Passolo 9Ined) Juoim Joyng
0 W POOUSI9Jal UIOI] SINSEIW JOUUR))
0 uomisod uresoun 0} psAOA
0 dew uo 10U UOTIES0] 6, 9UIISJY
0 (6:1) oouR)SIpP UONEO0] 0} 2oUIITSI TUOIAN
0 [OqUIAS ND( dwies dU} 9ABY S2IMONIs oM,
€1 % € 9 peo/preas[noq Surssi
69 L 3 LE 4 ¥ 6 v 1 T |°3puq Suissiy
[4 [4 ssedapun urepaoun)
0 ssediaAo urepaoun
0 UOo1B0] UIRMadU)
1€ 9 ¥l 14 L Uonoalip ureprosur)
0S £ ST 6 01 I I 1 |Arepunog ay; Jo apisino A[ewduQ
¢ | 8 SI 3 4 4 uoneoo] Jayjoue Teau A[jeui3LQ
SI0QIY |SIOLIF | SAod | sdoxxg SEOLI SIOLXY | SJIOLIF |SIOIXF | SIOLXT | SI04xq |:suoneArasqQ jo sadLy,
TV.LOL{Sunox | 108.18qiAy | BIYDIAN | HOLIOUDOOIY T, | andejuoly [aoo) | Ae) |[rojleq [taqaay

SITE. EHYIIA - €0 JOLUSI( 10} SHLBMUING UOHEAISGO JVSNIUE €7 9IqEL




[] 23vgd [-£Z8 -0 0d3Y yo.1pas2Yy

Yobl
) 14

%lb | %
981
SL

-
X
&

mle ||
=
— l\\cﬁg
=~
<
o

8
2

%9 RIORRII%

SRIOOR] JVSNRE TVIOL

¥ MORRIIAA S(RIOODEREASO IN'TVIOL
¥ [IVIOL

FIOqUAS NO 0w Seyj arpnas
BUIpE] popsAu]

JoRL00U} UOTRUN{ IO O S0UESTP 6] SURETR]
000} PRLD0 1) papau bopdinssy
4 hopanp poroadsiy)

1 Hodn pogradary

pogroadsy

psdppn poyoadsn)

4 1 1 1 T }omeo] pegradsy)

HXIVA | 9 summjarSuopy

A0 ALED 10 possop anmeyj Suam mus]
AL POOURIYIULIY QXIS JOULE))
onisod ureyoun 0} pAgAL

UDJ0U UOTEX0] 6] SRS

(6:1) SOUEISIP LIODEDO] 0] S0URR! U0
JOQUUIAS NET SLES SUf) AR SAXTINES OW],
DEO)/PIEASINIOG SUISSIA

1 ¥ ¥l € S 1 £ 4| 9 € % HEpL BUISSIy]

i Hogdn ureyooury

poadepn ursoy

urepeo)

z i I L 01JE00] TR} )

Loppanp U B

NN}Q§
alr|s (3
SIEY IS
a\cogqﬁ
=+ |

SR

SNEN ]S
) B 35
amnﬁ
o

w |e|zislE

9

— [
o
o~ |

1 Krpunog ap Jo 3pisyo AUl

4 1 hoQEoo] Bpoce U AJRUIBLO

UsRial

1
sy | siouy (siouy [ soug | sy | soug | soug | soug [souy | osouy  |[siouy | soug | sioug  psuogeansy) jo sadA],
wepp | 200 |aogA] | quossdry | uospyyy | duey | Opey | posingg | A2 [ pnugyeq jurepm | wsr) | Suaguiry

g@ﬁ%ﬂocc@eooccccchccﬂmccveS%E%o

:
5

i

fie-

:
;
:

O[HEUIY - () JILHSI( 10§ SOLITWUNG UONEAIISqQ JVSNIIE +°T 2IqEL



ZI 3o

[-£28 [0 340d2Y yoi0asaYy

%obl

YolLl Y

-

%ol %0

%01

%ol %81

%o0E %0

RIORIE %

48 €

01

£ 11

0L 14

SRICORE AVSNRHE "TVIOL

~

0 [4

€ 0

HORRIAA SIRICOR 0 AN TVIOL

w
B

0 (4

€ 0

[IVIOL

JoquAs SGpug Fpduoou)

LONALISOP LOTE0] LWODE

pondinsop uopeao jancouy

JOGUASNO( 0] S arpnas a)

FUIpe ] pojauy
foauooun togoun{ 1o JO S0UEISTP 6] SRR

L01100] 102100 J0J papau uopd LSSy

Lorpanp pogoadisiy)

o/dn pogioadsiy)

peedsano pomioadsin

psedepun pogadsin)

oneoo] pagedsuy

HXIVA | O otRsyar Suopy

270 A1120 10 passan anjea] Suom By

AL PIOURRI O] ASE W)

honisod ureymoun o) pAgA]

111 U0 J0U U000 G SOURRJR]

6:]) SOURISIP LOTES0] O} S0LRRJAI SO

JOLUIAS NYT SUIES ) SARY SAXTAS OW],

oty peAS[0q BUISSI

HEp1 SuIsSIA]

peedpun uroy

psedEno urzmo)

HORESO] Urel=a )
- 0noanp LTepoo)

1

1

[4

iepunoq a) JO apIS0 A[uisLD

9

I

poneoo] 2xpous et ARuBLO

-t
égavc—(coﬁmeoecccclnN—1c2checceG5‘3

S sy

sy Sy

SO SIoLy

S

S0y s

Sy Sl

LsuogeARsgO) Jo sadAT,

unnmox

SUED)

wrx)  AuRp

k] Ypogery

que]  Appoy

pAOLL

)

o) opug

}20qqnT - §0 PLHSI( 10§ SILIBUWUNG UOPEAIISGO JVSNINE ST AIqEL




¢] a3vd [~£28 -0 Moday yowasay

%¢ET %0 %61 %¢€ %ST %S1 %0€ %67 %08 %0 %S1 %0 %0 O H %

6£01 1 ps 6¢ (45 80T 99y (42 4] L4 01l 61 0 SMIODTY dVSNIMY TVLOL

444 0 01 1 €1 (43 or1 1z L 0 LI 0 JOWIA/A SMIODHT 40 "NON TVLOL

09T 0 11 I SI re LST 61 L 0 LI 0 0 TVIOL

uondLIDSIp UOHBOO] UMOUN U

uondiIosap uo1Es0] 1021100U]

Surpesy] pausAu]

1 foquAs 93puq 99jdwoouf

1001100U1 UOTIOUN( IO JJO 9OUEISIP 6] 29UIISY

011B90] 1991100 10§ papau uondwnssy

uonoaJIp palyroadsun)

doydn parjioadsuny

ssediono payroadsun

ssedispun payoadsup

uo1Ieo0] paijoadsun)

TXIVAIL I 9. 90us13ja1 Suoip

10A0 ALIED 10 PassoIo aInjes) Suoim 1YiIg

A P2oUalajal WO} ainseaur jouue)

uonisod urepraoun 01 paAOIA

dew uo jou uoNEDO] G, SOUIINY

6:1) 9OUEISIP UOIEO0] 0] 90UI9Ja) SUOIM

1 [oquiAS ND(J SWIES 9} SABY SOIMIONLS OM ]

14 l 1 pro1/preAsnoq BuissI

-0 o e oo lolooieio|Iliee(mIe|f|®

1 dures souenua SuissIp

SOI 9 I £1 9T 8¢ 8 S 8 a8puiq Swssi

(44 C 61 I ssediopun urepaoun)

0 ssedIoA0 urepadun)

z 1 UOI7ed0] UIBLIaDU()

€ 4 UONO2IIP UBLIadU[)

I~ | vt | =

ST [4 [4 L L K1epunoq ayj Jo apisno AJjeurdug

S6 68 € ! 4 uo1eo0] Jayjous Jeau AjeursuQ

SIOAIT | SAOAIF | SIONY | SXO4A | SIOAIY | SIOLAY | SIOLIY | SKOXag | SIOLIY | S104aq | SIOLIY | SI0LIF | SIOLIFf [:SuOIIBAIISqQ Jo SadA],

TVLOL | 12Puipd | preay | wordpy | [joaaa], | saa9ay | sooag | pue[pijy |unae)y | Suiaoy | 1030y | sues) | malpuy

8SSIPQ) - 90 PLUSI(] 10] SHMEWWNG UOPEAISGQ JVSNIIT 97 AqEL



pI 23ngd [-§281-0 340daY Yyo.ivasay

%I

(d
e\
-
-

YOI | 9 Y% | %
1341

i4

Ys %lt %EL

I 2

hIRRIA Yo
RIDOERT JVSNREM TVIOL
RIRRITA SCRICOERLAD ADN TVIOL
VIOL

JpoRKsap L0200} PAnOOU]

pay

[4 AL UORUNLI0 JJO SUEISD ] SXRRIR]
LD[EO0] PALDD 1y pepautopdinssy
omAIp poypads)

4 Hodn pogoadany

pogradsry

9 i T £ S 9 |ssadrpun pogpedsny

[4 9 9 LofE0] pogpadsiy)

XV T G SOugar sy

z e pegoadsny

M0 AIED JO POSSaD X 30m B
A POOBGJAILING ISeall JUUE)
uonsod urey N o) pgAl

K110 J0UTONR0] ] SRRR]

(61) oIS UOIE0] O} BB HOM
JOCRAS NO s S ] SArpnIs ou,
oo peASOq SIS

e soego Sussiy

4 L Busspy

3

1
a
[4
ksadowoummeany
I
€
14

91
TLL

1I
1

41
148

2
a|8|][%
K
e RIS
on|en]&
=
S ET LS
=l=18|§
w|n|B|5
al@s
&
mmﬁg
mvaﬁ

—
-

1 L 9

LOpaIp UERIEO}
1 Cepunog a0 PO AJAIBLD
€ y  NOIE0] ROk B ARSI

@ 4 1 5 [4
< 8 L Al
souy | souy | siouy | soagy | si sy | sioug | soug [soug (soug | osoug | soug | souy sy | soug fssogeanay) jo saddy,

URDULY, | WG | dup)s | JapRrps | spuayy | pRy | wiky |prugyl [aguny | vouy | ypooser) | sprewpd | papop  apup | @)

g{gﬁcﬁcaacﬁacooocNoﬁ&ﬂooomoc

:

op3uy ueg - £( JLUSI( 10 SOHEUUING UOHEAISGO JVSNIUE L'T IIqvL



¢I 98vd [-£Z81-0 140d3Y Yo.10253Y

Y€l %S1 YLl %L %l %01 %6 %b %b1 %IT %91 %6 %I NOWA %

0971 1€€ 9¢ 89 v6 LET 0Tl ST [44} 19 LL orl (14 SMIODTA JVSNIII TVIOL

191 15 9 S €1 4 11 T L1 €1 (4} (4} .9 YOWHT/A SAIODTT 40 TANN TV.LOL

991 9§ 9 S €1 14} 11 I LT £1 (4] (4} 9 TVIOL

uoRndLIOSIp UOTIEO0] UMOD{UN)

uondrI9sap UOHEBO0] 392LI03U]

Suipeal] papeAu]

UONED0] 1991100 J0J papau uonduinssy

[4 uonoallp patjroadsun

doydn paygioadsun

SN O|o SO

ssed1oao paigtoadsup)

—

—

o
—
<t

ssedzapun paigioadsun

o~

-

N
(3]
—

uopeoo] patgioadsun)

AXLVHA | 94 2ouaIafal Buoipy

Fuipeay paiyroadsup)

10A0 ALrED 10 PassoIo a1meay Suom Joums

A1 PoOURISJRI WO 2NSEIW JOUUR))

uontsod uredUN 0 PIAOIA

deur uo jou UoIE0] 6] 29USIDIAY

CICIo|IS (o | e

(6:1) 9owessIp UOIJE90] O 9ouUdIajal Buolp

[0qUIAS NO(T 2UIES 9U} dARY SAIMONLS OM,

=

PEOI/PIRASINOG SUISSIA

=]

dure1 asuenua Juissiy

9 [44 3 1 [4 L L ! 3 6 € [4 23puq Suissi

I I ssedioptm urepaoun)

0 ssediono ureHaoU)

S 4 1 1 1 UOHBOO| UIBHIAOU()

0 UOIJIP ureLodun

9% 01 1 1 01 T 1 11 € I S 1 Arepunoq ays Jo opisino AreurdnQ

LT S £ S £ I i S 14 uoned0] Jayjoue Jeau K[fewdup

uonisod NO(T 03 paAour wig

SI0A4F | sdoauey s10.113 10117 sioary |sioaxy | siokrg | sroary | stonrg | siomg | siouay | stoary SIOMXY [:suonEAIdSqQ Jo sadLy,

TVIOL | 101key, | 1jesmauoig piojpveys | Arinag | uejoN | [pyomAl | Judy | semop | pevsel | Jaysty | ueye[e) | uwapiog

QUALIQY - §0 IILSI( 0] SILIEWIWNG WONEAISGO JVSNIIL 8T 2I9EL



9] 23vg

[-£281-0 10day yo.ivasay

%Ll

%TT

%11

%6

Yo¥

Y€1

%TE

%01

%81

JOUHI %

Y91

(114

I€1

144

08

(43}

191

011

1343

SCIODHA JVSNIYE TV.LOL

SLT

16

91

(44

61

IS

11

9

ROWTIA/A SCIODHY A0 “NAN TVIOL

€97

111

LT

ST

(44

o1

(4}

$9

TVLOL

duipeaH papaAu]

1021105 UoHoUN[ J0 JJO SIUBISIP 6] 90UIAJY

UOIJB90] 1921109 10J papau uondwnssy

uon0aIp payroadsun

doydn payroadsun

ssed1oAo paijioadsup)

il OO0

-

ssedtopun parjioadsupn

<
-

uoreoo| payroadsun

AXLVHI [ 94 90ua1aya1 SuoIp

Suipeay payoadsuny

AII VOO VAL ulepadun)

IOAO A11BD JO PIssoIo a1mea) Suoim Iy

AL POUSISJaI WO INSEAW JOUUR))

aojdwoous uondLosap uoneso |

‘o ‘uonisod paLIoA

dewr uo 10U UONEIO] G, OUSISJOY

{(64) 2ouB)SIP UOIEBIO] 0} 90U SUOIA

SOOI |e@

[0qWIAS ND(J 2UIes oY} 9ARY SAIMIONIS 0M I,

[~
(o]

4!

PEOJ/pPIBARINOQ SUISSI]A

>

dwer souenus Suissiy

Il

08

S1

[4*

98pLIq SuIsSIA

0

ssediopun urepaoun)

0

ssediaao urerooun)

1

I

UOI}BO0] UIBLIddU()

01

|4

9

UOLORIIP UIBLIS0U)

LE

I

S

g

€

[4

01

Arepunoq ayj Jo opIsino A[eul3LO

LS

£t

8

!

[4

1

Cl

uo11eo0] JOYIOoUR Jeau AJ[RuISLIO

SA011

SO

SI0LXT

SIOLIT]

SI0LX[

SIOXIY

SI0LXT]

SI0LXT

SIOLIY

:SUONBAIISGQ) JO sadA ,

TV.LOL

uRUUIT Al

u0)sdWI Y

IH

uoiueyy

Sired

[1eAI0)

anbsog

1Pd

03B - 60 IPLISI(] 10} SALIBIIUING UWONEARSIO JVSNIIL 6°C 2198 L




LT 23vd

[-£28[-0 M0day youvasay

%81

%8

%l1

%8T

%Ll

%¥T

%TE

%9

YL

HOWIH %

(4411

09

€81

907

IST

vyl

el

171

€11

SCHODHTA dVSNIYI TVILOL

00¢

Tg]

| 4

LS

§T

143

134

-]

RIOWTH/A SMIODTY 40 NN TVILOL

10T

(44

|45

174

£€

(4

01

TV.LOL

1021100UT uonjouN{ I0 JJO SOUBISIP 6, QOULIJY

(=

uoroaIp payvadsun

<

doydn parjioadsupny

o~

ssed1aao pagroadsun

<
w

=}

£C

Ll

ssedispun paijioadsun

uoIeo0] patjIoadsup)

AXLVAI I 94 9oua1ajal Suoip

Suipeay poytoadsup)

QOUR]SIP JO2.L100U]

[—RI—RI—A—Rh 4

UONIBI0] 109.1100U]

o~
(o]

81

IOA0 AL1BD JO Pass0Io aInjea] Suoim Jayng

@IVODVA L Suoip

N Paou2Iajal WOIJ SINSEIU jouue))

uonisod urepasun 01 paAoO

dew uo jou UOnEIO] 6] F0USIAIAY

{(6:1) 9oUBISIP UOTIED0] 0] 2DUIRJOT SUOIAN

[0quIAS ND(J SWES 3} 9ABY S2INJONIIS OM],

VILAIAZ01 4 90U SUOIN,

peol/pIeAs[noq SuIssyn

(=R RE—RI—RA. A=A

durer oouenue SUISSIA

=)
(o]

93p1q SuIssIN

=]

ssedopun urepsouny

=

ssed1aAo uepRoUN)

ol
—

—

o™

uorned0] urepadun)

A

C

4

UOLO2IIP UIBLISOU()

o~
o

I

S

14

Ll

KIepunoq 9} Jo apisino A[[euisuQ

1€

g

1c

1

4

UO1JBO0] JOYJOUR JBoU A[[euIsLIO

SI0LIY

SI0.LIF

SIOLIT]

SIOLI

SI0LIY

sIo.axg

SIOLIY

L0

SI0LIY

ISHONEAIISq(Q) JO S3dA],

TVIOL

POOAA

IpUEZ UEA

s

ASny

UOSIOpUIH

83219

300131

uosIApuy

II[A], - QY ILYSI(Y 10] SILEWWNG HOBEAISGO JVSNIIF 01 A[qEL




9J 28vgd [-£281-0 #0d2Y Yo.10a59Y

%S1 %91 %¥1 %9 Y%tT %Il | %EL %L %TT %ST OWTT %

6LL 95 €L 01 134 9 811 X4 96 901  |SAI0DTA JVSNRIA TVIOL

1[4} 6 01 9 01 L SI SI 1T LT NOWI/M SMIOOTY A0 TANN TV.IOL
01 11 L Ll SI | L4 8¢ TVIOL

et Jou ssop uonduosap ssedioa)

y0 ‘uoisod pagLoA

{somonns omg 1oy 98pLIq suD

9 C S L £ 4! 01 91 81 uondLIOSIp UoEOO] J0aI00U]
ssediapun/ssedIaAo poyoimg

U] AJUR0O UM PSJEIO] JOU S0UIQJN
JOqUIAS NID(T SUTes S} SABY SAJIIONIS OM],
€ I I 4 ssedzopun poyioadsun

ssed1aa0 parpoadsuny

uoned0] pagIoadsury

uo[aNp pagioadsun

[ I I PrO1/preAd[noq SulssiA

98puq BuIssIA

ssecliopun urepaoun)

ssediaAo urepsoun)

