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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 sbonsored 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 gratefﬁlly 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 designeé to accuqulate 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
w%}l 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—iine 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 Qill be submitted through the Federal Railroad
Administration to the Tranmsportation Test Center or~the AAR.

Following the acquisition and reduction of the required track perfor-
mance datg, a correlation analysis will be conduéted. Twolbasic approaches
will bg applied: . !

a. Correlation by Comparison and Regression. Direct comparisons of

performance indices will be meaningful to indicate the effect of differences-
in Fraffic, construction and environment. Regression analysis will be applied
to identify correlation coefficients which, when calculated from the results -
6f two or more track segments, can be verified by correlation with results
from an additional track éegment.

b. Correlation by Anmalytical 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 CRITERTA

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 trediction 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. TFor some or all
of the selected revenue service test segments, differences with‘FAST condi- -
tions include: '

a. Rail size

Types of fasteners and pads

b.

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 - vertical and

lateral stiffness, fastener stiffness and toe load,

3



transfer function of tie pads, subgrade moisture content,
subgrade elastic and plastic limits, ballast gradation
and general ballast condition

3. Loading and load response — wheel/rail loads, tie and

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 understanding of
this important track performance measure.

Table 2-1 lists the planned measurements which fall under each 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.



TABLE 2-1.

SUMMARY OF PERFORMANCE MEASURES AND TRACK CHARACTERISTICS

PERFORMANCE MEASURES

Component Degradation

1. Rail Creep

2. Gage Face Wear

2

3. Tie Skew and Spacing Deviations
4, Tie Cracks and Damage

5. Fastener/Pad Insulator:

a. Movement
b. Wear and Damage

Geometry Retention

1. Deviations from Average Contour

a. Profile

b. Alinement
¢. Crosslevel
d. Gage

2. Track Shift from Fixed Reference

a. Vertical settlement
b. Lateral
c. Longitudinal

TRAFFIC/CLIMATE CONDITIONS

Wheel/Rail Loads

a. Vertical
b. Lateral

Tonnage Accumulation
Consist Definitions
Train Speed

Moisture History

Weather Conditions

10.

11.

12,

TRACK CHARACTERISTICS

Tie Strain

Rail/Tie Accelerations
Fastener Characteristics
(Measurements only at FAST)
a. Toe Load

b. Stiffness

Vertical Track Modplus
Ballast Density

Plate Load Resistance
Lateral Tie Push Resistance
Ballast Gradation

Ballast Material Properties

a. Liquid & Plastic Limits
b. Specific Gravity

¢. Chemical Composition
d. Angularity, Sphericity,
e. Hardness

Subgrade Penetration
Resistance

a. Dutch Comne
b. Standard

Subgrade Material Properties

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

Subgrade Classification

Material Identification
Stratification

Moisture

Density

a0 oD

(%]



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
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

Percent of ties with creep exceeding
selected threshold

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

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 Percent with movement above 2 inches

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



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 climatg for which
the components in question appear to provide a "successful" design.

For those performance indicators which display variation with
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 ié 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

2. Track geometry

a. Curvature
b. Indices of vertical and lateral roughness - 5%
exceedance values of profile and alinement

3. Ballast

a. Avérage gradation
b. Average density
c. Averége 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 consitﬁte 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 conditionms.

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

tion) vs. indices of the governing characteristics (load, stiffness, subgrade
plastic 1imit, 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 characterisfics. For example, the rate of increase in the 5-percent
exceedance 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'postulatedAin the form

n n
1 2
= + .
PE Cl A C2 KV
From data gathered at the three track segments, the constants Cl’ C2, n;
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 ciimate
~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 regression 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 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 fepresenting the ballast and subgrade,



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

by Cj odJ and the layer thickness hj, where
ij .

Q
I

d deviatoric stress in the j layer for the traffic of Pi’ Ni
ij ‘ ’

Cj and uj = 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 representaﬁion 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 maximuﬁ 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 program which
includes an iterative procedure to handle stress-dependent properties of the
subgrade material and improves computational efficienéy. '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.

10
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FIGURE 2-1. TRACK MODEL
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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 the 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 wertical 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 fonnage
in?rement, 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 mo&el 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 accurate€ly. 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
Figuré 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 tomnage 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 Déscrig;ions. 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. tonrdage should be accumul-
ated, beginning with the first test iﬁterval and continuing for all traffic
over the test section through the full 18-month to tﬁo—year period of the
tests. Data "points" should be provided in the form of the date and total
a;cumﬁlated tonnage at intervals no greater than one month.

In addition, any avéilable 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 paséing over the test section and not over

the adjacent track.
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3.2 Track Response

The primary éequiremént for{d?namic track responée'is to determine
the characteristic loads and stresses gathin the track structure without dis-
turbing the tie/ballast consolidation. 'An evaluation of the statistics from
the field tests perfofmed under DOT;TSC—IOSl 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 aésumed values using the statistics from the
}Union Pacific data and adjusting these where different traffic mixés are
‘ anticipated.. From Table 3-2 it can be seen that the Lorraine and Streatof
‘sites‘may require five days to achieve the minimum required population while
fhe 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 nﬁt account for seasonal or weekiy variations. The one week cycle reflects
the reduced work force making up trains on the weekends. At ény point‘on the
railroad the 1lull in traffic will dépend on the travel time from main yards
and the lull in traffic in opposite directions may or may not coincide. This
‘tends to make fhe timing‘of tHe,specific days of dynamic data collection
critical. 1If delays are encountered in settinglup the test site for dynamic
runs, one or two additionalidaYS 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/raillloads 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 oné week to the next that will change the character-

istics of that 20th percentile vehicle.

17



TABLE 3-1. ASSUMED AXLE POPULATION STATISTICS FOR EACH
TEST SITE INVOLVING DYNAMIC MEASUREMENTS

Annual Tonnége - MGT
Total Axles/Day
Locomotive Axles/Day

qars > 110T GVW Axles/Day

Flat Wheels/Day*

Chessie N&W Sante Fe

Lorraine Roanoke Streator
>35 45 20
5200 6700 ' 3000
200 500 : 240
1000 1200 | 550
100 130 60

# Measured at a 10 inch zone.

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

Load Exceedance = .0l percent
(All Cars, All Speeds — One Count)

Locomotive + 30 Load Limits
(2400 1b Load Interval - 5 Counts)

Chessie . N&W Sante Fe
Lorraine Roanoke Streator
1.9 1.5 3.3
5.5 2.2 4.6
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3.2,2 Tie Strain

Tie strains and the eorresponding ben&ing moments induced by the
wheel/rail loads vary widely due to variations in the support conditions.
Therefore, tie strains must be measured in severai locations to provide a
statisticaily significant description of the tie loading enviromment. Five
randomly selected tie locations 1nclud1ng one location with three adJaceet ties
(a total of 7 ties) should be 1nstrumented 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/padiassembky_
can be made from simultaneous measurement of acceleration on the rail baee 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 fetigue 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
sampllngs of insertion and dynamic strain levels, 1nclud1ng the effects of
dimen51ona1 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.

4
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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 réduction process. The wheel detector
must provide a non ambiguous pulse for each wheel passing an instrumented
location4so that a discrete sample from each data chanqel at that location will
be progessed for each wheel. By measuring the distance between two wheel
detecé;rs, 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 Modﬁlus

Vertical track modulus is fequired to help'characterize ea@h teét
site. 'This parameter wi}i be used to compare the charééteristics of differénf
track and is a primary input to many track models. Because track moduluslcén_
vary widely due to local supﬁort conditions undetr individual fies,'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 ﬁodulus. This would .include the five instrumenteg tie locations
in that section of the track and a minimum of three locations in each additional
section of track where tie type orvspacing is.varied. Spot measurements at |
three or four load levels will also help determine the variation between '
tangent and secant modulgs due to local slack or free-plaf within the track
structure. - ' A

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 measﬁre—
ments was used for recent tesés in Nevada [3-1], which.produced sténdérd
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 fhe 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 conditions.-

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 piastic 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 aléo
needed to estimate the range 6f property values to be considered in the
analytical models. In 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 propertieé for each layer. The
physical state informafion 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-
lish the initial conditions and the number of cycles of what stress levels to
apply to ballast samples in the laboratory tests which measure the resilient
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 predictionmns.

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 roadped 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. If the soil cannot be obtained without disturbance, the
samples will be taken aﬁywa&, 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 bé 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. Mblsture and density measurements on portions of these samples will also
be used to deflne the phy31cal state. Additional physical state 1nformat10n
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.
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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 psing lateral tie push or pull tests (LTPT).

There are two types of LTPT's. One measures the résistance of an
individual tie, while the other meaéures 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
lateral direction. Load levels are measured by pressure gages or load cells,
while deformations are recorded by displacement transducers.

In 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 ayStem 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 Universiry of
New York at Buffalo (SUNYAB) ballast compaction study. Almest 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 1atera1ptrack 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 tﬁe single tie LTPT results measured at the test sites
to lateral track stability. The single tie LTPT will be perfdrmed in
accordance with brocedures developed at‘SUNYAB for the bailast compaction

study.

3.4 Geometry

3.4.1 Track Geometry Car Measurements

Track geometry measurements of gége, 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 poésible 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 visits. 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 tﬁo weeks before or after all remaining site
visits. ‘

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

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

b. The data reductions normally perfbrmed by the railroads should
be submitted tofBattellé within 2 weeks after the complétion of a run.

¢. 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. ) o

In addition to using the track geometry cars owned by the ra@lroadé,
it is planned that the DOT/FRA T-6 geometry car will be operated over each 6 -
. of the concrete tie test sites one or more times. This will provide track

,géometry 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
fo fixed references. All of these measurements wili 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 immédiately 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 raté 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 ;ith 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
canibe 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 éach test section to permit an adequate statistical description of
mdvement trends as functions of tonnage. Ties at extreme ends of the sections
will be avoided because movement in this case couldjbe affected by thé tie
transition. The remaining section length will be sampled at the following
rates:

a. Chessie site (curved site) - every tenth tie

b. All o6ther sites - every twentieth tie.
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These rates will provide about 22 meésurement 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—wavelenggh trends or variations within the test
sections.

The planned measurements are summarized ég\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 pdsitions of both rails, relative
to fixed transverse lines established by the benchmarks. There wiil 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 croséing. Thus, for the three con-
crete tie sites and the one wood tie control section, a total of fifteen
bencﬁmarks will be required. This number of bénﬁhmarks is reqﬁired to limit
the maximum sight distance. between benchmarks to 300 feet, which is aboqt 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 w&fi be inserted into the concrete
base and partially grouted with concrete. UMASS will assume responsibility
for benchmark installation, which will be done Quring_the preliminary site
visit to obtain subsprface characterization samples. This installation will
take place several weeks in advénce 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 construétioé and placement of bencﬁmarks 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 bé
identified by the following procedure. A spacing bar.will be prepared’ to
indicate.deviapions 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 thg two ends of the tie, of
4 inches (2.25 degrees for an 8.5f§oot tie). The observer Wili 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 moveﬁent

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 énd fastener components will be made to
determine the extent of tie cracking and chipping and of damage and disloca-
tion of fastemner cliﬁé, 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 seiection 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; In 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_inspectioﬁs 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 isoléted open cribs without:
danger. ‘

The top surfaces will be inspected for tie cracking, tie chipping,
and damage or\dis¥ocation 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 ate described

in Section 5.17.
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3.5.2 Gage Face Wear

Gage face wear, or the lateral position of the gage face relative
to the rail web, will be measured with a snap gage of the type planned for
use in the Phase II experiments at FAST. Measurement locations will be the
same as for vertical and lateral STB measurements, but gage face wear will be
measured only on the first and last visits.

Battelle will investigate the purchase or construction of a snap

gage device. Measurement procedures are provided in Section 5.19.

3.6 Summary of Measurement and Data Requirements

A summary of required data and data reductions, for each experiment
to be conducted or set of records to be obtained during this program, is

provided in Table 3-3.
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Table 3-3.

"SUMMARY OF REQUIRED DATA AND DATA REDUCTIONS

MEASUREMENT CYCLES(]')W .

MEASUREMENT REQUIRED DATA DATA REDUCTIONS
1. MAINTENANCE RECORDS Descriptions of all maintenance performed on Plots of MGT vs. man-hours and/or machine 1
the test section, starting with the installation hours 2
oi concret:iz;es :;d E:F:;Eiuz:foqgh the test Cumulative length of section'worked for 2
program pe . ou :
e Type of work e Man—hours each type of work performed
e Crew size ®* Component replacements Component repldcements vs. MGT
e .Machines
"2, TRAFFIC DATA '
a. Consist Definitions For one month of trafflc spanning each site Classification of traffic: Al'
visit: (1) 1in several ranges of tonnage 2
¢ (1) Date & time of each train _passage . : & & 3
(2) percent empties vs., fulls
(2) Type of each car 4
(3) unit trains
(3) Gross weight of each car (4) those travelling in each directi
(4) Gross weight of train - g ection.
(5) Direction of travel and TRACK if
multiple-track line.
b. Tonﬁage Accumulation For period of time starting with earliest Tonnage accumulation is the basic -1
i maintenance records and extending through independent variable for most 2
B completion of test program: date vs. performance plots. 3
accumulated tonnage. Record intervals should be: 4
(1) No greater than three months for
period before start of test program
(2) No greater than one month for period
of test program.
3. WHEEL/RAIL LOADS Vertical and lateral wheel/rail loads on both rails Cumulative probability distributions and la,b
. i at one site in each test section, for all axles probability densities of traffic in .2
a. Vertical passing over site during the test period defined. several weight categories. 3
in Table 3-2 Wheel/rail force vs. tie strain response 4
b. Lateral
and fastener clip response.
4. TIE STRAIN Calibrated tie strain at one rail seat and at tie Cumulative probability distributions la,b
(BENDING MOMENTS) center for seven ties, 3 consecutive and 4 isolated 1/2-percent exceedance levels vs. MGT 2
(randomly located) in the tést section 3
Wheel/rail force-vs.-bending moment plots 4 :

(CONTINUED NEXT PAGE)
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TABLE 3-3.

(CONT.)

SUMMARY OF REQUIRED DATA AND DATA REDUCTIONS

MEASUREMENT CYCLES

69

MEASUREMENT REQUIRED DATA ‘DATA REDUCTIONS
5. RAIL/TIE ACCELERATIONS Simultaneous measurement of acceleration on the tie Rail/tie acceleration transfer functions la,b
and adjacent rail, for a minimum of two ties per site 2
. . . 3
4
‘6. FASTENER STRAIN Strains at critical points on selected fasteners, Dynamic strain and Fastemer stiffness la
recorded simultaneously with wheel/rail load - )
(Data from concurrent tests at FAST ﬁay preclude Load histogram for each combination of 4
further detailed studies of fastemer strain) site and pad type
7. WHEEL DETECTOR & SPEED Six channels for wheel detection Train speed, wheel identification la,b
Measured distances between detectors - 2,3,4
8. VERTICAL TRACK MODULUS Vertical load, applied simultaneously to both Load-deflection plots la,b
rails, and corresponding vertical deflection 2
measured from fixed reference, at a minimum of seven Mean and variability of track stiffness 3
i - A and modulus
locations in each test section 4
9. BALLAST DENSITY Volume of displaced ballast (of water to fill hole) Variation in density over width and depth la,b
(IN-SITU) and weight of ballast sample for up to 18 tests: of track, to compare with other ballast - 4
: characteristics
e 6 in ballast crib . : B
¢ 6 under tie at ballast surface
® 6 at top of subballast layer
(See Table 5.8-1 for more detailed breakdown)
10. PLATE LOAD RESISTANCE Applied vertical plate bearing load and Variation in ballast stiffness over’width la,b
R corresponding deflection for up to 22 tests: and depth of track, to compare with other 4
S e 6 in ballast crib ballast characteristics
o 10 under tie at ballast.'surface ’
® - 6 at top of subballast layer
(See Table 5.8~1 for more detailed breakdown).
11. BALLAST GRADATION Weight of ballast sample passing through each of 14 Cumulative‘"percent finer than" plots, for 1
sieves, for 3 to 6 samples per test section ballast classification 4
12. - LATERAL TIE PUSH TEST - Load vs. deflection -of six individual ties in Evelopes of force vs. deflection for all » la
each test section. measurements in each section on each visit, 1b
range of small deflection stiffness for 4

each test section

(CONTINUED NEXT PAGE)
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TABLE 3-3. (CONT.) SUMMARY OF REQUIRED DATA AND DATA REDUCTIONS

