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PREFACE

This study was authorized by the Department of Transportation (DOT)
Federal Railroad Administration (FRA) under Interagency Agreement
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ment Station (WES), P. O. Box 631, Vicksburg, Mississippi 39180.
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Mr. A. J. Bush III, Pavement Evaluation Branch, Geotechnical Labo-
ratory (GL), carried out the field and laboratory trenching study.
Mr. H. C. Greer, Instrumentation Services Division, was responsible for
the instrumentation investigation, and Mr. M. A. Vispi, Explorations
Branch, GL, accomplished the penetrometer testing. Mr. M. M. Carlson
condﬁcted the vibroseismic testing. Mr. S. S. Cooper, Geodynamics
Branch (GDB), Earthquake Engineering and Vibrations Division (EE&VD),
directed the investigation and prepared this report under the super-
vision of Mr. R. F. Ballard, Chief, GDB, and Messrs. P. F. Hadala and
F. G. McLean, Chief and former Chief, respectively, of EE&VD. The work
was performed under the general supervision of Mr. J. P. Sale, Chief, GL.
A COL G. H. Hilt, CE, and COL J. L. Cannon, CE, were Directors of
thg"WEé &ﬁrihg thiéwgfuéy. Mr. F. R. Brown was Technical Director.
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POSTMORTEM INVESTIGATION OF THE
KANSAS TEST TRACK, VOLUME IT

INTRODUCTION

In consideration of the quantity of data and information generated
in KIT Postmortem Ihvestigation, results are presented in two volumes.
Volume I describes the postmortem test plan, summarizes results of the
field and laboratory tests conducted, and presents analyses, conclusions,
and recommendations derived from the test results. Volume II provides
detailed descriptions of test equipment and procedufes used in the
investigation and also documents the original data.-'Vélﬁme IT consists
" of five appendixes, A-E, which refer fo the text in-Volume I and docu-~
: ment the sprﬁctures, vibroseismic, Dutch cone pénétrbmeter,,trenching,
énd instrumentation studies, fespeétively. A sﬁmmary of the U. S. Army
Engineer Waterways Experiment Station (WES) tesﬁ plan is pfesented in
Figure 1 to assist the reader in idéntif&ing test 1écations with in the

KTT.
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APPENDIX A: STRUCTURES TESTING

General

The Kansas Test Track (KTT) Phase I Postmorfem Investigations re-
quested by the Department of Transportation (DOT) were conducted by a
U. S. Army Engineer Waterways Experiment Station (WES) field party at
the KTT in the period from 15 October - 17 November 1975. The sequence
and timing of the various investigaiions conformed closely to the time-
table developed by WES in joint planning with DOT and associated partic-
ipants. This timetable, which was furnished to all interested parties
before fielduoperations commenced, is shown in Figure A-1. Essentially,
PhaselI field operations included dynamic and static testing to provide
data to validate and tune MITRE Corporation analytical models, as well
és posttraffic impedance studies of‘selected track sections. Selection
of test locatioms within the track sections of interest was based on
performance summary charts developed by WES from maintenance records

furnished by the Atchinson, Topeka, and Santa Fe Railroad (AT&SF) and

from an on-site reconnaissance trip performed in late September 1975. -
The WES field crew, which consisted of a project engineer and two
technicians in the early part of the field operations, Was‘augmented'by
two WES instrumentation specialists whoe provided the required expertise
in strain gaging and signal conditioning for dynamic testing and data
acquisition. The various phases of the investigation were coordinated
with AT&SF representatives at the KIT. It should be noted that the de~
cision rendered in the early September meeting at DOT to conduct the
balance of the Postmortem Investigétion in the spring of 1976 was a
sound one because the deterioration in weather conditions after 17 No-
vember and other consideratibﬁs would certainly have prevented comple=
tion of the remaining (Phase IT) work during the winter season of 1975.
A discussion of the structures testing conducted in Phase I is presented

in subsequent paragraphé.

Dynamic Testing

The WES project engineer in charge of field operations arrived a%
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the KTT on 15 October 1975.° Watering (for the purpose of inducing a
pumping condition) on the track sections selected for impedance testing
had already cOmﬁenced; The track was inspected and thé timetable for
field operations was confirmed in detail. At this time the test loca-
tions had already received approximately 4000 gal¥* of water in 1000-gal
inerements. Instdllation of nine vertical (absoluté) referencé rods:
was begun on 16 October and was completed 18 October. Details of this
installation are shown in'Figﬁres A-2 and A-3.: During the installation
process bn’iT'October; free water was encountered'at the base of Beam 16
(Track Section 4); hence, watering at the impedance test ‘location in
Track Section 4 (sta 8546+95) was suspended. Apparently, the water
applied to the impedance test location had migrated along the track
structure to»the»struCtures test location at Beams 14-18 of Track Sec-
tion L4 this was an undesirable condition for purposes of the planned
stfuctures tests. The impedance test location‘for'Track Section b was
shifted to Beam 78 (sta 8553+95). This location was believed to be of
comparable characteristics to the original location and was suffi--
ciéntly removed so that water migration to the structﬁrés test location
would not occur. No free water was encountered at Beams 14-18 after
the impedance test (watering) location was shifted. '

Strain .gaging of Beam 16 in accordance with MITRE specifications
commenced bh'iT October and was completed by 21 October. Figure A~k
shows the strain éage'confiéuratioﬁ'used. During this time, differen—
tial motion Linear Variable Différential Transformers'(LVDT)‘and abso-
lute motion film potentiométéfé were also mounted in the required loca-
. tions.  The train to be used for dynamic loading, consisting of an
engine, two loaded ballast’cafs,‘énd 2 éaboose; arrived at the KIT on
the morning of ‘22 November. After some preliminary S16W runs across
the tést area, it was cqﬁcluded that the differential motion LVDT's
were not behaving properly. Special mounts were fabricated in the field

- so that the relative motion IVDT's could be replaced with more

L} tablé of factors for converting units of measurement is presented
on page iv. ‘ ‘ : ; '




sensitive carbon film potentiometers which had been prepared as alter-
nates; excellent results were obtained with the film pots during gali—
bration runs at very slow train speeds (verified by dial gage measure-
ments) and during the ensuing dynamic tests at higher train speed.
Dynamic measurements of the test sections résponse to 1f_£réin
runs at speeds from 10-50 mps were made on 20 October. MITRE represen~
tatives were present during this phase of testing. A total of 13 data
channels were recorded on tape, including measurements of relative mo-
tion (two-channels), absolute motion (four channels), acceleration (one
channel), particle velocity (two channels), and surface strain (four
channels). Playbacks of the taped data onto oscillographs were examined
in the field, and all channels, except those from the strain gages at
“the east of Beam 16, appeared to yield consistent results of. good qual-
" ity. The observed lack of response from the east end strain gages could
not be explained.at the time, but this phenomenon (gfter a more thorough
examination in conjunctiqn with the overall data picture) may have been
due to rail-fastener-beam-load trgnsfer characterigtics_in the dynamic
.test.configuration since the gages in question did respond more consis-
tently in later (static) testing. No modificgtions or repairs were
made to the gages installed‘at the east end of the beaﬁ. However,
another strain gage was added at this location for redundancy énd veri-
fiqatidﬁ during later testing. Oscilloéraph records and instrumentation
details for each run were furnished to MITRE, and the taped d@ta~we;e
digifized at WES to MITRE specifications. Delivery of the digitizei
tapes to MITRE was effected 19 Januaryvl976.

H

"Static Load-Deflection Tests

In planning for the load-deflection tests, the method of attack
had been to shift the north rail so that the l-~ton lead weights used
for static loading could be stacked on the topisurface of Beam 16.. To
shift the rail the desired amount (3 ft) at Beam 16 would hafe required
releasing T700-1000 £t of rail from the fasteners; however, a powered
" nut remover which the AT&SF had intended to use for this purpose was

' ino?erative on T November because repiécement pérts had not been
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received. The time and cost-effective alternative under  the circum-
stances was to cut and remove the north rall; accordingly, a 32-ft sec-—
tion of rail was cut free and lifted from Beams 15, 16, and 17 to facil-
itate loading and to permit installation of the necessary dial gages.
The north rail was also loosened from its fasteners on Beams 12, 13, 1k,
18, 19, and 20 so that the response of the beams in the test section
would not be affected by load transfer to the rail.

Three load deflection tests were conducted between 10 and 12 Novem-~
ber. Results of these tests are shown in Tables A-1-A-7 (deflection
measurements made using dial gages) and Figures A-5-A-8 (strain gage
data from Beam 16, north rail). The final test, i.e., the second load-
ing on the west end of Beam 16, was omitted with the approval of
Dr. James L. Milner of MITRE because highly consistent results had been
obtained in the first three tests. As stated previously, strain gage .
response in the static tests was much more consistent than in the
earlier dynamic tests. An additional longitudinal gage, which was in-
stalled on the east end of Beam 16 after the dynamic testing, yielded
virtually the same response during the static tests as the longitudinal
gage originally installed at that location. Tﬂis suggests that the
strain gages performed properly in both the static and dynsmic testing,
and that respdnse in the dynamic tests was affected by uncontrolled
variables, such as rail-~-fastener~beam-load transfer conditions, which
were eliminated iﬁ the static tests. |

Prior to testing, it was noped that the north rail beams in the
test section were canted to the north field side of the track with a
slope of about 1:30. This slope, resulting from rail traffic over the
KTT, is opposite the 1:40 slope with which the beams were originally
placed and indicates an appreciable rotation of the beams about their
long axis. Measurements of long axis rotation during the load deflec-
tion tests were neither desired nor conducted; however, it is likely

that some such rotation did occur.

Plate Bearing Tests

Preparations for performing plate bearing tests on the subgrade
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beneath Beam 16 included removal of ballast to the depth of the bottom
of the beam (18 in.), cutting the gage rods joining Beam 16 and its ‘com-
panion beam under the south rail, and cutting and removing Beam 16
together with 1;1/2 ft of each adjacent beam. The subgrade thus exposed
consisted of a 3- to 4-in.-thick layer of ballast material embedded in
moist to wet reddish brown clay. During excavation it was noted that
the ballast around Beam 16 was fouled with clay to within 1 or 2 in. of
its top surface. The surface of the subgrade material beneath north
rail Beam 16 also exhibited a pronounced slope to the north field side
of the track. No evidence of a lime stabilized layer, which had been
placed as the top 6 in. of the embankment, was encountered.

A.hO—ft—long flat bed trailer was next hoisted onto the track to
span the gap left by removing the beam. This trailer was loaded with
l-ton lead pigs to react the force applied, by means of a hydraulic
ram, to the 30-in.-diam plate used 'in testing the subgradé. Locations
of the tests are shown in Figure A~9. The plate bearing tests were
conducted in accordance with procedures contained in EM 1110-45-303,
and results are shown in Figure A-10-A-12. This testing completed the
Phase I KTT Postmortem field operations.' |



TABLE A-1. STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS {(KTT POSTMORTEM) TEST
NO. 1 (CENTER LOADING, BEAM 16, NORTH RAIL, TRACK SECTION 4, 10 NOV 1975)

Relative Vertical Deflection, in.* .

Static Absolute Vertical Deflection, in.*
Toad Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial
1b No. 1 No. 2 No. 3 No. L4 No. 5 No.6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12 No. 13
0 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 -0.0000 0.,0000 0.0000 0.0000
4,070 -0.000 0.000 0.001 0.006 0,007 0.002 0,002 0,001 0.000 0.,0000 0.0020 =0.0070 0.0000
8,140 0.000 0.00L 0.002 0.013 0.014 ©.005 0.003 0,001 0.000 0.,0000 0.0020 ~0.0070 0.0000
12,210 0.000 0.002 0,003 0.019 0.025 :0.008 0.006 0.001 0.000 -0.0005 ©0.0070 -0.0180 -0.0001
16,280 0.000 0.002 0,004 0.026 0.033 0.010 0.007 0,001 0.000 =-0.0010 0.0100 =0.0220 -0.0002
20,350 0.000 0.002 0.007 0.031 0.042 0.013 0.009 0.002 0.000 -0.0020 0.0115 =-0.0290 -0.0002
(g 24,420 0.000 0.002 0.008 0.037 0.049 0.015 0.010. 0.002 0.000 =-0.0025 0.0135 -0.0320 -0.0001
< 28,490 0.000 0.002 0.009 0.042 0.056 0.017 0.012 0.002 0.000 =-0.0031 0.01%3 =0.0375 0.0002
32,560 0.000 0.002 0.011 0,048 0.062 0.019 0.013 0.002 0.000 =-0.00%0 0,0155 -0.0400 0.000L
- 24,420 0.000 0.002 0.010 0.045 0.059 0.019 0.014 0.001 0.000 -0.0035 0.0153 =-0.0380 0.000L
16,280 0.000 0.002 0.009 0.039 0.050 0.017 0.013 0.001 0.000 =0.0026 0.0145 -0.0320 0.0003
8,140 0.000 0,002 0,007 0.028 0:034% 0.014% 0.011 0,000 0.000 -0,0018 0.0115 -0.02L0  0.0002
0 0.000 0.001 0.003 0,007 0.008 0,009 0,010 0.000 0.000 =-0.0004 0,0041 -0.0030 0.0001
¥ The dial numbers shown refer to locations depicted in Figures A-5-A-8,




TABLE A~2. STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT POSTMORTEM) TEST
NO. 2 (CENTER LOADING, BEAM 16, NORTH RAIL, TRACK SECTION k4, 11 NOV 1975)

Static
Load
1b

Absolute Vertical Deflection, in.¥* Relative Vertical Defleection, in.*

Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12 No. 13

0
4,070
8,140

12,210
16,280
20,350
2,420
28,490
32,560
24,420
16,280
8,140
0

0.000 0.000 0.000 0.000 0.000 0.000 0.000. 0.000 0.000 0.0000 0.0000 0.0000  0.0000
0.000 ‘0.000 0.000 0.006 0.008 0.002 0,002 0,000 0.000 0.0000 0.0020 =-0.0080 0.0000
0.000 0.001 0.002 0,017 0.017 0.004 0,003 0.001 0,000 -0.0003 0.0060 =0.0135 -0.0005
0.000 0.002 0.003 0.023 0,019 0.006 0,005 0.002 0,000 =-0.0006 0.0080 -0.0217 =0.0003
0.000 0.002 0.00% 0.030 0.036 0.008 0,006 0,002 0.000 -0.0010 0.0107 =0.0256 ~0.0003
0.000, 0.002 0.006 0,035 0.045 0.010 0.008 0.002 0.000 ~0.0014  0.0120 -0.0325 -0.0001
0.000 0.003 0.008 0.042 0.052 0,012 0.010 0.002 0.000 -0.0020 0.0127 =0.0355 0.0000
0.000 0.003 0.010 0.046 0.059 0.016 0.012 0.003 0.000 -0,0030 0,0130 =-0.0403 0.0003
0.000 0.004 o0.012 0.052 0.065 0.018 0.01% 0.003 0.000 -0.0037 0.0135 -0.0420 .0.000k
0.000 0.004 0.011 0.0%9 0.059 0.018 0.013 0.003 .0.000 =-0.0030 0.0133 -0.0400 -0.0003
0.000 0.003 0,010 0.043 0.050 0.016 0.013 0.003 0.000 -0.0026 0.0130 -0.0360 0.0001
0.000 0.003 0,007 0.031 0.03% 0.013 0.012 0.003 0.000 ~0.001% 0.0100 -0.0265 0.0001
0.000 0.003 0.003. 0.008 0.006 0.008 0,009 0.002 0.000 =-0.0003 0.0020 =~0.0025 0:0000

* The dial numbers shown refer to locations depicted in Figures A-5-A-8. .



