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PREFACE

This report has been prepared as a part of a subcontract .
between the Atchison, Topeka, and Santa Fe Railroad,and the
Construction Technology Laboratories of the Portland Cement
Association. '

The report presents data obtained from the Kansas Test
Track. Also, it describes instruments used for data meésure-
ment, their location in track, and test procedures. Analysis
and evaluation ofitest data are presented in Part I of the
report. o

Work on the project was carried odt by the Transportation
Development Section under the direction of Bert E. Colley and
the Structural Development Section under the direction of
W. Gene Corley and Henry G. Russell. Particular recognition is
given to Richard D. Ward, William Hummerich, Jr., George
Fessler, and other project staff for their assistance and
suggestions in the design, installation, and monitoring of the
instrumentation. _ :

Dr. R. M. McCafferty and Mr. W. B. O'Sullivan of FRA were
the technical monitofs for the work reported herein. Their
cooperation and suggestions are gratefully acknowledged. Also,
the cooperation and assiétance provided by the Atchison, Topeka,
and Santa Fe Railroad, in particular that of Mr. W. S. Tuinstra
and W. S. Autrey is acknowledged.
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INTRODUCTION

In the early 1970's the Federal Railroad: Administration
(FRA) and the Atchison, Topeka and Santa Fe Railway Company
(ATSF) jointly sponsored an investigation to evaluate the per-
formance of different track support systems. For this purpose,
a l.8-mile long test track consisting of nine sections was con-
structed adjacent to the mainline track of the ATSF, between
Aikman and Chelsea, Kansas. These test sections included con-
tinuously reinforced concrete slabs, feinforced concrete twin
beams, prestressed concrete ties, stablized ballast, and
standard wood-tie track sections. The site was chosen because
of abundant rail traffic, a long tanéen%ial section of track,
relatively flat uniform grade, and climatic conditions typical
of vast areas in the continental United States. ,

The test track was designed and constructed by several
organizations under sub-contract to ATSF, the project adminis-
trator. The Construction Technology Laboratories (CTL), a
division of Portland Cement Association (PCA), was engaged to
instrument the test track, obtain data periodically, reduce and
analyze data, and submit a report covering the findings. The.
design, development, and preparation of installation specifi-
cations for a new rail fastening anchorage system, to replace
the one originally installed in the slab and beam test sections,
also was done by PCA. '

Analysis and evaluation of data obtained from instrumen- .
tation installed in the different test sSections are presented
in Part I of this report. Details of instruments used for data
measurement and their location in track, test procedures, and

test data are presented in this report.






APPENDIX A
DETAILS OF INSTRUMENTATION

General details of the instrumentation layout for the test
sections is presented in this appendix. Also included is infor-
mation on the design and instrumentation details of the load
cell ties and rail load sensors. Details of the other instru-~
mentation are presented in Appendix F. ' ’

Instrumentation of Cross Tie Track Sections

Instrument locations in cross tie track sections are shown
in Figures Al to A4,

Strain gages were placed longitudinally on a rail cross
section at positions shown in Figure A5. Strain gage locations
were marked on the rail using the sheet metal jig. A typical
installation is shown in Figure A6.

. Strain gages were placed on concrete and timber ties at
cross sections directly under the rail seat and tie midlength
at positions shown in Figure A7. General views of strain gages
on ties are shown in Figure AS8.

Linear variable differential transformers (LVDT) with one
inch stroke were used to sense rail and tie deflections}. The
LVDT's were placed so as not to obstruct train movements. The
LVDT assemblies are shown in Figures A9 and AlO.

Instrumentation of Beam and Slab Sections

Instrument locations in beam Sections 4 and 7, and slab
Sections 5 and 5—1,-are shown in Figures All and Al2, respec-
tively. Instrumentation in beam Section 4-1 is shown in Figure
Al3. All main array instrumentation was located within a 10 ft
track seétion. The only exception was single-position vertical
extensometers which were installed by Sannon and Wilsdn, Inc.
100-, 200-, and 300-ft east, and 100-ft west of the main multi-
position extensometers. ’

Deflectometers were installed on the north side of the slab
and beams at middistance between joints, and at both sides of
the west joint as shown in Figures All and Al2. 1In Section

-Al- . E
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FIGURE AlQ0 - DEFLECTION MEASUREMENT ASSEMBLY
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(B)-Rail Load Sensors— both rails. (D)Rail Deflection— both rails. (G)-Soll Pressure Cells— at midspan
' '~ and joint under both rails.

Beam Deflection Meters— both @Rail Strain Gages—top, midand bottom
sides of joint and midspan. at both sides of both rails. @-Joint Width Plugs— both sides

of each beam.

@Concrefe Strain Gages — top, mid @Rebar Strain Gages—top and botiom o ‘
and bottom at midspan— top and bars at midspan and joint under @Seﬂlemem Targets — both sides

bottom at joints. both rails. . of each beam. '

FIGURE All - INSTRUMENTATION LAYOUT. FOR SECTIONS 4 AND 7
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@Soil Pressure Cells— ot midspan

(A)-Rail Load Sensors— both Fails.. (D)-Rai

: U and joint under both rails.
Slab Deflection Meters— both @Rail Strain Gages —top,mid and bottom
sides of joint and midspan. - at both sides of both rails. _ @Joint Width Plugs— both sides
| ' of slab.

@-Coﬂ‘cré‘te:‘;.Stmin Gages.— top, mid @Rebar Strain Gages-'_jop and bottom -
and bottom at midspan —top and . bars at midspan and joint under @-Setﬂement Targets — both sides
bottom at joints. both rails. L of slab.

FIGURE A12 - INSTRUMENTATEION LAYOUT FOR SECTIONS 5 AND 5-1
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() Rail Load Sensors— both rails. (D) Gage Bar Strain Gages. (G) Soil Pressure Cells—at midspan

Beam Deflection Meters — both @'Sﬁrmp ‘Strain Gages — midspan at

and joint under both rails.

sides of joint. ... . = . two locations. - . @ Joint Width Plugs — both sides

of each beam.

@ Concrete Strain Gages — both @Rebur Strain Gages—top and bottom

sides of both beams. - bars at midspan and joint under @ Settlement Targets — both sides
: “both rails. ' of each beam.

FIGURE Al3 - INSTRUMENTATION LAYOUT -FOR SECTION. 4-1 . -~ .



4-1, additional deflectometers were placed on the field side of
the south beam, at both ends. Deflectometers were placed on
both rails midway between the two intermediate fasteners. -

Soil pressure cells were placed at the subgrade-ballast
interface below both rails at the west joint and middistance
between joints. , _

Rail strains were monitored mid-way between the two inter-
mediate fasteners and directly over one of the intermediate
fasteners. Strain gages were attached to both sides of the rail
at the positions shown in Figure AS5.

Strains in reinforcing bars were monitored at the west joint
and at middistance between joints directly below both rails. At
each location strain gages were placed on two top and two bottom
longitudinal reinforcing bars. Duplicate strain gages were also
placed at each location as backup, in case of malfunction of the
primary gages. In Section 4-1, strain gages were placed on the
top and bottom of four different stirrups. The instrumented
stirrups were located at middistance between joints in the north
and south beams, and 30 ft. west.

Concrete strains were monitored at middistance and west
joint of the instrumented panel. The strain gages at midlength
were placed longitudinally at the top, middle, and bottom of the
concrete section directly below both rails, one inch from the’
joint. 1In Section 4-1, the concrete strain gages were placed at
middistance between joints on both sides of both beams. The top
and bottom gages were placed longitudinally one inch from the
top and bottom surfaces of the concrete, respectively. The
center gage was located at midlength of the beam at a 45°
angle.

Gage bars used to hold the north and south beams at the
proper spacing were instrumented at Section 4-1, Strain gages
were placed on the opposite sides of the gage bars located 2.5
ft east and 32.5 ft west of the midlength of the instrumented .
beams.

Rail load sensors were placed, in recesses in the top sur-

face of the concrete, under the two intermediate fasteners for
each rail. |

-Al5-



‘Design and Instrumentation of Load Cell Ties

A substitute tie was made for each of the six cross tie
track sections to measure rail seat forces entering the tie and
reaction forces on the base of the tie. The base of the tie
was separated into 10 equal base pads. A special plate was
provided on the top at each rail seat. Strain-gaged studs sup-
ported the two rail seat plates and the 10 base pads from the
tie structure. The stiffness and the exterior dimensions of
the tie structure were similar to the adjacent concrete or tim-
ber ties.

Stiffness Representation - Concrete Ties

Stiffness of three concrete ties was determined 43 days
after manufactﬁring by bending the ties and measuring the
deflections. Ties were supported upside down at the rail seats
to form a 60-in. span. Load was applied on the bottom surface
at two points 16 in. apart as shown in Figure Al4. Center
deflection was measured for loads up to 10 kips with a dial
gage graduated in 0.001-in. increments.

Test results shown in Figure Al4 indicate that a l-in. mid-
span deflection occurred for a 220.69-kip load. Midpoint
deflection is dependent on section dimensions and modulus of
elasticity, Ec' of the concrete. Based on cross-sectional
moment of inertia and moment diagram, shown in Figure AlS5, it
was calculated that a 1-in. midspan deflection occurs for 0.0474
Ec—kip load. Therefore, the modulus of elasticity correspond-
ing to these data is 4.65 million psi. The average modulus of
elasticity of 4.32 million psi, measured on two companion test
cylinders,‘ agrees favorably with this value. The load cell
ties were designed for a modulus of elasticity of 5 million psi.
The increase was intended to accommodate the increase in modulus
value with time. A load-deflection comparison for a 2-1/2—yr;
0ld concrete tie and a load cell tie is shown in Figure Al6.

-Al6-
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Stiffness Representation - Timber Ties

Stiffness of three wood ties was determined by bending the
ties and measuring the deflections. Tests were conducted in
the same manner as for the concrete ties except that the maximum
applied load was 5 kips. Test results are shown in Figure Al7.
These data indicate that for red oak ties a l-in. midspan
deflection occurred for 91.74 and 82.51 kip loads for a
7x8-1/2-in. and 7-1/8x8-1/4-in. tie, reépectively. For the
7-1/2%8-in. white oak tie, a 1-in. midspan deflection occurred
for a 82.51 kip load. Considering a uniform cross section and
the applied bending moment diagram, the calculated midspan
deflection was 0.0002461 EI. The modulus of elasticity corre-
sponding to these data varies from 1.35 to 1.53 million psi for
the red oak and is 1.39 million psi for the white oak. The
design of the load cell tie was based on a modulus of elasticity
of 1.33 million psi. A load-deflection comparison of the load
cell tie and a white oak tie is shown in Figure Al6.

Design of Basic Structure - Concrete Load Cell Tie

Design loading for the structure was chosen to be greater
than that needed to cause cracking in the concrete ties used on
the Kansas Test Track. Calculations indicate cracking at 227
in.~kip at the rail seat and 147.5 in.-kip at midlength. For a
uniformly distributed tie-~ballast pressure, these bending
moments correspond to a load of 42.5 kips at each rail seat. A
rail seat load of 50 kips was chosen for design. Design stress
of 20 ksi in structure, 8 ksi tensile stress in welds, and 5
ksi shear stress in welds was used. Torsion bﬁ the structure
was calculated assuming that the 50-kip rail seat load acts
eccentric with an eccentricity equal to 1/6 of the tie-width.
Therefore, the design torque was 91.8 in.-kips.

The interrelated requirements of stiffness and strength
were met by uSing the 3-tube basic structure shown in Figure
Al8a. The midlengthICrdss)section extends the full length of
the tie. The main channel (-1) and the two angles (-2) were
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formed from flat sheet steel. As shown in Figufe Al8b, stiff-
ness was increased at the rail seat by adding two angles (-4),
bottom plates (~16), and top plates (-5).

Design of Basic Structure - Timber Load Cell Tie

The loading chosen for design was that necessary to produce
1.5 times the normal design bending stress of 1,400 psi for oak
timber. For a uniformly distributed tie-ballast pressure, this
stress corresponds to a 27.5 kip load at each rail seat. The
corresponding design moments are 147 in.-kip at the rail seat
and 87.5 in.-kip at midlength. Based on the same assumption as
for the concrete tie, a design torque bf 36.7 in.~kips was
calculated. Design stress of 1,400 psi was used.

The 3-tube structure shown in Figure Al9 was used for the
entire length. The main channel (-1) and the angle (-2) were
formed from flat sheet steel. L '

Assémbiz :

The exterior height from the base of rail to bottom of the
load cell tie was similar to that of theisimulated tie. Also,
the width and length of the bottom surface of both ties were
similar. The exteriors of the ties are shown in Figures A20
and A21l. At each rail seat there was a steel plate for rail
attachment. Each rail seat plate was supported by 6 steel ‘
studs above the main structure. The bottom of each tie was -
covered by separate U-shaped base pads. Each base pad was
- supported by 4 steel studs below the main tie structure. The
separation between base pads was covered with cloth tape as
seen in Figure A21. v

A cross section of the load cell simulating a concrete tie

is shown in Figure A22. The rail seat plate (-12) was supported
by studs (-15) from the structure (-2). The base pad, consist-
ing of lower plate (-7) and side plates (-6), was supported by
studs (-14) from the structure (-2).

A cross section of the complete timber tie is shown in
Figuré A23. The rail seat (-6) was supported by studs (-13)
vfrom thé structure (-1). The base pad, consisting of lower

-A23-



-y~

%n — e » i\séu o

f—— ol ———>

CROSS SECTION OF STRUCTURE - FULL LENGTH

FIGURE Al9.— STRUCTURE OF TIMBER LOAD CELL TIE



T &

Rail seat plate

¢

COMPLETE "CONCRETE TIE" ASSEMBLY
-SIDE-

//—Rail center———/

/Roil seat plate
i : |

| | I |

COMPLETE "WOOD TIE" Ass:zh
— SIDE -

FIGURE A20 - TIE ASSEMBLY

Base pad

=

END

END



FIGURE A2l - LOAD CELL TIES

~A26-



I

£
NRNRAANS

KRR A

NOSIOWNANK
/|

Al

=+

b &

-1
NN

| r///fV/ VXN T 7777

CROROIO

FIGURE A22 - CONCRETE TIE ASSEMBLY - CROSS SECTION

AT RAII. SEAT ANCHOR BOLT

~A27-.



o

?ji‘“ '
)

0 5

%
?
%

10
s /////A// .

_
7Z W Lu \
% | | \  @

N\ /

) /I\ TRNS SRS

e H\\\\\{hi\\s .

FIGURE A23 - WOOD TIE ASSEMBLY - CROSS ECTION

AT RAIL SEAY

-A28-



plate (-5) and (-4) was supported by studs (-14) from the
structure (-1). Upper side-plates (-15) were used at the rail
seats to compensate for strength-loss where holes for studs
(-13) passed through the structure.

The six support-studs under each rail seat had a 0.948-in.
diameter. Design calculations included a 10-kip horizontal load
applied at the rail head in addition to the vertical rail seat
load. The four support-studs for each base pad had a 0.774-in.
diameter. Each stud was threaded on one end to screw into the
tie structure. A threaded hole at the other end of a stud
accepted a machine bolt to it to a rail seat plate or base pad.

Instrumentation

Two axial and two transverse strain gages were cemented to
each sensing stud. The axial gages were placed at 180° apart
on a cross section midway between end disturbances. A trans-
verse gage was cemented adjacent to each axial gage. Foil gages
with a 2-mm gage length on phenol-epoxy backing were cemented
using an epoxy.

Electrical wiring from individual studs were soldered to a
terminal strip to form a complete strain-~gage bridge sensitive
to vertical load, for each base pad and rail seat. Shielded
cable was used from the terminal strip to multipin connectors
at one end of the tie. A removable cover plate in the end base
pad provided access to the plug-in connectors.

Prior to final assembly and wiring of the studs, the stud
groups were calibrated. The six rail-seat studs or the four
base studs were screwed into a calibration plate and temporarily
wired into a bridge for calibration. Strain was recorded as a
test load was applied in increments to a maximum of 20 kips for
base-pad cells, and 80 kips for rail-seat cells. Estimated
calibration factors were approximately 20 and 50 1lb per mil-
lionth strain for the base~pad cells and the rail-seat cells,
respectively.

~A29-



Electrical Insulation - Rail to Rail

The fastening system used in the concrete tie track provided
electrical insulation at eaéh rail. A rubber pad and insulated
clips prevented short circuit between rails. The same insula-
tion was provided in the load cell tie.

The fastening system used on timber tie track does not need
insulation since timber is a nonconductor. The rail seat was
designed to allow for a wrap-around insulation on the rail base
at the load cell tie. This detail is shown in Figure A24. A
0.1-in. thick polyester and fiberglass insulation was cemented
to a clean rail surface across the bottom and up around the
base .for 1-3/8 in. along the top surface. The total insulated
rail length was 12 in. A 0.l-in. thick sheet steel was cemented
on the outside of the insulator as a wearing surface. The rail
seat plate was shaped to fit the insulated rail just as the
adjacent tie plate fits a bare rail. A ‘machined simulation of
a rail spike allowed 3/8-in. vertical rail movement free of the
tie.

Details of Rail Load Sensors

Rail load sensors, similar to those shown in Figure A25,
were designed and built to monitor vertical and lateral rail
loads. The sensors were installed in recesses between the fas-
tener and concrete. The top and bottom plates were bolted to
the fastener and concrete, respectively.

Sensors were designed so that the top plate, which was sup-
ported on two rockers, could bend and move laterally. Vertical
loads were determined from the bending of the top plate and the
lateral loads were determined by the lateral movement (or force
applied to two load-cell spindles). Bending in the top plate
was measured by strain gages bonded to the bottom surface of
the plate.

Static and dynamic calibrations of the sensors were done
initially in the laboratory. Upon installation of the sensors
in track, difficulties were encountered, primarily due to the
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field condition of the fasteners. Details of the problems are
presented in Appendix F. In January énd February 1975, addi-
tional laboratory tests were conducted to improve the method of
installing and calibration. To improve the sensitivity and

per formance of the sensors, a shim was installed between the
center of the top plate and the bottom of the fastener. Sensor-
installation modifications and field calibration of each sensor
at all locations greatly reduced many of the initial problems.
During the April 1975 data-acquisition trip the vertical load
sensors functioned properly, but the lateral load sensors did
not provide worthwhile data. The project was terminated before
any further work could be done on thg sensors.
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APPENDIX B
DATA REDUCTION METHODS AND SAMPLE DATA

A data trace was produced on each channel of each oscillo-
graphic recorder as a selected train passed over a selected
test section. A copy of two such traces is shown in Figure Bl.
The recording paper was moving at a rate of 25 mm per second
under the recording stylii. The stylii were at a rest or zero
position before deflecting to 12 successive peaks due to three
locomotives passing the test section. Then each wheel of the
following cars indicated its effect by stylus movement.

Stylus movement was converted to engineering units of
strain, force, pressure or displacement using the following
equation:

EU (A - B)CD
_ E
where EU = engineering units
o A = stylus position at peak due to wheel, mm

B = stylus rest position, mm from edge
C = factor
D = range setting on oscillograph
E = Stylus displacement, mm, at calibration prior tb

train passage.

The factor, C, is predefined by gage factor for strain gage
channels and by precalibration for other items. Methods used.
to define factors and to produce the calibratipn,,E, are des-
cribed in Appendix F. The upper trace in Figure Bl was recorded
in Test 4, Section 2, Train 2, Channel 9 which is an interface
pressure cell under midlength of the lo§d cell tie. For the

first wheel in this trace:

A = 35.2 mm from edge to peak,
‘B = 14.8 mm from edge of trace,
C = 0.448 psi per mm,

b = 20,

E = 10.3 mm,

-Bl-
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Therefore,

(35.2 - 14.8) (0.448)20
10.3

EU(interface pressure) = 17.7 psi

This result is shown in Table C8 of Appendix C as reduced
data for wheel number one for the défined data line. The wheel
load for the leading train axle was 33 kips as shown on the last
line of Table C8.

Data was further summarized by dividing each result by the
wheel load. The maximum, minimum, and average ratios were then
used to describe a group of data.

For the sample data being considered, the ratio is 17.7
psi/33 kips or 0.536 psi per kip of wheel load. The average
interface pressure for this item is 0.57 psi per kip as shown
in Table 23 of the report. | ,

Further reductions were done on rail and tie data. Rail
strain data were used to calculate rail curvature due to wheel
load and to calculate stress at the top of rail head.

g = TU-1L) o

N S

where S = stress at top of rail head, psi
T = distance of top surface to neutral axis, in.
U = strain at upper gage (average)
L = strain at lower gage (average)
N = distance between upper and lower gage, in.
E, = modulus of elasticity of rail steel, psi

Tie strain data were used to calculate tie curvature and to
calculate bending moment in the tie.

(U - L)

M N (Et I)

where M is bending moment, in.-1lb
(Et I) is stiffness of tie cross section, 16-in.2
The stiffness used for timber tie calculations was 335 mil-

lion 1b-in.? 35 described in Appendix A. Similarily, stiff-
ness of concrete ties at midlength was 877 million and at the
rail seat was 1,945 million lb--in.2
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Acceleration data was stored on magnetic tape &t the ori-
ginal train passage. This data was reduced to poﬁéx spéctfal
density plots as described in Appendix E. Peak values calcu-
lated for a range of frequencies are shown in Tables 24 and 25
for rail and tie accelerations, respectively.

G = 1.414 FXloiEil-a—Ii)—

where G = acceleration amplitude in' g"s
‘F = frequency, Hz
FS = full-scale db relative to 1 gz rms/hz

L = db relative to full-scale -
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APPENDIX C
TIE TRACK DATA

Data reduced from oscillograph records are shown in Tables
Cl to C24 for tie track Sections 1, 2, 3, 6, 8, and 9. The
appropriate engineering units are listed in the data-description
line. Each column records the effect of the locomotive wheel
numbered at the top of the column. Data‘values of 0.0 indicate
non-existent data. The wheel load is 1listed at the bottom of
each column. For Tests 1 and 2, the same train was used for
all sections. The wheel loads are as tabulated in Table Cl.

For Tests 3 and 4, 2 or 3 trains were used to obtain the
data. Wheel loads for all trains appear in the last lines of
the tables. The TSRCH code number identifies the train used
with each line. The TSRCH is a 5 digit number where the first
digit indicates the test number, the second digit is the section
number, the third digit is the run or train number, and the last
two digits are the original channel number. Thus, if the 3rd
digit is 2, the data line resulted from the wheels of the second
train..

Data obtained from accelerometer tape recordings for tie
track sections are shown in Figures Cl to C27. Figures show
power spectral density of accelerations versus frequency as
described in Appendix E, Accelerometer Data Reduction Procedure.
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«AT0 LENGTH

~mID LENGTH

MATN
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MAIN
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100
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MALN
BAIN

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

FY

F1
Fy
ARRAY
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HAIN
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MATN
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LTSL
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MATN
qATN
[ T3L]
HATH
»ALN
HAIN
MATN
MATN
MAIN
MAIN
MAIN

ARRAY
ARRAY
ARRAY
ARRAY
ARAAY
ARRAY
ARRAY
ARRAY
ARRAY
FLGTY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

MAIN ARRAY

MALN

. MAIN
«wHEEL LOAD

ARRAY
ARRAY

EAST-NO,RATL SEATY
CAST-NQL,RATL SEAT
CAST-n0,RATL SZAV
EAST-HI0 LENGTH
EAST-MID LENGTH

=HORTH EHD OF
=RAIL ¥IDSPAN
-NO,RAIL SEAY
<HID LENGTH

=50,RatL SEAT
-NO RATL SEAT
-MID LFNSTH

-50.RATL SEAY

=NORTH RAIL
~#10 CRIB

©SOUTH RATIL
«NORTH SEAY
«SQUTH SEAT
~BASC
-BASE
«BASE
~BASE
~BASE
=B8AST
~BASE
-BASE
-BASE
-BASE

PAD
PAD
PAD
PAD

PAD - 1
PAD
PAD
PAD
fab

PAD -

2
3
9
]
5
14
8
b4
o

1

TEST DATA

TSACH

UPPER GAGE ~MILLTONTHS 11218
%10 GAGC ~MILLIONTHS 11226
LOWER GAGE ~MILLIONTHS 11227
UPPER GAGE <MILLIONTHS 11228
“ID GAGE =MILLIONTHS 11229
LOWER GAGE -MILLIONTHS 11222
UPPER GAGE ~MILLIONTHS 11236
1D  GAGE -MILLIOWTHS 11237
LOWER GAGE -MILLIONTHS ° 11225
UPPER GAGE <wILLIONTHS 11201
MID  GAGE =MILLIONTHS 11202
LOKER GAGE -MILLIONTHS 11203
UPPER GAGE <MILLIOYTHS 1323%
MID  GAGE ~MILLIONTHS 11234
LOWER GAGE -MILLIOMTHS - 1123%
UPPER GAGE ~MILLIOHTHS §1231
LOWER GAGE =WILLIONTHS 11232
UPPER GABE ~MILLIONTHS 11204
HI0  GAGE ~MILLIONYHS 1120%
LOWER GAGE =MILLIGNTHS 11206
UPPER GAGE =MILLIONTHS 11207
LOMER GAGT ~MILLIONTMS 11268
INST TIE =INCHES titae
RETWEEN TIES-INCHES 11125
GF INST TIL -PS! 14209
OF 1457 YIE 11210
nf INST VIE 11211
oF L0aD TIE 11212
oF L0aD Tif 11213
OF L8aD TIE 11214
BETWEEN YIES <-P3I 11219
BEYWEEN TIES ~PSi 11216
BETHEEN TIES «PSI 112L7
LOAD CELL TIE -X1P3 11127
toaD CELL TIL ~XIPS 11128
NORTH END ~-KIPS 11129
«X1PS 11138

-KIPS t1131

~XK1PS 11132

-uiPi 11133

«K1PS 11130

«-KIPS 11138

-NIPS 11136

<K IPS 11137
SAUTH ENN «KIPS 11138

«X1PS

FOR TEST'l ON SECTION 1

1 2 3 L 3 6
-207.1-!’7.1-206.1-202.\-20!.l-l!3.’-200.l-|'ﬂ-!-1

30.2 37.2 #.6 30,2 £,9 23,3 0.8
42,3 39.2 2,0 39.% 37.% 36,1 37.8
28,0 31,0 31,0 31.6 23,2 21,8 25,0
10.0 11,3 9.¢ 8,0 9.4 8,8 6,6
8,0 0,0 0,0 0,0 0.0 0,0 0,0
«39.8 30,0 =33,1 =32.1 «30.0 =27.2 -31.7
21.2 23,3 21.0 22,2 22.2 2%.0 21,2
223,6 210.8 215.5 208,95 194,3 191.0 192,2
eT8,3 «B0.% =6341 ~34.8 =34,8 «69.6 -52.2
62.9 60,8 62,9 65,2 60,5 41,9 44,2
137.0 157.5 125.,6 127.9 93,6 130,2 100,95
“9.5 «10,0 =B.9% =10.0 +9.7 =1l.4 -0,9
0.0 0,8 0.0 0.0 0.0 0.0 0,0
8.0 9.0 0.0 0,0 0.0 0,0 0,0
29,5 27.0 29,3 25.8% 24,9 27.0 27.0
2218 0227 2199 «20.9 «19,2 ~20,7 ~20,2
eB8T7.9 =98.9 *76.9 03449 «T6.9 =87,9 -6%,9
0.0 0.0 0.0 0,0 8.0 0,8 0.0
84,3 86,3 B6,%5 T9.9 8A.3 102,31 89,7
16,0 13,7 18,8 1l.4 10.2 12.5 11,4
e16,4 «16e8 ~18,2 214,22 «13,1 =14,2 «ti,1
0.2 8.2 0.2 0,2 0,2 0,2 0,2
2.8 6.0 0,0 0,0 .8 0.0 0.0
N, 4T.8 6.4 87,2 9.1 50,5 6.8
19.5 21.%1 20,1 21,7 21.0 22.4 19,1
31,5 34,7 32,9 33,8 32,4 34.8 32.7
8,0 0.6 0,0 0.0 0,0 B.6 0.0
15,8 17.0 ‘16,8 16,6 18,0 18,3 14,0
30.6 32,3 30.6 32,1 32.2 32.n 31,0
1.7 1.8 1.7 1.8 1,9 2.0 1.8
0.0 0.0 0.0 0,0 0.0 8.0 0,0
7.3 8,8 7.5 8.7 A2 10,0 .4
18,3 16,2 14,1 18.5 15,6 16,7 13.6
16,9 18,9 14,4 16,3 15,6 16.8 14.6
0.0 o, 0,0 0,0 0.0 0,0 0,0
2.9 2.8 2.7 2.8 2.9 2. 2.7
2,6 0.0 0,06 0,06 0,0 0,0 0,0
8.0 0,0 0,0 0,6 0,0 0,0 0,0
1,9 2,1 1.8 2,0 2.0 2.2 1.8
0,0 0.0 0,0 0,0 0.0 0,0 0,0
4,3 8.7 8,2 4.6 4,7 N4 L T3]
0,0 68,0 0,0 0.0 6.0 0,0 0,0
2,7 3.1 2.8 3.2 2,9 3.1 2.9
0,0 0,0 0.0 0.0 8.0 0.0 0,0
35,10 35,18 34,60 34,60 31,18 31,18 29,92

REOUCED AAIL DATA

WNEEL NUMBER
14 L]

10 11 12
5603-164022208,1-160.2

7.9 27,9 253 6.9 20,9
33,2 35,8 36,9 38,0 3u.6
19,0 18.% 20.8 23,8 23,2

9.4 9.7 8.8 11,1 1l.1

0,86 0.0 0.0 8.0 0,8

23,0 ~23.0 «24.4 =30.7 ~24.7
2%.8 26.6 26,3 20.7 23.8
167.7 180.5 193.3 201,35 182,9
“13.0 =26.1 78,3 ~43,5 -33.0
62.9 S1.2 37,2 53.9 43.9
73,0 59,3 125.6 162,7 102.7
9,7 +9.7 -10.3 =8,9 9,7

6.0 6.0 0.0 0.0 0,0

6,0 0.0 0,6 6,0 0.0-
26,9 24.9 26,2 24,7 2642

219,93 20,6 «21:3 =19.9 =19,9
88,9 34,9 =8749 63,9 «63,9

0,86 0.0 0,0 0,0 0.8
84,3 82.1 102.1 93,8 93.2
10,2 18.2 1l.4 11,8 20,2

12,0 ~10.9 <14.2 -18,2 ~13,1

0.2 0.2 0,2 0.2 0.2

0.0 0.0 0.0 0.0 8,8
56,8 49,7 50.1 47,6 98.0
20.8 21.7 22.% 21,0 22.0
34,5 34,7 3%.9 32,9 3%.2

0.0 0.0 0.0 0.0 0.0
16,4 17,3 18.1 17,0 1T.S
31,7 32.2 32,9 31,6 33.%

1.9 2.2 2.1 1.3 2.8

0,6 6,0 0,0 0,0 0,0

9.6 10,1 10.7 6.4 7.6
18,1 15,7 16+2 18,7 14.7
19,0 1%.9 17.% 18,7 17,3

0,8 Q.0 0,0 0,0 0,0

2.7 2.9 2.9 2.7 2,7

0.0 0.0 ©,0 08,0 0,0

0,0 0,0 0,0 0,0 0,0

2.0 2.1 2.2 2,0 2,0

0,0 0.0 0.0 0,0 0,08

N4 %6 .9 4,8 8,7

0.0 0,0 0.0 0,0 0,0

2.9 2,9 3.3 2.8 3%

0.0 0.0 0.0 0,8 0,0
29,92 30.65 30.63 29,83 29.8%
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ARARY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARARAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

«MHEEL LO0AD

“AT TIC
~AT TIE
~AT T1g
«AT T1g
~AT TiC
-AT TIf

~BETWELN
~BETNEEN
~BETWELN
100 FY CAST-BETWEEN
100 FT ZAST-BETWEEN
188 FT CAST-BECTWEEN
=HGRAIL
=Ng,.RATL
=N RATL
=MID LLNGTH

ARRAY -MID LCHSTH

108 FY EAST~HO.RATL SEAT
ige FT fAST-MO,RATL SEAY
1068 FT EASTHO.RAIL STAT
100 FY EAST-MED LENGTH

100 FY LAST-MID LENGTH

=NOATH EHD OF
~RalL MIDSPAN
~HO.RATL SEAY
=MI0 LENGTH

«SG,RATL SEAT
=N, RAIL SEAY
~RID LFNGTH

~S0.RAIL SEAT
«NORTH RAfL BEYWEEN YI£S$

=m0 CRI3

-S0UYH RATL
=HORTH SEal
<SQUTH SEAT

~BASE
~BaSt
-BASE
-BASE
~BASE
-8ASE
~BASE
-BASE
-8aSE
~BASE

PAD
PAD
PAD
PAD
PAD
PAQ
PAD
PAD
PAD
PAD

TABLE C2

T1Es
TIES
TIES
TIES
TIES
TIES
SCAT
SEAT
SEAT

*NORTH UPPER
«NORTH
«NORTH
«SOUTH
-SOUTH
«SOUTH LNWER

L1{]
LONER
UPPER
MID

UPPER
L3 1{:]
LOWER
UPPER
«io
LOWER

GABE
GAGE
GASE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
SAGE

UPPER BAGE

LJ.0:]

