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1. INTRODUCTION

Mass transportation is recognized, in energy conscious urban
plans, as a means of conserving transportation energy while provid-
ing adequate transportation systems. The urgency of transporta-
tion needs is a primary factor in the plans of national municipali-
ties and, in the active greater municipality urban transportation
plans of the Nation, rail rapid-transit systems are being expanded;
new rail systems are being planned and constructed; and parts of

existing rail systems are being improved.

The Capital Assistance Program of the Urban Mass Transporta-
tion Administration was established to make available major funding
for expansion and improvement of transit systems and for construc-
tion of new transit systems; accordingly, the UMTA Office of
Research and Development is conducting research, development, and
test and evaluation programs directed toward cost effective methods
for overall improvement of urban rail mass transportation systems.
These programs contribute to the effective use of UMTA Capital
Assistance Program funds and other funds from grants under Federal

sponsorship.

A Project Plan Agreement (PPA UM504) sponsored by the UMTA
Office of R§D, Rail Technology Division, defines the role of the
DOT Transportation Systems Center as Systems Manager for the fiscal
year 1975 Urban Rail Supporting Technology Program to provide the
necessary technical support for urban rail-transit development.

THE URBAN RAIL SUPPORTING TECHNOLOGY PROGRAM

The primary goal of the URST Program, summarized herein for
fiscal year 1975, is directed toward the improvement and develop-

ment of rail system technology.



As Systems Manager for the Urban Rail Supporting Technology
Program, The Transportation Systems Center is charged with:

a. Development of a comprehensive program of test and
evaluation of vehicles, structures, and related components.

b. Design, construction, and operation of facilities and

equipment to support test and evaluation activity.

c. Conduct of selected programs of RED for industry-wide

application, and

d. Provision of technical requirements, analyses, specifi-
cations, and plans necessary for UMTA evaluation and

program development.

Management of URST activity is coordinated by the program
organization consisting of six subprograms or tasks. The scope of
the Program is summarized in these six tasks as follows:

Program Management provides overall program plans and engineer-

ing direction; establishes resource requirements and test and
demonstration schedules; identifies industry interfaces; assesses
accomplishments; recommends implementation; and reports results.

Technical Support and Application Engineering provides direct

assistance to operating properties to develop and establish overall
operations and maintenance procedures; to develop and establish
facilities and equipment requirements; and to identify significant
transit industry problems. Further, this task develops R&D pro-
jects for UMTA review and approval; supports other UMTA system
managers as directed and evaluates new proposals.

Facilities Development provides technical support to the

design, the construction, and the operation of the facilities and
equipment needed to conduct a comprehensive program of test and
evaluation of urban rail cars and car systems; track structures
and structural components; power systems; and signal systems for

train operation and control.



Test and Evaluation provides plans and conducts system testing
and operational evaluations; establishes test objectives, con-
straints, criteria, and procedures; provides all necessary measure-
ments instrumentation and data acquisition and processing equipment;

and prepares final reports and recommendations.

Technology Development provides research and development and
evaluative testing directed toward the introduction of improved

technology in urban rail system applications. Major technology

efforts include:

Tunneling Technology
Noise Assessment and Abatement Technology
Safety Technology (Crashworthiness)

Transportation Test Center (TTC) Field Support. The former
High Speed Ground Test Center (HSGTC), Pueblo, Colorado, was
officially redesignated the DOT Transportation Test Center (TTC).
Engineers are in residence at the TTC to assist the rail transit

community in defining support requirements, schedule requirements,
and operational requirements and procedures. The rail transit test
facilities include the UMTA Rail Transit Test Track, maintenance
and measurement equipment, data acquisition equipment and software,
and other support facilities such as machine and carpentry shops.






2. SUMMARY

2.1 PROGRAM MANAGEMENT

The UMTA Urban Rail Supporting Technology Program initiated
new activities in all tasks during fiscal year 1975.

Activities were initiated in:

1.

""General Vehicle Tests on Standard Light Rail Vehicle(s)
(SLRV)", contract DOT-TSC-1062, Boeing Vertol Company.

""Assessment of Disruptive Effects Associated with Urban
Transit Tunnel Construction', contract DOT-TSC-1018, Abt

Associates, Incorporated.

"In-Service-Performance and Costs-of-Methods for Control
of Urban Rail-System-Noise', contract DOT-TSC-1053,
De Leuw Cather and Company.

"Subway Station Design and Construction', contract DOT-
TSC-1027, De Leuw Cather and Company, Washington, D.C.

"Transfer of Funds to FHWA for construction of Permanent
Track-Power-Facilities at TTC", TSC RA-7523 to FHWA,
FHWA contract to Gardner Zemke Company.

""Subway System Maintenance'", contract DOT-TSC-1070,
Bechtel, Incorporated, San Francisco, California.

"Installation and Removal of Cab Signalling System",
contract DOT-TSC-1032, San Francisco Municipal Railroad.

"Workshops and Conference on Urban Transit Tunneling",
contract DOT-TSC-987, Ken Guscott Associates.

"Increase of Carbody Crashworthiness in the Headon Colli-
sion'", contract DOT-TSC-1052, Illinois Institute of
Technology Research Institute.
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10.

11.

12.

13,

14,

15.

16.

"Construction monitoring of Tunnels for Urban Rapid
Transit Systems, Part B - Manual", modification to

contract DOT-TSC-661, Parsons, Brinckerhoff, Quade,
and Douglas, Incorporated.

"Muck Utilization in the Urban Rapid Transit Tunneling
Process'", modification to contract DOT-TSC-836, Haley
and Aldrich, Incorporated.

"The Transportation of Tunnel Muck by Pipelines', pro-
curement request 612-0310.

"Economic Factors in Tunnel Construction', procurement
request 612-306.

"Data Acquisition System'", modification to contract
DOT-TSC-1004, QEI, Incorporated.

"Support of System Integration and Test Program",
modification of contract DOT-TSC-561, Sperry Univac.

"Transfer of funds'" to FRA for construction of catenary
for the RTTT, TSC-RA-7526, TTC construction task.

"Activities are continuing in:

1. Advanced Concept Train (ACT) Technical Support for UMTA.

2. Crashworthiness of Urban Rail Transit Vehicles.

3. System Costs of Rail Rapid-Transit Systems (Study).

4. Track Electrification Equipment of Two Permanent Power
Substations to Energize the UMTA RTTT at the DOT TTC.

5. Track Electrification Catenary for Standard Light Rail

Vehicle (SLRV) Testing on the UMTA RTTT.

6. Technology News Dissemination by an Urban Rail Technology
Newsletter.

7. Data Acquisition Systems for Track Geometry Measurements.

8. Track Geometry Measurement in Urban Rail Transit Systems.



9. Data Acquisition Systems for Testing and Evaluating Rail

Car Performance.

10. Test and Evaluation of Urban Rail Transit Cars and Equip-

ment.

11. Facilities and Equipment for Testing on the UMTA Rail
Transit Test Track at the DOT Transportation Test Center.

12. Noise Assessment and Abatement in Urban Rail Transit

Systems.
13. Tunneling Technology for Urban Rail Transit Systems.

Fiscal year 1975 URST activities are tabulated in the

appendices:

Appendix A - Projects
Appendix B - Contracts and Grants
Appendix C - Documents

Program management for the URST Program during fiscal year
1975 included liaison and support for UMTA approved tests on the
UMTA Rail Transit Test Track and Facilities at the TTC. Tests
conducted on the UMTA RTTT included the New York City Transit
Authority (NYCTA) type R-42 car equipped with the TSC designed
Track Geometry Measurement System, Figure 2-1; the Energy Storage
Car(s) (ESC), a modified NYCTA type R-32 car, equipped with energy
storage fly-wheels, Figure 2-2; and the Gas-Turbine/Electric
(G-T/E) cars(s), Figure 2-3.

Other tests or urban rail transit vehicles in fiscal year
1975 included Revenue Service Demonstration of the State-of-the-
Art Car(s) in Boston, Figure 2-4, in Cleveland, Figure 2-5,

in Chicago, and in Philadelphia.

Related program activities involving the UMTA RTTT and TTC
Facilities included the RTTT Permanent Power System, the RTTT
Catenary erection for Standard Light Rail (SLRV) use, the UMTA
Wheel Truing Machine and Track Scale installation at TTC, installa-
tion of the Rail Spur to the Storage and Maintenance Building,
and the installation of the Tail Track from the Transit Maintenance

Building .into the leg of the adjacent Wye Track.
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Figure 2-1 NYCTA R-42 Car at TTC, Equipped with TSC Designed
Track Geometry Measurement System

- - . ]

Figure 2-2 Energy Storage Cars (ESC), Modified NYCTA R-32

Cars, at TTC, Equipped with Energy Storage
Flywheels
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Figure 2-3 Gas-Turbine/Electric Car(s) at TTC
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Figure 2-4 State-of-the-Art Cars (SOAC) on MBTA Red Line,
TSC, Kendall Square, Cambridge, Mass., in
Rtht Center Background
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Figure 2-5 State-of-the-Art Cars in Cleveland

The former High Speed Ground Test Center (HSGTC), Pueblo,
Colorado, was officially redesignated the DOT Transportation
Test Center (TTC). The DOT TTC assumed responsibility for test
control and safety on the UMTA RTTT under a TTC order and an
associated TTC reorganization. As a result of the reorganization
and the assumption of responsibility, operational procedures for
the RTTT are issued from the TTC.

Urban Rail Technology Newsletter

Urban Rail Technology Newsletter Number 2, "State-of-the-Art
Car Testing", was approved and published in January 1975 and News-
letter Number 3, "Document List of Urban Rail Supporting Technology'",
was approved and published in May 1975. Newsletter Number 4,
"Solar-Energy-Powered Emergency Lighting System' was in prepara-

tion at the close of the fiscal year.



2.2 TECHNICAL SUPPORT AND APPLICATIONS ENGINEERING

Technical Support and Applications Engineering in fiscal year
1975 included:

2.2.1 Urban Rail Vehicle Crashworthiness

Assessment of Crashworthiness of Existing Urban Rail Vehicles,
Contract DOT-TSC-681, Calspan Corporation - An assessment of
Ccrashworthiness of five existing urban rail vehicles has been

completed by Calspan Corporation. The vehicles chosen for assess-
ment are believed to be generically representative of the existing
transit industry fleet. The report of the assessment will be
transmitted to NTIS for public availability (available approx-
imately December 1975).

Crashworthiness Analysis of the UMTA State-of-the-Art Cars,
Contract DOT-TSC-791, Boeing Vertol Company - Based on actual
crash data (SOAC accident at Pueblo, Colorado - August 1973) and
a train occupant model developed by Calspan Corporation (contract
DOT—TSC—681), Boeing Vertol performed a detailed analysis of the
Structural integrity of the UMTA State-of-the-Art Cars. A final
report has been brepared and will be transmitted to NTIS for

public availability (available approximately December 1975).

Increased Rail Transit Vehicle Crashworthiness, Contract DOT-
TSC-1052, Illinois Institute of Technology Research Institute
Using the Calspan and Boeing Vertol work as baseline data, a new
effort was initiated in June 1975 for purposes of developing
engineering methods and data pertaining to rail systems which will
assure increased rail transit vehicle crashworthiness and passenger

injury minimization.

I.I.T.R.1I. (Il1linois Institute of Technology Research
Institute), teamed with Pullman-Standard, won the award of the
13-month contract for this effort on June 30, 1975,



2.2.2 Rail Transit System Costs

The primary objective of this effort was to develop up-to-
date estimates of the various cost elements encountered in con-
structing, operating, and maintaining urban rail transportation
systems. The study was completed under contract DOT-TSC-808 to
T.K. Dyer, Incorporated. The report on the study is expected to
be available through NTIS about November 1975.

2.2.3% Advanced Concept Train (ACT)

The Transportation Systems Center URST Staff provided
technical support to UMTA and the ACT Systems Manager (Boeing
Vertol) in technical and management assessments at all major

critical design reviews (CDR) and program design reviews (PDR).

The ACT vehicle is depicted in Figure 2-6. Figure 2-7 shows
progress of the carbody fabrication. Delivery of the vehicles to
the Transportation Test Center at Pueblo, Colorado for commence-
ment of acceptance testing is scheduled for July 1976. After
acceptance testing, the vehicles will be demonstrated in revenue
service in New York, Boston, Philadelphia, Cleveland, and

Chicago.

2.3 FACILITIES DEVELOPMENT

Facilities Development in fiscal year 1975 included:

2.3.1 Permanent Power System for the RTTT

The permanent power system for the RTTT was scheduled for
completion in March 1976. Because of delays in the selection of
vendors for supplying equipment under the Wismer and Becker con-
tract, DOT-TSC-847, completion of the substation will be delayed

six to nine months.

A transfer of funds, TSC RA-7523, was made to the Federal
Highway Administration (FHWA) for the construction of the Permanent
Track-Power Facilities for the UMTA RTTT. Transfer of the funds
was completed in April 1975.



Figure 2-6 Advanced Concept Train (ACT)
(Artists Depiction)

L7l s
’ L] i \"3_;.'

Figure 2-7 ACT Carbody Fabrication
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The 115-kv Distribution Line for source power to the permanent
track-power facilities is under construction. A contract between
the FHWA and Gardner Zemke Company, Denver Colorado, was executed
in December 1974.

2.3.2 QOverhead Power System for SLRV Testing

A two-mile overhead power distribution line at ‘TTC for SLRV
testing at TTC will be completed and checked out in the first
quarter of fiscal year 1976. Funds under URST UM504 were trans-
ferred to TTC for construction of the overhead under reimbursable
agreement DOT-RA-7526 executed in April 197S5.

2.3.3 Wheel Truing Machine

The Wheel Truing Machine contract DOT-TSC-876 was awarded to
Hegenscheidt Corporation of America in June 1974, for "Underfloor
Wheel Reconditioning Equipment'. The contract is scheduled for
completion in December 1975. The wheel-truing-machine-foundation

procurement is in process.

2.3.4 Train Dynamics Track and Tight Turn Loop for UMTA RTTT

These features were set aside in fiscal year 1974 due to
excessive cost proposals. A review and modification of require-
ments, to enhance competition and reduce costs, is pending.
Funding limitations preclude construction in fiscal 1976. Earth
work for both installations is completed.

2.3.5 Tail Track into the UMTA Transit Maintenance Building

Design of the track work necessary to connect the tail track
at the rear of the UMTA Transit Maintenance Building into the
adjacent leg of the wye has been completed. A procurement package

for the tail track is in process.

2.4 TEST AND EVALUATION

Projects of Test and Evaluation in fiscal year 1975 included:



2.4.1 Test Plans and Requirements

The "Master Test Document", GSP 010, was revised for publica-
tion. This document serves as a reference for all test activity

on the URST Program.

The "General Vehicle Test Plan" (GVTP), TSC GSP-064 revised
under contract NDOT-TSC-580, was reviewed and submitted for apnroval
for publication. The GVTP was first puhlished bv TSC as GSP-n64,
with limited distribution, in fiscal year 1972. A draft version,
which contains the basic material to he published, has been used as
the basis for vehicle testing during fiscal year 1975.

2.4.2 Test Program Implementation

Testing on the UMTA RTTT - Test activity on the UMTA Rail
Transit Test Track at the DOT TTC this year included the NYCTA
R-42 cars, the Energy Storage Cars (ESC), and the Gas-Turbine/
Electric (G-T/E) commuter car, Figures 2-1, 2-2, and 2-3. 1In
addition, FRA related programs using the RTTT included tests for
American Steel Foundries, Canadian National Railway, and AMTRAK.