8-V

TABLE A-3. STATIC LOAD VERSUS VERTICAI DEFLECTION TEST RESULTS (XTT POSTMORTEM) TEST
NO. 3 (WEST END LOADING, BEAM 16, NORTH RAIL, TRACK SECTION k4, 12 NOV 1975)

Relative Vertical Deflection, in.¥

Static Absolute Vertical Deflection, in.*
Load Dial 'Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial Dial
1b No. 1 No..2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12 No. 13
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000° 0,000 0.000 0,0000 0.0000 0.0000 0.0000
%,07C 0.000 0.000 0.001 0.003 0.009 0,002 0.002 0.000 0.000 0.0000 0.0002 =0.0157 =0.0010 °
8,150 0.000 0.000 0.001 0.009 0.019 0,004 0,003 0.001 0.000 -0.0002 0,0012 =-0.0255 =-0.0012
12,210 0.000 0.001 0.001 0,013 0.028 0.009 0.004 0.001 0.000 -0.000%  0.0017 -0.0370 =0.0012-
16,280 - 0,000 0,001 0.002 0.019 0.038 0.012 ‘o.oQGW 0.002 0.001 -0.0008 0.0020 -0.0425 —0.0011
20,350 0.000 0.002 0.003 0.021 0.0k4 0.018 0,009 0.002 0.001 =0.0009 0.0021 =-0.0482 =0.0008
24,420 0.000 0.002 0.003 0.086 0.052. 0.023 0.012 0,002 ~0.001 ~0.0011 0.003k =0.0509 ~0.0003
-28,490 0.000 0.002 0.00% 0.027 0.058 0.031 0.015 0.003 -0.001 =0.0013 0.0035 . -0.0535 ‘o.ood6
32,560 '0.000 0.003 0.00% 0.032 0.065 6.037 _o.oi8 0.003 0.001 =-0.0018 0.0046 -o:osh6 0.0013
2k,k20 0.000 0.003 0.00% 0.030 0.061 0.035 0,016 0.003 0.001 -0.0015 0,000 .-0.0543  0.0005
16,280 0.000 0.002 -0.004% 0.026 0.053 0.028 0.013° 0.003 0.001 -0.0011 0.0033 =0.0500 -0.000k4
8,140 0.000 0.002 0.003 0.019 0,037 0.019 0,009 0.003 0.001 -0.0005 0.0022 =0.0360" ~0.0011
4,070 0.000 0.001 0.002 0.013 0.025 0.015 0.007 0.002 0.001° 0.0000 0.0002 -0.0265 -0.0001
0 0.000 0.001 0,001 0.006 0.008 0,010 0.003 0,002 0.000 0.0003 0.0002 =-0.003 = -0.0002
¥ The dial numbers shown refer to locations depicted in Figures A-5-A-8.



TABLE A-L. STATIC LOAD VERSUS SURFACE STRAIN TEST RESULTS (KTT
POSTMORTEM) ‘TEST NO. 1 (CENTER LOADING, " BEAM 16 NORTH RAIL
TRACK SECTION 4, 10 NOV 1975)

Static , Appar-ent Surfg.ce Strain, uln /in. (2 Active Ga.ges)*" 7
Ioad Gage Gage Gage .Gage Gage Gage = Gage
b - No.1 §o.2  No.3 '"No. 4 "No.5 No.6 Ho.[T

o o 0 o 0 o o 0

4,070  -152 f120° 0 -1, S8 1 ar. -6
8,140 =307 262 3 ke -10- - 26 -286
12,210 -338 -311 . 15 ko - -25° ko . -313
16,280  -333 -316 23 . 21 N I
20,350 2 ~326 =325 - 35 21 - -63 . 9 -331
24,1420 -331 -325 4o -58. -88 119 -337
28,400 =329 =332 b0 <113 -133 133  -336
32,560 ~329.  -330 53 -159 -5 137 -336
2k 420 -3k0 o3k 38 - -252 12k o121 - -349
16,280  -341. =357 16 =339 -223 95 = -380
8,180  -366 369 -2 3718  -23h oh . -392

o -378 ~388 -39 -k35 265 . 98 WS

* Divide apparent values by two to get actual surface strain. Gage
numbers refer to locations shown in Figure A-k.
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TABLE A-5. STATIC LOAD VERSUS. SURFACE STRAIN TEST .RESULTS (KT

- 'POSTMORTEM) TEST NO.. 2 (CENTER, LOADING, BEAM 16, NORTH RATL

TRACK SECTION .4, 11 NOV 1975)

=190

. Static. . Appavent Surface Strain, yin./in. (2 Active Gages)¥

© Ioad . : Gage . Gage -  Gage ' Gage ' Gage .. Gage . Gage
_1b +.-No. 1 . No. 2. - No.-3 " To. 4 No. 5 - No. 6 No. T

| 0 o0 . o 0 0 0 0 0
- 4,070 ' -165 -80 0. 35 8 3 . -125
. 8,1k0 . 202 .. -1TT 12 6y 10 8 . -1kg
12,210 ¢ -205 -185 - 21 70 T - 15 -165
16,280 -203 = -189 27 9 . T 21. © =161
120,350 =201 -189 .. ko 85 2 33 .- =163
24,420 - -202 -188 49 - ™, - -1 46  -162
. 28,490 -208 -192° 50" 62 - 25 5% ¢ =173
32,560 -21h -195 57 33..  -ho S 52 =166
© 24,420 -218 ~200 - 45 10 k6. 6L, . 182
16,280 - -218 —208 36 -29. -61 58 - -190
-, 8,1k0 - . 217 -215 23 65 =TT 52 . ;. ~209
0 ~229 16 -1k2 . -107 . 46 . -19h

¥ Divide apparent values by two:to’'get actual surface strain. ‘Gage
numbers refer to locations shown in Figure A-L.
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TABLE A-6. STATIC. LOAD VERSUS SURFACE STRAIN TEST RESULTS (XTT
" 'POSTMORTEM)  TEST NO. 3. (WEST END LOADING, BEAM 16’,.NORTH RAIL, -
TRACK SECTION, 4, 12 NOV 1975)

Static: - E ,Apﬁareﬂt»éuffaee Sfraiﬁ,~uiﬁ./in; (2 Active”éagés)*T
Load Gage . Gage -~ Gage Gage ~ Gage - ‘Gage Gage
b . No. 1 No. 2  No. 3. No.4 ' No.5 '"HNo.6 No. T
0 0 o 0 L0 o o0~ . 0
© 4,070 - 100 108 - 136 - -43 3% . 18 = 155
8,140 - 107 127 27 -2 o236 0 8 100
12,210 119 155 . =T'i =37 . =35 13 102
16,280 1% o1t - Tt 25 . =32 4 112
20,350 . 126 .© 177 10 =1k 28 . . T 107
oh,h420 - 140 193 b1 T o =21 7 -1 - 80
28,490 . -2k 116 - 38 17 -7 - 1 12k
32,560 -2k 63 BT . 35 -0 -15 - =10 100
24,020 T 35 10 3% ¢ -3 -9 -2t
16,280 ISR 10 38 30 . . -10 .. 18 =59
‘8,140 - uo :-,;9 .- 30 - 23 -k 37 - =70 .
b0 0 -1 S5 22’ . 190 -3 k3 o 87
0.  -43 = 28 . 37 31 b5
*

‘Divide apparent wvalues by two to.get actual surface strain. Gage: -
numbers refer to locations shown in Figure A-L. . :
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TABLE A-T. 30-IN.-DIAM. PLATE BEARING TEST RESULTS (KTT POSTMORTEM)
ON KTT SUBGRADE (NORTH RAIL, BEAM 16, TRACK SECTTON L)

v Deflection, in. . Elapsed " Date
Location: Load Dial Dial Dial Time of
No. psi No. 1 DNo. 2 ©No. 3 Average min? _Test
1% 5 0.035 0.029 0.039 0.03% 21 16 Nov
10 0.051 0.053 0.061 0.055 15
15 0.060 0.081 0.087 0.079 15
20 0.098 0.119 0.124 0.1137 36
25 0.121 0.153 0.156 0.1433 30
30 0.138 0.193 0.189 0.1733 - 33
0 0.057 0.076 0.079 0.0706 - 27
%% 5 0.02k 0.009 0.01L7T 0.0167 9 17 Nov
10 0.046 0.033 0.037 0.0387 18 - |
15  0.070 . 0.064 0.061 0.065 21
20 0.089 0.098 0.085 0.0906 18
25 0.109 0.139 0.110 0.119 21
30 0.130 0.193 0.143 0.155 30
0  0.046 0.049 0.045  0.0467 27
3% 5 0.051 0.053 0.027 0.0L37 15 17 Nov
10 0.08% 0.088 0.043 0.0717 12
15 0.116 0.122 0.066 0.101 21
20 0.1%5 0.156 0.083 0.128 21
25 0.175 0.184 0.103 0.15% 18
30 0.210 0.219 0.127 0.185 30
0 0.098 0.094% 0.037 0.763 L5

% FElapsed time betwsen load application and dial indicator readings -
readings made when dizl creep was less than 0.001 in. in a 3-min
interval. :

¥%¥ Test locations were as follows:
Location No. 1 - West end of Beam 16
Location No. 2 - Center of Beam 16
" Location No. 3 - East end of Beam 16
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RECON TRIP

MOB. FOR DYN., STAT, & M.
MOVE CREW & EQUIP. TO KTT

SET REF RODS & INSTS.

OBTAIN S, F. TEST TRAIN
INDUCE PUMPING

PERFORM DYNAMIC TESTS

PERFORM M. | TESTS

INSTALL STATIC TESTIINSTS

PERFORM STATIC TESTS

SAW BEAM SECTION

PEEFORM BEARING TEST

RETURN CREW & EQUIP TO WES

REMOVE RAILS .. )
(LEAVE TIES, BEAMS & SLABS

AT DESIGNATED TEST AREAS;
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& SLABS AT ALL OTHERS)
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EAST PROFILE VIEWED FROM NORTH FIELD SIDE

Lo e - 120
—R . ' ' :

. - , ! o 13 . ° STA, 8548400
o K — ) ) R. s R .  . R - S
1y - [ v _ 'y I
BEAM 14 e ' '

BEAM 18

_ BEAM 15 ‘BEAM 16 BEAM 17
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>
>
>
I ——t]
. o]
-
p e
~
b
@
O
(o]

R

LIMESTONE

LEGEND

SYMBOL

R
A
.

DESCRIPTION

RELATIVE DEFLECTION GAGE
ABSOLUTE DEFLECTION GAGE

" MEASUREMENT LOCATION IN DYNAMIC TESTS

FIGURE A-2. GAGE CONFIGURATION FOR STATIC AND DYNAMIC STRUCTURE TESTS :




'ABSOLUTE VERTICAL :
DEFLECTION GAGE\ Lo ~15" b reLamive
j ~ T (I)/ VERTICAL

' * DEFLECTION
J “ I .

NORTH :

o et i . .

. w"’ . BE:AM
BALLAST . ) N (NORTH RAIL)

#TYP

L,.C
P

7' TYP

- ', RESIDUAL CLAY

¢y

e 1% 1.D. SLEEVE

e

e 1" PLPE REFERENCE ROD

LIMESTONE

° NORTH: . ) . EAST

o.0001+ | . " ANGLES
DIAL GAGE ,

PLEXIGLAS

FOAM

BEAM.16

BEAMH?
SLEEVE .
== JOINT
- CRACK
<1 PIPE '
b. TYPICAL ABSOLUTE DIAL K ‘ c.' TYPICAL RELATIVE DIAL

GAGE MOUNTING ' ; : GAGE MOUNTING

FIGURE A-3. DETAILS OF DIAL GAGE INSTATLLATIONS
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E{\ST

LOCATION AND ORIENTATION
OF ACTIVE STRAIN GAGES

NO. 7
W] - _No.2
LY N =) = NO. 4
NO. 1 “ 1 " " NO. 5
= g
2-g" - ™SS NO. 6
(6" DOWN ON
et NORTH FACE)
M 70_6“
100-0"
LEGEND
SYMBOL ) - DESCRIPTION
NO. 1 LATERAL GAGE (2 ACTIVE, FULL BRIDGE) 4" GAGE LENGTH
NO. 2 LONG. GAGE (2 ACTIVE, FULL BRIDGE) 2* GAGE LENGTH"
NO. 3 LONG. GAGE (2 ACTIVE, FULL BRIDGE) 2" GAGE LENGTH
NO. 4 LONG. GAGE (2 ACTIVE, FULL BRIDGE) 2" GAGE LENGTH
NO. § LATERAL GAGE (2 ACTIVE, FULL BRIDGE) 4" GAGE LENGTH
NO. 6 LONG. GAGE (2 ACTIVE, FULL BRIDGE) 2" GAGE LENGTH
NO. 7 LONG. GAGE (2 ACTIVE, FULL BRIDGE) 2" GAGE LENGTH

PLAN VIEW BEAM 16

FIGURE A-k. STRAIN GAGE INSTRUMENTATION, BEAM 16, NORTH RAIL, TRACK SECTION k4




EAST. .