LOWER
UPPER
LOWER
UPPER
®ip

LOWER
UPPER
LowgER

BAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGT
GAGE
SA6€

INST TIE
RETWEEN TIES-INCHES

OF INSY
OF INST
oF INSY
OF LOAD
of L0an
QOF L0a0

vie
TiE
TiE
TI€
TiE
TIC

BETWEEN TIES

-1
2

3
[ )
s
[
7
8
9
0

NORTH

BETWEEN TIES
LOAD CELL TIE
LoAD CELL TIE

END

SNUTH FND

«MILLIONTHS
«MILLIONTHS
«MILLIONTHS
~MILLIONTHS
~MILLIONTHS
~HILLIONTHS
~MILLIONTHS
~HILLIONTHS
“MILLIONTHS
~MILL IONTHS
M ILLIONTHS
«HILLIONTHS
eMILLIONTHS
oMILLJONTHS
~BRILLIONTHS
~HILLIONTHS
-BILLION71HS
»MILLIONTHS
~BILLIONTHS
=MILL TONTHS
«MILLIONTHS
«MILLIONTHS
«{NCIHES

-pSt

-pSI

-PSl

-PS1

-X1P§
-MIPS
~K1P§
*K1PS
-X1P§
-XIPS
-K1PS
«K1PS
*KIPS
«KIPS
-HIPS
«HIPS
“X1PS

YSRCH

21218
21226
21227
21228
21229
21222
21236
21237
2122%
21201
21202
21203
21233
2123y
21233
212351

© 21232

21204
21208
21204
21207
21208
28124
21129
231209
21210
21211
21212
21213
2121y
21218
21216
21217
21127
21128
21129

21130,

21131
21132
21133
2113y
21138
21136

. 21137

21138

20,9 20,9 -13,9 16,3 0,0
39,3 38,9 39,2 38,9 33,8
33,9 39,9 34,5 4i.l 22.6
0,8 0,0 0.0 0,0 0.0
0,0 0,0 0,0 0,0 0,0
=34,9 34,9 «31,7 =33.8 -33.3
8.0 0,0 0,0 0,0° 0,0
229,98 216.6 21%.3 208.% 191.0 3
=65,3 ~89.2 «B80.% -69.3 -37.0
“38,9 ~88.9 -37,2 31,2 34,9
118,7 141,46 102,7 16,4 34.8
*8,2 «9.7 =Rl =%.4 =9,2
0,0 0,0 0,0 9,0 0,0
0.8 4.0 8,0 0.9 0.0
27.2 28.7 31.5 26.9 2.5
«19,9 219.5 =21.3 «21,3 ~-19,%
54,9 ~87.9 ~6%5.9 -6%.9 ~87.9
0,0 0.8 9.0 0,0 0.0
93,2 99.8 68,8 7t.,9 91,0
18,2 17,1 18.2 10,2 8.0
*16,2 *182 ~14.2 «15,3 o13,1
0,0 0.0 0,0 0,0 0,0
n.0 4,0 8.0 0.6 0.0
34,5 B7.2 54,0 96,3 5%.6
18.6 19,A 17,6 19,6 13a.8
1.9 12353 11.9 12,5 11,9
6.8 0.0 9,6 0,2 0,0
1476 17,7 16,3 17.4 18.2
28,2 27,2 Q2,2 7.5 26.4
0,4 0.6 0.5 0.6 d.6
2,2 2.6 2.9 2.8 2,8
8.9 8,4 6.9 a,0 7.7
16,2 15,7 13,1 16.2 19,.%
0,08 9.0 8.0 6.0 0,0
0.0 0.0 8,0 0.0 0,0
2,8 2.6 2,3 2,7 3,3
0,06 0,0 0,0 0.0 a,0
0,0 0.0 9,0 0,0 0.0
1.9 2.6 1.8 2,0 2.3
6,0 4.0 0.0 G.0 0.9
3.1 3.2 3.8 3,2 3.3
0.0 0.0 8.0 0.0 0.0
3.0 3.3 2.9 3.1 2.9
0.0 0.0 6,8 6,0 0,0
39,18 33,18 34,560 34,60 31,18

RCOUCED RAIL DATA
WHEEL NUMBER
7 L]

IR EEEE

20,9
31,8
23.8
0.0
0.0
-2%,0
0,0
171.2
-10,.8

TEST DATA FOR TEST 2 ON SECTION 1

2,3
33,9
39,9

0.0

a.0

-24.4
0.0
179.4
=21.7
-20.9
5042
«12.8

8.0

9,0
36.9

~264%
«87.9

5,0
93,2

Yol

«13.1

8.0

0.0
96.3
39.8
18.2

0,0
19,2
28.7

0.8

2.6

8.%
18.2

0,6

0.0

3.1

0.8

g.0

2.6

0.9

3.2

6.0

303

0.0

30.45 30,63 2

1 2 3 L] 3 10 1
“219,0-205,120043194,1-10%,2~179,2=181,215%,32163,2-175,2-189

46
26.1
4.4

0.0

g.0
51,0
22.7
13.6

0.0
194
27.7

6.8

249

Ve
18,5

6.0

0.0

3,1

0.0

f.0

2.3

0.0

© 3.3

6.0

o2

8.8

1

'l‘
36,1
33.9

0,0

8.0

314
0.0
19%.9
-1%5.2
-27.9
93,6
-9.2

0.8

6,0
29.9

~16.7
«T6+9

0.0
9.0
11.4

-in.2

0,0

e

@?U.UQNQ‘NOQMGUQ

.

12
«1-149,3

S 29,83
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TABLE C4 - TEST DATA FOR TEST 4 ON SECTION 1

REDUCED RAIL DATA

TSRCH ) WHEEL NUMBER
1 2 U L3 L [ T [} 9 10 11 12 13 1 13 16 17 18

RAIL STRAIN AT NAIN ARRAY =AT YIE -NORTH UPPER GASE -MILLIONTHS s1tol 0,0 0.0 8.0 (9] .0 9.0 Q.0 6.0 0.0 0.0 0.0 0,0 0,0 G0 0,0 8.0

RAIL STRAIN AT MAIN ARRAY <AT TI£ <NORTH MID  6AGE =MILLIONTHS 81102 35,4 42,6 39,35 3A,7 39,3 w2,1 &n,8 w1,3 37.6 36,5 33,8 s1.3 0,0 06,0 0,0 0,0

RAIL STRAIN AT MAIN ARRAY <AY TIE ~NORTH LOWER GAGE ~RILLIONTHS #1103 207,2 216.7 209.0 206.6 192,4 201,9 197,7 19%.7 209.0 199,93 198,3 222.7 0.0 0,0 0,0 0,8

RAIL STRAIN AT MATN ARRAY =AT TIE ~SOUTH UPPER GAGE -MILLIOWTHS ~ 41108 <100.8 091.10103,1=115,1011%,32119,12128,R80105,6-129.6-12141-139,2+110.4 0.0 8.0 6,0 2.0

RAIL STRAIN AT MAIN ARRAY =AT TIE ~SOUTH HID  GAGE ~MILLIONTHS 41109 40,8 83,4 41,9 6.3 39,1 35.6 31,4 45,1 15.6 33,2 48,9 #0.3 0,0 0. 0,0 0.0 8

RAIL STRAIN AT - MAIN ARRAY ~AY VIE «SOUTH LOWER GAGE -MILLIOUTHS #1106  166.9 172.% 172.9 177.8 171,3 178.4 177,3 185.0 164.0 161.4 167,% 183.3 8.0 0.0 6.0 0.0 o

RAIL STRAIN AT MAIN ARRAY <BETWEEN TIES UPPER GAGE -MILLIONTNS %1107 5,0 0.0 0.6 @06 a,86 0,06 0.0 0.0 0,0 0.0 0,0 0,6 0,0 0,3 0,0 0.8 @

RAIL STRAIN AT MAIN ARRAY <BLTWEEN TIES MID  GAGE -NILLIONTHS w1108 10.0 18,8 10.6 15.4 15,4 10.6 10,0 13.6 12.8 10.6 ~19,5 9,84 0,06 0,0 0.0 9.0 @

RATL STRAIN AT BATH ARRAY ~BETWEEH TIES LOJER GAGE ~MILLIOWTWS 81109 204,% 218.6 190.% 209,95 183,89 18%5.% 169,3 171,6 218.6 198.7 229,2 229.2 0,0 0,0 0,6 0.0 O

QAL STRAIN AV, 100 FT EAST-BLTWEEN TIES UPPER GASE »“ILLIOWIHS W1138 «10%.6 =91.5<116.4 =998 =80.2 =93,7=114.7 =92.8 «91,9=10202-107,9 -99:% 0,8 8.0 0.0 0.0 0.8 .

RAIL STRAIN AT 100 F7 ZAST-BETWEEN TIES M]0  GASE ~MWILLIONTWHS “1119 21,9 21.9 10.9 17.5 12.0 19,2 8.2 19.2 31.8 27.4 17,5 a8 0.0 0,0 0,0 &.,0 0,8

RAIL STRAIN AT 160 FT EAST-BETMEEN TILS LOWER GAGE -MILLIONTHS 01120 12.5 12,3 186.0 30.0 a.7 11,2 A7 8,7 10.0 8.7 8,7 8,7 0.0 6,0 0.0 0,0 6.9

TIE STRAIN AT  MAIN ARRAY <~NG,RATL SEAT UPPER GAGE <MILLIONTHS 81110 <686 <BSek ~62.9 ~77.3 =86.6 +7709 =38.9 =68.7 =777 -B2.5 ~61.7 =47.7 5,0 0.6 0,0 0.0 0.0

TIC STRAIN AT HAIN ARRAY -NO.R2IL SEAT MI0 626 ~MILLIGNINS 81111 72,3 97.9 7S.1 91,8 76.1 99,0 70,7 99.5 11%,9 102.8 66,3 .6 0,6 0,0 0,0 6,0 0,0

TIE STRAIN AT MATN ARRAY ~NQ,RAIL SEAT LOWER GAGE ~#ILLIONTHS € il 18,6 23,2 8.7 19,2 19,8 22,0 4.7 19.8 19.3 18,6 18,1 22.6 0.0 9,0 e,.0 “c° 0.8

TIE STRAIN AT . MAIN ARRAY «MID LENGTH UPPER GAGE ~MILLIOWTHS 41113 89,8 BA.2 B6.% 08,8 6.7 86,5 RA,2 A4.B 95.0 89,4 B8,2 86,3 0.0 9.0 0.0 .0 [ 13

TIE STRAIN AT - MAYN ARRAY -MI1D LENGTH LOMER GAGE -MILLIONTHS #0118 «96.5e115.4 «93.7-113.1 =93.02113,A «91,1-114,94-105.6=117+5 -89.6-108.1 0.0 0,0 5.0 0.0 0.8

TIE SYRAIN AT 100 FT CAST-NO.RAIL SEAT UPPER GAGE -MILLIONTHS 81121 =70.3 =76.7 =T6.1 67,1 =576 ~62.% <65.5 <6747 =60.3 ~70.8 -70.8 -67.7 0.0 0.0 0,0 0.0 0.8

TIE STRAIN AT 108 FY CASY=NO,RAIL SEAT MID  GAGE ~MILLIONTHS §1122 .0 0.0 0.0 0.0 N, 6.0 0,5 0,0 6.8 0,0 0,0 0.0 0,0 0,0, 0,0 0,0 8.0

TLE STRAIH AT 180 FY EAST-NO.RAIL SEAT LOWER GAGE ~MILLIONTNS 4123 0.8 . 0.0 0,0 0.0 8.9/ 0.0 0.8 04,0 0.0 0.0 0,0 0,0 0.0 0,0 0,0 6 0.8 0.2

TIE STRAIN AY 180 FT EASY-MID LENGTH UPPER GAGE ~HMILLIONTHS 41128 0,0 0,0 : 0.0 0.8 0.9 8.0 8.0 0.0 0.0 ¢.0 0.0 0.0 8.0 0,0 0.0 0.9 0,0 8.2

VIE SYRAIN AT  1og FY EAST-MID LENGTH LOWER GAGC -MILLIONTHS 41328 0.0 0.0 ‘0.6 0,8 6,0 0, 0,0 0,8 0.0 0,0 0.0 0,0 0,0 0,0 0,0 0.0 0.t 8.0

GEFLECYION AY  MATN ARRAY -NORTH ENO OF INSY VIE «INCHES 51208 0.2 0.2 0.2 6,2 6.2 0.2 0,2 0,2 0.2 0.2 0.2 0.2 0,2 0.2 0,2 0.2 0,2 0.2

DEFLECYION AT MAIN ARRAY -RAIL “IOSPAN AETWEER TIES-INCHES 81202 0,1 0.1 8.1 8.1 8.1 0.1 0.3 0,1 0,1 8.1 0.1 8.1 61 0,1 04 0, 6.1 6.1

INTCRFACE STYRESS MAIN ARRAY -NO,RALL SEAY OF INSY TIg -PSI 41208 13.9 15,6 18.7 16.% 12,9 16,5 38,1 13,8 15,3 18,0 12,9 13.9 12,3 16,3 13%.2 13.7 18,2 10,2

INYERFACE STRESS MAIN ARRAY =MID LENGTH_ ©F INST JIE %1204 0.0 0.0 0.0 .8,06 0.8 06.,a 0,0 0,0 0.0 0.0 06,0 0.0 0,0 9.0 0,0 0.0 0.0 0.8

INTERFACE STRESS MAIN ARRAY -SO,RAIL SEAT OF INST 71€ 91207 8.1 B.0 A0 18,8 T2 8.2 9,8 7.7 8.9 8.7 8,2 8.2 7.2 8.7 10,3 8,3 9.9 9.2

INTEHRFACE STRESS NAIN ARRAY <NO,RAIL SEAT OF LOAD Vi€ 1208 8.8 6.2 heS A0 %8  T.1 5.6 5.8 6.0 8.7 5.8 5,8 8.2 6,2 6,2 4, 3.8 9.8

INTERFACE STRESS MAIN ARRAY -MID LFNGTH oF t9a0 Tif N i 41209 12.1 13,0 13.3 13,6 12,1 14,8 12,3 12,4 13,6 11.7 12.9 13,1 10,9 13,3 .33,3 11.2 13,8 13.s

INTERFACE STRESS MaIN ARRAY ~SO.RAJL SEAY OF LOAD TIE 1 s1210 13,7 14.3 15.3 17,2 144 17,0 1%5.6 15.3 168.1 15.2 15.8 16,6 13.0 1643 18.1 13.35 §7.2 18.1

INTERFACE STRESS MAIN ARRAY ~NORTH RAIL BETWCEN TIES ~PSI ios1an 8.1 6.3 6.8 6.2 S8 6,3 5,3 6.0 6.2 S.1 5,8 85,7 4,5 6.9 A3 4,5 §.2 6.9

INTERFACE STRESS MAFN ARRAY «r10 CRIS  RETWCEN TIES <RSI w1212 6.1 Tu3 T2 T2 T8 Tu% 6.8 T8 T3 6,0 6.9 Tl Sk 7.3 7.9 6.1 T.Y 1.9

INTERFACE SYRESS MAIN ARRAT -SQUTH RAIL BETWEEN TIES <PSI $1213 5,7 6.8 8.8 6.9 6.3 7.9 7.0 Tl 7.1 [ 13 6,8 T.3 5.8 T.8 8,1 6.8 7.9 s.¢

RAIL SEATY FGRCE MAIN ARRAY ~NORTH SCAT LOAD CELL TEE -XIPS ! 41127 24,0 30,8 14,0 22,6 15,2 20.0 16,0 18,9 19.6 22.0 18.6 24.6 0,0 0,0 s.0 8.8 8,8 e.8

RAIL SEAT FORCE MAIN ARAAY =SOUTH SCAT LoAD CELL TIE ~KIPS © 81128 17.2 19.6 15.8 21.6 1A.l 20,3 15,8 20,5 15.9 1%,2 16,9 19,% 0,0 0,0 0,0 0.8 6,8 6.6 .

YIE BASE FORCE MAIN ARRAY =BASE PAD - 1 NORTH ENp ~NIPS 41129 9,0 0.0 ©0,0 ‘8.0 o0,a. 0,n 0,0 0,0 0.0 0,0 0,0 0,0 0.0 0,0 -06,0 06,0 0.6 4.8

TIE BASE FQRCE MAIN ARRAY -BASE PAD - 2 ~KIPS 41130 3.2 4.9 3.0 8.0 2,7 3.8 2,8 3,4 3.8 3.9 3.1 40 00 0,0 0,0 0,0 0,8 0.8
. TIE BASE FORCE HAIN ARRAY <BASE PAD « 3 ~XIPY %3131 2.2 3.9 2.1 . 3.1 1.9 2,6 8,0 3.1 3.1 3.3 3.0 39 00 0,0 ¢,0 0.0 0.9 @0

T1E BASE FORCE HAIN ARRAY <BASE PAD = & -XIPS 41132 3.6 3.0 5.4 §.% 3.2 4,8 3,7 3,9 3.8  N.8 3.5 4.8 0,0 0.0 0,0 6.8 ,° .,0

TIE BASE FORCE MAIN ARRAY «BASE PAD « S <K1PS 41133 0.0 6.0 0,0 0,0 0.0 06,0 98,0 0,0 0.0 9.0 o6 0,0 0,0 0.0 0,6 0.8 8,86 0.0

TIC BASE FORCE MAIN ARRAY <«BASE PAD = & NP8 41134 1.9 1.6 1.% 1.7 1.4 . 1.3 1.9 1.6 1.8 1.6 -1.% 1.6 0,0 0.0 0,0 6,0 .8 ..

TIE GASE FORCE MAIN ARRAY =BASE PAD ~ 7 -X1PS %1138 «03 503 5.3 5.A .8 5.3 w3 5.3 6.3 5.2 4.5 53 o0 g0 00 0.8 62 0.8

VIE BASE FORCE MAfN ARRAY -BASE PAD =« 8 «xIPS 81136 S.0 3.9 3.1 A,7 3.6 .1 2,9 8,3 3,0 3.8 3.1 4.2 0,0 g.0 0,0 9,0 0.8 0.0

TIE AASE FORCE MAIN ARRAY «BASE PAD -~ 9 ~XIPS (3383 0.6 0.0 0,0 8,8 0.0 0.0 9,9 0,0 G©.0 0,8 e, 0.0 0,0 0,8 0,0 c.8 0.0 .

TIE BASE FORCE MAIN ARRAY ~BASE PAD <10 SOUTH ENG ~KIPS 81138 ».0 0,0 0,0 6,6 8,8 6.0 0,0 6.8 0.0 0.0 0,0 0.0 0,0 0,0 0,8 0.0 8.0 6.0

RAIL SEAY FORCE MAIN GLRRAY -NORTH SEAY LOAD CELL VIE -NIPS - %227 19,0 22,3 22,9 20.3 1a,8 22.7 16,8 18.8 20,7 18,0 1a,8 18,8 18,3 26,9 19,6 19,1 18,6 19,6

RATL SEAT FORCE MNAIN ARRAY ~SQUTH SEAT LOAD CELL TIE ~-KIPS . w1228 15.8 16.9 16,9 16.2 16,9 19,6 17,6 17.6 21.2 17.6 18,0 18,9 14,4 18,0 21,2 15,1 19,0 29.3

TIE RASE FORCE NAIN ARRAY -BASE PAD =~ 1 HNORTH ENO -XIPS 41229 0,0 0.0 0.0 8,8 0,0 0,6 0,0 0,0 8.0 0.0 0,0 0,0 0,0 0.0 9,6 2.6 o0 [

TIE BASE FORCE MAaIN ARRAY -BASE PAD « 2 ~KIPS 41230 0.0, 6,0 o©,0 6.0 0.0 0,0 a6 0,0 6.0 0,0 0,6 ‘0,0 0,0 0,0 0,6 06,8 6,0

TIC BASE FORCE MAIN ARRAY -DASE PAD « 3 -X1PS €231 2.8 2,9 2.8 2,3 2.8 3.2 2.1 2.4 2.6 2.1 2,8 2.4 1,6 2.9 2,9 1.7 2.9 s

TIC BASE FORCE MAIN ARRAY -DASE PAD = & -X1PS 41232 5.9 8.3 8.3 5.1 8,0 %,7 3.8 %,0 4.3 3.9 Ne0 4.0 3.4 4, 4.1 3.8 a1 1

TIE BASE FORCE NAIN ARAAY -BASE PAD - S -xiP§ 41233 5,0 o,0 0.0 9,0 0,0 6,0 9.0 98,6 0.8 0.0 0.0 0.0 0,0 ©0,0 0,6 0,0 0.8 s

TIE BASE FORCE MAIN ARRAY -BASE PAD - & «XIPS 41234 3. 3.5 3,8 3.9 NS5 35,5 3.3 3.3 3.4 3.4 3.3 35S 3.2 3,5 3,3 3.8 3.9 s

TIC BASE FORCE MAIN ARRAY =8ASE PADC - 7 -K1PS ¢ w1233 3.4 3.4 3.4 3.8 3.0 3.8 3.4 3.8 3.4 3.4 3.9 3.9 3.3 3.8 3.4 3,.% 3.8 .

TIE BASE FORCE MAIN ARRAY -84SC PAD « & -K1PS 41236 5.0 3,2 3,3 3.¢ 3.2 3.5 3.2 3.3 3,2 3.0 3,2 39 2,7 3.3 3,5 2.9 3.3 s

TIE BASC FORCE MAIN ARRAY -DASE PAD = § . X 1PS 1237 9.0 06,0 0.6 O0.¢ 8.8 6.8 0,0 0,0 0.0 0.0 0,9 0,0 0,0 06,0 0,0 e.0 3,8 [

TIC BASE FORCE MAIN ARRAY +BASE PAD ~10 SOUTH END -KIPS w1238 30.0 0,0 0.0 6.8 0,0 TV,0 0,0 0,0 0.0s s0.:5 5:.00 33'23 °,0 .0 0,0 6,0 0.0 0.0

TRAIN ATA «WHEEL LOAD FOR TRAIN NUMARER «XIFS 2,35 32,95 33,28 33,28 31,80 35,40 33,29 33.2% 32,% 2. 2 .

DAt ' ;s 32,70 32,78 32,70 32,93 sz:ss 32,58 33,30 33,30 33,30 32.62 32,62 32,62 32,73 32,73 32,79 32,58 32.3¢ 32.3¢

TRAIN DATA «wHEEL LOAD FOR TRATN NUMRER 2 -X1PS
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TABLE C5 - TEST DATA FOR TEST 1 ON SECTION 2

REOUCED RAIL DATA

. TSRCH ' WHEEL NUMBER

. 3 2 3 L} 3 - & 7 8 *
RAJL SYRAIN AV  NMAIN ARRAY =AY TIE ~NGRTH UPPER GAGE -HILLIONTHS 12218 T 0,0 0.9 2.8 0.0 9.0 0.0 0,0 0.0 0.0
RAIL STRAIN AY  RAIN ARRAY =AT TIE *NORTH NID GAGE ~MILLIONTHS 12226 41,0 68,7 956,35 56,5 61,0 70,3 57,6 74,6 72,3
RATIL STRALIN AV HAIN ARRAY -AT YIr <NORTH LOWER GAGE «MILLIONTHS 12227 55,1  96.6 95,4 32,8 90,6 32,1 49,6 49,9 47,8
RAIL STRAIN AY MATN ARRAY ~AT TIE =SQUTH UPPER GAGE <MILLIONTHS . 12228 «83,2 87,9 =85,1 =45,1 38,5 ~37,% 42,6 «29.,0 =30,3
RAIL STRAIN AT MAIN ARRAY <AT TIE ~SOUTH NID GAGE <MILLIONTHS 12229 2.7 11.% 4.8 10.3 8.6 9.2 8.0 8.6 9.8
RAIL STRAIN AT MAIR ARRAY =AT TIf =SOUTH LOWER GAGL ~MILLIONTHS 12222 0,0 a.0 8.0 0.0 8,0 6.a 0,0 0.0 0.0
RAIL STRAIN AY RAIN ARRAY -BETWEEN TIES UPPER GAGE «MILLIONTHS 12236 ©30,2 «30.2 «38,6 «30.2 «2A.1 =26,7 «2A,8 -21.1 -23.,2
RAIL STRAIN AT BAIN ARRAY -BETWEEW TIES K10 GAGE «ILLIONTHS 12237 ©1%,3 «17.0 «i8.9 «18.6 =19.5 18,6 18,9 13,4 «15,3
RAIL STRAIN AT MAIN ARRAY -BETWEEN TIES LOJER GAGE «MILLIONTHS 12229 16%,4 3173.3 180.9 168.5 160,6 132,86 160.6 186.2 143,.6

RALIL STRAIN AT 100 FT EAST-BETWEEN TIES UPPER GAGE ~MILLIONTHS 12201 0,0 8.0 8.9 8,0 0.0 0,0 0,0 0.8 0,0

RAIL STRAIN AY 108 FT EAST-BETYEEN TIES MIO GAGE ~-MILLIONTHS 12202 81,9 41,9 38,4 %1.9 39,6 30,0 39,6 44,7 51.2

RAIL' STRAIN AT 180 FY EAST-@ECTWEEN TIES LNWER GAGT SHILLIONTHS 12203 0,0 0,6 0,0 0,0 0,0 0% 0,0 0.0 0.0

YIE STHATN AT RAUN ARRAY ~NO,RAIL SEAT UPPER GAGE ~MILLIONTHS 12233 =17.8 =87.8 =17.3 =17.6 =18.% =20.4 =17,0 «17.6 ~17.8

TIE STRAIN A7 MAIN ARRAY =NO,RAIL SEAV WID GAGE ~MILLIONTHS 12234 1,4 1.8 1.4 1.4 1.6 1.8 1.6 1.6 1.4

TIE STRAIN AT MAIN ARRAY =NO,RaIL SEAT LOWER GAGE <HILLIONTMS 12238 a0 0,0 0.0 ©,0 "0.0 0,8 0,0 0,0 0.0

T1E STRAIN AT  MAIN ARRAY -MID LEMGTH UPAER GAGE <~MILLIONTHS 12231 12,3 13,3 2.3 9.6  To0. 8,3 5.8 7.3 S8

TIE SYRAIN AT MAEN ARRAY -MI0 LEMGTH LOWER GAGE ~MILLIONTHS 12232 9.0 8,0 2.9 0.0 8,0 0.0 0,0 0.0 0.0

TIE STRAIN AT 208 FT CAST-NORaIL SEAY UPPER GAGE ~KILLIGNTHS 12204 ©33.6 #33.6 «33.8 =28,0 84,8 64,8 -28,0 =50.% ~30.%

TIE STRAIN AV 1se FT CAST-HO,RAIL SCAT MID  SAGE ~MILLIONTHS 12209 5.8 0.0 0,0 ©.,0 98,6 3.8 0,0 0,0 0.8

TIE SYaaln aAv 1pe FV CAST-NG.RAIL SCAY LOMER BGAGE «MILLIONTHS 122046 34,7 33.6 32,9 32,9 9.9 83,7 33,6 #2.3 34,9

TIE STRAIN AY 108 FY £AST-RIO LENGTH UPPER GAGL -MILLIONTHS 12207 28,0 26,8 26,8 26,8 23.7 28.0 25,7 26,8 2446

7IC STRAIN AT  1pp F7 £AST-MID LENGTH LOWER GAGE ~MILLIOWTHS 12208 226,93 ~29.8 20.7 =23.1 «20:7 «20.7 20,7 ~18.9 -18.%

DEFLECTION AT MATM ARRAY -NORTM ENMD OF gHST YIE «INCHES 1212 0.1 8.2 G.1 Q.2 0,2 Be2 0,1 0.1 8.2

OEFLECTION AT Mal¥ ARRAY =AAIL MIDSPAN AECTWELN TIES~INCHES 12128 8.1 0.1 8.1 Del 8.1 0o 0.1 0.3 0.1

INYERFACE STRESS MAIN ARRAY -NO.RAIL SEAT of INST YIE ~PS! 12289 2,8 0.0 0,0 0.6 0.0 [ 5] 6.0 0.0 0.9

INTERFACE STRESS MAIN ARRAY ~M1D LENBTH oF INST VIE 12218 0,0 9,0 G0 8.0 0,0 0.0 8.0 0.0 0.0

IMTERFACE STAESS MAIN ARRAY -SO.RaIL SEAT of INSY TIE 12211 0.9 0.0 0.0 0,8 8.0 ¢,.0 0,0 0.0 0.0 0.0 8,0

INTERFALE STRISS MAIN ARRAY -NO,RAIL SEAT OF 104D vIL 12212 0,0 6.0 0,9 6.9 0.0 0.0 0,9 9,0 8.0 3.6 0.0

INTERFACE STRESS MAIN ARRAY -MIQ LFNGEIH oF LCaD TIE 12213 2.0 0.0 8.8 8,9 0.0 6.V 0,0 0.0 8,0 0.0 0,0

INTERFACE STRESS MAIN ARRAV -SO.RAIL SEAY OF LOaAD 71T 1221% 19,4 28,6 20,0 23.6 20,8 23,4 20,3 20.7 20.2 2%.6 19,3

INTERFACE STRESS MAIN ARRAY -MNORTH RAIL BEVYWEEN TIgs ~PSI . 1221% 0.0 8,0 g.8 0,0 0.0 0. 0.0 0.0 9.0 0.0 0.0

INTERFAZE STRESS MAIN ARRAY «#10 (4.5 §:) BETWEEN TIES <-PSY 12216 2.6 3.9 . 3.2 L%} 4,6 8,2 3,9 4.7 S.4 6.2 4,3

INTERFACE SYRESS Rald ARRAY «SOUTH RAIL BETWEEM TIES P8I 12217 9,8 13,1 10,3 12.%5 12,7 13.A 13,1 13,1 13,8 15.6 12,1

RAIL SEAY FORCE Mat ARRAV ~NORTH SCAT LOAD ZeLt T1€ -KiP3S 12127 6,8 T.7 7.0 Tol 7.2 7.8 [T 6,7 7.8 Tet 6.8

RAIL SCAT FORCE HAIN ARRAY ~S0UTH SLAT L0AD CELL TIE -H1PS 12128 16.9 18,5 14,8 16,3 1%.6 16.4 15,6 15.0 1%,9 16.9 18,7

TS€ BASE FORCE MAIN ARRAY ~BASE FAD - 1 NORTH £NO ~KIPS 12129 2.1 2.3 2.8 2.1 2.1 2.2 2.1 1.9 2.4 2404 2.0 2,8

VIE BASE FORCE MAIN ARRAY ~BASE PAD = 2 -K1iP3 12130 2.4 247 2.7 2.7 2.7 - 2,7 2.5° 2.2 2.9 2.8 2.2 2.2
. TIE BASE_ FORCE MAIN ARRAY -BASE PAD - 3 -R1IPS - 12131 0,0 0,0 0,8 -0,8 0,0 06, 0,0 0.0 0.0 0.8 6.0 000

TIC BASE FORCE MAIN ARRAY -BASE PAD - & -X1PS 12132 1.1 1.4 1.1 1,3 1,3 1.3 1.1 1.2 1.3 1.3 1.2 1,2

TIE RASE FORCE MaiN ARMAY -BaSE PAD - S -KIPS 12333 0,0 0,8 0.0 ¢.0 0,0 8.8. 8,0 0,8 0.9 0.0 .0 0,0

TIC BASE §ORCE MAIM ARRAY ~BASE PAD = & -~H3P3 12134 0.0 0.0 8.9 0.0 6.0 9.0 0.0 0.0 0.0 0,0 8,0 6,8

T1E BASE FORCE NAIN ARRAY -BASE PAD « 7 ~XIPS 12138 2.3 3.2 2.2 3,2 2,9 3.2 2.4 35,0 3.2 3.2 2,7 3,1

TI1E BASE FOQRCE MAIN ARRAY -8ASE PAD = 8 -KIPS 12336 2.6 3.8 2.9 3.3 3,0 3,1 2.7 3,0 3.1 3.1 2.9 3,1

TIE RASE FORCE, NAIN ARRAY ~BASE PAD ~ 9 ~KIPS 12137 5.9 6.3 S.8 [ 7% 3.8 6,2 5.6 6,2 549 6.1 5,9 6,3

YIE BASEC FORCE MAIN AARAY ~BASE PAD ~10 SOUTH END -KIPS ) 12138 5,86 0,0 8.0 8.6 0,0 0,0 0,0 0,0 0.0 0.0 0.0 0,6
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TABLE C6 - TEST DATA FOR TEST 2 ON SECTION 2

REDUCED RAIL OATA

TSRCH WHECEL NUMBER

: 1 2 3 L] L] 7 8 9 .10 11 12
RAIL STRAIN AV . KAIN ARRAY «AT TIE «NORTH UPPER GAGEL =MILLIONTHS 22218 0.0 0,0 .0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 9.0 0,0
RAIL STRAIN AT  MAIN ARRAY <AT TIE +NORTH MI0  GAGE =MILLIONTHS 22226 48,3 87,9 81,8 45,2 46,3 38,0 39,5 59,9 85,1 80,3 wa,1 89,7
RAIL STRAIN &Y MAIN ARRAY =AT TIE =NORYH LOWER GAGE =MILLIONTHS 22227 60,1 55,1 96.% 99,8 94,8 37,1 92,1 51,3 92,8 38,1 33,8 53,8

