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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.

(¢) 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) Aninstallation 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 Ib 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 [S]. 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 formulae 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.

(c) 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.

(e) 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) Its location 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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Table 2.1 BRINSAP Observation Summaries for District 01 — Paris

Delta | Fannin| Franklin | Grayson | Hopkins | Hunt | Lamar| Rains | Red River |[TOTAL
Types of Observations:| Errors| Errors| Errors | Errors | Errors |Errors| Errors|Errors, Errors | Errors
Originally near another location| 5 7 13 11 13 3 2 3 57
Originally outside of the boundary| 3 9 3 2 17
Uncertain direction 53 65 118
Uncertain location 2 1 3
Uncertain overpass 27 10 37
Uncertain underpass 3 3
Missing bridge] 6 11 6 1 1 25
Missing boulevard/road 1 1
Two structures have the same DGN symbol 0
Wrong reference to location distance (F9) 0
Reference F9 location not on map 0
Moved to uncertain position 0
Cannot measure from referenced FM 0
Either wrong feature crossed or carry over 10 10
Wrong reference F6_1 FEATXE 0
Unspecified location| 2 2 2 16 4 1 27
Unspecified underpass 8 8 16
Unspecified overpass 2 14 16
Unspecified up/op 0
Unspecified direction| 2 2
Assumption neded for correct location 0
Reference F9 distance off or junction incorrect 0
Inverted Heading 3 3
TOTAL| 18 17 2 106 32 131 11 7 11 335
TOTAL NUM. OF RECORDS W/ERROR| 17 15 2 103 32 112 11 7 11 310
TOTAL BRINSAP RECORDS| 64 156 51 257 172 287 178 34 119 1318
% ERROR| 27% | 10% 4% 40% 19% | 39% | 6% | 21% 9% 24%
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Table 2.2 BRINSAP Observation Summaries for District 02 - Forth Worth

Erath | Hood | Jack | Johnson | Palo Pinto | Parker | Somervell | Tarrant| Wise |TOTAL
Types of Observations:| Errors| Errors| Errors! Errors Errors | Errors| Errors | Errors |Errors| Errors
Originally near another location| 3 5 4 12 7 154 14 199
Originally out of county boundary} 6 1 2 14 3 2 1 208 1 238
Uncertain direction 4 4
N Uncertain location 4 4
i Uncertain overpass 3 3
. Uncertain underpass i 2 2
L ~_ Missing bridge| 1 I 29 5 13 245 5 299 |
Missing boulevard/road 5 1 8 1 15
8 Two structures have the same DGN symbol 0
Wrong reference to location distance (F9) 12 1 13
Reference F9 location not on map - 0
B Moved to uncertain position 0
Cannot measure from referenced FM ) 0
~ Either wrong feature crossed or carry over 0
Wrong reference F6_| FEATXE ] 0
__Unspecified location 3 1 4
B Unspecified underpass 3 19 22
] Unspecified overpass 2 2
Unspecified up/op 0
Unspecified direction 2 2
B Assumption neded for correct location ” 0
~ Reference F9 distance off or junction incorrect 3 3
B Inverted Heading 1 6 7
One structure has two DGN symbols 0
- Incorrect location description 0
} Unknown location description 0
TOTAL| 10 11 7 72 12 23 1 658 23 817
TOTAL NUM. OF RECORDS W/ERROR| 10 10 7 55 11 20 1 438 23 575
TOTAL BRINSAP RECORDS| 110 55 76 191 180 153 23 1187 126 2101
% ERROR| 9% | 18% | 9% 29% 6% 13% 4% 37% | 18% | 27%
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Table 2.3 BRINSAP Observation Summaries for District 03 - Wichita Falls

Archer | Baylor| Clay | Cooke | Montague | Throckmorton | Wichita{ Wilbarger | Young | TOTAL
Types of Observations:| Errors | Errors| Errors| Errors| Errors Errors Errors ;| Errors |Errors| Errors
Originally near another location 4 4 3 15 8 1 35
Originally outside of the boundary] 1 1 1 10 9 25 3 50
Uncertain direction 7 4 14 6 31
Uncertain location 0
Uncertain overpass 0
Uncertain underpass 2 2
Missing bridge] 2 1 4 9 4 2 37 3 7 69
Missing boulevard/road 6 3 4 13
Two structures have the same DGN symbol 0
Wrong reference to location distance (F9) 0
Reference F9 location not on map 0
Moved to uncertain position 0
Cannot measure from referenced FM 0 |
Either wrong feature crossed or carry over 0
Wrong reference F6_1 FEATXE 0
Unspecified location] 7 5 6 6 2 5 31
Unspecified underpass 23 23
B Unspecified overpass 3 3
Unspecified up/op 2 2
Unspecified direction 8 8
Assumption neded for correct location 0
Incorrect location description 0
Unknown location description 0
Incomplete bridge symbol 0
TOTAL] 10 7 22 39 27 4 123 20 15 267
TOTAL NUM. OF RECORDS W/ERROR}] 10 7 22 27 25 4 85 20 14 214
TOTAL BRINSAP RECORDS| 83 39 122 140 104 45 304 119 84 1040
% ERROR| 12% | 18% | 18% | 19% 24% 9% 28% 17% 17% | 21%
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Table 2.4 BRINSAP Observation Summaries for District 04 - Amarillo

