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PREFACE

This interim technical report presents an experiment plan and a corre-
lation methodology through which the long-term performance of concrete tie track
will be evaluated. The report was prepared by Battelle's Columbus Laboratories
and the University of Massachusetts in fulfillment of the first major require-
ment of the performance study, which is called the Concrete Tie and Fastener
Performance and Correlation Analysis. The study is sponsored by the Federal
Railroad Administration, Office of Rail Safety Research, as part of a larger
program to improve the economics and safety of track structures in U.S. ser-
vice, called the Improved Track Structures Research Program.

The prime contractor for this work is Battelle's Columbus Labora-
tories. Mr. Robert Prause of Battelle is the project manager. The University
of Massachusetts is a subcontractor for investigations of ballast and subgrade,
and this work is under the direction of Dr. Ernest Selig. Mr. John Weber, a
private consultant, will assist in conducting inspections of the concrete ties
at the various test segments.

Mr. Howard Moody of the FRA is the Contracting Officer's Technical
Representative. His support and suggestions in the preparation of this plan
are gratefully acknowledged. This work was performed under Letter Contract

No. DOT-FR-8164.
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1. INTRODUCTION

The study for which this plan was developed will compare the long-
term performance of selected concrete tie segments in U.S. revenue service,
and of one wood tie control section, with similar performance data from the
Facility for Accelerated Service Testing (FAST). A knowledge of long-term
track performance is critically important in the development of new track
systems. FAST was designed to accumulate long-term performance data by
acceleration of the service life of both the 5-mile track loop and its 76-
car test train. For more than two years, tonnage has been accumulated on a
variety of track systems, including many combinations of concrete ties and
fasteners, at rates 7 to 10 times higher than average revenue service.

However, FAST represents only one among many service environments,
which fall in broad ranges of traffic and climatic conditions and track
structure configurations. This raises the question of: '"How can FAST data
be extrapolated to represent the 'real world' of revenue service?" The Tie/
Fastener Performance and Correlation Analysis was designed to answer this
question by using data for a limited number of concrete tie test segments in
revenue service and thereby to develop a methodology by which track performance
can be related between track segments of dissimilar construction, contour,
service loads and climate. This report describes the methodology to be applied
to the task of correlation, and provides a detailed experiment plan for com-—
pletion of the measurement program.

The data required for this correlation analysis will be collected
through the following activities:

a. Revenue Service Performance Measurements. Three concrete tie

test segments and one wood tie control segment, all- on revenue service track,
will be subjected to periodic assessments of track performance by measurements
on the rails, fasteners, ties, ballast and subgrade. A total of 5 data sets
will be collected during 4 visits to each site over a period of approximately
2 years. During the first site visit, instrumentation will be installed and
data will be collected both before and after surface-and-line maintenance.
The locations of the test sites are:

(1) Lorraine, Va. (Chessie Svstem) - concrete ties

(2) Kumis. Va. (Norfolk & Western) - concrete ties

1




(3) Streator, Illinois (Santa Fe) - concrete and wood ties. An
Additional program of visual inspection and track geometry measurements will
be conducted on a segment of the newly installed concrete tie track of the
Northeast Corridor near Aberdeen, Maryland.

b. FAST Data. A request for performance data from selected concrete
and wood tie’segments at FAST ﬁill be submitted through the Federal Railroad
Administraﬁion to the Transportation Test Center or the AAR.

Following the acquisition and reduction of the required track perfor-
mance data, a correlation analysis will be conducted. Two basic approaches
will be applied:

a. Correlation by Comparison and Regression. Direct comparisons of

performance indices will be meaningful to indicate the effect of differences
in traffic, construction and environment. Regression analysis will be applied
to identify correlation coefficients which, when calculated from the results
of two or more track segments, can be verified by correlation with results
from an additional track segment.

b. Correlation by Analytical Simulation. Vertical track response

analytical models, plus input data collected from laboratory measurements of
ballast and subgrade materials, will be used to correlate both short-term

and long-term measured performance.

2. CORRELATION ANALYSIS METHODOLOGY AND
PERFORMANCE EVALUATION CRITERIA

The purpose of the correlation analysis is to determine the depend-
ence of track degradation on the characteristics of track structure, traffic
and climate. An ultimate objective is to develop the ability to analytically
predict long-term performance. However, the current state-of-the-art in
analytical prediction is limited, even for simulation of very short-term
phenomena, and can be applied to long-term performance only in relative terms
for a few performance measures.

The correlation effort is required if data from FAST are to be
extrapolated to the conditions of typical revenue service. For some or all
of the selected revenue service test segments, differences with FAST condi-
tions include:

a. Rail size

b. Types of fasteners and pads

c. Track contour

d. Track class

e. Maintenance frequency for vehicles and track

f. Traffic - average axle load, speed and unbalance in curves

g. Subgrade material

h. Environmental factors - subgrade moisture content, tempera-

ture range, freeze-thaw cycles.
The dissimilarities in construction, traffic and environment make it imperative
that the fundamental causes or governing factors of long-term track perfor-
mance be identified.

To achieve this correlation, or understanding of cause and effect,
the following general plan will be followed:

a. The track performance data from the revenue service test segments
and from FAST will be collected and reduced. The data reductions will be
generally classified into three groups:

1. Primary performance measureé - measures of geometry

retention and component degradatioﬁ. Representative
values will be plotted vs. accumulated tonnage (MGT).

2. Governing structural characteristics — verticaljand
A ’

— B

lateral stiffness, fastener stiffness and toe load,

3




transfer function of tie pads, subgrade moisture content,

S———

subgrade elastic and plastic limits, ballast gradation

TABLE 2-1.

SUMMARY OF PERFORMANCE MEASURES AND TRACK CHARACTERISTICS

and general ballast condition. ..

3. Loading and load response - wheel/rail loads, tie and
T A.

fastener strains, rail deflection.

b. A search for the dependence of performance measures on governing
structural characteristics and loads will be undertaken by the simple ap-
pro;ches of comparison and regression.

c. Analytical simulation of vertical elastic track response and of a
relative measure of vertical track settlement will be performed. The simula-
tion of elastic response will provide confidence that the track character-
istics are understood and have been adequately measured. A correlation of
measured vertical settlement with an analytical estimation based on the
predicted elastic response represents a major advance in the understgnding of
this important track performance measure. _

Table 2-1 lists the planned measurements which fall under éach of
the three previously discussed categories. The objective of the correlation
analysis is to define the dependence of the variables in the first category
(performance measures) on the remaining two (structural characteristics and
traffic/climate conditions). The following sections describe the correlation
methods planned for analysis of each of the two major subdivisions of

performance measures: component degradation and geometry retention.

PERFORMANCE MEASURES

Component Degradation 1.

1. Rail Creep Mi¢ 2.

2 Gage Face Wear NM, 3.
3. Tie Skew and Spacing Deviations ajc

4., Tie Cracks and Damage e
5

Fastener/Pad Insulator:

a. Movement 4
b. Wear and Damage - 5.
Geometry Retention 6.
1. Deviations from Average Contour 7.
a. Profile Pamndas 8.
b. Alinement <ecn 9
c. Crosslevel sge '
d. Gage yyg
2. Track Shift from Fixed Reference
a. Vertical settlement Ptimivst
b. Lateral sgewn,
c. Longitudinal W~
& - 10.
TRAFFIC/CLIMATE CONDITIONS
Wheel/Rail Loads 11.
a. Vertical ¢~
b. Lateral ¢~
Tonnage Accumulation «~ .
Consist Definitions fuwx 12.
Train Speed .~
Moisture History .-
Weather Conditions

TRACK CHARACTERISTICS
b/'

Rail/Tie Accelerations ¢

Tie Strain

Fastener Characteristics
(Measurements only at FAST)

a. Toe Load ¢

b. Stiffness

Vertical Track Modulus —
Ballast Density ,-~

Plate Load Resistance “~
Lateral Tie Push Resistance *-
Ballast Gradation .~

Ballast Material Properties o

a. Liquid & Plastic Limits
b. Specific Gravity

c¢. Chemical Composition

d. Angularity, Sphericity,
e. Hardness

Subgrade Penetration ..~
Resistance

a. Dutch Cone
b. Standard

Subgrade Material Properties

a. Shear Strength
b. Resilient Modulus
c. Permanent Strain

Subgrade Classification ..~

a. Material Identification
b. Stratification

c. Moisture

d. Density
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2.1 Correlation of Component Degradation

2.1.1 Data Reductions

Results of the component inspections will be reduced to a set of
comparable performance indicators, plotted vs. MGT. In some cases several
alternatives are listed. The final selection of formats will depend on the
range and variability found in the data. The formats selected will be those
which show, with greatest statistical reliability, performance changes leading
to maintenance requirements. In each case, a curve fit of the basic data

I

reduction will yield an average rate of change of the measurement over the

test period. The measurements and data reductions are:

MEASUREMENT DATA REDUCTION (PLOT VS. MGT)

1. Rail Creep Mean creep A/c

Percent of ties with creep exceeding

selected threshold wy

Creep value exceeded by 5% of ties///(
2. Gage Face Wear Mean and standard deviation of wear A/(

3. Tie cracks Percent of ties in test section
with cracks exceeding 2 inches

4., Tie chips Percent of ties in test section with
chips exceeding 1 inch in depth
(Sufficient to cause further
deterioration)

5. Fastener Clip Movement Percent of clips in test section with
' displacement greater than half way
to fall-out

Percent of fall-outs
6. Pad Movement

7. Pad Deterioration Percent of pads in test section which

are torn, cracked or delaminated
8. Insulators Percent seriously displaced or missing

Percent cracked or broken

It must be anticipated that many of the component inspections will

yield very little variation over the period of the test. For example, the

past several six-month inspections at the Chessie site have shown little or

?
Percent with movement above 2 inches Wit

no change in such indicators as fastener component movement or tie cracking.
Although the lack of degradation is itself a meaningful performance measure,
it.will provide little opportunity to examine the sensitivities of component
degradation to track structural and climate conditions. It will be possible
to document the characteristics of structure, traffic and climate for which
the components in question appear to'provide a "successful" design. ‘7§§L;
For those performance indicators which display variation wigg
respect to MGT as well as variation among test sections, a search for depend-
ence of performance on the conditions of structure, traffic and climate will
be carried out. The indicators of track condition will include the following
list, as well as any additional indicators whose utility is revealed by
examination of the data: -
1. Traffic: mean or 5% exceedance level of vertical and
lateral wheel/rail load, 5% exceedance level of tie
strain 4 Beotz
2. Track geometry
a. Curvature
b. Indices of vertical and lateral roughness - 5%
exceedance values of profile and alinement
3. Ballast
a. Average gradation
b. Average density
c. Average lateral tie push loads

d. Average vertical track modulus

4. Subgrade ’
a. Stress defining elastic limit
b. Moisture content

5. Fasteners (Measurements only at FAST)

a. Toe load

b. Stiffness




The correlation analysis by comparison and regression will then be

carried out on the following three levels:

a. Direct Comparison. Either of the following two situations

would consitute a significant addition to the data bank on concrete ties:

1. Consistent performance among all test segments,
indicating the independence of performance from
the governing factors which differ among the test
segments.

2. Consistently different performance between com-
parable segments of concrete and wood tie track.
At Streator and at FAST, such segments can be
obtained with the same contour, traffic and
ballast/subgrade support conditions.

b. Plots of Performance Indices. (Rates of track roughness varia-

tion) vs. indices of the governing characteristics (load, stiffness, subgrade
plastic limit, subgrade moisture content, etc). Performance differences may

be explainable in these simple terms.

c. Multiple Linear Regression Analysis. This procedure will attempt

to establish the possible dependence of performance indices on two or more
governing characteristics. For example, the rate of increase in the 5-percent
exceédance level of profile roughness error (PE) might be assumed to be a
function of average axle load (V) and vertical track modulus (kV)' Then an
estimate of PE would be postulated in the form

n
1 + C2 KVZ.

From data gathered at the three track segments, the constants Cl, C2, n,

n
PE = Cl \

and n, could be estimated by regression analysis. The validity of the pro-

cedure (the selection of parameters and the assumed linear relationship) would

be checked by using the derived coefficients to verify the measured degradation

rates of other track segments.

2.2 Correlation of Geometry Retention

The correlation of the track geometry performance measures listed
in Table 2-1 with the characteristics of track structure, traffic and climate
will begin in a manner similar to the effort for correlation of component
degradation rates. Indicators of performance and of track conditions will be
compiled and, as a first step, will be examined for obvious connections
between performance and track conditions. Where possible dependencies are
identified, the methods of comparison and regfession described in the previous
section will be carried out for the geometry retention performance measures.

In the case of vertical track settlement, an analysis will be
carried out which uses a combination of field measurements, laboratory mea-
surements and analytical simulation of elastic response to produce a relative
measure of vertical track response, or a track settlement index. The current
state of the art regarding track settlement indicates that only a relatively
simplified performance index is justified. However, this index should include
the fundamental ballast and subgrade parameters>needed for evaluating the
effects of variations in track design parameters. This requires identifying
the relative contributions from the ballast and subgrade to the total settle-
ment. One possible format for a Track Settlement Index (TSI) is based on

total vertical settlement per MGT of a defined traffic. This could be

represented as

TSI =

where i
NiPi gives the tonnage for Ni number of axles at mean axle load Pi’ and

Bi is the track settlement rate for those Ni axles.

The track settlement rate is a result of the cumulative settlement

in each of j layers representing the ballast and subgrade,




The set&lement in each layer depends on the permanent strain per cycle given

by C, ng and the layer thickness h., where
J 17 J
94 = deviatoric stress in the j layer for the traffic of Pi, Ni
ij

Cj and aj = empirical parameters for the particular material and stress

condition of layer j.

The critical parameters which a track analysis model must provide are
the average deviatoric stress in a layered representation of the roadbed for
the statistical loading description of the railroad traffic. Other operating
parameters which affect dynamic wheel loads, such as train speed, track
roughness, etc., would be included by using a probability density description
for wheel/rail loads to calculate the resulting roadbed stresses.

