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DESIGN REPORT
Non-Conventional Track Siructures
Kansas Test Track

Aikman'an'd Chelsea, Kansas

1. INTRODUCTION

This report discusses the rationale for the use of certain design procedures
and concepts, and the development of specific values and constants used in that
design, for three non-conventional track structure systems to be included as parts
of the approximate 2 mile length of test track to be constructed jointly by the
U.S. Department of Transportation and the Atchison, Topeka and Santa Fe Railway
Company between Aikman and Chelsea, Kansas, located as shown on Sheet 1 of
the Design Plans, contained in Section 10.

The three non-conventional track support structures, each 800 feet in
length, are: twin cast-in-place continuous reinforced concrete beams joined by
gaging members; a continuously reinforced concrete slab; and a system of twin
* precast beams made continuous at abutting ends and joined by gaging members.
These systems .will be integral parts of the Santa Fe's single track main line between
Aikman and Chelsea, Kansas, and will carry both eastward and westward trains
approaching 50,000,000 gross tons annually. '

Thus, the systems will be subjected to rigorous service, and it is
anticipated that significant results for future use will be produced through
observation, inspection, .and instrumentation of the subgrade, concrete,
reinforcement, and. rail fasteners. Obviopsly, movement of such volume of
conventional high and low speed trains subject to all the problems of an operating
railroad requires that all wark be planned and performed in a climate of positive
safety consciousness. - - :

As part of the research program related to developing practical, low
maintenance, high quality track structures to accommodate high speed rail
transportation, the Department of Transportation engaged the Battelle Memorial
Institute to conduct a study designed to produce data for use in determining
performance criteria and specifications for practical high speed track structures.
Battelle performed theoretical analyses and made a number of field measurements
of conventional track supporting moving conventional rail traffic. The analyses and
tests showed that distinct subgrade pressure impulses are imparted by every passing
axle load and that subgrade deterioration under certain conditions is directly related



to the number of transmitted impulses. As a result of their study, it was concluded
that ‘track support structures with a stiffness of 4 x 1010 1b-in2 would impart
only one impulse per truck (2 axles) and would therefore materially reduce an
important cause of subgrade deterloratlon

Subsequently, the Department of Transportation, through the Santa Fe
Railway, constructed a new embankment, designed and supervised by Shannon arid
Wilson, Inc., under closely controlled conditions, to produce a uniform subgrade
for testing purposes. The Department of Transportation, Federal Railway
Administration, authorized the Santa Fe to construct a number of different types
of conventional track for test purposes, and authorized the Santa Fe to engaée
Westenhoff and Novick, Inc., to design certain non-conventional frack structures
within a set of constraints contained in the Battelle Specifications, and additional
parameters stated by the Department of Transportation.

In general, once the goal of a system is established in terms of spac'f]:,
size, function, or esthetics, rational design of the system follows a definite pattern.
First, and usually as an input to the goal establishing procedure, background and
performance data are determined and analyzed. Then a method of analysis, which
is consistent with state-of-the-art or established practice,is chosen for use in the
design 'of the system. Input values are then collected, determined, or assumed,
and their applicability established. The system is then analyzed and designed. The
designed system is subsequently reanalyzed to assure the suitability of its function
and its ability to. satisfactorily respond to fulfill the original system goal.

For some well defined and documented systems, the whole design
sequence may take d relatively short time; while for other.systems, where function,
analysis methods, or input are not well understood, or are not clearly definable,
the procedure becomes one of trial and error, where each step requires deﬁmtlon
and analysis in its own right.

The evolution of this project has shown it to be one of the latter systems.
Its goal of building a functioning railway track structure is well defined. However,
restrictions imposed by hardware, geometry, and performance criteria, and its
essentially original nature, have rendered it to be unique. .

This design report presents considerations of concepts, method; and
hardware which have been used in reaching the fulfillment of the project goajl.

2. AUTHORITY

By agreement dated June 7, 1971, Westenhoff and Novick, Inc.,
undertook the design and construction engineering for three non-conventional track
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support systems for the Santa Fe's test track project between Aikman and Chelsea,
Kansas, under the sponsorship of the Department of Transportation, Federal
Railroad Administration. The agreement was amended December 28, 1971, to
provide that, additional data be developed by Westenhoff and Novick, Inc.

3. OBJECTIVE AND SCOPE
3.1 Objectives

The purpose of this installation is to provide a facility which will permit
the study of a series of railroad track support systems, each of which is a departure
from conventional track construction. The test track structures will carry a heavy
volume of conventional high and low speed trains subject to all the problems of
an operating railroad, so that special care needs to be exercised at all times to
provide safe rail traffic movement. All work should be planned and performed
in a climate of positive safety conciousness. Recognition, evaluation and
- accommodation of practical railroad operating problems and peculiarities is
required.

32  Scope

The initial agreement covered engineering services for the design and
.construction engineering for three non:=conventional track structure systems, each
800 feet long, to be included as part of the test track to be constructed on Santa
Fe property between Aikman and Chelsea, Kansas under the sponsorship of the
. U.S. Department of Transportation, Federal Railroad Administration.

The track structure systems, including the conventional systems and
non-conventional systems, will be built on a embankment previously constructed
under close control.to provide uniform subgrade conditions over the length of
the test section. The scope of Westenhoff and Novick, Inc. work included: plate
bearing tests of the as-built embankment, complete with compacted ballast; analysis, .
design and submission of a brief design report for the three non-conventional track
systems, including transition section designs where appropriate; preparation of
required contract plans and documents; construction engineering services and

" control; and preparation of a post construction report. The track support structures
which were designed include: a continously reinforced concrete slab;
twin-cast-in-place reinforced concrete beams; and twin precast, conventionally
reinforced beams. : :



) For the foregoing designs, Santa Fe was required to provide complete
details of properties of the as-built test embankment; recommendations for
structural configurations and reinforcement based on recommendations of the
Battelle Institute and the Portland Cement Association; complete geometric details
and load transfer characteristics of the specified rail fastener; and complete detalls
of the instrumentation to be used for the pro_]ect

The amendment dated December 28, 1971, made .certain changes in the
initial agreement, including the authorization for Westenhoff and Novick, Inc., to
develop certain data and information orginally to have been furnished by the Santa
Fe. The development of this data and information included:

(1) Rail torsional constant
(2) Fastener restraint characteristics
(3) Embankment properties

In addition, the amendment authorized the determination of ballast shéar
values and the ‘analysis of structural behavior in response to adverse support
conditions (i.e., subgrade softening). ‘

Instrumentation for the embankment and structures including location,
hardware, and installation, are provided by others and do not fall within the
Westenhoff and Novick, Inc., scope. In addition, DOT excluded the fastener, and
development thereof, from the initial agreement and the structural stiffness
recommendation made by Battelle was specified as being rigid criteria for design.

4. HISTORICAL AND RECENT DEVELOPMENTS
4.1 General

The conventional track structure of today is the culmination of almost
a century and a half of evolution imposed by the unrelenting growth in the weights,
gross tonnages and speeds of rail traffic. During this development a multitude of
innovations, many of them rational and well-conceived, have been exposed to.
service, but natural selection has preserved only those few elements which- have
survived the rigorous functional requlrements :

Today's economic and transportation demands reveal certain practical
limits and deficiencies in the conventional track structure. Relative maintenance
cost, while lower than only a few years ago, is still too high, and will become
even higher for tracks required to accommodate high speed traffic. Thus, evolution
inexorably develops a generation of track support structures to fulfill the need.



From time to time, over many years, effort has been made toward
developing economical systems of track support structures that would eliminate
or materially reduce the attention and maintenance required by conventional track.
These efforts have had little more than nominal success, except for special
applications, because of high construction costs and, until recently, the lack of
an adequate degree of elasticity in the track structure and madequate all- weather
electrical resistance between rails. :

4.2 Historical Developments

As early as 1909 the New York Central used reinforced concrete slabs
on unstable subgrade to support conventional ballasted track; between 1914 and
1916 the Long Island Railroad used this same technique at three locations. These
installations are believed to have been successful for the special purposes intended.

In 1914 the Northern Pacific Railway experimentally constructed three
sections of non-conventional track, comprised of concrete. slabs on a ballast bed,
with the rails secured to wood blocks set in or on the concrete. Considerable detail
regarding the sectional configurations and wood block installation is available. These
systems were in service for at least 15 years, but it was reported that timber renewals
and line and surface maintenance costs were disproportionately high. A number
of other railroads cxperimented with the concept of a rigid track support, but
. success was marginal at best.

In 1926 the Pere Marquette Railway built an initial non-conventional
track support system 1326 feet long, comprised of cast-in-place slabs about 10
feet wide by 20 inches deep, with 39 feet between expansion joints. The
reinforcement arrangement involved the use of structural sections instead of
conventional reintorcing+bars. Ninety lb/yd rail was used, and was fastened by
means of rail clips bolted directly into concrete inserts. Part of the length of rail
rested directly on the concrete, the remainder rested on a thin fiber pad (about
1/4 inch thick) between _thc rail base and the concrete.

The Pere Marquette built a second system, 390 feet long, in 1929,
consisting of  cast-in-place beams about 24 inches wide by 14 inches deep resting
on a 6 inch thick slab which was 9-feet wide. Concrete diaphragms on about
6 feet spacing were cast between the beams. The entire assembly was apparently
made an integral unit through the use of conventional reinforcing bars and was
cast monolithically in lengths of 19 .feet 6 inches between joints. The ends of
the units were keyed, and they were provided with lifting stirrups for use if unequal



settlement required adjustments. Rails were 90 Ib/yd, and were fastened by means
of bolts threaded through protruding steel plates anchored in the concrete. The
rails rested on one thickness of 7/8 inch treated lumber set in grooves each about
4 3/4 inches wide and 3/4 inch deep in the concrete, running longitudinally directly.
under the rails. The space between the beams was provided with lateral drainage
outlets and was filled with ballast stone. The shoulders on both field sides of th_’é
beams were filled with ballast to approximate the normal ballast shoulder.

In August 1971 reliable employees of the former Pere Marquette,(noxy
C&0O - B&O), selected for their knowledge of the experiment, were intervie'weg
in an effort to develop information that normally would net appear in technical
journals, but which would be fundamental in considering new non-conventional
track systems.

The foreman on the section containing the old non-conventional track
systems at the time a passenger train derailed on December 17, 1937 (terminating
the project), and for several preceding years, was interviewed. He had been present
during the derailment clearing operations and had directed part of the work. From
this interview it was found that: )

1) No perceptible slab or beam settlement was experienced.

2) Lack of sufficient lateral adjustability in the fasténers made the
proper maintenance of line and gage very difficult, sometimes
impossible,

3) Bolt failures were common, with several occurring each day. Daily
walking patrol of systems was required. It was difficult to change
bolts in the initial system, as the insert had to be removed from
the concrete, the old bolt extracted and the insert re-set. Breaks
and replacements were not so frequent nor so difficult with thé
second system. Normally, with either system, bolt failure locations
were scattered, with no alarming number of consecutive broken
bolts.

4) Signal failures were common, as a result of false shunting die tc}
breakdown of the resistance between the rails, particularly in we;t
weather. '

S) The track systems afforded very hard riding characteristics and rail
replacements were required almost annually. Bolted joint rail was
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used and the joints were severely battered. .

6) The old steam engir'tes, because of the severe hunting (yawing)
, characteristics and drivewheel pounding (dynamic augment) were
notoriously hard on all track elements.

An engineering officer in responsible charge of maintenance and
engineering advised that although he had no personal familiarity with the
experiment, he had discussed it with others who had been in the railroad's
engineering department during the time whcn the non-conventlonal systems were
in service, and he had learned that:

1) Riding quality over the rigid systems was hard and unsatisfactory.

2) Difﬁculty was exberienced .ih'trans"itioning' from conventional track
to rigid track and vice versa, with very distinct bumps apparent when
aboard fast-moving trains.

3) The derailed trai‘r'l' was the third westboungd train passing the location
within a short period of time. 1t was surmrsed that the first train
(freight) had broken several bolts, the second train (passenger) had
broken several more, and the last train had broken enough additional
bolts to allow the rail to be forced over.’

43 "Recent Developments.

' .A number of different so-called "ballastless" track systems are now in

limited use, and are being observed to ascertain behavior under service conditions,
particularly on new rapid transit lines. Some types, where short ties are supported
on concrete, as through railroad tunnels or for other special purposes, are not
new and have performed satisfactorily, though perhaps not without their unique
problems. Considerable effort has been directed  toward developing satisfactory
"ballastless” track systems for carrying main line rail freight and passenger traffic
in certain other countries, notably, Japan, Germany, Switzerland, Engiand and the
Soviet, Union. Many concepts and innovations have been tried; for detalls of these
experlences the reader is dlrected to avallable pubhcatxons

The results produced by' these - ‘projects have' been largely due to
observation and practical maintenance attention. Such results have varied widely,
as might be expected when it is consrdered that in ‘addition to the use of differing
structural systems, dlssmllar subgrade condltlons and rail- fasteners have added to
the number of inherent vanables :



_ Commercially available non-conventional track support systems which
are adaptable to special conditons, were investigated to determine their surtabrlrty
for adaption for this project. They were eliminated from consideration due to the
lack of a convenient method for conversion to continuous structures which DOT
had specified as design criteria,

It is believed that the Kansas Test Track project is the first installation
of non-conventional track support systems to be constructed on a subgrade of
predetermined uniformity, and fully instrumented, to produce results which, with
exercise of experienced engineering judgment, can be rationally applied to future
development efforts.

5. - BASIC STRUCTURAL CONCEPTS AND GOALS
5.1 General . S

The purpose of including the continuous reinforced concrete track
support structures in the test project is to allow an assessment of the installation,
and performance, and maintenance costs for "rigid" track systems. From an
operational viewpoint the advantage of rigid systems is essentially due to the ability
of the structure to spread loads over a larger area, thereby reducing both the
magnitude and frequency of loading imparted to any one point in the supporting
subgrade. A conceptual development of this response is contained in the Battelle
reports.

Structurally, a rigid track support system may be developed using a
multitude of configurations and materials. However, the use of reinforced concrete
appears to be economically attractive in initial cost and may result in reduced
maintenance expenses. The future development of continuous, automated,
construction methods (similar to slip forming pavements or the use of precast units
made continuous by post-tensioning in the field) may realize significant économies
in construction costs. First costs as formulated by this project will serve as 'an
upper bound estimate for the three systems used. It should be realized that removing
the influence of the variables associated with the embankment and track faste'ne:r
from this project has resulted in additional costs which would not be experienced
in ordinary construction. Unusual costs are also being incurred 2s a result of
inclusion of instrumentation in the construction.

In order to provide a uniform load spread capability in the structures
it is necessary to attain continuous shear and moment transfer: This is required
for two reason: (1) articulated support structures would give rise to localized stress



. and deflection concentrations in the rail, particularly with relatively stiff direct
fixation fasteners; and (2) localized areas of relatively higher subgrade stresses would
be created at structural discontinuities, leadmg to maintenance problems related
to subgrade movements.

While the analysis of infinitely continuous structures poses no unusual
difficulties, the relatively short lengths of structure used for this project impose
significant boundary conditions on the analysis, requiring the consideration of more
complex conditions. In a practical sense, the ends of structures will receive impact
loadings higher than an infinitely long structure, and large deflections will be
realized near the ends. Also, higher negative moments (concave downward
curvature) will be induced longitidinally by these loadings. Transitions, as discussed
in Section 5.7, have been designed to attenuate these influences.

5.2 Stiffness

As stated in the Battelle Report, it is desirable to obtain a "single peak”
response of soil pressure per truck; rather than a load pulse under each wheel
of the truck. This effectively reduces the cycles of loading on the embankment
by one-half. A practical way of achieving this reduction is to provide a track
structure with sufficient stiffness to spread the wheel loads over the -underlying
embankment.

Battelle determinédfthaf_structural stiffness; ‘EI, "values as low as 2 to
4 x 1010 1b-in2 per track structure might be acceptable."

This is an extremely 'impoftant decision since the moment of inertia for
any given section is much greater if that section does not crack (the difference
being between multiplicative -factors of two to four for the reinforced sections
under consideration). Thus if an EI of 4 x 1010 Ib-in2 is calculated on the basis
of a cracked section, the effective EI ‘may be more in the order of 16 x 1010
1b-in2 if the stress range does not exceed the tensile strength of the concrete.
The value of embankment soil modulus (i.e., available support for the structure)
is very important, as it has a significant effect on the structure's deflection and
will influence the stresses in the concrete. Due to the critical nature of this item,
it was discussed repeatediy durmg the design effort; at which times DOT reaffirmed
that they required an EI of 4 x 1010 Ib-in2 to be used for design, and that the
value was to be based on a cracked section.

5.3 Continuous Slab Structure ~

The continuous slab structure will distribute the loading over a large area
of subgrade, and will be the most effective structural type for that purpose. Load
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distribution will take place longitudinally and transversely through the slab 'as a
function of directional relative stiffness and subgrade modulus. The longitudinal
stiffness required by DOT can be supplied only by a substantial concrete structiire
with a relatively large percentage of steel.

The influence of transverse stiffness was not developed during fhe
conceptual study for these systems. However, the magnitude of structure requ1red
for longitudinal stiffness, even with minor amounts of temperature steel, will possess
significant transverse bending stiffness. Also, the geometry of the fastener and slab
aids the structure in transverse distribution of loads by shear as shown conceptually
on Figure -5.3.1, which also indicates that transverse curvature of the structure
under vertical loading will be concave downward with bending stresses occurring
near the longitudinal center line of the slab. An example of this phenomena is
the "center binding” tendency of ties, with resultant failure of the tie.

54 Continuous Beam Structures

The use of a twin beam structure for track support will result in higher
subgrade pressures than would be experienced with a slab. However, material
economics may be achieved with this configuration and it may be more applicable
to the use of precast units.

The DOT required that each beam be designed having one half of the
longitudinal stiffness specified for the slab, This essential sameness of structural
stiffness will allow an assessment of the influence of bearing area, and resulting
subgrade pressures, on load carrying response and maintenance requirements. No
requirements were stated by DOT, nor investigated in the conceptual study,
concerning the longitudinal stiffness necessary for the beams to support the bendmg
induced by the lateral wheel-rail loads.

The beams will be subjected to a condition of bi-axial bending, due to
the combined load. In addition, torsion, as discussed in a subsequent paragraph,
will be superimposed on the above loadings to create a complex state of stress
within the beams.

In light of Figure 5.3.1 it may be recognized that the requirement for
transverse bending stiffness is bypassed, and that the beams will fundamentally
be shear blocks in relation to transverse distribution of loads.