RAIL STRAIN AT MATN ARRAY =AT YTIf «SOUTH UPPER GAGE ~MILLIONTHS 2222n 49,2 «HB,2 =898 4T A 82,9 ~HU4,1 «09,8 57,2 «80.6 U6.0 =00,1 46,0
RAIL STRAIN AY NAIN ARRAY =AY TIE -SOUTH MiD GAGE «MILLIONTHS 22229 12,6 12,6 12,3 13,2 9,7 10,3 10,0 10,9 10,3 12,9 11,7 14,3

AAIL STRAIN AT MAIN ARRAY <AT TIC -SOUTH LOJER GAGE ~MILLIONTHS 22222 0,0 0,0 0.0 9.0 0.0 0.0 8,0 0,0 0.0 0.0 9.0 0,0
RAIL STAAIN AT MAIN ARRAY =BEYWECN TIES UPPCR GAGE <MILLIONTMS 22236 23U, «37.9 «3%5,1 35,8 «31,6 =30,4 «28,1 =27.0 =27.7 «29.1 ~31,6 -25.3
RAIL STRAIN AT HAIN ARRAY -BETWECM TIES MID GAGE ~MILLIONTHS 22237 wld,S =18,1 18,6 «21.4 21,9 «21.4 «17,8 -15.3 =15.9 -18,6 -19,2 -18.6
AAIL STRAIN AT MATH ARRAY ~BETWEEN TICS LOJER GAGE ~MILLIONTHS 22228 187,7 170.7 168,55 170,7 16%,1 168.5 165,1 1%52,6 150.% 168,53 166,93 136,0
QAL SYRAIN AT 100 FY CAST-BELTWEEN TIES UPPER GAGE ~MILLIONTHS 22201 8.0 8.0 0,8 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0,0 g.0
- RAIL STRAIN AT 100 FT EAST-BETWEEN TI1LS MN10 GAGE ~MILLIONTHS ‘22202 «80,0 «80,7 48,9 40,7 =50.0 48,2 «58,% 38,4 ~41.9 =39,6 =90.,0 -38.%
RAIL SYRAIN AT 100 F7 EAST-BLTWEEN TIES LOWER GAGE =HILLJONTHS 22203 t,0 0,6 0,0 0.0 0.0 0,0 0.9 0.0 3.8 0.0 0.9 9,0
TIC STRAIN AT MAIN ARRAY «NOLRARL SCAT UPPER GAGE <HILLIONTNS 222233  217,6 ~20.1 =18.1 19,8 =19.8 =23,2 35,3 20,4 =21.8 «2%.4 =19,3 -21.8
71C STRAIN AY HAIN ARRAY ~NO,RAIL SE£AT M1D 6AGE ~HMILLIONTHS 22234 1.6 1,6 1.6 1.8 1.3 1.8 1.6 1,6 1.6 8.9 1.1 1.6

9 . T1E STRAIN AY MLSH ARRAY ~HO,RAIL SEAT LOWER GAGE -WMILLIONTHS 2223s 0,0 0.0 8.0 .0 0.8 0.0 8.8 0.0 0,0 0.0 0.0 6.6
TIE STRAIN AT MAIN AARAY -MID LENGTH UPPER GABE ~MILLICGHTHS T 2223 a.¢ 10.1 10.6 8,% 19,9 13,8 10,6 11,3 12.6 12.6 £.,8 11,2

s © 71T STYRaAIN  av HAIN ARRAY -KID LENGTH LOWER GAGE =MILLIONTHS 22232 6.0 0.0 0.0 0.0 f.0 0,0 0.0 0,0 0.0 0.0 0.8 0,0
TIC SIRAIN AT 109 FT EAST-HOLAATL SEAT UPPER GAGE -MILLIONTHS 22204 87,0 87,0 «89.3 «30,8 ab0,5 «60.,5 =857.1 +60.3 =605 =38.2 ~34,2 33,2

TIE STRAIN AT 100 FY £AST-HO.RAIL SEAT WMID GAGE ~MILLIONTHS 2220% 0,0 ¢,0 0.0 8.0 0.0 0.8 0,0 a.0 0,0 0.0 0.0 0,0
TIE STRAIN AT 100 FT CAST-HO.RAIL SEAT LOWER GAGE ~MILLIONTHS 22286 35,8 35,8 36.9% 38,1 52.6 49,3 43,8 85,9 9%.9 49,3 43,7 3,7
VIE STRAIN AT 100 FT CAST-MID LENGTH UPPLCR GAGE «MILLIONTHS 22207 31,3 29,1 30,2 29,0 25,7 29.1 31,53 31,3 25.7 29,1 23,7 28,0
. . YIE STRAIN AT 100 FY EAST-MID LENGTH LOWER GAGE «MILLIGNTHS 22208 *30,0 «26.9 2268 <2544 24,2 28,7 224.2 =28.2 23,1 -21.9 =24,2 24,2
DEFLECTION AT MAIN ARRAY ~NGRTH EHD GF INST TIE «INCHES 22124 8,2 ' 0.2 0.2 0.2 8.2 0.2 0,2 0.2 0.2 0.2 .2 0.1

DEFLECTION AT MAIH ARRAY -RAIL nIDSPAN RETWEEN TIZS<INCHES 22128 0.1 0.t 0.1 7 0,1 0.1 0.1 0.1 0.1 0.1 0.1 [ T3 0.1

INTERFACE STRESS MAIN ARRAY «MO.AATL SEAT OF INST Y1f -PSI 22209 0,0 0.0 0.0 0,0 0,0 8.0 0.0 0.0 0.0 0.0 0.9 0.0
INTERFACE STRESS MAIN ARRAY -RMID LINGTH oF INST TIE 22210 12,6 14,6 13,1 14.¢ 13,3 16,6 13,0 14,3 14,2 16.1 14,3 15,9

INTERFACE STRESS RAIN ARRAY -SO,RAIL SEAY OF INST TI€ . 22213 0.0 0.0 0,0 -.0,0 0.9~ 0,0 0,0 0,0 0.0 0.0 0.0 8.0

INTERFACE STRESS MATN ANRAY -NO,RAIL SEAT OF LOAD TIE 22212 n, 0,0 0,0 0.0 08,8 0,0 0,0 0,8 0,0 0.0 0,0 0.0
- INTERFACE STRESS MAIN ARRAY -HID LFNGTH  OF LOaD TIE 22213 0,0 0,0 .0,0 0,0 0,0 0.0 0,0 0,0 0,06 0,0 0,6 0,0
INTERFACE STRESS XaIN ARRAY ~-SC.RaJL SEAT OF LOAD TIE 2221« 21,8 22,0 20,5 22.2 20,8 22.% 20,5 19,4 23,5 24,3 20.8 21.3
INTERFACE STRESS MAJTN ARRAY «NORTH RAIL BETWEEN TILS -PS1 2221% . 0.0 0.0 8.0 0.8 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0,0
R INTERFACE STRESS MAIN ARRAY -MI0 CRIA  BETWEEN TIFS <PSI 22216 2.7 3.6 2.8 3.8 3.b 4,3 3,3 4,2 3,7 4.6 3.9 3,9
INTERFACE STRESS MAJN ARRAY -SOUTH RAIL BEYWEZEN TIES oPS! 22217 10,5 13,5 13,9 10,% 11,9 1.4 13,3 11,7 12.% 14,7 14,6 11,9

RATIL SEAT FORCE MATH ARRAY -~NORTH SEAT LOAD CELL TIC -XIPS 22127 6.8 1.0 6.8 6.9 8.9 2.3 5.7 6.8 8,3 8.7 6.8 8.1
RAIL SEAT FORCE MAIN ARRAY -50UTH SEAT toaD CELL TIL -HIPS 22120 11,3 13,2 11,9 12,3 12.2 11,8 12,1 11,4 11,4 11.0 30.8 12.6

TIE BASEC FORCE MAIN ARRAY <BASC PAD = 1| NORTH ENO <KIPS 22129 2,1 2.0 2.1 1,9 2.4 2,7 1.7 2.0 2.7 2.7 2.1 2.0
TIE BASE FORCE WMAIN ARRAY =BASE PAD - 2 «N1P§ 221%0 2.% 2.3 2,5 2.% 2.0 3,1 2.2 2.6 2.7 28 2.4 2.6

. TIE BASE FORCE MAIN ARRAY «BASC PAD - 3 «KIPS 22131 8,0 0.0 0.0 8.0 0.0 G.0 0.0 0.0 9,0 0.0 0.0 .0

TIE BASE FORCE MAIN ARRAY =8ASE PAD - & KPS 22132 1.1 1,2 1.1 1.2 1.4 1.6 1.0 1.2 1.3 1.6 1.1 1.8
TIE PASE FORCE MAIN ARRAY -8ASE PaD - 8 «1PS 22133 0.0 0.8 0,0 0.0 0.6 ¢,0 0,0 0,6 0,0 0.6 0.0 0,0

TI1C BASE FNRCE MAIN ARRAY -BASE PAD - & “X1P§ 22134 0.9 0,0 0,0 0,0 0,8 0,0 0.0 0,0 9.0 0.0 0,0 0,0

. TIC BASE FORCE MAIH ARRAY <BASC PAD - 7 «KIPS 2213% 2.7 3.8 249 3.1 3.2 3.2 2.6 2.9 3.3 249 2.3 3.2
TIE BASE FORCE MAIN ARRAY -BASE PAD - B -KIPS 22136 2.9 35,3 3,0 3,2° 3,3 3,2 8,2 2,7 2.8 ‘3.1 2,6 3,2

. Y1C BASE FORCEC HAIN ARRAY -BASE PAD - 9 «KIPS 22137 8.9 6.7 3,% 6.3 6.2 s,.7 6.1 6.8 8.3 5.7 8.2 6.3

0.0 0.0 0,8 80,0° 0,0 0.0 9.0 0,0 .0 a.9 9.0 6.0

TIE BASE FORCE MATM ARRAY «BASE £AD ~10 SOUTH ENO  ~KIPS . 22138



-8~

RAIL
RALL
AATL
RAIL
RAIL
RAIL
RAIL
RATL
AATL
WAL
RAIL
RATL
TIE
VIE
TIE
Tig
e
7€
Tig
Tig
TiE
7i€

SYRAIN AT
SYRAIN AT
STRAIN AT
STRAIN AT
STRAIN AT
STRALN AT
STRAIN AT
STRAIN AY
STRAIN AT
STRAIN AT
STRAIN AT
STRAIN AT
STRAIN AT
STRAIN AY
STRAIN AT
STRAIN AY
STRAIN AT
STRAIN AT
svaain At
STRAIN AT
SYRAIN AT
STRAIN AT

DEFLECTION AT

DEFL
INTE]
INTE
INTE
INTE
INTE

ECTION AT

RFACE STRLSS
RFACE STRESS
RFACE STRESS
RFACE STRESS
RFACT SYRESS

INTERFACE STRESS
INTERFACE STRESS

INYTE

RFACE STRESS

INTERFACE STRESS

ARIL
AAIL

SEAT FORCE
SEAT FORCE

TIE BASE FORCE
TIE BASE FORCE
TIE BASE FoRCE
TIC BASE FORCE
YIE BASE FORCE
TIE BASE ¢ORIE
TIE BASE FORCE

T1C

RASE  FORCE

TIE RASE FORCE
T1E BASE FoORCE

Rail
RATL
Tic
TIE
e
1€
1313
TIg

SEAY FORCE

SEAT FORCE
BASE FORCE
8asSE  FoORCE
BasE FoRCE
BASE: FORCE
BASE FoRCE
BASE FoORCE

TIE BASE FoORCE

tie
T1E
TiE

BASE  FORCE
BASE  FORCE
BASE  FORCE

TRAIN DATA

TRAL

N DATA

MAIN ARNAY
MALN ARRAY
WAIN ARRAY
MAIN ARRAY
MAIN ARRAY
MATN ARRAY
MAIN ARRAY
MAIN ARRAY
MATH RLRAY

RAIN ARRAY
HATM ARRAY
MAIK ARRAY
RATY ARRAY
WAIN ARRAY

KATN ARRAY
®agH ARRAY
MAIN ARRAY
HAIM ARAAY
HAIN ARRAY
Hal® ARRAY
HAIN ARRAY
MATHN ARRAY
MAIN ARRAY
HAIN ARRAY
NaIN ARRAY
ATN ARRAY
MAIN ARRAY
MAIN ARRAY
MAIN ARRAY
HRAIN ARRAY
NATN ARRAY
MATN ARRAY
MATN ARRAY
Hall ARRAY
MAIN ARRAY
MAIN ARRAY
MATH ARRAY
MAIN ARRAY
MAIN ARRAY
RAIN ARRAY
Mayl ARRAY
HATR ARRAY
HAIN ARRAY
MAIR ARRAY
AAIN ARRAY
MATN ARRAY
HaAIN ARRAY
HAIN ARRAY
BAIN ARRAY

~MHEEL LOAD
~unf L LOAD

«AY
=AT
=AT
AT
-AT
“AY

TIE =NORTH
TIE =NORTYH
TiE -NORTH
Tig ~SOUTH
TIE -SQUTH
TIE ~SOUTH

~BETWEEH
~BETHEEN
~BETUEER
100 F¥ fAST-BETHEEN
106 FT EAST-BETWEEN
100 FT EAST-BETwEEIN

~NG,
=NO.
-ND,

RATL
LLI N
RALL

TIES
TIES
TIES
ViES
TIES
V€S
SEAT
SEAT
SEAT

~M1G LENGTH
=RID LENETH
100 FT L£AST-NO,RaTL SEav
108 F1 FaST-NO,RAIL SCAT
1098 FT EAST-HO.RAIL SEAY
186 F7 LAST-RIND LZINGTH
109 F7 LAST-XNIQ LENGTH
=NORTH END OF
~RAlt. MIOSPAM
~HORAIL SEAT
~#1D LENGTH
-S0,RATL SCAY
<RG0, RATL SEAT
=M1I0 LENGTH
=S0.RAL SEAT

=HORTH RAIL

TABLE

UPPER GASE
NID  GaAGE

LOWER GAGE
UPPER GAGE
L3 1] GAGL
LOWER GAGE

UPPER GAGE
L3 11} GAGE
LOWER GAGE
UPPER GAGE
MID SA6E
LOWER GAGE
UPPIR GAGE

L3+ GAGE.

LOWER GAGE
UPPER GAGE
LOHER GAGE
UPPER GAGE
“Ip GAGE
LOHER GAGE
UPPER GAGE
LOWER GaGE
48T TIE
RETWCEN TIES<TNCHES

oF
oF
af
oF
oF
oF

INST YiE

INSY TIE°

INST TIE
L0AD FIE
L0a0 7IE
LOAD TIE

BETUCEN TICS

C7 - TEST DATA FOR TEST 3 ON SECTION 2

~MILLIONTHS

«MILLIONTHS
«MILLEONTHS
«HILLIONTHS
«MILLSONTHS
~MILLIONTHS
~MILLIONTHS
~MILLIONTHS
~MILLIONTHS
=MILL IONTHS
~MILLIONTHS
«RILLIONTHS
~HMILLIONTHS
~MILL JONTHS
<MILLIONTHS
=NILLIONTHS
=~ HLLIONTHS
~HILLIONTHS
~HILL JONTHS
oMILLIONTNS
~MILLIGNTHS
~MILLIONTHS
«~INCHES

P51

=PI

-PSt

-PSi

-XIPS
~K1P8
-KIPS
«K1P$
«K1PS
~K1PS
~KIPS
-K1Pg
«K1PS
-KIPS
«KIPS
«KIPS
«K1PS
«K1PS
~K1PS
~K3IPS
“KiPS
-K1PS

T ~K1PSg

<MID CAID  ALYWCEN TIES

~SOUYH RAIL BEYHSEN TIES

~NORTH SCAV LOAD CZii TIE
«SQUTH SEAT LoaD CELL,TIE
<BASC PAD - 1 NMDRTH IND

~BASET PAD = 2

«~BASE PAD = 3

«BASE PAD - &

«BASC Pab -

=BASE PAD - 6

~AASE PAD - 7

«BASE PAO ~ 8

~AASE PAD - 9

«BASE PAD =10 SOUTH END

=NORTH SEAY LOAD CELL TV1E
-SOUTH SEAT 168D CCLL TIE
«BASE PAD = 1 NORTH END

~BASE PAD - 2

«BASE PAB « 3

<BASE PAD < &

«BASE PAD - 8

eBASE PAD « &

=BASE PAD - 7

=BASE PAD - 8

=BASE PAQ « 9

-BASE PAD <10 SOUTM END

FOR TRAIN NUMRER 3

FOR TRAIN NUMAER 2

«X1PS
~KIPS
=KIPS
«K1PS
-KIPS
«K1PS
~KIPS

TSRCH

32101
2102
32103
32108
32103
32106
32107
32108
32109
321190
32111
32112
32313
3211s
32119
52116
32117
12118
32139
32120
32121
12122
82209
3zz21¢
322112
32212
32213
12218
3221%
32218
32217
32218
32219
3227
323128
32129
32130
3213
32132
32133
3213
3213%
32136
32137
32138
32227
32228
32229
32230
32232
32232
32233
32234
32239
32236
32237
32238

REQUCED RAIL DATA
WHEEL NUMBER
7 ] 9

1 2 3 L} -8 s 10 1 12 13 16
©101,52100,%0116.% «93,4-118,12100,9125,7 «A5,3-133,8011402-124,3-116,1 0.6 0,0
34,6 0.3 36.9 39,6 36,9 29,9 34,6 84,9 32,2 39.2 40,3 27.6 0,0 0.0
182,1 159,2 164,0 148.9 199.2 149,7 160.4 160.% 162.,8 162.8 172.3 139.0 0,6 6,9
e189,10116,%e182,1116,5012A,10111,80167,7=125,4-139,A-311¢8~151,4~116,5 o 0,0 0.0
6,8 38,1 48,9 40,2 41,3 37,0 86,8 27,2 30,4 53,3 43,3 6.8 o eo.0 0,0
184.8 173,08 205.3 155,08 181.0 182,72 177,6 1A6,8 200.7 177.6 244,35 167,2 e 0.9 0,0
e1204,62119,90138,9-124,62130,4-122,3142,2-116,5-129:3-11645-137,4-129,3 o 9.0 0,0
2219 =%0,3 36,9 *28.8 =25,3 =43, <842,6 «21.9 36,9 k2.6 -28.8 -21.9 6 0,0 0.0
154,9 1%6.% 15,8 149.1 166.%5 143,2 161,0 164,2 154,9 154,9 154,39 152.6 o 0,6 0.0
©129,42141,2-15006210%.9-164.7-112,9-101,2-115,3-218,8-109:9-105,9-120.0 0 0.0 6.0
n.0 0,0 0,0 0.6 0.0 0,0 4,0 0,0 0,0 0,0 0.0 CG.0 e 08,0 0.0
174,7 182,0 166.2 196,8 198,08 160.1 157,7 150.4 16,2 1711 156,5 138,3 ¢ 6,0 0,0
40,7 45,8 ~38.% =38.8 =40.7 ~38,4 ~00.7 <28.% =3B.4 -43,0 38,4 -36.2 e 6.0 0,0
3.3 4e3 2.6 5.6 6.7  6.T  6.T 6T 6.7 67 TFe3 6.7 e e,3 0,0
0.6 0.0 0,6 90,0 8,0 0,8 0,0 0,0 0.0 0.0 0,0 9.0 e 8,3 8,9
28,8 31,1 28,8 32,3 30.0 33,4 34,6 31.1 30,80 30,0 30.0 28.8 0 9.0 o.8
«33,9 23106 33,9 31,6 ~31.6 =353,9 ~32,8 31,56 ~33.9 -31e6 =31, -30,% o 6.8 0.0
“68,0 ~T€e2 =6Te2 =63.,0 «63,8 =6%,0 <65,0 =hhed «73:e9 «4%¢0 ~£3.%4 -63.6 e 0,0 0,0
19,0 21.2 9.8 17,9 20.1 20.1 39.0 20,1 23.2 201 21,2 17.9. 0,06 0.2 9.0 0,0
108,7 117.6 310.9 106.% 182.1 106,% 162,31 106.5 112,90 110,9 109,8 182, 0.6 0.8 0.0
19,8 21.2 19,80 19,0 23,3 19.0 19,0 21,2 19,0 22.4 24,6 17,9 0,8 0,86 0,6
@242 #2707 *27.7 =2341 =277 25,8 =24,2 «30.0 ~23.0 «23¢1 ~28.8 -21.9 6,8 3,0 0,0 0.0
0.8 6,8 0.8 0,1 6,1 0.1 6,1 0,0 0,0 0.3 0.1 0,1 9.1 #.1 0,1 0.1
n,6 0.8 0,0 0,0 3,0 0,6 0.0 0,0 0.0 0.0 0.0 0,0 9,6 8.0 0,06 0,0
25,6 2%.,1 29%.0 26,1 25.3 25,8 29.7 24.0 29.9 26,1 2%.9 29,3 26.% 26,7 26,2 25.3
10,8 18,85 18,8 16,4 36,2 17,0 17,3 15,6 16,0 360 17,1 15,6 37,9 17,8 16,9 16,7
T.9  T.n 729 T.T ToP 8.0 AT 7,9 TS 6.9 T.F T8 T.F T4 7.9 1.9
2.3 248 1.9 2,2 2.1 2.1 2.2 2,2 2,3 2.3 2,1 2.1 2.8 2.3 2,84 2,2
Tol 649 Te0 Tob TFo%  TeT  TeB T TeT Tl  TWT T T8 7.2 B0 8.0
16,9 14,5 16.1 19,9 34,9 15.4 37,2 15,3 15,1 3.3 19,4 14,8 15,0 15,0 16,6 15,9
2,0 0.0 0.0 8,6 0,6 6,6 0,0 0,0 0,0 0,0 0,0 6,6 o,& 0,0 0,8 0,0
6.3 65 BT T4 6.8 T8 T8 To0 b T3 7.3 7.7 7.8 8,8 &8 7.9
16.3 16,1 15,9 16,3 14,3 17,2 17,6 17.% 1%.% 15,0 16,3 §é.n 16,6 "13.3 16.0 1708
8.6 9.7 9.2 9,0 A8 2,2 9,8 10,0 9.0 101 11,3 7.8 e.6 0,8 0,0 0,0
17,3 17.1 16.8 13,1 14,3 34.0 16,5 17,2 17.8 1%.3 17,9 15,8 . 0,8 0.0 6.0 0,0
1.3 1.6 1.3 1.8 1.3 1.9 1,7 1.6 1.8 3.9 2,4 -1,2 0,0 8.0 9,8 0,0
3.2 3,3 ‘3,1 3,0 2.8 3,1 3,2 3,0 3.0 3,9 3,9 2.6 6,0 o,0 0,0 0.0
0.0 0.0 €.,0 0,0 0,0 0.8 0,0 0,0 0.0 0,0 0,0 8,0 0,0 8.0 0,6 0,0
3.0 3.4 3,2 2,9 3.0 3,3 3,4 3,3 3,1 35 3.4 2,8 6.0 0,6 0,0 0.8
0.7 0.8 0.8 0,6 8,7 O,A 0,7 0,7 0.8 0.7 0,8 0,6 6,0 0,0 6.0 0,0
0.9 1.0 1.1 0.8 1.1 l.& 8.9 1,1 3.1 0,9 1.1 0.9 9,0 0,0 0,0 0.8
2.9 2,9 3.2 2,5 3,0 2.8 2,7 3.0 3,0 2.6 3.3 2,6 0.8 0,6 6,0 0,0
2.8 2.8 3.1 2.4 2,7 2,2 2,7 2.7 2.9 2.5 2.6 2.5 e,0 .8 0,0 0,0
3.9. 3.9 4,2 3,5 3.3 3,1 3.7 4,0 _ %1 3,3 &2 3.6 60 0.0 ¢ 0.0
8.0 el Mo MoH M4 3,6 3.8 8,5 8.4 3.7 4.8 8,2 0,0 6.0 8 0,0
8.5 8,0 T8 9.t 8.8 8.5 a6 7.0 9.2 10,2 8.7 31 %56 9.6 9.8 B,%
18,8 16,7 18,5 16,8 16.7 17,6 19,5 17.% 168 151 17.4 16,6 16,7 16,3 17,7 17.0
1,0 1,0 fe0 3,3 1.2 1.2 1,1 0,9 1.3 1.6 1.3 1.1 3% 1.3 1.5 1,2
3,% 3,3 3,3 3,6 3,8 3.6 3.8 2,9 3.8 3,8 3.4 3,4 3.5 3.6 3.4 3.8
0.6 0,0 0,6 6,0 6.0 o, 0,0 0,8 0.0 0.0 0,0 &0 &0 0,0 6,0 O
2.9 2.7 2.7 2,9 2,9 2.9 2,4 2,7 3.6 3,0 2,6 2,7 30 3,8 3.2 2
0.5 0.5 0.8 0,6 0,3 0,6 0.6 0,5 0.3 0.6 0,6 0.5 06,6 0.7 0.7 0.7
0.0 0,6 6,0 0,0 0.0 0.0 06,6 0,0 0.0 0,0 0,6 0.0 0.6 8,0 0,0 0.0
1.0 0,9 0,9 6,9 0,9 1,06 1.0 0.9 0.9 09 0.9 0,9 1,0 1.0 1,1 1,0
n.0 0,0 6,8 ©6,6 n,0 8.5 0.6 0,0 0,0 0.8 8.0 0,0 0.0 6.6 0,08 5.0
2.2 1.9 2,8 1.9 1.9 2,1 2.2 2,0 1,8 1.7 2,0 1,9 1,9 .9 2,0 2,0
3.8 3.2 3,3 3,0 "3,1 3,1 3.6 3,2 3,1 2,7 3.1 3,0 2.9 2,0 3,2 3
32,38 32,3% 33,28 33,28 32,35 32,33 33,28 33,28 32,33 32,33 33,28 33,28
33,40 33,40 32.89 32,89 32,80 32,A8 32,92 32,92 33,00 33.00 33,2¢ 33,2% 33,40 33,56 32,89 32,09
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-110~

.

RATL
RAIL

STRAIN
STRAIN

. RALIL STRAIN

RAIL
RAIL
AATL
RAIL
RAIL
RAIL
RAIL
RAIL

STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRALIN

RAIL STRAIN

1iE
TIE
TIE
T1c
TIE
1314
13t
TIE
1213
1214

STRATH
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIK
STRAIN
STRAIN

OEFLECTION
DEFLECTION

INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERF ACE
INTERFACE
INTERFACE
INTERFACE
RAIL SEATY
RAIL SEATY
BASE FORCE
BASE  For
BASE  FoR
BASE  FORCE
BASE FORCE
BASE FORCE .
BASE  FORCE
RBASE FORCE
AASE FORCE
BASE FORCE

TIE
TIE
T1E
Tic
T
T1e
TIE
e
TIE
1€

TABLE Cl10 - TEST DATA FOR TEST 2 ON SECTION 3

MAIN ARRAY ~AY TIE ~NORTH
MALN ARRAY AT TIE «NORTH

UPPER: GAGC
MID  GAGE

NALN ARRAY =AY T1g oNORTH LOWER GAGE

MATN ARRRY =AY TIL «SOUTH
NAIN ARRAY ~AT TIE «SOUTH
MAIN ARRAY =AT TIE -SOUTH

MAIN ARRAY ~BEVWEEN TIES
MAIN ARRAY <BETWEEN TIES
RAIN ARRAY -BEVWEEN TIES
106 FY EAST-BETWEEN TIES
100 FT EAST-BEVWEEN TIES
100 FY EAST-BETWEEN. TIES
MATN ARRAY =NO,RAIL SEAT
MAIN ARRAY =NOJRAIL SEAT
MAIN ARRAY -NO.RAIL SEAT
MAIN ARRAY =HID LEMGTH

MATN ARRAY -MI0 LENGTH

100 FT EAST-NOL.RATL SEAT
106 FY CAST-NO.RAIL SEAT
160 FT CAST=NO,RATL SEAT
100 FT EAST-MID LENGTH

100 FY EASTMID LEMNGTH

MATN ARRAY -HORTH END OF
EAIN ARRAY ~RATL MIDSPAN
MAIN ARRAY <NOJRAIL SEAY
MAIN ARRAY -MI0D LENGYH

MAIN ARRAY -SO,RAIL SEAT
NASN ARRAY «NO,RAIL SEAT
MAIN ARRAY =KID LFNGTH

NMARN ARRAY -SO.RAIL SEAY

UPPER GAGE
Mt0 GAGE
LOWER GAGE
UPPER GAGE
M10 GAGE
LOWER GAGE
UPPER GAGE
“10 GAGE
LNWER GAGE
UPPER GAGE

MiD GAGE
LOWER GAGE
UPPER GAGE
LOWER GAGE
UPPER GAGE
®1p GAGE
LOWER GAGE
UPPER BGAGE
LOWER 5AGE
INST TIE

«HILLIONTHS
~MILLIONTHS

«MILLIONTHS

~HILLIOHTHS
«MILLIONTYHS
«MILLIONTHS
«MILLIONTHS
~MILLIONTHS
~MILLIONTHS
~MILL TONTHS
~MILLIQUTHS
~MILLIONTHS
«MILLIONTHS
~MILLIONTHS
~MILLIONTUS
~MILLIONTHS
~MILLIONTNS
~MitL TONTHS
~MILLIONTHS
~HILLIONTHS
«MILLIONTHS
~HILLIONTHS
=INCHES

RETWEEN TICS~1INCHES

OF INST TIE
OF INST TIE
oF INSY TI£
OF LOAD TIE
OF L0aD TIE
OF LOAD TIE

MAIN ARRAY -NORTH RAIL BETWFEN TIES

MAIN ARRAY <MID CRIO

RETWEEN TIES

MATH ARRAY -SOUTH RAIL SETWEEN VIES
MAIN ARRAY ~HORYH SEAY LO&D CELL TIE
MAIN ARRAY =SOUTH SEAT LoaDd CELL TIE

MATN ARRAY -BASC PAD = )
MAIN ARRAY <BASE PAD -
MAIN ARRAY -BASC PAD
MAIN ARRAY <BASE PAD
MAIN ARRAY =BASE PAD
MAIN ARRAY <BASE PAD
MATN ARRAY <BASE PAD
HAIN ARRAY -BASE PAD
MATH ARRAY -BASE PAD
MAIN ARRAY =8ASE PAD =10

CedPREUN

LI I I I I )

NORTH END

SOUTH END

-PSI

-PS1
-Pst
-pSt
~KIPS
-X1IP§
-KIPS
-X1PS
~XIPS
~KIPS

T eK1PS

«~K1PS
«K1P$
~KiPrS
-XIPS
-«1PS

TSRCH

23218
23222
23227
23228
23229
25226
23230
23236
23237
23201
23202
23203
23233
23234
23238
23231
23232
23204
23203
23206
23207
23208
23126
2312%
23209
23210
23211
23212
23213
23214
23218
23216
23217
23127
23128
23129
23138
23131

23132

23133
23134
23138
23136
23137
23138

. .
X N-E N XX

-

IR,

DOONEEPOS

0.0 9,0
1-130,4-10

[P g

COM BN ONMNON»EVFOVWLODOOOD O
R I L]

-

e
Du ONPOE BN DENODLNOOOO™ D

REOUCED RAIL OATA

3 L3
0,6 0,0
0,06 0,0
69 9.9

«Teld =6.2
1.7 2,7
186,88 150,%
9.6 0,0
0.0 0.0
0,0

5.3 6,2
39,5 19,0
7.1 1.8
~3.8 <=4,%
«38,8 ~33.9%
0.0 8,0
6£0.% 950,95
47,3 87,8
0.0 0.0
0,1 0.1
0.1 Q.1
0.0 0.0
6.0 0.0
0.0 0.0
6.0 0,0
15.6 15.9
30,9 33,8
0.0 0.8
14,7 14,9
8.8 10,2
16,4 14,9
10.1 10.7
2.8 2.7
0.9 0,0
2,3 . 2.%
2.1 2.2
0.0 6.0
1.4 1.2
2.8 2,2
1.7 2.1
1.6 1.7
0,0 e.0
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8,5-130,4-145,/-137,4%
e3B, N «H%,2 =3A,8 <38.4 -39.6 -46.6 33,7
153,7 143,.2 149,1 174,2 152,6 183,72 119,9
18,8 2140 =17.8 ~14.3 «1A.4 =1R.T7 -11,8

6.8
(LI
7.%
4.y

~53.4

0.0
81,3
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WHEEL NUMBER
7 ] *

0.0
0,0
3.8
il 8
3,0
101,.9
0,0
0,0
0.0
-83.8
«32.6
102,93
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CRrNROHMOMNRNONOUNYDINNODDOOII D
MR EEER I

CONHOFENYONNDUOINOUOIVODOO O

10 1 12
0,0 G.0 a,0 a,0
0,0 8.0 0,0 0,0
2,7 %59 5.9 5.8

5.9 ofeb 7,0 7.7
3.0 2,3 3.8 3,6
99,8 138.3 138,3 114,0
0.0 0,8 0,0 0.0
2,0 0.0 0.0 0.0
6,0 8,0 0,0 8,0