The TSI representing the rate of uniform vertical settlement can be
used as the basis for estimating differential vertical settlement as a function
of wavelength by using available soil settlement data and empirical results
from the track tests. A separate relationship for rail profile and track cross
level would permit a predictidn of surface deterioration to be compared with
the maximum allowable deviations under a 62-ft chord that are currently the
basis for track safety standards and maintenance decisions.

In the initial stage of implementing a track surface deterioration
model of this type, the traffic response is obtained using the track analysing
model MULTA for static wheel/rail loads to evaluate a range of track design
configurations. These track response parameters in terms of stresses and
strains at any point in the layered roadbed can then be used as input to a
set of transfer functions for ballast and subgrade settlement. ’

The Battelle-developed model of vertical elastic behavior of the
track structure (MULTA) has been refined by UMASS into a progrém which
includes an iterative procedure to handle stress-dependent properties of the
subgrade material and improves computational efficiency. The result is a
3—dimensional model for which the basic components and input data are illu-
strated in Figure 2-1. This refinement of the MULTA model is called GEOTRACK.
A detailed description of the solution process accomplished by the track
analysis appears in Appendix G.
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This model predicts resilient behavior in terms of a complete set of
stresses, strains and deformations in the track substructure, as well as rail
and tie response. The results have been checked with FAST data in thé ballast,
subballast and subgrade on both wood and concrete tie sections. The agreement
is considered good. The stress-—state dependency of the elastic modulus was
found to be an important feature of the model. With this feature, the model
correctly predicted the nonlinear relationship between the track response
parameters and the wheel load.

The present approach to permanent deformation prediction is to use
the stresses from the MULTA model together with repeated load triaxial data
representing the inelastic behavior of the ballast, subballast and subgrade
materials. This approach predicts uniform settlement, which is in turn assumed
to be a relative measure of differential settlement.

The loading data for this analysis of settlement will be an approxi-
mation of the cumulative probability distribution of wvertical load for some
increment of tonnage, such as 1 MGT. That is, from the measured probability
distribution and the total number of load cycles involved in the tonnage
increment, a set of force levels Vi and associated numbers of cycles Ni will
be supplied as input to the routine. It is probable that a relatively small
number of high-load cycles will account for most of the settlement.

The MULTA model permits consideration of the magnitude and fre-
quency of train load, the type and spacing of ties, the rail stiffness, the
ballast thickness and'properties, the subballast thickness and properties, and
the subgrade properties. However, the model assumes that each layer of mate-
rial is homogeneous. Therefore, it is intended that the model predictions
will be supplemented by selected analysis with the PSA model to determine the
influence of variation in properties along the length of the tie.

The PSA model is a three-dimensional finite-element roadbed model
that analyzes a prismatic solid which is loaded by vertical forces spaced
periodically along the longitudinal track direction. The PSA model assumes
the prismatic body is infinite in length with constant cross sectional and
material properties in the longitudinal direction. Material properties can
vary from point to point in the cross section and the geometry of the ballast
section can be represented accurately. This model would be applied to
represent elastic vertical force-deflection behavior in-cases where measured
plate-load bearing tests showed substantial variation along the length of

the tie. ' 12

The planned simulation procedure is further illustrated in
Figure 2-2. Figure 2-3 shows the relationship of all the information required

to properly characterize the ballast, subballast and subgrade layers.
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3. MEASUREMENT AND DATA REQUIREMENTS

3.1 Maintenance and Traffic Data

Descriptions of all maintenance performed on the test section are
needed for the available history of the test section. Maintenance records
should include:

a. Type of work performed

b. Crew size

¢. Machines used

d. Man-hours required

e. Components replaced.

These records will be used to compile plots of maintenance activity as a
function of tonnage in million gross tons (MGT) and to record rates of com-
ponent replacements.

The following descriptions of traffic over the test site should be
provided by the railroads to Battelle within one month after each site visit:

a. Consist Descriptions. Detailed consist descriptions for a two-

week period of traffic spanning each site visit should include:
1. date and time of train passage
2. the type of each car
3. the gross weight of each car
4. the overall gross weight of the train
5. direction of travel over the test site.

b. Cumulative Tonnage. Overall train tonnage should be accumul-

ated, beginning with the first test interval and continuing for all traffic
over the test section through the full 18-month to two-year period of the
tests. Data "points" should be provided in the form of the date and total
accumulated tonnage at intervals no greater than one month.

In addition, any available record of tonnage accumulation since the
installation of the concrete ties is desired. This long-range record should
be defined at intervals no greater than three months. '

At the double~track sites, care should be taken that the data pro-
vided includes only the traffic passing over the test section and not over

the adjacent track.
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Union Pacific data and adjusting these where different traffic mixes are

3.2 Track Response

The primary requirement for dynamic track response is to determine
the characteristic loads and stresses Within the track structure without dis-
turbing the tie/ballast consolidation. An evaluation of the statistics from
the field tests performed under DOT-TSC-1051 provide a basis for estimating
the population which can be expected at the three dynamic test sites. Listed

in Table 3-1 are some of the assumed values using the statistics from the

anticipated. From Table 3-2 it can be seen that the Lorraine and Streator
sites may require five days to achieve the minimum required population while
the Roanoke site may need less than three days to obtain comparable statistics.
It should be noted that these figures are based on annual average tonnage and

do not account for seasonal or weekly variations. The one week cycle reflects

the reduced work force making up trains on the weekends. At any point on the
railroad the 1lull in traffic will depend on the travel time from main yards
and the lull in traffic in opposite directions may or may not coincide. This
tends to make the timing of the specific days of dynamic data collection
critical. If delays are encountered in setting up the test site for dynamic

runs, one or two additional days of data collection may be necessary.

3.2.1 Wheel/Rail Loads

Documenting the wheel/rail loads at each of the test sites provides
a direct means of characterizing the load environment (traffic mix) for com-
parisons between test sites. It has been shown in previous test programs
that spatial variations in wheel/rail loads on Class 5 or better track are
on the same order as changes in traffic mix, so minimum gains would be made
in measuring wheel/rail loads in more than one location at each test site.
In other words, the scatter in loads (say + 10 percent) measured under a
certain percentile vehicle (say 20th percentile) due to spatial variations
in the track will be comparable to the load variations caused by a fluctua-
tion in traffic mix from one week to the next that will change the character-

istics of that 20th percentile vehicle.
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TABLE 3-1. ASSUMED AXLE POPULATION STATISTICS FOR EACH
TEST SITE INVOLVING DYNAMIC MEASUREMENTS

Chessie N&W Sante Fe

Lorraine Roanoke Streator
Annual Tonnage - MGT ' 35 45 20
Total Axles/Day 5200 6700 3000
Locomotive Axles/Day 200 500 240
Cars > 110T GVW Axles/Day 1000 1200 550
Flat Wheels/Day* 100 130 60

% Measured at a 10 inch zone.

TABLE 3-2. PREDICTED DURATION OF TESTS TO ACHIEVE
SPECIFIED STATISTICAL LIMITS (DAYS)

Chessie N&W Sante Fe
Lorraine Roanoke Streator
Load Exceedance = .0l percent 1.9 1.5 3.3
(All Ccars, All Speeds - One Count)
Locomotive + 30 Load Limits 5.5 2.2 4.6

(2400 1b Load Interval - 5 Counts)
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3.2.2 Tie Strain

Tie strains and the corresponding bending moments induced by the

wheel/rail loads vary widely due to variations in the support conditions.
Therefore, tie strains must be measured in several locations to provide a
statistically significant description of the tie loading enviromment. Five
randomly selected tie locations including one location with three adjacent ties
(a total of 7 ties) should be instrumented to provide documentation of short

and long wavelength variations in tie support conditions.

3.2.3 Rail/Tie Accelerations

Time histories of rail and tie accelerations can provide a descrip-
tion of several dynamic properties of the track structure and the dynamic
loading during train passage. Transfer functions of the fastener/pad assembly
can be made from simultaneous measurement of acceleration on the rail base and
the top of the tie adjacent to the rail. Spectrum analysis of these accel-
erations will help define the tie vibration environment, thereby improving the
understanding of possible fatigue related failures. The effects of rail

corrugations on the track loading is of particular interest.

3.2.4 Rail Fastener Strain

The failure experience of rail fasteners at FAST demonstrate the
importance of further investigations of fastener performance. Statistical
samplings of insertion and dynamic strain levels, including the effects of
dimensional tolerances and stiffness properties of the fastener assemblies, are
needed to characterize the fastener load environment. This information will
be determined at FAST under a test program planned for April 1979. However,
the results will be of direct value to the revenue service tests since the

rail fastener being instrumented is used at all sites.

19




3.2.5 Wheel Detection and Train Speed

It will be necessary to provide wheel detectors adjacent to each
instrumented tie to assist in the data reduction process. The wheel detector
must provide a non ambiguous pulse for each wheel passing an instrumented
location so that a discrete sample from each data channel at that location will
be processed for each wheel. By measuring the distance between two wheel
detectors, train speed can be determined. Speed must be calculated and logged

for the beginning and end of each train.

3.3 Track Parameters

3.3.1 Vertical Track Modulus

3

Vertical track modulus is required to help characterize each test
site. This parameter will be used to compare the characteristics of different
track and is a primary input to many track models. Because track modulus can
vary widely due to local support conditions under individual ties, a statisti-
cal sampling of the force/deflection measurements used to determine modulus
will be required. As a minimum, static defection measurements should be made
under known loads at a random sampling of tie locations throughout the entire
test site on the first field trip to identify both long and short wavelength
variations in modulus. This would include the five instrumented tie locations
in that section of the track and a minimum of three locations in each additional
section of track where tie type or spacing is varied. Spot measurements at
three or four load levels will also help determine the variation between
tangent and secant modulus due to local slack or free play within the track
structure.

After the initial site visit a minimum of seven locations in one

section of track will be measured on each successive trip to monitor variations
due to commulative tonnage and seasonal variations. This number of measure-
ments was used for recent tests in Nevada [3-1], which produced standard
deviations of approximately 40 percent of the mean in each test section. This
level of consistency is considered the minimum necessary to characterize
differences between test sites. The wood tie section at Streator will also

be measured at seven random locations on each site visit.
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3.3.2 Ballast Characterization

Ballast and subballast are key components of the track structure.

The characterization of these materials is grouped into two categories. The
first category is the classification or index properties identifying the com-
position and properties of the components making up these materials. The
second category is the physical state or structure of the material in-situ.
Both categories are essential to document in order to completely define the
ballast and subballast material and conditiomns.

The index properties will be determined in the laboratory from samples
gathered on the first site visit. At present, knowledge is lacking on which
index properties best identify the influence of these materials on track per-
formance. Therefore, it is planned that all of the commonly measured index
properties will be determincd. The specific tests required in each case will
depend upon the samples obtained, but they will include gradation, Los
Angeles abrasion, particle shape, composition, specific gravity, and liquid
and plastic limits of the fines. The number and type of tests in each case
can remain flexible because this decision does not affect the field costs or
require railroad assistance, except for providing information which might be
available from their suppliers.

The physical state of the ballast in-situ will be determined directly
during the site visit by field ballast density tests, plate load tests,
moisture content determination, and visual observations. The physical state,
particularly changes, is also affected by maintenance, weather and traffic
history. Important weather information includes precipitation and tempera-
ture. The physical state information is needed to define the conditions for
the laboratory stress—-strain and strength tests. The information is also
needed to estimate the range of property values to be considered in the
analytical models. 1In the case of the GEOTRACK model, the variations with
horizontal position and with time as a result of traffic and weather, must be
considered in determining the proper average properties for each layer. The
physical state information from the field will also be used to estimate varia-

tions along the tie for use with PSA model.
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Maintenance and traffic are primary factors influencing ballast

physical state. Information on maintenance and traffic will help to estab-
1lish the initial conditions and the number of cycles of what stress levels to
apply to ballast samples in the laboratory tests which measure the resiliePt
modulus and the permanent strain development. However, maintenance and
traffic history will also be used as a measure of track performance for eval-

uating the permanent deformation predictions.

3.3.3 Subgrade Characterization

The layers beneath the ballast and subballast, designated the sub-
grade, are usually the existing natural ground at the site. Hence, the prop-
erties of the subgrade can vary widely with depth and with distance along the
track. The subgrade plays an important role in track performance because it
affects such behavior as drainage, pumping, settlement under repeated traffic

load, settlement from subgrade penetration into ballast, and dynamic track

displacement.

A combination of field and laboratory investigations is needed to
characterize the subgrade for use in the methodology. Available geological
information will be obtained first to determine the expected materials and
strata.

Field subsurface penetration tests to a depth of 10 to 25 ft are
required to give a measure of the soil conditions at enough points along the
track section to determine the variation of subgrade properties. The cone test
has been selected for this purpose because it is rapid, it is not expected to
disturb the roadbed significantly, and it is the simplest test that has the
potential for correlation with values of soil properties required by the meth-
odology.

Based on the results of the geological evaluation and the cone pene-
tration tests, several representative locations will be selected for soil bor-
ings to get visual samples for identification. The Standard Penetration Test
has been selected for this purpose because it is an efficient means to get
suitable visual samples, and at the same time it provides values of blow count

which are commonly used as a rough index of soil properties.
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If the subgrade is cohesive enough, additional borings will be done
to obtain undisturbed tube samples which will be taken to the laboratory for
repeated load tests. 1f the soil cannot be obtained without disturbance, the
samples will be taken anyway, and then reconstituted in the laboratory as close
as possible to the field conditions before disturbance. Results from tests
using reconstituted samples are much less certain, but they are better than
estimations from the field investigations.

The results from the three types of field investigation will be used
to define the layers for the analytical track model. As done for the ballast
and subballast, repeated load triaxial tests will be performed on the subgrade
samples to determine the resilient modulus and permanent strain character-
istics of these materials. The results will be correlated with the field cone
data to provide an assessment of the range and average of values for the entire
test section. A successful correlation between the repeated load tests in the
laboratory and the cone soundings in the field will have an important benefit
to the railroads, because the cone method provides a rapid and economical means

of obtaining property data from other sites.