State-of-the-Art Car (SOAC) - The results of the "SOAC
Engineering Test at HSGTC" were published in a six volume report
under contract DOT-TSC-580. This report contains test data
presented in the form prescribed in the General Vehicle Test Plan.
"Post-Repair Engineering Tests', results of tests made subsequent
to repair after the accident, is a separate report designated Vol-
ume VII of the '"SOAC Engineering Test at HSGTC' under the same
contract., The report will be published after the start of

calendar year 1976,

SOAC Revenue Service Demonstrations and Engineering Tests -

SOAC engineering test were conducted in Boston, Cleveland, Chicago,
and Philadelphia during fiscal year 1975, to complete the scheduled
demonstration and test tour of five cities. The demonstration tour
included New York City where the demonstration and test were con-

ducted in fiscal year 1974.
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The SOAC s arrived in Philadelphia in February for tests and
revenue service demonstrations; and the testing, on both the South-
leastern Pennsylvania Transportation Authority (SEPTA) system and the
Port Authority Transportation Corporation (PATCO) system, was com-
pleted in April. The test results from the five cities will be
published in a test report during the early part of fiscal year 1976.

Revenue Service Vehicle Tests - An amendment to the SOAC

Engineering Test Contract, DOT-TSC-580, was initiated in fiscal
year 1975 to conduct tests on revenue service vehicles in the home
track system. Tests will be made on a representative vehicle on
each of the operating systems included in the SOAC demonstration
and test tour. Test procedures, equipment, and data format used
for SOAC tests will be used for the service vehicle tests to
facilitate comparison of the SOAC with the operating system service
vehicles. Plans are to include New York City, Boston, Cleveland,
Chicago, and Philadelphia in the program as before. The contract
modification was in process at the close of fiscal 1975 and testing
will begin in early 1976.

Energy Storage Car(s) (ESC) Tests on the RTTT - Engineering
Testing of the ESC's on the RTTT at TTC was completed on 27 January
1975. The ESC testing at TTC was conducted by Garrett AiResearch
Manufacturing Company under contract DOT-TSC-838. A draft test

report from AiResearch was received in June 1975. The testing at
TTC concluded the ESC test requirements under the TSC contract.

Standard Light Rail Vehicle (SLRV) - Three SLRV's, manufactured
for Boston MBTA, Figure 2-8, and San Francisco Municipal Railway

by Boeing Vertol Company, will be sent to TTC, Pueblo, for check-
out and acceptance testing. Delivery of the first two cars is
scheduled for the fall of 1975. Preparation of facilities for the
SLRV at TTC, including construction of a two-mile overhead wire
for power to the car, is discussed under Facilities Development
and TTC Field Support.

2-12



Figure 2-8 Standard Light Rail Vehicle (SLRV)
in Boston

R-42 Equipment Tests - The NYCTA R-42 cars, Figure 2-1, were

used to checkout the TSC designed Track Geometry Measurement System

and the General Vehicle Test system equipment at TTC.

2.5 TECHNOLOGY DEVELOPMENT

Projects of Technology Development in fiscal year 1975

included Noise Abatement and Tunneling:

2.5.1 Noise Abatement

Development of technology for evaluation and control of

acoustic noise continued in fiscal year 1975 with the objective

of defining and recommending noise abatement measures for urban

rail system operators and planners. Research, developmental and

evaluative testing was continued and additional effort was ini-

tiated in fiscal year 1975 with the objective of introducing

improved technology in urban rail system applications.
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Noise-assessment and abatement-options surveys of the New York,
Chicago, Cleveland, Philadelphia, San Francisco, and Port Authority
Trans-Hudson (PATH) rapid transit systems were monitored and given
technical direction during fiscal year 1975. A Boston Survey was
conducted during fiscal year 1974 and New York and Chicago surveys
were in progress under UMTA University Research and Training grants,
directed by TSC during fiscal years 1974 and 1975.

Activities were initiated in fiscal year 1975 to conduct
in-service test and evaluation of commercially available noise
abatement equipment. These tests and evaluations are planned to
be conducted on the Southeastern Pennsylvania Transportation

Authority (SEPTA) system Market-Frankford line in fiscal year 1976.

2.5.2 Tunneling

Development of tunneling technology was actively progressing
in five previously contracted programs during fiscal year 1975 and

new activities were initiated in five additional procurements.

The programs included: Requirements Study Investigating

Instrumentation Development for Rapid Transit Tunneling, Contract
DOT-TSC-654, Parsons, Brinckerhoff, Quade, and Douglas - This con-
tract implements an investigation into the techniques, instrumenta-

tion, and the needs of geotechnic subsurface explorations for rapid
transit tunneling. The contract was in the final report stage at
the close of fiscal year 1975 and the report is expected to be
published during the first quarter of fiscal year 1976.

Specifications and Design for Monitoring Instruments for

Rapid Transit Tunneling, Contract DOT-TSC-661, Parsons, Brincker-

hoff, Quade, and Douglas - This contract provides for a report on

the purpose, techniques, and the instrumentation required for the
monitoring of construction, measurement of ground movements, and
the displacement and structure deformations associated with rapid
transit tunneling. The final report UMTA-MA-0025-74-13, was pub-
lished in the fourth quarter of fiscal year 1975. This contract

was modified in fiscal year 1975 to add the preparation of a manual
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for transportation system planners and designers. The added manual
is scheduled to be published in the first quarter of fiscal year
1976.

System Analysis, Modeling, and Optimization of Rapid Transit
Tunneling Process, Contract DOT-TSC-601, Bechtel, Incorporated -
This contract provided for an in-depth look at the techniques of

cut and cover tunneling, free air tunneling, and compressed air
tunneling with development of models as planning tools for evalu-
ation of alternatives. The final report was in the publication

process at the close of the fiscal year.

Environmental Impact and Safety Guidelines for Improved Rapid
Transit Tunneling, Contract DOT-TSC-802, A.A. Mathews, Incorpo-
rated - This effort is an investigation into, the analysis of, and

the development of guidelines for rapid transit tunneling to
minimize the adverse environmental impacts and improve the poor
safety record of urban rapid transit tunneling. Drafts of an
interim report documenting the work of phase A and of preliminary
guidelines were reviewed, the Contractor has been making necessary
corrections, and work on this program was actively in progress at
the close of the fiscal year. Phase B work, including feedback
from the tunneling industry to be obtained through workshops, will
result in publication of final guidelines in fiscal year 1976.

Muck Utilization in Urban Rapid Transit Tunneling Process,
Contract DOT-TSC-836, Haley and Aldrich, Incorporated - This is a
study into the current and potential uses of muck from the tunnel-

ing process which provides for the development of muck utilization
schemes that are not only environmentally acceptable, but are also
desirable and potentially profitable. The contract was modified
to include additional work involving the development of a muck

utilization program for an actual case study site.
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Assessment of Disruptive Effects Associated with Urban Trans-
portation Tunnel Construction, Contract DOT-TSC-1018, Abt Asso-
ciates - This contract, awarded on 6 May 1975, provides for a

study of the dollar-value of the economic and social disruptive

effects of rapid transit tunneling in the urban environment. It
will provide data to assist in determining the economically justi-

fiable effort that may be expended to minimize disruptions.

Subway Station Design and Construction, Contract DOT-TSC-1027,

De Leuw, Cather, and Company - This procurement will study the

construction techniques available throughout the world today with
the objective to develop more economical, innovative, and suitable
techniques for construction of subway stations under the various

physical constraints encountered in the process. The contract was

awarded on 3 June 1975.

Guidelines for Existing Subway Maintenance, Contract DOT-TSC-

1078, Bechtel, Incorporated, San Francisco, California - This con-

tract provides for an in-depth look at the often neglected field of
subway system maintenance. An attempt is to be made to determine
the methods for detection of deterioration, the methods for evaluat-
ing or measuring the degree of deterioration, and methods for
repairing and improving the quality of existing tunnel systems.
Also, an attempt is to be made to determine methods to detect old

design errors. The contract was awarded on 30 June 1975.

Workshops and Conference on Urban Transit Tunneling, Contract
DOT-TSC-987, Ken Guscott Associates - This procurement will provide
the means and the support by which desired workshops and conferences

may be presented on various tunneling subjects such as tunnel
liners, subsurface explorations, contracting practices, slurry wall
techniques, materials handling, etc. With this support, presenta-
tions can be made to interested groups of contractors, designers,
owners, etc., throughout the country on relatively short notice.
The contract was awarded June 9, 1975.



Economic Factors in Tunnel Construction, TSC Procurement

Request 612-306 - This procurement will identify and quantify

those factors which have greatest impact on tunnel construction

cost. It is intended that this contract will supply the data

base and methodologies needed by rapid transit designers and
engineers to sensitize their cost estimates. Evaluation of proposals
is concluded and the award of the contract is anticipated early in

the first quarter of fiscal year 1976.

2.6 TRANSPORTATTON TEST CENTER FIELD SUPPORT

Field support at the TTC during fiscal year 1975 included
test operations on the UMTA Rail Transit Test Track and monitoring

of the rail transit facilities.

Vehicle testing on the RTTT included the Energy Storage Car(s)
(ESC), the Gas-Turbine/Electric (GTE) car(s), and the Track
Geometry Measurement System (TGMS) equipped NYCTA R-42 car(s),
figures 2-2, 2-3, and 2-1. Additionally the American Steel Foundries
(ASF) completed a series of proprietary tests on 3 types of trucks;
the Canadian Government.Transportation Development Authority (TDA)
completed proprietary tests on the Canadian Light-Rapid-Comfortable
(LRC), Figure 2-9, locomotive and coach; and a qualification test

program was carried out on a six-car Amtrak train.

.;‘;}

Figure 2-9 Canadian Light-Rapid-Comfortable (LRC) Train
on Rail Transit Test Track
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3, TECHNICAL DISCUSSION

3.1 GENERAL

This section contains a brief description of the overall
objectives and accomplishments of each task of the fiscal year
1975 Urban Rail Supporting Technology Program. Technical and
schedule information are included as appropriate to the individual
task or project also, related technical information and documents,

as applicable, are noted and identified for reference.
3.2 TECHNICAL SUPPORT AND APPLICATIONS ENGINEERING

3.2.1 Urban Rail Vehicle Crashworthiness

Assessment of Crashworthiness of Existing Urban Rail Vehicles,
Contract DOT-TSC-681, Calspan Corporation - Crashworthiness of

five existing urban rail cars and the feasibility of crashworthi-
ness improvements were investigated by Calspan. Both structural
configurations and impact attenuation devices were studies. The

efforts included:

1. Development of analytical model to predict passenger

threat environment during collision;

2. Establishment of criteria for predicting passenger injury

due to train collision;

3. Application of the established injury criteria and analy-
tical models to predict passenger injuries of five exist-

ing rail cars due to collision;

4. Preliminary study of impact absorption devices for transit

rail cars;

5. Design study of structural configuration for impact energy

management;

6. Review of engineering standards for crashworthiness of

urban rail cars.



The findings are currently being further studied and evaluated
in the contractual work by the Illinois Institute of Technology
Research Institute under contract DOT-TSC-1052.

A summary of the conclusions of the Calspan work are:

a.

By employing a relatively simple one dimensional dynamic
train collision model, it is possible to estimate theoreti-
cal car penetration and second collision injury environ-
ment in cars where effective force versus deflection
characteristics and interior characteristics are known.
For transit cars with seated and standing passengers,
employment of the model indicates that large increases in
effective transit car strength can reduce penetration
(first collision) fatalities very significantly without
significantly increasing second collision injury severity.
This conclusion will be confirmed and refined by a more
detailed analysis of colliding cars and by analysis of and
experiments on existing and improved interior equipment

during fiscal year 1976.

Specifications for existing transit cars are widely diver-
gent in amount of coverage (structural characteristics
dealt with) and strength levels required. In those speci-
fications where longitudinal strength and weight are
specified, strength requirements are given in terms of
yield strength or '"zero permanent deformation'" strength.
The resulting yield strength to weight ratios fall in a
range from 3 to 7. These specifications permit cars to

be built with sustained crush strength levels which permit
high car penetration in frontal and front-to-rear colli-

sions.

By the more efficient configuration of structural materials
now used in transit cars, it is possible in many cases

to obtain significantly increased car strength with no
increase in car weight or cost. Assuming that added
strength is obtained by increasing the amount of structural

material (i.e., providing more structural material in



existing inefficient designs) collision model results and
cost analyses indicate that the cost of providing added
strength in all new transit cars is generally significantly
less than 200,000 dollars per life saved, for unit costs

of one dollar to five dollars per pound of added structure.
This is based on only one frontal collision (at 40 mph)
occurring once in the nation (during rush hours) every

20 years.

d. Severe override can occur in frontal collisions of similar
or identical cars. This has the effect of causing large
reductions in effective strength/weight ratio. Existing
transit car anti-climbers are believed to be effective at
low speeds, but their effectiveness at higher speeds is
questionable. Further analysis supplemented by experi-
ment will be required to obtain an adequate understanding
of override between similar transit cars and the design

characteristics which affect it.

Crashworthiness Analysis of the State-of-the-Art Cars Contract
DOT-TSC-791, Boeing Vertol Company - On April 19, 1974, the Trans-
portation Systems Center contracted with Boeing Vertol Company to

Perform an engineering evaluation of the State-of-the-Art Cars
(SOAC). As mentioned in discussion of crashworthiness of existing
vehicles, Calspan has developed comparative methods of studying the
crash environment and correlating passenger injury to these condi-
tions. The Boeing Vertol assessment of the SOAC complements the

Calspan effort.

The engineering assessment of the crashworthiness of the
SOAC became of special interest when the cars were involved in an
accident while undergoing testing at the High Speed Ground Test
Center at Pueblo, Colorado on August 11, 1973, The accident
conditions and the damage to the SOAC structure was investigated
in detail by Boeing Vertol. The results of the Boeing investiga-
.tion were made available to the National Transportation Safety

Board for their investigation1 of the accident. The accident

1. National Transportation Safety Board, Washington, D.C., "Collision of State-of-the-Art Transit Cars with
a Standing Car, High Speed Ground Test Center, Pueblo, Colorado', NTSB-RAR-74-2, August 11, 1973,
NTIS PB-233-254, $4.25.



data afforded a unique opportunity for a detailed analysis of
the crashworthiness of the SOAC and for the validation of the

crashworthiness methodology.

The SOAC accident involved a rear-end collision in which a
two-car SOAC train traveling at approximately 35 mph (at impact)
hit a standing train composed of a gondola, (SOAC transition car)
and a 40 ton locomotive. The SOAC impacted the gondola, causing
structural damage to both the SOAC and the gondola. The gondola
detrucked, separated from the locomotive, and overrode the SOAC.
The SOAC and gondola car body derailed, at which time the gondola
car body separated from the SOAC which it had penetrated. The
damage to the SOAC train was confined to the forward-bolster-to-
car-end area of the lead SOAC, except for the failure of intercar
coupler shear pins and '"dented'" anti-climbers. The damage to the
gondola was in the anticlimber modifications required for transi

tion service and in the coupler and draft gear.

The SOAC was built as a part of the Urban Rapid Rail
Vehicle and Systems Program, and is the result of an integrated
development program directed toward improving high-speed frequent-
stop urban rail systems. The overall objective is to enhance the
attractiveness of rail transportation to the urban traveler by
providing service that is as comfortable, reliable, safe, and
economical as possible. The objective of SOAC is to demonstrate
the best state-of-the-art in rapid rail car design on two improved

cars built using existing technology.