Armstrong | Carson | Dallam| Deaf Smith { Gray | Foosford | Hartley | Henphill | Hitchinson | Eipecomh | Mboce | Ochiltree | Oldham)
Typesof Cheervations] Fryos | Frros | Bvors | Prios | Frres | Frroes | Foroes | Envors Frrors Frros | Bros| Eors | Broes
Qrigirelly near another location 1 z
(riginally outsice of the bourdny ' 7 1 ]
Uncertain direction 4 3 7 5

Uncertain location i 1 2 1
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Wong reference to location distarnoe (F)
Refrence F9 location not an ey N
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Carnot ressure fromreferenced FM ) )
Bither wong fedture arossed or cary oved
Vong refereroe 16| FEATXH
Unspedified location 2 i { 1 2
Ubspecified underpesy
Unspecified upey] 1
Uhspecified direction - 2

"~ Assurrgtion neded fox correct locatial
Reference 19 distarce ofFor junction incorred '

- Immedm 1 3 .
Chestructure hes two

DQN;
TORAY 4
TOTALNUM OF RECORDS WERRCH 4
TOTAL BRINSAP RECURDS 11
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|
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16 30
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Table 2.5 BRINSAP Observation Summaries for District 05 - Lubbock

Bayky Casto

Crosby  Dawson

Hoddey Lamb

Lubbock  Lym

Teny  Cochran

Youlam

:

Gaines

Types of Observations] Errors  Frrors

Frros  Eroors

Eros  Bvors

Eros  BErors

Ervors  Erros

]

Criginally rear ancther locatiar]

i

6

Origiraily outside of the boundery

2

I

Uheertain overpasy

Urcertain underpasy

Missiing bridgy

21

Missing boulevand/roaq

Twostnctures have the same DONsymibof

Wong reference to location distance (B9

Referenoe F9 location not on o]

Murved to uncertain positicr]

Camot measure fiomreferenced B

___ Either wrong feature crossed or carry oved

Whong reforence F5_1 FEATXE

Unspecified location

Unspecified underpesy

Unspecified overpesy

Unspecified uplor]

Cromecifiod diection]

Assumption neded for comet locaticn

Reference F9 distance off or junction incorrect
Tnverted Heading

Cre sinucture hes two DG syrmbel

Tncormect location description]

__ Unknown location descriptiol

Troomplete bridge syrmbof

TOTAl O

3

10

TOTALNOM OF RECORISWERROR 0

3

<
-

TOIALBRINSAPRECORDY 4

10

11 3

10

Hla) s

§3’:aoe¢¢w¢¢5euwm®¢¢aeaaug¢¢-¢a5

YERROR 0%

3%

18%

10%

2%

%

T%

17% %%

17%

13%

0% %

—
iy
X

0% 0%

Page 12



Table 2.6 BRINSAP Observation Summaries for District 06 - Odessa

Andrew | Crane | Ector | Loving | Martin | Midland | Pecos | Reeves | Terrell | Upton | Ward | Winkler | TOTAL
Types of Observations:} Errors | Errors | Errors | Errors | Errors | Errors | Errors| Errors | Ervors | Errors | Errors | Errors | Errors
Originally near another location ] 2 1 3 89 95
Originally outside of the boundary] 7 ) ) 7 7 12 2 25
Uncertain direction 1 2 3
Uncertain location 1 1 2
Uncertain overpass] 0
Uncertain underpass| ) I 19 2 22
Missing bridge 8 5 8 38 26 13 1 6 105
Missing entrance ramp| - 1 1
Missing boulevard/road ) 1 1 4 6
Two structures have the same DGN symbol 7 ] i 1 0
Wrong reference to Jocation distance (F9 - 0
- Reference F9 location not on map! 0
B Moved to uncertain position| 0
Cannot measure from referenced FM| B 0
Either wrong feature crossed or carry over] 0
Wrong reference F6_1 FEATXE 0
- Unspecified location 0
- Unspecified underpass| - 0
Unspecified overpas: 0
Unspecified up/op L
Unspecified direction| B 0
Assumption neded for correct location 0
Reference F9 distance off or junction incorrect o 0
Incomplete bridge symbol 1 1
Inverted Heading B 0
Incorrect location description 0
Unknown location description 0
TOTAL 0 0 17 0 7 19 157 34 15 1 11 @ 260
TOTAL NUM. OF RECORDS W/ERROR 0 17 0 7 21 140 32 13 1 10 0 241
TOTAL BRINSAP RECORDS 0 19 110 4 14 72 466 208 82 39 54 1 1039
% ERROR| 0% 0% 15% 0% 30% 29% 30% 15% 25% 3% 19% 0% 23%
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Table 2.7 BRINSAP Observation Summaries for District 07 - San Angelo

| e | Qoo Orockett | Edvards | Glassoock | Irion | Kimbde! Menard | Regan | Real | Ruonels | Schleicher | Sterding | Suiton | TomGieen

