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Preface_

This bibliography of abstracts of technical reports of the Of-
fice of Research and Development of the Federal Railroad
Administration contains only citations that were stored in
the data base of the Railroad Research Information Service .
in February 1981. This means that a number of FRA/ORD
reports for 1980 and, in some cases, reports from prior years
that early in 1981 had not been issued by FRA or had not
been received by RRIS are not included. Additional refer-
ences for the 1974-1980 period are added to the magnetic
tape file of RRIS as they become available and may be re-
trieved upon request to complete a user’s references.

RRIS was developed within the National Research Coun-
cil under coniract to the Federal Railroad Administration,
U.S. Department of Transportation. The RRIS computerized
data system incorporates information on planning, building,
maintaining, operating, managing, and regulating rail trans-
portation systems. RRIS citations are from a wide spectrum
of domestic and foreign sources, covering also heavy and light
rail transit systems and various advanced guided ground trans-
port systems. The concepts and procedures of RRIS are
similar to those of other transportation research information
services within the National Research Council—the Highway
Research Information Service (HRIS) and the Maritime Re-
search Information Service (MRIS).

In addition to acquisition and selection, RRIS tasks include
classification, indexing, storage, retrieval, and dissemination
of abstracts. Although none are included in this publication,
summaries of ongoing rail-related research projects in the
United States and Canada, including those of FRA’s Office
of Research and Development, are also acquired and pro-
cessed by RRIS and appear regularly in its semiannual Rail-
road Research Bulletin. Each bulletin contains abstracts
added to the RRIS file during the preceding six months, as
well as the latest updating of the ongoing project summaries.
The Bulletin is available by subscription from RRIS.

This publication is arranged in two sections—Abstracts
and Index. The material in the Abstracts section is arranged
by RRIS subject areas; because of the nature of reports in-
cluded, some of the 26 categories into which RRIS citations
may be divided are not represented. The subject area num-
ber and subject area designation are listed in the Contents
and appear at the top of each page of the Abstracts section.

This Index is divided into two sections—Author/Investi-

»gator Index and Subject Term Index. The regular Railroad

Research Bulletin has an additional index that is not included
here because of the nature of the material. Both authors
and subject terms are listed alphabetically, followed then by
the document record number, which consists of the two-
digit subject-area number and the six-digit TRIS accession
number that then identifies the individual document under
that subject area. Though the Subject Term Index in this
publication does give a general idea of the scope of the
RRIS classification system, there are many other index terms
that do not appear in this publication.®

The RRIS file, maintained on magnetic tape, is available
for computer-generated literature searches in response to
specific inquiries. The key to searching is RRIS categories
and appropriate subject terms, although other data fields
such as author, country of origin of the document, and date
of publication may also be included as search parameters.
Qutput of such searches may include abstracts of articles
and reports, descriptions of computer programs, and sum-
maries of ongoing research. The output is a computer-
printed listing similar in format to citations that appear in
this publication.

The fee schedule for RRIS file searches reflects the pri-
mary support from the Federal Railroad Administration and
the nonprofit nature of all Transportation Research Board
information services.

Additional information may be obtained from RRIS.



Example of a Research Report Abstract

Abstracts are classified according to an eight-digit document
record number: The first two digits indicate the RRIS sub-
ject area and the last six digits indicate the TRIS accession
number, a unique number assigned to each document. The
subject area number and the subject area designation appear

Document record number

TRIS accession number

at the tops of the pages. The document record number ap-
pears at the top of each abstract. Abstracts within each
subject area are listed in ascending order of accession num-
bers, although these generally will not be consecutive.

Subject area number

Title

Report abstract

Supplementary notes

Authors

Performing, sponsoring organizations

FRA report number, data
Activity data

Source of abstract

Availability

01 192246
AN EVALUATION OF PERFORMANCE REQUIREMENTS FOR
CROSS TIES AND FASTENERS
This report was prepared as part of the Improved Track Structures Research
Program managed by the Transportation Systems Center. This program is
sponsored by the Office of Rail Safety Research, Improved Track Structures
Research Division, of the Federal Railroad Administration. The report
evaluates the technical basis for current tie and fastener specifications.
Particular emphasis was placed on correlating track load data and service
failure modes with tie/fastener strength requirements. This required a
detailed review of the failure history and laboratory tests for the early,
intermediate and new concrete tie designs used in several North American
test installations. Limitations of current specifications are identified and
specific modifications are recommended. A brief review of the development
and performance of reconstituted timber ties and steel ties is also included.
Prepared in cooperation with Bechtel, Inc., San Francisco, CA. See also
PB-279 316.

Prause, RH Kennedy, JC Arnlund, RC

Battelle Columbus Laboratories, Bechtel Corporation, Transportation
Systems Center, Federal Railroad Administration Intrm Rpt. FRA-
{ORD-78/37, Dec. 1978, 125 p.

Contract DOT-TSC-1044

ACKNOWLEDGMENT: NTIS
ORDER FrOM: NTIS
PB-294431/2ST, DOTL NTIS
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Washington, DC, availability
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Springfield, VA 22161
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PP- Pages
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Phot Photograph(s)

Ref Reference(s)

Repr PC Reproduced paper copy of original document
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Tab Table(s)
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Abstracts of Reports

00 071760
RESEARCH TO IMPROVE TUNNEL SUPPORT SYSTEMS
Studies are described that were directed toward improving the design of
certain types of tunnel support systems. Studies to predict the interaction of
a circular liner with the medium performed with a linear finite element
computer program and a closed form solution are described. Two construc-
tion techniques that give different interaction solutions and thus different
liner loadings were simulated. Results are presented in the form of
dimensionless plots from which moment, thrust, shear and deformation can
be predicted. Steel-fiber-reinforced regulated-set-cement concrete has been
proposed for use in a slipformed tunnel liner system. Mix design, pumping
characteristics and mechanical properties of this material are described.
Also, test results for two specimens which represent a portion of the
slipformed liner are presented. Behavior of the liner and resisting mechanism
was found to be highly nonlinear and to have a great deal of reserve strength
beyond the linear range. Eleven large-scale tests which simulate steel
horseshoe sets in rock tunnels are described and the effects of connection
characteristics, blocking stiffness, load distribution and load inclination on
the set behavior are discussed. Both the concrete liners and the steel sets that
were tested, were simulated by a linear (STRUDL) and a nonlinear analysis
(NASTRAN) and the results compared with those obtained from the tests.
This study was sponsored by and prepared for the Federal Railroad
Administration, DOT.

Paul, SL Gaylord, EH Hendron, AY Kesler, CE Mohraz, B Peck,
RB

Illinois University, Urbana, (UILU-ENG-74-2016)  Final Rpt.
FRA-ORD/D-74-51, June 1974, 235 pp, Figs., Tabs., 1 App.

Contract DOT-FR-30022

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS, Repr. PC, Microfiche
PB-235762, DOTL NTIS

00 071935

THE EFFECT OF TIME-DEPENDENT PROPERTIES OF
ALTERED ROCK ON TUNNEL SUPPORT REQUIREMENTS
Squeezing ground conditions in hard-rock tunneling are associated with
fault zones containing brecciated rock and gouge. The time-dependent
nature of the deformation and support loads in squeezing ground conditions
suggest that the creep behavior of fault gouge is the significant engineering
property controlling the in situ behavior. An experimental and analytical
study is presented that deals with soil creep and its application to the
prediction of tunnel support requirements in squeezing ground. Support
requirements given by the theoretical analysis are compared to numerous
case histories obtained from the published literature. Finally, specific
consideration is given to squeezing conditions at Straight Creek and Pacheco
tunnels. The analysis provides a method for estimating steel support
requirements for tunnels at different depths and in various squeezing ground
conditions. (Modified author abstract)

Semple, RM  Hendron, A} Mesri, G
Illinois University, Urbana, (UILU-ENG-73-2023)
FRA-ORD/D-74-30, Dec. 1973, 226 pp

Final Rpt.

Contract DOT-FR-30022.

ACKNOWLEDGMENT: FRA
ORrDER FroM: NTIS, Repr. PC, Microfiche
PB-230207/1, DOTL NTIS

00 071938

TESTING AND EVALUATING OF PROTOTYPE TUNNEL
SUPPORT SYSTEMS

The report- presents the results of engineering studies related to the
development of new and improved tunnel support systems. Steel fiber
reinforced regulated-set concrete has been proposed for use as a slipformed
concrete lining which can be placed immediately behind a tunnel boring
machine. Mix design studies and field pumping tests for this new concrete
are described. The results of a cooperative research effort carried out with
the U.S. Bureau of Reclamation on precast polymer concrete segmented
tunnel support systems include an evaluation of the structural aspects of the
system, an analysis of potential heat and fire hazards, and an evaluation of .
the cost of the promising new support system. (Modified author abstract)

Parker, HW Deere, DU Peck, RB Birkemoe, PC Semple, RM
Illinois University, Urbana, (UILU-ENG-73-20 13) Final Rpt.
FRA-ORD/D-74-11, Aug. 1973, 338 pp

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS, Repr. PC, Microfiche
PB-231912/7, DOTL NTIS

00 080782
CONCRETE FOR TUNNEL LINERS: EVALUATION OF FIBER
REINFORCED QUICK SETTING CONCRETE
This study was undertaken to determine the behavior of steel fiber
reinforced, quick setting cement concretes and provide information on this
material needed for its application in tunnel liners. Strength-time and creep
behavior are evaluated for specific mix designs. The creep behavior does not
appear to be substantially different than for plain concrete. Interaction
diagrams are presented for concretes made with Duracal cement and fiber
contents of 0.9, 1.2 and 1.5 percent by volume. Various failure modes were
obtained depending on the initial relative eccentricity of load. Tensile
stress-strain relationships are analytically obtained from flexural test data.
These relationships make possible a post-crack analysis of a fiber reinforced
concrete structure. Fiber content, fiber orientation, and type of cement have
little effect on Poisson’s ratio but do influence the modulus of elasticity and
the strength. Durability of these concretes. is examined through study of
permeability, leaching, volume stability, disturbance of young concrete,
effects of high temperature environments and sulfate resistance. Pumping of
fibrous concrete is investigated through laboratory testing. The presence of
fibrous reinforcement significantly increases the volume of voids making the
aggregate gradation and cement paste content critical parameters in
designing pumpable mixes.

This document was prepared for the Federal Railroad Administration,
DOT.

Halvorsen, GT Herring, KS Keske, WG Ounanian, DW Spalding,
AV ' Kesler, CE

Illinois University, Urbana, (UILU-ENG-74-2024)
FRA-ORDD-75-3, Aug. 1974, 104 pp

Contract DOT-FR-30022

Final Rpt.

ACKNOWLEDGMENT: FRA .
ORDER FroM: NTIS, Repr. PC, Microfiche
PB-236995, DOTL NTIS

00 082900

CONCRETE FOR TUNNEL LINERS: BEHAVIOR OF STEEL
FIBER REINFORCED CONCRETE UNDER COMBINED LOADS
This study was undertaken to determine the behavior of a steel fiber
reinforced concrete member subjected to combined compressive and flexural

1
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loads. In addition, information was obtained on the tensile stress-strain
relationship, the modulus of elasticity in compression, and Poisson’s ratio.
Interaction diagrams are presented for concretes made with two quick
setting cements and fiber contents of 0.9, 1.2 and 1.5 percent by volume.
Compressive failures, tensile failure, and simultaneous compressive-tensile
failures were obtained depending on the moment to axial load ratio. A
method is presented for determining the tensile stress- strain relationship for
a length of beam immediately surrounding a crack. This tensile stress-strain
relationship makes possible a computerized post-crack analysis of fiber
reinforced concrete structures. Fiber content, fiber orientation, and type of
cement appear to have little affect on Poisson’s ratio but do influence the
modulus of elasticity and the strength.

Herring, KS Laws, JW Kesler, CE Paul, SL Robinson, AR
Illinois University, Urbana, (UILU-ENG-74-2025) Final Rpt.
FRA-ORDD 75-7, Aug. 1974, 80 pp, 23 Fig., 9 Tab., 10 Ref.

Contract DOT-FR-30022

ORDER FroM: NTIS, Repr. PC, Microfiche
PB-236276, DOTL NTIS

00 094036

SHOTCRETE PRACTICE IN UNDERGROUND CONSTRUCTION
This report describes the use and procedures for placement of wet-and
dry-mix shotcrete in underground rock excavations. Its purpose is to serve
as a guide for designers and contractors in selecting, preparing and applying
shotcrete of acceptable quality in the variety of ground conditions
encountered in underground work. The contents of this report include design
considerations, engineering properties, shotcrete equipment, application
techniques and quality control. Specifications for shotcrete are treated as
well. The appendices provide supplemental information dealing with the use
and engineering properties of fiber and regulated-set cement shotcrete,
capabilities and specifications of shotcrete machines and some recommended
guidelines for placing shotcrete underground

Mahar, JW Parker, HW Wauellner, wWW
- Ilinois University, Urbana, Federal Railroad Administration = Final Rpt.
UILU-ENG-75-2018, FRA/ORD-75/90, Aug. 1975, 501 pp

Contract DOT-FR-30022

ACKNOWLEDGMENT: NTIS
ORDER FrROM: NTIS, Repr. PC, Microfiche
PB-248765/0ST, DOTL NTIS

00 095710

TUNNEL DESIGN CONSIDERATIONS: ANALYSIS OF
MEDIUM-SUPPORT INTERACTION

Practical aspects of the application of analytical techniques to geotechnical
problems are reviewed with emphasis on medium-support interaction
problems in underground structures. It is recognized that the analysis should
be carried out in several stages, reflecting the initial state of stress in the
medium, the construction process and the period of operation. A finite
element program called GEOSYS that is capable of performing this type of
analysis is described. The capabilities and the limitations of this and other
current analytical techniques in regard to the multi-stage analysis are
discussed. The results from a series of two-dimensional, plane-strain, finite
element analyses of medium-liner interaction for a circular tunnel are
presented. Three types of medium properties are considered, namely, linearly
elastic, elasto-plastic and time-dependent. Also considered in these analyses
is a simple sequence of excavation and liner placement. A comparative study
of the effect of the material properties on the liner forces is made.