The general conclusions to be drawn from the crashworthiness

analysis of the SOAC are:

1. The SOAC '"as built'" meets the crashworthiness standards
implied in the current practice of specifying buff

strength.

2. The penetration of occupant areas by overriding must be

reduced or if possible eliminated.
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3. The reduction of first collision casualties may be achieved
by increasing the buff strength requirement and by provi-
sion of adequate penetration resistance in the superstruc-

ture.

4. The reduction of second collision casualties may be treated
independently of the first collision (to the first order),
and may be achieved by providing a "soft'" car interior.

A detailed report including force deflection characteristics
of the vehicle will be available through NTIS about December 1975.

Increased Rail Transit Vehicle Crashworthiness, Contract DOT-
TSC-1052, Illinois Institute of Technology Research Institute -

The Transportation Systems Center has awarded to IITRI, teamed
with Pullman Standard Division, a contract to study crashworthiness
on head-on collision of rail transit vehicles. The program con-

sists of the following:

1. Analytical Modeling - Analytical modeling of leading cars

of consists in two dimensions (longitudinal and vertical) under
impact conditions will be formulated and evaluated. Considerations
will be given to mass distributions, non-linear force-deformation
relations, shapes and configurations of impact surfaces, and forces
generated by impact. Special emphasis will be on the establish-
ment of critical parameters pertinent to overrides. The modeling

will be extended to consists of cars.

2. Assessment of Impact Controlling Devices - The impact

model formulated will be used to assess impact devices such as
anticlimber; couplers and various draft gears currently in service;
and new energy attenuation devices as well. Emphasis will be given
to the identification of critical parameters which govern crush

with subsequent override.

3. Experimental Test Plan for New Devices - A detailed

experimental test plan for the evaluation of new impact controlling
devices will be developed. The plan also describes in detail all

equipment, fixtures, instrumentation, and testing procedures.



4. Prediction of Passenger Injury - Analytical methods for

predicting passenger injury due to secondary collision will be
formulated. The method will be capable of determining the severity

of passenger injury.

5. Rail Car Design Guidelines - As a result of the study some

guidelines for evaluation of rail car designs will be developed in
parametric form so that individual parameters may be assessed. The

major parameters include:
a. Number of cars in the consist
b. Operations speed range
c. Dimensions and weights of each car
d. Placement and size of doors and windows
e. Placement and weight of major equipment
f. Interior configuration of passenger compartment
g. Location of the centers of gravity of the car body

h. Force-deformation relationships of major structural

members.

3.2.2 Rail Transit System Cost Contract DOT-TSC-808, T.K. Dyer,
Incorporated

A study recently completed by T.K. Dyer, Inc. was concerned
with the development of up-to-date estimates of the various cost
elements encountered in constructing, operating, and maintaining

urban rail transportation systems.

The purpose of this study was to develop cost information
that is useful to transportation planners, policy makers, and others
involved in the preliminary evaluation and selection of transpor-

tation alternatives.

Rail transit systems in several North American cities repre-
senting a cross-section of the industry were selected as a basis
for developing recent cost experience data. In that there is
limited use of modern light rail systems in the United States,
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several cities in Europe were studied to include their experience

in light rail construction and operation.

The following United States and Canadian cities were selected

as the data base:

Boston, Massachusetts
Chicago, Illinois
Cleveland, Ohio

New York, New York
Philadelphia, Pennsylvania
San Francisco, California
Toronto, Ontario
Washington, D.C.

In addition, the following European cities were used to
gather additional light rail information:

Berne, Switzerland
Cologne, W. Germany
Gothenburg, Sweden
Hamburg, W. Germany
Munich, W. Germany
Zurich, Switzerland

Data were collected on all types of pertinent construction
including subway, elevated, and at-grade route construction;
stations, signals and communications; power, utilities; and main
and yard tracks. Actual contract bid documents, including unit

prices and plans, were obtained for selected projects.

Property acquisition costs and conditions and terms imposed

were obtained and analyzed.

Engineering and administration costs for construction pro-
jects were obtained as a percentage of overall construction project

costs.

Operating costs, including maintenance expenses, were obtained

in the format available on each property.



Considerable additional data that would serve to influence
cost projections, such as passenger traffic statistics, equipment
ownership and miles operated, railroad commuter agreement pro-
visions, annual reports, and other system statistics were obtained

and reviewed.

The cost estimates projected in the report are in 1974 dollars.

Capital costs were converted to July 1, 1974 dollars by applying
the Engineering News Record (ENR) Construction Cost Indices prior

to 1969 and the Washington Metropolitan Transit Authority's after
1969.

The Association of American Railroads' indices of material
prices and wage rates were utilized to project 1974 operating

costs.

Table 3-1 from the study is a summary of capital costs for
a double track system. Criteria for determining where a site
specific application falls between a high and low value for a given
cost element is contained in the final report of the study.

3.3 FACILITIES DEVELOPMENT

The urban rail transit facilities at the Transportation Test

Center (TTC), Pueblo, Colorado, are comprised of:

The UMTA Rail Transit Test Track (RTTT),

The power system(s) for energizing transit vehicles,

The repair and maintenance facilities and equipment, and
The Rail Dynamics Laboratory (joint FRA and UMTA usage).

a0 oo

3.3.1 UMTA Rail Transit Test Track

The 9.12-mile Rail Transit Test Track was completed in
September 1972. The track is designed for continuous 80-mile-per-
hour operation and it exceeds the standards for both the Federal
Railroad Administration Class 6 track and the Institute for Rapid

Transit Class 4 track.
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TABLE 3-1

(Costs in Millions of 1974 Dollars)

CAPITAL COST SUMMARY FOR DOUBLE TRACK SYSTEMS

Suburban City Core
At Grade Elevated Depressed” At Grade Elevated Depressed' At Grade Elevated Depressed®
Unit | tow? | High? | Low? | High? | Low? | High? Low? | High? | Low? | High? | Low® | High? Low? | High? | Low? | High? | Low? | High?
Light Rail
Roule Constr N Mile 72 243 | 2.82 834 | 421 1227 50 65 | 1455 | 1715 [ 2913 | 3373 NAZ NA 1455 | 17.15 | 2913 | 3373
Gmdeway5 Mite 75 75 B3 .83 B3 83 1.00 1.00 91 91 a1 91 NA NA 1.00 1.00 1.00 100
Signgl Mile 21 41 21 41 21 41 21 a1 21 41 21 41 NA NA 21 a4 21 a1
Power Mile 110 1.30 1.10 130 110 130 110 1.30 110 1.30 110 130 NA NA 110 130 110 1.30
Land Mile 13 40 13 40 13 40 1,32 3.96 1.32 3.96 1.32 3.96 NA NA 2.64 792 264 792
Toral Per Mile 291 5.29 | 5.09 11.28 | 648 15.21 413 732 | 18.09 | 2373|3267 | 40.3I NA NA 1960 | 2778 | 34.08 | 44 36
Salions Each 02 277 19 3.52 21 3.56 02 06 21 70 44 100 NA NA 132 4.56 178 756
Yards Each 4,02 16.03 NA NA NA NA 402 16.03 NA NA NA NA NA NA NA NA NA NA
Shops Each B.04 29.39 NA NA NA NA B.04 29.39 NA NA NA NA NA NA NA NA NA NA
Vemcles Each 32 32 32 .32 32 32 32 32 32 32 32 32 NA NA 32 32 32 32
Land Aot 01 03 01 03 01 03 11 33 11 33 11 33 NA NA 22 66 22 66
Signal
Grade Crossings Each 05 05 NA NA NA NA .05 05 NA NA NA NA NA NA NA NA NA NA
Onboard Equipm’t Each o 02 0 020 02 0 02 0 02 0 02 NA NA 0 02 0 02
Yard Control Each 0 120 NA NA NA NA 0 120 NA NA NA NA NA NA NA NA NA NA
Rapid Rail
Route Comr s Mile V15 3.78 | 2.82 8.34 | 421 12,27 NA NA 14,55 | 1715 | 29.13 | 33.73 NA NA 14,66 [ 1715 | 2913 | 33,73
Guideway® Mile 75 75 a3 B3 83 83 NA NA 91 91 81 91 NA NA 100 100 1.00 1.00
Signal Mile 69 2.65 69 2,65 69 2,65 NA NA 69 265 69 2865 NA NA 69 2,65 69 2.65
Power Mile 70 a5 70 -.B5 n BS NA NA 70 BS 70 85 NA NA 70 .85 70 85
Land Mile 13 40 13 40 13 40 NA NA 132 3.96 1,32 3.96 NA NA 264 792 264 792
Total Per Mile 3.42 843 517 13.07 6.56 17.00 NA NA 1817 | 25652 | 3275 | 4210 NA NA 19.58 | 29567 | 3416 | 46 15
Stalions Each 35 415 70 516 87 553 NA NA 95 2.85 135 421 NA NA 139 465 225 B.O1
Yards Each 341 12,97 NA NA NA NA KEQ] 1297 NA NA NA NA NA NA NA NA NA NA
Shaps Each 7.71 2773 NA NA NA NA n 27.73 NA NA NA NA NA NA NA NA NA NA
Vehicles Each 35 35 a5 35 35 35 NA NA 35 35 35 35 NA NA 35 35 .35 35
Land Acre .01 .03 01 03 o1} 03 NA NA 11 33 11 33 NA NA 22 .66 22 .66
Sgnal
Onboard Equipm™ Each 02 .02 02 02 02 02 NA NA 02 02 02 02 NA NA 02 02 02 02
Yard Control Each 120 10.50 NA NA NA NA 1.20 10.50 NA NA NA NA NA NA NA NA NA NA
Commuter Rail
Route, Upgraded Mile 33 310 NA NA NA NA 33 3.10 NA NA NA NA 33 310 NA NA NA NA
G 1..‘l;tglade5 Mile 58 67 NA NA NA NA 64 73 NA NA NA NA 70 a1 NA NA NA NA
Signal Mile 08 27 NA NA NA NA 08 27 NA NA NA NA 08 27 NA NA NA NA
Power Mg 23 .35 NA NA NA NA 23 35 NA NA NA NA 23 35 NA NA NA NA
Land Mile 13 A0 NA NA NA NA 1.32 3.96 NA NA NA NA 264 7.92 NA NA NA NA
Total Per Mile 140 4.09 NA NA NA NA 2,65 71 NA NA NA NA 403 | 1175 NA NA NA NA
Stations, Upgrade Each 12 62 NA NA NA NA 10 48 NA NA NA NA 17 85 NA NA NA NA
Yards, Upgrade Each 30 2.59 NA NA NA NA .30 2.59 NA NA NA NA 30 2.59 NA NA NA NA
Shops, Upgrade Each B9 436 NA NA NA NA B9 4.36 NA NA NA NA 89 4.36 NA NA NA NA
Vehicles
Coach Each 25 25 NA NA NA NA 25 25 NA NA NA NA . 25 25 NA NA NA NA
Diesel, Lacom Each .40 a0 NA NA NA NA A0 40 NA NA NA NA 40 40 NA NA NA NA
Electric, Locom Each 75 75 NA NA NA NA 75 75 NA NA NA NA 75 7% NA NA NA NA
Diesel, Self Propel Each .65 65 NA NA NA NA 65 65 NA NA NA NA 65 65 NA NA NA NA
Electiic, Sell Propel Each 70 70 NA NA NA NA 70 70 NA NA NA NA 70 70 NA NA NA NA
Land Acre .01 .03 NA NA NA NA St 33 NA NA NA NA 22 66 NA NA NA NA
Signal
Grade Crossings Each 05 05 NA NA NA NA .05 05 NA NA NA NA .05 0s NA NA NA NA
Incprcssed costs arc for open, retained cut in the suburbs and cut
and cover in the city and core.
zLow and lligh describe the range of cost. Backup sheets provide
for scaling costs to particular requirements.
SNJ\ = not applicable,
4Includes grading, drainage, structures, and sub-ballast.
SIncludes ballast, ties, rails, and lastcnings,
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The primary purpose of the RTTT is to serve as a reference
track for the test and evaluation of urban rail transit vehicles
including light rail, rapid-transit, and commuter rail cars. A
secondary purpose is the development, test, and evaluation of
state-of-the-art and advanced track structures.

Features of the Rail Transit Test Track are described in the
"Urban Rail Supporting Technology Program Fiscal Year 1973 Year
End Summary", report number. UMTA-MA-06-0025-74-9 (NTIS PB 238602/
AS) and "Urban Rail Supporting Technology Program Fiscal Year 1974
Year End Summary', report number UMTA-MA-06-0025-75-9, NTIS number
not yet assigned.

Proposed additions to the RTTT, Figure 3-1, include a train
dynamics track and a tight turn (screech) loop for noise evalua--
tion. Preparations are in process for an overhead (trolley
wire) system to be erected for testing the Standard Light Rail
Vehicle (SLRV) produced by Boeing Vertol Company for the Boston
MBTA and the San Francisco MUNI.

Train Dynamics Track and Tight Turn Loop for the UMTA RTTT -
The proposed additions to the RTTT were described in the 1974
report number UMTA-MA-06-0025-75-9. An invitation for bids was
issued in April 1974, a single bid was received and set aside as
excessive, and no award was made. A decision was made to defer
this track construction and to reallocate the funds to use in the
completion of the RTTT permanent power system. When additional
funds become available, the specifications and schedule for the
track construction will be critically reviewed and modified to

enhance competition and decrease costs.

3.3.2 Power Systems for Energizing Transit Vehicles

The permanent power system for the RTTT was scheduled for
completion in March 1976. Because of delays in the selection of
vendors to supply equipment under the Wismer and Becker contract,
DOT-TSC-847, completion of the power system substations will be

delayed four to seven months.
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Rectifier Substations, Contract DOT-TSC-847, Wismer and Becker -

The substation contractual effort was well underway at the close of
the fiscal year however, many issues under discussion required
resolution and every attempt is being made to effect satisfactory

solutions.

Construction of Permanent Track-Power Facilities - TSC trans-

ferred funds in April 1975, under reimbursable agreement TSC
RA 7523, to the Federal Highway Administration, Region 8, Denver,
Colorado, for the construction of the permanent track-power facili-

ties for the substations.

The 115 kv Distribution Line - Construction of the line, for

source power to the permanent track-power facilities, began in
fiscal year 1975 under a contract between the Federal Highway
Administration and Gardner Zemke Company, Denver, Colorado, awarded

in December 1974.

Catenary System - In addition to the third rail electrifica-

tion, plans call for construction of an overhead system for the
RTTT. The original plans for a compound catenary system were
suspended indefinitely, because architectual engineering bids
received were unacceptable. Therefore, construction of a two-mile
overhead was initiated to provide for test and evaluation of light
rail vehicles for the San Francisco MUNI and the Boston MBTA.
These vehicles are equipped with a pantograph power collector.
Funds for construction of the two-mile overhead were transferred
to the FRA under reimbursable agreement RA-7526 in April 1975.
Construction, using government furnished equipment, is scheduled
to begin on July 1, 1975.

Track Interface for Cab Signalling - The two-mile section of

track which will be used for SLRV tests will be equipped to inter-
face with the San Francisco Municipal Railway signalling system.
The track interface work at TTC will be done by Wismer and Becker
under their contract with SFMR. This TTC work will be funded on
a shared basis between SFMR and TSC. Funds were transferred to
SFMR under TSC procurement request 612-0287 to cover the TSC

share of $39K.