Samples obtained from the Standard Penetration Test and unused
portions of the tube samples will be used in the laboratory to obtain index
properties on the subgrade materials which will identify the material composi-
tion. Moisture and density measurements on portions of these samples will also
be used to define the physical state. Additional physical state information
will be obtained in the field at the top of the subgrade using the plate load
test and density test, and by obtaining samples for moisture content measure-
ment. Moisture sensors will be implanted in the subgrade during the first site

visit to provide a means of indicating changes in properties during the period

of field observations.




3.3.4 Track Lateral Restraint

Track lateral restraint is of interest for both the loaded and the
unloaded states. The first provides a measure of resistance to lateral train
forces while the track is loaded by the train weight. The second is a
measure of resistance to buckling from thermally-induced rail stresses. Experi-
mental determination of lateral restraint under train load is difficult and
will not be done in this program. Lateral restraint on vertically unloaded
track will be measured using lateral tie push or pull tests (LTPT).

There are two types of LTPT's. One measures the resistance of an
individual tie, while the other measures the resistance of panel sections con-
necting more than one tie. In the single tie test, the rail fasteners or spikes
and tie plates are removed from the test tie, and force is applied in the
latoral direction. Load levels are measured by pressure gages Or load cells,
while deformations are recorded by displacement transducers.

TIn the panel tests the ties remain attached to one or both rails.

The displacement of each tie is usually measured, as is load applied to the
entire panel through the rail. The panel test requires a much greater reaction
force and a much more elaborate instrumentation package than does a single tie
push test. The panel test also causes some disruption of train traffic, in

part because of the necessity for cutting the rails. However, the panel test

is more representative, because it tests the integrated system of ballast,

ties, fasteners and rails. Details of the test procedures and apparatus for
both types of LTPT's are discussed in reports prepared in the State University of
New York at Buffalo (SUNYAB) ballast compaction study. Almost all previous
experience has been on wood tie track.

Only the LTPT on the single, unfastened tie is proposed for this
concrete tie correlation study. At present, little information exists to
establish a correlation between these test results and lateral track restraint,
particularly on a train-loaded track. More information is available to
correlate the single tie LTPT to the panel test on vertically-unloaded track.
Compared to the development of track structure models for vertically-loaded
track, little work has been done on laterally-loaded track. Thus suitable

methodology for predicting lateral track restraint still needs to be

established.
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The approach planned in this study is to use available information
to empirically relate the single tie LTPT results measured at the test sites
to lateral track stability. The single tie LTPT will be performed in
accordance with procedures developed at SUNYAB for the ballast compaction

study.

3.4 Geometry

3.4.1 Track Geometry Car Measurements

Track geometry measurements of gage, alinement, profile and cross-
level are to be made with the track geometry cars belonging to the railroads.
The measurements should coincide as nearly as possible with the site visits.
However, it is recognized that the scheduling of the track geometry cars for
a specific place and time is difficult. Therefore, the only requirement for
this measurement is that the runs should correspond in frequency with the
interval of approximately six months planned between site vigsits. To the
extent possible, the railroad should adhere to the following target:

a. measurements within two weeks before and after the first site
visit

b. measurements within two weeks before or after all remaining site
visits.

The major requirements for track geometry car measurements and data
are as follows:

a. Automatic location detectors should identify the beginning and
end of each test segment.

b. The data reductions normally performed by the railroads should
be submitted to Battelle within 2 weeks after the completion of a run.

c. Strip chart records of each track geometry run should be supplied
to Battelle immediately after the completion of each run. The data should
clearly indicate the scales of each measurement and the point of passage over
each automatic location detector.

In addition to using the track geometry cars owned by the railroads,
it is planned that the DOT/FRA T-6 geometry car will be operated over each
of the concrete tie test sites one or more times. This will provide track
geometry data which are directly comparable for the different sites and eli-

minate differences in track geometry measurement systems.
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3.4.2 Survey-to-Benchmark

The track geometry measurements made by survey to benchmark (STB) will
be used as a track performance indicator. The required measurements are
vertical, longitudinal, and transverse movements of the rails and ties relative
to fixed references. All of these measurements will be made on an unloaded
track. The first set of measurements will be made before maintenance on the
first visit as a basis for evaluating the maintenance operation. The second
set of measurements will be made immediately after track maintenance prior to
traffic. The measurements will again be repeated at the end of the first site
visit and once on each subsequent site visit. Permanent ballast strain data
from FAST will give an indication of the rate at which track adjustments take
place after maintenance operations, and thus this FAST data can provide a
guideline for the frequency of STB measurements.

The vertical track measurements will give an average and range of
track settlement to compare with the permanent deformation prediction. The
measurement of vertical movement is relatively easy and is the most important
of the three geometry measurements.

The longitudinal measurement .will indicate the movement of :ties and
rails resulting from such effects as thermal stress, and braking and accelera-
tion train forces. Of interest are movements of one inch or longer, and these
can be easily determined by taping from a fixed reference. However, the
establishment of a stable horizontal reference is more difficult than a vertical
reference.

The transverse deformation is a measure of the average and range of
lateral movement from lateral track forces and from rail stresses. This mea-
surement is the most difficult to do with sufficient accuracy, but it is of
particular interest for the curve site.

Survey-to-benchmark measurements will be made at a sufficient number
of sites in each test section to permit an adequate statistical description of
movement trends as functions of tonnage. Ties at extreme ends of the sections

will be avoided because movement in this case could be affected by the tie

transition. The reméining section length will be sampled at the following
rates:
a. Chessie site (curved site) - every tenth tie

b. All other sites - every twentieth tie.
26

These rates will provide about 22 measurement locations at the Chessie site
and about 40 at the remaining sites. Independent surveys will be made on each
side of the grade crossing at the N & W site. This sampling rate will be
sufficient to identify any long-wavelength trends or variations within the test
sections.

The planned measurements are summarized as follows:

a. Vertical. Elevations of the rail base and the tie surface on
both sides of the track

b. Lateral. The lateral position of the rail base, relative to the
fixed lines established by the benchmarks, for the rail nearest the bench-
marks

c. Longitudinal. The longitudinal positions of both rails, relative

to fixed transverse lines established by the benchmarks. There will be three
such lines in each test section.

The major requirements of these measurements are:

a. Benchmarks. It is planned to install three benchmarks adjacent
to each test section. For this purpose, the N & W site will be divided into
two sections on either side of the grade crossing. Thus, for the three con-
crete tie sites and the one wood tie control section, a total of fifteen
benchmarks will be required. This number of benchmarks is required to limit
the maximum sight distance. between benchmarks to 300 feet, which is about the
upper limit for the establishment of sight lines and for shooting elevations.

The benchmark installation will involve drilling and casing of a
hole approximately 10 inches in diameter and ifive feet deep. The hole be-
neath the casing will then be cleaned, concrete will be poured and a steel
tube approximately four inches in diameter will be inserted into the concrete
base and partially grouted with concrete. UMASS will assume responsibility
for benchmark installation, which will be done during the preliminary site
visit to obtain subsurface characterization samples. This installation will
take place several weeks in advance of the "first" site visit, during which
instrumentation will be installed and initial performance measurements will be

taken.
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b. Equipment. All lines and levels will be established with a
theodolite, to be provided by Battelle. In addition, a surveyor's chain,
temporary markers and other normal surveying accessories will be required.

c. Skills. An engineer with surveying experience will supervise
the first survey and train selected staff, who will complete all subsequent
measurements.

In Section 5.14, the construction and placement of benchmarks are
illustrated and detailed procedures for the completion of vertical, lateral

and longitudinal survey-to-benchmark measurements are provided.

3.4.3 Average Tie Spacing

As a check on the nominal design spacing of each test section, the
length of the section centerline will be chained and the number of ties will
be counted. Average tie spacing will be calculated from these measurements

for each subsection where tie type changes.

3.4.4 Tie Movement and Rail Creep

All occurrences of significant spacing deviation and skew will be
identified by the following procedure. A spacing bar will be prepared to
indicate deviations in spacing in increments of 4 inches. A similar
protractor-type device will indicate skew in the angular increments, which are
equivalent to a difference in spacing, between the two ends of the tie, of
4 inches (2.25 degrees for an 8.5-foot tie). The observer will count all
exceedances of the designated movement levels which fall in each section of
the same tie/fastener combination.

The relative longitudinal movement between rails and ties (rail
creep) will be measured at all ties where vertical and lateral STB measurements
are to be made. Rail creep measurements will assess the capability of the tie/
fastener/ballast system to restrain the rails. Creep markings will be painted
on each field side rail base and on the adjacent tie surface. Tie movement

and rail creep measurement procedures are provided in Sections 5.15 and 5.16.
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3.5 Component Inspections

3.5.1 Tie/Fastener/Pad/Insulator Inspections

Visual inspection of ties and fastener components will be made to
determine the extent of tie cracking and chipping and of damage and disloca-
tion of fastener clips, insulators and pads. The inspections will combine
FAST inspection codes with the procedures used in semiannual inspections of
the concrete ties at the Chessie site in Lorraine, Virginia.

It is planned to inspect the top surfaces of at least 50 ties in
each concrete tie subsection of the same tie/fastener combination. The one
exception to this plan will be made at the Chessie site, where top inspections
of all 224 ties have been made at six-month intervals for several years. This
inspection will be continued. For the remaining sites, the selection of ties
within each segment of the same tie/fastener combination will be made randomly.

Tie face inspections, which require opening of cribs, will be made
for at least twenty ties of each type in each test section, but only at the
first and last site visits. The selection of crib locations will be made
randomly except at the Chessie site, where the present scheme of crib migra-
tion will be continued. For the remaining test sections, the sites should be
separated by at least three cribs. 1In addition, any previously identified
major cracks will be inspected on each successive visit to monitor crack
growth. A major crack is defined as a crack which is visible on at least two
surfaces.

The major support requirement of the inspections will be for railroad
labor to open and then restore the designated tie cribs. No interruption of
traffic is required, since trains can operate over isolated open cribs without
danger.

The top surfaces will be inspected for tie cracking, tie chipping,
and damage or dislocation of the fastener clips, insulators, fastener shoulders
and tie pads. Tie face cracking and damage will be recorded for the faces

adjacent to the opened cribs. The inspection form and procedures are described

in Section 5.17.
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4. TEST SITE DESCRIPTION AND INSTRUMENTATION PLAN

4.1 Test Sites

1 gPACING
SHOULDERD

Layouts of the four revenué service test sites are provided in

ack segments selected for

5 FASTENER

Figures 4-1 through 4—4.- Each layout shows the tr
ation and for measurements of track geometry, com-

In the three

L W/INS.

DRO
cS-

installation of instrument
ponent condition and ballast/subballast/subgrade properties.

the instrumentation will be placed either on CC244 ties

248"
(gs AT 24

TR
PAN

concrete tie sites,

- (Lorraine) or on CcC224C ties (Roanoke and Streator). This is required to

T/
124 RT
(18 EA

insure the greatest possible uniformity among the test sections and the best

y and field measurements. Further discussion of each

correlation of laborator

INSPECTION

test section, including the Northeast Corridor site, follows.

4.1.1 Chessie Site at Lorraine, Virginia

e BALLAST/SUBBALLAS
SUBGRADE TESTS

Dﬂﬂnﬁnﬂﬂﬂﬂﬂﬂf
’ | U

e COMPONENT

e TRACK GEOMETRY

This is the shortest of the test sections, containing 224 ties at
(Figure 4-1). The

n

25-inch spacing on a curve of approximately 3 degrees

alled on a 100-tie segment of CC244 ties. All ; ——
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instrumentation will be inst

ection, which includes et
i

other measurements will generally span the entire s
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0 cc244% TIES AT 25" SPACING

118 RT-7S ties.

INSTRUMENTATION

PANMDROL FASTENERS

SGT
£006nnng

IR T T s T

4.1.2 DNorfolk & Western Site at Roanoke, Virginia

This tangent site contains 1666 feet of CC244C and RT-72 concrete

LAYOUT OF MEASUREMENTS ON CONCRETE TIE TEST SECTION AT LORRAINE, VIRGINIA

ties at 24—inch and 26-inch spacings. The site is bisected by a grade

crossing which exerts a considerable effect on track geometry. Long-

2

“+32=LB/YD

wavelength undulations in surface have been observed emanating from the

35 MGT/YR (4:1 EASTBOUND)

45 - 50 MPH

24" CRUSHED GRANITE
2° - 30

MIXED FREIGHT

VA.
122.€

crossing in the eastbound direction of predominant traffic flow. It would be

ACCESS ROAD
FIGURE 4-1.

desirable to isolate the instrumentation from the crossing to the extent

.
°

possible. But since the CC244C ties are located next to the crossing,

the only alternative is to concentrate the instrumentation in the eastern

CHESSIE SYSTEM
LORRAINNE,

RAIL:

BALLAST:
TRAFFIC
TONNAGE:
SPEED:
CURVATURE:

end of the section, perhaps within the last 50 ties. Surfacing maintenance
would reduce the effect of surface irregularities initially, but N&W is not

planning to perform any maintenance during the test program. Ballast and
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tangent site. An adjancent section of tangent track will be identified for ] )
comparison of failure rates and geometry degradation. [j -
It is planned to define an 800-foot section of the curve as a E ::]:]
control section. Component inspections will be made on this segment at the = : =
. . s . . . = %: @) \ ~
same frequency as the site visits to the revenue service test sections. If s ] -
: . = 9
possible, the FRA track geometry car should make passes over the track section - g o
&)
at the planned measurement frequency. ] - o &
- 2 2
o h— 2
- ] 5 2
(- - - -
4.2 Collection of Dynamic Data I ] g o 2
= J g -
r—-!D Q - a
, = M 9 B =
Figure 4-5 shows the distribution of wheel detectors, instrumented I~ = hH @ <
[ w2
ties and vertical and lateral load circuits in a.typical instrumented sec- - . o =
9 ©
tion. Additional channels are allotted to clip strain (4) and rail/tie - | ﬁ < E
| 0 ;
acceleration (2). Six wheel detector sensors will be used independently for ; E - o 2 9 g s E
; | == w o W
each direction of traffic (Wl or Wz), but the recording of wheel detection is L oo - = =8 £ =R E
L g d o o o o g
the same for either direction. The figure shows the distribution of channels -E 2 (- -] g6 ° b3 o 39 =
) IS U] — — o~ Hod (@]
. . 9] o
to each of the two multiplex units and to the tape recorder directly. o é o = 3”% ] éﬁg 200 ] 8 &
: . . . T ':, — {) = o Q ) 4] w0
Table 4~1 summarizes the transducer characteristics and required data A A B U = O o > E B < o7 T é
.8 oA S ;:>Eh'4 o ®9 O g2 9 g |
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5. INSTRUMENTATION SELECTION, EVALUATION, CALTBRATION,
4 INSTALLATION AND OPERATION
2 ™~ ~ ~ o~ A o o
=
2
O Dynamic track response will be determined by measuring the input wheel/
rail loads and those track response parameters which can be measured with
° minimum influence on track performance: tie strain, rail/tie accelerations, and
har fastener strain.
&
4]
5 % ”
.S ~ o~ ~ SN kO 5.1 Wheel/Rail Loads
o
8]
3
(a) Purpose. Vertical and lateral wheel/rail loads will charac-
n N terize the dynamic loading environment generated by revenue traffic through the
e
= - i test site.
E o fs o = 2 28 8 8 | ; . . . .. .
o 53 2 = QLR 8 8 i (b) Principle. Strain gage patterns measuring the principal strains
jn] * N AN N
2 Q-E in the rail web and rail base will be used to measure vertical and lateral W/R
§ 2 loads, respectively. These gage patterns have been verified from laboratory
£
‘2 o o and field experimental results under Contract No. DOT-TSC-1051. Appropriate
o =y
B ) E d W Y o o S gage patterns are illustrated in Figure 5-1.
& § 0 1 28 8 8 g ' ! (c) Accuracy. The desired measurement accuracy is + 1.5 kips
4 Yy N O [en] —_— _
5 o lateral, + 2.0 kips vertical, including system noise, linearity, hysteresis,
S ;
B o o and cross talk contributions to error.
O
80 @ . . . .
% g 60 (d) Equipment. Weldable strain gages, l-inch length (Ailtech Type
) Lfgquipment
=i
& g g o 3 56-129/30 or equivalent) will be used in a quantity of 12 per vertical/lateral
(] * [ o O
o H . . . . . .
5 H o v o 3 $ o B (é’ 5 : measurement site. Due to the required 2 year circuit life, the survival of
: e g oo 0 9 g N g By . . . , . .
N fé 2 R SRS 2 § % 0 o g ‘ the Ailtech gage is in question and alternate gages including the Micro-
B ~ “ o
Q4 @
] % =e ey £ 8 9 ¢ 85 E § Measurements and Hitec weldables are being considered. The known performance
= U O © v
o —_ A+ 8 d . ., .
2 &= o g H B8 98 é > history of the Ailtech gage may still provide a better approach even at the
[ o ~ o n g << 0 = .
extreme case of replacing all gages prior to each new field data collection
. period. Equipment for installation includes a capacitive-discharge welder (30
— Q2
b = 2 g 4 ) 9 to 100 watt-second range), a rough grinder, a small die grainder, a gage layout
&~ T © 5 = . )
5 S~ 2 9 4103 ‘é s g marking fixture, a wire stripper, and a terminal crimping tool.
o — g A o B o . .
§ 9 9 MmoE s 8D - § (e) Measurement Locations. See Section 4.
= g 8 - o b o . ) . .
5 i = pa s A 2 3 (f) Preparation. Weldable strain gages will be applied according
o
— o o ~ @] O 9~ A . .
2 S sz B8 < 2 2 4 2 to the manufacturer's recommendations in the User's Manual supplied with the
T3 o4 "'* g 9 g o)
o | v o 4 o & 9 EH i
) « o o 4] o~ o] é X
= - 2 T T I = [
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gages. A rough grinder will be used to remove all mill scale and pits from
A the gaged areas of the rail; and following this, the small die grinder will be
o %Eﬂ) used to finish the areas directly under and surrounding the gages and strain
’j«:\ Eg relief straps. Care must be exercised to maintain the dimensional corre-
—= -.;\lg spondence of one gage with its counterpart on the opposite side of the rail.
""/-:’;\ . Following attachment, each gage will be checked with an ohmmeter for continuity
</v ‘é (120 ohm resistance) and isolation from the rail (> 5 megohm from shield to
g rail) before they are terminated in the bridges of Figure 5.1-1. Two strain
| O 2 relief straps will be used to secure the integral lead strain relief structure.
o E Eﬁ After completion of the gage checkout, a heavy bead of clear, bathtub seal (RTV
“‘l———r g 2 5% rubber) will be run over the length of the gage and the strain relief to reduce
! E E: the effects of rail vibration and to provide some mechanical protection. Gage
.g--ﬂ- { § =B leads will be terminated within the rail web region or routed through a pro-
M ~7 ) %ég tective housing to the end of the tie to prevent damage from tampers and
?’9‘4 % § x dragging equipment.
B é © 4 E (g) Instrumentation. Signal conditioning amplifiers will provide“a
:zipcﬂ) . o gé ‘j 5-volt excitation to each strain gage bridge. Appropriate cabling and ‘
52 o %ég connectors and/or terminal strips will be provided for rapid connection of the ‘
%\lg E‘E%if instrumentation and recording system for each site visit.
5 gé (h) Calibration. A physical, end-to-end calibration is required from
$ E% each wheel/rail load transducer to the output of the. signal conditioning ampli-
& Eg fier (SCA). A physical calibration is necessary at the time of installation,
E;) E;; H é%% at the beginning of each subsequent site visit, and after any repairs are made ‘
%5 3 g ) to the transducer. The calibration is done by applying known lateral and ver-—
?I) % o 3 tical loads to the rail head using laboratory-calibrated load cells, cycling
3 ; % " these loads through some reasonable range (0 to 20 kips minimum, lateral, 0 to
r-zz-:l E % é ﬁg 30 kips minimum, vertical) while reading the outputs of both the logd cell and
v g % ‘___ =] = S the gage pattern on an X-Y plotter. Lateral load calibration cycles will be
o —— - = 2
‘—-l ~ ﬁ’ N S = A Tun while under vertical load (15 to 25 kips), with care taken to avoid trans-
-] E aQ § verse load paths through the vertical load fixture. After the calibration X-Y
(— U\ [ n\ ) ° 5 plot is run, a bridge shunt calibration (precision resistors across the
gj \ E} E Opposite, active arms of the bridge) will be recorded. The slope of the X-Y
_L— 3 Plot then provides a determination of SCA output (1lb/volt), and the equivalent
</ /" {_ g :
1
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value of the shunt calibration. Suggested resistor sizes to achieve a double

shunt step approximately 50 percent of the desired full range are as follows:

W/R Load Resistor Full Range
Vertical 301K ohm 75,000 1b
Lateral 200K ohm 25,000 1b

SCA gain will then be adjusted so that full-scale output voltage is roughly
twice the shunt calibration step voltage, set to some convenient value of

volts per kips, or 1b per volt.

5.2 Tie Bending Strains

(a) Purpose. Strains along the tie longitudinal axis will be used
to determine tie bending moments and stresses in response to vertical and

lateral wheel/rail loading.
(b) Principle. Longitudinal strain gage coupons will be bonded

to one side of the tie at two locations: beneath the rail seat, and at the

tie center. From an analytical evaluation of the CC244 tie and from practical

considerations of tie damange on the bottom edges, the rail seat gage coupons
will be located directly beneath the rail centerline and centered 1.5 inch
up form the lower edge of the tie. This will leave about one inch of space

to accommodate broken edges. This also coincides with the height of the

bottom strands of prestress wire. Resulting strain measurements will be E L_J

related to tie bending moments by in-situ calibration using the fixture shown

in Figure 5.2-1. A series of laboratory tests will be performed to determine
the difference in sensitivity indicated using the‘rail as the center load
path and the sensitivity using the AREA recommended loading fixture.
Variations in material properties from one batch to another preclude the FIGURE 5.2-1. FIXTURE FOR IN-SITU CALIBRATION OF TIE BENDING STRAIN
use of a single sample of ties to determine Young's Modulus. Different
amounts of air entrainment from one installation to another is especially
significant.

The webbing straps will produce minimal disturbance to the tie

support but as an additional precaution, the calibration will be performed

just prior to the surface and lining on the Chessie and Sante Fe sites.
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(¢) Accuracy. The desired measurement accuracy 1is + 10 micro-
strain (ue) due to contributions from circuit noise, gage placement dimen-
sional tolerances, etc.

(d) Equipment. Preassembled, hermetically-sealed strain gage
coupons will be used on the concrete ties. These strain coupons, .as sketched
in Figure 5.2-2, consist of a 4-arm bridge with integral leads, with two
parallel 2-inch active gages wired into opposite arms of the bridge, and two
shorter temperature-—compensating gages completing the bridge.

Final configuration of the strain coupon will be determined during
laboratory evaluations. The effects of apparent strain on the bridge comple-—
tion gages will be determined by comparing the performance of two coupons- Strain Relief Strap

one with the completion gages bonded to the base shim where they will respond
Temperature Compensation Gage

to the apparent strain (due to temperature) of the concrete while also A e
responding to vertical compression and Poisson strains, and the other coupon f .
3 Resilient Cement
will contain completion gages on an isolated wafer as shown in Figure 5.2-2 | .
which will not track the apparent strain in the concrete tie but will also not : rg/
respond to the compression and Poisson strains. 5 H--1—1 q
2 | H -
f - -_::]

A template is needed for accurate and repeatable location of strain

P

coupons on the tie, and a bonding fixture is needed to apply adequate pressure

to the coupon during the curing of the cement.

A calibration fixture as shown in Figire 5.2-1 will be required to Active Gage

1S \
Output Cable Strain Relief

perform in-site calibrations. Strain Gage Backi Plat
] cking ate

(e) Measurement Locations. See Section 4.0.

(f) Preparation. The pressembled strain coupons will be installed
on the tie in situ to avoid disturbing the tie seating in the ballast. The
surface of the concrete will first be prepared by tapping away any obviously
loose or protruding materals, and a careful examination then made for hairline
cracks in the concrete greater than about 1/2 inch in length (if such cracks
are present, an alternate tie location will be chosen for the site). Strain
gage coupons will be applied at the locations sketched below in Figure 5.2-3:
An application of AE-10 strain gage epoxy will be made as a preliminary seal
to fill all voids. After curing and sanding the epoxied surface flat, a ; FIGURE 5.2-2. STRAIN GAGE COUPON FOR INSTALLATION ON CONCRETE TIES
second application of AE-10 will be made to bond the coupon to the tie. A ‘

bonding fixture will be used to assure sufficient bonding pressure during the
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FIGURE 5.2-3. STRAIN COUPON INSTALLATION
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cure, and heat lamps will be used to speed the curing if ambient temperatures
are below 70°F. Protection of the strain coupon from ballast will be
provided by a suitable cover bonded to the tie with a resilient adhesive,
such as a bead of RTV rubber. Gage leads will be routed so that track and
ballast movement will not cause damage, and additional protection will be
provided as necessary to avoid damage from traffic and track maintenance

operations.

Durability of this installation technique will be verified by
installing two gage coupons at FAST so that they can be subjected to a
substantial amount of traffic. The installation at FAST should verify its

abrasion resistance as well as any fatigue problems.

(g) Instrumentation. Signal conditioning amplifiers will provide

a 5 volt excitation to each strain gage bridge. Appropriate cabling and
connectors and/or terminal strips will be provided for rapid conmnection of the
instrumentation and recording system.

(h) Calibration. Resistor shunt calibration across the two active
arms of the bridge will be used in the field to determine strain gage output
in microstrain per volt at the signal conditioning amplifier. Precision
resistor sizes will be determined for the strain coupons based on laboratory
tests to provide a step change in output roughly 50 percent of full scale.

The strain gage bridge output is based on the relationship:

(active arms)

e/V = (gage factor) x 7 (e)

where:

e = voltage out

V = excitation voltage

e = strain (in/in)
8o that:

2 x he . .
€ = p , calibration step
(sCA Galg) x (gage factor) x V equivalent strain

where Ae = change in output voltage by shunt calibration,
(S8CA Gain) = amplifier gain setting.

The effects of long cable lengths between the gages and the SCA (greater than
about 50 ft) will be determined by means of a precision calibrator, and the

Strain equivalent of the shunt calibration step adjusted accordingly.
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5.3 Rail and Tie Accelerations

(a) Purpose. Measurements of vertical accelerations of the rail
and the tie in the vicinity of the rail seat will characterize the transfer
function between rail and tie through the pad/fastener combination, as well

as define the vibrational enviromment of these two track components under
revenue traffic. The effect of rail corrugations, if present, is of particular

interest. r
(b) Principle. Accelerometers for measuring vertical accelera-

tions will be mounted to the rail base and to the tie top surface as close as

possible to the rail seat area. These two simultaneous signals will be
analyzed by Fast Fourier Transform (FFT) techniques to determine the transfer
function between rail and tie, as well as the power spectral density, amplit-

tude and phase spectra of the individual signals.

(¢) Accuracy. The desired measurement accuracy 1is + 5 ¢gon the
rail acceleration, and + 1 g on the tie accelerations, based on the following

range and bandwith:

Full=-Scale Minimum Data Channels
Measurement Range Bandwidth, Hz Per Site
Rail Vertical + 500 g ‘ 2000 1
Acceleration
Tie Vertical + 50 g 2000 3

(d) Equipment. Accelerometers with the required amplitude and

frequency range given above will be required, plus appropriate signal condi-
tioning amplifiers and special leads or cabling as required. As a minimum,

a 4-channel FM magnetic tape recorder is recommended for permanent recording,

'

and an oscilloscope and/or light-beam oscillograph for on-site data quality

control.

