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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 sy~tems. For this purpose, 
a 1.8-mile long test track consisting of nine sections was con­
structed adjacent to the mainline tr.ack, of the ATSF, between 
Aikman and Chelsea, Kansas. These test sections included con­
tinuously reinforced concrete slabs, ~einforced concrete twin 
beams, prestressed concrete ties, stablized ballast, and 
standard wood-tie track sections. The site was chosen because 
of abun~ant rail traffic, a long tangential 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 copstructed 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 
a,nalyze data, and submit a rep~ort' covering the findings. The. 
design,. development, and preparation of installation specifi­
cations for a new rail fastening anchorage system, to replace 
the one or,iginally 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 sections 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. 
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APPENDIX A 
DETAILS OF INSTRUMENTATION 

Genera 1 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 AS. 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 A8. 

Linear variable differential transformers (LVDT) with one 
inch stroke were used to sense rail and tie deflections. The 
LVDT 1 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-l, are shown in Figures All and A12, respec­
tively. Instrumentation in beam Section 4-1 is shown in Figure 
A13. All main array instrumentation was located within a 10 ·ft 
track section. The only exception was single-position vertical 
extensometers which were installed by Sannon and Wilson, 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. In Section 

-Al-
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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 AS. 

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 
long it.ud.inal reinforcing bars. Duplicate strain gages were also 
placed at each location as backup, in case of malfunction of the 
primary gages. In S~ction. 4-1, strain gages were placed on the 
top and bottom of four different stirrups. The ·instrumented 
stirrups were located at midd istance 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. In Section 4-1, the concrete strain gages were placed at 

i 

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. 
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Design and Instrumentation of Load Cell Ties 
A substitute tie wa~ 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 manufacturing 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 gradua~ed 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 con~rete. Based on cross-sectional 
moment of' inertia and moment diagram, shown in Figure AlS, it 
was calculated that a l-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. 
old concrete tie and a load cell tie is shown in Figure 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 condl.1cted 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-l/2-in. and 7-l/8x8-l/4-in. tie, respectively. For the 
7-l/2x8-in. white oak tie, a l-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 1.33million 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 ·cor respond 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. Torsior; oi; 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 midlength cross 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 Figure Al8b, stiff­
ness was increased at the rail seat by adding two angles f-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 eacp 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. 

Assembly 

The exterior height from the base of rail to bottom of the 
load cell tie was similar to that of the simulated 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 A21. 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. 

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 
Figure A23. The rail seat (-6) was supported by studs (-13) 
from the structure (-1). The base pad, consisting of lower 
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FIGURE A22 - CONCRETE TIE ASSEMBLY - CROSS SECTION 
AT RAIL SEAT ANCHOR BOLT 
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FIGURE A23 - WOOD TIE ASSEHBLY - CP..OSS SECTION 
AT RAIL SEA'::' 
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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 lb per mil­

lionth strain for the base-pad cells and the rail-seat cells, 
respectively. 
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Electrical Insulation - Rail to Rail 

The fastening system used in the concrete tie track provided 
electrical insulation at each rail. A rubber pad and insulated 
clips prevented short circuit between rails. The same insula­
tion vms 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 0.1-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 and February 1975, addi­

tional laboratory tests were conducted to improve the method of 

installing and·calibration. To improve the sensitivity and 

performance 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 worthwhil~ data. The project was terminated before 

any further work could be done on the sensors. 

/ 

I 
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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 defleGting 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, 
equation: 

EU = 

where EU = 

A = 

B = 

c = 

D = 
E = 

pressure or displacement using the following 

(A - B)CD 
E 

engineering units 
stylus position at peak due to wheel, mm 
stylus rest position, rnm from edge 
factor 
range setting on oscillograph 
Stylus displacement, mrn, at calibration prior to 
train passage. 

The factor, C, is predefined by gage factor for strain gage 
channels and by precalibration for other i terns. Methods used 
to define factors and to produce the calibration, E, are des-
cribed in Appendix F. The upper trace in Figure Bl was recorded I I 

in Test 4, Section 2, Train 2, Channel 9 which is an interface 
pressure cell under midlength of the load 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, 
D = 20' 
E = 10.3 mm, 
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Therefore, 

EU(interface pressure) = (35.2 - 14.8) (0,.44.8)20 17 7 . - - = • ps 1. 10.3 

This result is shown in Table C8 of Appe~dix C as reduced 

data for wheel number one for the defined 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 ~3 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. 

s = T(U - q 
Es N 

where s = stress at top of rai!l.. head, psi 

T = distance of top surface to neutral axis, in. 

u = strain at upper gage {average) 

L = strain at lower gag~ (average) 

N = distance between upper and lower gage, in. 

Es = modulus of elasticity of rail steel, psi 

Tie strain data were used to calculate tie curvature and to 

calculate bending moment in the tie. 

M = {U ; L) (Et I) 

where M is bending moment, in.-lb 

(Et I) is stiffness of tie cross section, 16-in.2 

The stiffness used for timber tie calculations was 335 mil­

lion lb-in. 2 as 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 po~e~ spectral 

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. 

1.414 10 ~FS - L) 
G = F X 10 

,, 

where G = acceleration amplitude in·· g")s 

F = frequency, Hz 

FS = full-scale db relative to·· 1 ·g2 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 ,listed at the bottom of 

each column. 

all sections. 
For Tests 1 and 2, the same train was used for 

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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TABLE C1 TEST DATA FOR TEST 1 ON SECTION 1 

~AIL STRAIN AT IIAJN ARRAY •AT lft ·~ORTH UPP£~ GAG[ ·MILLIO~THS 

.RAIL STRAfll AT MAl .. ARRAT •AT TIC •tlORTH 1110 GAGC •MILLIOIITHS 

RAIL STRAIN AT MAIN ARRAY •AT TIC •IIORTH LOWER &AGC ·MILLIOOIJHS 

UIL STRAI~ AT MAtti ARRAY •AT TIC •SOUTH UPPCR &AGE •MILLIOIITHS 

RAIL STRAIN AT MAIN ARRAY •AT TIE •SOUTH MID GAGE •MILLIO~THS 

RAIL STRAIN AT MAIN ARRAY •AT TIE ·SOUTH LnWER GAGE -MILLICI'ITHS 

RAIL STRAIN AT MAIN ARRAY •BETWEEN TitS UPPER GAGE ·MILLIOIITHS 

RAIL STRAIN AT •AIN ARRAY •BCTWC[N TICS ~ID GAG[ •MILLIOIITHS 

lUlL STRAIN U MAIN AKAAT •B£hEEtl TICS LO~EA GAG[ •141LLI01HHS 

qAIL STRAIN AT 100 FT [AST•BCTWE£11 TIES UPPER GAG( .u[LLIO~THS 

IIAIL STRAIPI AT 100 FT EA~T-BETwE£11 TICS "IO GAGE oMILLIO .. THS 

IIAIL !\TRAIN AT 100 fT £AST·BtTWE£N TIES LtJ~(R GAGE •>IILLlO•HHS 

TJ[ STRAIN AT MAII'I ARRAY •NO.RAIL SEAT UPPtR GAGE •MILLIO'ITHS 

TIC STRAIN AT IOAJII ARRAY •N0 0 RAJL SEAl MID GAGE •MILLIOtlTHS 

TIE STRAIII AT "Alii ARRAY ·N~ 0 1UIL StAT LD>I£R GAG( -MILLIO"lH$ 

Tl£ STAAl~ AT ~AIN ARRAY •MIO LENGTH UPP£A GAGE ·Milli~THS 

fl£ STIUIN A7 IIAlli ~I:RAY •MID LENGTh LDWCn U<;C •"ILLIDIIJHS 

VI£ SiRAIN AT 100 Fl £4Sl•N0.R'lL SEAl UPPER GA6( •MILLIONTHS 

Tit StRAIN AT 100 FT [AST•NO.RlJL SCAT MIO GAGE •NILLI~fHS 

TJ[ STRAIN AT lDo f'l CAST•IIO.AAIL S[AT LOWER GAGE •HILLIO"THS 

Tit STRAIN -AT 100 F1 £ASf•"ID I.EI!GTH UPPER GAGE ·141LliO'lTHS 

Yl£ STRAIN AT 100 FT EAST-MID LEIIGTH LOWER GAGt ·"ILLIOtiTIIS 

DCFLCCTiON AT MAIN ARRAY •IIM7H £110 OF INST TIE •II'ICU£5 
DEFLECTION AT MAJN ARRAY •RAIL ~IOSPAN RCT~[EH TIES•ItiCHES 

INI[HFAC[ STRESS MAIN ARRAT •NO.RAJL SEAT OF INST TIE •PSI 
l~T[RfAC£ STM(SS ~liN ARftAY •NIO LENGTH OF I~ST TIE 
I~TCkFACE SJRCSS MAl" ARRAY ·SO,RA!L SCAT OF INST TIE 
IIH[RFACC STRESS NAill ARRU -t<O,RAIL SEAT OF !.OAO TIE 

l'lf£RFaC£ STRESS MAI!j ARRAY •1'10 LrNGTH OF 1.0AO TIE 
INTERFaCE STRESS MAl" A~RAY •SO.RAJL SEAT OF !.OAO TIE 
ltiTER~ACE STRESS MAIII AMRAY •IIOIITH RAIL llETWE£" TIES 

HITERFACE STHESS MAl" ARRAl •MlD CRIO ll£TII£EN TIES 
I~T£RF4CE St-ESS ~Al'l ARRAY •SOUTH RAIL BtTWEEN TIES 
R~IL SEAT FoRCE -AIIj ARRAY ... o~;H SEAT LOAD CELL TIE 
R~IL SEAT FORC[ MAIN A~RAT •SOUTH SEAT LOAD CELL TIE 
Tf( IIA5£ FoRCE I'AtN ARRAf •BASE PAD • 1 NORTH ENG 

Tl[ BASE FORCE ~-~~ ARRAY •BASE PAD • 2 
TIE BAS[ FORCE MAIN AP.RAY •BA~t PAD • 5 
TIE BASE FORCE MAtN ARRAT •AA~£ PAD • ~ 

- TIE liAS[ FORCE MAIN ARRAY ·BASE PAD • ~ 

TIE SASE FOAC£ MAl~ ARRAY •BASC PAD • 6 
TIE BASE FORCE MAl" ARRAY ·BASE PAD • 7 
TIE RASE FORC[ "AIN ARRAY ·BA~E PAD • 8 
TIE BASE FORC£ MAIN ARRAY •845£ PAD • ' 
TIE BAS£ FORCE , MAIN ARRAY •DAS£ PAD •10 SniiYH r."n 
TRAIN DATA -~HELL LOAD 

v 

•PSI 
•PSI 
oP'SI 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
-KIPS 
•ICIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 

TSACH 

U2la 
U226 
11227 
1122a 
1122, 
11222 
l\236 
1l2ll 
1\2~5 
11201 
11202 
11203 
\1235 
UH• 
1123~ 
U231 
11252 
1120• 
1120~ 
11206 
11207 
112811 
1112• 
11125 
11209 
11210 
112\1 
11212 
11213 
1121• 
1121$ 
11216 
11217 
11127 
11128 
11129 
11130 
11131 
11152 
11U5 
tun 
11155 
11136 
11137 
uue. 

REDUCED RAIL OAYA 

WHC£L NU"BtR 

1 2 3 • 5 ' 1 • ' 11 11 12 
-zoT.1•t97.t-206.1•2o2.t•2D~.t-ta5.o-zoo.t-t•A.5•1S&.l•t6•·2

·20S.t•l6~.2 

3o.2 ~1.2 •·• 50,2 ~.• 2,,3 o.e 27.9 21.9 2s.s '·' 20., 

~2.3 ''·' '2.o 39.5 37.~ 36,t 11.a ss.2 35.& ''·' se.o 3~.6 
24.~ Jt,o 3t.o st., 21.2 21.• 25,0 t~.a ta.• ao.e 21.a 23,2 

to.o 11,5 '·' a.o q,, a.• '·' ,,4 9.7 a.a tt,t lU.l 

o.o a.o o.o o.o o.o o.o o.o o.o o.a o.o o.a o.a 
-l!.a .so.o -!s.t -s2.1 .3n.o -21.2 -st.7 -23.0 -25.0 -2~.~ -so.J -2q,7 

21.2 25.3 21.0 22.2 22.2 2s.o ~1.2 25.a 26.6 2'·' 20.1 2s.a 

223.6 210.A 21S.S 208o5 t9•.S 191,0 1•2.2 167.7 180.5 193.5 201.5 182.9 

-7&,3 -so~~ ·&3,1 -5~.q -s•.a .,,.~ -52.2 -t3,o -26.t -78,3 -~5.5 -~a.o 

62.9 ~0.5 62.9 65.2 6o.s •1.9 •~.2 · 62.9 s1.2 37.2 55.9 ~a.9 

137,0 157.5 125.6 127.9 93.6 130.2 100.5 75.0 59.3 125.6 102.7 10~.7 

-9,5 -to.o -a,, -to.o .q,7 -11.~ -&,9 -9,7 •9.7 ·10·3 -a,9 .9,7 

o,o o,o o.a o,o o.o o,q o,o o.o o.o o.a o.o o,e 
o,o o.o o.o o.o o.o o,o a.o o,a o.o o,o e,o a,e. 

2~.~ 27.0 29,! 25.! 2q,9 27.~ 27,0 ~··· 2~.9 26,2 2~.7 2&.2 

•21,3 ·22,7 -1~,, ·20.9 -lq,2 ·20.~ -20,2 ·19,9 -20.6 -21.3 -1~.9 _,,,, 

•&7,9 -~a.q •76,9 -s~.9 .7&.9 -e7,• _,5,9 -~•.9 -5~.9 -e7.9 ·65,9 -6$,, 

OaO o.a o.o o,o o,o o,e o,o o,o a.o o,o o.o o.t 
~~.3 a6,~ e&,5 79.1 e~.5 102,1 e~.7 a•.l 12.1 to2.t ~~., 95,2 

~~.o 13,, t•.e 11.~ 10~2 12.~ 11.• 10.2 10.2 11.~ 11.• 10.2 

.• , .• -t'·' -t•,2 -1~.2 -ls.t ·t•.~ -t3,t -tc.o -10.9 -1~.2 -t•.z -t!,t 

o.2 0.2 o.2 o.2 o.2 o.; o,2 0,2 0,2 o.2 0.2 a,a 
o.o e,o o,o o.o oGo o.o o.o o.o o.o o.o o.o a.o 

•~·' ,7.~ ''·' .1.2 ~~.t !0,5 •£·' -'·' ~9,7 50,t •1.0 ~a.o 
19.5 21.1 20,1 21,7 21.0 22.~ 19,1 20.8 21e7 22.5 2t,G 22,0 

!t,5 3~.7 32,9 33,8 3~.~ l•.a 32.1 , •• 5 3~.7 3~.9 32,9 35,2 

o,o o.a o.o o.o o.a o.n o.o o.o o.o o.o o.o o.o 
t5.e 17,o ·t,.e 16.6 t~.o 11,! 1~.o t6.a tl.5 1&.t 11,0 11,5 

30,6 32.- 30.6 32.1 3?.2 32.~ 3t.O 31.7 32.2 12.9 51,6 33 •• 

1.7 lei 1,7 1.8 le9 2,0 t,e t,9 2,2 2,1 t.• 2.1 

0,0 0,0 0.0 0,0 Q,Q C,Q 0,0 0,0 0,0 0,0 Q,O 0,0 

T,3 a.a 7,5 a.7 ~.2 10,0 a.• 9,6 10,1 10.7 6.• 1,, 

1•.! 16.2 1•.1 ···~ 15.6 1£,7 15.6 \5.1 15.7 16·2 ~~,l 14·7 

''·' te., t•·• .16.3 1~~' 16.- 15.6 15.0 15., t7.s t•.l 17.5 

o.o o.e o.o o.o o.o o.~ o.a o,o o.o o.o o.o o.c 

z.s 2.8 2.7 2.6· ?.., z.. 2.7 2.7 2., 2.9 2.7 2.1 

n,o o.o o.o o.o n,o e.o o.o o.o o.o o.o a,o o.o 
e,o o,o o.o o,o n.o o.o o.o o,o o,o o.o o.o a,o 
1.9 2,1 1,8 2,0 2.0 ~.? 1,8 2,0 2.1 2.2 2,0 2,0 

o.o o.o o.o a.o o.o o,u o.o o.o o.o o.o o,o 0,1 

-,3 ,,7 •• 2 ~.6 ~-.7 ~.A ••• ~.· ~.6 ,,9 •• ~ ~.1 

o.o o.~ o,o o.o o.o o,o o.o o.o o.o o.o o.o o,o 
2,7 3,t 2.8 1.2 2.. 3.t '·' 2.9 2.9 5.3 2.8 '·' 
o.o o.o o,o o.o o.o o.o o.o o.o o.o o.o o.e o.o 

55.10 ss.ta s~.60 3~.6o 31.10 51.1& 2?.92 2~.92 so.65 30.&s 29.&5 29.85 



TABLE C2 TEST DATA FOR .TEST 2 ON SECTION 1 

ACOUCED RAIL DATA 

TSIICH WH[tL NtJMB£11 
t II s • s 6 7 e ' u u lll IIAIL STIIAIN AT MAIN AIIIIAT •AT TIC •NORTH UPP[II GAG[ •"I~~IDNTHS uua ·21S,0•205o1•20lol•19~,l·\8~o2•\79,,.J~l.2•1SSoS•163,1•17S,I•189,l•l•'•J IIAIL STRAIN AT MAIN ARIIAT •AT TIE •NORTH MID GAGt •M1L~IONTHS 21226 "·' 20,9 -1S,9 "·' o.o ... , ·11,& ao,t '·' •• 6 ••• ••• Ul~ ,STRAIN AT MAIN ARRAY •AT Tit •NORTH LOW[II GU[ •MIL~IOIITHS 21227 "·' 38,'1 39,2 se,• S3,8 53,ft u.s 31,& 53,!1 ~'·1 36,1 12 •• 

UIL STRAIN AT MAIN AMRAT •AT Tl[ •$0UTH UPP[R GAG[ ·MILLIO~THS 21228 33,9 39,9 Jtt,5 '11.1 22.& 27.- ..... 23,& 39,. , ..... 33,, n.s 
IIAIL STRAIN AT M~1N ARRAY •AT Tit •SOUTH MID GAGC •"ILLI~THS nau a,o o.o o,o o,a o.o o,o 0,0 0,0 o.o o.o o,o 1,1 
otAIL STRAIN AT IIUII ARRAY •AT Tit •SOUTH LOw[R GAGE •"ILL IOIIJHS 21Z22 a,o o,o o,o o,o o.o o.~ 0,0 o.o o,o o.o o,a o,o 
IIAI~ SifRAIN AT M&tN ARIIAT •BCTW£CN TIE~ UPPCR GAG[ •MILLIO~THS 2\236 -3~t,, -34,9 -!1,7 -s3.e -1s.s -ze.~ -2a.2 -2s.o -2•·" -21.• •3t,• -26.1 RAIL STRA IIi AT MAIN ARRAY •BCTwttN TIES MID GAG[ •MILLIO~THS 212l7 1,0 0,0 o.a o,o· o,o o,n 0,0 0,0 o,o o.o o.o O,D 
IIAIL STRAIN AT MAtN ARRAY •B[T~[[~ TIES LOo£" GAG£ -~I~LIO~THS 21225 229,5 21£.& 21\,! 208~~ 191,0 .,~,7 tft2,9 111,2 119 •• 19,,8 19,,S 179,4 
~All STRAIN AT lOG FT [AST•B[Tw££~ TIES UPPER GAG£ ·"lLLIO~T>tS 21?01 -~5.3 .aq.~ -eo,5 ·65,3 -!7.0 -67,~ -3-.e -to.8 -21.1 -~5.3 •\5,2 -32,6 
IIAIL STRAIII! AT 100 fT [A5T·BtTW££N TI£5 OliO GAG[ oMJLLlO~TH! 21Z02 ·3•·' -•a., -!7.2 .,1,2 -s~., ·5t.a -12,6 -9,3 -20,, -57.2 •27,, -~2.6 
liAlL STIIAlN AT UG FT (AST•BElWE£11 Tl[S LOWER GAG[ ·~ILLIO~THS 21203 11,,7 ,_1,, 102,7 116,4 5~t,e lUt._.J 80,5 52.5 50,2 1t6 ... 95,6 ••• o 
TIC ITRAIN Af MAIIi ARRAY •IIO,U!L SCAT UPPER liA'£ •H ILL ID'ITHS 21233 •9,2 -9.7 •Col ., .. -~.2 ·13 •• .,,, •fto3 •12o8 •lOol -9.2 ••• 2 
HE SlaAIII AT MAIN ARRAY •NO,lll!L SEAT HID &AG£ ·~lLLIOIITHS 21230 0,0 ~.o a,o o,o a.o o,o o.o o.o o.u o,o o,o e,a 
Tit Sl"AIII AT MAIN ARRAY •NO,~AIL SEAT LOW£~ GAGE -~tLLIO~THS 21235 o.o o.o · e.o o.o o.o o.o o.o o.o o,o o,o a,o o.o. 
T![ STRAIII -' MAl~ A"R&T •HID LCHGT~ UPPf.R GAGE ·MILLIOIITHS 21Hl 27,2 28.7 !t.~ 26,9 2~.5 31.7 3\,2 27.7 5,,5 30.2 29,0 3 ••• 
Tl( STRAIN AT MAIN ARRAY •MID ~C~GTH LOW£" GAG[ ·•IILLIO'HHS 21U2 •19,9 •19,5 •21,3 •2lo3 .Jq,5 •20o'- .J9o5 -~1.3 •26.5 •2&o5 •1,,7 •16o0 
TIC STRaiN AT lOt Fl EAST•IIO,RAIL SEAT IJPPER GAG( ·•<ILL IO'ITHS 2120• -~•·' -e7,q .,,,, ·6~., ·87,9 •8J,q -~3,9 .aJ,9 .87,9 •A7o9 •76.9 ·65;9 
TIC STRAIN ,, lOC FT [AST•NO.~AJL SEAT •no GAG[ -~ILLIO~THS 21205 o,o o.o a.o 0,0 o.o o.u o,o o.o o.o o.o 1,0 0,0 
Jl( STRAI!i AT 101 FT [AST•NO,RA!L StAT LOWER GAGE •MILLIO~THS 2120, 93,2 ,,8 u,a 71,0 •1.0 122.o 75,4 93,2 '13,2 u•.! '11.0 9, •• 

I Jl£ STRAIN AT 100 FT [AST•MIO Lr.~GTH UPPER GAGE •"lLLIOI<TifS 21207 18,2 17 ·' 
1ft,2 10,2 ~.o 1.5,7 ll;.tt '·' ~.1 11 •• tt.- e,o 