Ghaboussi, J Ranken, RE

Illinois University, Urbana, (UILU-ENG 74-2032)
FRA-ORD&D 75-24, Nov. 1974, 84 pp

Contract DOT-FR-30022

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS, Repr. PC, Microfiche
PB-240216/2SL, DOTL NTIS

Final Rpt.

00 098072

INFLUENCE OF TESTING CONDITIONS ON CREEP
BEHAVIOR OF CLAY

The excavation of an underground opening produces changes in the state of
stress which cause deformations composed of both time-dependent and
time-independent components. In some soils and rocks the time-dependent
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component of deformation is large. Internal structural supports are provided
to limit the creep displacements, resulting in an increase in the radial stresses
acting on the supports. The increase depends on the creep propensity of the
soil or rock. A creep testing system (CTS) is developed to simultaneously
perform four consolidated-undrained triaxial creep tests on cylindrical
specimens. The CTS consists of: triaxial cells; lever-arm loading mecha-
nisms; cell pressure-control panel board; temperature-control water baths;
load, pore pressure and deformation measuring devices; and data logger
system. The testing program consists of a series of twenty five step-type creep
tests which were performed on samples of kaolinite and slaked Cucaracha
clay-shale. The influence of testing conditions, such as loading procedure,
magnitude of consolidation pressure, overconsolidation and secondary
compression, on the creep behavior of clays was investigated.
This was sponsored by Federal Railroad Administration, DOT.

Febres-Cordero, E  Mesri, G

Illinois  University, Urbana, Federal Railroad Administration,
(UILU-ENG-74-2031)  Final Rpt. FRA-ORD&D-75-29, Nov. 1974, 232
pp, Figs., Refs., 3 App.

Contract DOT-FR-30022

ACKNOWLEDGMENT: FRA, NTIS
ORDER FrOM: NTIS, Repr. PC, Microfiche
PB-243067/6ST, DOTL NTIS

00 127843
CONCRETE FOR TUNNEL LINERS: BEHAVIOR OF FIBER
REINFORCED QUICK SETTING CEMENT CONCRETE
This study was undertaken to determine the behavior of steel fiber
reinforced, quick-setting cement concrete and provide information on these
materials for application in tunnel liners. The use of expansive cement,
special fiber geometries, fiber orientation by vibration and postcracking
behavior in compression as related to tunnels are briefly discussed. A
Catalog of Standard Mixes for tunnel liner concretes in introduced. Strength,
handling time and elastic properties are reported for pumpable mix designs
with 3/8-in. (10-mm) maximum-sized aggregate with regulated-set cement
and 0.9, 1.2 and 1.5 volume percent steel fiber reinforcement. Durability
studies show that low void volume, pumpable mix designs are less permeable
than mix designs proportioned by conventional methods. Sulfate resistance
studies indicate that the quick-setting cement concrete studied to date
deteriorates sooner than type 1 cement concrete in a particular sulfate
environment. Regulated-set cement concrete heated to 660 F (350 C) retain
30 to 40 percent of their original strength after cooling. Available research
on corrosion of fiber reinforéed concrete is reported and a research program
is suggested.

This study was sponsored by FRA.

Halvorsen, GT Keske, WG Stout, JA Kesler, CE

Illinois  University, Urbana, Federal Railroad Administration,
(UILU-ENG-75-0008) FRA OR&D 75-87, Aug. 1975, 93 pp, Figs.,
Tabs., Refs.

Contract DOT FR 30022

ACKNOWLEDGMENT: FRA, NTIS
ORDER FroM: NTIS, Repr. PC, Microfiche
PB-248837/7ST, DOTL NTIS

00 127848

CONCRETE FOR TUNNEL LINERS: MIX DESIGN
RECOMMENDATIONS FOR PROTOTYPE EXTRUDED LINER
SYSTEM

Fiber reinforced, quick-setting cement concrete mix designs are suggested
for use in the development of a prototype liner system. These mix designs
can meet the structural and durability requirements of the tunnel liner and
can be placed in a slipform by pumping. The mix designs are governed
mainly by the fact that the mix must be pumpable. Aggregate shape and
gradation are critical. A mix with a high likelihood of pumpability can be
formulated by adherence to a procedure based on prevention of segregation
failure, the most common pumping failure mode of fiber reinforced concrete.
Fiber reinforced concrete mixes proportioned for pumping are of high
strength, by normal standards, because of the paste content necessary for
workability. Conventional pumping equipment is believed adequate for
placing properly designed fiber reinforced concrete mixes if components are
selected to minimize line head losses and minimize remolding of the concrete.
Mixes for a specific field application should be tested for set times,
pumpabll:ty and strength, using field procedurs for batching, mixing, and
placing, prior to actual field use.
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This project was sponsored by FRA.
Halvorsen, GT Kesler, CE Paul, SL
Illinois  University, Urbana, Federal Railroad Administration,
(UILU-ENG-75-2010) Final Rpt. FRA OR&D 75-89, Aug. 1975, 29 pp,
Figs., Tabs., Refs.

Contract DOT FR 30022

ACKNOWLEDGMENT: FRA, NTIS
ORDER From: NTIS, Repr. PC, Microfiche
PB-248637/1ST, DOTL NTIS

00 128496

CONCRETE FOR TUNNEL LINERS: PUMPABLE FIBER
REINFORCED CONCRETE

This study was undertaken to develop a procedure for des1gmng fiber
reinforced concrete mixes that may be delivered by pumping and to provide
information on this method for applications in tunnel liners. The presence
of fibrous reinforcement in the concrete increases the harshness of the mix
and, therefore increases the complexity of pumping problems. However, by
selecting combinations of fine aggregates, coarse aggregates and fibers which
result in a minimum volume of voids and providing a paste content slightly
in excess of the voids, fiber reinforced concretes can be pumped. Mixes with
four different maximum sizes of aggregate were found to be pumpable when
evaluated in the laboratory.

Ounanian, DW Halvorsen, GT Kesler, CE
Illinois University, Urbana, (UILU-ENG-75-2009)
OR&D 75-88, Aug. 1975, 45 pp, Figs., Tabs., 13 Ref.

Contract DOT-FR-30022

ORDER FroM: NTIS, Repr. PC, Microfiche
PB-248636/3ST, DOTL NTIS

Final Rpt. . FRA

00 132974
EFFECT OF HEAVY AXLE LOADS ON BRIDGES
It is estimated there are 3500 miles of bridges on American railroads;
replacement cost is estimated at $10 billion. The problem is not the
spectacular, long-span steel bridges, but the many structures built many
years ago for much lighter loading. As reconstruction is deferred, more speed
and weight restrictions will have to be imposed; modern equipment may
have to be prohibited from many lines. With scarce capital it will be many
years before the frail steel spans of 1880-1900 are replaced. The Cooper E-60
rating permitted by the AAR Mechanical Division does not produce cars
capable of unrestricted operation over the rail network. Timber trestles are
particularly vulnerable to closely spaced axles.

Proceedings of the 12th Annual Railroad Engineering Conference held at
Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Noyszewski, M (Illinois Central Gulf Railroad)
Federal Railroad Administration FRA OR&D 76-243, Oct. 1975, pp
133-138, 9 Fig.

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS
PB-252968/AS, DOTL NTIS, DOTL RP

00 132976
HEAVY AXLE LOADS IN. NATIONAL RAILWAYS OF MEXICO
AND NEED FOR STRENGTHENING OF BRIDGES
National Railways of Mexico has been confronted with many low-capacity
bridges on lines where heavy cars are being, or will be handled. While the
new bridge standard is Cooper E72 rating, those built prior to 1970 range
downward from E60 to E35 on some former narrow-gauge routes. NdeM
has raised the ratings on some bridges since diesel locomotives have replaced
steam with resultant reduced impact loadings. Slow orders are imposed on
certain structures to handle concentrated program of strengthening bridges
where it is reduce impact on bridges and use of neoprene pads under the rail
base for the same reason have been widely applied. A concentrated program
of strengthening bridges where it is economical has been undertaken. Bridges
of low capacity or in bad condition are replaced.

Proceedings of the 12th Annual Railroad Engineering Conference held at
Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Diaz, GR (National Railways of Mexico)
Federal Railroad Administration FRA OR&D 76-243, Oct. 1975, pp
148-154, 29 Fig.

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS .
PB-252968/AS, DOTL NTIS, DOTL RP

00 133298

PROCEEDINGS OF ROADBED STABILIZATION LIME
INJECTION CONFERENCE HELD AT LITTLE ROCK,
ARKANSAS, ON AUGUST 21-22, 1975

Proceedings of Roadbed Stabilization Lime Injection Conference includes
twelve technical papers that were presented at the conference on August 21
and 22, 1975 in Little Rock, Arkansas. The papers document the state of
knowledge and related subjects on lime pressure injection stabilization of
problem railroad subsoils. The related papers are on electro-chemical
stabilization, finite element analysis of roadbeds and nondestructive testing
of roadbed soils. These proceedings are the first to be published on the
subject of lime pressure injection soil stabilization.

Blacklock, JR
Arkansas University, Little Rock, Federal Railroad Administration
FRA/ORD-76-137, Nov. 1975, 267p

Contract DOT-08-40107

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS
PB-251681/3ST, DOTL NTIS

00 136894

SHOTCRETE: STRUCTURAL TESTING OF THIN LINERS

This report presents the results of engineering studies related to the
development of new and improved tunnel support systems. Thin shotcrete
layers were studied to assess their capacity and behavior as temporary tunnel
supports. The design, construction, and operation of a large-scale test facility
simulating a planar tunnel roof with a punching block 2 ft x 2 ft (60.8 cm
x 60.8 cm) are described. Preliminary tests were conducted using thin mortar
layers to assess the performance of the test device and the principal variables
controlling the capacity of the thin liner. Results obtained from these tests
were used in the planning and evaluating of the shotcrete test program. This
report describes the development of the test-device, the equipment, and its
arrangement and the shotcrete used in the model. The capacity of shotcrete
layers for different thickness and strength of shotcrete and shotcrete-rock
bond was determined.

Fernandez-Delgado, G Mabhar, J Cording, E )
Illinois University, Urbana, Federal Railroad Administration Final Rpt.
UILU-ENG-75-2015, FRA/ORD-75/91, Aug. 1975, 220 pp

Contract DOT-FR-30022

ACKNOWLEDGMENT: NTIS
ORDER FrOM: NTIS
PB-252669/7ST, DOTL NTIS

00 136899 .
CONCRETE TUNNEL LINERS: STRUCTURAL TESTING OF
SEGMENTED LINERS
Tests of three circular segmented steel-fiber-reinforced concrete tunnel liners
are described. They were 10 ft outside diameter and loaded with hydraulic
rams in a manner that approximates a ground loading. There were six
segments and a key in each ring and the segments were ribbed to allow
bolting them together. Two tests were on single rings of segments and the
third was on 3 rings bolted together. A series of beams that were designed
to fail in shear and made of steel-fiber-reinforced concrete were tested. The
results are used to develop a means for predicting shear strength of liner
segments subjected to moment and thrust as well as shear. Segment joints
similar to those used in the liner tests were subjected to eccentrically applied
thrust in a testing machine so that thrust and moment were present in
varying combinations at the joint. These joints were also cast of
steel-fiber-reinforced concrete, and methods are presented to calculate their
strength. These methods are then compared with the test results.

See also PB-252 935.

Paul, SL Sinnamon, GK
Illinois University, Urbana, Federal Railroad Administration Final Rpt.
UILU-ENG-75-2013, FRA/ORD-75-93, Aug. 1975, 173 pp

Contract DOT-FR-30022
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00 136906

INVESTIGATION OF STEEL TUNNEL SUPPORTS

A series of 18 steel ribs with 10 ft-radius arches and 7-ft straight legs were
tested to investigate the effect of loading geometry, eccentricity of load, and
various section shapes used for making the ribs. It was found that
symmetrical loading about the rib center line gives higher rib capacity and
that closed section shapes resist eccentrically applied loads much more
effectively. Square structural-tube ribs filled with concrete and one square
structural tube rib with sleeve connections were tested. The practicality of
using ribs made of closed-section telescoping segments is discussed. It is
found that the greatest problem with ribs of this type is the tolerances
required in the manufacture of sections that must slide within one another.
Sleeve connections are evaluated and it is found that tolerances in section
sizes are also a problem in making this type of connector practical. A study
of steel rib behavior with variation of blocking stiffness and connection
stiffness is described, using a computer analysis. These parameters were
constant in the test series described above. Finally, results of the tests on ribs
are compared with the analysis commonly used for design and is found to
predict their behavior with reasonable consistency.