LONEOO] UeHaoun)

uonoaIp Urepaour)

Burpeay popaAu]

ATepunoq a1 Jo apisino AjjeusuQ

I I I z UO13600] Jatpoue Teau AJreuiSLo

SIOLIY | SI0Ly  SIOLNF SIOLIY SI0.LIY stoa1q | saonry SI0LI SIOLIY sIoL  |:suoneArasqQ jo sadAy,

TVIOL| Ayuiy,  Aqpys| ojuperusg| oupsndny ueg| oulqes| Mjod|  SIYs0pS0ydeN| UWONOH  euppSuy

f=4
u
=)
~

0nio QIO © |0 C|lo oo

o
han!
(g}
—
o
(o}
L]
[g)]
o
(o]

(=}

(=]

-~
—
vy
e

(]
v—t
0
o

=]

=]

w

upyny — [ ILYSI( 10§ SILIBIWNS UOREAIISGO JVSNIIE T1°7 319EL



61 @3vg

[-£Z81-0 10day] 4o40253)]

Y€ %61 Y% TC %8¢ %9¢; %1€ %LT  [HOWIT %
168¢ SOT 344 SP81 061 SPT 97  |SMI0DTA AVSNIII 'TVLOL
¥86 0t bs $69 69 SL IL FOWIT/A SCIODHTH 40 "TANN TV.LOL
1 X441 1 X4 £ 8071 143 8y §¢ TVLOL

0 yojew jou saop uondirosap ssedioaQ

0 "y'0 ‘uonisod porJlIdA

0 S2IN}INI)S 0M} 10J 93p1Iq duQ

0 uondi10sap UoBI0] 921I00U]

0 ssediopun/ssedI1oA0 payoIme

0 ouI] AJUNOD UTYIHIAM PJeoO] JOU 90UIJY

0z 0T [oquIAS ND(] SWes 31} 9ABY SOINIONIS OM [,

0 ssediapun parjroadsu)

0 ssed1oAo pairoadsupn

ré 4 uoned0[ pairoadsun)

8 g uonoaIp paygroadsun
61 691 6 9]  |peoy/pread[noq Suissiy
1414 01 vo¥ 01 03p1iq uIssIN

0 ssedropun ureyaou)

I 1 ssedI9A0 urelIoOU)

ST 7l I uonEBO0[ UIMIdU()

1€ 1€ UOT}OQIIP UTRHIIOU()

0 Burpeay pajeAu]
8¢S 4 L1 (434 91 pe L1 |Arepunoq ay) Jo SpIsino A[euldniQ
14! ! 144 68 8 14 14! UO1E0o] JOyJoue Jeau AJ[euldnQ

sIoaxy | SI04ay SI0LIT SIOLIT |  SIOLIY SI0.LI S0 |:suoneAIdsqQ Jo sadLjy,
IVLOL| Jo1esn| Awmodiuopy]| SMUIBH| U0ISIA[RS| pudq 3I0y| vLIOZRIY

UOISNOJ] - TT JILSI( 10J SILITUMNG UOPEAISO JVSNIIL TI'T AIqEL




0¢ 23vd [-£Z281-0 110day] yo.vasay

%Il % 0T %07 %¢€E %S %6 %S %38 %38 %1 %Y %7 JIOTII %
0£91 081 691 88 611 8T LET (534 91 139 €L SO0I  |SQI0DAY JVSNIYE 'TVLOL
1211 9¢ €€ 62 9 [4} 1T 81 [4} [44 € ¢ [ROWII/M SI0DHA 40 TANN TVLOL
681 LE 6S €€ 9 91 ST 61 4} (44 £ ¢  [TVIOL
0 yojewt Jou sa0p uondirosap ssedioap
0 y'0 ‘uomisod PaTJLIOA
0 939dwoout st uorjduosap uoeso|
0 ssedropun/ssedisAo paydImg
0 JOqUIAS NO(T SUIES S} 9ABY SaINJONLs omJ,
0 ssedrapun paypoadsun)
0 ssed1aa0 parjioadsuy)
0 uopeo0] pagtoadsup)
0 uogoanp payroadsupn)
[44 L £l L4 C C 1 peoy/preasnoq Sulssiq
8S 9 81 91 € 3 L ¥ £ 1 1  |o8puq Sussyy
0 ssediopun urepaoun)
0 ssedioA0 uTeadu)
0 UOT}EO0] UTRLI20U[)
01 01 UOII2IIP UTEII0U)
0 Suipeay papoAu]
6S [44 X4 1 1 9 S 11 S T 1 Arepunoq ayj Jo apisino AjeulsQ
o [4 1 [4 [4 £ 1 14 S 61 C 1 UOREAO] JOJOUE Je3U AJjeurLI)
SI0LIY | sioddq | SI04Aq SI0.L17 SI0LI | sEoday stoas | saoaxq | saoary | saorryg s104ay | s1oaxq |:suonpeAsdsqQ Jo sadLy,
TVIOL| uoreypp| evriojoip| epaoBejgjy| vdeae ]| uosyasp| SI[BZUOD)| 9Le]| A Q| opuaojo)| unoype)| unsny

wny[eox - €1 LUSI( 10§ SOLEWUING UOHEAISGO JVSNIIE €1°731q8L



[Z a3v4q

[-ET81-0 10daY Y240a55Y

%€T

%LE

%8¢

%€

%S1

% tT

%TT

%¥rl

%

%9

%T

%IC

JOHIH %

2091

S0€

8bS

bL

1L

19

701

S6

¥6

6L

§S

SII

SQIODHY JVSNIII 'TVLOL

£€9¢€

€11

€51

11

ri

(44

£1

ST

YOI T/M SCAO0DTY A0 TANN TV.LOL

14534

LEY

£€E

14}

€€

4

0t

TVLOL

yoyew jou saop uopndrosap ssedsaQ

Y0 ‘uonisod paIJLIdDA

uondiosap uoIE0] 1921100U]

ssediopunyssedioAc payonms

QUI] AJUNOD UILHAL PAIBOO] JOU 20UI9J5Y

[OquiAs ND( SWES oY} SABY S3INJOMNIIS OMJ,

£6

ssedapun peyyoadsun)

ssed1oAo paigroadsun)

uoneoso] paioadsury

-S| - | N | o |

uonoap payvadsun

N
o

v8

peol/pieas|noq SuissI

861

IE1

1z

01

17

93p1aq urssyA

[4

ssedrapun urepeou)

1

ssediaAo ulelRdun)

14

Uo1jed0] ureradun)

[4

UON02JIP Uleasup)

81

DO sr

Surpeay paptoAuf

911

I

(=)}

01

K1epunoq ayj Jo apisino AjjewSLQO

L

L

uoIEo0] Jatpoue Jeau AfemSQ

SI01XY

s10.1y

sa0aay

S104X7

SI0.01

SI0IY

SJ0.LIF

S10.0.1

s10419

SIOLLY

S104%

SAOLIT

:suoneAldsqQ jo sadAy,

TVILOL

UOSWBIIA

SIABLY,

UOLIBTAl

oue[]

3]

skel

adsaqin

12MpIED)

jouang

oduelg

doajseg

uPsnY - p PPLISI( 10§ SILEUWNG UOREAISO JVSNIIE $1°C A1q%L



zz 98vqd

[-£Z8]-0 10daYy Yoivasay

%87 | %61 | %Pl | %SI %Y %ET | %ET %1€ %Ll | %8E | %VE | %0T %TT _ |HOWId %
(444 £6 8L vl [4Y LEY 08 b6l €71 | ogl_| €Il §S Pr1 [SCI0D0TT JVSNIYA 'TVLOL
81L 81 11 1T 4 1€ 81 19 £ (14 osy 11 1€ [OY¥I/M SCI0DTY 40 “TAON TV.ILOL
£26 0t €1 9T [4 S¢ 61 S9 £ LS 9 a €€ I'IVIOL

0 yojew jou saop uonduiosap ssediaa

0 ‘o ‘uonsod paljioA

14 4 $2IMoNIS 0M} 103 a3pLiq U

0 uondiIosap uonEoo] 199.LI00U]

1 1 ssediopunyssedIaao payoimg

0 aur| AJUnod UIyIIM pajedo] J0U 90UIIJY

0 [0quIAS NDO(T SWeS 2y} 9ARY SAINJOMNIS 0OM ],

6 I 4 S 4 14 9 S 1 L 6 1 T |ssediopun pagroadsun)

61 I I 4 14 I 9 £ ssed1aA0 paroadsun

0 uoeoao[ paryioadsun

1 1 uonvaAp payroadsun

91 [4 €1 1 peol/press[noq SuissIn
st | €l 4 €1 6 [4 ov €1 | T€e | 96T (4 1z |33pHq SuIssTA

w 3 1 [4 Sl 1 ssediapun uigpeoun

€ € ssedioAo urelooun

L1 Ll Uo11BI0] UIBLIddUN)

0 UONOAIP UIBLIdOU[)

9 I 1 1 € |3uipeay payeau]
P8I 1 S L 11 S [4 Ll 11 1€1 Arepunogq ay Jo apisino AjjeuigLQ
0¢T 4 [4 I S [4 6 [4 14 L6 14 9 uoljeo0] Jsyjoue Jedu K[euidLiQ

SI0.LIY | SI0LXY | SXOLIT | SIOXIY | SIOXLY |SIOLIF | SIONIF | SXOLIY  |SIOLIY |SI0LXY |SIOLIY | SIOAIY | SIOLIY |:suorpeArasqQ jo sadL,
TVILOL|uospas [aprean [eurpagy |wapmpNagAl | 149 [[epus) |adnjepens | onig |jewmo)) | aexag |eaapueq | esodseyy

0IUOJUY UES - G JILUSI(] 0] SILBWMWNG UONEAISGO JVSNIMG SI°T AIqEL



£z a8vg

[-£281-0 110d3Y o053y

%7TT %LS Yol %9 %E€T %6V %6 %ST %0L | %9€ | %95 [HOWIH %
1444! 8S1 LOY 60€ g6l 134 SOT II L LO1 6 SAQHIODTY JVSNIYY TY.LOL
89¢ 06 8 LI 144 17 6 8T L 6€ S HOWTHI/AA SMIO0DTH 40 "WAN TV.LOL
LIE SIT 8 81 (114 ST 6 8T L 1$ L TVLOL
0 uondiosap uoreoo[ 1921100U]
0 [oquIAS NO(J 2Wwies 9} SABY S2INJONAIS OM T,
LT [4 6 L 6 ssedropun paipioadsup)
S € z ssedioAo panpioadsun)
8L 0s € 14 12 uoneoo] patjoadsupn)
6¢ 61 [4 81 uonoaxp payroadsup)
L 9 1 paeAd[noq SuIssIN
S 44 1 S1 £l I z 1 |98puq Suissiy
1 I Surpeay pausAuf
87 S €1 4 9 ssediopun ureMaoUN)
€ € ssedioAo urepaouf
! 1 UOIjBd0] UIBLIdoU)
09 C [4 4 Sl Ll 0T T UONIIIP URLISOU[}
€1 11 ra Arepunoq ayj Jo apisino AjeuiduQ
SIO.LIY S10.L1Y SIOMIF | SIOLXY | SIOXIF | SIOXIT | SIONIF | SIOAXY |SIOLIT |SIOLIF | SIOLUY [:SuoneAIdsqQ Jo sadAg,
TVIOL| odrneg ueg | ordnyay | sesany | e aAry |S10qapyy | soutey | S[[oA\ Wif [perjon | 22g | sesuely

sty sndio)) - 9 JILYSI( 10§ SOMEWMWNG WOPEAIdSO JVSNIII 91°C FIqEL




#2304 [-E281-0 140d3Y] Y{oiDas3Y]

%b1 %1€ %91 %0 %TT | %Ll %6 %I1I %01 %8 %91 [HOWIH %
SIIT 14 801 88 0€1 €01 0€T 611 91 SL ¢S |SMIOOTY dVSNIIY ' TV.LOL
851 67 LI 0 8¢C L [4 €1 a 9 ¥l IOUYII/AM SMIO0DHET 40 “INAN TVLOL
£81 6T 61 0 1€ LI (4} 0T (4 9 LE |TVIOL
1 I yojewr Jou saop uondrosap ssed1oa
0 )0 ‘uomsod paljIoA
0 9erdwoour s1 uondriosep uoneso]
I I  |ssediopunssedioro payoyms
0 [oquAs NO( Swes 33 SARY SImonis omJ,
141 4 S S ssediopun poiyoadsun
€1 6 [4 7 |ssediano panroadsuny
4 I 1 |uoneoo] payywadsun
8 [4 9 uonoap patjroadsuny
0t [4 € G |peol/pieAd[noq JuissiA
6¢ I 1 [4 L 9 L (4 €1 [98priq SuissIy
0 : ssedsopun urepeouny
€ € ssed1aA0 urepaoun
L1 11 14 I 1 UoNLOO] UIBLISOUN)
S £ [4 UOI1021Ip UIBIOUN)
S z €  |[Suipeay papioAuy
€€ 9 £ [4 € £ (4 [4 Z1  [Arepunoq ay) Jo apisino A[feuIsug
€ 1 8 4! S £ 1 4 uones0] Jojoue 1eau AjjeuISLIO
SI0LI SI10.11Y SIOLNY | SIOAXY [SIOLIF | SIOXIF [SIOXLLF | SIOIF [ SIOLIH | SIOLIF |SI0XXF |:SUORBAIAISqQ JO sadA],

TVLOL{ uoidurysess |JaayjeA | uospiaqoy |weprAr |uosipey] | uoaq |saunio) | aue)saalq | uossping |sozeag

usAag - L] JILSI(] A0} SALBWUNG UoNeAsqQ JVSNIIL L1'T dlqeL



¢z @8vgd [-£281-0 Moday yoivasay

Y%bv %SS %ST %91 %YT | % | %SS | %Iy (HOTHI %

978¢ SS LTT 99¢ 61V LoV | 000C | 7€ [SAMODHY dVSNIIY TV.LOL

LI991 0€ LS 8S 66 0L | 60IT | $PI [HOWIH/A SCAODHA 40 TAON TVLOL
108¢ 8¢ 89 69 LOT 1€C | L€0T | IST |'TVIOL

90UR)SIP SUCIA

I UOTIBULIOJUT PSYOHMT

I S[OqUIAS U3p oM} SBY 2INIoNIIS U

uonisod uSp paxyosy)

T uonisod urelsoun 03 PAAOIA

SUIBU 3931)S }931I09U]

ssedIopun j021100U]

14 [oquIAS 98pLiq PAMOAU]

“J'0 ‘uonisod paLJIIop

o)a1dwrosur st uondiurosap uoneso ]

[0qQUIAS ND(J SWeS 9} 9ABY SOINJONIS OM ],

N
—
o
—

(o]

SIS || I OO v~
ﬁ-

6L1 ¥ ¢l C 9T 1y €L 1 |ssedsepun peyroadsup
8LT 9¢ ! ¥9 9L 101 ssed1aao pagroadsupy
L1 ! Al $  [uoneoo| payyroadsup)
8T ! 1 9 0T uonoaIp pagroadsupn)
SHT (4 [4 6 1AY4 81 |peO1/pIeAs[noq SuIssin
868 £C 6 (44 L SS 089 | 201 |°8puq Suissyn
8¢ 8¢ ssediopun urepsou)
L9 L9 ssed1oA0 urepooun)
LLT C 9 [4 991 [ [uoneoo] urensouny
(44 [4 14! 14 ¢ |UOn9JIp UTBLISOU)
8 € ¢ |Surpeay papaauy
169 9 g 0¢ SLS GL |Amepunoq oy Jo opisino AJjeuiSuQ
811 £ 8 8¢ 9¢ €7 |uonesol Iayjoue Jeau A[[RUISLI)

S10a41y | sdoaxy | saoaayy | saoaay |sdoxxy | sIoxry |saouasy |sronaq |:suoneArasqQ Jo sadAy,
TV.LOL [ [[BAN20Y] | OLIBARN | UBUNER] | SIIH | U0IUd(] | Sefje( | UI[0)

sefeq - §T ILHSI( 10§ SILIETIWNG UOHLAISO JVSNIIL 81°Z 219eL



9z a3vd [-£281-0 1Hoday] youvasay

%91 %91 | %LY | %6 | %ST %0 %Il %8 | %91 | %87 NOUIA %

L80T (4% ! €01 871 1S 6y 14 ¥4 XY ! 8¢ 6£7  |SMIODHY AVSNIIY 'TVIOL

ILY | 4 L1 (4! €l 0 €T 11 9 89 [HOWII/M S@MIOOHT 40 'TANN TVILOL
S81 | 4 61 L £l 0 6¢ 1T 9 69 |'ITVIOL

AKIVAA 1 94 90Ua19JaI SUOIA
IDA0 ALIBD JO PISSOID 2INJe) SuoIm IOy

0

0

0 TN PoOU219JoI WO INSBI Jouue))
(4 e uonisod urelIaoun 0} paAOI
0

0

0

dewr Uo J0u UOTIBOO] 6, SOUIJAY
(6:1) 2ouBISIp UOIBIO] 0} SOUDIVJI FUOIAN
[oquIAS NDO(J Stues 91} 9ABY S2INJONKS OM |,

ST 14 8 €  |peoi/preAdnoq SursSyN

€7 S I 11 I I v |98puq Juissiy

L4 I I 1 1 UOI}BI0] UlelIaouf)

0s 01 01 0€  [uonoaIp ureLeour)

14 [4 [4 Arepunoq 3} Jo opIsino AJJeu1sLQ
L8 11 9 L ! 61 01 14 1€ |uoneoo] oyoue Jeau A[jeuldu0

SI0LI | SIOXXF |SAOLAT | SAOLIY | SAOLITF | SIOXXT | SIONIF |SAOLLF |SAOLLT | SIOLIT [:SUONBAIISQQ) JO SIAAT,
TVLOL|nysdn | smyi], |ejoued |SLLIOFA] | UOLIBIA] | UOSLLIBEL | sse) | dwie) | aimog

BUEPY - 6T JOLSI( 10F SOLEWUNG UOHEAIISO JVSNIIL 61T 219l




LT 23vg [-£281-0 3403y yoivasay

%67 | %S %S8 | %€l %1l %1€ %9 | %6p %I [HOWIH %
9801 bL 911 (41! 9¢1 96¢ XY S 011 601 SQAOOTY JVSNIME 'TVIOL
0Te 14 66 14! 91 L6 8 14 143 YOI/ SMIOIDTT A0 "ANN TVIOL
b6€ b (41} v LI 811 €l 79 ¥s TVLOL
v b (uorB20] MaUl 0] PAAOTA “al) UOKEO0] 1991100 0} SDURJSIP 121821 PAAO
ST Sz (TN 03 Y *21) UOTEDO] 1931109 O] FOUBSIP LIOYS PIAOIA
8 £ g WAVIIV J031100u]
1 1 91o1dwoosur uondiiosap uoned0T
8 ¥ I Z 1 1001105UK UONdLIOSIp UOIIED0T
0 JoquIss ND(J SWes oY) QARY SINJONIS OM],
Fa Z uonoaip parjroadsun
65 11 0y S 13 peoy/pIeaainoq Fuissi
0€T z 96 8 8¥ 9 S 91 a3puq SulssIN
< € ssed1oAo urepooun
(4} £ I 8 uoneso] urepaour)
T ré Arepunoq ayj Jo opisino AjfeuIsuQ
oy z g S 01l z S 8 uoReo0] Joyjoue Jeau A[euIslQ
SAOLXT |SAOLXY | SIOLIY | SIOLIY | SIOLIF | SAOLIY [SIOLIF |SIONIY | SIOMIH |:SUORBAIISGQ Jo sadAT,
TVLOL| 19141 | a8ueviQ| woymaN| L11aqry| uosiayjap| sodsep| wipaeyy| stoquigy)

juomnedy - 07 PLUSI( 10 SILIBWIWNG UONBAIISqO) JVSNTHYG 0Z°T °19¢L



8§z 2304

[-£281-0 140day yoivasay

%€

%8

%LY

%0

%€

%S

Y%L

%8

HJOUHH %

S€

9¢

8y

ST

67

L6l

60T

144

SAIODHY AVSNIHEL 'TVIOL

!