«82,7-31108.8-136,3-128,1

«384% =407 ~%6.6 -38.8%

108.3 135,1 130,% 123.%

«15.6 =187 15,6 =16.2
6.8 68 6.2 6.8

16.4 25.3 135.8 1316.%
7.9 7.9 1.9 7.9,
~3.8 «3.8 =35.4 3.8

“46.6 -51.0 -39,9 -37.7

9,0 0.6 8,0 0,0
70.3 67.0 61.5 33,8
46,8 87,5 w4,1 41,8

0.0 8.0 9,0 6.0
0.1 0.1 - 0,1 0.1
.1 0.1 0.1 .
6.0 4.0 0.0
0.0 0.0 0,0

0.0 9.¢ 0.0

6.0 .0 9.0

15.9 17.1 15,3

36.1 23,3 33,3

0,0 0,0 0.6
17.3 17.4 16,0
10,2 10,9 30,2
18,2 16.8 13,1
12,1 11le% 11,2

2,9 3.3 3.0

8.8 0.0 6.0

2,7 3.0 2.1

1,8 2.8 2,0

8.0 b.0 6.0

1.3 0.5 1.1

2.8 2.3 2,1

2.3 2.2 2.0

1.0 1.7 1.7

0.0 0.0 9.0
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~ET0~

SYRAIN AY

«NORTH

TABLE Cl12

~NILL IONTHS

RASL WAIN ARRAY ~AT TIE - UPPER GabE

RAIL STRAIN AT KATN ARRAY «AT TIE <NORTM AID GASE ~MILLIONTHS
RAIL STRAIN AT MAIN ARRAY ~AT VIE ~NORTH LOWER GAGE ~HRILLIUNTHS
AAIL STRAIN AT MATN ARRAY AT TIr «SOUTH UPPER GAGE -MILLIONTHS
RATL STRAIN AT MAIN ARRAY <AT YIC -SOUTH MID  GAGE ~MILLIONTHS
Anll SYRAIN AT MAIN ARRAY «AT TIE -SOUTH LOSER GAGE -MILLIONYHS
RalL STRAIN AY MAIN AARAY =BETWEEN TIES UPPER GAGE ~MILLIONTHS
REIL STRAIN AT MagH ARRAY ~BETWEEN TIES w10 GAGE ~MILLIOHTHS
AAIL STHALN AY MAYH ARRAY =RCTJECN TIES LOJER GAGE ~MILLIONTHS
QAL STUAIN AT 190 FY CAST-AETWEEN TIES UPPER GAGE =MILLIONTHS
REIL STRAIN AY 160 FT CAST-AEIWCLN TIES “I1D GAGE ~ILLIONTHS
RATIL STRAIN AT 100 FY CAST-PETWEEN TIES LOWFR GAGE -MILLIOWTHS
TIC STRAIN AL PATIM ARRAY «NONATL SIBY UPPER GAGE ~MILLIONTHS
TIC STRAIN AT MAGH AHRAY ~NORAIL SEAT  SID  GAGE <MILLIONTHS
5L SVRaln av PALN ARRAY «lQ.RATL SCAT  LOWER GAGE ~MJILLIONTIHS
FIC STRAIN  AY MAIN AHRRY «MIf LFHGTH WPPER Gase -MILLIORTHS
YIC SYRAIN AT MAIN ARRAY <MD LEWSTH LOWER GAGE ~MILLIONTHS
TIE STRAIN AT 10¢ FT €AST-ND,R3TL SEAT  UPPER EAGE -MILLIONTHS
FIE SYRAIN AT 190 FT SAST-NJ,KAIL 5£AF wv)p GAGE =MILLIONYHS
TIC STRAIN AT 106 FT CAST-HOLRAIL StAT  (GULR GAGC -MILLIONTHS
TIE STRAIN AT 166 FT FASYMIN LENGTN UPPER GAGE ~MILLTONTHS
FEE STAAIN AT 3100 FY EAST-MI0 LFNGTH LOWER GAGE -MILLIONTHS
QEFLECTION AT MAi ARPAY -NORTH FNO OF 1087 TIE ~INCHES
SEFLECTION AT Maik ARQAT ~RALL VIDSPAY REfwCEN TIES~INCHES
IHIEKFACS STRESS MAIN ARRAY =NG. RA L SFAY OF INSY TIE «¢S1
INVERFACE SYRESS Yald ARAY <MID LghGIn as st TIE

INIERFACE STHUSS. MATG ARAAY -SOALTL SEAT of INST TIE

TRYENFACE STRESS MAIN ARRAY NG, R&lL SEAT OF LOAD YIE

THTFRFACE STRESS MAIRN ARRAY <H19 LFMITe OF LOAD TIE

INYERFACT STRESS MAlll AfRAY =SO.Rale SEAT 95 LOAD TIE

LHTSRFACE STRLSS Math ARRAY «NORNTH kAl REVNEEN TIES «PSI
INFERFACE SYRESS MAIN ARRAY -MID CRiR EEIWEEN TIES -PSI
WRTERFACE SYRESS Ralil ARRSY <SOCIW RAJL SETREEN TIES <PSI

RAIL SEAT FoRCE  MAIN ARRAY -RORTH SUAS LO&0O CELL YIT -XIPS

RAEL SuAfl FGRCE  Mall ARRAY =50UTH SEAT 0oaD CLLL TIE -X1PS

F1E AASE SKCE MAIN ARRAY -8ASL #4D = Lt NORTH END <KIPS

TIL #AST  FORCE  WAIN ARRAY «HASE Pan « 2 . ~K1PS

TIE RAGE  FOMCE  MAIN ARRAY «BasSL PAD « 3 KIPS

10 BASE FORNCE  MAIN ASRAY ~Ba<E PAC - & -K1PS

TIE haSE  FORCE  Maltl ARRAY ~BASE pPaB - 8 -K1PS

TIE BaSE FORCE  MafN ARRAY «BASE PAD - 6 -X1PS

FIC BASE  FORCE MAIN ARRAY <3ASC PAD « 7 -K1P8

TIC RASE FORCE Satth ARRAY ~DASE PAS = § -KIPS

TIC BASE FORLE  XAIN ATHAY -8ASE A - 9 “KIP§

11€ BASE FORCE  MAIN ARRAY ~BaSC PAD -\ SOUTH END <KIPS

WAFL SCAT FORCE. MAEN ARRAY ~HLG2TH SEAY LOAD C€LL TIE -KIPS

AT SEAT FORCE MaTN ARRAY -SOJTH SEAT LOAD CALL YIE <KIPS

TIC AASE #oPCC  MAIN ARRAY -BASE PAD -~ 1 NORTH ERD  <KIPS

TIL BaSE  FORLE MLIN ARPRAY oBASE PAD - 2 . - «K1PS

YiE BASE FORCL MAIN ARRAY -BASE BPAD - 3 KIS

TIC RASF FORCE MAIN ARRAY -PRASC PAD - & «KIPS

TIE BASE FORCE “AIN ARRAY ~RAE FAD - 8 =K!PS

TIE BASE FORCE MAIN ARRAY -B4SC PAC - & «A1¢8

1€ RaSE FGRCE  MAIN ARRAY ~3nSC PAD = 7 «Xjus

T1€ BASC FOWRCE MAIN ARR.Y =DASE PAD » 8 -KiPS

Y1 GASE FORCE  MAIN ARRAY =8aASE £AD - S Y ST

FIC BASE FORCE MALN ARRAY <BFSC PAD <t0  AGUTH END  ~KIPS

IRAR LAY «wHELL LOAD FOR TRAIN NUMAEN ¢ «XIPS

TRAIN  CaTa oM EL LOAD FOR TRLIN NUMAER 2 -X1P§
VAaIN DATa ~WHEEL LOAD FOR {RLIN  Muwege § K1Y

- TEST

TSRCH

1 83108
93102
1.4310)
MLEIT 1Y
- #310S
;3106
- #3107
. w3108
© 43109
© 4318

43119
43120
43110
L3303
43112
a3313
43314
43121
43122
43123
433124
83128
43303
43302
#3305
43306
43307
43308
43309
43310
43311
43312
43213
$3127
$312n
N3129
43138
43131
43132
§31233
“3134
43135
43136
#3137
¥3138
43227
43224
«322%
43230
83231
%3232
43233
83238
83235
#3236
“3237
43238

-63.5

43,2
10%,8
“61,1
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ANIVOFORNPANSODIEIINOUNOIDIONOARNININOWIONCDOODO
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Lot N = wo
NOVWMD DPUWINRANNNDIDHANCWUNNAPWONDRIOr=NODISRDWNDOBO

PR R EEE R

*

- e
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@ 0 6 8 8 S 0 e s 8 % e 8 828 080 8 s e s

32,70 32.70
32,33 2.0
33,30 33.%

+

DATA FOR TEST 4 ON SECTION 3

REDUCED RALIL DATA

] 3 L]
«70.8 -97,0-130,3
31.1 28,0 18,»
177,9 202,53 19%.6
a.0 9.0 0,0
22,3 23,5 17.6
12,0 14%5,% 130,83
«97.1-172.6-143,1
27.0 37,4  34.%
150,0 177,80 160.0
“4Pe8 =HBLS =371
42,1 42,1 82,1
A9.% 101.5 102.6
*73.1 *78,8 ~68.6
0.0 9,0 0.8
9.0 0.0 0.0
8.0 0.0 8.0
9.0 0.0 0.0
w747 «77:5 -69.0
t1a.1 13.% 16,9
0.0 0.0 0.0
A8,0 39.6 89,0
*37.2 «37,2 -34.5%
0.0 0.0 9,0
0.2 0.2 0.2
28.6 29.0 27,7
12,5 12.6 1.7
7.7 6.9 6.8
33.8 34,9 3241
30.3 30,7 299
8.7 A0 8,2
12.3 12.2 1.
19.9 13,1 1a.8
8.0 0,0 - 0,0
17.3 18,2 16,1
14,7 13,9 12.3
2.9 3.4 . 2,9
2.8 3.2 2.4
3.7 h.0 3.3
4.0 8,2 3.6
2.2 2.3 1.9
2.9 3,0 - 2.9
3.5 3.6 2.9
2.5 2,3 1.9
0,0 8.0 0.0
2.9 2.9 2.9
16,8 15,8 17.0
13,9 13,7 12.%6
2.6 2,3 2.4
3.3 3.1 3.5
0.6 0,8 0.0
4,5 3.7 .1
6.6 9.8 0,0
1,0 9.9 0.9
3.5 3. 3.0
2.8 2,3 243
0.0 2.0 0.0
2.% 2,8 2,2

22,70 32,59 32.5%
33,28 33,28 32.5%
38,30 32,62 32,62

.

WHEEL NUMBER
v a

s ° 10 1t 12
a03,60115,12206.0 «57.5-115.12321.80106,9-124,2
3.7 30,7 24,1 27,6 51,7 1401 W1,T ue.e
177.5 201.2 201.7 161,2 201.7 491.2 164.6 204,93
0.0 0.0 6,0 0,0 0.0 0.0 0.9 0,0
1.2 19,3 22,3 22,3 19.9 1%.8 17,6 18,8
113.8 195.% 186.0 97,7 131,85 129.2 122.8 140,2
w97, 1192, %1669 ~96,6-15%,9+122.2 =94,2-135,6
29,9 35,1 36.A 23,9 3.5 25,9 27.6 27.%
150.0 169,2 202,2 120,0 189.0 18346 138,0 144,53
“86.3 ~62.5 =T75.9 =355,0 =T0.0 ~B2.4 ~S50.7 ~6441
I, T 2.6 41,9 34,9 44,3 %50.% we, 3 43,7
76.1 104,2 104, 7 64,0 104.2 111.1 22.% 109.%
74l ~18.A <T84 =6A.6 -33e4 ~Plet =T7.1 <809
B, C.3 8.0 0,0 0.0 d.0 8.0 d,0
0.0 0.0 0,0 0,0 0.0 9.0 0,0 .0
0.0 0,0 -0,0 0,0 0.0 0.0 0.8 0.0
8.8 6,9 0,0 0.0 0.0 0.0 0,0 0.0
“76:9 =76.9 «75,%5 «70.7 =843 =71,8 +86.0 ~82.0
15,3 15,2 15,2 14,1 15.2 17.% 16.9 16,3
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
86.% 90.5 A8.0 A0.1 92,7 8%.4 92,2 90.4
“36.6 =39,3 «39,3 40,8 =814 <393 42,4 <4l.4
0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.9
0.2 0,2 0.2 0,2 0.2 0,2 0,2 3,2
27.5 28,5 26.6 28,6 20.6 273 2%.4 28,6
1242 1242 11,6 12,2 126 11.% 14,3 12.3
8.1 6.2 6.9 6.7 T.3 60 B3 6ad
32,1 32.6 30,1 31.8 38,3 30,1 7,6 32,9
39,4 29,5 30,2 3.2 3l.h 2004 32.3 30,5
9.2 7.7 A2 ;0,2 BB T2 9.4 Tk
11,8 11,3 10,9 12,9 11.8 I1.% 13,3 i
20,2 18,58 18,0 20,2 19.9 8.8 2%.% 19,0
0,0 0,0 0,9 0,0 0.6 0,0 0.0 0,0
17.6 19,2 17,3 15.5 20,1 1% 17.6 12,2
11,9 13,9 13,2 1.9 18,1 1l.2 13,9 136
3,2- 5,7 3.4 2,7 3.9 2.3 3.1 %6
S3,8 3,3 2,9 2,7 3.9 2.4 2,9 3.2
3.7 -.1 3,6 3,2  h.u 3.0 3,7 4.
3.7 4, 3.9 3.6 4,2 3.5 N1 8,8
2.9 2.3 2.0 1,9 " 2.3 1.9 2.2 2.3
2.6 3.8 2.7 2,5 3.1 2.5 .8 2.9
3.0 3,8 3,2 2.9 3.5 2.9 3.5 3.«
1.9 2,2 2,0 1.9 2.8 1.7 2.3 2,
0.0 8.0 0,0 0,0 0,0 0.0 0.3 0,0
2o 2,3 2.6 2.4 2.9 2.4 2.7 2.8
12,7 16,8 18,9 18,3 15.3 34,9 14,7 18,3
18,1 18,2 15,0 13,9 14.2 13.9 13,9 14,4
1,7 2,7 2.2 3,0 2.3 2.3 2.3 3.
2.4 3,2 2.9 3,5 31 3.1 2.9 39
t,0 0,0 0.0 0,0, 0.0 0.0 0,0 0,0
3.5 4.1 3.6 8,1 3,6 5.7 3.7 4.2
8,0 0.8 0.0 0.0 0,0 3.0 0.0 0,0
n.y 6.9 0,8 0.8 0.3 0.8 0,7 0.8
3,8 3.1 3,1 3.6 3.6 3,0 2.6 3,0
2.3 2.8 2.5 2.8 2.8 2.6 2.4 2.6
e.6 ¢.0n 0,0 0,0 0.0 0,0 o.o 0.0
2.9 2.6 2.8 2,8 2.6 2.9 2.6 2.7

32.%% 32,70 32.70 32.70 32.4% 32,59 32,99
12,39 32,28 13,28 32,97 32.97 32,66 32,44
32,62 32,78 52,78 32.7% 32,87 32,87 32,47

13 13 16 124 18
,8s [ | ] 8.0
0.9 [} ] 0,0
8,0 [ ] ® D.0
.0 ] [ ] Q.8
6,0 e ] 0.6
6.8 s T 0.0
0.0 [ 0.0
0.0 L} G.0
.9 L 0.0
0.0 € 6.0
8.0 L] 0.3
0,8 [} Q.0
8.0 L] 0.0
0.9 [ ] 9.0
0.8 [ ] 0.0
8.0 s 0.0
0.¢ [ ] 0.0
6,0 L ] t.0
.0 ] 0.0
.0 * 0.0
[ ] 0.0
.. ¢ G.0
6.9 1] G.0
6,2 L] 6,2
27.3 20,6 28 28.%
11,7 12.9% 12 11.9
6.2 7.2 & [ 1Y}
32.1 32.&6 M1 32,6
29,7 36.7 38 30.5%
8.3 7 LYY
11,2 12,2 2 1t.1
18,3 28,8 18 12.8
0.8 RN
a,.8 ] 0.0
[ 1Y} ] [}
.0 [ ] 0.0
] Q.0
o L] 0.6
0,8 . Q.0
0.8 L] 9.0
1,6 [} .0
8,8 [ ] 8.8
o9.¢ e e.6
a.¢ * 0.0
0.0 0,0
[ 18] c.0°
6,0 .0
e,0 0,0
6.9 9,0
6.0 %.0
4 e,0
0.0 0.0
2.9 0.0
0.8 6.0
a.0 L1
0,0 0.0
0.0 5,0

33,30 33,30 33,30 32,62 32.42 32,62

}
«
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- ‘ ' ., TABLE C13 - TEST DATA FOR TEST 1 ON SECTION 6

REDUCED RATIL OATA

TSRCH NHEEL NUNBER

1 2 3 L] LIS [ 7 [ ] ’ 10 11 12

RATL STRATR AT MATIN ARRAY ~AY TIE -NORTH UPPER GAGE «MTLLIONTHS 16101 -z~q.s-zss.n-an.a-zno_s-znw.3.:19.|-19a.o-1-~.--xss.n-:ns.o-:ss.s-z-s.t
RAIL STRAIN AV MALTM ARRAY =AT YIE -NORTR MID GAGE =MILLIONIHS 16102 37,2 37,2 3v,.9 53,5 S5%,2 48,2 93,3 IV, 65,2 46,6 53,9 58,2
RATL. STRAIN AT MAIN ARRAY ~AT TIf «NORTH LOWER GAGE «MILLIONTHS 16103 332,2 2868,9 302.9 286,93 237.6 260,9 278,99 226,0 202,7 246.9 272.6 270,2
AATL STYRAIM AT MAIN ARRAY =AT TIE ~SOUTH UPPER GAGE «MILLIONTHS 1610% -26!.5-260.h-255.5-250.l-225-'~226.l-251.2-210.1-219.2-223.6-255.2-21,.2
- ROIL STRAIN AY MATN ARRAY »AT TIE ~SOUTH MID GAGE ~MILLIONTHS 1610% 36,5 ~36.% =41,1 =571 =30.2 43,8 -32,3% -59,3 «S4eB «3B.8 -58,8 43,4
RAIL SYRAIN AY MAIN ARRAY ~AT TIE -SQUTH LOWER GAGE =MILLIONTHS 16106 302,9 291,2 293,5 245.8 2%2,3 256,35 233,9 198,0 202,7 263.6 263,2 2%%.,.6

RAIL STRAIN AT MAIN ARRAY <DETWEEN TIES UPPER GAGE «MILLIONTHS 16107 -25&.5-237.3-254.5-209.2-196.3-211.A-2l5.7-157.Q-l!ﬂ.0-202.7-2!3.5-2n0.’

RAIL STRAIN AT MAIN ARRAY -BETWEEN TIES M1D GAGE ~MILLYONTHS 15108 “B0.8 -53.5 ~h2,3 38,8 -43.1 =51.7 43,1 19,8 =23,7 «43.1 -3G.6& -36.6

AAIL STRAIN AT MALH ARRAY -BETWEEM TIES. LOJER GAGE «MILLIONTHS 16109 257.% 230,9 253,.% 233,0 18%,9 204,53 224.8 188,0 199.8 200.2 228,7 222.7

B RALL STRALIN AT 100 FY CAST-BETWEEN TIES UPPER GAGE «RILLJONTHS 16110 n,0 0,0 0.0 8.0 0.0 8.8 [ ] 0.8 0.9 2.0 e.¢ 0.9
RAIL SYMAIN AT 100 FT EAST-BETWLEN TIES MID  GAGE ~MILLIONTHS 16121 ¢.8 0,0 0,0 0.0 0,0 0,8 0,8 0,0 0.0 0.6 0,3 0.0

RAIL STRAIN AT 100 FY EAST-BITWECN TIES LOWER GAGE ~MILLIONTHS 16112 0.0 a,0 0.0 0.0 8.0 [ ] 2,0 0.0 0.0 e.8 0.8 8,0

TIE STRAIN AT MAIN ARRAY =HO.RAIL SEAT UPPLR GAGE «HILLI0NTHS 16113 «181,%9-190,%-177,0-172.6-195.8-208 e181,5-21%,3203,9-188.2-197.2-208,.6%

B YIE STAARM AT  HAIN AHRAY =NO RAIL SEAT NMID  6AGE ~MILLRGNTHS 161148 e.0 0,0 6,0 0,0 0,0 0,0 0.8 0,0 0.0 0.0 &8
YIE STRAIN AT  MAIN ARRAY -HO.RaIL SEAT LOWER GaGE -MILLIONINS 16115 p,6 0,6 0,06 ©.,0 0.0 6,8 08,8 0,0 0.0 0.8 0.0 .
YIE STRAIN AT MATN ARRAY -MID LENGTH UPPER GAGE ~MILLIONTHS 16116 4705 43,0 47.5 33,9 %0,7 ¥3.3 87,5 97,3 85,2 0.7 80.7 03,2
TIE STRAIN AT HAIN ARRAY =MID LENGTH LOWER GAGT -MILLIONTHS 16118 0,0 0.0 0.0 2.0 8.0 0.8 0.0 0.0 0.0 0.0 0.0 6.6
TI1E STRAIN AT 180 FT EAST-HO.RAIL SEAY UPPER GAGE <RILLIORTHS 16119 06,8 ¢.0 0.0 0.0 0.9 0.8 6.0 0.0 Q.0 0.0 29,8 8,0
i TIC STRAIN AT 180 FT EAST=-MOLRAIL SEAT MID GAGE ~NILLIONTHS 16123 0,0 0,0 9.0 0.8 0,0 8.0 0.9 0.0 0.0 0.0 8.0 0.0
() TIE STRAIN AT 3108 FYT CAST-HQ.AATL SEAT LOWER GAGE «MILLIONTHS 1612% 8,0 0,0 2.6 8.0 0.9 9.0 0,0 0.0 8.0 0.0 6.0 0.0
i YIE STRAIN AT 300 FY EAST-MID LENGTH UPPER GAGL -NILLIONTHS 16126 9.0 9.0 0.0 6.0 0,6 0.0 0,06 0.0 0.0 0,0 0.8 0.0
TIC STRAIN AT 3106 FY EAST-MID LENGTH LOMER GAGE -HiILLIONTHS 16124 , 0,8 0.0 0.0 0,0 0.9 8.0 0.0 0.8 6.0 2.9 8.0 6.0
e DEFLECTION AT  MAIN ARRAY -NORYM END OF INSY TiIE€ «INCHES 16209 0,0 0,0 9.0 0.9 6.0 8,0 0,0 .0 0.0 0.0 c.8 0.0
, ! DEFLECTION AT HAIN ARRAY -RAIL MIDSPAN RETWEEN TIES~INCHES 16201 0.3 0.3 0,5 0.% 8.5 0.9 0.5 0,3 6.3 8.3 0.9 [ 2% ]
. INTERFACE STAL3S MAIN ARRAY =HO.MAZL SEAT GF INST TI1g »PSIT 16211 [} 0.9 0.0 0.0 0,0 0.9 0.0 0.¢ 0.t 0.0 ..0 0,0
. INMVERFACE STRESS MAIN ARRAY -MID LENGTH oF INSY TIE" 16212 0.0 0.0 0.0 0.9 0.0 0.0 0.0 2.0 0,0 2.6 8.0
. . INTERFACE STRESS MAIN AHRRAY -SO,RAIL SEAT of INSY TIE 16213 LI S.t 4.1 3.0 Sel 3.8 3.0 5.9 6.3 ba1 4,3
INTERFACE STRESS MaTN ARRAY -NO,RAIL SEAY OF L8aD TIE 16214 6.9 0.3 9.0 0.0 0.8 8.3 6.0 0,0 0.0 9.0 9,0
INYERFACE SYRLSS MAIN ARRAY <MID LFNGTH CF LOAD TIE 1621% 0,0 0.8 8.0 0,0 8.8 8.0 6.0 0.0 8.0 [ 2% ] 0.0
INTERFACE STRESS MaiN ARRAY -SO.RAIL SEAT OF LOAD T1E 16216 3,7 9.9 8,3 9,5 18.0 1g.6 8.7 9,9 12.7 10.8 9.8
INTERFACE STRESS MAIN ARRAY ~NORTH RAIL BETWEEN TIES -pSi 16217 4,1 5.3 8,8 4.8 3.1 T,7 8,6 Tl 68 6.7 7.3
_INTERFACE STRESS HEIN ARRAY ~NIO CR18  AETWEEN TiEs -Psl . 16218 2.1 2,2 " 2,1 2.1 2.4 2.9 2,1 2.9 2.8 2.7 2 2.9
INVERFACE STRESS MATN ARRAY <SOUTH RAIL BETWEEN TIES -PSi 16219 n,o 0,0 0.9 0,0 6,8 8.0 0.0 0,0 8.0 8.0 9 e,8
RAIL SEAT FORCE MARH ARRAY -NOATH SEAT LOAD CELL TIE -XIPS 16127 6.9 TS 7.7 7.1 1.7 8.9 T.2 8,3 T.9 8.8 7.8 %1
AAIL SEAY FARCE MAIN ARRAY -S50UTH SEAT LoaD CELL TIE ~K1PS 16128 0.0 8.0 G0 0.0 0.6 0.8 0.0 0.0 g.8 0.0 .0 8,8
TIE BASE FORCE MAIN ARRAY ~BASEL PAD - 1 NOHTH END -K1PS 16129 0.0 0,0 8.0 0.0 8.0 8.0 0.0 8,0 6.0 9.0 9.9
TIC RASE FORCE MATN ARRAY ~BaSE PAD = 2 «KIPS 16130 2.4 2.6 2.8 2.9 2.7 3.2 2.% 2,9 2.3 2.9 2.3
_ TIC BASE FORCE WAIN ARRAY ~BASE PAD « 3 «KIPS 16131 0,0 0,0 0,0 0,00 8.0 6,8 8,0 0.0 8,0 06,0 6.0
TIE BASE FORCE MAIN ARRAY =BASE PAD = & -K1PS 16132 0.5 0,6 0.6 0,5 6 8.8 08,8 0.,6° 0,6 0,7 9,93
TIE BASE FORCE MAIN ARRAY -BASE PAD - S «K1PS ‘16133 8.8 0,5 0.4 Q.8 6.9 D6 0.8 0.% 0.3 0.6 2.8
TIE BASE FORCE MAIN ARRAY «BASE PAD - 6 -~N1PS 1613y 0.1 0,2 (1% 0.1 8.2 0.2 0,1 8,2 8.2 8.2 .1
YTIC BASE FORCE MAIN ARRAY -BASE PAD ~ 7 «K1PS 16138 2,8 2.9 2.8 2.9 3,8 3.8 2.7 3.8 | 3.2 3.1 3.8
TIE BASE (QRCE MAIN ARRAY <BASE PAD - 8 «XIPS 16136 To8 1.6 1e8 1.6 1.6 1.9 1.2 1.7 T 2.2 2.0
. . TIE BASE FORCE MNAIN ARRAY «BASE PAD - 9 . -KIPS 16137 L1.8 1.6 1.3 1.6 1.7 1.7 1.2 1.6 2.3 1.7
. YIE BASE FORCE MAIN ARRAY =BASE PAD -10 SOUTH END =XIPS - 16138 .0 0,8 0.0 0,8 0.8 0,0 0,0 0,0 0.9 8.0
RAIL SEAT FORCE MAIN ARRAY ~MOATH SEAT LOAD CELL TIE -KIPS 16227 6.6 T3 T3 6.6 T8 8,7 5,8 8.6 T3 7.7
.. AAIL SEAT FORCEC MAIN ARRAY -SOuTH SEAT 10AD cFLL YIE -XIPS 16228 5.1 8.7 Re7 3.7 5.7 6.2 S0 5.8 Teb 6o



. . . g o . L $JiNe 311 1149 UVOT LVIS HINOS= Avuuy Nivw JOHOJ 1¥IS vy

".“ ".“n m-m ...“n M.“ m.“ M.ﬂ MMWNM . U 8dIne 314 113D QYO LV3S HINONe Avyny NIV 3804 1V¥IS -AIVH

2°0 e°0 oo A ] [ 24] [N} [N ] €192 ’ S4lMe ON3 HANDS 0T~ Ovd 3SV8e Avuuy nNivW  3)ju04 35ve 31l

L 38 1 £°t  #°t ¥t 91 sV sl 15892 S3IN~ 6 = QVd 3Svde Avyyy Nlve 33904 "3ISve L3

3 AL 6°1 £°2  &°t (24 ¢ (34 1 953192 SdId~ g - Qvd ISV~ Avuyy nxive 33404 3ISve. 3L

‘a2 8¢ 0°0 o°e 0°c [ M) '] SETI2 Sdln- . & = 0ovd 3Sve- Avyyv Nive 32005 3sve 311

‘e e*a 0'0 0's  0°0 0%0 . 192 SN 9 = Ovd ISVG~ Avyuv NIV J0u0d ISV JLi

$°0 9°T  %°0 ‘9°t  &'0 &0 1Y) £E192 SdlINe ¢ = OVd ISVQ- AVHuY NIVe 3Dy04  3Sva 311

.0t 1T 0 §'t  ®°0 .90 e ze192 - SdiN= % - QVd J5¥8= AVEYY mlva 30w04 3ISVYE-IIL

e°0 0°0 ~ 0°0 -0°0 - 0°® 0'0 o0 e 16192 Saln= § - Ovd JSVg- AVNuY N1Vw 3Dw03 3ISvE 31d

) RS 0°'s 2°¢ .9°T o°¢. @2 42 z°2 ’ci92 saine Z ~ dve ISvE- Av¥yv Nlve 30w04 ISvd 31d
0’0 L] 0%0 [ 3] [ 3] v'o [ 3] [ «TI¥T SdIN~ ONJI HINON -1 = Ové ISVE- Avuuy Nive 3204 3sve JiL

00 0°0 - 0°0 ©6°0 . 0°0 00 ©°0 ' 92192 $4ine 314 133 0¥01 L¥3S HINOS~ Avik¥ WIVW 30804 Avis ve

£°¢ EA% & S 3 sL T 21 §£°% 1'v €6 "9 1132192 SdiId~ 311 113D GYON LYIS HIWON~ AVNMY NIV 33804 IVIS VIV

. [/ ] 60 [ M ] 0°0 0°0 0°0 0°0 8°0 0”0 63292 1Sd=  $3F1 NIINLIE VIVH HINDS~ AVHUY BIve $SIBAS JIVINIINI
[ ) 0's - 0°0 (3} [ A ] 0°0 [ M] (34} N} 1292 $1Sd= S31i K3IINA3W  ©1¥D OIwe Aviwy NIVM SSINLS 3OVAHILNT

[34.] 1°9 L°C &S 06 T1°Y  L°e e°s  ¢°S L1292 Isde 5311 N33R13G IIvH HLBON- AviyY v SSIWLs 32vaudand

€6 11T S0l £°V L't 6'v 1°0T I°9  ?2°¢ 9°L 1292 214 OVOY 40 AV3IS UYH0S- AVYNY NIV SSIUIS IIVIdIinl

oo 0 [} 0°0 [ 3] 0'o [} 0°o °°e [ ] j31t4 14 311 gvp 40 HLONJT DI~ AVWNV NIVW SSI¥LS JIVIN3LINI

0°0 [ ] 0*0 [ 23] 9’0 0’9 0°e [ A ] ‘0 [N ] 1292 J14 V0T 40 AV3IS Hveton=- Avduvy NIVM $$3¥LS IIVINIIN]

. £y € 6 h £°n £°s ey 9w 2's (33X 2’ st292 J11 LISNT JU gY3IS IIvH0S- AVHUY NIV SSIMLS 3oVANIANTG

(13 ] ] 0'0 (M) 0‘e 00 0'0 0*e 0°y 21292 312 ISNL SO H1SN3T Clv- AVHYY JIve SSIVIS IIVINIIN]

. 0°0 ° [ 3] 0°0 [ 3] 00 0%0 0°e [ 3 ] [ 11292 1Sd~ 314 ISNI J0 Lv3S WVH*ON- AviyY NIvw SSJULS IVIUIINT
. - %°0 0 1 3 ) s'0 $°0 »*0 (34 %0 “°9 10292 SIHINT=SILL W3IINLIY NVJISOIN IIVH- LVHHY Nive 1¥  NO11237430
o0 1] 0°0 [} 9’0 [ 2] 0°o o°e [: 3¢ ] 0 €022 SIHINI= 331 LSN1 40 GN3 HAIWON- Avduy NIvW LY NOILIINA3C

0°0 [ ] (.34 ] o°0 - 0°0 b0 [ 5] 0‘e L3 ] ) "2192 SHINOT VI~ 39¥9 B3mO RIONIY QIw-1Sv3 44 001 AV NIVHAS 312

0°0 0°0 0°0 0°o [ 34 ] 0°0 [ 3] ¢°0 e* e'e TN SHINOI TIN~- 39V9 HIduN HADNIY Olw=-1Sv] L4 00T 1Y  HIvHLS 311

(3} (5] [ 3} 00 0°0 [ 3] (34 ] [0 ] e [0} T192 SHINOI1TIwe 39VS BIN0OT 1v3S VY ON-25V] 14 00T AV HivH¥LS 311

0% 0°0 0°0C 0°0 ©0°¢ L°0 0°0 ©0°'C 0°0 - ©0°F¢ €219z  SHINOIVIIw- J9v9  Olw  1v3S MYBON-15¥d 14 001 iV NIYELS 314