Gaylord, EH Paul, SL Sinnamon, GK
Illinois University, Urbana, Federal Railroad Administration Final Rpt.
UILU-ENG-75-2012, FRA/ORD-75/92, Aug. 1975, 170 pp

Contract DOT-FR-30022

ACKNOWLEDGMENT: NTIS
ORDER FrROM: NTIS
PB-253005/3ST, DOTL NTIS

00 145614
TUNNEL DESIGN CONSIDERATIONS: ANALYSIS OF
STRESSES AND DEFORMATIONS AROUND ADVANCING
TUNNELS
A truly comprehensive analysis of any ground-tunnel liner interaction
problem requires that the three-dimensional nature (geometry, stress and
displacement fields) of the problem be considered. This report describes an
investigation undertaken to study the complex distribution of stresses and
displacements mobilized around and along unlined, partially lined, and
completely lined tunnels being advanced through soils of various
stress-strain behaviors. Circular tunnels with a depth to diameter ratio of five
were considered. The unlined and lined tunnel analyses were divided into
three subgroups on the basis of the simulated stress-strain behavior of the
soil. One series of analyses considered linear-elastic behavior and involved
the consideration of two different elastic modulus values and three different
Poisson’s ratio values. The soil in a second subgroup was assumed to exhibit
elasto-plastic behavior corresponding to a shear strength independent of the
mean stress and the angle of shearing resistance. An additional series of
elasto-plastic analyses considered soil behavior to be a function of both
cohesion and the angle of shearing resistance. The finite element program
GEOSYS was used in this investigation. The excavation and construction
options of this computer program made it possible to simulate, with a
minimum of effort, a tunnel being advanced through an initially stressed
ground mass.

See also PB-240216.

Ranken, RE Ghaboussi, J
Illinois University, Urbana, Federal Railroad Administration Final Rpt.
UILU-ENG-75-2016, FRA/ORD-75-84, Aug. 1975, 164 pp

Contract DOT-FR-30022
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00 151855

EMBANKMENT SUPPORT FOR KANSAS TEST TRACK.
ANALYSIS OF EMBANKMENT INSTRUMENT DATA

Static and dynamic data collected from the embankment instrumentation at
the Kansas Test Track are summarized in this report. The static data
included permanent horizontal and vertical deformation measurements,
moisture contents, and temperatures taken at intervals between the end of
embankment construction in Fall 1971 to the opening of the track for traffic

4

in October 1974. Data were also collected through April 1975 after the track
was opened to traffic. Dynamic instrument response was measured at three
periods between October 1974 and April 1975. The dynamic data include
horizontal and vertical deformations and embankment pressure under traffic
loads. The static and dynamic response and performance of each test section
are analyzed, and the results are summarized.

Dietrich, R} Salley, JR
Shannon ‘and Wilson, Incorporated, Federal Railroad Administration
Final Rpt. FRA/ORD-76/258, Dec. 1976, 126 pp

Contract DOT-FR-54168

ACKNOWLEDGMENT: NTIS
ORDER FrOM: NTIS
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00 158940

STRUCTURAL TESTS OF CAST-IN-PLACE TUNNEL LINERS
Two tests of circular 10-ft. diameter models of cast-in-place tunnel liners are
described. One test specimen was unreinforced and the other was conven-
tionally reinforced with 0.44 percent circumferential deformed bars in the
inner and the outer faces. Loading simulated vertical active ground loads
and lateral passive resistance as the liner deformed. All external forces were
distributed over an 8-in. (203 mm) circumferential distance at 30 deg.
intervals. The purpose of the tests was to study the structural response,
including nonlinear moment redistribution and failure, of a liner with
loading and restraint conditions similar to those encountered in the ground.
Results of these two tests are compared with results of similar tests on
steel-fiber-reinforced specimens. Comparison of the results provide an
indication of the influence of reinforcement and passive force stiffness on
behavior and strength. Linear analyses are used to study the influence of
more realistic distribution of external forces and shear stress between the
liner and medium. :

Paul, SL Sinnamon, GK Ferrera-Boza, R

Illinois University, Urbana, Office of the Secretary of Transportation
Final Rpt. DOT/TST/76T-18, UILU-ENG-76-2027, Aug. 1976, 115 pp,
14 Ref. FRA-ORD-75-94 :

Contract DOT-FR-30022
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00 163228
HANDBOOK FOR RAILROAD TRACK STABILIZATION USING
LIME SLURRY PRESSURE INJECTION
This handbook includes chapters dealing with the technology of line
injection, surface and subsurface soil exploration and laboratory testing,
environmental considerations and safety precautions. In addition, there are
appendices which provides state-of-the-art specifications for lime slurry
injection and laboratory soil testing procedures. A lime slurry section gives
a complete description of the present state-of-the-art of Lime Slurry Pressure
Injection (LSPI). This handbook hopefully will provide the railroad industry
with existing information and guidance in the selection and use of the LSPI
method of roadbed stabilization.

Prepared in cooperation with the Federal Railroad Administration, and
the Transportation Systems Center and with the aid of the Railroad
Industry.

Blacklock, JR Lawson, CH
Graduate Institute of Technology, Federal Railroad Administration
Handbook FRA/ORD-77-30, June 1977, 92 pp

Contract DOT-0S-40107
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00 179119 .
EVALUATION OF RAILROAD LIME SLURRY STABILIZATION
This report describes a multifacted investigation into the application of lime
slurry pressure injection (LSPI) to stabilize and improve railroad roadbeds.
Areas discussed include (1) the current state of lime-injection technology, (2)
soil exploration and testing related to the use of LSPI, (3) costs of roadbed
stabilization by the LSPI method, (4) Environmental aspects of the
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track-roadbed structure. In addition, summaries to two types of ancillary
reports are included: (1) those resulting from case studies of several specific
lime-injection projects and (2) those describing independent research work
involving either the lime-soil combination or finite element analysis of the
track-roadbed structure.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development. Washington, D.C.
Prepared in cooperation with the Federal Railroad Administration and the
Transportation Systems Center with the aid of the Railroad industry.

Blacklock, JR

Graduate Institute of Technology
1978, 178 pp, Figs., Tabs., Refs.
Contract DOT-0S-40107
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00 179120

SUMMARY REPORT-BALLAST AND FOUNDATION
MATERIALS RESEARCH PROGRAM

This report constitutes a summary of the results of the various phases of the
Ballast and Foundation Materials Research Program. Data and information
obtained from the technical literature and that developed in the project are
summarized. Implications of the research data and findings are discussed
and recommendations for further studies are presented. Topics considered
in the program were a) resilient and permanent deformation behavior of

ballast and subgrade materials, b) track support system temperature regime, -

c) lateral stability of ballast, d) structural behaviour of the track support
system (including the development of the Illi-TRACK structural model),
and 3) an economic study of ballast and ballasting practices.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Thompson, MR Hay, WW Tayabji, SD
Illinois University, Urbana  Final Rpt. FRA/ORD-78/10, June 1978, 84
pp; Figs., Tabs., 22 Ref.

Contract DOT-FR-30038
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00 186243

FEASIBILITY STUDY FOR RAILROAD EMBANKMENT
EVALUATION WITH RADAR MEASUREMENTS

A study was conducted to determine the feasibility of using radar
measurements to define railroad embankment subsurface layer thickness and
properties. A computer model was used to calculate radar reflectances as
could be measured over the frequency range of 0.5 to 2.0 GHz at the surface
of five different railroad embankments for which data were available. These
reflectance curves were converted to realistic depth displays as could be
obtained from a realtime analysis of swept-frequency radar data or from a
more conventional narrow-pulse radar system. Comparisons were then made
of the results of the radar system measurements with the physical conditions
of the embankments.

Lundien, JR

Waterways Experiment Station
1978, 47 p. FRA/ORD-79/08.
ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS

Final Rpt.. WES-MP-8-78-10, Aug.

AD-A058387/2ST

00 303667 -
GROUND STABILIZATION: REVIEW OF GROUTING AND
FREEZING TECHNIQUES FOR UNDERGROUND OPENINGS
The ground stabilization techniques of grouting and artificial freezing are
reviewed. General grouting considerations are discussed including selection
of grouts and techniques of injection. Materials for both particulate and
chemical grouts are described along with their influence on ground
properties and advantages and disadvantages. Artificial ground freezing is
discussed in terms of techniques of freezing, strength-deformation and
thermal considerations, and advantages and disadvantages. Selected case
histories which illustrate the application of grouting and freezing to tunnel
and shaft construction are briefly summarized.
Lenzini, PA Bruss, B
Illinois University, Urbana, Federal Railroad Administration Final Rpt.
FRA/ORD-75-95, UILU-ENG-75-2017, Aug. 1975, 87 p.

Contract DOT-FR-30022
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- PB-253142/4SL, DOTL NTIS
00 303669
FABRICATION AND TESTING OF A WATER CANNON FOR
ROCK TUNNELING EXPERIMENTS
A water cannon was fabricated and tested to evaluate its effectiveness in
disintegrating rock for potential application in hard rock tunneling.
Experiments were conducted in the laboratory and in field tests in a
dolomitic limestone mine and in a granitic gneiss quarry. As jet stagnation
pressures were increased in the range from below 100,000 to 650,000 psi (700
to 4500 Mn/sq m), the specific energy for disintegrating rock generally
decreased, except for some evidence of a minimum specific energy for barre
granite at a jet pressure near 400,000 psi (2800 Mn/sq m). The water cannon
tests obtained specific energy values which are competitive with the best
rolling cutter tunneling machines. Results to date indicate that practical
application of water cannons has high potential in rock tunneling.

Cooley, WC

Terraspace, Incorporated, Federal Railroad Administration
FRA/ORD/D-74-38, TR-406-1, Feb. 1974, 92 p.

Contract DOT-FR-20042

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS

Final Rpt.

PB-233006/6, DOTL NTIS
00 308274
POSTMORTEM INVESTIGATION OF THE KANSAS TEST
TRACK, VOLUME 11
The Kansas Test Track (KTT) was comprised of nine different track
systems, which were founded on a designed embankment. The KTT
subgrade experienced premature failure in service, and KTT operations were
terminated in June 1975 after approximately six months of traffic. A
postmortem investigation of the KTT was carried out in 1975 and 1976.
Results of this investigation are presented in two volumes. Summary data,
analyses, conclusions, and recommendations are presented in Volume I.
Volume II is comprised of five appendixes which document the equipment
and procedure used, and data obtained in KTT structures, vibroseismic,
penetrometer, trenching, and instrumentation testing.
Cooper, S8 Greer, HC, 111 Carlson, MM Bush, AJ, 111  Vispi,
MA
Waterways Experiment Station, Federal Railroad Administration = Final
Rpt. FRA/ORD-79/09.11, Feb. 1979, 238 p., Figs., Tabs., 5 App.
Contract DOT-AR-30025

ORDER FroM: NTIS
PB80-138324, DOTL NTIS, DOTL RP
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01 083026
TRACK GEOMETRY MEASUREMENTS AND DATA
PROCESSING DEVELOPMENTS IN THE RAIL RESEARCH
PROGRAM
This report summarizes the FRA-sponsored Rail Research Program and
outlines many of the problems presently encountered by the railroad
industry in providing safe, high-speed transportation; and illustrates the
vital role of cost-effective maintenance planning. This report was originally
presented at the IEEE/ASME Joint Railroad Conference in St. Louis,
Missouri, in April 1973. The FRA Test Cars are described, with emphasis
placed on the ability of the cars to measure all parameters of track geometry
at high speed. Examples are included of the various types of comput-
er-generated reports which are designed specifically for personnel who are
responsible for maintenance planning and operations. The information in
this report is. intended for use by a general audience who desires a
comprehensive nontechnical summary of the operation and application of
the FRA Test Cars, related instrumentation and data processing operations.
This project is sponsored by the Federal Railroad Administration,
Department of Transportation.

From, L .
ENSCO, Incorporated, (DOT-FR-74-27) Tech. Sum. FRA-
ORD&D-75-14, Oct. 1974, 29 pp, 20 Fig.

Contract DOT-FR-20032

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS, Repr. PC, Microfiche
o . PB-239463/AS, DOTL NTIS

01 083027

DEVELOPMENT OF AN INERTIAL PROFILOMEI‘ER

The information in this report covers the design, fabrication and testing of
an inertial profilometer system, developed for use on the FRA Test Cars.
The profilometer is used to measure rail profile at high speeds, relative to
an inertial reference. Design details and analysis of the profilometer are
covered, and comparisons are made between profilometer measurements,
mid-chord measurements, and manual measurements made with stringline
and roll-ordinator devices, to show the relative accuracy of the profilometer
measurements. The inertial profilometer offers several advantages over the
currently-used mid-chord syystem. Accuracy of the profilometer has proven
to be quite good. Operation of the profilometer is not degraded by inclement
weather, and system components are not subject to damage by protruding
objects in close proximity to the rail being measured.

Brandenburg, EL Rudd, TJ

ENSCO, Incorporated, (DOT-FR-74-06)
1974, 45 pp, 23 Fig.

Contract DOT-FR-20032
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FRA-ORD&D-75-15, Nov.

01 091294

ACQUISITION AND USE OF TRACK GEOMETRY DATA IN
MAINTENANCE-OF-WAY PLANNING

The report describes data acquisition by the FRA Measurement Cars and
subsequent use of the collected track geometry data by the Bessemer and
Lake Erie (B and LE) and the Denver and Rio Grande Western (D and
RGW) Railroads. These two railroads, in conjunction with ENSCO, Inc.,
have prepared the report for the Federal Railroad Administration. The
major emphasis of the report is placed on use of the track geometry data by
B and LE and D and RGW for immediate maintenance and maintenance
planning. Also provided are descriptions of data processing reports, system
and measurement repeatability data, and the Track Geometry Measurement
System onboard the FRA Measurement Cars.

The information herein is intended for use by maintenance- of-way
personnel who are concerned with the utilization of track geometry data
collected by track measurement cars and by management personnel who are
involved in maintenance planning. This report was sponsored by the Federal
Railroad Administration.