14!

o

oI/ SMIODHA 40 'IANN 'TVLOL

(4!

61

'TV.LOL

yojewr jou saop uondrrosap ssedioaQ

‘Y0 ‘uonisod paJIIOA

seInjonis om} 10y 93pLiq suQ

uondLIosap uoneoo] 1091100U]

ssedxopun/ssedioAo payouMS

auI] AJUNod UMM PIJBOO] J0U S0UIJY

[oquIAS ND( SWES 9} 9ABY SOINJONIS OM [,

ssediapun paygroadsun)

ssed1aro pagoadsuny

uoneo0] parjoadsun

uonodaIp payrdadsupn

e RE—REa RE—RE Bl N—RE—NE—R —RE—N ]

PROI/PIEAS[NOq SUISSIAT

<
N

14!

98puq SurssiN

ssediopun urej9oun)

ssedI1aAo urepaou)

UOIJBO0] UreMIoou)

UOTOIIP UTeMIo0U[)

Surpeay pajreAu]

[—=RE—BKo RE—RE=—RI—

Arepunoq 9yj Jo apIsino A[euIdLiO

0

uo1)eo0[ JoYjoue Jeau A[[ewSLQ

SIO.LIY

SIO.LIT

SIOLIF

LRURR |

SIOLIY

SIOLET]

SI0AI

SI0LIY

SI0I

:suonBAIISqQ Jo sodAy,

TVLOL

evijedez

Adeqipn

11818

830y unp

odrepIg

Apaudy

uoJIuIE)

syooIg

axey - T 1ILUSI( 10§ SILIBUWIWNG UONLAIdSqQ JVSNINY 172 21q¢.L




62 @8vg

[-§Z8-0 1ModaY Y4025y

%tl

%V

Y%Ll

%81

%61

%Cl

%5

%9

%S1

HOWTA %

8L

1L

144

8L

6L

601

LE

LIT

IL

SMIODHA AVSNIIF 'TV.LOL

€01

N

8¢

14!

S

£l

o~

1!

HOWIT/MA SCIOOHY 40 "ANN TV.LOL

STL

8¢

17

(44

0T

en

1

TVLOL

yojews jou seop uondrosap ssedroaQ

0 ‘uonisod PayIoA

yurodorruu JuIssTA

SOINJONIS 0M] 10J 93plIq SUQ

uondIIosap UOILI0[ 109L100U]

ssediopun/ssedIoAo payoims

au] AJUN0D UTYIM PIJeI0] 10U SOUIJY

TOQUIAS NID(T SUIES 3} ALY SOINJONIS OM ],

ssedropun parjroadsun)

Ol O |ICIC QN IO @

ssed1oao0 paygroadsuny

UOoI1BOO0] paygroadsu)

uonoeIp peyroadsun)

o

peOI/pIEAd[NOq SUISSIA

§3

93p11q BuIsSIA

ssediopun urepadsu)

o

ssedaao ureyaoU)

UOT)EOO] UTBLIQ0U[)

TOT)OOIIP UIBLIdOU[)

Surpeay pajaAu]

€

9

14

[4

[4

[4

Arepunoq a1) Jo opIsIno A[[euIsii)

!

[4

UONBOO0] IJOUR IedU AJ[euISLI)

SAO0LIT

SIOLI

SIOLIT[

SIOLIF]

SIOLIF[

SO

SIOLIF

SA0LXT

SAOLIT

:SUOIIBAIISqQ JO SadA],

TVILOL

B[eARZ

992

IPIBA TECA

MOLIdACIA]

aqfese]

Asuuryy

[eanq

T

0paleT] - 77 LYSI( 10§ SILEWWNG UOHEAIdSqO JVSNIIE 77T 2198l




0f 23vd

[-£281-0 10daY youpasay

%Il

%01

%71

%b

%01

%TI

%S1

%01

%6

%S1

JOWHH %

806

14

69

LS

€6

8L

891

| 41}

601

9¢1

SCAODTA IVSNIYE "TVLOL

yo1

o

9T

11

01

|

HOWIT/M SIOIDTT 40 'TAINN TV.LOL

911

01

01

€1

97

1T

11

sT

TV.LOL

(=

uondiIosap UOBO0] UMOIDU ]}

uondLIosep uoNB20] 109.L100U]

S[OQUIAS ND(T 0M] SBY 9I0)0nns suQ

SUIpesH palIaAU]

1991100U uonoun[ 10 330 AOUBISIP 6] 9OUAIRJOY

UON)EI0] 1991102 10} papau uondunssy

uonoaIp peyoadsun

doydn pargroadsun

ssediaAo parjoadsun

[ BE—=2K—NE—RE—R KR A ~R LR~

-

ssediopun parjoadsun

©
—

uoneo0] paryoadsun)

AXLVAA 1 9. 9oua1ajel Suoip

I9A0 118D JO Pass0I0 9INjesy Suoim Jayiig

N A Paduaiajal WO adnseaw jouue)

uonisod trepreoun 0} paAoIA

dew uo j0u UOHEIO] 6] FIUSISTIY

(6.1) 9ouEISIp UOLJEOO] 0} OUAISJI FUOIM

TOquIAS NO(J 9Wes 91} 9ABY SAINONYS OM],

wnmiocioeio|oie|e®

—

PBOI/PIBAI[NOQ SUISSIIA]

L=l
o

o

a3pLq SuISSIA

™~

ssediopun urelOUN)

1

ssediano urepooun

L

— et (O~ —

UOIJBO0] UIBLIdOU()

0

UOKIOAIIP UIBHAoU[)

91

1

[4

I

[4

i

S

i

[4

K1epunoq a3 JO ap1sino AJ[ewisuO

67

1

[4

£

0L

[4

9

s

uoned0[ ISyloue JesU A[RSLIO)

SI001T

SI0LIG

S10.0L5]

SIOXIY

S101q

S10.L1q

SEOLIY

SA011Y

S10LI]

SI04IH

:suoneAlasqQ jo sad4y,

TV.LOL

suaydals

BQES UBS

SIIIAL

Yao[n) I

sesedurey

puepsey

ayouewo))

uRwI[o)

umolg

pooMUMOIY - €7 JL3SI(] 10§ SOLIETIWING UOHEAIISqQ JVSNIIT £T°C 9IqEL




[-£Z8[-0 J0daYy Yoipasay

%61

%ST

%¥T

%11

%61

%bT

% b1

JOoHUd %

086

€L

LY

€CL

6Ty

el

v6

SQAODTY JVSNIIY TV.LOL

061

81

0€

14}

€8

(43

€1

HOWII/M SMIO0DTH 40 'TANN TV.LOL

6€7

61

€

14}

8T1

oy

91

TVLOL

uondiIosap UoIEd0] UMOUNU[)

uondiLossp uoIBo0] 1991100U]

S[OQUIAS NID(T 0M3 SBY 2Jnonais auQ

SuipesH pajaAu]

199.1100Ul Uondunf JO JJO 90UBISIP 6] 90USIRJSY

UOI)BI0] 1991100 0] papau uondumnssy

uonoAIIp paryroadsun

doydn panyioadsun

ssedroao parjroadsup)

ssediopun parjroadsun

uoneso] parjroadsun)

AXLVII 1 9 90u019ja1 Suoim

J9A0 ALIeD 10 PossoId aanjed} 3uoim Joynyg

Al POOUSISJAI WO 2INSBIW JoUuue))

uonisod urepaoUN 03 PIAOIA

dew uo J0u UONIBIO] G, 2OUSIJY

(6:1) @oueB)SIp UOIBIO] 0} 9OUAIFI SUOIM

[0quAs ND(J SWies 9y} 9ABY SINONNS OM],

peOJ/PIBAS[NOQ SUISSIA

14!

09

£l

23puIq SuIsSIA

ssediopun urepaou()

ssedISA0 urepadsu)

UOKBOO0] UTELIIOU()

oclnjoo Rieo|loo|ooeieonQloonco|looiale

UOI}O0IIP UTBLIoU[}

(=)
wn

91

9

LE

AIepunoq 9y} Jo apIsino AjjeuIdug

sS

L

8

14!

9T

UoNBo0] Jayjoue Jeau K[euISLIQ

SI0LIY

SI0LLF[

SI0LI

S10.01Y

SIOLIF

SI0LI

SXOLIY

:suoneAIIsqQ Jo sed4 g,

TVLOL

o1p1Sa1g

Slae( Jjor

ypadspnyf

oseJ IH

uosiaqny)

J9)SMarg

0seJ [7 - T PLUSI(] 10§ SHMEWWNG HOYBAIISO JYSNIIL $TT A1qeL




z€ a3vg [-£281-0 M0aay yo.pasay

%0T %8 %6 %l %0 %0T %Pl | %01 %1y %L1 %€l %l %91 %L [JOWIH %
SOL % |44 LE 9 95 16 (34 19 C 09 €5 S L9 14 SMIODTY dVSNRIE 'TVIOL
821 W y S 0 1L €1 S ST 0l L s 11 1 FJOUTI/A STIODTY 4O TANN TVIOL
L91 19 14 S 0 H (%4 S ST (1) L S LA 1 "TVIOL
{oquuAs 28puq alejdioouy
uondudsap uoiFeI0] UMOUN)
uo13dLI0sap U0i3e00] J99LI00U]
S|OGUIAS NO( 0M) St 21mangs auQ
BupeoH papaAty
102.L100UT UOKOUN{ 10 JJO SOUBISIP 6] MY
UOIJEJ0] 1931103 10} Papau uondumssy
Ll 8 A ot z € ol uotoaip paygioadsun
do/dn pargioadsupy
ssedr1aa0 patgioadsuny
ssediopun pajoadsup)
4 u011e00[ payvedsun
HXLVA 194 eouaigjar Suoip
19A0 ALIED 10 PISsSOI0 91e3) Suomm JaIprg
AL PooURIgjal WOLj AMSE JOUUR)
uonisod UTeHIsoun 03 PIACIA
deul 1o Jou UOIED0] 6] ANANYIT
(6:]) 9OUEISIP UONEIO] 0} 9OUIYAI TUOIA,
2 [OQUIAS NOX SUIS ) SABY SAIINGS OM],
prO1/pIeASNOq SWSSIA
8L 9t [4 S [4 8 £ Vi [4 14 1 I adpuq Buissgy
0 ssediapun urepaou)
0 ssed12A0 urepadu)
I ! 101Ed0] urepadury
0
4

CiIeIoo|Ic (el

=
-4

o|lricioo|o|IeieInNn|o @l

UOT3AIIp UTeHaouN

1 1 4 Arepunioq a1 o 3pisino Aj[euiSLO
L1 L ! 4 1 1 £ 4 oyje00] Jotpoue eaut A][eurBu0

siouy st0.L SI0LY | SIOLIY | S0y sty SIOLY | SIOLIY | SIOLIY stoury | slony SI0.LIF SI0LI sy  |isuoneAsqQ Jo sodAg,

TVIOL | sopoym | Aopojy | xowyy | Supy  wewopaey | neH | paeog | Koo | suayd | dme) | yuoms3ugo) | ssappyy  doosug

SSAAPIIYD - ST JOLUSI(T 10§ SILEWWNG WOBEAIISYQ JVSNIIE ST'TAGEL



CHAPTER 3

IMPROVEMENTS IN THE ROUTING MODEL

3.1 General

The following three improvements have been incorporated in the current version of the
overweight/oversized vehicle routing macro during the 1998 fiscal year:

(1)  Procedure to include turn-penalty information
(2)  Determination of maximal-capacity route
(3)  Procedure to partition a network

The main purpose of these improvements into the overall network routing procedure was to
accommodate realistic situations, such as highway construction, traffic congestion, unsafe turns,
unfeasibility of some turns, and other limitations frequently encounter by the user in issuing
overweight/oversize vehicle routing permits.

The organization of this section is as follows. Section 3.2 presents a brief description of the
routing macro. Section 3.3 provides the methodology developed to find a maximal-capacity
(highest safety margin) route. Section 3.4 outlines the procedure to include turn-penalty
information after a shortest route is determined. Section 3.5 outlines the procedure for
partitioning a network. Finally, Section 3.6 summarizes computational results related to the
performance of the routing macro in finding a maximal-capacity route using the Houston District
network.

3.2 Description of the Overweight/Oversized Vehicle Routing Macro

Figure 3.1 shows a flowchart of the overall GIS-based network optimization macro for obtaining
shortest routes and maximal-capacity routes. The procedure outlined in this figure starts by
loading the network on which a route for a particular vehicle needs to be determined. Once this
is accomplished, relevant configuration data for the specific vehicle under consideration, as well
as a value for the impact factor [2] are provided by the user. The vehicle configuration data
include height, width, number of axles and location of axles. In addition, specific axle
information is also provided and includes (a) axle weights, (b) number and width of tires, and (c)
the gage of each axle.

The impact factor is a value that depends on the speed of travel of the vehicle. If the vehicle is

escorted, its speed can be reduced while crossing the bridges and a lower value for the impact
factor would be chosen.
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Load the network
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Routing
Maximum capacity path algorithm? Shortest path
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Turn-
penalty?

Display the optimal route on
the map and generate routing report

Figure 3.1. Overall Routing Procedure

The next step is the selection of the desired routing algorithm. The user has an option to activate
either a shortest-path algorithm or a maximum-capacity algorithm to determine the optimal route
between an origin and a destination for a given a vehicle. The shortest-path algorithm
determines a route with minimal length and having all bridges along the route, being adequate
for the specified vehicle. Alternatively, the maximum-capacity algorithm determines a bridge-
adequate route having maximum allowed weight. That is, a route having a maximal safety
margin.

The macro requires the specification of the point of origin (source node) and the point of
destination (terminal node) to find a route. This is done by clicking on the terminal nodes of the
road links in the network. The program allows zooming in/out of the map containing the road
network, to facilitate the specification of the path points. Once this information is entered, the
routing macro finds and displays (if found) an optimal path that satisfies vertical clearance,
horizontal clearance and vehicle load constraints. Then, by visually inspecting the optimal route
the user is presented with the following three options:
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Option 1: Accept the route.

Option 2: If the route contains unacceptable turns, provide turn-penalty information and run
the macro again.
Option 3: If the route contains unacceptable links, disable these links from the active

network and run the macro again.

Once the user determines that the route generated by the macro is satisfactory, an output report is
automatically generated, describing the selected route and documenting all the bridges avoided
due to clearance or weight restrictions.

3.3 Maximal-Capacity Route Procedure

The capacity of a bridge is defined as the difference between its load carrying capacity and the
load of the truck. Because of the high number of bridges within the State of Texas, the
determination of a maximal capacity path involves the iterative finding of a large sequence of
shortest paths with increasing capacities. In essence, the procedure can be outlined as follows.
Once a feasible shortest path is found, which can be done with the currently developed
methodology [6], the road section containing a bridge having minimal capacity is disabled from
the network. Afterwards, another feasible shortest path is found from the remaining road
sections in the network. The new feasible shortest path has higher capacity than the previous
one. This basic procedure is repeated until no more feasible routes are found. Once the routing
macro stops searching for additional feasible shortest routes, it can be concluded that the last
route found is both feasible and has the highest/maximal capacity between the specified origin
and destination points.

Application 1

Figure 3.2 shows a portion of the Houston District network with three routes resulting
from the application of the maximal-capacity algorithm. The first iteration of the
algorithm generated Route 1 with a capacity of 6 kips.; in the second iteration Route 2
was found, with a capacity of 27.6 kips.; and finally, the last iteration of the algorithm
yielded Route 3, with a capacity of 30.2 kips. The vehicle information used and a
detailed output report generated by the routing macro are included in Appendix C.

3.4 Turn-Penalty Procedure

In the case of oversized-vehicle routing, there exist many turns (i.e. transitions from one link to
another) which the user may want to avoid, due to the dimensions of a particular vehicle. As an
illustration, if the optimal route, generated either by shortest-path or maximal-capacity path
algorithm, contains a turn that the user considers to be highly undesirable, then a high penalty
can be assigned to that specific turn.
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Figure 3.2 Application of Maximal Capacity Algorithm.
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To be able to include the turn-penalty capability into the routing macro, a modification was made
to the program code using TransCAD’s built-in Shortest Path with Turn Penalty algorithm
instead of Shortest Path algorithm.

The following procedure lists the steps to create or include turn-penalty information in a routing
analysis, using TransCAD’s built-in Turn Toolbox utility:

Follow the usual steps outlined in Appendix B when running the OVR program.
1. Identify the turn(s) you want to apply a restriction to.
2. Within TransCAD:

a. Choose Network/Paths-Turn Toolbox to display the Penalty Dataview dialog box

b. Choose one of the options from the table:
New Table: Creates anew table to store turn-penalty information
Open Table: Open a table file on disk to store turn-penalty information
Existing Dataview: Choose an existing data-view to store turn-penalty information
Initially a new table should be created, afterwards, open the existing table to add/delete
turn information in the future.
Save the table under d:\ mergetx\ turnpen\ datal.dbf
Click OK. TransCAD displays the Turn toolbox
Click “+” bar to activate the add-penalty tool
Click on the first link of the turn from the map
Click on the second link of the turn form the map ‘
Enter penalty value in the Penalty box (leave the penalty value blank to prohibit the turn)
. Close the toolbox
ow save those turn-penalty info into the network file
Go to network-setting-update.
Click turn-penalty option
In the "specific" field, choose path to file (d:\mergetx\turnpen\datal.dbf’) leave the
"default" field empty or blank

d. Click OK

Now, the network will have turn-penalty information to be used by the OVR program

4. Run the OVR program and when asked whether to use turn penalty information, click YES.

w
Z, 5@ e a o

o ow

Application 2

Figure 3.3 shows a portion of the Houston district network with two shortest paths found
before and after using the turn-penalty information. The undesirable turn is labeled with
the letter A. A value of 99 was entered in the Penalty dialog box as the turn penalty value
associated with the restriction. The vehicle information used and a detailed output report
generated by the routing macro are included in Appendix C.
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Figure 3.3 Application of Shortest-Path Algorithm using Turn-Penalty Information
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3.5 Network Partitioning Procedure

There exist many situations where routing might be restricted and/or should be avoided. These
may include:

1) When a road/bridge is closed for construction.