Types of Observations:] Frrors| Frros Eiros | Froors | Erros | Errors | Evors | Evors | Booes | Evos | Frros | Foes | Evors | Frros | Enors

Qigirally rear sctter locgtionl 4 3 p.4] i3 7

N oo
IS

Qrigirally outsice of the boundery) 1 3 2 5 1

Uhncertain direction

Thoertainlocation 1 1

Uncertainoverpess{

W
v
[~
-3
[

Unoertainundapess| |

Mssing bricgsd ) ¥) 1 i | 3 3 3 )

Misingentrance ranp)

Missing boulevardioad 1 %

“Two struciures have the same DGNsymbol]

Whorg referarce to location distance (F9)

Reference 9 location not en ey

Morved to uncertain position

Carot reasure fromreferenced BV

Ether wiong feature aossed or camy over

Ursyecifiodfeading] 3
Worg refererce 6 1 FEATXH

Unspecified location 6 6 2

Unspecified undespass| 6 5 3 2 i 16

—

Uypecified overpess| 1

Unspecifiedyplop 2

Creoerifidi ot

Assunrption nedexd for oorrect Jocation

Reference P9 distance off o junction moomect 2

Irverted

oawaacNKS@waoc@@cuoﬁgowega}‘g’g

TOTAL 4 1 11 3

TOTALNUM OF RECORDS WERR(R 10 14 41 11 18

Bl
gl
lwlw
Bl=lo
=
(73

TOTAL BRINSAP RECORIS

-
HEGEE
&
g\sama\
®

YIRS | 15% 2% 13% % o | 2% L% | 0| W% % A%
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Table 2.8 BRINSAP Observation Summaries for District 08 - Abilene

Borden | Callaban | Fisher | Haskell | Jones Kent Mitchell | Nolan | Scurry | Shakelford Stonewall | Taylor | TOTAL

Types of Observations:| Errors Errors Errors | Errors | Errors | Errors | Errors | Errors! Errors Errors Errors Errors | Errors
Brn moved to DGN position
Originally near another location 4 5 1 1 3 5 3 5 7
Originally outside of the boundary 1 5 1 3 11 i 2 10 1 ! 10 46
Uncertain direction, @
Uncertain location i 1 1 2 5
Uncerfain overpass
Uncertain underpass] i B 1
Missing bridge p] 3 9 3 ! 7 7 2 1 5 22 62
Missing entrance ramp 0
Missing boulevard/road K
Two structures have the same DGN symboi
‘Wrong reference to location distance (F9) 1]
Reference F9 location not on map 0
Moved to uncertain position! [
Cannot measure from referenced FM 0
Either wrong feature crossed or carry over| [
Unspecified heading| 0
‘Wrong reference F6_1 FEATXE 0
Unspecified location 1 2 9 12
Unspecified underpass 4 i 6 11
Unspecified overpass 0
Unspecified up/op 0
Unspecified direction 2 2
Assurnption neded for correct location g
Inverted Heading| 0
| Incorrest location description 0
Unknown location description 0
TOTAL, & 12 12 13 17 1 11 14 13 5 6 56 166
TOTAL NUM. OF RECORDS W/ERROR 6 12 12 13 17 1 11 14 13 5 6 51 161
TOTAL BRINSAP RECORDS 49 140 77 61 122 25 120 137 94 68 36 331 1260
% ERROR} 12% 9% 16% 21% 14% 4% 9% 10% 14% T% 17% 15% 13%
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Table 2.9 BRINSAP Observation Summaries for District 09 - Waco

Bell | Bosque | Coryell | Falls | Hamilton | Hill | Limestone | Mc Lennan | TOTAL
Types of Observations:| Errors | Errors | Errors | Errors| Errors | Errors Errors Errors Errors
Originally near another location] 12 1 2 i 3 33 57 |
Originally outside of the boundary}] 10 1 2 3 5 5 11 37
Uncertain direction| 6 4 10
Uncertain location 1 1
Uncertain overpass 0 |
Uncertain underpass 0
Missing bridge] 32 6 7 15 1 7 3 50 121
Missing entrance ramp| 0
) Missing boulevard/road| 4 2 2 12 20
Two structures have the same DGN symbol 0
Wrong reference to location distance (F9) 0
Reference F9 location not on map 0 |
verified position, 0.k. 1]
Location description incomplete 0
Cannot measure from referenced FM - 0
Either wrong feature crossed or carry over 0
Uncertain FITFACCARRD 1 1 0
Unspecified heading 0
Wrong reference F6_1 FEATXE L 0
- Unspecified location 4 i 5 10
Unspecified underpass 1 B 1
Unspecified overpass 1 1]
Unspecified up/op B 5 5
Unspecified direction ) 0
Assumption neded for correct location L 0
Reference F9 distance off or junction incorrect 0
Inverted Heading L]
TOTAL{ 65 12 10 22 3 25 17 111 263
TOTAL NUM. OF RECORDS W/ERROR| 62 11 51 19 3 22 16 91 275
TOTAL BRINSAP RECORDS 343 110 161 152 . 80 245 131 419 1641
% ERROR| 18% 10% 32% 13% 4% 9% 12% 22% 17%
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Table 2.10 BRINSAP Observation Summaries for District 10 - Tyler