() TIE STRAI~ AT 100 FT (AST·MID LENGTH LOW(R SAG£ ·MILLIOI'HtiS 21208 •1q,2 •lqo2 ·1~.2 •15,5 •13,1 •1~.~ •13.1 -1?.,0 •l3ol •1••2 •ltt.2 •15.1 

l..U 
DE:FLECHON Al MAIN ARRAY •NO'IJH £110 OF .J~ST TIE •II'ICIIES 2112~ o,o o.u o,o o.o o.o o.n o.o o,o o.a o.a o,o 1,0 
OtFLECTION AT MAIN ARRAY •IIAIL "IDSPAN l'lETW((N 7ltS•Ifo(ti(S 21125 n,o o,o e,o 0,8 o.o a,o 0,0 0,0 o,o o.o o.o ••• I lNTtRfAC[ STR£SS MAIN ARRl1 •NO,RAIL SEAT OF INST TIE •PSI 2120. 54,5 '!>7 .2 ~ ... o 5~,!1 55.6 Uol 52.2 5 ... 7 5&,3 61.1 !I'S,6 5't,11 
i~f[RFACE STRESS MAIN ARRAY -~tO LENGTH OF I•IST Tlt 21210 11.6 liJ.Fl 11,6 1';1,9 u.s 22,0 18,0 1'1. 7 19.8 22.7 u.s 21.2 
INTERFACE STRESS MAIN ARRAY ·SO,AAIL SEAT OF INST Tit 21211 lt,!l U"O"'l U,'J 12,5 11.9 ttt.o U,7 13,6 15.2 13.6 11.9 t•.• 
t~ftRFACt STM£5$ MAIN ARRAY -NO,RA!l SEAT OF LOAD Tt£ U212 0,1 o.o o,o o;c o.o o,o o.o o,o o,o o.a o,e ••• lliT(RF&CE !TR£55 MAiN ARRAY ·MID LrNGTH OF tOAD Tit 21213 1!1"~6 11.7 u.s 11.~ u.a 111,6 1&.2 18.2 19,2 19e't 17.2 llo2 
INTC~FaCC StRESS MaiN ARRAY •SO,R4lL S(AT OF LOAD TIE: 21210 2•,2 27.2 a ... z 27,'5 26 ... 26,, 26,0 28.9 20,7 27.7 21.2 a•.s 
l'll£RfAC[ STRESS MAJ'I AA"AY •NORTH llliL DtTWEtN TitS •PSI 2121!1 o.• 0.6 o,s o.~ a.& D,7 c.- 0,5 o.a o,e o,s .. , 
[NT£RFACC STH(SS MAl~ ARRAY •MID CRI~ "B[TWEEN TIES •PSI 21216 2:.2 2,6 2,9 2,, z,s 2,9 2,4 2,, 2.6 2·5 2,6 2,, 
I~TCRFACE STHESS MAIN ARRAY -SOUTH RAIL BtTW[(N TIES ... sr 21117 5,';1 a.• '·' a.o ?.7 '·· ~.o 11,5 e,5 ,,. 1.1 11,11 
flAIL StAT FORCE MAIN ARRAY •NOqTH SEAT LOAD CELL TIC •KIPS 21127 U,2 15 .. 7 l!l,l 16.2 19.5 20.5 U,6 16,5 u.2 aa.s 15,2 "·' RAIL SEA f FORCE "AI~ ARRAY •SOUTH SCAT LOAD CELL Tt£ •MIPS 2tl2e o,o o.o o,o o,o o,o o.e 0,0 o,o o,o o,e a,a o.o 
TIE RASE FORt[ •AIN ARRAY •BASC PAD • 1 NORTH END •KIPS 21129 o.o o.a a,o a.o o.o o,o 0,0 0,0 o.o o.o o,o ••• TIE BASC FORCE MAIN ARRAY •BAS£ PAD • 2 •ICIPS 21130 2,1 2,6 z.s 2-,7 3,3 3,3 2 •• 2,5 3,1 !,1 2.7 !l,t 
TIC BASC FoRCC "AIN ARRAY ·BAS[ PAD • 3 ·KIPS 21Ul 0,0 o,o o,o o.o o,o o,a o.o o,o o.o o,a e.o •• o 
TIE BA~t FORCE MAIN A"AAY •BAS£ PAD • • •KIPS 21132 n.o o.o a,e o,o a,o o.o 0,0 o.o o.o o,a 0,0 1,1 
rrc Rase FOACC "&IN aRRAY •BA~£ PAD • 5 •KIPS 21133 1,9 2.0 ••• 2,0 2.s 2,6 -t.e 2,1 1.6 2.3 2.2 z.2 
TIE BASE FORCE ~AI" ARRAY ·BAS( PAD • 6 •KIPS 2\U' o,a o,o ••• o.o o.o o.o ·o,o 0,0 o,a a.a o,t ••• ru: IIAst FoRCE · MAIN ARRAY •BASt PAD • 7 •KIPS 21135 s.1 :s.a ,,, s.a 3o3 '·· 3,2 3,- 3.2 loS 3.1 !I,Z 
TIE OASC Fr.AC£ MAl" ARRAY •BASt PAD • I •KIPS 2lU6 o.o e.o 1.0 t.o o.o a.o o.o o.o o.o e.o 1,0 ••• TIC BASE FoRet MAIN ARRAY •BAS[ PAD • ' •KIPS . 21157 3,0 ll,!l 2., 3.1 2·' .;s.l S,5 3 •• 3,3 !lol s.s s.1 
TIE BAS£ f'ORCC MAIN ARAAf •BA~£ PAD •10 SIIUTH F:NO •KIPS ·uua o,o o.o 1,1 . o.o o.o o,a ••• 0,1 o.o ••• o,t ••• fRAIN DATA •IIHtEL LOAD •KIPS 35,11 35,11 S.,60. n,60 31,18 31,l8 l!11,'J2 29,,2 S0,65 30,6!1 19,15 l!11,1S 
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TABLE C4· TEST DATA FOR TEST 4 ON SECTION 1 

IIEDIIC£0 II AIL DATA 

tsRCH IIH£[1. lfU'III£11 
t 2 .is .. s ' 1 e 9 10 11 u 11 lit u 16 11 tl 

IIAIL SlUIIf Al MAIN ARIIAY •AT Tit •lfORTH UPPER &A&[ •MILLIOifTifS UlOl e,o 0,0 o,o o.~ q,o o,q ft,O o.o o,o o.o o,e o,o o,o o,.o o,o O,D o,t ••• 
OIL STRAIIf AT MAIN ARRAY •AT TIE •NORTH MID &AGE •MILLIONTHS 1tll02 S!\.'t 112.6 39,3 !"•T 39,3 1112.1 .. ,.- ttt.5 .37.6 36,~ 33,1 ott.5 o,a o.o 0,0 o,o ••• • •• 
~AIL STIIAlN AT MAIN ARRAY •AT Tl£ •lfORTH I.OW[R 'AGE •MILI.IOifTHS ltll03 207,2 116,7 109,0 206,6 t92,1t 201,9 \97,7 \9 •• 7 20~.0 1'19,5 190,3 222.7 o.o o,o 0,0 c,e .... ••• 
Ull. STRAIN AT MAIN ARRAY •AT Tlt •SOUTH UPPER GAG[ ·MII.I.IOiflHS ltUOit ·100,8 •'lloi•103,1·115,J•ll~o1•115.t-t2~.&•105.6·129.6•t21o1•1!9,2•110olt o.o o.o o.o o.o 1,1 1.1 

RAIL STRAIN AT MAIN ARRAY •AT Tl( •SOUTH "ID GAG[ •'III.I.IO~THS '11105 ItO,! 53,1t Itt,, lt6,l l'lol 35,6 !U,It ''·' 15olt 33,2 ItO,'! ItO,! o.o G •• o,o o.o 11,1 ••• 
UlL STRAIN U · MAIN ARRAY •AT TIC •SOUTH Ln.,[R GAG[ ·NILLIOIITHS lttl06 166,9 172 •• 172,, 177.! 171,3 178 •• 177,3 185.0 16&.0 161 •• 167,, 1115.3 o,a o.o o,o o.o 8,1 ••• 
~J.II. STRAIN AT MA!N ARRAY •8£TwtEN TIES UPPE:ft GA6E •IIII.I.IO,.THS \1101 o.o o.o o.o 1,0 A,O o.o o.o o.o o,o a.o o,o o.o 0,0 o.u o,a o.o ••• • •• 
:!All SUAIII AT •aJN ARRAY •B(TWE(If TitS ~[D GAG[ ·MILI.IO~THS •uoe \0,0 1tt.& t0,6 t5 •• 1! ... 10,1\ 10,0 13.6 12 •• 10.6 •t'),5 9,5 o.o o.o 0,0 o.o ••• • •• 
tUIL STUIN AT "Atll AKftAY •BUWE:Cfl Tl£5 LOdf.R GAGE •llli.LIONTHS lt1109 zo•,5 ~te,r~ 19o,• 20•,5 t~3.• ta•.~ t,q,! 111.6 218,6 198,7 229,2 229,2 o,o o.o 0,0 e,a o.• 1,1 

.All STRAIN AT. lOG Fl EAST•BCTWtCN TIES UPPER GAG( ••II.LIO~THS ··ua -to~., -9t.~-tl&.~ -99.- -eo.2 -95.J-tt~.7 -92.& ~~1.5•102•2·107.9 .,9,• o.o o.o o.o a.o ••• I.e 

t'IAI ... ST"AIII AT IOD FT [AST•BETw££N TitS "!10 GAG[ ·•ILliONTHS "'" 2t,9 21,, 10,9 17,5 12.0 19.~ 8,2 19.2 31,8 27.. 1l,5 11t,8 o.o o.a o.o e.o 11,1 ••• 
RAIL STRAIN AT too FT [A5T·8ETW£E~ TitS LOW[~ GAG[ ·MILLID~THS ltllZC 12,5 12.1 10,0 10.0 11.1 llol ft,1 8,7 10.0 8.7 &.1 8,7 o.a e.o o.o o.o ••• • •• 
Tl[ STRAIN AJ IIAJ~ ARRAY •NO,UIL S[U IlPPER GAGE •llli.LIO'ITHS •ua •6q,6 ·85.~ •&2,9 •71.3 •S6e6 •77oq -~a.9 ~&a.l •77.~ -42•5 •6t.7 -~7.7 D,O o.o o.o o.o o.e ••• 
fl[ STNAI~ AT IOAJN ARRAY •tiO,A•lL SCAT "" G•GE ·•ILLIO~JHS 41111 l:!,! 97,, 75,1 91,,. 7( •• 1 9CJ.U 70.7 99,5 115,, 102o8 ~6.5 ,_,6 0,0 o,o 0,0 ••• ••• ••• 
Ut STR.lllf eT >IAJN ARRAY •'IO,~&IL SEAT lDW[R &aGE •NILLIO~THS •1112 ll\,6 23.2 ~~.1 19,2 1'1.e 22.0 10.1 19.8 19,, 18.& 18,1 22.6 o.o o.o 0,0 ~.c ••• 1.1 

TIE STRAIN av IIAJN ARRay •1410 ~CIIGTH UPPER GAG£ ·'IILLIOIIITHS Ulll 8') •• 8R.~ 86.5 u·,s 91..,1 86.~ M,2 , ... a 95.0 89ett 88,2 86,, 0,0 o.a o.o 0,1 1,1 ••• 
TIE STRAIN AT NaJN ARRAY •HlO L[HGIH LOWEll GAG[ ·MILl IO•UHS ~Ill- .,,,~·113.~ •'3,7•115,1 ·9~.0·113,• -~l.l•tl4,~·105.6•117o6 ·8~.6·108ol 0,0 o.o o.o o.o ••• ••• 
il£ STRAitll ~T tOO fT £AST•NO.UIL SEAT UPP[ft GAGE •PIILLIOIITHS .1121 •70,3 -76,7 -76,1 •67,1 .57,6 ·62.• -6s,5 ·67,7 •60,3 •70.e -7o.e -&1.7 0,0 o.o o.o o.o ••• o.e 

11£ STRAIN AT 100 FT [AST•NO,RAIL StAT MID GAG( ·MILLIONtHS .1122 o.o o.o o.o o.o o,n o.n o.~ n.o o.o o.o n.o 0,0 0,0 o.o. 0,0 0,0 e,o ••• 
i HE STRAIN AT 111 FT EAST•NO.~ll~ SEAT I.OWEa GAG( ·MILLID"THS -1125 0,0 o,a 0,0 11.0 o.n n.o o.a n,o o.o o.o o.o 0,0 0,0 o,o o.o o,o ••• o,e 

n TIE STftAIN AT 180 Fi E&ST•MIO L[NGTH UPPER GAG[ ·MILLIO~THS .1121t o,o o.o o.o u.o o.o o.~ 0,0 o.o o.o o.o o,o o.o ·o.a o,o 0,0 0,0 a.o ••• 
V1 

VI[ STRAIN AT 100 FT EAST-~10 LENGTH LOW£~ GAG[ .MILLIO~T"S 1tll25 0,0 0,1 o.o a.o n,a o,n o.o 0,0 o.o o.o o,o 8,0 0,0 o,o 0,0 o,a o,e ••• 
DEI'L[Ci!ON AT MAIN ARRAY ·NORTH [UO OF INST TIE •IIICHES .rzo1 0,2 0,2 0,2 a.z o.z 0,2 n.2 0,2 o.2 0.2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 1.2 

I DEFLECTION AT "&IN ARRAY •RAIL •JDSP&N AETw[EM TICS•INCHES \l202 e·.t 0,1 8,1 a.t o.1 o.t 0.1 0,1 o,t Dol o.1 8,1 0,1 0,1 0.1 0,1 1,1 1.1 

INl[RFAC£ 5TR£SS MAIN ARRAY •NO,RAil StAT OF I~ST TIE •PSI ltll05 u.• 15.& 15.7 16.5 1?..9 u.!l 14.1 13,8 15.3 1"·" 12,9 13,9 12,5 110,3 15,2 15.7 10.2 , .. ,2 

I~TtRFACE STR£55 ~&IN ARRAY •1110 LENGTH OF INST liE •uo& 0,1 o.o o.o o.c o.o o,n 0,0 o.o o.o o.o o.o 0,0 0,0 D.O ~~ o.o 0,1 1.0 ••• 
INT(RFACC STM£SS MAl~ ARR&Y ·SO,RAII. SEAT riF INST lit ~1207 &,1 a.o A,O te.o 7.2 a.z IJ,II 7,7 a,, e., a,z 0,2 7,2 $,7 10,J 8.5 '·' ,,z 

INTCHFAC£ ST~[SS MAIN ARRAY -NO,RAIL !(AT OF LOAD TIE ltUOS ~.8 6,2 11,9 11,0 '\.8 7,1 5,6 5,8 6.0 .. , 5.8 5,8 •.a ... 2 6,1 ••• '\,I 5.!1 

INTERFACE STRI:SS IIAJN ARRAY ·MID 1.04GTH OF LOAD lit •1209 12.1 1-3.0 13,3 13.6 12.1 1'.q 1:>,3 12.4 "·' 11.7 '~·' 13.1 10,9 u,3 ,n.s 11.2 u.• 13 ... 

I'ITERFACE STRESS 10UN &RRAT •SO.RAIL SEAT OF LOAD TIE \1210 U,l 1~.3 15.3 n.t "·' 17oO 1~.6 15o5 Uo1 15·2 15.8 16,6 u.o u.s 18o1 u.s 17.2 u.t 
l'IT[RFAC( STR(SS ltAJtl ARRAY •NORTH RAIL B[TW((If Tl[S •P!Il "211 5,1 6,3 6,. 6,2 5,!1 6,3 5,! 6.0 6.2 5.1 5,8 5,1 4,5 !.,9 6,3 4,5 '·' '·' 
INTERFACE STRESS MAIN ARRAY •MIO CRI8 A(TWCEN TIES •PSI •uu 6,1 7.~ 7,2 1.2 7,0 1.~ '·' 7,0 7,5 6.0 6,9 7,1 5.• 7.9 7,, 6,1 .... ... , 
INTERFACE STR(SS -AJN ARRAl -SOUTH RAil B[TW~EN TIE~ ·PSI lt\213 !1,7 6,8 '·' 6,9 6,5 7,9 7,0 7,1 7,1 6 •• 6,0 7.~ 5.~ 7,1t •• 1 '·" .... 1,1 

11411. SEAT FoAC£ "Aitl ARRAY •NOATH Stn LOAD CELl Tl[ •triPS '11127 21t.O so •• U,O 22,6 1!\.2 20.0 16,0 u.• 19,6 22.0 18,6 2.,, 0,0 o.c o.o 0,11 ••• 1.1 

RAIL SEAT FORCE IIA!N ARRAY •SOUTH S(AT LQAO CELL TIC •KIPS 'Ill 2ft 17,2 "·' 15,8 21.6 u.t 20.3 l!».a 20.5 15,9 19.2 "·' 1, ... 0,0 e,o o,o 0,1 o,t ••• 
Til: BASE FORCE •AJN ARRAY •BAS[ PAD • 1 NORTH [NO •KIPS •un o,o o.o o,o . O,G a.a . O,fl o,o 0,0 o.o o.o a..o o,o 0,0 0,0 0,0 0,0 ••• 1.8 

rl£ BASE FORCE IIAJN ARRAY •BASE PAD • 2 •KIPS •1130 3,2 ~ .. 3.0 •.o 2,1 3,5 2,8 !,It 3.~ 3.'9 5,1 4,0 0,0 o,o o,o o.o o.e o.o 

TIE BASE FOAC[ ~AIN ARRAY •BASE PAD • 5 ·MIPS '11131 1.2 ,,, l'.1 3.1 1.9 2,6 •• o 3,1 5.1 3.5 3,0 3,9 0,0 o.o 0,0 a.o o.o 1.1 

TIC BAS[ FORCt MAIN AR~AY •BA~£ PAD • 'I •KIPS .1132 3,6 5,0 3,1t ~., 3.2 lt,ft 3,7 3,9 3,8 ... 4 3,5 ••• 0,0 o,o o.o 0,0 ••• 1,1 

TIE BASE FORCE MA11f ARRAY •BASE PAD • 5 •KIP$ '11135 o.o o.o 0,0 o.o o.o o,o •• o o.o 000 o.o o•o 0,0 0,0 o.o ., o.o ••• 1,1 ••• 
YlE BAS£ FORC£ ~ATN ARRAY ·BASE PAD • 6 •KJPS ltlUit 1,5 1.6 '·" 1,7 1 •• 1.5 1.5 1,6 1 ... lo6 . ,,. 1,6 0,0 ••• o,o 8,0 ••• ••• 
TlE BASt FORCE MAIN ARRAY ·BASE PAD • l •KIPS '11155 '1,5 5,.J 4,3 5,11 ••• 5,3 •• 3 5,5 •• 3 5.2 o,5 5,5 0,0 o,o o,e 0,1 1.1 ••• 
TIE BASE FoRC[ MAJN ARIIAY •BASt PAD • I •KIPS ltiU6 s.o 3,9 3,1 .. ., 5o6 .. , ~., '1,3 3,0 s.e 3.1 'lo2 0,0 4.0 o.o ••• o,l ••• 
TIC RASE FORC[ Mlllf ARRAY •BASE PAD • ' -KIPS '11157 o.o o.o o,o 1,0 o.o o,o ·e.e o.o o.o o.c ••• o.o 0,0 o,a a.o ••• ·-· • •• 
Tlt BAS[ FORCE 'lAIN AIIR&T •B4SE PAD •10 SOUTH £1111 •KIPS '11U8 ••• o,o o,o 1,1 8,& o.o 0,0 0,0 o.o o.o o,o o.o 0,0 o,o 0,1 ••• ••• I.e 

~All. SEAl FnRCC MAIN uRftAT •IIOqTH SEAT LOAD CEll. TIE •KIPS .a an 1•,o 22,1 u,, u.s 1Jt.a 22.7 16,11 11.11 U.1 18.0 lft,ll u.e n.s. 21 •• 19.8 , ... 18,6 1,,1 

UIL SCAT FORCE MAU AIIRAT •SO'JTH SCAT lOAD CELL Tl[ •KIPS 1tl228 1!1,1 H .. • 110,, i8,, 16,, 19,6 11,6 17.6 21.2 17.& u.o 18.9 1 ..... u,o 21.2 15.1 , ... zt.ll 

TIE IIASC FoliC[ MAIN AflftAT ·BASt PAD • I tiOATH [1111 •KII'S '11229 0,0 o.o o.o 1,11 o,o 0,6 0,0 o,o o.o a.o o,o o.o 0,0 o,o o.o 1,0 1.1 1,1 

Til: SA~( FORCE NAJN ARRAY •Bl~t PAD • 2 .UPS ll\238 o.o. 8,0 0,0 0,0 o.o o.o 0,1 0,0 o.o o.o 11,1 0,0 0,0 o.o o,o ••• 0,1 1.1 

TIC BAS[ FORCE ~AIIf ARRAY •BASt PAD • 5 •KIPS •1231 2,4 2 •• 2,11 z.s 2 •• 3,2 2.1 z.• ,,6 2.1 2,• 2 ... 1,8 2,9 2,5 1,7 2.5 z.s 

TIC BAS[ Foncc •A IN AR~AY •DAS( PAD·· • •MIPS 'i232 3,! •• 5 "·' •• 1 '·' .. , 3,8 ••• ... s 5., •• o .... 5 ... ••• ..., '·" •• 1 •• 1 

ft[ BASE FoRCE •AIN ARRAY •BASt PAD • 5 •KIPS ltl2 33 0,0 0,0 o.o ••• o.o o,o 0,0 o,o o.a o.o o,o 0,0 0,0 0,0 1,0 0,1 1,1 1,1 

TIE BASt FOliC[ IIAJN ARRAY ·BASE PAD • 6 .~JPS ""' s.• 3.5 ~.5 ~.!1 ~.5 3,'1 5,5 3,5 !.It 5 ... 5.5 1,5 5,2 3,5 3,5 s.• '·' ,,5 

Tit BASE FORCE MAl" ARRAY •BAS( PAD • 7 •KIPS '1235 !,It 3,. 5,'1 5,'1 3,'1 3,1t 3 •• 3,'t 5.• 3·• 3,5 5.5 3,3 J,• s.~ '·" s.• '·" 
ft£ BaSt roRCE MAIN ARRAT •84,[ PAD • I ·KIPS "UU 5,0 3,2 1,3 '·" 5,2 3,!1 3.2 5.3 5,2 s.o 3,2 3,5 2,7 3,3 3,5 2,, s.s .s.s 

TIE BAS[ FORtE MAIN AR"AY ·DAS[ PAD • 9 •lfiPS '11257 o,o 11,0 ••• 0,1 ••• o.~ o.o. o.o o.o o.o o.o 0,0 o,o ••• o,o 1,1 ••• ••• 
TIC BASt ~ORC[ MAIN ARRAy ·BAS[ pAD ·10 SOUTH [1110 •KIP$ •tu8 o,o ,o.e 0,0 I.e ••• -..o 0.0 0,0 o,o o,a D,O o.o o,o 1,11 0,0 ••• ••• ••• 
TRAIN DATA .wuE£1. LOAD. FDR TRaiN NUMR(R t .KIPS 32,15 32,5!1 33,21 13,21 31,00 33,00 51,21t 13,2• 52,15 52,35 35,20 5),20 

lilA IN DATA •WH[£1..1.0AO FOR TRAIIf NUNIIEII I -«IPS· 12,11 32,70 52,11 !2,ss 32,5~ 32,55 33,30 33,30 33,50 52.62 12,62 32,62 32,75 !2,75 52,7!1 sz,5a·sa.s• 52,51 



TABLE CS TEST DATA FOR TEST 1 ON SECTION 2 

REDUCED RAIL DATA 

TSRCH II11££L NUMIIEII 

' a s • , .~ ' • , 111 u 12 

IUJL STIIAIN AT IIAJN ARIIAT •AT TIE •NORTH U~PEII GAGE •NILLIO~THS UZll o,o .. , ••• ••• o.o o.e o,o D,D e.o '·' ••• ••• 
•: 

IIAIL STRAI~ AT .IIA·lll AIIIIAY •AT. Tit •fj(IRTH MID GlGC •MILLIONTHS 12226 ~1.0 "·' !16,5 Sft,! ,,_. 70,1 !17,6 "·' 72,5 u.e 51,8 ·~-' 
.IIAIL STRAIN AT NAill ARIIAY •AT TIE •NORTH LOWEll GAG[ •MILLIONTHS 12227 55,1 56,6 !t~.- 52,, 50,, 52,1 .... , .... , .. ., ... ...... 50,9 .., .. 
RAIL STRAIN U IIAIII ARIIAY •AT TIE •SOUTH UPP[II GAG[ ·MILLIONTHS 12221 ·•3,2 -tt7··• -•~.t -•5.t .,,.,, -!7," -•2.6 -29,0 -5o,s ., .. ,, -5'7.2 .3&.6 

IIUL STRAIN AT IIUN AIIIIAT cAJ TJ£ •SOUTH IIID GAGE •MILLIONTHS 12229 •• 7 11.5 ••• 10,J 8o6 '.1,2 e.o 8,6 '·' lOeO '·' 10,9 

RAIL STRAIN AT IIAJII AIIIIAJ •AT TIE ·SOUTH LOWER GAG£ ·IIILLIDIITHS 12222 ••• o.o o.o o.o ft,O a.o o;·o o.o o.o o.o o.o o.o 

flAIL STRAIN AT IIAJN ARRAY •BETWEEN TIES UPPEfl GAG[ oMILLlO~THS 12236 -5o.~ .so,, -!e.& -3a.~ -~B.t -26,7 ·28,1 -~t.t -21.2 -2s.2 ·2A,~t -2'·' 

RAIL STRAIN AT PAIN ARRAY •BETWEEN TIES II.ID GAG£ ·MILLIONTHS l2U7 -t~.3 -tl.o •lft.~ -ta.6 -t~.s -ta.& -tft.9 -•'·' -ts,J -t5•3 -t~ .... t£.2 

flAIL STRAIN AT IIAlN ARRAY •BETWEEN TIES L04ER GAG[ ·MILLIONTHS 12225 It~.· 175,5 180,9 161,5 160,6 152,6 160,6 1-0.2 1,3,6 152o6 167,5 151,$ 

lUlL STRAIN AT 100 fT EAST•BETW£[~ TIES UPPCR GAi£ -~ILLIO~THS 12201 o,a o.a o.o 8,0 o,o o,o o,a 0,0 o.o o.o o.o o.o 

RAIL ST~AIN AT 100 fT EAST•BElwEE~ TIES ~ID GAGt ·MILLIO~THS 12202 ~·-' •tt.IIJ se ... H,9 59,6 50,0 19,6 5~.7 51.2 .3.1 59,6 .S,1 

IIAIL"STIIAIN AT lftO fl [AST•B[TWEE" TIES LD~[R GA~£ •IIILLIO~THS 12203 o.o o.o a.o 1,0 o.o o,u o.o a.o o.o o.a p.o o.o 

TIE STRAIN AT IOAIN ARRAY •NQ 0 Rl!L SEAT UPPER GAG£ •MILLIO"THS t2US •17.5 -17.15 -11.3 -tJ.lt •l"·" -20.,. -17.-o -t7.6 •17.1 -llolt •17.3 -ta.a 

Ti£ STRAIN AT IIAIN ARRAY •NO,RAJI. SUV IOIC GAG[ ·MILLIONTHS Ull~ i •• ••• , .. 1.1 1,6 1,e 1,6 1.6 1 •• 1 •• 1 •• • •• 
TIC STRAIN H I'AIN ARRAY •NO,~AIL S£AT LOWER GAGE -~lLL!O~TH$ 1225!> o,a a,o o.o o.o " o.o o,a D,O o,a o.a o,o o.o o.o. 