(e) Measurement Locations. See Section 4.0. However, in addition

to general location requirements, specific tie locations will be chosen to be
as near as possible to any kind of rail running surface anomaly (rail joint,
dipped weld, wheel burn, corrugationm, etc.) to provide the highest W/R load
input for a good "signal to noise" ratio. Locations will be marked and logged

by tie number.
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(f) Preparation. Small phenolic blocks (about 1" square) will be
used for mounting the particular accelerometers to the tie or rail. A
number of these can be made up in the shop and mounted at the chosen tie
locations. Blocks for the rail base will be tapered on the bottom surface
to the angle of the base so that the accelerometer, when mounted, will be
perpendicular to the plane of the track. On the rail baée, a patch will be
ground to remove dirt and mill scale, as close as practical on the gage side
to the centerline intersections of rail and tie. The block will be mounted
with quick-setting epoxy cement and held by c-clamp until cured. For installa-
tion on the top of the tie, a patch will be cleaned as close as practical

to the tie centerline and the edge of the rail base on the gage side, and a

layer of epoxy cement load down as a surface filler. After this has

cured, the block will be mounted with additional quick-setting expoxy

cement and held under pressure until cured.

(g) Calibration. Accelerometers and associated amplifiers will be
calibrated prior to each day of measurements using a standard laboratory cali-
brator, such as the General Radio Model 1557A calibrator, which provides an

excitation of 1 g rms at 100 Hz.

5.4 TFastener Strain

Fastener strain will be evaluated in depth at FAST under contract
DOT-TSC~1595. It is anticipated that little or no additional information
will be required during the field testing for this program. However, strain
gaged clips may be available from the other test program to provide correla-
tion with FAST results with a minimum of additional effort on this program.
Data system capacity will not be affected by this measurement because it
can be used alternately ('"time shared") with the acceleration measurements.
It is likely that the major interest will be in comparison of dynamic clip

strains when installed on pads with different stiffnesses.
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5.5 Wheel Detection and Train Speed

(a) Purpose. Wheel detector pulses from each indépendent measure-
ment location will be required for statistical processing of data and deter-
mination of train speed. An example of the wheel detector pulse with relation
to typical W/R load measurements is shown in Figure 5.5-1.

(b) Principle. Standard electromagnetic wheel detector transducers
positioned at the measurement locations will provide an electrical pulse that
will be used in the data processing sequence. Each wheel passing the trans-
ducer will generate the raw pulse which is then conditioned for recording by
the circuit of Figure 5.5-2. The recorded pulse will later be used to generate
a timed pulse to enclose the data generated by that wheel through the measure-
ment zomne.

(¢) Accuracy. The pulse accuracy desired is defined by a zero
crossing (change in polarity) within + 1 inch of the center-line of the trans-
ducer body.

(d) Equipment. Twelve wheel detector transducers (Servo Corporation
Model 400022-16) and wheel detector clamps (Model 200114-01), or equivalent
are required, along with six conditioning circuits (Figure 5.5-2) and assoc-
iated cabling, in each of the two test sections.,

(e) Measurement Locations. The transducers will be placed on the

rail in the crib area on either side of each single instrumented tie and in all
4 cribs at the 3-tie primary location as shown in Figure 4-5.

(f) Preparation. Wheel detector transducers will be attached at the
locations noted in (e) using the associated clamps. No preparation of the rail
is required, other than cleaning off excess dirt and grease.

(h) Calibration. Transducers will be chécked out at the condition-

ing circuit output by passing a hammer or spike maul over the transducer to deternifg

if a sufficiently high voltage pulse for recording purposes is generated.
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VERTICAL
W/R LOAD

LATERAL
W/R LOAD

WHEEL DETEC-
TOR PULSE

TIMED LOGIC
PULSE (PEAK
DETECTION)

FIGURE 5.5-1.

— peak — peak
— peak
— peak

EXAMPLE OF USE OF WHEEL DETECTOR TRANSDUCER
TO PROVIDE WAYSIDE DATA PEAK DETECTION AND
A/D CONVERSION IN DATA PROCESSING
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5.6 Vertical Track Modulus

Because concrete tie track has a relatively high modulus, it is
recommended that an optical instrument such as a surveyor's theodolite be

mounted at least twenty feet from the rail to resolve the relatively small

e €5 : : vertical deflection of the rail under load. A poiﬁt load of known magnitude
i .
‘WF* : will be applied simultaneously to both rails using vertical hydraulic jacks
: reacting against a loaded freight car. Deflection readings will be made
WD 1209 i at a minimum of three loads (e.g., 10, 20, 30 kips) at each of the tie
; :SﬂZZ: i locations discussed in Section 3.3.1. Track modulus will be calculated using
i | the expression: i
FM Tape [ 1/3 ¢
L Channel : k 4 :
. 1 | x i

where

u = track modulus - 1b/in/in, kr = AP/AY from the measurements. i

‘o /—_\__/

FIGURE 5.5-2. WHEEL DETECTOR TRANSDUCER SIGNAL CONDITIONING } |
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5.7 TField Inspection of Ballast and Subgrade Conditions

5.7.1 Introduction

As a part of the overall field inspection of track conditions, ballast
and subgrade conditions will be inspected visually during each site visit.

The objectives of this visual inspection are to document the general condition

of the ballast and subgrade layers and their changes with track history, and

to identify any significant problems in the ballast and subgrade layers that

may influence behavior of other track components and track performance. Care-
fully executed visual inspection will aid in accurate characterization of
in-situ ballast and subgrade conditions, in proper interpretation of wvarious
proposed measurements, and in meaningful correlation between the measurements

and track performance.

5.7.2 Scope

A total of &4 series of ﬁisual inspections will be made at each test
site, at an interval of approximately six months. The first and fourth inspec-
tions will be made simultaneously with the ballast physical state tests.

These visual field inspections will be performed by an experienced
University of Massachusetts geotechnical staff member. Emphasis will be given
to the description of the ballast profile, ballast degradation and fouling,
drainage, and subgrade conditions. However, general information on the site

conditions, the relevant area geology, and seasonal variation of climate condi-

tions will also be gathered. Photographic documentation of ballast conditions
will be made during each site visit, so that a continuous and systematic com-
parison of the ballast condition changes can be made with track history.

The results from the field site inspection will be compiled into a

series of field inspection reports.

5.7.3 Information Needed

The following lists the information to be gathered during the visual
inspection of ballast conditions:
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Th . . » .
e following information will be provided by the subcontracting railroad
1. .

Ballast Conditions.

a. Profile: mean and variation of ballast depth and shoulder
dimension over the test section.

b. Displacement and/or dislocation: caused by traffic induced
loads, track maintenance work, and lateral, longitudinal
and/or vertical dislocation of tie. |

c. Degradation of ballast particles: caused by wear, abrasion

b b
or crushing.

d. Ballast fouling:

1) Infiltration of fines from outside the track

2) Pumping from subgrade

3) Abraded fines

4) Spillage

5) Coal dust

6) Vegetation. .

e. Drainage conditions: presence of moisture and/or water
pockets.

f. Degree of ballast densification.

Subgrade Conditions

Drainage

a
b. Pumping

0O

Instability

d. Ballast intermingling.

General Site Conditions. This information will be gathered prior

to or during the first site visit. Items a, b, c and d are

needed for correlation with ballast and subgrade conditions and

will be the responsibility of BCL.

(a) Name of subcontracting railroad

(b) Geographical site location inéluding mile post or appro-
priate test section number

(¢) Track description including track type, FRA classification,

type and magnitude of traffic, and train speed
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(d) Track super structure: rail weight and type, joints,
fastener type, rail anchorage, tie type, and dimension,

1
including manufacturer's name and model number .

2. Track History.

(a) Maintenance work: type and scope of maintenance done
prior to and/or between site visits, type of machine
used, maintenance procedures used

(b) Traffic history: type, tonnage, etc.

(¢) Climate record: weather, precipitation, temperature, etc.

(d) Other significant events that have occurred at the test
site prior to and/or between site visits

(e) Ballast and subballast: type, specified characteristics
including gradation, shape, relative hardness, origin and
supplier, specified ballast depth and shoulder width

(£) Subgrade: soil type and conditions .

5.8 Ballast Physical State Tests

5.8.1 Introduction

The objectives of this series of tests are to determine the ballast
physical states at’the beginning of the testing program, and to evaluate sub-
sequent changes from maintenance operations and traffic. Determination of
in-situ ballast physical states with track history, along with visual inspec-
tion of field track conditions, will provide basic information needed for
identifying important track parametérs influencing track responses and their
correlation to track performance.

The measurements planned for the ballast physical state determina-
tion include (a) in-situ ballast density, (b) plate load resistance, and
(c) lateral tie push resistance. In-situ ballast density is measured by .
determining the volume and weight of ballast samples, carefully excavated with-
out disturbing in-place structure of ballast and subgrade layers. A special

method for measuring in-situ ballast density has recently been developed,
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and this is described schematically in Figure 5.8-1 (Reference 1).

The basic

concept is that of the water replacement method, which has been widely used
in the highway and embankment constructions.

The plate load test measures vertical ballast and/or subgrade stiff-~
ness under applied load. The test will be accomplished by applying static loads
to a small size (5-inch diameter) plate and measuring the resulting deflec-

tion. Often, the measurements are also taken during subsequent unloading to

determine the rebound characteristics. The test is a direct measure of ballast
physical state and load-deformation characteristics. Figure 5.8-2 shows a

schematic illustration of the plate load test apparatus.

The lateral tie push test is a common field method of measure-
ment related to track performance used in the railroad industry. It measures
lateral tie resistance to displacement under unloaded rail conditions. The
test is only an indirect measure of ballast physical state, but it is directly
relevant to the lateral track restraint. Figure 5.8-3 describes a device for
measuring the resistance of a single tie to lateral force.

Detailed description of these tests can be found in Reference 1.

5.8.2 Scope of Tests

The ballast physical state tests will consist of three series of
measurements at four test sections, including the wood tie control section.
Thelfirst and second series will be conducted before and after tamping during
the first site visit. The third series will be done during the last (fourth)

visit after the accumulation of about 2 years of traffic.

During each series, each test section will be subjected to 18 ballast

density tests (BDT), 22 plate load tests (PLT), and 6 lateral tie push tests

(LTPT). Six or more ties per test section are needed to be unfastened for the

lateral tie push tests. Among the 6 randomly selected, nonconsecutive ties used

for the LTPT's, 4 ties will be completely removed for the under-tie ballast

density and plate load tests, i.e., two ties each. Two cribs near the removed

ties will also be involved in each of the tests.
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FIGURE 5.8-3.

SCHEMATIC ILLUST

RATION OF LATERAL TIE PUSH TEST APPARATUS
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The ballast density tests and the plate load tests will be conducted
in a group at nearby ties so that comparison of results from the two tests can
be made under similar conditions. First, 6 BDT's and 6 PLT's will be con-
ducted on the crib surface. Next, under the 4 ties, at the tie/ballast inter-
face, 6 locations will be randomly selected for BDT's. From past experience
with data variability, it is estimated that at least 6 tests with similar
conditions are needed to make any valid statistical inferences. The BDT s
locations will be directly adjacent to the rail on either the inside or out-
side because these locations are most comparable. There will be no BDT's
done in the center of the track under the tie in order to increase the number
of replicate measurements to 6 under the rail. Six locations under these 4
ties will also be selected randomly for PLT's. These PLT's will also be
performed under the inside and outside of the rail. In order to check for
any center-binding effects, 4 additional PLT's will be performed in the
center of the track under the 4 removed ties.

Another set of PLT's and BDT's are designated for a lower depth in
the ballast layer. Unless the cone penetrometer tests show that the ballast/
subgrade interface is less than 18 inches below the tie, this second set of
tests will be performed at 12 inches below the tie. A 12-inch depth represents
a practical limit for excavation due to size of the excavation required. If
all sites have a ballast depth of more than 18 inches, this will provide a
consistant set of data which can be directly compared.

Table 5.8-1 summarizes the type and number of the above described
tests to be performed during each series at each site. The proposed number of
each test represents the minimum needed to ensure a reasonable level of
statistical confidence of the results. The total number of tests will be
192 BDT's, 240 PLT's, and 72 LTPT's. However, if time will not permit com-
pletion of all of these tests, then some will be eliminated in the order of:
(1) BDT's in the crib, (2) BDT's at the lower depth, and (3) PLT's at the
lower depth.

67




E]

TABLE 5.8-1. REQUIRED PHYSICAL STATE TESTS

Series I (before maintenance):

LTPT - 6 total

PLT - 6 in crib .
10 under tie ( 6 under rail, & in track center)
6 at 12 inch depth (6 under rail)
22 total

6 in crib

6 under tie (under rails) '

6 at 12 inch depth (under rails)
18 total

BDT =~

Series IT (after maintenance)

LTPT - 6 total
PLT - 6 in crib
10 under tie (6 under rail, 4 in track center)
0 at 12 inch depth
16 total

BDT = 6 in crib
6 under tie
0 at 12 inch depth

12 total
Series ITI (after traffic)

LTPT - 6 total

PLT - 6 in crib
10 under tie (6 under rail, 4 in track center)
6 at 12 inch depth (6 under rail)
22 total

6 in crib

6 under tie (under rails) '

6 at 12 inch depth (under rails)
18 total

BDT -

Total Tests
LTPT: 6 tests/series x 3 series/site x 4 sites = 72 tests
PLT: (22 + 16 + 22) test/site x 4 sites = 240 tests

BDT: (18 + 12 + 18) tests/site x 4 sites = 192 tests
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In addition to these tests, gradation tests and moisture content
tests will be conducted based on material collected at 18 ballast density
sampling locations, and also at 3 moisture sensor locations. A series of refer-
ence density tests will also be performed at each test section.