Since the restraint of gage spread under lateral loads is critical, the use
of gaging members is essential. The members will aid the structure in resisting

10
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lateral loads by bringing the full beam-ballast shear interface of the structure into
play, thereby helping to alleviate a structural inefficiency, relative to the slab. The
use of gage members is considered to be a necessary, conservative feature of this
project. ' '

Under lateral loads,the single support beam will tend to roll to the field
side. This rolling tendency will impart torsional stresses to the member, a
consideration whose range of influence was not investigated in the conceptual
studies, and will result in a triangular or trapezoidal distribution of soil pressure
under the beams. It will also contribute to gage spread. The gage members will
aid in resisting this tendency. B

The response of reinforced concrete under torsional loadings is relatively
poor and the usual practice is to design in a conservative manner. This is due
in part to the lack of rigorous solutions for non-circular section response under
torsional loadings, and to the composite nature of the structure itself. Until the
advent of ACI Standard 318-71, no widely recognized, rational design method
existed for combined bending, shear, and torsional loads. Since this criterion became
available early in 1972, it was selected for design for these ‘combined loadings.

Cast-in-place beams will have the advantage of a "natural” interface bond
between the concrete and the ballast subgrade, while precast beams will require
field alignment, will need "bedding" on the ballast (an artificial interface bond),
and will require field joints to be made by welding reinforcing bars and casting
a concrete segment.

55 - Gage Members N

Gage members are required for the beam structures as discussed in the
previous section. Their design requires the optimization of several variables in order
to: 1) minimize gage spread; 2) extract maximum resistance of the complete
structure to laterial loads; 3) reduce rolling tendency of the laterally loaded beam;
4) accomplish the foregoing without imparting any undesirable secondary loadingg
to the beams. 1

Since the primary structural function of the gage members will be.té)
reduce subgrade pressures and structural stresses associated with torsion, they will
be required to supply a moment to the beam to resist the overturning tendency.
This may be accomplished in two ways: 1) design the members to have a high
order of bending stiffness, or 2) peosition a relatively flexible member such that
induced axial loads will have a moment arm above the center of rotation of the

12



beam. The' first of these alternates appears unattractive for several reasons, and
was dismissed for the reasons described below,

If. a gage member were designéd with significant bending properties it
would become a major structural element which is subjected to repeated loadings
and stress reversals. This would require design to withstand a severe fatigue
conditon, and the member would require extensive design, detail, and construction
work. Even with flexible members the effect of stress reversals will be significant.

In addition, it would be desirable to leave the member uncovered for
inspection purposes, and to shield it from contact with the ballast in order to
circumvent the phenomena which leads to center-binding of ties, which might
introduce undesirable secondary loadings to the beams. This type of member was
not considered practical nor consistent with the goals of the project.

The second alternative appeared most in line with the project goals in
the sense that no additional variables nor s1gmflcant secondary conditions would
be introduced. An idealized member of thlS type would be a rod (or chain) fastened
to the base of rail by a ball (or umversal) joint. This woald give the longest possible
moment arm about the center of rotation and dxrectly inhibit gage spread of the
rails. Since it was not practrcal to attach the member to the rail or the fastener,
a logical second position, it was established that it would be attached to the beam
at the highest feasible location. A rod passing through the beams above the midplane
was selected as the type of member to use.

In light of the brief" treatment afforded the- gage members during the
conceptual study and the simple nature of the designed element, the gage members
. would yield significant information ‘about then' actual function if instrumented,
a measure not considered prlOl‘ to the des1gn analysis.

5.6 Transitions

The use of non-conventional track structures gives rise to a problem
commonly encountered in convertional rail systems at crossings and bridge
abutments, that of abrupt changes in track embankment stiffness (impedance).
These areas are sometimes quite noticeable to passengers and create severe loading
conditions on rolling stock. In addition, these locations require frequent
maintenance and are a continuing source of trouble.

The introduction of tranS1ents nifb the test sectlons- is highly undesirable

in that it creates unusual loadmg condltlons in terms of infinitely long track
structures, and perturbates the rolhng “stock such that loadings and structural

13



responses in _the? location of the instrument arrays may be affected.

To minimize this influence, transition sections which will give'a'
continuous rather than dlscontmuous stiffness (impedance) change were -developed
as described in ‘Section 8.5.

. In-service observations of the transitions included in this project should
indicate thelr adaptablhty to other practical situations.

6. . DESIGN ANALYSIS
6.1 Methods

Although a specified. longitudinal stiffness was desired by the DOT"
(4x1010 1b-in2) the influence of several additional variables needed to be taken
into consideration in analysis. The torsional stiffness and shear requirements due
to lateral loads on the beam structure, as well as the gaging member requirements
under the same loading, had not been previously defined. In addition the three’
dimensional nature of the structures, as evidenced by transverse bending stiffness
in the siab and non-uniform distributions of contact pressure across the transverse
sections, had not been analyzed. These considerations were further complicated
by the finite nature of each test section.

The finite element method was selected as being appropriate to the
demands of the analysis. The general capability of the method to describe complex
structural interaction and boundary conditions, including the three-dimensional
nature of the structure, was considered essential to fulfill the goal of the project.
Contemporary texts are available which describe the method. The finite element
method results in a lower bound solution for this analysis.

Two programs which are commercially available were used in the course
of the analysis and design. EASE and NASTRAN, as implemented on the Control
Data Corporation Cybernet System, were used for certain selected simplified
influence analyses and more explicit influence and design analyses, respectively.
Both software packages were executed on a CDC 6600 series computer. EASE
documentation is available from CDC, while NASTRAN documentation may be
purchased from COSMIC at Athens, Georgia.

The rail, fastener, slab or beams with gage members, and subgrade were

each considered by use of an appropriate structural element in the finite element
models subsequently described herein. Each will be treated in a separate sub-secti(')n1

14
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6.2 . Rail :

This project will utilize 136 Ib/yd, continuous welded rail throughou'
its entire length. The condition of continuity poses the widely recognized problem
of longitudinal restraint of the rail, which imposes certain load carrying
requirements on the rail fastener where conventional and non-conventional track

systems abut. This condition is certainly not new, but for the hardware and.

structures of this project, the interaction relation is unknown.

In the reinforced concrete track systems the rail serves to transfer vertical
and horizontal loads to the fasteners by virtue of its structural stiffness. This
stiffness is represented by a resistance to bending about two axes, and a torsional
resistance to lateral loads which are applied at the rail head as shown in Figure
6.2.1. The finite element method is able to take into account the effects of these
properties, which were required input data.

The moment of inertia about the vertical and horizontal planes were
obtained from the literature and DOT, however, the torsmnal constant for the
rail section was not available.

A simple geometrical approximation was used to check the moment of
inertia about the vertical plane, while a somewhat different approximation was
used to establish a lower bound for the torsional constant. In addition, an upper
bound value of torsional constant was calculated and a more exact analogy was
then used to establish a design value. These analyses are covered in Appendix A.

‘ A simple finite element model was used to model a rail-fastener system
on an infintely rigid structure as shown in Figure 6.2.2. This model was then utilized
to assess the influence of load condensation and fastener property variations, as
covered in succeeding sections, and to check the variation in load distribution dué;
to rail torsional constants. The results of this analysis are contained in Table 6.2.1,
As may be seen, the maximum variation in fastener loading occurs at the fasteneré
or fastener nearest the load, and is approximately 7% to 10% of the value obtained
using the value chosen for design. )

The rail was included in the finite element model shown in Figures 6.4. 1
and 6.5.1 as a beam element. The single modeling assumption necessary, aside from
elecment length, was that the elastic center, center of rotation, and center of grav1ty
of the rail section are coincident. This is a conventional slmpllﬁcatlon

{

6.3 Fastener

The fastener selected by DOT, and used in the analysis and design of

these structures, is the Fastex Fastall shown on Figure 6.3.1. For the analysis;
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Item

Horizontal Load @ Mid-~span

Horizontal Load @ Fastener

TABLE 6.2.1

DISTRIBUTION OF LATERAL LOADS ON 136 1lb/yd

RAIL TO FASTENERS - INFINITELY

RIGID SUPPORTING STRUCTURE AND LONGITUDINAL
FASTENER CONSTANT OF 1.4 x 109 in-1b/radian

Fastener Overturning Moment, % Applied Moment

Rail Torsional
Constant, in4

1 2 3 4 5 6 7
29.2 12.2 5.1 2.1 0.9 0.4 0.2 4.44
27.0 12.4 5.7 2.6 1.2 0.6 0.3 5.68 (Design)
25.0 12.5 6.3 3.1 1.6 0.8 0_..4 7.24
41.2  17.2 7.2 3.0 1.2 0.5 0.2 4.44
37.1  17.0 7.8 3.6 1.6 0.7 0.3 5.68 (Design)
33.3  16.7 8.3 2.1 1.0

0.5 7.24

Kansas Test Track
Santa Fe/DO? ‘ W1
i ; N
!




it was considered to have vertical adjustment capabilitieé of * 1/2 inch by means
- of steel shims between the fastener and the structure, and lateral adjustment
capabilities of * 1/2 inch by means of nylon inserts within the fastener proper.
Physical dimensions are 13 1/2 inches long and 12 inches wide, with a square
pattern of studs on 8.171 inch centers.

The fasteners will be suppled to the job site as a four fastener unit on
a single sheet of extruded asbestos-cement. The asbestos-cement is to be shaped
such that a 1:40 rail cant may be established by installation, rather than by the
fastener. See Sheets 6 and 7 of the Design Plans, and Figure 6.3.2 for installation
and drainage configurations. The selected fastener for the non-conventional systems
has six mechanical properties which will function to restrain the rail and transfer
load into the supporting structure (i.e. 6 degrees of restraint). These restraints are
functional along and about all three axes as shown by Figure 6.3.1. The finite
element -method of analysis is able to account for the effects of these properties,
and they were required input data. Since these properties were not known for
the specified fastener, Westenhoff and Novick, Inc. recommended that a series of
tests be performed to experimentally determine their order of magnitude. These
tests were performed for the Department of Transportation by Portland Cement
Association during the period of November 2, through November 4, 1971.
Descriptive sheets and tabulations compiled by Portland Cement Association are
attached as Appendix B. Plots resulting from interpretation and analysis of the
~ data by Westenhoff and Novick are shown on Figure B. 1. Specific values of fastener
properties which were incorporated into the design analyses are summarized in
Table 6.3.1.

. It should be noted that the response of the selected fastener is
temperature and load rate dependent, due to the elastomers and the design prestress.
"The order of magnitude of this variation .in response was not amenable to
quantification for this project. Although beyond the scope of the design, it should
be considered in the analysis of resulting test data and subsequent design efforts.
Also, the values of properties obtained from the fastener tests are singular in values,
which establish a set of values unique to one fastener. Application of these values
to design introduces some question of statistical validity into the design. It is felt,
however, that they represent lower bound of values of the fastener restraint
properties.

Since the fasteners had not been performance, or acceptance, tested at
the time of design, DOT relieved Westenhoff and Novick from making an assessment
.of rail gage spread. However, it became necessary to evaluate the influence of a
variation of fastener properties on the actual loads transmitted to the structure
by the fasteners. The simple finite element model of Figure 6.2.2 was utilized
for this purpose by varying the values of the springs which represented the fastener.
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TABLE 6.3.1

SPRING RATE VALUES. FOR

FASTEX TRACK FASTENER

- (Tested on November 2-4, 1971)

Property.

Vertical Rate

n “;it

St Eiacey At

About: Transverse:

adinal Rate,

1.0 x L0®& 1b/im

.3 x 104 1b/in:

2.6 x 104 1byin
7.4 x: 106 in-Ib/rad
.4 xt 106 in-1b/rad

3.4 x 109 in~1b/rad

Kansas: Test. Ttack-

Santiaz Fe/DOT-




RN
i

KANSAS TEST TRACK »
‘ SLAB DRAINAGE CONFIGURATION

SANTA FE /DOT

WESTENHOFF aND NOVICK, INC. CONSULTING ENGINEERS;

w169

JUNE 1972

. FIGURE - 6.3.2

g g

P e

—

U



As a comparison base the fastener properties were arbitrarily doubled. Results of
this study are shown in Table 6.3.2. As may be seen, the maximum influence
is on the fasteners nearest -the load. Percentage change in load applied to the
structure by these fasteners is from about 9% to 32%, with the largest variation
occurring in response to overturning moments on the rail

The variation under vertical loads, as expected on a tangent track, is
from about 9% to 15% for a 100% increase in properties. A reduction of these
values, by load spreading, occurs when the structure deflects under load, further
reducing the percentage variation. In this light, the use of the fastener test results
appeared adequate for the project.

The fastener is represented in the finite element models by a short column
having torsional, flexural and extensional properties derived from the results of
the experimental tests of the fastener. The fastener beams are connected to rail
and slab nodes, using the NASTRAN offset provision, as shown on Figures 6.4.1
and 6.5.1. '

6.4 Slab

Reinforcing was apportioned to the slab in accordance with the DOT
specification for a cracked section stiffness of 4 x 1010 Ib-in2. This resulted in
two different section stiffnesses, one for positive bending and a second for negative
bending, since symmetrical reinforcing for the section was considered generally
unnecessary and uneconomical. Transverse steel was -allocated on the basis of
experience, to cope with transverse bending and anticipated construction conditions.

As NASTRAN is not specifically coded to deal with cracked section
analysis of reinforced concrete members, the equivalent homogeneous section was
calculated for the positive bending stiffness in the longitudinal and transverse
directions. The stiffness ‘values and equivalent sections were then used for the
quadrilateral plate-bending elements (QUAD?2) utilized to model the slab.

The orthotropic nature of the slab was described by defining the material
description matrix (MAT2) in line with the solution by Timoshenko and
Woinowski-Krieger.

The element size, and aspect ratio, were determined by geometry. Since
transverse bending was in question, and the element force output is an average
elemental force output for the centroid of the element, a line of elements was
set to straddle the longitudinal centerline, To reduce modeling efforts for the beams,

23



TABLE 6.3.2 . .

DISTRIBUTION OF LOADS ON 136 1b/yd
RAIL TO FASTENERS - INFINITELY

RIGID SUPPORTING STRUCTURE

Load Position : Fastener Load as % of Applied Load* Fastener Stiffness
1 . 2 3 4 5 6 7
Vertical Load @ Mid-Span ) 47.2 6.4 -2.7 -1.0 0.03 0.09 0.01 1 x 10° 1b/in
(Line of symm @ left of fastener #1) 51.1 1.4 -2.6 -0.2 0.10 0.01 —+ 2 x 106 1b/in
Vertical Load @ Fastener 60.7 22.6 -0.9 =-2.0 -0.30 0.11 0.05 1 x 10° ib/in
(Fastener #1 is line of symm) 70.1 18.8 -2.9 -1.1 0.17 0.06 -0.03 2 x 106 1p/in
Horizontal Load @ Mid-Span 32.3 15.3 4.0 -0.1 -0.8 -0.5 +-0.2 2.6 x lO4>lb/in
35.5 13.2 - 2.1 -0.6 -0.5 -0.2 -0.03 5.2 x 10% 1b/in
Horizontal Load @ Fastener 36.6 23.7 8.3 1.2 -0:7 -0.7 -0.3 2.6 x 10% 1b/in
| 42.3 '23.5 6.1 0.1 -0.7 =-0.3 -0.08 5.2 x 104 1b/in
Overturning Moment @ Mid-Span - 27.0 12.4 5.7 2.6 1.2 0.6 0.3 1.4 x 106in-1b/radian
(i.e. Moment from load on rail-head) 33.8 12.2 3.8 1.3 0.5 0.1 0.3 2.8 x 10%in-lb/radian
Overturning Moment @ Fastener 37.1 17.0 7.8 3.6 1.6 0.7 0.3 1.4 x 109in-lb/radian
49.3 16.8 5.7 1.9 0.7 0.2 0.08 2.8 x 10%in-1b/radian

*Negative sign indicates fastener
reaction acting in direction of applied
load.

+Dash indicates value less than 0.01%

Kansas Test Track-
Santa Fe/DOT L
| . .
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FINITE ELEMENT MODEL
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the slab and beam models were made to be similar, thus allowing a single
preprocessor to generate the necessary input data and minimize the effort required
for bulk data input.

To satisfactorily describe structure-subgrade interaction for the beams,
two elements each were required on the field and gage sides of the rails. This
resulted in a 9 element wide section for the slab. Nodes were required at fastener
locations, and an effort was made to keep aspect ratios near one. In addition,
the length of beam elements required to allow a satisfactory loading description
for the rail was considered, and the beam and plate elements were made equal
in longitudinal dimension. This resulted in the element sizes shown in Figure 6.4.1,
which yielded a stiffness matrix with a small band-width. .

Several assumptions are inherent in the use of the plate-bending elements
to model the slab. First the plate element is. assumed to lie in the center plane
of the slab. Second, the stiffness in positive and negative bending is identical. This
second assumption was considered acceptable due to the approximate nature of
the values used for several other significant parameters in the analysis. Third, load
is considered to be transferred to the slab by the fastener at a point rather than
"over an area of some 12 inches by 13 1/2 inches in length. This latter assumption
becomes significant in the interpretation of computer output, as discussed in Section
7, and shown in Figure 5.3.1.

6.5 . Beams
The same basic discussion presented in Section 6.4 applies to the modeling
of the beams using plate-bending elements. These elements were considered desirable

in order to describe the structure-subgrade interaction.

The total section is 4 elements per beam, with gage members connecting
appropriate nodes, -as.shown on Flgure 6. 51

6.6 Gage Members
For the reasons set forth in Section 5.5, gage members were included
for the beam structures. These members were modeled using -beam elements
connectmg nodal points on the gage side of both beams, as shown on Figure 6.5.1.
Spacing of these members was at 5 feet 1ntervals and they were connected

to the beams at sections where- fasteners were also connected. The analyses were
performed using 1 inch root diameter rods, which were later redesigned.
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Two modeling approximations were involved for this member. Th e first
was that connectivity was to nodes lying in the center plane of the beams, while
the actual members would be placed above the centerline of the structure. The
second was the location of the gage members at fasteners, rather than betweén
fasteners. This results in higher loads on the gages, while the gages supply less
resistance to the rolling tendency of the beams under lateral loads in the .analysi‘s.
Both of these conditions are conservative for design.