2) When a congested section of the network is not allowed for routing.

3) When the routing is limited within a specified area (e.g. load posted bridges or load-zoned
roads).

In these situations it is desirable to temporarily modify the network by disabling and/or enabling
links in a network (network partitioning), to model realistic road conditions. TransCAD has the
capability to quickly disable any number of the links in a network, perform a routing analysis
and then re-enable the links, without having to recreate the entire network file (see Appendix B).
TransCAD saves information on links that are enabled and disabled in the separate network file.
Therefore, when searching for a feasible route, the new network information is retrieved and
used simultaneously with the original network information.

There are two alternatives available in partitioning a given network. First, the user can disable
one individual link or a set of links from the network. Second, the user can first disable all links
in the network and then select a portion of them and generate a sub-network for further routing.
These two procedures are provided below:

Disabling a link or set of links

Select a link or set of links from the network by using the Selection Tool in TransCAD
Choose Networks/Path-Settings to display the Network Setting dialog box

Click Update to display the Update Network dialog box

Choose Disable Links from the Option drop-down list

Choose Selection from the Using drop-down list to display the Expression dialog box
Click OK and run the OVR program as usual.

e e o

Selecting a portion of a network (sub-network)

Choose Networks/Path-Settings to display the Network Setting dialog box

Click Update to display the Update Network dialog box

Choose Disable Links from the Option drop-down list

Choose All features from the Using drop-down list to display the Expression dialog box. All
links are disabled from the network now

Select a portion of the network for routing by using the Selection Tool in TransCAD

Choose Networks/Path-Settings to display the Network Setting dialog box

Click Update to display the Update Network dialog box

Choose Enable Links from the Option drop-down list

Choose Selection from the Using drop-down list to display the Expression dialog box.

Click OK.

Create a new network (and save it with another name). The desired network is available for
routing at this point.

g. Run the OVR program as usual.

e o p

T rT R o
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Figure 3.4 Application of Shortest-Path Algorithm using Network Partitioning.
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Application 3

Figure 3.4 shows a portion of the Houston District network with two shortest paths found
before and after partitioning the network. By using the selection tool provided by
TransCAD, 256 links were removed from the network. The vehicle information and a
detailed output report generated by the routing macro are also included in Appendix C.

3.6 Summary

This section summarizes the performance analysis of the “maximal-capacity” routing algorithm.
A complete description of the “shortest-path” routing procedures and related computational
performance results have been documented in the report for fiscal year 1997 [7].

Several applications of the maximal-capacity algorithm have been tested. A summary of the
results using the Houston district network is shown in Table 3.1. This network includes
approximately 2,800 bridges, 41,000 nodes, and 52,000 arcs. In order to demonstrate the
effectiveness of the proposed approach, vehicles with various axle configurations, weights,
clearances, and different points of origin and destination were used. In all cases, an impact
factor of 10% was used. Table 3.1 shows that the maximal-capacity algorithm finds routes
within several minutes (usually within two minutes), depending on the number of axles of the
vehicle and the location and number of path points (origin, destination and intermediate points).
It was observed, that an average of three shortest-path routes is required before the optimal
maximal-capacity route is found.

Table 3.1 Computational Performance of Maximal-Capacity Algorithm

Total No. of [ Heightof | Width of | No. of unconstrained| No. of feasible | Computational
Examples [load (kips)| axles the truck | the truck | shortest paths found [shortest paths found] time (sec.)
Truck_1 128 5 15'4" 15" 4" 21 3 89
Truck_1* 128 5 15'4" 15" 4" 17 4 42
Truck_2 201 9 13" Q" 12" 0" 3 1 36
Truck_3 364.9 15 172" 14" 4" 31 6 224
Truck_3* 364.9 15 17" 2" 14" 4" 13 2 T 58
Truck_4 436 19 14'6" 12'0" 24 3 146
Truck 4* 486 19 14'6" 12'0" 43 2 163
Truck 5 610 27 15'8" 16' 0" 16 2 57
Truck 5* 610 27 15'8" 16'0" 7 1 49

(*) denotes the use of trucks 1,3,4 and 5 considering different origin and destination pairs.

The high computational efficiency of the routing macro is due to two major improvements:
a) a path tracing methodology, and
b) abridge evaluation procedure

A discussion of each of these improvements follows.
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Path Tracing Methodology

A path tracing methodology verifies if the road links are adequate for the height, width, and
weight requirements of the specified vehicle. The links are evaluated in the alternating order in
which they appear on the shortest path (i.e., first link to be checked is the link closest to the
source node, second link to be checked is the link closest to the terminal node, third link to be
checked is the link second closest to the source node, fourth link to be checked is the link second
closes to the terminal node, and so on). By using this proposed methodology, the evaluation of
bridges along the shortest path is accomplished in a significantly short time compared to the
procedure in which bridges are evaluated in the chronological order in which they appear. It also
appears that a significantly lower number of feasible unconstrained shortest paths from the
specified origin to the specified destination nodes need to be evaluated.

Bridge Evaluation Procedure

During a routing analysis a link or set of links with one or more bridge(s) attributed may become
part of multiple feasible routes. A simple procedure that avoids multiple evaluations is
implemented in the routing macro. This procedure consists in storing the list of links with
bridges, previously evaluated using Keating’s bridge load formulae [7], in an array. If the
link(s) with bridges attributed are included in a new possible route, the program skips the
evaluation and continues with the next links. This approach reduces the number of bridges to be
evaluated, thus reducing the overall computational time.
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CHAPTER 4
PROCEDURES TO UPDATE GIS ROUTING FILES
4.1 Background

TxDOT Design Division and Mapping Office periodically update and modify BRINSAP and
ROADS databases and the digitized County Urban maps. These changes are natural
consequences of the routine growth of the highway system to satisfy new traffic demands. These
changes must be accounted for in the GIS routing maps and databases for a proper accountability
of the actual highway system. This Chapter describes the update procedure of the routing
software due to updates in the BRINSAP and road maps of the On-System highways.

4.2 Typical BRINSAP Changes

The information contained in the BRINSAP database periodically changes as a result of the
following factors:

(a) field inspections (changes in the conditions of the bridges),

(b) the construction of new bridges,

(c) the reconstruction of bridges,

(d) change in the jurisdiction of the bridges, and

(e) the closure of bridges or highways.

Although these changes are periodic, updates of BRISAP are usually released in time intervals
(usually six months). In order to perform a proper update of the GIS routing software, it is
necessary to compare the new updated BRINSAP to its previous version and to reconstruct all
changes that have taken place between their release times. To do this however, it is desirable to
account for all changes using only the information contained in the old BRINSAP and in the new
BRINSAP.

As aresult of comparing the new and the old BRINSAP, the following events can be identified:

a) Bridges are removed from the On-System highways, either because the roads are being
permanently closed to traffic or because they are being demolished and never rebuilt.
Therefore, the bridge records in the old BRINSAP are not contained in the updated database.

b) New bridges are built on existing or new segments of the On-System highways. In this
event, new bridge records are included in the updated BRINSAP.

c) Bridges are replaced by or rebuilt with new structures on the same location. In this event,
typically, a new bridge record is reflected in the updated BRINSAP and replaces a record of
the old BRINSAP. Certain information related to bridge location remains the same and is
used to identify the record of the replaced bridge. Bridge specific attributes, needed for
routing analysis, such as operating and inventory ratings, span lengths, clearances, and etc.
are updated.
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d) The jurisdiction of some bridges may have changed from On-System to Off-System when
comparing the old and the new BRINSAP records. The records pertaining to the bridge in
the old On-System BRINSAP are transferred to the Off-System portion of the new
BRINSAP database.

e) Alternately, the jurisdiction of some bridges may have changed from Off-System to On-
System. In this case, the records of the Off-System BRINSAP are transferred to the New
On-System BRINSAP. Furthermore, these bridges were previously unaccounted for in the
routing program, and therefore, their correct location and geographic coordinates need to be
determined.

4.3 Typical Changes in Road Maps (Urban Maps) and ROADS Database

As a result of new highway construction, the county Urban drawings experience updates and
modifications in the geographic elements. The following events can be identified when
comparing a new road map with its previous version:

a) New constructed highways are reflected by new links.

b) New bridges built on existing or new roads are reflected by added bridge symbols.

¢) Roads permanently closed to traffic are absent in the new urban files.

d) Roads no longer under the On-System jurisdiction are transferred to different drawing layers
within the road map.

In addition, the relational ROADS database associated with the geographical drawings is
updated accordingly. As described in Reference [6], the highway tables in the ROADS database
contain the attributes associated to the centerlines of the On-System highway-drawing element.
These database attributes include the Highway identification, road type (IH, FM, etc.) and the
MSLink code that links the geographic map feature to the information in the database.

The following sections describe in detail the procedure to update the existing network model
required for the routing of overweight and oversize vehicles.

4.4 GIS Files Update Procedure

The process to update the GIS routing network has been developed to reflect the changes and
upgrades that TxDOT makes on their base maps and databases. The core of the automated
routing package is composed of a network model of the Texas highway system, with attributes
from TxDOT’s ROADS database, and a relational database linked to BRINSAP. Two separate
processes can be identified:

a) Update of the highway network, and
b) Update of BRINSAP.

After performing each process individually, the update has to be completed by updating the
relational database BRINSAP-ROADS inside the routing software.
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The update of the GIS routing software files needs to be performed one county at a time. The
following items are required:

1. The existing county GIS files to be updated (in standard geographic format);

2. The new version of BRINSAP containing the On-System and Off-system information;

3. The previous version of BRINSAP from which the bridge information in the GIS files was
created/updated the last time (On- and Off-System).

4. The new version of the County Urban base maps (with the corresponding ROADS database);

5. The previous version of the County Urban maps from which the GIS files were
created/updated the last time.

6. Macros that run in TransCAD to prepare the road network for routing that perform functions
such as to compare the links of the old and new digitized maps, fix connectivity problems,
assign traffic directions, define overpass/underpasses, and etc.

7. External programs to perform comparisons between the BRINSAP databases to compare the
old and new BRINSAP databases and their corresponding relational databases within the
routing software.

Figure 4.1 illustrates the overall process to update the GIS files used for routing. The process
flows from top to bottom. The process is divided in three main sections A, B and C. Section A
illustrates the set of files required to perform the update. Section B illustrates and briefly
describes the five main tasks to be performed on each of the existing County GIS files. Section
C shows the set of final updated files, on which the routing analysis will be performed. The left-
hand side of the flowchart shows the update process pertaining to the BRINSAP database; the
right-hand side shows the process pertaining to the ROADS network; and the middle portion
shows files and tasks related to both. The oval shapes represent required files and final updated
files; the rectangular shapes correspond to tasks to perform with the corresponding files.

The files and tasks involved in the update process are described in the following sections. A

detailed flow chart of all the details and steps of the updating process is illustrated in Figure 4.2.
File and program names are referred to this figure throughout the chapter.
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Figure 4.1 General Flowchart for Update Process of the GIS Files for Vehicle Routing.
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4.5 Description and Preparation of Files Required for Updating

This section describes in detail the files that are required to perform the update. This includes the
“New and Previous BRINSAP” databases, the “Existing County GIS files” and the “NEW and
Previous County Urban Maps”.

4.5.1 BRINSAP Files

The BRINSAP database files are usually available in a Microsoft Access format. However,
TransCAD requires that the databases to be in a dBase format. During the processes of
converting from Access to dBase, the names of the record-fields were shortened. As a result, the
converted dBase databases were re-structured to have the proper fields re-sized and renamed. In
addition, the structure of the database was modified by adding fields needed in the relational
database of the GIS routing software. Furthermore, since the update of the GIS files is
performed by county, the modified dBase database is separated by counties using an extraction
procedure.

The procedures described here assume that the TxDOT's BRINSAP structure will not change. If
fields are added or renamed in the future, the macros described here will need modifications to
consider the modified or added fields.

The New and Previous BRINSAP containing the updated On-System and Off-System databases
must be converted to dBase format and prepared to be fully compatible with TransCAD and the
existing GIS files formats. This is required to facilitate the manipulation of database files
required in task Four of Section B as shown in Figure 4.1.

The preparation of the database files consists of modifying the internal structure of the databases.
The process of the preparation can be seen in the upper-left portion of Figure 4.2. The
modifications are made in TransCAD using four customized macros:

a) Macro "modbrg.rsc" renames and resizes the fields of the databases.

b) Macros "adfildon.rsc" and "adfildof.rsc" add blank relational database fields in the On-
System and Off-System databases respectively;

¢) Macro "fillid.rsc" performs two tasks. One task assigns internal ID’s to each record in the
databases. The other task converts the record's original geographic coordinates from degrees-
minute format to decimal-degrees format. This is required for mapping the bridge locations
in TransCAD and generating the GIS point layer representing the location of the bridges.

d) And macro "indexbrg.rsc" creates index files that speed up search procedures utilized in
comparing the BRINSAP databases. ‘

These modifications are done only once to each database, containing all the information of all
counties to be updated. When the preparation of the files is complete, three files are left, "New
BRGON", "New BRGOF", and "Previous BRGOF" as seen in Figure 4.2.
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After BRINSAP has been prepared, the corresponding county to be updated can be extracted
from the new On-System ("New BRGON") database. The extraction is accomplished using
TransCAD’s built-in commands. Following is a description of the specifics of the extraction of
bridges by county. First, the modified BRGON database is opened in TransCAD as a Dataview
only (without creating a geographic file). Second, the corresponding county to be extracted is
selected using the "Select by Condition"” option under the Dataview menu. The condition is set to
the county number (e.g. F3COUNTY= "237") and executed. Once the selection is executed and
displayed in the Dataview, it is then saved in dBase format with a unique identifiable filename
(e.g. 237bm.dbf). This is repeated for all the counties to be updated.

The results of the above are “New On-System County BRINSAP files” with updated BRINSAP
information except for the corrected geographic coordinates. These will be updated later as
described in Task Four of Figure 4.2. This completes the preparation of the required BRINSAP
files.

4.5.2 Existing County GIS Files

The “Existing County GIS files”, in TransCAD format, contain the BRINSAP database, the
ROADS database and the BRINSAP-ROADS relational database used in the routing program.
The BRINSAP database already contains the corrected geographic coordinates of the bridges that
need to be maintained and copied to the new BRINSAP information on Task Four of Section B.
As a result, the “Existing County GIS files” are needed for the update. These GIS files
correspond to the ones initially created or previously updated and prepared for routing, as
described in Reference [6], and merged to generate the GIS files for a larger region (e.g. district
or state). These files must be in TransCAD’s Standard Geographic format in order to be
modified.

4.5.3 TxDOT's County Urban Maps

In order to update changes in the roads, as inventoried by TxDOT in the County Urban maps, it
is necessary to have available the new and previous County Urban maps (in Intergraph format,
"Microstation Design File or DGN file™). It is extremely important to save and safeguard backup
copies of both the previous and the latest County Urban maps used in the update. The reason for
this is that the "new" County Urban maps will become the "previous" maps in the next future
update. Without these maps, future updates of the ROADS GIS files will be extremely laborious
and time consuming. Additional information on this matter is provided in Section 4.8.2.

4.6 Updating Tasks of County GIS Files

In the previous section, detail descriptions of seven files needed for updating were provided.
Five tasks are required to perform the update.
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4.6.1 Task One: Backup Existing County GIS Files and Export Existing County
BRINSAP

This task consists of making a backup copy of all the “Existing County GIS files” (BRINSAP
and ROADS), and exporting the County BRINSAP.

The backup copy of all the “Existing County GIS files (BRINSAP and ROADS) is needed
because the update will be performed in these files. It is extremely important that the copy be
made using TransCAD’s copy utility found under the Tools/Geographic File menu. The copied
files should be kept in as separate folder; for example, "..ANEWROADS\" and
"...\NEWBRINSAP\".

To facilitate the comparison of bridge databases described later in task Four, an additional copy
of the entire County BRINSAP database should be exported. This copy must include the actual
corrected geographic coordinates of each bridge record. The copy should be made in TransCAD
by opening the Dataview (when the BRINSAP layer is active), and saving it in dBase format in a
separate folder. This process allows for the current/corrected geographic coordinates, to be
included in the exported file (the “Existing County BRINSAP file”).

4.6.2 Task Two: Identification of New and Modified Links in the County Urban
Base Maps

In this task, the new and previous County Urban maps are compared for the purpose of
identifying the new and modified links in the maps. This information provides an insight of the
roads modification of the highway system.

The road segments corresponding to the On-system highways of both Urban maps (new and
previous) are imported into TransCAD using a readily available TransCAD import utility
(Import Intergraph DGN Files). Once imported into TransCAD, maps containing the imported
road links are created. An “Old Roads map” contains the road links from the “Previous DGN
County Urban file”, and a “New Roads map” contains the road links from the “New DGN
County Urban file”. These maps are compared against each other to identify the new added road
segments and/or existing modified road links. Afterwards, a crosscheck comparison can identify
deleted road segments.

The comparison of the maps is accomplished by using the customized macro "CompRoad”. This
macro copies the new and modified lines from the “New Roads map” to the “Old Roads map”.
At the end of the comparison an “Updated Old Roads map” will contain the old roads and the
new roads identified with a different color. Finally, the set of new and modified road segments is
exported as a separate set of GIS files, creating a new map. The “New/Modified Road links
map” will be used in Task Three to incorporate the new road links into the “Existing County GIS
ROADS map”. It should be noted that these maps do not contain the ROADS database attributed
to the centerlines of the highways, for the reasons explained in Section 4.8.1 and 4.8.2.
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Figure 4.3 shows an example in the Brazoria county where new added links were identified in
the “New Roads map”. The figure in the left depicts the old map and the one on the right shows
the “Updated Old Roads map”, which consists of the old roads plus the new links.

e E T —\\\
el S \§§
\Q\ --::(‘:{7‘*-/
1. Old Roads map. 2. Updated Old Roads map.

Figure 4.3 Case of GIS ROAD Network Updated with New Links

4.6.3 Task Three: Incorporate New Links to Road Network

This task consists of updating the existing county roads network, by incorporating the new links
identified in Task Two. The updating takes place when the “New/Modified Road links map” and
the copy of the “County GIS ROADS map” are compared against each other, using the
CompRoad macro.

The macro automatically copies the new and modified links into the existing road network. It
should be noted that since the copy of the “County GIS ROADS map” already contains the
structure of the ROADS database, the new links will automatically have this structure associated
to them. The “County GIS ROADS map” is updated with the new and modified road links.