LOAD INCREMENT :
4070 # EACH
NUMBER INDICATES

e 1 / -
AR
RAIL FASTENEBI \ ]\ |

\’\

e o=

L~ 13.5" | ~16.5"
) 1

BEAM 16

* CONFIGURATION SHOWN IS FOR CENTER LOADING (TESTS NO. 1 AND 2) OF
BEAM 16. DASHED ARROWS SHOW LOADING POINTS FOR WEIGHTS IN WEST
END LOAD-DEFLECTION TEST (TEST NO. 3). 'IN EITHER CONFIGURATION,
LOAD WAS CENTERED ON EXISTING FASTENER LOCATIONS AS SHOWN.

a. TYPICAL LOADING PROCEDURE

NORTH
o —

2 LLEAD PIGS IN
STEEL ANGL.E BASKET
TOTAL WEIGHT = 4070 #

TRACK FASTENER

TT——TT\=—" AroriamaL
LOCATION, BUT

INVERTED SO

THAT FLANGES

DID NOT DIG

INTO EXPOSED

LEAD (TO PREVENT

) BEAM 16 TIPPING OF STACKED
(NORTH RAIL} WEIGHTS)

: \STUDS CUT FLUSH
WITH FASTENER

b. DETAILS OF SUPPORT ARRANGEMENT
FIGURE A~5. LOADING CONFIGURATION FOR LOAD-~-DEFLECTION TESTS
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COMPRESSION
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FIGURE. A-6.

STATIC LOAD, LBS x 10°
*OIVIDE APPARENT STRAIN VALUE-BY TWO TO GET ACTUAL SURFACE STRAIN

PLOTS OF LOAD VERSUS SU'RFACE STRAIN FROM LOAD—DEFLECTION TEST 1




6T-V

APPARENT STRAIN, & IN./IN. (2 ACTIVE GAGES)*’

COMPRESSION

TENSION

200

100

=100

=200

=300 |

~400 L——

FIGURE

8 : 16: c 2 - 24 R T 8
‘ “STATIC LOAD, LBS x 10> .

*DIVIDE APPARENT STRAIN VALUE.BY TWO TO.GET ACTUAL SURFACE STRAIN

A-T. PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION TEST 2
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APPARENT STRAIN, 4 IN./IN. (2'ACTIVE GAGES)*'

COMPRESSION

z g -
o -
3 -200 |
S
.

300

400 L 1 L ! L 1

0 8 16 24 32 24 16 8
STATIC LOAD, LBS X 10°
*DIVIDE APPARENT $TRAIN VALUE BY TWO TO GET ACTUAL SURFACE STRAIN

FIGURE A-8. PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION TEST 3
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R N . . FN 'E’Asﬁ;

"~ DASHED LINES INDICATE
-/ - ORIGINAL POSITION OF
4 BEAM 16 (NORTH RAIL, SECTION 4)

- 10

FIGURE A-G. LOCATION OF 30-IN.-DIAM PLATE BEARING TEST ON SUBGRADE :
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‘ FIGURE A-10. PLATE BEARING TEST RESULTS, LOCATION 1 (WEST END BEAM 16)
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-
d 1 1 ] 1 ]
0.02 0.04 0.06 0.08 0.10 . 0.12 0.14 - 0.16 0.18
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FIGURE A-11l. PLATE BEARING RESULTS, LOCATION 2 .(CENTER.
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LOAD, PSI
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(J
ZERO CORRECTED . /
LOADING CURVE .
K}, = 175 LB/IN.2/IN. . - /

ACTUAL LOADING /
CURVE

0,02 0.04 0.06 - "~ 0.08 0.10 0.12 0.14. 0.16
DEFLECTION, IN.

FIGURE A-12. PLATE BEARING TEST RESULTS, LOCATION 3 (EAST END BEAM 16)
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APPENDIX B: VIBROSEISMIC STUDY
General

WES vibroseismic tests are used to determine the in situ elastic
properties of founaation materials. In the KTT Postmortem Investigation,
vibroseismic tests were conducted at 10 preselected locations on the
KTT embankment; these locatlons were also used for studies of embank-
ment strength and material properties. The vibroseilsmic field work
was carried out, as part of the Phase II field operations, by a project

engineer and technician in the period 5-15 May 1976.

Test Plan

Vibroseismic tests were conducted for the following purposes:

1. To determine the variation of embankment elastic moduli
with depth for the posttraffic (postmortem) test condition.

2. Fof comparison with 1971 pretraffic vibroseismic test re;
sults in order to assess traffic induced changes in emwbank-
ment strength.

Locations for the vibroseismic tests were selected to typify
either "good" or "poor" perfofﬁance, based on judgements of ATSF main-
-tenance records for the KTT. WES judgements of performance'from the
ATSF maintenance records are described in Volume I of this report but

may be summarized as follows:

Test Location

vTrack Section - (KTT Control Stations) Performance
1 : _ 8524+75 Poor
2 (4) 8531+60 Pocr
(B) 8535+16# Good
3 (&) " 8540+17 ' Good
(B) : 8542+49 Poor

o 8551+50 Poor

¥ Denotes location of main (built in) KTT instrumenta-
tion array.

B-1



Test Location

Track Section (KTT Control Stations) Performance
5 - - 8558+20 Poor
T 8576441 % . Poor
8 8587+10 Good
9 8595+37% — Good

¥ Denotes location of main (built in) KTT instrumenta-
tion array. :

Field Testing

The vibroseismic tests at each location were carried out in two
steps. TFirst, the compression wave veldcity in each subsurface layer
and the depth to interfaces between layers were determined using refrac-'
'tion seismic techniques. A 16;lb sledge‘hammer provided the seismic
energy source and compression wave arrivals at scaled distances from
the source were recorded using a 12-channel seismograph. Seismic waves
Werevgenerated by striking the sledge hammer on a thick steel disk.
Compression wave arrivals were detected with vertical seismic geophones,
which were spaced at 2-ft intervals along a line following the north or
south raii of the KTT track structures. The trﬁck structures had, of
course, been repoved prior to testing. The ballast was also removed so
that the geophones could be placed on the top surface of the embankment.
The sledge hammer was struck at either end of the geophone spread so as
to obtain both forward and reverse traverses on the subsurface materi-
als. The wave travel times and distances to each detector were used *o
construct the time-distance plots shown in Figures B-1-B-10. The slope
of the line in these plots gives the appareﬁt compression wave velocity
of the subsurface material. A change in sliope of the line indicates
the presence of a subsurface layer with different seismic properties
from the overlying material. For a two-layer system, the depth to the
interface between layers may be calculated from the following equation:
X V2 - Vl

1
D, = 5= [
24V, *

1 ] (B-1)



where

depth from surface to first interface

Dl

Xl = distance from source to change in slope
Vl = compression wave velocity in upper layer
V2 = compression wave yelocity in lower layer

Since dipping layers will cause different apparent velocities to be
recorded for the same material, forward and reverse traverses are used
to determine the true compression wave velocity in a layer. The true

velocity is obtained using the following equation:

2v._ v

. u d4a .
V, = o5 (B-2)
TV, /Vy
where
VT = true compression wave velocity, LT—l
Vﬁ =" apparent velocity hpdip, LT_l
Vd = apparent velocity downdip, LT_l

Thg second phase of the vibroseismic investigation is a vibratory
.test, which is conducted at the same location as the refraction seismic
survey. A 25-1b force output electromagnetic vibrator was usedlfor vi-
bration testing at the KIT, and surface waves were detected uSing the
12-channel seismograph equipment previously described. A typical test
setup 1s shown in Figure B-11. This vibrator and gssociated”ihstrumenté—
tion is described in detail in WES Miscellaneous Paper (MP) L-691, en-"

titled Determination of Soil Shear Moduli at Depths by In Situ Vibra-—

tory Techniques, Dec 1964, and in A Procedure for Determining Elastic

Moduli of Tn Situ Soils by Dynamic Techniques, an excerpt from the 1967

Proceedings of the Intefnational Symposium on Wave Propagation and
Dynamic Properties of Earth Material. | o

The vibratory test consists of determining the wavelength Qf sur-
face (Rayleigh) waves generated by a vibrator operating at a discreté
frequency. ‘A number of different frequencies are used to cover the
frequency domain of interest, and fave velocity is computed from the

following equation:



Ve (B-3)

where
V = wave velocity, LT—l
A = wave length, L
f ='fféquency of vibrétioﬂ,~T_l’

An example plot of this type is shown in Figure B—12,

Computation of Poisson's ‘Ratio
and Elastic Moduli -

Shear wave velocity and‘Rayleigh wave velocity are relatea by
Poisson's ratio. For homogenous materials, having Poisson's ratios
in the range from 0.20 to 0.50, the~differen¢e between shear and Ray-
leigh wave velocities is less than 9 percent. F6r~practical purposes,
shear and Rayleigh Waves may be ‘taken to have the same velocity. ‘The
Wavé velqcities measufed in the vibratory'fest may therefore be ﬁsed to
"compute shear moduli from » o -

G=pv? . ()

s
where
G = shear modulus 6f éoi1, FL-?.
V, = shear wave ve;ocity; Lt Lo
p '= mass density of soil, vyw/g , GL T
Yy = wet unit weight of ébii, FLf?t ,
g = acceleration due to gravity, LT™ -

Assuming that shear and compression wave velocities were determined for
the same material, Poisson's ratio can be determined using the velocity

ratio

<

V.= (8-5)
)

where

Vr = velocity ratio
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‘ Vc compre831on wave veloc1ty,‘LT -1
VS shear Wave velocity, LT -1

Poisson's ratio Vv is calculated from elastic théory using the

1

relationship
Vi -2
v= T (B-6)
2(v2 - 1)
r
Young's E modulus is similarly derived from the equation
E = 2G(i + v) o (B-T7)

WES_expefience indicates thaf shear Wavé velocity ahd E and QG
_mbduli derived in this way correlate well with results of cdnventioﬁél
exploration methods if the derived values are aésigned to a depth equal
to one-half the surface wavevlength measured in the v1bratory tests.
Results presented hereln conform w1th the above practlce and dre sum-
marized ;n ‘Table- B-1. Plots of shear wave veloc1ty versus’ depth in the
embankment for each test location are shown in Figures B-13-B-22.
Corresponding plots of E and G moduli with depth are shown in Fig-
ures B-23-B-32. A summary plot showing the average'variation in E
and G moduli with depth is shown in Figure B—33., These moduli should
be considered as upper bound valuesvsince they‘were derived from tests

conducted at very low stress levels.
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TABLE B-1. RESULTS OF VIBROSEISMIC SURVEY

Wef Unit P-Wave o K R-Wave ) - 3
, Wave , Poission Modulus, 107 psi
ngghg V$19°12y Depth Frequency Length Depth Y$1°9§;Z Ratio ‘Shear- ’Young's
Ym~ PC ¢ TP a et £, Hz . P64, b s’ y G E
, J Test Section 1 | o
107 1075 - O+ koo - 0.70  0.35 265 0,47 1.6  h.J0
350 . 0.80 " 0.hko 280 0.46 1.8 5.30
300 - 1.00 0.50 - 310 = 0.k45 2.2 6.40
250 1.60 ~0.80 koo . o0.k2 3.7 10.50
200 . 1.90 1,00 390 0.42 3.5  .9.90
4 150 - 3.20 1.60 .. 480 0.38 5.3  1k.60
120 - | 100 6,70 3.40 670  0.18  11.6 27.90
“80 - 8.0 k.20 670 0.18 11.6 27,90
70 8.60 4.30 . 600 0.27 9.3 23.30
50 11.50 - 5.80 . 580 0.29 8.7 22,50
, Test Section 2A : | ' .
107 1075 o+ ° 250 2,00 1.00 510  0.36 6.0 16.30
' : 200 2.60 - 1.30 520 0.35 . 6.2 16.70
A 150 '3.80 1.90 570 0.31 7.5 19.70
120 . 100  6.00 3.00 - 600 0.28 9.3 23.80 -
80 6.30 - 3.20 505 0.36 6.6 18.00
T0 7.60 3.80 530 0.3k - 7.3 19.60
50 10.00 _ 5.00 500 0.37 6.5 17.80
}5. 4,50  T7.30 655 0.23 1.1 27.30
0.0k 1h.6 30.40

40 18.80 9.40 750

. (Continued)-
(Sheet 1 of 5)
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TABLE B-1 (Continued)