6.7 Ballast - Subgrade System : :

A Winkler foundation has been selected for use in modeling the subgrade
system. Although subject to certain errors, which are documented in the literature,
this is a commonly accepted approach in design. A continuum approach is available
in .the finite element method. However, the use of static load criteria fora
dynamically loaded structure, coupled with several unknown factors related to the
effective structure stiffness and embankment properties, render the additional
expense and effort necessary to achieve this sophistication unjustifiable: at this time.
Figure 6.7.1 shows a qualitive comparison of the continuum and discrete spring
support systems.

Plate bearing tests, described in Appendix E, were performed on the
ballast-embankment system by Westenhoff.and Novick to determine values of static
vertical subgrade modulus, kv, for use in design. The locations of these tests were
selected using the data developed, Appendix F, from construction test data
transmitted by Shannon and Wilson. A spacial plot of test locations, similar to
the one presented by Shannon and Wilson, and the data from the Corps.of ‘Engineers
Vibro-Seismic Survey were used to aid in the selection of test locations.. ‘

Table E.1 shows the results of plate bearing tests made on the
embankment. Values of subgrade modulus selected for design are kv = 200 Ib/in2/in
for the beam sections and kv = 150 Ib/in2/in for the slab section. These values
are the extreme limits of the Battelle recommendation for subgrade modulus-and,
on the basis of literature, the field tests, the apparent bilinear nature of the system,
and the structure - subgrade interaction relations, are considered to be reasonable,
and conservative for structural .deflections and stresses. They compare favorably
with values of dynamic kv calculated using the Barakan formula, which is based
on elastic theory. Values of shear modulus and Poisson's ratio for the embankment
were taken from the Corps of Engineers report for use in the Barakan equation,
Curfves from this solution are shown on Figure 6.7.2 for different assumed lengths
of rigid foundation for the structural cross-sections. From the computer analyses,
the influence length for a single load is approximately 30 feet, establishing a range
for dynamic kv as a function. of shear .modulus. {

g
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Selection of the values was bascd on an assessment of structure width
and embankment depth effects, as shown in Figure 6.7.2. Figure 6.7.3 (a) and
(b) show the theoretical stress distribution for a layered system, while (¢) and
(d) show the theoretical distribution for an isotropic halfspace. In addition, the
influence of subgrade softening, the probability of the embankment increasing in
strength under repeated dynamic loading, and the bilincar nature of the system
(demonstrated by the plate bearing tests) were considered in the selection of these
values. '

Linear springs were uscd in the finite clement model, as shown in Figures
6.4.1 and 6.5.1, with spring constants cquivalent to the ky values given above.
The use of subgrade springs involves four assumptions. First, and most important,
is the lack of shearing resistance within the embankment model. Second. the springs
arc linear, Third, is the concentration of resistance at discrcte points. Fourth, is
the ability of the model subgrade to act in tension; this effect will be essentmlly
compensated for by the dead load of the structure.

6.8 ' Baliast-Structure Interface

In addition to stiffening the subgrade and acting to spread the load on
the embankment, the ballast supplics the only resistance to lateral load which the
structures may- mobilize. Little information cxists in the literature. related to
strength properties (i.c.. shearing strength), interlocking. and dynamic response of
granular materials the sizc of ballast. No data were available from DOT on this
subject.

Since resistance to sliding of the track structure, in a lateral and
longitudinal direction will be derived from shear over the concrete-ballast interface,
Westenhoff and Novick recommended that special field shear tests be performed.

These tests were performed on October 28, October 29, and November
9, 1971 by the Technical Rescarch and Development Department of the Atchison,
Topeka and Santa Fe Railway according to recommendations. A description is
contained in Appendix D, while Tables D.I and D.2 summarize the complete-test
serics and contain values of peak and ultimate (sliding) friction derived from test
data.

After considering the possible methods of modeling the interface shear,

-and an evaluation of the software capabilities, it was decided to utilize linear springs
to represent the interface condition, The test series data were then plotted, Figure
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6.8.1, and the equivalent spring constant derived for the linear portion of the curve,
kh = 175 lb/i112/in, where it appears the classical linear friction relationship holds.
This relation was checked against the computer solutions to assure compatible stress
ranges and verify the validity of the model. Assumptions for this model are similar
to those stated in Section 6.7.

It is called to the attention of the reader that the properties of ballast
are worthy of a singular, extensive research project, due to their important influence
on the total track system.

6.9 Embankment

The original project concept of constructing the embankment such that
it has a constant influence on track structure response is indeed valid. A measure
of the success of this effort was obtained from the results of field tests made
during construction, and were used by Westenhoff and Novick to- determine the
locations at which the plate bearing test would be performed. '

‘ In order to aid in quantifying the properties of the "constant"
embankment, Westenhoff and Novick recommended . the performance of a
Vibro-Seismic Survey of the test embankment. These tests were performed in
October, 1971 and analyzed for the Department of Transportation by the Corps
of Engineers, Waterways Experiment Station. The results of these tests provided
the following: '

1) A "rough" profile of embankment depth

2) ‘A measure of emibankment uniformity '

3) A modulus of elasticity for the embankment

4) A shear modulus for the embankment

5) A measure of embankment damping characteristics

Items 3, 4, and 5 were correlated by laboratory testing perfonred : at the Waterways
Experiment Station, at Vicksburg, Mississippi. The above data provided substantial
qualitative and quantitative input to this design effort, and should prove of
significant value in test data reduction and future dynamic analysis of the track
systems. '

6.10 ‘Ballast and Embankment Properties

Although the Santa Fe initially intended to furnish certain necessary
properties to Westenhoff and Novick for design purposes according to the terms
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of the original agreement, this information was not, at the time of analysis, available
and Santa Fe, therefore, authorized Westenhoff and Novick to develop the requiréd
information by letter dated January 3, 1972, effective December 28, 1971.

6.11 Model Loading Condensation

NASTRAN utilizes nodal points as points of application for concentrated
forces. Therefore, when the geometry of load spacing in the actual case resulted
in off-nodal loading of the rail model, concentrated loads were assumed to be
distributed to adjacent nodal points by static methods. This is in accordance w1th
general practice.

To assess the influence of the load condensation, the EASE model shown
on Figure 6.2.2 was loaded as if the beam elements were 10 inches long, usmg
static condensation. Fastener loads were compared for the case of a load at a
node (5 inch elements) and equivalent condensed uniform or concentrated loads.
Differences were small, generally less than 2%, for the rail-fastener load distribution
to the structure.

6.12 Loading Magnitudes and Disfributions
6.12.1  Static Loads

Static loads for design of the track support structures were taken as
specified in the Battelle report. "Studies for Rail Vehicle Track Structures”, which
specified a wheel load of 38 kips for locomotives and 35 kips for freight cars.
Sixty percent of the vertical load was applied as a horizontal load on the rall
head. An impact factor of 100% was used.

While these wheel loads appear to be adequate, or even severe, for tangent
track, such as the project test sections, the spacing or pattern of loads as specified
by the Battelle report appears to be overly simplistic for design purposes. Wheel
spacing and loading criterion, recommended by the Santa Fe Railway for design
consists of ten class 8000-9000 locomotives, as a maximum load condltlon w1th
wheel loads of 38 kips as specified by the Battelle Report.

A comparison was made of the axle spacing of common rolling stock
and motive power to determine if the use of. class 8000-9000 locomotive. axle
spacing was typical and adequate. After determining that this truck geometry was
satisfactory for use in analysis, due to the total magnitude of load and a spacil_hg
of two axles which closely approximates a freight car truck, the truck and axle

1

.
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spacing was idealized, in conservative manner for the structure, as shown in Flgure
6.12.1.

Design loadings on- the track support structures will not account for the
routing of special car loads over the test track. Since these cars normally proceed
at reduced speeds, this will serve to reduce the impact effects and should lower
individual wheel loads below the specified 35 kips with 100% impact. In addition,
the relative infrequency of these special loads over this section does not Justlfy
designing for them.

6.12.2  Lateral Load Distribution

Since a tangent track will be used for the test sections, only somie
statistical distribution of lateral loads will be applied to the test structures. It is
obvious that combined vertical and lateral loads at all wheels-simultaneously is
unrealistic. Without additional information on this point it is relatively obscure
what lateral load sequencing may be expected. Two lateral load distributions were
selected for evaluation for use in analysis. These distributions are shown in Figure
6.12.1,

One condition simulates the type of distribution which might occur under
a backing ‘action or a collapsing action caused by engine brake applications without
train air ‘application. Since this is a symmetrical distribution, it causes symmetrical
deflection (plane) of the structures and a locomotive length (coupler to coupler)
was analyzed for thc infinite structure case. This condition would cause maximum
rail head defection on the slab and- maximum roll of the beams for a single rail
or beam. This condition does not. however, cause maximum gage spread due to
the track length over which loads are applied. A single-point constraint was used
in the model to analyze the infinite structure for this condition. This was utilized
to verify the occurrence of the point of symmetry, and to allow a companson
of stress levels' with the second assumed load distribution.

The second condition is less probable than the first, but-it is possible
and it represents the severest load case for the structures. Also, gage spread is
largest for this case due to the additive nature of the deflections of the rait or
beams. A multi-point constraint was used in the model, based on the validity of
occurrence of a point of symmetry verified in the single point constraint analysis,
for this conditon. This load condition was used for design. Generally, the differences
between the corresponding deflections and forces created by each load case were
of a small order of magnitude.
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6.12.3 - Finite Structure Loads

Two EASE analyses were performed using the model shown in Figure
6.12.2. Several single axle vertical loads were used and combined to give an
indication of the critical load case for design. Subsequently, single axle vertical
and lateral loads were used and combined for the same purpose. The load patte:rns
investigated are shown in Figure 6.12.3. These analyses were also used to verify
relative magnitudes and positions of results obtained using NASTRAN, and to show
that a two axle truck (car) was not as critical to the structure as a three axle
truck (locomotive) with equal axle loads. The load cases used to evaluate the finite
structure for design were a single axle just on the structure, and a truck just entenng
(totally on) the structure; Load Cases 1 and 14 on Figure 6.12.3.

6.12.4 Dynamic Loads k

As directed by DOT, the specific effects of dynamic loading will not
be considered under the present scope of investigation, except as impact factor
and lateral load. It is probable that some combination of speed, load pattern, and
load frequency will result in structural stresses greater than those present under
static load. However, using an impact factor of 100% of static live load may more
than compensate for the increased stresses due to dynamic effects. The current
- AREA specifications call for a maximum impact factor of 60% for diesel
locomotives on concrete structures, which may be further reduced if, in the
engineer's judgement, the effects of impact may be dissipated. Future dynamic
studies would be very useful in determining a more realistic impact factor for the
types of track structure under consideration.

6.13 Transitions

Early in the design consideration was given to combining the fixjite
structure models with a simple beam-spring model of the rail-tie and transition
structures. In developing this model it became apparent that little could "be
determined analytically about the response, and hence also the model properties,
of the transition base slab, ballast, and precast tie system. '

Subsequently the structural relations of the two systems was studied and
a model of the finite structures, felt to have fewer quantitive unknowns, was used.
This model was one locomotive length long, and utilized single point constraints
for the restrained (infinite) end of the model. The free (transition) end boundary
conditions allowed, in plane deformation of the rail, while allowing the support
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structure to be free. This condition was considered conservative for the analysis.

6.14 Reduced Subgrade Model

To assess the response of the structures to a subgrade softening, the most
probable subgrade abnormality, the model of each infinite structure was changed
such that an area existed immediately under one of the coupled trucks with a
subgrade modulus of 25% of the balance of subgrade. This represcnts a very severe
condition for the structures for the following reasons.

First, an abrupt change in foundation modulus is assumed. This will not
generally be the case, as a gradual transition is most common. Second, the length
of area which was assumed to be softened is arbitrary. Third, the model does
not yield an increasing degree of subgrade support with increasing deflection of
the structure. Fourth, when the models are considered in the symmetry condition
both trucks of every other car are over a reduced subgrade. Due to influence lengths
the result of this condition yields an unrealistically high negative moment.

, In response to this type of condition the structures would distribute the
load along their length, with associated cracking. However, the values obtained
from the analysis are considered to be for a relatively severe case, the realistic
value of which is only partially assessable at this time.

7. RESULTS OF ANALYSES
71 General
The analyses progressed according to the following sequence:

1) An EASE model of the rail-fastener system on infinitely stiff
structure was made up as previously discussed. This model was used
to assess the effect of static load condensation; of fastener properties
on the total load and load pattern transferred to the structure; and
to determine the effect which the rail torsional constant would have
on the loading of the structure. These results are contained in other
sections.

2) A long NASTRAN model: (150*feet) was generated for each

structure, using a small preprocessor to format the several thousand
input cards for each run, and it was analyzed with a single axle
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3)

4)

5)

6)

7

load and single truck loads to determine influence lengths for the
structure, and to establish-approximation crders for the rest of the
models used in analysis. The influence length for a single load was
less than 30 feet resulting in less than 2% error in forces for
approximated models of that length, thus allowing an evaluation
of subsequent models during their formulation. Figure 7.1.1 shows
computer check plots of an abbreviated length of the models.

The preprocessor was altered to generate structural models for a
single car length, the infinite case, to allow a consideration of the
lateral load cases. The two cases were compared and the most severe
case was selected to analyze for design. At this time the symmetry
of the models was verified and it was determined that two models
of the beam would need to be analyzed to account for gage member
geometry.

As a prelude to analysis of the finite -structure, an EASE model
of a single finite beam was formulated and analyzed to determine
the most critical load position for the .end of the structure and.to
give a comparison of relative magnitude for the forces involved.

The NASTRAN preprocessor was altered to generate models of a
single car .Jength, with end conditions to give a finite structure for
analysis. '

An EASE model of a twin beam, finite structure, was used to give
a comparison of relative order of magnitude and position of resulting
forces for one of the end models. . ,.
At this time the design was completed, based on the rationale
discussed herein, and the adequacy of 'the sections was evaluated
for the results of the computer analyses. )

Since the finite element method is a lower bound solution to this
analysis, a factor of 1.5 was applied to the computer results to
account for approximation and modeling convergence. No factor was
applied to displacements or subgrade stress due to the nature of
the subgrade model used.

Matrix solutions were made by NASTRAN with a general accdragy
of 10710 resulting for ail analyses.
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TABLE 7.1.1
STRUCTURAIL SECTION LOADINGS

IN PERCENT OF SECTION CAPACITY

Infinite Structures

Ends of Structures

Uniform Subgrade

Longitudinal Uniform Subgrade Abnormal Subgrade

Bending Support Support

Max Avg. Max Avg.

Positive 46% ISD* 31% 1299% WSD 111

31% USD+ 21% 86% USD 74%

Negative 107% WSD 104% 212% WSD 208%

72% USD 73% 154% USD 146%

Positive 42% WSD 36% 120% WSD 107%

30% USD 26% 85% USD 76%

Negative 143% WSD 140% 284% WSD 284%

100% USD 98% 200% USD 200%

Support
Max Avg.
559 ¥ISD 43y
41% USD 32%
128% WSD 113%°
97% USD 81%
48% W{SD 39%
34% USD 28%
117% ™SD 93%
83% USD 61%

* Working Stress Design
+ Ultimate Strength Design

Abnormal Subgrade
Support

NOT CRITICAL

OVERSTRESSED

NOT CRITICAL

“OVERSTRESSED

Kansas Test Track
Santa Fe/DOT
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8) The preprocessor was used to generate models for the reduced
subgrade support condition. Section capacities were compared to
resulting forces and stresses.

All analyses were performed using loads exclusive of impact, and the
results were increased by 100% to account for impact at the time of design.

Table 7.1.1 contains a summary of structural section loadings for
reference. These values were developed under the rationale of Section 8.1, and
are discussed in succeeding subsections.

7.2 Slab
7.2.1 Stresses

Review of the computer analysis of the slab revealed few unusual or
unexpected results. As anticipated, the positive bending moments in the "infinite"
portion of the slab were relatively low, with uniform subgrade support. Based on
a cracked section, and assuming the moment to be distributed over the full cross
section, these moments result in a maximum tensile steel stress of approximately
7500 psi. If the concrete does not crack, and the same moments exist, only about
160 psi tension will be developed in the concrete, and approximately 1000 psi
tension will be developed in the positive reinforcing. It should be noted that these
figures include an impact factor of 100%, plus a modeling and .convergence factor
of 50%. Concrete with a f'c = 4500 psi would not normally be expected to crack
at tensile loads of 160 psi.

Stresses in the negative steel are considerably higher, near 25,000 psi,
an approximate 1000 psi overstress. The main reason for this is that considerably
less steel is provided for negative bending than for positive bending. The computed
negative moments are considered to be high, however, because of homogeneous,
orthotropic stiffness properties inzput to the computer. A homogeneous longitudinal
stiffness (EI) of 4 x 10 0 Ib/in“ was used. based on cracked sections. However,
this is true only for positive bending. The stiffness for negative bending is about
one fourth of this value. This would have the effect of reducing negative moments
and increasing positive moments, as the structure would redistribute the load.

Shear stresses in the slab are also high, though not above allowable limits.

No vertical reinforcing was provided in the slab and consequently, shear stresses
in the concrete must be limited to 75 psi. Calculating shear stresses at a distance
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d/2 from the edge of the loaded fastener yields a maximum shear stress of 64
psi. Utilization of the shear value at this point is in accordance with the current
AREA specifications, -assuming the structure to be analcgous to a footing. The
AREA code specifically refers to a "footing acting essentially as a wide beam,
with a potential diagonal crack extending in a planc across the entire width", which
is the exact case. It should be noted that unless vertical design loads may be rediced,
the present slab dimensions are” about the minimum which may be used without
providing shear reinforcing or over-stressing the concrete in shear. This maximum
shear stress occurs near the end of the slab, while stresses in the "infinite" portion
are slightly less. \

Bending moments at the end of the structure are approximately 50%
higher than in the "infinite" portion. This necessitated an increase in negative
reinforcing, but stresses in the positve steel remain low.

Transverse bending stresses in the infinite portion of the slab are
moderate, with maximum stress in the negative steel of approximately 17,000 psi,
based on a cracked section. The positive bending stresses are considerably higher
for about the first 30 inches from the end of the slab. However, the computed
transverse bending moments are known to be conservative because the computer
‘model transferred all loads from the fasteners as concentrated loads, rather than .
distributed over the full width and length of the fastener. Also, computer output
gave loads and moments at a point, which in the case of transverse bending does
not allow for any distribution which will occur, i.e., transverse moments averaged
over a 40 inch length are considerably less than the maximum moment output
for a single 10 inch element.