MEASUREMENT CYCLES (1)1

3 in ballast, 3 in subgrade, 1 extra

MEASUREMENT REQUIRED DATA DATA REDUCTIONS
- 13. BALLAST & SUBBALAST MATERIAL
PROPERTIES ~
a. Liquid & Plastic Limits L . . ) . . . .
b. Specific Gravity One complete test series per Complete tabulated data set 1
c. Water Absorption test section :
d. Chemical Composition
e. Angularity, Sphericity
f. ‘Hardness -
g. Chemical Soundness
h. Abrasion
14. SUBGRADE PENETRATION TESTS (Penetration reéistance vs, depth)
a. Dutch- Cone Test Tests at intervals of 50 - 100 feet through test Depth-vs.-penetration force plots, showing |P
section, to depths of 20 - 25 feet mean and range within test section
b. Standard Penetration Tests Two tests in each section to depths of Depth-vs.-penetration force plots, showing
(SPT) (Disturbed Samples) 20 - 25 féet mean and range within test section
c. Material Identification/ Visual identification of soil Charts showing stratification vs. depth
Stratification material and strata
'15. MATERTAL STRESS-STRAIN :
PROPERTIES Two 4" - 6" diameter borings to depth of 5 - 10 Measured properties tabulated by test site, (P
a. Shear St%ength feet, starting at top of subballast layer material and depth. Mean and standard
b. Resilient Modulus 45 test per track section: deviation within each material.
c. " Permanent Strain e 3 test sites
d. Moisture e 3 materials (ballast, subballast, subgrade)
e. Density e 5 samples per material
16, SUBGRADE PROPERTIES .
:a. Water Content Determined from SPT and tube samples Continuous log of property values P
b. Unit Weight ’ ’
c. Classification
d. Gradation
17. MOISTURE MONITORING & Moisture content of ballast, subballast &
SAMPLING subgrade
a. Oven samples -~ Ballast, ".Variety of samples to come from penetration tests, Tabulations by depth, material and time of |P
Subballast and Subgrade plate load and density tests, ballast gradation measurement 1
‘tests and samples taken during installation 4
. of moisture sensors.
b. Moisture -Sensors Readings of "apparent capacitance" due to Mean and range of moisture content plotted |Contin-
moisture variations at intervals of one week continuously through test period uous
for seven sensors per test section: P-4

(CONTINUED NEXT PAGE)
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TABLE 3-3. (CONT.) SUMMARY OF REQUIRED DATA AND DATA REDUCTIONS

MEASUREMENT CYCLES

1)

MEASUREMENT REQUIRED D?TA DATA REDUCTIONS
18. TRACK GEOMETRY. CAR Standard rumns of railroad track geometry car at "All data reductions normally produced 1
MEASUREMENTS the same frequency as site visits, with positive by railroad 2
: identification of beginning and end of test . 3
a. Gage section. It is especially important to have Strip charts showing all deviations 4
b. Alinement R vs. time
X runs before and after maintenance._
c. Profile .
d C 1 1 S-percent level of exceedance of all
* rossleve deviations, plotted vs. MGT
19. SURVEY-TO-BENCHMARK No. of ties for vertical and lateral measurements: R
a. Vertical 10 percent at Chessie, 5 percent at other sites Mean and standard deviation of settlement { la,b
-Elevation relative to benchmarks, on each field - (change in elevation) vs. MGT. 2
side rail base and adjacent tie surface 2
. - - AY
b. Lateral Lateral position, relative to line established Mean and standard deviation of lateral
by benchmarks, of near side rail base tie shift vs. MGT
Longitudinal position of marks on each rail, . ‘
¢. Longitudinal relative to transverse lines established by . Mean and range of longitudinal rail
' benchmarks at three stations movement
20. TIE MOVEMENT All 9c?urrences of tie skew Qnd spac;ng dev?ations, Mean, standard deviation and range of la,b
(SKEW AND SPACING) exceéding the f°1l°W3“g'lEVElf' tie skew and tie spacing deviation, 2
a. spacing - t 4" and t+ 8 plotted vs. MGT 3
b. . skew - + 2.25 degrees and + 4.5 degrees 4
) : : ’ . 1b
21. RAIL CREEP Relative longitudinal rail-to~tie movement Mean, standard deviation and range of
for both rails in three 20-tie zones rail creep, plotted separately for each 2
: : : rrail vs. MGT Z
22. AVERAGE TIE SPACING Centerline length of test section and N True average tie spacing 1b
. . number of ties, for each tie type 2
3,4

(CONTINUED NEXT PAGE)
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TABLE 3-3. (CONT.) SUMMARY OF REQUIRED DATA AND DATA REDUCTIONS

. ’ MEASUREMENT CYCLES(l)-%
MEASUREMENT REQUIRED DATA DATA REDUCTIONS
23. TIE/FASTENER/PAD/INSULATOR Records of tie cracks, tie damage, Rates of cracking, damage, movement, 1
INSPECTIONS . fastener, pad and insulator movement and - fall-out and failure of components 2
fastener, pad and insulator damage plotted cumulatively vs. MGT and 3
i 4
All tie tops inspected. ) vs., distance through test section.
5 to 10 percent of cribs opened on first and last ~ -
visits only.
24. GAGE FACE WEAR Gage face lateral position, relative to the rail Mean and standard deviation of gage face 1
web, for both rails at all STB measurement wear, plotted separately for each rail ’ 4
, locations vs. MGT

NOTE (1): DEFINITION OF MEASUREMENT CYCLES

P = Preliminary site visits to collect subgrade samplgs e

la = First site visit before maintenance

1b = First site visit after maintenance

= Second site visit
= Third site visit
= Fourth site visit




4. TEST SITE DESCRIPTION AND INSTRUMENTATION PLAN

4.1 Test Sites

Layouts of the four revenue service test sites are provided in
Figures 4-1 through 4-4. Each layout shows the track segments selected for
installation of .instrumentation and for measurements of track geometry, com-
ponent condition and ballast/subballast/subgrade properties. In the three
concrete tie sites, the instrumentation will be placed either on CC244 ties
- (Lorraine) or on CC224C ties (Roaﬁoke:and Streator). This is required to
insure the greatest possible uniformity among the test sections and the best
correlation of laboratory and field measurements. Further discussion of each

test section, including the Northeast Corridor site, follows.

4.1.1 Chessie Site at Lorraine, Virginia

This is the shortest éf the test sections, containing 224 ties at
25-inch spacing on a curve of approximately 3 degrees (Figure 4-1). The |,
instrumentation will be installed on a 100-tie. segment of CC244 ties. All
other measurements will generally span the entire section, which includes

118 RT-7S ties.

4.1.2 Norfolk & Western Site at Roaﬂoke, Virginia

‘This tangent site contains 1666 feet of CC244C and RT-72 concrete
ties at 24-inch and 26-inch spacings. The site is bisected by a grade
crossing which exerts a considerabie effect on track geometry. Long-
wavelength undulations in surface have been observea emanating from the
crossing in the eastbound direction of predominant traffic flow. It would be
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
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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subballast tests will be carried out in the 800-foot region of 24-inch tie
spacing, since most of the ties in the test sections and at FAST have this
spacing. However, the track geometry and component condition measurements,

subgrade characterization and moisture monitoring will be spread uniformly
’ )

>

over the entire section.

4.1.3 Sante Fe Site at Streator, Illinois

This tangent, double-track site. contains both the concrete tie
section and the wood tie control section (Figures 4-3 and 4-4). The test
sections are located on the north track adjacent to the access road. Within
the 800-foot concrete tie section, instrumentation will be placed in the 400-
foot segment of CC244C ties. All ties are on 24-inch spacing. All other

measurements will be distributed uniformly over Ehe entire test section.

Comparisons will be made with data collected by PCA over this same test
section.

The wood tie control section will be located eaét of the concrete
tie section, separated by at least 100 ties to eliminate the effects of the
transition. No instrumentationh will be installed on the wood ties ekcépt
for accelerometers at the rail/tie interface. In addition, one complete
set of subgrade characterization and moisture monitoring measurements will
be spread evenly over the two test sections. These measurements are expected
to remain relatively uniform for the immediate area. Separate and complete
sets of track geometry and ballast/subballast tests will be performed in

each test section.

4.1.4 Northeast Corridor Site at Aberdeen, Maryland

Aberdeen. The site provides the only significant curvature in the
8-mile segment of concrete ties. The ties are installed on Track 4, the
westernmost of 3 tracks at the site. The design speed of the track is 87 mph.

For the relatively short period of this test series, a curved site is pre-

ferable because it provides a more demanding loading environment than a
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tangent site. An adjancent section of tangent track will be identified for
comparison of failure rates and geometry degradation.

It is planned to define an 800-foot section of the curve as a
control section. Component inspections will be made on this segment at the
same frequency as the site visits to the revenue service test sections. If
possible, the FRA track geometry car should make passes over the track section

at the planned measurement frequency.

4.2 Collection of Dynamic Data

Figure 4-5 shows the distribution of wheel detectors, instrumented
ties and vertical and lateral load circuits in a typical instrumented sec-
tion. Additional channels are allotted to'clip strain (4) and rail/tie
acceleration (2). Six wheel detector sensors will be used independently for
each direction of traffic (Wl or WZ)’ but the recording of wheel detection is
the same for either direction. The figure shows the distribution of channels
to each of the two multiplex units and to the tape recorder directly.

Table 4-1 summarizes the transducer characteristics and required data

channels for the dvnamic data set.
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%%- = Wheel Detectors,. Direction 1
%ﬁ = Wheel Detectors, Direction 2
L = Lateral Load Circuit
'V = Vertical Load Circuit
Cj = Tie Strain
A = Accelerometer
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MUXA: 10 Channels
® 6 Tie Strains
®4 Rail Circuits

MUXB: 10 Channels
® 8 Tie Strains
® 2 Accelerations

DIRECT TO TAPE RECORDER: 10 Channels .
# 6 Wheel Detectors (Either Direction 1 or Direction 2)

® 2 Accelerations or & Clip Strains

FIGURE 4-5. DISTRIBUTION OF DATA CHANNELS TO MULTIPLEX UNITS AND TAPE RECORDER



TABLE 4-1. DYNAMIC TRACK RESPONSE MEASUREMENTS

K&/

Measurand ' " Transducer Range Bandgizih, Hz Locations/Site Chanqels
Vertical Wheel/Rail Rail web strain gage 75 kips 300 2 2
Load pattern
Lateral Wheel/Rail Rail base strain gage 25 kips 300 2 2
Load pattern
Tie Strain-Rail Seat Strain gage 500 ue 300 7 7
Tie Strain-Tie Center Strain gage 500 yue 300 7 7
Rail Acceleration Accelerometer 600 g - 2000 2 1
Tie Acceleration Accelerometer 60 g 2000 ' 2 1
Pandrol Strains Strain gage \ 10,000 ue 2000 * 4
Wheel Position Wheel detector - - 6 6
Time IRIG-B Time Code - - 1 1
Generator

*
To be determined



5. INSTRUMENTATION SELECTION, EVALUATION, CALIBRATION,
INSTALLATION AND OPERATION

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

fastener strain.

5.1 Wheel/Rail Loads

(a) Purpose. Vertical and lateral wheel/rail loads will charac-
terize the dynamic loading environment generated by revenue traffic through the
test site.

(b) Principle. Strain gage patterns measuring the principal strains
in the rail web and rail base will be used to measure vertical and lateral W/R
loads, respectively. These gage patterns have been verified from laboratory
and field experimental results under Contract No. DOT-TSC-1051. Appropriate
gage patterns are illustrated in Figure 5-1.

(¢) Accuracy. The desired measurement accuracy is + 1.5 kips
lateral, + 2.0 kips vertical, including system noise, linearity, hysteresis,
‘and cross talk contributions to error. | ‘

(d) Equipment. Weldable strain gages, i—inch length (Ailtech Type
S$G-129/30 or equivalent) will be used in a quantity of 12 per vertical/lateral
measurement site. Due to the required 2 year circuit life, the survival of
the Ailtech gage is in question and alternate gages includiné the Micro-
Measurements and Hitec weldables are being considered. The known performance
history of the Ailtech gage may still provide a better approach even at the
extreme case of replacing all gages prior to each new field data colle&tion
period. Equipment for installation includes a capacitive-~discharge welder (30
to 100 watt-second range), a rough grinder, a small die grainder, a gage layout
marking fixture, a wire stripper, and a terminal crimping tool.

(e) Measurement Locations. See Section 4.

(f) Preparation. Weldable strain gages will be applied according

to the manufacturer's recommendations in the User's Manual supplied with the
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gages. A rough grinder‘will ﬁg used to remove all mill scale and pits from

the gaged areas of the rail; and following this, the small die grinder will be
used to finish thé areas directly under and surrounding the gages and strain
relief stfaps; Care must be exercised to maintain the dimensional corre-
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
(120 ohm resistance) and isolation from the rail (> 5 megohm from shield to
rail) before they are terminated in the bridges of_Figuré 5;l—i.i Two strain
relief straps will be used to secure the inteéral lead strain relief structure.
After completion of the gage checkout, a heavy bead of clear, bathtub seal (RTV
rubber) will be run over the length of the gage and the strain relief to reduce
the effects of rail vibration and to provide some mechanical protection. Gage
leads will be terminated within the rail web region or routed through a pro-
tective housing to the end of the tie to prevent damage from témpers and
dragging equipment. '

(g) Instrumentation. Signal conditioning amplifiers will provide~’a

5-volt excitation to each strain gage pridge. Appropriate cabling and
connectors and/or terminal strips will be provided for rapid comnection of the
instrumenté;ion and recording system for éach site visit.

(h) Calibration. A physical, end—tofend calibration is required from
each wheel/rail load transducer to the output of fhe.signal conditioning ampli-
fiér (§CA). A physical calibration is necessary at the time of installation,
at the\beginning of each subsequent site visit; and after any repairs are made
to the transducer. The caiibration is done by applying known lateral and ver-
tical loads fo the rail head using laboratory~calibrated load cells, cycling
these loads through some reasonable range (0 to 20 kips minimum, lateral, 0 to
30 kips minimum, vertical) while reading the outputs of both the load cell and
the gage pattern on an X~Y plotter. Lateral load calibration cycles will be
run while under vertical load (15 to 25 kips), with care taken to avoid trans-
verse load paths through the vertical load fixture. After the calibration X-Y
plot is run, a bridge shunt calibration (precision resistorsiacross the .
opposite, active arms of the bridge) will be reborded. The slope of the X-Y

plot then provides a determination of SCA output (1b/volt), and the equivalent
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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 1lb 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
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
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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FIGURE 5.2-1. FIXTURE FOR IN-SITU CALIBRATION OF TIE BENDING STRAIN
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(c) Accuracy. The desired measurement accuracy is i_lO 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-
one with the completion gages bonded to the base shim where they will respond
to the apparent strain (due to temperature) of the concrete while also
responding to vertical compression and Poisson strains, and the other coupon
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
respond to the compression and Poisson strains.

A template is needed for accurate and repeatable location of strain
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 Figure 5.2-1will be required to

perform in-site calibrations.

(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
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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Strain Relief Strap

Temperature Compensation Gage

Resilient Cement

Active Gage
Strain Gage Backing Plate

Output Cable Strain Relief

FIGURE 5.2-2. STRAIN GAGE COUPON FOR INSTALLATION ON CONCRETE TIES
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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 RIV rubber. Gage leads will be routed so that tréck 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 amouﬁt 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 connection of the
instrumentation and recording system, | '

(h) Calibration. Resistor shunt célibration'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 % (g)

where:

e = voltage out

V = excitation voltage

¢ = strain (in/in)
so that:

2 x Ae . .
€ = p , calibration step
(SCA Gain) x (gage factor) x V equivalent strain

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

The effects of long cable lengths between the gages and the SCA (greater than
about 50 ft) will be detetrmined 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

1

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

interest.

(b) Principle. Accelerometers for measuring vertiéal 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 is + 5 g-on 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 ?er Site

Rail Vertical + 500 g 2000 1
Acceleration X :

Tie Vertical + 50 g - - 2000 3

(d) Equipment. Accelerometers with the required amplitude and
freqﬁency range giveniaboﬁe 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, corrugation, 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" squafe) 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
1ocationsﬂ Blocks for the rail base will be tapered on the bottom surface
to the angle of the base so that fhe accelerometer, when moﬁnted, will be
pe;pendicular to the plane of the track. On the rail base, 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 tbp of the tie, a patch will be cleaned as close as practical

to the tie centerline and the édge of the rail base on the gage side, and a
layer of epoxy éement'load down as a surface filler. After this has

éured, 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'thé field testing for this program. However, strain
gaged clips may be available from the other test program to provide corfela—«
tion with FAST fesults with a minimum of additional effort on this program.
Data system capacity will not be 4ffected by this measurement beghuse it
can be used alternatély ("time shared") with the acceleration measurements.
It is likely that the major intefest will be in comparison of dynamic clip

strains when installed on pads with different stiffnesses.

55



5.5 Wheel Detection and Train Speed

(a) Purpose. Wheel detector pulses from each independent 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 zone.

(¢) 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 checked out at the condition~
ing circuit output by passing a hammer or spike maul over the transducer to determine

if a sufficiently high voltage pulse for recording purposes is generated.
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WHEEL DETEC-
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TIMED LOGIC
PULSE (PEAK
DETECTION )

FIGURE 5.5-1. EXAMPLE OF USE OF WHEEL DETECTOR TRANSDUCER .
TO PROVIDE WAYSIDE DATA PEAK DETECTION AND
A/D CONVERSION IN DATA PROCESSING
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FIGURE 5.5-2. WHEEL DETECTOR TRANSDUCER SIGNAL CONDITIONING
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5.6 Vertical Track Modulus

Because concrete tie track has a relatively h}gh modulus, it is
recommeﬁded that an optical instrument such as a surveyortéxtheodolite be
mounted at least twenty feet from the rail to resolve the relatively small
vertical deflection of the rail under load. A point load of known magnifude
will ﬁe applied simﬁltaneously to both rails using vertical hydraulic jacks
reacting against a loaded freight car. Deflection readings will be made
at a minimum of-three loads (e.g., 10, 20, 30 kips) at each of the tie
locations discussed in Section 3.3.1. Track modulus will be calculated using

the expression: ¢

where

u = track modulus - 1b/in/in, kr = AP/AY from the measurements.
N
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5.7 Field 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 ipspected visually during each site wvisit.
The objectives of this visuai inspection are to document the general condition
of the ballast and subgrade layers and their changes wifh track history, and
to identify any signifiecant 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 various
proposed measurements, and in meaningful correlation between the measurements

and track performance.
5.7.2 Scope

A total of 4 series of visual 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, generallinformation 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 Wili be compiled into a

series of field inspection reports.