TIE STRAIII aT MAl" UIIAV ·MiD L[IIGTH UPP[R GAG( ·MILLIO~THS 12231 U,3 Ho3 l2o! '·' 7.0 . e,5 s.e 7.3 $·eO 1.a ~-~~ 7.5 

TIE STRAIN AT MAIN ARRAY •1010 L[NGTH LllW[R GAG£ •~<I!.L!OilTHS 12252 0,0 o.o o.u o,o o.o a.~ o,o o.o o.o o,a o.o ••• 
fiE STRAIN AT 118 FT £ASl·NO,Rl!L 5£Al UPPER GAGE •NILLIO~fHS J,UO• a33.6 ·33.~ •!!56 ·2A.O .,~.1 -~•.a ·28.0 -5o •• •'O•• ·53·£··•••• ·S3.& 

TIE SUUN .lT 111 Fl [AST·~O.~AIL StAT M!D GAGE -~ILLIO~YH$ 12205 n.o o.o o,o ••• o,o o.e o,a o.a o.o o.o o,o o.o 

I 
TIE SfUIN AT 1,1 FV [A$T•IIC,I!AiL SEAT LOWER GAG£ •MILLIO"THS l2214 3~.7 33,6 ~~.5 52,'1 lllii.9 -~. 7 35,, -2.5 ~~.· .3.7 5:.s 5 .. ,, 

lit STRAIN n 108 FT tASl•MID ~£N6TH UPPE~ G•G£ oiOill!OIIfltS 12207 2A,O 26·" "'·· 2'·" 25.7 211.e Z5o7 26.8 2"·' 26oll 2~.7 26.1 

(') f!t STRAIN AT lei Fl. [A!J.MJO LENGTH LO~E~ GAG( -~llLlO~fHS 12208 •26,5 ·25.• ·20.7 ·23.1 -zn.7 ·20.7 -zo.7 -te.~ •11,, ·1'·6 •ZDo7 -19.6 

Oi OtFLECTIOr.i AT MAIN A~RAT •NORTH END Of INSI Tit •INCHE:S 12U• o.t o.z Ool a.z u.z 0,2 0,1 0.1 Oo2 0.2 0.2 e.z 

I OtFLI:CTION &T IIA!O! ARRay •RAIL MIDSPAN A[Tw[[N TIES•IIj(H[S 1212~ 0,1 0,1 &.1 o.t o,l 0.1 0,1 0,1 o.t o.t Dol •• t 

!NT[Rf~C£ STRESS MAIN ARRAY •NO,RAIL SEAT CF lNST Tl[ •PSI U20ll o,t o.o o,e o.o o.o o.o o.a o,o o.o o.o 0,11 ••• 
INIERfAC£ STRESS MA!Il ARIIAV •1'1!1 L£N6TH OF INST TIE 12218 o.o o,o o.o G,O o.o o.o o.o o.o o.o a.o '·' ••• 
INTERFACE STRtSS IIUN ARRAY ·SO,RA!L SEAT nF J!jSJ TIE 12211 D,O o.o o.o a.a o.o o.o 0,0 o.o Q,O o.o e,a o.e 

liHERFAJ:E STRESS IOAJN ARRAY ·IIO,AAIL SEAT OF tOaD Jl[ 12212 0,0 o.o e.o a.o n,o o.o o.o o,o o.o o.o 0,0 0,1 

INTERFACE STRESS IIAJN ARRAY •MID LrNGT~ o• LDAD Tl£ 1221! o.o o.o ••• 0,0 ti,O o,u 0,0 o,o o.o a.o 0,0 ii,O 

INTERFaCE STRtSS "&IN ARRAY •SO,R&JL SEaT OF LOAD Tit 1221. 19.~ 2~ .... 2B,O U,6 ao.a 23,11 20,5 20.7 20.2 2"·' 1",5 22.8 

JNTER~•t£ STRESS MAIN ARRAY •N~TH RAIL ·o[TW£[~ TitS -PSI 12215 o.o e.o 0,8 o.o o.o o.o 0,0 o.o o.o o.o o.o 1,1 

JNTER~at£ STRESS MAIN ARRAY •P.!D CRI8 R[TWtEN VIES •PSI 12216 '·' 5,.., . 3,2 ••• •• 6 ,,2 3,9 ..7 ,_ . '·2 ... 5 !1 •• 

INTERfACE STRESS MAIN ARRa? •SOUTH RAIL Bt7.WEEN TIES • pSJ 12217 '1,& 13,1 10,3 U.5 12.7 13.ft 13.1. 13,1 u.e 15.6 12,1 1"·' 

UIL SEAT FORCE IIAttl AfiiiAV •NORTH SEAT LOAD CEI.L TIE •KIPS 12127 
,.._. 

7.7 7,0 '·' 1,2 7,5 "·" '·' 7,8 '·• '·' 6,8 

I!All SCAT FORCE ~Alii ARRAY •SOOTH SCaT lOAD C[LL TJ[ •KIPS 1212& u,,, 1&.-s ~~.~ 16,5 15.6 16 ... 15,6 15.0 15.9 16,, lllt.l 17.3 

fl[ BASE FORC[ MA(N ARRAT •BASt ~D • 1 NORTH END •KIPS !2129 2.1 2.! ·-~ 2.1 2.1 2.2 2,1 '·' .... z ... z .. a ••• 
VIE BA~t FOIIIC[ !IAJI; ARRAY •1145[ PAD • 2 •KI''S uuo a.• 2el 2.7 2.1 2.7 - 2,7 il.S ~ 2.2 2.'1 2.$ 2,2 2.2 

Tl£ BASE FORt( MAIN ARRAY •BAS( PAD • ! ·KIPS 12131· o.o o.o ••• o.o o.o o,u ••• o.o o.a o.e 0,1 ••• 
nc ease' fORCt MAJN ARRAY •BAS[ PAD • " •KI'S 12132 1;1 1 •• 1,1 1,! 1,3 t.J S,l 1.2 1.3 le3 1.2 1o2 

TIE RASE FQRC£ MaiN ARRAT •BASE PAD • !i •KIPS 12133 o.o o,a a.a o.o o.o e.e. 1,0 o,e o.o a,o a .. a 0,1 

Tit 8ASE ~oRtt "A IN ARRAT •BAS£ PAD • 6 •KIPS UU• o,o o.o 0,8 o.o a.o o.o 0,0 o.a o.o a.o o.a 0,1 

TIE: BASE FORCE IU.JII ARRAY •BAS£ PAD • 7 ·KIPS 1213!1 1.-5· 5,2 2.2 3,2 2,9 3.~ 2,'1 5,0 1.2 a.z '·' 5,1 

fiE BAS£ I'ORCE •AtN ARRAY •BA~£ PAD • 0 •KIPS 12136 2,6 3.5 2.5 3,3 3,8 !,s 2,7 5,0 5,1 3el '·' 3,1 

TIE IIASC FORt(. IIAIN ARRAT •RAS£ PAD • 9 •KIPS 12137 5,5 6,!1 5 ... '·' s.a '·'- 5,6 llo,2 5.9 fool '·' 6oS 

Tl£ BASE FORCE IIAIN ARRAT •BAS£ PAD •10 SOUTH E~O ·KIPS uus o,o o.e •• o ••• a,o o,o o.o o.o e.a o.o o,o ••• 



· .. :·· 

TABLE C6 TEST DATA FOR TEST 2 ON SECTION 2 

R£DUC£0 RAIL DATA 

tSIICH IIHtt:L NIIOii!U 
1 2 I .. ! ' 7 I 9 10 n u 

UIL STIIAIN AT !lAIN AIIUY •AT TIC •ltORfH UPP£11 &lG£ ·MILLIOIItHS 22211 o.o o,o o.o o,o o.o o,a o,e o.o o.o o.o o.o o,o 
IIAIL SfRAIN AT MAIII ARRAY •AT ll£ •IIDII!H MID GAG£ •MILI.IONJHS UUi _, .. H,'J .. , .. -'5.2 lllt.J 'J8,8 59,5 59,9 '51,1 '51,1 -··1 .,,7 
llliL StUIN ~y NAill AIIIIAY •AT Tlt: •NORtH LOWER GAG£ •IIII.LIONTHS 22221 ,0,1 5'5,1 56,5 '"·IJ 51.,1 57 .I '52,1 5\,S 52,1 5llo1 55,8 '53,8 
RAIL STAliN AT NAill ARRAY •AT Tit: •SOUYH UPPER GAGC •NILLIO~THS UUft -~9,2 -•e,a ·•'·' -~9.4 -•'·' -~~.1 --•.e .5?.2 -•o·' ·••·o -•-.t -•6•D 
IIAIL STRAIN AT MAIII ARRAY •At Tit •SOUtH MID GAGC •MII.LIO~TIIS 222U 12,, 12.& u.s u.~ '1.7 to,s 1o.o \0,9 10,1 12o9 11.7 n.s 
UIL STRAIN AT MAJN ARRAY •At fl£ •SOUTH I.R~£R GAG[ ·IIILLIOIITHS 22222 o.o o,o o.o 0,0 o.o o.o o.o 0,0 o.o o.o o.o o,o 
RAIL STRAIN At MaiN ARRAY •BCTwC£11 Tl£5 UPPCII GAG£ •MILLIO~THS 2223& -so,1 -37,9 -s~.1 -15,& -31,6 -so,, -2e,1 -21.0 ·27.7 -29,1 ·31,6 -25,5 
llliL STRAIIt AT ~Alit ARRAY •BETWCCN Tl[S MID GAGC ·MILLIONTHS 22217 ·1-,5 -1a,1 -1~.6 •21.- -21,9 •21,o •17,8 -15.1 •I'J.t •18o6 •19,2 -18•' 
Ull STRAIN AT ~Alit ARRAY •BETVCEN TICS LOdER GAG( ·MI~LIO~THS 2222~ 187,7 170,7 16ft,$ 170,7 165,1 168,5 li5,1 1~2,6 1!0,, 1ilo'5 168,5 156,0 
~All STRAIN AT 100 FT [AST•BETWC[~ TIES U~PCR GAG[ ••ILLIO~THS 22201 0,0 o.o o,o . o.o o.o o.n o.o o.o o.o o.o o,o 0,0 
tUIL SJIIAIN AT 100 FT [AST·BETv£[~ TIES 1110 GAG( ·•ILLIO'iTHS '22202 -so,o -~0.7 .qa •• -~0.7 -5o.o -~·.2 -sa.- -]8,11 _,,,, -s•., a~o.a -le •• 
IIAIL STRAIN AT 110 FT EAST•BtTwECN TII:S LOW[R GAG[ •MILUOiifHS 22203 o.o O,G o.·o e.a 0,0 .. o.B o,o o,a ••• ••• a,a o,e 
lit STRAIN AT M&JN ARRAY •NO,RAlL SCAT UPP[A GAGE oMILLIO'lTHS •2US3 •17 ••• zo.t -ta.t •lt.a ~t9.1 -2s., •l!,l .ao.• •21.1 •25•• -t9,5 -21.1 
fit stRAIN u ".liN ARRAY •NO,RA!L S(Ai MID GAGE •OIILL IONTHS 2223'~ 1,6 1,6 1.6 1.~ 1,1 '·· '·' '·' ,,, '·" 1.1 1,, 
lit STRAIN AT IIG~~ AIIRAT •NO,IUJL SEAT LOWER GAG£ -MILLIONTHS 22235 o.o o,o o.o 0,0 o,a o,o o,o o.o o,o o.o o.o .... 
fiE STRAIN AT II&JN ARRAy ·MID l(N&YH UPPCR GAG( ·•HLLIOIITHS 222ll ••• 10.1 10.6 1,5 "·' n.s Ut.6 11.3 .14,6 u •• 6,8 u.s 
1lt STRAIN AT NAIN ARR.l1 •KID L[NGIH LOWf.R GAGE ·"ILLiOIITHS Z223i a.a o.o o,a o.o a.o 0,0 o.o o.o o.o o.o o.a o.o 
TIE SIRAIII AT 10i FT [AST•HO,JUII. SEAT UPPER GAiit ·~li.LlOfiTHS 2220~ ·•7,0 ·•7,0 -~9.3 -~o •• -60,5 •'0.~ ·57,1 o60.S ·60,5 ·58,2 ·5~.2 -~a.z 
TIC STRAIN AT laD FT casY-IIO,IIAII. S[AT ~ID GAGE •IIII.I.IO'ITHS 2220! a.o o,o o.o o.o o.o o.o o,o o,o o,o o.o o,o o.o 
TIC STRAIN AT 100 FT [AST•NO,II•II. SEAT LO~£R &AGC •MILLiONTHS 22206 !5,8 35.~ J6.~ 38,1 52,, 4t9.3 .,.~ .. 5.9 '15,9 .. 9.3 ill!,' -..s.1 
itt STRAIN AT 100 FT CAST•~tO I.ENGTH UPPCR G~G£ ·MILLIO'ITIIS 22207 3!,! 2'1.1 :SOo2 2,,0 2!\,7 2?,1 31,5 31,3 25,7 29o1 25,7 20,0 

I . YIE STRA lit AT 100 FT CAST .11.10 L(IIGTH LOWER GAG[ oii!Lli~THS 22208 •30.0 -26.5 •2&.~ -25.~ ·2 ... 2 -2~.~ -2~.2 ·211.2 •23.1 ·21.9 ·2 •• 2 ·2111.2 

() DCFI.EC Tl Ot4 AT MAIN ARRAy •NORTH [110 OF I'IST TIE •lt4CHES 2212• 0,2 0,2 o.z 0,2 o.: o.~ n,2 0,2 o.z o.z o.z 0.1 

-....J. 
DEFLECTION AT MatN ARRAY •RAIL ~IOSPAN A£TwE£N TI[S•lf4CHE! 22125 0,1 O,t 0.1 0,1 o.1 0.1 0,1 0,1 Oo1 Dol 0.1 0,1 
lltTtRFACE STRCSS MAIN ARRAY •HO,RAIL S[AT OF I~ST 11£ •PSI 22209 0,0 o.o o,o o.o o.o o,o o,o o.o o.o o,o o,o o.o 

I lNfERI'AC[ STRESS "AIN ARRAY •1110 li:I~GTH OF lUST Tit 22210 12,6 10,6 Uol \tt,'J u.s 16,6 u.o 1~ ,3 1 •• 2. l'o1 n.s 15,, 
INT[H~AC£ STKE!S NAI~ aRRAY -SO,RAtl SEAT RF I,.ST TIC 22211 0,0 !1_,0 o.o -. o.o o.q- o,e 0,0 n,o o.o o.o o.o o,o 
I"TEHFAC( STRCSS MAIN AMRAT -RO,Rlll SCAT OF LOAD TIE 22212 n,e o.o o.o o.o a,o o.~ o.o 0,0 o,o o.o o,o o.o 
IIIYERFAC£ STACSS MaJN AAAAT •MID ~rNGTw OF LOAD TIC 22213 o.o o.o . o,o 0,0 o.o 0,1 0,0 o,o o.o o,o c.o o,o 
lUf[ftFACE STRESS MAl~ ARRAY •SO,RA!L SCAT OF LOAO Tit 222U 2l;e 22,0 20.5 22.2 20,8 22,5 20.5 1'9,111 u.~ 2q,s zo.a 21.3 

I'IT[RFAC( STRESS MAII4 ARRAY •NORtH RAIL 'BCTW[[N TICS •PSI 22215 0,0 o.o o.o - o.o 0,1 0,,0 o.o o,o o.o· o.o o.o o.o 
INTERFaCE STRESS MAIN ARRAY •MID Cftl~ 8[TW£C" llr.S •PSI 222U. 2,7 5.6 2.e 1.8 s.• ~.3 3.5 •• 2 5,7 q,, s.• "·' INT[RFACC STRESS MAIN ARRAY .SOUTH RAIL BETWEEN TICS ·PSI 22217 18·;5 u.~ 13,5 lO ,'I u,, ll,ft u.s 11.7 Uo!l 1111,7 n.6 11,'3 

RAIL SEAT FOHCC ~Al14 ARRAY •NOliYll SEAT LOAD CCLL TIC •KIPS 22121 6,0 7,0 ,,e '·' ••• 'J,! '·' 6,8 a.5 8o7 '·' lo1 
RAIL S(A T FORCE ~AIN ARRAT •SOUTH SEAl LOAD CELL TIC •HIPS 22128 11,! 13.2 llo'J 12,5 U,2 u •• 12,1 u •• 11.41 u.o 10.8 12o6 
TIC AASC FORCE MAIN ARRAY •BASC PAD • 1 NORTH CND •KIPS 22129 2,1 2.0 2.1 1,, a ... 2.7 1,7 2.0 2.7 2.7 2.1 2 ••. 

ll£ BAS[ FO~C( ~AIN ARRAT •BlSC PAD • 2 •HIPS 22ll0 2.- 2.5 2o5 2.~ 2,8 3,1 2.2 2,6 2.7 2oe z.• 2,6 

TIC BASE FORCE MAIN ARRAV •BAS[ PAD • ! ·MIPS UUI· 8,0 o.o o.o a,o o.o O,ft o,e a,o •• o o.o o,o o,o 

TlC BAS[ FORCC MAIN ARRAY •BA~[ PAD • • •KIPS 22132 1.1 1.2 1.1 1.2 '·' 1,6 1.0 1,2 loS lo6 1,1 1 •• 
11£ P.ASC FORCE MAIN ARRAY •BUE PAD • 5 -~IPS 22133 o.o o.e o.o o.o o.o 0,0 o.o o.o o,o o.o o.o o,o 
fl[ liAS[ FllRC£ MAIN lRRAT •BASI: PAD • 6 •KIPS 2215~ o.o o,o o.o o.o o,e o.o o·,o 0,0 o.o o.o a,o o.o 

ll£ BAS£ FORCE MAJ14 ARRAy •ftUt PAD • 7 ·KIPS 2iU5 2.7 ,,. 2o9 !.1 · S,2 3,z 2.6 2o9 s.s 2o9 a.s 3.2 

UC BISE FoRCE Mllfl ARRAy •BA~[ PAD • I •KIP$ 22156 2.9 5,! s.o 3,2. li,S !,p 5,2 2,7 z.o ·5.1 2,6 3,2 

VIC RASE FORC[ MAIN ARRAY ·BAS£ PAD • 9 •KIPS 22137 !l,t 6,7 5.9 '·' ,,2 5,7 '·' 6,8 s.J 5o7 5.2 6o5 

Tit BAS£ FO~C£ MAt~ ARRAY •84SE PAD •10 SOUTH EltO •KIPS 22151 0,0 ••• ••• o.o· o,o o.e o,o e,o o.o ••• • •• ••• 

... 

.•. 
:·· 



TABLE C7 - TEST DATA FOR TEST 3 ON SECTION 2 

REDUCED RAIL DATA 

fSRCif WHEEL NUIIIB£11 
l 2 I It ·s 6 7 • 9 10 l\ u ll 1" 1S 16 

lUlL SJIIAIN AT RAIN A~~AY •AT Ytt •NORTH UPP£11 &AI[ •MILLIONTHS. 52101 -tot,S-101.~·116 ..... s.~t-11 .. ,1.to•·•·t2~.7 -as,J-tl5,8·1l••t·ta•.,·11~t,t ••• • •• o,o o.e 

IIAIL STIIAIN liT RAJII. ARRAY oAT TIE •NORTH 11110 &A&t •MILLIOIITHS !2102 5.,, .. o.s "·' 3',6 :s&.• 2'9 •• Jtt,6 .. ... , 12,2 n.z ~to.s ,., ... • •• • •• 0,0 o.o 

IIAIL STIIAIIt AT RAIN ARIIAY •AT Tit •ltDIITH LOWER &AG[ •MILLIONTHS 12101 1~2,1 1~9,2 16~t,o 1't8,, 1,q,2 l't9,7 16o,• 160.• 162,1 162,1 172,5 159,0 ••• • •• o.o o.o 

RAIL STIIAIN liT MAIII ARRAY •AT Tit ••oUTH UPPER GAG[ •IIILLIOIITNS 5210 .. ·1"9,1•11&.~-1't2ol•116,~·12A,1•1lloA•I67,7•125o~•ll9oa•111oft•151o••ll6oS • •• • •• o,e o.o 

RAIL STRAIN AT MAIN ARRAY •AT Tl£ •SOUTH 1110 GAGE •MILLIO~THS 5210!1 •~a.e 58,1 .. 8.9 te0.2 .1.3 n.o 't6,8 n.2 30 ... ~s.s .. s.~ .6.8 .... • •• e.o 0,1 

RAIL SfiiA1N AT MAJN AIIIIAT •AT Tit •SOUTH LllW[R &·AG[ ·MILLIOIITHS 52106 1ft~,8 175,0 20!1,3 1!11,0 111,0 182,~ 177,6 \A6,8 200,7 177,6 24.,~ t67o2 o.o ••• 0,1 o,o 

RAIL STRAIN AT MAIN ARRAY •BETIIECN TICS UPPER GAGE •MILLIO~THS 32107 •124,6•119,q.1SS,9·124,6•136,.•122,3·142,1•116o~·129o1•116o5•137,.•129,3 ••• o,o ••• o.o 

IIAIL STRAIN Af ~AIN ARRAY •BtTW([N TI[S MID GAG[ •MILLIO~THS !210ft •21,9 -•o.~ ·56.~ •28.~ -2s,3 -•3.11 ·•2,6 -21.9 .s,,, -•2·6 -2e.a -21,9 ••• e.o o,o o •. o 
RAIL STRAIN AT MAIM U;Uy •BUW([N TICS LO<IEII GAGE ·•II.LIOIHHS 32109 l'~·q 156.1 1~~ •• \~q.t 1~ft.5 1~!.2 J6!,0 1&4,2 15-,9 15~,9 15~,9 152,, ••• • •• 0,1 o.o 

~AIL STRAIN AT 101 fl f,AST•BUW££11 VIES UPPER GAG( -~ILLIO~THS 52110 -t2q.~-tqt,z-1~o.6•t0,,9·t'~.7-tt2.~-tot.2•tt5,3-2ta.a-to5.9·1o~.,-t20.o o.o o.o 0,0 o.o 

UfL ST~AIN AT 100 FT tAST•BETIIEEN TitS •to GAG[ oMILLIO~THS 52111 Q,O O,D o,o o.o 0,0 o.o o,o o,o o.o o.o o.o o·.o o,o ••• o.o o.o 
IIAIL STRAIN AT leO FT OST•BtTWEEN il£5 LOWER GAG£ •OCILLIOI•THS 32112 17.,7 tez.o 16,,2 t•,,e t~s.o 160,1 157,7 t!la.• 16&,2 111.1 1!16,5 tSa,3 ••• ••• 0,0 o.o 

lit STRAIN AT IIAII\l !AllAY •NO,UIL S[A7 UPPtR &AGE •Mil.Ll0'17HS 52113 -~Oo7 -~9.& -~a •• •5B •• -~0.7 ·3&,, -•o.7 ·38.~ •38.~ -~3.0 •!a.~ -!•.a o.l o.o G,D o,o 

TIE STRAIN AT IIAJN loRRAT •NO,R~IL StU MID GAG[. •OIILLIO~iliS 32114 ],! .. , ~.Eo . lj,, 6,7 6,7 6,7 (,,7 6.7 6,7 7,9 Eo.7 ••• a.o e,o o,o 

TIE STRAIN AT MAIN ARIIAY •IIO,'IA!l S£H LOW£~ GIG£ oMILLIO"iHS !2115 0,0 o.o o.o g,e a,o 0,1 o,o o.o o.o o.o o,o e.e a.a ••• 0,1 • •• 
fit SfiiAIN AT IIAI~ ARRAY ·MID LE~GTH UPPER GAG[ ·"lLLIONTHS 52116 21l,8 51.1 2e.e 32,5 50,0 n.~ 3 .. ,, 51.1 30,0 50.0 30,0 28.1 ••• •• o o.o o.e 
fl( SiRAIN AT iiAIIi ARRAY •1110 L(NGYH LllW(R GAG[ •"ILLJOIUHS 32117 ·31,9 -31.~ •33.~ •31.6 -31.& -3!.• -J~.a -11 0 & •33,9 •31•6 •31.£ -30., ••• 0,1 o.e o.o 
Tit STRAIN ·" !DO FT EAST·NO,RUi. !UT UPPER GAGE •MILLI~THS !21111 .,~.o ·16.2 ·67.2 -6~.o .,~.a -6~.e -6,.0 ·''·' -73.9 .,s.o -£~.• ·65,G ••• 1,0 o,o e,o 

Tl[ snUN Al 181 Fl [iST•NO,~AIL StAT IIID GAGE ·MILLIO"THS 12119 1'1,0 21.2 n.e 11,9 20,1 211,1 1,,, 20,1 2lo2 !Dol 21,2 17.9. ••• • •• o,o 8,8 

I fl[ STRAIN AT 101 Fl [AST•NO,RAIL S[Ai LOII£R GAG[ •141LLIONTH!I 52120 10~,7 117,6 l1Co9 !06,5 11~.1 10,,5 102,1 i06o5 112ol 11Do9 10,,8 112,1 ••• • •• ••• o.o 

n TIC STRAIN AT 111 FT CAST•NID L(~G7H UPPER GAG! •NiLLlONTHS !2121 1'1,0 2.1.1 19,0 !9,0 23.~ "·' 19,0 21,2 19,0 u •• 2 ... , 17,, '·' 0,1 ••• o.o 

co 11( STRAiN AT 101 FT [A~T-"10 LENGTH LOWER GAG£ ·~lLLIONTHS !2122 ·~•.2 .,7,7 •27,7 •25,1 •27,7 •2~ •• ·2-,2 •!OoO •25ol •23ol •2Go8 •2!o9 ••• 1,0 o.o o.o 

I DEFLtCTlON AT "AIN ARRAY •NORTH END OF 11\157 HE •INCHES !2209 0,0 o.e ••• o,, n,1 0,1 n,t o.o o,o Ool 0,1 0,1 •• 1 ••• o.t o.t 