Wet Unit P-Wave . Wave RWave  poroom  Modulaz, 100 poi
. ) - S o ~ PSl
ngghg V31°§;§V Depth Frequency Length Depth zelo;;Zy ~ Ratio Shear Young's
Y PC c d, £t £, Hz A, ft 4, £t s’ .Y G E :
- ' Test Seéction 2B i o
107 1090 0+ 3000 1.70 0.85 - 510 - 0.36 6.0° . 16.30
u ' 250 2,10 1,00 520 . 0.35° 6.2 16.70
200 2.70 ~ 1,30 530 0.35 6.5 17.60
150 - b.30° 2.20  6ho 0.2k 10.6 26.30
.10  5.h0  2.70 540 0.3k4 ‘7.6 20,40
80 - 6.300  3.10 500 = 0.39 . 6.5 18.10-
70 . 8,30 4310 580 . 0.30 - B.T 22.60
50 10.80 . 5.ho - "5h0 0.3% 7.6 20,00 |
‘ Teat_Section S0 | ‘ ‘ ":j' -
107 © 1150 O+ 300  -1.70 0,87 520 0.37 6.2 17.00.-
> L 250 1,90  0.9% - 470 0.ko 5.1 14.30
120 200 2,60 © 1.30. 510 0.38 6.7 - 18.50
1550 3.70. 1.80 550 0.35 7.8 21.10
- 100 5.70 - 2.80 570 0.3k 8.4 22,50
80 6,00 . 3,00 480 0.39 6.0 . 16,70
50 12,80 6.40. 640  0.28 10.6 27.10
o ... .7 ‘Test Section 3B. | | ' »
107 1150. O+ . 300  -2,00 - 1.00  .610 0.30 8.6  22.i0
S o 7.0. 18,90

250 2.20  1.10 550 - 0.35

. ~'(Continued) . '
' : (Sheet 2 of 5)
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TABLE B-1 (Continued)

et Unit  PWave o ave T Rtave ‘Poi'ssio'g 'QO@QQ” 103
AP P ‘ 2 N . 2 ‘ 18, 10~ psi
‘\ae‘gh?. Vglog..':y Depth TFrequency Length Depth zelégizy Ratic Shear Yotng's
Yoo el VLIPS g3 Ve £, Hz A, £ d, £t 8P y G B

Test Section 3B (Continued) o
' | . 200 2,50 1.30 500 0.38 6.5 17,90
120 . 150 - 3,40 21,70 510 0.38 6.7 18.50
100 5,00 2.50 500 0.38 6.5 17.90
80 - 5.50 2.80 LLo 0.41 5.0 14,10
70 7.00  3.50 490 0.39 6.2 17.20
50 12.20 6.10 620 0.26 10.0 25,80
bo © 12.50 6.30 . 500 0.38 6.5 17.90
Test Section 4 . . §
- 107 1040 o+ %00 . 1.10 0.55 k50 0.38 4.7 13.00
350 1.20 0.56 Loo 0.41 3.7 10.ko
300 - 1.30 0.63 375 0.43 3.2 9.20
250 1.50  0.73 365 0.43 3.1 8.90
200  1.90  0.93 375 0.43 3.2 © 9,20
150 2.k0 1.20 - 360 0.43 - 3.0 8.60
100  3.70 1.900 . 370 0.43 3.2 9:20
120 4 80  5.50.  2.80. hho 0.39 5.0 13.90
' 70  6.30 3.10 ko 0.39 5.0 13.90 -
(Coﬁtinued)
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TABLE B-1 (Continued)

R~Wave

Wet Unit P-Wave _ 3 .
. . Wave , . Poission Modulus,l0” psi
wglghg v$1°°lty Depth Frequency Length Depth V$loc1ty Ratio  Shear Young's
Yp PC Ves a, ft £, Hz A, ft d, ft 'g® TPS y e E
Test Section 5 ' ‘ :
107 1075 0-5.1 koo 0.85 0.50 - 340 0.45 2.7 7.80
4750 5.1+ 350 0.97 0.50 . 340 0.45 2.7 . 7.80 -
* 300 1,10 0.60 . 340 0.45 2.7 7.80
250 1.30 0.70 325 0.45 2.k 7.00
200 1.60 0.80 315 0.L45 2.3 6.80
150 2.00 . 1.00 300 0.46 2.1 ~ 6.10
, 100 3,20 1.60 320 0.45 2.4 7.00"
120 : 80 4. 40 2.20 350 0.54h 3.2 9,20
70 L.70 2.ko 330 0.45 2.8 8.10
50 6,80 3.40 3ko 0.4Y 3.0 8.60
ho - 11.80 5,40 470 0.50 5.7 17.10
35 17.10 8,60 600 0.48 9.3  27.50
' Test Section 7 :
107 1100 - 0-L.k %00 1.10  0.60 440 0.%0 4,5 | 12.60
1955 L. L+ 350 1.50 0.80 525 0.35 6.3 17.00
300 1,80 0.90 540 0.3k 6.7 18.00
250 2.00 1.00 500 0.37 5.8 15,90
200 2,50 . 1.30 510 0.36 5.9 - 16.10
150 3.0  1.70 510 0.36 6.7 © 18.20
: 100 6.00  3.00 600 0.29 9.3  2k.00
170 80 " 5,90 3.00 W75 0.39 5.8 16.10
) 7.h0 3.70 515 0.36 6.8 18.50
50 - 11.60 5.80 580 0.L45 8.7 25.20
Yo - 13.50 .6.80 . sho 0.46 7.6 22.20
35 17.00  8.50 595 0.4} 9.2 26.50

(Continued)
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TABLE B-1 (Concluded)

Wet Unit P-Wave : .. R-Wave  n5.i.qion  Modulus, 103 psi
ngght V\f.;locl’cy Depth Frequency Length Depth Vslocitg Ratlo Shear ~ Young's
v2pef Voo IPS gTe e my oA, ft 4 gt s’ P Y G _E
_ Test Section 8
107 11100 0-2.8 300 1.ko 0.70 410 0.42 3.9 11.10
' 1740 2.8+ 250 1.80  0.90 450 0.k0 k.7 13.20
200 2.60 1.30 520 0.36 6.2 16,90
120 . 150 3.50 1.70 520 0.36 7.0 19,00
100 5.60 2,80 560 0.4k 8.1 23.30
80 7.50 3.70 . 600 0.43 9.3 26.60
T0 8.00 .00 . 560  O.Lh 8.1 23.30
50 12.50  6.30 630 0.k42 10.3 . 29.30
Lo 18.30 9.20 730 0.39 13.8 38.k0
35 26,00 13.00 910 0.31 21.4 56.10
Test Section 9
107 1140 0+2.4 400 1.00 0.50 380 0.u4k 3.3 8.80
1710 +2.4 350 1.h%0 0.60 400 0.43 3.7 10.60
300 1.60 0.80 480 0.39 5.3 14.70
250 2.10 1.00 520 0.37 6.2 17.00
200 - 2.50 1.30 500 0.38 5.8 -16.00
120 150 3.60 1.80 540 0.36 T.5 20.4%0
100 5.70 2,80 565 0.4k 8.3  23.90
80 7.00 3.50 560 0.4} 8.1 23.30
70 8.ho 4,20 590 0.43 9.0 25.70
50 13.20 6.60 660 0.1 11.3 31.90
Lo 22.50 11.30 900 0.31 21.0 55.00
35 28.00 1k.00 995 0.24 25.6 63.50 -
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FIGURE B-11l. TYPICAL VIBROSEISMIC TEST CONFIGURATION

B-16




s0 - ,
FREQUENCIES (f) IN Hz
VELOCITIES (V] IN FPS

40—
o
2% ()
3/ LY
€
. :aoL L& A ob
v ™ o Ly
("] ?
a B, AL
- ® NI & o
; o b
y eI 02
r Vo X 3
' |— [y )
20 o > _1
N
18

L 1 1 I
o 4 s 12 18 ' 20
: _DISTANCE, FT

'FICGURE B-12. TYPICAL VELOCITY DETERMINATIONS
FROM VIBRATION TEST, POSTTRAFFIC, TRACK SEC-
TION 3, STA 8540+09 (TEST LQCATION 3A, KTT
EMBANKMENT ) -
" VELOCITY, FPS
‘0 200 400 600 800 1000

° T P

2r —
o
4 —
- o
w
-
I
&
"]
=
[ ] gt —

0 ] i L I
FIGURE B-13. POSTTRAFFIC SHEAR-WAVE VELOCITY
RESULTS, TRACK SECTION 1, STA 8524+75 (KTT
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FIGURE’B-ls.' POSTTRAFFIC SHEAR-WAVE VELOC-
ITY RESULTS, TRACK SECTION 2, STA 8535+15
(TEST ‘LOCATION 2B, KTT EMBANKMENT)
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FIGURE B-1T. POSTTRAFFIC -SHEAR-WAVE VELoc-
ITY RESULTS, TRACK SECTION 3, STA 8542+05
(TEST LOCATION 3B, KTT EMBANKMENT)
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FIGURE B-18. POSTTRAFFIC SHEAR-WAVE VELOC-
ITY RESULTS, TRACK SECTION L4, STA 85h7+79
(XTT EMBANKMENT)
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FIGURE B-19. POSTTRAFFIC SHEAR-WAVE VELOC-
ITY RESULTS, TRACK SECTION 5, STA 8558+30
(KXTT EMBANKMENT)
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FIGURE B-20. POSTTRAFFIC SHEAR-WAVE VELOC-
ITY RESULTS, TRACK SECTION T, STA 8576+k2
(KTT EMBANKMENT)
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FIGURE B-21. POSTTRAFFIC SHEAR-WAVE VELOC-
ITY RESULTS, TRACK SECTION 8, STA 8587+00
(KTT EMBANKMENT)
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SECTION 1, STA 8524+75 (KTT '
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LOCATION 2A, KTT EMBANKMENT)
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FIGURE B-25. POSTTRAFFIC PLOTS OF
ELASTIC MODULI VERSUS DEPTH, TRACK
SECTION 2, STA 8535+15 (TEST LOCA-
TION 2B, KTT EMBANKMENT)
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FIGURE B-26. POSTTRAFFIC PLOTS OF
ELASTIC MODULT VERSUS DEPTH, TRACK
SECTION 3, STA 8540+19 (TEST LOCA-
TION 3A, KTT EMBANKMENT)
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ELASTIC MODULI VERSUS DEPTH, TRACK
SECTION L4, STA 85LT+79 (KTT
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ELASTIC MODULI VERSUS DEPTH, TRACK
SECTION 9, STA 8595+33 (KTT
EMBANKMENT )




OEPTH, FT

MODULI, 103 psi

32

0 a 1] 24
0 S - T
D SHEAR, G
O COMPRESSION, E
X COINCIDENT POINTS
] - -
2 ° P
000
3 os] —l
o
o
4 -
' 0O .0
s —
(o]
. i

FIGURE B-33. POSTTRAFFIC PLOTS OF
ELASTIC MODULI VERSUS DEPTH, TRACK
SECTIONS 1 THROUGH 9 (KTT
EMBANKMENT )




APPENDIX C: DUTCH CONE PENETROMETER TESTS

General

The Dutch cone penetrometer provides a'measure of foundation
strength in terms of penetration resistance versus depth. For purposes
of the KTT Postmortem Investlgatlon, ‘a, total of 97 subgrade soundlngs
were made at intervals ‘along the. length of the KTT embankment “This
work was accompl1shed in the perlod 5-13 May 1976. - s .

Test Plan '

Measurements of penetration resistance in:the embankment "were made
for the following purposes: _ : :
- 1. To provide an 1ndex of embankment’ unlformlty throughout its
' length. . ‘ ,
2. To détermine whether soilsconditlons, measured in terms of
'penetration resistance,lwould reflect the'ﬁariations in
strength:believed to exist beneath”the track structures.
In' order to assess embankment un1form1ty, soundlngs were made at inter-
vals of approx1mately 200 ft throughout the length of the KTT. At each
test locatlon two or three soundlngs were made in a pattern selected
to typify 'soil conditions in hlghly stressed moderately stressed
and/or relatlvely unstressed -areas of the subgrade beneath each track
‘structure. For example, the subgrade beneath the rail ‘seats’ of cross—
ties. or control JOlnts of beam and’ slab structures would be sub-
jected to higher traffic 1nduced stresses than other areas of the

foundation.

Field Testing

‘A standard friction jacket Dutch cone, whose. penetrating action is
shown in Figure C-1, was used throughout. This cone:permits readings

of both point and friction‘jaehetvresistances'for each penetration drive

c-1



;ncremsgt.f Bgth.pointpgnq,f;igtion resistances were recorded, but only
pqint resistanqewdatalwill be preggnted.v;Thé skid-mounted, portable
Dutch cone penetfometerlused in the KTT work is shown in Figure C-2.
The thrust to push the cone is.pfovided\by a hydraulic ram'which is pow-
ered 5y a gasoling engine .driven hydfaﬁiic pump. The engine, pump, and
ram are skid mounted in one unit. The ram is fitted;ﬁith a drivehead,
Which:gdntains’force,meaéurement,gages.% Operation of the cone is con-
trplled uSing.an inner rod.and outer ggsing system. Both the inner
rods and outer casings‘areqin 1-m lengths. The inner. rods transfer .
force to the cone point, which after 1.5 in. of tra&el engagés the fric-
‘tion.sleévef« The sleeve and.poipt'move together fbr a further 1.5 in.
of travel, at.which time'fhe drive:iﬁ»compléte. The cone and cone-
sleeve traveljis continuous afj§ fa§e_of 2 cm/sgé; "The outef casingvis
used to telescope the cone and sléeve? whichfare then'advancéd td;the»
next test:depth,h This unitswas,dQSighed to be used ﬁitgtsoil anchors,
Whiéh réact fhe ﬁplift forces generated during sounding. This configu-
ration was not suitablg.?or purposes of the KTTAinvéstigation; which
in&olyed relat@vely §hé;low,,bpt numerdus, penetrationé. :Instead, the
skid unit wasanapteé tq.g pléﬁfprm whichhincluded two 2000-1b lead
weights, intended,tq.fpggtién ésvreaqtign mésses during'pgnetratién. A
forkiift was'gsed_poitrqnspgpt thé~éppa§atus to each test locatioﬁ in
the»convenﬁional,(fi?)Aprack seétioﬁé»anghown_in Figure C-3. A crane
was used to.positiOQTthe penetrometer in the nonconventional track sec-
tioné (the faileastener studé prbjecting;from the structures in Track
Sections h,,S,‘and T interfered with the forklift).