Bradley, K Price, B Woll, T Burnes, R Gerber, R

ENSCO, Incorporated, Federal Railroad Administration, Bessemer and
Lake Erie Railroad, Denver and Rio Grande Western Railroad,
(DOT-FR-75-1) Tech Rpt. FRA-ORD&D-75-27, Mar. 1975, 130 pp

Contract DOT-FR-20032

6

ACKNOWLEDGMENT: NTIS
ORDER FrRoM: NTIS, Repr. PC, Microfiche
PB-241196/AS, DOTL NTIS

01 095720
TRACK GEOMETRY SURVEY DEVICE FOR LIM RESEARCH
VEHICLE TEST TRACK
A track survey device was designed, built and operated to measure the
geometry of the FRA Linear Induction Motor Test Track at Pueblo,"
Colorado. A laser beam is used for the measurement of profile and
alignment; an electronic level for the measurement of superelevation and
mechanical sensors for both support rail and reaction rail gages. The
measurement is stored in magnetic tape for processing.

Sponsored by the Federal Railroad Administration.

Medecki, H Panunzio, S
General Applied Science Laboratories, Incorporated, (GASL TR-776)
Final Rpt. FRA-ORD & D-74-36, Oct. 1973, 110 pp, Figs., Tabs., Phots.

Contract DOT-FR-10016
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01 096657
DOT TEST TRAIN PROGRAM SYSTEM INSTRUMENTATION
MANUAL-FIFTH EDITION
This manual describes track measurement instrumentation which has been
developed during the reporting period, and covers all instrumentation
currently installed aboard the FRA Test Cars. The major emphasis of this
report deals with the operation and calibration of the Track Geometry
Measurement System installed aboard Test Car T-3. Ancillary systems, and
equipment aboard Test Cars T-1, T-2 and T-4 is also summarized. The
information herein is intended for use by technical personnel who are
involved in the operation of FRA Test Car instrumentation, and- by
engineering and research personnel involved in the application of track
geometry measurement techniques.

This was sponsored by Federal Railroad Administration, US DOT.

Anderson, L Maclntyre, S Kolcyzynski, N
ENSCO, Incorporated, (DOT-FR-74-13) Ann. Rpt. FRA-
ORD&D-7504, Dec. 1973, 140 pp, Figs., Tabs.

Contract DOT-FR-20032

ACKNOWLEDGMENT: FRA, Monthly Catalog of US Government Publica-
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01 098073
FRA TRACK GEOMETRY MEASUREMENT SYSTEM

_VALIDATION REPORT

This report covers an extensive t&stmg program which was conducted to
validate the track geometry measurement system installed aboard the
Department of Transportation Rail Test Cars. The tests were conducted to
establish the accuracy and repeatability of measurements made with the
high-speed electronic measurement system installed aboard the DOT Test
Cars. The validation procedure involved both laboratory and field tests of
the electronic measurement system. Comparisons were made between
manual and high-speed electronic measurements of rail gage, crosslevel,
profile and alignment. Results of these comparisons under various dynamic
conditions, speeds, types of rail and rail loads are included in this report. The
information contained in this report includes considerable detail which is
intended for use by engineering and research personnel who are involved in
the design, development, and validation of rail measuring devices.

This program sponsored by the Federal Railroad Administration, Office
of Research and Development, US DOT.

Yang, TL

ENSCO, Incorporated, Federal Railroad Administration, (DOT-FR-
73-08) Engr. Rpt. FRA-ORD&D-75-05, June 1974, 156 pp, Figs., Tabs.,
3 App.

Contract DOT-FR-20032
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01 128640
TEST TRAIN PROGRAM SIXTH PROGRESS REPORT
This report describes the progress of the Rail Research Program involving
operation of the FRA test cars and the performance of other rail research
_efforts during the period 1 July 1973 10 30 June 1974. Highlights of the work
reported include operation of the FRA test cars to perform track surveys and
other rail research activities; test car upgrading; expansion of the Rail
Research Program; and data management and data analysis tasks which
have been undertaken to benefit railroad technology. The Rail Research
Program primarily involves the operation and instrumentation of the FRA
test cars. This research program is designed to provide high-speed
measurement of railroad track charactetistics, development of comprehen-
sive track measurement techniques, development of special testing instru-
mentation, and data evaluation through analysis and electronic processing.
See also PB-241419.

" Peterson, C Kaufman, WM Yang, TL Corbin, JC
ENSCO, Incorporated, (DOT-FR-74-19) Prog Rpt. FRA-
ORD&D-75-25, June 1974, 124 pp, 36 Fig.
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01129200 . _
A REVIEW OF MEASUREMENT TECHNIQUES,
REQUIREMENTS, AND AVAILABLE DATA ON THE DYNAMIC
COMPLIANCE OF RAILROAD TRACK
The need for increasing train speeds and operating safety while, reducing
track maintenance is responsible for much of the current research on track
structues, vehicle dynamics, and vehicle/track interaction. This report
covers Phase I of a 3-phase program to design and fabricate equipment for
measuring track dynamic characteristics. It is generally recognized that the
available data and measurement techniques for obtaining this type of data
for U.S. track and inadequate. This Phase I report includes a review of
previous measurement techniques, a compilation of available data on track
dynamic characteristics, an evaluation of data requirements, and the
development of concepts for measuring track dynamic compolance.

This project was sponsored by the Federal Railroad Administration,
DOT.

Kaiser, WD Nessler, GL Meacham, HC Prause, RH
Battelle Columbus Laboratories Intrm Rpt. FRA-OR&D-76-70, May
1975, 59 pp, 18 Fig., 4 Tab., 28 Ref., 2 App.
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01 129852

DOT TEST TRAIN PROGRAM SYSTEM INSTRUMENTATION
MANUAL-SIXTH EDITION

This manual describes track measuring instrumentation which has been
developed during the report period and covers all instrumentation currently
installed aboard the FRA test cars. The major emphasis of this report deals
with the operation and calibration of the track geometry measurement
system installed aboard test car T-3. Ancillary systems as well as equipment

aboard test cars T-1, T-2, and T-4 are also summarized. New track

measurement subsystems such as the alignometér, compensated accelerome-
ter, grade, and magnetic gage systems are described briefly in this report.
These systems are scheduled for prototype testing on the FRA test cars
during the coming year, and will be fully documented in subsequent reports.
Sponsorship was from Federal Railroad Administration, U.S. DOT.

ENSCO, Incorporated, (DOT-FR-74-23)  Ann. Rpt. FRA-
ORD&D-75-26, Dec. 1974, 126 pp, 70 Fig.

Contract DOT-FR-20032
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01 131530

TEST TRAIN PROGRAM. SEVENTH PROGRESS REPORT

This report describes the progress of the Rail Engineering and Test Support
Program during the period July 1, 1974 to June 30, 1975. Primary emphasis

of the program was placed on the establishment of a viable operational track
measurement capability. This emphasis resulted from efforts to meet the
requirements of the National Track Inspection Program under implementa-
tion by the FRA’s Office of Safety. Also covered in this report are special
tests performed by the FRA test cars; operational improvements to the test
car track measurement instrumentation; improvements in data-processing
techniques that permit an analysis of track conditions in a more timely and
more efficient manner; and highlights of other efforts performed under the
Rail Engineering and Test Support Program.

Gunn, W

ENSCO, Incorporated, Federal Railroad Administration, (DOT-FR-
75-13) Prog. Rpt. FRA-ORD&D-76-140, June 1975, 140 pp, 28 Fig.,
Tab., 2 App.
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01 132960
TESTING CONCRETE TIES
After commenting on the resons for increased interest in concrete ties in the
U.S., the author describes the feasibility study undertaken by Chessie System
to investigate the technical and economic aspects of such substitution.
Experience elsewhere and the economics of such substitution were first
examined. Laboratory tests were then made of selected ties. Finally three
field tests were made. There was evidence of higher lateral resistance for the
concrete-tie track. The reduced resistance to buckling after tamping is
discussed, and the advantage of ballast compactors must be studied.
Proceedings of the 12th Annual Railroad Engineering Conference held at
Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Reiner, IA (Chessie System) ‘
Federal Railroad Administration FRA OR&D 76-243, Oct. 1975, pp
17-26, 23 Fig., 8 Ref.
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01 132961
TRACK STRUCTURES FOR HEAVY WHEEL LOADS
The load bearing capability of track depends on the combined characteristics
of foundation, superstructure and loads to be carried. Evidence is that loads
imposed by 100-ton cars exceed the load-bearing capacity of much of the
track over which they operate. Track deterioration under heavy loads
appears in the form of loss of surface and line; in conversion of subgrade and
ballast sections into plastic masses that pump mud and water, in wide gauge,
plate cutting, tie splitting and spike-killed ties; in rapid wear, battered rail
ends and in formation of corrugated and shelly rail. After discussing facets
of track design and track deflection, the problems of ballast and subgrade
are examined and the effects of wheel loads are detailed. Ten recommenda-
tions for combatting effects of high wheel loads and two other lines of action
for limiting or accounting in advance for track deterioration are suggested.
Proceedings of the 12th Annual Railroad Engineering Conference held at
Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Hay, WW (Illinois University, Urbana)
Federal Railroad Administration ~FRA OR&D 76-243, Oct. 1975, pp
27-36, 10 Fig., 13 Ref.
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01 132963

EFFECT OF HEAVY AXLE LOADS ON RAIL AND TIES

The Quebec North Shore and Labrador Railway was built in 1953 to handle’
iron ore from mines 350 miles north of the St. Lawrence River. Trains of up
to 280 cars with five locomotive units are operated. This presentation reports

the maintenance experience on track which carries up to 50 million net tons

annually, and has handled almost 700 million gross tons since opening.

Among the findings: line, surface and gauge must be maintained even on

7
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tangent track; corrugated rail develops quickly on grades and curves and
must be countered promptly; joint bars must be kept tight and rail ends
restored; oilers are all-important on curves.

Proceedings of the 12th Annual Railroad Engineering Conference held at
Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Monaghan, BM (Iron Ore Company of Canada)
Federal Railroad Administration FRA OR&D 76-243, Oct. 1975, pp
45.48, 9 Fig.
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01 132964

WELDING CONTINUOUS RAIL IN-TRACK

Continuous welded rail has usually been fabricated using the electric flash
butt welding process to join 39-foot rails into 1440-foot lengths. These are
_then transported for installation in the field. This entails a major materials
handling problem which could be reduced by making field welds. Such welds
have not met the criteria of quality or cost. A solution developed in the
USSR s a highly portable electric flash butt welder. It adds a new option
for rail welding and is suitable not only for field work but also for in-plant
welding.

Proceedings of the 12th Annual Railroad Engineering Conference held at

Pueblo, Colorado, October 23-24, 1975. The complete volume is RRIS 02
132958,

Hunziker, RA (Holland Company)
Federal Railroad Administration
49-53, 7 Fig.
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01133229

TECHNICAL DATA BASES REPORT. BALLAST AND
FOUNDATION MATERIALS RESEARCH PROGRAM

Literature and other information sources pertaining to properties of granular
materials, ballast and sub-ballast materials, fine-grained soils, and structural
behavior models were reviewed. Presented in this report is a summary of the
current technology relative to the following: (1) procedures for evaluating
ballast and subgrade material properties; (2) factors which influence ballast
and soil material properties; (3) relations between ballast and soil material
properties and track system behavior and performance; (4) applicability of
structural analysis models to predicting behavior of track system; (5)
transfer functions relating track behavior to performance. Based on the
review, it is concluded that ballast and subgrade materials receive inadequate
considerations in analysis and design, more realistic models are available for

structural analysis of track systems, transfer functions relating track

behavior to performance are not available and climatic factors exert a
significant influence on behavior and performance and must be given
appropriate consideration in analysis and design of the track system. -

Robnett, QL Thompson, MR Hay, WW Tayabji, SD Knutson,
RM

Illinois University, Urbana, Federal Railroad Administration Summ.
Rpt. FRA/ORD-76/138, July 1975, 179 pp

Contract DOT-FR-30038

ACKNOWLEDGMENT: NTIS

ORDER FrROM: NTIS
PB-251771/AS, DOTL NTIS

01 133411

LONGITUDINAL FORCES IN RAILROAD TRACK

The work is devoted to the theory of design computations for track subjected
to thermal and creep forces. The theory of longitudinal forces and
displacements arising in continuous welded rail (CWR) track due to
temperature changes is mathematically developed. A description of results
of experimental investigations of the operation of CWR track is given, with
the subsequent determination of parameters and functions which character-
ize the behavior of the track under the influence of temperature changes.
Results of investigations of longitudinal forces in CWR track resulting from

8

moving trains are presented. The work contains an investigation of railroad
track stability. The problem is solved in a nonlinear formulation, under
assumption that the rail is subjected to passive loads without any restrictions
on the dependence of these quantities on the corresponding displacements.
Trans. of mono. Centralny Nauchne-Isslodovatelski Institut Inzhenerov
Zheleznodorozhogo Transporta, n.p. 1967, by M. Yanowitch.

Kogan, AY
Federal Railroad Administration FRA/ORD-76-11, 1967, 218 pp

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS
PB-251657-T/ST, DOTL NTIS

01 133413
EXPERIMENTAL RESEARCH ON FLEXURE DISTORTION AND
STRESS IN RAILROAD SUPERSTRUCTURE
Experimental research on flexure, distortion and stress in railroad track
structures is described herein. Report undertaken with object of comparing
the effect on track of several types of high-speed locomotives for passenger
trains. The improved photographic method used to record movements of
selected points in different parts of the superstructure makes it possible to
measure both flexure distortion and stress at these points with great
precision, while avoiding certain shortcomings found in other familiar
methods. The data presented in this report was developed prior to 1936 and
is offered in a historical context only. Portions of this document are not fully
legible.