[t should be noted that the stresses measured near the instrumentation
cutouts will vary from the stresses given above, because the reduced depth of section
necessitated changes in reinforcing in order to maintain the specified stiffness. The
stress in the positive longitudinal steel will be approximately 88% of that in,_ the
full section, or a maximum of about 6500 psi. Stresses in the negative longitudinal
steel will be about 10% higher than in the full section. These values are bﬁsed
on a cracked section. Both positive and negative transverse bending stresses w1ll
also be about 10% higher because of the reduced effective depth. :

To determine the effect of possible variations in subgrade modulus, a
15 foot length of subgrade was given a modulus equal to 25% of that of the
remainder of the subgrade. This severe condition results in an overstress of all
reinforcing steel. Most effected is the negative reinforcing which would be stressed
to about 85% of yield. This is not considered to be a legitimate design criteria,
but an evaluation of adequacy, as it is impractical to design for all possible events.
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A "step decrease" of 75% in subgrade modulus is highly unllkely in terms of both
magnitude and occurrence.

7.2.2 Contact Pressures and Deflections

As was expected, the maximum slab deflection, and hence contact
pressures, occur at the end of the slab, under combined vertical and lateral loads.
The effect of the lateral load was very slight however, amounting to only a small
increase over pressures due to vertical load only. The maximum pressure of 38
psi drops off very quickly, becoming 22 psi within 6 feet. For the remainder of
the length of the slab, 22 psi is the maximum pressure developed for the design
load. These pressures are under the loaded rail and include impact. Under vertical
loads there is little variation in pressure across the width of the slab. The maximum
variation amounts to little over 2 psi. The variation under combined vertical plus
lateral load is about 10 psi. Both longitudinal and transverse distributions of contact
pressures are shown on Figure 7.2.1, exclusive of impact. Deflections may be
determined from the figures as noted.

Deflections for the case of subgrade softening are shown in Figure 7.2.2.
These values are exclusive of impact, and may be converted to pressures as noted.

7.3 Beams
7.3.1 Stresses

The beams were found to be more highly stressed than the slab in all
cases, with the exception of positive longitudinal bending. The positive bending
stresses are relatively low, with a maximum stress of slightly less than 9,000 psi
occuring in the "infinite" beam. More critically, the negative bending stresses reach
approximately 33,000 psi. While significantly above the allowable working stress
of 24,000 psi, this is considered acceptable. As discussed earlier, the lower stiffness
of the beam under negative bending will reduce the actual moment as compared
to the computer output. Further reasoning behind the design of this steel will
be discussed in Section 8.1.

As expected, the combination of shear and torsional loads in the beams
was the controlling condition. As with the slab, the critical section for design was
taken at a distance of d/2 from the edge of the loaded fastener. Using these values,
the shear stress in the concrete and stress in the tied stirrups were within allowable
limits. It should be noted that requirements for shear reinforcement, under
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conditions of combined vertical shear and torsion, are very sensitive. A relatively
small increase in either shear or torsion has a large effect on the required stirrup
size and spacing.

While the computer output indicated the existence of transverse bend}_ng
moments, these are a modeling feature and may be neglected in design. The fail
fastener has a physical width and length, while the computer model represented
fastener loads as concentrated loads. '

All stresses at the ends of the beam were slightly higher than for the
"infinite" beam, similar to the slab. Positive bending stresses increased. to slighly
above 9,000 psi. Again, the negative bending was sufficient to require udditioi)al
steel, resulting in a final stress of 22,000 psi. Torsion and shear stresses remained
within allowable limits.

For the case of an uncracked beam section, assuming the same maximum
moments, the maximum concrete stress would be approximately 500 psi, for the
"infinite" beam under negative bending. Concrete with an f'c = 4500 psi would
not normally be expected to carry this tensile stress, and would result in a eracked
section.

As with the slab, the beams are overstressed under a condition of reduced
subgrade modulus. The positive stcel is the least effected, showing stresses of less
than 26,000 psi. However, negative steel would be stressed to near yield and the
shear and torsion would exceed the capacity of a 30 inch by 18 inch concrete
section regardless of the stirrup size and spacing. As previously stated, this condition
is considered to be severe and was not taken as a design requirement.

As a result of the analysis, it may be stated that the present beam sections
are near the optimum concrete section for the given design loading conditions.
This is due to the control of the design of the section by shear and torsioqal
stresses, resulting from the loading .condition, which are to be resisted by the
concrete. -

7.3.2 Contact Pressures and Deflections ' .

Contact pressures under the loaded rail were considerably higher for the
beams than for the slab. For the "infinite" beam the maximum pressure was 36
psi, while beam pressures under lateral loads reach 50 psi; these values include
impact. :

At the ends of the beams, contact pressure at centerline of rail is 62
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psi for vertical loadings and the addition of lateral loads increases edge pressure
to over 100 psi. It has been noted in Section 9.2.1 that because of this high contact
pressure, the ballast at the ends of the beams could be an area of high maintenance.

Both longitudinal and transverse distributions of soil pressures are shown
on Figure 7.2.1, exclusive of impact. Deflections may be determined from the
figure as noted. ' oo

Deflections for the softened subgrade case are shown on Figure 7.2.2,

exclusive of impact. They may be converted to contact pressures as noted.

7.3.3 Beam Spread

At the time of analysis and design the selected fastener had not yet’

undergone acceptance testing, hence, the final properties were not known for the
fastener. Since the rail deflections are primarily due to fastener characteristics, DOT
required that only the beam spread be evaluated for design. Figure 7.3.1 shows
the beam spread resulting from the loading conditions analyzed, exclusive of 1mpact
.and the contribution is not considered excessive.

8. DESIGN
8.1 Design Specifications and Methods

As originally conceived, the usual working stress design methods, as
provided in the most current AREA Specifications, were to be used for both slab
~and beam structures. Ultimate strength, or "load factor", design methods were
considered but were not utilized at that time because they did not appear to offer
any particular benefits. The reason for this was that the reinforcing required to
meet the specified longitudinal stiffness requirements of DOT could not be reduced
whether working stress or ultimate strength design methods were used.

Upon analysis of computer output, it became apparent that an ultimate
strength design approach did indeed hold a number of advantages over the working
stress approach. With the exception of positive bending reinforcement, an excessive
amount of reinforcement, based on experience, resulted by using working stress
methods. In addition it was recognized that an increase in reinforcement,
particularly in the top of the structures, would complicate the already difficult
problem of assuring full contact between the concrete-fastener sub-assembly
interface, and might impair fastener anchorage.

Upon further consideration of the conservative design loads, it was
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decided to use these loads (with approbriate load factors) in conjunction with an
" ultimate strength design approach. This was further influenced by the fact that
there is no widely accepted method of design for combined longitudinal bending,
vertical shear and torsion using working stress methods. The current "Building Code
Requirements for Reinforced Concrete”, ACI Standard 318-71, has specific design
methods for such loading conditions, however, based on an ultimate strength
approach.

The current edition of the AREA Specifications, Chapter 8, Concrete
Structures and Foundations, does not recommend ultimate strength and ultimate
load design methods. As this is a research project, and not intended to be in rigorous
service over an extended period of decades, an ultimate strength design is considered
appropriate and adequately conservative. However, in addition to meeting the
requirements of the ACI specifications for ultimate strength design, it was decided
to require the structures to meet the requirements of the AREA specifications
Chapter 8, part 19, "Rules for Rating Existing Concrete Bridges", based on working
stress design. This permits an increase in reinforcing steel stress of 507, from 24,000
psi to 36,000 psi for Grade 60 steel. Concrete stress is not critical under either
design method. Table 8.1.1 contains structural capacities for the slab and beams
calculated by the above methods.

In summary, the structures are désigned to meet the -following two
conditions simultaneously:

(1) Ultimate strength design with loads = computed load x 1.5 (model
factor) x 2 (100% impact) x 1.7 (load factor).

(2) Working stress design (using rating stress of 36,000 psi in reinforcing)
with loads = computed load x 1.5 (model factor) x 2 (100% impact).

Both the model factor and the impact factor are considered to be
reasonable and conservative,
8.2 Materials
8.2.1 General

The literature abounds with evidence that all of the materials utilized
in the project (steel, concrete, soil, elastomers) have strength properties which are

significantly load-rate and load-frequency dependent, and, to varying extents,
temperature dependent. This fact should be considered during future data analysis
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TABLE 8.1.1
COMPARISON OF STRUCTURAL CAPACITIES

CALCULATED BY VARIOUS METHODS

STRUCTURE  BENDING CAPACITY |
fs = 24,000% fs = 36,000? Ultimate**
Pos. Neg. Pos. _Neg. Pos. Neg.
Slab - "Infinite" 1,008 508 1,512 762 1,555 716
- Transverse*** 4.5 4.9 6.7 7.3 6.2 6.8
- eInstruments 1,152 472 1,728 708 1,463 657
- @Transitions 996 602 1,494 903 1,359 850
Beams —."Infinite" 607 196 : 910 294 83é A273
- @Instruments 790 218 1,185 327 1,028 245

- @Transitions . 607 378 910 567 838 535

All bending moments are given in in.Qkips.

* Capacity reduced by a factor of 3 = 2 X 1.5 (to account
for 100% impact and 50% model factor) for direct )

comparison with computer output.

** Capacity reduced by a factor of 5.1 = 3 X 1.7 (as above plus
- load factor of 1.7). :

*%* Capacity given for 1" strip.

Kansas Test Track

Sarita Fe/DOT
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arld subsequent design projects. Although the scope of design on this project is
" limited to static analysis, the actual structures will be subjected to dynamic loadings,
and will respond to them according to their respective dynamic properties. General
notes applying to design loadings and allowable stresses are shown on Sheet 3
of the Design Plans.

822 Concrete

The specified 28 day compressive strength for concrete is 2 minimum
of 4,500 psi. This will provide a modulus of rupturc of approximately 650 psi
and a direct tensile strength of about 380 psi. While compressive strength is in
itself not a critical item, the tensile strength is important for two reasons. First,
a high tensile strength increases the probability of the concrete sections remaining
uncracked, thereby resulting in greater stiffness per inch of structure depth. At
the same time, the probability of random cracking due to temperature stresses
or other causes is proportionately reduced. Concrete will be mixed and placed
by construction methods specified in the standard specifications of the Santa Fe
Railway Company, supplemented by the Special Provisions of the_contract
documents. Because of the expected difficulty in casting the concrete in a manner
which will minimize voids at the interface between the concrete and the fastener
sub-assemblies, the Special Provisions provide for the construction of several 10
foot test beams. The purpose of these test beams is to determine the optimum
construction procedures and appropriate concrete mix proportions. The desirability
of using an admixture in the concrete to increase workability will also be determined
at this time.

8.2.3 Steel '

The reinforcing steel utilized is ASTM Designation A615, A616 or A617,
Grade 60 with a minimum yield strength of 60,000 psi and an allowable design
stress of 24,000 psi under AREA specifications. This steel was initially used because
it is the standard reinforcing used by the Santa Fe Railway. At a later date it
was determined to be necessary because of its high allowable stress.

8.2.4 Ballast
Standard Santa Fe crushed, basic, Pueblo Slag will be used as a ballast

under the structures. Tests have been performed showing the ballast to conform
to AREA specifications, and that it is probably non-expansive and suitable as a
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base course for the cast-in-place conctete structures. Observation of field
performance, and a series of one-point modified Proctor tests, indicated that
resistance to crushing under dynamic loads is probably satisfactory, although no
criteria exist with which to assess this condition. Reference is made to Figures
C.1 and C.2, and the Summary of Test Results in Appendix C.

8.3 Control Joints

Control Joints, as shown on Sheet 6 of the Design Plans, will be
constructed at ten foot intervals in both the slab and beam structures. Joint formers
will be provided at the top and bottom of the control joint to prevent ctacks
from forming at undesirable locations and interfering with fastener performance.
Plastic sheathing will be provided for 12 inches on either side of the control joints
to prevent significant bonding between the steel and concrete.

8.4 Precast Beams

, Precast beams are to be cast in units of approximately 40 feet in length.
A cast-in-place section between abutting precast sections will provide for full
moment and shear transfer, as shown on Sheet 6. Moment transfer will be achieved
by field welding of the reinforcing bars using standard A.W.S. welding procedures.
Precast beams are conventionally reinforced and will have control joints at the
same spacing as the cast-in-place beams and slab.

Beams systems, both cast-in-place and precast, are pfovided with gage
members at 5 foot intervals which are intended to resist beam overturning under

lateral loads.

The precast beams will be provided with lifting stirrups, which may

also be utilized for beam handling and placing, at the ends and the 10 foot points

of each beam.

8.5 Transitions

Transitions consist of a mesh reinforced concrete slab below the ballast
and the concrete ties as shown on Sheet 8. As may be seen, varying the depth
of the transition slab creates a gradual increase in stiffness from the "soft" tie
system to the "stiff" slab or beam system. Allowing a minimum of eight inches
of ballast above the transition slab provides a means of tie adjustment by
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conventional track surfacing methods. The 8 inch depthis also considered adequate
* to minimize any tendency for the ballast to break up under the concrete ties.
The top of the transition slab will be crowned for lateral drainage, and it will
be artificially roughened. The variable spacing of ties through the transition is
designed to aid in gradually increasing the track stiffness.

8.6 Gage Members

A 1-3/4 inch diameter steel bar, anchored to the two beam sections,
is provided as a gaging member at a spacing of 5 foot intervals. In addition to
controlling gage spread this member serves to restrain the beams against overturning.
This bar will be highly stressed, under the design lateral loads, because the location
of the bar in the beam will result in both tensile and bending stresses in the bar.
Fatigue may ailso become a problem since a reversal of direction of the lateral
loads results in a stress reversal in the bar. This bar has been designated in Section
9.2 as a possible area of high maintenance. To reduce this possibility and to increase
its resistance to corrosion, the bar will be of ASTM A-588 steel.

9, CONCLUSIONS AND RECOMMENDATIONS
9.1 Areas of Probable Construction Problems
9.1.1 _ Fastener Installation

There are two main areas of anticipated construction problems. The
- foremost .of these is the procedure for placing the fastener sub-assemblies. This
in itself consists of two inter-related problems.

First, the sub-assembly must be located within close tolerances regarding
alignment, grade, and cross-slope. Secondly, while maintaining position regarding
alignment, grade, and cross slope, concrete must be placed in a manner which
will prevent the formation of voids at the interface between the concrete and the
sub-assembly, and provide adequate bond between the two.

Until such time as this project is completed and in operation, it will
not be knoewn how successfully this problem has been anticipated and provided
for. Several alternative solutions have been suggested and will be examined in a
number of 10 foot test beams to be constructed before the start of the actual
construction operations. The procedures to be adopted for final construction will
be determined by these tests.
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9.1.2 Precast Beam Bedding

Proper bedding of the precast beams onto the ballast material is the
second probable area of difficulty. The procedures described in the Special
Provisions of the contract documents give a suggested method of bedding. The
success of these procedures will again be determined only when the project has
been completed and in service. The bedding of these beams is considered to be
a possible high maintenance item.

Due to the unusual nature of the project, there are undoubtedly other
areas where the contractor will be faced with new construction problems and
procedures. While not of the same magnitude as the problems with the
sub-assemblies and precast beams, these areas will probably be different from the
"normal" type of construction and will require special consideration and close
observation. These areas may include placement of the control joints; the welded
field splices of the precast beams; and the placement of the large number of closed
stirrups in the beam sections. '

9.2 Possible High Maintenance Areas
9.2.1 Transitions

The transition zoncs of both the slab and beams may be expected to
be areas of high maintenance. While all possible effort has been made to smooth
the transition from tie supported track to structure supported contact pressures
at the end of the structures remain high. While computed pressures include an
impact factor of 100%, this is not considered excessive near the transition areas.
Periodic maintenance work on the ballast material may be expected. This is
primarily applicable to the beam structures. )

Fasteners and rails may be subjected to significantly increased loadings
near the end of the sections, and may become-maintenance prone in these regions.

9.2.2 Gage Members

The gaging members of the two beam systems may also be an area
of high maintenance. If the design lateral loads are actually developed, the gage
members will be subjected to both tensile and bending stresses, which will combine
to give high fibre stress. Nearly corriplete reversal of the maximum fibre stress
is possible depending upon the direction and magnitude of the lateral loads. Fatigue
may therefore be a factor in the performance of the gage member. At this time
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there is no data regarding magnitude, direction, and frequency of lateral loads on
- which to base calculations on the probability of fatigue failure during the life of
this project.

The steel gage members are also relatively exposed to the elements and
are therefore liable to corrode. Special steel (A-588) has been used to reduce this
likelihood, however, its corrosion resistance is not considered effective with respect
to corrosive agents such as brine or roadway saits. Thus the amount of deterioration
will be primarily dependent upon the amount and type of leakage from railway
traffic,

9.2.3 Precast Beams

The precast beam structures present a third area of possible maintenance
problems. This is wholly dependent upon the success of the initial bedding
procedures during the construction period. Maintenance work on the ballast material
may be required, especially in the early life of the test program.

924 Concrete

Since this is a test program, design with reasonable conservatism but
with many variables which are not completely defined, some cracking and/or
spalling of the concrete structures may result. However, it is not anticipated that
such cracking will require repair procedures, because- of the relatively short life
requirement. If cracking or spalling should occur to any extent, the cause should
be extensively investigated and eliminated in any future track structures. Particular
‘attention should be paid to this area in order to allow an assessment of the effects
of placement procedures, admixtures, and curing processes during the life of the
test. -

9.2.5 Rails
Rails will be subjected to higher stresses due to their direct fixation
by the fastener. It is possible that past successful performance of the rail section

may insure its adequacy for the non-conventional structures, particularily at the
ends of the structures abutting the transition zones.

9.3 Inspection Program

An established program for inspections should be adopted to assure
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that the full benefit of the project results can be realized. It is suggested that
the Santa Fe track patrolman, during his normal daily patrol duties, carefully
observe the project for apparent low spots, high spots, line spots, sun kinks, bent
bolts, damaged fasteners, evidences of dragging equipment, broken or distressed
gage members, plugged lateral drain channels, broken, cracked, or spalling concrete,
subgrade deterioration, or other obvious, unusual conditions.

It is recommended that the signal maintainer test the electrical resistance
between rails with the frequency that he tests insulated joints and at the same
time. The resistance between rails should be at least as high as that required for
conventional cross-tie track, and tests should be made under snow, wet, and dry
conditions. '

It is recommended that a detailed walking inspection be made at one
month intervals by the Santa Fe engineer. He should make the same checks as
the track patrolman, but in more detail, and in addition he should examine. the
structure closely for cracks, rail fastener bedding behavior, spalling or broken
concrete, or other evidence of distress from loads or weather, fatigued gaging
members, roadbed drainage, water pockets, slope erosion, porosity of ballast
shoulders, lateral or vertical dislocation of the structures, if any, and troublesome
vegetation tending to impede drainage. His findings should be logged, perhaps
reduced from a voice recorder tape, and photographs should be taken.