5.7.3 Information Needed

4

The following lists the information to be gathered during the visual

inspection of ballast conditions:
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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,
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

a. Drainage
b. Pumping
c. Instability

d. Ballast intermingling.

The following information will be provided by the subcontracting railroad.

1. General Site Conditions. This information will be gathered prior

to or during the first site visit, Items a, b, c¢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 including mile post or appro-
priate test section number

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

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

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. ~‘

(c) 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

(f) 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 parameters 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 higﬁway 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 sectiom.
The first and second series will be conducted before and after tamping during
the first site visit. The third series will bg 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.
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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/ballasf inter-
face, 6 locations will be randomly selected for BDT's. TFrom 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 &
locations will be directly adjacent to the rail on either the inside or out-
side because these locations are most comparahle. There will be no BDT's v
| 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
Aperformed under the inside and outside of the rail. 1In order to check for
any center-binding effects, 4 additional PLT's will be performed in thé/ |
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. Unléss 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 miﬁimum 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. '
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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, 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)
8 total ’

Series II (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 III (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
BDT - 6 in crib
6 under tie (under rails)
_6 at 12 inch depth (under rails)
18 total

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 teéting 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 narvow 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 1lists 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.

0 ~N 0N W N

Ballast density devices and accessories.
Reference density test device and<accessories.A\
Plate load test apparatus and accessbries.
Lateral tie push test apparatus and accessories.
X~Y récorder for items 3 and 4.

Power generator.

Track carts.

One set of heavy—dut§ 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. capaéity.

200 to 400 1b plaster of Paris.

Sample bags, plastic lined cloth, medium size.

Miscellanepus soils lab tools.

Tools to remove and replace ties and ballast.

Sand cone density apparatué.“
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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.
For general description of test site conditions to be obtained during the

tests, general guidelines for visual inspection should be followed.

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 tragk 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 sife visit,
careful scheduling and coordination are mandatory among various groups of persons
involﬁed. The sequence of various tests is_also important becausg of usudlly
limited track time and space. A detailed schedule will be arranged in advance,

with consultation among BCL, the subcontracting railroads, and the University of

Massachusetis.

5.8.6 Additional Saﬁpling

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 thesé 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 t0‘thé 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 investigation

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

72



Figure 5.8-5 shows a representative cros$ section of track with typical measure=~
ments and samples to be taken.

A total of 4 ties and 2 cribs is involved in the éampling. The
sampling plan will provide 36 ballast and 12 subgrade samples. About 20 1b
of samples will be taken at each sampling location, totaling about 720 1b
ballast and 240 1b subgrade materials per test section. The ballast samples
will be used for the index property tests and the triaxial tests. The sub-

- grade samples Wil% mainly be used for the index property tests, and classifi-
cation tests including moisture content and gradatidn, supplementing to the
boring samples. -

Care will be excercised to ensure representative and quality sampling
throughout the test sections. All the samples will be carefully bagged in
plastie-lined cloth sample bags with proper identification, and will be shipped
to the University of Massachusetts for required tests. They will be weighed

at the site and upon arrival in the laboratory as well.

5.8.7 Railroad Assistance

The followingvassistance 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) Provide 2 to 3 man track gang to unfasten, remove, and replace
ties as needed, and to replace ballast removed for various
tests. -

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

(5) Provide track maintenance and traffic history prior to tests,
and information on any significant environmental changes which

have occurred.

5.9 Ballast Index Property Tests

5.9.1 Introduction

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

vide fundamental information needed for classification of ballast materials and for
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relating ballast properties to observed track performance. Many index property
tests héve 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
ratiﬁg ballast in terms of its effects on traék pérformance 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: V

(1) Grédation 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) Wateé absorption test on material coarser than #4 sieve.

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

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

(7) Composition analysis on three separate fractions, such

‘as material largér than #4 sieve, bétween No. 4 and No. 40
sieves{ and smaller than No. 40 sieve.

(8) Descriptive tests on matérial coéfser 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.

The number of series of the index property tests to be performed on
each material type will be determined after initial evaluation of material vari-
ation between different'sampling locations. Some evaluations will include visual
inspection of all the samples, and gradation analysis on randomnly selected,
representative samples from each differént sampling location such as shoulder,
rail area, and center. If the initial sample evaluation indicates signifi-
cant difference betweén the samples from different sampling locations, one
complete series of the index property tests will be performed separately

all the representative sample groups.

5.9.4 RR Assistance

. Track Time - two separate periods of 5 hours each.
. Safety — flag man and communications with dispatcher.

1
2
3. Track maintenance and traffic history.
4. Flat car for drilling.

5

Labor to remove and replace ties and fasteners, open and

restore cribs.
6. Work train reaction vehicle. (loaded hopper car)
7. Liaison official to communicate with BCL & UMASS and coordinate

RR assistance.

5.10 Subsurface Investigations

5.10.1 Objectives and Scope

The objectives of the proposed subsurface investigations are to
characterlze the subsoil conditions under the test track, and to obtain needed
soil propertles for defining the subgrade characteristics 1n the correlation

analyses and methodology development.
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The proposed subgrade investigations include: (a) Dutch cone pene-
tration'tests (b) standard penetration tests, and (c) borings for undlsturbed
sampling. These tests w111 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 wi11.
involve the standard penetration tests for obtaining visual samples, and borings
for obtaining undistnrbed tube samples. Thektwo trips may be combined, but the
core work must precede the drilling.

The prime objectives of the Dutch cone penetration tests are to
.evaluate the subsoil stratification.and degree of uniformity within a étratum
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 investigationms, i.e.,

" standard penetration tests and undisturbed sampling. The locations of other
geotéchnical 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
cone penetration tests.will be conducted at intervals of 50 to 100 ft ‘through-
.out the test section along the centerline of the track. Planned depth of the
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 subsurface layers.

' The standard penétration test (SPT) will supplement the Dutch cone
probing in determining the penetration resistance of subgrade layers., . However,
more importantly, it wiil 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 thaf these samples be taken between the rails, or at least
between the ballast shoulders in order to properly represent the conditions
influencing track performance. |

An important phase oﬁ the proposed subsurface investigation is conduct-
ing borings to obtain undisturbed.samples. Two boringé requiring a 4 to 6-in.
diameter cased hole will be drilled into the subgrade layers to obtain high
quality undisturbed ssil samples, for the laboratory repeated load triaxial
tests for material property characterization. Exact locations of these two
bqrings will be determined again based on the results from the Dutch cone
sounding to obtain representative soil samples thréughout 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 down to a
depth of about 5 ft, which is the zone of subgrade that has the greatest influ-
ence on track performaqce. The top of the subgrade will be examined cioéely
to identify local rutting under the ties, potential pumping, ballast penetra-
tion and drainage problems. Properties for the portion of subgrade below the
undisturbed sampling will be estimated By correlation with the cone and SPT
soundings. Hoﬁever, 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 éqne penetrometer consists of a l.4-in.-diameter
cone tip with a short pipe sleeve for side'friction measurement. This pipe
sleeve has the same diame;er as the cone and is located immediaéely above the
cone. No casing is required so the disturbance in sounding is limited to
approximately a l.S;in.—diameterfhole, 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.

Standard penetration test requires a drilling rig equipped with speci-
fied size sample and driving hammer. ASTM specification D;1586 provides the
detailed précedures and equipment required for the SPT. The standard penetra-

tion resistance is the number of blows required to drive a sampler of 2-in. 0D
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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 operétion. Therefore, this must be done before the track is
tamped. The cribs will be.refilléd after the drilling, and consideration also‘
will be given to filling the drill holes during casing or auger removal. '

The drilling method for uﬁdistrubed 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 selegted 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 évailable, elec-

tronic cone 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 €arlier, the Dutch cone

penetration tests should be performed in 'advance of the first site visit for
other field measurements such as the bailast 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 approxiﬁately 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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two~hour blocks of time on the track should be scheduled, and one-hour notice

is required to permit<p;eparing’thé track again for train operétion.

Standard Penetration Tests, After initial evaluation of results

from the Dutch cone probing, the test site will be revisited with drilling
crews on a separate trip for the‘éubsequent standard penetratién tests and un-
disturbed sampling together, It:may Be possible to coordinate the schedules
of the drill work and the cone work so that only one trip will be necessary.
In which case, the drilling work will directly follow the cone work., Prefer=-
ably this work will be performed before the first site visit for the physical
state tests., Because of disturbance to the ballast during this sampling, the
drilling must be completed before the scheduled track maintenance. Staffing
for this drilling crew will be determined later after further assessment of
available equipment., Hiring of a commercial firm is anticipated, however,
The same crew will be used at all of the east coast sites if pbssible. A separate
crew will probably be used in Illinois to reduce mobilization cost.
Approximately 8 hours of track time is needed for this phase of the
JéuBsurface investigations. This track time must be scheduled within a 40-
HSﬁr pefiod of the arrival of the test crew at the’site, but it does not have
to be consecutive hours. No less than 4-hour blocks of time should be
scheduled 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 drilliﬁg crews, based on the preliminary information indicated by the
Dchh cone‘probing. These procedures will describe: “

(1) 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 handling procedures during sampling, transportation,

storage, and extrusion; and

- (4) field and labofatory 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 probiné. 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 demsity state. o

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

‘(5). In-situ shear strength of soil layer. .
(6) Stress-strain properties, both estimated from in-situ tests
and determined from laboratory tests. »

(7) 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-hour
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

Fl

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 nuﬁber 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 defail 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 apparatus and proLe-
dures that are achieved will be incorporated in this concrete 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 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 moisture contents and 2 stress levels., However, it is important that
the 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

Moisture content of the ballast, subballast and subgrade layers will
be obtained by two methods. First, appropriate samples returned to the labora-
tory will be oven dried. These samples will be available only during the 4 -
gite visits spaced at about 6-month intervals. Second, to observe moisture
changes between site visits, sensors will be installed for ;émote readout, and

these will be monitored on approximately weekly intervals.

5.12.2 Oven Samples

'dven drying to obtain moisture content will be accomplished from
several. sources: ' ‘

1. TFrom the SPT samples and_from the tube samples during subsurface
investigations. This will occur only during the first site
visit. ‘ ‘ '

2. From samples of ballast and subballasfﬂtaken in connection with
the plate load tests and the density tests. These will be
available on the first and last visits.

3. From hand augering near the moisture sensor.location for the inter-
mediate visits.,

4. From samples of subballast and subgrade~taken-during install-

~ation of the moisture sensorslon>the first site visit.

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

in practice. The minimum sample size in each case will be based on particle

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

5.12.3 Moisture Sensor Instrumentation

The method planned for monitoring moisture changes over the period
of the test is patterned after the prototypes developed by Selig and Wobschall
at the State University of New York at Buffalo, Most alternative measure-

ment techniques operate by measuring resistance or capacitance of a sensor
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constructed of material such as gypsum, nylon or fibergiass 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 Flectrical 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 increasés, such as from dissolved salts. Soil com-
position effects on sensor response can be taken into account by proper cali-
bration as long as éomposition does not change excessively during monitoring
at a particular location. Unsatisfactory results may occur in applications in
which the pore fluid composition changes in an unknown way with time so that

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 envirommentally sealed for long term
stability. Placement is done using either a 2-inch borehole or by compacting
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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-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 juncﬁion box and manually
connecting each sensor in sequence. It is anticipated that a local resident
can be selected to take the reédings at least once each week throughout the

test period.

—~

5;12.5 Moisture Sensor Calibration

The readings of "Apparenf Capacitance" from the readout unit are
related to moisture through the use of calibration curves (illustrated in
Figufe 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 sensors 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 (Mv),"'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
voluﬁe - 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 so0il is compacted around it. The level of
compactive effort is not important. However, the density must be uniform
throughout the containgr. 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 suffiéient

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

1. Labor to assist in sensor cable installation and in setting
up readout box next to track.
2. Authorization for a local resident to enter the property and

take readings 1 or 2 times per week.,

5.13 Weather Information

The' U.S. Weather Bureau will be contacted to locate the weather
stations closest to the test sites. Information on daily precipitation and
average daily temperature will be collected. Although variance Between the
site and the local station may occur on any day, over a period of weeks the
averages are expected to be suitable for use in establishing environmental

différences between sites.
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5.14 Survey-to-Benchmark Measurements

5.14.1 Initial Installation

1)

(2)

(3)

(4)

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.

‘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.

At each designated tié, 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.

Mark an appropriate location on the adjacent top surface of

the tie, on each side of the track.

5.14.2 Vertical Elevation Measurements

¢h)

(2)

.

Set up the theodolite near the center of the test section apd
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 Bénchmark

(b) each designated tie and rail location

(c) each benchmark for a second time.

For a small number 6f 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 in 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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MEASUREMENTS EVERY TENTH TIE,
ON TIE AND RAIL BASE —

BM-1 BM-3

(a) Verntical Measurements
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INSTRUMENT SIGHT LINES

INSTRUMENT SETUP
(b) Lateral Measurements (OVER ANY BENCHMARK)

\ (c) Longitudinal Measurements /

FIGURE 5.14-3. SURVEY-TO-BENCHMARK MEASUREMENT SCHEMES
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for this purpose. The theodolite shoﬁld 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 arec.

(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 positioﬁ 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-
tudinal tie spacing of + 4".

(2) A large .protractor should be constructed of clear plastic
to indicate tie skew deviations of + 2.25 degrees. This
skewing angle would be caused by a difference in longi- .

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

5.15.2 Measurement Procedure

(1) Record data separately for each section of track where the
tie/fastener combination remains the same. The data.will
consist simply of numbers of exceedances.
(2) Walk the track and inspectlall ties for spacing deviations (> + 4") and
skew (> + 2.25 degrees}. Where exceedances are suspected, measure:
a. longitudinal spacing along the centerline of the track
b. skew of the ties with respect to one rail base.
Use the following signs:
a. Spacing deviation is positive for spacing greater than
nominal '
b. Skew is positive counterclockwise looking down on
the track.

Thus, the exceedances will fall in one of the following

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

5.16 Rail Creep Measurements

5.16.1 Markings

Rail creep will be measured at all ties where vertical and lateral
Survey-to-Benchmark measurements. are made. Place creep markings during the

first site visit, after the surface-and-line maintenance. Paint lateral
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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 éubSéquent 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 inspééted for all
items-dn the form exéept tie face cracking. Center cracking Viéible 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 sitesﬂ
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
~additioﬁal selections. Inspect the-faces of the two ties adjacent to
each crib. In addition, all previously identified major face:cracks
(those appearing on two or more surfaces) should be examined on all
rinspectionsﬂ I ‘ , L
There is ONE EXCEPTION to this plan for opening cfihs:’lévqid the
iocations;of'ballast density and plate béariﬁg tests. Do notvopen a crib
if it is either the location of one of_theseftests 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 siteivisit. This

should be completed before the surface-and-line maintenance.
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FIGURE 5.17-1. TIE/FASTENER/PAD/INSULATOR INSPECTION FORM



5.17.2 Inspection Procedure

a. Ties

(1) Cracks. The lengths of all cracks should be entered to
the nearest inch.

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

or mechanical damage, to the nearest inch. For 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

b. Clips. The number and location of clips that are flush with
the face of the shoulder (at the hole) or are within the shoulder
hole shall be recorded. Location consists of inside rail field
(IG), inside rail gage (IG), outside rail field (OF) and outside
faii gage (0G).

c. Fastener Shoulders

Entér: C if concrete around base of shoulder is cracked
I, if shoulder is loose in concrete

B if shoulder is bent, twisted or broken.

d. Insulators. The insulators shall be classified in accordance
with condition codes.
A - Insulator in good condition

— Broken or cracked corners

Cracked plastic

B
C
D

Badly damaged



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 (¥F), 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 recorded. Location

shall consist of tie number and inside or outside rail. If

v

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{péd§t

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 meaéured with a snap gage of the type planned
for the. Phase II 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)

Define "zero" (no wear), for the snap gage by making 10 measure-
ments on a control section of new rail for each rail section

to be measured.

Measure lateral position of each gage face, relative to the

previously established "zero', at all designated ties.
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6. RAILROAD SUPPORT REQUIREMENTS

Railroad support requirements are needed in all phases of tﬁe mea-—
surement program. Reéuired services include track maintenance, the collection
éf track geometry data, the provision of a work train to assist in the cali-
bration of %nstrumentation 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 geoméetry 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 surfacé and line maintenance.