[0d ] (34 ] °°0 o0 [ 3 ] [ 24 %'0 0°e [ A4 [ 2 ] 1192 SHANDI 1iW~ 39VS N3ddNt 4V3S VN ON-18Y] L4 00T 1V Nivyls 313

. 0°o [} 0°0 0°0 [ 34 ] [ 24 ] [ 2] 00 80 [ 3 ] [ 18314 SHAINO1I 1 W= 39YD Y3m01 HI19N3Y OIW- AVHYY NIVM AV NIYWIS 314
G*6h C°Lh S'Lh 9°9C BN Y'CT SCLe BT6h L% V'@ 91192 SH1N03 1IN 29¥3 W3adN HISNIT Glw= AVNEY wi¥N 1Y NIVHLS 304

. ‘. (- 3 ] [ 3] 00 0°o [ 3] 0°0 8°0 0°e (3] 8‘o 1192 SHINOI I IW~ J9V9 NIROT  LU3IS Ty ON- AvUHY N1V 1Y Nivuis 31
[ ] 0°0 (24} [ 3] 0°0 o 0°0 " 0'0 9*o0 " @°e *T3192 SHINOT TINe 39¥VS  OIN  2¥3s ATvH°On~ AvHYy NivW 1V NIVY¥LS 31

W OGZe L 102-024T2-6°212~T1°GLE G U1~V UNZ-9 UTZ-0 EUI-S 1010 0 €L192 _ SHANOINVINe 39Y9 ¥lddN LvIS EYUSON- Avuyy Nive 1V HIvUlS 31

®°0c 0°C 0°0 0°C ©0°C Q°0 @'0 0°C 0°0 ©°c 0°C 21192,  SHANOTIMIW= 39V9 ¥3IAUT  SIIL NIIALIN-ISYI 14 0UYy oY NIVHLS VY

[ 0°0 0*0 0'0 0°9 0°0 [24] o*¢ - 0°0 0°9 [ 2] e SHANOITTIn- J9VO Olw  S3I1 N3I3NL3G-15v3 24 001 1Y NIveiS ve

: 3°0 ©0°0 0°0 0°0 0°0 0°C 00 0°0 ®°0 ©8°0 0°0 QT192  SHINOIMIm- 3J9VO ¥3ddn  $3Ik N33INL30-15v3 13 00t  Lv NIvyis ivk

H°EOT 0°GRT 6°CUT D°CHT 6°EVUL 9°WIZ §°922 1°261 T GnZ 9°T92 1748 2 eaZ 60192 SHINOITVIN= 39V ¥3IP0TY SIIL NIIRL3IB- AVHEY Nive 1% NIVHAS Ive
CO2E~ O°UE~ 1oCh= 9°GZ~ L°ET~ €26~ ® LG~ S HE~ 0¥~ E°6h= Yhh- [ L1 2 [ ] 2314 SHAKOI MW= 39¥S 01w SIIL N3INAIG= AvHUY NIVw 1¢ NIVBLS IVY

L u.ro-oo.o:-.—mnewve.onﬁ.n.on—-—.:e—|~.-m-o.»c—:o.emn-a.o'-c.5m«nu.;-«: 1092 SHINOITVIN~ 39Y9 ¥ldd S311 NIINLIG= AVHWY (18 ] 1Y NIYULS TIvY
§°092 6°802 2°4LZ 9°EZE L°Sel 2°LL2 < T1E £°Ye2 6°182 §°Log ¥ 2T 27962 90192  SHINOIVIIN- 39V8 ¥3IA0T HANOS- ITL Lv- AvuYy wiVa AV NIVALS Ridi]
9°0 0 0*0 0°0 0°0 0°c ©°8 0'0 O° (3 T M ] (] €019z  SMINOITVIN® 39VD  Giw HANOS~ 314 v~ AVNUY NivW 1V NIVHAS VIvw

NTO2T-L 0529 E2Z- 10012 =S S0Z G KU -Lo0ET-N V2L~V TLZT-0 092~ L 2 INT-A 7022~ [ 1381 SHANDITIIN= 39¥9 Mdddn NLNOS~ ITL Lve AVHNY wilVw 1V Nivdis Ivd
QZLE N HEE WADE G°T2E G°20E T°605 N°GLN G 6NE L°L0n L°%1n 801N 1l 13334 SHANGI Ik 39VD M3N0Y HiwoNe J1L AV~ AVNEY NIVN 1V NIVHAS T1ve
$°8E ZOLE 9°ZE 9°9% S°EE 6°In Z°IC  6°Ie 9°ye 9°ST 278§ £°s2 20192 SHANOI M IN= 39VS  OIN HIHON= -31L 1V= AVNNY NiVN AY NIVNLIS 1V
hodﬂn.hcﬂu«la-m.ula-nnulnounaln-eoﬂan.oenve-hh-le-wtuln.ONNIGonN«vn-CNNl 192 SHANOSIVIN= J5¥S NiddN HANONe 314 Av- AvMMY NIVM iV Nivuis VY
[ 43 1 [} 6 . L 9 s L] € z 3 : :
WIBNNN 1I3HA Houss

- VAVO VIV¥ QIIN03N

9 NOILOIS NO ¢ LSHUL ¥04 VYIVd LSdL 10 d1dyy




[ 134 1K 1A 11 nn.«n SE°26 9Z°EE BT EE CE°2F HL°2L O2°EL QBOCE SH°IE oE°C

.-t

-

PN DO NOOONODODODIDOHNONOONNAST S
R EEEE RN R EE R R A A A
:qoooocoaoooooa:w—o:cmeqﬂauu

-

.
.
e
.
.
.
.
.
.
.

L}
[}
o
]
0
o
[
]
[}
0
L]
0
[J
0
3

R EEERE]

-

OMNOFRFODNODINT
SR NNEDOADHN NN~

LR NN N -¥-3-]

» e 20 00 e

[ ]
9
9
0
L]
°
3
?

D000V IOCDDVDOOD
0000000 TVDINOOOD

9 NOILDAS NO € LSdL ¥d0d V.iIv¥d ISHL

PEAFIFMNANNOOOONE BN M OO NOR

(38}

-

o 6% o 60 000 rs d0se 00N e s e

VONANNNO Ot NN ANNDO PO~ NN
LR X

-~ s

s s e @ e e
Rl R
- Lol K

ot
s

26°¢E 26°CE OV 09°CF Y9°ZE ¥ICIg L6228 L6

9°1 [ 28 ] s’y [ 381 [ 341 L3 £°1

£° 9 g°2 -.u £°2 s°2 17

.8%2 2 vz e "2 1€ .z

0°% 1°¢  #°S  0°S  #'C  L°H

o°t (38 2°t 6°0 34 ] [ 2 ]

10 e°e 30

Lt L34 B3

0°0 9‘e 9°0

6°€ LA S AL ]

6°0 e*1 2%

[ 33 "2t 9°¢t

[ 233} 0°g1  &°9t

[ 34 %"t (38

s°e Lz o2

£z L e 8°z

*2 o°2 e '

0°t 9°%  p°'t e°t

[ 3 ] 0°0 (2 } 8°¢0

6°t @'t 8*z &'t

e°e 0‘0c  0°p 0°e

£°2 £°2 vz L'z

22 ' gtz g°®

L°%% 2%¢1  1°gt et

Lot e°gt g°st

£°61 e°gt §°02 1°61 g°12 P°9t

°% 9 1L 1243 8 2

[ 3¢ #°2T 0°FZ 9°te i
0°62 6°%2 @42 t°s2
821 T°GT T°LT &gt
I°¢  0°9 9°6 2°w
£°9T 96T 24T B°fT
9°Iy 6°9% $°2T 0°0f1
G*GE" 0°FE @°€f s

2°6  2°0 a2t 2°0 2'c &0 '

1¢ i°e 1*c toe 10 1°e 1°%

0°C 6°8 g't 06°C 0°0 0°9 @°0

6°0 0°C e°6 eo*¢c 0°8 9°C e°e

0°C 8°C p'0D 0°¢ @'s @°C 00

2%0 [ M ] (2] [ -2 ] 3¢ e’ o°0

[0} [ 3] [ 3] [0] 6°0 0°t 20

8°6 0°0 0°6 8°0 0°0 G°s 0°0

T°H0t 0°628 T°H0T 2°T21 9°66 6°6ll h°301

0°% 9°0 ©°0 ©0°0 0°C 0°0 0°0

6°LY 0°2% S°t6 6°l9 £°59 E°95 6°L9

£°928~9 6i2-0 60~ " 122-9°212~8" N—wne.anu-p omuc

0°0 8°@ e°c o0°C ©°C 0°0 ©0°0

9°¢  0°0 ©0°¢ 0°¢ 0°c @°0 0°¢

8°0 0°‘0 8°9p o°c 90 0°¢ @°0

OT11 T °GET LT THET T°00T TUGET T°12L

H°E2= L°KE- £°02~ §°UE~ 9°TE~ 2°6m- Y 1L~

9°C6= TU06= U909~ SOTIL~Z°TY= T°Unt-W 96~

9°26 9°6nl 1°2eT 9°1EV 9°LIT €°9El 9°es§t

9°91~ 9 K1~ 9°97~ Z2°ZV~ B°%e 6°61~ K 4l

L°C9% 1°16= %°90T~9°201=6°9%= 6°H0t-Y° 2L~

£OETT L°UST Y6nT T°96T £°C2T 3°LCT 0°gsE

6°8E ZOE L°CE 9°SZ eI L°92 9°2¢

C°09= 9°60L~E"66~ 2°V6~ 2°6L~ 6°C0L~C 66"

® [3 ] s 1] £ 4

VAYO T1vN 0370034

L2134
4£29¢
”na9t
SR29%
Li34 4
t€29¢%
(11419
18298
9£29¢
229t
11341
iZ29¢
Li33:]
18198
NI
SE196
+£19¢
£€19¢
ZE19¢
1E19¢
0819¢
6Z12%
|219¢
1219¢
§129¢
e129%
Lizee
?129¢
s1e9e
L2.£4 49
eITYC
2129¢
1729¢
o129¢
6029¢
2e19¢
1219¢
oZt9¢
6119¢
[23% 19
L139%
ItI9E
S1T9¢
w1195
£119¢
2119%
ti1se
(33503
6019¢
$019¢
L0319
9019¢
So0t9%
hol9s
£019¢
2019¢
10398

HONSA

nLuxo T uIUunN  w1YMI ¥D3 OVO IR Yiva NiIvyl
SelN® T WISMAN  NIVYL D4 QY07 3IHR- YiV3 Nivel
SqIn= ONI HINOS = Ogyd ISYyY~ Aviuv Nlve 23804 3Sva 314
SdiN= = gvd ISvg- Avunv Nivw  Jou04 3ISve 311
SdiN= o p¥<d 38V0~ AVENY NIVW D404 35VH 318

Sdlde - Qvd ISve~ AVNUY Nive D804 ISVE I

SaIN- - Qvd 33v@= Avuyv nlve 23804 3ISVY I8
SdIN= « gyd ISvg- Avudy Kivw 2u04 3ISve 314
S4L¥= « O ISVg~ AvENy Nlvw 304034 3Sve J1L

. BdIu= = gvd 35v8- AVBYY Nivw 32404 FSvE 311
SdIN~ ~ gvd 3sv@~ Avwyy NIve  Jou04  3SvE 314
SSIN= OJHI HAMON - Ovd 3SYB- Avb¥v Nlva 33HO4 3ISve 311
Sdine 311 1932 Ov0l 1¥IS HINOSe Avbuy Nivw 3IJu04 LvIS vy

SaINe 1L V12D UYOT LYIS HAuDN- AVBUY NIYW 2DY0d 1VIS VY
Sdld= OHI WIROS 0%~ Qv JSYO- AVENY NIV Q604 3ISVE J11

Sdin= 6 = OVd WVE- Avsuv Nivw J3w0s 35SV 314
Sdin- @ = OVd ISYO~ AVNYV niVi 3JDH0J 3ISvY Ii4
SdiN~ 4 = Ovd JSva~ AvHuy NIvw  33¥04 3Jsv8 314

SdiNe B 9 - Ovd ISYS- Avuwv nlve 30403 ISva AL

SdlN= € = gvd Jsva- AvenY NIVs 3J2u04 35¥Y I14

Sdin= % = OQvd JSvE=- AvuNY NIVe 33404 3SVO J12

SN € * Ovd IS¥E~- AVHYY niVw 30w04 3Sva 312

SdiNe 2 - Ovd 35va- AyNHvY Klva 2004 3ISy8 311

SgiN~ ON3 MINON T - Ovd 3IS¥g- Avuuv NIvw J0y0S 3ISva 35

Sdid= 311 733 GY01 1¥3IS KINOS= AVNUY NIVW 3Dn0J Av3IS TIVM

SSiM= 311 713D GVOY AV3S HANON~- AVHEY NIV 2Ju04 Lv3S Ive

18d>  $314 NIIAL3G LYY HINOS~ AVUNY NIYW S§SIMES 3IViaudintd

ISde S3I} NI3RL3E  BIU] Olw~ Avidvy NIVN SS3¥1S 3JIVIuIiNE

1§d> S$35L NIIMi3g VIvy HAUON- Avuuy NIVN SSIHiS 3Dv3udiNd

311 O¥QY 30 iV3IS TUYYTOS~ AVMEVY NIV §$IWLE IDVIuIinl

211 OVQ 40 MAOHIY Olwe AVWUY RIVM S$2MIS IDV2¥IANE

314 QU0 40 A¥3S TIVNCON- AvsNY NIVM $SIULS 3IVIuILNG

251 ASNE 20 2v3S IVUC0S= Avyuv NIV SSIULS IIVIUILNI

384 ASN] 40O HEION3IT Ofw= AVUYY Jlyn $SIULS IIVIBIANG

ISde FIL ASKE 40 LV3IS TEVECOM~ AVUNY NIVM SSINLS IIVINIANE
SIHINE=SILL WNIINLIY HYJISOLN VJVYE~ AvayY NIVW  2Y  10ILID3T320
SIHINI~ 314 ASNE 30 ON3 MAXON=~ AvudY MIVe 1V NO21J333230
SHANOIVIIN" 39VO ¥INOT HI9NIY OIw=2Sw¥l 13 08T AV NIVNAS 3112
SHINOLITVIN= J9¥S ¥iIddh HAIZNIT Ulw=~2S¥) 43 D8t Y NIVHES 312
SHANOI M INS JPV¥S BIROT  Av¥3S VWM ON-ASVI 14 00V (¥ NIVMLS 314
SHINOETIEWe J9¥9 Olw 3¥35 VIVH*ON~1S¥d L4 OOF 1Y NivELS 31
SHINGTTTIN= 35VD M3ddN VY35 TIVN°ON-13VI L3 00T 1Y WNIVHAS 35
SHENOI VW~ JOVE yIALT HIOWNIT Clw- AVONV RIYW LY  HIVEAS D1&
SHINOI VIR~ IIVD kIadD HEON3TY Oli- Avywy nivw 2% NIVHAS 3Jid
SHAKOEIIEM= 39Y9 w3K0T L1935 Ive'ONe AvBEv HEve AV NIVMIS 314
SHENOI TR 39V9  COFw  £v3S 1IvE*One AwdNY NEVM AV NIVUIS 3Ea
SHILOITYIN=  39V9 H3ddNi 1¥3S TIVY°OK~ Avuyv NAVW AV NEVYLS 311
SHINGI VNN J9YS WIROT $IIL KIZRLIYP-ASYF L4 GOT v NIvEAS Vve
SHINOITIn= 39¥8  Ole $31L NIIRLIB-LSvI 24 O LV NIVUSS Y1ve
SHANGI1Iin= 39V ¥3dut §3IEL %IIALIB-2Sv] 14 00T  Av WIVHIS vk
SHANOLMin- 38Y9 ¥3r/07T $311 RIIPLTG AvNUY plve L5 NIVHLS TIvy
SHANGINIIN=- 35Y3  CIn 3354 N3IIMLI0- AVHUY NIVE 4y NEIVELIS IvN
SHANOETIEN 39V9 uW3ddN S3I14 N3I3AL38- AvMMY NIY LY NIVELS Vve
SKARGETIIN= J9VS H3IRUT HINOS~ 314 AV~ AvEMY niVM LY WIVHAS VIvY
SHINDITIEWe JSY9  OIn MANOS= 314 Av= AVINY KIVW 1V WIVYULS V¥
SHAKOIViIn= JOVO ¥3ddN HINOS> 254 Ave AVHHY wivW LV NIVHLS 1V
SHANOIVIN® 39v9 B3RO0 HiWON~ 311 Lve AvUNY NIVW AV NIVAiS vy
SHANOIVIIN= 3J9V9  QIN HAYON= JJL AV~ AVUUY niVW LV NIVELS IYM
SHANOE TIIN= 29V9 ¥IdaN HIUON= 314 L1Ve AVNNY NIVM 4V NIVNLS IVY

STO dTIV.L

i




-

D6 zs 05°2 0S°TE SL°TE SL°IE SL°2t ¢t 95°Z€ 05725 SLZE SL°TS SL°IL 95725 95°ZL ASTZE SL73E SL°2E SL°28 L @ M3k aI¥u1 803 AVOR TN WAYO MEYMi
05°2z¢ 05°2E 96°2E SL°2E SL°¢ GL°2¢ #E°ZE S5°IE 85°ZE SL72¢ SL°2E SL°TE 08725 85728 8525 SL°2§ SL°2E SL°3% } SdIne 37 MISu0N MIVML VDI @NOD YT WAYG REML
K1 !

@'s 0°0 ©6°¢ 0°8 0°9 8% o0 8°0 90 8°8 #°9 878 0°9 5% 2°s "8 #°8 9°8 LIS SdiM= ON3 MIO0S 93~ OFd IASYR- AvUWY MIMe  FN04  3SYE 314
[ 24 ] (3} (14} 8% 9°% 09 8 §°8 %8 9°% 9°0 s’e 8% A°R &°9 " 078 98  1539% Sl & = O¥s ASYR- Ay Nive 32w0S IASEE = 7 3
[ ¢ e ° 5°6 8% 0°8 9°8 8°0 88 99 08 8°8 w9 88 2°9 6" 5°s 9% 998 Sein- 8 ~ Ovd 3ASNS- AVEEY Ni¥e J3w0d ISV AL

s 9 [ 3] . - -
°°s 0°0 8°0 §°0 89 @' 9°s 979 0% 078 9°9 0°8 8°% 99 "8 98 8 00 SEIIN SN 4 = Oud ISVE~ Avduy Nivw 303 ISEE 311
' €' 9*s 6°8 #°9 e°D 80 00 0 °9 '8 979 NS 3°8 &' 8°0 879 »”e AN i @ ~ Dve SV~ Aysuy alvn 3203 2SVE 3
0°8 9 o' 0°G 8°¢ 9°0. 8°0 8°% 00 978 2°8 878 "8 8°8 8°9 975 73 97 EXI9h Sl $ =~ G4 IASVE- AVMNY MI¥s 32w0d ISYE 311
[ ]
e°c 0°0 0°e 8°8 8% ¢°0 8°0 9°0 '8 9 8°8 98 99 "8 98 B 8% W8 LT SaiN= - @US JSYS- AVNWY Ve F3u03 ISVE T4
9°C ©°0 0°S 8°" @%¢ 0°C 0% 9% o' 70 °8 8°8 9°0 8°8 - 8" 9°8 8's W79 IEEN BAIN~ € ~ OV IEYE- AV wive IJu0d ISV 21
C°% 9°% S°F 4% L°%  S°e S 1% €% £°¢ £°6 I°% 3°5 S°% 4" $°% &°5 3L LTS SaIn 2 = Ove ASVE~ Ayuuy Wiy W04 IS¥E I3
9°0 8°0 °°e e°s 0°¢ 0°8 €9 '8 8% E SdiN= ON3 WIUON T -~ O¥d IS¥B- Avuuy wlve Aw04 ISVE 34
s"gf 2°11 €L 2% s°83 S°L $°0L &°L 6°%. Sdine 32 V13D OV IWIS MANDS~ AVHMY NIV Fubd 2vIS AAVE
56 G0 c'e 98 e s 8’8 ‘e o8 - Sais- 311 TIIAI GVED AVIS NIMDN- ANMEY WiV« AIW03 YIS Iew
1°21 9°6T _4°91 1°0Z S$°61 97T 1°sT 1°6T 971 2sd- N313 ACINEID NN MINOS- MUY WI¥e SSIWAS TIVIUTANE
°°t 0°t "eet z*2 9T &°1 #8°2 8z 9°2 1S@- SIIL NIINKIV  BEND OEN- VANV NN SSIWES DVINTEN
0°22 M°2E 6°SZ E°E 6°U2 85T P62 0%R 9T Isd~ 5712 NIINATG w HABON- Aviby sl $53u2S IIvawdand
€°CT a6l 9°sl &%T 0°0T 5°S3 &°8T MR %9t 211 OYON 90 AVIS WIVATOS- AVEEY NIV4 SSIWES JIVIuIAtI
E4d ) (3} 80 i°3 6*0 S°0 4°8 #°1 5°® 30 @YON 38  NASNIN OIu~ AVMMY NINW SSIVAS FIVIuILeNT
2°11 2°ST 1°UF S°GT 8°»T »°11 S°21 9%l 1% 314 @VOT 40 Jv3S d—ilnﬁ.? AVHNY NIVw SSINAS IIVININE
$°12 1°S2 w°€Z 2°IT e°ST e°2E £°ST £°6T 652 371 ASNI 30 VIS VA0S~ AVMEY WIvw SEIMLS ‘3DVAHILN
e €°0 8°s 0°0 8°0 8°D 8°9 8% 08 250 ASWE A9  MIONIN Olvi- AVEEY NINW SEIVAS IIVIUIANE
L°08 9°0Z £°91 9°IZ e°G6Y 2°31 W©°81 E°6l S'9t €° Sde N2 ASNE 30 AVIS FIVEON~ AvNMY Wivs SSIES IIVauIiNT
S5’ 8°0  %°0 'S %0 £°0 a8 +°0 8 ~  SINONI-SIIA WNIFNAICNNSSOIN NVu- AvesV NIVH 1V N9113ITI30
0°0 [N ] 0%e "0 [ 141] (%] 5 ) 3 ] o*e SIMINT~ 220 4SH1 3D O3 HABON- AVMNY NI¥N AV WNOIAIINSI0
8°0 0°0 0°® 8°% 90°C 8°0 8% ”*s  9°9 SHINOT VAIN= 39VS WINOR HENDDY OIw-AS¥3 A3 90% gy NIVMLS 313
0°c 00 ©'0 8% ©0°G 8°C 0°% 0% 9% SHINDE TN I3VS W3aMN-- AT Olu-iSe¥3 23 W8T 3V mIvELS 3L
°°c ©0°0 %0 ©0°% ©°3 0°0 0% 9°% 89 SHINOTYYIM= X9YS WIROT AvdS DLvN"ON-3$¥I 23 BOF v NIVNLS 311
€0 9°0 0°0 8°0 80 9°% T80 0°0 9% SHINDT AN~ 33v8 Ol  2¥IS WIN"ON-15v3 24 881 4V KIVULS 313
0°0 0°0 e°s ©8°9 9°3 0°9 0°0 878 8% SNAINOTININ. FTVS WISaN . JVIS NN ON-ISVD 235 DT AV NIVIAS 358
0°C 0°® 0°c 8¢ 0°0 0°9 G0 8% 09 SHINOTIHIw~ 3OV NIROY HISKID Olu- avawy wi¥s 4V NIVALS 314
0°C 9°0 8°0 8°C 9°3 ¢°8 98°% 0°0 e SHINOTANEN=~ 3999 Wlwdh  MaINIY Olw- AVENY wl¥d  Iv NIVELS 311
3°0 8%0 '8 %9 83 80 9o°s '8 90 SHINOTIIM 3IV3 WDNOT 23S VIVA“Ow- Avewy ailyw 4V WmIVELS 311
G'0 0°0 ©°c 0°0 €9 ©°9 &°s e°0 %9 SHINGITIw~ 3593 Ol  J¥IS WMVN-On- AVNSY Wl 2V NIVMLS m
00 0°0 ©° B8 8°% 0°8 8°% 80 9°% SHINOIIMIw= 33O WFden Jvis TUVN“ON- AVNEY NIWK IV MIVELS 311
00 G°" 80 €°0 8°9 e°s 8°s e'e s SHINOTTIIw~ J9¥S NINON S3I11 NSINIIO-ISYI 14 BET 2V INTwELS Ve
9°c 00 9°C 9°8 8°9 4" 8°s 8% s ee 80 s°0 "0 " i SHINDTTVIw= J9VS @1k S3TA WIINLIV-ASVI 135 BET 4V NIWELS WV
0 8% 0°0 9°9 9°% 9°8 8°9 2R 88 s '3 9 °9 ©°8 B9 4°0 80 078 #1I9%  SHINOTTAIw= I9VS Wldan SII3 NIINIIW-L3vD 23 $ET Ly NIvMiS VIVE
S SET 97911 9°051 Z LT 4°WRI £°ITT BUAET 1°6TT L1°6aT Z°NGT 70T 2°221 o°56T 1°2% 2°saT 9°451 #°5e1 BIKT 4819 SHINOI 2w~ J3VS WIXG] SIIA MIIRLIG- AVEUY wlve AV NIVMIS IS
e 0°0 °”e s 0°9 °8 0°0 "0 8°9 8°S #°9 8 o B%0 w8 9°9 "9 B°s BHEIIN SHANOTTIIN~ 3IVS OIn  $311 MIINAIG~ AVNNY NIVE AV NIVUAS VIVE
$°0 $°0 @°s 0°0 9°8 8°8 8°0 e°F 0°s e 070 89 0°8 9°¢ B 99 0°% W8 Z8Teh  SHANDTTNIw- J9VS M34dn S3I11 WITNLIN- AvEwv Mi%a AV MIVNIS IVE
Z'ULL T°69 &°ZZT w°6ET 2°96 L°TIT SO1IT S°IL  BOOAT I°Fel &°iv 0°%9 9°5@ $°SL S°STT 1761 £UB6 AT3aT 38T SHINOITIIN= IIVD WIFGT HINSS~ 311 Sv~ Avewv yl¥n LV NEVELES MVE
8° 8°9 €°C 0°9 08°S 8°S 8°0 8% s 80 8°9 0°8 ®'3 8°3 B°s s s 078 SeT9s  SHANSTIIW- DOV  WIN MINES~ JIL Av- Avew ailve AV NIVNRS VEVE
"8 6°8 8°8 8°8 8°8 0°s  0°% 8°%  0°9 &% 0% 28 §°S 4°8 9°B 3% #°9 4°® A9I%s  SHINOTTijue OV WDsan NIRES~ 3T Av- Avew Nive AV ‘MIVEAS VIVN

T°EIT §°9L Z°6L 9°%6 E°sl U SL 2°90% 9°AL S°RET vUUEt 3TV 9°sn 2°921 VL% BOZET WOLIT 2°6L I SBT  KRIYN  SHANDITWINC 28ve H3INGN HaueN= 1 V- AVONY NIve £V NIvElS Vive

6*9Z- §°0= 2o~ T°43= I°si= §°6T~ P T~ B°6=- £°CL~ TWHT- K - S°%Z~ §°9T- SN~ T WL~ TUHZ= B °SI- §NE~  TOAINR FHINOI T w- 39VS  TIW ENOw= JIL Z¥- AVENY Wiy AV NIVEAS VIVE

€89~ g°61= §°08~ ToSi~ S°Bv= 9°C5~ T°IL= T IS~ To9E- TR~ TOMET 2°9G> YoRL= P TT= W2~ VOSI- V62~ S°vE~ TN SHINOTTNIN= JOVS WIAR SANEN- IEL BV~ AVOWY Nive v WIVNIS “Wve

st [ 2] ST o st z % [2] F 3 i 2 9 » F 3 = .
VA0 “NVE I .

»

-

) 9 NOILDHS NO ¥ ISHI 3OS YEVA ISIL - 9O FTEVE

&

,‘j017ﬁ



"TABLE Cl7 - TEST DATA FOR TEST 1 ON SECTION 8

REDUCED RAIL DATA
TSRCH . WHEEL NUMBER

Y 2 3 s 3 . 7 [ L] 12
RAIL SYRAIN AT  MAIN ARRAY =AV TIC ~NORTH UPPER GAGE =MILLIONTHS 18101 ~167,8-163,3-159,7-133,0-14%,02147,32139,32101,56<102,7-133,46-183,0-12%.%
RAIL STRAIN AT  MATN ARRAY AT TIE ~MORTH MID  GAGE ~MILLIOKYHS 18102 63,0 33,2 53,8 53,8 92,3 39,4 63,0 48,7 S7,0 7.8 3,1 97.¢
RAIU STAAIN AT MAIN ARRAY -AT YIg =MORTH LOWER GAGE -MILLIOWTHS 16103  194.% 188.2 169,4 182,3 169,% 187,1 158,8 137,56 158,1 177.6 132,9 136,35
RAIL STRAIN AT  MAIN ARRAY =AT TIE -SOUTH UPPER GAGL ~MILLIOWTHS 16104 DU B8e225.8-223,82213,9-22%,82199,7218,7185,4-197.3+218,7-289,2-218,7
* RAIL STRAIN AT  MAIN ARRAY =AY TI€ =SOUTH MID  6AGL ~HILLIONTHS 18108 68,8 59,9 51,0 T1,0 86,6 43,9 £4.3 63,8 64,3 36,5 &2,1 9.8
AATL STRAIN AT MAIN ARRAY =AT TIE =SOUTH LOWER GAGC ~WILLIONTHS 18186  2NT.8 2u4.1 249,1 249.1 224,0 223,90 234,2 22%,3 211,9 223,80 248,% 282,9
RATL STRAIN AT  MAIN ARRAY -BETWECK TIES UPPER GAGE ~MILLIONTHS 19107 -200.9-197,30193,7=177,1-160,0-176,3-158,12115,3-131,9-161:6-263,2-189,7
RATL STRAIN AT  MAIN ANRAY -BETWEEM YIES MID  GAGE ~MILLIONTHS 10108 39,6 39.6 38,8 1,9 43,1 85,6 32,6 64,2 52,8 31,2 31,8 43,1
RAIL STRAIN AT MATH ARAAY ~BETWEEN VIES LOJER GAGEL ~MILLIONTHS 18109  209.7 202,3 203.5 193,7 179,0 162,7 166,7 163,0 163,68 1a3.1 163,06 170.8
. SATL STRAIN AT 108 FT EAST-BEVWEEN TIES UPPER GAGE «9ILLIONTHS 18118 =177.0-168.8-167,7-153,7264,2=13A.A=151.4=117,6-119,9-12%9,3188,8-130.4
B RATL STRAIK AT 188 FT CAST-BETWEEN TIES MID  GAGE ~MILLIONTHS 18111 Wu.2 46,6 %1.T 45,4 47,7 55,9 46.6 6.6 30,0 34,7 87,7 7,27
' RAIL STRAIN AV 129 FT EAST-BLIWELN TIES LOWER GAGE ~MILLIONTHS 18112 184.1 131.3 188,35 172,9 176,95 166,9 163,3 3132,1 141,7 165.7 165,21 163.7

YIC STRAIN AT  MAIN ARRAY -NO,RATL SEAT GPPER GAGE ~MILLIONTHS 16113 =26M. 90T, 8e274,5<252,1=274,5-313,8-235,3-257,7-268,9-291.8-212,3+252,1
- TIC STRAEN AT  MASN ARAAY -NO.RAIL SEAT MID  GAGE ~MILLIONTHS 18114  197.5 133.2 107,8 181.8 113,2 113.2 79,2 90,3 101,68 107,3 96.35 88,9

' TIE STRAIN AT  SAIN ARRAY =HO,RAIL SELAT LOWER GAGE ~MILLIONTHS 18115 372.6 05,6 3%9,0 363.1 372,6 183.9 323.% 330,1 382,0 #18,3 361.8 330,1

TIE STRAIN AT MAIN ARRAY ~MID LENGTH UPPCR GAGE ~MILLIONTHS 18116 90.5 113,2 113.2 124.%5 128,35 120,35 45,2 56,6 79.2 90.5 36.6 67.9