Anderson | Cherokee | Gregg | Henderson | Rusk | Smith | Van Zandt | Wood | TOTAL
Types of Observations:] Errors Errors | Errors Errors Errors | Errors| FErrors Errors| Errors
Originally near another location 4 i 21 5 31
Originally outside of the boundary 17 4 5 1 27
B Uncertain direction] 2 B 2 4
} Uncertain location 2 1 8 1 12
n ) Uncertain overpass L 0
- Uncertain underpass| 0
Missing bridge 4 6 4 7 1 5 2 29
Missing entrance ramp - 0
___Missing boulevard/road 1 1 2
Wrong reference F102DIRTRA 0
Two structures have the same DGN symbol 0
| Wrong reference to location distance (F9) 4 4
Reference F9 location not on map i 0
Moved to uncertain position 0
Cannot measure from referenced FM 0 |
Wrong F7 FACCARD 0
Either wrong feature crossed or carry over 18 9 27
Incorrect location 2 - 0
Incorrect distance 5 0
Unspecified heading 0
Wrong reference F6_1 FEATXE 0
Unspecified location ) 3 1 4
Unspecified underpass 6 17 23 8 54
) Unspecified overpass 3 1 3 7
Unspecified up/op 0
Unspecified direction 0
Reference F9 distance off or junction incorrect 0
TOTAL 8 10 52 35 25 54 22 2 201
TOTAL NUM. OF RECORDS W/ERROR 8 7 43 34 25 57 21 5 200
TOTAL BRINSAP RECORDS 113 121 134 144 151 206 183 60 1112
% ERROR 7% 6% 32% 24% 17% | 28% 11% 8% 18%
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Table 2.11 BRINSAP Observation Summaries for Distriet 11 — Lufkin

Angelina

Houston

Nachogdoches

Polk

Sabine

San Augustine

San Jacinto

Shelby  Trinity

TOTAL

Types of Observations;

Errors

Errors

Errors

Errors

Errors

Errors

Errors

Errors  Errors

Errors

Originally near another location

2

1

1

1

W

Originally outside of the boundary

[~

Inverted heading

-

Uncertain direction

[y
(]

Uncertain location

Uncertain overpass

Uncertain underpass

Missing bridge

Missing boulevard/road

Unspecified direction

Unspecified location

Unspecified overpass

Unspecified underpass

Two structures have the same DGN symbol
Reference not located within county line

Switched overpass/underpass

Incorrect location description

18

16

10

11

One bridge for two structures|

Verified position, k.

Overpass description does not match

TOTAL

24

15

17

11

10

7 9

Dicicoioiooc o olao|oiciwipn olaow

TOTAL NUM. OF RECORDS W/ERROR|

27

21

15

15

10

10 9

TOTAL BRINSAP RECORDS

106

18

62

43

102

73 56

% ERRO

25%

22%

12%

13%

11%

3%

6%

14%  16%




Table 2.12 BRINSAP Observation Summaries for District 12 - Houston

Brazoria |Fort Bend |Galveston |Harris Montgomery [Waller |TOTAL
Types of Observations:| Errors Errors Errors | Errors Errors Errors | Errors
Originally near another location 14 4 8 89 24 1 140
Originally outside of the boundary 17 34 16 432 17 12 528
Inverted heading 0
Uncertain direction 31 31
Uncertain location 1 14 15
Uncertain overpass 1 1
Uncertain underpass 0
Missing bridge 10 464 10 484
i Missing boulevard/road 16 9 169 194
Unspecified direction 8 8
Unspecified location 2 2
Unspecified overpass 0
B Unspecified underpass 0
Two structures have the same DGN symbol 20 20
Reference not located within county line 0
Switched overpass/underpass 0
Incorrect location description 0
One bridge for two structures 0
Verified position, o.k. 0
Overpass description does not match 0
TOTAL 55 48 34 1208 55 23 1423
TOTAL NUM. OF RECORDS W/ERROR 71 75 69 695 54 20 984
TOTAL BRINSAP RECORDS| 262 245 190 1848 241 105 2891
% ERROR| 27% 31% 36% 38% 22% 19% 34%
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Table 2.13 BRINSAP Observation Summaries for District 13 - Yoakum