At each test lbcatioh the ballast material was first removed by
a tractqr—mounted backhoe. The Dutch cone appératus ﬁaé“next positioned
ovef the desired location,Aand readings of penetration resistance were
made at 6-in. intervals from the ballast-subgrade interface to 6 ft in
depth. Measurements of penetratiqn rgsiétance were made electronically
ratﬁer than by reading the fqréé gégeé éuppiied with the penetrometer.
The force required'fq push the cone wgs‘medsured with a calibrated
-force transducer which was- mounted in the penetrometer drivehead. Ver-

tical displacement of the cone was méasure@ with a linear potentiometer,
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which was attached to the drivehead and referenced to the frame of the

apparatus. Both force and displacement were recorded on an X-Y plotter.

Data Reduection

The average drive force, in pounds, required to push thé cone
1.5 in. at each penetration depth was picked from the X-Y plot. This
force was divided by the projected cross-sectional area of the cone, and
the result, in pounds per square inch, was“conveggéd to tons per square
foot., Figures C-L-C-L1 present results of the penetrometer soﬁndings
in plots of penetration resistance versus depth in the embankment.
Sounding locations are given in terms of both track section and KIT

survey station.
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ED DUTCH CONE PENETROMETER AT TEST LOCATION IN
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TRACK SECTION 3

FIGURE C-3.
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FIGURE C-13. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 8540+00
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FIGURE C—lh."DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 8543+30.3
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FIGURE C-15. DUTCH COl\TE PENETROMETER DRIVE POINT RESIS‘I'ANCE
V'ERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85)4h+00
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FIGURE C-16. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
TRACK SECTION 4, STA 85L6+45 -

VERSUS DEPTH IN THE SUBGRADE,

AND 85L46+50
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FIGURE C-17. DUTCH CONE PENETROMETER DRIVE
POINT RESISTANCE VERSUS DEPTH IN THE SUB-
GRADE, TRACK SECTION 4, STA 8547495

AND 8548+00
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. FIGURE C-18. DUICH CONE PENETROMETER DRIVE
" POINT RESISTANCE VERSUS DEPTH IN THE SUB-

GRADE, TRACK SECTION 4, STA 8549+95
AND 8550+00
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FIGURE C-19.

DUTCH CONE PENETROMETER DRIVE

POINT RESISTANCE VERSUS DEPTH IN THE SUB-
. GRADE, TRACK SECTION 4, STA 85Sl+55
AND 8551+60, NORTH BEAM .
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* FIGURE C-20. DUTCH CONE PENETROMETER DRIVE

POINT RESISTANCE. VERSUS DEPTH IN THE SUB-
GRADE, TRACK SECTION k4; STA 8551+55

AND 8551+60 SOUTH BEAM
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FIGURE C-21. DUTCH CONE PENETROMETER DRIVE
POINT RESISTANCE VERSUS DEPTH IN THE SUB-
GRADE, TRACK SECTION h STA 8553+95

AND 855h+oo : ‘
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FIGURE C-22. DUTCH CONE PENETROMETER DRIVE
POINT RESISTANCE VERSUS DEPTH IN THE SUB-

GRADE, TRACK SECTION

AND 8556+00
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FIGURE C-23. DUTCH CONE PENETROMETER DRIVE POINT
RESISTANCE VERSUS DEPTH IN THE SUBGRADE, TRACK . .

SECTION 5, STA 8557+95 AND 8558+00
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" FIGURE C-24. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8558+27.5
AND 8558+30 S : :
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- FIGURE C-25. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE

VERSUS' DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8559+95
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FIGURE C-26. DUTCH CONE PENETROMETER DRIVE ‘POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8561+95
AND 8562+00 )
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FIGURE C-27. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE

VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION T, STA 8570+95

AND 85T71+00
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FIGURE C-28. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE o

VERSUS DEPTH IN THE SU'BGRADE TRACK SECTION "{ STA 8573+00

AND 8573+05
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FIGURE C-29‘ DUTCH éONE PENETROMETEﬁ DRIVE POINT RESISTANCE
VERSUS DEPTH -IN THE SUBGRADE TRACK SECTION T, STA 85Th+50
AND -85Th+55 '
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FIGURE C-30. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8576+10:
AND 8576+15, NORTH BEAM
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FIGURE C-32. DUTCH CONE PENETROMETER DRIVE POINT RESTSTANCE

VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION T, STA 8578+00

AND 8578+05

C-35



DEPTH, FT .
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FIGURE C-34. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION.8, STA 8583+00.
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FIGURE C-35. . DUTCH CON'E PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION -8, STA 8585+00
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FIGURE C-36. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8586+80
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FIGURE C-37. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8588+00.5
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FIGURE C€-38. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8591+01 .
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~FIGURE C-39. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8593+00
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FIGURE C-40. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8594+82.7
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FIGURE C-l1. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
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APPENDIX D: TRENCHING, SAMPLING, AND SOIL TESTING
General, .

_ Dur1ng the period 19 Aprll - 21 May 1976 a, f1eld party from the
Pavement Investlgatlons Division, 801ls and Pavements Laboratory (now
des1gnated Geotechnical Laboratory) performedaln,s1tu-so1l tests and
collected samples for‘theiposttraffic,investiéatidn;of the Kansa$ Test

Track.
Test Plan

" The 1nvest1gat10n con51sted of v1sual observatlons of ballast,
dralnage, settlement, cracklng, and overall condltlons of each test
1tem. These condltlons were also documented u51ng color photographs.
Test trenches, approx1mately h £t w1de and 8 ft long were excavated
in each track sectlon w1th the exceptlon of Track Sectlon 6. In—place
testlng in each trench cons1sted of at least one 30-in.-diam plate N
bearlng test on the ballast just beneath the structure (tle, slab, or.
beam) * Water contents, dens1t1es, and Callfornla ‘Bearing Ratlo (CBR)
'tests were also,conducted on the subgrade‘to a depth of 3 ft measured
from the top of the subgrade., Disturbed'samples were taken in each .
. test pit for laboratory cla331f1cat10n tests and compactlon tests. Two
undlsturbed samples were taken 1n each trench - One was taken between
the surface and 12 in., and the other was between 12— and 2L—_in. - depth;

Laboratory triaxial and unconflned compress1on tests were conducted on

the undisturbed samples.

© Field Testing

Locatlon and depth control o

A thorough study was made of the malntenance records kept by the
Santa Fe Rallroad durlng the trafflc tests., Sltes were . selected 1n

areas of high maintenance to determine causes of failure. The locatlon

D=1 .



of thé approximate éenter of each tfeﬁch'with'the tie, beam, or slab
numbers is given in Table Dfl. ‘
Prior to the field testing'ét the KIT, all rails and fasteners had
been removed. Therefore,‘elevations'Were taken on the top of each
sfructure in the center of the north and south rails. This is not con-
sistant with the elevations taken dﬁring traffic tesfing since they
referenced the base of the rail. Cross sections and profiles along
each rail Were>taken on the toﬁ of the’subgrade afﬁer the ballast had
been removed. These cross sections and profiles are shown in Fig-
ures D-1 to D-9. All depths of soil tests were referenced to the top
of. the subgrade durlng this testing and in this report.

Plate bearing tests

Thirty—inch-diameter‘plate bearing tests were conducted in each
track section with the exception of Track Section 6. These tests were
conducted in accordance with ASTM D1196-64. Tests were conducted on
the ballast beneath thébtie, beém, or slab structure. The track strue-
ture ﬁas reﬁdvéd and ballast éleared to the level of the botédﬁ of the
structure and wide enough for thévplate (Figure D-10). Sand-waé'uéed
to obtain & level seat for the plate. A typical load—deflection plot
is shown in Figure D-11. Plate Beéring test results are given in
Table D-2. | e

Pit excavation

' After completion of plate bearing tests, samples of ballast were
taken. The locations of these samples for each type track section is
shown on Figures D-12 through D-14. The upper portion of ballast was
then removed with a back hoe. The final cover was excavated by hand
so that the subgrade sﬁfface would not be'disturbed Crosé seétions
of the subgrade surface and, profiles along the rails were taken at '
each pit location on the ballast—subgrade interface. These measure-
ments are shown in Flgures D-1 through D-9. ' Note the undulations
beneath the ties on Tie Sections‘l '2A' 2B, 3B, and 8. This was not
evident on Track Section 9. Also, a profile was taken on the shoulder
of most track sectiéhs. Note the effects of loadlng by comparing the

shoulder profile with the rail proflle. Figures D-15 and D-16
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1llustrate the undulations on Track Sections 1 and 2A., Figure D-17
1llustrates the deformatlon in the tie area on Track Sectlon 2B.

California Bearing Ratio tests"

‘California Bearing,Ratior(CBR) tests were‘conducted in accordance
with MILQSTD—621A, Method lOl.'-CBR is a measure of.theAsoil_resistance
to penetration of a 3;sqfin. piston expressed as a percent of a standard.
The standard is 1000 psi at 0. l-1n. penetratlon ‘of 1,500 psi at 0.2-in.
penetratlon CBR tests were used to determlne the relatlve soil
strengths throughout the KTT. Tests were taken under ties, between
ties, and under the north and 'south ralls on the sectlons. In beam and
slab sectlons they were conducted ‘under JOlnts, under the north and
south ralls, and between the rails. Locatlons are shown in Flgures D- lh
D-18, and D-19. A typical test setup is_shown in Figure D-2O CBR
data for each test pit is shown 1n Tables D-3 through D-12 o

Molsture and density tests

‘ At each CBR test locatlon, molsture content and dry dens1ty tests
were conducted. Original plans 1ncluded use of a nuclear moisture
den51ty testlng apparatus.' This method was abandoned because of the in-
;fluence of the walls of the test trench on the readlngs. Density tests
~were conducted using-drive cylinders of known volume. Moisture con-
tent was determined by sampling and oven drying overn1ght.{IResultsnof

moisture and density tests are also shown in Table D}3 through D-12.

Laboratorbeesting

‘Ballast
Laboratory tests on ballast cons1sted of s1eve analy51s on all

samples collected in Track Sections 1, h, and ‘9. TIf there were enough
fines (passing the 200‘sievej in these samples, Atterberé limits were
conducted. After this testlng was accompllshed and the data analyzed

1°ve analjses were conducted on selected samples from all other track
sections. A total of 56 sieve analyses Were conducted on‘ballast;sam—
ples from the KTT. Atterberg limits tests were performed on fines

obtained from”these samples,‘ Two samples were tested from the adjacent

D-3
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main line of the AT&SF Railroad. Results of these tests areAshown in
Teble D-13. | |
Subgrade .
' Two undisturbed and two disturhed samples were taken from each
test pit. - Locations of these Ssamples arefshewn-in Figures. D-12 through .
D-1k. ‘haboratory tests on the ddsturbed samples consisted of Atterberg
llmltS and s1eve analyses.' These tests were conducted for class1flcatlon
purposes.' The results are glven in Table D-1k. Compactlon tests were
als0'conducted on the dlsturbed samples from Track Sections 1, 4, and 9.
Samples. were molded using the.mcdified American'Asseciation of State
Highway Officlals (AASHO) effort;‘ CBR'slwere conductedvcn'the samples
as mOlded. They were then remolded and‘soakedkfor 96 hours. CBR's |
were conducted on the soaked specimens.’ Results of,theseitests are‘
shown‘iniFigures D-21 to»D—231;7ﬁctevthe<almost tétal loss of'strength
under the soaked conditions. ' -
Laboratory tests'on undiSturbed samples consisted of unconsolidated,
undrained:(Q) triaxial tests'pnasamples from Track Sections 1, L, and 9.
Q test resultS‘are an average'of”at least three"tests at'confining
pressures of 0.3, 0.5, and 0.8 tsf. Results of these tests are shown
’1n Figures D—2h and D—25 Unconflned compre551on tests were conducted
on all undlsturbed samples. A mlnlmum of two tests were run on each
of the two samples taken from each pit. Results of these tests are
presented in Flgures 'D-26 through D-30. |
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TABLE D-1. LOCATIONS OF EACH TEST TRENCH

Station
; “of the
Track Test Pit Approximate Tie, Beam or
Section No. Center Line Slab No.
1 1 850U+75 208,209,210
2 . 24 _ 8531+60 : © 115,116,117
2 oB 8535416 276,277,278
3 1' . 34 | | | 85ﬁo+17 160,161,162
3 3B 8542+49 275,276,277
N | L 8551450 53,54
5 5 8558420 100121
T ( . 8576+ 62,63
8 : 8 8567+10 261,262,263
9 , 9 , A 8595+37 | 10,11,12' |




TABLE D-2. PLATE BEARING TEST RESULTS

‘Section

Track

1

2A

2B

3A

3B

.......