“
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b. measurements within two weeks before or after the remaining
three site visits. '
In addition, the railroad shall provide access to the test section for the
Departmeﬁt of Transportation T-6 track geometry car for track geometry measure-

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

6.3 Locomotive and Car

To calibrate instrumentation and to perform-measurements of vertical
ballast modulus, a work train will be required containiné one locomotive and
one loaded hopper car. The train will be required for about four days omn the
first visit and for about one day on each of the three remaining visits. A
work train with a flat car may also be required for the drilling operation

prior to the first site visit.

6.4 Mainfenance and Traffic Data

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 ofleach 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-

lated, beginning with the first.consist description and continuing for all
traffic over the test section through the full period of the tests. Record
intervals 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 tesf section should be provided to Battelle-Columbus.
This information is desired for record intervals no greater than 3 months.

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

test section should be maintained by the railroad and submitted to Battelle=

Columbus at 6-month intervals starting from the initial site visit. Also,
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_ During each_of the site visits, unless otherwise noted, .the railroad shall __ _._

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—Columbﬁs 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
visit. Emergency maiﬁtenance required to maintain normal. train opefations is
excepted from this requirement, but Battelle-Columbus should be informed about
this as soon as possible.

Names of supﬁliers of ballast for each test section including—-
gradation, typé, origin, approximate date of depositibn. 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. Firét measurement site visit, which includes installafion of
instrumentation and two measurement sets: 15 days

c. All subsequent site visits: 9 days.

l
provide:

a. A liaison official to whom all specific requests concerning all
railroad services can be directed. The liaison official would not be expected
to be on site on a full-time basis. Telephone' contact will be adequate.

b. Telepﬁone or radio communication from the. BATTELLE-COLUMBUS
instrumentation van to the dispatcher to provide information about train
schedules.

s C* A warning signal, by lightg 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 othe£ track work is in ﬁrogress and during drilling. A

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.
104 '
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f. 115-volt, 5 KVA, AC electrical power for the instrumentation van.

g. Copiés of train consists (conductor's tonnage reports) for all
traffic through the test site during each site visit.

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
section after drilling during the preliminary subsurface
investigation work. '

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

5. General aséigtance for ballast density, tie push and
plate bearing teéts (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
qpncrete tie sections, once during each of the 4 reguiar

measurement visits.
6.6 Track Time

On the first and last visits to the three instrumented test locations
(Chessie, N & W, Sahée Fe), two ‘separate ségments of five continuous hours of
track time will be required, as part of 2 days with & minimum of 8 hours each
total track time. The segments can be scheduled at night if necessary to
minimize interruption of traffic. During each time segment, one tie will be
removed and the plate load bearing and ballast density tests will be performed.
The subgrade characterization tests, to be performed on one or two preliminary
site visits, will require 4 two-hour segments and 2 four-hour segments of track
time. It is expected that the remaining measurements and instailation/calibration

activities 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 thevdata system. - The signal conditioning
modules will each contain fourteen signal conditioning amplifiers with indi-
vidual, isolated strain gage power supplies and zero supression balancing
networks. Each amplifier drives the input of an IRIG constant bandwidth,
voltage controlled oscillator (VCO). The fourteen VCO's in one module will
be summed into a mixing amplifier/line driver which can drive up to 2000 feet
of coaxial cable. Thié 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 léboratorv. The FM multiplexes will be recorded
on a wide band-I, Fourteen traék magnetic tape recorder. Direct record band-
width will be 300 Hz - 150KHz at 30 inches-per-second (ips). In addition to
the multiplexes, a 100 KHz tape speed compensation signal and IRIG-B time
code will be recorded. Wheel detectors and wide band dynamic data (> 2000 Hz)
will be recorded on remaining FM record tracks at DC-20 KHz bandwidth. Data
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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FIGURE 7-1. -BLOCK DIAGRAM OF BCL FIELD DATA ACQUISITION SYSTEM




8. DATA ANALYSIS PROCEDURES

Initial data reduction of dynamic data will occur in the field using
a microcomputer data reduction system. This operation will use a high speed
(125 KHz) analog-—to-digital convertor (A/D) which when driven by a micro-
processor will convert up to 1500 samples per second per channel for a four-
teen channel input. At a particular moment in time determined by the wheel
detector pulse and a computed time delay based on train speed, all associated
channels will be sampled, and those samples will be stored in a shared
memory location. . A second micro processor within the same system will correct
for zero offsets and multiply each sampled value by the appropriate engineer-
ing scale factor. A table of values will be accumulated for each train and
recorded on a digital cassette tape. After returning from each field trip
the digital cassettes will be entered into a master data base along with the

appropriate key identifiers for further analyses.

Track Response Data. The following values are required from each wheel pass

for further processing in digital format:

Measurement - Data per Wheel Pass
Vertical W/R Load - Peak Value
Lateral W/R Load Plus or minus peak
Tie Strain (Rail Seat) Tensile or Compressive Peaks
Tie Strain (Center) Tensile or Compressive Peaks
Rail Clip Strain Tensile or Compressive Peaks

Lateral and vertical loads must be retained as number sets (per wheel) for

further processing of L vs. V, and L/V.
8.1 Data Formats

(a) Mean Value. Mean values of peaks for each measurement

shall be computed from the relationship

R
- 1
X=1 2,0
n :
i=1
peak data value under i

i

where... X, wheel,

th
total number of wheels in data set.

n
Mean value shall be tabulated along with standard deviation,
number of wheels in the data set, run number and any other
identifying information.
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(b)

(c)

Standard Deviation. The standard deviation for each mea-

surement shall be computed from the relationship

n
2
s = /Z ;= O/ (a-1)
i=1

Frequency-of-Occurrence Histogram. An example of a frequency-

of-occurrence histogram is shown in Figure 8-1. These histo-
grams shall be developed over the range and increments listed
below in Table 8-1, with the vertical scale adjusted to pro-

vide convenience and good resolution:

TABLE 8-1. STATISTICAL DATA PROCESSING RANGE AND INCREMENT REQUIREMENTS

Measurement Range Increments #
Vertical W/R Load 0 to 60 kips 1.2 kips
Lateral W/R Load ~10 to +20 kips 0.6 kips
Tie Strain (Seat)

Tensile Maximum * 10 ue

Compressive Maximum * 10 ue
Tie Strain (Center)

Tensile Maximum * 10 ue

Compressive Maximum . * 10 pe
Rail Clip Strain

Tensile Peak * 60 e

Tensile Minimum * 60 ue

*To be determined from initial examination of data.
#Increments may be adjusted if necessary for specific data processing system.
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(d) Cumulative Frequency-of-Exceedance Plot. An example of a

frequency-of-exceedance plot, which is on the standard pro-
bability format, is shown in Figure 8-1. These plots are
simply one minus the integiation of the histogram over the
given range.

(e) Lateral vs. Vertical W/R Load Matrix. Frequency-of-occurrence

numbers shall be developed in a two-dimensional matrix of
lateral load vs. vertical load by l.é—kip lateral increments
and a 4.8-kip vertical increments, over the ranges given in
(c) above.

(f) Time-History Plots. Representative samples of each measure-

3

ment set (configuration) shall be run out on oscillograph

charts at the appropriate band-width (see Table 8-1) wunder
several locomotive and heavy freight car wheels. Samples\shall
provide sufficient resolution on the time base to determine ‘
response frequencies (a chart speed from 4 to 10 inches per
second is recommended), and sufficient resolution on the vertif
cal scale for data analysis. Traces must be fully identified |

as to run number, channel, scale, etc.

Data analysis and format requirements are summarized in

Table 8-2.

8.2 Acceleration Data Requirements

Rail and tie acceleration measurements are handled separately ffom‘
the other track response measurements, and have distinct data reduction .and
formatting requirements. The recommended method for hdndling the acceleration
data is to process it directly from the analog tape recordings, using a digifal
signal analyzer such as the Hewlett Packard Model 5420A, which provides a

dual-channel capability.
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TABLE 8-2. SUMMARY OF TRACK DYNAMIC RESPONSE MEASUREMENT

DATA FORMAT REQUIREMENTS

Measurement Data Analysis Formats
Vertical W/R Load + Peak M, s, H, B, T@
Lateral W/R Load Max. (+ or -) Peak M, S, H, E, Lvs. V, T
Tie Strain (Rail Seat) T
Compression Peak M, S, H,
or Tension Peak M, S, H,

Tie Strain (Center) T
Compression Peak M, S, H, E
or Tension Peak

Rail Clip Strain T

' Teﬁsion Maximum , S, H,
or Tension Minimum M, S, H,

(a)

RO wn R

= mean value

= standard deviation :
= frequency-of-occurrence histogram
= frequency of exceedance plot

= representative time history

vs. V = lateral versus vertical W/R load matrix.
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The following specific data formats are required:

(a) Auto Power Spectrum. Power spectral density plots shall be

developed for each of the vertical acceleration measure-
ments, averaging a sufficient number of wheels-of the train
to provide a good sample (50 to 100 wheels). Analysis baﬁd—
width shall include 0-400 Hz and 0-1600 Hz for the rail, and
0-100 Hz, 0—400 Hz for the tie accelerations. Plots of both
linear and log magnitude versus linear frequehcy shall be
‘produced in hard copy.

(b) Cross Power Spectrum. Cross power spectral plots shall be

developed between rail and tie rail seat accelerations,

and between each combination of pairs of tie vertical accel-
erations given in Table 8-3. Analysis bandwidths shall
include 0-400 Hz and 0-1600 Hz for the rail/tie CPSD, 0~100 Hz
and 0-400 Hz for tie/tie CPSD. Plots of log magnitude and-
phase shall be produced in hard copy.

(c) Transfer Function. Transfer function plots shall be developed

between rail and tie rail seat vertical accelerations.
Analysis bandwidths shall include 0-400 Hz and 0-1600 Hz.
Plots of log magnitude and phase shall be produced in hard
copy. _
Plots shall be produced on standard graph paper at least 8-1/2 x 11
inches in size for good resolution during analysis of plots. Acceleration data

processing and formal requirements are summarized in Table 8-3.
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VAN!

TABLE 8-3. DATA PROCESSING AND FORMATS FOR TRACK VERTICAL ACCELERATIONS

Vertical Acceleration

Analysis (1)

Required Plot Formats

Measurement Processing Bandwidth, HZ "~ Amplitude Phase Frequencies

(1) Rail Base PSD 0-400, 0-1600 Linear, Log Linear
(2) Tie (Rail Seat) PSD 0-100, 0-400 Linear, Log Linear
(3) Tie End PSD . 0-100, 0-400 Linear, Log Linear
(4) Tie Center PSD 0-100, 0-400 Linear, Log Linear
(5) Rail/Tie (Rail Seat) CpPSD, TF 0-400, 0-1600 Log Linear Linear
(6) Tie (Rail Seat)/Tie Center CPSD 0-100, 0-400 Log Linear . Linear
(7) Tie End/Tie Center CPSD 0-100, 0-400 Log Linear Linear
(1) Analysis bandwidth may be adjusted as necessary for specific data processing system.
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©9. FAST TRACK PERFORMANCE DATA

Track performance data from FAST will be needed to compare with
all of the measurements to be made at the revenue service test segments. Most
of the data will be collected during the Phase II set of tests for which track
construction is planned to start in the period from April to Junme of 1979.
New ballast, concrete ties, fasteners and rail will be installed in portions
of Sections 3, 17 and 22 of the FAST track. Section 22 will include both wood
and concrete tie segments with construction identical to the new Northeast
Corridor installations. New sets of experiments in the tie/fastener and ballast
areas have been planned and are described in References [9-1] and [9-2].
Detailed descriptions of réquired data reductions appear in the pre-
viously mentioned test plans [9-1 and 9—2j. A specific request for data from
these experiments will be directed to the Transportation Test Center with the

concurrence of the contract monitor. Table 9-1 summarizes the required data.
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TABLE 9-1. SUMMARY OF FAST TRACK PERFORMANCE DATA REQUIREMENTS

(1) Data are to be requested for Sections 3, 17 and 22, beginning with the
installation of new concrete and wood ties for the Phase II Tie/
Fastener and Ballast Experiments.

(2) Data should be reduced for all measurements at the frequencies requested
in the Phase II measurement plans (References [9~1 and 9-2].

MEASUREMENT DESCRIPTION
1. MAINTENANCE RECORDS Two compilations of the FAST Track
Inventory and Maintenance Data List-
ing, arranged in the following order:
a. By track section (largest
grouping)
b. Within each track section, by
maintenance subcode
c. Within each maintenance sub-
code, arrange the two listings
separately as follows:
Listing 1 - chronogically
Listing 2 - by starting tie
number '

2. TRAFFIC DATA Begin with Phase IT installationmn.

a. Consist Definitions The train consist for all rums, identi-
fied by car number
Current A-end and B-end weights of all
cars in the fleet

b. Tonnage accumulation Complete listing of tonnage accumula-
tion in MGT vs. date

3. WHEEL/RAIL LOADS Probability densities, cumulative

probability distributions, peak aver-
a. Vertical ages and extreme loads for all
measurements
b. Lateral
4. TIE STRAIN Cumulative probability distributions,

(BENDING MOMENT)

probability densities, peak averages
and extreme values

Simultaneous load and tie strain time
histories
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TABLE 9-1.

(Continued)

MEASUREMENT

DESCRIPTION

5:6

6.

10.

14

12,

-8

RAIL/TIE ACCELERATIONS

FASTENER STRAIN/LOAD

a. Dynamic Strain

b. Fastener Toe Load

VERTICAL TRACK MODULUS

BALLAST DENSITY

PLATE LOAD RESISTANCE

BALLAST GRADATION

BALLAST MATERIAL PROPERTIES

SUBGRADE PENETRATION TESTS

SUBGRADE MATERIAL PROPERTIES

Analog tape records of simultaneously
recorded accelerations on rail and tie

Time histories of simultaneously re-
corded fastener strain and wheel/rail
loads

Load deflection plots - fastener
stiffness

Cumulative probability distributions
for selected train passes

All toe load measurements

Time histories of wheel/rail loads and
track deflection for slow roll-by

Results of any static measurements
Variation in density over width and
depth of track, to the extent that this

is measured.

Variation in ballast stiffness over
width and depth of track

All recorded load-deflection plots
Cumulative ''percent finer than'" plots

Complete tabulated data set for all
measured properties

Depth-vs.-penetration force plots,
showing mean and range within test
section

Measured properties tabulated by test
site, material and depth. Mean and
standard deviation within each material
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TABLE 9-1.

(Continued)

MEASUREMENT

DESCRIPTION

14,

15.

16.

17.
l?.
19.
20.

21,

MOISTURE READINGS

TRACK GEOMETRY CAR MEASUREMENTS

SURVEY-TO-BENCHMARK
a. Vertical
b. Lateral

c. Longitudinal

TIE MOVEMENT

RAIL CREEP

STATIC GAGE

GAGE FACE WEAR

TIE/FASTENER/INSULATOR/

Tabulations of all measurements by
depth, material and data of
measurement

Strip charts showing all deviations vs.
track distance /

Probability densities, cumulative
probability distributions, and ex-
treme values of measurements for sel-
ected runs at intervals of approxi-
mately 10 MGT

Tabulated values of all changes in
position within the designated test
segments '

Mean and standard deviation of STB
movements within designated subsections

No. of exceedances of 4-in. spacing
and 2.25° skew deviations, plotted
for each test segment vs MGT

Tabulated values of all skew and
spacing values calculated from mea-
sured data

Tabulated values, mean and standard
deviation, for each rail creep mea-
surement zone

Tabulated values, mean and standard
deviation, within designated test
subsections .

Tabulated values, mean and standard
deviation, within designated test
subsections

Complete summary listing of all
measurement results, by tie number
within the designated subsections
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TABLE 9-1. (Continued)

MEASUREMENT DESCRIPTION

22. TIE FACE AND TOP INSPECTIONS Complete tabulated summary listing of
all measurement results, by tie number
within the designated test subsections

23. RAIL CORRUGATION Compilation of results within each test
subsection, showing tie number, wave-
length and depth, and mean and stand-
ard deviation of measurements
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APPENDIX A. APPARATUS AND RECOMMENDED PROCEDURES FOR
IN-SITU BALLAST DENSITY MEASUREMENT (Ref. 1)

A.l1 Apparatus

1. Surface Ring

The surface ring is the major constituent of the ballast density appara-
tus. It serves both as a guide for excavating the hole in the ballast and
as lateral support for the upper portion of the membrane when water igfplaced
‘in the lined hole,

The surface ring has either a circular shape with a 7 1/2-in. (19.1 cm)
inside diameter (Fig. A-1) or an oval shape with a 7 1/2-in. (19.1 cm) width
and a 13 l/2-in. (34.3 cm) length (Fig. A-2). Each has an upper section with
a height of 4 in. (10.2 cm) and a lower section with a height of 2 in. (5.1 cm).
A 1/8-in. (0.3 cm)-diameter O-ring is placed in the slot along the bottom .
surface of the upper section in order to prevent leakage of the water. The
two sections are fastened firmly together by wing nuts on studs attached

. . /
to the base plate and extending to the top plate.

2. Point Gauge

A point gauge provides an accurate measurement of the water surface depth
below the top of the surface ring.

The point gauge consists of a l-in. (2.54 cm)~long conical tip connected
to a micrometer. The micrometer is fastened to an aluminum cross bar, which.

rests on tbp of the ring device (Fig. A-3).