Austin |{Calhoun [Colorado 1De Witt |Fayette |Gonzales |Jackson [Lavaca |Matagorda |{Victoria |Wharton |TOTAL
Types of Observations:| Errors | Errors Errors | Errors | Errors i  Errors Errors | Errors Errors Errors | Errors | Errors
Originally near another location 1 2 19 5 4 1 3 2 2 1 2 40
Originally outside of the boundary 1 2 5 11 5 6 1 1 27 22 59
Inverted heading 0
Uncertain direction 10 10
Uncertain location 0
Uncertain overpass 0
Uncertain underpass 0
Missing bridge 1 1 3 4 7 5 3 16 18 6 58
Missing boulevard/road 1 2 2 4 13 7 22
Unspecified direction 0
Unspecified location 0
Unspecified overpass 0
Unspecified underpass 0
| Two structures have the same DGN symbol 0
Switched overpass/underpass 0
Location description is incomplete 0
Verified position, o.k. 0
Overpass description does not match 0
TOFAL, 2 3 22 14 19 15 16 6 33 59 37 189
TOTAL NUM. OF RECORDS W/ERROR] 2 3 22 12 18 11 12 6 29 33 36 184
TOTAL BRINSAP RECORDS} 105 73 153 146 232 237 128 119 88 169 180 1630
% ERROR] 2% 4% 14% 8% 8% 5% 9% 5% 33% 20% 20% 11%
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Table 2.14 BRINSAP Observation Summaries for District 14 - Austin

Bastrop | Blanco| Burnet) Caldwell| Gillespie | Hays | Lee | Llano {Marion| Travis| Williamson { TOTAL
Types of Observations:] Errors | Errors| Errors| Errors | Errors |Errors|Errors|Errors] Errors {Errors! Errors Errors

Originally near another location 7 7
Originally outside of the boundary 2 1 2 2 10 6 1 1 91 9 116

Inverted heading 1 1 1 7 1 7 2 18

Uncertain direction 2 2

Uncertain location 4 2 4

Uncertain overpass 1 1

| Uncertain underpass 2

Missing bridge] 21 3 2 10 21 2 8 131 19 198

Missing boulevard/road 1 4 84 5 39

Unspecified direction 1 1

Unspecified location 1 0

Unspecified overpass 2 4 2

Unspecified underpass | 2 93 3

Two structures have the same DGN symbol 4 3 2 7

Reference not located within county line 1 1

Switched overpass/underpass 0

Incorrect location description 3 3

Verified position, 0.k. 0

Overpass description does not match 0
TOTAL| 30 1 6 6 20 33 14 9 2 333 137 454
TOTAL NUM. OF RECORDS W/ERROR| 25 1 5 4 13 22 i4 11 2 153 113 363
TOTAL BRINSAP RECORDS| 118 55 79 94 95 102 61 71 74 548 305 1602
% ERROR| 21% 2% 6% 4% 14% 2% | 23% | 15% | 3% | 28% 37% 23%
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Table 2.15 BRINSAP Observation Summaries for District 15 - San Antonio

Atascosa | Bandera| Bexar [ Comal| Frio | Guadalupe|Kendall| Kerr { McNullen | Medina| Uvalde| Wilson | TOTAL
Types of Observations:| Errors | Errors |Errors| Errors|Errors| Errors | Errors {Errorsi Errors | Errors { Errors| Errors| Errors
Originally near another location 6 4 97 4 2 9 2 5 1 2 4 130
Qriginally outside of the boundary 131 11 17 2 5 11 7 5 1 184
Inverted heading 3 1 1 1 6
Uncertain direction 0
Uncertain location 17 17
Uncertain overpass 3 3
Uncertain underpass 1 15 2 1 3 22
Missing bridge| 21 2 296 32 13 40 2 9 13 4 13 428
Missing boulevard/road 1 13 2 16
Unspecified direction 1 1
Unspecified location 0
Unspecified overpass 3 6 1 4 4 i 1 19
Unspecified underpass 2 1 59 7 1 5 6 4 2 5 2 1 92
Two structures have the same DGN symbol 0
Reference not located within county line 0
Switched overpass/underpass 1 1
Incorrect location description 0
One bridge for two structures 4 4
Verified position, 0.k. 0.
Overpass description does not match 0
TOTAL] 33 12 641 57 33 65 19 35 2 26 13 20 923
TOTAL NUM. OF RECORDS W/ERROR| 31 11 450 49 33 61 18 31 2 21 11 13 718
TOTAL BRINSAP RECORDS] 144 55 1313 | 130 | 123 194 80 137 52 143 78 93 2542
% ERROR| 22% 20% | 34% | 38% | 27% 3% 23% | 23% 4% 15% | 14% | 19% | 28%
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Table 2.16 BRINSAP Observation Summaries for District 16 - Corpus Christi