After six month intervals, or at other times deemed to be advisable
depending on the results on the monthly Santa Fe inspections, an inspection should
be conducted by a team comprised: of representatives of Santa Fe, Department
of Transportation, Portland Cement Association, Fastex Division of Illinois Tool
Works, and Westenhoff and Novick, Inc. All of the items covered by the Santa
Fe engineer's monthly inspection should be inspected by the team, in addition
to other items requiring review and evaluation. The findings of the team inspection
should be logged and photographed:

9.4 Recommended Maintenance Procedures

If high subgrade pressures at the beam ends result in settlemen? of
the subgrade, periodic tamping of the ballast will be required. A more permanent

solution, however, would involve a method of reducing the subgrade pressures.’

This may be accomplished by excavating the ballast and some subgrade from
beneath the beams and casting a slab the full width between the outside of the
beams and for several feet from the end of the beams. This would provide a greater
bearing area for the beams, thus reducing subgrade pressures. An alternative method

60 .

I

[,

e e



) would be to place several concrete ties beneath the beams usmg a non- shnnk grout
Or epoxy between the beams and the ties.

: Tamping of the ballast material will also be required- if the precast
concrete beams are improperly bedded initially. This tamping should be required
only in the early stages of the test period, or until the beams are bedded through
tamping and by dally rail traffic. o

If fatigue in the gage members does, indeed, result in fallure complete
replacement of the unit is the only procedure. If deterioration due to corrosive
-agents appears to be excessive, the gage members can be wrapped in a:clear
polyethylene sheeting to prevent direct contact with the corrosive agent, yet allow-
visual inspection. '

9.5 " Accident Investigation Procedures

A derailment on the test track is not expected. In- fact, such an
occurrence from a track-related cause is highly improbable, due to the extrao;dinéry
care, scrutiny, and caution addressed to every phase of planning, design, and
construction. Neglect of the possibility, however remote, would be imprudent and
unrealistic in light of the many possible causes which could precipitate a d‘erailment.

"The rail traffic operating over the test track will be  comprised
principally of conventional rolling stock fulfilling DOT/FRA inspection.
requirements, but varying in age, wear and maintenance condition, and will be:
operated according to prescribed operating rules and procedures. But such
-inspections, rules and procedures do not positively preclude the possibility that-
defective or improperly lubricated equipment may be included in a train consist,
or that train handling and ‘braking may be imperfect, or that emergency braking
may be necessary to avoid an obstruction on the track or at a road crossing.

It is suggested that any investigation of a derailment at or near the
non-conventional track structures be conducted according to procedures prescribed
by Santa Fe, or by DOT/FRA if circumstances require. It is suggested that engine
tapes be impounded promptly to prevent their being lost or mislaid, so that they
will be available for examination by all directly concerned, in the event a direct
physical cause cannot be determined. In such an event, all offices and firms directly
concerned with the test track project should be notified immediately and be given
an opportunity to: promptly examine &ll available evidence and statements.
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96 Instrumentation
The instrumentation originally conceived for this project was primarily
concerned with the ,measurement of pressures at the fastener-structure interface,
subgrade pressures, the measurement of strains.in the longitudinal reinforcing steel,
and structural deflections. Upon completion. of computer analyses, it became
apparent that additional instrumentation is required for the beam structures if
meaningfull results are to be obtained from this test track. ' ;
As originally conceived, only the positive and negative longitudinal steel
was to be provided with strain gages. This will yield the service stresses and proVide
a means for verifying longitudinal bending moments, however, results of computer
analysis indicate high shear and torsional loads in the beams when lateral loads
are applied. Several stirrups in the beams should be instrumented to provide some
means of determining the actual shear and torsional loads being carried by ‘the
beams. Since it is suspected that the lateral loads used for design, which include
a 100% impact factor, are conservative, determination of the actual resulting
torsional stresses is highly desirable. The actual distribution of vertical shear near
the fasteners is also required in order to verify the shear values. This could also
be done with properly instrumented stirrups. :

Torsional loads are not a factor in design of the slab structure. Here,
positive and negative longitudinal bending moments are of principal interest, and
are instrumented. Ho wever, the slab is also subjected to significant transverse
bending stresses, and it is desirable that these also be verified by additional
instrumentation. C ' ' :

Instrumentation of one or more gage members would allow verification
of stresses, stress reversals, and also provide data on frequency and dlrectlon of
the actual applied lateral loads. ThlS would prov1de a basis for future de51gn

9.7 " Instrumentation Calibration Under Field Loading :
It is recommended that a series of known static loads and dynamic
loads be applied to the structures to observe the response of the system.
i
Static loads could be applied very easily, by jacking the rails apa:u't,
dead loading, etc., and would give load deflection relations for the structures which
could be compared with existing theories, and the design analysis. Also a comparison
could be made on a section to section basis to determine relative responses
throughout the duration of the test.

P
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Dynamic loads could be applied to the structure by means of a lumped
or rotating mass vibrator attached to, or resting on, the rail. Separate application
of dynamic loads to the structure directly would allow the influence of the rail
and fastener  to be determined for future evaluation. Since the load frequency and
magnitude would be known, the instrumentation could be evaluated, calibrated,
and the response could be compared with readouts from more complex loading
conditions to form a decision base. In addition, the "natural frequency". of the
total track system could be measured and damping characteristics determmed for
use in- future analysis and design.

The contribution of these efforts to the project, and to future design
efforts for more sophisticated applications, would outweigh additional costs. A
properly planned and executed addition would not create a significant delay in-
the program, and a very high return would be realized. This effort should be made
for all test sections, and is considered necessary to provide evaluation of design
criteria and to assess its application for future design. ‘

9.8 Future Design

i The basis of future design of safe, economical track structures is
primarily dependent upon three factors: (1) verification of the need for a structuralg-
stiffness (EI) of 4 x 10 0 Jp- m2 based on a cracked concrete section; (2)
verification of an impact factor of 100%; (3) verification of the required magnitude -
of lateral loads to be applied, which in this case consisted of 60% of the vertical -
load, plus 100% impact. This last mentioned criteria is applicable mainly to the
beam structures. Should it be possible to reduce .any or all of the three factors
- listed above, significant savings could be ohtained in reinforcing steel, concrete
or both.

At this time, as z; result of the analysis and design, it would appear”
that the slab design holds the most promise for future development, depending

on the specific application intended. In comparison with the slab, both beam -
systems required more longitudinal steel, and are sensitive to both shear and -

torsional loads. Both beam systems require a gaging system, which is a possible

area of high maintenance, as well as an additional initial cost as compared to the -

slab. The precast units have the additional disadvantage of requiring field sphce&
between the beams, an additional cost item.

Elimination of the field splices of the precast beamis would reduce initial

cost, however, discontinuities in the beam system would magnify their inherent
weaknesses. Without the torsional stiffness provided by a continuous system, the
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resistance to overturning due to lateral loads is greatly reduced. To prevent this,
a larger, stiffer, and hence more expensive gaging systém would have to be provided.

More importantly, high subgrade pressures would occur at the ends of each beam,

unless some provision for shear transfer is provided. Even so, the points of shear
transfer would tend to be areas of high maintenance.

64

7

-



10. 'DESIGN PLANS AND SPECIAL PROVISIONS
10.1 Design Plans

LIST OF DRAWINGS IN DESIGN PLAN SET

Drawing Sheet
Number Number Title
EOT-6110-1 1 of 8 LOCATION MAP, INDEX, & SUMMARY OF

. QUANTITIES
EOT-6110-1 ’ 20f 8 GENERAL PLAN DIAGRAM, PROFILE &

_TYPICAL SECTIONS

EOT-6110-1 30f8 INSTRUMENTATION LOCATIONS & GENERAL
' ' NOTES :
EOT-6110-1 4 of 8 BOTTOM REINFORCING - SLAB & BEAMS
EOT-6110-1 50f8 TOP REINFORCING - SLAB & BEAMS
EOT-6110-1 6 of 8 ‘CONCR'ETE & REINFORCEMENT DETAILS
EOT-6110-1 7 of 8 CONCRETE & MISCELLANEOUS DETAILS
EOT-6110-1 8 of 8 - TRANSITION & MISCELLANEOUS DETAILS
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10.2

Special Provisions

Section
Section
Section
Section
Section

Section
Section
Section
Section
Section

SP-1
SP-2
SP-3
SP-4
SP-5

SP-6
SP-7
SP-8
SP-9
SP-10

- General o

Concrete, Test Sections 4, 5 and 7
Reinforcing Steel, Test Sections 4, 5 and 7
Control Joints, Test Sections 4, 5 and 7
Fastener Sub-Assemblies, Test Sections 4, 5
and 7

Ballast, Test Sections 4, 5 and 7

Gage Members, Test Sections 4 and 7
Field Construction Joints, Test Section 7
Transitions

Beam Test Sections
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SPECIAL PROVISIONS

The work embraced herein shall be performed in- accordance
with the ATSF Standard Spe01f1catlon for Earthwork and
Structures, CES 50153-58. 'All Sectlons,of_the Specifications
which are cited are appllcable except as they may be modified,
amended, or added to by these Special Provisions. Unless
otherwise noted, references herein refer to the Standard
Specifications.

Section SP-1-GENERAL

Modification, amplification and additions to Section I -
General Prov1510ns of the Standard Spec1f1catlons.

SP-le1~ General,fMThe“prOV1slons of the,Standard Speci-
fications, Section. 1, ‘shall apply,K except as modified and
supplemented herein,; ) . ail ; _

SP-1.2 Description of the Entire Project. ' The proposed
construction under this contract, as generally described in the
Invitation for Bids, .is 'a part, of a 51nqle line test track to
be constructed by the .Railway Company in cooperation with
the U. S. Department of .Transportation. Thé entire project,
including work alréady. completed, 1nc1udes an embankment with
instrumentation, the track support structures ‘ballast, ties,
rail fasteners,. rail, and 1nstrumentatlon for the test track
structures. ' : ST L

The embankment and structural instrumentation will be
monitored over a period of.several years under main line traffic
operations for the purpose of evaluatlng the: performance of the
three track . support structures. It is essential for the success
of the entire pro;ect to produce structures which ‘are accurately.
placed with respect to 11ne, grade and cant of rail, as well
as high guality constructlon in general. TFiéld observations
will be made by the Engineer to assure accurate placement, in
addition to materials testing. .

SP-1.3 Time of Completion. The Contractor shall start
- construction.within ten- (10) days of notice to proceed and
complete the work within seventv—flve (75) calendar days
unless time for completlon is extended as prov1ded elsewhere
1n the contract.. o :
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SP-1.4 Program of Construction. -The Contractor shall
submit to the Engineer in writing, within five (5) days of
Notice to Proceed, his program of construction, which shall
show the dates at which the various operations and parts
will be started and completed, in sufficient detail to
enable the Engineer to judge the adeguacv of such program.
This program may be modified from time to time as may be
necessary in order to secure such results. ‘

The Contractor shall coordinate his operations with
the installation of instrumentation by the Portland Cement
Association as further described in Section SP-1.6.

* SP-1.5 Contractor's Methods. The Contractor's
procedure and methods of construction may be of his own
selection except as specified herein, provided they will,
in the judgement of the Engineer, secure results which
satisfy the requirements of the Plans and Contract
Documents. Permission by the Engineer to use any particular
device or method of construction shall not relieve the
Contractor from full responsibility for any failure or in-
accuracies resulting from the use thereof. Approval of
details of construction, or of lists or bills of material,
shall not relieve the Contractor from full responsibility to
secure results in conformity with the Plans and Contract Documents.
It is expressly understood that the Contractor is in all respects
an independent contractor for this work, notwithstanding
under certain conditions he is bound to follow the directions
of the Engineer, and is in no respect an agent, servant, or
employee of the Railway Comnany.

N

SP-1.6 Cooperation of the Contractor. It will be
noted that certain instrumentatioh is to be placed both in
the existing embankment and within the track support
.structures. Some of this will be done before the start of
construction operations, and other instrumentation will bhe
placed during the construction period.

It is anticipated that all soil pressure sensors and
junction boxes, to be place by PCA within the embankment, will
be installed prior to the construction operations. The four
areas of test installation will be properly marked. It will be
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the obligation of the contractor to exercise the necesséry
precaution to prevent damage to the in-place instrumentation.

The instrumentation to be placed during the construc-
tion operation is affixed by others to the reinforcing bars.
Precaution must be taken during the placing of the bars not
. to damage the gages and wrappings affixed to the bars. After
the bars have been placed, it will be necessary for
Portland Cement Association representatives to work in
the instrumented areas for about one dav for each of the
four test areas, to install lead wires.

The Contractor is instructed to insure that no damage
occurs to these gages and lead wires during construction. This
will require that the concrete be placed carefully by hand in
all instrumented areas. In vibrating the concrete, precaution
must be taken to avoid contact between the vibrator and
the instrumented portions of the reinforcing steel or the
lead wires. ‘

During the Contractor's casting operations, the sensors
will be monitored by others and the Contractor will be
informed of damaqed instrumentation.

SP—1.7 Damage to Existing Instrumentation . In addition to
the instrumentation mentioned above, the existing embankment
already contains delicate and sensitive instrumentation whose
approximate locations are shown on the plans. Wiring for
these instruments is embedded in the embankment and runs
to readout stations on the side of the embankment.

The Contractor will be required to take proper measures
to protect this existing and all new instrumentation to
avoid damage due to his operations. In case of damage,
he shall make good such damage, at his own expense, in
a manner acceptable to the Engineer. It will be under- -
stood that "instrumentation" will include all measuring
devices within the embankment and. structures, all wiring
leading to recording devices, and the recording devices
themselves. . ' ' ‘

SP-1.8 1Inspection. The Engineer will provide a
full time staff to observe construction and to sample and
test materials. Materials testing will include tests of
concrete constituents; prorerty tests of plastic concrete;

- 77



flexural and compressive tests of the concrete to determine
short term strength and strength gain characteristics, and
tensile tests of reinforcing steel. The Contractor shall

provide provisions for storage on the job site of concrete

specimens for long term testing, as directed by the Engineer.

Close observation will be made of operations involving
placement of fastener sub-assemblies to assure accurate
placement. :

The Contractor shall provide the services of one laborer
to assist the Engineer as required, for the term of this
contract. .

SP-1.9 Information to be Furnished by Contractor.
Delete Section 1.6.4 of the Standard Specifications.

The Contractor shall furnish a program of construction
within five (5) days of Notice to Proceed as provided
elsewhere in these Special Provisions.

The Contractor shall furnish with his proposal a list of
equipment which he expects to place on this project and
he shall quote rental rates per hour on each unit of
equipment for use in paying for Force Account Work. Such
rental rates shall be fully operated rates and include
machlne,‘bperator, supplies, fuel, repairs, taxes, overhead,
etc. " Rental will be paid only for time machines are
engaged in doing Force Account Work. The list of equipment
shall be provided on the prescribed format included with
the contract documents.

The Contractor shall promptly furnish the Engineer, when
requested, a force report and-rates of pay.

The Contractor shall prepare whatever detailed working
drawings are necessary to enable him to construct all parts
of the work in conformity with the plans and specifications.
For all general construction, working drawings shall
illustrate details and methods of construction which are -
left to the Contractor's choice or which .are not shown on
the plan drawings. Working drawings shall show the project
name and location, the Contractor's and Railway Company's
names, and the location of the parts of the work. They
shall be signed or initialed to indicate they have been
checked, and shall be submitted to the Engineer for review
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in triplicate. One set will be returnéd ‘to the Contractor

" with approvals, or showing changes or corrections required, and
copies in triplicate shall be resubmitted after correction
until they are approved. If additional copies have been
specified in the plans or in these specifications they

shall be furnished.

The Contractor shall report any errors found in the
plans to the Engineer, who will make or approve the
necessary corrections. The Company shall not be respon51ble
for errors on the Contractor's drawings, even though
approved, or for minor discrepancies of the plan drawings.
Payment for working drawings, revisions thereof, and for
copies furnished shall be included in the amounts bid
for materials or work. The Contractor shall furnish as
many sets of prints of working drawings as- the Company
may need for the work.

SP-1.10 Office and Utilities. Before starting work
at the site, the Contractor shall provide one field office
for laboratory testing and suitable furnlture and equlpment
‘for two field offices. S

A second field office, less furniture and equipment, will
be furnished by others. The Contractor shall maintain both of
these offices thereafter until the completion of the work to
be done under this Contract. These offices shall be separate
‘buildings located, as directed, where.they will not interfere
with the progress of the work. An approved, suitably constructed
- and equipped trailer of adequate size and design for the purpose
or satisfactory existing rented quarters may be furnlshed
as the field office for testing.

The field offlce for testing shall be of suitable
height and of ample size to accommodate the furniture and
equipment listed below, without crowding (at least 160 sq.
ft. of floor area). It shall be weathertight; the walls
and roof shall be insulated with at least 1/2-in. insulating
board suitably ventilated; and the floor shall be tight
and of double-thick construction. The office shall have
at least three screened windows which can be both opened
and locked shut, and the door shall have a cylinder lock
with two keys. There shall also be a screen door.
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The Contractor shall provide acceptable toilet fac111t1es
for the exclusive use of the Resident Englneer

The Contractor shall furnish the following furnituré,
equipment, supplies and services for both offices:

One plan table or sloping plan shelf, about 3 ft. by
5 ft., with a reasonably smooth top, and one suitable
stool.

'Two chairs.

Shelves as directed.

Electric lights and outlets as directed. The Contractor
shall pay all charges for the energy used.

Stove or other approved source of heat, for which the
Contractor shall supply all fuel used.

Lockers for clothes and equipment.

Broom and dustpan.

Desk, about 3~ft; by 5 ft., with desk chair.
Plan rack, as directed.

Four—drawer; legal-size, vertical filing cabinet witb lock.

Private-line telephone.' The Contractor shall pay all
charges for local calls.

Carbon~dioxide-type fire extlnqulsher of at least 4 1b.
capacity.

Ten-inch oscillating fan.

Typewriter on a substantial stand.

Adding machine.

Calculating machine.

(Refrigerant type air conditioner of sufficient capacity
tc maintain room temperature at no more than 80 degrees
Fahrenheit.