3.3.3 Maintenance and Repair Service Facilities and Eguipment

Track Scale (Vehicle Weighing), Contract POT-TSC-829, Murphy
Scale and Equipment Company - Installation of the Track Scale ad-
jacent to the Transit Maintenance Building, Figure 3-2, was started
in the first quarter. Track installation of the scale, Figure 3-3,
was completed in October and the North leg of the Wye was opened

in November 1974,

Tail Track Connection from Transit Maintenance Building to
the Adjacent Leg of the Wye Track - Funds were transferred to the
FRA (RA-7549, $50K) 25 June 1975 for use by TTC to provide con-

struction of the track connection.

Black Top Storage Area at the Transit Maintenance Building -

Black-top storage area at the west side of the Transit Maintenance
Building was completed in the second quarter of fiscal year 1975.

Wheel Truing Machine, Contract DOT-TSC-876, Hegenscheidt

Corporation of America - The underfloor Wheel Truing Machine

contract was awarded at the close of fiscal year 1974 and has been
progressing normally with an expected date of completion in

Dec. 1975. Preparation of a procurement request was in process
for the wheel truing machine foundation at the close of fiscal

year 1975.

Air Compressor (Large Unit), Contract DOT-TSC-806, Lincoln

Controls Company - The air compressor was delivered in the first

quarter of fiscal year 1975.

Portable Railroad Car Jacks, Contract DOT-TSC-825, Whiting
Corporation - Four 35-ton car jacks arrived at TTC in April of
1975, providing a total of eight 35 ton jacks.

3.3.4 Track Structures Analysis and Design Criteria Contract
DOT-TSC-563, Battelle Columbus Laboratories

The Final Report of the original contract was delivered in
fiscal year 1974 and an extension of the contract was awarded for
Battelle Columbus Laboratories to define embedded instrumentation
for the measurement of forces and deflections at rail joints and

fasteners. The final report for the extension, "Data Analysis
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Figure 3-3 Track Scale Installed in North Leg of Wye Track
Just North of the Transit Maintenance Building

Rail Fasteners in Urban Track", was published 1in Febrﬁary 1975.
3.4 TEST AND EVALUATION

3.4.1 Test Plans and Requirements

Master Test Document (GSP-010) - The "Master Test Document',
GSP-010, was first published in October 1971 as the "Rail Tech-
nology Test Plan'. The objective of this document has been to

Serve as a focal point for the test activity associated with the
Urban Rail Supporting Technology Program. 1t includes Cross-
referencing for documentation of test plans, facilities, equipment,
and test results. Tt has served as a working document for test
pProgram planning and coordination, but has not been re-issued since
the original release. The document has been updated and will be

published in early fiscal year 1976 to facilitate wider circulation.
The document contents i1s summarized as follows:

1. Introduction
2. Test Program Development



Rail Transit Test Facilities
Test Equipment

3
4
5. Test Operations and Support
6 Test Projects

7

Catalog of Tests Completed.

The tests completed to date are summarized by test series
in Table 3-2. A test series is defined as a group of tests
carried out for a specific vehicle at a specific site on a rela-
tively continuous schedule. A given test project can include

several test series to accomplish the project objectives.

The General Vehicle Test Plan (GSP-064) Revision, Contract
DOT-TSC-580, Boeing Vertol Company - The GVTP test procedures

and data specifications for evaluative testing of urban rail

vehicles was expanded to include thirty-two tests in nine cate-
gories that form the basis for a quantitative comparison of urban
rail vehicle characteristics, Table 3-3. The document revision,
by Boeing Vertol Company, Was reviewed and recommended changes
were prepared. The revised plan has been submitted for approval
for publication. The revised GVTP will be published during the
first quarter of fiscal year 1976.

A draft version of the revised test plan, which contains the
basic material to be published, was used as the basis for vehicle
testing in the past year. Tests using the GVTP were completed
on the Energy Storage Cars at the Transportation Test Center;
preparations for testing the Standard Light Rail Vehicle in early
fiscal year 1976 have been based on the GVTP; and the State-of-the-
Art Car Engineering Tests, the results of which were recently
published, were based on an earlier version of the GVTP. The
experience gained on the SOAC test program has been incorporated
into the forthcoming publication of the GVTP.



TABLE 3-2 TEST SUMMARY
Test Report
Series Complete Vehicle Location Project Contractor No.*
il 5/71 R-42 NYCTA Equipment TSC 2
Development

2 8/71 TTC 3

3 11/71 4

4 3/72 5

5 6/72 6

6 12/72 pPCC MBTA Green Line 7

Study
7 10/73 Air- CTS AC 3
Porter Propulsion
8 6/73 SOAC TTC SOAC Boeing 9
Program Vertol Co.

9 4/74 N/A
10 NYCTA N/A
11 MBTA N/A
12 CTS N/A
13 CTA N/A
14 4/75 SEPTA N/A
15 5/75 PATCO N/A
16 1/75 ESC TTC ESC Garrett

Program AiResearch N/A

17 3/75 R-42 TTC TGMS C/C TsC N/A

18 5/75 R-42 TTC Gvt Eqp C/0 TSC N/A

19 6/75 R-42 TTC TGMS C/A TSC N/A
Legend:

AIRPORTER - CTA Airporter Car

CTA - Chicago Transit Authority

CTS - Cleveland Transit System

ESC - Energy Storage Car

GVT - General Vehicle Test

MBTA - Massachusetts Bay Transpor-
tation Authority

NYCTA - New York City Transit
Authority

* See footnote references.

PATCO - Port Authority Transit
Corporation

PCC - Presidential Conference Car

SEPTA - Southeastern Pennsylvania
Transportation Authority

SOAC - State-of-the-Art Car

TGMS - Track Geometry Measurement
System ‘

TSC - Transportation Systems Center

TTC - Transportation Test Center

N/A - Not yet assigned.

7. U.S. Department of Transportation, Urban Mass Transportation Administration, Office of Research and
Development, Washington, D.C. “Preliminary Vibration Measurement on the Mark I Diagnostic Vehicle,

Report No. DOT-TSC-UMTA-72-2", October 1971.

3. U.S. Department of Transportation, Urban Mass Transportation Administration, Office of Research and

Development, Washington, D.C. 'Noise Level Measurements
Report No. DOT-TSC-UMTA-72-3", October 1971.

on the UMTA Mark I Diagnostic Car (R-42 Model),

1. U.S. Department of Transportation, Transportation Systems Center, Cambridge, Massachusetts, '"Track
Geometry System Development Tests, Report No. PM-P-4", October 1973.
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TABLE 3-3 GENERAL VEHICLE TEST SETS

PERFORMANCE PASSENGER NOISE (Continued)

P-2001-TT ACCELERATION PN-1201-TT SCREECH LOOP SURVEY-ON CAR
P-3001-TT DECELERATION-BLENDED BRAKING PN-1301-TT INTERIOR NOISE SURVEY
P-3002-TT DECELERATION-SERVICE FRICTION PN-2001-TT ACCELERATION EFFECT-ON CAR
P-3003-TT DECELERATION-DYNAMIC ONLY PN-3001-TT DECELERATION EFFECT-ON CAR
P-3004-TT DECELERATION- EMERGENCY RIDE ROUGHNESS

P-4001-TT DRIFT TEST R-0001-XX DYNAMIC SHAKE TEST-VERTICAL
P-5001-TT FRICTION BRAKE-DUTY CYCLES R-0002-XX DYNAMIC SHAKE TEST-LATERAL
P-2011-TT SPIN/SLIDE-ACCELERATION R-0003-XX DYNAMIC SHAKE TEST-LONGITUDINAL
P-3011-TT SPIN/SLIDE-DECELERATION R-0010-TT COMPONENT INDUCED VIBRATION
POWER _CONSUMPTION R-1101-TT RIDE ROUGHNESS-WORST SPEEDS
PC-5011-TT POWER CONSUMPTION R-2001-TT RIDE ROUGHNESS-ACCELERATION
ADHESION R-3001-TT RIDE ROUGHNESS-DECELERATION
A-3021-TT ADHESION-DECELERATION ~ SIMULATED REVENUE SERVICE

COMMUNITY NOISE RS-5001-TT SIMULATED REVENUE SERVICE
CN-001-TT EQUIPMENT NOISE SURVEY-WAYSIDE POWER SYSTEM INTERACTION

CN-1001-TT EFFECT OF CAR SPEED-WAYSIDE PSI-6001-TT RADIO FREQUENCY INTERFERENCE
CN-1201-TT SCREECH LOOP SURVEY-WAYSIDE STRUCTURE DYNAMICS

PASSENGER NOISE §-1001-TT CONSTANT SPEED

PN-1001-TT EFFECT OF CAR SPEED-ON CAR 5-2001-TT ACCELERATION

PN-1001-TT EFFECT OF TRACK SECTION-ON CAR S$-3001-TT DECELERATION

The Guideline Specification for Urban Rail Carslo - The Guide-

line Specification was developed by the Urban Mass Transportation

Administration to be used as a basis for vehicle specifications by

the operating rail transit systems. Section 17 of this document

U.S. Department of Transportation, Transportation Systems Center, Cambridge, Massachusetts, "Checkout

of General Vehicle Test Procedures, March 1972, Report No. PM-P-3", August 1973,

U.S. Department of Transportation, Transportation Systems Center, Cambridge, Massachusetts, "Urban
Rail Technology Instrumentation Tests, June 1972, Report No. PM-P-2', September 1973.

U.S. Department of Transportation, Urban Mass Transportation Administration,_Offige of Research,
Development, and Demonstrations, Washington, D.C., '"MBTA Green Line Tests, Riverside Line,
December 1972, Report No. DOT-TSC-UMTA-74-1", Septembcr 1973.

U.S. Department of Transportation, Transportation Systems Center, Cambridge, Massachusetts, "Ride
Roughness Tests, Cleveland Transit System, September 1973, Report No. PM-P-5", November 1973,

U.S. Department of Transportation, Urban Mass Transportation Administration, Office of Research and
Development, Washington, D.C., "State-of-the-Art Car Engineering Tests at Department of Trans-
portation High Speed Ground Test Center Final Test Report', Report No. UMTA-MA-06-0025-75-1,

2, 3, 4, 5, and 6 (6 volumes), May 1975.

U.S. Department of Transportation, Urhan *fass Transportation Administration, Office of RPescarch,
Development, and NDemonstrations, Washington, D.C., "Guideline Snecification for Ilirban Mail Cars",
Report No. IT-06-0027-1, “larch 1973,
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defines the testing required to verify compliance with the vehicle
specifications. Many of the required tests correspond to tests in
the General Vehicle Test Plan and a revision to Section 17 of the
guideline specification was prepared to reflect and he more consis-
tent with the GVTP. The approach for implementation of the Section
17 revision will be reviewed by the Sponsor early in fiscal vear
1976.

Study Techniques for Evaluating the Dynamic Characteristics
of Rail Vehicles, Contract DOT-TSC-652, General Electric Company -
A draft of the final report was delivered by the Contractor. The
study provides engineering data for application to the design

evaluation capability in the dynamic performance of urban rail
vehicles. Since funding has been exhausted, the draft form of the
report has been used for program planning at TSC.

3.4.2 Test Program Implementation

State-of-the-Art Car (SOAC) - The results of the "SOAC
Engineering Tests at HSGTC" were published as a six volume report
numbered UMTA-MA-06-0025-75-1 thru -6 under contract DOT-TSC-580,
with Boeing Vertol Company. The report contains test data from
the first SOAC tests prior to the accidental damage to the SOAC
in August 1973. The data is presented in the form prescribed in
the General Vehicle Test Plan. After repair of the damaged SOAC
vehicle, additional tests were made and data were collected to
determine if any significant changes in the vehicle characteristics
had resulted from the damage. These tests were limited to sample
data points, the results of which were reported in a separate one-
volume report designated Volume VII to be published after the
original six volume report. The draft of the post-repair test re-
'port has been reviewed and will be submitted for approval for
publication in early fiscal year 1976,



The SOAC arrived in Philadelphia for revenue service tests
and demonstrations in February and opening ceremonies on the
Southeastern Pennsylvania Transportation Authority (SEPTA) system
were held 5 March 1975. Testing on both SEPTA and Port Authority
Transit Corporation (PATCO) systems was accomplished while the
SOAC was in the Phiiadelphia area. The SOAC remained in Phila-
delphia for a scheduled 9 months (approximately) of revenue oper-
ation on the PATCO system.

SOAC revenue service tests and demonstrations were also con-
ducted in Boston, Figure 3-4, Cleveland Figure 2-5, and Chicago
during fiscal year 1975 to complete a tour of five cities includ-
ing New York City where the demonstration and test were conducted
in fiscal year 1974.

The results from the SOAC five cities tour will be presented
in a report to be published during the early part of fiscal year
1976.

Figure 3-4 State-of-the-Art Cars 1in Boston, on
Suburban MBTA Red Line
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Figure 3-5 Energy Storage Cars (ESC) at the
Transportation Test Center

Vehicle Tests in Revenue Service - An amendment to the SOAC

Engineering Test Contract, DOT-TSC-530, is being negotiated with
Boeing Vertol Company to conduct tests on revenue véhicles. Tests
are to be carried out on a representative vehicle on cach of the
operating systems that were included in the SOAC demonstration and
test tour. The test procedures, equipment, and data format used
for the SOAC demonstration and test tour are to be used for the
revenue vehicle tests to facilitate comparison of the SOAC with

the existing revenue rolling stock.

Energy Storage Car(s) (ESC) Testing, Contract DOT-TSC-838,
Garrett AiResearch Manufacturing Company - Testing of the ESC

at the Transportation Test Center, Figure 3-5, was completed

27 January 1975. A draft test report submitted by AiResearch is
being reviewed and publication is scheduled for early fiscal year
1976. The testing at the TTC concluded the test requirements under
the TSC contract. The cars were shipped from TTC to New York City
21 February 1975,



The major emphasis on the ESC test program prior to the
implementation of the TSC contract was on power consumption. Power
consumption data for the ESC with a maximum speed of 45 mph is
shown in Figure 3-6. The TSC contract included a wider range of
tests as defined in the General Vehicle Test Plan. These tests
were intended to evaluate the effect of the energy storage system
on other vehicle characteristics such as noise and ride roughness.
Figure 3-7 illustrates the effect of the ESC car equipment on

interior noise.

Gas-Turbine/Electric Car(s) - The G-T/E commuter cars, intended
for service on systems having some electrified and some non-
electrified track, were developed under an UMTA Research and
Development grant to the New York Metropolitan Transportation Auth-
ority. One set of four cars with gas-turbine-driven generators was
developed by Garrett AiResearch under contract to the MTA. The four
cars were built by Pullman under subcontract to AiResearch. The
G-T/E cars were not subjected to testing in accordance with the
General Vehicle Test Plan.

The G-T/E cars, Figure 3-8, were checked out on the UMTA Rail
Transit Test Track prior to delivery to New York. The checkout
on the RTTT aggregated more than 35 test operation days for the
G-T/E cars.

NYCTA R-42 Car(s) - The R-42 cars, on loan from the New York

City Transit Authority, were used for checkout and acceptance of
test equipment and systems including the Track Geometry Measurement
Sensor System, the General Vehicle Test System, and trainline func-
tions of the ESC (R-32) during fiscal year 1975. Additional infor-
mation is included in the TGMS and GVT equipment technical discus-

sion.