Aransas| Bee |Goliad| Jim Wells | Karnes | Kleberg | Live Oak | Nueces | Refugio | San Patricio | TOTAL
Types of Observations:| Errors {Errors{Errors| Errors | Errors| Errors | Errors | Errors| Errors Errors Errors
Originally outside of the boundary 2 11 13
Uncertain direction 2 20 17 15 2 2 2 60
Uncertain location 1 1
B Uncertain overpass 3 3
Uncertain underpass 6 4 13 5 28
Inverted heading 1 1
Missing bridge 1 2 1 13 5 1 22 55
Missing boulevard 1 6 7
B Unspecified direction 18 2 19 39
Unspecified location 21 4 3 50 78
Unspecified overpass 2 3 5
Unspecified underpass 9 7 9 2 27
Two structures have the same DGN symbol 0
Incorrect location description 0
TOTAL 7 51 7 28 9 25 49 18 8 115 317
TOTAL NUM. OF RECORDS W/ERROR 5 39 7 28 9 21 44 17 8 90 268
TOTAL BRINSAP RECORDS 9 107 72 111 105 43 193 309 107 158 1214
% ERROR| 56% | 36% | 10% 25% 9% 49% 23% 6% T% 57% 22%
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Table 2.17 BRINSAP Observation Summaries for District 17 - Bryan

Brazos | Burleson | Freestone | Grimes| Leon | Madison| Milam | Robertson | Walker | Washington | TOTAL
Types of Observations:| Exrrors! Errors Errors | Errors |Errors| Errors [Errors|] Errors | Errors Errors Errors

Originally near another location 2 1 3 5 12 8 1 32

Originally outside of the boundary] 12 2 2 3 3 2 3 6 33

Inverted heading] 3 2 5

Uncertain direction 2 3 5

Uncertain location 1 1 4 11 17

Uncertain overpass 3 3

Uncertain underpass 0

Missing bridge] 13 2 7 6 7 2 1 i 39

Missing boulevard/road] S 3 2 10

Unspecified direction 6 2 8

Unspecified location 1 1 2

Unspecified overpass] 2 2 9 13

Unspecified underpass 5 5 4 14

Two structures have the same DGN symbol 0

Switched overpass/underpass| 1 1
Location description is incomplete 0
Verified position, o.k. (H
Overpass description does not match i 1

TOTAL| 37 6 12 20 12 17 31 0 19 29 183

TOTAL NUM. OF RECORDS W/ERROR| 24 6 12 13 12 17 28 0 17 29 158
TOTAL BRINSAP RECORDS| 152 75 116 119 130 103 130 88 108 94 1115
% ERROR| 16% 8% 10% 11% 9% 17% 22% 0% 16% 31% 14%
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Table 2.18 BRINSAP Observation Summaries for District 18 - Dallas

Collin | Dallas | Denton| Ellis | Kaufinan | Navarro| Rockwall| TOTAL
Types of Observations:| Errors| Errors| Errors | Errors| Errors | Errors | Errors | Errors
Originally near another location| 23 56 28 8 3 118
Originally outside of the boundary| 75 575 30 5 6 691
Inverted heading| 5 3 8
Uncertain direction| 2 24 14 2 42
Uncertain location] 1 166 2 6 2 177
Uncertain overpass 67 67
Uncertain underpass 38 38
Missing bridge! 102 | 680 55 7 22 9 23 898
Missing boulevard/road] 18 214 9 2 2 245
Unspecified direction 20 6 1 1 28
Unspecified location| 4 12 1 17
Unspecified overpass 101 76 64 1 36 278
Unspecified underpass| 21 73 41 26 2 12 4 179
Two structures have the same DGN symbol 0
Location description is incomplete 0
Verified position, 0.k. 0
Inverted bridge symbol 2 2
Incorrect underpass 4 4
Incorrect street name 2 2
Moved to uncertain position 2 2
Checked dgn position 0
One structure has two dgn symbols 1 1
Switched information 1 1
Wrong distance 1 1 1 3
TOTAL| 251 | 2037 | 231 107 69 68 38 2801
TOTAL NUM. OF RECORDS W/ERROR| 144 | 1109 | 170 99 58 57 30 1667
TOTAL BRINSAP RECORDS| 352 | 2000 | 407 419 366 227 55 3826
' % ERROR| 41% | 55% | 42% | 24% 16% 25% 55% 44%
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Table 2.19 BRINSAP Observation Summaries for District 19 - Atlanta