Supply of drinking water in a suitable cooler or other

approved container.
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v

Janitor service.

Paper cups, paper towels, llquld soap, and toilet paper,
each with sultable dlspenser or holder. o

First Aid Kit.

The field office for laboratory testing shall also be .as
de51gnated above except for the follow1nq'

The facilities shall 1nclude water supplv and sufficient
storage facilities for curing concrete test spec1mens under
water for a period of 28 dayso' : :

Items from the above list of furniture, equipment; sﬁpplies
and services may be de eted only as directed by the Engineer.

On the completion of the Contract, the Contractor '
shall raze and remove the office provided by him, and remove
all furniture and equipment furnished by him.  All such .
temporary facilities are to be removed from the site, the same
to become his property (except the office provided by others),

and leave the premises in a conditlon acceptable to the. Englneer.

SP-1.11 Alterations of Plans or Change in Amounts .
of Work. The Engineer shall have the right,..
at any time during the progress of the work, to make such-’
increases or decreases in quantities and such alterations. in -
the details of construction, including alterations in the
grade or alignment of the embankment or structure or both,-
as may be found necessary or de51rable. Such increases or

. decreases and - alteratlons shall ‘not invalidate the Contract

nor impair the bond or’'release the sureties thereof, and
the Contractor agrees to accept the work altered, the same as
if it had been a part of ‘the orlqlnal work. e

Unless increases and decreases in quantltles and alteratlons
in Plans materlally change the character of the work to be
performed or the tost thereof, the altered work shall be
performed as a part of the Contract and will be paid for at
the same contract prlces_as for other parts of the work. . The
term "materially change", above, for purposes of intent under
the Contract shall be construed to appy only to the following
circumstances:

(1) When the character of the work as'altered differsiln A

kind or nature from that involved or encountered in the: o
original proposed construction. SR
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{2) When the total amount increase or decrease in quantltles
of a major Contract bit item affected by the work as altered
varies from those same individual items in the Proposal by

more than twenty (20) percent.

If the character of the work or the unit costs thereof
are "materially changed" as defined above, an allowance will
be made on such basis as mayv have been agreed to in advance of
the performance of the work involved, or in case no such
basis has been previously agreed upon, then an equitable
adjustment in the contract price will be made.

No claim shall be made by the Contractor for any loss
of anticipated profits because of any such alteration, or
by reason of any variation between approximate quantities
and the quantities of work as done.

When the accepted quantities of work vary from the
quantities in the proposal the Contractor shall accept as
payment in full, so far as Contract items are concerned,
payment at the original contract unit prices for the acceonted
quantities of work done. If the altered or added work 1is
of sufficient magnitude as to reguire additional time in
which to complete the project, the Assistant General Manager,
Engineering, may extend the time of completion by the amount

f additional time which, in his judgement, is required.

SP-1.12 Fair Employment Practice. The Contractor shall
not discriminate against any avplicant for employment under
this Contract or against any employee performing work under
this Contract because of the race, color, sex, religion,
ancestry, or nation origin of such person. The Contractor
shall notify all labor unions which represent employees
working under this Contract of its policy of non-discrimination
in employment and shall publicize his policy of non-discrimination
to all his supervisors, foremen and employment agencies which refer
applicants for employment under this Contract to the Contractor.
The Contractor shall include the provisions of.this Paragraph
SP-1.12 with the substitution of the word "Subcontractor" for
the "Contractor" in all his subcontracts hereunder.

The Contractor and Subcontractors shall execute. the
Fair Employment Practices Certification included with the
contract documents and furnish any other evidence of compllance
with the Fair Employment Practices reguirements as may be
required by the Engineer.
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SP-1.13 Traffic Delays. Certain operations by the
Contractor may be delayed by railroad traffic. The Contractor
shall take such delays into account in prenaration of bid .
prices and shall agree that he will make no claim for extra
compensation due to'such delays.

SP-1.14 Clearing of Track. The Contractor shall provide
sufficient personnel and equipment to promptly clear the
tracks of debris, hauling across the tracks, or any other
cause, and shall keep the tracks clear.

As directed by the Engineer, the Railway CoMnany wilinfurnish
flagmen at no cost to the Contractor to assist the Contractor
in maintaining safe and unimpeded rail operation. ;

SP-1.15 The contract prices shall include full compensation
for all costs incurred under this section.
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SPECIAL PROVISIONS

Section SP-2. CONCRETE, TEST SECTIONS 4, 5 and 7.

Section 6 of the Standard Spec1f1cat10ns shall anply
except as herein modified.

SP2.1 Compressive Strength. All concrete, including
that used for the precast beams in Section 7, shall have
a minimum 28-day compressive strength of 4500 psi. The o -~
proportions of the concrete mix shall be as specified in '
Section 6.3 of the Standard Specifications. The Contractor
shall perform certified tests as reauired to determine all
vroportions not specified in Section 6.3. Certified tests shall
also be performed as required to determine the proper pro-
portions of any admixtures, if any, to be used in the final
work or in the Beam Test Sections as specified in section
SP-1i0. The results of these tests shall be supplied to the _
Engineer and the final mix submitted to him for approval.

SP-2.2 Slump. Section 6.3.7 of the Standard Svecifications
shall be modified to provide a minimum slump of 3 inches and
a maximum slump of 5 inches, as determined by "Slump Cone"”
per A.S.T.M. Designation: Cl143. The "Kelly Ball" test,
A.S.T.M. C360, will not be allowed.

SP-2.3 Placing. Section 6.5.2 of the Standard Specifications
shall apply, except that in the area of the fastener sub-
assemblies, concrete shall be placed from one side of the
sub-assembly only. The concrete shall be placed by shovel
or by other means acceptable to the Engineer, in order to
achieve a complete bond between the concrete and the bottom of
the sub-assemblies, free of voided areas unfilled with concrete.

If inspection through the "knock-outs" provided in the

. asbestos cement sheets indicates voided areas, the Contractor
shall place non-shrink grout through these inspection holes to
fill such voided areas. The non-shrink grout shall be as
specified in Section SP-7 for Field Construction Joints between
the precast beams.

SP~2.4 Compacting. In addition to the provisions of -
Section 6.5.4 of the Standard Specifications, finger )
vibrators shall be provided as required by the Engineer to
assure proper compaction and elimination of void areas at
the underside of the fastener sub-assemblies. As provided
in Section SP-10, the Contractor will be required to provide
test beams to determine the adecuacy of the provosed construction
methods in eliminating these voided areas.

.\
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SP-2.5 Handling of Precast Beams. The precast beam
used in test Section 7 shall not be lifted or otherwise moved
from their casting beds until the concrete attains a
minimum compressive strength of 3000 psi, or have cured
a minimum of 14 days. This time period may be reduced
if high early strength cement or other methods are used
to accelerate the strength gain characteristics of the
mix. Any such methods proposed by the Contractors shall
be submitted in writing to the Engineer for approval.

The Contractor shall exercise extreme care at all
times in handling the precast beams to avoid excess
cracking or other damage from improper or inadeauate
handling. Particular care shall be taken so as to
prevent lifting of the beams at their center section
only. Additional 1lifting stlrrups may be provided by the
Contractor as deemed necessary and as approved by the-
Engineer. The Contractor shall be paid only for those
beams accepted at the job 51te by the Rallway Company .

Minimal cracking may be_expected at the control joints
and should not be cause for rejection. The Engineer
shall have final authority as to acceptance of all beams.

SP-2.6 Casting of Precast Beams. The precast beams
shall be cast upon 1 inch of ballast to be furnished by
the Railway Company in order to provide an artifically
roughened undersurface. Any ballast adhering to the
bottom of the beam upon lifting shall remain. Other methods

"of providing an artifically roughened surface will be

acceptable upon approval by the Engineer. The beams
may be precast on the job site, but they may not be
precast in their flnal 0051t10ns.

SP-2.7 Bedding of Precast Beams. The Contractor shall
be responsible for the accurate placement, uniform sound
bedding (preserving drainage through the ballast) and
complete installation of the precast beam system as shown
on the drawings, all in a manner satisfactory to the
Engineer.  This includes but is not necessarily limited
to adjustment for true alignment and surface, accurate
placement on station, gaging system, and continuous joint
systems. The gaging system and continuous joints shall be
as specified and paid for in SP-7 and SP-8.
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Before starting this work, the Contractor shall
furnish in writing to the Engineer a detailed descriptioh
of the methods and procedures he proposes to use. Work
shall not be started prior to the Contractor's receipt of
the Engineer's written approval of the proposed methods
and procedures. The Engineer's approval in no way
relieves the Contractor of any responsibility.

The precast beams shall be accurately placed as described
in Section SP-5.1 on line and station, leaving a 12 1nch
(plus or minus 1/4 inch) opening between abutting beams.’ Gage
members shall then be installed, with care to-avoid beam movement.
Loose standard ballast shall then be placed to a depth of
-about 5 inches above the bottom of the beams across the:
full width between beams and for a width of 2 feet along
the field side of each line of beams. Adjustment in
alignment and surface as required to assure true line and
grade shall then be performed by utilizing the lifting
stirrups and oak blocks and wedges. Manually operated vibrating
tampers shallthen be used at about ten foot intervals to
flow the sub-ballast in tight against the bottom of the beams
to provide firm support for the beams in their adjusted
alignment and surface position. Reinforcing bars at the
beams ends shall then be spliced by welding as shown on the
drawings and specified in Section SP-8.2.1. The joints between
abutting beams shall then be completed, using non-shrink
grout. The final tamping for the entire beam length shall
then be done using manually operated bibrating tampers to
provide uniform compacted sub-ballast support to the
beams longitudinally and transversely, while malntalnlng
proper alignment and grade. -

SP~2.8 Method of Payment. Concrete shall:be' paid
for at the contract unit price.per cubic yard of concrete
in place, for the three types of track structure as
indicated in Bid Items 1,2 and 3. This price shall be
full compensation for furnishing all materials, unless
otherwise specified, and for all eguipment, tools,
falsework, curing, forms, bracing, labor for surface finish
and all other times of expense required to complete the
concrete work shown on the plans, with the exception of
reinforcing steel. This price shall also include the
cost of hauling and accurately placing and bedding the’
precast beams. '
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The unit price cost for concrete shall not include
- the cost of furnishing or installing gage members, lifting
stirrups, control joints, or field construction joints,
all as specified elsewhere in these Special Provisions.

The cost of any grouting required after inspection shall

not be measured for payment but shall be 1nc1dental to the.
cost of Bid Items 1, 2 and 3.
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SPECIAL PROVISIONS
SECTION S$P-3 -~ PLACING REINFORCING, TEST
SECTIONS 4 5 & 7

The applicable provisions of the Standard Specifica-
tions, Section 6, Concrete Construction shall apply exceot
as herein modified.

SP-3.1 General. All steel reinforcing, except in test
beams will be furnished to the Contractor by the Railway
Company. The steel will be furnished on cars at the Aikman,
siding. The applicable provisions of Section 1.5 of the
Standard Specifications shall also apply.

Where there is anticipated delay in depositing
concrete, the reinforcing steel shall be protected from
the weather as directed by the Engineer. Before depositing
concrete, the reinforcement shall be reinspected and
cleaned when necessary.

As described in Section SP-1 of these Special Pro-
visions, the Contractor shall coordinate placing of
instrumented bars with the Portland Cement Association,
and take special care. in protecting such bars from the
weather and his construction operations.

SP-3.2 Welding of Instrumented Bars. Where shown
on the Plans, the Contractor shall field weld splices in
the instrumented bars. The welding shall be in accordance
with the latest provisions of the "Recommended Practice
for Welding Reinforcing Steel Metal Inserts and Connections
in Reinforced Concrete Construction" (AWS D 12.1-61) by the
American Welding Society.

SP-3.3 Basis of Payment. The provisions of Section
6.15.4 of the Standard Specifications shall apply except
the cost of furnishing the reinforcing shall not be
included. Any additional cost of protecting reinforcing
from the weather or precautions to protect instrumented
bars shall be incidental to the unit price cost for Bid
Items 4, 5 and 6.
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SPECIAL PROVISIONS
SECTION SP~4 - CONTROL JOINTS TEST
SECTIONS 4, 5 & 7

SP-4.1 General. Control joints shall comply with
the details shown on the plans and shall be spaced at
the interval so indicated. All control joints shall be
perpendicular to the centerline of the slab or beam and
to the top or bottom surface of the member.-

Control joints may consist of forming the joint by
placing a strip of polyethylene sheeting across the
full width of the beam or slab. This sheeting shall have
a minimum thickness of 10 mils (0.010 inch) and a minimum
width of 3 inches for the top insert and 3 inches for the
bottom insert. The joint material must be such that it
will not react adversely with chemical constituents of
the concrete. Use of any other joint material shall require
prior approval by the Engineer.

The joint insert material shall be such that when
placed vertically in the concrete at both top and bottom
of the slab or beams, it will not bond with the concrete.
and will form an effective weakened plane joint of 3
inches depth. The joint material shall be placed in such
a manner that the edge of the strip is not more than 1/4
inch from the top or bottom surface of the slab or beam.
The joint material shall not be deformed from a vertical
position, either in the installation or in subsequent
finishing operations performed on the concrete. Holes or
- slots shall be cut in both the top and bottom joint
material where required so as to permit passage of the
longitudinal reinforcing bars through the joint. The
slots or holes shall be only sufficiently large so as to
pass the reinforcing bars, without permitting free
passage of wet concrete.

For a length as shown on the plans, all reinforcing
bars passing through the joint shall be given a coating
of an approved heavy cup grease, and an approved plastic
sleeve of the length shown on the plans shall also be
placed over each reinforcing bar. The greased portion
of the reinforcing bars shall be free to slide in the
plastic sleeve. Any excess grease on the sleeve or bar
- shall be removed.
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SP-4.2 Method of Measurement. Contfol joints shall
be measured per joint, which shall include insert material
and plastic sheathing.

SP-4.3 Basis of Payment. Control joints shall be
paid for at the contract unit price for each joint in
place, or per Bid Items 7, 8 and 9. This price shall
include full compensation for furnishing all labor,
materials, tools and equipment, and performing all the
work involved in forming the joint, including greasing of
reinforcing bars, placement of plastic sheathing and
inserting the joint material, and any other incidental work.
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SPECIAL PROVISIONS
SECTION SP-5 -~ INSTALLATION OF FASTENER SUB-ASSEMBLIES

SP-5.1 General. The Contractor's attention is
directed to the fact that the track support structures to
be constructed will ultimately carry all main line traffic
of the Railway Company. This combined with the non-
conventional nature of the structures, will require
extreme accuracy with respect to alignment, grade, and
cant of the individual rails. These factors are in turn
dependent upon the accuracy of placement of the Fastener

Sub-Assemblies.

As described in the Invitation for Bids, the Railway
Company shall establish and set. horizontal and vertical
control points, from which the test track centerline and
base of rail profile grade will be determined.

The Railway Company shall-also be respon31b1e for
all other lines, grades, and pitches including but not
necessarily limited to, asbestos cement sheets and
fastener studs and all anchor bolts, pitch for slab
drainage, transverse level top for beam concrete, asbestos
cement sheet cant, true alignment and surface.

Each and every one of the asbestos cement sheets 9 feet
long will be furnished with seven (7) pre-cut "knock-outs"
. approximately 3-inch diamter to provide inspection points and
for additional concrete grouting if required. It will be the
Contractor's responsibility to remove these "knock-outs" at
the site. Care shall be taken so as to prevent damage to the
sub~assembly.

It shall be the Contractor's responsibility to
accurately locate the fastener sub-assemblies. The
longitudinal centerline between anchor bolts for each line
of rail fasténers may be used as a reference with respect to
location of the centerline of track. _As shown on the plans, the
top surface of the asbestos cement sheet shall be placed
so as to have a 1:40 slope downward towards the centerline
of track. A tolerance of + 1/16 inch shall be allowed in
both horizontal and vertlcal allgnment in a longitudinal
distance of 5 feet as. measured along the centerline between
anchor bolts for each line df rail fasteners at the top
surface of the asbestos cement sheets. A tolerance in the
1:40 transverse slope of the asbestos cement sheets shall
be allowed between 1:38 and 1:42.
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Before concrete is poured, the location of all
sub-assemblies to be located therein, shall be approved
by the Engineer. The Contractor shall make any and all
adjustments as required, to the satisfaction of the Engineer.
Supporting jigs shall be removed from the sub-assemblies
immediately after initial set of the concrete.

All fastener sub-assemblies will be furnished to the
Contractor by the Railway Company. The sub-assemblies
will be furnished on cars at the Aikman, Kansas siding.

After acceptance by the Railway Company at the site the
Contractor shall exercise extreme care at all times in
handling the sub-assemblies to avoid damage from improper or
inadequate handling. The Contractor shall be paid only for
those sub-assemblies accepted in place by the Railway Company.

SP-5.2 Installation at Instrumented Sections. ®As shown
on the plan, eight sub-assemblies are effected by cut outs
for instrumentation. At each point of instrumentation there
will be two rail fasteners on short pieces of asbestos cement
sheet and two fasteners attached directly to the instrumentation.
The Contractor will be responsible for placing all anchor
bolt inserts for the instrumentation as well as for the
short lengths of asbestos cement sheets. The anchor inserts
fcr the instrumentation will be furnished by others.

The Contract shall seal the fastener anchor bolt holes
against entrance of surface water by applying a butyl
caulking or other approved sealant.

SP-5.3 Method of Measurement. Installation of
Sub-Assemblies shall be measured per 9 foot x 18 inch
section of asbestos cement sheeting in place, including
16 anchor bolts and 16 anchor inserts. At the section to
be instrumented, installation of two short pieces of
asbestos cement sheeting and two instrumentation points
(including a total of 16 anchor bolts and 16 anchor
inserts) shall be counted as one sub-assembly.

SP-5.4 Basis of Payment. Instaliation_of Sub-
Assemblies shall be paid for at the contract unit price
for each sub-assembly, in place, as per Bid Items 10, 11

A La
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and 12. This price shall include full compensation for
furnishing all labor, materials, tools and equipment for
" installing the sub-assemblies. This shall include any
jigs or equipment necessary to assure accurate placement
of the sub-assemblies and any adjustments required by

the Engineer to comply with the specified tolerances with
respect to line, grade and transverse slope. Cost of
cutting of asbestos cement sheets at the instrumentation
points (as shown on the plans) as well as removing the
"knock-outs" will be incidental to the contract unit price
per sub-assembly.
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SPECIAL PROVISIONS )
SECTION SP~-6 - BALLAST, TEST SECTIONS 4, 5 & 7

LR I DI

SP-6.1 General. If required the ballast shall be placed
in a condition satisfactory to the Engineer by filling any
holes or depressions, removing humps,; and grading and com-
pacting with vibrating compactors as required.