During this task, some road links that appear to be repeated are copied. Section 4.8.2 addresses
this issue. Repeated links must be carefully compared by visual means and deleted accordingly.

Afterwards, the updated “County GIS ROADS map with New and Modified links” must be
prepared for routing analysis by means of the procedure described in Chapter 4 of Reference [6].

In summary, the preparation of the road network consists of fixing connectivity problems,
assigning traffic directions to one-way highways and defining underpasses/overpasses when
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applicable. These tasks are accomplished in TransCAD by using the macros "Connect.rsc",
"Assign.rsc" and "Intersec.rsc".

Immediately after, if new centerlines are copied to the network, these must be deleted. Finally, an
identification code must be assigned to the remaining new links in the county road ID field
(CTYRDID) of the GIS ROADS database. This field value is required for updating the relational
database BRINSAP-ROADS.

The “Updated County GIS ROADS map” now contains all the new road links, except for
centerlines, is fully connected, has traffic directions and overpasses/underpasses defined and
properly identified.

4.6.4 Task Four: Comparison of New and Previous BRINSAP

In this task the information extracted from the TxXDOT updated On-System BRINSAP (“New On-
System County BRINSAP file”, Section 4.5.1) is compared against the “Existing County
BRINSAP file” (4.6.1) and the both Off-System BRINSAP files (“New and Previous BRGOF”)
(Section 4.5.1). This comparison is needed to identify the changes made to the On-System
database and incorporate the new/updated information into the routing package.

During the comparison the following events are identified:

a) Bridges removed from the On-System database.

b) New bridges added to the On-System database.

c) Rebuilt/replaced bridges within the On-System jurisdiction.

d) On-System bridges transferred to the Off-System jurisdiction.

e) And Off-System bridges transferred to the On-System jurisdiction.

The comparison is made through the use of a stand-alone external program, "CompareBRG".
The program was developed in C++ programming language, and is specifically customized to
compare four bridge databases. The program can be executed from any drive and/or folder in the
computer. However, the program requires that a dBase template file (BRNTMP.dbf) be located
under the “d:\Macros” folder. This template is required to create the structure for temporary files
during the process of identifying removed and added bridges.

A typical execution is described as follows:

First, the user must choose the four files (in dBase format) to be compared. The files must always
be selected in a sequential top-down order as seen in Figure 4.4. The filenames and paths appear
on the edit boxes on the right of each choose-file button. Afterwards, click on the
“Compare/Report/Update” button to start the comparison. At the end, the window displays the
path and filenames associated with reports associated with the removed and added bridges. In
addition, in the bar at the bottom of the window (a status bar), the name of a text file containing a
list of both removed and added bridges is displayed.
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Figure 4.4 CompareBRG Program. Main Components.

Bridges removed.

The program first finds “Removed bridges” by comparing the “Existing County BRINSAP file”
to the “New On-System County BRINSAP file”. The program scrolls the database files, each
record at a time, comparing the fields that contain the bridge's unique structure identification
number. When a record is not found in the “New On-System County BRINSAP file”, the
structure number and additional specific information of the record not found is copied to a
temporary dBase file with suffix _rem (e.g. countyname_rem.dbf). The information is copied in
the corresponding fields of the dBase file, which was internally created from a template file
(BRNTMP.dbf) used for this purpose.

New or Replaced/Rebuilt Bridges.

After all removed records have been found, the program then searches for “Added bridges” by
crosschecking the same files. As before, the structure number is used for this purpose. When a
record is not found in the “Existing County BRINSAP file”, it is considered as a new added
record to the On-System database. The predefined information pertaining to the new record is
copied to another temporary dBase file with suffix _add (e.g. countyname_add.dbf).
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The new added record may correspond to either a “New” bridge or a “Replaced/Rebuilt” bridge
in the On-System. To conclude whether the record falls into one category or another, the
program compares the temporary file countyname rem against the file countyname_add. The
temporary files now have information pertaining to each bridge record contained in only 12
fields. These include: the structure number, district number, county number, feature crossed,
facility carried over, location, control number, section number, original geographic coordinates
(latitude and longitude) in degrees-minutes format, milepoint and the year built.

Since the structure numbers of the removed and added bridges are different, the comparison is
made assuming that for a replaced/rebuilt bridge, the location, highway identification and
original coordinates, should match in both the removed records list and the added records list.
The information compared includes (a) the control and section numbers pertaining to the
highway section carrying the bridge; (b) the original geographic coordinates (latitude and
longitude) in degrees-minutes format; (c) the feature crossed and (d) the facility carried over.
Occasionally, the information in a field did not exactly match between the removed bridge
record and the added record. The differences where basically due to typing errors (e.g. missing
characters, etc.), additional characters present (e.g. parenthesis, commas, etc), different
information or missing information. This situation prohibited the proper identification of a
replaced bridge since the information in all the fields did not match simultaneously. Section
4.8.3 further addresses this problem and the solution developed. Whenever a bridge is identified
as replaced/rebuilt, the corrected coordinates are copied from the removed bridge record to the
added bridge record.

Bridges Transferred From On- to Off-System Jurisdiction

After the added records have been properly identified and classified, the program continues with
the task of finding bridges that were transferred to the Off-System. This task was accomplished
by comparing the temporary file with removed records, countyname_rem, against the “New
BRGOF” database file. The process is somewhat similar to the one used for finding
replaced/rebuilt bridges. In this case, the comparison does not include the structure number nor
the highway control and section number as comparison fields because TxDOT assigns complete
different highway identification codes (e.g. control and section numbers) and the structure
number contains these codes. Therefore, only the geographic coordinates and the location
information, namely the feature crossed, the facility carried over and the location fields were
used. The solution to overcome the problem of field information not matching simultaneously is
described in Section 4.8.3.

Bridges Transferred From Off- to On-System Jurisdiction

This task was accomplished by comparing the temporary file with the added records,
countyname_add, against the “Previous BRGOF” database file. The process is somewhat similar
to that described above.

To complete Task Four, the program updates the geographic coordinates in the “New On-System

County BRINSAP file” of the records corresponding to the bridges identified in the added list, as
rebuilt/replaced. The coordinates for the remaining bridges are updated in Task Five. This
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completes the comparison of bridge databases with a “New On-System County BRINSAP file,
with correct Geographic Coordinates for Replaced Bridges only”.

Also, during this task, the program also generates a report or CSV (Comma Separated Value
format) text file that contains both lists of removed bridges and added bridges. Figure 4.5
illustrates the format of the report using the information for Fort Bend county. The reports
generated for the counties of the Houston district are shown in Appendix D. The list of removed
bridges is presented first. The bridge record information reported includes:

a) The internal ID number already assigned by macro fillid.rsc when preparing BRINSAP.
b) The structure number of the removed bridge records.

¢) The feature crossed.

d) The facility carried over.

¢) The location description.

f) The route control number.

g) The route section number.

h) The milepoint.

i) And the latitude and longitude (in degrees-decimal minutes format).

If the removed bridge was identified in the new Off-System database, the corresponding Off-
System structure number is reported. (An associated match criterion is also included,
representing the degree of certainty that the bridge record information matched between the
removed list and the new Off-System database). At the end of the list, the total number of
records removed is reported.

Immediately after, the list of added bridges continues. The bridge record information is similar
to the reported for removed bridges. Except that if the added bridge was identified as
replaced/rebuilt, the corresponding structure number from the removed list is appended.
(Similarly, an associated match criterion is also included, representing the degree of certainty
that the bridge record information matched between the removed and the added list).

If the added bridge was identified in the previous Off-System database, the corresponding Off-
System structure number is also reported. (An associated match criterion is also included,
representing the degree of certainty that the bridge record information matched between the
added list and the previous Off-System database). At the end of the list, the total number of
records added is reported, and in addition a balance of bridges removed or added per county is
computed.

This text file was generated for two reasons: a) to keep track of the latest changes made to
BRINSAP, and b) to aid in the task of un-assigning removed bridges from the roads network,
verifying the location of replaced/rebuilt bridges and new bridges. The update of the relational
database BRINSAP-ROADS is the subject of the following task. It should be noted that at the
end of this task, the integrity of the latest BRINSAP information is maintained (e.g. bridge
spans, clearances, rating, etc.).
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4.6.5 Task Five: Update Relational Database

At this point, both the County BRINSAP and the County GIS ROADS network map are updated.
However, the database that relates the two of them also needs to be updated to recognize the
changes in the network for the GIS routing program to perform the proper identification of
routes. Task Five consists of:

a) Un-assign the removed bridges from the existing road links. These bridges are no longer on
the network.

b) Fill/update the relational database fields and correct geographic coordinates for those bridges
that remain in the highway network.

¢) Locate the new bridges and attribute them to the corresponding new or existing road links.
The location of replaced/rebuilt bridges is also verified.

d) Delete road segments no longer corresponding to the On-System network (if required).

Un-assigning Removed Bridges.

The first step is to un-assign the bridges removed from the On-System highways from the roads
network. This task consists of removing the corresponding bridge structure number from the
relational database fields of the ROADS database. This is accomplished in TransCAD by using
the “Bridges2Roads” or “B2R.rsc” macro on a map containing the “Updated County GIS
ROADS” and the “Existing County GIS BRINSAP”. The macro interactively scrolls over each
BRINSAP record, highlighting with different colors, the active bridge and the corresponding
road links to which the bridge is attributed as an overpass and/or an underpass. To know which
bridges must be un-assigned from the On-System, the user must review the “Removed bridges”
list on the CSV text file generated in Task Four.

By means of clicking on the “Deselect” button of the “B2R.rsc” macro, the bridge can be un-
assigned simultaneously from all road links to which it is attributed. For example, if the bridge
is an overpass or underpass, the bridge structure number is assigned to the link(s) corresponding
to the facilities carried and to the link(s) of the facility crossed. Therefore, the bridge structure
numbers are automatically removed from the BRGOP1-BRGOP2 fields, if the bridge was
attributed to one or more road links as an overpass, and/or from the BRGUP1-BRGUP2 fields, if
attributed as an underpass. The changes are saved automatically.

In addition, the relational database in the “Existing County GIS BRINSAP” contains four fields
that identify the road links identification numbers (CTYRDID) of the facilities carried and
facilities crossed (if it is a highway) which are simultaneously updated. The corresponding
county road ID codes are removed from the CTYRDOP1-CTYRDOP? fields if the bridge was
attributed as an overpass and removed from the CTYRDUPI-CTYRDUP2 if assigned as

underpass.

The resulting roads network corresponds to the county GIS ROADS and GIS BRINSAP that no
longer contain the bridges removed from the On-System network between the releases of the old
and new BRINSAP, but still does not contain the added bridges. These files are referred to as
the “County GIS ROADS without removed and new bridges” and the “County GIS BRINSAP
map without road links attributed to removed bridges and without new bridges”.
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Update Relational Database Fields and Correct Geographic Coordinates

To incorporate the added bridges into the routing network and have access to the most updated
bridge record information when performing a routing analysis, a map showing the correct
location of the latest bridge records is required. The file that contains the latest BRINSAP
information, is the “New On-System County BRINSAP file, with correct Geographic
Coordinates for Replaced bridges only” described in Task Four (Section 4.6.4). Nevertheless,
this file only has the correct coordinate information for the bridges identified as rebuilt/replaced.
To update the correct coordinates for the records of the remaining bridges, a comparison is made

between three database files:

a) The “County BRINSAP file without the road ID's (CTYRDID) atiributed to removed
bridges” has the corrected coordinates of the all the bridges, except for the bridges
corresponding to the ones identified as added (alias Existing county B2R, see Figure 4.6).
This database file is obtained by exporting the Dataview of the “Existing County GIS
BRINSAP” described in the previous sub-section and saving it in dBase format (see 4.6.1).

b) The corresponding temporary file Countyname rem file with removed bridges (alias
Removed bridges, see Figure 4.6).

¢) And, the corresponding “New On-System County BRINSAP file, with correct Geographic
Coordinates for Replaced bridges only” (alias New county B2R, see Figure 4.6).

| SEtouiateton " Vs s ealilienat DAt Rk Tkl Al [Of x}
Existi vt B Zﬁ ID:\1_1 compareb2r\Walernew.dbf
xisting county o

Existing County B2R file <with Remaining and TO BE Removed bridges>

R 4 Biid F):\1_1 compareb2r\WALERNEW _rem. dbf
emoved Bridges .

Temporary County_rem file <with list of Removed bridges>

N ’ ty B2R  [D:\1_1compareb2i\237bin. dot
ew county :

Recently Estracted County BRGON file <with Remaining and New bridges>

j Clear Alf
Help
Delete Removed bridges and Update Coordinates and Relational Database fields
Initial # of Records 104 Removed bridges stil related to Roads lU Records Updated 11 04 Exit

Records Deleted ID ) Final # of Records |14

bR

N

Figure 4.6 CompareB2R Program. Main Components.
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The comparison is made through the use of the external stand-alone program CompareB2R
developed in C++ programming language. In a typical execution the files (in dBase format) to
be compared are chosen in the following order: 'Existing county B2R' file first, followed by the
'Removed Bridges' and then by 'New county B2R' files (see Figure 4.6).

The filenames and paths appear on the edit boxes on the right of each choose-file button.
Afterwards, click on the “Delete Removed Bridges and Update Coordinates and Relational
Database fields” button to start the comparison.

The program scrolls the database files, each record at a time, comparing the fields that contain
the bridge’ structure identification number. Each time a record is found in the “New county
B2R” database, the geographic coordinates (in decimal degrees format), the corresponding
relational database fields (BRGOP1, BRGOP2, BRGUP1, BRGUP2) and the FLAGS fields, are
updated with the information contained in the corresponding fields in the “Existing county B2R”
database.

Three internal counters keep track of the initial number of bridge records, the number of bridge
records updated and the final number of On-System bridges that the county will have.

Th resulting file contains the corrected coordinates updated for the replaced/rebuilt bridges and
the corresponding relational database fields also updated.

Incorporate/Locate New Bridges

At this point the added bridges still have to be incorporated and located in the roads network.
Subsequently, new County GIS BRINSAP files need to be generated, using the updated
geographic coordinates, to map the corrected bridge locations and represent them in a point layer.

Once these files are generated, a “New Regenerated County Map” is created by superimposing a)
the “New County GIS BRINSAP?”, and b) the “County GIS ROADS without removed and new
bridges”. The position of the new added bridges can be verified and corrected, if required. The
procedure to verify and locate bridges is described in Chapter 4 of Reference [6].

After verifying the bridge locations, the new added bridges have to be incorporated into the roads
network. This consists of writing the corresponding bridge structure numbers in the relational
database fields (BRGOP1, BRGOP2, BRGUP1, and BRGUP2) of the road links. Again this is
accomplished in TransCAD by using the “B2R.rsc” macro on the previously created map.

The process is similar to the one described for un-assigning the removed bridges. The macro
interactively scrolls over each BRINSAP record. By clicking on the “Overpass” or “Underpass”
buttons and then selecting the corresponding road links, the links will be highlighted with
different colors.

To incorporate the new added bridges to the On-System, the user must review the “Added
bridges” list on the CSV text file generated in Task Four.
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By means of clicking on the “Save” button, the bridge can be attributed simultaneously to all
road links to which it is attributed. The bridge structure numbers are automatically added to the
BRGOP1-BRGOP?2 fields, if the bridge was attributed to one or more road links as an overpass,
and/or to the BRGUP1-BRGUP2 fields, if attributed as an underpass. The changes are saved
automatically.

In addition, the relational database fields in the BRINSAP are simultaneously updated. The
corresponding county road ID’s are added to the CTYRDOP1-CTYRDOP? fields if the bridge
was attributed as an overpass and removed from the CTYRDUP1-CTYRDUP2 if assigned as

underpass.

The resulting roads network corresponds to the “County GIS ROADS map with new bridges”.
This road network may still have some road links that are no longer part of the On-System
network and need to be deleted, before using the routing program.

Delete Non On-System Road Links

The last step in the update process consists in eliminating the road links that are no longer part of
the On-System network. By deleting the unwanted road links the routing program will avoid
determining unrealistic On-System routes. The deletion process should be done with extreme
care to avoid deleting other road links by mistake. The deletion process involves a series of
steps that are listed below:

With the “County GIS ROADS map with new bridges” opened in TransCAD:

1) Select the ROADS layer as the working layer.

2) Carefully inspect each candidate road link to eliminate, verify that no bridges are attributed
in any form. If there are one or more bridges attributed, skip the road link. Use the zoom-in,
zoom-out, and pan tools to facilitate the inspection.

3) Select the road links to eliminate first, clicking on the “Select by Pointing” button in the
Tools/toolbox and then click on the link. The link is then highlighted and automatically
added to an internal set. Note that to deselect a link from the internal set, press Ctrl and click
on the link. The link is automatically deselected.

4) After all the links to be eliminated have been selected, choose Edit/Delete set and to proceed
with the deletion click “Yes”. The road feature and corresponding record from the ROADS
database are deleted.

The changes are automatically saved. The On-System roads network is now completely updated
and the entire update process is complete.

4.7 Merge Updated GIS County Files

The end product of this update process consists of a new set of county GIS files with updated
BRINSAP and ROADS geographic features and corresponding relational database BRINSAP-
ROADS (“Final County GIS ROADS and BRINSAP map”).
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After the update process has been performed on the corresponding counties, to be able to
perform the routing analysis on a district level, the “Final County GIS files” must be merged
together to obtain the “Updated District GIS files”. The merging of the GIS files is
accomplished by the use of macros “Mergel.rsc” and “Mergep.rsc” in TransCAD. The “Final
County GIS Roads” files are merged using the macro “Mergel.rsc”, which merges GIS files
containing line geographic features. The “Final County GIS BRINSAP” files are merged with
the use of macro “Mergep.rsc”, which merges GIS files containing point geographic features (see
Chapter 4 of Reference [6]).

Once the “Updated District GIS” files have been obtained, these can be converted to
TransCAD’s compact read-only geographic format. This format not only saves disk space, it
expedites the display of the maps on the computer screen. To convert the GIS files to compact
read-only format, in TransCAD, the user must:

1. Choose the geographic features to export.
2. Then under Tools/Export menu option choose the following:
a) Export: All records
b) To: Compact Geographic file
¢) Data Field: <None>
d) Note Data Field: <None>
e) Options: <check> Include Built-in data.
3. Finally, choose a folder and wait a few seconds until the conversion is terminated. For more
information see TransCAD’s User’s manual.

At this point the routing package is completely updated and ready for routing analysis. To
perform a routing analysis, the “OVR.rsc” macro is used. More information on installing the
program and running the application can be found in the OVR Installation Guide and the OVR
User’s guide included in Appendices A and B of this report.

4.8 Problems With the Update Process

During the prototyping phase of the update process, several problems associated with the County
Urban maps and the databases were encountered. These problems are addressed in the following
sections.

4.8.1 Problems Associated With the ROADS Database

An important step in the update process consists of incorporating, into the road network, the new
added road links with its corresponding ROADS database attributed to the highways' centerlines
(e.g. HIGHWAY _ID, MSLINK, etc.). The attributes, specifically the HIGHWAY_ID, are used
in road management operations (e.g. maps highlighting specific highways, etc.) and also to
clarify the route information in the routing program’s output report.