3. Flexible Rubber Membrane

A thin membrane lining the hole in the ballast to contain the water for
volume determination is clamped between the two ring §ection$. The degree
of expandability of the membranme should be sufficient to conform to the
ballast surface in the sampiing hole. A very thin, 0.007-in. (0.018 cm) thick,.
high quality latex rubber sheet (dental aam) is recommended. For the circular
ring, the sheet must be at least 30 in. (76 cm) by 30 in. (76 cm) in size; for

the oval ring the sheet must be at least 30 in. (76 cm) by 42 in. (107 cm).

4. Water Volume Measuring Device

An electrically operated water volume measuring device very accurately
meters water placed into the hole and then pumps it out again., It also serves

as an immersion container for laboratory measurement of the displaced volume of
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solid ballast particles used in void ratio determination. This device is not
essential to the test, but rather it makes the test easier and faster. Alterna-
tive methods of measuring waﬁer volume, such as the use of calibrated measuring
containers, are acceptable.

The volume measuring device is basically a 7 1/2-in. (19.1 cm)-~inside-
diameter, 28-in. (71.1 cm)-high, water tank equipped with electrically operated
pumps for mechanical water supply and return (Fig. A-4). The volume of water
pumped into the sampling hole is monitored with a 24-in. (61 cm)-long satin chrome
scale with 0.01-in. (0.025 cm) divisions, vertically mounted on an acrylic
plastic float. A cross bar on the top of the water tank guides the floating

scale and provides a reference point for differential reading of water depth

in the tank.

5. Hole Template

A template is used to apply a plaster of paris layer on the ballast surface

to stabilize loose ballast particles around the hole and to provide smooth and
flat base for the ring device. The plastic template has either a circular or an
.ovai shape to fit the shape of the ring to be used (Fig. A-5). It has extended
tips around the circumference to form locking slots for the base plate of the

ring device. These locking slots prevent any accidental movement of the ring

device during testing.

6. Ballast Sample Basket

_An acrylic container, with a #40 mesh screen bottom, is used to place
ballast particles in the volume measuring device and retrieve them again when
the volume of the ballast particles is measured for void ratio determination
(Fig. A-6).

7. Other Equipment
.,a. A weighing scale accurate to 1 gm and with a capacity of 10 kg.
b. One or two suitable water containers with a 5-gal (4.5 liter)
capacity each. '
c. Sample bags.

d. Plaster of paris and appropriate mixing pans and tools.

A.2 Procedures
The following steps are followed to measure the in-situ ballast density

using apparatus described in section A.1l:
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1.. Select the location to be tested, and remove ballast particles down
to the top of the layer to be measured. Level off tﬁe exposed surface outside
the test hqle location by rearranging individual ballast particles without
disturbing the ballast bed.

2. Seat the hble template on the prepared surface covering the ballast to
be removed, and apply the plaster of paris mix around the circu@ference>of the
template (Fig. A-7a). Remove the template when the plaster of paris has hardened.
| 3. Seat‘the base plate of the ring device and the lower ring section on '
the prepared plaster surface. Be sure the base plate is properly seated in the
locking 'slots.

4. Lay the rubber membrane over‘the bottom ring section. Alloﬁ'enough
slack so that the membrane can conform to the voids in the ballast surface.
within the ring when water pressure is applied (Fig. A-7b).

5. Place the upper ring section on top of the bottom section and securely.
tighten the fastening wing'nuts (Fig. A-7¢c).

_ . 6. Fill the volume measuring tgnk with water, and check for any trapped
air in the system by just pumping water back and forth. Recofd water temper=
ature to check the efféct of temperature changes on water volume during the
testing -period. Record the initial water depth aftef the floating scale is
stabilized. - A

7. Supply water from the volume measuring device to fill the ring to
1 to 2 In, (2.5 to 5.1 cm) from the top edge of the upper ring sectionm. Check
for leaks through the membrane and through the seam between the lovef and
upper ring sections. Record the final water depth in the tank. The difference
between this depth and the depth measured in'Step 7 when multiplied by the cross
sectional area of the tank gives the volume of water placed in the ring device.=

8. Record the depth to the water surface in the ring device using the
point gauge (Fig. A=7d).

9. Pump water out of the ring device. Then remove the upper ring and
rubber membrane, taking care not to displace the méasuring mold and not to
damage the membrane.

' 10. Remove the ballast particles inside the ring by hand, being careful

" not to lose any fine particles in the sample and not to leave any particles
that are moved during the excavation (Fig. A-7e). Extreme care should also be
exercised not to disturb the remaining ballast particles.

11. Repeat Steps 4 through 8 (Fig. A-7f, g).



FIGURE A-7, STEPS IN MEASURING IN-SITU BALLAST DENSITY
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12, Weigh the excavated ballast and record the weight. If the ballast is
wet, seal the sample immediately until it .can be oven dried to determine the
moisture content,

13. cCalculate the volume of the hole (Vh) from which the ballast particles
were removed as follows:

= (V2 + D2At)_- (yl + DlAt) ,

<
i

where vy = volume of water in ring device before hole is excavated,
'Vz = volume of water in ring device after hole is excavated,

DI = depth from top of r1ng device to water surface before hole
is excavated,

D2 = depth from top of ring device to water surface after hole
' is excavated, and

A = cross-sectional area of water in ring.
l4. cCalculate the in-situ ballast density Qyn) by dividing the ballast
weight by the sample hole volume.

A.3 Void Ratio and Sieve Procedures.

The following procedures are used to determine in-situ void ratio. and
ballast particle 312e distribution:

1. Fill the water volume measuring tank up to about mld height, and check
for any trapped air. .

2. TImmerse the ballast basket into the water, and record the initial water
depth after the floating scale has stabilized. '

. 3. Re-weigh the entire ballast sample remoyed in forming thg hole.

4. Place the ballast samples into the basket while keeping the basket
inside the tank. Be careful not .to lose any baliast particlea. ‘ }

5. Fully immerse the basket with ballast particles and stir up the:water
several times to extract any air bubbles trapped between ballast particles.

6. Record the final water depth when the floating scale has stabilized.
The change in water depth multiplied by the tank cross-sectional area is the
apparent volume of ballast particles. This volume will be in error by the
amount of water absorbed by the ballast particles after immersion. The absorp-
tion depends on the material composition as well as the amount of water already
in the particles. 1In many cases, even if the ballast is dry, the water absorption
by the particles will be small enough to neglect. .

7. With the sample still inside, drain the water out of the device tﬁrough
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a #200 washing sieve to collect the minus #40 particles.

8. Flush the tank by adding more water and‘pumping it out at a fast rate
to remove any fine particles in the system, including those adhering to the
coarse particles. Continue until the draining water is clean. Occasional
stirring up of the ballast particles will help.

9. Remove the ballast particles, both in the basket and in the #200
washing sieve,.and oven dry.

10. 7ﬁeasure the oven-dry weight of the samples, and perform the sieve
analysis_by convehtional'procedures.

11. .Caleulate_the in-situ void ratio (e) by
' " )

“h s
e = — s
s
where Vh = yolume of sample hole, and
Vs = volume of ballast particles, -

12.>vEstimate ;he'particle specific gravity (Gé) by

¢ = e
s .~ ’ .
Yaet
. Where . e = measured.void ratio,
Y4 = measured dry ballast density, and
Yuet = unit weight of water.

Compare the above calculated spec1fic gravity with "the speciflc gravity
measured according to ASTM C-127.

)
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APPENDIX B. APPARATUS AND RECOMMENDED REFERENCE DENSITY TEST
FOR BALLAST MATERIALS (Ref. 1)

/

B.1l \Apparatus

1. Compaction Mold

The compaction mold has an internal diameter of 12 in., and a height of

12. in. (Fig. B-1lb). The volume is 0.785 cu ft.

2. Compaction Hammer

Compaction is accomplishéd with a manually-operated impact hammer (Fig. B-1la)
having a 2 3/4-in.~diameter circular face, tipped with a rubber cylinder and
weighing 7.8 1b. ~The rammer is equipped with a suitable guide sleeve t6 control’
the height of drop to a ffeé‘féll-of 17 in. above the.elevatibn of the surface
of the ballast sampie. The guide sleeve;has at least four vent holes not
smaller than a 3/8-in. diameter, spaced 90 degrees apart and 3/4 in. from each
end and provides sufficient clearance that free fall of the rammer shaft and

head will not be restricted.

3. Volume Measuring Devices

a. Probe

The probe method for ballast volume measurement (Fig. B-2b) usés a metal
rod of 3/4-in. diameter and 8-in. length, graduated in 1 mm divisionms. A 12-in.~-
diameter plate with 33 probe holes uniformly distributed over the entire
section area is used to locate the position of probe measurement.

b. Cover Plate

A rigid, 12-in.-diameter plate fitting into the compaction mold with a
slight clearance is used in an alternative method of volume determination
(Fig. B;Za). On the top of the plate, a handle and at least four vent holes
having 3/8-in. diameter and spaced 90 deg. apart.have to be provided.

¢c. Rubber Membrane

A membrane is used for the volume determination by water replacement
(Fig. B=2c). The membrane should be very thin and have satisfactory expand-
ability. A 0.007-in.-thick rubber sheet is recommended.

\

4. Supporting Equipment

a, A balance or scale of at least 20 kg capacity, sensitive to 0.1 gm.
b. A container of 1 cu ft capacity for water.

c. Ruler, sample pan;, scoop, and graduated cvlinder.
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‘B.2 _Test Procedures for Uncompacted Samples

1. Select a representative sample of about 1 cu ft.  Then oven~dry the
sample and let it cool.

2. Thoroughly mix the prepared sample, using a scoop.

3. Loosely place the ballast into the samﬁle container in a uniform
manner by gently pouring the baliast from the scoop with a minimum height
of fall, Move the scoop in a spiral motion from the outside of the container
toward the center to form a uniform density without particle segregationm. ‘
Continue this process until the container is approximately 80% full.

4. Level the surface of the ballast in the container by fiiling any
large voids and by removing any particles whicﬂ project out too much.

5. Measure the volume of the ballast sample in the container, ﬁsing the
volume determination procedures described in part B.4 of this appendix.

6. Remove and weigh the ballast in the container.

7. Repeat this test at least once more. The average of all of the tests

run is used as the bulk density of the uncompacted sample.

B.3 Test Procedures for Compacted Samples ‘

1. Re-use the sample from part B.2. Thoroughly mix the sample, using
a scoop. ‘

2. Loosely place the ballast into the sample container in a uniform
layer of approximately 4 in. thick, by gently'pouring the ballast from a scoop
with a minimum drop height. Move the scoop in a spiral motion from the out=-

side of the container toward the center to form a uniform layer without particle

segregation.

7

3. Compact the loose layer of ballast by delivering a specified number
of blows from the impact hammer. For each blow, allow the rammer to fall freely
. from a height of 17 in., and evenly distribute the blows over the sﬁfface of the
sample. The suggested number of compaction blows are either iO, 20, or 40 per
layer. _

4. Repeat steps 2 and 3 for the next two 1ayers§ When completed, the
sample should £111 about 80% of the container depth.

5. Level the surface of the ballast in the container by £illing any
large voids and by removing any large particles which project out too much.

6. Measure the volume of the ballast sample in the container, using

B-4



Qolume determination procedures described in part B.4.

7. Remove and weigh the ballast sample in the container.

8. At least two tests should be made for each compactive effort. The
average of the tests performed is taken as the bulk density of the compacted

ballast for the particular compactive effort.

B.4 Sample Volume Determination

Three alternative methods are provided to measure the volume of the
ballast sample in the container when the container is filled to about 80% of
its volume. These are designated the plate covwer method, the probe method,

and the water replacement method (Fig. B-2).

1., Plate Cover Method

a. A cover plate is placed on the top surface of the sample in the
mold, and the distance from the top edge to the plate cover is measured in
at least four positions equally spaced apart along the circumference of the
mold.
‘ b. The average height of the ballast sample in the mold is obtained _
‘by subtracting the average distance measured in step a.plus the plate thick-
ness from the inside depth of the mold.

c. The volume cf the ballast sample is calculated as the everage height

of the‘sample times the inside cross-sectional area of the mold.

2. ProEe Method

a. A probe plate with guide holes is firmly set cn the top of the mold.

b. The, d1stance from the bottom surface of the plate to the ballast
particle surface directly beneath the hole location is measured by inserting
the probe through each probe hole. _

c. The average height of the sample in the mold is obtained by sube
tracting the average distance determined in step b. from the inside depth of
the mold. .

.d. The volume of the sample 1is equal to the average height of the sample

times the cross-sectional area of the mold.

3. Water Replacemeht Method

a. A plastic membrane is laid loosely over the top surface of the ballast
sample so that it is in as close contact as possible with the inside of the

mold and the ballast surface.



b. The depression in the membrane is filled with water to within 1 or 2 in;
from the top of the mold.

c. The volume of water added and the distance from the top edge of the
mold to the water surface are measured in at least four bositions equally
spaced apart along the circumference of the mold. .

d. The unfilled volume between the top edge of the container and the
ballast surface is determined from step c., and then the volume of the ballast
sample in the container is obtained by subtracting this volume from the

container volume.

B.5 Calculations

1. Compactive Effort and Density

Calculate the compaction effort and bulk density of the compacted ballast

sample for each trial as follows:

3WrDN
E = — , (B-1)
Cc

and

Yor = T , . (B-2a)

Yoo = T ’ . (B-2b)

ywr = v ) (B'ZC)

E = compacting effort (ft-lb/cu‘ft),
Yor’ ypc, Yur = bulk density of a ballast sample obtained from using
the probe method, the plate cover method, or the
water replacement method, respectively (1lb/cu ft),

» V = Volume of a ballast sample determined from using the probe
method, the plate cover method, or the water replacement
method, respectively (cu ft),

W _ = weight of sample (1b),

W_ = weight of hammer (1b),
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free fall distance of hammer (ft),

number of blows per layer,

ballast sample volume in container corrected for

<3
]

container boundary effects (cu ft).

2. Ultimate Density

The sets of values of bulk density and compactive effort from the refer-’
ence density test are plotted in the form given by Fig. B-3. The data are
assumed to fit the hyperbolic form of Fig. B-3a which may be plotted in linear
form using the coordinates of Fig. B-3b. A straight line is fit thrbugh the
points in Fig. B-3b, either by eye or least squares curve-fitting methods. The

ultimate density is calculated by the relationship

yult = %‘, + 70 E) (B'3)
1 .
where
bl = slope of the line in Fig. B=3b,
Yo = uncompacted density when E = 0.
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_APPENDIX C. APPARATUS AND RECOMMENDED PROCEDURES
FOR FIELD PLATE LOAD TEST (Ref. 1)

c.1 Apparatus

v

1. Load System *

The assembled apparatus for the plate load tesf is shown in Fig. C—l;
Each component will be described invdetaii and its function will be
explained in this appendix.'_The presenta;ion is subdivided into the two
categories representing/the,two main components: 1) the load system in-
cluding the reaction frame, hydraulic jack and electrical load cell, and 2)
the deformation syétem including a mechanical dial gage, electronic dis-
placement transducer and supporting apparatus.

a. Load Bearing‘PIate'

A circular steel bearing plate (Fig. C-2) having a l-in. (2.54 cm)
thickness and a 5-in. (12.7 cm) diameter is used to apply the load to the
‘ballast. The plate is seated on a thin ‘layer of plaster of paris covering
the ballast surface at the test)spot. The plaster ensures a level plate
and distributes the load more uniformly over the ballast surface. The bear-
ing plate has a hole recessed in the center thatris 1-9/16 in. (4.0 cm) in
diameter and 3/16 in. (0.48 cm) deep to receive the displacement reference
block.

b. Displacement Reference Block

A displacement.réferencé block, seatéd in the recegsed hole on thé load
bearing plate, establishes a reference point for measﬁfing the average plate
vertical displacement. ' '

The displacement reference block is a partially slotted steel cylinder
of 1-1/2-in. (3.8 cm) diameter and 2-3/8-in. (6.0 cm) height (Fig. C-3). The
lower Section which is 1-1/2-in. (3.8 cm) high, contains‘a 5/16-in. (0.8 cm)
wide slot‘l in. (2.54 cm) deep. At midheight of this section, a 1/8 in.
(6.32 cm) diameter and 1-1/2-iﬁ. (3.8 cm) long brass rod is press fit through
a hole, which is perpendicular to the slot and traverses through the ‘
exact center point of this.lower section. The brass rod is called the de-
formation reference pivot. The upper section, which is 7/8 in. (2.2 cm)
high, is firmly fasténed to the lower section by foyr 1/8-in. (9.32 cm) dia-

meter countersunk flat head screws. The top surface of the upper section is

N
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machined to a concave shape for seating the load cell.

c. Load Cell '

An electrical load cell gives a continuous reading of the load.applied
to the ballast during cycles of loading and unloading. The load cell must
have sufficient capacity for measuring the maximum expected applied load -
(10,000 1b or 4500 kg). Input voltage to the load cell is supplied by an
appropriate power source and the output signals are recorded on the Y-axis
of a compatible X-Y recorder. | .