Prior to placing forms or pouring concrete the ballast
in the areas of the cast in place beams and slab shall meet
- all dimensions and grades to the bottom surface of the
structures to plus or minus 1/2 inch. !

The Contractor shall exercise special care at all
times to avoid damage to the existing sub-ballast and
subgrade. No vehicles, trucks nor equipment will be
permitted on the subgrade unless first approved by the
Engineer. Materials to be placed on the sub-ballast °*
and subgrade shall be placed carefully and in a manner
that will not gouge, scar, deform the sub-ballast or
subgrade or cause settlement.

After the precast and cast in place beams are
completed in final position, Railway Company standard
slag ballast shall be placed and compacted using vibrating
compactors, between the beams (with care to avoid distur-
bance or damage to gaging members) and on the field side of
the beams and slab to a depth 2 inches below the top of
concrete, to the cross section shown on the drawings and
to a width that will accommodate and support the Railway
Company straddle buggy when subsequently used by the
Railway Company for installinq rail.

All ballast will be furnlshed to the Contractor by
the Railway Company. The ballast will be furnished 1n
cars at the Cassoday, Kansas siding.

SP-6.2 Ballast at Precast Beams. For test Section 7,
Precast Beams, prior to placing beams on the existing
sub-ballast, the top of the compacted sub-ballast shall
be brpught to precise profile and cross-section finish
grade to provide uniform longitudinal and transverse
bedding for the precast beams. To accomplish this any
holes or depressions must be filled and humps removed,
and the sub-ballast graded and compacted as may be
regquired using vibrating compactors, to meet the dimensions
shown on the drawings or as may be determined by the
Engineer.
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- SP-6.3 Method of Measurement. Ballast, as per Bid
Items 13, 14 and 15, will be measured by the ton placed
in accordance with the plans and as directed by the
Engineer.

SP-6.4 Basis of Payment. Ballast shall be paid for
at the contract unit price per ton with the designated
section, as shown on the plans. This price shall be full
compensation for furnishing all labor, tools, equipment,
and incidentals necessary for loading, transporting and
plac1ng ballast sections to the designated 11nes and grades.

The cost of filling holes, remov1ng humps, or otherwise placing
the existing ballast in a suitable condition, as determined
by the Engineer, shall be incidental to the cost of Bid
Items 13,14 and 15. The cost of furnlshlng the ballast
shall not be included in these pay 1tems. ,
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SPECIAL PROVISIONS
SECTION SP-7 - GAGE MEMBERS, TEST SECTION .
4 AND 7

SP~7.1 Extent. This work shall consist of furnishing all
materials, labor, tools and equipment, and performing all
operations necessary for the furnishing and installing of
the steel gage members in the cast in place and precast
beams in Test Sections 4 and 7. Also included shall be-
the furnishing and placement of lifting stirrups in both
beam sections, all as shown on the plans.

SP-7.2 Materials. As shown on the plans, each gage
member consists of a threaded rod, two pieces of pipe welded
to four end plates, and four hex nuts with lock washers.
Lifting stirrups shall be bent bars as shown on the plans.

The threaded rod and end plates for the pipes shall be
mild steel conforming to the requirements of A.S.T.M.
De51gnat10n A-588. The pipe shall be extra strong steel
pipe which shall conform to the reguirements of A.S.T.M.
Designation: A-53.

The threads used on the rods shall conform to the
American National Course Thread Series, Class 2, free fit.
The rods shall be threaded for their full length:

The. lifting stirrups shall be as detailed on the
plans and shall be of steel conforming-:to the requirements
of A.S.T.M. Designation: A-36, or alternatively may be made
from reinforcing bars of A.S.T.M. Grade 60 steel.

Welding of the pipes to the end plates shall conform
to the requirements of the current "Specification for
Welded Highway and Railway Bridges" of the American Welding
Society.

SP-7.3 1Installation. When installing gaging members
between cast-in place beams or between precast beams, care
shall be taken to assure that no lateral movement of the
"beams occurs. Particular care to guard against such movement
shall be taken while nuts and lock washers are being drawn
down tight.
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SP-7.4 Method of Measurement. Gage members shall be
‘measured by the installed unit which ‘shall include threaded
rods, pipes and end plates, and lock nuts and washers.
Lifting stirrups shall not be measured for payment, but shall
be considered incidental to the cost of Bid Items 16 and 17.

SP-7.5 Basis of Payment. Gage members shall be paid
for at the contract unit price per unit in place, as shown on
the plans. This price shall be full compensation for
furnishing all labor, materials, tools, equipment and incidentals
necessary for 1nstalllng the .members to the satlsfactlon of
the Engineer. :
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SPECIAL PROVISIONS
SECTION SP-8 - FIELD CONSTRUCTION JOINTS
TEST SECTION 7

SP-8.1 Extent. This work shall consist of furnishing
all materials, labor, tools and equipment necessary to
construct the 12 inch by 30 inch field construction joints
between precast beams. The control jOlnt inserts, plastic
sheathing on reinforcing bars, and greasing of relnfordﬂng
bars shall not be paid for under this item but shall be
paid for under Bid Item 9, Control Joints in Precast Beams.
The field joints shall be constructed by field welding ‘all
reinforcing bars, coating the face of the precast beams
with an epoxy concrete adhesive, and then filling between
the beams with a non-shrink grout, all as shown on the plans.

SP-8.2.1 Welding of Reinforcing Bars. Welding of '
reinforcing bars at the splices between precast beam sections
shall be as shown on the plans. All welding shall be in
accordance with the latest provisions of the "Recommended
Practice for Welding Reinforcing Steel, Metal Inserts and
Connections in Reinforced Concrete Construction” (AWS D 12.1-
61l) by the American Welding Society.

SP-8.2.2 Epoxy Bonding Compound. As shown on. the plans,
the faces of the precast concrete beams shall be coated with
an epoxy concrete adhesive before the cast in place beam
joints are poured.

The epoxy shall be a polysulfide polymer-base concrete
adhesive, supplied as a two-package system. One package
shall consist of a liquid epoxy resin. The second package
shall contain a liquid polysulfide polymer and a curing
agent.

The adhesive, as applied, shall contain approximately
one part by weight of polysulfide liguid polymer to two parts
of epoxy resin. The curing agent used shall provide a
pot life of the mixed adhesive (100% solids) of 15 to 35
minutes as determined with a pint of adhesive in a standard
pint container at 75 degrees farenheit ambient temperature,
or with 20% solvent, a pot life of 50 to 90 minutes.

The adhesive shall be supplied as an unfilled, clear
resin system. The adhesive as supplied shall not contain
solvents. At the time that the two adhesive components are
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mixed, solvents in the ratio of not more than one part by
volume of solvents to four parts by volume of adhesive shall
~be blended. At temperatures below 75 degrees farenheit,
acetone shall be used as a solvent and at a temperature over
75 degrees farenheit, toulene shall be used as the solvent.

The two- package adhesive shall be furnished by the
manufacturer in containers individually marked to clearly
identify each component. The manufacturer shall supply
mixing instructions, specifying how the components are to be
combined in parts by weight or parts by volume.

The constituents of the two components shall comply
with Federal Specification MMM-B-350 a Binder, Adhesive,
Epoxy Resin, Flexible. These materials shall be furnished
by a company that maintains stock tested and approved by the
Corps of Engineers as meeting the stated Federal Specification
and the materials furnlshed shall be eguivalent to such
stock.

Prior to approval and use of the two-package adhesive
materials, the Contractor shall submit a notarized certi-
fication by the formulator of these materials, stating that
they meet the requirements as set forth herein. '

The surface to which the adhesive is to be applied
shall be rendered free of o0il, dirt, and any loose concrete
by wire brushing. The surface shall be free of moisture
before application of adhesive.

Immediately before application, the two adhesive

- components shall be combined in the proportion specified by
the adhesive manufacturer. The components shall be intimately
blended by hand or with a slow speed motor drive mixing
device. The mixture of adhesive shall next be thinned

by adding and blending the solvent into the adhesive.

The amount of adhesive mixed at one time shall be limited

to that quantity which can be conveniently applied within

the pot life of the adhesive.

The two components and solvent shall not be mixed
more than thirty minutes prior to use. The resulting
adhesive shall be brushed onto the concrete in a layer
5 to 10 mils thick or an average of 100 to 200 square feet
per gallon. After the adhesive has been applied, concrete
shall not be placed against it until the solvent has
evaporated. This period will be between 30 to 60 minutes
depending upon weather conditions. The adhesive must be
tacky and not dry at the time of concrete application. Areas
that have been allowed to dry shall be recoated before
concrete is placed.
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Because of toxicity of the materials, including the
solvents, safety hazards exist in the handllng and use -of
the materials. They may cause serious rash in persons
sensitive to the materials. Further, in the use of solvents ‘as
cleaning aids there exists a fire and flash hazard. The
Contractor shall obtain from the formulator of the materials
complete instructions as to the safety, health and handling
precautions that must be exercised with respect to the
materials to be used, and as to the procedure that shoduld
be followed in the event that workmen come in contact with
the material. Before they are permitted to proceed with
the work, the workmen shall be instructed as to the hazards
to which they will be exposed, the necessary safety precautions,
and the procedure to be followed in the event of ac01dental
contact with the materials.

The epoxy concrete adhesive shall also be used onqany
construction joints proposed by the Contractor. No such
construction joint shall be used unless the contractor
receives written approval from the engineer. Proposed
construction joints will be allowed only at the locations
of control joints as shown on the plans. The contractor
shall sumit all proposals for such construction joints
sufficiently in advance so as to allow sufficient time for
written approval to be received.

SP-8.2.3 Non-Shrink Grout. The non-shrink grout used
for filling the 12 inch gaps between precast beams shall be
"Embecco"”, "Vibro-Soil", "Ferrolith G", "DS Grout" or another
approved equal, mixed and placed in a manner specified by the
manufacturer for the temperature condltlons existing at the
time of placement.

b

SP-8.3 Method of Measurement. Field construction
joints shall be measured by  the completed joint between
precast beams, which shall include welding of reinforcement
bars; supplying and applying the epoxy bonding compound, and
supplying and casting the non-shrink grout. Any additional
field construction joints placed at the contractors option
in the other test sections shall not be measured for |
payment, but shall be considered incidental to the contract.

b

SP-8.4 Basis of Payment. Field construction joints
shall be paid for at the contract unit price per joint,
completed, as shown on the plans. This price shall be full
compensation for furnishing all labor, materials, tools, _
equipment and incidentals necesary for installing the joints*
to the satisfaction of the engineer.
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SPECIAI, PROVISIONS : IR
SECTION SP-9 TRANSITIONS

SP-9.1 Extent This work shall consist of furnishing
all materials, labor, tools and equipment, and performing
all operations necessary for the construction of four
concrete transitions at the locations shown on the plans.

The existing ballast and sugrade shall be re-graded for a
50 foot length as -shown on the plans. A variable thickness
concrete mat, reinforced with welded wire fabric, shall be
sloped so as to drain away from the centerline of track. A
one inch layer of ballast shall be placed on the mat while
the concrete is still wet, so as to provide a roughened
surface for placement of the additional ballast . later.

SP-9.2 Materials

. SP-9.2.1 Concrete The concrete used in the mats shall
be as specified in Section 6, Concrete Construction, of the
Standard Specifications. The minimum 28 day compressive
- strength shall be 3500 psi. :

SP-9.2.2 Welded Wire Fabric The welded wire fabric shall
be as noted on the plans and shall conform to the requirements
of A.S.T.M. Designation A-185.

SP-9.3 . Method of Measurement Transitions shall be
measured by the completed unit, which shall include grading,-
welded wire fabric, concrete mat, and one inch layer of
ballast. The ballast above this point, and the concrete
ties as shown on the drawings w111 be placed by the Railway
Company.

SP-9.4 " Basis of Payment Transitions will be paid for
at the contract unit price per transition, completed as
- shown on the plans. This price shall be full compensation
for furnishing all labor, materlals, tools, equipment and
incidentals necessary for installing the transitions to the
~ satisfaction of the Engineer.
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' SPECIAL PROVISIONS
SECTION SP-10 - BEAM TEST SECTIONS

SP-10.1 Extent. This work shall consist of furnishing
all materials, labor, tools and performing all work necessary
for the constructing and testing beam test sections ten feet
long and of the cross section similar to the cast-in-place
beams (Section 4) and the precast beams (Section 7), except
that reinforcing steel shall be as shown on drawings for
beam test section. Asbestos cement fastener sub-assemblies
shall be furnished by the Company. Reinforcing steel for’
the beam test sections shall be furnished by the Contraﬂtor
as shown on the plans.

SP-10.2 General. The ten feet long beam test sections will
be constructed for the purpose of ascertaining acceptable
construction procedures and concrete mixes that will assufe
adequate bedding of the asbestos cement fastener sup- assemblles
with absence of voided areas at the interface between the *
concrete and the asbestos cement sheets. The number of beam
test sections to be constructed shall be the least number
required to ascertain construction procedures acceptable
to the Engineer. A minimum of two test beams shall be constructed.
At least one shall contain suitable pozzolanic material, the
proportions of which are to be determined by certified test
as provided in Section SP-2. Reinforcing steel shall be
as shown on the drawings for beam test sections, so that
construction of the test sections will closely duplicate
construction of the cast-in-place and precast beams.

Beam test sections may be constructed and tested on the
site of the project or other location approved by the Eng%neer.

SP-10.3 Testing. One transverse saw cut shall be made
through the centerline of a fastener near the center of the
beam. The saw cut shall be deep enough to allow breaking of
the beam, to allow inspection of the asbestos cement-concfete
interface. After the saw cut has been made, the asbestos
cement sheet shall be removed from both beam sections to allow
more complete inspection. Care should be taken to remove the
sheeting as gently as possible to minimize damage to both the
concrete and the asbestos cement sheets, to avoid unsatisfactory
inspections. 3

SP-10.4 Method of Measurement. Beam test sections shall
be measured by the furnished and tested unit. Concrete and
reinforcing steel used in test beams shall not be measured fer
vayment but shall be considered as incidental to this item.

-1
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SP-10.5 Basis of Payment. Beam Test Sections shall be paid
for at the contract unit price per section tested. This price
shall be full compensation for furnishing and testing Beam
Test Sections to the satisfaction of the Engineer.
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This design report, design plans, and special provisions to the Santa Fe
" "Standard Specifications" complete the design portion of the engineering services
for non-conventional structures in the Kansas Test Track. The analysis which formed
the basis for design was executed utilizing the physical and geometric properties
of each component of the rail-fastener-structure-subgrade system as described
herein. Significant departures from these properties will require a re-evaluation of
the applicability of the analysis for the design, and may require reanalysis and
redesign of the structure if the influences of the changes are found to affect the
adequacy of the design, or to be contrary to structural or operating safety.

Respectfully submitted,

WESTENHOFF AND NOVICK, INC.

/ Franc1s G. McLean
Reglsteredclsrofessmnal Engmeer

Ronald D. Williams
Registered Structural Engineer

77 7
Kottt C ron bl

. Robert C. Turnbell
Registered Structural Engineer

APPROVED:

T e i

David Novick
Licensed Professional Engineer
State of Kansas
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APPENDIX A

Rail Torsional Properties







APPENDIX A

RAIIL, PROPERTIES

Values of rail properties were derived from three sources: 1) the

literature, 2) transmitted by DOT, and 3) calculated from theory.

The literature yields a moment of inertia value of 94.9 in4

(1,)
about a horizontal plane through the center of gravity. The moment
of inertia about the vertical plane was stated to be 14.7 in (Iy)
by the DOT technical officer. This value was checked using the

geometrical idealization shown in (a), Figure A.l. The resulting

value was 14.78 in4, which verifies the above value.

The torsional constant for the rail section was calculated using
three different approaches. A lower bound value was calculated,

according to the United States Steel, Steel Design Manual, using

the geometrical approximation shown in (b) Figure A.l. The
resulting value of 4.44 in? is a lower bound value due to the
approximation for the head, web, and base fillet areas, which are

very efficient in resisting torsional loadings.

An upper bound value was determined using St. Venant's formula,

Hetenyi, and Timoshenko (Collected Papers). The resulting value

was 7.24 in4.

To determine a more exact value for use in analysis, the membrane
analogy, Lyle and Johnson,  and Timoshenko (Materials), was applied
to the rail head, web, and base, with a resulting value of 5.68 in4.

This latter value is conside?ed slightly conservative, and was

used for design.
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APPENDIX B

FASTENER PROPERTIES

Thé.Po:tland Cement Association performed a series of static load
tests on a Fastex Fastall fastener, for the DOT, to determine the
loéd—displacement relationships of the fastener for use in analysis.
.These tests were performed on November 2, throuéh November 4,.1971
at the PCA laboratory in Skokie, Illinois. A description of the
test series, which was originally recommended by Westenhoff and
Noviék, written by PCA is contained on succeeding sheets of text

~and tables.

Subsequently, the data was anaiyzed by Wegtenhoff and Novick to
develob the desired load-displacement and 1oad-rotétion relation-
ships. In this analysis the centers of rotation, any movement of
the centers ‘during tésting, and rigid body motion of the rail and'
fastener were considered. . Graphs (a) through (£f) on Figure B.l show
the resulting load-displacement relations. These curves assume the

rail to act as a rigid body.

The resulting relations are non-linear, however, most of the
properties are fairly well described by linear or bilinear approxj
imations. In general, éuitably selected tangent moduli or secant
moduli may be used over the load range considered to represent
'"normal" operational loadings. A table of the properties used in

the analysis is contained in the report.







RATI, WASTENER PERFORMAMCE

The 6bjective was to determineiload-defiectionlfelationships
for a rall fastener supplied by the Fastgx Division of Illinols Tool
Works, Inc. To accorplish this, stafic loads were apnlied at 6 different
locat}ons and/or directioné.to a 136 1b, FE rall attached by the rall
faste%er to a concrete slah, During each load test, deflections were
measured at several selected locations, This report désqribes the load

tests and provides the lcad-deflection data.