TIE STRAIN AT  MAIN ARRAY -MID LLNGTH LONER GAGE -MILLIONTHS 18113 0,8 0.0 0.0 0.0 O.n 0,0 0.9 0,0 0.0 6,0 06,0
TIC STAAIN AT 100 FT CAST-NO.RATL SEAT UPPER GAGE ~MILLIOWTHS 18119 8.0 0.0 0,0 0,0 0,0 0,06 0,0 0,0 0,0 06,80 3,0
i TIC STRAIN AT 100 FT CAST=NOLRAIL SEAT HMID  6AGC -MILLIONTHS 18123 18,7 15.7 11,8 19.7 16,7 12,7 12,7 197 12,7 187 1.7
0 TIC STRAIN AT 100 FT CAST-NO.RAIL SEAT LONER GAGE -MILLIONTHS 16123 ™3 73,2 67,6 95.4 9.3 74,3 Th.5 75.8 76,3 76,3 7.8
i TIC SYRAIN A7 100 FU EAST-NID LCNGTH UPPER GAGE «NILLIOWTHS 18124 6.0 8.6 0,0 G0 0.0 0.0 0,0 0.0 0.0 6.0
TIC STRAIN AT 100 FT EAST-WI0 LENGTN LOWER GAGE -MILLIONTHS  1812¢  -49.1 39,1 »38,0 =33,9 ~33,9 232,9 «32,9 -33,9 -34,9: -29,%
. @ OLFLCCYION AT  HAIN ARRAY -NORTH €D OF YNST TIE «INCHES 18289 8.2 0.2 0,2 0,2 8.2 0.2 0.2 0.2 0.2 9.2
o DEFLECTEON AT  MAIN ARRAY <RAIL MIDSPAN RETWELH VIES-IKCHES 18210 0.4 0.1 3.1 8.1 G, 0.1 0.1 0.1 0.1 O.t
INTERFACE STRESS KaIM ARRAY -M8,RATL SEAT OF INST YIL -PSt 18211 0,8 0,0 U, 0 06,0 6,0 0,0 6,8 0.0 0,0 0.8
INTERFACE STRESS MAIN ARRAY -MI0 LENSTH OF INST TIE 18212 . 6.0 ,8.9 0.0 0.0 0,0 0,0 0,0 6,8 0,0 0.0
INTCRFACE STRESS MAIN ASRAY «SO,RAIL SEAT AF INST TIC 16213 6.0 0.8 0,8 9.0 a0 0.0 6,0 0,0 0,0 0,0
- INTERFACE SYRESS MAIN ARRAY «NO RAIL SEAY OF LOAD VIE 1821% 0.8 8,0 8,0 ©,6 0.9 6.0 0,8 0.0 0.8 0.9
. INTERFACE STRESS WAIN ARRAY <MID LFNGTH _ OF LOAD TIE 18213 0.8 0,0 0,0 0,06 0.6 0,0 0,0 0.0 0,0 &0°
INVLRFACE -STRESS MAIN ARRAY =SOJNAIL SEAT OF LOaD TIE 18216 6.9 8.3 5.5 5.7 %7 5.9 5.8 &5 6.3 63
INTERFACE STRESS MAIN ARRAY -NORTH AAfL BETWCEN TIES PSI - 18217 s,0 0,0 €,08 0,9 ©0,0 08,0 0,0 0,6 0,0 08
INTERFACE STRESS MATN ARRAY =MIN CRIS  RETWEEN TIES <PSI . 18218 0.0 0.0 ~0.,0 0.0 0.0 0,0 0,0 0,0 0,0 0.0
INTERFACE STRESS MAIN ARRAY -SOUTN RAIL STTMEEN TIES -PSL 16219 8.8 0.7 8.7 0,4 89 1,0 089 1,0 1,0 1.0
RAIL SEAT FORCE. MAIN ARRAY -NORTH SEAT LOAD CELL TIE -XIPS 18127 .6 9.9 9,2 8.9 10,6 10,7 8.1 8,8 95 10.0
. RAIL SEAT FARCE MAILN ARRAY <SQUTH SEAT LOAD CELL VIE <KIPS 18128 8,9 9.2 %9 S.e S5, 6.3 6.2 6.2 6.}
. TIE BASE FORCE WAIH ARRAY =BASE PAD = 1 HNORTH CND  <KIPS 18329 .0 0,0 6.0 0,0 8,0 0,0 0,0 0,0 0.6 0.0 6.8
. TI€ BASE FORCE MAIN ARRAY »BASE PAD « 2 -X1PS 18530 1.8 1.8 1.8 L1,3 1.8 1,8 1.2 1.2 1.3 1.
- : . TIE BASE FOACE WAIN ARRAY «BASE PAD « § -K1PS 18331 a.6 0,0 ©.0 0,00 6.0 0,0 0,0 0,0 0,0 0.0 0,9
. TIE BASE FORCE MATK ARNAY ~BASE PAO - & «NIPS 18332 0.9 1.0 1.0 0.9 1.0 1,0 0.8 1.0 1.0 1.8 9.8
TIE BASE FORCE MAJN ARRAY -BASC PAD =~ 3 T aHIPS 18333 0.7 0.8 8,7 0.6 0,7 0.9 8.6 0.7 &7 0.8 66
TIC BASC FORCE. MAIN ARRAY «BASE PAD ~ & KPS 18334 006 0.7 G.6 0.6 0,3 O8 0.8 0.6 0.7 68 6.3
TIE BASE FORCE MAIH ARRAY «BASE PAD - 7 «KIPS ‘18338 1.3 1.8 1.3 1,8 1.3 1.8 1.5 1,5 l.b 1.6 1.3
. TIE BASE FORCE WAIN ARRAY <OASE PAD - & -KIPS 1833¢ 1.7 1.8 1.8 1,9 1,7 2,0 1.9 2.1 2.0 2.2 %.9
L. TIE BASE FOACE MAIN ARRAY -BASE PAD < 9 -XIPS 18337 1.7 7 1.9 1.9 2.0, 1.7 2.8 2.8 2.2 2.8 2.1 28
- TIE BASC FORCE MAIN ARRAY ~BASC PAD =10 SOUTH END  ~KIPS . 1833 8.8 0.0 0,8 0,6 0,0 0,0 0,8 0.0 0.0 &8¢ 0.8
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TABLE C18 - TEST DATA FOR TEST 2 ON SECTION- 8

REDUCED RASL OATA

. TSRCH f HNE!L Nunu:n
- : : 1 2 ] L] L] s 16 i1t 12
RAIL STRAIN AT WNAIN ARRAY <AT TIE <NORTH UPPER GAGEL ~MILLIONTHS 20101 «1%50,7-146.1. 15&.1.;31.0.125.6.12Q,oujzu [} .95 [] .as.a.g ~133,6-3113,9
RAIL STRAIN AT.  WAIN ARAAY «AT TIf <NORTH NIO GAGE ~MILLIONTHS 21102 93,8 59,4 SA,2 39,2 A0,8 122,84 #4,1 68,% 68,9 99,8 5:..
[ ]

RAIL STRAIN AT  MAIM ARRAY <AT TIF “NOATH LOWER GAGE ~WILLIONTHS 2103 0.8 0.0 0,0 0,0 0,0 0,0 0.0 0.0 0.0 0.0 ¥,
RAIL STRAIN AT WAIN ARAAY -AT TIE <SOUTH UPPER GAGE ~MILLIONTHS 28108 , =221.1-22%.8-228.8+20%08221.12202,0-14%, 8e180,6-13700-17349+171,1-183,0 .
RAIL STRAIN AT WAIN ARRAY -AT TIE -SOUTH WID  GAGE ~MILLIONTHS 28105 61,0 63.2 62,1 75.4 61.0 95.4 S6.3 TS.4 63.2 78.7 98.7 72.1 i

RATL STRAIN AT MAFR ARRAY «AT TIE ~SOUTH LOWER GAGE ~MILLIONTHS 20104 236,7 231,7 230,% 236,7 274.4 294,9 292,4 270,1 204,2 271.84 30t.1 28%,0

RAIL STRAIN AT MAIN ARRAY «BLYWLEN TIES UPPCR GAGE =MILLIONTHS 20107 =190,2-213,9-191,3-178.3-16044=175,9-106,2-14%,00135,5+149,7-159,2-1530,7

ARAIL STRAIN AY FAIN ARRAY <BETWEEN TIES NMID GAGE ~MILLIONTHS 28108 29,4 26,7 2R.T 32.6 32,6 36,1 26,7 38,4 40,7 34.9 2%.6 32,6

RALL STRAIN AT BATH ARRAY ~BLTWCEN TIES LOWER GAGE ~MILLIONTHS 28109 203,35 202,3 204.7 197,4 177.8 168,A 166.,7 154,93 170.% 177,606 17%,.3 166,7 ‘
RAIL STRAIN AT 108 FY EAST-BEVWEEN TIES UPPER GAGE ~ILLIONTHS 28110 ~199,6-196,70157,2-194,4<134,1-116,%-159,8+121,1110,6-116,5-135,1-1284,4
RATIL STRAIN AT 100 FY EAST-BETWEEN YIES w]D GAGE” «MILLIONTHS 28111 31,4 27,9 3A.4 36,1 30,2 36,1 41,9 38.4 38.% 1.9 33,7 38,4
RAIL STRAIN AT 100 FT EAST-BETWELN YIES LOWER GAGE -MILLIONTNS 28112 184.,8 176.4 171,6 159.6 1%4,8 145,23 140.8 138,0 104,4% 130,90 171,6 172,85
TIE STRAIN AV MAEN ARRAY NN RAIL SEAV UPPLR GAGE ~MILLIONTHS 28113 =289,08274,5-263,3-285,84246,5-330,22207,30752,1+246,90252.1-245,%-257,7
TIE STRAIN at MAIN ARRAY =NQO,RAIL SEAT HID GAGE -MILLIONTHS 281144 107,3 135 A 107,5 107.9 113,2 158,54 101,8 135,48 135,58 129,55 115,68 313,2
TIE STRAIN AT MAIN ARRAY -NQ,RAIL SCAT LOWER GAGE -MILLIONTHS 2W!11% 377,3 382,0 363.1 394,3 353,7 448,V 306,35 382,0 377,3 363.1 334,8 338,06
TIE STRAIN AT HMALN ARRAY- «HI0 LENGTH UPPER GAGE -WMILLIONTHS 28116 113,2 339,84 213,2 133.2 101.6 124.%4 151,68 113,2 120,% 335,868 113.2 123,95
TIE STRAIN AV MATR ARRAY -MID LENGTH LOKER GAGE =MILLIONTHS 2811e 8.0 [ ] .0 8,0 0.0 0,v 9.0 0,0 9.0 9.0 0.0 8.0
TIE STRAIN a¥ 100 FY £AST-NQ.RATL SEAT UPPER GAGE -MILLIONTHS 28119 8,0 0.0 9.0 0.0 0.0 B0 0.0 6,0 8.0 0.9 6,9 6,0
TI€ STRAIN AT 100 FT CAST-NO.RAIL SEAT mip 6AGE -MILLICGNTHS 2612% 18,7 14,7 28,7 13,7 18,7 34,7 15,7 13,7 13.7 34,7 15,7 38,7
TIE STRAIN AT 180 FT EAST«NO,RAIL SCAT LOWER GAGE ~MILLIONTHWS  2812% Tie0 88,8 6%,9 66,5 72,1 4.3 72,1 81,0 71,0 68.3 77.6 79,9

T1E STRAIN AT 100 FT LAST-MID LTNGTH UPPER GAGE ~RILLIONYNS 28324 6,0 ‘0,6 8.0 0,0 9.0 0.0 0,0 0,0 0.0 0.0 3.0 0.0
TIE STRAIN AT 100 FY EAST-MID LENGTH LOWER GAGE =MILLIONTHS 28128  =%1,1 «40,1 =39:1 =38,0 =33.9 «36.0 ~36,0 «32,9 =31, «33.9 «31.9 .52.9
DEFLECTION AT MAIN ARRAY =NORTH ENO OF INSY TIE «INCHES 28209 L0.1 0,2 8.2 0.2 02 0,7 0,2 0.1 0.2 0,2 0.2 002
DEFLECTION AT  MAIN ARRAY ~RAIL MIDSPAN REYWCEN YIES~INCHES 28210 0.1 0.2 0,1 0.1 0,1 0.2 0,1 0.1 0,1 0.1 0.1 0,1
INTERFACE STRESS NAIN ARRAY «NO,RATIL SEAT OF INST TIL -PSi 28211 0.6 0,0 0,6 0.0 0,0 0.0 0,0 0,0 0.0 0,0 6,0 0,0
INTERFACE STRESS MaIN ARRAY -MID LENGTH  OF INSY TIE 28212 0,0 0.0 0.6 0.0 0.0 0.0 0,0 0,0 0.0 0.6 0,0 0,6
INTERFACE STRESS MAIN ARRAY -SO,RATL SEAT 0F INST TIE. . 28213 9.8 0,00 9.0 ®#.0 0.0 6.0 0,0 0.0 0.0 0.0 0,0 0,0
INTERFACE STRESS MAIM ARRAY .NO,RAIL SEAT OF L0AD TVIE 2821 0,6 0,0 3,8 0,0 9.0 0,0 0,86 0,0 0.0 €.,0 ©,8 0,8 .
INTERFACE SYRESS MAIN ARRAY -MID LFNGTH  OF LOAD TIE 28218 2.0 0.0 3,0 0.0 0,0 9,0 0,0 0,0 0,0 9.0 0.8 0,0 >
INTERFACE STRESS MAIM ARRAY =SO.RAIL SEAT OF LOAD VIE 28216 3.9 M.4 3.8 M3 8,4 4,7 4,6 95,3 S 5.3 8,3 §,0. N
INTERFACE STRESS HAIM ARRAY <NORTH RAIL BEYWEEN TIES «PS1 20217 e,0 0.0 0.8 0.0 0,0 0.0 .0 .9 0.0 0.0 4.0 0,0
INTERFACE STRESS MATN ARRAY «MID CRIB AETWEEN TIES <PS1 28218 0.0 9.6 0.0 0,0 0.0 0,0 0,0 0,0 0.0 0.0 0,0 0,8
INICRFACE STRESS MAIN ARRAY oSOUTH RAIL SETWEEM YIES «PS? 28219 8,5 0.5 0,3 0.,% 0.6 0,7 0,6 0,7 0,7 0.7 0,5 0.6
RAIL SEAY FORCE PAIN ARRAY. ~HORTM SEAY LOAD CELL TIE =-KIPS 28127 11,1 11,9 10.9 11.6 13,3 13,6 12,1 11,2 13.0 32.% 12.6 13.8
. RAIL SEAT FORCE MAIN ARRAY «SOUTH SEAT LOAD CELL TIE ~KIPS 2812s n,0 0,0 0,8 0,6 0.0 9.0 @a,0 0,0 0.0 0.0 0,0 0,0 .
T VIE BASE FORCT MATN ARRAY -8ASE PAD = 1 NORTH END -KIPS 26329 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.0 0.8 0.0
TIE NASE FORCE MAIN ARRAY <BASE PAD = 2 =KIPS 28330 4,3 4,2 3,6 3.6 3,8 N,1 8,1 3,6 N6 3.6 3.9
T1C BASE FORCE MAIN ARRAY «BASE PAD « 3 -X{PS 2833) 0.0 0,0 0.0 0,0 o, 0,0 0,0 0,0 0,0 e,0 o,0
YIE BASE. FORCE MAIN ARRAY -BASE PAD = 4 ~KIPS 2a332 1,1 1,1 1,0 1.0 1.0 1,2 0,9 0.9 1.0 8.9 1.0
TIE BASE FORCE MAIN ARRAY ~BaSE PAD = S -K1PS T 28338 6.9 0,2 8.,% 0.9 06,9 1,1 1,0 0,9 1,2 0.8 1.1
T1E BASE FORCE MATN ARRAY <BASE PAD = § ~K1PS 28334 0.8 0.7 0.7 Q.7 0e7 6i9 0.9 0.8 0.9 8.8 0.9
VIE BASE FORCE MAIN ARRAY ~AASE PAD « 7 -KIPS 28338 1,5 1,7 1.% 1.8 1,7 1,7 1,7 1.7 1.8 1.7 2.
TIE BASE FORCE MAIN ARRAY -BASE PAD - 8 -KIPS 28336 1.9 241 1.6 2.2 1.8 2,5 2,0 2,2 2,3 1.9 2.9
TIC AASE FORCE MAIN ARRAY =BASE PAD « 9 <HIPS . 28337 1,9 2.2 1.6 2,2 1.9 2,3 1,9 2.3 2.3 1,8 3,0
=10 SOUTH END =KIPS . 28338 ‘0.8 0,8 0.0 8.0 0,0 0.0 0,0 8.0 0.0 0.0 0.0

Tl; BASE PORCE  MAIN ARRAY <BASE PAD
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-gio~

RAIL

‘VIE

SYRATH
STRAIN
STRAIN
STRATN
LT
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN
STRAIN

AAlL
RAlL
RAIL

RAIL
RATL
RAIL
RAIL
AALIL
RAJL
RAIL
RALL
VIE

TIE

TiE
T1C

TiE

SYRAIN

MAIN

MALN

[ 3L
RAIN
AN
HAIN
NATN
PAIN
AN

100 FT EAST-BETHEEN
100 FY EAST-BETWEEN
100 FY EAST-BETWEEN

RALN
HATH
MAIN
NALIN
MAIN

ARRAY
ARNAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
AERAY

TABLE C22 -

-AY
AT
-AY
=AY

TiE
Tt
Tie
Tie
=AY T1E
=AY T1E
~BLTWEEN
«BETWEEN
~BETWEEN

=NORTH
=NOATH
«SOUTH
«SOUTH
«SOUTH
Ti1€S
T1ES
TIES
TIES
VIES
TIES
«MO,RATL SEAT
~NOJRATL SEAT
~NO RAIL SEATY
=MID LENGTH
~MID LENGTH

~NORTH

urPER
u1o

LOWER
upPPER
u1D

LOWER
UPPER

L2 1{:]
LOJER
UPPER
vio
LOWER
UPPER GAGL
®ip
LOWER
LPPER
LOWER

GAGE
GAGC
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGRE

6AGE
6A6€
GAGE
GAGE

UPPER

108 FT1 £aST-NO.RATL SEAY

GAGE

"TIE

11€

1€
T1E

INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE
RALIL SEAT
AAIL SEat

SYRAIN
STRAIN
SYRAIN
STRAIN
OEFLECTION
DEFLECTION

ne
214
1€
TiC
L
T1€
T
T1€
TIE
1€

BASE
sast
BASE
BASE
BaSE
BASE
BASE
AASE
BASE
BASE

STRESS
STRESS
STRESS
FORCE
FoRCE
FORCE
FoRCEL
FORCE
FORLE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE

100 FT EAST-NO.RAIL SEAY
128 FT EAST-NOLRAIL SEAY

100 FT EAST-MID LENGTH
100 F? EASY.MI0 LENGTH

MATN
nain
NATH
RALN
Magd
MAIN
MAIN
Hagh
MAIN
NATH
NAIN
BALIR
MAIN
NARK
MAIN
MAIN
NATN
MAIN
MAIN
MAIN
HATH
HaIN
MAIN

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
AHRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARAAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

=HORTH END OF
=AAlL #IDSPaN
~NO.RATL SgAT

-RID LENGTH

~SORATL SEAT
~HO RATL SEAT

-HI0 LENGTH

=SO.RATL SEAY

«HORTH RAI(
~MID CRIG

~SOUTH RATL
~HORTH SEAT
«SOUTH SEAT

nio
LOWER
UPPER GAGE
LOUER GAGE
THSY T1C
RETHEEN
GF INST
OF INSY
oF INST
OF LOAD
- OF L0AD TIE
OFf LOAD TIE
BEVTWEEN TIgS
AETUCEN YIES
AETWCEN TIES
LOAD CELL TIE

GAGE
GAGE

T1E
T
TIE
TIE

~BASE
-BASC
=BASE
-BASE
«BASE
«BAST
~BASE
=BASE
~HASE
-BASE

PAD
PAD
PAD
PAD
PAD
PAD
PAD

PAD-

PAD
PAD

toad CELL TIE
=1 NOATH ENO

[ B I N B B ]
VWSO REUN

=18 SOUTH END

~HILLIONTHS

«MILLIONTHS
~MILLIONTHS

«MILLIONTHS
«MILLIONTHS
~MILLIONTHS
«HILLIONTHS
<MILLIONTHS
=HILLIONTHS
=MTLLIONTHS
~MILLIONTHS
«MILL10HTHS
«MILLIONTHS
«MILLTONTHS
«MILLIONTHS
~HILLIONTHS
~MILLIONTHS
«MILLIONTHS
<MILLIONTHS
*RILLIONTHS
«MILLIONTHS
«MILLICNTHS
«INCHES

TIES<INCHES

-pst

-p31
-P3t
«pSy
-~KiPrS
-KIPS
~K1P$

- enlPS

«KIPS
-KIPS

" -KIPS

«KIPS
-K1PS
-XIPS
-KIPS
~X1PS

TSRCH

29201
29202
29208
29206
29208
29206
29207
29208
29209
29210
29211
29212
29213
29218
29215
29216
2217
29218
29222
29223
2922¢
29228
29123
29124
29118

. 29118

298146
29117
E3431 ]
291129
29120
27121
29122
29127
29128
29129
29130
2913Y
29132
29133
29138
2913%
29136
29137
29138

\

TEST DATA FOR TEST 2 ON SECTION 9

REQUCED RAIL DATA
WHEEL NU"BCR’

“ L] L 7 8 10 11
8,0 8,0 6,0 06,8 0,0 0.0 0.0 0,0
0.0 0.0 0,2 0.0 0,0 0,0 0,0 8,0
0,0 0,0 0,0 0,0 0,0 0.0 0,0 06,8
oThel «30.8 =69.9 =68.8 -47.6 =561 «66:7 =61.8 2961
0,0 0,0 0.0 0,0 0,0 0.0 0,0 0.8 0,0

192,08 193,56 159,58 188,7 82,6 132,1 134,6 57,8 103,2 99.1 108,11 121,48
*180,02182,9-184,0-170,0-194,4-160,7-168,2-117,6-121,1-243.6-168,9-186.7
8,2 80,7 48,2 38,4 34,9 =34,9 34,8 29,1 <30.2 =32.6 ~26,7 -23.3
163,1 166,95 172, 151,.% 186,.7 166,95 163,11 137,54 125.8 160.7 170.0 163.1
182,94169,8+180,35-157,2-147,9-180,%-133,9 «97.8+100.2+159.6~130,8-13%,1

0.0 0,0 0,0 0,0 0,0 0,0 0.0 0,0 0.0 0.9 0.8 .,0
0.9 0.0 0,0 0.0 0.0 . 0.0 9.0 0.0 0.0 0.0 -0.8 [ 1S ]
©180,9-154,3.243,02132,72268,6-371,2-164,4-174,9-170,8-169.08-365,6-166.7
23,1 29,2 25.5 15,8 31,6 31,6 29,2 37,7 37,7 25.9 29.2 27,9
20%,0 224,1 224.1 178,85 234.3 249,0 227.5 245.6 232,49 227.3 23%,3 226.3 -
183.3 200,.3 183,3 172,0 183%,3 267,1 178.8 176.9 174,3 183.3 18£,7 1687,9
0.0 2.0 9.0 0.0 0,8 0.0 0.0 8.0 0.0 0.0 0.8 68,0
0,9 0.0 B.® 0.0 8.0 0.8 2.0 0.,0° 0.0 .8 6.8 0,8
a,0 0.0 2.0 0.0 0.0 0.0 0.8 o,0 0.0 0.0 .0 0.3
10,1 15:4 11,3 12,0 16,9 16,9 10,1 12.4% 16,9 18,1 132.% 13,0
[ ] d.0 9.6 9.0 0.0 0.0 8.0 0.0 0.8 0.0 6.8 9.9
“288,7218,80226032210,5201,9+1086,74202,6-181.12182,2-167.3-212.8~1012,
0,1 .2 0.2 . 0.2 8.2 8,2 8.2 0.2 0.2 2 ¢
8.2 0.2 0.2 0.2 0.2 9.2 8,2 0.2 0.2 0.2
0.0 8,0 0.0 0.0 0.8 0.8 0.0 8.0 0.0 0.0
0,0 040 .0 9.0 8.0 0.0 9.0 0.0 0.0 0.0
0.0 0.6 0.6 0.0 0.0 0.0 a0 8,0 0.0 0.8
s, ¢ [A] 2.0 0.0 0.0 0,0 0,0 0.0 0.0 8.0
0.8 0.0 0.0 0.0 8,9 8.0 0,0 0,08 0.0 0.0
0,0 9.0 8.0 e,¢ 0,0 0,0 0,8 2.0 0.0 0.0
9,0 0,8 0.0 0,0 0.6/ 0.0 0,0 0.0 8,0 8.0
6,0 0,0 . 6.8 9.0 0,0 0.0 8.0 0.0 0,0 0.0
0,0 0,6 0,0 0,0 0,0 06,0 0,0 0,0 0.0 8,0
8,0 9.6 9,3 %3 11.2 11.8 10,7 12.1 12,9 10.6 1.2 12,7
8,9 3.6 8,6 0.4 a6 11,3 71,2 7.9 9,7 10.9 7.3 9.9
2.0 241 2.1 2.1 2.4 2.9 2.6 2.9 2.3 d8 2.3 2.7
2,3 2.7 2.0 2.6 3.0 2.7 3,1 3.2 3.8 3.3 3.3 3.1
2,2 2. 3.1 3.0 3.6 3.3 3.3 4.9 3.3 3,3 3.3 3.7
0.8 1.9 6.9 8.9 t.2 1,5 1.1 1.4 1.8 1.3 2.2 1.9
4.0 0.0 6,0 0.0 0.6 0.8 8,0 8.0 0.0 6.0 8.6 8.8
1.8 L1eb 1.8 1.8 1.9 2.7 1.9 1.9 2.2 2.3 1.6 2.4
1.9 1.9 1.8 1.9 2.8 2.1 1.8 2.0 2,2 2.3 1.9 2,3
2.5 2.0 2.3 2. 2,6 2.9 2.0 2.5 2.8 3.2 2.1 2.3
2.3 2.3 2.1 2.2 2.2 2> 1.8 2.8 2. 2. 1.7 2.1
0.0 0.0 0.0 0,8 0.0 0.9 0.0 0.0 6,0 0,0 8,0 8.6




=pio-

TRAIN  DATA

TABLEwC23 - TEST DATA FOR TEST

-nXLL!bN7n§

AATL STRAIN AT - MAIN ARRAY -AT TIE -NORTH UPPER GAGE

CRAIL STRAIN AT  MAIN ARRAY =AT JIE =NOATH MID GAGE ~WILLIONTHS
RAIL SYRAIN AT  MAIN ARRAY =AT Tif «NORTH LOWER GAGE «MILLIONTHS
RAIL STRAIN AY MATM ARRAY =AT TIE =SOUTH UPPER GAGE «MILLIOWTHS
RAIL STRAIN AT  MAIN ARRAY -AT TlE ~-SOUTH 410 GABE <MILLIONTHS
RAIL STRAIN AT  MAIN ARRAY =AT TIE -SOUTH LOWER GAGE =MILLIONTHS
RAIL STRAIN AT  WAIN ARRAY ~BETWEEN TIES UPPER GAGE <HRILLIONTHS
RAIL STRAIN AT  PAIN ARRAY =BETWEEN TIES MID  GAGE <MILLTONTHS
RAIL STRAIN AT MATH ARRAY -BETWEENM -7TILS LOWER GAGE “HILL IONTHS
RAIL STRAIN AT 100 FT EAST-BETWEEN TIES - UPPER GAGE =% ILLIONTHS
RALL STAAIN AT . 100 FY EAST-BETGEEW TIES MI0 GAGE ~MILLIONTHS
RAIL STRAIN AT 300 FT €AST-BETWEEN TIES LOWER SAGE »HEILLIOHTHS
TIC STRAIN AT  MAIN ARRAY +NO,RAIL SEAT UPPER GAGE ~HILLIONTHS
TIE STRAIN AT  HAIN ARRAY =NO.RASL SEAT MID  GAGE «RILLIOHTHS
TIE STRAIN AT  MAIN ARRAY =NO,RATL SEAT LOWER Gact SHILLIONTHS
7IE STRAIN AT MAIN ARRAY <MID LENGTH UPPER GAGE . ~MILLIONTHS
TIE STRAIN AT MAIN ARRAY -MID LENGIH LOWER GAGE ~HILLIONTAS
TIE STRAIN AT 100 FT £AST-NORATL SEaT UPPER GAGE <MILLIONTHS
Tie STRAIN AT 100 FY EAST-NO,RAIL SCAT HIp  GAGE <MILLIONTHS
TIE STRAIN AT 300 FT £AST-NO.RAIL SEAT LOWER GAGE =MILLIONTHS
TIE STRAIN AT 100 F1 EAST-MIO LEWNGTH UPPER GAGE -MILLIONTHS
TIE STRAIN AT 300 FT EASTMIO LLNGIH LOWER GAGE ~MILLIONTHS
DEFLECTION. AT  MATN ARRAY -NORTH END OF INST TIE «INCHES
DEFLECTION AT -~ MAIH ARRAY =RAIL MIDSPAN AETWELH TIESINCHES

. INTERFACE STRESS MAIN ARRAY -NO.RAIL SEAY of INST TIg -PSi
INTERFACE SYRESS MAIN ARRAY -KID LLNGTH  OF INST TIE
INTERFACE STHESS KAIN ARRAY ~SOQ,RAIL SEAT oF INST T1E
INTERFACE STHESS MAIN ARRAY MO, RAJL SEAT OF L04Q T1€
INTERFACE SYRESS NAIN AARAY -MID LFNGTH  OF LOsD ¥IE
INTEREACE STRESS KaIN AHRAY -SO,RAJL SEAT OF L0aD TIE
INTERFACE STRESS MAIN ARRAY -NORTH RAIL BETWCEN T1gs =PS1
INTERFACE STRESS MAIN ARRAY «MID CRIB RLTHEEN TIES =PS!
INTERFACE STRESS MAIN ARRAY «SOUTH R&AIL GETWEEN TIES «PSI
RAIL SEAT FORCE MAIN ARRAY ~NORTH SEAT LOAD CELL TIE ~XIPS
AASL SEAT FORCE WAIN ARRAY =SOUTH SEAT Load CELL T1E ~KIPS
FIC GASE FORCE “AIN ARRAY =BASE PAD = 1 NORTH END «X1PS
TIE BASE FORCE MAIN ARRAY =BASE PAD - 2 ~K1PS

_ TIE BASE FORCE MAIN ARRAY ~BASC PAD « 3 «K1PS
TIE BASC -FORCE NATW ARRAY -BASE PAR < & ~K1PS
TIE BASE FORCE MAIN ARRAY -BASE PAOQ - S ~K1PS
TIE BASE FORCE MAIN ARRAY <BASE PAD - 6 «KIPS
TIE BASE FORCE MAIN ARRAY -BASE PAD « 7 «~KIPS
YIE BASE- FORCE WAIN ARRAY ~BASE PAD - 8 -X1PS
TIC BASE FORCE MAIN ARRAY -BASE PAD < 9 X188
TIE BASE FORCE NAIN ARRAY ~-Basf PAD ~10 SOUTH END ~NIPS
RAIL SEAT FORCE MAIN ARRaY -NORTH SEAT LOAD CELL VIE ~HIPS
RAIL SEAY FURCE MNATN ARRAY -SOUTH SEAT L0A0 CELL T1E ~KIPS
T1€ RASE FORCE MAIN ARRAY -B8ASE PAD - 1 NORTH END =K1PS
YIE BASE FORCE NWAIN ARRAY -BASE PAO - 2 «K1PS
TIE BASE FORCE MAIN ARRAY ~BASE PAD <« 3 =KIPS
T1C BASE FORCE MAIN ARRAY -BASE PAD = “ -KIPS
TIE BASE FORCE WAIN ARRAY ~BASE PAD - S =X1PS
YIE BASC FORCE MAIN ARRAY -BASE PAD - 6 «X1PS
1€ BASE FORCE HAIN ARRAY -BiSE RAD = 7 -X1PS
TIE DASE FOHCE MAYN ARRAY <BaSE PAD ~ 8 =KI1PS
YIE BASE FORCE WMAJN ARRAY <BASE PAD - * ~KIPS
TIC BASE FORCE MAIN ARRAY -BASE PAD <10 SOUTH END  ~KIPS
TRAIN DATA JHHEEL LOAD FOR TRaIN WUMBER 3 «K1PS

~uHLEL LOAD FOR TRAIN RUMBER 2 © KIPS

TSREW

39101
319102
39103
%9164

139108

39104
39107
39148
39109
39119
3911
39112
39113
39134
39113
39116
39117
39118
39119
39120
393121
39122
39209
39210
39211
39212
39213
39214
39215
39216
39217
39218
39219
39127
39128
39129
39130
i
39132
39133
39134
3913%
39136
39137
319138
39227
39228
39229
39230
39231
39232
39233
39234
39233
39236
39237
39238