DEFLECTION AT MAJII ARRAY •RAIL MIDSPUt 11£YWCI:N Vl£!•1NCH£S 32210 n,o ••• o,o 0,0 o.o o.n o.o o,o o.o o.o o.o 0,0 o,e a.o 0,0 o,o 

lNl[RFAC[ Sllt£55 MA!III AARAT •HO,RAIL StAT OF ltiST Tit •PSI §2UI 25.~ 25.1 2~.0 a.;.~ 25,'5 25,8 2!1,7 2•.o 2~., 26ol 25,9 25,3 u ... 26.1' 2 •• 2 25.3 

I~TERFAC[ STRESS NAIM ARRAY •1110 LENGTH OF INST Ht· 52212 lft,B 11t.5 1o.a 14.'1 16,2 11.0 17,3 ~~.& i'oO 1~.o 17.1 16,6 n.• n.• "·" 1,,7 

INT[RF&C[ STRESl MAIN ARRAY oSO,RAIL StAT nF INST Tit !2211 ~., 7.- 7.9 1,1 7,'J a,o 11,7 7,9 7.5 6,, 7,9 7.8 7,9 7 •• 7,, 7,9 

11'11£RFACE SYRES£ IIAIII AIIRU .UO,RAIL ~CAT OF !.DAD TIC !221- 2,1 2.0 '·' a.a 2.1 2,\ ~.2 2,2 2.5 2.3 2.1 2.1 2 •• 2,3 2 •• 2.2 

INfi:RFACC STIICSS IIAJN ARIIAY ·MID 1..£NGTH OF LOAD TIE: 32215 7.1 6,9 JoG 7.6 7.5 1,1 7.& 7.~ 7o7 1,1 7o7 7,7 7,1 ,,, ••• a.o 
INTtllfaCE STRESS MUN aRRAT •SO,RA!L SUi OF LOAD HE 12216 'lla.t .... '5 1&.1 n,, llf., 15.11 17,2 15,5 15ol u.~ "·~ \~., 1!1,8 n.o !6,6 15.~ 

l'IT[RFAC( STR[SS MAIN ARRAY •NORTH RAIL BETII([N T![S o,.Sl 32217 o,o o,o o.o 0,0 o,o o,n 0,0 0,0 o,o o,o o,o o,a. 0,1 o,o 0,0 o,o 

INT£RFAC[ STII(SS MAIN ARRAT •MID CIIIG ll[fWC[H TIES •PSI 3UU 6,1 .. 6,5 5.7 7.~ '·' 7,11 7,11 7,0 .. , 7,3 1.1 7.7 1.e .. 8,8 6,e 7,, 

INTCRF&Ct StRESS lllJN ARRAY ·SOU{H ~AIL ICT~[N T!CS ·PSi )2219 u.s 16,1 .15o9 16., llo,3 !7,2 17,6 17,11 1'!1.5 I!l,o 16,5 l,,, 16,, ·t~.5 16,0 17 •• 

RAIL SEAT FORt( •AtN AIIRAY •NORTH S[Al LOAD CtlL TIE •KIP$ S2127 "·' 9.7 '1.2 'J,O 11,1 ••• 9,0 to.a •• o 10.1 .11.3 ?.e_ ••• 0,0 0,0 ••• 
RAIL SEAT FOliC[ MaJII ARRAY aSOUTH stU lOAD CELL., TIE •KIPS 52121 17,3 17.1 18.& 1!1,1 1fo,3 ·-.o 16.~ 17.2 17.~ u.s 17,9 u.s ••• • •• ••• o,o 

TIE BAS[ FORC[ M-IN ARRAY •BA5[ PAD • 1 llDRTH [NO •KIP! 52129 \,1 1.6 1,3 '·- 1,3, ••• 1,7 lo6 1.~ lo9 2.q ·.1.2 ••• ••• o.o 1,0 

fl£ BAS[ FOliC[ •&IN ARRAY •BASt· PAD • 2 ~ •KlPS 32\lo '3,2 !,! 3,1 5,1 .2,1 3,1 3,2 5.0 3,0 3.~ 3,9 2., ••• 0,0 0,0 o.o 
TIE BASE FOil(£ MAIN ARRAY •BAS[ PAD • 3 ·KIPS 32111 6,0 o.o e,o o,o o,o o,e o,o o,o o.o o.o o.o· 0,0 ••• 1.0 o,e • •• 
TIC liAS[ F()RC[ MAIN ARRAY •BA~E PAD • • •KIPS 52132 3,0 3.~ 3,2 2,. 3,! 3,3 3.·1 .3.3 3,1 3,5 5,, 2,8 o.o o,o 0,0 o.a 

Tl£ BASE FORC[ NAIN ARRAY •BAS£ PAD • 5 •KIPS 5U33 Cl,? 0,8 o.e 0,6 B,l O,A 0,7 0,7 o,e Oo7 o,l ••• '·' o,o ••• o.o 

TIE BASE FilA([ MAJN ARRAY •BASC PAD • 6 •KIPS 32134 0,9 loO 1.1 o.e 1,1 1 •• 8.9 1,1 lo1 0.9 1.1 ••• o.o o.o 0,0 o •• 
Tit BAS[ FoRet MAt~ ARRAy ·BASE PAO • 7 •KIPS 52135 2,9 2.9 5,2 2,5 3,1 2 •• 2,7 3,0 3,0 2.6 3,1 2,6 o.o 0,8 ••• o,o 

Tl£ RASE FORC[ ~AJN ARRAY ·BA~t PAD • ~ •KIPS 32136 2,0 2.a 3,( 2,q 2,7 2.2 2 .. , 2.1 2o9 2o5 2o6 2o5 ••• • •• o.o o,o 
Tit liAS£ FORCE MAIN ARRAY •AA~E PAD • ' •KIPS S2137 3,9. 1.9 '·' 3.~ 3,:i 3,1 3.7 •• o ... 1 s.s ... 2 3,, •• o ••• 1,0 o.o 
Ht BAS( FORCE NAill ARRAY •BAS[ PAD •U SOUTH £1!D •KIPS 32138 ~.o ~.1 "·' ··~ 

.... 3.6 3,8 ~.5 .... 3o7 -··· •• 2 ••• e.o ••• o,o 

~AIL SEAT FORCE MaiN aRRaT •NORTH S[al LOaD C£LL TIE •KIPS 3U27 8,5 e.o 7.e 9,1 ••• e.s •• 6 7,0. ,,2 1o.a &.7 llol 9,6 9,6 '·' ••• 
~~ IL S(Ai FORet MAIN ARRAY •SOUfH SEAT lOAD CELL Tl£ •KIPS 52228 111,8 16.7 14.5 u..~ 16,7 u.r. 19,5 17.5 16.1 15ol n.• tlo,6 16,7 16.5 ll.l tloO 

Tl£ liAS£ FORCE IIAII\I ARRAY •B.St PAD • 1 NOIITH ENII •KIPS 12229 1,1 ••• loO 1,! 1.2 lol! 1,1 0,9 loS lo6 1.s 1.1 1,. loS 1.5 t.z 
TIE BA~[ FORC[ •atrl ARRAY -S.~£ PAD • 2 •KIPS J2231 3,5 3,3 loS 3,6 :..• 5,, a.• 2,9 3 ... s,1 3 •• 5ol :s,s 3,6 3,8 5,3 

TIE BAU fi!RCE llajre ARRAY •BASE ,.AD • 3 •KIPS 52231 0,8 0,0 o,o 0,0 0,0 o,u 0,0 o.o o,o ••• o,o e,o ••• o,o ••• ••• 
TIE BAS(.· FORCE IIAIN ARRAY •DAS[ PAD • ' •KIPS 32232 :l,, 2,7 2o7 2,9 2,9 2,, :l,9 2,7 !.8 ;s,e 2.e 2,7 3,0 3,8 3,2 2.1 

TIE BAS£ F!IRC[ •AIN ARRAY •RASE PAD • 5 •KIPS 52Ul 0,5 0.5 o.s 0,6 0,5 0,6 0,6 o.~ 0,5 0.6 .. , 0.5 ••• .. ., 0.7 '·' 
fit BAS[ FoliC[ MAIN ARRAY •BAS[ PAD • 6 ·KIPS 3223• o.o 0,1 u.o 0,0 o.o o.o o.o o.o a.o o.o o.a o.o 0,1 8,0 ••• ••• 
u·c BA!!E FQRC[ MAIN ARRAY •BAS( PAD • 7 •KIPS 52235 1,0 0,9 '·" 0,'1 O,'J 1,0 1,0 0,9 ,,, Oo9 0.9 0,9 ••• 1,0 1,1 1,0 

fiE BAS( FORC[ IIAIN AIIRAY •BA~( PAO • I •KIPS 322511. 0,0 a,o ••• o.o n,n o.o 0,0 a,o o,o o.o o.o 0,0 o.o ••• I,G c;.o 
fJ[ BAS[ FORCE MAIII ARRAY •11.$[ PAD • ' •KIPS sazn ~.z lo9 2.e 1.9 1,9 2.1 1,2 2,0 1,1 1.7 2o0 1,9 1.9 1.9 2,1 2,1 

TIE BASE FORCE ~AJN AR~Ay ·BAS[ ,.AD •10 IOUTit END ·KIPS 52238 3,8 3.~ 3,S 3,0 ~.l 3,1 ~., 3,2 3,1 2.7 5,1 3,0 2,9 2.1. '·' J,t 

TRAIN DATA ·MHEtL LOAD FOR TRAIN IHIIIR£11 l • KIPS !2,3~ 32,!~ 53,21 31,21 !2,35 !2,55 3,,2& 35,21 52.!5 52.55 53,21 ,,,, • 

fiiAIN DATA •WH[EL LOAD FOR TftAIIl NUKIIEII z •KIPS ''·"o 35.-• 12.1' 52,15 32,10 sz,Ae 32,92 32,92 s3,eo !S.oo s5,2" s5,2" ss.•• ss.•e Jz,e5 5z.es 
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TABLE ClO - T~ST DATA FOR TEST 2 ON SECTION 3 

REDUCED RAt~ DATA 

YSRCH IIHtt~ -Btll 
l I s .. s 6 1 • • lO u u 

lUI~ STRAIN AT MAIII ARIIAT -AT TIE •NORfH UPP£11 GAG[ ·MILLIOMTHS U2ll ••• ••• o.o o.o o,o ••• o,o 0,0 0,0 o •• ••• • •• 
IIAI~ STIIAIII AT M .. ll AIIRAT •AT TIE •NORfH MID &A6t •MlLLIOIITHS 23222 o,o o.o o.o o.o e.o o,o o.o o,o o,o ••• ••• • •• 
IIAIL. STUIII AT MAIN AIIIIAY •AT Tit •NORTH· LOWER &A&£ •MI~~lOIITHS. UUl ·11,6 '·' '·' '·' '·' '·' ,,. .... 2,7 '•' '·' s.s 
IIAI~ STRAIN AT IIAIII AIIRAT •AT TIC •SOUTII UPPER &AGE ·IIILLIOilTHS 25228 . , ... ., .. , . ., .. _,,2 

-~·· 
_,,, .,., .... a •!·· .. ,.& ., .. . .,,., 

1141~ STIIAIN AT IIAIII ARIIAT •AT TIE •SOUTH MID GAG£ ·MILLIOIIfHS 25229 3,• 3.~ ... , 1,7 1o1 2.7 s.o :s,o ,,. a.:s s •• !,4 
RAIL STUIIf AT IIAIII AIIRAY •AT TIE •SOUTH LOWEll GAGE ·MILLIOIITHS U22t. 16t.,2 1~'"' te,,a 150.• 15-,1 1so.• 12'•' tor,9 95,0 1!1,! lSI,! ll.,O 
~AIL STRAIN AT MAIN ARRAY •BtTIIttN TIES UPPER G~GE •MILLIOIITHS 23230 ·a.o o,o o,o ••• o,o o,o o,o o,o o.o o,a 0,0 o.o 
IIAIL STIIAIII AT MAIN ARRAY •BETWEEN TitS ~~o GIG[ ·MILLIOIITHS Zl2!6 0,0 0,0 o,o 0,0 o.o o,o 0,0 o,o o.o o.o o.o o.o 
UIL STRAIN AT MAt" ARRAY •BETWEEN TitS L0o£R GAGE ·~ILLIOflTHS 23237 O,D o.o o,o o,e n,o 0,0 0,0 o,o o.o o.o o,o o.o 
~AIL STRAI" AT 100 FT EAST •BETwEEN T I( S UPPER GAG!: oMILLIOIITHS 2!201 ·lilll'>,,·tll2.t-tso:-.-toe.-s-tsa .... t .. 5.~-t37,11 .as.A -e2.7•tta.a-t56,S•t21.l 
~AIL ST~AIN AT 180 FT [IST•BETWCEN liES 'liD GAG£ .wILL IO'ITHS 25202 -s~.~ -~•.2 -3~.- -sa.• -19.6 -~~~~&.6 -53.7 ·32.6 -sa ..... o.J ·•'·' .sa., 
RAIL STRAIN AT 1RO FT EASf•BETWEEN TIES LOWER GIG£ •MlLLIOfHHS 23203 153,7 1~3.2 1~9.1 17~.2 15?,6 1•l.~ 119,9 to~., 101,3 135,1 130,. 12l,. 
JIE STRAW AT MAIN ARRU •Nil,AAIL $[IT UPPER GAGE •MILLIO'HHS U2l3 •15, .. -1~.0 ·17.8 -t~.J ·1~.- •lfto7 •11,8 -1~.6 •1So6 •l&o7 •15.6 -16.2 
Tit 5-TRAIN AT "Alii ARRAY •NO.~AIL SEAT MID GAG£ •MilLIOIIfiiS 2!23~ .. ~ 3,e 5o! 6,2 ~.3 6,ft 3,8 •• 7 6,1 "·' 6,2 6,0 

fit STRAIN AT IOAIN ARRAT •IID,RAIL SEAT LOWER GAG£ -MILLIO'ITIIS 23235 15,1 u •• !9,5 19,0 2!1,6 If I!: ... 12,6 17 •• 16.~ Z5o3 15.1 14 •• 
fiE STRAIN AT MAIN ARRAT -~10 Ltlt&TH UPPER GAG[ •MILLIONTitS 23231 1,9 7.9 7.1 7.5 5.9 7,'1 7,1 7,9 7.9 7,9 7,5 7,, 

TIE STRAI" " MAIN ARRAT •1110 LENGTH LOWER GAGE •MILLIDIITHS 23232 -~.1 --·· •3,8 ..... •3o8 ... , •loll .;s.a .,,, .s.a ., .. •J.a 
fl£ STRAIN AT 100 FT EAST•UO,RUL SEAT UPPER 6AG[ •II ILL IOfiTHS 2!20• ·•t.o -19,9 -sa.a -s~., •• q,9 -~~.- -3a.a -s•., _,6.6 -~1·0 ~'•·' -51·1 
flt STRAIN AT 100 Fl tAST•r.O,~AIL SEAT IIID GAGE ·-ILLIO~THS 2!205 o,o o.o o.o e,o 0,0 o,n o,o o,o o.o o,o 1,0 0,0 
fl£ STRAIIl AT 100 FT EAST•NO,RAIL SEAT LOWER GAG[ •MILLIO~THS U206 .. 56,0 65.7 t.o.• so.s 72,!1 81,! !12,7 U,6 70.3 67.0 ''·' !13,8 

Tit STRAIN AT 100 FT EAST-MID LENGTH UPPER GAGE ·-lLLIONTHS 23207 ~7,5 :15.2 .1.5 .,,, •t.& .,.2 ..... , ;s9,6 ., .. .,.5 lftt.t u,a 
TIE STRAIII AT 100 FT [AST·-ID LtNGTH LOwER SAGE -MILLIONTHS 252011 o,o 0,8 o.o 0,0 o,o o,n o.o 0,0 o,o o.o 0,0 o,o 

I 
DtFLtCTJON AT MAIN AltUY •IIORTH END OF INST Tit •INCHES 2!12• 0,1 0,1 o.1 o,t n,l 0,1 0,1 0.1 Ool 0.1 0,1 Dol 
DtfLECTJDN AT I<AJN ARRAT •IIAIL IIIOSPAN ntTWCEN TICS•UICH£5 U12S o.~ 0,1 Dol 0.1 0.1 0,1 0.1 o.1 Dol Oo1 o.t o.t 

() INI[RfiCE STR[$~ ~AIN ARAIT •NO,RAIL SEAT Of INST TIE •PSI 2l209 o,o o.o o.o o.o o,o o,n o.o o,o a.o o.o o.o o.o 

...... IIWT[RFACE STRESS MAIN ARRAY. •IOlD LENGTH OF INST TIE 25210 0,0 0,0 o.o o.o o.o o.o o.o o,o o.o o.o o,o 0,0 

...... IIWTERfACt STRESS -Alii ARRAY -SO,RAIL SCAT nF INST TIE 2l211 0,0 0,0 e,o o.o o.o o.u 0,0 a,o o,o o.e o,o o.o 

I IIWTERFAC[ STRESS IIAIN ARRAT .NO,RAIL SCAT Of LOAD fl( 23212. 0,0 o.o a.o 0,0 o.o a.o o,o 0,0 a,o o.o o,o a.o 
INTERFACE STII[$$ Naill ARRAY •IIID LFNGTH OF LDAD Tt£ 2!215 1!1,2 16 ... 1$,6 11$.9 16.11 , ... ttt.o 15,5 15,9 l7ol l!I,:S 16.9 
INI[RfACE STRESS MA!q AIIRAT •SO,II-IL StAT OF LOAD TIE 2521. 33,! 3~.t ,,,, J!,e 31.~ 32,0 32,5 33,8 36,1 n.:s n.s 29,2 
IIIT[RFACE STR[SS -AIN ARRAY •NORTH RAIL ~[TW([N TI[S -PSI 23215 ••• o,e o.o a.o n,o a,a o,o o,e o,o o,o a,o 0,0 
INTERFACE STRESS MAl~ ARRAY •MID CRIB Atrwr.CN TICS •PSI 2!216 ltt.2 1'5.3 1.,, 1 .. ,, l&.o 17.3 1~.2 17.3 17,3 17 ... 16,0 u,o 
INTt~FACt STRESS MAJII AIIRAT .SOUTH RAIL 9ETWCEN TIES ·PSI 2!217 '·' 10,2 a.a 10,2 ~.'J 9,:> 9,6 u,a 10,2 to,, lO,Z 12.9 
IU IL SEAT FOR([ MUll ARRAY •IID~YH SEAT LOOil CELL Tl£ •KIPS 23121 n,9 15,, ~, .... 1- •• 1~.7 17,7 u.o 13.7 111.9 •'•a U,l u.t 
lUlL StAT FORCE MAIN ARRAY •SOUTH SEAT LOAD CELL TIE •MIPS 23121 11.1 lOoO 1Qol 10.7 10.0 1Do5 9o'J 10,9 Uo1 11·• llo2 1lo3 
TIE BASE FORCE MAIN ARRAY •BAS[ PAD • 1 NORYil ENO •KIPS 2Un 2,7 2,9 2.1 2,7 3,1 3,5 2,3 2.!1 2,9 ...1,3 s,o 3,1 
TIE BAS[ FOR~£ MAI!I ARUY ,:BAS£ PAD • 2 •KIP'S UUI o,o o,o o.e 8,0 o,o o,a 0,0 0,0 a,o o.o 0,0 o,o 

TIEc BASE FO@ £ MAIN AR~AT •BA~t PAD • ! •KIPS UUl 2,, 2,, 2o3 2,1 2.1 !,, 1.~ z.z 2.7 ,,, -'·' a.s 
Tit BASt FORCE MAIN ARRAY •BAS[ PAD • • •MIPS uuz. 2,1 2.1l 2.1 2.2 a.• 2.7 1,2 1,7 1o8 2.5 2,0 2.1 
TIE liAS£ FoRCt MAIN ARHAT •BAS£ PAD • 5 •KIPS auu 0,1 o.o e.o o.o o.o Dol o.o o;o o,a o.o o.o a.o 

Tit BASE FllRCt. MAl" ARRAY •BAS[ PAD • 6 •KIPS uu• 1,1 1,1 '·· 1.2 1o0 1.1 ••• 1.7 1,3 0,9 1,1 1,. 

TK BASt FoRCt -AIN ARRAT •BASt PAD • 1 •KIPS 21135 2,2 2,5 a,o 2,2 2,2 2oll ••• 2,1 z.s 2o5 2,1 2,• 
Tl£ RAS( FoRCE MAIN ARRAY •BASE PAD • I •KIP'S 25136 1,9 2,1 1.7 2,\ 2.0 1.11 1,7 z.e 2oS 2.2 2,0 2.2 
TIE I!AS£ FORCE MAIN ARRAT ·BASt PAD • 9 •II IPS 25137 1,7 1ol lo6 1.7 1.6 1olo t,a 1.7 1o9. loT 1o7 1,9 

nt our roRCt MAIN ARRAY •BASt PAD •10 SOUTH tND •KIPS uua 0,1 o.o o,a o.o D0 0 o.o o,o o,a ••• a.o e.a a.o 
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TABLE Cl2 TEST DATA FOR TEST 4 ON SECTION 3 

REDutED RAIL DATA 

YSRCH llllEEL NUMB£11 
1 I S • 5 6 7 8 9 11 ll 12 tS 1• 15 16 tl 11 

~AIL STRAIN AT •as~ ARRAY •AT Tlt·•NORTH U~~tll 1•1£ •MILliONTHS •stt1 •11~.2 ·78,~ -9?,0•151,5 -~1.~·115,1·10,,0 -~7.5-11~.1•12lol•10'•'•12•,2 tol t,l a,t t,a 1,a toO 
IIAIL STUll< Ai MH" AIIUY •AT fl[ •NORTH lHO IOAG.t •"ILL.IOHTHI dl02 2'1,1 ll,t 2ft,8 18,~ 3\,7 Sft,7 2•,1 27,f. 51,7 1•,1 H,7 •••11. 0,0 l,a l,t 1,1 1,0 0,0 
II'IL $TRAIN Af IIAJN AIIUY •AT Tit •lHIIIYH LOW£!1 UG[ .•IIILLIII.,THI •UU 192,5 177,9 202,5 195.,o> 177,6 201,, 201,7 1Uo2 201,7 l'Jlo2 164,6 2011,5 t,a t,l 1,1 1,1 1,1 o,~ 

~AIL 5TR~lN AT MAIN ARRAY •AT Tl[ •SOUl~ UPP[R GAG[ ·III~LIO~THS •510• 0,0 0,0 1,0 0,0 o,n 0,0 t,O 0,0 0,0 loO 0,0 0,0 1,1 1,1 1,1 1,1 •• 1 0,1 
RAIL STAAl" AT MAIN ARRAY •AT TIC •SOU1H HID GAG( oNILLIO~fHI •5105 17,6 2,,5 25,5 17,6 1~.2 19,, 22,5 '-2,5 19,9 15ol 17,6 18,1 0,0 t,a a,1· t,t t,O O,G 
RniL ~TRAIII Ar "AJN URAY •U 11[ •SOUTll t.ll~£11 UG£ •IIILLIOPUHI o5106 12ft,O t2ft,O 105,5 130,5 tts,• 1\S.~ U6,0 97,7 131,5 1Ue2 U2,S 1•0,2 0,1 C,l 1,1 1,1 I,G · 0,0 

~·~~ STR~I~ •T ~~~~ A~~-· •I[TWC(N TIES UPPCR GAG[ ·~ILLIO~TllS .3107 ·150,3 •97,t-t72.6•1q),1 ·97,1·1~2.••16,,0 -~6.6•155,9·122•2 •9q,2•t35,6 0,1 1,1 lol 1,1 I I 0,3 
~'-!;.. SYR~llo AT 014111 AliR-T •BtTII[(" TJ[S ~10 GA6£ oMILLIOIHHS •SIDe 28,1 27,0 !7,~ 5~.~ 2'1,9 !~.t 36.ll 25,9 30,5 ~5,9 27,6 27,6 0,0 e,a t,a 1,1 e:o O,Q 

~AIL STAAl~ IT ~•tH AkRAT ·~CI~EC" liES LO~[R GAG[ •NILLIO~THS .310~ 181,2 150,0 177,0 tLO,O 150•0 tG9,~ 201,2 1~0,0 189,0 t~l.C tl~,Q ~~~.3 C,O 1,, I,C 0,1 1,0 0,0 
'IAil STOAIJI AT 100 rT (ASl•llfT•ECIC TIES UPPER GME .N[U.IO,.TtiS •Sll8 •63,5 -~9,5 ·•8.5 -~7.1 -·~.5 •62.5 •75,9 ·:5~,0 ·70,0 •82•• •50.7 ·6•ol O,Q 1,1 C,l G,O ,,1 ~.0 

~AlL ST~AIN AT 100 FT £LST·~(1~(tN T:£S ~10 G~Gt -~ILLlO~THS '311~ -5.2 ~2.1 ~2.1 ql.t 3~.7 ~2., ~1.5 3~.~ ~•.3 ~o., q~.s qa.7 ~.0 ••• e.• 1.0 G.O o.~ 

~AIL SJqAI~ •T 10~ FT CASf•eETwE£1o TIES Lllvrn GIG( •MILLIOICTHS •3120 10~,1 ll9,. 101,5 102,6 76,1 10~,2 too,7 £•.0 10 •• 2 ll1ol ~2.5 !0,,5 0,1 1,1 a,l 1,1 0,0 0,0 