Trans. of mono. Annals of the Academy of Technical Sciences, Warsaw,
v4 1937.

Wasiutynski, A
Federal Railroad Administration FRA/ORD-76-10, 1937, 221 pp

ACKNOWLEDGMENT: NTIS
ORDER FrROM: NTIS
PB-251686-T/ST, DOTL NTIS

01 136798
DEVELOPMENTAL TESTS OF CONCRETE TIE AND TIE
FASTENING SYSTEMS
This report covers a series of laboratory investigations into improved
techniques for fastening rails to concrete railroad cross ties. Past experience
with several fastening designs in North America had pointed out certain
areas of deficiency. Several concepts were developed which were intended to
improve this performance. The laboratory experiments were a first step in
testing these concepts. Some of the designs and concepts tested were found
to be ready for field testing while others demanded further development
efforts. The tests included measurements of vertical, longitudinal and lateral
rail restraint, electrical characteristics and stress determinations. The results
are given in tabular and graphical form.

Prepared in cooperation with Baltimore and Ohio Railroad Co.,
Baltimore, Md.

Way, GHJ

Chessie System, Federal Railroad Administration, Baltimore and Ohio
Railroad  Final Rpt. RS-73-106-Phase 1, FRA-ORD/D-76-13, May
1973, 145 pp

Contract DOT-FR-20015

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS

PB-252181/AS, DOTL NTIS

01136799

RAILROAD TRACK TECHNOLOGY IN THE USSR: THE STATE
OF THE ART

Report contains limited assessment of the present state of the art of railroad
track research, construction and maintenance technology in the U.S.S.R. It
synthesizes the observations and opinions of a six-man team of U.S.
railroaders which visited the Soviet Union during a 12-day period in the
summer of 1974, for the purpose of evaluating Soviet railroad track
technology. The major evaluation priority was to isolate aspects of Soviet
technology that would be of value to the U.S. scheme and as identified, the
steps necessary to introduce the concepts or procedures to the U.S.
maintenance of way community. '

Guins, SG
Federal Railroad Administration
1974, 136 pp

Final Rpt. FRA/ORD-76/12, Oct.
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ACKNOWLEDGMENT: NTIS
ORDER FrOM: NTIS
PB-252199/5ST, DOTL NTIS

01 145603
DOT TEST TRAIN PROGRAM SYSTEM INSTRUMENTATION
MANUAL. SEVENTH EDITION
The manual describes track measurement instrumentation which has been
developed during the report period and covers all instrumentation currently
installed aboard the FRA track survey cars. The major emphasis of this
report deals with the operation and calibration of the track geometry
measurement system installéd aboard track survey car T-3. Ancillary
systems as well as equipment aboard track survey car T-1 are also
summarized. The information is intended for use by technical personnel
concerned with the utilization of FRA track survey car instrumentation, and
by engineering and research personnel involved in the application of track
geometry measurement techniques.

See also PB-250776.

Gunn, WW
ENSCO, Incorporated, Federal Railroad Administration
DOT-FR-76-01, FRA-OR&D-76-254, June 1976, 149 pp

Contract DOT-FR-20032

ACKNOWLEDGMENT: NTIS, FRA
ORDER FrOM: NTIS

Ann. Rpt.

PB-258497/7ST, DOTL NTIS, DOTL RP

01 147574
THE EFFECT OF IMPERFECTIONS ON THE VERTICAL
BUCKLING OF RAILROAD TRACKS
This report deals with an analytical prediction of the effect of geometric
imperfections on the post-buckling characteristics of railroad tracks. The
analysis is restricted to the case of vertical track buckling due to constrained
thermal expansion in which the track is assumed to lift itself up over a finite
span. The imperfections are categorized into two cases. Case (A) in which
the region of imperfection is larger than the span of lift-off and Case (B) in
which the imperfection region is smaller than the span of lift-off. It is shown
that while a perfectly straight track does not exhibit bifurcation points from
the undeformed state, the imperfect track does and that the bifurcation
temperature in Case (A) is lower than in Case (B) for the same ratio of
imperfection amplitudes reduces the bifurcation temperatures significantly.
It is found that the bifurcation temperature as well as the safe temperature
increase are higher for heavier tracks.

Research sponsored by the Federal Railway Administration, Office of
Research and Development, under contract to the Transportation Systems
Center, Cambridge, Massachusetts.

El-Aini, YM
Princeton University, (DOT-TSC-FRA-75-17) Intrm Rpt. FRA-
OR&D-76-09, June 1976, 42 pp, 10 Fig,, 1 Tab., 9 Ref., 1 App.

Contract DOT-TSC-900

ACKNOWLEDGMENT: FRA, NTIS
ORDER FrROM: NTIS
PB-259389/5ST, DOTL NTIS

01 148272

DEVELOPMENT OF A STRUCTURAL MODEL AND
MATERIALS EVALUATION PROCEDURES-BALLAST AND
FOUNDATION MATERIALS RESEARCH PROGRAM

An adequate engineering analysis of conventional railway track support
system (CRTSS) requires the consideration of all the major components of
the track support system. Past efforts in this area have not been satisfactory
because of lack of proper material characterization and very simplified
modelling of the CRTSS. An attempt has been made to model the CRTSS
using the finite element method that would allow a determination of the
transient response of the CRTSS by incorporating proper material character-
ization. Because of the complex three-dimensional geometry, the analytical
modelling was divided into two stages; namely, a longitudinal analysis stage
and a transverse analysis stage. Stress dependent material properties of the
- ballast, the subballast, and the subgrade can be used with the finite element
method. The finite element model has been validated using the measured
response at Section 9 of the Kansas Test Track. Good agreement was
obtained between the measured response and that calculated using the finite
element model. The report also describes ballast and subgrade materials

evaluation procedures. The repeated load triaxial testing procedure that has
been selected for evaluating the resilient and permanent deformation
characteristics of ballast and subgrade soil materials is described in detail.

Research sponsored by the Federal Railroad Administration, DOT, and
the Association of American Railroads.

Robnett, QL Thompson, MR Knutson, RM Tayabji, SD
Illinois University, Urbana Final Rpt. FRA-OR&D-76-255, Nov. 1975,
97 pp, 35 Fig., 6 Tab., 57 Ref.

Contract DOT-FR-30038

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS
PB-262987/1ST, DOTL NTIS, DOTL RP

01 148273
TRACK SUPPORT SYSTEMS PARAMETER STUDY-BALLAST
AND FOUNDATION MATERIALS RESEARCH PROGRAM
A finite element structural analysis model for conventional railway track
support systems (CRTSS) has previously been developed. This study
includes parameter studies and sensitivity analyses conducted using the
structural model to establish the effects of various parameters on the

“instantaneous-elastic”” response of CRTSS. The parameters studied are
ballast (type and depth), subballast (type and depth), subgrade support
conditions, rail size, ties (spacing and width), wheel loading, missing ties and
tie type. The parameter study indicates that ballast type and rail size do not
significantly effect “instantaneous-elastic” response of CRTSS, while sub-
ballast (stabilized), subgrade support condition and wheel loading are some
of the major parameters that affect the “instantaneous-elastic’ response of
the CRTSS.

Research sponsored by the Federal Railroad Administration, DOT, and

the Association of American Railroads.

Tayabji, SD Thompson, MR
Illinois University, Urbana Final Rpt. FRA-OR&D-76-256, Mar. 1976,
71 pp, 18 Fig., 14 Tab., 6 Ref.

Contract DOT-FR-30038

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS
PB-263370/9ST, DOTL NTIS, DOTL RP.

01 148274
PROGRAM ILLI-TRACK: A FINITE ELEMENT ANALYSIS OF
CONVENTIONAL RAILWAY SUPPORT SYSTEM. USER’S
MANUAL AND PROGRAM LISTING
A computer program for the finite element analysis of conventional railway
track support systems has been developed. This report details a User’s
Manual and a Program Listing of the computer program.

Research sponsored by the Federal Railroad Administration, DOT, and
the Association of American Railroads.

Tayabji, SD Thompson, MR
Illinois University, Urbana Final Rpt. FRA-OR&D-76-257, Mar. 1976,
101 pp, 7 Fig., 3 Ref.

Contract DOT-FR-30038

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS .
PB-262988/9ST, DOTL NTIS, DOTL RP

01 151837

BALLAST AND FOUNDATION MATERIALS RESEARCH
PROGRAM. PHASE IV. MATERIALS EVALUATION STUDY

This report presents the results of Phase 4-Materials Evaluation Study, of
the Ballast and Foundation Materials Research Program. Empbhasis is on
characterizing the response of the structural support elements (subgrade,
subballast, and ballast) with respect to in service loading conditions.
Properties of the subgrade, the subballast, and the ballast that significantly
influence track structure behavior and performance have been identified.
Part A of the report includes the evaluation of the resilient (elastic) response
and permanent strain response of 7 ballast and subballast materials. Part B
contains plastic strain and degradation results of ballast materials subject
to long term (1 million repetitions) loading. Part C includes the evaluation
of resilient response and permanent strain response of ten subgrade soils.
Thermal regime characterization, including freeze-thaw analysis is presented
in Part D. A comprehensive summary and conclusions are given in Part E.

9
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Knutson, RM Thompson, MR Mullin, T Tayabji, SD

Illinois University, Urbana, Association of American Railroads Technical
Center, Federal Railroad Administration Tech Rpt. FRA-ORD-77/02,
Jan. 1977, 324 pp

Contract DOT-FR-30038

ACKNOWLEDGMENT: NTIS ~

ORDER FroM: NTIS
PB-264215/5S8T, DOTL NTIS

01 153367 )

U.S.-U.S.S.R. TRACK AND RAIL METALLURGY INFORMATION

EXCHANGE

The report covers track research and development activities, rail metallurgy
and the technology of laying welded rail, assembly and disassembly of track
panels and wood tie reclamation. It draws upon the experiences, observa-
tions and discussions of a seven-man team of engineers, researchers, and
metallurgists who visited the Soviet Union during an 11-day period in 1976.
The basic goals were to expand upon the knowledge obtained by previous
delegations and to learn as much as possible for application or modification
to US research and development activities and track maintenance proce-
dures.

The exchange was coordinated by the U.S. DOT’s Office of Policy, Plans
and International Affairs and the Soviet State Committee for Science and
Technology. This report was sponsored by the FRA’s Office of Research and
Development and the USSR Ministry of Railways.

Beck, RF . .
Elgin, Joliet and Eastern Railway Company  Final Rpt. FRA/
ORD-77/19, Mar. 1977, 140 pp, 63 Fig., 2 Tab., 3 App.

Contract P.O. No. 74276

ACKNOWLEDGMENT: FRA, NTIS
OrDER FroM: NTIS
PB-266368/AS, DOTL NTIS, DOTL RP

01 153369 .

THE EFFECTS OF ACCELERATED BALLAST CONSOLIDATION
The effects of accelerated ballast consolidation were tested on main-line
tracks of the Boston and Maine, the Chessie, the Missouri Pacific, the Penn
Central and the Saint Louis and Southwestern, and at three sites on the
Southern. Tests were made before and after traffic, after surfacing and
related track work had been completed, both with and without machine
consolidation of the ballast in the cribs and shoulders. The resistance of
individual ties and panels of track to lateral forces, track settlement under
traffic, and other indicators of track stability were measured. The average
lateral resistance before traffic in sections of track with consolidated ballast
was found to be equivalent to that reached after more than 400,000 tons
(360,000 metric tons) of traffic on track with unconsolidated ballast.
Settlement was found to be less in consolidated ballast, especially at joints.
The differences diminished under traffic but were still evident after many
thousands of tons of traffic. Some of the test results were not conclusive
because of wide variations in local conditions and other factors. However,
the results indicate that accelerated consolidation of ballast will be a valuable
addition to track surfacing work in areas where continuous welded rail has
a high probability of buckling under temperature stress after the ballast has
been disturbed.

Sponsored by the FRA’s Office of Research and Development, U.S. DOT.
Other railroads participating in this work were the Boston and Maine
Corporation, Penn Central Transportation Company, St. Louis and South-
western Railway Company, and the Missouri Pacific Railroad Company.

Cunney, EG May, JT Jones, HN

ENSCO, Incorporated, Southern Railway Company, Chessie System,
(DOT-FR-76-02) Final Rpt. FRA-OR&D-76-274, Mar. 1977, 184 pp,
Figs., Tabs., 12 Ref., 5 App.

Contract DOT-FR-54174

ACKNOWLEDGMENT: FRA, NTIS
ORDER FrOM: NTIS )
PB-266447/AS, DOTL NTIS, DOTL RP
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01 156868
MEASUREMENT PLAN FOR THE CHARACTERIZATION OF
THE LOAD ENVIRONMENT FOR CROSS TIES AND
FASTENERS
This report was prepared as a part of the Improved Track Structures
Research Program sponsored by the Office of Rail Safety Research of the
Federal Railroad Administration. The report is a planning document for a
track measurement program to obtain data on the service loads and
reactions of cross ties and rail fasteners. These data will be used to validate
analytical models for predicting track response and to provide a statistical
description of track loading for design and testing improved cross ties and
fastener assemblies. The report includes criteria for site selection, an
evaluation of measurement parameters, instrumentation and data analysis
techniques, and the development of statistical criteria for planning the
measurement program.

Funded by the FRA/U.S. DOT through the Transportation Systems
Center; the Bechtel Corporation served as subcontractor.