Sta 852L+75
(south rail)

Sta 8531+62
(south rail)

Sta 8535+16
(north rail)

Sta 85L2+Lk9
(south rail)

Sta 85L0+20
(north rail)

sta 8551+50
(north rail)

Sta 8558+20
(center)

Sta 8558+10
(center)

3ta 8562405
(center)

Sta 8576+hl
(south rail)

Sta 8587+08
(north rail)

Sta 8595+33
(north rail)

k*
psi

380
303
317
229
29k
217

88
232
317
338
261

203

*

k =

D-6

slope of average pressures versus
deflection curve during loading.
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TABLE D-3. KANSAS TEST TRACK

TEST PIT 1
Depth CBR Data
Material or Elev Location CBR WC DW Remarks
Lime Stab Surface Under Tie 3.3 29.9 89.3% N - lime stab layer not present
Lean C1 210 33.0 30.9 85.4* M - lime stab layer approx 2" thick
30.0 39.1 82,5% S ~ lime stab layer approx 2" thick
AVG 22,1  33.3 85.7 ,
Hvy Cl 6" 7.7 29.8 92.2 N
6.8 27.1 93:L M
5.0 29.0 93.h S
AVG 6.5 28.6 93.0
12" 7.3 27.1 92.1 N
7.9 27.6 91.5 M
6.7 28.1 89.1 S
AVG T.3° 27.6 90.9 )
2u" 10.0 26.5 93.0 N
6.8 26,1 93.6 M
12,0 26.0 92.1 S
v ! AVG 9.6 26.2 92.9
Hvy: C1 36" Under Tie 10.0 26.5 9L.7 N
210 13.0 25.6 90.9 M
12.0 28.0 88.9 s
AVG 11.7 26.7 90.5 :
Lime Stab Surface Between Ties 7.0 29.0 - 90.9% N - lime stab layer not present
Lean Cl 209-210 39.0 28.5 86.2% M - lime stab layer approx 3" thick
L18.0 36.1 84 3% S - lime stab layer approx 3" thick
) AVG 31.3 31.2 87.1
Hvy C1 6" Between Ties 6.6
209-210 L,5
L,o
AVG 5.0
(Continued)
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TARLE D-3 (Continued)

Material

Hvyy Cl

Hvy C1

Lime Stab
Lean C1

Hvy C1

Hvy c1

Depth

or Elev

12"

. 2)*"

~.36">J

- Surface

- 12"

2u"

Location

Between Ties

209-210 -
AVG
AVG
Between Ties
209-210
AVG
Under Tie
209
AVG
AVG
; VG
I A
Under Tie
209
AVG

e

CBR Data -
CBR WC DW
6.5 27.6 91.2
6.8 28,6 89.0
5.2  27.9 89.4
6.2 28.0 89.9
8.1 25.k 93.8 "
6.8 30.5 83.0
9.0 23,1 9h4.2
8.0 26.3 90.3
1.0 27.6 90.8
1.0 24,9 92,6
1.0 " 28.4° 87.7
1.0 27.0 90.%
1.8 - 34,5 88.1%
31.0 34.5 85.9%
12.0 k42,5 81.1%
1k.9 - 37.2 85.0
3.9 28.3 -89.0
b2 274 94,6
5.0 29.7 89.2
4.4 28,5 90.9
T.0- 26.7  92.T
-7‘5 ' 26'1 93-1
8.8° 26.3 93.3
7.8 26,4 93.0
11.0 . 27.2 88.1
6.3 26.2 91.4
11.0 25.8 89.3
9.k -26.4 89.6
- (Continued)

Remarks

(2 n =

nE=

N - lime stab layer not present
M - lime stab layer approx 2" thick
S - lime stab layer approx 1" thick

nE=E nR=

n ==

(Sheet 2 of 3)
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TABLE D-3 (Concluded) .

Material

Hvy C1

Lime Stab

Lean Cl

Hvy Cl

Hvy C1

Depth - .
or Elev

36"

Surface

‘12"

2h5

36 "

‘Location

Under Tie
209

Between Ties
:208-209

v
Between Ties
208-209-

- AVG

AVG

AvVG

AVG

| AVG

AVG

w &

N

CBR Data
CBR WC °~  DW
10.0 28.4 89.1
12.0 26.6 90.4
10.0 27.1 - 89.1
107 27.4  89.5 .
11.0 33.4" 86.0%
48,0 k2,7 80.6%
3.0 -30.9 89,9%
k.o 35.7 85.5
7.0 31.3 87.0
6.1 28.0 90.2
h.s 28.9 "89.2
5.9 -29.4 88.8
7.2 27.2 -90.9
7.1 27.T 90.8
6.0 28.5 90.7
6.8 27.8 90,8
15,0 27.6 .89.0 -
6.8 25,4 9L4.3
1.0 23.8 ° 94,3
0.9 25.6 92.5
1.0° 25.8 91.4
1.0 25.4L 93.3
2.0 26.3 90,7
1.3- 25.8 91.8

Remarks

wmE= nR=E | nRe 0= 0=

n2=

- lime stab layer approx 1" thick
- lime stab layer approx 3" thick
- lime stab layer approx 3" thick

¥ Computed from moisture cans with nuclear density.

(Sheet 3 of 3)
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Material

Lime Stab
Lean Cl

Lime Stab
Lean C1

Hvy C1.

Hvy C1

Depth

or Elev

Surface

Surface

6"

12"

AN

36"

Location

Between Ties
117~116

Under Tie
116

Under Tie

116




TABLE D-h.

KANSAS TEST TRACK

(continued)

SECTION 2A
CBR Data
CBR WC DW Remarks
3.8 27.6 91.2 N
9.0 26.4 89.7. M
6.6 26.0 90.8 S
AVG 6.5 26,7 90.
3.0 29.8 89.7 N
9.3 27.8 87.2 M
_ 7.6 2k.,7 9L, s
AVG 6.6 27.4  90.3
9.1 24,4 o9k.9 N
10.0 26,9 92.2 M
8.2 29.5 89.4 S
AVG 9.1 26,9 92.2
9.3 28.6 . 87.7 N
1k.0 -30.6 87.3 M
9.4 27.2 91.7 S
AVG 10.9 28.8 88.9
" 13,0 23.0 95.0 N
13.0 22,3 9k.b M
1k,0 21,9 97.3 S
AVG 13.3 22.4 95,
11.0 21.6 94,9 N
16.0 24,3 92.7 M
13.0 24,3 . 93.2 S
AVG 13.3 23.4 93.6



TT-d

TABLE D-4 (Concluded)

Depth CBR Data
Material or Elev Location CBR WC DW Remarks
Lime Stab Surface Between Ties 3.1 31.3 8.7 N
Lean C1 116-115 9.3 28,1 85.1% M - void in cylinder
’ \ ' : : 6.6 . 28.4 - 90.2 s
, AvG 6.3 29.3 -88.3
Hvy Cl 6" 12,0 24k - 94,7 N
, 9.3 27.1 89.9 M
_ : 10.0 25.6 92.5 S
o _ AVG 10.4 - 25.7 . 92.4
21" 9.1 28.3 89.0 N
10.0 30.2 8T7.4 M
9.0 " 27.6 - 90.8 '8
AVG 9.4 28,7 89.1 «
24" 14,0 © 22.9 - 96.0 N
15.0° 24,4 9hk,7 M
_ - 13.0 21.6 . 94.6 S
v v AVG 1h.0 23.0. 95.1
Hvy C1 - ; 36" Between Ties 12.0 22.% . 95.k N
116-115 ' 12,0 24,2 93.6 M
S 13.0 21.1 ~ 96.1 S
AVG 12,3  22.6 95.0
Iime Stab Surface - Under Tie 3.7, 27.5 90.4 N
Lean C1.. 115 9.5 28,4 86.6% ‘M - void in cylinder.
: - 6.6 25.8 91.3 s
AVG 6.6 -

27.2  B89.k

¥ Computed from moisture cans with nuclear density.:
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Depth
Material . or Elev Location
Lime Stab Surface Between Ties
Lean Cl 276-277
Hvy Cl 6"
12"
24
v v
Hvy C1 36" Between Ties
276=-2T7
Lime Stab Surface Under Tie
Lean C1

277




TABLE D-5. KANSAS TEST TRACK
SECTION 2B
CBR Dats
CBR WC DW WC Remarks
és.o, 34.9 T9.8 35.9 N
9.6 33.2 82.7 32.8 M
12,0 29.9 83.6 29.6 S
AVG 15.5 32.7 82.0 32.8
" 4,9 26.0 93.0 N
2.7 27.1 89.4 M
4.5 29,4 87.2 S
AVG Lk,0 27.5 89.9
7.4 24,2 ok.k N
5.1 - 31.5 83.2 M
7.0 23.9 90.6 ]
AVG 6.5 '26.5 89.h4
12,0 24,2 90,2 N
12.0 2.8 92.9 M
7.2 23.6 93.9 S
AVG 10.4 24,2 92,3
8.0 27.0 89.4 N
6.5 29.0 87.8 M
" 10.0 26,2 90.6 S
AVG 8.2  27.4  89.3
L.y 33.7 83.2 3Lk.1 N
8.3 33.7 79.8 34.8 B
9.4 30.6 83.3 30.2 S
AVG 7.4 32,7 82,1 33.0

(Continued)
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TABLE D-5 (Concluded)

Depth ) - CBR Data

Material © or Elev Location ’ CBR WC DW- WC , | Remarﬁs
Hvy C1 e Under Tie ‘ }'h;6 ’éh.9_‘~94.2 ‘ N
o 277 ‘3.5 -28.8° 89.6° M
: - . ko 27.20 90.1 S .
AVG - L0 27.0 91.3 o
12" 6,0 -26.5 . 9L.2 N
.8.2 26.3° 89.2 M
, 9.3 26.4  90.0 . 8
AVG 7.8 26.L 90.1
U ' . 9.1 22.3. 95.5 N
9.3 .24,3 927 M
.- 10.0 - 24,6 . 92.9 S
A o : AVG™ 9.5 23,7 93.7
Hyy C1 . 36" Under Tie ..'8,0 . 23.7 _91.8 N
_ 277 - 8.3 26.0° 89.4 M
© 8.7 .23.8- 91.8 S
- - Ave 8.3 245 91.0
Lime Stab Surface Between Ties ' - 6.9, .-33.3° 79.3 33.7 N
Leen C1 ~ . 277-278 9.1 28.8 " 83.9 29.9 .M
S ‘ . 9.1 - 32.8° 82.0 29.7 S
‘ AVG 8.4 31.57 8L.7 31.1
Lime Stab Surface Under Tie .~ 5.7-733.0. 83.5 33.5 N
- .Lean C1 . 218, --8.,1°...32.9 - 80.1 34,0 .M.
S : A v 9.1 31.4. 82.8 3L,k 8
AVG  T.6 32.4° 82.1 33.0

LTS
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TABLE D-6.

KANSAS TEST TRACK

SECTION 3A -.
Depth ._CBR Data
Material or Elev Location CBR WC DW - Remarks
Lime Stad Surface Under Tie 3.8 2h .6 8h.6 N Pit had layers of l;imestone
Lean Cl 161 10.0 31.T 85.8 M dust throughout and rocks
9.0 29.0 87.1 S
AVG T.6 28.4 85.8
Hvy C1 6" ' 7.0 22.1 95.8 N
7.0 21,5 95.5 M
7.8 -25.3 93.7 .5
AVG T.3 23.0 95.0
10" 7.1 29.0  88.1 N
12.0 23.9 92.8 M
9.0 31.5 8L4.L S
CAVG 9.4 28,1 88.4
24" 10.0 22.5 95.5 N
11.0 24,8 92.1 M
9.0 23.1 ok .k - s
AVG 10.0 23.5 9k.0
v .
Hvy Cl 36" Under Tie 11.0 25,9 ' 92.6 N
161 10.0 25.8 88.4 M
A 8.00 24,5 ¢ok.9 S
AVG 9.7 25.4 92.0
Lime Stab Surface Between Ties 2.5 25.5 86.2 N
Lean C1 : 161-162 14.0 - 24.6 91.1 M
o 7.0 30.0 88.6 S
AVG T.8 26.7 88.6
(.Continued')




ST~

Depth :
Material or Elev Location
Hvy C1 6" Between Ties
161-162
12"
2"
Hvy C1 36" Between Ties
161-162
ILime Stab Surface Between Ties
160-161
Lime Stab Surface Under Tie
162




TABLE D-6 (Concluded)

" CBR Data

Remarks

DW

WC

CBR

=20

B =0
[SolTa e W
QA N N\O
D O N
B e I
\O N\ LN N\
[VQVRAVNA ]
o NoNe]
—\0 N
~

AVG 13.0
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Material

Lime Stab
Lean C1

&
<

Limev Stab
Lean Cl1

Hvy C1

Hvy C1

Depth

or Elev

Surface

Surface

6"

12"

24"

Location

Between Ties
275-276

Under Tie

277

Under Tie

276

Under Tie

276




TABLE D-T.

KANSAS TEST TRACK

95.2

(Continued)

SECTION 3B
CRR Data
CBR WwC DwW Remarks
23.0 35.0° T79.7 N
19.0 32.4 . 79.6 M
21.0 35,7 78.7 S .
AV 21.0 - 3.k 79.3
28,0 - 30.1 - 82.4 N -
20.0 28.1° 83.4 M
20,0 : 32.9  B81.9 S
AVG 22.7 - 30.% 82.6
22,0 30,3 81.8 N
13.0 28,2 82,4 M
36.0 33.6° 81.3 S
AVG 23.7 - 30.7. 81.8
2.3 26.5 . 90,4 N
8.0 26,0 92.4 M
ho 25.5. 91.5 s
AVG 4.8 26,0, 91.b
3.6 28.1- 85.7 N
3.2 26.9. 86.7 M-
3.1 29,7 @ 86.k S
Ave 3.3 28.2 86.3
11,0. 23.0 95.0 N
10.0 22,3 - 95,7 M
13.0  23.6 94.8 8
~AVG 11.3  23.0



L1-a

Material

Hvy Cl

Lime Stab
Lean Cl

Hvy C1

v
Hvy C1

Depth

or Elev

36"

Surface

6"

12"

AN

" 36"

Location

Under Tie

276

Between Ties

276-2TT

Between Ties

276-27T




23,4

TABLE D-7 (Concluded)
CER Dats
. CBR _WC DW Remarks

9.0 24.7 94.3 N
8.0 22.8 95.0 M
9.0 22,4 94,9 S

Ave 8.7 23.3 9k.7
'17.0 35.8 -77.8 N
21,0 33,5 8.8 - M
20.0 36.4 - 77.6 S

AVG 19.3 35.2 T79.h
5,5 26.4 92,2 N
7.0 :26.0 92,k M
5.1 - 26,0 89.5 S

AVG 5.9 26.1 91.4
3.8 . 26.6 89.1 N
4.4 -27.0 - 90.2 M
4,2 24,2 9k, 0 S

CAVe k.1 25,9 91.1
13.0 '23.0 95.6 N
12,0 21.6 94,9 M
12,0 -25.6 91.7 -8

CAVG 12.3 25,9 9k.1
9.0 23.8 -95,0 N
.11.0 23.7 . 95.6 M
9.0 22,6 93.5 S

AVG 9.7 oh,7




|T-d

Material

Lime Stab
Lean C1

Hvy C1

Hvy C1

Lime Stab
Lean C1

Depth

or Elev

Surface
 6"
12"
24"
36"

Surface

_ Location

Joint Beams

53-5b

v
Joint Beams
53-54,

Middle Beam
54




TABLE D-8.