At the time this report was written, TxDOT’s ROADS database was unavailable due to

incomplete information and corruption problems in the files. Therefore, the update procedure
does not consider the inclusion of this information. Upon availability of the ROADS database,
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the following procedure can be implemented to import, into TransCAD, the database attributes
along with its corresponding road features:

a) From the “New County Urban map or New DGN”, select and export the On-System road
links, including centerlines of divided highways;

b) Operating under the Modular GIS Environment software (MGE), access and the ROADS
database attributes corresponding to the On-System road network, as MapInfo tables; this
will generate a number of table files per highway feature (e.g. State Highways (SH),
Interstate Highways (IH), etc.).

¢) Once all the highway tables have been exported, append all of them into a single highway
feature table using MaplInfo GIS software; export the resulting table into Maplnfo Import
Format (MIF).

d) Import the MIF table into TransCAD and generate the New Roads map (with database
attributes included).

Note that this procedure differs from the one outlined in Chapter 4 of Reference [6] , where a
line cleaning process consisting of deleting duplicate lines and short overshoots is implemented.
This cleaning process modifies the geometry of the original drawing features, thus making the
identification of new/modified links difficult and cumbersome.

To identify the new/modified road links, the “New Roads map with ROADS database attributes”
and the “Old Roads map” need to be compared. The “New Roads map ...” has a database
structure incorporated in the GIS files, where the “Old Roads map” does not. This
incompatibility creates a problem when comparing both maps. When a new/modified link is
identified in the “New Roads map ...”, the line feature is copied to the “Old Roads map” without
the database attribute.

Modifying the internal database structure of the “Old Roads map” solves this problem.
Specifically, the ROADS database fields (MGEFCODE, HIGHWAY_ID, COUNTY_NO,
MSLINK and MAPID) and the relational database fields (HEADING, CTYRDID, BRGOPI,
BRGOP2, BRGUP1, and BRGUP2) need to be added. This is accomplished in TransCAD using
the customized macro “adroadfirsc”.

Figure 4.7 depicts the procedure described above.
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After making both GIS maps compatible, the comparison and the rest of the update process for
the roads network can be made as described in Tasks Two and Three of Section B (Sections 4.6.2
and 4.6.3).

4.8.2 Problems Associated With the Urban Maps

Ideally, the identification of new and modified roads links should be done comparing the “New
Roads Map” containing the On-System road links imported from the new version of the County
Urban maps against the “Existing County GIS ROADS map”. Nevertheless, this was neither
feasible nor practical since the “Existing County GIS ROADS map” was modified during the
road network preparation procedure (see Section 4.4 of Reference [6]). In summary,
undershoots, overshoots, duplicate lines, short segments and other disconnectivity problems
where identified and fixed, thus, modifying the drawing geometry. When making the
comparison an extensive number of existent segments were repeated, defying the purpose of the
comparison.

Therefore, it was decided to perform the comparison between the road links imported from the
latest and previous county Urban maps (“New DGN and Previous DGN™).

Although, the resulting number of new/modified road links identified was significantly reduced,
some links were still repeated (see Figure 4.8). The reason for this is that the geometry and/or
connectivity of the drawing elements in the new Urban map were modified (e.g. two or more
contiguous segments were connected, divided highways were added, etc). The repeated links are
deleted to avoid connectivity problems.

- ) !,
¢ ¥
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1. Old Roads map. 2. Updated Old Roads map.

Figure 4.8 Case of Repeated Links Identified between New and Previous Urban Maps.
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4.8.3 Problems Associated With BRINSAP

During the comparison of the “Existing County BRINSAP” and the “New On-System County
BRINSAP” described in Task Four (Section 4.6.4), new added bridge records and removed
bridge records are identified. Among these bridge records, some of the new added bridge
records may correspond to bridge structures that are replaced/rebuilt, and similarly, some
removed bridges may correspond to bridges assigned to Off-System jurisdiction. Several
problems were encountered while comparing the new and previous databases and are addressed
in the sections below.

Identification of Replaced/Rebuilt Bridges: While comparing the list of removed bridges
against the list of added bridge records to identify replaced/rebuilt bridges, the BRINSAP
structure numbers cannot be used because the numbers are different. Therefore, it is assumed
that for a replaced/rebuilt bridge, the geographic location description, the highway identification
and the original geographic coordinates should simultaneously and match in the corresponding
fields of both a removed record and an added record.

Occasionally the field information does not match exactly for the reasons listed in Section 4.6.4
causing the comparison process to skip possible matching records.

The problem was addressed by utilizing a “weighted optimization” procedure. The objective is
to maximize the number of matching records by assigning weights to the different fields
analyzed and combining the weights to determine the degree of certainty that the record
corresponds to a match.

In summary the “weighted optimization” consists of:

a) Each record in the added list is compared to the corresponding fields in the records of the
removed list. If there is a match in the fields between the two records, individual and/or
combined weights are assigned reflecting the importance of the field(s) to consider the bridge
record as replaced/rebuilt.

b) A total match value is computed by aggregating the individual weights assigned.

¢) The total match value is associated to a criterion that subjectively describes the degree of
certainty that the record corresponds to a replaced/rebuilt bridge record. Larger total match
values suggest increasing certainty that the record corresponds to a replaced/rebuilt bridge.

Table 4.1 illustrates the individual and combined weights assigned to the fields according to the
following assumptions:

a) If an added bridge record corresponds to a replaced/rebuilt bridge, the inventory route codes
should match, specifically, the Control and Section numbers. These are the primary fields of
importance in the matching process. The weight values are assigned according to the
following pairwise scenarios:

1. If both the Control number and the Section number of the records match, then a total
combined weight of 2.25 is assigned.
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2. If the Control numbers between the records match but no match is encountered in the
Section numbers, then a weight of 1.25 is given to the Control number and a weight value
of 0.0 is given to the Section number.

3. If the Control numbers between the records do not match and a match is found in the
Section numbers, then a weight of 0.0 is given to the Control number and a weight value
of 0.5 is given to the Section number.

4. If neither field matches a negative weight of —1.0 is given.

The occurrence of both numbers matching simultaneously suggests a higher possibility of a
match than exclusive occurrences (one or the other), thus having a higher combination
weight. Similarly, when both codes do not match, the possibility of the record corresponding
to a match is lower.

b) Following in order of importance are the original geographic coordinates (in degrees-minute
format) entered in BRINSAP. If a match in the records is found for either the latitude or the
longitude coordinate, then an individual weight of 1.5 is assigned otherwise the weight is 0.

c¢) The description of the Feature Crossed and the Facility Carried are the last in order of
importance. Both are also assigned the same weight if either is met, but the weight value is
the least of all (0.50); if either is not met a null value is assigned (0.00).

By adding the weights a total the match value is obtained by comparing the BRINSAP records of
the list of removed bridges and those of the added bridges. The total match value may vary
between -1.00 and 6.25 according to the possible scenarios in Table 4.1. This match value is
used to subjectively describe the degree of certainty of the record’s match. The possible
descriptors include a) no match (below 2.0), b) uncertain match (between 2.25 and 3.75), c)
possible match (between 4 and 5.25) and d) exact match (greater that 5.5). As can be observed
the total match values are classified in four ranges. As the range values increase the possibility
of having an exact match also increases.

As part of the optimization process, to enhance the possibility of matching common field
information, an algorithm was employed to eliminate non-alphanumeric characters (e.g. commas,
colons, slashes, parenthesis, spaces, etc.) from the contents of the fields. For example, the
Feature Carried Over field in a removed record could read as SH62 NB , and in the added record
it might read as SH 62 (NB). This is the same information, nevertheless without the algorithm it
would have not been considered as a match and a null weight value would have been assigned,
decreasing the certainty of an exact match.

The weights, the total match value ranges and certainty descriptors were proposed based on the
observations made on the BRINSAP databases and the understanding of maximizing the
matching process. The “weighted optimization” procedure was integrated in the program
CompareBRG. Appendix D shows the reports for the counties in Houston district.
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Table 4.1 Weighted Optimization Table to Find Replaced/Rebuilt Bridges by Comparing
the BRINSAP List of Removed Bridges to the List of Added Bridges.

INDMDUAL AND COVBINEDVIEGHTS TO AND REALACEYREBUILT BRIDGES

wy W, A w, Wy Wy Tdd

CASE] Control|  Section Latitud Longitud | Feature Crossed | Facility Camied | Mitch ~ Qriterion
7 5 T50 T50 $)159) 00 55 [EXACT
2 225 150 150 0.50-0.00 or 0.00-0.50 575 |EXACT
3 225 150 150 525 |POSSBE
4 225 1.50-0.00 or 0.00-1.50 050 050 475 |POSSBE
5 225 1.50-0.00 or 0.00-1.50 0.50-0.00 or 0.00-0.50 425 |POSSIBLE
6 225 1.50-0.00 or 0.00-1.50 375 [UNCERTAIN
7 2% 050 050 325 |UNCERTAIN
8 25 0.50-0.00 or 0.00-0.50 275 {UNCERTAIN
9 25 225 |UNCERTAIN
0 | 15 TR0 T80 0% 4)5) 55 [FOSSHE
1| 15 150 150 0.50-0.00 or 0.00-0.50 475 |POSSIBE
12| 1% 150 150 425 |POSSIBE
131 15 1.50-0.00 or 0.00-1.50 050 050 375 |UNCERTAIN
14| 125 1.50-0.00 or 0.00-1.50 0.50-0.00 or 0.00-0.50 325 |UNCERTAIN
55| 15 1.50-0.00 or 0.00-1.50 275 |UNCERTAIN
16| 15 050 050 225 |UNCERTAIN
7| 15 0.50-0.00 or 0.00-0.50 (<3 EE .
18] 15 125§ .
7 050 150 T VIS 050 Z% [FOSSHE
2 050 150 150 0.50-0.00 or 0.00-0.50 400 |POSSBE
21 050 150 150 350 |UNCERTAN
2 050 1.50-0.00 or 0.00-1.50 050 050 300 |UNCERTAN
3 050 1.50-0.00 or 0.00-1.50 0.50-0.00 or 0.00-0.50 25 |UNCERTAIN
A 050 1.50-0.00 or 0.00-1.50 200 | T
> 050 050 050 150
% 050 0.50-0.00 or 0.00-0.50 1.00
b4 050 050 | .. .-
] 100 150 150 080 050 300 [ONCERTAN
2 -1.00 150 150 0.50-0.00 or 0.00-0.50 250 |UNCERTAIN
k1] -1.00 150 150 200 [T
31 4.00 1.50-0.00 or 0.00-1.50 050 050 1850 | -
k7] -1.00 1.50-0.00 or 0.00-1.50 0.50-0.00 or 0.00-0.50 1.00
3 -1.00 1.50-0.00 or 0.00-150 050
k7 -1.00 050 050 000
» -1.00 0.50-0.00 or 0.00-0.50 050
% -1.00 | 40

MATCH VALLE RANGES AND ASSOOATED DESCRIPTORS
2025 17540 55550
UNCERTAIN POSSBLE EXACT
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Identification of Bridges transferred from Off- to On-System and Vice Versa

The identification of bridges with jurisdiction transfer, from On- to Off-System and Off- to On-
System, also presented some problems while comparing the records. The main reason for this is
that Off-System bridges have Control numbers and Section numbers different to the On-System
bridges. The structure numbers may sometimes be different, nevertheless it is also assumed that
for a bridge assigned to the Off-System the geographic location description and the original
geographic coordinates should simultaneously and exactly match in the corresponding fields of
both a removed record and an added record. Therefore, the weighted optimization process was
employed with a few minor differences.

Table 4.2 illustrates the individual and combined weights assigned to the fields according to the
following assumptions:

a) If an added bridge record corresponds to a bridge transferred from one jurisdiction to the
other, the original geographic coordinates (in degrees-minute format) entered in BRINSAP
should match. A weight of 1.5 is assigned if either fields match; if either field does not
match a weight of 0.0 is assigned; nevertheless if neither fields match, a total combined
weight of —1.00 is assigned. In this case, these are the primary fields of importance in the
matching process.

b) Following in the order of importance are the description of the Feature Crossed and the
Facility Carried. The weight values are assigned according to the following scenarios:

1. If both the Feature Crossed and the Facility Carried match, a weight value of 1.00 is
assigned to each.

2. If the Feature Crossed between records match but no match is found with the Facility
Carried, then a weight of 1.00 is given to the Feature Crossed and a weight of -0.25 to
the Facility Carried);

3. In contrast, if the Feature Crossed between records do not match and the Facility Carried
do, the corresponding weights assigned are -0.25 and 1.00.

5. Ifneither fields match, the total combined weight is -1.00 is given.

c) The last field compared is the description of the Location. If a match is found, a value of
0.50 is assigned, otherwise, a value of 0.00 is assigned.

As with the replaced/rebuilt bridges, the individual weights are added and a total match value is
determined. The total match value may vary between —2.00 and 5.50 according to the scenarios
shown in Table 4.2.

Again, four descriptors are used to describe the degree of certainty of the record’s match.
Nevertheless, three different range scales are used to classify the total match values. The sub-
classification of match values is based on three matching scenarios with respect to the original
geographic coordinates:

a) when both coordinates (longitude and latitude) match simultaneously;

b) when either coordinate (longitude or latitude) matches and the other one does not; and

c) when neither coordinates match.

Research Report 1823-1 Page 68



The subroutine to eliminate non-alphanumeric characters was again utilized to enhance the
matching process. The weights, the sub-ranges were proposed as before aiming at the
maximization of the matching process.

Interchanged location information:

It was also observed that sometimes only the description information corresponding to the
Facility Carried Over and the Feature Crossed fields of a removed record was interchanged in the
description of a bridge in the added record list. This situation suggests that the information may
have been originally wrong and was corrected, meaning that the bridge record was originally
considered as an overpass and may have been corrected to an underpass or vice versa. When this
situation was encountered, the record was treated as one lacking matching information (refer to
Appendix D, Harris county report, compare record 121020011005129 in list of added records
with record 121020011005089 in list of removed records).
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CHAPTER 5
SUMMARY AND FUTURE WORK

5.1 Summary

This report documented the progress of activities undertaken in Texas Department of
Transportation Study 0-1823 towards the development of an automated routing system for
overweight and oversize vehicles on the On-System highways. Chapter 1 included an
introduction to the oversize/overweight routing problem in the State of Texas and an overview of
the background work.

Chapter 2 of summarized the work accomplished by correcting for the bridge locations of all the
bridges located on the On-system highways. The correct bridge location on the routing software
is one of the most critical elements for the functionality of the softiware. The BRINSAP database
includes geographic longitude and latitude coordinates that have been entered into the database
without a quality control procedure. As a result, some of the coordinates are incorrect and of low
accuracy. The proper location for each bridge in the State of Texas was corrected and/or verified
using a computer procedure that places the bridges on the proper road segments depicted in
geographically accurate maps. The bridge location correction process was applied to all 25
Districts of the TXDOT. Chapter 2 includes summary tables of the observations made during the
correction for the bridge locations.

Chapter 3 of this report includes a description of improvements incorporated into the GIS routing
program. These improvements consist of:

a) A procedure to include turn-penalty information (the inability of large trucks to make sharp
turns).

b) A procedure to select routes for heavy vehicles where the capacity of the bridges along the
routes is maximized, and

¢) A procedure to partition a network in order to speed-up the computation time to determine
routes.

The main purpose of these improvements was to accommodate realistic situations, such as
highway construction, traffic congestion, unsafe turns, unfeasibility of some turns, and other
limitations frequently encountered by the user in issuing overweight/oversize vehicle routing
permits.

Chapter 4 addresses the issue of updating the GIS information in the routing software to maintain
the system current with the latest information of the On-System Roads and Bridges. The problem
arises because TxDOT Design Division and Mapping Office periodically update and modify
BRINSAP and the Roads databases as well as the digitized County Urban Maps. These changes,
of course, are natural consequences of the routine growth of the highway system to satisfy new
traffic demands as well as bridge inspection and management programs in the State. These
changes, however, must be accounted for in the GIS routing maps and databases for a proper
accountability of the actual highway system.
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All the work accomplished in this project and in Project 0-1482 has resulted in operational
software that can be used for the routing of overweight/oversize vehicles avoiding inadequate
bridges and clearances. The TransCAD version of the software is being tested in the Motor
Carrier Division and the Design Division, who are the intended customers.

Appendix A of this report includes an installation guide. Appendix B includes a User's Manual.
5.2 Future Work

During the second and last year of this project, the routing program and GIS information
databases will be converted to Arc/View. This is required for the software to be compatible with

TxDOT’s "core" GIS technology. Independent to this research, TxDOT’s GIS office adopted to
exclusively use the Arc/Info and Arc/View GIS products.
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APPENDIX A

OVERWEIGHT/OVERSIZE VEHICLE ROUTING SOFTWARE
INSTALLATION GUIDE

This guide assumes that the user has basic knowledge about computers. This knowledge includes use of
Windows95 or NT 4.0 operating systems as well as basic functions such as Copy, Paste, and the ability to create
New folders *.

NOTE: It is strongly recommended that the user become familiar with all the steps listed in each section of
this guide, before actually carrying them out.

A. MINIMUM HARDWARE REQUIREMENTS

IBM PC or compatible with:

a) Pentium processor 150Mhz or greater

b) 32MB of RAM (128MB recommended)

¢) 2GB Hard Disk (1GB of free space recommended)
d) VGA monitor

e) CD-ROM drive

f) 3.5 high density (1.44 MB) floppy disk drive

g) Windows 95 (recommended) or Windows NT 4.0 operating system
h) Microsoft Mouse or compatible

i) Iomega Zip drive (for 100 MB zip disks)

i) Printer (optional, recommended)

B. SOFTWARE REQUIREMENTS
k) TransCAD 3.0 Base (assumed commercial License) with hardware key
) WordPad and Microsoft Word applications (included with Windows)
m) Installation zip disk (provided by UTEP with required files)

C. OVR PROGRAM FILES (Included in zip disk)
The following lists folders and files that contain geographic features, databases, help files and examples of the
OVR program. Some of the geographic files included in this zip disk are NOT required to run the program.
Files with BOUNDARIES, STREETS, SYMBOLS are examples of non-required files that should be kept for

future reference, since they contain information that help identify geographic features.

The zip disk has three main folders: Macros, MergeTx and Winzip. The MergeTx folder contains eleven
subfolders with zipped files and text files.

e Macros folder:
Ovr.rsc : text file containing the OVR routing program code.

e  MergeTx folder:

Boundary folder:

boundcdf.zip : zip file with political BOUNDARIES, NOT required
Brinsap folder:

brocdf.zip : zip file with BRINSAP database and geographic files
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Help folder:

helpovr.txt : text file with HELP information to run the OVR program
Maps folder:
<empty> : user will create a MAP file and save here

Networks folder:
TEXAS.NET : road network file required for generating routes in TransCAD.
User may have to regenerate this file once more and replace
the existent one.