Tit STRAIN AI ~~~~ AR"ry ·~O.H>IL Sr•T UPPCft G£G[ •MlLLIO~THS -5110 •61,1 •75,1 •7,,1 •61.~ •77,1 •78,~ •75.~ ·6~.t -as,o •71.~ ·77,1 ·H~., 0,0 t.t 1,1 Q,l 0,8 0,0 
Tti STR~J~ Ar ~Af~ A~~~- ~NO,~AJL St•T ~10 GAG( ·-lLLIO~fHS •)111 0,0 0,0 0,0 0.~ 0,0 C.~ 8,0 G,O Q,O 3.0 0,0 O,Q 0.1 1.1 1.1 1,1 G,G Q,O 

ru: Sl'~t..UI Af ~Jli•J !•J\P.aY •hO.~AJl. S£ .. 1 LOWC'l 6o\G[ .MJLLIO,.THS ft5112 0,0 0,0 0,0 0,0 0,0 O,I'J 0,0 0,0 0.0 0,0 0,0 &i,:l 0,1 G.,. e,l G,l e,l 0,0 
Fit: SfllAl... Al Mit.!'- AitR~Y •MJ1) LF'Hbflt Ut,PfR GAl;( •"4lt..LfONTHS ,_:Sll! 0,0 0,0 0,0 0,0 0,0 0,0 · 0,0 0,0 0,0 0.0 0,0 0,0 0,0 1.1 8,1 e.l 0,0 0,0 

Tl[ $lAAil~ Af MAl~4 •tcR;H ·~10 L(tiSf!• &.Oillif.R. GAG[ ·MILLIOtSTttS 113llft 0,0 0,0 0,0 0,1 1,1 8,, 0,8 0,0 (1,0 O,O Q,l) O,Q 1,0 e.l 8,1 1,1 0,1 0,8 

JlC ST~Al~ AT lOt FT (~ST•HO,~~JL ~(~J ti~?[M ~~G( ·MILLIO~JHS ~5121 •&5,6 •7.,1 •77,5 ·69,0 •7&,, •76,~ •75,5 ~10,1 ·0~.3 -71.8 •86.0 -82a0 O.D o.a I.e C.l e.l f.l 

I TIE STAAl~ AT 1~0 FT ~ASf·N~,aAIL SEAT ~10 EAG! -~ILLIO~IHS •3122 13.~ 1•.1 13,5 16,9 15,a 15,2 15,2 1•.1 1~.2 17o5 16,9 16,1 0,1 1.1 •·• 1,1 1.1 o.o 
TIC SfAAI!'I AT 10G FT C~Sl·UO,IIAll s,u ~r,~[R 'OAGC ·MILLIONTHS H1U n.O D,D 0,0 D.e 0,0 O.n 0,0 0,0 C,O O,D Q,O 0,0 1,1 1,1 1.1 l,t 1,1 loO 

() TIC ST~•Itl U hfl fl [ASY.Mtn L£NIOTH vPI'[Il GAG£ •"ILLIO~IHS -512• 11!1,0 811,0 ~?,6 &9,8 1£,• ,0.~ ~&.0 RO,t ,~,7 85,q 't2,2 90,~ 0,1 l,i a,l 0,0 0,0· 0,0 

....., !1( SfHAlt~ AT SO:J FT [A~T-•HO Lrti&Ut LO•E" GAGC .MU.LlOtfTHS ttJI2~ •3'5.1 •51.2' •31.2 ·!•I.'S -51u6 •3'1.3 •39.! •lfO.& -ttt.~t- .. ,st.) •\2.'1 •'tl.ll l.t a.l I.. o.e 1.0 O,Q 

VJ Q[ .. l[Cff('IN AT MAl" ARPA¥ •hOftTtt r~.al) (,F t•J~f Ttt: •lh1CH£S '15301 11.0 D.l 0.0 8e0 0.0 0.0 0,0 0.0 0.0 O.fl 0.0 O.'l 0.1 a.e. e.l 1.1 1.0 O,O 

1 · UE~ ..... l~JION AT JlllA:f-4 ,,n:tl'."; •lt,U.t. "lO'i.,.A'l RC:rwc£t; ru:s-tNCtttS re3302 0.2 0.1 0.2 0.2 0.2 0.2 0.1 o.2 0.2 0.2 0.2 0.2 1.2 e.2 •.2 1.2 0.2 ft.2 

IHftkFAC!" StR£!.' ,.Atn.t AHRA.'t ·14(1,fU.;t. ~rA) ~f 1~5T T![ • .-.sl •S305 21t.~ 28., 29.0 21.1 27.S 28.~ 2'1u6 211.6 26., 21,3 2Ww.'t 28,6 27.~ 21P •• 2a.'S ~··· 28., 2'6.~ 

lfJt(~FAC£ ~TN[SS ~Al~ A~R4Y ~~tO L(~G1" n' Jt'~f Tl[' 'l!O' 11.2 12.5 12.6 11.7 1~.2 12., 11.6 12.2 12.~ 11.~ 1~., 12•5 ll.J l~.~ 12.e 12,8 11.8 11 •• 

ttHCitFA:.l ~tkr.SS. JIII;\Jf• Al1iUY .. so.At.JL !~Af nf" tUST Tt£ 4Sl0J 4,9 7.1 6.9 4,8 1.1 6.2 '•'t 6., 7.3 fi,.O fl., ,,t 6.2 7.2 6.7 7.. 1.? '•' 

JrU[tlf-C.L $Jlt(S!il Hatr: o\RIU1' -flfJ.R.ttL -;£.lf OF LOAD fl( 113301 50.2 3l.a ! •• 9 32.1 3~.1 !2.1i. ::\0.1 31.1 .Sit.3 5Dal ~7.~ 52.9 32.1 32.6. Sl.~ 51111.2 55.~ 52.1. 

l~TFPFaCf SJftiS~ "'IN 4~~~y -~1~ Lr~&l•~ ~f L0AO Tl£ ~~!0' 2A.6 30.3 3~.l 2?.9 !o.~ 29.~ 30.2 30.2 31.~ 2&.~ 32.3 30.~ 29.1 lO.f ll.l 32.2 ~1.1 30.5 

ltn£hfaCC S1RiSS "AtU AftAA1' ·SU~h.lt~ ~(AT oil~ l.O&D fJ[ .3310 1!1.2 8.7 lt.O 8.2 -te2 1.7 "•2 J 8.2 8.1 1.2 9.11 1',, 1.1 a.. '7.8 9.5 •• D 6.11 

l~~~~FAt[ ST~LSS ,.~th AaaAY ·UOhTH k~fL A[l~(E~ ll[S •PSI ~5lll ta.9 12.3 1?.2 11.~ lt.e 11.~ 10.~ ~~.~ 11.8 11·· 1~.3 11.- lt.z 12.2 ll.t. 12.9 15.& 11.1 
!NICUFACE STMCSS ~'IW ARRAY -~ID COl~ etT~FC~ TIFS ·PSI ·3~12 l7,ft 1,,1 1,,1 18.1 Z0,2 lft,6 1li,D 20,2 19.~ ta.e 2,,, 1~.~ 18,! 21,1 li,Y 15,6 1~,5 IB.e 

lllll.l!l,,tC Sl~ESS "•1'1 ~ri"ll ·S•i<-l•l ~Ut 9Elo(('f flU -~51 U2U O,D 0,0 0,0 · 0,0 11,0 O,n o:o 0,0 0,0 Q,O 0,0 0,1 0,8 t,a t.t 1,1 0,0 ·O,O· 

UIL SHT FllkCC OIAI" ARRAY -~~~~Til SI:AI LOlO CELL Tlr ·~IPS UU7 U,• 17,5 \1,2 ti,l 17,, 1~,? 11,3 \5,5 20,1 l~•l 17,6 1',2 0,1 0.1 a,l 1,1 o •. o-· 0,0 

~~ll SLAI FfiHt[ ~.~~ ARRAY -~d~Tll SEAT tOAD CCLL Tl[ ·~lPS '512ft 11,8 1.,, 13,. 12,3 11,'t 1l,• 13,2 tt.• 1•,1 11o8 15,9 13,6 1,0 ·I.C 1,1 1,1 0,0 0,1 
riC ~AS[ Fiif<CE "'Ill URAY •OAS[ I'~!J • 1 NOIITH [NO -~I~S -!129 2,2 2.~ s,q 2,'9 !,2- 5, 7 3,'1 2, 7 3.'1 2.1 5,1 3,6 0,1 1,. 1,1 0,1 0,0 D.l 

Tl~ HAST roRC[ JtAI~ AR~AT •HAS( PAD • 2 ·~IPS •3150 2,3 2,ft 1,2 2.~ · 1,0 3,! 2,9 2,7 3.5 2,- 2,9 !.2 1,1 a,a 1,1 t,a e,9 O,D 

fl( ""''( FONCt: OI~IN ARR~T •B•SC P~D. 3 ·~IPS •3tH 3,0 3,7 ••O 3,5 5,1 •.t 3,6 3,2 ~.. 3oB 5,7 ••t a,t 1.1 1,1 1,1 l,il 0,0 

fJ[ bAS[ ro~C[ MAt~ A~RAY •SA~[ PAO • 4 •MJPS .)132 3.7 ~.0 -.2 1.6 3.7 -·· 3., !.6 ••2 3e5 •• 1 ,,5 D,l e.e e.f 0,1 0.1 t.D 
TIE h~~£ FOh(£ MAIN ~HR~Y •BAS( PAQ • ! •KIPS •3t~3 1.9 2.2 2.3 t.~ 2.0 2.3 2.0 1,9 2.5 1•' 2.2 2.3 O.t l.a I.e 1.1 1.1 1.0 

Tl[ ~AS( F~RCE ~'tH ~RAAY ·B~S£ ~4U • 6 •MJPS •5t3~ 2.~ 2.9 3.0 2.~ 2•' 3.8 2.7 2e5 !.1 t.5 ~.e ~.~ t.t e.e O.a l,f e.a e.o 

fJ[ 9A!i[ fORC( MAIN ARRA1 •3.\SC. PAll .. 7 •KfftS ... 3135 2'.9 3,5 3.6 2.1f S,l 3.1t !e2 2.9 3•" 2.9 !.5· 3.11 lt.t e.a 1.1 ·8.8 0.0 I.D 

Jl[ 6A5£ FORCE WAJ~ -~~~y •OAS( PAO. I •KIPS .3136 1,8 2,~ 2ol 1.~ t,'t ~.2 2,0 1.~ 2,. 1ol 2o3 2,1 0,1 t,a 1,1 6,1 1,0 O,C 

fl[ 6A~E FQftCf MAl~ ~~RAY •RASf. ~A~ • 9 •KIPS •ltl7 0,0 O,Q 1,0 0,0 b,O 0,0 0,0 0,0 0,0 D,O o,a 0,0 O,G ~.a 1,1 1,1 O,G 0,0 

II[ Or,sr. FO~t( MAll< AkltAY •llASC P.\0 •\0 SOUTH£~ •KIPS .SUI 2.- 2.~ ?,5 2,5 2o1 2,5 2,6 2.~ 2,7 2.. 2.7 2,, 0,0 1,1 1,1 ·-··· 0,0 0,0 
~AIL S(Al FOr•CE. MAl~ AfillioY •I•O>.TH SEll LOAD CCLL Tl£ •KIPS \5227 J2,7 16,o JS,ft t7.0 12,7 tf,.~ 1•.• U,5 1~.5 1•,9 1~,7 18,5 1,0 1,1 1,1 1,1 ~.1 C.,O' 

H~IL S[~T FORCE HAl~ ARR£Y •SdJT~ sr~T lOAD C(~L TIE •KIPS 4322A 12,6 15,9 1),7 12,o> t•,t \.,, 1~,0 1~.~ t•.2 t3.~ 13.~ 1••• 1,0 t,e 1,~ a,e 0,0 C,O 

lit RASE f•)PC[ "'"1~ ARRAY -H.\Sf .-~0- 1 NttRTH t::~Q •KIPS .. 5~2'1 t.a 2.6 :!.3 2.4 lel 2.'1 2.2 l.O 2'.3 2.1 2.5 3.1 1.0 t•• I.C ~0.1 C.t· O.o 

TIC 8~~~ fQktC MttN •AeAY .a.~E Pr.~ • 2 .KIP$ •5251 2,6 3,5 3,1 3,5 ,,. 5,~ 1,, 5,5 3.1 3,1 2,9 5,~ 0,1 1,1 l,a 1,1 1,1 0,0 

Tl( BAS( fOR([ MAJ~ A~RAY •OAS£ ~AD • 5 •KIPS ·)~51 n.~ 0.0 Q.t 0.0 C,O 0.0 0.1 0.0 o.q O.~ 0.8 0.0 0.0 ••• I.e 1.1 l.a 0.0 
TIC ~ASr FORt[ VAJ~ AMRA. •AAi( PAa • tt •KJPS -J232 l.~ '~•5 J.7 ~.1 3.5 ~.1 3.6 •• 1 S.& !.l 3.7 ~.2 0.8 a.a e.e 1.1 le3 1.0 
TIE BA~( ron([ ~AI" £RqAl ·fl~\[ PA~ • ~ •K!PS •3213 .,0 O~Q Q,t O,a O,Q 0,8 O,O O,O Q,O ;,g O,D 0,0 0,1 1.1 1,1 t,l 1,1 O,Q 

tiE. RAS( FQHCC "AtN ,'i.HRAY •li"'.S( PAO.' .. ;c:JfiS 11173• o.t 1.0 0.9 0.9 "•' o.. Oel 0.1 1.3 O.tt O.l o.e D,O '·· a.t 1.1 l.t 0.1 
ft( ~~Sl ~OR~[ N4(~ ARRAY •SAS£ P~D • 1 -~Ju: ·~2SS 5.4 3.~ 1.1 1.0 ~.0 3.1 J.l 3.0 3.1 3.0 2.~ 3.0 D.l d.S 1.1 e.O lei O.D 
II[ [oASC fnkC( MAilt AMR>Y ·~A" PAO • I •KIPS lt\236 ,,2 2,'1 a,l ~.l 2,3 2,, 2,5 2,. 2,1t 2•6 2,. 2,6 0,1 a,a a,e ,,I l,t ~.~ 

t'1C GA~£ fOfCCC M.\JN AHRJY -~AS[ f"'o\0 • t •WlPS ft3~3T 0,0 D.D o.O O.fl 0.0 c.n leO G.O 0.0 0.0 0,0 0.0 D.l a.a e.e 1 .. 1 1.1 o.r. 
FJC 1\A~( rofiC.[ Mo\&N AAIIAy ·O•SC PA!) ·ll IIO>UTH CNO •f(IVS 4ll%.JIS 2.~ 1.5 :!.5 2.2 it•' 2.1. 2.8 2.• J.t. 2.'9 t., 2.1 0.0 • .. 1 I.G a,o 0.0 1.0 

T~AI•I tAH ••t<£CI. LI!AO FOR TRallil Nll"fttM 1 oiOPS !2,1f 32,78 !2,70 ;)2,55 3?,55 32,'1, 3~,70 32,70 52o7fl 32,~5 ,~.~$ S~,!o5 
yq~iN ~AlA •IIHf[L LG-'0 (Oft JR1IN 1!\!MPCII t •Kit'S Sz,35 3~,3~ :3.~8 33,21 12,55 !2,H. 5!,21 H,28 ]l,,7 32,<t7 ,~,1>(, 32.~6 
l"l\drl I•ATA •Wll£CL LOAD ~·oR !R,HI "U"!'i:ll .~ •Kh'S U,30 3),\0 3!,30 32,£.2 U,U 32,~? l2,78 U,Tt 3~.H ~2.H 32,U 32,H !3,!0 Jl,JI JJ,SI l2,6t 52.62 U, 6 :t 
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TABLE Cl3 TEST DATA FOR TEST 1 ON SECTION 6 

!tAll. ITIIA.r·ill AT IIAJN AIIIIAY •U TlE •NOIITH UPPEII GAGE •111\.\.IOifJ.HS 
1111'11. STRAIN AY MAJif Allll.n •AT TIE •NORTH 1110 GAGE •MILLIONTHS 

UliL STRAJ.N AJ IIA.IN AIIRAY •AT Tit: •IIOIITH LOII[II GlGE •'IIL\,lONTHS 

RAJ\. STJIAlfl AT MAJIII AIIRAY ·AT TIE •SOUTH UPPER GAG[ •'llLLIOIIITHS 

lllliL STRAIN AT IIAJN AAIIAY •AT TJ[ •SOUTH 1410 GAG[ •MILLIOIIITHS 

II'A!L STIIAIN AT IIAJN ARRAY •AT TIE •SOUTH LDW£11 GAG[ •IIILLIOIITHS 

IIAJL STIIAIN AT IIAJN ARRAY •B£TII£Etl Tl£5 UPPtll GAGE •III!.!.IONTHS 
IUilL STRAIN AT IIAIN ARRAT •8£TWC[N TIES 1110 GAG£ •l41LLI0"THI 

IIAIL STRAIN AT MAJH ARRAY •IIET»££11 TICS· LO~CR GAG[ •IIILLIOWTHS 

'tAIL STUirl AT lOt Fl [ASl•BCTW!:Eit TiES UI'P[R GAG[ •"ILLlO,THS 

IIAIL ST~AIN AT IOD FT [AST•etTwtEit ll£5 1410 GAG£ ••ILLlD~THS 

RAIL STRAIN AT IDO FT EAST•BtTv££11 TICS LQW[II GAG[ .Mli.LIOMTHS 

TIE STRAIN AT 111<111 ARRAY •llOoiiAIL SEAT uPPER GAGE •M!LLIO'IJHS 

Tl£ STRAIN AT I'AIN ARRAY •NO,UIL SEAT MID 6&6£ •I41LLiOtlfHS 

Tl£ STAAIII AT MAIN ARlUl •IIO,UIL SEAT LOll[~ Go6E ·MIU.lOIHHS 

TIE SlRAIIII AT IIAIN ARRAY ·MID L[ltGTH UPPER GAGE •MILLIOIITHS 

II[ STRAIN U MAIN ARRAY -~tO L£Hli1H LRW(R GAG[ ·I!ILLIOtiTIIS 

Jl[ STIIAIII AT lDO FT £AST•NO,RUL S(AT UPPER GAG[ •l4li.LIONTitS 

Tl£ STRAIN Ai teo FT [AST·HO,~AIL S[AT ~ID GAG£ •MILLIONTHS 

Tl[ STRAIII AT lOG FT [AST•ItQ,RAJL SEAT LOW£R GAG[ •MILLIOitTHS 

Tl[ STRAIN AT 180 FT £AST•MID LFitGTH UPPER GAG[ ·~ILLIOIIJHS 

Tit SYIIAIN AT 100 FJ (A$T.I!ID LENGTH LOWER GAG[ -Mii.LIONJHS 

OEFI.[CTION AT IIAIN ARRAY •NORTH [NO OF JNST Tl£ •INCHES 
otFL£tTIOII AT MAIN AHKAY ·RAIL I!IDSPAN RETW££N JI[S•INCHES 

lNl[RF.lC[ STA[U IIAJN ARRAY •II0 0 11AIL SEaT 01' JNST Tl[ •PSI 

INT[RFACE STII£59 MAIN ARRAY -~10 LENGTH OF INST TJE" 
INTEfiFAC£ STR£51. MUll AftRA1 -SO,UIL StAT nF JNST TlE 
INTERFACE STR£51 M~JN ARRAY -N0,~41L SEAT OF LOAD TIE 
JNTCIIFAC£ STRESS MAIN ARftAY •MID Lr.IIGTH OF LDAO Tit 
lltl[RFAC[ STR[SS M&JN ARRAY ·SO,RAIL SEAT OF LOAD TIE 
I~T[RFAC£ STRESS Mt,IN ARRAY •NORTH RAIL BtTV[[N TIES ·PSI 

-INTERFACE STRESS ~£1N.AftRAY •MID CRJQ RETW££N TitS •PSI 

Jltl[RFAC£ STRESS Mti~ AftRlY ·SOUT~ RAIL ·BETWEEN TIE~ •PSI 

RliL S(AT FORCE ~Al~ ARIIAT •NORTH SEAT LOAD CELL Tt[ •MIPS 
-AIL SE~T FnRC( ~~IN ARRAY •SOUTH S[Al LOAD CELL TJ[ ~KIPS 

TIE BAS[ FORCE MAIN ARRAY •BASt PAD • 1 NOhTH END •KIPS 

TIE RASE FO~CE MAJN AIIRA~ •BASE PAD • 2 •KIPS 

Tit BAS£ FORC[ MAIN AftRAY •BASt P~O • S •KIP! 

Tl£ BAS£ FORCE MAIN ARRAY •BA~£ PAO • - •KIPS 
TJ£ BAS( FOR(£ M&JN ARRAY •RASE PAD • S •KIPS 
TIE BAS£ F(IR([ IIAIN ARRAV •BAS[ PAO • 6 •KJPS 

TIE BASE FoRCE MAIN ARRAY ·BAS[ PAD • 1 •KIPS 
TIE BAS[ fOR([ MAIN AftAAY •BA>E PAD • I •KIPS 
TIE BAS£ FORCE IIAIN ARRaY •BAS[ PAD • 9 •KIPS 

fiE BASE FoRCE IIAIN AIIRAT •BA5£ PAD •10 SOUTH E~ •KIPS 

.liL SEAT FORt[ RAIN ARRAY •RORTM SEAl LDAD CELl. Tit •KIPS 

R&!L S[AT FOI!CE IIAJN ARRlT •S0°JTH ~tAl lOAO CFLL Tit •KIPS.. -- • 

TSRCH 

\6101 
16102 
16105 
1610 .. 
1610!> 
16106 
Uo1D7 
16108 
16109 
JloltO 
Uo1U 
\6112 
16113 
16tn 
16\1!> 
161Ho 
16118 
1611'1 
16l23 
Uo125 
\6126 
1612\ 
1U09 
1'201 
16211 
16212 
16213 
u2n 
\6215 
16216 
16217 
16215 
162" 
\6127 
16128 
1612~ 
1r.uo 
16131 
l6\3l' 
"161U 
1613\ 
1'13!1 
161116 
1&137 
161311. 
16221 
162211 

R[OUC£0 RAil. OAYA 

1111!:£1. -Ell 
1 2 ~ .. s . 6 'I' • • 11 11 ,. 