KANSAS TEST TRACK

SECTION L4
CBR DAta
CBR WC DY Remarks
12.0 29.3 82,4 N
7-6 2905 85-9 M
8.0 27.6 88.7 s
AVG 9.2 28.8 85.7
3.8 26,5 88,2 N
L. 2k,0 91.0 M
L2 29.4 87.6 s
Ave kLo 26.6 88.9
4.6 24,8  90.4 N
8.0. 27.1 88.9 M
- 2.6 25.1  93.h s .
AVé 5.1 25.T 90.9
“ b4 31.% 80.5 N
4,9. 32,0 86.2 M
1.8 30.8 85.9 S
AVG 3.7 33.h 8.2
9.7 . 25.3 93.1 N
8.8 26,1 92.3 M
9.0 26,2 91. S
AVG  9.2° 25.9 92.3
' 27.0 . 28,6 86.8 N
8.5 30.0 86.2 M
7.4 32,7 82.1 s
AVG 14,3

’30.h‘

(Continued)
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Material

Hvy C1l

Hvy C1

Depth

or Elev

6"

12"

oy

36"

Location

Middle Beam
i

Middle Beam
5h




TABLE D-8 (Concluded)

CBR Data
CBR WC . DW Remarks
3.6 26,5 90,4 N
3.4 26.2 92,2 M
3.8 . 25.8 93.2 S
AVG 3.6 26.2 '91.9
4.6 25.0 91.0 N
3.8 26.2. 91.0 M
6,0 29,2 86.h 8
AVG  L.8 26,8 89.5
6.0 30.2 87.3 N
T.8 26.7 90.1 M
T.4  27.5 .90.5 S
AVG T.1 28,1 89.3
6.1 30.2. 89.h N
5.8 25.9 92.3. M
6.6 22,9 94,9 S
AVG 6.2 26.3 92.2




0c-a

Material

Lime Stab
Lean Cl

Hvy C1

v
Hvy C1

Lime Stab
Lean Cl

Hvy C1

Hvy Cl

Depth

or Elev

Surface

6"

12"

24"

36"

Surface

6"

12"

Location

Center Slab
121

Center Slab
121

Joint Slabs
121-120

Joint Slabs
121-120




TARLE D-9. KANSAS TEST TRACK
SECTION 5
CBR Data
CBR WC DW Remarks
18.0 31.6 82.h M
9.% 30,4 84,5 s
AVG 13,7 31.0 83.5
4,3 29.8 86.7 M
2,0 29,8 85,1 S
AVG 3.2 29.8 85.9
2.3 29.5 86.3 M
3.2 29.6 86.7 S
AVG 2.8 29.6 86.5
5.3 27.6 8.5 M
5.2 27.0 88.7 S
AVG 5.3 27.3 86.
14,0 25.5 92,0 M
13.0 25.3 091.3 S
AVG 13.5 25.4 91.7
17.0 30.3 83.7 N
10.0 31.8 82,4 s
AVG 13.5 31.1 83.1
3.5 29.5 87.3 N
3.0 30.2 84.6 S
AVG 3.3 29.9 86.0
2.8 29.3 87.2 N
2,6 35,1 83.0 S -
AVG 2.7 85,1

(Continued)

32.2
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TABLE D-9 (Concluded)

Material

Hvy C1

Hvy C1

* Depth
or Elev

24"

36 "

Location

Joint Slabs .

121-120

Joint Slabs

121-120-

AVG

CBR Data ‘

" CBR WC_ W
6.6 27.8 85.1
©5.1  26.1  89.0
5.9 27.0 87.1
7.0 25.6 .9L.7
8.0 26.0 90.2
7.5 25.8 91.0




‘ . Remarks
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Material

Cement
Stab
Lean C1l

Hvy Cl

Hvy C1

Cement
Stab
Lean C1

Deptn

or Elev

Surface

6"

12"

oL

36 "

Surface

Location

Joint Beams

63-62

\

Joint Beams

63-62

Center Beam

63




TABLE D-10. KANSAS TEST TRACK

SECTION 7
CBR Data
CER WC DwW Remarks
30.0 92.8 83.1 N
50.0 30,6 85.6 M
Lh.,0 28.1 87.0 8
AVG W1.3 29.5 85.2
1.3 37.0 82.8 N
3.1 31.0 88,4 M
1.8 38.3 84,0 s
AVG 2.1 35.4 85.1
6.6 26.2 92.9 N
7.4 26,5 . 93.1 M
8,0 24,8 95.4 s
AVG 7.3 25.8 93.8
6.0 27.3 90.8 N
5.6 27.2 88,5 M
6.0 30.6 86.8 S
AVG - 5.9 28,4 88,7
7.0 26,1 89,8 N
11.0 26,0 91.k M
10.0 25,8 93, S
AVG 9.6 26,0 91.6
33.0 29,k 85.3 N
62.0 30.5 - 84.8 M
33.0 32,4 81.9 S
AVG Lo.7

30,8 84,0

(Continued)
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TABLE D-10 {Concluded)

, Depth CBR Data
Material or Elev Location CBR WC DW Remarks

Hvy Cl 6" Center Beam 1.3 37.3 84.0 N
63 - 2.8 32.5 -87.1 M
1.5 L6.8 178.6 S

AVG 1.9 38.9 83,2
12" 6.7 26.5 93.9 N
10.0 26.5 92,8 M
9.0 25,4 9k, S

Ave 8.6 26.5 93.6
24m 8.0 15,0 . 91,2 N
10.0 30.3 88.0 M
5.4 24,5 90,8 8

AVG 7.8 26,6 90.0
Hvy‘ L - 36" Center Beam 10.0 25,0 93.8 N
63 12,0 25,4 92.8 M
o 7.2 25.6 92.0 S

"AVG 9.7 25.3  92.9
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TABLE D-11. KANWSAS TEST TRACK

SECTION 8
Depth CBR Data
Material or Elev Location CBR WC DW Remarks
Lime Stab Surface Under Tie 10.0 31.5 86,4 N Free water in ballast;
Lean Cl . 261 . 17.0  37.0 T5.6. M stab layer approx. L4-1/2"
- 13.0 32,4 83.5 S thick; soil under this
AVG 13.3 33.6 . 81.8 appears to be saturated;
. . this could account for
Between Ties 3.3 32.3 79.8 N : ; ,
262-263 33.8 - 79.7 M the high WC in the density
18.0 33.2 82.3 s
é AVG 12,1 33.1 80,5
Lime Stab Surface Between Ties ' 12.0 35,3  78.6 N
Lean Cl : 261~262 26.0 34.2  79.3 "M
. 10.0 35.9 79.3 s
" Avg 16.0 . 35.1 T79.1
Hvy C1 6" 2.8 '31.0 - 87.3 N Rock and voids in samples
3.4 28,2 89.9 M past surface depth
L2 28.3 90,k 8 ,
- Avg 3.5 29.1 89.2
S
12" 6.0 - 26,0 94, h N
, 7.0 26,0 92.1 M
8.0 25.3 94,7 S
AVG 7.0 25.8 93.7
v v
Hvy C1 au" Between Ties 14,0 26,1 92.0 N
o ‘ 261-262 15.0 2k k95,2 M
13.0 20.1 97.9 S5
AVG 1k,0 23.5 95.0
(_Continueq)

£
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TABLE D-11 (Concluded)

Material

Hvy C1

Lime Stab '

Lean Cl

Hvy CL.

Hvy €1 ¢

Depth |
or Elev

36"
Surféce
. 6ﬁv
12"
an

36" :

Location

Between Ties
261~262"

ﬁndef Tie
262

Unrider Tie

L 262¢ .

. CER Data
. CBR WC DW .
12,0 25.0 93.0
12.0 24,7 94.0
12.0 * 244 93,k
AVG ~12.0 . 24,7 93.5-
16.0 - 3h.k - 79.6
18.0 © 35.8 75.3
... 17.0 32.8 82.3
C AVG 17.0  3k.3 7 79.1
’ 3.1 _26.3 93.0
3.6 28,3 - 89.2
 3.5. 28.3 90.9
AVG 3.4 - 27.6  90.9
6.0 . 2T.6 '90.3
8.0 25:;9 93.9
- . 10,00 25,2 94,6
AVG 8.0 26.2 929
1k,0 25.6 -93.6
12,0 23.1 - 9k.9
. .13,0 24,9 93.}
AVG® 13:;0 2k.5. 9L4,0
: 13.0 - 23.1 93.9
12,0 25.9- 88.8
- 1hk,0 © 25.7 © 91.2
AvVG 13:0 2kh.,9. 91.3




Remarks .

nR=2 ux=" uR= ug= nzs=

n==
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TABLE D-12.

KANSAS TEST TRACK

SECTION 9
Depth CBR Data
Material - or Elev __Location i CBR - WC -DW WC " Remarks
Lime Stab Surface  Under Tie 11 10.0 76.2 . 38.0 N
- . 23.0 75.0 38.0 S
TAVG 16.7 77.2  38.0
Between Ties 16.0 T6.3 36.0 N
11-12 14,0 . T5:3 39.0 M
18.0 76.9  37.0 s
v : AVG 16.0 76.1  37.3
Lime Stab - Surface Under Tie 10 9.0 35,0 T78.3. 31.0 N
Lean Cl : 15.0 38.0 T7.5 35.0. M
23.0 35.9 T78.1 36.0 S
AvG 19.0 36.0 T8.0° -36.0 _
Hvy C1 6" 2.7 . 87.0 31.0 N
2.2 8k,2 " 33.0 . M
- 2.k 87.7 30.0 - S
AVG 2.4 86.3 31.3 .
12" 4.0 83.3 34.0 N
2.8 87.7 30.0 M
8.0 94.8 23.0 S
: AVG b.9 88.6 ~ 29.0
v . .
Hvy Cl 2L" Under Tie 10 12.0 9L.9 22,0 . N
, . : 6.0 97.2 " 22,0 M
19.0 . 96.8 23,0 s
AVG "12.3 © 96,3 - 22,3 : -
(Continued)
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TABLE D-12 (Concluded)

Material

Hyv C1

Lime Stab
Lean Cl

v
Lime Stab
Lean Cl

“Depth

or Elev

36"
Surface
g"
12"
2

A 36"

—Location

" Under Tie 10-

Betﬁeen Ties -

10<11

Between Ties
10-11

AVG

AVG

AVG

-AVG .

AVG

AVG

FHREPE B

CER Data

9Lk

cén WG ~DW “WC
H 9.0 87.0 23.0
11.0 94,6 23.0
16.0 98,2 24,0
12,0 93.3 .23.3
6.0 36.0 T4.7 Lo.O
26.0  37.0 T7.5 37.0
14,00 39.0 " 73.%  37.0
18.7 37-3 - 7502 3830
2.6 ~ 88.2  29.0
2.9 . 83,9 33.0
2.8 .86.6 ~ 30.T7
‘3.7 81.0 35.0
- 3.4 90,8 - 26.0
5.4 95.2 24,0
L.2 - 89.0 28.3
3.0 -~ '97.0. -21.0
7.0 - 94k h 21,0
6.0 "ok 22,0
2.0 95.3 21.3
0.0 93.7 23.0°
2,0 95.0 23.0
2.0 ok k24,0
1.3

23.0

Remarks

n=

nE =

nE=

0=

Rocks and voids in
samples




TABLE 15—13. LABORATORY TEST RESULTS ON BALLAST SAMPLES

. i Percent Finer by Weight Atterberg Limits on Fines
U. S. Standard Sieve Opening in In. U. S, Standard Sieve Numbers Liquid Plastic Plasticity
Identification 2 11/2 1 3/% 172 3/8 & 8 - 200 Limit Limit .Index
B-1-N-T#* 100 100 85 63 Lo 26 11 6 2 NP - -
B-1-M-T 99 87 66 Ly 29 14 10 4 NP - -
B-1-S-T 100 - 90 70 50 39 2h 20 6 NP - -—
B-1-N-B . .95 81 55 k1 21 17 9 37 - 13
B-1-M-B ) 96 82 63 U9 29 2h 11 L1 2k 17
. B-1-8-B . 97 82 60 bt 31 2k 11 35 25 10
-B-1-N-SH ) -1 73 35 18 3 1 1 _— — _—
B-1-S-SH . 89 5T 17 8 L 3 1. _— -~ -
B-2A-5-T E 90 6T 38 26 16 12 L - - -
B-2A-N-B 9k 77 52 b1 26 26 23 - . - --
B-2A-S-B ¥ 97 81 56 L1 2y 18 10 - - -
B-2A-S-SH 98 80 57 34 27 22° 17 T _— — —
B-2B-N-T 100 88 _ 65 36 26 1L 10 b - - -
B-2B-N-B 93 T4 51 38 25 20 12 _— - -
B-2B-g-T7t 90 71 Ls 3k 22 19 12 — — -
B-Z8-N-SH 86 5k 22 9 2 1 1 - - -
B-3A-5-P 85 55 28 17 8 6 3 -— - -
B-3A-N-B 97 81 59 48 33 28 ik -— - -
‘B-3A-S-B . ) 96 76 52 39 26 21 12 - - -
B-34-8-SH : 92 17 50 31 - 15 12 . 6 - - —-—
B-3B-N-T : 76 50 26 16 11 10 5 —_— - -
B-3B-1i-B H 97 86 67 54 34 29 18 - - -
B-3B-5-3 ; 9k 73 k9 3T 27 24 12 - -— -
B-3B-N-SE : 88 57 13 3 2. 2 1 -— - -
B-L_ g : 92 T4 b7 32 13 9 L 29 21 8
B-4-MJ-T J{ 9% - 81 57T k2 2k 19 6 28 21 7
B-L-NM-B 95 ° 83 sT k2 2k 20 11 35 2k 11
B-b_NJ-B .99 9k 83 64 51 31 24 8 29 21 8
B-4-sM-B 100 96 85 67 n 31 2L 8 29 22 7
B-k-SJ-B 96 8k 66 53 34 26 8 26 19 7
B-l-N-SH .96 89 70 55 . 27 17 6 - - -
B-L-s5-SH 90 75 L 2k 6 3 1 -— - -
B-5-SJ-B 95 70 45 34 : 22 18 10 - - -
B-5-NJ-B 96 84 65 sk 35 27 12 -— - -
B-5-MM-B 99 90 h 61 37 27 11 - - -
B~5-5-SH : 96 83 60 b1 15 11 2 - - -
B-T-MM-T 93 T4 u8 35 22 18 12 - - -
B~T-NJ-B ok T 52 38 25 21 12 - -— -
B-7-8J-B ok 75 52 39 27 23 1L — - -
B-7-N-SH 93 71 u6 33 16 ‘9 -3 - - -
B-8-8-T 9k 69 32 16 L 2 1. - - -
B-8-N-B 94 76 43 25 12 9 5 — - -
B-8-S-B 93 67 38 26 1h 12 9 - - -
B-8-5-8H 82 54 28 16 h 3 1 - — -
B-9-N-T 96 78 46 31 18 16 12 L2 26 16
B-9-M-T 9L © 15 48 34 13 9 b 35 21 1k
B-9-5-T . . 91 62 23 8 2 2 1 - - -
B-9-N-B 91 65 29 18 12 11 9 Ly 26 18
B-9-M-B ok 9 52 37 24 21 13 43 26 17
B-9-5-B . 96 85 61 k7 . 31 26 16 37 24 13
B-9-N-SH 93 72 38 17 T 6 2 - -— -
B-9-5-SH N v 8% 60 21 7 2 1 1 - - -
Additional Tests
B-2B-AS 100 100 96 87 73 6L b7 39 17 - - -
B-8-UT 90 61 24 12 5 L 1 B —— s -
B-8-45 9k 85 63 50 32 26 13 - -= -=
B-9-UT 92 68 36 26. 17T - 16 11 L2 26 16
B-ML-5900 95 6k 27 1k k¢ 6 3 — - -
B-ML-8526 N2 + 97 89 28 16 5 ° b 2 - - -

*Legend and example of sample identification numbers is given below.