5.8.3 Test Layout

Figure 5.8-4 shows a typical layout of the proposed ballast physical
state tests. It also indicates locations for moisture sensor installation.
The layout represents only one series of the three test series. All of the ties
to be used for the LTPT's will be selected at random within a given section of
the test site, The test locations for BDT's and PLT's will be selected at
random for the locations under the 4 ties used for the LTPT. A similar layout
will be used for each of the test series, Since disturbance to the instrumented
ties is not desirable, the ties to be selected for the tests will be at least
20 ties away from those instrumented ties. Also, test layouts should be iso-

lated from the extreme ends by at least 20 ties.

In the proposed layout, the distribution of each test for each differ-
ent track condition (i.e., different series) is made in such a way that repre-
sentative testing and/or sampling locations can be obtained, and possible effects
of ballast disturbance during successive series of tests can be avoided. Slight
modification from the above described general layout will, of course, be made
when any designated ties or crib areas are not suitable for testing. For example,
a very narrow or only partially filled crib may not be suitable for the BDT
and PLT, and skewed or damaged ties are unacceptable for the LTPT.

It is desirable to inspect all the ties and cribs to be involved in
the tests at the beginning and to make any possible adjustments in advance.

Once ties have been selected for the entire series of tests, they should be
marked appropriately, and should be reserved for the specified tests. These

ties should not be subjected to any tests accompanying track disturbance.

5.8.4 Test Procedures and Apparatus

Table 5.8-2 lists test apparatus and equipment required for the ballast

Physical state tests. Further detailed descriptions of the test apparatus and
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TABLE 5.8-2. REQUIRED TEST APPARATUS AND EQUIPMENT

10.
11.

12.
13.
14.
15.
16.

17.
18.

1
2
3
4.
5
6
7
8

. Ballast density devices and accessories.

Reference density test device and accessories.
Plate load test apparatus and accessories.

Lateral tie push test apparatus and accessories.
X~Y recorder for items 3 and 4.
Power generator.

Track carts.

One set of heavy-duty balance with weights, 20 kg. capacity, 1 gm.

sensitivity.

One set of 12-in.-diameter sieves: 2 in., 1-1/2 in., 1-in., 3/4-in.,
1/2 in., 3/8 in., #4, #10, #20, #40, #60 (or #70), #100, #200, pan and

#200 washing sieve.

Sieve shaker for item 9.

Drying oven.

Two to four mixing pans, 2 ft x 2 ft size,

Two to three water containers, at least 5 gal. capacity.
200 to 400 1b plaster of Paris.

Sample bags, plastic lined cloth, medium size.
Miscellaneous soils lab tools.

Tools to remove and replace ties and ballast.

Sand cone density apparatus.
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test procedures are contained in Appendices A to D. Data reduction proced-

ures are also briefly described in the test procedures in the appendices.
nditions to be obtained during the

1d be followed.

For general description of test site co

tests, general guidelines for visual inspection shou

5.8.5 Test Schedule

Field crew for the ballast physical tests will consist of 1 supervi-

sor, 2 persons for BDT, and 2 persons for LTPT/PLT. With this level of staff-

ing, the track time required to perform the tests is about 3 days for each track

condition, assuming that the track would be accessible and closed to train

traffic for two separate five hour intervals. One to two additional days

are also needed for on-site preparation, sample collection, and other related
activities.
Since so many activities are scheduled during the first site visit,

tion are mandatory among various groups of persons

careful scheduling and coordina

involved. The sequence of various tests is also important because of usually

1limited track time and space. A detailed schedule will be arranged in advance,

n among BCL, the subcontracting railroads, and the University of

with consultatio

Massachusetts.

5.8.6 Additional Sampling

In addition to sampling for gradation and moisture content at the BDT

locations and moisture sensor locations, a quantity of ballast samples is needed

for ballast reference density test, index property tests, and repeated load

triaxial tests. Sampling for these tests will be done after the first series

of ballast physical state tests and prior to the track maintenance during the

first site visit.

To minimize disturbance to the track, the additional material sampling

will be done as much as possible at those ties assigned for the ballast physical

state tests.
Additional samples will be taken under the plate load tests at both

elevations to insure an adequate supply to perform the laboratory tests. When

excavating for the subballast tests, a continuous log will be kept and samples

will be taken down to the depth where the sampling from the subsurface investigat

began. This will provide a continuous characterization of the supporting soil.
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Fi - .

igure 5.8-5 shows a representative cross section of track with typical

ments and samples to be taken, i e
A total of 4 ties and 2 cribs is involved in the sampling The

sampling plan will provide 36 ballast and 12 subgrade samples. About 20 1b

f i .

of samples will be taken at each sampling location, totaling about 720 1b

will be used for the index property tests and the triaxial tests. The sub-
grade samples will mainly be used for the index property tests, and classifi-
cation tests including moisture content and gradation, supplem;nting to th )
boring samples. )
Care will be excercised to ensure representative and quality samplin
throughout the test sections. All the samples will be carefully bagged in )
plastic-lined cloth sample bags with proper identification, and will be shipped
to the University of Massachusetts for required tests. They will be weighezp

at the site and upon arrival in the laboratory as well

5.8.7 Railroad Assistance

T . .
he following assistance from the subcontracting railroads will be
needed for the ballast physical state tests:

(1) Shut down the test section during test period.

(2) Ensure safety of test crews at the site.

3) P i :

(3) rovide 2 to 3 man track gang to unfasten, remove, and replace
ties as needed, and to replace ballast removed for various
tests.

4 . .

(4) Restore track to original conditions existing prior to tests

(5) Provide track maintenance and traffic history prior to tests

9y

and i N . AP .
nformation on any significant environmental changes which

have occurred.

5.9 Ballast Index Property Tests

5.9.1 Introduction

The obj i
objective of the proposed ballast index property tests are to pro-

vide fundamen i i
tal information needed for classification of ballast materials and for
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relating ballast properties to observed track performance.

Many index property

tests have been developed for characterizing both physical and chemical proper-
ties of ballasts. However, they serve as only indirect indicators of
potential in-service behavior. At present, no acceptable method of relating
the index properties to suitability of ballast exists, simply because the
index property tests quite often evaluate characteristics of the individual
particles making up the ballast materials, and proven methods or criteria for
rating ballast in terms of its effects on track performance are not available.
Rather, the index properties are currently used as a basis for establishing

some minimum specifications or guidelines for selecting ballast.

5.9.2 Scope of Tests

Since this study concerns existing ballasts, only important and signi-
ficant tests should be included in the testing program. Based on the literature
review (References 2, and 3), the following tests have been selected on the
ballast materials:

(1) Gradation test.

(2) Liquid and plastic limit tests on material finer than No. 40

sieve.

(3) Specific gravity tests on material both coarser and finer

than No. 4 sieve.

(4) Water absorption test on material coarser than #4 sieve.

(5) Chemical soundness on material coarser than #4 sieve.

(6) Los Angeles abrasion test on material coarser than #4 sieve..

(7) Composition analysis on three separate fractions, such

as material larger than #4 sieve, between No. 4 and No. 40
sieves, and smaller than No. 40 sieve.

(8) Descriptive tests on material coarser than #4 sieve, such as

visual estimation of angularity and sphericity, and hardness.

5.9.3 Test Procedures

Figure 5.8~6 illustrates the proposed sample preparation and test
Sequences for the index property tests. Detailed procedures for the sample

Processing and tests are described in Appendix E.
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One complete series of tests defined in the flow chart will be per-

formed on each representative ballast material type.
DENSITY . .
BALLAST \ The number of series of the index property tests to be performed on

TEST SAMPLE

each material type will be determined after initial evaluation of material vari-

OTHER SAMPLES ation between different sampling locations. Some evaluations will include visual
COMMON . . . .
WATEQCONTHﬂ" ﬁi& CONDITIONS inspection of all the samples, and gradation analysis on randomnly selected,
DENSITY R T1 . .
DRY \ ;X;LES;%LNDHQ 5 ‘ representative samples from each different sampling location such as shoulder,

rail area, and center. If the initial sample evaluation indicates signifi-
\

GRADATION

cant difference between the samples from different sampling locations, one

complete series of the index property tests will be performed separately

all the representative sample groups.

[ 440 BUT < #40 > m
SIEVE SIEVE — 5.9.4 RR Assistance
V;£;7<4 ' voID | o =J—§§§E;_——<_ éziﬁiiic 1. Track Time - two separate periods of 5 hours each.
E;;TO l | RATIO CORRECTION 2. Safety - flag man and communications with dispatcher.
3. Track maintenance and traffic history.
4, TFlat car for drilling.
SP:?FFOR1EST§‘ 5. Labor to remove and replace ties and fasteners, open and
- restore cribs.

7. Liaison official to communicate with BCL & UMASS and coordinate

VISUAL ATTERBERG | . 6. Work train reaction vehicle. (loaded hopper car)
IDENTIFICATION LIMES

RR assistance.

\

SpLIT FOR TESTS

5.10 Subsurface Investigations

E. \ [ ANGULARITY
L.{ DESCRIPTIVE TESTS }———— SPHERICITY! 5.10.1 Objectives and Scope
___———;—-‘ PETROGRAPHIC ANALYSIS __1 The objectives of the proposed subsurface investigations are to

L.A. ABRASION Aj:] characterize the subsoil conditions under the test track, and to obtain needed

soil properties for defining the subgrade characteristics in the correlation

—»{ MGSO, SOUNDNESS l
- [SPECIFIC GRAVITY © ABSORPTION
| SPE N |

analyses and methodology development.

SAMPLE PROCESSING FLOW CHART FOR BALLAST ;
AND SUBBALLAST INDEX TESTS
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The proposed subgrade investigations include: (a) Dutch cone pene-

tration tests, (b) standard penetration tests, and (c) borings for undisturbed

sampling. These tests will be conducted in one or two trips to each site.

If two trips, the first trip will involve the Dutch cone sounding for initial

evaluation of subsoil identification and stratification. The second trip will

involve the standard penetration tests for obtaining visual samples, and borings

for obtaining undisturbed tube samples. The two trips may be combined, but the

core work must precede the drilling.
The prime objectives of the Dutch cone penetratibn tests are to

evaluate the subsoil stratification and degree of uniformity within a stratum

along the track in a relatively short period of time and to obtain values to

use in estimating soil properties. The results from the Dutch cone probing

will provide the advance information on the subsurface conditions for deter-—

ming the scope and locations of the subsequent subsurface investigations, i.e.,
standard penetration tests and undisturbed sampling. The locations of other

geotechnical investigations such as ballast physical state tests may also be

influenced by the observed subgrade conditions.

At the very beginning of the geotechnical investigation, the Dutch
s will be conducted at intervals of 50 to 100 ft through-
Planned depth of the

cone penetration test
out the test section along the centerline of the track,
probing will be to about 20 to 25 ft down from the top of the tie for 4 or 5
of the soundings. The remaining 8 or 9 soundings will be to a depth of 10 ft

below the top of the tie. All of the soundings will be done in the crib area

between the rails. However, this range may be reduced or extended depending on
the existing conditions of the subsur face layers.

The standard penetration test (SPT) will supplement the Dutch cone

probing in determining the penetration resistance of subgrade layers. However,
more importantly, it will provide soil samples (disturbed) for direct visual

identification of soil strata under the track, and for index property and

classification tests.
At each site, two SPT will be conducted down to a depth of 20 to

25 ft from the top of the tie. Representative locations for the SPT will

be determined based on the results from the Dutch cone probing. However,
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it is important that these samples be taken between the rails. or at least
3

between the ballast'ShOUldeIS in OIdeI to pIOperly IEPIeSEHt the Condltlons

influencing track performance.

. . AP important phase of the proposed subsurface investigation is conduct-
1?g borings to obtain undisturbed samples. Two borings requiring a 4 to 6-i
diameter cased hole will be drilled into the subgrade layers to obtain high "
quality undisturbed soil samples, for the laboratory repeated load triaxiil

tesfs for material property characterization. Exact locations of these two
borings will be determined again based on the results from the Dutch cone
sounding to obtain representative soil samples throughout the test section
However, these samples must be taken below the area supporting the track .
The sampling will be continuous from the top of the subballast layer dow; to a
depth of about 5 ft, which is the zone of subgrade that has the greatest influ-
ence on track performance. The top of the subgrade will be examined closel

t? identify local rutting under the ties, potential pumping, ballast penetri—
th? and drainage problems. Properties for the portion of subgrade below the
undisturbed sampling will be estimated by correlation with the cone and SPT
soundings. However, the depth of undisturbed sampling will be extended if

subgrade problem zones are encountered below a 5 to 10 ft depth

5.10.2 Test Equipment

A typical Dutch cone penetrometer consists of a l.4-in.-diameter
cone tip with a short pipe sleeve for side friction measurement. This i
sleeve has the same diameter as the cone and is located immediately abozepihe
cone. .No casing is required so the disturbance in sounding is limited to
approximately a l.5-in.~diameter hole, unless ballast must be removed to permit
the cone to reach the subgrade. Tests are being conducted now to see if re-
moving and shoring crib ballast will be needed. If it is, then the ballast
will be replaced by hand after a sounding is completed. No other track main-
tenance is expected to be needed after the cone tests. ’

f Standard penetration test requires a drilling rig equipped with speci-
ied si -
: ed size sample and driving hammer. ASTM specification D-1586 provides the
etai i

ailed procedures and equipment required for the SPT. The standard penetra-

tion i i
resistance is the number of blows required to drive a sampler of 2-in. OD
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by 1.375-in. ID‘into the ground for 12 in. with a 140-1b weight falling 30 in.
A 6 to 8-in. diameter hollow-stem auger will be used to advance the drill hole
and laterally support the soil and ballast bed. The SPT sampler will be
inserted into the auger stem for the test.

The ballast bed in the center of the crib will be disturbed con-
siderably by this operation. Therefore, this must be done before the track is
tamped. The cribs will be refilled after the drilling, and consideration also
will be given to filling the drill holes during casing or auger removal.

The drilling method for undistrubed sampling will be of a rotary
wash type. Heavy-drilling mud and/or a casing will be needed for high quality
sampling. Ballast will have to be removed and the ballast bed laterally sup-
ported during the drilling. The type of sampler will be selected based on the
initial identification of soil type and conditions from the Dutch cone probing.
The required sampler hole will be at least 6-in. diameter.