-2'1•. 5-an.o .• a-9.3·200. 3·207, s-219. •·t9R. o-t-• ... -u~.a-2tS.a·t•s. s-2as.e 

37,2 .5'7,2 s ... , !53 .. ~ !t.z ••·" !3.5; 7•f,S ~~.2 116,6 ss.• 51,1 

312,2 2118, .. 3'02,9 286,5 211.6 260.~ 21-.~ :t26,0 202,'1' 2•6.'J 272,6 2'1'0,2 

·26~.S·260, •• 2~!>.1•2~8.1·22ft.••226.t·2S1.2·~10.1·219.2·223.a-23~.2·21~.2 

-l,,s -s6.~ •ttt.t ·57.1 .,o.2 -•3·• -s2.s -~,.s -s~.a .se.a ·'•·• -•l.tt 
!02,9 2•1.2 29~,5 2~5.6 2"'·3 256,J 253,9 198 0 0 202,'1' 26!>,6 263,2 2••·• 

·25'·'·237,3-2S,,5·2o•.2-t9~.3-21l,A-2t5,7-t~7.•-tsa.o.ao
2,7-2tJ.~·2••·• 

·'•·• -53,9 •"'2."5 -sa.A ... .,., -:r.t.7 ... s.t -t•·• -2s.1 •• s.t -s,.~ -s6,6 
2!>7,!> 230.9 253,- 23!>,8 185,9 20•,3 22•.• lfti,O 159,. 200,2 221.7 222,1 

n.o 1,0 o.o o.a o.a e.a e,o o.e •·• e.e e,t o.o 
o.o o.o o,o o.o o.e •·• o.o e,o o.o o.e •·• o.e 
o.o o,e o.o e.o a.o •·• o.o o.e o.o o.e o.o o.o 

•181 ,5-190,'1-177 ,O•t72.6-t'J5.1•201,·'lo-llt, 5-U 5, t-203 ,9-UIIo2•1~7.2•2111,ot 

o.a 0,1 o.o a,o o.o o.e o.• o.o o.o o.o •·• 1.1 

o,o ·o,o o.o a.o o.o e.a e,e o.o o.o a.e e,o •·• · 
~7.~ q],G 47.~ 33,9 ~0.7 •3,3 tt7,5 -7,5 ~5.2 •Gal ~O,l ~S,2 

o,o o,o o,o o,o e.o o,e o.o o.a o.o o.o o.o o.e 
o.o o,o o,o o.o a.o o.o o.o o.o o.o o,o o.o e.o 
o.a o.o o.o o.o o,o e.o o.o o.o o,o o.o t.o o.o 
o,o o.o o.a o,o o.e e.a o,o o.o a.o o.o •·• o,o 
e.o i,o o,o o.o o,a o.o o.o o.o o.o o,o o,e o.o 
o,o o.o o.o o.o o.e o.o o.o o.o o.o a.o o.o o.o 
o,o o,o o.o o,Q o.o a.o o,e o,o o.o o.a o.e o.o 
o,, o,s o,5 o.s e.s o.~ o,5 a,s o.5 o.s '·' o,s 
1,0 0,0 O,C 0,0 o,o G,l D,O Dal O,D 0,1 1,1 O,t 

o.• o.o o,o o.o o.o •·• o,o o,o o.o o.e •·• •·• 
~.• '·' -.1 s,o s.t s.a s.o s., '·' 6,1 ~.o ~., 

e.o o,e o,o o.o n.o o.o o.e o,o e,o •·• •·• e,o 
o,o o.e e.o o,o e.e o.e o.o o,o a.o ••• •·• o.e 
8,7 '·' e.5 '·' to.o tt.o a.7 '·• 12.7 to.s ,,s ~.• 
-.1 5,3 ••• ·-~ ~.l 7,7 •• , 7,1 &,1 ,,, '·' l,J 

2,1 2,2 2,1 2.1 2.• '·• 2.1 i,9 2,a 2.1 a.a a., 
n,o o,o o.o o,o o.e o.o o,o o,o o,o •·• •·• •·• 
6,9 1.~ '·' 1.1 7,7 •·• 1,2 e.s 1.~ •·- 1~• •.t 
o,o o.o o,o o.o o.e o.o o.e o.o a.o o.e •·• o,a 
o.o o.o a.o o.o a.o o,n o.o e.e o.o a.o •·• e.o 
a.• 2.6 2.a a.• a.T 3.2 2.• 2.9 a.s z.• a.J 5.1 
o,o o.o o,a o.o- •·• e.a o,o o.o e.o o,o •·• e.o 
o,5 o,, a., o,5 o.• o.a o.• o,,. '•' o.J e.5 o,a 
e,, o.~ •·• o... o,5 t.6 o.• o.s o,, •·• •·• •·• 
o.1 o.2 e.t o.t a.2 •·~ o.1 o.a 1.2 1.2 t.t 1.1 
2.1 2,. 2,8 2,9 3ol 3,1 f.J !,8 J.2 Jel !,a S,O 

t.. le6 l•' t.6 t.6 1.9 le2 t.l 1.2 1,1 t.• leS 

- t,q 1.& t.l 1.6 '·' 1,7 t.2 '·' 2.1 ·1.7 '·' 1.1 

a,o o,o e.o o.o ·~• •·• o.a o~• •·• •·• •·• •·• 
'·& 7.3 1,3 £,& 7.• 8,7 s.a a,, 7,5 '·' &.6 •·• 

5,1 '·' ~.1 ~-' 5.1 '·2 ,.. 5.1 '·' '·' ,.. 5.6 
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'TABLE Cl7 TEST DATA FOR TEST 1 ON SECTION 8 

~AIL STRAIN AT MAIN ~~RAT •AV Tit •NORTH UPPER GAG[ •MILLI~THS 
RAIL STRAIN AT M&fN £RRAT •AT Tit •NORTH MID GAG[ •MILLIO~THS 
RAI~ STRAIN AT MAIN A~RAT •AT Tit •NORTH LO~ER lAC[ -~ILLIDNTHS 
RAIL STRAIN AT MAJN ARRAY •AT Tit •SOUTH UPPER GAl[ oMILLID~THS 

' RAIL STRAIN AT MAIN ARRAY •AT TIE •SOUTH MID GAG[ -~ILLIO~THS 
IIAIL STRAIN AT IIAIN ARRAY •AT TIE •SOUTH LOWER GAG[ •MILLfOIITHS 
RAIL STRAIN AT MAIN ARRAY •B[TW££N TIES UPPER GAGE ·MILLID~lHS 
lUlL STRAIN AT M&JII AIIRAY •BETwEEN HCS MID GAGE ·MILLI014THS 
RAIL STRAIN AT MAIN ARftAT •B[TWECN VIES lDJER GA&t •MILLIO~THS 
"AIL SUAIN AT lOG Fl EAST-BETWEEN TIES UPPER GAGE •"ILLIO~THS 
RAIL SJIIAIII AT 110 FT [ASl•8EfwE£N TIES 1110 GAG[ oMILLIO'ITHS 
RAIL STRAIN AT 110 FT EASf•BEfWE£11 TIES LDWr.R GAGE ·MILLIO~THS 
fit STRAIN AT IIAJII ARRAY •NO.AAIL StAT UPPER GAGE •MILLID'ITH$ 
Tit !lRAill ~T !IIAJN ARIIAY •IIO.RAIL SCAT MID GAGE •Ml~LIOtiTHS 

Tit STRAIN AT MAIN ARRAJ -tiO.'IIIL SCAT LOWI:R GIG£ oii1LLI014THS 
Tit STRAIN AT MAIN ARRAY ·MID LC~GTH UPP[R GaG( ·MILLIONTHS 
Tit STRAIN At MAIN IRRAT •MIO LCNGTH LOWCR GAG[ ·MILLIOIITHS 
fit STR.UN AT 100 FT [AST•NO,RliL ~(AT UPPER GAG[ •MILLIO~THS 

Tl£ STRAIN AT 1DO Fl [AST-NO,RAIL S£~T MID GAG[ •MILLIO~THS 

Tit STRAIN AT 100 FT [AST•IIO.IUIL SCAT LOW£R GAG£ •MILLIONTHS 
TJt STIIAIN AT 100 Fl UST·MlD LCNGTH UPP£11 GAG[ •llllL,LlONTttS 
TIC STRAIN AT 1tl fT tAST.MfO LCNGTH LOWER GAG[ oMILLI~THS 

D£fl.CCTION AT 11&111 ARRAY •NOIITH ElfO Of TNST TIC •I..CHCS 
OtFLtCTIOM AT MAIN ARRAY •RAIL MlOSPAII RCTW[[N TltS•INCHtS 
INT[RFAC!: ITA[$$ NAJN ARRAY -~oRAIL S[AT OF IJCST Tl[ •PSI 
INT[RFAC[ STRESS MAIN ARRAT •MID LEII&TH OF I145T TIC 
IIIT[RFAC£ STRESS 14&111 4RRAY .so.R&IL StAT OF INST Tl[ 
INTCRFAC[ StilUS MAIN ARRAY .ND.IIAfL ShT OF LD.\D TIC 
INT£RFACC STRUS NAJII AIIIIAY ·MID LrNGlH OF L;Oao TIC 

JNJ[RFAC[ ··STAtSS MUN ARRAY •SO; RAIL SCAT OF LOAD TIE 
I'IT[I!FACt STRESS MAIN ARRU •NORTH RAIL 1lttwr.£N TitS 

IN1tRFAC[ STRESS MAIN ARRAY •MID CRI~ RtTwttN 11£1 
IN1£RFAC£ STRESS MAIN ARIIAT •SOUTH RAIL IETMEEN TIEt 
RAIL StAT FORCE MAIN ARRAy •NO~TH SEAT LOAO CELL TIE 
RAIL StAT FORCE MAIN ARRAY •SOUT" Stal LOAD tELL TIE 
TIE 8~SE FQR(t MAJN ARRAY •BAS[ PAO • 1 NORTH [110 

TIE BAS[ FORCE MAIN ARRAY •BASE PAD • 2 

, TIC BASE FoRCE IIAIN loRRAY ·BASt PAD • 5 
TIE BASt F0Rt[ MAt~ AR~£l •BA~E PAD • \ 
Tit RASE FORCE MAl" ARRAY •BASE PAO • 5 
TIE BASt FllRCE. MAIN ARRAY •BAS[ PAD • 6 
TIE BASt FoRCE MAIN ARRAY •BASt PAD • 1 
Tit RASE FOIICE MAJ'I ARRAY •BA~E PAD • 8 
TIC ftAS[ FoRCE MAIN ARRAT •BASE PAD • , 
liE BASE FORCE MAJN ARRAY •lASE PAD •10 SOUTH END 

•I'll 
•PSI 
•PSI 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
·KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•II II'S 
•KIPS 

TSRCH 

18101 
Ul02 
11103 
1810-
UlO!I 
18186 
15101 
111108 
UlD'J 
Ullft 
11111 
UIU 
181U 
11111-
Ull!l 
Ull6 
111118 
Ull' 
UlU 
\lUll 
1812-ro 
11112\ 
111209 
UllD 
111211 
18212 
U2U 
1112n 
182\t 
18216 

. 18217 
111211 
18219 
Ul21 
UIU 
UU9 
18550. 
18551 
18332 
1835! 
18354 
11133~ 
1U56 
liU7 
\lUI 

REDUCED RAIL DATA 

Wllf:tL NUIIIIER 
l I 5 ' S 6 7· I ' 11 11 tl 

•167.&-t65.s-ts••'•l,s.a-t•~.o-t97.s-1S9.3·ttt.&-to2.7·133.6
•t•s.a-sz•-• 

•s.o n.a ,, •• "·' !1~.3 s•.• &3,1 4~.7 s?.o 74.1 •s.t s1.1 
'''·' taa.2 ID<J,, te2.5 ,, •• , 1111.1 l!la.a 137.6 ts •• l 177.6 ,, •• , s~.s 

-2••·'·225.4-225,,-215.~·22~···19,,7·218,?•t&~.·-191.!•2l
8·1-21 •• 2-2t8.1 

65•' 5•·• ,,,o Tt.o •A·' ••·• &4,5 &,.. ••·s ''·~ •a.t ••·• 
2•1,1 1••.1 249.1 2••.1 22~.0 22s.A 25•.2 ~2•,3 211,, 22s.a z••·• z•z,, 

-2oe.t-t97.3-tt5.7-t77.t-t6•.D-t7e.s-lsa.t-t1S.5-15l.t-t&
t.6•l'~·l·1•'·7 

s~., 5,,, sa.• -1.~ •s.t •5·• ,,,, ••·2 !2., ''·' 11.• ''·' 
zo•.7 202.5 205.!1 1•1.1 17t.a 112.7 '''·' 1&1.o t63,a 11!1.1 '''·I t7t.• 
•177,0·1'£•5·167,7•153.7•16-,2·13~,A·l~1,,•117,6·119,9•t29,J

•I•••••tSI•• 

••.2 ~&., •t.1 .s.• .,,7 55,, .,,, ''·' ~o.o ''·' _,,, ,,., 
la&,l 111.3 te~.s 172~9 11a.s '''·' 163.3 132.1 1•1.7 165.7 '''·' 165,7 
•26~.t-~7-.,.27•,S·252.t•27 •• S•313.1·23!1,3·2S7,7•26&.t•2tl.9•2l2.,_252.l 

lt7.~ tts.a toT.s tol.S 113.2 113.~ 7t.a •n.s \Dl.t 101.5 te~5 1•·• 

371,, •05.6 3•9,0 365.1 372.6 115.9 325,9 330.1 312.0 -10.3 381ol 331ol 

98.5 tts.a 115,2 12-.~ t2•.s 12,.5 •s.a 56.6 79.2 .o.s 56.6 67,9 

o,e o.o e.o o.o o.o o.n o,o o.D o.o o.o lol e.e 
e.o o,o o,o o,o e.o o,u o,o o,o o,o o,o Ool •·• 

1•.1 12.7 1~.7 11.1 1,.7 1•.7 1~.7 12.7 1!1.7 12.7 19.7 t•.l 
t•.5 7a., 73.2 67.& 95.. ••.5 7•.5 76.5 75.. 76,s 7'·' 11., 

&,0 0.1 G,O 0,0 OeO O,a 0,0 0.0 O,Q O,e 0 0 0 1,1 

-•o.t .31,1 -39,1 ,.-,a.o -S:!S.9 ·!3,ct •!2,9 •32.9 _,,,, -s•.9--2•o6 -a:••' 
0,2 0,1 o.2 0.2 o.2 o.a o.2 o,a o.a o,a Oo2 a.a 
o.1 o.t o.t 1.1 o.t o.t t,t o.t o.t o.t Ool o,& 
o,e o.e a.o o.o a.o e,o e.o o,o o.e o.e •G• '·' 
e,o .o.e a,o o.o a.o c,n o,o e.o o.o o,o oG• o,t 
e,o o,e o.o o.o ft,o e.o e,o o.e o.o o.o •·• •·• 
o,t e.o e.o o.o o~o e,o o.e o.a o.o o.o a.e •·• 
•·• o,o o.o o,o o.e o,o o.o o~o o.o t,o o,e •·• 
•• 9 !.3 '·' '·~ !.7 ~.. ~-· 4.5 ,,5 '·J '·' •.• 
a,o o,a e,e o,, o,e o.o o.o o,o o,o o,e •·• o.o 
o.o o,o o.o o.e o.e e.o o.o o,o o,o o.o o.o •·• 
a.a '·' e.7 o.4 '•' t,t o.• t.o t.o 1,1 •·• '·' 
•·' •·• '·' a,9 to,e 10,7 A,t e,a •·! to.o J.a a,a 

-·• ~.2 -·' '·- s.• '·' 6.S 6,2 '·2 '·' ,,a 1.s 
o,o o.o ·o.o o.a t,o o,o o.o o.o a.e o.o •~• •·• 
t.fl 1,, 1.4 ... 1,5 1.4 t.!l t,a \,2 le! l.IJ 1.2 t.J 

a.o 1,0 o.o o,o a.o o.n o.o o.o 0,1. o.o o,e •·• 
o.9 t.o 1.0 o., 1.0 1,1 o.a I.e t.o 1.1 o,a 1,1 

o.l o.e e,Y o.~ a.T •·• 1,1 o,? '·' o.a •·• •·• 
o., 0,1 o., '·' e.s &,A o.• o.• '·' •·• e.s •·• 
s.! 1,• t.s 1.• t.3 1.~ t.s r.~ '·' 1.6 1.1 t.s 
1.1 t.a t.a t.9 1.1 z.o l.t 2.1 z.o a.z '·' a.z 

1.7 t.. '·' t.o. 1·7 2.1 ••• 2.1 z.o lal a.. 2.2 

•·• •·• •·• o.o o.o o,o o.e o.o o.o •·• ••• •·• 

.. 
- , __ -........... ___.:..,~---·~ ............... 
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TABLE Cl8 TEST DATA FOR TEST 2 ON SECTION 8 

~AIL ST~AIN AT MAIN ARRAY •AT TIC •NORTH UP~tR 6A8t •MILLIONTHS 
~AIL STRAIN AT, IIAIN ARIIAT •AT TIC •NORTH 1110 SAG[ .... "ILLlONTHS 
IIAIL STRAIN AT IIAIN ARRAY •AT Tit '•NORTH LOll[~ SAGE _.ILL IONTHS 
RAIL STRAIN AT IIAIN AftiiAT •AT ,TIC •SOUTH UPPtR GAG£ •IIILLJO~THS 
RAIL STRAIN AT IIAIN ARRAY •AT Tit •SOUTH 1110 GAGC •IIJLliO~THS 
RAIL STRAIN AT MAfOO ARRAY •AT Tit •SOUTH LnWtR GAG[ •N•ILLIO'fTHS 
RAIL STRAIN AT IIAIN ARRAY •BCTWCCN TIES UPPCR GAGE •MILLIONTHS 
IIAIL STRAIN AT •UN ARRAY •BCTWCt'f TICS II.ID GAG[ •IIILLIONTttS 
UIL STRAIN AT IOAII• ARRAY •B£TWCCit TICS LD~ER GAG[ •OOILLIOIITitS 
qAIL STRAIN AT 100 fT CAST•BCTwEEN TIES UPPER GAG[ ·MILLIO~THS 
RAil STRAIN AT 100 FT EASY•BETwEEN TIES "'ID GAG[" "•NILLIO~THS 
tUIL STRAIN AT 100 FT EAST·B£TWE£11 TIES LnWER GAGC •MILLIO•ITIIS 
f!C STRAIN AT MAIII ARRAY •NQ,RAIL S[Ai UPPER 6AGC •NILLIO~THS 
Tl£ STRUN AT MAIN ARRAY •NO,UII. SCAT >liD GAGC •NIL!.IONTuS 
VIE STRAIN AT MAIN ARRAY •NO,qAIL SCAT LOWCII G4GC ·IIILLIOtnuS 
TIE STRAIN AT NAIN ARRAY· ·MIO LCNSTH UPPER GAG£ •OIILLIOIHttS 
Tit STRAIN ~~ MAllo! ARRAY •11!0 LENGTII LO~£R GAC.( •IIIII.LIOIITHS 
Tit STRAIN AI lGO FT [AST•NO,RAIL SEAT UPP£R GftGt •MILLIONTHS 
fl[ STRAIN Al lDO FT [AST·NO,RAIL S[Af 1110 GAG[ ·IIIILLIONTHS 
TIE STRAI~ AT laO FT [AST•NOoA&IL SEAT LOWER GAG[ •MILLIONTHS 
11£ STUIN AT 100 FT EAST·"lD Li:NGYII UPPER GAGE oNILLIO'lfllS 
TIE STRAIN AT 100 FT EASf.NID LCNGTit LOWER GAGE oNILLIONIH$ 
DEF~ECT!ON AT MAIN ARRAY •NORTH I:ND OF !NST TIE •INCHCS 
DEflECTION AT MAIN ARRAY •AAIL ~IOSPAN AETWttN T!ES•INCH£S 
INTERFACE STR£53 MAIN ARRAV •NO,RAIL S[AT OF INST Tit •PSI 
!NY(RFAC[ STRESS MAIN ARRAT •"10 LENGTH OF l~ST TiE 
INTERFACE STRESS Mal" ARRAY -SO,A41L SEAT nF INST TIC 
I"TtRFACt STRESS NAIM ARRAY oNO,RAIL SEAT OF LOAD 71£ 
I~TERFAC£ STRESS MAIN ARRAY ·MID L£NG7H OF LOAD TIC 
I~TERFACE STRESS MaiN ARRAY ·SO,RAIL StAT OF LOAD TIE 
l~T[~FAcE STRESS MAIN ARRAY •NORTH RAIL "DETWr.EN TI[S 
INTERFACE STRESS MAIN ARRAY •MID CRIO ACTWf[N TitS 
INTERFACE STRESS MAl" ARRAY •SOUTH RAIL 9£TWEE~ TIES 
lUlL SCAT FORCE IOAJN ARRAY •HORTU SEAT lOAD CELL Tit 
RAIL SEAl FCAC( ~AIN ARRAY •SOUTH SEAT lOAD CtLL TIE 
TIE BASE· FORC[ IIAlN ARRAY •BASE PAD • I !fORTH END 
TIE OASC FOliC[ MAl~ ARRAY •BlS[ PAD • 2 
Tit BAS( FORet ~AIN ARRAT •BASt PAD • 5 
TIC DASC FORCE N~N ARRAY ·BA1( PAO • ' 
Tit RA~E FOftC[ MAIN ARRAY •BA~E PAD • 5 
TIE BASE F~RC[ IIAJN ARRAY •BAS( PAD • 6 
JIE BAS[ FORCE IIAIN ARRAY ·B~St PAD • 1 
TIC BAS( FORt[ ~A·IIil AIIRAY •BAS[ PAD • 8 
TIE AASt FQRCC IUIN ARRAY •BAS£ ~AD • ' 
Tl£ BASE r~RC[ IIAIN ARRAY •BASE PAD •10 SOUTH E~D 

•PSI 
•PSI 
•PSI 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
·KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
•KIPS 
<II IPS 
•KIPS 

TSIICH 

UlOl 
11102 
uu:s 
UIOtJ 
2110!1 
28106 
28107 
281011 
2~109 
28110 
211111 
28112 
2~113 
28lltJ 
28115 
28116 
26110 
28119 
2UU 
28125 
28126 
2812tJ 
zezo"J 
28210 
282U 
28212 
28215 
zun 
211215 
28216 
28217 
211215 
28219 
28127 
281211 
2832'f 
2UJO 
2U31 
28332 
283U 
2855~ 
211335" 
28H6 
28331 
aena 

ACDUC£0 RAIL DATA 

IIHE[L NIJKIItll 
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TABLE C22 TEST DATA FOR TEST 2 ·oN SECTION 9 

REOUC£0 RAl~ DATA 

TSRCH 1111££~ NU118CR 
1 I I "' s ' J I , •• u 12 

IIAII. SYRAJII AV IIAIN ARft•Y •AT TIE •IIORTH UPPER 5A6t •MILLIO*THS 29211 o,o o.o ••• ••• o,o 0,11 o.o o.o o.o ••• lol ••• 
IIAJL STIIAIN AT .MAJN ARIIU •AT Tit •NOIUH IUO SA lOt •M.ILL IONTHS 2'1202 ·o.o .o.e o,e ••• o.o o.o o.o o.o o.o o.o 1,1 ••• UIL" STRAIN AT PAIII ARRAY •AT Tit •NORTH LOWER GAIO[ .•MILLIONTHS 29205 o.o o,o o,o o,o o.o o,o o.e o.o o,o •• 1 e,l lol 
UIL STIIUN AT MAIIII ARIIAY •AT Tl[ •SOUTH UPPER SAG£ •MILLIOIITHS 2920. •90•1 -a••T ••A•• •74.1 •'G.I ·69 •• ·61.1 --7.6 •''•1 •• ~.1 •6t •• •SI•I 
lUlL !i:TUiN AT llliN ARUY •AT Tit •SOUTH MID G.lGC •IIILI.IO~THS 29205 1,0 • o.o o.o o,o o.o o,n o.o o.o o.o o.o 11,1 ••• 
RAIL STRAIN U MAJN ARRAY •AT TJ[ •SOUTH LBw[ll GAG[ •MILLIONTHS 29206 1~2.8 153,6 1~··· 1'18,7 ·~.6 132,1 13'1,6 SJ,a 103,2 ''·1 10'1,1 121 •• 
!tAIL SfRAIN AT MAJN ARRAY •IETWE[N TitS UPPER GAG£ •MILLIO~THS 2'1207 •ll'1,0•112,9·1ft•,0•170,0•t'l'l,'l·l60,7·16'1,2•117o6•121o1•1'13o6•168,9•t'I6,J 
'IAIL STRAIN AT ~AJN ARRAY •BtTw£[11 TitS 1110 GAGE •IIILLIO~THS 29208 -••.2 ... o.7 -••·' -sa.• .,.,., -s•·• -3a.• ·29.t -3o.z .u,, -n.J -2s.s 
lUlL STRAIN AT MAIN ARRAT •BtTVtEN TIES LO~ER GAGE •MILLIONTHS 2920! 163,1 166,~ 172.~ l~t.• 1'1~.7 t66,5 163,1 137,'1 125.8 1,0,7 170,1 165.1 
~41L STRAIN AT tOO FT [AST•BETW£(~ TIES UPPER GAG[ -~ILLIO'ITHS 29210 -1a2. '•189. a-tao. 5·157 .2•1'17. •-tao, "1•133.' ·'97 .a-too .1•.15'1·'··uo.•-t3S.t 
~AlL STRAIN AT 100 FT [AST,•BtrwttN TICS ~10 GAGE •MILLlO~THS 29211 o.o 0,0 o,o o,o 0,0 o,o o.o o.o o.o ••• o.e • •• 
IIAIL STRAHl AT tDO FT £AST·B£TW[[N TIES LBWCR GAGE •NlLLIO'fTitS 29212 0,1 o.u o,o o.o o.o . o.o o.o o.o o.o o.o ·0.0 •• 1 
VIC STRAIN AT MAIN ARRAY •IIO,AAIL StAT UPPER GAGE •MI~LIO~THS 27215 •l'I0,9•130,3ol03,0•131,7•16•,6·171,A•16'1.~·17o,,.l70,8•169.8•165.G•l66oJ 

TIE STRAIN AT PAJII ARRAY •NO,UIL SEAT MID GAG[ •MILLIONTHS 2921'1 25,1 2'1,2 25,5 15.8 51,6 51,6 29,2 57,7 n.t 23 .• 5 29.2 27.9 
fl[ STRAIN AT IIAIIII ARRAY •NO,IIAIL SCAT LOWER GAG( ·•ULLIOIITIIS 2'1213 20"·' 22'1,1 22•.1 t7a.~ 23•.3 z••.o 227,5 ?•5.6 252,• 221.5 zs •• s Z26,s. 
TIE STRAIN AT· IIAI" ARRAY ·MIO LCNG TH UPP[R GAG[ •MILLIONTHS 292U 185,3 200 •. 3 113,3 112,0 18'.3 201,1 na.a 116.5 no,! ta3.3 186,7 taJ,t 
Tit STRAIN AT MAIN AllllAY •KID LENGTH LOWER GAGE •"ILLIOIIJHS 2Ul7 o,o 0,0 o.o o.o a,o o,a o.o o.o o.o o.o e. I ••• 
TIE STRAIN AT 100 FT EAST•NO,RAIL StaT UPPER GaGE •IIILI.IOIITHS zuta o.o o.o o.o o.o o,o o.o e.o o.o· o.o o •• ••• • •• 
Tit STRAIN AT 100 F1 £AST•NO,IIAIL StAT MIO GAG[ •MILLIO~THS 29222 a,o o.o '·' o.o o,o 1,0 o,e D,O o.o o.t ••• ••• 

I TIE STIIAIN AT lei FT CAST•I.O,RAIL S[Af l.f!NEII GAGE •MII.LIDNTIIS 29225 10,1 15.~ u.s u •• u .. , u ••• u.s l2.tt 1 •• , llol !2 •• IS, I 

() TIE STRAIN u 100 FT t&ST•IIID LCNSTH UPPER GAG[ •MILLIONTHS 29220 o,e o.o o.e o.o o.o o.o o.o o.o o.o o.o ••• ••• 
fit STRAIN AT 100 FV (ASloiiiO LEtjGTH LOWER G&GC •N1LLIO"THS 29225 -z~A.7•2ta.•·226.5•2lD,!i·ZOl,•·tB&,7.za2.6•tll.1•182.2·t67o5•212.1•tll.l 