The load cell is rigidly fixed to the moving pistoﬁ of the hydraulic
load jack in coaxiai alignment. The length and diameter of the load cell
must be such that the unit will not interfere with free movement within the
load jack assembly support frame. The load cell used with this apparatus is.
shown in Fig. C-4.

d. Hydraulic Load Jack

The hydraulic load jack is used to apply a vertlcal load to the bear-
ing plate 'The piston and moving head may be advanced or retracted at the
proper dgformatlon rate by either a manually or an electrically operated
hyarauiic pump. The hydraulic pump is equipped with a calibrated fluid ‘
pressure ‘gage to visually 1nd1cate the magnltude of the "applied load and
also to serve as a check on the load response of the load cell. The load
jack, hydraulic pump and the attached hoses and connections must have suffi-
cient capacity for applying the maximum desired load to the ballast. The
load jack used with this apparatus is shown in Fig. C-5. ,

The upper fixed end of the load jack is fitted with an appropfiately"
sized steel base plate with a hemlspherlcally shaped bearlng t1p protrudlng
from the free end of the base plate and located at the center of thls plate
This bearing tip allows small rotations of the hydraulic load jack during
testing or small misalignments during the assembly of the Components. The
bearing tip is fastened by a screw and set into a counter sunk hole in the
bottom of a thrust plate (Fig. C-7) which is a portion of the load instru-
mentation suﬁport and reaction frame. '

B Spécer Cylinder

A spacer cylinder (Fig. C-6) is inserted between the load cell and 'the
moving head of the hydraulic jack in order to lengthen the assembly to reach

the ballast at the bottom of a tie. The spacer is composed of a 6-in.
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(15.2 cm)-long steel pipe section with a 2-3/4-in. (7.0 cm) diameter and
3/8-in. (0.95 cm) wall thickness. At each end is welded a 1/2-in. (1.7 ch)-
thick steel bearing plate having a shape compatible with the connection
between the load cell and the moving head of the hydraulic jack; The spacer
cylinder is rigidly fastened to both units. The end bearing\plates also
must be parallel with each other and perpendicular to the loéd.jack pistbn
axis. The length of the pipe section depends upon the stroke of the load
jack; the lengths of the load jack and load cell and the néedea vertical
spacing. h '

f. Load Jack Support‘Frame

- The load jack support frame (Fig. C-9) serves the dual purpose both of
holding the hydraulic load jack and load cell assembly and also of trans-
ferring the applied load from the bearing plate to the structural load frame.
This support frame must have a structural’éapacity equivalent to the maxi-
mum loads exﬁeéted for the load jack and load cell.

Four 1/2-in. (1.27 cm)-diameter thréaded steel rods in a rectangular
array, connect the thrust plate (Fig. C-75 and a jack support plate
(Fig. C-10). The rods must have a minimum length of 6 in. (15.2 cm) plus
the depth of the structural section of. the structural load frame. In this
apparafus the rods were 13-1/2 in. (34.3 cm)-long. The thrustfplate is |
secured by 8 nuts at one end of the four.rods. Slotted holes in this plate
make the frame assembly éasier. A 1/4-in. (0.64 cm)-diameter bolt through
the center of the thrust plate into the bearing tip supports’the weight of
the hydraulic jack when the jack is not loaded.

g. Reaction Plates

The reaction plates (Fig. C-8) are held together by a péif of springs
to prevent slippage from the rods in the frame. The location of the re-
actioﬁ plates is set so that'thé distaﬁce to the roller bearings on the
support plate is equal to the depth of the structural load frame. The re-
action plates are completely adjustable in the field once the entire
hydraulic load jack assembly is inserted between éhe structural sections of -

the structural load fréme.

h. Jack Support Plate
The jack support plate (Fig. C-10), located immediately below the thrust
plate, performs the following functions: a) for vertical -adjustment of the

hydraulic load jack assembly to the proper height above the displacement
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reference block, b) as a partial lateral brace for the load jack, c) to make
the load instrumentation support and reaction frame a'rigid unit, and d) with
the four roller bearings, the entire assembly can easily by moved aloﬁg the
length of the structural load frame to allow for proper positioning of the
load cell over the displacement reference block (Fig. C-3). The support'
plate is all steel construction and essentially consists of two halves of

a square plate 1/2-in. (1.27 cm) thick connected by two 3/8-in. (0.95 cm)-
diameter and 7-in. (17.0 cm) long bolts. When the two halves are joined,
the plate has a hole in the center 1/16 in. (0.16 cm) larger than the out-
side diameter of the load jack and four holes set to the proper spacing for
the threaded rods of the load support frame. Also mounted at the edges and
near the corners of the plate are four 3/4-in. (1.9 cm)-diameter roller
bearings, with a track wid;h'equal to the center-to-center distance between
‘the two structural members of the structural load frame.

i. Structural Load Frame

The structural load frame provides the mechanhism through whiéh‘a suffi-
cient dead weight will produce the desired reaction for the plate load
applied to the ballast surface. The dead weight reaction is supplied by the
weight of the track structure in the vicinity of the test zone. However,
in addition, a track vehicle should be located as ciose as possible to the
test location to provide additional dead weight reaction to the track. High
upward forces applied to the track by the PLT apparatus might otherwise
" cause track buckling. The frame must have sufficient capacity to resist the
expected applied maximum loads. j |

The two basic componénts which comprise the frame are steel structural
sections (Fig. C-11) and rail clamps (Fig. C-12). o

The two structural sections should have a length of 8 ft (244 cm) and
be spaced apart at a distance of 3/4 to 1 in. (l.glltb 2;54 cm) greater than .
the distance to the outsides of two threaded rods in the jack support. frame.
This later feature allows for proper positioning df the load cell over the
displacement reference block in the direction parallel to the rails.

Two rail clamps are attached to the structural sections by 1/2-in.

(1.27 cm)-diameter threaded steel rods passing through the rail clamp pressure
plates. The separation of the rail clamps is equal to the distance between
the centerlines of the two rails. The threaded rods are fastened to the

structural sections. The length of the pressure plate is equal to the
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~distance between the structural sections,while the rail clamps are 1/8-in.
(0.32 cm) smaller in total width. A rail clamp is forced against the under-
side of the rail heads by tightening the pivotal adjusting screw. This will
restrict vertical and horizontal movements of the frame relative to the
rails., The frame is designed for standard track gagée and can be used on
standard rails. Difficulty will arise in using these rail clamps at joints
in bolted track.

2. Deformation System

The deformation support system-ensures proper support and alignment of
the displacement .instrumentation with the deformation reference pivot in the
displacement reference block. The following are the components of the de-
formation support system.

a., Deformation Reference Beam

The deformation reference beam and support pivot.arm are the key
elements of this system (Fig. C-13). The 7-5/8-in. (19.4 cm)-long, 3/8-in.
(0.95 cm)-deep and 1/4-in. (0. 64 cm)-wide aluminum reference beam is notched
at one end. This notch is inserted the full distance of the slot undeérneath
the deformation reference pivot in the displacement reference block. Thus, the
center point of the reference pivot is located 1/4-in. (0.64 cm) from this
end of the beam. Fastened at the other end of the reference beam is an
aluminum reference plate with a recessed seating hole to accommodate the
piston of the displacement gage. In the cente: of the beam is a 1/8;in.'
(0.32 cm) diameter pivot pin, which is press fit into a notched magnesium
(option aluminum) pivot arm. The beam rotates freely about the pivot pin,
but is restricted from movement in any other direction. The exact distance
from the center of the pivot pin to the center of the seating hole is
3-1/2-in. (8.89 cm) and equal to the distance from the center of the pivot
pin to the center of the deformation reference pivot in the reference dis-
placement block. Thus, a direct ineasurement of displécement is obtained.

The length of the reference beam was defermined to be the minimum acceptable
length such that the deformation system would not interfere with the load
system. The notch in this beam always maintains contact with the reference
pivot since added weight is applied at the other end by the seating plate and
force from the spring in the displacement gage. Measured displacement read-
ings are acceptable if the load bearing plate does not rotate more than 5 deg

during testing.
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b. Deformation Support Beam

The deformation support beam (Fig. C-14) both supports and correctly
aligns the displacement gages with the deformation reference beam. The pivot
arm must be perpendicular to the support beam. The support beam consists
of 1-in. (2.54 cm) square steel telescopic tubing 22-1/4-in. (56.5 cm) long
with a 1/4-in. (0.64 cm) steel plug at one end, which has a threaded hole
for the support pivot arm bolt. On the top of the tube section at 3-1/2-in.
(8.89 cm) from the plugged end is a 1/2-in. (1.72 cm)-diameter hole for the
displacement gage piston to pass through. A steel slide plate, which is
1/8-in. (0.32 cm) thick by 3/4-in. (1.91 cm) wide and 8-in. (20.3 cm) long,
is welded 1/16-in. (0.16 cm) from the edge and perpendicular to the top of
the tubing. The plate is mounted 2-in. (5.1 cm) from the plugged end and is
used to adjust the displacement gages on the support track for the proper
vertical height.

c) Support Beam Slide and Level

The support beam slide and level (Fig. C-15a) is fastened to the bottom
of a camera tripod by a single bolt and is used for lateral adjustment of
the deformation support beam with respect to the displacement reference block.
The slide is a steel tube 1l-in. (2.54 cm) square on the inside. This permits
free movement of the support beam, which has the same dimensions. Once the
support beam is in position, a thumb screw lock secures the beam to the beam
slide. A 2-in. (5.1 cm) by 3-in. (7.6 cm) steel plate is welded to the top
of the beam slide to hold bubble level in order to insure that the deformation
system is level. The distance from the camera tripod connecting bolt to the
load area of the plate is roughly 8 to 10-in. (20.3 to 25.4 cm). The
lateral or vertical movements of the ballast particles at this distance
during loading of the bearing plate are not expected to be significant.

d. Support Beam Counter Weight

The support beam counter weight (Fig. C-15b) is used to keep the center
of gravity of the deformation system near the camera tripod connecting bolt.
A piece of solid steel bar stock is welded to a 3-in. (7.6 cm)-long piece
of steel tube the same as the bar slide. This 2.6 1b (1.18 kg) weight
slides on the support beam on the opposite side of the support pivot arm and
displacement gage. Once equilibrium is reached, the weight is secured in
place by a thumb screw.

e. Camera Tripod

A camera tripod used to support the entire deformation system is equipped
C-16
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with adjustments for aligning and leveling the éystem. The tripod stands
approximately 8-in. (20.3 cm) high when the three legs are fully opened.
In the center of the tripod is a notched rod 8-in. (20.3 cm) long, which
'is connected to the support beam slide. A smali hand crank moves the rod
vertically. The camera tripod must be of the type that the camera mount
pivot may be remounted at the bottom of the vertical adjustment rod for
attachment to the support beam:slide. When the prdper height is reached,
i.e.,when reference'beam is at the same elevation as the bottom of the
reference pivot, the rod can be secured by a lock screw. At the bottom of
" the rod and fastened directly to the beam slide is a ball bearing connected
to another lock screw. This feature allows for small rotations of the de-
formation system in the-plane nearly perpendicular to the vertical adjust-
ing rod such that the system can be leveled. The vertical and rotational
adjustments should Be pérformed together in order to position the
reference beam nearly level, but preferably 0.15 in. (0.38 cm) downward
from horizontal at the seating plate. This condition is desirable since-
it will Optimizefthe rotétipn of the reference arm by allowing the minimum
horizontal displacement at either énd of the referencé beam due to rotation.

.f. Support Beam C-Clamp Lock

The support beam c-clamp lock (Fig. C-15c) clamps the deformation
support beam to one leg of the camera tripod. This provides for a more
stable and rigid deformation system and prevents possible rotations due to
fasteners or conﬂectidﬁs not tightened'securely. | |

- g. Displacement Transducers

An electronic displacement transdﬁcer provides a continuous displacement
response of the plate dﬁring loading and unloading. The transducer must have
sufficient travel-(preferably;l-in. (2.54 cm). Input voltage to the
transducer is supplied by an appropriate power source and the output signéls
are recorded by a compatible X-Y recorder. The proper attachments should
be fabricated to suitably connect and align the displacement transducer with
the dial indicator piston.

A dial indicator is used to ﬁrovide a means of calibrating the
electronic transducer and also provide a visual check on ._the displacement
during the plate loading. The indicator is graduated in units of 0.001 in.
(0.00254 cm) and is capable of recording a maximum deflection of 1-in.

(2.54 cm). The mechanical spring loaded piston should move freely and be
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suitably connected to the electrohic displacement transducer. The piston
should also have attached a brass displacement calibration lever (Fig. C-16),
which has a lever length of 3/4-in. (1.91 cm).

h. Displacement Gage Sunport Track

The displacement gage support track rigidly attaches and aligns the
displacement gages such that their pistons freely move (Fig. C-16). 1he
dial indicator is bolted and the displacement transducer is securely
fitth with a retainer clamp conforming to the shape of the transducer. The
track is a 1-in. (2.54 cm) magnesium angle section with one leg'notched
1/8-in. (0.32 cm)-wide and 1/2-in. (1.27 cm)-deep for the full length of
the section. The length should be sufficient to accoﬁmodate the sizes of
displacement gages used. The dial indicator should be positioned on the
" gage éuppoft track such that reading can easily be recorded. The deforma-
tion system is placed between the structural sections of the structural load
frame, which may interfere with obtaining the readingé, The notched leg
fits tightly to the slide plate of the deformation support beam and the
frack can be vertically positioned to align and set the gage piston within
the seating hole invthe reference beam. Lock screws,seéure the track_topthe

slide plate once positioning is completed.

3. Other Equipment

The following other essential material and eq@ipment is needed:"
a. Plaster of paris and appropriafe mixing pans and tools.

b. Bubble level to adjust plate orientation. |

c. X-Y recorder»fgf load and displacement.

d. Suitable power supply for instrumentation.

~

e. Track car to carry apparatus and instrumentation box.

C.2, Field Test Procedures

The following steps are involved to measuie the in-situ ballast plate
load resistance using apparatus described in section C.1:

1. For tests on the tie bearing area, carefully remove all the ballast
in both adjacent cribs for the full depth and léngth of the tie. Carefully
remove the spikes, tie plates and rail anchors such that minimal disturbance

to the tie occurs. Rail jacks may be placed in the next adjacent full crib
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not to be tested to raise the rail. Carefully remove the tést tie with

tongs such that minimal disturbance occurs to the ballast bed under the tie
and to the crib selected for testing. No removal of track components is
necessary for tests in the crib providing that the deformation system is
positioned in the crib. If the deformation system is position on an adjacent
tie, then the rail spikes must be removed from both ties adjacent to the

crib designated for testing.

2. Select the center of spots to be tested in the crib and under the
tie. These might be the center of the track and'5 to 8-in. from the rail
base on the inside and outside of the rail. Mark the location on a drawing.
Identify each test plate with a number from the data sheet. \

3. In the crib remove any high ballast particles in the plate seat-
ing area in order to achieve as level a surface as possible. Under the tie,
removal of particles is not necessary.

4, Mix one pound of plaster of paris with two pounds of water and
spread thinly over the plate seating area.

5. Place the 5-in.-diameter load bearing plate on the plaster of paris
and level the plate with a bubble level. Trim and remove the excess plaster
of paris from around the circumference of the plate. Wait 15 to 20 minutes
for the plaster to set. The resulting thickness of the plaster of paris
between plate and ballast particles should be approximately 1/8-in.

6. Place PLT structural load frame on the rails in a position
straddling the plate.

7. Record the position coordinates of the test plate with reference
to the rails and adjacent ties. All measurements should be made within
1/8-in. (0.32 cm). The load frame'may be used as a reference datum for
elevation measurements. '

8. Insert the hydraulic load jack assembly in the PLT frame over the
test plate. In the case of PLT tests under the tie, a 7-in. spacer disc is
first inserted between the load jack and load cell.

.9, Place the displacement reference block on the load bearing plate.

10. Use the hand pump to move the load cell such that contact is nearly
made with the concave seat in the displacement reference block.

11, Adjust the structural load frame and the hydraulic load jack frame
so the loading piston is above the center of the reference block. Tighten
the nuts for the reéction plates; also, the rail clamps on the structural load

frame.
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12.  Set up the camera tripod with the deformation system on level
ballast or on a tie plate placed on the ballast to give a firm foundation.

13. The displacement instrumentation mounted on the gage support track
can then be aligned and attached to the slide plate on the deformation
support beam. Temporarily seat the piston in the hole on the reference
plate. Level the deformation system by using the adjusting lock screws on
the camera tripod. Adjust the deformation system until the reference beam
can be inserted properly in the slot and under the deformation reference
pivot in the displacement reference block. ‘The displacement gages should be
positioned such that there is approximately 3/4-in. (1.91 cm) of travel
available. o . -

14, Attach the related cables for the load and deformation systems to
the appropriate input lines on the fecorder and to the appropriate external
power sources. » - ' '

15. Inscribe X and Y reference axes on the graph paper, when it is
properly positioned and attached to the recorder.. Record the date, air
temperature and test number on the graph paper and‘on_the data sheet.

16. Record several calibration traces, for each load and displaéement
on the X-Y plotter. For displacement calibration, first set the dial

“indicator on a zero reading. Use the displacement calibration lever on
the dial indicator piston and move the lever upward to the full displace-
ment calibration distance. A value of 0.2-in. (0.51 cm) is suggested.>
Record the calibration diéplacement value on the graph paper. Load cali-
bration can best be done electrically. ’

17.. Therrecorder}pen may now be conveniently positioned on the g;aphv‘

paper to record the load-displacement curve. Mark the origin point on the -

. graph paper.