Readme folder:

OVR_install : Microsoft Word Document, “the file you are viewing.”

OVR_user : Microsoft Word Document, OVR user’s guide
Reports folder:

9 text files : sample REPORTS from OVR trials with varying results
Roads folder:

roadscdf.zip : zip file with ROAD database and geographic files
Streets folder:

streetsscdf.zip : zip file with STREETS, NOT required
Symbols folder:

symbolscdf.zip : zip file with bridge SYMBOLS, NOT

required

Veh_lib folder:

<16 text files> : sample files of different VEHICLE configurations

e Winzip folder:
winzip95 : application file to install WINZIP
ReadMe : text file with HELP instructions to install winzip

The setup for the geographic files requires approximately 55MB of disk space. If you need to install Winzip, it
will require an additional 2MB of disk space.

The zipped files with the cdf suffix contain the geographic files in “Compact format”. This format does not

allow modifications to the files. The zipped files contain the geographic files that will be used to generate the
map and the network file as well as run the OVR program.

When the cdf zip files are extracted, three files with names matching the parent folder should be placed into
their corresponding folders. The three files have the following extensions: bin, channel file and dcb.

D. INSTALLATION OF REQUIRED GEOGRAPHIC FILES
The computer must be turned on and logged into Windows, with the zip disk connected and properly installed
to the computer. You must also have the Winzip program installed in order to unzip the required files from the

zip disk. If you DO NOT have Winzip installed, refer to section E of this guide.

NOTE: Before attempting to install the files, it is strongly suggested that a backup copy of the zip disk is made.

The following is a step by step procedure to install the geographic files in order to run the OVR application:
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1. Using Explorer, select and copy all the folders and files from the zip disk.

Choose a drive in your computer (C, D or any other) and paste the folders and zipped files included in the
zip disk onto the selected drive. After copying, unzip them using the Winzip program.

It is recommended that you choose the root directory of the selected drive to facilitate file selection.

This step will take between 10 to 20 minutes to complete.

3. Once all the folders and corresponding files are copied to the chosen directory, the next step is to unzip the
zipped files.

4. Inthis step it is assumed that the computer already has Winzip installed. Double click on the files
“xxxxxcdf.zip” to extract into the corresponding folders. For example, double click on the file
“pboundcdf.zip”, click the “[ agree button”, select all files, then click the “Extract” button. Choose the folder
“\MergeTx\boundary\”, then click the “Extract” button. Wait a few seconds until the extraction process is
completed. Similarly, follow the same steps for the other “xxxxxcdf.zip” files.

5. Once all the “xxxxcdf.zip” files have been extracted, the setup of the required geographic files is complete.
The additional text files and net file should have been copied automatically as described in steps 1 and 2.

E. WINZIP INSTALLATION

Refer to the Readme text file included in the Winzip folder, and follow the instructions to install Winzip.

F. TRANSCAD SOFTWARE INSTALLATION *

The following steps are a guide to install TransCAD GIS software, assuming it is being installed from a CD-
ROM. The setup of TransCAD software requires approximately 37MB of disk space.

When installing under the Windows NT 4.0 environment, the software must be installed from the administrator
account; otherwise, it will not be able to run after installation.

1. Place the “hardware block” key in the first paralle! port on the back of the computer’s CPU.
Insert the “hardware block” key with care to avoid damaging the pins.
If another device is connected to this parallel port, disconnect it, connect the “hardware block key” and
connect the device back again on top of the hardware block key. This should not create any conflict
whatsoever.

2. Place the TransCAD version 3.0 Program CD in the CD-ROM;

Go to Start/Settings/Control Panel and choose the Add-Remove Programs icon, double click on it;

4. Click the “Install” button and then the “Next” button. Windows searches for the corresponding CD drive
and displays the setup executable file in the edit box.

5. Click the “Finish” button to start the installation. Windows with several options will appear on the screen
and guide you through the installation.
NOTES:
a) Select Base TransCAD (this is the “assumed “commercial license)
b) Select Single-User installation
¢) Choose any directory where you want to install TransCAD (the default directory is suggested)
d) Speed-up files are optional and are not required to run the OVR program.

w

Wait a few seconds until TransCAD is completely installed, then re-start Windows or reboot your computer,
before running TransCAD.

Go to Start\Programs\TransCAD\ and/or choose the TransCAD icon to start the application.

For more information on how to install TransCAD GIS software refer to Chapter 1, page 12 of the TransCAD
User’s guide.

Research Report 0-1823-1 Page 76



G. OVR PROGRAM INSTALLATION

It is STRONGLY SUGGESTED that before installing and using the OVR program, the user should get
familiar with TransCAD.

Customized programs or macros can be incorporated or added into TransCAD as compiled resource files to
facilitate their distribution. Compiled resource files must be stored in a special database called user interface
(UI) database. The name of the resource file containing the Overweight Vehicle Routing (OVR) macro is
ovr.rsc (the .rsc extension is required), which can be found in the Macros folder.

This resource file should be copied from the Macros folder to the folder where TransCAD is installed (i.e.
c:\tcw). Then the resource file ovr.rsc must be compiled into a separate, stand-alone UI database with the name
ovr0001.dbd, which must also be stored in the TransCAD folder.

To install the OVR program as an Add-in macro in TransCAD, conduct the following steps for the initial time
only:

1. From the Tools menu, choose Add-Inns to display the Add-Ins dialog box; then choose GIS Developer’s
kit and click OK. The GISDK toolbox will appear on the screen.

2. Click on the third button (from left to right) of the GISDK toolbox, the one with the help pop-up message
“Compile to UI” showing just bellow the button; then the Compile to Ul Database dialog box appears.

3. Choose the ovr.rsc file from the TransCAD folder (e.g. c:\tcw) in your computer and click OK.

4. Then the Save As dialog box displays on the screen prompting for a path to create the Ul database.

Choose the standard product folder (i.e. c:\tew) or where TransCAD is installed and then enter for a name

“ovr0001.dbd” and click OK to compile the file.

Again from the Tools menu choose Add-Inns to display the Add-Ins dialog box; click on Setup to display

the Setup Add-Ins dialog box.

Click Add to create a new add-in, and click Macro in the radio list.

Type "Overweight Vehicle Routing" in the Description box.

Type “ovr” in the Name box.

. Type "ovr0001" in the Ul Database box.

0. Click OK to install the add-in and return to the Add-Ins dialog box.

1. Click Cancel to exit the Add-Ins dialog box. The OVR macro is now incorporated into TransCAD.

w

— =00 N0

NOTE that "ovr" and "ovr0001" are case sensitive.
To run the OVR program see section J located later in this guide.

For more information on how to install Add-ins in TransCAD GIS software refer to Chapter 2, page 11 of the
GISDK Programmer’s Guide.

H. CREATE/LOAD A MAP FILE

TransCAD organizes geographic information in a map into layers. Each layer is a group of features of the same
type, such as roads, streets, bridges, political boundaries, etc.

The OVR program requires only two layers to be included in a map, the ROADS line layer with its
corresponding Endpoints layer, and the BRINSAP point layer.

The following steps will aid in the creation of a map:

1. Open TransCAD application.

2. Choose File/Open and set List Files of Type to Geographic File, then find the ROADS.cdf file in the
directories box (e.g. c:\MergeTx\Roads\cdf\roads.cdf) and select it. Either double click on it or click OK to
load in into the workplace and view it on the screen. Wait a few seconds until the geographic features are
completely loaded.

3. Then choose Map-Layers to display the Layers dialog box. Click Add Layer to display the File Open
dialog box.
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4. Choose Geographic File as the File Type and choose BRINSAP.cdf as in step 2. To add this layer to the
map and return to it, click Close on the Layers dialog box and the map will automatically be updated with
the selected layer(s).

5. To Save the map choose File/Save As and select from the save as dialog box the Map file type and type
any name (e.g. Texas.map); save the map under the MergeTx/maps/ folder, then click the OK button.

You may add other layers such as: the boundary layer, the streets layer or bridge symbols layer using the steps
mentioned above. These last layers are not required to run the OVR program.

Furthermore, the map does not need to be created every time to run the OVR program, unless different maps
with different layers included are desired. Next time any existing map needs to be opened, choose File/Open
and set List Files of Type to Map File, then find the corresponding Maps folder and choose the map file to be
loaded.

To learn more about layering features on a map refer to Chapter 4, page 65 of the TransCAD User’s guide.

I. GENERATE A NETWORK FILE

To generate a shortest path between an origin and a destination from a map containing a road line layer,
TransCAD requires a network file that stores important characteristics or features of the roads and/or the
transportation system. To create a network file, a map file must be loaded into TransCAD and the
corresponding ROADS line layer must be selected from the drop-down list on the toolbar to “activate it”.
Afterwards, the network can be generated following the next steps:

If the Networks/Path menu is not displayed, choose Procedures-Networks/Path

Choose Networks/Path -Create to display the Create Network dialog box.

From the Create links drop-down list, choose Entire line layer.

From the Optional Fields-Other Link Fields scrolling list, select everything by using the Shifi-Click
combination.

Click OK to display the Save Network As dialog box.

e.  Choose the MergeTx/Network folder and select the Texas.net as the file name. Click OK. Accept the
number of links TransCAD will use to generate the network and wait a few seconds until it is generated.
TransCAD creates the network file, and makes it the currently active network. The name of the active
network is displayed in the status bar at the right bottom of the screen.

o Top

o

To learn more about networks refer to Chapter 9, page 167 of the TransCAD User’s guide.

J. RUN THE OVR PROGRAM (MACRO)

To run the "Overweight Vehicle Routing” macro, TransCAD should be opened. From Tools choose Add Inns
and then, choose Overweight Vehicle Routing from the list and click OK. The macro should run as expected. If
a map was not previously loaded, the macro will prompt for one.

For a general overview on how to run the OVR program, see the OVR user’s guide in the Readme folder
copied to your computer. The guide is entitled “OVR_user.doc” This guide is an excerpt from Chapter 3 of
Progress report 1482-2F.

For a more detailed guide on running the OVR program, see the customized help file entitled “helpovr.txt”.

This file can be accessed in two ways:

a) from explorer, find the file under the MergeTx/help/ folder, select the file and double click on it to open it
with WordPad,

b) having the OVR program running in TransCAD, from the OVR main toolbox, click on the “Help” button to
access it.
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NOTES:
1) After running the OVR program and clicking on “Find Path” button, two outcomes are possible.

One is that the program did not find a path between the selected points. The other one is that it did find a
path and it was displayed on the map with a highlighted line.

To delete a line representing the path, do the following:
a) click on the “Pointer tool” button in TransCAD’s Toolbox, and notice that the pointer icon

changes to a cross within the scope of the map;
b) then select the highlighted line with the mouse pointer and press the Delete key. The highlighted
line should disappear from the map.
2) The map can be closed with or without saving the map. The map can be saved with different name other
than the original. It is recommended that the new maps should be saved under the folder MergeTx/maps
3) To QUIT the OVR program after running it, close the OVR main toolbox by clicking the small dash icon

on its upper-left hand corner and choose Close.

! For more in depth information or instructions on how to use Windows 95 or Windows NT 4.0, refer to the
corresponding User’s Guide, included with the software license.

2 For more in depth information or instructions on tasks performed by TransCAD menu items or buttons, refer
to the TransCAD User’s Guide, included with the commercial license.

Research Report 0-1823-1 Page 79



APPENDIX B

OVERWEIGHT/OVERSIZE VEHICLE ROUTING PROGRAM
USER'S GUIDE

B.1 Summary

This chapter consists of a description of the current GIS-based overweight/oversize vehicle
routing program. The program has been incorporated within the TransCad GIS software. It
consists of a network representation of the On-system highways according to TxDOT’s official
base maps. The links of the network are interconnected to simulate allowable traffic flows and
represent an accurate model of interchanges, overpasses and underpasses. The TxDOT’s
ROADS database, originally assigned to the centerlines, has been used to build the attributes of
the road segments. The corrected locations of the BRINSAP’s bridge geographic coordinates
were used to attribute the bridge identifications to the corresponding links (representing road
segment) that the bridges are located on. This permits the identification of bridges along routes
and the access to the BRINSAP records as a function of the traveled route. The routing model
was incorporated as a macro within the software. The user specifies the characteristics of the
vehicle, to include weight and dimensions, and the program finds a shortest-path route bypassing
bridges with insufficient clearances or weight capacity, according to the TAC requirements
and/or TTI’s Bridge Load Formulae. This chapter includes a description of the software.

B.2 Software Overview

In order to execute the routing software, the program requires (a) a commercial license of the
TransCad GIS software, (b) a GIS map containing a three layers (Roads, BRINSAP, and
Endpoints) and (c) an existing road network file created from the ROADS layer, including all
links and endpoint information. The GIS map includes (1) the Roads layer which defines the
On-system highway network with an associated roads database, (2) the BRINSAP layer
providing access to the records of the On-system bridges, and (3) the Endpoints layer which
define the nodes and links in the road layer. The Endpoints also correspond to the origin and
destination points of travels. To properly execute the software, it is necessary first to become
familiar with where the required files are located. The locations of the files are indicated below.

Type of Files Location

GIS maps <drive>:\mergetx\maps\*.map
Network files <drive>:\mergetx\networks\*.net
Roads layer <drive>:\mergetx\roads\*.cdf
Endpoints layer <drive>:\mergetx\roads\*.pts
BRINSAP layer <drive>:\mergetx\BRINSAP\* cdf
Vehicle Description (Input files) <drive>:\mergetx\veh_lib\*.veh
Output Routing reports <drive>:\mergetx\reports\*.out
Help file <drive>:\macros\helpovr.txt

OVR macro program <drive>:\tcw\ovr.rsc
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B.3 Opening and Running the Routing Program

First, Open TransCad from the Desktop or the Start programs menu. Once in TransCad open the
GIS map file associated with the desired Texas On-system highway network. These files have
the extension of *.map. By opening the "map" file, the software automatically loads the files
associated with the geographic features of the maps. That is, the roads, BRINSAP and the

endpoints.

To invoke the routing program, from the software select "tools" and "Add-Ins" and then select
the "Overweight Vehicle Routing" (OVR) option from the dialog window. If this step is done
before a map is opened, the macro will request for a GIS map to be opened. Upon successful
selection of the OVR macro, a toolbox appears in the computer screen with 10 buttons that
control the execution of the routing process. This toolbox is shown in Figure B.1. The general
flow of execution is from top to bottom of the toolbox.

Read Network File

© | Analysis Algorithm
Read Vehicle Data
- |__Edit Vehicle Data
~Save Vehicle Data
Select Path Points
_ Deselect Previous

Deselect Path

_findRoute =

_ Hele

Figure B.1. OVR Macro, Main Toolbox.

B.4 Reading a Network file and Selecting an Analysis Algorithm

Once a map is selected and the OVR macro has been invoked, a Network file must be selected.
This file must have been previously created and contains the description of the working network
associated with the map. By clicking on "Read Network File", a dialog box appears prompting
the user to select an existing road network file. A message is displayed at the bottom of the
screen indicating that the file is being read. When finished, a message appears on the screen.
Click "OK" to continue.

Next the analysis algorithm must be selected.  Clicking on the "Analysis Algorithm" button
allows displays a new dialog box. Two choices are available: "Shortest path" and the "Maximum
capacity route". The shortest path algorithm finds the shortest path between any number of
points (using the Select Path Points button) that satisfies the vehicle's vertical and horizontal
constraints, as well as the vehicle's weight. The "Maximum Capacity route" algorithm is not yet
available but will be later implemented. Figure B.2 illustrates the dialog boxes for reading the
network file and selecting the algorithm.
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Figﬁre B.2 Dialog boxes for reading the network file and selecting analysis algorithm.

B.5 Vehicle Information

The next step consists of entering or reading into the program the vehicle characteristics. Two
options are available: (1) read the vehicle information from an existing file, or (2) enter a new
vehicle description or modify an existing file. The first option is accomplished by clicking on
the "Read Vehicle Data" button. A dialog box appears prompting the user to select an existing
text file with the vehicle information. This existing files must have been created by pressing the
"Save Vehicle Data" button. To select a file, choose the drive and subdirectory where the
vehicle file is located. Then, click "OK" or double-click on the file name. When the program
has finished reading the file, a message appears on the screen saying: "Finished reading vehicle
information". Click "OK" to continue.

The second option permits to enter a new vehicle description or to modify an existing
description. Pressing the “Edit Vehicle Data” button does this. A dialog box appears prompting
the user for the "Initial data” pertaining to the vehicle description. This initial data include
vehicle model, type, nominal capacity, height, width, total number of axles and an impact factor
associated to the speed at which the vehicle is expected to cross the bridges. The vehicle's total
number of axles includes the tractor's axles as well as the trailer's. The parameters in these boxes
are initially blank when the second option is selected. The impact factor should be selected
between three options 0%, 10%, or 30%. If a vehicle is assigned an escort, or if the velocity is
limited, then an impact factor of 10% is recommended. If the vehicle has no monitoring or
velocity restrictions, an impact factor of 30% is suggested. The default impact factor value is
10%. After entering this information, click "OK" to continue. The program is now ready for a
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description of the vehicles' axle configuration and prompts the user to update the axle individual
information. If "Yes" is selected, then a new set of dialog boxes appears on the screen to provide
the individual axle description. The axle information consists of distance from the previous axle
(zero for the first axle), total axle weight, number of tires in the axle, axle gage, and tire width
(all tires per axle are assumed to have the same width). The axle gage is the distance measured
between the centers of gravity of the two tire groups.

If a new vehicle description has been entered or an existing description modified, the information
can be saved by clicking on the "Save Vehicle Data" button.

Figure B.3 illustrates a super-heavy vehicle for which an overload permit was requested at the
MCD. The vehicle's total weight is 648 tons. Figure B.4 illustrates the dialog boxes related to
the "Read Vehicle Data" and the "Edit Vehicle Data" buttons. The values in the input boxes
pertain to the vehicle in Figure B.3.

l-wlgj L_ i—-—-—ll'ipacas@ﬁ']' ——-]

[ - —= & - —

Figure B.3 A super-heavy vehicle, 648-ton capacity, 27 axles.
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Figure B.4 Illustration of Dialog Boxes related to vehicle description.

B.6 Selection of Path Points

The route selection for the OVR macro to determine starts by the definition of the origin and
destination and optional intermediate points. Clicking on the "Select Path Points" button of the
main toolbox does this. When this button is pressed, the Endpoints layer is automatically
activated and the user can select an unlimited number of "end" points to define the desired route.
When selecting an endpoint, the user needs to use the zoom capabilities of software in congested
areas. The first point selected is the origin; the last point is the destination. Any other point is
considered as intermediate points (stopping points). If a mistake is made in selecting a point, the
"Deselect Previous" button can be pressed to delete the previous entry. If mistakes are made in
selecting various points, the user can delete the entire set of points by pressing "Deselect Path".
Figure B.S5 illustrates the selection of path points.
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B.7 Determination of Route

After selecting the path points, the user needs to press the "Find Route" button to invoke the
OVR routing algorithms. This displays a dialog box prompting for the selection of an existing
output file or the creation of a new output file. This file is the routing report summarizing the
input, the route description, the feasible route found, and the bridges that need to be avoided due
to clearances and weight restrictions. Immediately after the output file is selected or entered, the
program starts running.