Standard Light Rail Vehicle (SLRV) - Boeing Vertol Company
is under contract to the Boston MBTA and the San Francisco MUNI
to build Standard Light Rail Vehicle (SLRV) cars for those systems.
The contract has been modified to test three vehicles on the RTTT

and to conduct preliminary tests on the first car in Boston. The

first car, Figure 2-8, was shipped to Boston in June 1975 and
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started undergoing tests. A San Francisco car is scheduled to be
shipped to the TTC in early September 1975, with two other cars,
one MUNI and one MBTA, to be shipped later in the year.

Test planning and preparation for the SLRV tests, including
facilities and equipment support, was carried out during fiscal
year 1975 and a test plan was prepared by TTC, based on the test
request submitted by Boeing Vertol Company.

One requirement for the SLRV tests is the exercising of the
pantograph power collector for which a two-mile overhead wire was
constructed on the RTTT. Cab signalling tests will be conducted
by Wismer Becker Company to checkout the MUNI system and to evalu-
ate interference with the SLRV chopper system. Facilities pre-
paration is described in the preceding Facilities Development

technical discussion.

In addition to checkout and acceptance using some of the
tests from the General Vehicle Test Plan, a sole source contract,
DOT-TSC-1062, was awarded to Boeing Vertol Company to conduct
complete general vehicle testing on the SLRV during the first half
of fiscal year 1976.

Washington Metropolitan Area Transit Authority (WMATA) Car(s)
The Rohr Corporation began delivery of WMATA cars to Washington

during fiscal year 1975. A preliminary meeting was held to dis-
cuss plans for testing two of the cars on the UMTA Rail Transit
Test Track. A firm date will be established after the WMATA system
opens for limited service. It is expected that WMATA cars will be
tested at the Transportation Test Center using the RTTT after the
SLRV program is completed and before the Advanced Concept Train

test program is started.

3.4.3 Instrumentation and Data Collection and Processing

The development of test equipment, data collection systems,
and data processing software has emphasized three major categories;

track geometry measurement, general vehicle testing (procedures



from the GVTP), and ways and structures testing. Common require-
ments for these categories have been considered to assure efficient

development of a test capability in these areas.

Three digital data acquisition systems (DAS) were delivered
by Sperry Univac in Fiscal Year 1974 for applications to urban rail
testing. Two systems for use on board rail vehicles for track
geometry measurement and general vehicle testing are identical. A
third system has slightly reduced capability so that it will fit
on a mobile test van for wayside collection of data from the

instrumentation embedded in the RTTT.

Two power conditioning systems for use on board the rail car
to supply the DAS from the 600 VDC system were received from AVTEL
Corporation. Data collection and processing software is being
developed by TSC personnel with contractor support. System inte-
gration and checkout is in process and the status is summarized

in the following paragraphs.

Track Geometry Measurement System (TGMS) - The TGMS consists
of a sensor system supplied by MB Associates, the digital data

acquisition system supplied by Sperry Univac, and the Avtel power
supply. The system, which can be mounted on any urban rail vehicle,
has been mounted on the R-42 Vehicle, Figure 3-9, at the Trans-
portation Test Center for checkout and evaluation. Software for

the data collection is operational and data processing software is

in the final stage of integration and checkout.

The system has been checked out on a two phase program at TTC
in March and June. The tests were completed on the second phase
on June 27, 1975. A 3/4-inch perturbation in profile and a 3/4-
inch perturbation in alignment were introduced into the track for
calibration purposes. The TGMS also measured the track before the
perturbations were added and after they were removed. Several
runs were made over the perturbed section to evaluate the system

repeatability.
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Figure 3-9 Data Acquisition System (DAS) Units Mounted in
the R-42 Vehicle

Since the real time processing software has not been fully
integrated, the initial evaluation is based on raw data. The
repeatability appears to be very good. The data will be used for
system evaluation after the processing is completed. The power
supply and the DAS worked well for the test program. Some relia-
bility problems were encountered with the MBA gauge cameras. Some
rework of this hardware will be required to improve system relia-
bility. A sample of gauge data collected in March on two different

runs over the same section of track is shown in Figure 3-10.

A procurement package for track geometry system evaluation
has been prepared. The contract will include tests at TTC and
on an operating property with a major objective being development
of a plan for utilizing the TGMS for track maintenance inspection.

General Vehicle Test Equipment - Tests were carried out on the

General Vehicle Test sensors and signal conditioning equipment
using the R-42 vehicle at TTC during May 1975. The tests were
primarily intended to evaluate the test equipment error sources.

Data were collected on analog tape for this purpose. General
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Vehicle Tests on the R-42 using this equipment along with the digital
data collection system are scheduled for fiscal year 1976.

General vehicle test software for data collection will be
adapted from the track geometry software. Software for processing
general vehicle test data will be developed under a contract with
QEI, Incorporated of Bedford, Massachusetts. A contract, DOT-TSC-
1004, was awarded to QEI on a competitive procurement on April 2,
1975.

A user's manual for the GVT System equipment is being pre-

pared and will be released in fiscal year 1976.

Ways and Structures Testing - The mobile van for use in
collecting ways and structures test data on the RTTT was delivered
with an excessive weight relative to axle capacity limit. Based
on recommendations by Customer Service of the Dodge Division of
Chrysler Corporation, modification of the undercarriage will be
made to handle the weight and some of the equipment inside the van
will be shifted for proper weight distribution. The van modifica-
tions are scheduled to be completed so that the van can be opera-

tional at TTC after completion of the SLRV test program.

3.5 TECHNOLOGY DEVELOPMENT

Technology development in fiscal year 1975 was directed
toward improved technology in urban rail system applications of
noise abatement and tunneling. New projects were initiated and
several existing projects continued in both noise abatement tech-

nology and tunneling technology.

New noise abatement technology projects were initiated for
noise assessments in the Cleveland, Philadelphia, and San Francisco
rail transit systems; and for "In-Service Performance and Costs of
Methods for Control of Urban Rail System Noise'.

A noise measurement comparison experiment was conducted to
determine the variations in measurements among different assess-
ment teams. The results strengthened the basis for inter-system

comparisons.



A contract award was made for testing, by an independent
organization, of a new internally damped all metal wheel. The
wheels are being provided by the International Copper Research

Institute.

Five new programs in tunneling technology were initiated in
fiscal 1975. Contracts were awarded for a study and report on
""Subway Station Design and Construction" and for "Tunneling
Conferences and Workshop" support. Procurement actions were in
process at the close of the fiscal year for programs on "Disrup-
tive Effects of Tunnel Construction'"; "Subway System Maintenance';
and "Economic Factors in Tunnel Construction'. The existing pro-
gram on '"Muck Utilization'" was modified and extended.

3.5.1 Noise Abatement

The broad goals of this activity are to:

a. Quantify the overall size of the rail rapid transit noise
problem and its distribution among U.S. systems.

b. Develop data, in a form appropriate to those who use it,
on what noise levels can be achieved realistically with
available technology and at what cost. Users include
transit system planners and operators; state and local
governmental agencies; citizen groups; Federal capital
grants programs; other federal agencies; and independent

contractors and consultants,

c. Develop or stimulate development of noise control methods
and hardware in key technical areas where significant
cost savings or significantly improved noise reduction

can be achieved.

d. Establish and maintain channels of communication
necessary (1) to keep program efforts technically current
and (2) to encourage the adoption of program developed
technology where it is applicable. Both continuing and
newly initiated Urban rail noise abatement program



activities support these goals with specific objectives

and tasks. These are summarized in the following.

Noise Assessments - Coordinated noise assessments are in

progress on U.S. urban rail rapid transit systems (except the
MBTA where it is completed). For each system, noise maps and
suitable statistical measures of noise are being developed. 1In

addition, minimized cost noise abatement options are being defined.

Noise Assessment of Chicago Rail Rapid Transit System, Grant
DOT/UMTA US-DOT-IL-007, University of Illinois - A draft interim
report on the noise assessment of the CTA is due in the beginning
of fiscal year 1976. The final report is expected in the second

quarter of fiscal year 1976.

Noise Assessment of New York City Rapid Transit System, Grant
DOT/UMTA US-DOT-NY-11-0010, Polytechnic Institute of New York -
A partial draft of the Noise Assessment portion of this work has

been reviewed and is currently being modified and extended. A
revised draft is expected in the first quarter of fiscal year 1976.
The final report on the Noise Assessment and Abatement Requirements
is expected for review at the beginning of the second quarter of
FY76.

Noise Assessments of Cleveland Transit System (CTS), S.F. Bay
Area Rapid Transit (BART) System, Southeastern Pennsylvania Trans-
portation Authority (SEPTA) System, and Port Authority Transit
Corporation (PATCO) System (Lindenwold, N.J. to Phila.), Contract
DOT-TSC-850, Boeing Vertol Company and Wilson Ihrig and Associates.
A draft interim report on the noise assessment portion of this
work is due at the beginning of fiscal year 1976. The report on
noise abatement strategies is anticipated at the beginning of
the second quarter of FY76 and a final report is due in the middle

of the second quarter.

Noise Measurement Comparison Experiment - An experiment was
conducted in Boston, under TSC direction, to determine the scatter,

if any, in measurements from four assessment teams plus a TSC
noise measurement group. Six wayside and seven in-station events

were recorded simultaneously by all groups. Reported noise levels



for a given event were typically within 2 dBA of each other,

although a small systematic deviation (1-2 dBA) from the general
trend was revealed for one group. The overall results were good
for this kind of measurement and they strengthened the basis for

inter-system comparisons.

Computer Program for Noise Abatement Cost Minimization - TSC

developed and distributed for use by the assessment teams a
computer program for optimizing noise control. Computer program
inputs include costs and performance of individual treatments,
desired noise goals, and the present distribution of noise over
the system (further specified as to noise source and path type).
The program out-puts to the user, the choice of noise control
treatments (or combination of treatments) and treatment location

which achieves the goal at minimum cost.

In-Service Performance and Costs of Methods for Control of
Urban Rail System Noise, Contract DOT-TSC-1053, De Leuw Cather
and Company (DCCO) Prime, Wilson Ihrig and Associates, Subcontractor
The objective of this activity is to develop definitive engineer-

ing data on costs and long term in-service performance of four

types of commercially available noise control treatments. Cur-
rently, such data is inadequate to determine benefits versus costs
for possible wider use. The specific treatments to be conducted
under this contract include resilient wheels, damped wheels, wheel
truing and rail grinding. The testing will be performed on the
Southeastern Pennsylvania Transportation Authority (SEPTA) system,
and data will be put in a form applicable to U.S. systems generally.

New Technology - These items address mainly goal (c) preced-

ing:
Wheel/Rail Noise and Vibration Control, Contract DOT-TSC-644,

Bolt, Beranek, and Newman, Inc. - The objective of this program,
now essentially completed, was to develop the basic quantitative

understanding of wheel-rail noise generation as a basis for
improved wheel-rail noise control. The final report of this pro-
gram was in the process of being published at the close of the

fiscal year.



Incramute Wheel Testing, Contract DOT-TSC-644, Bolt, Beranek,
and Newman - This contract was extended to permit investigative
testing of a new design of wheel in which a special metal alloy
is used to provide high damping. These "Incramute" wheels will be
tested on a DOT vehicle and track at Pullman Standard. The Inter-
national Copper Research Institute is providing the wheels at mo
cost to the government. Delivery of the wheels is expected in the
first quarter of fiscal year 1976. The effect of the high internal
damping properties of Incramute on wheel/rail noise will be inves-
tigated. This will complete activities under Contract DOT-TSC-644.

Track and Elevated Structures, Contract DOT-TSC-643, Cambridge
Collaborative, Inc. - This program, Now nearing completion, has
as its objective the development of a quantitative basis for
improved design of elevated structure and floating slab noise

control technology for urban rail transit applications.

Two volumes of a three volume final report have been reviewed.
The reports, entitled "Noise Prediction Models for Elevated Rail
Transit Structures' and nyibration Prediction Model for Floating
Slab Rail Transit Track', will be published during the first
quarter of fiscal year 1976. A third volume summarizing the
practical engineering and experimental results for elevated struc-
ture noise is anticipated during the first quarter of fiscal year

1976.

3.5.2 Tunneling

Requirements Study Investigating Instrumentation Development
for Rapid Transit Tunneling, Contract DOT-TSC-654, Parsons,
Brinckerhoff, Quade, and Douglas - A final report detailing im-
proved subsurface exploration technology and methodology was
completed. detailing a proposed systematic approach for site inves-

tigation including requirements, specifications, and preliminary
designs for development of all system components. It is anticipated
that the final report will be published during the first quarter

of fiscal 1976.



Specifications and Design for Monitoring Instruments for Rapid

Transit Tunneling, Contract DOT-TSC-661, Parsons, Brinckerhoff,

Quade, and Douglas - A final report was printed and distributed

during the last quarter of fiscal 1975. The report (in two
volumes) outlines the benefits and potential advantages of con-
Struction monitoring of soft ground rapid transit tunnels. A
modification to the original contract was written to procure a
manual-based on the above final report - to assist planners and
designers in planning a monitoring system. Anticipated comple-
tion date of the manual is during the first quarter of fiscal
1976.

System Analysis, Modeling, and Optimization of Rapid Transit
Tunneling Process, Contract DOT-TSC-601, Bechtel, Inc. - The
final report was completed and is in the process of publication.
The study developed a Systems analysis model of tunnel and cut
and cover costs and using a data base developed from five case
histories explored the sensitivities of various factors in tunnel

construction.

Environmental Impact and Safety Guidelines for Improved Rapid
transit Tunneling, Contract DOT-TSC-802, AA. Mathews, TInc. -
A draft copy of the interim report documenting all work on Phase A
of this contract will be available at the end of fiscal year 1975.

The Phase A work consisted of the investigations, compilation of
data, an analysis of data and the proposal of a series of guide-
lines to promote safety and to minimize environmental impact on
urban transportation tunneling projects. In Phase B the contractor
will present the proposals to industry for their comments before
drafting the final safety and environmental guidelines.

Muck Utilization in the Urban Rapid Transit Tunneling Process,
Contract DOT-TSC-836, Haley and Aldrich, Inc. - A draft interim
report was completed, the contents of which will be used as the

basis for developing an actual muck utilization program for a

selected case Study site in the extension of the contract. The
study showed that, with proper planning, the utilization of ex-
cavated materials (muck) from tunnels can produce both economic



and environmental benefits. Guidelines developed under this con-
tract will aid transit planners in integrating muck utilization
planning into the overall planning effort necessary for the develop-

ment of urban transit systems involving underground construction.

Assessment of Disruptive Effects Associated with Urban Trans-
portation Tunnel Construction, Contract DOT-TSC-1018, Abt Associ-
ates, Incorporated - This study will identify the disruptive effects

of tunnel construction, identify and assess the existing means of
measuring these effects and will present a preliminary approach

to assessing the impacts in order to ultimately provide guidelines
for transit planners to aid them in predicting, before construc-
tion begins, the degree of disruption caused by tunnel construction.

The contract was awarded on 7 May 1975.

Subway Station Design and Construction, Contract DOT-TSC-1027,

De Leuw Cather and Company - In this contract the various methods

of subway station construction being utilized world-wide will be
reviewed to assess the relative values of the alternate techniques
of subway station construction and establish the set of conditions
under which each method becomes cost effective. The construction
techniques will be evaluated by a select panel and new and inno-
vative techniques of construction will also be reviewed and

reported. The contract was awarded on 3 June 1975.