18. Use the hydraulic hand pump to move‘the load jack and also the
load cell until the loading piston is nearly in contact with the séating'
hole in the displacement reference block.

19. Record initial hydraulic jack system pressure, initial deformation
dial reading, and the cycle number. '

20. With the hydraulic hand pﬁmp,‘displace the piston at a constant
deformation rate of about 0.25 in./min. until 0.3-in. of displacement is,
reached. At this point, simultaneously record peak hydraulic jack pressure,

' ‘and displacement reading from the dial indicator.
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21. At the instant peak displacement is reached, unload the plate at
approximately the same rate as in loading. When the plate is compietely
unloaded, but with the loading piéton neariy in contact with the plate,
record the dial indicator reading.

‘ 22. Perform additional cycles of plate loading to the same peak
pressure as in the 1lst cycle. Use the same test procedure and record
the same load and deformation values. The rebdund displacement point of
the previous cycle on the graph paper may be used as the origin point for
the next loading cycle plot.

23. Record any unusual test condition such as excessive plate rotation,
particle degradation, amount of fine ballast material, degree of satura;
tion of the ballast, or problems encountered during testing.

24. Use the load and displacement calibration signals to properly scale
the axes of the recorded load-displacement curve. Then compute all
desired strength'indices for the first cycle of loading only, such as:
Ballast Bearing Index (BBI), Modified Ballast Bearing Index (BBIk),

Modified Resilient Modulus (Erm), Modifieq Modulus of Deformation (Em), and

the percent Elastic Recovery (Er) as

) |
Er = — 100 , (c-1)
A, )

where Ay and A, are recoverable and total deformation, respectively, per

cycle (in.). For each additional cycle, compute only Erm’ Em and Er'
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APPENDIX D. APPARATUS AND RECOMMENDED PROCEDURES

FOR FIELD LATERAL TIE PUSH TEST (Ref. 1)
D.1 Apparatus
The assembled apparatus for the lateral tie push test is shown in
Fig. D-1. Each component will be described in detail and its function
will be explained in-this appendix. The presentation is subdivided into

two categories: 1) the load system, and 2) the deformation system.

1, Load System

a. Serrated Seating Plate Assembly

The serrated seating plate assembly (Fig. D-2) insures good seating,
uniform load distribution and prevention of load cell slippage during test-
ing at the tie end. The assembly fits over the load cell and is fastened
to the load cell attachments on the moving head of the hydraulic load
jack. The plate also serves as é vertical adjusting; guide for centering
the hydraulic load jack assembly at the tie end.

The key component is a 1/2-in.  (1.27 cm)-thick aluminum serrated
seating plate 5 in. (12.7 cm) square. The plate area covers a sufficient
portion of the end area of most standard ties. The non-serrated side of
the plate has a centered seating hole of the same shape as that of the
PLT displacement reference block tb fit the load bearing piston of the load
cell. .

The serrated plate is connected at the edges by four springs, which

_are fastened to 1-1/2-in. (3.21 cm)-long eyebolts in a 1/4-in. (0.635 cm)-
thick aluminum annulus 6 in. (15.24 c¢m) in diameter. The annulus has an !
internal radius to fit the load cell radius and the mating connector. The
springs should have a low stiffness and the length is a function of the
load cell height. This length is flexible since the eyebolts are used for
adjustment to provide a 10-1b (4.54 Kg) force necessary to maintain contact

" between the serrated plate and the load cell bearing piston.

b. Load Cell '

The load cell is the same as described for the PLT in Appendix C.

c. Hydraulic Load Jack Assembly

The hydraulic load jack assembly is the same as described for the PLT in
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Appendix C. However, the lateral jack support plate and the vertical
adjusting plates in Fig. C-6 are described below rather than in Appendix C
because they are used just for the LTPT. .

The lateral jack support plate (Fig. D-4) ensures that the hydraulic
load jack assembly maintains a horizontal pdsition parallel with the
structural load frame. This plate is necessary, since the load instru-
mentation is fully supported at one end by thrust and pressure plates and
partially supported by the reaction plates near the midpoint of ;he load
jack. The lateral jéck support plate is placed on the two bottom threaded
rods of the hydraulic load jack assembly and positioned under the outer load
jack cylinder nearest to the moving head. This plate consists of a 1-in.
(2.54 cm)-wide aluminum bar stock with length and ‘thickness dependent
upon the dimensions of the load jack and the load instrumentation support
and reaction frame. The top of the plate is inscribed with a seat having
a radius equal to the outer load jack cylinder radius. On the opposite face
are two seating grooves spaced to fit onto the threaded rods.

The vertical adjusting plates provide the means for raising or lower-
ing the hydraulic load jack assembly so that this unit may be aligned
parallel with the tie centerline.- These plates are located midway between
the pressure and reaction plates and opposite the two threaded rods with
the lateral jack support plate. Two 3/8-in. (0.95 cm)-thick steel plates
are required (Fig. D-3). The length and width of the plates are again
depéndent upon the size and spacing of the threaded rods. Allen set screws
secure the adjusting plates to the threaded rods ét a 1/2-in. (1.27 cm)
spacing. The center of each plate has a 1/2-in. (1.27 cm) diameter hole in
order to accommodate'tke connecting bolt for the vertical adjusting screw
mounted in the L-frame.

d. Structural Load Frame

The structural load frame is the same as described for the PLT in
Appendix C, except for the L-frame attachment (Fig. D-5). The L-frame pro-
vides support and reaction for the hydraulic load -jack assembly, utilizing
the track structufe as an anchor. The L-frame consists of two lS-in..
(38.1 cm)-long structural steel sections similar to those of the structural
load frame and spaced at the same distance. The load jack assembly is as
mobile in the L-frame as in the structural load frame. Transfer of the

assembly is ‘easily accomplished by removing the two steel reaction plates.

D-3



K
4
¥
A

1
X B |

7
~&——3 |/2”_‘A//-HOLCS 35 -4

re 0O g

Y
311

FIGURE D-3. VERTICAL ADJUSTING PLATE

RADIUS OF
LOAD JACK
Y - ;
. I e — f\
ko2 — |

Sgr—gp—y—
b om o -

FIGURE D-4. LATERAL JACK SUPPORT PLATE

D-4



STD. THREADED ROD , II" LONG

"
}; PLATE WING
NUT \

JACK SUPPORT SYSTEM VERTICAL

{
s
—

u ‘ -
TN %NUT WELDED TO-'\\:l I[_ ADJUSTMENT o
4 " o WASHERS 2’6 HOLE = 4
- } ! ) 16 16
4PLAT‘E I o ™ //\\ { . -
[ i W |8 & I z \ tg"
= Al z AN ? .,—]
"y 6" Lone/ o ) 5 § D 23
- 15 {
2 y ! 5 ¥ 8 6
RODS v i & - ™7
3n : o | 3.. N
. 4-4 ! =] : ~'—-3—8-
1] D
L x 1"BaR ! ?1 18 4L ,
2 | ' E 1 2
STOCK ! .3
FULL JACK é
PENE TRATION SUPPORT 3
WELDS PLATE | . i ,
18—3 E le——— WG 5X9 SECTION
: e :

_ I“
VERTICAL ADJUSTING

PLATE (FIG. D-4)

ek bar i tidd R 00an aREL 08

L
i

e 3 —

l"
7
. 5 .

l
l

FIGURE D-5. L-FRAME ATTACHMENT TO STRUCTURAL LOAD FRAME



The steel sections are welded at the top and bottom to 1/4-in. (0.635 cm)-
thick steel plates. In order to securely fix this attachment with the load
frame, steel support plates welded to the top of the structural sections
are located and dimensioned so that the L-frame may be snuggly inserted
between the flanges and perpendicular to one end of the structural load
frame. Also, two 1/2-in. (1.27 cm)-diameter steel rods with a length equal
to the width of the load frame are inserted through closely fitting holes
bored .in the same locations in the support plates at the end of the load
frame. These rods provide the shear and bending resistance for the antici-
pated lateral tie loads so that the hydraulic load jack remains parallel
to- the tie center line under load.

The L-frame should adequately accommodate the hydraulic load jack
assembly with adjustments so that the system can easily be adapted to
track systéms having various rail heights, tie plate thicknesses, and tie
depths. The frame is also designed for standard 8-1/2-ft (259 cm)-long
ties, but the load jack assembly is flexible enough so that tie lengths
from 8 £t to 9 ft (244 cm to 274 cm) can be handled easily.

A 12-in. (30.5 cm)-long and 1/4-in. (O 635)-diameter threaded steel
rod with a wingnut adjusting screw is inserted through the. top plate of the
‘L-frame and fastened to the vertical adjusting plates of the load jack
assembly. This provides a reliable method to vertically adjust the load

jack parallei to the centerline of the tie.

2. Deformation System

a. Deformation Support System

The deformation support system is attached to the top of the tie at
the end. It supports thézdisplacement gages in order to accurately monitor
tie displacement during loading (Fig. D-6). A 37-in. (94 cm)-long, l-in.
(2.54 cm) by 1-in. (2.54 cm) ﬁagnesium T-section is bolted to plates hold-
ing the horizontal and vertical adjusting screws. The displacement gage
support track is capable of sliding into the correct position with
respect to the reference stand on any of the legs of this deformation
reference arm. This arm has the same thickness as the slide plate in the
PLT deformation support system. Therefore, the two deformation systems
can be interchanged easily:

Also, the reference arm length just extends beyond the L- frame attach-

ment. This setup provides for the most accurate measurement of displacement
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readings since 1) the deformation reference stand and displacement gage
instrumentation would interfere with the structural load frame at any closer
distance, and 2) the-tie displacement reference point is far enough away
from the loaded tie to be stable. (

The deformation reference.arm can be visually aligned garallel to the
centerline of -the tie by,the steel vertical and horizontal adjusting
screws. The horlzontal adjusting screw aligns the reference arm parallel
with the side of the tie and is capable of. adjustlng to different tie
widths. The vertical screw aligns the reference arm parallél to the top
of the tie, and is used to support the welght of the displacement gage
support track and 1nstrumentat10n at the end of the reference arm.

. b, Displacement Transducers

The displacement transducers are the same as described for the PLT
in Appendix C.

c. Displacement Gage Support Track

The displacement gage support track is the same as described for the
PLT in Appendix C.

d. Displacement Reference Stand - .

The displacement reference stand (tripod) is firmly seated on the
_ ballast shoulder and away from the test area to provide a reference datum
by which the tie horizontal displacement can be recorded accurately. The
stand essentially consists of a steel base with three telescopic aluminum
legs, adjustable by wingnuts to any angle, and a vertical telescopic tube
with an attached 6-in. (15.2 cm)-square steel deformation reference plate
1/4-in. (0.635 cm)-thick (Fig. D-7). The base and reference plate have
telescopic structural tubing the same as the PLT defcrmation guide support
and reference beam,'respectively, with lengths of 7-in. (17.8 cn] end-lO-in.
(25{4 cm).’ The reference plate is secured at a fixed elevation by a vertical
a&justing screw mounted on the steel base. Each telescopic leg is a 1l-in.
(2.54 cm) channel section 6-1/2-in. (16.5 cm)-long fastened to a semi-
slotted 5-in. (12.7 cm)-long by 1/4-in. (0.635 cm)-thick aluminum bar stock.
The stand can be adjusted for heights of 15 to 22-in. (38.1 to 55.9, cm).

The reference plate is positioned such that the displacement instru-
mentation mounted on the displacement gage track support is perpendicular
to the plate. The reference plate is heavy and stable enough such that

mild winds do not affect the displacement reference.
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3. Other equipment

The following other essential equipment is needed:
a. X-Y recorder for load and displacement.
b. Suitable power supply for instrumentation.

c. Track car to carry apparatus and instrumentation box.

D.2 Field Test Procedure

The following steps are followed to measure the lateral tie resist-
ance using the apparatus described in Section D.1:

1. Carefully remove the ballast at the end of the selected tie from
the shoulder for the full depth of the tie and the entire width of the
shoulder to accommodate the structural load frame with L-frame attachment
and the hydraulic load jack assembly.

2. Carefully remove the rail fasteners on five adjacent ties and the
pads on the middle selected tie. The use of rail jacks should
be avoided.

3. Note and record tie condition and dimensions.

4. Place the structural load frame on the adjacent ties as shown in
Figure D-1.

S. Attach the serrated seating plate assembly to the hydraulic load
jack assembly and insert the entire unit into the L-frame. Bolt the vertical
adjusting screw to the vertical adjusting plates connected to the threaded
rods of the hydraulic load jack assembly. Adjust the horizontal position
of the load jack assembly to provide for at least 1/2 to 1-in. (1.27 to
2.54 cm) clearance between the serrated plate and the tie end. This is
accomplished by adjusting the relative position of the load jack reaction
and pressure plates on the load jack assembly. An option to accomplish this
would be to insert and fasten a 4-in. (10.2 cm)-long spacer cylinder between
the load cell and load jack.

6. Insert the lateral jack support plate on the two bottom threaded
rods of the hydraulic load jack assembly and under the load jack.

7. The load frame with the entire hydraulic load jack assembly
should be positioned over and parallel to the centerline of the tie. Both

rail clamps then should be tightened to secure the frame to the track and
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subsequently restrict horizontal and vertical movement of the frame
during testing. ' '

8. Use the vertical adjusting screw, mounted on the top of the L-frame,
to adjust the vertical position of the hydraulic load jack assembly such
that the point of load application 15 at the center of the tie end and the
jack is parallel to the centerline of“the tie. The square serrated seating
plate may be used as a guide for centering the assembly.. At this point
the serrated plate should not be in contact with the tie. .

9. Remove a small quantity of ballast from the crib near the loaded
end of the tie to accommodate the horizontal clamp of the deformation
support system. Clamp the support system to the top of the tie end.

Adjust the horizontal and vertical clamps to ensure the deformation refer-
ence arm is parallel to the centerline of the tie. The reference arm
should extend past the end of the structural load frame.

10. The deformation system reference stand. (a trlpod) is firmly seated
on the ballast-shoulder. The stand is about three inches (7.6 cm) from
the reference arm and also has the reference plate perpendicular to this

arm.. Use the vertical height adjustment screw to position the reference
‘ plate, such that the reference arm is near the center point of the plate.

11. The gage support track which contains the displacement gages, is
attached to the reference arm. This track is moved on the reference arm
to the reference plate until the dial indicator stem is depressed for
approximately 3/4-in. (1.90 cm) travel and is then tightened. The dial
stem should be. depressed and released to insure free movement of the stem.

12. Attach the related cables for the load and deformation systems to
the appropriate input lines on the recorder and to the appropriate external
power sources.

13. Inscribe X and Y reference axes on the graph paper, when it is
properly positioned and attached to the recorder. Record the date, air
temperatﬁre and test number on the graph paper and on the data sheet.

14. Record sevéral calibration traces for each load and displacement
on the X-Y plotter. For displacement calibration, first set the dial
indicator on a zero reading. Use the displacement calibration lever on
the dial indicator piston and move the lever upward to the full displace-
ment calibration distance. A vaiqe of 0.2-in. (0.51 cm) is suggested.

Record the calibration displacement value on the graph paper. Load
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calibration can best be done electrically. ,

15. The recorder pen may now be conveniently positioned on the graph
paper to record the load—displaéement curve. Mark the origin point on the
graph paper. | .

16. Use the hydraulic hand pump to-move the hydraulic load jack
assembly until the serrated plate is nearly in contact with the tie end.
Record the initial hydraulic jack system préssure and the initial dial
indicator readings.

17. The test may commence by displacing the hydraulic load jack piston
with the hydraulic hand pump at a constant deformation rate of 0.25-in./min.
(0.635 cm/min.) until a maximum deformation bf‘O.ZS;in. (0.635.cm) is
reached. Simultaneously record the peak hydraulic jack pressure and the
peak displacemenf reéding. -

18. At the instant peak displacement is reached, unload the tie at
approximately the same rate as for loading. When the tie is completely
unloaded, i.e., when the serrated plate is not in contact with the tie end,
record the tie horizontal rebound displacement readiﬁg from the dial
indicator.

19. Record any unusual test conditions, i.e., deficient crib ballast
and amount, different shoulder width or slope, non-square tie end, skewed
ties, degree of saturation of ballast, tie popping, or problems encountered

during testing.

20. A second é;;ierdgriggaihg“ﬁay_geiperformeaAusing stébsiié-fo 18.
21. The structural load frame and hydraulic jack assembly can be
moved to the next test tie and the same test procedure can then be uti-
lized. J
22. Use the load and displacement calibration signals to properly scale
the axes for each of the recorded load-displacement curve.'
23. Compute the load at the following displacement41evels for all
cycles: 0.0-in. (0.0 cm), 0.039-in. (1 mm), 0.079-ir. (2 mm), 0.157-in.
(4 mm), and 0,25-in. (6.35 mm).

24. Compute the percent elastic recovery (Er) as

By,
E =<___ 100 (D-1)



APPENDIX E. PROCEDURES FOR BALLAST INDEX TEST

1. Oven dry and then sieve the sample on sieves used for coarse ag-
gregate.. Use the entire sample if 50 1b or less. If the sample is heaviér
than 50 1b, then reduce it down to 44 1b (20,000 g) using a sample splitter,
and save and label the portion in excésé of 44 1b. The maximum sieve size
must be 2 1/2 inch and the minimum must be #4, The choice of intermediate
sieves should be made to provide approximately equal distribution of the -
gample among the sieves.