Bowie | Camp | Cass | Harrison | Marion | Morris | Panola| Titus | Upshur| TOTAL
Types of Observations:| Errors| Errors| Errors| Errors | Errors | Errors | Errors| Errors| Errors | Errors
Originally near another location| 31 2 10 19 1 7 6 11 87
Originally outside of the boundary 2 2 4
Uncertain direction] 30 10 10 50
Uncertain location| 1 1 1 1 4
Missing bridge|] 4 1 1 11 1 5 23
Missing boulevard/road] 3 8 4 15
Two structures have the same DGN symbol 0
Wrong reference to location distance (F9) 0
Reference F9 location not on map 0
Moved to uncertain position 2 2
Cannot measure from referenced FM 0
Either wrong feature crossed or carry over 0
Wrong reference F6 1 FEATXE 0
TOTAL| 69 6 11 39 0 13 7 19 21 185
TOTAL NUM. OF RECORDS W/ERROR| 68 6 11 23 0 13 12 17 21 171
TOTAL BRINSAP RECORDS| 239 38 133 214 49 51 128 103 132 1087
% ERROR| 28% | 16% | 8% 11% 0% | 25% | 9% | 17% | 16% 16%
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Table 2.20 BRINSAP Observation Summaries for District 20 - Beaumont

Chambers |Hardin [Jasper {Jefferson |Liberty |Newton |Orange |Tyler |TOTAL
Types of Observations:] Errors | Errors{Errors| Errors | Errors | Errors | Errors |Errors{ Errors
Originally near another location 8 5 2 10 5 8 2 46
Originally outside of the boundary 2 2
Uncertain location 8 1 3 12
Uncertain overpass 3 3
Missing bridge 16 54 6 48 8 96 2 230
Missing boulevard/road 3 5 40 11 59
Unspecified direction 2 2
Two structures have the same DGN symbol 0
Location description incorrect 1 2 1 4 8
Location description incomplete 1 1
Incorrect FACCARR 5 3 8
Moved short distance to correct location (ie. FR to ML) 25 25
Moved greater distance to correct location (ie. Moved to new location) 4 4
TOTAL 54 62 13 118 17 14 112 4 394
TOTAL NUM. OF RECORDS W/ERROR 34 54 8 9% 16 14 99 4 320
TOTAL BRINSAP RECORDS 109 110 133 296 136 112 116 74 1086
% ERROR| 31% 49% | 6% 31% 12% 13% 85% 5% | 29%
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Table 2.21 BRINSAP Observation Summaries for District 21 - Pharr

Brooks | Cameron | Kenedy | Hidalgo | Jim Hogg | Starr | Willacy | Zapata| TOTAL
Types of Observations:| Errors | Errors | Errors | Errors | Errors |Errors! Errors | Errors| Errors
Originally near another location 0
Originally outside of the boundary 0
Inverted heading 0
Uncertain direction 2 2
Uncertain location 0
Uncertain overpass 0
Uncertain underpass 0
Missing bridge] 1 14 8 1 7 3 34
Missing boulevard/road 5 5
Unspecified direction 0
Unspecified location] 1 1 2
Unspecified overpass 0
Unspecified underpass 1 1
Two structures have the same DGN symbol 2 2
Reference not located within county line 0
Switched overpass/underpass 0
Incorrect location description 0
One bridge for two structures 0
Verified position, o.k. 0
Overpass description does not match 0
TOTAL] 2 19 12 1 0 8 3 1 46
TOTAL NUM. OF RECORDS W/ERROR| 2 14 10 1 0 8 3 1 39
TOTAL BRINSAP RECORDS| 24 209 197 29 15 48 36 35 593
% ERROR| 8% 7% 5% 3% 0% 17% 8% 3% 7%




Table 2.22 BRINSAP Observation Summavies for District 22 - Laredo

Dimmit | Duval | Kinney | Lasalle | Maverick | Val Verde | Webb | Zavala| TOTAL
Types of Observations:| Errors | Errors| Errors | Errors | Errors Errors |Errors| Errors| Errors
Originally near another location 2 1 3
Originally outside of the boundary 2 2 2 4 6 3 1 20
Inverted heading 0
Uncertain direction 1 1
Uncertain location 2 3 5
Uncertain overpass 3 3
Uncertain underpass 0 |
Missing bridge 8 1 7 7 11 31 2 67
Missing boulevard/road 3 2 5
Unspecified direction 0
Unspecified location 1 2 6 2 6 17
Unspecified overpass 0
Unspecified underpass 1 1
Two structures have the same DGN symbol 1 1
Reference not located within county line 0
Switched overpass/underpass 0
Incorrect location description 0
One bridge for two structures 0
Missing milepoint 2 2
Verified position, o.k. 0
Overpass description does not match 0
TOTAL| 11 7 3 20 22 21 38 3 125
TOTAL NUM. OF RECORDS W/ERROR| 11 7 2 13 15 14 38 3 103
TOTAL BRINSAP RECORDS| 71 117 37 109 79 78 220 71 782
% ERROR| 15% 6% 5% 12% 19% 18% 17% | 4% 13%
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Table 2.23 BRINSAP Observation Summaries for District 23 - Brownwood

Brown| Coleman | Comanche | Eastland | Lampasas | Mc Culloch| Mills | San Saba | Stephens | TOTAL

Types of Observations:| Errors| Errors Errors Errors | Errors Errors | Errors| Errors | Errors | Errors