Guidelines for Existing Subway Maintenance, Contract DOT-TSC-
1078, Bechtel, Incorporated, San Francisco, California - This
contract provides for an in-depth look at the often neglected field

of subway system maintenance. An attempt is to be made to deter-
mine the methods for detection of deterioration, the methods for
evaluating or measuring the degree of deterioration, and methods
for repairing and improving the quality of existing tunnel systems.
Also, an attempt is to be made to determine methods to detect old

design errors. The contract was awarded on 30 June 1975,

Workshops and Conference on Urban Transit Tunneling, Contract
DOT-TSC-987, Ken Guscott Associates - The contract will provide
the support necessary to the TSC in presenting four or more work-

shops in the next year at various locations throughout the country.
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This contract will assist in providing facilities, moderators,
experts, and administrative support on topics such as, Subsurface
Exploration, Construction Monitoring, Slurry Wall Techniques, and
Optimization of Cut and Cover Tunneling. Actual agendas and
locations will be arranged through cooperation with transit

authorities. The contract was awarded on 9 June 1975.

Reimbursable Agreement RA-74-39, National Science Foundation
(NSF) - Procurement Request TMP-0232 provided funds for this re-
imbursible agreement by which the National Science Foundation,

using these funds and funds from other government agencies and
the tunneling industry, prepared a study on tunneling contracting
practices. A report "Better Contracting for Underground Construc-

tion,'" was distributed in mid-year, fiscal year 1975.

Reimbursable Agreement RA-74-44, National Science Foundation
(NSF) Procurement Request TMP-0236 provided funds which, together
with funds from other government agencies, supported the operations
of the U.S. National Committee of Tunneling Technology (under the

National Academy of Sciences - NAS).

Economic Factors in Tunnel Construction - A procurement

request was initiated to create a construction cost data base for
bored, soft ground tunnels. Methodology will be proposed for using
this base in cost estimating and systems analysis of tunnel con-

struction alternatives.

3.6 TRANSPORTATION TEST CENTER FIELD SUPPORT

The Transportation Systems Center URST Program provided
technical and planning support at the DOT Transportation Test
Center, Pueblo, Colorado, to all of the urban transit vehicle
test projects conducted there on the UMTA programs. Such support
is available for non-UMTA testing programs on an arranged basis.

Test capability and experience on the UMTA Rail Transit
Test Track has been acquired, at both the system and subsystem
levels, in the testing of the NYCTA R-42 cars, the UMTA SOAC,
the NYCTA R-32 modified by installation of energy storage flywheel



(Garrett AiResearch), and the Gas-Turbine/Electric (G-T/E) cars

(Garrett AiResearch and Pullman). Activities are well in progress

to further expand this experience to include the Standard Light
Rail Vehicle (SLRV) (Boeing Vertol) and the Washington Metropolitan

Area Transit Authority (WMATA) cars (Rohr).

UMTA Rapid Transit Test Track Operations

Operations on the UMTA RTTT in fiscal year 1975 included:
the NYCTA R-42 cars, figure 2-1; the Energy Storage Cars (ESC's),
Figure 2-2; the Gas-Turbine/Electric cars (GTE), Figure 2-3; the
Canadian Light-Rapid-Comfortable (LRC) train, Figure 2-9; testing
of trucks by American Steel Foundries; and a test program on an

Amtrak train.
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APPENDIX A

URST PROJECTS IN FISCAL YEAR 1975



TECHNICAL SUPPORT AND APPLICATIONS ENGINEERING

1. Advanced Concept Train (ACT) - Program review and tech-
nical support given to the ACT program by TSC personnel
throughout fiscal year 1975.

2. Transit System Costs - Rail Rapid System Cost Study. A
comprehensive study of urban rail transit system costs
by Thomas K. Dyer, Inc., under Contract No. DOT-TSC-808.
TSC Monitor: Frederick J. Rutyna.

3. Vehicle Crashworthiness - Engineering Program Assessment
of the Crashworthiness of Existing Urban Rail Vehicles.
Program development work was performed by Calspan, Inc.,
providing methodology and assessment criteria, under
Contract No. DOT-TSC-791. TSC Monitor: A.R. Raab.

4. SOAC Crashworthiness Study - Crashworthiness evaluation
and test study of the State-of-the-Art Car by engineering
assessment performed by Boeing Vertol, under Contract No.
DOT-TSC-791. TSC Monitor: Frederick J. Rutyna.

5. Increase of Car Body Crashworthiness in the Head-on
Collision - Contract No. DOT-TSC-1052 TSC Monitor:
A.R. Raab.

6. Track Geometry Sensor Systems - Two sensor systems
engineered by MB Associates, to TSC specifications,
under Contract No. DOT-TSC-616. TSC Monitor: Frederick
J. Rutyna.

FACILITIES DEVELOPMENT

7. Development of Design Tools and Criteria for Urban Rail
Structures - A study of design elements for urban rail
structures by Battelle Columbus Laboratories, under Con-
track No. DOT-TSC-563. Two-volume final report issued in
April 1974. TSC Monitor: Leonard Kurzweil.



10.

11,

12,

13,

14,

Tight Turn Loop and Train Dynamics Track for the Rail
Transit Test Track (RTTT) at the Transportation Test
Center (TTC). Drawings and specifications prepared by
TSC personnel, earthwork completed. TSC Monitor:

R.W. Ebacher.

Electrical Equipment, Drawings and Specifications for UMTA
Substations Providing Power to RTTT - Specification No.
DOT/LBP-71421 developed by Laramore, Douglas § Popham,
Consultants, under Contract No. DOT-FR-30033; Wismer §
Becker, Inc., under Contract No. DOT-TSC-847 for rectifier

substation equipment. TSC Monitor: L.F. Zorio.

Catenary Power System - Planning and design work prior
to the selection of a contractor for the construction of
the Rail Transit Test Track catenary structure. All
materials GFM. TSC Monitor: L.F. Zorio.

Development of RTTT Laboratory and Maintenance Facilities.

Prepared specifications and initiated procurement for:

Underfloor Wheel Truing Machine, DOT-TSC-876
Track Scale, DOT-TSC-829

Railroad Car Jacks, DOT-TSC-825

Air Compressor (large unit), DOT-TSC-806

("IN o I R

TSC Monitor: R.W. Ebacher.

Transfer of Funds to FHWA for Construction of Permanent
Track Power Facilities at TTC - Procurement Request No.
612 285. TSC Monitor: R.W. Ebacher.

Transfer of Funds to FRA for 2.1-mile Catenary Construc-
tion on RTTT at TTC - Reimbursable Agreement RA 7526.
TSC Monitor: L.F. Zorio.

Installation and Removal of Cab Signalling System,
Contract DOT-TSC-1032, San Francisco Municipal Railroad,
TSC Monitor: L.F. Zorio.



TEST AND EVALUATION

15.

16,

17.

18.

19.

20.

Standard Light Rail Vehicle (SLRV), General Vehicle
Tests at TTC- Contract DOT-TSC-1062, Boeing Vertol Co.
TSC Monitor: George W. Neat.

Engineering Tests on Rail Transit Vehicles of Six Major
Transit Properties on the Home Track System - Contract
DOT-TSC-580 modification, Boeing Vertol Company. TSC

Monitor: George W. Neat.

Energy Storage Car (ESC) Engineering Tests at TTC - TSC
generated test plans and procedures. Tests were conducted
by AiResearch Manufacturing Co., under Contract No.
DOT-TSC-838. TSC Monitor: George W. Neat.

State-of-the-Art Car (SOAC) Tests at TTC - TSC GSP 064

test plans and procedures.

a. Engineering testing performed by Boeing Vertol, under
Contract No. DOT-TSC-580. Test Report (UMTA-MA-06-
0025-75-1) published.

b. SOAC post-repair engineering tests - special test work
performed by Boeing Vertol, under Contract No. DOT-
TSC-580, to verify data taken prior to accident.

c. SOAC engineering test runs on NYCTA revenue line
(4 separate lines), constituting the first phase in
the five-property test plan schedule for the SOAC.

TSC Monitor: George W. Neat.

General Vehicle Test Plan for Urban Rapid Transit Cars

(GSP 064 - Rev. 1) - Revision of tests and procedures,
based on evaluation data acquired during the SOAC engineer-
ing tests. TSC Monitor: George W. Neat.

Power Conditioning Systems - Engineered by the Avtel
Corporation, Contract No. DOT-TSC-671, for use in con-
junction with Data Acquisition System (DAS) equipment.
TSC Monitor: John Nickles.



TEST AND EVALUATION (Continued)

21,

22,

23,

24,

25,

26,

27.

28,

Study of Techniques for the Evaluation of Dynamic Character-
istics of Rail Vehicles - Study and evaluation work by
General Electric under Contract No. DOT-TSC-652. TSC

Monitor: Herbert Weinstock.

Gas Turbine/Electric Car Tests at TTC - TSC provided
Technical support at the TTC for testing the UMTA-
sponsored Gas Turbine/Electric Cars built by the Garrett
Corporation for the New York Metropolitan Transportation
Authority. TSC TTC Rep: R. Brush.

R-42 Transit Car Test Participation - The New York City
Transit Authority R-42 cars were used to check out test
equipment and test procedures at TTC and for trainline
tests with the Energy Storage Cars. TSC TTC Rep: R. Brush.

Digital Data Acquisition - Three Data Acquisition Systems
(DAS) were developed for TSC by Sperry Univac under
Contract No. DOT-TSC-561. TSC Monitor: Paul Poirier.

Software Development for Post-Test Processing on the
DAS Computer - Contract No. DOT-TSC-1004 to QEI, Inc.
TSC Monitor: R.H. Robichaud.

Support of System Integration and Test Program -
Procurement Request No. 621 92. (Modification of Contract
DOT-TSC-561 to Sperry Univac.) TSC Monitor: Paul Poirier.

Software development for the DAS application in the Track
Geometry Measurement System, General Vehicle Tests, and
Wayside Data Acquisition and Processing. R.H. Robichaud.

Integrated accelerometer data processing test and
evaluation, to provide true rail profile data. R.H. Robichaud.

NOISE ABATEMENT

29,

The Procurement of Engineering Data on Wheel/Rail Noise
and Vibration Control Technology - Project work was
performed by Bolt, Beranek § Newman, under Contract No.
DOT-TSC-644. TSC Monitor: Robert Lotz.



30. Development of an Acoustic Rating Scale for Assessing
Annoyance Caused by Wheel/Rail Noise in Urban Mass
Transit - The work was performed by Bolt, Beranek §
Newman, under Contract No. DOT-TSC-644. TSC Monitor:
Robert Lotz.

31. Noise Assessment and Abatement in Rapid Transit Systems -
Complete analysis of wheel/rail noise data by Bolt,
Beranek § Newman, under Contract No. DOT-TSC-644.

TSC Monitor: Robert Lotz.

32. A State-of-the-Art Assessment of the Prediction and
Control of Rail Transit Noise and Vibration - Project
work performed by Cambridge Collaborative, under
Contract No. DOT-TSC-643. TSC Monitor: Leonard Kurzweil.

33. Noise and Vibration Assessment of the Chicago Rail Rapid
Transit System - A study performed by the University of
I1linois, under UMTA Research Grant No. US-DOT-IL-0007.
TSC Monitor: Frederick J. Rutyna.

34, Data Management System for Rail Rapid Transit Noise
Measurements - Development study work performed by the
University of Illinois, under UMTA Research Grant No.
US-DOT-IL-0007. TSC Monitor: Frederick J. Rutyna.

35. Noise and Vibration Assessment of New York City Rapid
Transit System - A study performed by the Polytechnic
Institute of New York, under UMTA Research Grant No.
US-DOT-NY-11-0010. TSC Monitor: Frederick J. Rutyna.

36, In-Service Performance and Costs of Methods for Control
of Urban Rail System Noise, Contract DOT-TSC-1052,
De Leuw Cather and Company. TSC Monitor: Robert Lotz.

TUNNELING

37. System Analysis, Modeling and Optimization of Rapid
Transit Tunneling Process - Development study by
Bechtel, Inc., under Contract No. DOT-TSC-601. TSC

Monitor: George Kovatch.



TUNNELING

38. Requirement Study Investigating Instrumentation Develop-
ment for Rapid Transit Tunneling - Investigation by
Parsons, Brinckerhoff, Quade § Douglas, under Contract
No. DOT-TSC-661. TSC Monitor: Andrew Sluz

39. Specifications and Design for Monitoring Instruments for
Rapid Transit Soft Ground Tunneling - Design work by
Parsons, Brinckerhoff, Quade § Douglas, under Contract
No. DOT-TSC-661. TSC Monitor: Andrew Sluz

40, Two Studies on Tunneling Technology - Initiated by the
FRA; Reimbursable Agreements RA-7439 and RA-7444 to the
National Science Foundation. TSC Monitor: Santo Gozzo.

41, Environmental Impact and Safety Guidelines for Improved
Rapid Transit Tunneling - A study by A.A. Mathews, Inc.,
under Contract No. DOT-TSC-802. TSC Monitor: Santo Gozzo.

42, Muck Utilization in Urban Rapid Transit Tunneling Process -
A study by Haley and Aldrich, Inc., under Contract No.
DOT-TSC-836. TSC Monitor: Gerald R. Saulnier.

43, Assessment of Disruptive Effects Associated with Urban
Transportation Tunnel Construction, Contract DOT-TSC-
1018, Abt Associates. TSC Monitor: Gerald. R. Saulnier

44, Engineering Data and Service on Subway System Maintenance,
Contract DOT-TSC-1070. TSC Monitor: Gerald R. Saulnier.

45, Subway Station Design and Construction, Contract DOT-TSC-
1027, De Leuw, Cather and Company. TSC Monitor: Santo

Gozzo.

46, Workshops and Conference on Urban Transit Tunneling,
Contract DOT-TSC-987, Ken Guscott Associates. TSC

Monitor: Glenn S. Larson

47. Economic Factors in Tunnel Construction - Procurement
Request No. 612 306. TSC Monitor: Andrew Sluz.
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APPENDIX B

CONTRACTS AND GRANTS



Contracts and grants concerning the URST Program activities
during fiscal year 1975 are listed in numerical order, under
separate headings. The contract listing shows all active contracts,
including those initiated or awarded (*) and those closed out (%%)
during the fiscal year. These contracts and grants, and the activi-
ties they implement, constitute efforts initiated, planned, and
managed under the URST Program. Contract funding was provided from
URST Project Plan Agreement (PPA) resources. Grants listed are
DOT grants specifically related to URST Program activities. The
grant funding was provided from the Office of the Secretary (OST)
or the Urban Mass Transportation Administration (UMTA).