For the Dutch cone probing the use of a commercially available, elec-
tronic conme penetrometer, mounted on a self-propelled truck is proposed. A
separate truck-mounted drilling rig will be required for the SPT and undis-
turbed sampling. The trucks preferably will be fitted with rail wheels, but
if this is not feasible, a flat car will be needed for mobility on the rail at
the test site. The use of rail wheels is believed to be a much more economical
and versatile approach. Thus potential drilling firms are being consulted to

determine the feasibility of providing rail wheels on their vehicles.

5,10.3 Test Schedule

Dutch Cone Penetration Tests. As discussed earlier, the Dutch cone

penetration tests should be performed in advance of the first site visit for
other field measurements such as the ballast physical state tests. Preferably,
all of the field sites should be tested on one continuous trip by the same
crew. This will ensure consistency and minimize cost. At the present time,

hiring of a commercial firm is proposed to perform the cone probing. Only

supervisory personnel will be needed from UMass for coordination of these tests.

The Dutch cone penetration test will require approximately 8 hours of track
time per test section. This track time must be scheduled within a 40-hour
period of the arrival of the test crew at the site, but it does not have to be

consecutive hours. The cone test can be performed at night. No less than
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is requi i i
quired to permit preparing the track again for train operation

Stand i
ndard Penetration Tests. After initial evaluation of results

crews on a se i
parate trip for the subsequent standard penetration tests and u
Ne=

disturbed i
sampling together. It may be possible to coordinate the schedules

of the dri
e drill work and the cone work so that only one trip will be necessa
ry.

ably thi i
y this work will be performed before the first site visit for the physical

state tests, i e
Because of dlsturbance to the ballast during this sampling th
H

g 1
° g

.

available equi iri \
quipment. lelng of a commercial firm is anticipated however
s o

The sa i
me crew will be used at all of the east coast sites if possible

or . .
ew will probably be used in Illinois to reduce mobilization cost

A .
pproximately 8 hours of track time is needed for this phase of the

subsurf i i i i
face investigations. This track time must be scheduled within a 40-

hour period i
P of the arrival of the test crew at the site, but it does not have

¢ .
o0 be consecutive hours. No less than 4-hour blocks of time should be

scheduled i
and at least 2 hours notice given to prepare the track for train

service. The drilling work can be done at night with lights

5.10.4 Undisturbed Sampling

Detailed procedures for undisturbed sampling will be specified for

the drilli
rilling crews, based on the preliminary information indicated by the

Dutch cone probing. These procedures will describe:

() drilling procedures, including use of drilling mud and/or

caseing, cleaning of hole, and measurement of boring
depth and water table;
(2)

sampling procedures, including techniques for tube pene-

tration and sample withdrawal;
(3)

Sample h.alld.l.ln ) ¥ ()(,edll[ es d ur a]ll]) “8 tr ansportation
g 11’lg S ll ’ FY

storage, and extrusion; and

(4) field and laboratory logging procedures.
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5.10.5 Laboratory Tests (Disturbed Samples)

The disturbed samples obtained during the standard penetration tests
will be subjected to visual inspection for soil identifications, and index
property and classification tests. Careful logging of soil identification and
stratification will be made during the visual inspection which will supplement
the Dutch cone probing. The basic index property and classification tests will
supplement the Dutch cone probing. The basic index property and classification
tests will include moisture content, liquid limit, plastic limit, and grada-
tion tests. If the subgrade material contains a significant amount of granular
materials, maximum and minimum density tests will be done for determining
relative density.

In-situ moisture content and density state will be determined from
the undisturbed samples for the static and dynamic triaxial tests. The type and
test conditions of the laboratory triaxial tests will be determined after care-
ful inspection of soil type and field conditions. Further details of the
laboratory testing program for the undisturbed sampling are discussed separately

in Section 5.11 and 5.12.

5.10.6 Expected Results (Disturbed and Undisturbed Samples

(1) Complete identification of soil stratification.

(2) Soil classification and index properties.

(3) In-situ moisture and density state.

(4) Penetration resistances from both the Dutch cone probing
and SPT.

(5) 1In-situ shear strength of soil layer.

(6) Stress-strain properties, both estimated from in-situ tests
and determined from laboratory tests.

N Correlation of soil properties determined from laboratory

triaxial tests with SPT and Dutch cone in-situ results.

5.10.7 Railroad Assistance

(1) Scheduling for track time. (Four 2-hour segments, two 4-hourx
segments.)

(2) Safety of field crews during track work.

(3) One laborer for removing and replacing ballast as needed.
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5.11 Laboratory Stress~Strain and Strength Testing

5.11.1 Purpose

The purpose of the stress-strain and strength testing is to provide
properties needed for the correlation methodology. Primarily these properties
are the resilient modulus and the permanent strain accumulation with repeated
loading. Both are functions of material physical state and stress state. Thus
a number of tests are needed on each ballast, subballast and subgrade material.
Most of the tests will be repeated load triaxial tests, but the number of tests

can be minimized by a few static triaxial tests to define limiting stress-strain

and strength conditions.

5.11.2 Methods and Scope

The test methods and apparatus are described in detail in Appendix”

F, based on work from the first year of the SUNYAB DOT study [5-4]. This
work is continuing, so that further improvements in apparatusrand proce-~
dures that are achieved will be incorporated in this ;oncrete tie study.

The minimum number of tests required is estimated as 45. This is based
on 3 sites, 3 materials, and 5 samples or test conditions per material. The
physical states to be used will be determined from the field conditions, and
the stress levels will be determined from preliminary computer analysis.

It i . .
t is anticipated that the 5 ballast tests will include at least 2 density

states and 2 stress levels. The subballast and subgrade tests will be done

at 2 i
moisture contents and 2 stress levels, However, it is important that

the i i i
test format remain flexible until the nature of the material is deter-
mined,
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5,12 Moisture Monitoring and Sampling

5.12.1 Introduction

These samples will be avail
Second, to observe moisture

ble only during the 4
tory will be oven dried. al y

-month intervals.

. £ 6
ite visits spaced at abou
N will be installed for remote readout, and

changes between site visits, sensors

these will be monitored on approximately weekly intervals.

5.12.2 Oven Samples

i i from
Oven drying to obtain moisture content will be accomplished

several. sources: )
1. TFrom the SPT samples and from the tube samp

This will occur only during the first site

es during subsurface

investigations.

i i tion with
amples of ballast and subballast taken in connectl

and the density tests. These will be

2. From s
the plate load tests

available on the first and last visits.

R . {nter-
3 From hand augering near the moisture sensSor location for the int

mediate visits. , .
4. From samples of subballast and subgrade taken during install-

ation of the moisture sensors on the first site wvisit.

The procedures for oven drying are well-established and commonly used

size of the material, larger samples being required for the ballast.

5.12.3 Moisture Sensor Instrumentation

. {od
The method planned for monitoring moisture changes over the perio

i 1
of the test is patterned after the prototypes developed by Selig and Wobschal

i re=
at the State University of New York at Buffalo. Most alternative measu

i i i a sensor
ment techniques operate by measuring resistance or capacitance of
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constructed of material such as gypsum, nylon or fiberglass blocks which

absorb moisture from the surrounding soil. These sensors are very sensitive to

placement, soil structure, and soil composition and they exhibit large
hysteresis during moisture fluctuations. As a result they are not accurate
or precise enough for most engineering applications. These problems can be

minimized by incorporating the moist soil itself as part of the electrical

"

circuit.
The recommended moisture sensor responds with an electrical frequency

of oscillation based on the electrical capacitance properties of the soil, which

can then be directly correlated to the moisture content of the soil. The

system works best in partially saturated soils and at low moisture contents.

At high moisture contents, depending on the material, the soil electrical

conductivity may become so high as to cause the circuit to become insensitive

to further moisture increase. The working upper limit will diminish as the
pore fluid conductivity increases, such as from dissolved salts. Soil com-
position effects on sensor response can be taken into account by proper cali-
bration as long as composition does not change excessively during monitoring

at a particular location. Unsatisfactory results may occur in applications in

calibration cannot correct for the errors in predicted moisture content.

The moisture sensor (Figure 5.12-1) is cylindrical, measuring 4 in.-
long by 2 in.-diameter. Inside of each sensor is a circuit board with  the
required electronics. Each sensor is environmentally sealed for long term

stability. Placement is done using either a 2-inch borehole or by compacting

which the pore fluid composition changes in an unknown way with time so that
soil around the sensor.

The remainder of the system is a portable readout unit housed in a
sturdy, sealed case, which utilizes a digital display and is powered by either
a built-in, rechargeable battery or by 110V AC current. The sensor is attached
to the readout unit by a single shielded coaxial cable of any desired length.

In operation the readout instrument provides power to the circuit in

the sensor and triggers a sequency of four electrical oscillations. The fre-

quency differences are determined automatically and displayed.
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FIGURE 5.12-1. CYLINDRICAL SENSOR

86

£~

|

5.12.4 Moisture Sensor Installation

Seven sensors will be installed in each site. Three will be placed
in the subballast and three in the subgrade. The seventh will be located where
needed most based on the existing subsurface conditions.

Placement in the subgrade is done in a 2-in.-diameter hole made by
a thin-wall tube cutter. The sensor will thus be in contact with undisturbed
soil. In the subballast the material will be recompacted around the sensor
to represent as closely as possible the undisturbed conditions. To avoid
extra track disturbance, the tie locations for these sensors will be those
assigned to the density and plate tests conducted prior to track maintenance.

. The electrical cables will be brought out past the shoulder of the
ballast section at a depth below the tamping zone to avoid disturbance during
track maintenance. A junction box will be installed away from the track to
provide a secure location for the ends of the cables. The readings will be
obtained by carrying the readout instrument to the junction box and manually
connecting each sensor in sequence. It is anticipated that a local resident
can be selected to take the readings at least once each week throughout the

test period.

5.12.5 Moisture Sensor Calibration

The readings of "Apparent Capacitance'" from the readout unit are
related to moisture through the use of calibration curves (illustrated in
Figure 5.12-2) established with a sample for, and of, each soil condition.
These calibration curves may be established by either a laboratory method (for
greatest accuracy) or by a field installation method. All of the semsors Will)
be laboratory calibrated in advance using standard liquids and in representa-
tive soil materials. This will permit correlation between sensors. One
sensor, like those installed, will be calibrated again after installation
using recovered soil samples from each site.

In establishing and using these calibration curves, it is necessary
to realize that the "Apparent Capacitance" readings are related to 'Volume-

tric Moisture Content (M&)," which is the ratio of the volume of water to a
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unit volume of soil. When only relative changes in moisture are being con-
sidered, relative changes in "Volumetric Moisture Content' may be utilized.
when the more common ''Moisture Content (w)" - which is the ratio, expressed
as a percentage, of the weight of water to the weight of dry soil in a unit

volume - is desired, it may be derived from the '"Volumetric Moisture Content"

by the formula:
w = 100 Mv/dd

where

dd is the dry density of the soil.

To provide a calibration curve by laboratory methods, the sensor is
placed in the middle of a plastic container at least 6 inches in diameter and
at least 6 inches deep, and moist soil is compacted around it. The level of
compactive effort is not important. However, the density must be uniform
throughout the container. As an alternative, the container may be compacted
full of soil and a hole bored for the sensor just as done in field installa-

tion. After the container is filled and the soil surface leveled, a reading

is taken of "Apparent Capacitance' and is plotted as the Y-axis reading. The

corresponding X-axis reading is obtained by determining ''Volumetric Moisture
Content" by measuring the soil volume in the calibration container and deter-—
mining the amount of water by drying the soil in the oven. The rest is re-
peated with soil samples at different moisture contents to provide sufficient

points to construct a calibration curve such as is shown in Figure 5.12-2.

The simplest calibration procedure consists of taking an "Apparent

Capacitance" reading with the sensor in the air before installation and plotting

the reading on the Y-axis as the origin of the calibration curve. After instal-

lation, a reading of "Apparent Capacitance' is taken and plotted as the Y-axis

location of the point. The X-axis location is determined by taking a sample

of the soil where the sensor is installed and determining its '"Moisture Con-

tent" (percentage ratio of weight of water to dry weight of soil). If the soil

dry density does not change significantly with the moisture changes after

installation, then the calibration can be expressed directly in terms of

moisture content (w), rather than in terms of volumetric moisture content (MV)-

This avoids the need to make a field density determination to use the moisture

sensor. This field calibration procedure will be used for each sensor to check

the laboratory calibration.

38

Sensor Reading - Apparent Capacitance
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Volumetric Moisture Content, m,

FIGURE 5.12-2. TYPICAL CALIBRATION CURVES (TYPE A SENSOR)
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5.12.6 Railroad Assistance

. . . in
1 Labor to assist in sensor cable installation and in setting

up readout box next to track.
Authorization for a local resident to enter the property and

take readings 1 or 2 times per week.

5.13 Weather Information

her
The U.S. Weather Bureau will be contacted to locate the weathe

to the test SltES. I[lfornlatlon. on dally Preclpltatlorl atld
stations ClOSESt

aver e dal y teﬂlperatllle w1l l_] be (:Ol.lected. Alth.ou ]:l varliance bEtWeell the
1 g
ag

t l tatlon ma occur on an da s over a erl Of Week t}le
fc r use 1n €S tzlb lls}llIlg envir GIu[le‘n‘tal
avetages are e:{PeCted to be Su‘ltable

differences between sites.
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5.14 Survey-to-Benchmark Measurements

5.14.1 1Initial Installation

(1) Establish three benchmarks in each designated test section
as illustrated in Figures 5.14-1 and 5.14-2. See the defini-
tions of test sections in Figures 4-1 through 4-4,

(2) Use a random method to select the ties for STB sites in
each test section. Select 10 percent of ties at the Chessie
site and 5 percent of ties in all other sites. Mark each
selected tie.