Originally near another location] 5 6 2 10 3 2 1

Originally outside of the boundary] 2 1 5 1 2 1 1 2 1

i

Uncertain direction

Uncertain location] 5 1

Uncertain overpass

Uncertain underpass| 2

Missing bridge| 10 2 1

| o | s |
L d

Missing boulevard/road

Two structures have the same DGN symbol

Wrong reference to location distance (F9)

Reference F9 location not on map

Moved to uncertain position

Cannot measure from referenced FM

Either wrong feature crossed or carry over

Wrong reference F6 1 FEATXE

Unspecified location 1 2 1 4 5

Unspecified underpass 1 1

Unspecified overpass

Unspecified up/op

Unspecified direction

Assumption neded for correct location

Reference F9 distance off or junction incorrect

Inverted Heading] 1 1 3 1

One structure has two DGN symbols

Incorrect location description

D (7] s | Iy
OC)CG\QQQc@NwQGGOQQQU’ROQM\IQO\\O

Unknown location description

TOTAL|] 25 11 11 26 13 10 2 8 10 116

TOTAL NUM. OF RECORDS W/ERROR| 21 10 11 26 9 9 2 8 8 104

TOTAL BRINSAP RECORDS| 136 109 114 168 78 93 57 69 84 908

% ERROR{ 15% 9% 10% 15% 12% 10% 4% 12% 10% 11%
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Table 2.24 BRINSAP Observation Summaries for District 24 - El Paso

Brewster

Culberson

El Paso

Hudspeth

Jeff Davis

Presidio

TOTAL

Types of Observations:

Errors

Errors

Errors

Errors

Errors

Errors

Errors

Originally near another location

26

14

8

7

Criginally outside of the boundary

37

6

16

Uncertain direction

Uncertain location

Uncertain overpass

Uncertain underpass

Missing bridge

13

60

14

Missing boulevard/road

Two structures have the same DGN symbol

Wrong reference to location distance (F9)

Reference F9 location not on map

Moved to uncertain position

Cannot measure from referenced FM

Either wrong feature crossed or carry over

Wrong reference F6_1 FEATXE

Unspecified location

Unspecified underpass

Unspecified overpass

Unspecified up/op

Unspecified direction

Assumption neded for correct location

Reference F9 distance off or junction incorrect

Inverted Heading

One structure has two DGN symbols

Incorrect location description

Unknown location description

oo e o on e o laveoo oo o R olonaoBR

TOTAL

16

40

118

14

32

19

239

TOTAL NUM. OF RECORDS W/ERROR

13

32

83

14

30

18

190

TOTAL BRINSAP RECORDS

94

134

429

123

127

73

980

% ERROR

14%

24%

19%

11%

24%

25%

19%
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Table 2.25 BRINSAP Observation Summaries for District 25 - Childress

Briscoe  Childress | Collingsworth | Cottle | Dickens | Donley | Foard | Hall | Hardeman  King | Knox | Motley | Wheeler

Types of Observations:| Errors Errors Errors Errvors | Errors Errors | Errors | Errors Errars Errors | Errors | Errors Errors

Originally near another location 2 3 1 1 2 1 7
Originally outside of the boundary 2 1 1

Uncertain direction
Uncertain location 1
Uncertain overpass
Uncertain underpass
Missing bridge 1 1 4 2 14 3 8 2 5 2 36
Missing boulevard/road)
Two structures have the same DGN symbol 4
Wrong reference to location distance (F9)
Reference F? location not on map
Moved to incertain position
Cannot measure from referenced FM
Either wrong fisature crossed or carty over
Wrong reference F6_| FEATXE
Unspecified location; 2
Unspecified underpass
Unspecified overpass
Unspecified up/op|
Unspecified direction 10 3 2 10 11 8 17
B Assumption neded for correct location
Reference F9 distance off or junction incorrect
Inverted Heading
Ore structure has two DGN symbols
Incorrect location description
Unknown location description
Incomplete bridge symbol

TOTAL) 1 11 5

TOTAL NUM. OF RECORDS W/ERROR 1 11 5
TOTAL BRINSAP RECORDS 14 67 45
% ERROR| 7% 16% 11% 13% 17% 1% 10% 14% 20% 0% 14% 9% 48% 20%
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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

v

Enter vehicle information

Routing
Maximum capacity path algorithm? Shortest path
3 | Select origin and destination 4

Select/desclect portion of
network for routing

Create/add turn-penalty
information to a table

¢

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.
b.

Z 5@ th e o

oo

d.

Choose Network/Paths-Turn Toolbox to display the Penalty Dataview dialog box
Choose one of the options from the table:

New Table: Creates a new table to store turn-penalty information

Open Table: Open atable 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

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.

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.

;o as 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.

po o

ATt E@ 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" 3 6 224
Truck_3* 364.9 15 170 2" 14" 4" 13 2 58
Truck_4 486 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" 18 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) a bridge 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.

c) 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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Figure 4.2 Detailed 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 "adfildofirsc" 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. 237brn.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, "..\NEWROADS\" 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.

b e

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 TxDOT 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.

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