2nis 'y

}D031SUTIM “H

z307 Y

TTomzany °7

eufiny -4
yd3eA0y °H
1BON D

TTomzany -]

IsTitod -d

103TUON OSL

utTeuuny

31suear] prdey JoF juswdolaa
9( uoT3BULUNIISU] Surjed
-T1S9AU] Apnilg 1uswsainbay

S9TOTIYSA TTEY
JO SDTI3STA91DBIBY) DTWBUA(Q
JO UOT3}EBNTBAY PUB APnig

A8oTouyno] TOI3UO) UOTIZ

-BIQTIA pUB SSTON TT®Y/To9UM
uo ®e31B(Q Sutassutrdug

T013U0) UOTIIBIQIA PUE
9STON 9aINn3dNijls PdIBASTH pue
yoeil uo evleg SuTioouIduyg

w91 s4Ag
I10suag A1312W08Y YIBIL

Ss8201g SurrsuuUNn] ITSUBI]
pidey Jo uorjezIiuwurldp pue
BUTTOPON ‘STSATRUY WO1SAg

IB) 11y-9Yl-J0O-91elg
9yl JO s3s9] Butissurduyg

S9an3oNIl1g
ITeY UeqI) I0J BIISITI) puUE
sTo0] udtrsag Fo juswdoroas(

STOTYSA TTey prdey
I103F we3lsAg uorlIsSInboy ele(g

osodang

§L6T 189 TBOSTF UT 3INO0 PSSOID 1DBIJUO) 4y

se1dnoq

5 epenpy ‘zzyoy
~INDOUTI ‘suosied

DTI1291g [BILUIY

UBWMS N
§ Joueisg ‘1709

9ATIRI
-0qQeTT0) 93pTIque)

S91BIDJ0SSY dW

*Juy ‘1eaydeg
103197 Sutsog

S9TJI03BIOQRT]
snquniol 8TT211BYg

dBATU[ Axxodg

1032BI3UO)

(S1 ‘10opiQ LxoATT9Q Pu® ‘yY ‘Iucwosidy oTqesSInquiay gurpnyiouy)

SL6T ¥VHX TVOSId NI HAILDV SLOVILINOD

#x VOSNN
¥S9-DSL-L0d

VOCHN
ZS99-0S1-10d

VOCRHN
Pr9-ISL-L0d

POSIN
£¥9-0SL-10d
VOENN
9T19-0SL-1L0C
VOSSN
T09-2SL-Lod
YO vINN
08S-0SL-10d
VOSKHN
£95-DSL-1Loa

POSIN
T9S-0SL-100a

Ioqunn



19ydeqy °y

Turioeq -r

rUAINY g
Ay3zaeddN g
0ZZ09 *g
rUAINY 4

Tutioeq -r

qeey "y

YIIBUTTH Y

Zars v

I03TUOW DSI

9TBdS oea] AMITRY

SYJB[ 9TqB1IO(

£Apnig

3s0) welsAg 3rsuex] prdey Trey
Iossexdwon JI1Vy

dutrteuun] 3tsuexa] prdey

poAoldW] I0F SOUTTOpPINY £39jeS
pue 3dedw] [BIUSWUOITAUY

SSOUTYIIOMYSBID) JVOS
JO 3juewssassy Surioesurdug

921IN0S IaMOg

SOTDTIYap
TTey UBQI[] JO SSOUIYIIOM
-Yser) 9yl FO JUSUSSSSSY

swe3s4Ag BUTUOTIITPUO) IoMOg
3urreuuny 3tsuei] prdey 107
Sjusunil}su] FUTIOITUOK I0F

u3Tse(Q pPUB SUOT3BITFTOadg

osodang

"SL6T I8 T[BDOSTJ UT 1NO POsSOID

*0) jusudinbyg
pue areds Aydany

"d1o) SurITUM

I104Aq -y sewoyy,

*0) STOJ3UO) UTODUTIT

*OUT ‘sMaylIBW V'V

T03I9A 3ursog

"ImMd STTQON ‘uy

*diop uedste)

uotrierodio) 1o93AY
se1dno(

3 open) ‘yyoy
-I9)YOoUTag ‘uosaeq

I03D2BI3UO)

(SL ‘xepag Lioat1ToQ pue ‘v ‘jusuwesaly eTqesanquiay SUIpn[OUT)
(PenuTiuo)d) S/6T YVHAA TVISII NI dJAILOV SLOVYINOD

30BIJUOY 4y

YOSIN
678-0SL-1L0od

FOvIN
S$¢8-0SL-10d

YO VI
808-0SL-10d

xx POVIO
908-DSL-10a
YOI
¢08-0S1-10a

YOYRO
164-3SL-10C

Y OVIN
SLL-DSL-10d
YOCHN
189-DS1L-10C
POZHN
149-DSL-10d

xxV0OVWN
T99-DSL-100a

Iaqunpy



TutToRd [

TUTioed "

qqeqg "1
BIATTIS °d
1syseqy A
ieddy g
0TI0Z 1
1BaN "9

I9TUINES °9

qqeqg 1

103TUON DSL

/6] AB9L TEDSTF UT INO PIsO[d IDBIIUO) xx

¢/61 IBS9A [EBOSTJ UT PopieMe 10 POJBIITUT IDBIIUO)

o1qeD

sjuouwprom pue ‘sdwel)
‘s19)0BIg FO UOT3BOTI(RY]

S9TI0S
-S92Dy PUE 1939WOIS[9IDY

spie) OPON

jusudinbyg
Sutni] TeoyM JIOOTFISPUN

Apn1g juswaleqy UOTIBIQIA
pue 9STON [T®BY uUrqgif

jusudinbg
UoT1B1sSqnNg JISTIT1D9Y

SIB)
o8ev103g A8ioug uo S3S9]

ssed01g SurTeuuny 3TSUBI]
prdey ueqiQ UT UOT3IBZITTIN YONW
S10SU9G

asodang

(S1 “19pxp AISATITSQ PuUB ‘yY ‘Iuowedily oTqesInquIsy gurpniour)

‘0D °1qed
pue 9II)M EPUODBUY

Aueduo)
*83W pue 1001 0JDV

*DU] T0I3UO0)
e1R( PUBIISPUNS

0DA9PUT
BOTIOoWY JO

-dion 3proydsusadey
*0) T01a9A Juisog
I9)o9g B JISWSTM

*00 *3FN YDIBISIYTY
YOTIPTY B LoTeH

ST0I3U0)
doedsoisy uBdTIOWY

J01D28JIIUOD

(penutiuo)) SL6T ¥VAX TvDSId NI HAILOV SIOVIINOD

70PN
868 -DSL-10d

70 vIWN
S68-DSL-10d

YOVIN
£68-0SL-L00

AR Z24101
788-DSL1-10d

YO VNN
9.8-2SL-10d

¥ VOVNQ
058-0SL-10d

YO vINQ
L¥8-DSL-10d

PO YN
8¢€8-0SL-10d

YOvIN
9¢8-0SL-10a

¥ VOVIN
1£8-0S1-10d

IaqunN



q9qeg "1

qqeg 7

I3TITOd °g

qqed "1

BIATTS 4

I8TiTog ‘g

qqeq 7

Turfoeq -r

Tutioeq -r

qqeqg -

Tutioeq *r

I0ITUOW JSJ

"SL6T 1B [BOSIJ UT popieme 1o P31BTITUT_3DBIJUO)D,

"ASSY STSSBY) SUOTIBITUNW
-W0) JUSAF JO UOTIBOTIqR]

SI9TyITduy
UOTIETOS] JO UOTI3BITIYE,

jaodsuea]
ade] 93119sse) Teng

ISPTAT(Q 98e110p

PIB) 9PON PausIseg woisny
jaodsueag,
odel 149008 Yo®IL-6

sieonpsuei] juswede1dsI(
TeTI93BN aUILT

TBTI91BN QUL

TOOL JUSWSINSEIN TOADT
-Ssox) pue afey proayTey

S$821Inog
I9MO0d 7 PUB I03BUIS]TY

OV VAX 00Z-0ST FO oseoq]
osoding

(SL “xepap AiaatToq PUB ‘yY ‘Juswosuly oIqesinquray Jurpnyiouy)

*0) SOTIU

-0X3109T19 g4L/TvD

*duy ‘seo3

-BIDOSSY UOD-TI]

*OUI ‘unieq

*oul ‘repuo)

‘ouft

S91BIDOSSY SUIBS]G

|Spopng S

-oug

SOTIISNPUI 0DS9[99

"oufg

‘DU YOo®BIIDOTY

0D 183104 ‘Y'H

sqeTq

I93x9(d pur LoTyieg

*d1o) xomog

STTQON UBDTIOUY

1032BI3UO)H

(ponurtiuo)d) s/6T1 ¥Wvmx TVOSTd NI HAILOV SIOVYLNOD

¥ VOSWO
1.6-DSL-10d

x VOSSN
896 -0S1L-10d

»VOVIN
LS6-DSL-104

* POSKWN
Z56-3SL-10d

x VOVINN
0¥6-DSL-10d

IAVR2001
¥£6-DSL-10d

YOSKN
£¢£6-IJS1L-10d

PO VIO
1£6-DSL-100

POYIN
0£6-0S1L-10d

¥ VOVIN
SZ6-0S1-10d

POVYIO
616-DSL-104

Isquny



IaTuUInesg *9

189N D
z10T Y
qeey vy

ot107 *d 1

0zZzZ09 °§

ISTuines -9

pneys1qoy "y

uosieT °9

103TUON DSL

G/6T1 IBO9A TBOSTJ UT POPJIBMEB IO P2IBTIITUT 3DBIIUO)

aduUBUSIUTR) WR3SAS LeMqng

JLL 1® AYTIS
U0 $3S9L 9IDTYdA [BJILUSYH

9STON
ITRY UeQI[] JO TOIJUO) IOF
Jiaq AIeg ul ®Bleq 3ug Jo Ad(Q

UOTISTTIO) U0 Ppe3H
UT SSOUTYIIOMUSEBI) STITYSIA
JTSUBI] TIBY POSEBIIDUL

wolsAg SurrreUdIS QB)
aAOWRY pue ‘ITBISUI ‘yYsSTUINg

UOT3OMIISUO)D
pue uStse@ uUoTIlelS LBMGNS

uUoT3dNIIS
-uo) Teuun] uorieiiodsuri]
ueqIf) YITM PIIBIDIOSSY S1ID9FFH
9AT1dNISTQ JO JUSWSSISSY

193nduwo) gyg uo FUTssedoI(d
1s9]-15s0d JI0F 2IBM1FOS

SurTeuun] 3TSUBIJ
ueqan uo - juo) pue doysyaopm

asodang

(Sl ‘19pip AI9ATTS(Q Ppue ‘yy ‘Iucwesar8y 97qesinquioy SUIpnioul)

‘) ‘02STOUBIJ URS
"ouy ‘T1e3ydeg

103119A 3utrsog
Aueduo)

b 1oyle) MnaT 3(
03BDTYD
93n313sul
yd1esasay ILII

proiltey tedIODTUNK
odsTIdUBI] UES

Auedwon pue
Iayze) mnaT 3Q

*DU] S$93BIDOSSY 249V

‘our ‘140

*OUl “S91BIDOSSY
1100sn5 uay

103DBI3UOD

(ponutiuo)) SL6T YVHA TVOSIA NI FAILOV SIOVILNOD

x VOSKN
0L0T-J3S1-10Q

» VOSNWQ
Z90T1-0S1-10d

¥ YOSNWN
¢€S0T-JSL-10d

* VOSKI
ZS0T-JSL-1od

x VOSKWN
Z¢0T-0SL-10d

* VOSKWO
LZ01-2SL-10a

8T0T-DS1-10d

* VOSKI
¥00T-D0S1

* VOSKN
L86-3SL-10d

Ioquny



qqeq -1
oTI07 1
BIATIS g
ONNOU ‘S
1BAN "9
0ZZ09 -g
19Yydeqq -y
SOTYJIN ‘p

ISTUINnes ‘g

103TUON DS,

We3sAS BUTUOTITPUO)
TeUSTS Touuey) o1dr3fny

JLL
18 UOT3IdNIIsuo) LI1eusie) IoJ

Vid 031 spung jo xajysuei]

J1L 3® 1¥N 10F¥ 3aoddng
9JUBUSIUTB PUB Suorjeradp

A3oTouydag
Surteuuny 3o Apnig

J1L 3® 13N 10F 3aoddng
9OUBUSIUTEB PuUBR suorjexadq

A3oTouyoey
durTeuuny Jo Apnig

JLISH 13®
YOBIL FJO UOTIONIISUOY
Spung VyiWn JOo I9jysuei]

SOTNPON I931TT4 DTUOIFDATY

9DURUDIUIBY LBM
-qng 3uT3lSIXyg 103F SOUITepPINY

ssoding

(SL ‘aepap AI9ATTOQ pue ‘yy ‘juswseasy °Tqesinquiay Jurpniouy)

"SL6T 1e9L TBOSTJ ur 31no
"GL61 1oL TeOSTF urt Popleme 10 paj

0JAHANH
UOTJRIISTUTUPY
PBOITIBY TeIOPa,

UOTIBIJSTUTWPY
PEOXTIBY TBISPS

uotjlepUNO,
92USTOS TRUOTIEN

UOTIBIISTUTWPY
PBOITT®BY TRIOpPO]

UOT3epunoyq

90USTDS TEBUOTIEN

UOTIBRIJSTUTWPY
Aemy31H TRISpOY
*dul ‘odeyll

02STIduBlIg URG
"OUl ‘T83ydeg

10312BI3U0)

(Penutiuo)) /61 dVHA TVDSId NI FAILDVY SLOVYINOD

PSSOID 3dBI1UO) ¥y

12BI3UOD

YOVIN
TIS8-SL

¥ VOSHN
9Z7S.L-VvVd

vOSKHN
{ZSL-vd

¥ VOVIN
vvvL-vd

PO YN
AT

*» YOYRWO
6SvL-Vd

0 v
6CVL-Vd

¥ VOSSN
LYT.-S1L

# VOSKWN
8L0T-D0SL-10a

Isquny

B-8



uelsAg 1tsuea] prdey £311)
MIOL MABN JO JUSWSSISSY ISTON

I

wo3s4£g

1tsuex] prdey Trey o3ed1y)
89Ul JO JULWSSSSSY SSTON STOUITII Jo £
SJUsUaINSBIORN

9STON 31Tsuex] prdey Trey
I0J wWo1sAg jusuwodeurpy BlR(

asodang

STOUTTTI 30 £

SLNVYD

0X MON JO

91N3TISU] DTUYDIS1AT0(g

ITSISATUN

ITISISATU(

991URIY

VINN/10a
0T00-TT-AN-10Q-SN

VInN/1oda
L000-TI-10d-sNn

VIWN/LOAa
L000-TI-10d-SN

Iaquny

*GL6T IeaL TBOSTF UT INO PISO[D IDBIIUO) gy
"§L6T 1894 [BOSTJ UT POPIBME IO PO1BIITUT 1DBIIUO)

qqeqd 1T seTqe) Teulrg

qqeg °7 SOINPOK JI9ITIJ DIUOIIDS[H

qqeg 1 SOTNPOK JI9ITITJ OTUOIIDATH

9do2ds0OTT1TIoSQ

I9TIT0d °( TauUBYD-8 ‘9TGBIUNOK-YOBY

ydea3o01T12S0Q

1911104 °d Tsuueyd-g ‘oTqeIUNOK-YOBY
I03TUOW DS asoding

(SI “x9pxQ AIXoATTSQ pue ‘vy ‘Iusuwssisy
(ponutauo)) S.6T YVAX TVISIA NI

S9JBTIDOSSY UOD-TIJ

*JUl ‘o0dBYLI

*our ‘odeyll

*dUl ‘prnon

*DdUl ‘pInoy

10312BI3UO0)

7 OSHN
6906-S1L

AR7Z411]
8068-SL

YO YINN
L068-SL

YO vIN
T068-SL

* VOVYIWN
6LL8-SL

Iaquny

91qesainquiay Surpniour)

JAILDV SLOVIINOD






APPENDIX C

URBAN RAIL SUPPORTING TECHNOLOGY
DOCUMENTS



URST documents consist of reports, papers, memoranda, and GSP

documents.

The listings contain documents related to the Urban Rail

Supporting Technology Program, including:

Interim Reports and Final Reports
Papers

Newsletters

Preliminary Memoranda (PM) Documents
Ground Systems Programs (GSP) Documents

Documents bearing a DOT or UMTA number may, if appropriate,
be available through the National Technical Information Service
(NTIS) Springfield, Virginia 22161. Other documents are, generally,
internal to the Department of Transportation and, generally, are
not available except by special arrangement with TSC or UMTA. The
listing includes documents that are in preparation and documents
that are forthcoming, some of which will be available through the
NTIS when they are published.