Several "status bars" may appear on the screen reporting two stage indicators, the possible route
number being tested, and the restrictions being tested on the bridges of the current route. If an
underpass bridge is encountered it checks for both vertical and horizontal restrictions. If a bridge
is to be crossed over, horizontal restrictions are checked, in addition to weight capacity. The
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status bars indicate the progress of the checks in terms of percentage checked for each possible
route found.

In addition to the status bars, some links are highlighted with different colors. This indicates that
the links have been disabled. Links disabled by vertical constraints are highlighted in pink.
Those disabled by horizontal constraints are highlighted in violet. Links disabled by weight
constraints are highlighted in red. Links disabled due to missing mformatlon in the BRINSAP
database are highlighted in yellow.

When the routing macro finishes the route searching process, two possible outcomes can be
expected: (1) A route was found that meets the clearance and weight criteria, or (2) a route was
NOT found for the specified vehicle and routing points. In either case, a final report is
generated. When a route is found, it is displayed in the computer screen. Figure B.6 shows a
route that was determined for a vehicle using the path points shown in Figure B.5.

Read Hetwork File ! r ", iy - =

“Analysis Algorithm

- Read Vehicle Data | "
Edit Vehicle Data

. Save Vehicla Data 4
Select Path Points s?
__ Deselect Previous | \ b
___Deselect Path _ . '

. »

1

-

N hma s

Figure B.6 Feasible route found for an overweight vehicle.
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A typical report is illustrated in Figure B.7. This report is automatically launched using
NOTEPAD so it can be viewed. First a "Vehicle description" section is found at the beginning
of the report. In addition the computed center of gravity of the total vehicle load is also included.
Then follows the selected route input consisting of the points selected on the map. In addition,
the program generates a verbal description of the input points.

Next, the actual route description (if found) is reported by TransCad with headings, highway
ID's, mileage, and the cumulative mileage. If a route was not found, the possible reasons are
reported in the following sections. Whether a route was found or not, the report includes a list of
bridges that might have been avoided due to the different restrictions encountered during the
routing search. The total number of routes tested by the OVR macro, before a final result was
reached, is also reported.

The following sections can be found if some bridges were avoided due to the several constraints
encountered. Each section is classified according to (a) Bridges avoided due to vertical clearance
constraints, (b) Bridges avoided due to horizontal width constraints, (c¢) Bridges avoided due to
weight capacity constraints, and (d) Bridges avoided due to missing information in BRINSAP
database. For all the classifications, the report includes the bridge structure number according to
BRINSAP, the unique numerical link ID where bridge is located (for TransCad), Highway ID
and heading (if available), and the specifics on the pertaining constraints. For example, for (a)
above, the report includes the limiting vertical under-clearance in BRINSAP; for (c) information
regarding axle groups, allowable vs. Actual axle group weights, axle group IDs, and bridge load
formulae under which the axle groups failed, are listed. For item (d) the report list the missing
BRINSAP information (i.e.: operating rating, total number of spans, total structure length,
maximum span length, vertical under-clearance, or total horizontal clearance). Finally, the report
lists the elapsed time that the computer took in determining a route. The report can be closed
without having to save it.
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Tt S i

Duetweight/Oversize Uehicle Routing Report |
xx= Yehicle Description w=x
Model 1 82 nicolas
Type : empty vessel

Mominal Capacity: 354908
Heigth (ft [ in): 16 | 11
width (ft | in): 12 |
Humber of fixles : 15
Impact 18 %

Ax1ID Dist.prev.axl(Ft) Weight/axl(kips) No.Tires Gage(ft) Tire Width(im)
14

a1 99.0660 898016 .900 2 06.880
42 14.833 400024.258 5 47.800 14
83 95.417 600024.250 & 07.608 14
8y 88.000 800027 .032 8 98.333 15
s 05.083 800027 .032 8 08.333 15
[[:3 085.083 000027 .032 8 98.333 15
07 85.083 080027.032 8 08.333 15
08 05.083 000027 .932 8 08.333 15
a9 85.083 006027.032 8 08.333 15
18 89.167 000023 .034 8 08.333 15
11 85.083 600023. 034 8 98.333 15
12 95.083 000023.034 8 08.333 15
13 05.083 000023.034 8 88.333 15 -
14 05.083 908023.934 8 88.333 15 ’
15 05.083 800823.034 L 68.333 15

Yehicle's Center of Gravity From the 1st axle is = 007%.45Ft e
sxxEnd of Uehicle Descriptionwss
xx2Route Descriptionsx«

Geographic Coordinates (Degrees) on Road Linrk(s) Righway 1D
Longitude Latitude CID 1) (10 2) (€} (2) .

Origin -895.635936 ©028.981622 120208810142  ~--—- NA-——- FH2611--NA—~~~ A
Destination -095.476338 029.438903 12020010188 12086010161 F118521 FHB521 i

Mo feasible route was found between selected points
Possible reasons:
Selected points are not connected in this network
or See bridges aveided due to vertical clearance constraints
or See bridges avoided due to horizontal width comstraints
or See bridges avscided due to weight constraints
or See bridges avoided due to missing information in BRINSAP database

E] 82nicol_ - Notepad

{Hle Edt Seach Heb

or See bridges avoided due to vertical clearance constraints ]
or See bridges avoided due te horizontal width constraints e
or See bridges avoided due to weight censtraints .

or See bridges avoided due to missing information in BRINSRP database e

Total number of routes tested before final result = 4

=xxEnd of Route Description

wxw Links disabled and Bridges avoided due to vertical clearance constraints wes
Total number of bridges evaluated for vertical clearance = 3

CountyRDID Highway Heading Bridgelp Under_Clearance (ft{in)

12020010984  SHO288 North Bound 120200059803107 816 | 99

12020010993 ————— Horth Bound 1206200859803107 916 | 09 WV

12620010824 8502888 2 ~—~—--—em—- 120200059803099 916 | 69 a8
Total number of bridges avoided due to vertical clearance constraints « 3 .

%% End of links disabled and bridges aveided due to vertical clearance constraints =xse s

=% Links disabled and Bridges avoided due to horizontal width constraints wsex
Total number of bridges evaluated for horizontal width = 65
Ho 1inks were disabled and no bridges were avoided due to horizontal width
*x% End of links disabled and bridges aveided due to herizontal width constraints sws

»xx Links disabled and Bridges avoided due to weight capacity constraints sxx
TAC restrictions were not satisfied

Total number of bridges evaluated for weight capacity « 3 :
CountyRDID Highway Heading Bridgeid Aliow_GW(kips) Actual GW{kips) #Axls/Grp 1st_Grp_fxle BLF no
12020010145  FM2611  —v—ccom--—— 1202060252402001 800209.269 800210.692 808 a62 Gener.

Total number of bridges avoided due to BLF General = 1

Total number of bridges avoided due to BLF Specific = @

*xx End of links disabled and bridges aveided due te weight capacity constraints sxs

%x% Links disabled and Bridges aveided due to missing information in BRINSAP database wws
No links were disabled and no bridges were aveided due to missing informatien in BRINSAP database
=x» End of links disabled and bridges avoided due to missing information in BRINSAP database wwex

----- End of Report —————
Time elapsed ®8 h 80 m 21 5

<

Figure B.7 Typical Routing Report
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APPENDIX C

OVR MACRO ROUTING REPORT ILLUSTRATING APPLICATIONS
DISCUSSED IN CHAPTER 3

e ok s ok ok s ok sk oke ok sk ok s sk e sk sk sk st ke sl ste sk sk sk sk e st st skt she st ek sk ko sieskeoskeok sk stoloskokoiokskok sk bk sk ko R kock sk kok ok sk sk ke kv ok ok

Output Report Generated from Application 1
sfe st s ot ok s o ok sk ofe s sk e o sk sk oo sk ok o sk sk ok o sk ke ok o ke o ok e o s s ofe s sl ofe s e ol ofe e ok sl sk sk s e sk sk ok sk e sl sk ke st ok e e ke sk e e ek

Overweight/Oversize Vehicle Routing Report
+*Maximal-Capacity Route**

**%* Vehicle Description ***

Model : Scenario 3 (128)
Type : Horizontal load
Nominal Capacity: 128 kip

Height (ft | in): 15 | 4

width (ft | in): 15 | 4

Number of Axles : 5§

Impact : 10 %

Ax1ID Dist.prev.axl(ft) Weight/axl{kips) No.Tires Gage (ft) Tire Width(in)
01 00.000 000020.000 2 06.000 12
02 14.000 000020.000 2 06.000 12
03 04.000 000035.000 2 06.000 12
04 24,000 000035.000 2 06.000 12
05 04.000 000035.000 2 06.000 12
Vehicle's Center of Gravity from the 1st axle is = 0027.52ft
*++*End of Vehicle Description*+*
***Route Description**+*
Geographic Coordinates (Degrees) on Road Link(s) Highway ID
Longitude Latitude {ID 1) (ID 2) (1) (2)
Origin -095.977194 029.679739 12080010053 12080010005 FM1093 FM1093
Destination -095.989066 029.539991 12080010248 12080010140 UAQOS0 FM1952
Start South on FM1093 4.77 Miles {4.77 Miles).
Continue East on FM0358 3.26 Miles {8.03 Miles).
Continue East on FM1093 4.22 Miles {12.25 Miles).
Turn Right South on SH009% 12.42 Miles {24.67 Miles).
Continue South on FM2759 1.94 Miles {26.61 Miles).
Turn Right West on FM0762 4,07 Miles {30.68 Miles).
Turn Left South on FM1640 3.10 Miles (33.78 Miles).
Turn Right North on SH0036 0.07 Miles (33.85 Miles)
Turn Left West on UA0090 0.65 Miles (34.50 Miles).
Continue West on —------- 9.15 Miles (43.65 Miles).
Continue West on UA0090 1.16 Miles {44.81 Miles).

Total number of unconstrained routes tested before final result = 9

+++*End of Route Description*+*

+*+ Links disabled and Bridges avoided due to vertical clearance constraints ***
Total number of bridges evaluated for vertical clearance = 38
No links were disabled and no bridges were avoided due to vertical clearance
*+* End of links disabled and bridges avoided due to vertical clearance constraints ***

*** Links disabled and Bridges avoided due to horizontal width constraints *+*+
Total number of bridges evaluated for horizontal width = 242
No links were disabled and no bridges were avoided due to horizontal width
*%*% End of links disabled and bridges avoided due to horizontal width constraints **¥

The capacity of the resulting route = 30.201017
*** Links disabled and Bridges avoided due to weight capacity constraints **+

TAC restrictions were not satisfied

Total number of bridges evaluated for weight capacity = 95
CountyRDID Highway Heading BridgeID Allow_GW(kips) Actual GW(kips) Axls/Grp 1st_Grp_Axle BLF not met
12080010052 FM0723 ~-«----- 120800018809027 000054.510 000145.000 002 004 General
12080010141 FM0762 ------- 120800054303013 000067.426 000145.000 002 004 General

Total number of bridges avoided due to BLF General = 2

Total number of bridges avoided due to BLF Specific = 0

**++ Links disabled and Bridges avoided during the process of finding maximal-capacity route ¥*+*

CountyRDID Highway Heading BridgeiID Capacity(kips}
12020010213 SHOO036 - 1202000188030089 0023.06
12020010102 FM1462 - 120200141404013 0010.28
12080012378 Us0059 South Bound 120800002712137 0008.14
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12080012364 US0059 West Bound 120800002712139 0010.28
12080010035 FM1489 e 120800141803005 0006.00
12080012420 UA00S0 West Bound 120800002708271 0027.60
*++ End of links disabled and bridges avoided due to weight capacity constraints ***
**+ Links disabled and Bridges aveided due to missing information in BRINSAP database ***
No links were disabled and no bridges were avoided due to missing information in BRINSAP database
*++ End of links disabled and bridges avoided due to missing information in BRINSAP database ***

----- End of Report ————
Time elapsed 00 h 01 m 34 s

sk ok o sk ok sk ok ok ok sk ok sk st e s ok st ke sk ok sk ok sk ok s ok sk sk sk ok sk ok sk sk sk she sk sfe sk oo sk sk sk sk sk sk ok s sk she sk e sk sbe sk skl sk sk ook seokok sk sk skeoke sk ok

Output Report Generated from Application 2
sk sk ok ok sk ok ke sk sk sk sk ok sk ok sk sk o sk sk sk sk sk sk ok sk ok sk sk ok sk stk sk sk s sk sk sl ke sk sk s sfe sk sk ok sk sk sk sk sk ok sk sk skosk sk okl ok ok skok sk skokok ok

Overweight/Oversize Vehicle Routing Report
**Shortest Route**

**+* Vehicle Description **+*

Model : Scenario 3 (128)
Type : Horizontal load
Nominal Capacity: 128 kip

Height (ft | in}: 15 | 4

Width (ft | in): 15 | 4
Number of Axles : 5 -
Impact : 10 %

Ax1ID Dist.prev.axl{ft) Weight/axl (kips) No.Tires Gage (ft) Tire Width(in)

0l 00.000 000020.0600 2 06.000 12
02 14.000 000020.000 2 06.000 12
03 04.000 000035.000 2 06.000 12
04 24.000 000035.000 2 06.000 12
05 04.000 000035.000 2 06.000 12

Vehicle's Center of Gravity from the lst axle is = 0027.52ft

**+End of Vehicle Description**+*

+++Route Description**+*

Geographic Coordinates (Degrees) on Road Link(s) Highway ID
Longitude Latitude {ID 1} (ID 2) (1) (2)
Origin -095.977194 028.679739 12080010053 12080010005 FM1093 FM1093
Destination =-095.759120 029.561794 12080010122 12080010128 FM0762 FM1640
Start South on FM1093 4.77 Miles (4.77 Miles).
Continue East on FMO359 3.26 Miles (8.03 Miles).
Continue East on FM1093 1.98 Miles {10.02 Miles).
Turn Right South on FM0723 4.55 Miles {14.56 Miles).
Turn Left East on FMO359 6.34 Miles {20.90 Miles).
Turn Right West on UA0090 1.35 Miles {22.26 Miles).
Turn Left  South on FS0762 0.73 Miles {22.99 Miles).
Turn Left South on FM0O762 1.05 Miles {24.04 Miles).

Total number of routes tested before final result = 2

+*+End of Route Description***

++% Tinks disabled and Bridges avoided due to vertical clearance constraints ***
Total number of bridges evaluated for vertical clearance = 0
No links were disabled and no bridges were avoided due to vertical clearance
*++ End of links disabled and bridges avoided due to vertical clearance constraints ***

+++ Links disabled and Bridges avoided due to horizontal width constraints **+*
Total number of bridges evaluated for horizontal width = 16
No links were disabled and no bridges were avoided due to horizontal width
+++ End of links disabled and bridges avoided due to horizontal width constraints ***

*+* Links disabled and Bridges avoided due to weight capacity constraints ***
TAC restrictions were not satisfied

Total number of bridges evaluated for weight capacity = 11
CountyRDID Highway Heading BridgeID Allow GW{kips) Actual GW(kips) Axls/Grp 1st_Grp_Axle BLF not met
12080010052 FM0723 - - 120800018809027 000054.510 000070.000 002 004 General
Total number of bridges avoided due to BLF General = 1
Total number of bridges avoided due to BLF Specific = 0O
*+% End of links disabled and bridges avoided due to weight capacity constraints **+*
*++ T,inks disabled and Bridges avoided due to missing information in BRINSAP database ***
No links were disabled and no bridges were avoided due to missing information in BRINSAP database
#+% End of links disabled and bridges avoided due to missing information in BRINSAP database ***

————— End of Report —————

Time elapsed 00 h 00 m 37 s
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Output Report Generated from Application 3
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Overweight/Oversize Vehicle Routing Report
**Shortest Route*¥

%+ Yehicle Description *+*

Model Scenario 3 (128)
Type Horizontal load
Nominal Capacity: 128 kip

Height (ft | in): 15 ) 4

Width (ft | in): 15 | 4

Number of Axles : S

Impact : 10 %

AX1ID Dist,.prev,axl{ft) Weight/axl (kips) No.Tires Gage (ft) Tire_Width(in}
01 00.000 000020.000 2 06.000 12

02 14.000 000020.000 2 06.000 12

03 04.000 000035.000 2 06.000 12

04 24.000 000035.000 2 06.000 12

05 04.000 000035.000 2 06.000 12

Vehicle's Center of Gravity from the 1st axle is = 0027.52ft

*++End of Vehicle Description***

**+Route Description***

Geographic Coordinates ({(Degrees) on Road Link(s) Highway ID
Longitude Latitude (ID 1} (Ib 2) (1) {2)
Origin -085.977194 029.679739 12080010053 12080010005 FM1093 FM1093
Destination -095.687758 029.709252 12080010065 12080010067 FM1093 FM1464
Start South on FM1083 0.05 Miles (0.05 Miles).
Continue South on FM1489 5.27 Miles (5.31 Miles).
Turn Left East on SH0036 10.07 Miles (15.38 Miles).
Continue East on UA0090 9.18 Miles (24.56 Miles).
Turn Left North on SHO099 0.16 Miles {24.71 Miles).
Turn Right North on FM1464 7.78 Miles (32,49 Miles).

Total number of routes tested before final result = 1

**+*End of Route Description*+*+

*%* Links disabled and Bridges avoided due to vertical clearance constraints **+
Total number of bridges evalunated for vertical clearance = 4

No links were disabled and no bridges were avoided due to vertical clearance
**%* End of links disabled and bridges avoided due to vertical clearance constraints *+**

**+ Links disabled and Bridges avoided due to horizontal width constraints *++

Total number of bridges evalnated for horizontal width = 20

No links were disabled and no bridges were avoided due to horizontal width
*+* End of links disabled and bridges avoided due to horizontal width constraints *+*¥
*** Links disabled and Bridges avoided due to weight capacity constraints %+

TAC restrictions were not satisfied

Total number of bridges evaluated for weight capacity = 16
No links were disabled and no bridges were avoided due to weight capacity constraints

**% End of links disabled and bridges avoided due to weight capacity constraints ***
+++ Links disabled and Bridges avoided due to missing information in BRINSAP database ***
No links were disabled and no bridges were avoided due to missing information in BRINSAP database
#¥+ End of links disabled and bridges avoided due to missing information in BRINSAP database ***
----- End of Report ————

Time elapsed 00 h 00 m 05 s
sk ok ok s ok ok ok ok ok ok ok o of ok o ok s o ok e
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APPENDIX D
COMPARISON REPORTS OF OLD BRINSAP

WITH NEW BRINSAP FOR HOUSTON DISTRICT
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