1 2 S K
21%,5=19A,0-20A.2-193,3-14%,2~

32,80 32,80 32,60 33,08 33,04

3 ON SECTION 9

REDUCED RAIL DATA

WHEEL NUMRER
¢ 7 s

12

0 11
lﬂ9.ﬂ~l§l.0-1&'.2-193.5-177-0-196.3-\50.5

33,04 32,60 32,80 32,00 33,

13 14 1%

0.0 0,0 0,9
To3AL0 33,2 +36,4 =309 =243 =2A.3 226.1 -24,9 273 =284% =29,7 =273 0.0 0,0 0,0
223.7 223.7 214,0 224.9 218,19 219.1 21L.0 201.8 21%.6 209.9 227,2 211.0 0.0 0,0 8,0
-113.0-159.1-150.l-lns.n-xiw.lolss.l-lsx.u-lu1.6-1sa.u-1~o.1-159.1~1~1.s 0.0 0,0 .0
22.% 34,8 44,8 33,6 44,8 22,4 50,4 3,6 39,2 M8 4N, 8 44,8 6.0 8,0 0.0
228.% 211.2 199,8 199.8 211,2 217.8 217.0 24%.5 234,41 217.,0 222,7 217,0 0,8 0,0 0.8
-219.0-205.5-213.1-202.1-201.5-192.2-195.1-\73.5~l93.!-15!.0-191.1-111-0 0.0 0,0 0.0
8.0 0,0 0.0 0.0 0.0 0.0 0,0 9.0 0.0 0.0 0,0 0,6 ‘0,0 0,0 0,0
228.3 23R.8 231.8 242,5 220.1 245.8 227,1 217.8 238,84 228.3 246.9 239.,9 ~ 0.0 0,0 0,0
-139.8-:58.5-135.9-1sz.a-leu.6~155.1-126.9-115.3-13u.u-lzs.u-lun.u-xls.u 0.0 0.0 0.0
4.0 0,8 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.8 0.8 0.0 8,0 0,0 0,0
173.8 171.2 183,7 157,2 14,1 179,54 157.2 138,6 159.6 171.2 180,95 147,9 0.0 0,0 2.0
~151.1-x75.~-1u1.1-152.5-12u.5-16«.t-lu\.5-155.5-130.\-\%l.s-lnx.s-lsz‘a 0.0 0.0 0.8
2105 23.7 23,7 24,9 13,5 20,3 15.8- 14,7 16.3 15.8 20,3 16.9 0.0 6,0 0.9
109.9 116.4 108,3 11644 94,6 I13.1 101.8 100.2 10647 109+9 108.3 188,3 0.0 8.0 0,0
78,1 87.1 80.3 B84.9 70,1 61,3 75.8 18,2 78.1 80,3 89,4 a3.7 0,0 0,0 0.8
o.0 0,0 9,0 9,8 0,0 g 0.3 2.0 0.0 0,0 0,0 0,0 8.0 0,0 9,2
-215.0-215.0-203.1~215.0-21*.0-?26.a-21s.o~x92.u-zos.1cztso0-2!5.0-203.7 0,6 0.0 90,0
89.8 068.7 B85.% B9.8 AA.T 96,0 a2.1 81,0 B8.7 47.6 106,93 a4.3 0.0 6,0 0,8
p.0 0.8 0.0 0,6 0.0 0.8 0.0 0.0 0.0 0s0 G,0 0,0 B0 0,0 9,8
0.0 0.0 0,0 0.8 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0,0 2.0 0.0
g.0 0.0 0.8 3,0 08,0 &0 0,0 0.0 0.0 0.0 0,0 0,0 0.0 0,06 0.8
6,0 0.0 06,0 0.0 0,0 9.0 9.0 6.0 0.0 0.0 06,0 0.0 0,0 ©0,0. 90,0
0.0 0,0 0.0 6,0 0,0 0.0 0,0 0.0 0.0 0.0 0,0 8.0 9.0 0.0 8,0
12.0 13,3 13,3 12,3 13,7 138 1.7 3.7 16,7 1%.0 11,5 1%.0 11,0 12,7 18,2
14,0 16.2 1640 18,3 16,7 16,5 15,1 16.0 20,0 1T.3 13,1 16.7 15,4 16,0 18,1
23.5 26,9 26,0 22.6 26,9 26,7 26,0 25,2 29,7 27.8 23.0 27.0 25,5 26.1 28,3
184 20.8- 21.9 19,3 21.6 21.9 18,8 22,7 24,6 2%.4 17,6 23.3 18,6 21,1 23.7
18.2 19.% 15.3 18,1 19,7 19,9 1.2 19,7 2043 2040 17,9 19,7 19,8 19.8 20.3
2q.2 28.1 28,1 21,8 24.5 23.% 28,0 28,0 31.3 32.2 20,% 26,8 26,3 29.0 30,5
13.6 16,2 16,6 14,7 16,8 16,6 13,9 16,8 19.9 18;3 15,0 17,7 13,3 159 17,5
0.0 0.0 0.0 0,0 0,0 90,0 0.0 2.0 0,0 0,0 0,0 0,0 0.0 8,0 0,0
12.0 14,6 18,1 10,6 1#,2 13,9 13,1 15,2 16,5 15,3 11,8 13,8 12,2 13,9 13,9
10,7 13.2 11.0 1432 9.8 13,5 10,4 1.3 11.2 12.1 11,5 12,3 0.0 0.0 8.0
9.8 1l.8 9.4 0.3 10.1 16,7 10,2 11.9 11.0 11,7 8.7 12,0 0,0 9,0 &
2.4 3.0 2.4 2.9 2.3 2,9 2.8 2.6 2.4 2.% 2.7 2.9 0.0 0.0 2.9
1,? 2.2 1.7 2,2 1.6 2.3 1.7 2,0 1.8 1.9 1.9 2.2 0.0 8,0 0,0
.0 o0.,0 0,0 06,0 0,8 8,8 0,0 0.0 0.0 0.0 0,0 0,0 9,06 0,0 0,0
2.0 2.4 2.0 2,8 1.8 2.4 1,9 24 2.1 2.1 2.0 2,3 0,0 0,6 0.0
8.8 1.1 0,9 1.1 6,8 1.1 0.9 1.0 0.9 1.0 0,8 1,0 0,0 9,0 0.0
1.1 1.4 1.1 143 Tt 13 1.2 1.3 1.2 1.3 6% 1.4 0,0 0.0 0,0
1.8 2.1 1.7 -2.08 1.8 2.0 1.8 2.1 249 2.1 1.6 242 0.0 B.0 0.0
2.8 3.5 2.6 3.2 - 3,0~ 3.2 3 3.5 3.3 3,5 2,3 3,7 06,0 0,0 0,0
1.9 2.3 1.9 2.2 2.1 2.2 2.2 2.6 2,3 2,4 1,8 2,5 0.0 0,0 6,0
1.5 1,7 1.6 Y7 1.7 .1 1.6 2.0 1.8 1.8 1,6 1.4 0,0 8,0 0,0
10,5 12,2 12,6 11.2 12,5 12,4 10,3 126 33,7 1%1 9,6 12,3 9.9 11.2 12,7
11,2 13.9 13,3 18.0 4.2 13,6 13.6 13.3 15,3 1646 9.7 12,3 12,5 13.9 14,3
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APPENDIX D
BEAM AND SLAB TRACK DATA

Data reduced from oscillisgraph records are shown in Tables
D2 to D30 for beam and slab track sections 4, 4-1, 5, 5-1, and
7. In addition, Table D1 lists details of engines monitored
during the tests. .

Concrete deflection data are listed in Table D2 to D6. Rail
deflection data are listed in Tables D7 to D9. Soil pressure
data are listed in Tables D10 to D14. Rail stress data are
listed in Tables D15 to D22. Stresses in reinforcing bars are
listed in Tables D23 to D26. Concrete stress data are listed in
Tables D29 to D30.
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TABLE D1 - ENGINES MONITORED FOR DATA ANALYSIS

Coefficient of Variation 0.8%

Date| Test Test | Engine | No. Engine Wheel
Section | Run No. Axles Weight, 1b | Load, 1b
10/74, 4 1 3127 4 265,000 33,100
: 2 3127 4 265,000 33,100
5 1 3127 4 265,000 33,100
2 3127 4 265,000 33,100
7 1 3127 4 265,000 33,100
2 3127 4 265,000 33,100
12/74 4-1 1 3515 4 262,500 32,800
2 8755 6 391,500 32,600
4-2 1 5007 6 391,500 32,600
2 3615 4 265,000 33,100
5 1 5596 6 391,500 32,600
2 2645 4 258,100 32,300
5-1 1 6348 4 262,500 32,800
2 5687 6 391,500 32,600
7 1 5623 6 391,500 32,600
2 6311 4 262,500 32,800
4/75 4-1 1 8795 6 391,500 32,600,
2 8773 6 391,500 32,600
4 1 5708 6 391,500 32,600
2 8715 6 391,500 32,600
5 1 5607 6 391,500 32,600
2 3605 4 265,000 33,100
5-1 1 5679 6 391,500 32,600
2 8725 6 391,500 32,600
7 1 3629 4 265,000 33,100
2 5013 6 391,500 - 32,600
Average 32,800
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TABLE D2 - BEAM DEFLECTIONS, SECTION 4

Deflection, in.

Run 10/28/74 12/10/74 | 4/11/75
Location No.

' Creep |30 mph | 30 mph 50 mph

At West 1 - - 0.039 0.053
Joint : _
East 1 - - 0.046 0.063

Average| 1 - - 0.043 0.058

East 2 - - - 0.052 0.054

Average 2 - - 0.044 '0.054
Average|l & 2 - - 0.043 0.056

At Middistance

Between Joints| 1 | - - 0.070 | 0.075
2 - | - 0.700 0.072
Averageil & 2 - ' - 0.070 0.074
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TABLE D3 - BEAM DEFLECTIONS, SECTION 4-1

Deflection, in. o
Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep {30 mph 30 mph 50 mph
At West 1 0.059 0.049 0.101 0.137
Joint
East 1 0.050 0.042 0.108 -
Average 1 0.055 0.046 0.105 0.137
West 2 0.061 0.050 0.090 0.139
East 2 0.050 0.044 0.116 -
Averagé 2 0.056 0.047 0.103 0.139
Average |l & 0.055 0.046 0.104 0.138
At Middistance
Between Joints 1 0.036 0.028 0.067 0.098
2 0.033 0.029 0.062 0.092
Average |l & 0.035 | 0.029 [ 0.065 | 0.095
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TABLE D4 - SLAB DEFLECTIONS, SECTION 5

Deflection, in.

Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep | 30 mph 30 mph 50 mph
At West | 1 0.026 | 0.023 | 0.067 | 0.058
Joint

East 1 0.024 0.020 0.079 0.059
Average 1 0.025 0.022 0.073 0.059
West 2 0.031 0.026 0.059 0.056
Bast 2 0.024 0.021 0.067 0.061
Average 2 0.028 0.024 0.063 0.059
‘Average|l & 0.026 | 0.023 | 0.068 | 0.059

At Middistance ‘
Between Joints 1 0.020 0.014 0.060 0.045
2 - - 0.047 0.034
Average |l & 0.054 0.040

0.020 0.020
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TABLE D5 - SLAB DEFLECTIONS, SECTION 5-1

Deflection, in

----------- F &

‘Run 10/28/74 12/10/74 | 4/11/75
Location No.

Creep | 30 mph 30 mph 50 mph

At West 1 - - 0.030 0.037

Joint

East 1 - - 0.039 0.042
Average 1 - - 0.035 0.040
West 2 - - 0.036 0.038

East 2 - - 0.040 | 0,035
Average] 2 - - 0.038 0.037
Average|l & 2 - - 0.036 0.038

At Middistance '
Between Joints 1 - - 0.028 0.037

2 - - 0.034 0.038
Average |l & 2 - - 0.031 0.038
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TABLE D6 - BEAM DEFLECTIONS, SECTION 7

Deflection, in.

Run 10/28/74 12/10/74 | 4/11/75
Location No.
' ' Creep |30 mph 30 mph 50 mph
At West 1 0.043 0.048 0.126 0.188
Joint .
East 1 0.038 0.045 0.135 0.187
Average| 1 0.041 | 0.047 0.131 0.188
. West 2 0.050 0.055 0.115 0.181
East 2 0.045 | 0.048 0.130 0.167
Average| 2 0.048 0.052 0.123 0.174
Average|l & 2 0.044 0.049 0.127 | 0.181
At Middistance
Between Joints| 1 0.029 | 0.029 0.130 0.162
2 0.033 | 0.035 0.114 0.171
Averagell & 2 0.031 | 0.032 0.122 0.167
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TABLE

D7 - RAIL DEFLECTIONS, SECTION 4

Deflection,

in.
Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep | 30 mph 30 mph 50 mph
North Rail 2 0.014 0.015 0.025 0.014
South Rail 2 0.014 0.024 0.018 0.033
Average 2 0.014 0.020 0.022 0.024
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TABLE D8 ~ RAIL DEFLECTIONS, SECTION 5

Deflection, in.

Run 10/28/74 12/10/74 | 4/11/75

Location . No.
Creep | 30 mph 30 mph 50 mph
North Rail 2 0.018 0.020 0.034 0.036
South Rail 2 0.033 0.031 0.039 0.031
Average 2 0.026 0.026 0.037 0.034
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TABLE D9 - RAIL DEFLECTIONS, SECTION 7

Deflection,vin.

10/28/74

Run 12/10/74 | 4/11/75
Location No.
Creep {30 mph 30 mph 50 mph
North Rail 2 0.034 0.035 0.016 0.033
South Rail 2 0.051 0.053 0.035 0.020
Average 2 0.043 0.045 0.026 0.027
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TABLE D10 - SOIL PRESSURES, SECTION 4-1

Pressure, psi

Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep | 30 mph 30 mph 50 mph
At North Rail 1 - - 5.7 -
Joint South Rail 1 - - 3.4 12.5
Average 1
North Rail 2 - - 7.6 11.9
South Rail 2 - - 5.8 13.3
Average 2
Average 1l s - - 5.6 12.6
. At Mig- North Rail | 1 - - 17.5 16.3
distance South Rail 1 - - 14.9 7.3
BetWeen Average 1
Joints
‘North Rail 2 - - 24.8 20.8
Average : 2
Average 1l & - - 23.0 12.8
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TABLE Dl1l

- SOIL PRESSURES, SECTION 4

Pressure, psi

Run 10/28/74 12/10/74 | 4/11/75
Location No. -
Creep | 30 mph 30 mph 50 mph
At North Rail 1 6.2 3.2 12.5 16.1
Joint South Rail 1 1.3 1.9 12.0 7.5
Average 1
North Rail 2 5.2 3.0 12.6 9.0
South Rail 2 0.9 2.2 13.7 5.8
Average 2
Average 1l & 3.4 2.6 12.7 9.6
At Mid- North Rail 1 4.4 2.4 12.2 10.3
distance South Rail 1 2.4 1.5 5.7 16.8
Between | Average 1
Joints
North Rail 2 3.9 2.1 17.3 9.9
South Rail 2 2,1 1.5 8.0 18.1
Average 2
Average 1l & 3.2 2.0 10.8 13.8
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TABLE D12

- SOIL PRESSURES, SECTION 5

Pressure, psi
Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep |30 mph 30 mph 50 mph
At North Rail 1 2.6 1.9 15.4 4.1
Joint South Rail 1 3.4 1.5 31.5 5.1
Average 1
North Rail | 2 10.0 | 8.4 11.9 4.5
South Rail 2 1.4 0.8 25.7 4.3
Average 2
Average 1l & 2 4.4 3.2 21.1 4.5
At Mid- North Rail 1 16.2 | 12.9 - -
distance South Rail 1 8.7 8.1 13.4 -
Between Average 1
Joints 3
' North Rail 2 10.3 9.5 - -
South Rail 2 2.8 2.2 8.3 -
Average 2
Average 1l & 2 9.5 8.2 10.9 -
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TABLE D13 - SOIL

PRESSURES, SECTION 5-1

Pressure, psi

Run 10/28/74 i2/10/74 | 4/11/75
Location 1 No. . e
: = | Creep | 30 mph 30 mph 50 mph
At ‘North Rail | 1 - - 18.3 -
Joint South Rail 1 - - 2.1 5.5
Average 1
North Rail 2 - - 24.0 -
South Rail 2 - - 3.5 6.7
Average 2
Average 1 &2 - - 12.0 6.1
At Mid- North Rail 1 - - 6.9 -
distance South Rail 1 - - 2.0 6.2
Between Average 1
Joints
North Rail 2 - - 9.9 -
South Rail 2 - - 3.4 8.1
Average 2
Average 1 &2 - - 5.6 7.1
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TABLE D14 - SOIL PRESSURES, SECTION 7

. Pressure, psi
Run 10/28/74 12/10/74 | 4/11/75
Location No.
Creep | 30 mph 30 mph 50 mph
At | North Rail | 1 | o.8 | . - 17.6 7.6
Joint South Rail | 1 | 1.1 | 1.3 20.8 9.0
o Average 1
North Rail 2 0.2 - 10.5 8.7
South Rail 2 0.4 - 16.7 15.7
Average 2
Average 1 &2 0.6 1.3 16.4 lQ.2
At Mid- North Rail 1 9.2 7.1 9.5 -
distance South Rail 1 8.2 9.4 1.5 23.3
Between Average 1 |
Joints ;
North Rail 2 5.9 6.5 4.9 -
‘South Rail | 2 | 9.5 | 19.1 1.1 9.1
Average 2
Average 1 & 2] 8.2 10.5 4.3 16.2
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TABLE D15 - RAIL STRESS

AT FASTENER, SECTION 4

Stress, psi
Strain Gage Rail - e
Location on . Rail ‘Side 10/28/74 12/10/74 | 4/11/75
Cross Section Locatlon
Creep | 30 mph 30 mph 50 mph
Top (~) North Field 8,342 | 8,996 7,320 -
North Gage 6,667 6,841 7,320 3,235
South Gage 3,633 3,508 6,177 3,761
South Field 4,426 4,695 8,542 4,480
Average 5,767 6,010 7,340 3,825
Middle (<) North Field 1,324 | 2,021 - 1,346
North Gage 1,364 1,031 1,661 -
South Gage 1,290 645 1,676 -
South Field - - - -
Avefage 1,326 1,232 1,669 1,346
Bottom (+) North Field 6,330 | 6,146 7,410 2,252
North Gage 5,419 7,044 7,226 2,222
South Gage 3,637 4,052 6,770 -
Scuth Field 4,091 4,246 6,331 -
Average 4,869 5,372 6,934 2,237
(-) Stresses are Compression
(+) Stresses are Tension /
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TABLE D16 - RAIL STRESS AT FASTENER, SECTION 5

Stress, psi
Strain Gage Rail : '
Location on . Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section Location
- Creep | 30 mph 30 mph 50 mph
Top (~) Nor th ,Field | 9,040 | 7,040 - 5,152
North Gage 8,572 | 8,313 - 5,231
South Gage 9,200 }10,053 6,438 3,992
South Field 7,307 6,672 3,828 5,217
Average 8,530 8,020 5,133 4,898
Middle (=) North Field 2,355 | 2,771 - 936
' North Gage 1,410 1,234 - 763
South Gage 2,040 2,578 1,218 1,038
South Field - - - -
Average 1,935 2,194 1,218 912
Bottom (+) North Field 6,388 | 7,036 3,074 4,370
North Gage 8,096 | 7,452 3,335 4,758
South Gage 6,990 | 7,028 4,176 5,257
South Field 7,360 7,517 4,031 4,079
Average 7,209 7,259 3,654 4,616
(=) Stresses are Compression
(+) Stresses are Tension
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TABLE D17 - RAIL STRESS AT FASTENER, SECTION 5-1

~D18-

Stress, psi
Strain Gage Rail
Location on . Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section Location
Creep | 30 mph 30 mph 50 mph
Top(‘) North Field - - - 4,067
North Gage - - - 2,880
South Gage - - 5,257 -
South Field - - 5,650 3,128
Average - - 5,454 3,358
Middle () North Field - - - -
/ North Gage - - 765 704
South Gage - - 1,479 -
South Field - - - -
Average - - i,l22 704
Bottom (*) North Field - - - 3,413
. North Gage - - - 1,772
\ South Gage - - 4,266 5,675
South Field - - 6,264 4,162
Average - - 5,265 3,756
(=) Stresses are Compression
(+) Stresses are Tension




TABLE D18 - RAIL STRESS AT FASTENER, SECTION 7

Stress, psi
Strain Gage Rail
Location on Location Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section
Creep | 30 mph 30 mph | 50 mph
Top (~) North Field | 8,309 | 9,206 - 4,976
North Gage - 4,584 5,182 5,011
South Field 7,917 7,472 6,576 -
Average 8,692 8,430 5,824 4,605
Middle () North Field 2,139 | 2,956 2,327 1,544
North Gage 1,142 1,001 1,257 1,600
South Gage 2,061 2,006 - 759
South Field 1,761 1,078 - 841
Average 1,776 1,760 1,792 1,186
Bottom (*+) North Field 9,010 | 9,932 4,898 -
North Gage 4,864 4,634 4,774 5,528
South Gage 8,053 8,471 5,505 -
South Field 7,851 8,832 5,561 4,711
Average 7,445 | 7,967 5,185 5,120
(~) Stresses are Compression
Tension

(+) Stresses are
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TABLE D19 - RAIL STRESS BETWEEN FASTENER,

SECTION 4

_ Stress, psi
Strain Gage Rail .
Location on . Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section Location
Creep |30 mph 30 mph 50 mph
Top (~) North Field 6,680 | 6,036 - -
North Gage 5,568 4,416 - 3,696
South Gage 8,832 7,210 5,992 3,605
South Field 6,114 4,824 5,432 3,593
‘Average 6,799 | 5,634 | 5,712 | 3,698
Middle (=) North Field 1,405 | 1,192 1,380 822
North Gage 2,019 1,136 1,818 1,063
South Gage 1,927 |+ - 1,406 824
South Field 1,529 1,476 1,212 -
Average 1,720 1,268 1,454 903
Bottom (+) North Field 6,798 | 4,218 4,873 3,028
North Gage 4,623 5,106 - 3,660
South Gage - 5,511 4,946 4,993 5,419
South Field 5,031 4,304 4,911 3,886
Average 5,491 4,644 4,926 3,998
(-) Stresses are Compression
(+) Stresses are Tension
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TABLE D20 - RAIL STRESS BETWEEN FASTENER, SECTION 5

Stress, psi
Strain Gage Rail :

Location on Location Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section a ey

» Creep | 30 mph 30 mph | 50 mph

Top (~) : North Field 6,140 - 3,654 3,062

, North Gage 5,692 5,888 - 3,637

South Gage 8,057 | 6,818 7,482 4,106

South Field 7,377 | 6,442 3,973 2,998

Average 6,817 | 6,383 5,036 ’3,451

Middle (-) North Field 1,909 | 1,137 1,392 1,204

North Gage 1,258 | 1,285 1,508 823

South Gage 2,425 | 1,582 1,392 726

South Field 1,325 | 1,016 812 721

Average 1,729 | 1,255 1,276 871

Bottom (+) North Field 5,770 | 5,770 4,582 -

_ North Gage 4,328 - - =

South Gage 4,728 | 3,767 4,147 4,694

South Field - - - 3,741

Average 4,942 4,769 4,365 4,218

(-) Stresses are Compression
(+) Stresses are Tension

-D21-




TABLE D21 - RAIL STRESS BETWEEN FASTENER, SECTION 5-1

Stress, psi
Strain Gage Rail S
Location on Location Rail Side 10/28/74 12/10/74 ) 4/11/75
Cross Section
Creep |30 mph 30 mph 50 mph
Top (=) .| North Field - - 3,651 3,238
North Gage - - 4,727 2,579
South Field - Co= 7,250 4,156
Average B Y 5,459 3,888
Middle (=) North Field - - 1,843 981
North Gage - -~ - 505
South Gage - - 1,160 822
South Field - - 1,450 -
Average - - 1,484 769
Bottom () North Field - - - 3,533
North Gage - - - 4,005
South Gage - - 5,626 5,888
South Field - C - 5,800 4,703
Average - - 5,713 4,532

(-) Stresses are Compression
(+) Stresses are Tension
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TABLE D22 - RAIL STRESS BETWEEN FASTENER, SECTION 7

Stress, psi
Strain Gage Rail
Location on Location Rail Side 10/28/74 12/10/74 | 4/11/75
Cross Section
Creep | 30 mph 30 mph 50 mph -
Top (~) North Field 6,006 | 4,332 6,351 -
North Gage 6,423 5,701 - 4,084
South Gage 8,327 9,265 6,757 -
South Field - - 5,191 3,395
Average 6,919 6,433 6,100’ 3,740
Middle (<) North Field 2,129 | 1,597 1,363 | 1,151
North Gage 1,932 1,812 1,653 1,038
South Gage 2,019 - 1,102 -
South Field 1,659 - 1,537 -
Average 1,935 1,705 1,489 1,095
Bottom (+) North Field 6,936 | 6,721 - -
- North Gage 4,762 4,493 - -
South Field 6,431 5,933 5,887 -
Average 5,939 5,507 5,786 -
(=) Stresses are Compression
Tension

(+) Stresses are




TABLE D23 - REBAR STRESS, SECTION 4

Strain Gaage Stress, psi

Strain Gage
Location | Location on Rail Rail
in Track Cross Location | Side 10/28/74 12/10/74 | 4/11/75
Section Creep | 30 mph 30 mph 50 mph
At Top (=) North |Field - - 7,764 2,713
Joint North Gage

South Gage 1,664 1,572 3,241 7,103
South Field - - - 8,197

Average| . 1,664 1,572 5,503 6,004

Bottom (+) North |Field - - - -
North Gage - - - -
South |Gage | 2,815 | 3,132 3,719 2,944
South |Field | 3,395 | 3,424 3,674 2,313

Average 3,105 3,278 3,697 2,629

At Mid- Top (=) North |Field 345 | 431 464 491
distance North |Gage - , - 667 570
Between South Gage 837 1,162 - 2,975
Joints South Field 880 862 - 1,550
Average 687 818 566 1,397

Bottom (*+) North |Field 306 424 203 253

North Gage 448 312 203 426

South Gage 131 493 221 576

South Field 300 584 295 590

Average 296 453 231 461

(=) Stresses are Compression
(+) Stresses are Tension

~-D24-



LI

TABLE D24 - REBAR STRESS, SECTION 5

£

Stress, psi

Location | Location on Rail Rail
in Track Cross Location |Side 10/28/14 12/10/74 | 4/11/75
Section Creep |30 mph | 30 mph | 50 mph
At Top (=) ‘North |Field 448 285 1,161 -
Joint North Gage 401 385 2,372 -
South Gage 301 435 1,349 -
South Field - - - -
Average 1383 368 1,627 -
Bottom(+) North |Field| 2,008 | 1,790 1,252 -
North Gage - - 1,294 2,067
South Gage 2,037 1,576 1,067 1,091
South Field | 2,055 1,855 1,409 1,345
' Average 2,033 | 1,740 1,256 1,501
At Mia- Top (~) North |[Field 633 - - -
distance North Gage 712 361 - -
Between South Gage 392 272 563 463
Joints South Field 417 433 - 262
Average 539 389 563 363
Bottom (+) North |[Field 190 317 - -
" North Gage 266 205 - -
South Gage 552 418 385 -
South Field 372 434 445 -
Average 345 344 415 -

(-) Stresses are Compression

(+) Stresses are Tension
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TABLE D25 - REBAR STRESS, SECTION 5-1

Strain Gage

Stress, psi

Location | Location on Rail Rail ;

in Track Cross Location |Side 10/28/74 12/10/74 | 4/11/75
Section Creep | 30 mph 30 mph 50 mph

At Top(~) North |Field - 464 -

Joint ' North Gage - - -
South Gage - 408 204
South Field - - 269
Average - 436 237
Bottom (+) North |Field - 174 234

North Gage - 87 -
South Gage - 174 356
South Field - 232 374
Average - 167 321
At Mid- Top (=) North ([Field - 601 282
distance North Gage - 310 420
Between South Gage - 203 325
Joints South Field - 203 153
Average - 329 295
Bottom (+) North |Field / - 116 193
' North Gage - 87 62
South Gage - - 86

South Field - 58 -
Average - 87 114

(—=) Stresses are Compression

(+) Stresses are Tension
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- TABLE D26 - REBAR STRESS, SECTION 7

Strain Gage Stress, psi
Location | Location on Rail Rail ‘
in Track Cross Location | Side 10/28/74 12/10/74 | 4/11/75
Section Creep |30 mph | 30 mph | 50 mph
At Top (-) North |[Field | 1,091 { 1,091 841 | 6,864
Joint North Gage 992 1,537 667 2,361
: South Gage 736 - 812 2,582
South Field - - - -
- Average 940 1,314 773 3,936
Bottom (+)  North |Field | 1,857 | 2,116 | 2,233 6,695
North | Gage 1,322 1,860 - -
South Gage 2,137 2,273 2,929 2,643
South Field | 2,799 2,609 3,190 1,610
Average 2,029 2,215 2,784 ‘3,649
At Mid- Top (-) North JField 694 645 1,653 2,411
distance | North Gage 724 724 1,392 1,975
Between South Gage 1,148 1,349 783 3,340
Joints South |Field - - 725 3,182
Average 855 906 1,138 2,727
Bottom (+) North |Field 378 441 1,566 1,605
North Gage 414 468 1,624 1,764
South Gage 1,061 1,424 667 2,727
South Field | 1,036 1,282 783 2,965
Average 722 904 1,160 2,265

(=) Stresses are Compression

(+) Stresses are Tension
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TABLE D27 - CONCRETE STRESS, SECTION 4

Qeraon Y-
WLLT OOy le.I.
. | Strain Gage .
Location : Rail
in Track Location Location _10/28/74 12/10/74 | 4/11/75
on Slab _ -
- Creep |30 mph 30 mph 50 mph
At Top (-) North 36 - 20 -
Joint South 102 - 96 -
' Average 69 - 58 -
Bottom (+) North - - 24 -
South - - - -
Average - - 24 -
At Mid- Top () North 85 106 32 29
distance South 140 47 32 101
Between Average 113 77 32 65
Joints
Middle (+) North - - - -
South - - 48 65
Average - - 48 65
Bottom (+) North - - 116 -
South - - 404 149
Average - - 260 149

(=) Stresses are Compression

(+) Stresses are Tension
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TABLE D28 - CONCRETE STRESS, SECTION 5

Stress, psi
Location Strain Gage Rail V
in Track Location Location 10/28/74 12/10/74 | 4/11/75
on Slab
Creep | 30 mph 30 mph 50 mph
At Top (=) North 89 “ 63 56 -
Joint South 75 - 69 50
Average 82 63 63 50
Bottom (+) North 57 86 59 -
South 72 82 77 36
Average 65 84 68 36
At Mig- Top (=) North 26 21 - -
distance South 44 23 - -
Between Average 35 22 - -
Joints
'Middle (+) North - - - -
South 28 18 - -
Average 28 18 - -
Bottom (+) North 58 59 - -
South 74 76 - -
Average 66 68 - -

(=) Stresses are Compression
(+) Stresses are Tension
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TABLE D29 - CONCRETE STRESS, SECTION 5-1

Streés,”psi
e Strain Gage | - -
Location : Rail
in Track Location Location 10/28/74 12/10/74 { 4/11/75
on Slab "
: Creep | 30 mph 30 mph 50 mph
At Top (=) North - - 56 40
Joint South - - 52 24
Average - - 54 32
Bottom (*) North - - 40 57
South - - - 109
Average - - 40 83
At Mid- Top (=) North - - 20 -
distance South - - - -
Between Average - - 20 -
Joints
Middle (+) North - - 32 -
o ~-South - - - -
Average - - 32 -
Bottom (+) North - - - -
' South - - 44 -
Average - - 44 -

(=) Stresses are Compression
(+) Stresses are Tension
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TABLE D30 - CONCRETE STRESS, SECTION 7

Strain Gage

Stress, psi

T Arad i An ail ’
e = Location ey 10/28/74 12/10/74 | 4/11/75
in Track on Slab Location
Creep |30 mph 30 mph 50 mph
At Top (=) North - - - -
Joint South - - - -
Average - - - -
Bottom (*) North - - - -
South - - - -
Average - - - -
At Mid- Top (~) North 86 100 236 289
distance | - South 101 65 - -
Between Average 94 83 236 289
Joints
Middle (+) Nor th 76 | . 61 68 70
: South 58 68 - -
Average 67 65 68 70
Bottom (*) North 146 157 56 230
' South 240 257 - -
Average 193 207 56 230

{-) Stresses are Compression

.(+) Stresses are Tension
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APPENDIX: E
ACCELEROMETER DATA REDUCTION PROCEDURE

f

Data obtained from the accelerometers attached to the rails
=

P Y

and ties were recorded on m apes and a com-

e record on magnetic tapes.
patible tape recorder were forwarded to ENSCO, Inc. for data
reduction. The approach and proceauré"used for accelerometer
data reduction are described in this Appendix.*

A two-phase approach was proposed for the reduction of the
data. The first phase was to review the data and to provide
frequency domain analysis in the form of Power Spectral Densi-
ties (PSD's). A second phase was suggested to provide time
domain descriptors for the recorder signals.

Initially, it was proposed to digitize the data using a
FAST Fourier Transform (FFT) techique to develop analog plots
of the Power Spectral Densities. However, later it was decided
to proceed with a much wider frequency range than was originally
discussed. The maximum frequency range of interest for the data
was increased to a range of 0 to 20 KHz. To facilitate this
type of analysis, a change from a digital to an analog approach
was suggested. The analog approach ﬁseé a Ubiquitous Spectrum

Analyzer.

Data and Data Reduction Procedure

The data to be processed consisted of recorded time his-

* tories from high freqdency accelerometers. The accelerometers
were attached to one rail of the railroad track and data were
collected for the passing of a train consist. The accelerom-
eters were oriented in either the vertical or lateral direction.
Data were collected on a l4-channel tape recorder at a speed of
30 ihches per second. This provided for a flat frequency
response from 0 to 10 KHz. The accelerometers were of the high
frequency variety, with flat frequency response beyond the 10
KHz bandwidth tape reéorder. The arrangement of the data on

*"Data Tape Analysis," Ensco, Inc. Report prepared for the
Portland Cement Association, November 1976.
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tape is shown in Table El. Scale factors for each channel are
given in Table E2.

A Ubiquitous Spectrum Analyzer was used.for data reduction.
- The data reduction systemﬁiskghbwn in flow chart form in Figure
El. L B T ,
Since it was expected that the bandwidth of data collected
would be 0 to 10 KHz, this range was first considered for use.
However, some of the data ‘(particularly the data collected in
January) produced a spectrum with content beyond the 10 KHz ,
frequency. This could be a result of exceeding the linear range
of operation of the tape recorder system. A 0 to 20 KHz range'
was used for all analysis unless the resulting spectrum showed
that a smaller frequency range of the UA500 could be used. For
instance, if the power spectral density produced no spectral
content above 5 KHZ, the data was reprocessed, using the fre-
quency range 0 to 5 KHz.