Interim Reports and Final Reports are arranged primarily by

UMTA numbers. A document having more than one number assigned

to it is listed with all numbers and an asterisk (8) is placed
beside the number that appears on the cover of the document. The
NTIS number, if assigned, is listed preceding the name of the TSC
contract monitor or author, as the case may be. Reports in pre-
paration and reports forthcoming are listed by contract number

if applicable.

Reports in preparation reflect current research, planning,
and evaluation work, the reports of which are expected within the
year, depending on the progress made by the related program or

project.

Reports forthcoming are documents expected to be generated
under contract provisions or as a result of DOT grants for study
and research purposes. The issue of forthcoming reports will be
in accordance with the related contract or grant schedule.



Reports produced by a contractor are identified by the letters

CR and the contractor name appears after the title.

The date listed is the date of publication and the type of
document, if not stated, is indicated by the following abbrevia-

tions:

FR Final Report

IR Interim Report

PM Preliminary Memorandum
T™ Technical Memorandum
TR Technical Report

Papers are arranged in groups according to the location of

the initial presentation.
Newsletters are listed in order of the date of publication.

Preliminary Memoranda (PM) Documents are designated as inter-
nal working documents. They are listed according to the assigned
PM number, and the author, title, and date are listed in the same

manner as described for reports.

Ground Systems Programs (GSP) Documents are listed in GSP
number sequence with the title and date of issue. The GSP docu-

ments generally pertain to equipment specifications and require-

ments, or to operating procedures or plans for the implementation
of test and evaluation, or to related information developed under
the Urban Rail Supporting Technology Program within the DOT Trans-

portation Systems Center, Ground Systems Programs Division.



<

ueTd

dd

dd
Nd

g4

hEl

adAL],

SL/Y

vL/TT

v./21

vL/0T

vL/T

v./6

v./6

21B(Q

"IUSUMOOP 9Y3 JO 19402 9Y3 uo sieadde IoquNU STYL,

199-DSL-10d 3d®I13U0) ‘sey8nog
PUB Spen) ‘FJOUILNDOUTIg ‘Suosieq
/8utTeuuny 3tsueaj] prdey punouxs
1308 JO BUTI0ITUOKN UOTIONIISUOY

646T 01 G/6T
SIe9X TBDST{ 10F wexSoxd SutTouuny

uotrejrodsuei], yo jusuwjieds( Io
SjusuwaTy Juswdo[9A9( PUB YIIBISOY
durTouung UOT1BJIISTUTWPY UOTIBIIOd
-SUBL] SSBR UBQIN)-WBISO0IJ IBSL 9AT[

T09-0SL-10d odstoueiy ueg *oul ‘re3yodeg
IT TOA uoIldnijsuo) punoxfxapun
3Tsuei] prdey jJo sTsATBuy wo3sAg

(v0g-Wn) ALiewung
PUJ IB9X ¢/6] IBOX [BISTJ weidouxg
A3oTouyday durjxoddng T11®Yy ueqaq

Apn1s 3107114 VIEW ay3 uo 1xoday
SwelsAs 1Tsuei] prdey ut
1USWRlBQY PUEB 1USUSSOSSY OSTON

£95-0S1-100d 32eI13lUO)

S9TI03BIOQRT SNqUNIO)-oT[93131Bg

FO UTATOW pue [d931sad ‘asneiqg 4£q
fsaan3ionilg yoei] [IBY JO 9JUBWIOFIO]
Pue u8Issg oyl uo Aydeidor1qIg V.

(Aue 3JT1) I03D2BIIUO)/OTIT]

¥) ‘ozzon -p o3lueg
#ST-7.-5200-90-VI-V.INN

UeSTPEN Y
*Z1-¥.-S200-90-VIW-VIKN

“d0 ‘yoieaoy adioay
IT-¥.-SZ00-VW-VIKN

UB3IPEN ‘[ pPlRUOY
Z09 8¢Z-d4d SIIN
¥6-7.-S200-90-VW-VIKN

1eddy ‘9-g -uaqg

2307 ¥ "ag

ITemzany *9-7 -i1qQ

£1T 8¢Z-49d SIIN
¥8-V.-5S200-90-VN-VINN

¥) ‘TTIaMzZInY pIBUODT

LTT 8¢Z-49d SIIN
*L-¥L-SZ00-90-VWN-VINN

S110dey Teulj pue s3x0doy wWTIIOquU]

JOUINY J0 I0ITUOW DSL
(s) "oN 3xo0dey



dd

dd

d4

*IUSUNDOP 9Y} FO ISAO0D

SL/S AJeuung
puy iBOA PL6T 19X [BOST{ wexdord
AdoTouyda] duriroddng [rey ueyIf

SL/T £95-DSL-10Q 3IdeI3UOD IBI]L
UBQIf] UT SI19U9]seJ [TeBY PU®B SIUTOp

TTey Surienyeag JI0F sjuswaitnboy

UOTJIBIUSUNIISU] PUB SISATBRUY B1R(

wols4s
UOT1BIUSWNIISU] IHY0OS ‘IA SUNTOA

S$1s9] 9dusuasjisiul Aousnbaig orpey
pue ‘o8e170A ‘TBINIONIIS ‘A SUNTOA

S1S9L 9STON ‘A] QUNIoA
s1sal A3TTend opry ‘III sunfop
S1S9] 9DUBWIOJISJ ‘] QUNTOA

Areuwung 1S9
pue uotildradssg weifoxg ‘] SUNTOA

SL/T 0D To03lx9p Jursog -3xodey 1ssL TeUTg
‘xe3us) 131se] punoan posdg yStH uoriel
-1odsuea] 3o juswzaedsq 3e 3sel Sur
-199utdug ‘IB) 1Iy-9Yl-JO0-931B1IS ‘HV0S

alreQ (Aue 3FT) 1030BI3UO0)/ST3IT]L

oYl uo sxeadde xsqunu SIYLy

uedtpely "[ PIEUOY
$6-S.-S200-90-VW-VIKN

gD ‘TTeMzINY 1
%8-SL-5200-90-VW-VIHNO

¥9-92-5200-90-VH-VIRWN

#5-9.-5200-90-VR-YVIRNN
#7-94-5200-90-YN-VINQ
¥2-9.4-9200-90-VH-VINAO

#C-5.-5200-90-VY-YINN

*[-5.-9200-90-VIN-YINN

089-DSL-10Q 3d2BI3UO)

d) ‘3eaN o8u109H

sauniop 9 ‘g

NIYI T-92-S200-90-VW-VIWN

10U3ny JI0 I03TUOKW JSIL
(s) *oN 3xodey

(P,3u0)) s3iodey TeUT4 pue s3todoy WIIalujg



a4

dd

g4

Tenuej,

dd

dd

odL]

uorieaedoaag
uf

uotrjeiedaag
uf

uot3leiedaid
ur

vi/L

SL/S

s1e(

"A1B)91095 Y3l JO 9DTFFO 9Y3 WOLF POPUNG x4
"3usuNdop 2yl Fo I9A0D oyl uo saesadde Isqunu STYL

*du]l ‘SATIBRIOQEITO)
8dpraque) €ssInionii§ 3ITSUBIL [TeY
P93BASTH I0F STOPOW UOTIDIPoId 9STON

To319A 3ura0g/(pPasIAsy - $90-d4SH ISL)
Sie) 3TsUBI] TIBY UBQI(
I0J UBTJd 3S9] 9[JIYsA [BJISUY

10119\ BUTS0g/JI931Ud) 3S9] PuUNOIY
peeds ysiy uorzezxodsuea] Jo jusu
-3xedaq 3® s1s9] SutasourSug xtedey
-3sod (DV0S) Ie)-31y-9Yl-3FOo-91e1S

. dBATU[) Axxsdg foToTYSp TTRY
prdey 103y woalsdg uorjtsinboy elR(

SWalsAg 3rsuea] prdey TTeY

103 Tox13uo) utei] dSTjeWOINY pue A10FS 4y

Yv9-0S1-100d 3IdBIIUO)
‘OU] ‘ueuMap pue ‘joueiayg ‘3104
UOTIBIQTA pue 9STON TTeY/T9ayy

(Aue 3T) J03ld®BIJUOD/OT3TL

YD “TITemziny pleUOST
£¥9-0SL-10a

4D ‘aeoN 981099
08S-D2SL-Lod

4D ‘1edN 9281099
085-0SL-lod

YD ‘1eTirog Ined
19$-2S1-10d

ueBWSSNG preUO] 'Y *I(
PNBYDTqOY °H'Y

°Tqeuy °N "IQ

EITI9T10D "K'V "aq
qeimed 0y
¥xV-¥.-1S0-2S1-10a

4D “z307 31990y
ssunjoa 7 ‘,I11- pue
¥0T-S.-S200-90-VH-V.IWN

(P,3u0)) s3rodey TeUTd pue sjiodey WIIeJUJ

10U3ny JI0 IO03TUOW DSIL
(s) "oN 31o0dey



TBOUBK

dd

a4

d4d

dd

g4

d4d

d4d

Tenuepy

dL

SL/Y
uotjexiedsig
ur

uotleiedaag
ur

3utwooyliog

uotjleredaid
ul

uTtwooylio4g

uoT3leiedsiyg
ur

uotleiedoag
ufr

Sutwooylaog

uotrjeirdoig
ur

a1e(Q

*SQBT I91X9([ Pu®B A9TIeBg ¢(I00L 3IUSU
-9INSBOW [9A9TSS0I) pue 93BH PROITIBY

*07) To3l1sp Sursog ‘Apnig
UOT3BI]QIA PU®B SSION [IBY UBQIf

sien adri01g
A81sug uo s3sa] Surassurduyg

"dul ‘YDSTIPTY
pue £oTeH/SSsed01d Jurlfouunj 3TSUeI]
ptdey ueqip Syl UT UOTILZITII( YONNW

*our ‘aedg "ML ‘4Apnis
1s0) wailsAg 3tTsuea] prdey [TBY

"OUl ‘SMOYIBW ‘Y 'Vy/SsSed0id
Surieuun] 3Tsuex] prdey ueqan 9yl
utr 3oedw] T[eBIUSWUOITAUY PuUB A39JEBS

TO1I9A
Sutoog/110doy ssourylIOMysei) JHVOS

-dioy uedsTe) Aq “SSID2TIYSA TI®BY
ueqify SUTISIXJ FO SSOUIYIIOMYSEI)
JO juduwssassy 10 weaSoxg Surtissutdug

si98BUBy PUB SIQUUBIJ UBQIf) I0J 8pIng
Y - S9T3TTTIde 1Tsuex] prdey 103
UOT3IONIISUO0) PuUnoIFiapun SUTIOITUOK

se13noQg pue
apen) ‘JFFoyasdurag ‘suosaed/3zrodoy
U0T12939(Q 9I2B1SqQ 92BJjInsqng

(Aue FT) 1031DBIJUOD/STITL

4D ‘4qeq T19MOT
$Z6-0SL-10d

¥ ‘1esdy ‘9-g
0S8 -3S1L-10a

D ‘3eaN aduaoody
8¢8-0SL-10d

YD ‘I9TuInes plelIan
9¢8-0SL-10d

¥) ‘rudinyg Cf
808-0SL-10d

gD fozzo9y [ olUBS
¢08-0SL-Lod

Yy ‘euliny 4
I6L-0S1L-10d

d0 ‘qeey 'y -ad
189-D0SL-10a

D ‘znls maapuy
199-0S1-100

4D €f0zzo09 °[ OIUEBS
$59-DS1-10d

(p,1uo)) sizodsy Teurd pue sixodoy WTJIa3U]

Ioyiny 1o IOJTUOW JSL
(s) oN 1x0doay

Cc-7



Tenuey

od4L

Sutwosyjlioyg

Sutwooyilroyg

dutwooyjzaoyg

Sutwooyjaoyg

dutwooyjlioyg

Sutwooylaog

Sutwooyzaoyg

uotjeaedoayg
ur

91e(

(993UBIH) STOUTITTI JO AITSILATU(
SIULUWSINSEIN 9STON ITSsuelr] prdey
TTey 10 wolsAs juowsSeuep BIRQ

(993UBIY) STOUTITTII JO AITSISATU(
Wo3lsAg 1Tsuel] prdey Trey o3ed1Iyn oyl
FO JULWSSSSSY UOTIBIQIA PUB OSTON

"0) PuB JI3Y3lB) MNOT 9 ‘OSTON WISAg
ITey Ueqi FO TOIJUO) 10F SPOYISN
JO S1S0) pUEB 9DUBRWIOJISJ 9DTAISG-UJ

peierodiodul ‘Tolydeg
SdUBUdJUTRBY WalsAS Lemqng

Auedwo) ToO3x0)
8utsog 1s3ue) 3s9] uoTielaodsuedp
uorjelrodsuei] jo juswiiedsq o3
3® AYTS UO S3S9] 9[DTYs [BISUSDY

Auedwo) pue 1eyzey mnoq oQ UoTl
-dNI3suo) pue u3rse(Q uoTiels LeMQnNg

pajeiodaodug

€S931BTID0SSY 1qy "UOT3IONIISUOY) Tauung
uotielrodsuel] UBQJI[ YITM PSIBIDOSSY
$128334 9AT3dNISTQ JO JUBWSSISSY

‘oUl ‘unie(
‘1xodsuea] sde] @3139sse) Teng

(Aue 711T) I031D2BIJUOD/QTIT]

(3uexy 10a)
£L000-TI-100-SN

(3uexy 10Q)
L000-TI-10d-sn

D €2307 310qoy
€S0T-2SL-10a

YD) “19Tulneg pleiay
0L0T-DOSL-10d

D ‘1esN 98ao9y
¢901-2SL-1oa

¥y €0zz0Y O3ueg
LZ0T-0S1-10a

YD ‘IaTuines prelsy
8T0T-JSL-10d

40 ‘19TatTOg TuERd
T46-0SL-10d

(P.3uo0)) sixodsy Teurg Pue sirodsy wWIIojuj

10(yiny JI0 JIO03TUORW 9DSI
(s) *oN 2xodoy

C-8



SL/S

SL/T

A9I193UONK
$.6T ©2US19JUO0)
IBUOTTISY YIysiy

x0g

dutwooylio]

odL], 31B(Q

1STT Juswnooq

A3ot1ouyde] Surisoddng TIeyY uevqa) Z-S/. ‘¢ IsqunpN
8uT31sal 3Iy-9Yyl-Jo-91e1lg I-5. ‘gz Xaqunpy
S191319TSMaN
jBaN "9 SWo3sAg 1ISuUBI] JIBY UBQI[ XOF
b 3108uUdp g "ad SUY3ITI08TY JUSWRINSBIR NOBIL]
Kq pexedeig Iaded Jo OT3TL
siadeq
NIOX MAON JO 93N31TISUT DIUYDIS1ILTOd 2307 119490y
wa3sAg 3tTsuerl prdey £3T) YL0R (3uexn 10a)
MIN JO JUSUWSSSSSY UOTIBIQTA PUB SSTON 0TO00-TT-AN-LOO-SN
(Aue FT) JI031D5BIJUO)D/STITL ioy3iny I0 IOJITUOW DSIL

(s) -oN 3a1oday

(p,1uo)) szaodoy TeUTH PUB S3J0doy WTISIUL

C-9