Prause, RH Harrison, HD Arnlund, RC

Battelle Columbus Laboratories, Bechtel Corporation, Transportation
Systems Center, Federal Railroad Administration Intrm Rpt. FRA-
/ORD-77/03, DOT-TSC-FRA-77-9, Apr. 1977, 88 pp, Figs., Tabs., 8 Ref.,
1 App.

Contract DOT-TSC-1044

ACKNOWLEDGMENT: FRA, NTIS
ORDER FrOM: NTIS
PB-271393, DOTL NTIS, DOTL RP

01 157217
TEST TRAIN PROGRAM. EIGHTH PROGRESS REPORT
This report describes the progress of the Rail Engineering and Test Support
Program during the period July 1, 1975 to June 30, 1976. Primary emphasis
of the program was to perform track inspection of heavily traveled mainline
track for the FRA Office of Safety. Also described in this report are special
tests performed for the FRA: improvements to the track measurement car
and instrumentation; improvements and development of off-line data-proc-
essing techniques; development of analysis software for special FRA tests;
and highlights of studies performed in support of the Rail Engineering and
Test Support Program. This report is intended for use by management and
technical personnel who are concerned with accomplishments of the Rail
Engineering and Test Support Program.

Sponsored by the FRA /U.S. DOT, Office of Research and Development.

Peterson, C Gunn, W :
ENSCO, Incorporated, (DOT-FR-76-03) Prog Rpt. FRA-
OR&D-77-25, June 1976, 109 pp

Contract DOT-FR-54174/64113
ACKNOWLEDGMENT: FRA

" ORDER FrOM: NTIS

PB-269938, DOTL NTIS, DOTL RP

01 157596
AN ANALYSIS OF THERMAL TRACK BUCKLING IN THE
LATERAL PLANE
The post-buckling equilibrium states are determined analytically. To obtain
a consistent formulation of the problem, use is made of the principle of
virtual displacements and the variational calculus for variable matching
points. The obtained formulations are nonlinear, but can be solved exactly.
Solutions are presented for four buckled configurations. The results are
presented graphically for a typical railroad track now in use on main lines.
The obtained results are compared with the corresponding results of other
investigators. ‘ ,

Sponsored by the FRA /U.S. DOT, Office of Research and Development;
DOT’s Transportation Systems Center acted as support agency.

Kerr, AD

Princeton University, Federal Railroad Administration, Transportation
Systems Center, (DOT-TSC-FRA-76-77) Intrm Rpt. FRA-ORD-
76-285, Sept. 1976, 70 pp, 12 Fig., 5 Tab., 12 Ref.

Contract DOT-TSC-900

ACKNOWLEDGMENT: FRA, NTIS
ORDER FrOM: NTIS :
PB-267938/9ST, DOTL NTIS, DOTL RP
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01 157702
A BIBLIOGRAPHY ON RAIL TECHNOLOGY .
This rail technology review provides assistance to a number of rail
technology programs initiated by the Transportation Systems Center (TSC)
for the Federal Railroad Administration (FRA). The results of a search and
review in four specific areas in the field of rail technology are presented in
the form of a bibliography with descriptive abstracts, source acknowledg-
ments, and availabilities. The geographic scope of the review was worldwide
with particular emphasis on the literature of the United States, Canada, the
United Kingdom, Western Europe, the Soviet Union, and Japan. The
technical scope of investigations for which abstracts are presented include
such important topics as the nondestructive examination of rails, the
determination of rail stresses and strains and factors affecting them, rail
failure behavior and the analysis of rails-in-service, and the metallurgical
aspects of rail steel and its production. The time period covered by the review
is 1965 through 1975, with particular emphasis on the past five years. Types
of literature covered include: journal articles, conference papers, reports,
textbooks, handbooks, and unpublished papers. Indices for the ldentlﬁcatlon
of the abstracts are provided.

Sponsored by the FRA /U.S. DOT, Office of Research and Development,
through the DOT Transportation Systems Center, under Interagency
agreement with the Defense Supply Agency, Dayton, Ohio 45444,

Chapin, WE King, RD Pestel, HC Breslin, RH

Battelle Columbus Laboratories, Transportation Systems Center,
{(DOT-TSC-FRA-76-28) Final Rpt. FRA/ORD-77/15, May 1977, 538
pps 1526 Ref.

IA RA-75-19

ACKNOWLEDGMENT: FRA, NTIS
ORDER FroM: NTIS
PB-275046/1ST

01 158198

NONDESTRUCTIVE MEASUREMENT OF LONGITUDINAL
RAIL STRESSES )

A study of the effect of applied stress on the wave velocity (acoustoelasticity)
of railroad rail steel has shown that a potentially useful technique exists for
the nondestructive measurement of longitudinal stresses. The detection of
extreme stress levels would contribute toward increased rail safety by
decreasing accidents due to track buckling and weld pull aparts in

continuously welded rail. Velocity variations between various new rails and -

between new and used rails were found to be significant. The overall effect
of this is expected to be minimized by either establishing a base line velocity
profile for rail or by comparing the velocity change of two waves, each
experiencing a different change with applied stress.

Egle, DM Bray, DE :
Oklahoma University Intrm Rpt. FRA/OR&D-76-270, June 1975, 127
pp, Figs., Tabs., 36 Ref., 4 App.

Contract DOT-0S-40091

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS
PB-272061/AS, DOTL NTIS

01 163791

THE REAL WORLD OF TRACK AS RELATED TO SAFETY

The attitude and training of inspectors and track supervisors, along with the

track conditions which they must detect and correct are discussed. The
_experience of the author’s railroad is described.

Presented at the 13th Annual Railroad Engineering Conference, Pueblo,
Colorado, October 12-13, 1976, and included in the Conference Proceedings,
“Railroading Challenges in America’s Third Century--Improved Reliability
and Safety,” sponsored by the FRA’s Office of Research and Development,
U.S. DOT.

Peterson, LA  Gatton, CL (Louisville and Nashville Railroad
Company)

Federal Railroad Administration Conf Paper FRA/ORD-77/13, July
1977, pp 47-51, 16 Fig.

ACKNOWLEDGMENT: FRA'
ORDER FrROM: NTIS
PB-272948/AS, DOTL NTIS

01 163792

THE PRESENT AND FUTURE IN RAIL FLAW DETECTION
Automation of the process of detecting rail flaws so this may be done more
rapidly and accurately has progressed to the stage of preliminary design. In
automating rail inspection, signal processing and data processing hardware,
along with the system’s hardware technology, are already available, offering
the greatest promise for accomodating the high data rates of the multiple
sensor system.

Presented at the 13th Annual Railroad Engineering Conference, Pueblo,
Colorado, October 12-13, 1976, and included in the Conference Proceedings,
“Railroading Challenges in America’s Third Century--Improved Reliability
and Safety,” sponsored by the FRA’s Office of Research and Development,
U.S. DOT.

Kaske, AD Phipps, PL (Sperry Univac Defense Systems)
Federal Railroad Administration Conf Paper FRA/ORD-77/13, July
1977, pp 52-59, 6 Fig., 10 Ref.

ACKNOWLEDGMENT: FRA
ORDER FrROM: NTIS
PB-272948/AS, DOTL NTIS

01 163793

TRACK INSPECTION APPROACHES FOR SAFETY AND
MAINTENACE PLANNING

For several years the Bessemer & Lake Erie has taken part in a study of track
geometry and track degradation. The objectives are development of
quantitative ratings of track quality and utilization of such data for
long-range track maintenance planning. A special car has been instrumented
for the railroad’s own regular use in measuring wheel-rail forces and the
FRA'’s track geometry measurement car is used periodically for added data
collection. The railroad is working toward a system which may be used as
a full-time maintenance planning tool.

Presented at the 13th Annual Railroad Engineering Conference, Pueblo,
Colorado, October 12-13,.1976, and included in the Conference Proceedings,
“Railroading Challenges in America’s Third Century--Improved Reliability
and Safety,” sponsored by the FRA’s Ofﬁce of Research and Development,
U.S. DOT.

Price, BH {Bessemer and Lake Erie Railroad)
Federal Railroad Administration Conf Paper FRA/ORD-77/13, July
1977, pp 60-69, 26 Fig.

ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS
PB-272948/AS, DOTL NTIS

01 167111

ANALYSIS OF KANSAS TEST TRACK BEAM RESPONSE

In the fall of 1975 post-mortem static and dynamic tests were conducted on
a reinforced twin concrete beam section of the Kansas Test Track {(KTT)
near El Dorado, Kansas. These tests were part of an extensive program
undertaken by the Federal Railroad Administration to gain insight into the
mechanisms of the rapid deterioration of that test facility. The data from the
static and dynamic tests were used to validate a dynamic track structure
model of the KTT beam sections. This report presents a summary of the
validation process and the subsequent use of the model as an analytical tool
for parameter studies. These studies assist in the investigation of the nature
of the KTT beam performance, give insight into the behavior of beam and
slab track structures, and provide the technical background for evaluation
of future non-conventional track structure designs.

Anderes, JR

Mitre Corporation, Federal Railroad Administration
MTR-7502, FRA/ORD-77/31, June 1977, 85 pp

Contract DOT-FR-54090

ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS

Final Rpt.

PB-271412/9ST, DOTL NTIS

01 167341

U.S.-U.S.S.R. RAIL INSPECTION INFORMATION EXCHANGE
This trip report describes the results and conclusions of the U.S. delegation
resulting from the U.S.-U.S.S.R. Rail Inspection Information exchange tour
of the Soviet Union, August 24 through September 1, 1975. This information
exchange was conducted under protocol agreements developed in 1974
between the Ministry of Railroads of the U.S.S.R. and the Federal Railroad

11



01 Track and Structures

Administration of the U.S. Department of Transportation. The objective of
this information exchange was to achieve a technical description of Soviet
rail inspection technology and practice and to learn of recent R&D efforts
for nondestructive inspection (NDI) of rail. The pertinent areas included:
contemporary rail NDI systems, planning and scheduling of rail inspection,
inspection of track components other than rail, methods for measurement
of rail stresses, and recent R&D efforts in rail NDI. This report is divided
into five sections: itinerary, description of devices and techniques, applicabil-
ity of Soviet technology to U.S. rail NDI, effectiveness of the information
exchange, and recommendations for future exchanges.

Becker, FL

Battelle Memorial Institute/Pacific Northwest Labs, Transportation
Systems Center, Federal Railroad Administration Final Rpt.
DOT-TSC-FRA-77-6, FRA/ORD/77-35, June 1977, 90 pp

Contract DOT-TSC-979

ACKNOWLEDGMENT: NTIS
ORrDER FrOM: NTIS
PB-272612/3ST

01167377

RAIL INSPECTION SYSTEMS ANALYSIS AND TECHNOLOGY
SURVEY

The study was undertaken to identify existing rail inspection system
capabilities and methods which might be used to improve these capabilities.
Task I was a study to quantify existing inspection parameters and Task II
was a cost effectiveness study to utilize the results of Task I in defining the
total costs incurred in inspecting and replacing rail and in defining the most
cost effective inspection system. Some of the major findings from these
studies were that the practices of stopping for hand check and to mark flaws
and of manually processing all data were the major factors presently limiting
inspection speeds. It was concluded that use of automatic data processing
and elimination of the stops would allow speeds to be increased to about 25
mph (40 kmph) and inspection costs would be reduced by about a factor of
2. It was also concluded that with extensive transducer and carriage
development, speeds up to 50 mph (80 kmph) were feasible and would
further reduce inspection costs from 0 up to a maximum of about 30 percent
depending upon usage. A recommendation was made to develop an
inspection vehicle with an ultimate speed capability of 50 mph (80 kmph)
or higher.

Kaiser, WD Byers, RH Ensminger, D Meacham, HC Flora, JH
Battelle Columbus Laboratories, Federal Railroad Administration,

" Transportation Systems Center  Final Rpt. DOT-TSC-FRA-77-13,
FRA/ORD-77/39, Sept. 1977, 229 pp )

Contract DOT-TSC-979

ACKNOWLEDGMENT: NTIS
OrDER FroM: NTIS
PB-272931/7ST

01 170072

A STUDY OF RAILROAD BALLAST ECONOMICS

This report presents the results of Phase V--Economic Evaluation of the
Ballast and Foundation Materials Research Program. The present “State of
the Art” in the ballast costing area is discussed. The individual ballast costs
are quantified to the extent possible using the data base compiled from the
literature review and from replies to a survey received from 70 U. S. and
Canadian Railroads. A discussion of the differences in ballast performance
is presented. An equation to compute the additional cost justified to place
a ballast of superior stability is formulated. It has been possible to quantify
many of the costs associated with ballasting procedures; however, due to the
wide diversity in operating conditions, procedures, gang organization,
financial conditions and climatic factors, these costs vary greatly from
railroad to railroad since many railroads do not take into account all costs
in their costing exercises. The cost derived in this study can be used as an
input to a general model for ballast selection.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C. by
Ilinois Univ. at Urbana-Champaign, Department of Civil Engineering.
Report on Ballast and Foundation Materials Research Program.

Hay, WW Baugher, R Reinschmidt, AJ

Illinois University, Urbana, Association of American Railroads Technical
Center, Federal Railroad Administration Techn Rpt. FRA/
ORD-77/64, Sept. 1977, 100 pp, Figs., Tabs., 13 Ref., 1 App.
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01 170421
NONDESTRUCTIVE MEASUREMENT OF LONGITUDINAL
RAIL STRESSES: APPLICATION OF THE ACOUSTOELASTIC
EFFECT TO RAIL STRESS MEASUREMENT
An ultrasonic probe has been designed, evaluated and shown capable of
measuring longitudinal stress changes in railroad rails. The probe utilizes the
effect of applied stress on wave velocity (acoustoelastic effect) to determine
the stress change. Both laboratory and field evaluation has shown that the
probe is capable of measuring stress changes with an accuracy of plus or
minus 6.9 MN sq m (plus or minus 1 ksi).