(3) At each designated tie, polish an area on each rail base to
permit the scribing of a clearly visible "X" approximately one
inch from the edge of the rail base. Spray a clear protec-
tive coating on the area to protect the mark.

(4) Mark an appropriate location on the adjacent top surface of

the tie, on each side of the track.

5.14.2 Vertical Elevation Measurements

(1) Set up the theodolite near the center éf the test section and
approximately 50 feet from the track, as shown in Figure 5.14-
3(a). Reading elevations to the nearest 0.001 ft., shoot the
following locations:

(a) each benchmark
(b) each designated tie and rail location
(c) each benchmark for a second time.

(2) For a small number of measurements, calculate rail-to-bench-
mark and tie-to-benchmark elevations and compare with pre-
vious measurements, to insure the elimination of any gross

errors.

5.14.3 Horizontal Distance Measurements

(1) Establish the sight lines illustrated 1in Figure 5.14-3(b) by
alternately setting up the transit over each of the bench-

marks. Accurate placement of the theodolite is very important
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for this purpose. The theodolite should be centered over the
benchmark within + 0.01 ft.

(2) At each designated tie, measure the perpendicular distance
from the nearest field side rail base to the sight line.
This distance is found by moving the chain back and forth
along the sight line until a minimum distance is read through

the theodolite. Record readings to the nearest 0.01 ft.

5.14.4 Longitudinal Rail Movement Measurements

(1) Use the theodolite to establish the locations of the transverse
reference lines illustrated in Figures 5-14-2 and 5.14-3(c).
read angles to the limit of accuracy of the instrument, which
should be + 1 second of arc.

(2) For the first measurement, place permanent markings on the
base of each rail to define the original position of the
rail under the transverse reference line at each STB site.

(3) For all subsequent measurements, place a temporary mark on
each rail base to define the current position of the rail under
the transverse line. Measure the distance from the current
mark to the original mark, to the nearest 0.0l inch. Record
movement as positive if the original mark has moved in the
direction of increasing tie numbers relative to the transverse

reference line.
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5.15 Tie Movement Measurements

5.15.1 Equipment

(1) A spacer bar is required to indicate deviations in longi-
. 1"
tudinal tie spacing of + 4". |
(2) A large protractor should be constructed of clear plastic

iati . This
to indicate tie skew deviations of + 2.25 degrees

skewing angle would be caused by a difference in longi~-

. 1"
tudinal position of opposite ends of the tie of 4".

5.15.2 Measurement Procedure

i the
(1) Record data separately for each section of track where
i ill
tie/fastener combination remailns the same. The data w
consist simply of numbers of exceedances. o o
. . . ) an
(2) Walk the track and inspect all ties for spacing deviations (> +
a .
skew (> + 2.25 degrees). Where exceedances are suspected, measure:
x . .
a longitudinal spacing along the centerline of the trac
b skew of the ties with respect to one rail base.
Use the following signs:

- . 0
a Spacing deviation is positive for spacing greater tha

nominal

b Skew is positive counterclockwise looking down on

the track.

Thus. the exceedances will fall in one of the following
b

categories:
TIE SPACING (INCHES TIE SKEW (DEGREES)
+ 4" - 4" + 2.25 deg. -2.25 deg.

5.16 Rail Creep Measurements

W

5.16.1 Markings

. . al
Rail creep will be measured at all ties where vertical and later

ings during the
Survey-to-Benchmark measurements are made. Place creep marking g

\Y - -14 i int lateral
first site isit after the surface and-line maintenance. Pai
’

96

S ———

strips, in-line with each other, on each field side rail base and on the

adjacent top tie surface.

5.16.2 Measurements

Measure creep at the end of the first site visit and once during

each subsequent site visit. Sign convention: if the rail has moved relative

to the tie in the direction of increasing tie numbers, this is positive creep.

5.17 Tie/Fastener/Pad/Insulator Inspection

5.17.1 General

The inspection form is illustrated in Figure 5.17-1. All ties in

the designated test section (all concrete ties) should be inspected for all

items on the form except tie face cracking. Center cracking visible from the

top of the tie will be inspected on all ties.

Tie face cracking will be inspected for ten percent of the ties
at the Chessie site and for five percent of the ties at all other sites.

during the first and last site visits only. The first inspection should

be made before surface-and-line maintenance. The crib locations should

be selected randomly, except that they should be separated by at least
three cribs. If locations are selected with less separation, make

additional selections. Inspect the faces of the two ties adjacent to

each crib. 1In addition, all previously identified major face cracks

(those appearing on two or more surfaces) should be examined on aill

inspections.

There is ONE EXCEPTION to this plan for opening cribs: avoid the

locations of ballast density and plate bearing tests. Do not open a crib

if it is either the location of one of these tests or is adjacent to a test

location. Lateral tie push tests must be performed before opening cribs.

Only one inspection will be made during the first site visit. This

should be completed before the surface-and-line maintenance.
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Inspection Procedure
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the nearest inch.

(2) Chips/Damage. Enter the largest dimension of any chips

or mechanical damage, to the nearest inch. TFor this

purpose the following designations will define sections
across the length of the tie:

FSA Field Side of Rail A

RSA Rail Seat of Rail A
CENTER Between the two rail seats

RSB Rail Seat of Rail B

FSB Field Side of Rail B

The number and location of clips that are flush with

the face of the shoulder (at the hole) or are within the shoulder
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» outside rail field (OF) and outside
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Enter: C if concrete around base of shoulder is cracked
L if shoulder is loose in concrete
B if shoulder is bent, twisted or broken.
Insulators.

The insulators shall be classified in accordance

with condition codes.

A - Insulator in good condition
B - Broken or cracked corners

C - Cracked plastic

D - Badly damaged
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F - Insulator has fallen out

G - Insulator has moved more than 1/2 dinch.

The number and location of insulators meeting each code will be
recorded. Locations consists of inside rail field (TIF), inside
rail gage (IG), outside rail field (OF) and outside rail gage
(0G).

f. Pads. The number and cloation of pads that have move 1/2
inch or more in any direction shall be recdrded. Location
shall consist of tie number and inside or outside rail. If

pad burned--so indicate.

e. Photographs
(1) Photograph all visible cracks and major cases of tie

chips and damage.

(2) Photograph all major cases of damaged or dislocated pads,

clips and insulators.

5.18 Gage Face Wear

5.18.1 Measurement Locations

Gage face wear will be measured at all ties designated for vertical

and lateral survey—to—benchmark measurements.

5.18.2 Equipment

Gage face wear will be measured with a snap gage of the type planned
for the Phase IT experiments at FAST. These measurements will be made at 3/8"

below the top surface of the railhead for direct comparison with FAST data.
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5.18.3 Measurement Procedure

(1)

(2)

Defln-e zZero (IlO E“ea'.r) for tlle Sn‘aP gage b) Irla]::lllg l: mEaSuI‘e

ments on a cont
. ,

ol section of new rail for each rail i
to be measured. e

previously established "
| e " :
d "zero", at all designated ties.
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6. RAILROAD SUPPORT REQUIREMENTS

Railroad support requirements are needed in all phases of the mea-
surement program. Required services include track maintenance, the collection_
of track geometry data, the provision of a work train to assist in the cali-
bration of instrumentation and in the conduct of certain experiments, and the
provision of personnel to insure the safety of the test crew, to communicate
with the dispatcher and work train, to remove and replace designated ties and
ballast and to provide other general assistance. The specific work items are
defined below. On the Northeast Corridor, no work train or tie/ballast work
will be required, but the remaining requirements will exist for about one day

per site visit.

6.1 Surface—-and-Line Maintenance

During the first site visit, after the installation of instrumenta-
tion and the conduct of an initial set of experiments, the railroad shall pro-
vide surface-and-line maintenance on the designated test sections. The test
sections will consist of concrete tie track on the Chessie and N & W and of

both concrete and wood tie track on the Santa Fe.

6.2 Track Geometry Measurements

Gage, crosslevel, surface and alinement data will be collected by the
track geometry car operated by the railroad. It is recognized that scheduling
of track geometry cars for a specific site and time is difficult, but it is
expected that track geometry car runs will, at least, correspond in frequency
with the interval of approximately six months planned between measurement

cycles. To the extent possible, the railroad should adhere to the following

target:

a. measurements within two weeks before and after the first site

visit to document the effects of surface and line maintenance.
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b.

me ithi
asurements within two weeks before or after the remainin
three site visits. )

Departmen i
P t of Transportation T-6 track geometry car for track geometry measure

ments to i
be made at up to 4 selected times during the measurement program

6.3 Locomotive and Car

To calib i i
rate instrumentation and to perform measurements of vertical

ballast i i
modulus, a work train will be required containing one locomotive and

first visi
sit and for about one day on each of the three remaining visits. A

work trai i
in with a flat car may also be required for the drilling operation
prior to the first site visit.

6.4 Maintenance and Traffic Data

a. . A .
Consist Descriptions. Detailed consist descriptions for one

month of traffic spanning each site visit should include:
1. date and time of train passage
2. the type of each car
3. the gross weight of each car
4. the overall gross weight of the train
5. direction of travel over the test site.

b. Tonnage Accumulation. Overall train tonnage should be accumu-

late L . . .
d, beginning with the first consist description and continuing for all

¢ . .
raffic over the test section through the full period of .the tests Record

inter
vals of data and accumulated tonnage should be no greater than one month
At double-track sites, the track must be designated.

In addition, any available records of tonnage accumulation from the

installation of the test section should be provided to Battelle-Columbus

This i . . .
8 information is desired for record intervals no greater than 3 months

c. i |
Maintenance Data. A record of all maintenance required for the

te . . .
St section should be maintained by the railroad and submitted to Battelle-
Columbus at 6

-month intervals starting from the initial site visit. Also
b g
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visit.

any available data on the history of tonnage and maintenance since the installa-

tion of the test section should be submitted to Battelle-Columbus no later than

April 1, 1979.

The Battelle-Columbus project manager should be notified at least 2

weeks prior to carrying out any track maintenance which disturbs the ballast

section after the lining and surfacing to be conducted during the initial site

Emergency maintenance required to maintain normal train operations is
excepted from this requirement, but Battelle-Columbus should be informed about
this as soon as possible.

Names of suppliers of ballast for each test section including--

gradation, type, origin, approximate date of deposition. This includes any

ballast deposited during the maintenance operation.

6.5 General Assistance

The following approximate lengths of time have been estimated for

each of the site visits:

a. Preliminary site visits (one or two) to collect geotechnical

data and install benchmarks: 5 days total

b. TFirst measurement site visit, which includes installation of
instrumentation and two measurement sets: 15 days

c. All subsequent site visits: 9 days.
During each of the site visits, unless otherwise noted, the railroad shall
provide:
A liaison official to whom all specific requests concerning all
The liaison official would not be expected

a.

railroad services can be directed.

to be on site on a full-time basis. Telephone contact will be adequate.

b. Telephone or radio communication from the BATTELLE-COLUMBUS

instrumentation van to the dispatcher to provide information about train

schedules.
c. A warning signal, by lights and sound, of trains approaching
within two to five miles of the instrumentation van.

d. A watchman for safety purposes whenever installation of instru-

mentation or other track work is in progress and during drilling.

e. Coordination between the work train and the BATTELLE-COLUMBUS

test crew while calibration of tests requiring the train are in progress, and

for physical state tests and perhaps the drilling tests.
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traffic through the test site during each site visit

(Chessie, N & W, Sante Fe),

h. Track crew to assist in the following activities:

1. Removal and replacement of 4 ties and crib ballast.

This must be done with minimal disturbance to the ballast
under the ties. (Before and after tamping on first visit
and once during last visit only.)

2. Remove and replace rail fasteners on approximately 7 ties
at each of 6 different locations for lateral tie push
tests (before and after tamping on first visit and once
during last visit).

3. Removal of ballast before drilling and shaping of ballast
?ection after drilling during the preliminary subsurface
investigation work.

4. Removal and replacement of ballast to permit application
of strain gages to the ties (first time only plus some
repair, as needed).

5. General assistance for ballast density, tie push and
plate bearing tests (before and after tamping on first
visit and once during last visit).

6. Removal and replacement of crib ballast (10 percent of
cribs at Chessie, 5 percent at N & W and Sata Fe) in the

concrete ti i i
tie sections, once during each of the 4 regular

measurement visits,
6.6 Track Time

On the first isi
and last visits to the three instrumented test locations

two i
Separate segments of five continuous hours of

total track ti
ime. The segments can be scheduled at night if necessary t
o

minimize interr i i
uption of traffic. During each time segment one tie will be
s

removed and t i
he plate load bearing and ballast density tests will be performed

T
he subgrade characterization tests
s

to be performed on one or two preliminary

5 g 0 a u g

time,

It is expected t ini
hat the réemaining measurements and installation/calibration

activits
lvities can be scheduled around normal traffic
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7. DATA ACQUISITION AND RECORDING

Acquisition and recording of dynamic track response data will be

accomplished with a FM multiplex system with a capacity for 42 data channels.

Figure 7-1 is a block diagram of the data system. The signal conditioning

modules will each contain fourteen signal conditioning amplifiers with indi-
isolated strain gage power supplies and zero supression balancing

vidual,
Each amplifier drives the input of an IRIG constant bandwidth,

networks.
The fourteen VCO's in one module will

voltage controlled oscillator (VvCo).
be summed into a mixing amplifier/line driver which can drive up to 2000 feet

of coaxial cable. This single coaxial cable plus a calibration control cable

and a power cable will be required to connect each signal conditioning module

to the mobile instrumentation laboratory. The FM multiplexes will be recorded
on a wide band-I, Fourteen track magnetic tape recorder. Direct record band-

width will be 300 Hz - 150KHz at 30 inches-per-second (ips).

the multiplexes, a 100 KHz tape speed compensation signal and IRIG-B time

Wheel detectors and wide band dynamic data (> 2000 Hz)
Data

In addition to

code will be recorded.
will be recorded on remaining FM record tracks at DC-20 KHz bandwidth.

quality will be verified by monitoring on a fibre optic oscillograph at the

same bandwidth as the data will be reduced.
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