~ DEFLECTION AT MAIN ARRAY •IIORTH ENO OF INST TIC •INCHES z·nu 0,1 o,z 0,2 0.2 0,2 0,, 0,2 0.2 o.z .o.2 1.2 e.a 
W. DtFL£CJION AT MAIN ARRAY ·IIIIIL MIDSPAN JI[TwttN TICS•IIICHtS 2912'1 0,2 o • .:t 0.2 o.a o.2 '·' 8,2 o.:z 0,2 o.:z •• 2 •• 2 
I I"TEMFAC[ SYR[SS MAIN AHAAY •NO,ftAIL S[Al GF INST TIE •PSI 2911'1 o.o Dol o.o o.o n.a ••• o.o o.o o.o o.o ••• ••• 

l"l[RFAC[ STRESS MAIN AIIRAY •MIO L[IIGTH or I~Sl TIE ann 0,0 o,o o,o o.o o.n o.o o.o o.o o.o o.o o,t ••• 
I"TEPFACt STRESS N&!N ARRAY oSO,RA~ SEAT nF INST TIE 29U6 0,1 a.a a.e o,o o.o o,o o.o o.o o.o Ool ••• • •• 
IIITERFACE STRESS MAIII ARRAY .tlO,UIL SEAT 01' I.OAO Tl[ 29117 ••• o.-o o.o o.o o,o o.o o.o o.o o.o loO ••• ••• 
I~TCRF&CE STRESS M&lll ARRAY •NIO LCIIIOTH OF LDAO TU: nua o,t o.o ••• Dol o.o 1,0 o.o o.o o.o o.o ••• • •• 
IIIIT(PfaCt STRESS MaiN &~RAY oSO,RAIL StAT 0¥ LOAD TIE 29119 0,1 o.o o.o ••• o.o ••• 0,1 o.o o,o o.o ••• ••• 
l~f(RfAC[ STRESS MAIN ARRAY •NORTH· RAil ~(TWEEN T![S •PSI 29120 Q,O 0~0 a.o o.o 0.0' o,o 0,0 o.o o,o o.o ••• ••• 
INTERFACE STRESS MAIN ARRAY •MID CAll RETII£EN TICS •PSI 29121 ti,D o.o o,o 0,0 o,o o.o 0,0 o.o o.o o.o ••• ••• 
INTERFACE STRESS MAIN ARRKT oSO~TH RAIL ~lll£[~ TIES •PSI 29122 a,o o,.o o,o o.o o.o e.o 0,0 o.o o,o e.o ••• ••• 
IIUL StAT FORCE ~AI~ ARRAY •HDRTH SEAT LOAD CELL TIE •KIPS 2U27 "·' '·G 9,! '·' u.z u •• 10o7. 12.1 u.• l0o6 u.2 12.J 
IIAIL SUT FOliC£ MAIN AIIAAY •SOUTH SEAT lOAD C[LL TIE •MIPS 2'1121 a.t 1.6 ••• • •• a.,. u.s 7,2 7,9 '·7 10.9 7,5 '·' TIE BAS[ FOR([ ~~UK ARRAY •IAS.C PAD •· 1 NO"l'H £NO •Ml'S 29129 2.0 2.·1 2.1 2.1 a.• 2.!\ 2.6 2.5 a.!i a •• z.s 2.7 
UIE BAS[ roRcr -~IN ARIIAY oBASE ~AD • 2 •KIPS 29UO 2.5 2.7 2.1 Zo6 l.t 2.7 3,1 3•1 3 •• 5,5 :s.t 5.1 
liE BAS£ FORCE MAIN aRRAT •lASt P&q o 5 •KIPS 29131' 2,9 3,1 J.l s.o 5.6 :s •• 1,3 • •• 3o!i 3,3 :s.s 5.7 
Tit BASE FOliC[ MAl" ARRAT •DA,[ PAD • 'I •KI~S 29132 a.o 1 .••. '•' o ... t.l 1,5 t.l 1 •• loS t.:s 1.2 t.s 
TIE BASE FORt[ ~AIN ARRAT •BaSE PAD • 5 •KIPS 29133 e.o o,o o.a 0,1 o.e ••• 1.0 8.o o.o o.o ••• . .. , 
TIE BAS[ FORCE. MAJN ARRAY •BAS[ PAO • 6 •KIPS nu• t.s lo,6 t.5 '·' lo9 2,7 1.5 .. , z.z 2.1 1.6 a.•. 
Tit OAS[ roRC£ MA·I H ARRAY •liAS£ PAO • J •II II'S 29U!l t.9 1·' r.e lo9 2.1 2.1 ••• 2.a z.z 2.5 1.9 2,J, 
Tl£ RJS£ roRC£ MAtH ARRAT •BAS£ PAD·• I •KIPS 29U6 ,,5 2o41 2.5 z.• 2.6 2,'1 2,8 2.3 z.a ll,z 2.1 a.1 
TIE BAS£ FORt[ MAIN ARRAY •RASE PAO • 9 •KIPS 29137 2,3 ,,, z.t 2.2 ·2.2 2,,. 1.a 2.8 2,3· z.t 1.7 z.t 
Tit BAS£ FOliC.£ MAIN ARRAT •BASt PAD •10 SOUTH END •KIPS 29131 ·o.o o.o o,o D,O o.o o.• o.o o.o o.o o,o ••• • ••• 
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TABLE C23 TEST DATA FOR TEST 3 ON SECTION 9 

REDUCED ~al~ DaTa 
I 

'fSR£H WHEE~ NUMRCR 

l 2 s ' ·s ~ 7 8 , 10 \1 12 u ~~ lS ~~ 17 tl 

11~1~ STRAIN AT MAIN aRRAY •AT Tit •NORTH UI"PER GA&t •MI~L lOIITHS 3'J1Dl ·l·t ~. -s·-t 'lft, o.7o,.,z_ t •J. !i· '""*•2-t89,~t .. t91. o-u·•·2-19::S. s-111. 0•1"6• l•t"o.s o.o o.o ••• ••• o.o o.o 

lUI~ STIIAIII AT MAIII ARRAY •.A'f TIE •NOIITH MIO GaGE ·"l~LIONTtjS 1'J102 .,~.o -~s.~ -3~., -lo.4 -2~.5 -2A., -2&.1 -7'·• -21.3 -2a.~ •29.7 -21.s o.o o,o ••• • •• o.o o.o 

lUI~ STRAIN ot MAIN AR~AT •AT Ttt •NORTH ~OWER GAGE ·•l~liOIITHS ~9103 123.7 221.1 21~.n 22•~~ 2t•.~ 21q.t ~tt.o 201.a 21~.' 2o9.9 221.2 211·0 o.o 0,,0 o.o o.o o.o o.o 

RAI~ STRAIN AT NAJII ARRAY ~AT Tit •SOUTH UPP[R GAGE •NJ.l~IQ:O<THS 391o• -tls.o-tsq.t-t~q.t-t~3.o-t~q.l•ll&
.t-t&t,~-t~7.6·t'e·~·l•0·7·159,l•t

•7.& o.o o.o '·' o.o o.o o.o 

RAIL STRAIN AT MAIN ARRAY •AT TIE ·SOUTH "'iD GAG£ oMl~LIO'IJHS . 5'1105 22.• '"·" tt.tt,e 33.6 ..... a 22 ... !)0,11 3!.6 .19.2 ..... & ..... a ..... a o.o 0,0 o,o o.o o.o o.o 

~AlL STRAIN AT M~IN ARRAY •AT Jl[ •S.OUTH LOwER GaGE -~ILLIOIHH5. 39106 22A.q 211.2 tqq.ft t~q.~ 211.2 211.n 211,0 2q~,5 2l~.t 211.0 222,1 211,0 o,o 0,0 o.a o.o o.o. o.o 

~AIL STRAIN AT MAIN ARRAY •BETWEEN TIES UPPER GAG[ •Mli.LIO~TH$ 3')107 -2t~.o-20ft.~-~t5,t-2o2.7-2ot.~-t~J.
2-t9~.l-t73,5-t93,3•te•.a-t91.l·t77•

0 o.o o,o e.o o.o o.o o.o 

RAIL STRAIN AT I'AIN ARRAT •BETWEEN TIES MID GAGE •t<lLLIONTHS !9108 n.o 0,0 o.o o.o o.o o,n n,o o.o o.o o.o o.o o,o o.o o,o 0,0 o.o Q,O o.o 

RAIL STRAIN AT ~~tW AARAT •BET~[[N·TICS LOo£~ GAG[ oMllllOrf-T!IS 39109 220,3 23A,A 21\,8 2~2.J 2l0o1 2~5,6 227,1 217,6 238,8 228•3 2•6,9 239,9 o.o o.o o.o o.o o.o o.o 

~All STRAIN AT 100 fl CASl•BETWEEN TIES UPPER GAG[ .uJLLlO~·THS 59110 -t39,8-t36.£-135,9-15~.~-t2•·6-1
35,t-t2h.9-t1~.3-130.~-123.q·l~~

.~-113.0 o.o o.o o.o o.o o.o o.o 

~AIL STRAIN AT 100 FT EAST•BtT~(EN TIES "10 GAGE .NILL!O~THS 39iH n,o 0,0 o.o o.o o.o o.n o.o o.o o.o o.o- o.o o.o 0,0 o,o 0,0 o.o o.e o.o 

RAIL STRAIN AT lDO fl EAST•BETwE£11 TIES LOwER &AG[ •Mli.LlO'll>tS 3'>112 173,5 t71,2 1~1,1 157,2 ~~~,1 ll9,q 157,2 13~,6 159,6 171•2 lftO.~ 1~7,9 o.o 0,0 0,0 •• o o.o c.o 

TIC STRAIN .AT "AIN ARRAY •IIQ,~·AIL S(H UPPER· GAGE •MILLIO•ITH$ 3911! •161,1•175.••1•7,1•152o6•12•o5•16
•,1•1•1.~·155,fto130,1•1~1o5•1•1•

~·152o8 o,o 0,0 o.o o.o o.o o.o 

Tit StRAIN AT !lAiN ARRAY •NO,IUII. SEAT MID GAGE ·MILLIOIHHS 3911~ 21.~ 23,7 25.7 2 ... q \3,5 2D.3 15,8 1',7 1£,9 l5o8 20.3 t'.9 o.o o.o c.o o.o o,o o.o 

Tl[ STRAIN AT IIAlN ARRAY •NO,qAIL S(A·T LOWER GoGt •l<ILLlON.THS 3'1115 10<t.9 t16.~ 1aft,3 tt6.~ q~.6 lt3.t tot.& 100.2 106.7 109.~ 1oa.3 toe.! 0,0 o.o o.o 0,0 o.a o.o 

liE STRAIN AT MAJ" ARRAY •MID LtiiGTH U~P(R GAGE •M llll OIITH$ 39116 71!,1 87.1 80.3 81t.9 70,1 81,5 75,8 58,2 78.1 &0.3 89ell 83.7 0,0 0,0 o.e o.e e.o o,o 

TIE STitAIN AT MAl~ ARRAY •KIO l[NGIH ~OWER GiG( •MII.L!DIITHS H\17 o.o o,o o,o o.o o,o o, n o.o o.o o.o o.o o.o o.o o,o o,o 0,0 o.o G,O o.o 

I 
Tit S~Rd .. AT 100 FT EAST•NO,RA1L SEAT UPP£R GAGE •MILL IONTHS nua •21~,0·215.0·203,7•215.~-~~~.0·22~

.•·21~.0·1~2.~·2D3.7•215o0•215o0•2
03,7 o,o 0,0 0,0 o.o 0,0 o.o 

Tit STRAIII AT 100 FT [lST•NO,UlL S(U 1110 GAGE •MILLl.OilTHS 391t9 89,8 88,7 8~ •• 89.8 ~R,7 ''·~ 82,1 81,0 88.7 a7o& 100,, B~•3 o.o 8,0 o.o o.o o.o c.o 

(1 TIE STRA I~ AT 100 FT CAST•NO,RAIL S[Ai LOWER GAGE •MILUOIITHS S9120 o,a o.o o.o o,o O,q 0,8 o.o o,o o.o ·o.a o.o o.o 0,0 0,0 o,o 0,0 o.o o.o 

N TIE STRAIN AT 100 FT tAST-HtD L(NCTH UPPER GAG£ -~tLL!OtHI<S 3n21 o,o o.o o.o o.o o.o o,n n,o o,o o.o a.o o.o 0,0 0,0 0,0 D,O o,o a.o o.a 

~ 
T1E STRAIN AT 100 F7 EASi·MIO LCNGlH lOWER GAG( •MILLIONTHS 39122 o.o o.o o.o a.o 0,0 o,o n,o o.o o.o o.c o.o 0,0 0,0 o,o o.o o.o o.o o.o 

I D£fl£CTION AT MAIN ARRAY •NOOTH END OF 1NS7 7!E •INCHES 3nog o.o o.o o.o o.o o,o o.o o.o o.o o.o o.o o.o o.o o,o o,o 0,0 o.o o.o o.o 

OEFLECi!ON lT MUll ARRAY •OAIL ~IOSPAN RETWHIJ TlES•IIlCHC$ S'l210 0,0 o.o o.o c,o n,n o.n 0,0 o.o o.o o.o o,o 0,0 o.o 0,0 a,a o.o o.o o.o 

lNIEitFAC[ SiR(SS MAIH ARRAY •NQ,RAIL StAT Of INST T!E •PSI 39211 u.o u.s 13.! 12,3 13,7 u .• 11.7 13.7 1&.7 ~~.o 11.5 t•.o 11,0 12,7 1~.2 10.9 12.& 12,9 

INTERfACE STRESS MAIN ARRAY ·MID Lr.NGlH OF l'lST TIE 59212 1",0 l6o2 16.0 ~~. 3 1~.7 16,5 15,1 16.0 20,0 17.1 10.1 l!L,7 15 •• 16,0 18,\ 1~.6 16,5 16.7 

J1jT£RFACC STME:SS M~JN ARRAY -SO,Rl!L SEAT OF l>lSf TIE 39213 23,5 26.9 2£.0 22.6 26.,9 26.7 2F-,0 25.2 29,7 27•& 25,0 27.0 25,5 26.1 28,3 2411,8 26,, 26,9 

!NltRFACE S!llESS MAIN ARRAT -llO,RllL S{AT OF' LOAD TIE: 3921• 11\," 20.ft 21,9 1"'.14 21,6 2!,'9 tA,iO 22.7 2«1 ... 2"·· 17,6 23,3 U,, 21,1 23.7 16,2 2:o,e 21,5 

l'lT£RFACE STR[SS MAIN ARRAY •MID ~FNGTH OF LOAD TIE snt5 18,2 19.5 1'1.8 18,1 l"t,7 u ... 1~.~ 19,7 . 20.3 20·0 17.9 19.7 19,8 1,,8 20o3 18.7 1'1,8 19,8 

INTERFACE SiRES~ MaiN AKRAT •SO.RAIL SEAT OF LOAD TIE 39216 2~.2 28.1 2ft.1 21,A 2~.5 2& ... ze.o 2ft,O 31.3 32.2 20 •• 26,8 2£,3 2151,0 30,5 27.1 29.6 28,9 

l~T[RFA(E STRESS MAIN ARP.AT •NORTH RAIL B(lW[(N ll[S •PSI 3'1217 13.6 16,2 1~.6 1 .. ,7 16,8 16.~ 15,9 1&,8 19,9 18;3 15,0 17,7 13,3 1!•o9 17.~ , ... 2 u;.o 1£,6 

INTERfACE STRESS MAJII ~RRAY •MID CRI6 Ri:TW££N TIES •PSI 59218 o.o o.o o.o o.o 0,0 o.o o.o o.o o.o o.o o.o 0,0 0,0 o.o o,o o.o o.o 0,0 

INTERFACE STRESS MAIN ARRAY ·SOuTH RAIL 9[TW££1j TIES •PSI 3921! 12,0 1•.6 1• ol 10.6 14,2 13,'1 13.1 U,2 16,$ t!a.l u,a u.a 12,2 13,9 1 .... 12,0 1~.1 1•.1 

RAIL StAT FORCC ~AIN ARRAY •NO~TH SEAT 1.0&0 CELL TIE •KIPS 39127 10,7 13.2 u.o 1•~ 2 '1,& 13.~ 10,4 11.5 11.2 12·1 11,5 12,$ o.o o.o o.o o.o o.o a,o 

RAIL SE•T FORCE ~AIN ARRAY ·S-OUTH SEAl LOAD C(l.l. TIE •KIPS I 39128 9,8 11 •• .... 10,9 U,l 16,7 10,2 11.9 u.o Uol 8,7 12,0 0,0 o,o t,o 0,1 ••• o.o 

fiE !lASE FORCt ~AlN ARRAY •BASE PAD • 1 NORTit [ND •KIPS 5912,. 2 ... s.o a.• 2,'1 2,3 2,'1 ~.- 2.6 2 •• 2.5 2,7 2,9 o.o o.o o,o o.o o.o o,o 

TIE BASE FORCE MliN ARRAY •BAS[ PAD • 2 •K·IPS . 39150 1,7 ~.2 1, 7 2,2 1,6 2,! 1,7 2,0 loft 1.9 1,9 2.2 o,o D,O 0,0 1,0 0,0 o.a 

Ttt BASC FORCE: MAIN ARRAY •BASC PAD • 3 •KIPS 391!1 o.o o.o o,o 0,0 o.o o.o o,o o.o o.o o.o o.o o.o o.o o,o 0,0 o.o o.a o,o 

TIE BASE FORti: MAIN ARRAY •BASE PAO • 4 •KIPS 39132 2.0 2 ... 2,0 2,'t 1. a 2,. 1,9 2,1 2.1 2.1 2,0 2,3 o.o 11,0 0,0 o.o 0,0 a.o 

TIE OASE FORCE MAJII ARRAT •BASE PAD • 5 •KIPS 39Ul 0,8 1.\ 0,9 1,1 o,8 1,1 0,9 1,0 o., 1o0 o.a 1,0 0,0 0,0 e.o •• o o.o o.o 

TIE BASE FORCE MAIII ARRAY •BASt PAD • 6 •KIPS 391!~ 1.1 1 •• 1.1 1,3 \,1 1.3 1.2 1.! 1.2 loll 0,9 1, .. o.o o,o o,o o.o o.o o.o 

TIE BASE FORCE MAIN ARRAY •BASt PAO u 7 •KIPS 3913!> 1.8 2.1 1.7 . 2.0 lo8 2.n t.e 2.1 z,o 2•1 1.6 2o2 o.o o,o o.o o.o o,o . o.o 

fiE liAS[ fORCE •AJN ARRAY ·BASE PAD • a •KIPS 3'1136 2,8 .s.s 2,6 3,2 3,0· 3.2 5.1 3,5 3,! 3,5 2,5 3,7 o.o o.o o,c o.o o.e o.o 

Tit ~AS£ FORCE IIAIN ARRAY •BASt PAD • 9 •KIP$ )9137 1,9 2 •. 1 1,'t 2,2 2,1 2,2 2,2 2.6 2.3 2.~ 1,8 2.~ o.o o.o o.o o,o o,o o,o 

HE BASE FORCC MAIN ARRAY •BASt: PAD •10 SOUYH triO •KIPS 3'tl58 l,!i 1.7 1.6 1, 7 1.7 1,7 1.6 2.0 loB 1,8 1,6 1,a o,o o,o o.o o.o o.o o.o 

1\AIL S( AT FORCE MAIN ARRAY •NO~TH SEAT LOAD C£LL TIE ·KIPS 59227 10,5 12.2 12,6 11.2 12,5 12.~ 10.3 12.~ 13,7 1'·1 9,6 12,5 '·' 11.2 12,7 ,,6 11,1 u.a 

lUlL S[AT FORCE: MAIN ARRAY •SOUTH StAT lDAO CELL TIE •KIPS .19224 11,2 13 • ., u.s 10.0 to.2 13,6 13,6 13.3 15.3 16.6 '·' 12.3 U,3. 13,9 111,5 11.6 1 ••• 15.7 

TIE liAS£ FORt£ MAIN ARRAT •BASE PAO • 1 ·NORTH EIIO •KIPS 39229 '·' 2,7 . 2. 7 2,6 2,& 2.7 2 ... 2.'1 3,0 !,3 2,6 3,0 2.• 3,11 !,~ 2 ... 2,6 2,, 

TIC BASt FORCE MAIN ARRAT -B&'I£ PAD • 2 -~IPS 59230 1,8 2.0 2,0 1.9 ?.2 z.o 1. 7 2,3 2 ... 2,7 2 ... 2.9 1,7 2.0 2.2 1.~ 2,0 1,9 

Tl£ BASE fORCt MAIN ARRAY •BAS[ PAD • 3 •KIPS 39231 o.o 0,0 0,0 o.o o.o n,o o.o o.o o.o o,o o,o 0,0 o,o o,o 0,0 o.o 0,0 0,0 

TIC BASE foRt£ MAIN ARRAY •BASE PAD • ' •KIPS 39232 2,0 2.2 2,3 ..... lo3 z.s 1.9 2.• 2 ... 2.~ 1,8 2,3 1,9 2.1 z.• 1.9 2.2 z.z 

TIE BASE FnRCt •AIN ARRAY ·BAS£ PAD • !i •KIPS 39235 0,, 1,0 1.1 · e.a ,,o 1,1 o,8 1.0 1.1 1.3 o,, 1.1 0,6 1.0 1,\ o.a 1,0 lol 

TIE BASE fORCE MAIN ARRAY .6ASE PAD • 6 .KIPS 3923q 1,2 1 •• 1 •• 1.1 1 ... 1 •• 1.2 1.3 1.5 1.7 1,3 1.3 1.2 1 •• 1,s 1.2 ,, .. loll 

TIE BAS( FoRCE MAIN ARRAY •BAS[ PAO • 7 •Kil'S 3923~ 1,7 2.0 2,0 lo!i 2ol z.o 1.9 1.9 2.2 z., 1 ... 1.8 1,8 z.o z.t 1.7 2.1 2.0 

TIE DASE FoHC[ ~AIN ARHAT •BaSE PaD • 8 •KIPS 59236 2,7 3,'.1 s.s 2 ... 5,6 3.5 3,3 3.3 3.7 3,8 2,0 2,9 5.0 3,5 3.7 2.1 !.7 , .. 
Ttt BASE foRC£ MA)N ARRAY •BASE PAD • , .•KIPS 5nn 2,0 2.~ 2,3 1 .. 6 2·" 2 ... '·" 2.'1· 2,6 3o1 1,6 2.2 2,1 2 ... 2.5 1,, 2.~ 2o4 

TIC I:IAS[ fORCt MAIN ARRAy ·B•SC PAD ·10 SOUTH END ·KIPS 39238 5,6 •.o '3,'1 3 •• 3,9 4,0 ~.1 •• D ~.2 •• 6 5,7 ~.o 3,8 •• o '·' 3,1 •• 1 ••• 

TRAIN DATA oWH(tL LOAD FOR T.RAIN NUM~ER -t .KIPS 32,97 32,,l 32,6' 32,66 32,80 32,RO 32.'12 52,92 31,1• 33,1~ 5~,36 51,56 

TRAIN DATA ·~HtEL LOAD FO~ TRaiN IIUI<BER 2 •KIPS 32,80 12,110 32,eo n.n u.o .. 33,o~ 32,eo 32;eo 32,1!>0 33,1' n.o~ 33,n 32,80 32, 80 sz.eo "·'" H,o .. u .... 
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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-l, and 
7. In addition, Table Dl lists details of engines monitored 
during the tests. 

Concrete deflection data are listed in Table D2 to 06. Rail 
deflection data are listed in Tables D7 to D9. Soil pressure 
data are listed in Tables DlO to 014. Rail stress data are 
listed in Tables Dl5 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 

Date Test Test Engine No. of Engine Wheel 
Section Run No. Axles Weight, lb Load, lb 

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 
Coefficient of Variation 0.8% 
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.TABLE D2 - BEAM DEfLECTIONS, SECTION 4 

r Deflection, in. 1 
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 

West 2 - - 0.036 -
East 2 - - 0.052 0.054 

Average 2 - - 0.044 0.054 

Average 1 & 2 - - 0.043 0.056 

At Middistance 
Between Joints 1 - - 0.070 0.075 

2 - - 0.700 0.072 

Average 1 & 2 - - 0.070 0.074 
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TABLE D3 - BEAM DEFLECTIONS, SECTION 4-1 

r Deflection, in. 

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

Creep 30 mph 30 mph 50 mph 

At West 1 0.059 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 -.. 

Average 2 0.056 0.047 0.103 0.139 

Average 1 & 2 0.055 0.046 0.104 0.138 

At Midd istance 
Between Joints 1 0.036 0.028 0.067 0.098 

2 0.033 0. 02 9 0.062 0.092 

Average 1 & 2 0.035 0. 02 9 0.065 0.095 
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TABLE D4 - SLAB DEFLECTIONS, SECTION 5 

De flection, 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 

East 2 o. 024 o. 021 0.067 0.061 

Average 2 0. 028 0.024 0.063 0.059 

Average 1 & 2 0.026 0.023 0.068 0.059 

At Midd istance 
Between Joints 1 0.020 0.014 0.060 0.045 

2 - - 0.047 0.034 

Average 1 & 2 o. 020 o. 020 0.054 0.040 
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TABLE D5 - SLAB DEFLECTIONS, SECTION 5-1 

-- ---- -- -- ; -... -0P f 1 Pl'"! f- i nn i n 

'· 

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 1 & 2 - - 0.036 0.038 

At Middistance 
Between Joints 1 - - o. 028 0.037 

2 - - 0.034 0.038 

Average 1 & 2 - - 0.031 0.038 

-D6-



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 o. 052 0.123 0.174 

Average 1 & 2 0.044 0.049 0.127 0.181 

At Midd istance 
Between Joints 1 o. 02 9 0.029 0.130 0.162 

2 0.033 0.035 0.114 0.171 

Average 1 & 2 0.031 0.032 0.122 0.167 

-D7-



TABLE D7 - RAIL DEFLECTIONS, SECTION 4 

I 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 o. 024 
c 
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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 o. oto 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 

-D9-



TABLE D9 - RAIL DEFLECTIONS, SECTION 7 

r Deflection, in. I 
Run 10/28/74 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 

-DlO-



TABLE DlO - 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 1 & 2 - - 5.6 12.6 

At Mid- 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 

South Rail 2 - t - 34.9 6.9 
' 

Average 2 
,; 

Average 1 & 2 - - 23.0 12.8 

-Dll-



TABLE Dll - SOIL PRESSURES, SECTION 4 

Pressure, psi ~ 
:ij.un 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 .o 7.5 

Average 1 
I 

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 1 & 2 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 2s4 1.5 5.7 16.8 

Between Average 1 

Joints 
North Rail 2 3.9 2.7 17.3 9.9 

•. 