‘The processing bandwidth of the UA500 Spectrum Analyzer
(SA) is 1/500 of the full range frequency. Thus, for the 0 to
20 KHz range, the processing bandwidth is 40 Hz. For 5 KHz,
the full scale frequency resolution is 10 Hz.  To assign a full
scale level to the power spectral densities generated, the fol-
lowing equation is used:

Full Scale PSD = 10Log10 {9412(VrmsxSF)2j} - Spectrum Gain Setting

B
where B = processing bandwidth
Vrms ‘= full scale input setting
SF = scale factor (g's/volt)

The full scale PSD level measured in db is relative to
2
1g rms
spectral density. All important parameters, including the sen-

/Hz. A data reduction sheet was generated for each power

sitivity of the accelerometer and the various, setting of the
Ubiquitous Spectrum Analyzer wére'reéoraed on this data sheet.
A sample data reduction form is shown in Figure E2.

In all cases, the duration of the analyzed record was 3.2
seconds. For a frequency range of 0 to 20 KHz, this provided
128 independent estimates of the PSD which were averaged by the
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TABLE E1 - ARRANGEMENT OF DATA ON TAPE

FOOTAGE FOR DATA
COUNTER DESCRIPTION o SEGMENT NO.
17 "Testing 1,2,3..." (No data
following)
45 "Test Section 1, Jan. 8, 1975" 1
228 "Section 9, Run 3, Jan. 9" ' 2
’472 "Section 8, Run 3, Jan. 9, _
Accelerometers" 3
732 "Section 6, Run 3, Jan. 11,
Afternoon" 4
921 "Section 3, Run 3, Jan. 12" 5
1144 "Section 2, Run 3, Jan. 13" 6
1314 BEGIN CALIBRATION
7
1329 END CALIBRATION
1548 "Section 9, Run 3, April 21, 1975" 8
1866 "Section 8, Run 3, April 22, 1975" 9
2035 "Section 6, Run 3, April 23, 1975" 10
12330 "Section 3, Run 3, April 24, 1975" 11
2648 "Section 2, Run 3, Delayed Tb
April 25, 1975" 12
2886 "Section 1, Run 3, April 25, 1975,
5 P.M." ‘ 13

i
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TABLE E2 - CHANNEL SCALE FACTORS

Calibration, g/volt
Tape January April
Channel Ttem Test Test
1 Norﬁh Rail-Vertical 13.71 54.05
2 North Rail-Horizontal 15.68 60.98
3 South Rail-Vertical 13.31 51.73
4 - South Rail-Horizontal 13.70 53.48
5 Tie-North End-Vertical 17.65 68.70
7 Tie-North Rail Seat-Vertical 13.91 53.69
8 Tie-Mid Length-Vertical 14.13 55.79
-9 Tie-South Rail Seat-~Vertical 13.89 54. 80
10 Tie-South End-Vertical 13.34 52.56
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Date:

Operator:
Tape Recorder Channel Number:
Test Section: Collection Date:
Accelerometer Scale Factor: g/volt

UA-500-1 UBIQUITOUS SPECTRUM ANALYZER

Analysis Range: : Hz

Number of Spectra:

Averaging Method:

Instantaneous Spectrum Gain: DB

Input Amplitude: Vrmg Full Scale

Beta (Nominal Bandwidth):

Full Scale Spectrum Level =

0.79 ' 2 - 3
10 Log,, {'—TT- (Vope * SF) } Spectrum Gain

10 Log10 {giggl- + 20 Log10 (Vrms) + 20 LoglO (SF) - Spectrum Gain

FIGURE E2 - SAMPLE DATA REDUCTION FORM
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i

spectrum analyzer. For the 0 to 10 KHz, 64 independent samples
were available for averaging. A total‘of 32 samples were
averaged for the 0 to 5 KHz range.

The procedure for using the data reduction signal was as
follows:

1. Set up Spectrum Analyzer for expected frequency range
and input level,
Position tape at beginning of section of interest.

Start tape recorder.

Observe oscilloscope for onset of signal.

Start Spectrum Analyzer.
Complete data sheet.
Plot data.

N oY w N
.

Results
Over 150 PSD curves were generated from the combination of
12 tests and the nine accelerometers per test. The format of

the curves is PSD level in db (relative to 192 /Hz) versus

linear frequency. The full scale range for thgm;SD is calcu-
lated for each curve and rounded to the nearest whole number
and recorded on each curve. The Spectrum Analyzer provides
approximately 60 db on dynamic range for the plots shown.

A sample length of 3.2 seconds was taken from the available
data record and analyzed in all cases. The importance of the
position in the total data record (beginning, middle, and end)
from which the 3.2 second sample was taken, is illustrated in
‘Figure E3. The two spectra marked "beginning spectrum" were
generated by starting the Spectrum Analyzer at the beginning of
the data record. These are very similar. A second PSD marked
"middle spectrum" was generated by starting the Spectrum
Analyzer in the middle of the data record. The third PSD was
generated from a time sample taken at the end of the data
record. While it has the shape of previous spectrum, it is 4
to 8 db higher in spectral level than the previous curves.
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APPENDIX F
TEST TRACK INSTRUMENTATION

The purpose of this appendix is to describe and discuss the
instrumentation used on the Kansas Test Track. Design, instal-
lation, and monitoring of the instrumentation are considered.
In general, PCA instrumentation functioned properly. Most of
the problems encdﬂntered were associated with delays in the
project, adjustments and changes in the track condition, con-
struction activities, and weather. Special emphasis is placed
on those aspects needed to avoid difficulties in future work.

' As outlined in Table Fl, each instrument consisted of a
sensor connected to a recorder through a long electrical cable.
In some instances, there were intermediate items between the
sensor and the long cable. These included such equipment as
boxes, attenuators, zero balance units, etc. These items are
identified as Box A and Box B. ,

At the recorder end of the cable, there was always an entry
connection to the van followed by a connection to the recorder.
In one case there was a power supply between van entry and
recorder. This item is called Box C. Table F1 lists all
instrumentation with descriptive labels for Boxes A, B, and C.
Reference will be made to this table as each item is discussed.

Common Components

Instrumentation and recording equipment common to all test
sections are discussed.

Electrigal Cables

Seventy-five feet of our conductor shielded cable was used
between the van and the sensor at the test section. Belden
8728 Strain Gage cable was used. An Amphenol MS3106A-14S-5P
was used at each end of the cable. Prior to each field trip,
the continuity of the four conductors and shield was checked.
A cable check box was also used in the field to identify pro-
blems caused by cable open circuits.
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TABLE F1 -~ INSTRUMENTATION COMPONENTS

SENSOR BOX A BOX B BOX C RECORDER
Shannon & Wilson Embankment
Multiple Extensometer Junction Box- A and Z* - Oscillograph
Single Extensometer " " A and Z* - "
Horizontal Extensometer " " Attenuate - "
Pressure Cell " " A and Z* - "

Tie Track Instruments

Rail Strain

Tie Strain

Load Cell Tie
Deflection
Interface Pressure
Accelerometer

Bridge Complete

Junction Cable

Junction Box
Charge Amp.

Power Supply

Tape Recorder

Beam and Slab Track Instruments

Rail Strain
Structure Strain
Rail Pressure Sensor
De flection

Interface Pressure

Junction Box

Junction Box

Bridge Com.
" "

Oscillograph

"
n

*A is Attenuation and Z is zero balancing.




Most cable problems were related to weather. Electrical
noise in the recordings was a problem during damp and rainy
weather. Protecting the connectors from wetness by covering
with plastic sheet reduced the problem. Freezing rain caused
an additional mechanical interference problem, and ice also |
prohibited free rotation of the security ring. During cold
weather, it was difficult to turn the security ring while wear-
ing heavy gloves. These problems were solved by removal of the
security ring. A new problem of accidental disconnection was
then created. 'Careful inspection was required to reduce this
possibility. '
Oscillographic Recorders

Thirty-eight channels of Sanborn Carrier Type Ampllfler,
Oscillographic Recorders were installed in the instrument van.
Recordings were made with heated stylii on plastic coated paper.
A width of 50 mm was provided for each trace. Twelve channels
were Model 150 in two units of six channels each. The ampli-
fiers in these were'Sanborn 150-110. Eighteen channels were
Model 67A. These were in three units of six channels each.
Eight channels were Model 67A in two units of four channels
each. The amplifiers in these twenfy-six channels were Sanborn
67A-500B.

Carrier Type Amplifiers were requlred to permit monitoring
of the embankment Linear Variable D1fferent1al Transformers
(LVDT). A noise problem was created when multiple channels of
this type were used. Each channel had an oscillator to provide
AC power to the sensor. Small grounding problems became major
noise sources when the oscillators were not all using the same
frequency. Some improvement was made by interconnecting the
oscillators of the 150 series amplifiers. However, this solu-
tion also caused other problems since a minor fault on one
channel could overload the oscillator and then cause all twelve
channels to malfunction. The only solution was to eliminate
grcund resistance paths on all of the sensors. This was not
always possible in wet weather.
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IfuCarrier Type Amplifiers were necessary again in multi-
channel field work, a system using synchronized oscillators
would avoid this problem.

Van Entry Connection !

All sensors were connected at the outer surface of the
Instrument Van to wiring that lead inside the recorders.
Fortynine Amphenol MS3102A-14S~5P base connectors were mounted
on an aluminum plate that replaced one of the van windows.
Connectors on the end of the 75-ft cables plugged into these
connectors. Shielded cable inside the van connected 38 circuits
to Amphenol MS3106A-145-5P connectors that matched the input
recepticals on each Sanborn channel. The same cable was used
~on 10 circuits leading to the power supply and junction box for
tape recorder inputs. One circuit was wired to marker relays
for channel mark signals.

The van entry wiring was excellent in all respects.

Shannon and Wilson Instruments

Instrumentation placed in embankments by Shannon and
Wilson, Inc. are discussed.

Multiple Extensometers

Connections to Linear Variable Differential Transformers
(LVDT) at the main array of the instrumentation terminated in a
junction box located at the edge of the embankment. Hookups
for instruments recording the vertical displacement of the
embankment due to train traffic were made at this junction box.
Two distinct electrical circuits were required at that point to
enable recording of the output of the LVDT's.

The first consisted of an attentuation circuit. Only about
5 percent of the output signal from the LVDTis could be used by
the oscillographic recorders. To cut this signal down, the
attenuation circuit in Figure Fl was wired into the plug-in box.

A second circuit was added to enable a wide range of elec-
trical balancing to be applied to compensate for permanent dis-

placement of the LVDT's from their electrical zerc position.
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The zero balance circuit shown in Figure Fl was connected bet-
ween the 75-ft cable and the plug-in box. The zero balance

circuit required adjustment to compensafe for the actual offset
of each LVDT. The procedure consisted of a sequence of adjust-
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digital voltmeter was connected to A and C
through miniature pin connectors provided on the box. To pro-
vide the signal source to the LVDT for adjustment, the complete
cable and recorder system were connected. Zero adjustment
required about one minute per channel.

Calibration of an LVDT recorder system is usually done by
méving the LVDT core through a known distange and noting
recorder movement. Since there was no access to the LVDT core,
it was necessary to use a substitute calibration device. The
amplifier recorder system was balanced with a 4—resistor bridge
circuit connected. A calibration resistance of 1 megohm in the
recorder was temporarily connected in parallel with one leg of
the 120-ohm resistor bridge to cause a pen deflection. The
amplifier gain was than set to give a calibration pen deflection
(K) of about 10 mm. Analysis of the resistance bridge indicated
that the calibration signal was 0.03 millivolts per volt. The
sensitivity of the‘amplifier—recorder system was then 0.03/K
millivolts per volt per mm of pen displacement. The stated
calibration factor in millivolts per volt for each LVDT was
used to interpret data. This calibration factor was reduced by
a predetermined amount to account for the attenuation circuit
and cable resistance.

Although calibration by a substitute bridge and priér Zero
balancing were cumbersome and time consuming, the results were
excellent.

Single Extensometers

A single LVDT was located at each of several distances from
the main array and in the embankment. Electrical connection
and calibration of these extensometers was the same as for the

multiple extensometers. Physically, the attenuation circuit
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was located in the end connection at the LVDT end of an exten-
sion cable. The zero balance circuit was connected between the
extension cable and the standard cable. Extension cables were
in lengths of 50, 100, 150 or 150 feet. .The attenuation effect
due to the additional cable length was included in the total
attenuation provided by the electrical circuit of Figure 1.
These factors were established in the laboratory early in the
program. ‘

Horizontal Extensometers

Three horizontal extensometers with LVDT sensing elements
were used for dynamic measurements. These were individually
installed in holes in the embankment at each test section. At
installation the LVDT was set at its electrical zero position
as indicated on a Shaevitz TR-100 instrument. The electrical
wires were then connected to a junction box that included the
attenuation circuit shown in Figure 1. No zero balance circuit
was necessary. Calibration of the recorder-amplifier system
used the substitute bridge described previously.

On warm days, some minor problems were experienced with
this instrumentation. A teflon sleeve inside an aluminum collar
provided a sliding surface for in-out relative movement of the
two ends of the horizontal extensometer. High temperature.
swelled the teflon and locked the device against movement.
Immersing the extensometer in its embankment hole for 10 minutes
prior to installation cooled the plastic and allowed proper
installation.

Presssure Cells

- Cables from the multiple pressure cells at the main array
were terminated in the same junction box as the multiple
extensometers. The pressure cells used LVDT's as the sensing
element. Discussion in the section related to multiple
extensometers is also applicable to the pressure cells.

Tie Track Instruments

Rail and tie strains were sensed with electrical resistance
strain gages. Forces were measured with load cell ties con-
sisting of strain-gaged sensors in a steel member designed to
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substitute for a concrete or timber tie. Deflections were
sensed with LVDT instruments. Pressures at the interface bet-
ween the ballast and the embankment were measured using Carlson
pressure cells. Accelerations were sensed with piezoelectric
accelerometers. Details of each of these items an
ated problems are discussed below.

Rail Strain Gages

Strain gages to sense bending strains were cemented to the
gage side and the field side of the rail at selected locations.
Longitudinal gages were positioned just under the rail head, at
mid-height and on the top of the lower flange near the web. An
epoxy cement was used to attach 20-mm long polyester-backed
wire gages to the steel. Lead wires about 2-ft long were
attached and a waterproofing wax was used for protection.

When data were to be collected, the lead wire was connected
to a junction box. The box contained bridge completion resist-
ors and provided a cable connector. The long cable to the van
connected the full bridge to the oscillographic recorder.
Calibration of each channel utilized a shunt resistance of 1
megohm across one leg of the full bridge. The pen deflection
corresponding to this calibration signal was set at approxi-
mately 10 mm. Cable resistance and gage factor were used in
the calculation of strain per millimeter of pen deflection
according to the oscillograph operating instructions. Maximum
sensitivity was about 5 millionths strain per millimeter. A
well defined and accurate data trace was the usual recording
for rail strain.

Recording of rail strains was affected by the environment.
Time between recording sessions permitted weather to degrade
the waterproofing and in some instances caused gage grounding.
Also, some disappeared due to unknown actions between visits.
These two problems had been anticipated and were corrected by
gage testing and replacement prior to recording a set of data.

Another problem was associated with temperature change of
the rail and the bridge completion box. This was caused bty
shade and wind as the train passed. This effect produced a
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drift in the recorded base line, as the wheels passed over the
rail. Data reduction problems resulted from this drift.

One problem was solved by redesign. Junction boxes initi-
ally used binding posts for connection of strain gage leads.

- Cold weather made the binding posts difficult to handle. Also,

rain froze them and pliers had to be used to connect or discon-
nect a wire. After the first use during freezing rain, these
connections were changed to barrier terminals with screwdriver
tightened connector screws.

For future studies, it would be advantageous to use a single
channel to record rail curvature instead of using several chan-
nels to record strains. The advantages are several. The first
is a reduction of data channels needed to get the same informa-
tion. With the method used on these tests, the reduced data
from 2 to 3 channels was used to calculate a curvature. If 2
gages at different levels on the rail were connected in adjacent
legs of a single bridge circuit, the resulting output would be
a measure of curvature. A second advantage of this method is
that the bridge is temperature compensated and drift due to
shade and wind are eliminated. Strain at any point in the cross
section is equal to the curvature times the distance of that
point from the neutral axis.

Tie Strain Gages

Strain gages were cemented to the sides of ties. They Were
located under the rail seat and at mid length and arranged to.
sense bending strains. Longitudinal gages were positioned on
each side of the tie at one rail seat and at mid length; A
gage was located near the upper face and near the lower face.
An additional gage was positioned at mid height at the rail
seat. An epoxy cement was used to attach 70-mm long polyester-
backed electrical resistance wire gages to the concrete or
timber. Lead wires about 2-ft long were attached to the gages
and a waterproofing wax was used for protection.

These gages were connected and the recording equipment was
calibrated in the same manner as described for the rail strains.
Temperature drift was nbt so serious with gages on the ties,

but otherwise the comments made previously apply.
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Gages on the ties tended to be removed by the up-down move-
ment of the tie and ballast as trains passed. Lower gages sel-
dom survived between visits. Permanent bonding to the timber
tie surface was not possible with the techniques used. However,
short term bonding provided satisfactory results.

Load Cell Ties

Twelve load measuring sensors in the load cell tie contained

full bridge strain gage circuits. The base of the tie consisted
of 10 equal length sections split up to give 10 tie base forces.
A force sensor under each rail seat gave the vertical component

of the force entering the rail seat.

Connection to the sensor was at one end of the tie. A steel
plate was removed to give access to a multi-pin connector and
two 5-pin connectors. The multi-pin connector lead to the
10-base load cells. Each 5-pin connection was for one of the
rail seat cells. A matching multi-pin connector lead to 10
short cables. Each cable terminated in a 5-pin connector. The
long cables that lead to the recorders plugged into the 5-pin
connectors. Long cables were also plugged directly into the
two 5-pin connectors on the tie.

Calibration of the Model 150 series amplifiers used a set-
ting of the factor dial. This setting was related to load-
versus output calibration obtained in the laboratory. Pen dis-
placement due to a calibration signal was set at approximately
10 mm. The usual data trace was well defined and accurate.

Electrical noise problems were encountered early in the
testing. The noise was caused by the variable frequency of
oscillators mentioned in the section on Oscillographic
Recorders.

Water and clay was pumped into the ties by traffic action
as the embankment material intruded into the ballast. This
caused major problems late in the testing. The wet clay caused
grounding of circuits at the connectors as well as other points.
The ties had been originally designed to allow water to drain
out on the assumption that the ballast would remain in good
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condition. A more successful design would be to seal the load
cell tie against any intrusion of moisture, water, or other
material.

Deflection Devices

Vertical and longitudinal displacement of the rail and
vertical deflection of the tie during traffic was sensed with
LVDT's. Deflection reference was two rods driven into the
embankment inside tubes that isolated the rods from the embank-
ment over their upper 5 feet.

At the time an LVDT was put in place to obtain a set of
measurements, the core was positioned for zero electrical out-
put. The LVDT had a built-in attenuation circuit so the long
cable was connected directly to the short cable on the LVDT.
This is in contrast to the separate attenuation and zero balance
boxes provided on the embankment LVDT instrumentation described
previously.

Interface Pressure Cells

- Commercially available soil pressure cells were placed in a
predetermined pattern under the ties at each main array. Cable
from the nine cells terminated at a junction box at the edge of
the embankment. Two 121-ohm resistors were wired into the cir-
cuit at the junction box to convert the half bridge from each
cell to a full bridge. Long cables plugged directly into the
connectors at the junction box.

Calibration of the recorded information was set by use of
the l-megohm shunt resistor in the oscillograph channel used
for other strain gage bridges. Manufacturers calibration and
data from a calibration at installation were used to define a
calibration factor.

Problems with the, pressure cells included electrical noise
due to moisture at the junction box and malfunction of the
cells. The electrical noise was reduced by protective covers
and by removing visible moisture prior to obtaining readings.

~Malfunction of cells could not be repaired. It was believed
to be due to ballast pieces penetrating the sand pad on top of
the cell and thereby producing errors in the recorded pressure.
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Changes for future use would include a modification in
installation techniques to prevent local loading of the pressure
sensing diaphragm.

-Accelerometers

- = S (=1 T AT L VaaS

Piezoelectric accelerometers were temporarily bolted to
metal blocks that were cemented to the rail or tie. A coaxial
cable 4-ft long was connected from each accelerometer to an
amplifier. Long cables connected the amplifiers to input con-
nectors at the van end. The connectors lead to the power supply
and tape recorder.

Calibration of the tape recorded level consisted of record-
ing with known voltage across the input terminals. Manufactur-
ers calibration of the accelerometers and calibration informa-
tion on the charge amplifiers were used to convert the recorded
voltage to acceleration units.

Connection of the metal blocks to the ties and rails pre-
sented some problems. Aluminum blocks were glued with epoxy or
polyester. Temperature changes caused the aluminum to change
dimension at a different rate than the rail or tie and the
blocks were lost. This required that the blocks be reattached.
In future installations, compatible materials should be used.

Beam and Slab Track Instruments

Rail, reinforcing bar, and concrete strains were sensed
with electrical resistance strain gages. Rail-fastener loads
applied to the beams and slabs were measured with load sensors
designed and built by PCA. Rail and slab deflections were sen-
sed with strain gaged deflectometers. Pressure at the interface
between the ballast subbase and the embankment was measured
using Carlson pressure cells. Joint opening was measured with
a Whittemore Strain Gage and a Vernier meter. Beam and slab
settlement was measured with a Wild level. Details of each of
these items and the associated problems will be discussed
separately.

Rail Strain Gages

Prefabricated gages were used to reduce the field installa-

tion time and minimize the possibility of electrical shorts
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occurring during field wiring. Polyester adhesive was used to
bond 5 mm-long gages to 1.00x0.25x0.005-in. phosphorous-bronze
shims. TLead wires, about 2-ft long, were attached and a
water—proofing wax was used for protection.

The prefabricated gages were cemented to the gage and field
sides of the rail at predetermined locations to sense bending.
Gages were positioned in a 1ongitddinal direction under the
rail head, at mid-height, and on the lower flange near the web.-
The gages were located accurately with jigs designed to position
the gages and hold them firmly in place until the bonding
adhesive cured. Prior to applying the gages, the rail surface
was ground smooth and cleaned with acetone. Gages were attached
with a polyester adhesive and coated with a final layer of
waterproofing wax.

At data collection time, the lead wires were connected to
terminal blocks that plugged into the cables leading to the
van. Boxes containing bridge completion resistors were located
inside the van. Recorder calibration was accomplished by use
of a shunt resistance of 1 meghom across one leg of the full
bridge. The pen deflection corresponding to this calibration
signal was set at approximately 10 mm. Cable resistance and
gage factors were used in the calculation of strain per milli-
meter of pen deflection according to the oscillograph operating
instructions. The maximum sensitivity was about 5 millionths
strain per millimeter.

Problems in recording rail strain were associated princi-
pally with damage to the gages between data acquisition periods.
Between recording sessions, moisture caused gages to short.
Also, gages disappeared due to unknown action between visits.
These two problems had been anticipated and were corrected by:
gage testing and replacement prior to recording.

Another problem was associated with changes in rail tem- A
perature relative to the temperature of the bridge completion
resistor nétworks located inside the instrument van. This
caused the recorders to drift with time and required continuous
zeroing of the recorders prior to monitoring a train. Since



the time required to monitor a train was relatively small, the
drift did not affect the data significantly. If readings are
to be taken over a long period of time, it would be desirable
to have a temperature compensated full bridge network at the
rail.

Concrete Strain Gages

Prewired waterproof acrylic resin encapsulated electrical
resistance strain gages were cemented to the surface of the
concrete and embedded in the concrete to sense bending. Surface
gages were attached with polyester adhesive. Wiring for embed-
ded gages was carried in buried conduits to the junction boxes
at the main arrays.

For recording, the gages were connected, and the recording
equipment was calibrated, in the manner described for rail
strains.

Some of the gages on the sides and top of the slabs and
beams were damaged due to ballast tamping, modifications of the
fastener systems, and general construction activities. Some
Eop surface gages at the joints in the beams and slabs were
lost Que to cracking and spalling of the concrete. Wherever
possible the damaged or missing gages were replaced prior to
each data acquisition session. The embedded gages functioned
properly in the beginning, but as the project continued elec-
trical shorts and cross-interference began tordevelop. For the
last two data acquisition trips, the electrical interference in
some of the embedded gages was so bad they 'had to be discon-
nected to avoid affecting other instrumentation.

Reinforcing Bar Strain Gages

Strain gages were cemented to the reinforcing at various
locations in the slabs and beams. Primary and redundant 5 mm
long gages were applied to opposite sides of the reinforcing
bars. The bar surface was ground smooth and cleaned with ace-
tone. Gages were applied with polyester adhesive, wired, and
waterproofed with a wax coating. All instrumented bars were
prepared in the laboratory and shipped to the test track for
installation. All gage leads were enclosed in underground con-
duit that led to junction boxes at the main arrays.
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For recording, the wires from the van were plugged in the
junctioﬁ boxes and the oscillographic recorders. The recorders
were calibrated in the same manner as described for the rain
strain. ‘

Génerally gages on the reinforcement functioned properly.
Occasionally, the primary gage did not work, and the redundant
gage was used. At one of the test sections, several of the
wires were cut by the construction crew during repair of the
fastening system. These wires were severed inside of the con-
crete during the stud placement drilling operation and could
not be repaired.

Rail and Slab Deflection Devices

Rail and slab deflections were sensed with PCA designed
strain gage deflectometers. Slab deflections were referenced
to rods driven into the embankment inside of pipes that isolated
the rods from the embankment for the upper 5 ft. Rail deflec-
tions midway between fasteners were referenced to the slab.

For recording, the deflectometers were secured in place and
the wires from the van were connected. The recording equipment
was calibrated in the manner described for rail strains.

The deflectometer functioned perfectly and no problems were
noted.

Interface Pressure Cells

- Details of the soil pressure cell installation, wiring,
monitoring and problems are described in the interface pressure
portion of the Tie Track Instruments section of this report.
Rail Load Sensors

Rail load sensors were designed and built by PCA for moni-
toring the vertical and lateral loads applied by a fastener to
the concrete slabs and beams. The vertical load was sensed by
strain gages on the bottom of a steel plate supported on two
rollers. Lateral load was sensed by two load cells.

The vertical and, lateral sensors were wired separately to
connectors that plugged directly into cables leading to the
van. The recording equipment was balanced and calibrated in
the manner described for rail strains. The sensors were cali-
brated in the laboratory both statically and dynamically.
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Under field conditions the sensors did not function as they
were designed. Variations in the location of the fastening
being monitored, warped fastener bottom channels, variations in
rail support between adjacent fasteners, rail loads applied
through the fastener nylon stops instead of the rubber pad, an
similar difficulties made it impossible to install the sensors
in the field in the manner used for the laboratory calibration.
. In some instances the instrumented plate was not evenly sup-
ported on the two rollers. 1In other instances the load was
transferred to the instrumented plate outside the rollers.

Both cases gave erroneous results. Part way through the testing
program, the load sensors were modified and loading frames were
made to calibrate the sensor in place. This eliminated many of
the problems and permitted the sensor to operaté as designed.
However, some difficulties still occurred. For future load
sensors, it is recommended that vertical and lateral loads not
be measured with the same sensor. Also, a spindle-load cell
type of sensor should be used.

Joint Opening Plugs

Joint width measurements were taken with a Whittemore Strain
Gage Meter and a Whittemore Vernier. Whittemore gage plugs
were recessed into the top surface of the concrete. A water-
proof was was used to seal the plugs between readings. Readings
were taken once each data acquisition trip. These data provided
information concerning the effect of time and climate changes
on joint width.

Some Whittemore plugs were destroyed during the repair of
the fastener anchoring system. Whén possible, plugs were rein-
stalled and readings with a new reference base were obtained.
Settlement Measurement

Slab and beam settlement measurements were taken at each
instrumentation array. Readings were obtained with a wild
level. Brass reference plugs were recessed into the top surface
of the concrete and waterproofed when not in'use. Settlement
readings were referenced to Invar reference rods. These rods
were driven to bed rock inside tubes that isolated the upper
portion of the rod from the embankment.
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As in the case of the Whittemore plugs, some settlement
pPlugs were also destroyed during the repair of the fastening
system. '

During the month of May 1976, an inspectlon 'was made of
each of the test sections to determ1ne if conditions existed
that could have adversely 1nfluenced the output of instrumenta-
tion. This work was done concurrently with a study belng con-
ducted by the Corps of Engineers.

Soil pressure cells for measuring interface pressure were
exposed at the main arrays in Sections 1, 2, 3, 7, 8 and 9. 1In
the tie.track sections the cells were arranged in groups of 9,
with 3 cells beneath each of two adjacent ties and 3 cells bet-
ween the ties. Three of the cells were located beneath each of
the rails and three beneath the track centerline. The cells
were installed originally with their top surface approximately

‘one inch below the top surface of the lime stabilized layer. A

sand cushion was placed over each cell.

After the careful removal of the ballast at the cell loca-.
tions and elsewhere in and near the main arrays, it was noted.
that the exposed surface of the lime stablilized layer pfesented
a washboard appearance. ‘The spacing of tﬁe parallel ridges and
valleys corresponded to the spacihg of the ties in that parti-
cular test section with the valleys falling directly beneath
the ties. The portion of the valleys located beneath the orig-
inal tamped bearing surface of the ties was much deeper than at
the centerline of track. The resulting recesses .in the .top
surface of the embankment collected both rain water and water
from snow melt. :

Tie spacing and ballast depth influenced the'size and depth
of the recesses in the top surface of the embankment.‘ The wider
the spacing the worse the condition. The shallower the ballast
the worse the condition. ' ,

The soil pressure cells that were located beneath the rail
seats of the two adjacent ties in the main arrays had been dis-
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placed vertically downward. This displacement was as much as 4
in. with respect to the cell located in the crib between the
tiés at the centerline of track. The maximum value was measured
in Section 1. Lesser values on the order of 1 to 2.5 in. were

the ot

measured in her test sections. : ‘ _ S
Many of the cells had been tilted, one by as much as 15
degrees., This tilting appeared to be caused by ties not being
positioned directly over the pressure cells. Instead of being
at the bottom of the recesses the cells were located in the “

side of the recesses.

The four soil pressure cells located in the main array of
Section 7 were excavated and inspected. The cell that was
located beneath the south beam midway between the joints had
been severely tilted and partially covered By a heavy timber
wedge used to position the beam during tamping. Maintenance
records kept by the Santa Fe do not show any tamping was done
in that area after the initial installation of the beams. Evi-
dence was found that the bottoms of the beams were located
approximately one inch above the cell located beneath the north
beam of the joint.

The main arrays in Sections 4 and 5 could not be excavated
because the cast-in-place structures had not yet been removed.
Several of the slabs at the west end of Section 5 had been
removed, including the one which covered the soil pressure cells
at secondary array 5-2. The bottom surface of these slabs were
found to be very rough and irregular. Variations in the depth
of the slabs of up to 6-in. were noted, particularly the slab
that contained the instrumentation recesses. It is likely that
a similar condition exists in the main array at 5-1.

The concrete ties in Sections 1, 2, 3 and 8 were inspected
in November, 1975. All ties inspected, including one of the
instrumented ties in the main array of Section 3, were cracked
beneath both rails. Because only 10% of the ties were inspected
at that time it could not be stated that all instrumented ties
were cracked. During the post traffic inspection, the instru-
mented ties from the main arrays of Section 2 and 8 were
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inspected and determined to be cracked beneath the rail seats.
All other concrete ties remaining at the test site were
inspected and found to be similarly cracked. It is therefore
reasonable to assume that all the instrumented ties were cracked
when the track was taken out of service.

It is not known when the ties cracked. However, because
100% of the ties were cracked after 6 months of traffic, even
at the narrowest tie spacing, it is probable that the ties
cracked shortly after they were put in service, perhaps during
the 2 weeks shakedown period. This would mean that the instru-
mented ties were cracked during the first and second quarterly
data acquisition periods. However, they may not have been
cracked during the static and slow moving load tests.

In summary the post traffic inspection revealed several
conditions that adversely influenced the output of some instru-
mentation. These were:

1. Softening of the subgrade resulted in recesses that
collected water. Soil pressure cells located in the
récesses were submerged in water, mud, and ballast.
Also, they were subjected to vertical and tilt dis-
placement. Thus, the data obtained varied depending
on the degree of tilt.

2. Cracking of the instrumented ties at or near the strain

‘ gages has affected the recorded strains.

3. The tilting and partial covering of a pressure cell by
a timber wedge in the main array of Section 7 seriously
affected the output of that cell. Similar conditions -
may have existed in Sections 4 and 5 where slabs and
beams had not been removed at the time of inspection.

4, The rough irregular bottom surface of the slabs at
secondary array 5-1 affected the output of pressure
cells and strain gages. Variations in slab thickness
of up to 6 inches were observed.

As the condition that existed at the time of data collection

was not known, its effect on instrumentation output could not
be estimated.
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