Test Specirens

To conduct static load tests, the rail fastener was attached
to a conerete slab, The rall fastener supnlied by Fastex 1is fhsteﬁéd'
through four specially designed 7/8—1n. diareter steel studs. The-
molded inserts holding these bolts and a 15 by 12 by 3/U-in. thick
asbestos'cement plate separating thes studs were cast in an inverted
position in a reinforced concrete slab 4'-0" by 2'-0" by 0'-§" thick,
The concrete had a céneﬁt content of 6 bags per l.cu. yd. and contained -
3/H-in. raximum size’grével acgregate, The concrete slab was cast on
Octoﬁér 18, 1971, and tﬁe.fastener was 1oad tested on Noverver 2, 3, and
H, 1971. Ioad tests viere conducted atlthe Cement and Concrete Research
Institute labqfatory'in Skokié,-iiiﬁnois, ét'an'average terperature of
72 F. Before loading, a 30-in, length of & 136 1b, RE rall was attached

to the conerete slab using the Fastex faétener. Each of the



-

four 7/8-in. diameter nuts was tightened with a tonqué of 300 ft. 1b.,

- '1oad Test Information and Results

The location of load application, locations of deflection dials,

and test results are given for each load test.

.Test 1

¥

‘The load for Test 1 was applied vertically downward on the rail’

head at the center of‘the rail fastener, Two ﬁethods were used to apply

~ the load, In the first method, load was applied by a hydraulic ram and

measured by a calibrated load cell electrically connected to a stfainJ
indicator. In the second method, load was applied and measured by a Baldwin
testing machine.

Tbst.rgsults from the first method using the calibrated load cell
are given in Table 1. In this test, the rail was positioned in an east-west
direction and - 7

~Dial 1 - measured vertical deflection of the rail head 6 in. east
of load center, and | v
~DiélA2 - neasﬁred~Vertica1tdeflection of the rail head 6 in. west

qf load center,

Y - . -After two‘M0,000 b, loads were applied, the residual deflection

was:0,012 in. The load-deflecticn relatlonship after these two k0,000 1b.

loads is shown in Fig, 1.

" " . Test results from the second method using the testing machine are

glven in Table 2. In this test, the rall was positioned in a north-south
‘direction and
Dial 1 - neasured vertieal defleétion of the rail head 6 in. north

of load center, and



Dial 2 - measured vertical deflection of the rail head 6 in. south
of load centér, . ' ‘
Five 40,000 lb. loads were applied, The load~deflection relationships
for the first and second load applications are shovm in Fig, 2.
Test 2

The ‘load for Test 2 was applied;vertipally dormward on the rail head
at a distance of 15 in. east of the center of the rall fastener. The load
‘was applied by a hydraulic ram and measured by a calibrated load cell, Test
results are giyen in Table 3. A load of 6,000 }b,_was apolied during the firsﬁ
appli?a@ion and 5,000 1b, during the secpnd.applicatidn. In this test, the rail
was positioned in an east-west direction and |
Dial 1 - measured vertical deflection of the railvhead 6 in, west of
the center of the fastener. . .
Dial 2 - measured vértical deflection of the rail head at the center
_ of the fastener, - , o .
Dial 3 — measured vertical deflection of the. rail head 6 in. east of
| the center. of the fastenerl_p s
. Dial U - measured Qeftipal deflection of'phe southweétﬂco;ner of the fas-
- terer clamp, . - o _ A
i Dial § - measured.horizqntal”deflecpion in the longitudinal or east-
west direction of thelsouthwest fastener bolt,
Dial 6 - measured horizpntalfdéflection in the lateral or north-south
direction of the northwest,fastener bolt, and
Dial 7 - measured vertic31MQeflectiqn:pf the southwest fastener bolt.
The load for Test 3 was applied laterally against the rail head at
the center of the rail faspgner{;.Theg1oad‘wa§.applied_by a hydraulic ram

and measured by a callbrated load gell,.;?bSQ results are given in Table ,



A load of 1,000 1b, was applied during the first application and 8,000 1b,

during the second application, In this test, the rail was positioned in

an east-west direction, the lateral load was apblied toward- the north

direction, and

Dial 1 -
Dial 2 -
Dial 3 -

. Dial 4 ~

Dial 5 -

- Dial 6 =
Dial 7 -
Dial 8 -

- Dial 9 -

- Dial 10 ~-

Dial 11 -

measured lateral deflection of the rail head 6 in. west
of 'load center,

measured lateral deflection of the rail head 6 in. east
of load center, |

measured lateral deflection of the rail base 11 in, west

of load center,

measured lateral deflection of the rail base 11 in, east
of load center,

measured vertical deflection of the>south‘side of the
rail base 12 in. west of 1oad‘center,

measured vertical deflection of the north side of the
fail base 12 in. west of load center,

measured vertical defléction-of the south side of the
rail base 1! in, east of load center,

measured vertical deflection of the north side of the
rail base 1! in. east of load center,

measured vertical deflection of the southwest corner of
the fastener clamp,

neasﬁred horizontal deflection in the lateral or north-
south direction of the fastener base chamnel at the load
center,

measured horizontal deflection in the lateral or north-

south direction of the southeast fastener bolt, and

=l



Dial 12 - measured horizontal deflection in the lateral or north-
south direction of the northeast fastener bolt,
) . Maxd mum deflection'occUm&ed at the rail head. - Average measurements
of Dials 1 and 2 are shovm in Fig, 3,
Test 4
- For Tést 4, two lateral loads were applied in the same direction
against ﬁhe rail base. The loads were symmetrical 11 in. from the center of
the rail fastener, Each load was applied by a hydraulic ram and measured by |
a calibrated load cell o be certain that the loads were equal during the
test., Test results are given in Table 5. A load of:6,000_1bg'was applied
during the first application and 14,000 1b, during the second application,
In this test, the rall was positioned in an east-west direction, the lateral
loads were applied toward the north direction, and
Dial 1 - measured lateral deflection of the rall base 11 in; west
of the center of the fastener,
‘Dial 2 - reasured lateral deflection of the rail base 11 in. east
' of the center 6f the fastenef5
Dial 3 - measured lateral deFlection of the rail head 6 in, west
of ioad center,
Dial 4 - neagured lateral deflection of the rall head 6 in, east
of load center,
Dial 5 - measured vertical deflection of the north side of the rail
| base 12 in. west of the center of the fastener, '
Dial 6 - measured vertical-deflection of the north side of the rail
base 12 in, east of the center of the fastener,
Dial 7 - measured horizontal deflection in the lateral or north-south.

direction of the fastener base channel at its center,:

o s



Dial 8 - measured hﬁrizontal deflectidn in the lateral or north-
south direction of the northwest fastener,ﬁolt,'and
Dial 9 - measured horizontal defléctioﬁ in the lateral or north-
| south direction of the northeast fastener bolt.
Deflections of thé rail head and base during the second load
«applicatiohlare shown in Fig, U,
e 1oad-for-Test45 was applied laterally against the rail base at
. a ‘distance of 15 in. east of the center of the rail fastener. . The load was
appliéd'by'a hydraulic ram and measured by a calibrated load cell.' Tes;
results are given in Table 6. In thisAfest, the rall was positioned in an
east-west direction, and |
Dial 1 - measured lateral deflection of the north'side of the rail
base 11 in, east of the center of the fasténer,
Dial 2 = measured lateral deflection of the south side of the rail
base 11 in, west of the center of the fastener, |
Dial 3 - meésured horizontal deflection in the 1abefa1 or north-
| south direction of the northeast cormer of the fastener
base chamnel, |
Dial 4 - measured horizpntél deflection in the lateral or north-south
direction of the northwest corner of the fastener base
channel,

Dial 5 -~ measured horizontal deflection in théAlateral or north-south

i

i S direction of the southwest corner of the fastener base

c © chamel,



Dlal 6 - measured hérizontal deflection in the lateral or north-south
direction of. the northeast fastener bolt, and-

Dial 7 - measured horizontal deflection in the-lateral or north-south
direction of the southwest fastener bolt.

Deflection measured by Dials 1 and 2 were approximately equal. Average

values are shown in Fig. 5.

" Test 6

" The load for Test 6 was applied longitudinally against the end of the

_ rall base in the dlrection of the rail. The load was amplied by a hydraulic

ram and measured by a calibrated load-cell., Test results are glven in Table 7.

In this test, the rall was:positioned in a north-south direction, the longl-

tudinal load was applied toward the south direction, and

Dial 1 - measured horizontal deflection in the longitudinal or
north-south direction of the rail head, '

Dial 2 - measured hor'izontal deflection in the longitudinal or

_ | north-south direction of the northeast fastener bolt,

Dial 3 - measur'ec’; horizontal deflectf‘Loh in the longitudinal or

' north-south directiqn of the northwest fastener bolt,

Dial 4 - measured horizontal deflection in the longitudinal
direction of the northeast corner of the fastener base
channel,

Dial 5 ~ measured horlzontal deflectlon in the longitudinal
direction of the northwest corner of the fastener base
channel,

Dial 6 - measured vertical deflection of the rail head 6 in. north

of the center of the fastener, and



Dial 7 - measured vertical deflection of the rail head 6 in.
south of the center of the fastener, .
Longitudinal deflection of the rail is shown in Fig. 6. At a
load of 5,500 1b., the rail began to slide. At the end of the test, the
elastomeric pad extended 0.3 in, from the Afastener at the end opposite the

load application,

Torque in Fastener Bolts

Before conducting the load tests, each of the four fastener nuts
was tightened with a torque of 300 ft. 1b, After testing, the torques were

255, 240, 265, and 290 ft. 1b.



“"TABLE 1

* 'RESULTS OF TEST 1
‘VERTICAL 10AD DOWNWARD OF RAIL, HEAD- AT CENTER
““OF RAIL, FASTEIER USING CALIBRATED LOAD CELL

Downward Deflection (0,001 in.)

‘ Average
Load - ' of Dials
“(Ib.) . Dial 1. " pial 2 o 182
0 0 0 ' 0
. 0¥ 12 12 ’ 12
1000 13 14 13.5
2000 1y 15 14,5
3000 15 15 ' 15
Looo 15 16 ' : 15.5
5000 A 16 17 ' 16.5
10000 21 22 .21
15000 27 27 ‘ . 27
20000 32 . 32 32
25000 37 37 . 37
30000 42 p u2
35000 k7 b5 L6
4o000 ‘ 53 50 51.5

0 14 14 14

¥After 2 Loads to 40,000 Ib.



- TABLE 2

o : " "RESULTS OF TEST 1 _
" “VERTICAL IOAD TO:i7ARD ON RATL HEAD AT -CENTER
" OF RAIL FAST=NLA USING TESTING MACHINE

Dovmward Deflection (0,001 in.)

C _ Average
Ioad : : . " of Dials
“(Ib,) . . 'Dial 1 Dial 2 ‘182
o0 0 0 0
1000 1 1 1
2000 2 1l 1.5
5000 : 5 [ 4,5
10000 .10 o 9.5
15000 16 16 16
20000 ’ 20 23 21.5
25000 25 30 27.5
30000 30 37 33.5
35000 35 43 39
40000 lio 50 L5
0 X 2 8 5
5000 7 12 9.5
10000 - . 12 17 14,5 °
15000 . 17 24 20.5 .
20000 .21 .30 25.5
25000 , 25 36 30.5
30000 29 . 42 35.5
35000 ' 34 48 iy}
boooo . , 38 54 U6
0 ' 2 13 7.5
k0000 37 57 b7
0 ' 2 14 8
Loooo 3% 58 L7
10000 ' 11 24 17.5
20000 20 3% 28
30000 28 k9 38.5
40000 3% 59 47,5
0 1 15 8



. TABIE 3.

i | * RESULTS OF TEST 2
| - "VERTICAL TOAD DOWWARD ON RAIL HEAD
15" FROM CENIER OF RALL FASIERER

. Deflection (0.001 in.) '
Dial 1 ‘Dlal 2 Dial 3 - Dial & Dial 5 Dial 6 Dial 7

- Load (uoward)  (uoward) (downward)  (woward) (toward load) (away from (upward)
T {lb.) . ) (e
0 0 0 0 0 0 0 0
400 Y 0 y 0 1 0 0
1000 .8 0 8 0 1 0 0
2000 4 20 0 20. 5 | 5 1 o
o e 8 54 3 2 3 0
6000 144 23 104 7 5 9 1
“ond 'TOAD APPLICATION
0 0 0 0 0 0 0 0
A 0 1 0 0 0 0
1000 1 0 11 0 0 0 0
3000 65 8 9 2 0 2 0
4000 102 15 . 71 -5 0 4 .0
5000 - W 25 %6 7 0 7 0



TARLE 4
RESULTS 'OF TEST 3
TLATRRAT, TOAD ON RATI, HEAD
AT CINTER OF PASTENER

DEFLECTZION (0,001 in.)

load  Dial Dial  Dlal  Dial  Dial — Dial _ Dial ~ Dial  Dial Dial Dial  Dial . Average c

(Ib.) 1 2 3 o, 5 6 7 8 9 10 1mw - 12 " Dials
(away (away (away (away (unoward) (down- (uwward) (down= (unpward) (toward (away  (toward 1g?2
from from from from . ward) ward) rail) - from rail) . " (See Mg,
rall) rail) ratl) rall ‘ : T rall) i

0 0 0 0 0 0 0 -0 0 0 0 0 0 0
1400 g9 6 0 0 0 y- 0 0 0 2 o - 0 7.5

1000 20 17 2 0 0 a 4 -3 0 3 1 - 0 18.5

2000 Hs] hs 5 -0 6. 18 21 7 1 3 1 1 L7

4000 125 117 9 5 34 : 28 57 14 2 1 3 1 121

2nd I0AD APPLICATTION
0 0 0 0 0 0 0 0 0 0 0 0 0 0
340 6 5 2 0 2 2 1 2 0 0 0 1 5.5

1000 17 15 2 0 6 ! 5 6 0 2. 0. 2 16

2000 36 34 3 1 15 9 12 14 0 - 4 0. 3 3H

4000 g4 91 7 4 b3 20 L 2h 0 i 2 3 .92.5

6000 165 164 12 12 93 25 es 34 2 L 4 - 3 164,5

goo0 237 241 19 15 .162 25 13§ SO ly 12 9 10 240.5

— Tt T T cer e et et emd wal] S I



(Ib.)

0
I
1000
2000
4000
5000

1020
2000
4000
5000
8000
10000
12000
14000
0

LATER/

- TABTE.

RESULTS OF

1)
fa,

5

TEST X

. s mm — " G ——— @ w— oman

14

Dial Dial Dial Dial Dial  Dial
1 2 3 4 5 6
(away (away {away (away = (uward) (uoward)
from from from from '
rail) = ratl) rall) rail)
0 0 0 0 0 0
7 0 2 -1 2 1
12 0 7 1 it 1
20 1 11 2 T 1
31 6 17 5 10 3
38 15 22 11 13 T
2nd TOAD APPLICATION
0 0 0 4] 0 0
7 8 3 5 1 X
10 11 6 6 2 2
19 19 13 <11 6 5
28 26 18 16 9 T
33 36 21 22 11 10
37 L7 24 29 13 14
25 89 15 53 13 29
24 110 15 65 13 39
5 21 6 0

Aver,

Aver,
' of of
Dial Dial Dial Dials Dials
7 8 9 l1g2 384
(away  (away  (away -
from from from
rail) rall) rall)
0 3] 0 0 0
0 O 0 305 1.5
0 1 0 6 - y.
0 1 0 10.5 6.5
.1 3 1 18.5 11
3 ] 3 "26.5 16.5
0 0 4] 0 0
0 0 0 7.5 b
.0 0 0 10.5 6
) 1 1l 19 12
2 1 2 27 17
3 2 3 34,5 21.5
5 4 4 u2 + 26,5
14 9 16 57 34
19 13 23 67 Lo
8 1 7 13 10



Load

(Lb- 2‘ -,

290
400
600
800

1000

1500

2000

2500

Dlal

(away

from -

rail),

12
17,
2y
28
32
b5
56
71

Dial

(away
from

_rail)

13
18
25
29
33
by
55
70
11

15

TABIE 6

RESULTS OF TEST 5 .
‘LATERAL TOAD ON RA'I, BASE

IN, I'ROM CENILR OF RALL FASTENER

DEFLECTION (0.001 in,)

. “plal - Dlal = Dial

b
%

Dial Dlal

- 5 6 7
(toward (toward ~ (toward -

ratl) rall) . rail)
0. 0 0 0 .0
Q 0 0 0 1
0 0 1 C 1
0 0 1 -0 1
0 1 1 0 0
0 1 -0 0 0
0 1 0. 0. 0
0 2 0 0. 0
0 2 0 - 0 0
0 0 0 0 0

Average
of
Dlals

1l &2

L ~IN O NN RS
(SR IR RN R RS2 3V R0 11



TABLE 7

RESULTS OF TEST 6
'TONGITUDINAL LOAD ON RATL BASE

: Deflection (0.001 in.)
Dial Dial Dial TRaT Tial Dial Dial

Load
. (Ib.) 1 2 3 b 5 6 7
(away (away =~ (away ~ (upward) (dewnward)
from from from’ :
" load) load) load)
: 0 0 0 0 0 0 0 0
- 500 11 0 0 0 0 0 0
1000 38 0 0 0 0 0 1l
1500 71 0 0 0 0 2 3
2000 107 0 1 0 0 5 5
2500 147 0 1 0 0 7 7
3000 185 0 1 0 0 7 9
3500 236 ) 1 0 0 7 11
4ooo 293 0 1 0 0 T 14
14500 365 1 1 0 0 8 17
5000 Y5 1 1 0 0 9 18
5500 S1iding
-0 182 0 0 0 0 6 18
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Vertical Load, Kips

Moment About Longitudinal Axis, Kip-inches

400) - i

100

30.0

200 -

10.0

g I 30 40
Vertical Deflection, inches x 102

VERTICAL LOAD APPLIED TO RAIL HEAD
AT CENTER OF FASTENER

o 20, 30 4.0
Rotation About Longitudinal Axis, radians x 10-2

LATERAL LOAD APPLIED TO RAIL HEAD
AT CENTER OF FASTENER

Moment About Tronsverse Axis, Kip-inches

Total Luateral Lood, Kips

8O0}

6.0

40—

20 g

) 10 ‘ 20 30 4.0
Lateral Deflection, inches x 10-2

LATERAL LOAD ('E-) APPLIED TO RAIL BASE
AT A SHORT DISTANCE FROM FASTENER ENDS

60.0

%0.0 TR

400 |- /

200 |——

100}

o ‘ o5 10 5 2.0
Rotation About Transverse Axis, radians x 10~2

VERTICAL LOAD APPLIED TO RAIL HEAD
15 INCHES FROM FASTENER CENTER

Longitudinal Load, Kips

Moment About Vertical Axis, Kip-inches

6.0

$.0

40

3.0

20—

40.0
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