South Rail 2 2.1 1.5 8.0 18.1 

Average 2 

' 
Average 1 & 2 3.2 2.0 10.8 13.8 

-012-



TABLE Dl2 - SOIL PRESSURES, SECTION 5 

,, 

Pressure, psi -

Ruri 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 1 & 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 
North Rail 2 10.3 9.5 - -
South Rail 2 2.8 2.2 8.3 -

Average 2 

Average 1 & 2 9.5 8.2 10.9 -

-013-



TABLE 013 - SOIL PRESSURES, SECTION 5-l 

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 - - 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 Dl4 - 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 

i' At North Rail 1 0.8 - 17.6 7.6 

Joint South Rail 1 .1.1 1.3 20.8 9.0 
' 

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 10.2 

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 

-015-



TABLE DlS - RAIL STRESS AT FASTENER, SECTION 4 

Strain Gage Rail Location on Location Rail Side 
Cross Section 

Top(-) North Field 
North Gage 
South, Gage 
South Field 

Average 

' 
Middle<-> North Field 

North Gage 
' 

South Gage 
South Field 

Average 

Bottom ( +) North Field 
North Gage 
South Gage 
Scuth Field 

Average 

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

-Dl6-

Stress, psi 

10/28/74 12/10/74 

Creep 30 mph 30 mph 
.. 

8,342 8,996 7,320 
6,667 6,841 7,320 
3,633 3,508 6,177 
4,426 4,695 8, 542 

5,767 6, 010 7,340 

1, 324 2, 021 -
1,364 1,031 1,661 
1,2 90 645 1,676 

- - -

1,326 1,232 1,669 

6,330 9,146 7,410 
5,419 7,044 7,226 
3,637 4 ,,052 6, 770 
4,091 4,246 6,331 

4,869 5,372 6,934 

4/11/75 

50 mph 

-
3,235 
3,761 
4,480 

3,825 

1,346 
-
-
-

1,346 

2,252 
2,222 

-
-

2,237 



TABLE 016 - RAIL STRESS AT FASTENER, SECTION 5 

Stress, psi Strain Gage Rail Location on Location Rail Side 10/28/74 12/10/74 Cross Section 
Creep 30 mph 30 mph 

Top(-) North Fielq 
North \, ' 

Gage 
South Gage 
South Field 

Average 

Middle(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom<+) North Field 
North Gage 
South Gage 
South Field 

Average 

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

I 

-017-

9;040 7,040 -
8, 572 8,313 -
9,200 10,053 6,438 
7,307 6,672 3, 828 

8,530 8,020 5,133 

2,355 2,771 -
1,410 1,234 -
2,040 2,578 1,218 - - -

1,935 2,194 1,218 

6,388 7,036 3,074 
8,096 7,452 3,335 
6,990 7,028 4,176 
7,360 7,517 4,031 

7,209 7,259 3,654 

4/11/75 

50 mph 

5,152 
5,231 
3,992 
5,217 

4,898 

936 
763 

1,038 
-

912 

4,370 
4,758 
5,257 
4,079 

4,616 



TABLE Dl7 - RAIL STRESS AT FASTENER, SECTION 5-l 

Strain Gage Rail Location on Location Rail Side 
C·ros·s Section 

Top(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Middle (-) North Field 
I North Gage 

South Gage 
South Field 

Average 

Bottom ( +) North Field 
North Gage .. 

\ South Gage 
South Field 

Average 

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

-Dl8~ 

Stress, psi 

10/28/74 12/10/74 

Creep 30 mph 30 mph 

- - -
- - -. 
- - 5,257 
- - 5,650 

- - 5,454 

- - -- - 765 
- - 1,479 
- - -

; 

- - 1,122 

- - -
- - -
- - 4,266 
- - 6,264 

- - 5,265 

4/11/75 

50 mph 

4,067 
2,880 

-
3,128 

3,358 

-
704 
-
-

704 

3,413 
1, 772 
5,675 

I 4,162 

3,756 



TABLE Dl8 - RAIL STRESS AT FASTENER, SECTION 7 

Strain Gage Rail Location oh Location Rail Side 
Cross Section 

Top(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Middle(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom(+) North Field 
North Gage 
South Gage 
South Field 

Average 

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

-Dl9-

Stress, psi 

10/2 8/7 4 12/10/74 

Creep 30 mph 30 mph, 

8,309 9,206 -
- 4,584 5,182 

9,851 12 '456 5,714 
7,917 7' 472 6,576 

8' 692 8,430 5,824 

2,139 2,956 2,327 
1,142 1,001 1,257 
2,061 2,006 -
1, 761 1,078 -

1,776 1,760 1,792 

9,010 9,932 4,898 
4,864 4,634 4,774 
8,053 8,471 5,505 
7,851 8, 832 5,561 

7,445 7,967 5,185 

4/11/75 

50 mph 

4,976 
5,011 
3,827 -
4,605 

1,544 
1,600 

759 
841 

1,186 

-
5,528 

-
4,711 

5,120 



TABLE Dl9 - RAIL STRESS BETWEEN FASTENER, SECTION 4 

Strain Gage Rail Location on Location Rail Side 
Cross Section 

Top(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Middle(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom ( +) North Field 
North Gage 
South Gage 
South Field 

Average 

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

-D20-

Stress, psi 

10/28/74 12/10/74 

Creep 30 mph 30 mph 

6,680 6,036 -
5,568 4' 416 -
8,832 7,210 5,992 
6,114 4,824 5' 432 

6,799 s·, 634 5' 712 

1,405 1,192 1,380 
2,019 1,136 1,818 
1, 927' \ - 1,406 
1, 529 1,476 1,212 

1,720 1,268 1,454 

6,798 4,218 4,873 
4,623 5,106 -
5,511 4,946 4,993 
5,031 4,304 4,911 

5,491 4,644 4,926 
I 

4/11/75 

50 mph 

-
3,696 
3,605 
3,593 

3,698 

822 
1,063 

824 
-

903 

3' 028 
3,660 
5,419 
3,886 

3,998 



TABLE D20 - RAIL STRESS BETWEEN FASTENER, SECTION 5 

Strain Gage Rail Location on Location Rail Side 
Cross Section 

Top(-) North Field 
North .Gage 
South Gage 
South Field 

Average 

Middle(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom<+) North Field 
North Gage 
South Gage 
south Field 

Average 

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

-D21-

Stress, psi 

10/28/74 12/10/74 
1 

Cree-p 30 mph 30 mph 

6,140 - 3,654 
5,692 5,888 -
8,057 6,818 7,482 
7, 377' 6, 442 3,973 

6,817 6,383 5,036 

1,909 1,137 1,392 
1,258 1,285 1,508 
2, 425 1,582 1,392 
1, 325 1, 016 812 

1, 729 1,255 1,276 

5,770 5,770 4,582 
4, 328 - -
4, 728 3,767 4,147 

- - -

4, 942 4,769 4,365 

4/11/75 

. 50 mph 

3,062 
3,637 
4,106 
2,998 

3,451 

1,204 
823 
726 
721 

871 

-
-

4,694 
3,741 

4,218 



TABLE D21 - RAIL STRESS BETWEEN FASTENER/ SECTION 5-l 

Stress, psi 
Strain Gage Rail Location on Location Rail Side 10/28/74 12/10/74 

Cross Section 
Creep 30 mph 30 mph 

Top(-) North Field 
~orth Gage 
South Gage 
South Field 

Average 
'. 

Middle(-) North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom ( +) North Field 
North Gage 
South Gage 
South Field 

Average 

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

.. l,.-c 

-D22-

- - 3,651 
- - 4,727 
- - 6,206 
- - 7,250 

- . - 5,459 .. 

- - 1,843 - - -- - 1,160 
- - 1,450 

- - 1,484 

- - -
- - -- - 5, 626 
- . - 5,800 

- - 5,713 

4/11/75 

50 mph 

3,238 
2,579 
5,578 
4,156 

3,888 

981 
505 
822 
-

769 

3,533 
4,005 
5,888 
4,703 

4, 532 



TABLE D22 - RAIL STRESS BETWEEN FASTENER, SECTION 7 

Strain Gage Rail Location on Location Rail Side 
Cross Section 

y 

Top<-> North Field 
North Gage 
South Gage 
South Field 

Average 

Middle<-> North Field 
North Gage 
South Gage 
South Field 

Average 

Bottom(+) North Field 
North Gage 
south Gage 
South Field 

Average 

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

Stress, psi 

10/28/74 12/10/74 

Creep 30 mph 30 mph 

6,006 4,332 6,351 
6,423 5,701 -
8,327 9,265 6,757 

- - 5,191 

6,919 6,433 6,100 

2 '12 9 1,597 1,363 
1, 932 1,812 1,653 
2,019 - 1,102 
1,659 - 1,537 

1,935 1,705 1,489 

6,936 61721 -
4,762 4,493 -
5' 625 4,881 5,684 
6,431 5,933 5,887 

5,939 5,507 5,786 

-D23-

1 
4/11/75 

50 mph· 

-
4,084 

-
3,395 

3,740 

1,'151 
1,038 

-
-

1,095 

--
-
-

-



TABLE D23 - REBAR STRESS, SECTION 4 

.__raln .wage 
Location Location on Rail 
in Track Cross Location 

Section 

At Top(-) North 
Joint North 

South 
South 

Average 

Bottom(+) North 
North 
South 
South 

Average 

At Mid- Top(-) North 
distance North 
Between South 
Joints South 

Average 

Bottom(+) North 
North 
South 
South 

Average 

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

Rail 
Side 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

-D24-

Stress, psi -

10/28/74 12/10/74 

Creep 30 mph 30 mph 

- - 7,764 - - -
1,664 1,572 3,241 

-· - -

1,664 1,572 5,503 

- - -- - -
2,815 3,132 3,719 
3,395 3,424 3,674 

3,105 3,278 3,697 

345 431 464 - - 667 
837 1,162 -
880 862 -

687 818 566 

' 

306 424 203 
448 312 203 
131 493 221 
300 584 295 

296 453 231 

4/11/75 

50 mph 

2,713 
-

7,103 
8,197 

6,004 

-
-

2,944 
2,313 

21629 

491 
570 

2, 975 
1,550 

1,397 

253 
426 
576 
590 

461 



TABLE 024 - REBAR STRESS, SECTION 5 

.... ,;:..r ..... 1 ... -!:lirtO 
"''""'~,.. 

Location Location on Rail 
in Track Cross Location 

Section 

At Top<-> .North 
Joint North 

South 
South 

Average 

Bottom(+) North 
North 
South 
South 

Average 

At Mid- Top<-> North 
distance North 
Between South 
Joints South 

Average 

Bottom(+) North 
North 
South 
South 

Average 

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

Rail 
Side 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

-025-

Stress, psi 
-

10/28/74 12/10/7 4 

Creep 30 mph 30 mph 

448 285 1,161 
401 385 21312 
301 435 1,349 
- - -,. 

383 368 1,627 

2,008 1,790 1,252 
- - 1,2 94 

2,037 1,576 1,067 
2,055 1,855 1,409 

2,033 1,740 1,256 

633 - -
712 361 -
392 272 563 
417 433 -

539 389 563 

190 317 -
266 205 -
552 418 385 
372 434 445 

345 344 415 

4/11/75 

50 mph 

-
-
- ., -

-

-
2,067 
1,091 
1,345 

1,501 

-
-
463 
262 

363 

---
-

-



TABLE 025 - REBAR STRESS, SECTION 5-l 

r 
L6cation 
in Track 

At 
Joint 

At Mid­
distance 
Between 
Joints 

~l:ra1n uage 
Location on 

Cross 
Section 

Top(-) 

Bottom<+) 

Top(-) 

Bottom<+) 

Rail Rail 
Location Side 

North 
North 
South 
South 

Average 

North 
North 
South 
South 

Average 

North 
North 
South 
South 

Average 

North 
North 
South 
South 

Average 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

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

-026-

Stress, osi 

10/28/74 

Creep 30 mph 

12/10/74 

30 mph 

464 

408 

436 

174 
87 

174 
232 

167 

601 
310 
203 
203 

329 

116 
87 

58 

87 

4/11/75 

50 mph 

204 
269 

237 

234 

356 
374 

321 

282 
420 
325 
153 

295 

193 
62 
86 

114 



·TABLE 02'6 - REBAA STRESS, SECTION 7 

Strain Gage 
Location Location on Rail 
in Track Cross Location 

Section 

At Top(-) North 
Joint North 

: South 
South 

' 
" Average 

Bottom(+) North 
North 
South 
South 

Average 

At Mid- Top<-> North 
distance North 
Between South 
Joints South 

Average 

Bottom(+) North 
North 
South 
South 

Average 

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

Rail 
Side 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

Field 
Gage 
Gage 
Field 

-027-

...,. ___ ....,...,I 
1:'.., .... 

10/2,8/74 12/10/74 

Creep 30 mph 30 mph 

1,091 1,091 841 
992 1,537 667 
736 - 812 
- - -

940 1,314 773 

1,857 2,116 2,233 
1,322 1,860 -
2,137 2,273 2,929 
2,799 2,609 3,190 

2, 029 2,215 2,784 

694 645 1,653 
724 724 1,392 

1,148 1,349 783 
- - 725 

855 906 1,138 

378 441 1,566 
414 468 1,624 

1,061 1, 424 667 
1,036 1,2 82 783 

722 904 1,160 

4/11/75 

50 mph 

6,864 
2,361 
21582 

-

3,936 

6,695 
-

2,643 
1,610 

3,649 

2,411 
1,975 
3,340 
3,182 

21727 

1,605 
1,764 
2 '727 
2,965 

2,265 



TABLE D27 - CONCRETE STRESS, SECTION 4 

C!.a.. ..... - -- ·-- .. ~1...&..<:::00, J::IO..L 

Strain Gage Location Rail 
in Track Location Location 10/28/74 12/10/74 

on Slab 

At Top(-) North 
Joint South 

Average 

Bottom ( +) North 
South 
Average 

At Mid- Top(-) North 
distance South 
Between Average 
Joints 

Middle(+) North 
South 
Average 

Bottom(+) North 
South 
Average 

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

Creep 

36 
102 

69 

-
--

85 
140 
113 

--
-

-
-
-

-D28-

30 mph 30 mph 

- 20 
- 96 
- 58 

- 24 
- -
- 24 

106 32 
47 32 
77 32 

-' -
- 48 
- 48 

- 116 
- 404 
- 260 

'~. 

4/11/75 

50 mph 

-
-
-

-
-
-

29 
101 

65 

-
65 
65 

-
149 
149 



TABLE 028 - CONCRETE STRESS, SECTION 5 

Location Strain Gage Rail 
in Track Location Location on Slab 

At Top<-> North 
Joint South 

Average 

Bottom<+> North 
South 
Average 

-~ .. .._ '-. "· .. -~ ------·· •.. - ___ .., ____ ---· --~~--~--.,--.... -- --·. -. ----· . -" .. 

At Mid- Top(-) North 
distance South 
Between Average 
Joints 

Middle(+) North 
South 
Average 

Bottom(+) North 
South 
Average 

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

Stress, psi 

10/28/74 12/10/74 

Creep \ 30 mph 30 mph 

89 63 56 
75 - 69 
82 63 63 

57 86 59 
72 82 77 
65 84 68 

.-- ~-- '. -~ ------~- ~---"'·-- -·--- --- . ---- ............ '. ~--.-- ---

26 21 -
44 23 -
35 22 -

- - -
28 18 -
28 18 -

58 59 -
74 76 -
66 68 -

-029-

4/11/75 

50 mph 

-
50 
50 

' -
36 
36 

... -- ---. - --

-
-
-

--
-

-
--



TABLE D29 - CONCRETE STRESS, SECTION 5-l 

Loc'ati'on Strain Gage Rail 
in Track Location Location on Slab . 

At Top(-) North 
Joint South 

Average 

Bottom(+) North 
South 
Average 

1\t Mid- Top(-) North 
distance South 
Between Average 
Joints 

Middle(+) North 
South 
Ave~age 

' 
; 

Bottom ( +) North 
South 

' 
Average 

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

10/28/74 

Creep 30 

-
-
-

---

-
-
-

-- . .. . 

-

---

-D30-

Stress, psi ··-

12/10/74 

mph' 30 mph 

- 56 
- 52 
- 54 

•' 

- 40 
- -
- 40 

- 20 
- -
- 20 

- 32 
- -
- 32 

- -
- 44 
- 44 

4/11/75 

50 mph 

40 
24 
32 

57 
109 

83 

-
-
-

-
-
-

-
-
-



TABLE 030 - CONCRETE STRESS, SECTION 7 

.' 
Stress, psi 

Strain Gage o,.;, Location Location "'"'""' .. -'"' 10/28/74 12/10/74 
in Track Location on Slab 

At Top(-) North 
Joint South 

Average 

Bottom(+) North 
South 
Average 

At Mid- Top(-) .. North 
distance South 
Betwe·en Average 
Joints 

' Middle(+) North 
South 
Average 

Bottom(+) North 
South 
Average 

(-} Stresses are Compress~on 
. (+) Stresses a-re· Terision 

Creep 

-
--

-
-
-

86 
101 

94 

76 
58 
67 

146 
240 
193 

-031-

30 mph 30 mph 

- -
- -
- -

- -
- -
- -

100 236 
65 -
83 236 

61 68 
68 -
65 68 

I ! 

.157 56 
257 -
207 56 

4/ll/75 

50 mph 

-
-
-

--
-

289 
-

289 

70 
-
70 

230 
-

230 





APPENDIX· E 
ACCELEROMETER DATA REDUCTION PROCEDURE 

Data obtained from the accelerometers attached to the rails 
and ties The tapes and a com-
patible tape recorder were forwarded to ENSCO, Inc. for data 
reduction. The approach and procedure .used for accelerometer 
data reduc·tion 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 

I was suggested. The analog approach uses a Ubiquitous Spectrum 
Analyzer. 

Data and Data Reduction Procedure 
The data to be processed consisted of recorded time his­

tories from high frequency 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 14-channel tape recorder at a speed of 
30 inches 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 tap~ recorder. 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 systel,ll is, :shown in flow chart form in Figure 

El. 

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 { 
0
·;

9 
(VrmsxSF) 

2
} - Spectrum Gain Setting 

where 

vrms 
SF 

= processing bandwidth 

= 
full scale input setting 

scale factor (g's/volt) 

The full scale PSD level measured in db is relative to 

lg2rms/Hz. A data reduction sheet was generated for each power 

spectral density. All important parameters, including the sen­

sitivity of the accelerometer and the various, setting of the 

Ubiquitous Spectrum Analyzer' were. recorded 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 El - ARRANGEMENT OF DATA ON TAPE 

FOOTAGE FOR DATA 
COUNTER DESCRIPTION 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 II 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 

2330 "Section .... Run 3, April 24, 1975" 11 ..)' 

2648 "Section 2, Run 3, Delayed To 
April 25, 1975" 12 

2886 "Section 1, Run 3, April 25, 1975, 
5 P.M." 13 
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TABLE E2 - CHANNEL SCALE FACTORS 

r~~lihr~t-inn n/unlt-1· 
----------.. •1 '::::;1 • ---

Tape January April 
Channel Item Test Test 

1 North 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 

Ana lysis Range: Hz 

Number of Spectra: 

Averagin~ Method: 

Instantaneous Spectrum Gain: ______________________________________ __ DB 

Input Amplitude: Vrms Full Scale 

Beta (Nominal Bandwidth): 

Full Scale Spectrum Level = 

10 Log 10 { ¥ (V rms * SF) 2
} - Spectrum Gain 

10 Log 10 {0·:9 } + 20 Log 10 (Vrms> + 20 Log 10 (SF) -Spectrum Gain 

FIGURE E2 - SAMPLE DATA REDUCTION FORM 
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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. 

2. Position tape at beginning of section of interest. 
3. Start tape recorder. 
4. Observe oscilloscope for onset of signal. 
5. Start Spectrum Analyzer. 
6. Complete data sheet. 
7. Plot data. 

Results 
Over 150 PSD curves were generated from the combination of 

12 tests and the nine accelerometers per test. The format of 
2 . the curves is PSD level in db (relative to lg rms/Hz) versu~ 

linear frequency. The full scale range for the PSD is calcu­
lated for each curve and rounded to the nearest whole number 
and recorded on each curve. The Speqtr~m 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 ins.trumentation functioned properly. Most of 

the problems encountered 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 Fl 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. 

Electrical 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 Fl - INSTRUMENTATION COMPONENTS 

SENSOR BOX A BOX B BOX C 

Shannon & Wilson Embankment 

Multiple Extensometer Junction Box· A and Z* -
Single Extensometer II II A and Z* -
Horizontal Extensometer II II Attenuate -
Pressure Cell II II A and Z* -

Tie Track Instruments 

Rail Strain Bridge Complete - -
Tie Strain II II - -
Load Ce 11 Tie Junction Cable - -
Deflection - - -
Interface Pressure Junction Box - -
Accelerometer Charge Amp. - Power Supply 

Beam and Slab Track Instruments 

Rail Strain Junction Box - Bridge Com. 
Structure Strain II II II II -
Rail Pressure Sensor - - -
Deflection - - -
Interface Pressure Junction Box - -

- ··- ·- - - --- ----- ------ ·-

*A is Attenuation and Z is zero balancing. 

RECORDER 

I 
i 

Oscillograph 
II 

" 
II 

" 
II 

" 
II 

II 

TapE~ Recorder 

Oscillograph 
II 

II 

II 

" 



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 Amplifier, 
Oscillographic Recorders were installed in the instrument van. 
Recordings were made with heated stylii on plastic coated paper. 
A width of 50 rnrn 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 twenty-six channels were Sanborn 
67A-500B. 

Carrier Type Amplifiers were required to permit monitoring 
I of the embankment Linear Variable Differential 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 
ground resistance paths on all of the sensors. This was not 
always possible in wet weather. 
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If Carrier 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 

tq Amphenol MS3106A-14S-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 LVDT's 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 fo~ permanent dis­

placement of the LVDT's from their electrical zero 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 compensate for the actual offset 

of each LVDT. The procedure consisted of a sequence of adjust-

ments to the two potentiometers to produce a minimum 

between A and C. A 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 

moving the LVDT core through a known distan~e and noting 

recorder movement. Since there was no access to the LVDT core 1 

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 

~ensitivity of the amplifJer-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 prior 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 positio~ 
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 exten·someter 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 we~e 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 and the associ-

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 rnrn. 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 ty 

shade and wind as the train passee. 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 ins,tead 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 not so sarious with gages on the ties, 
but otherwise .the comments made previously ~pply. 
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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 wa~ 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 1-megohm shunt resistor in the oscillograph channel used 
for other strain gage br'Jdg,es.' 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 

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 t~e possibility of electrical shorts 
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occurring during field wiring. Polyester adhesive was used to 
bond 5 rnm-long gages to 1.00x0.25x0.005-in. phosphorous-bronze 
shims. Lead 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 longitudinal 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 th~ 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
perature relative to the temperature of the bridge completion 
resistor networks 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 
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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 

top surface gages at the joints in the beams and slabs were 

lost due 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 to develop. 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 p.nd 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 adhesivev 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. 



For_recording, the wires from the van were plugged in the 
junction boxes and the oscillographic recorders. The recorders 
were calibrated in the same manner as described for the rain 
strain. 

Generally 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. T,hese 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. 

-Fl5-



Under field conditions ~he 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, and 

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. In 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 operate 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. When 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 
plugs were also destroyed during the repair of the fastening 
system. 

Po.st Traffic Inspection 
During the month of May 1976, an inspection was made of 

each of 'the test sections to determine if conditions existed 
that could have adversely influenced' the output .. of instrumenta­
tion. This work was done concurrently with a ·Study'being con­
ducted by the Corps of Engineers. 

Soil pressure cells for measuring interface pressure were 
exposed at the main arrays in Sectio~s 1, 2, 3, 7, 8 and 9. In 
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 1Qca-. 
tions and elsewhere in and near the main arrays, it was noted .. 
that the exposed surface of the lime stablilized layer presented ,. 

a washboard appearance. The spacing of the parallel ridges and 
valleys corresponded to the spacing of the ties in that parti­
cular test section with the valleys fallirtg directly beneath 
the ties. T.he 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 d isplace,ment was as much. as· 4 

in. with respect to the cell located in the crib between the 

ties 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 

measured 1n the other test sections. 

Many of t];}e cells had been til ted, 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 s-everely 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-l. 

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 ar;rays 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 
recesses 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-l 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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