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Egle, DM Bray, DE
Oklahoma University Final Rpt. FRA/ORD-77/34.1, Jan. 1978, 113
pp, 47 Fig., 7 Tab., 27 Ref., 2 App.
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01175999

PARAMETRIC STUDY OF TRACK RESPONSE

This report was prepared as part of the Improved Track Structures Research
Program managed by the Transportation Systems Center. The report
presents results from a parametric study of track response using a
comprehensive track analysis model. Track response parameters include rail
and tie bending moments, rail displacement, tie rail seat load, and the
distribution of stresses in the ballast and subgrade. The effects of variations
in tie size, tie spacing, ballast depth and rail fastener stiffness are presented
in graphs suitable for track design trade-off studies. Alternative wood and
concrete tie track configurations are evaluated using equivalent maintenance
criteria. Maintenance criteria for track surface deterioration were reviewed
to select ballast and subgrade stress parameters which can be related to track
settlement rate for service loads. Formats for cumulative settlement criteria
are evaluated using available laboratory data for the behavior of ballast and
subgrade materials under repéated loads. Track lateral strength require-
ments for wood and concrete tie track are also discussed.

Prause, RH Kennedy, JC

Battelle Columbus Laboratories, Transportation Systems Center, Federal
Railroad Administration Intrm  Rpt. DOT-TSC-FRA-77-75,
FRA-ORD-77-75, Dec. 1977, 118 pp, Figs., Tabs., Refs., 1 App

Contract DOT-TSC-FRA-1044-1

ACKNOWLEDGMENT: NTIS

ORrDER FroM: NTIS
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01 176001
AN ANALYTICAL AND EXPERIMENTAL EVALUATION OF
CONCRETE CROSS TIE AND FASTENER LOADS
This report has been prepared as part of the Improved Track Structures
Research Program sponsored by the Office of Rail Safety Research of the
Federal Railroad Administration. The report covers a review and evaluation
of track analysis models for predicting tie and fastener loads. The principal
track analysis model selected includes the effects of tie bending, ballast
depth, and ballast and subgrade elastic properties in a unified manner. The
report also includes a statistical description of track loads measured for
revenue traffic operating on three sections of concrete tie track on the Florida
East Coast Railway. Measured tie loads are compared to maximum design
loads used in current specifications for concrete ties and fasteners.
Prepared in cooperation with Bechtel, Inc., Gaithersburg, Md. See also
report dated Apr 77, PB-271393.

Prause, RH Harrison, HD Kennedy, JC Arnlund, RC

Battelle Columbus Laboratories, Bechtel, Incorporated, Transportation
Systems Center, Federal Railroad Administration Intrm Rpt. FRA-
/ORD-77/71, Dec. 1977, 356 pp, Figs., Tabs., Refs., 9 App.

Contract DOT-TSC-1044
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ACKNOWLEDGMENT: NTIS
ORDER FroM: NTIS
PB-279368/5ST, DOTL NTIS, DOTL RP

01179118
TRACK STRUCTURE DESIGN USING MATHEMATICAL
MODELS
The objective of the report is to demonstrate the use of mathematical track
structure models in the development of design charts. The models have been
developed in Task 1, Mathematical Modelling, of the Track Structures
Research Program, Contract DOT-FR-30038. The charts should enable the
optimal selection of track components and to evaluate the structural
performance of existing track components in a given loading environment.
The criterion for acceptable track design is that the strength of the track
structure on a fatigue basis not be exceeded and the Minor’s rule is used. The
charts are based on arbitrarily chosen wheel-rail load magnitudes. For
vertical wheel-rail loading, the loading configuration consists of eight wheel
loads and corresponds to that of two adjacent trucks of two coupled 100 ton
(90,720 kg) cars. For lateral wheel-rail loading, a single lateral load applied
to the base of one rail is used.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

So, W
Association of American Railroads Technical Center  Final Rpt. FRA-
/ORD-78/08, June 1978, 64 pp, Figs., 4 Ref. )
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ACKNOWLEDGMENT: FRA
ORDER FroM: NTIS
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01 179262
REFURBISHMENT OF RAILROAD CROSSTIES. A TECHNICAL
AND ECONOMIC ANALYSIS
An analysis of the principal modes of failure for wooden railroad crossties
was conducted and an evaluation of the technical and economic feasibility
of refurbishing these ties was conducted. Among the principal modes of
structural deterioration, only spike-killed tie repair was identified as
practically feasible for in-situ treatment. However, once ties were removed
from track, the feasibility of an in-plant repair of selected ties was found to
be technically feasible for plate-cut and spike-killed ties. Such a repair
operation could result in cost savings of 19-50% over the cost of new tie
insertion, depending on the nature of the process selected and the assumed
salvage value of a “spent” tie. Candidate process plant flow descriptions
have been developed and the initial (capital) costs and annual operating costs
evaluated. Recommendations for process evaluation are included as a
starting point for continued investigations of crosstie reuse.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Loomis, AV Anyos, T

Stanford Research Institute Final Rpt. DOT-TSC-FRA-77-29, FRA- -

{ORD-77/76, Dec. 1977, 132 pp, Figs., Tabs., 5 App.
Contract RA 75-29

ACKNOWLEDGMENT: FRA
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01 182085

AN EXPERIMENTAL EVALUATION OF TECHNIQUES FOR
MEASURING THE DYNAMIC COMPLIANCE OF RAILROAD
TRACK. PHASE 1

This report covers the initial track measurement task of a 3-phase program
to design and fabricate equipment for measuring track dynamic characteris-
tics. The objective of this task was to evaluate techniques for measuring the
dynamic compliance and to identify general trends in the behavior of the
track structure. Some of the results obtained were a high degree of
nonlinearity of vertical track stiffness with vertical preload and a settling
phenomenon of the track structure due to the constant preload and dynamic
excitation. This settling yields a stiffer track structure for a constantly
applied preload as compared to a cyclic preload. The information in this
report is intended for use by research personnel who have an interest in

railroad track performiance as related to vehicle/track interaction and track .

maintenance, and in the measurement of track deflections and dynamic

characteristics for developing track analysis models and evaluating track
structure condition.
See also report for June-December 73, PB-250547.

Nessler, GL Prause, RH Kaiser, WD
Battelle Columbus Laboratories, Federal Railroad Administration  Final
Rpt. FRA/ORD-78/25, July 1978, 141 p.
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01 188676

DESIGN AND ANALYSIS OF A TRACK COMPLIANCE
MEASUREMENT SYSTEM. PHASE II

This report covers the design of a vehicle for measuring the static and
dynamic compliance of railroad track. The static compliance system uses the
rail deflections due to different axle loads to calculate the track compliance.
The static compliance measurements are taken continuously as the vehicle
travels a section of track. The dynamic compliance system utilizes an
electrohydraulic excitation system capable of cyclically applying in-service
wheel loads simulating a passing train and superimposing either pulse,
random, or sinusoidal dynamic excitation on the wheel load to dynamically
excite the track structure. The excitation and resulting response of the system
are analyzed using a digital Fast Fourier Transform program. From these
data, the dynamic characteristics of the track structure can be determined.
The information in this report is intended for use by research personnel who
have an interest in railroad track performance as related to vehicle/track
interaction and track maintenance, and in the measurement of track
deflections and dynamic characteristics for developing track analysis models
and evaluating track structure condition.

" Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Kaiser, WD Meacham, HC Tuten, JM
Battelle Columbus Laboratories Final Rpt. FRA/ORD-78/57, Nov.
1978, 85 p., 12 Fig., 5 Tab., 3 Ref.,, 3 App.

Contract DOT-FR-30051
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01 188679
THERMAL BUCKLING OF STRAIGHT TRACKS:
FUNDAMENTALS, ANALYSES, AND PREVENTIVE MEASURES
This report, written mainly for the practicing railroad engineer, explains the
phenomenon of thermal buckling of straight tracks, shows how to analyze
it, and describes measures for preventing it. Following an introductory
discussion of track buckling problems caused by a temperature increase in
the rails, the report describes the distribution of axial forces in the track rails
caused by temperature changes. It reviews briefly track buckling test results
obtained by a number of railroads. The method of analysis for the
determination of a “safe temperature increase”, recently developed by the
author, is then discussed. To simplify the use of this analysis, the results are
presented graphically for a wide range of track parameters, and the use of
the presented graphs is demonstrated with examples. It is shown how the
graphs may also be used for the determination of the rail installation
temperature. The paper concludes with a description of track tests for
obtaining the needed parameters, and a discussion of measures adopted by
various railroads to prevent thermal track buckling.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Kerr, AD
Princeton University, (77-TR-6) Intrm Rpt. FRA/ORD-78/49,
DOT-TSC-FRA-78-14, Sept. 1978, 58 p., 23 Fig., 2 Tab., 28 Ref., 2 App.

Contract DOT-TSC-1149
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01 188681
EFFECT OF TORSIONAL FASTENER RESISTANCE ON THE
LATERAL RESPONSE OF A RAIL-TIE STRUCTURE
The use of the classical beam bending equations for the analysis of the track
response in the lateral plane is of questionable validity, when the used
fasteners exhibit a noticeable torsional resistance. To remedy this situation,
recently a variety of other track equations were proposed and used. The
purpose of the present study is to establish the effect of fastener resistance
on the lateral response of the rail-tie structure and also to determine whether
a fourth order differential equation, which includes a rotational resistance
term, is sufficiently accurate for describing its lateral response. To achieve
this aim deflection tests were conducted on a rail-tie structure with
adjustable fastener rigidities, then this test-structure was analyzed using a
fourth order equation with and without a rotational resistance term, and
subsequently the analytical and test results were compared. The test results
revealed that with an increasing rotational resistance of the fasteners, the
deviation of the test curves, from the case of zero fastener resistance, also
increases; thus, the beam bending equation is not suitable, in general, for the
analysis of the lateral track response. The comparison of the analytical and
test result showed that the measured deflection shapes of the test structure,
for a variety of fastener rigidities, agree closely with the deflection shapes
obtained using a fourth order differential equation which includes a
rotational resistance term, provided the coefficient of this additional term
contains the effect of the fastener rigidity and the bending rigidity of the
cross-ties.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Kerr, AD
Princeton University, (77-TR-8) Intrm “Rpt. FRA/ORD-78/35,
DOT-TSC-FRA-77, Sept. 1978, 28 p., 10 Fig., 10 Ref., 1 App.
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01 188688
ECONOMICS OF CONCRETE-AND WOOD-TIE TRACK
STRUCTURES
- This report presents results from an evaluation of the economic benefits of
concrete-versus wood-tie track. The analysis includes the life-cycle capital,
maintenance, and renewal costs for concrete-and wood-tie track for four
specific test cases and traffic ranges from 15 to 40 annual million gross tons
(MGT). The sensitivity of the justifiable first cost of concrete ties as a
function of parametric changes in service and maintenance variables has also
been determined. o

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

White, DW Arnlund, RC Prause, RH

Battelle Columbus Laboratories, Bechtel, Incorporated, Transportation
Systems Center, (TSC-744) Intrm Rpt. FRA/ORD-78/30,
DOT-TSC-FRA-78-2, Aug. 1978, 76 p., 3 Fig., 18 Tab., Refs., 4 App.
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01 188689 .

EVALUATION OF IMPROVED TRACK STRUCTURAL
COMPONENTS UNDER SUB-ARCTIC CONDITIONS

One area of concern to railroads in the northern third of the United States
is the effect of frost heave and subsidence on track geometry. The purpose
of this study was to evaluate two methods of improving track geometry and
reducing maintenance in sub-arctic environments. Test track sections were
installed in frost heave areas of the Alaska Railroad. One installation was
designed to evaluate concrete ties with adjustable fastenérs. The other
installation was designed to evaluate the effect of including an elastic
polymer stabilizer in the ballast. The concrete tie adjustable fastener section
performed satisfactorily. Ties withstood bending stresses induced by the
unfavourable frost heaving support conditions. The fasteners provided an
acceptable means of adjusting track during frost heave. Stabilized ballast
effectively reduced track subsidence due to weak foundation support.
However, other problems such as hardening of the binding material and
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migration of the unstabilized ballast layer, made the particular system used
unacceptable at this time.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.

Weber, JW

Portland Cement Association, Alaska Railroad
/ORD-79/01, Jan. 1979, 100 p., Figs., Tabs., 7 App.

Final Rpt. FRA-
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01 188691

FLAW DETECTION IN RAILS

The Physical principles and techniques of magnetic and ultrasonic flaw
detection in rails are given. The intended use, working principles and layout
of various rail flaw detector systems and the procedure for working with
them are described. The methodology of rail inspection, both in the field and
at railwelding facilities is also described. The repair of flaw detection
equipment on the railroads is examined. The book has been approved by the
Chief Administration of Educational Institutions of the MPS (Ministry of
Railroads) as a textbook for rail transportation technical schools and by the
Academic Council of the State Committee of the USSR Council of Ministers
responsible for professional-technological education as a manual for
individual-team instruction production workers. It will be helpful to track
facility workers involved in the inspection of rails.

Prepared for U.S. Department of Transportation, Federal Railroad
Administration, Office of Research and Development, Washington, D.C.
Third Edition (1971), revised and expanded, translated from the Russian by
Robert J. Karriker.