2. Reduce to 500 g by saﬁple splitting or quartering the quantity
of material from Step 1 that passes the #4 sieve. Carefully break up lumps
with rubber hammer or with ruBber rollers in ball mill. Weigh the sample,
wash through #200 sieve, and then o&en dry and weigh the material remaining on
#200 sieve to determine the percent finer than #200, Dry sieve the sample
larger than #200 size using the following suggested sieve sizes: 4, 8, 16,
40, 60, 100, 140 and 200,

- 3. Take the portion of the sample passing the #4 sieve remaining from
Step 2 after removing the 500 g sample. Carefﬁlly break up lumps as in:
Step 2 and dry sieve through #40 sieve. Perform liquid limit and plastic
limit tests on the material passing the #40 sieve. Save 511 portions of
sample that are required for chemical tests.

4. Perform petrographic analysis to determine the mineral composition
of/the portion of the sample from Step 3 smaller than the #40 sieve, and
the portion larger than the #40 sieve. The method of selection and prepara-
tion of the samples for the analysis is quite important and must be specified
" with the test results. For example, at least the sample\larger than #40
should be crushed to pulverize it before conducting the ﬁetrographic analysis.
Procedures must be employed to ensure that the sample tested is representa-
tive of the entire portion.

5. Split the sample > #4 from Step 1 as required to perform the fol-
lowing tests: specific gravity, water absorption, magnesium sulfate soundness,
Los Angeles abrasion, petrographic analysis, and descriptive tests such as
visual inspection of angularity and sphericity, and hardness. If total.
sample is not enough to use separate portions for all of these tests, the
-specific gravity and absorption test portion may be recombined with the

remainder of > #4 before conducting the other tests.
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6. Determine bulk specific gravity and percent absorption on a portion
of sample prepared in Step 5 according to ASTM Procedure C127.

7. Perform the petrographic analysis to determine the mineral composition of
the portion of the sample from Step 5 that was larger than #4 size, Pulverize
a representative portion of this sample for the analysis and specify the
procedures used for preparation and test. Save the unused portion of this sample.

8. Conduct a Los Angeles abrasion test on a portion of material larger
than #4 sieve from Step 5. To permit a comparison between samples, the same
sample weight, grading, number of spheres and number of revolutions must be
used for all samples. The requested procedure will use a SOOO'g sample, Grading
A, 12 spheres and 500 revolutions (ASTM Cl31). '

9. Conduct a test on aggregate soundness using a portion of material larger
than the #4 sieve from Step 5 (ASTM C88). Use 5 cycles with magnesium sulfate solution.

10. Conduct descriptive tests on a portion of material larger than #4 sieve
from Step 5. For visual inspection of angularity and sphericity, take\at least
50 particles of a range of sizes. For hardness, follow ASTM-C235.

11, Tabulate test results with appropriate comments, Indicate any neces-
sary deviations from the specified procedures.' If these deviations are expected
to change the results substantially they must be approved in advance. The
samples should be saved until all results have been evaluated so that any

required additional tests can be performed‘if needed,



. APPENDIX F

METHODS AND APPARATUS FOR CYCLIC TRIAXTAL TESTING

The main requirement of the triaxial equipment is'to subject cylindrical
samples of ballast, subballast or, subgrade, or combosites of these materials,
to cyclic or repeated stresses imposed by the passiné trains in the field.
These stressés are predicted by a multi-layer computer model that takes‘into
consideration the effect of the ties and rails in distfibuting the wheel
loads.

The complete state of strain, volué; change and pore pressure aéla
function of time resulting from the applied stresses is to-be measured;

An extensive amount of time was &évéted to a literature review and -
discussions with exﬁerienced persons cancerning the requirementsAof the

cyclic triaxial system. The design of the system was specified based on the

results of this effort. Because a suitable triaxial cell was not available

-

. t .
commercially, a special cell was fabricated. The cell control system and

the instrumentation were also designed and assembled.

Because it is mecessary to characterize the behavior of the roadbed
materials under time varying load, an important requirement of the cyclic
system is a tegting_machine to produce aqd maintain the applied cyclic stress

or strain over a large number of load applications. A summary of °

different systems for applying the load in stress controlled tests has
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been presented by Brown (Ref. F-1). The principal systems are pneumatic

(Ref. F-2), mechanical (Refs. F-3, F-4 and F-5), electrical (Ref. F-6),

and Hydraulic (Ref. F-7). These systems have been used for the testing

of soils under repeated loading conditions and are usually purpose-built

machines.

Many of the existing systems have an uncertainty of loading over

long duration tests and a lack of Eleiibility in application. The drawbacks

of these systems are overcome by adopting servo-controlled hydraulic type

of machines for soil testing. The most important featwre is that programmed

stress changes with time can be applied without being affected by changes

in sample behavior during the test. In addition to this, any type of

complex wave form of loading can be readily applied.

Among the important requirements selected for the triaxial cell were:

1)

2)

3)

4)

5)

6)

7)

Sample size of at least 6 in. diameter.

Loading in eﬁtension.and compression.

Controlled cell pressure and back pressure.

Pore pressure, volume change, lateral strain, axial strain
and axial load monitoring.

Pore water flow for saturating samples.

Low friction resistance between oscillating load ?iston
and cell chamber.

Provision for accurate alignment of specimen with top cap

and actuator piston.



The resulting cyclic triaxial cell (Fig. F-1) comnsists of a 12-in. 0D,

1/2-in. thick and 24-in. long cylindrical acrylic chamber which is sealed

]
!

to 2-in. thick anodized aluminum cell top and base plates by means of rubber
O-rings. The cell wa; designed for a maximum internal ﬁressure of 160 psi
and for 6-in. aﬁd 8-in. diameter soil samples with a H/D rati§ of 2 to 2.5.
Six 3/4-in. diameter stainleés steel tension rods are used to;compress

the O—rings between the acrylic chamber and the plates. The ﬁension rods/
are built inside the acrylic chamber to facilitate top cap alignmént during
sample preparation. The top of the cell is divided-into two parts: 1) a
tbp plate connected to the ténsiom rods, and 2) a top collar for the acrylic
chamber that ié fixed to the top plate by means of screws. The specimen
base gedestal and top cap are made of stainless steel.

The cell pressure and back ﬁressure appliéd to the sample during
testing are obtained from an air compressor by means of air-water inﬁerfaces
created in reéervoirs specifically designed and built for this purpose.

The reservoirs have been designed for a maximum préssure of 160 psi. The
air pressure cénnoﬁ be applied directly to the sample because the rubber
membranes in which tﬁe samples are enclosed are about ten thouéand times
more permeable to gases than to water. .

With the use of reservoirs it is possible to pressurize the cell
very quickly with water. The pressure may be maiﬁtained accurately for
any desired period éf time using air pressure regulatdrs that maintain the
desired éressures regardless of fluctuations in line pressure, provided that

this does not fall too low. The air pressure regulators used have a maximum

value of 160 psi and will maintain the pressure constant to within 0.01 psi.
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At the present time the UMASS cyclic testing facility is equipped
with a static volume change device. An investigation has been made into
the possibilities in the future of adding an automatic volume chénge de-
vice to the facility for cyclic loading (Ref. F-8).
The present volume change device is intended to be used in the consoli-
dation stage of saturated samples of ballast, subballast or subgrade.
During the cyclic.or repeated loading stage it will not be possible to
automatically record volume change in a drained test. For this purpose a
different system is.sought (Ref. F-8). Aé the present moment, a decision
has not been made in relation to the fabrication or acquisition of én auto-
matic volume change device for the purpose of cyclic testing of materials
: - !
in a drained condition. Meanwhile, during_the_drained cyclic tests,lit is
planned to measure volume change by means of measurihg the axial deformation
‘with an LVDT and the lateral deformation either with soil strain gauges,
(Ref. F-9), or by comnstructing a circumferential measuring devic;. There
is also the alternative of using the static volume change device as a
bagk-up system by stopping the test periodically and measuring the cumm-—

lative volume change.
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The sample deformations will have two components: one irrecoverable or
permanent, and the other of much smaller magnitude which is recoverable.
This situation is depicted.in Fig. 2-9 from Brown and Snaith(Ref. 2-24).
The expected test duration is long (up to 100,000 cycles) and for this
reason, gogether with the need to determine the dynamic, recoverable
deformation component, measurements must be capable of automatic recording.
The simplest method of obtaining a measurement of the vertical sample
deformation is by an external displacement transducer or dial gauge moni-
toring the movement of the pi;ton relative to the triaxi;l cell. The
hydraulic actuator provides an LVDT signal that can be recorded for this
purpose. In addition to the LVDT, a dial gauge is attached between the
piston and top plate to monitor the’axiél deformation dufing sample setup
and Auring consolidaﬁion, and permanent déformation at the end of the test.
The LVDT system of measurement is subjected to error due to deformation in
the loading frame that may be of the same order of magnitude as a typical
resilient sample deformation. The dial gauge will help to indicate when
these errors become significant.

The main purpose of the recording system is to have time plots of the
outputs from the actuator load cell and LVDT through the servo-control
- panel, and also the time plots of the lateral strain and either the pore -
preésure or volume change depending upon wﬁether the test is‘undrained or

drained. A schematic of the instrumentation and recording system is presented

in Figure F-3.
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APPENDIX G

DESCRIPTION OF MULTA/GEOTRACK

Based on an evaluaﬁion of PSA, ILLITRACK and MULTA, a new model, GEOTRACK,
which accounts for the stress-dependent nature of roadbed materials, has been
developed. The model emphasiies the geotechnical aspects of track behavior.

In addition to the more fuﬁdamental question of material modelling, certain
other deficiencies were eliminated from the MULTA model. In order to obtain a
more efficient and practical model, fhe following additional modifications were
made:

1. The MULTA model presently repeats calculations of influence coeffi-
cignts generate& by loading on the 2nd to 5th tie segment. A study
of the axisymmetric nature of the multilayer roadbed model shows that
the same influence coefficients are generated for similar axisymmetric
locations relative to each loaded segment. This repetition is
eliminated in GEOTRACK by generating the influence coefficients for
the 2nd to Sth segment loading from those of tﬁe 1st segment loading.
This modification has‘reduced the input -data by four-fifths.

2. The MULTA model computes parameters for only three depth locations
with linear layers. GEOTRACK can compute results for six depth loca-
tions with five non-linear layers.

3. Truck loading (i.e., a pair of axles) constitutes the dominant
cyclic frequency. Therefore, automatic superposition of adjacent

} axle loads is incorporated into the GEOTRACK model. The combined
stress state is employed in the determination of the magnitude and

directions of the principal stresses of the roadbed elements.
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4. The BURMISTER and LAC codes are combined in GEOTRACK to form a single
model, thus eliminating the need for two separate runs which for MULTA
required an external computer tape.

5. Based on the track geometry information which is specified by the
length of tie, tie spacing and number of ties, the radii locations
of the points of interest where stress and displacement information
are desired are computed automatically in GEOTRACK, thus eliminating
the need for manual computation and reducing the input data require-
ments appreciably.

The resilient modulus of roadbed materials has been related to the stress

state as follows:

E =1¢ (0'3, Ud, @) )

Q
]

3 the confining pressure,

Q
]

the deviator stress -
4 he deviato T 301 03 "

o = 9y + 9, + 0y = sum of the principal stresses.

Due to the different effects of 9 and od the resilient modulus of soils

may increase or decrease with stresses depending on the type of soil. It
has been found experimentally that for granular materials, © has a greater
effect than Ud’ and the modulus increases with © according to:

L L.

nr—I\IOZ ’

where Er = resilient modulus,

& = the bulk stress = 9 o 9, + 03 y

ol, 9y 03 = the major, intermediate and minor principal stress, respec-
tively,

Kl’ KZ = experimentally determined constants.
On the other hand, for fine-grained materials, % has a greater effect than ©
and the modulus generally decreases with increase in 9
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The GEOTRACK model incorporates realistic non-linear characteristics of
the roadbed materials. The general logic of modelling is the same as for
MULTA.

Figure 1 shows the.geometrical representation of ﬁhe_track struﬁture in
the GEOTRACK model. The roadbed is represented as a number of layérs of finite
thickness, the last layer being semi-infig}ge. The rails are assumed to be
supported over a finite number of tiés, say, eleven, Ifitﬁe'tréck“section
is‘symmetric about the center tie and symmetry of lbad;ng on both ;ail§ is
assumed, only one-quarter of the total track section, as shown in Fig: 1, need
be specified. |

The BURMISTER Code based on Burmister's three-dimensional elasticity
solution of multilayer system is employed in determining the influence
coefficients for the desired points of interest in the roadbed. Usually points
along the ties at the centers of each tie segment, énd midway between ties
(forming a grid as shown in Fig. 2) and at éome depth locatiomns directly
under. the surface points are taken as the desired points of intérést. Each
point of interest is identified by.coordinate (r,.O, Z).

. The influence coefficients are obtained by loading each of the tie
segment equivalent circular areas Witﬁ a uwnit load, with no load on the
other segment areas. A study of Fig. 2 reveals the axisymmetric nature of
the.proslem-—at a particular dgpth level in the roadbed, all points which are
at the same relative radii locations to the loaded segment would have the
same stress and displacement influence coefficients. Therefore, in the GEOTRACK
model, the influence coefficients for- loading on the Zna to 5th segment are |
generated from those of the first.

The influence coefficients.are first calculated in cylindrical coordinateé
and then transformed into Cartesian coordinates for use with the LOAD and

COMBINATION code. Figure 3 shows the transformation from cylindrical (R, 0, Z),

to the Cartesian (X, Y, Z) system.
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Fig. 1. Geomectrical Representation of CECTRACK Model
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The components of the stress tensor are input into an eigen vector
routine to determine the magnitude and directions of the principal stresses.

Since, as established earlier, the resilient moduli of roadbed materials
are stress dependent and the stressés themselves are functions of the wmoduli,
a compatible solution requires successive iteratiomns.

The iteratiye procgdure,whicﬁ_is one of the methods of approximating
nonlinear material properties, is employed in the GEOTRACK model. It con-
'sists of solving the same problem repeatedly under the full load, choosing
.for successive solutions a value of resilient modulus for each layer corres-
' ponding to.an average effective state of stress calculated for. .the layer in
the preceding cycle. Thus in each iteration,

EJys = E; (Gij)i ’y

where'(Er) = new Er for the (i+l)th iteration,

i+l
(cij) = stress state in the ith iteration. . ’
i

The iteration is continued until (Er>i+l - (Ei). < € where ¢ is the tolerance
i ’ :

of convergence. The final stresses and displacements are those obtainéd

in the (i+l_)th iteration. In each iteration, the materials are.treated

as linearly elastic Wifh E and v replaced with the values consistent with

the current state of stress in accordance with the nénlinear.relation between

modulus and stress state,

Because of the problems. associated with measuring accurate values of v,
as well as the fact that the response of the pavement and track systems is
relatively insensitive to reasonable variations of v, estimated and constant
values of v are often used as engineering approximgtion.

The following procedures are carried out in the iterative scheme
employed in the GEOTRACK model:

1. Previous study has shown that the incremental bulk stress, 40, due

to train loads does not vary appfeciably across the tie. But there

is a significant variation of A@ in the vertical direction.
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In order to account for variation(of AQ with depth more
realistically, the ro;dbed system is divided into five layers; ballast
layer, subballast 1, subballast 2, subgrade 1 and subgrade 2 as shown
in Fig. 1. )
Stress states are computed at 55 locations (Figs. l¢& 2) at the
center of each layer. Each layer is considered to be composed of 5
"elements'--one element under each tie segment ektending in length
along the longitudinal rail direction (Y-axis). Ihus‘for each
element, stress states are computed at-1ll locations along its length.
Geostatic bulk stress is computed at the center of each layer as

’

® =9 +2Ko__ = (1+2K )0,
0 vo 0 vo o’ "vo

where O _ = geostatic bulk stress,

%o = ge?static vertical effective stress,
Ko = coefficient of lateral'strgss at-rest.
The final bulk stress at each of the 11 longitudinal locations on
gach element is computed as
Gf = eo.+ A0 '
where ©_. = final bulk stress,

f

A® = incremental bulk stress due to train loads = Acl + A02 + Ao3 =
on + Acy + Acz.

In order to take into account the stress states in each element at -

locatiens other than the loaded tie (Y = 0), i.e. the longitudinal

variation of @, a weighted average using the rail—seaﬁ load under

each tie as the weighting factor is employed.

Thevaverage 9 for a layer is ‘then obtained as a straight average

of the O's for the five elements,

The represehtative modulus for each laxer is obtained by using Er =

Kl-eKz, Kl’ K2 being the parameters for each particular layer.
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,8. TFor the track‘sections analyzed in this study, the resilient moduli
have converged substantially at the end of three iterations, as will
be shown later.

In the fourth iteration, the stress and displacement values are
obtained at the inﬁerface locations or any other depth location rather
than at the middle of the layersy the resilient moduli obtained

in the third iteration being employed in the 4th and final iteration.

* U.S.G.P.0. 620~941/1302-822
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