Gurvich, AK :
Oklahoma University FRA/ORD-77/10, Dec. 1978, 578 p., 246 Fig., 19
Tab., 1 App.
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01 192246
AN EVALUATION OF PERFORMANCE REQUIREMENTS FOR
CROSS TIES AND FASTENERS
This report was prepared as part of the Improved Track Structures Research
Program managed by the Transportation Systems Center. This program is
sponsored by the Office of Rail Safety Research, Improved Track Structures
Research Division, of the Federal Railroad Administration. The report
evaluates the technical basis for current tie and fastener specifications.
Particular emphasis was placed on correlating track load data and service
failure modes with tie/fastener strength requirements. This required a
detailed review of the failure history and laboratory tests for the early,
intermediate and new concrete tie designs used in several North American
test installations. Limitations of current specifications are identified and
specific modifications are recommended. A brief review of the development
and performance of reconstituted timber ties and steel ties is also included.
Prepared in cooperation with Bechtel, Inc., San Francisco, CA. See also
PB-279 316. ’

Prause, RH Kennedy, JC Amlund, RC

Battelle Columbus Laboratories, Bechtel Corporation, Transportation
Systems Center, Federal Railroad Administration Intrm Rpt. FRA-
/ORD-78/37, Dec. 1978, 125 p.

Contract DOT-TSC-1044

ACKNOWLEDGMENT: NTIS
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01 194637

MODERN CONCRETE CROSSTIE PRACTICE IN FRANCE AND
MEXICO

(1) Considered briefly is the history of concrete crosstie development in
France. Failure of some crossties in 1973 led to a determination of the failure
modes and a rigorous analysis of the service load limits to be taken into
account. New crosstie designs evolved from this investigation. Technical
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specifications and acceptance tests for crossties fabricated according to the
new design criteria are described. New-concept crossties under current
assessment are also described. (2) The reasons for the adoption of the
concrete crosstie by Ferrocarriles Nationales de Mexico (National Railways
of Mexico) are presented. Details of manufacture and testing of these
crossties are described. Specifications for concrete crossties are presented.
Consideration is given to the performance of crossties and fasteners under
service conditions. Some causes of crosstie failure are identified.

Original reports extracted from La Revue Generale des Chemins de Fer,
February 1976 issue and translated by W.B. O’Sullivan and J.L. Harmsen.

Prud’homme, A Erieau, J Tena Bernal, M Tellez Gutierrez, R
Federal Railroad Administration ~FRA/ORD-79/02, Mar. 1979, 82 p.,
Figs., Tabs.
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01 304666

TRACK RENEWAL SYSTEMS: A SURVEY REPORT

This report presents a survey of track renewal machines and track renewal
systems in Europe and North America. Topics covered include a brief
history of track renewal, traditional North American selective track
maintenance, and each of the major track renewal machine types currently
in use. Emphasis is given to the Canron P-811-based system: P-811
operations are described in detail, including direct observations of the
machines operating in Italy and on the Northeast Corridor. Also included
are reviews of three recent studies of the economics of track renewal systems
for U.S. railroads. The studies used different scenarios and therefore
produced different results. However, each study did forecast a positive rate
of return on the investment required for track renewal systems to replace
selective maintenance methods. The report concludes with a brief account
of each of the seven major issues that affect the economics of track renewal
but that have yet to be studied in detail.

Cataldi, GR Elkaim, DN Larsen, KW
Unified Industries, Incorporated, Federal Railroad Administration  Final
Rpt. FRA/ORD-79/43, July 1979, 27 p.

Contract DOT-FR-8046
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01 304805

WOOD TIE REUSE: A SURVEY REPORT

This report presents a survey of wood tie reuse associated with track renewal
in North America and Europe. Topics covered include the causes of tie
deterioration, the technology of tie repair, and a survey of wood tie reuse
practices in France, Italy, West Germany, Great Britain, the U.S.S.R., and

the United States. Also included is a discussion of the economics of wood -

tie reuse, consisting principally of reviews of the wood tie reuse aspects of
two recent U.S. studies. One study focused on the potential of track renewal
as an alternative to selective maintenance and the other study examined the
technical and economic feasibility of using repaired ties in lieu of new ties
when replacing defective ties. Although these studies are neither wholly
comparable nor comprehensive, they do provide perspective on the potential
costs and benefits of wood tie reuse. All in all, based on these studies and
other information, it appears that the economics of tie reuse is promising and
that used ties have a potential role to play in track maintenance in North
America.

Cataldi, GR Elkaim, DN Larsen, KW Elliott, P
Unified Industries, Incorporated, Féderal Railroad Administration  Final
Rpt. FRA/ORD-79/44, UII-92104-2, Aug. 1979, 25 p.
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01 308270

THE KANSAS TEST TRACK PART I--ANALYSIS OF TEST DATA
This report presents the results of an experimental project to compare the
performance of different track support systems. Data obtained during the
project are summarized, presented, and analyzed. Based on these data,

conclusions are made regarding the performance of the different track
support systems. Details of instruments used for data measurement, their
location in track, test procedures, and test data are presented in Part II of
the report.

Ball, CG Hanson, NW Weber, JW
Portland Cement Association, Federal Railroad Administration  Final
Rpt. FRA/ORD-79/22.1, Nov. 1979, 132 p., 49 Fig., 35 Tab., 10 Ref.
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01 308271

THE KANSAS TEST TRACK PART II--APPENDICES

This report presents data obtained from an experimental project to compare
the performance of different track support systems. Also, it describes
instruments used for data measurement, their location in track, and test
procedures. Analysis and evaluation of test data are presented in Part I of
the report.

Ball, CG Hanson, NW Weber, JW
Portland Cement Association, Federal Railroad Administration Final
Rpt. FRA/ORD-79/22.11, Nov. 1979, 159 p., Figs., Tabs., 6 App.
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01 308272

MECHANICAL IMPEDANCE EVALUATIONS OF THE KANSAS
TEST TRACK: PRETRAFFIC AND POSTTRAFFIC TESTS

The Kansas Test Track (KTT) was comprised of nine different track systems
whose dynamic response was measured in two series of impedance tests.
Pretraffic impedance testing was done in 1973, before the KTT was opened
to traffic, and a second (Posttraffic) test series was carried out in 1975 after
the KTT had experienced premature failure in service. Results of these tests,
presented in the form of impedance and velocity transfer ratio plots, have
been used to characterize the various KTT track systems according to their
initial dynamic stiffness‘and component behavior. Known limitations of the
test apparatus precluded a detailéd analysis; however, a linear idealization
was developed to grossly model track system response. These results
illustrate the feasibility of an impedance approach to the structure-bal-
last-interaction - processes which govern track system performance.

Cooper; SS
Waterways Experiment Station, Federal Railroad Administration Final
Rpt. FRA/ORD-79/10, Nov. 1979, 167 p., 116 Fig., 5 Tab., 12 Ref.
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01 308273

POSTMORTEM INVESTIGATION OF THE KANSAS TEST
TRACK, VOLUME I

The Kansas Test Track (KTT)/was comprised of nine different track
systems, which were built on a designed embankment. The KTT subgrade
experienced premature failure in' service, and KTT operations were termi-
nated in June 1975 after six months of operation. A postmortem investiga-
tion of KTT was carried out in 1975 and 1976. Volumes I and II document
the structure, ballast, and embankment studies carried out by the U. S.
Army Engineer Waterways Experiment Station in the postmortem investiga-
tion. Results presented in Volume I provide needed insight into track system
behavior and are particularly descriptive of ballast and embankment
performance. A rationale is presented to explain the mechanism of failure in
the subgrade, and attention is drawn to the structure-ballast-subgrade
interaction processes which govern track system performance. Inadequate:
drainage of the top of the KTT embankment led to moisture content
increases in the top of subgrade from 1971 to 1974, when traffic commenced.
The embankment clay was moderately to highly plastic, and mois-
ture-induced loss of strength in the top few inches of subgrade was the
principal cause of failure.

Cooper, S§ Bush, AJ, III Greer, HC, III Vispi, MA Carlson,

MM

Waterways Experiment Station, Federal Railroad Administration Final
Rpt. FRA/ORD-79/09.1, Nov. 1979, 130 p., 75 Fig., 13 Tab., 18 Ref.
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Contract DOT-AR-30025
ORDER FROM: NTIS
PB80-138316, DOTL NTIS, DOTL RP

01 308275 .
TRACK COMPONENT--PROPERTY TESTS VOLUME I--RAIL,
TIE AND FASTENERS

This report describes the test procedures and the results of tests on the
physical properties of rail, tie and fastener. The properties obtained are the
bending rigidity of the tie, bending rigidity of the rail in both the vertical
and lateral planes, and the fastener resistance to rotation about the vertical
axis. The component tests were run on two rail sections, 11516 RE and 136
1b RE, on 7°x9”°x81 /2 gum ties and on three fastener configurations on the
two different rail sections. The tests were conducted at the Association of
American Railroads (AAR) Track Structures Dynamic Test Facility in
Chicago, Illinois.

Zarembski, AM Choros, J Gitlin, I

Association of American Railroads Technical Center, Federal Railroad
Administration  Intrm Rpt. FRA/ORD-79/32, Nov. 1979, 54 p., 24
Fig., 10 Tab., 5 Ref., 2 App.

Contract DOT-FR-30038

ORDER FrROM: NTIS
PB80-142367, DOTL NTIS, DOTL RP

01 309878

CORRELATION OF STATISTICAL REPRESENTATIONS OF
TRACK GEOMETRY WITH PHYSICAL APPEARANCE

Railway track has previously been represented as a random process with
certain parameters that relate to the quality of the track. This report helps
to make these parameters more meaningful by correlating the random
process and its parameters with more familiar descriptions of the track. The
correlation is done by presenting photographs and verbal descriptions of five
selected types of track and then comparing this information with the
statistical representations of the track. The recently developed method of
statistically representing track is applied to the five track zones. Alignment
and profile track geometry are processed to give space curves and mid-chord
offsets for chords of 62 feet and one-half, one and two times the rail length.
This information is presented for the five zones along with power spectral
density representations that characterize both the stationary random density
representations that characterize both the stationary random track process
and the random joint amplitude process. For the three zones with bolted
rails, histograms of joint amplitudes are also provided. This report is a
helpful companion to more analytical reports on the same subject because
it correlates these mathematical treatments with more traditional track
descriptions.

Corbin, JC
ENSCO, Incorporated, Federal Railroad Administration
FRA/ORD-79/35, June 1979, 77 p., 45 Fig., 4 Tab., 2 App.
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01 313203

TRACK GEOMETRY MEASUREMENT BY HIGH-RAIL
VEHICLES

This report examines the capabilities of a high-rail track survey vehicle to
assist in improvement of the track safety inspection program; and assist in
data collection for transportation planning. The project examines both
technical and operational aspects of high-rail vehicle usage as an inspection
service and as a data collection tool. This research project found that
measurements of track geometry collected by a high-rail vehicle could be
modeled to match measurements collected by a train type vehicle. This
finding opens the door to wide utilization of the less costly, highly mobile,
easily scheduled, high-rail survey vehicle. This report is a document which
outlines the crew requirements, costs, scheduling procedures, reliability and
accuracy levels that are associated with the operation of a high-rail track
survey vehicle. This report is intended for use by railroad management, state
railroad planners and federal railroad planners who may be interested in the
operation of a high-rail track survey program.

Sherfy, MA
Iowa Department of Transportation, Federal Railroad Administration
Final Rpt. FRA/ORD-78/55, Nov. 1979, 204p
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01 313625

TRACK REHABILITATION AND MAINTENANCE RESEARCH
REQUIREMENTS

The Federal Railroad Administration has established a research and
development program aimed at improving railroad track safety and
performance. As part of the support of that earlier effort, two planning
studies were performed which identified track system rehabilitation and
maintenance problems, suggested candidate subprograms for solving the
problems, and evaluated the subprograms. Subsequently, the two sets of
evaluation results were combined to yield a single list of subprograms
rank-ordered according to a multi-criterion measure of desirability. This
report summarizes the two studies, it describes in summary fashion how two
sets of evaluation results were combined, and it presents the combined
rank-ordered list of recommended candidate subprograms. These recom-
mended candidate subprograms will be considered by the Federal Railroad
Administration, Office of Research and Development as part of the process
of establishing track research projects. The selected projects may support a
variety of research requirements, in addition to those detailed herein, and
therefore may not be implemented precisely as described. Also, the sequence
of progression of the projects may not exactly match the recommended
rankings due to other considerations which could not be reflected in this
report.

Zobrak, MJ
Mitre Corporation, Federal Railroad Administration Final Rpt. FRA-
/ORD-80/09, Jan. 1980, 69 p. .
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01 313652

TRACK STIFFNESS: MEASUREMENT SYSTEM EVALUATION
PROGRAM

This report describes a three-phase program to develop and evaluate an
on-board, track stiffness measurement system. High correlation has been
established between observed variations in track stiffness signatures and the
actual conditions of track structures and subgrade. Track stiffness and track
geometry were found to be independent and complementary measurements.
A detailed study of long-and short-span bridge stiffness signatures was
conducted. An analytical study of the relationship of the mid-chord-offset
difference to absolute stiffness for bridge structures and continuous roadbed
was made. Theoretical stiffness models were matched to actual short-span
bridge stiffness signatures.
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VERTICAL TRACK MODULUS: TEST RESULTS AND
COMPARISON OF ANALYSIS TECHNIQUES

A vertical track response test was conducted at the AAR Track Structures
Dynamic Test Facility. This test was intended to characterize the behav