Example:
B-1-N-T
! B = balast
3| = test pit No
"IML = main line
N = north rail
S = south rail
M = between rails
»] MM = between rails and between joints
71 MJ = between rails at a joint
NM = north rail between joints, etc.
AS = ballast above subgrade 2- to 3-in.
5900 = stationing on main line
T = top sample usually O- to B-in. depth
3| B = bottom sample 8- to 18-in. depth
SH = shoulder sample
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TABLE D-14. LABORATORY CLASSIFICATION TESTS ON SUBGRADE SAMPLES

Depth

From UsGSs
Pit Top of Classi-
No. Subgrade fication

0-12 CH
24-36 CH
2A 0-12 CH
2A 24h-36 CH
2B 0-12 CH
2B 2h-36 CH
3A 0-12 CH
34 ol-36 CcH
3B 0-12 CH
3B 24-36 CL
N 0-12 CH
4 24-36 CH
5 0-12 CH
5 24-36 CH
T 0-12 CH
7 2l-36 CH
8 0-12 CH
8 2h-36 CH
9 0-12 CH
9 CH

2k-36

LL

5T
62
62
61
59
63

59 .

60
53
L6
61
66
63
59

58
60.

56
58
62
55

PL

28.

23
2l
2L
23
23
23

22

23
20
2

2k .
20

25
2

19

23

19
24
21

PI

.34
39

38
37
36
Lo
36
38

30

26.
37
4o
43
3k
3k
L1
33
39
38

34

Percent
Finer Than
No. 200
Sieve

Color

93
91
95
96
95
95
ok
oL
93
69
ok
95
89
92
91
91
93
90
97
95.

Brown

Reddish-
Brown
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[y [ 9 n 39 [e. 2.70 Est. u - Gy - 2,73 |
—— WORGT  KANGAS TEST TRAGK — F0R<T _ KANSAS TEST TRACK
POST_MORTEM IRVESTIGATIGH POST MORTEM INVESTIGATION
AREA (ASRA
[l 4" [P 22 oct. 2976 12-2) i

UNCONIMED) COMPIPICION TEST MIFORT

OC___ UNCOPFINED COMPRSIUION TEST IIPORY |

FIGURE D-30. UNCONFINED COMPRESSION TEST RESULTS
FROM TEST PITS 8 AND 9
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APPENDIX E: INSTRUMENTATION
General

There had been three major data acquisition periods in the brief
_life of KTT, but parts of these data, notably moisture measurements and
some of the final readings of the vertical extensometers, were thought

to be unreliable. The Federal Railroad Administration (FRA) desired
an evaluation of the embankment instrumentation to include its design,
function, calibration, and condition. This work was carried out in
Phase II of the field investigations.

This section documents the investigation of instrumentation arrays
installed in the Kansas Test Track (KTT) embankment by Shannon and
Wilson, Inc.A(S&W),* and the data recording system owned and operated by
the Portland Cement Association (PCA). The items of interest in this
study are the soil pressure cells, temperature and moisture meters,
vertical, partial, and total deflection meters, and the recording sys-
tem. The horizontal extensometers will not be considered since they
were not permanently ihstalled and could be examined and calibrated as

needed.
Transducers

A standard Schaevitz Model 1000HR Linear Variable Differential
Transformer (LVDT) was installed in the extensometers as the transducer
element. The pressure cell assembly manufactured by Slope Indicator
Company employed the Schaevitz Model PT-T pressure transducer. The
Soiltest, Inc., Model MC-300A soil moisture and temperature meter was
used to detect the scil temperature and moisture at various locations

in the embankment test sections.

¥ Shannon and Wilson, Inc., "Embankment Support for a Railroad Test
Track, - Construction Report," Aug 1972, U. S. Department of Transporta-
tion Federal Railroad Administration, Washington, D. C.
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Dynamic Recording. Equipment .

The information detected by the embedded transducers was recorded
with' equipment housed in the PCA field recording van. Recording '
equipment in the van included carrier amplifiers, power supplies;
oscillographs, and other equipment necessary to simultaneously record
30 channels of data. A _ -

‘ The amplifier, which furuished a carrier (excitation voltage) to
the LVDT-type transducers, has the capability of suppressing the trans-
ducer output to zero volts within the limits allowed by the amplifier
gage factor setting. All cables and interconneetions in the van were |
permanently wired including external bulkhead transducer connectors.

Provisions were also made to attenuate large, full-scale static-
transducer output s1gnals to be compatlble with Sanborn recordlng
equlpment v _ ,

The Sanborn "150"™ recordlng system used has a flat frequency re—l
sponse up to 20 Hz and is within +8 percent up to‘approx1mately 70 Hz.
Additional details concerning recording:equiﬁment are given in a report
by H. C. Greer.* o

Field Calibrations and Measurements

. _Extensive tests were conducted at the main arrays at' Test Sections
2, T, and 9. Readings were recordedvfrem'the embedded vertical exten-.
_someters, soil pressure cells, and’the soil moisture’and temperature
sensors to define the fiﬁal settlement‘and soil pressure‘of the
embankment. , 4

LVDT calibrations were referenced to a micrometer having a

0.0001-in. accuracy and a John Fluke digitai voltmeter (DVM) as shown -
schematically in Figure E-1. With the LVDT core adjusted to its elec-:

trical zero, a DVM reading (Vo) was made. The Standard LVDT core was

¥ H. C. Greer, Memorandum for Record, Subject: Trip to Portland Cement
Association at Skokie, Illinois, May 1976, U. S. Army Engineer Water-
ways Experiment Station, CE, Vicksburg, Miss.
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. displaced exactly 1.000 in.;.as measured- with.the micrometer, and
. another DVM reading (Vl) was made. The excitation voltage (VE) was
also read and recorded.” The sensitivity of the LVDT can be expressed
as

vV, - VO : ' : ' B
—— = 0.257/0.7319 = 351 mv/v/in. (E-1)

Vg

' The Schaevitz Model TR-100 indicator was calibrated to indicate
1 in. on its readout when the Standard LVDT was deflected 1 in. There-
fore, by knowing that the sensitivity of the Standard LVDT is 351 mv/v/
in. and that a deflection of one is indicated on the TR-100, transducers
of pthef sensitivifies cgn be read with the TR-100. The equation for -

3

displacement is - : S ‘ ' S 'y

nﬁﬂkp4

Displacement = x TR-100 Indicator Reading . (B-2)

where 8, equals 351 mv/v/in., 'S, is the known sensitivity of other

2
LVDT in mv/v/in., and TR-100 reading is in inches. The equation for _ RS

pressure is

wn

1

Pressure = 7 X TR-100 .Indicator Reading : (E-3)
' 2 . ‘

where’ Sl equals 351 mv/v/in. s 82 is the sensitivity oflpressure
transducer in mv/v/psi , and TR-100 indicator reading is in inches.

The Stétic readingé>fromﬂthe extensometers and soil pressure cells - -
were made with the TR-100 ﬁsing the above equations, and the final readQ
ings taken are listed in Table E-1. Readings from the soil moisture
and temperatﬁre sensors were made for documentation purposes,”were’not
converted,to’temperatﬁre and moisture units, and aré recorded in
Table E-2.- Insuiation to ground readings of all transducers in the
main instrumentation arrays in Test Sections 2, T, and 9 are listed in

Tables E-3, E-4, and E-5, respectively.



Field Observations

."The main iﬁstrumentation arrays at Test Sections 2, T, and 9 were
excavated to a depth which included position 1 pressure transducer lo-
cated approximately 3 ft below the top plate of the multiple vertical
extensometer (Figures E-2 and_E—3) and the extensometer locations OL
and 02. R | 7

S0il was very carefully rémoved from transducer areas to prevent
damage to pressure cell diaphragms and cables or disturbancevof
interfaces between soil and transducers. Pressure cell ektensométer
terminal box and PCA pressure cell elevations were measured with a sur-~
veyor's level and are recorded in Figures E-4 through E-9.

Diaphragms of the soil pressure cells were depressed (in place),
aﬁd indications were observed on the TR-100 LVDT, which verified that
the units were operable and had the proper polarity. Pressure cells
excavated had a good interface with the soil as shown in Figures E-10,
E-1k, E-15, and E-21. All pressure cells were operable with the excep—

tion of those located at 2201 and 2202 which had open circuits in LVDT
- secondary windings. Sound anchor prong—soil interfaces were found
after excavation and are shown in Figures E-11 (Test Section 2), E~16

and E-17 (Test Section 7), and E-22 (Test Section 9).
>A Extensometer terminal boxes were opened for inspection, and loosé
mechanical connections were found, as shown iﬁ Figures E-12, E-13, E-18,
E-19, E-2k, and E-25. These loose connéctions may be the source of phaée
reversals, ﬁoisy signals, and questionable data which were encountered
during the testing period. Although other main instrumentation arrays
were not scheduled to Ee'excavated, it was conveﬁient to remove they
ballast from the main arrays at Test Seétions 1, 3,-6, and 8 in order
that the multiple veftical extensometer terminal boxeé‘could also be
opened for inspection. Condition of the 1nte/nal parts of these exten—

someters and appropriate photographs are tabulated in Table E—6 The

presence of mud and water inside terminal boxes required further examine—

tion of extensometers in Test Section 7. This inspection revealed that

pumping had occurred between the construction joints of the two
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polyurethane foam lifts. Evidence of pumping is shown in Figure E-20 and
can best be seen on extensometer TLO1l (right side of the picture). The
dark area in the cut out area long the‘construction Joint indicates that
mud had impregnated the ﬁhite polyurephane foam.

Soil samples were taken beneath extensometers 2401 and 2402 where
the water content was determined to be 28.4 and 29.0 percent by weiéht,
respectively. Soil samples were also taken between pressure cells
9201 and 9202 and beneath extensometers 9401 and 9402 where the water
content was found to be 28.0, 29.0, and 30.0 percent, respectively.
Evidence of the high water content below 9402 is shown in Figure-E—23
where water wés seeping from higﬁer elevations and pooling just below
the extensometer terminal box.

LVDT's located in Test Sectibns 2, T, and 9 were calibrated in
place using a carpenter's rule as a standard. These values are con-
sidered as checks on the performance of the transducers after éubjecf
tion to a hazardous environmment for a lengthly period of time. Data

from ﬁhese calibrations are in Table E-T.

Posttest Laboratory Calibration of Soil Pressure Cells

Soil pressure;cells~éxcavated from .the KIT embankment were check
calibrated at the WES using laboratory standards and equipment (Fig-
ure E-26). These calibrations were performed to detefmine after-test
transducer sensitivity and linearity so that an evaluation could be
made as to the validity of test data retrieved from these instrumeﬁts.
During the calibrations, the LVDT output vcltage was recorded at sév-'
eral differént pressure-levels set by use of a laboratory test preésure
gage with an accuracy of +0.25 percent full-scale and with the LVDT
excitation voltage and frequencj held constant. Linéarity curvés for
each transducer’calibratéd are shown in Figures E-27 through E—32. ,
Tabulated values of applied calibratidn pressures, output voltages
measured at éach pressure, and the error expressed in terms of percent
full-scale deviation from the beét straight-line fit drawn through all
points is shown in Tables E-8 through E-13. The calibration history
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of the pressure transducers is shown in Table E~1h.

Soil Moisture 'and Temperature Sensors

' Tﬁe ﬁemperaturé sensors produced reliable data, but as indicated by
Shannon and Wilson* the moisture sensor readlngs were erratic and unde-
pendable. Several sensors were removed from the KTT and returned to the
factory in hopes of getting some 1nd1cat10n of the cause for gross
failures. Boiltest, Inc., furnished a letter report (Figure E-33) con-
cerning .their eﬁaluation of these traﬁsdqcef failures. |

1

PCA'Carlson Pressure Cells

No electrical readings were made by the WES on the PCA pressufé
a,cells, but several interesting items were noted in photographs taken at
the site. The photograph in Figure E—3h shows typical settlement under‘
the ties and the heaving between them. TFigure E-35 gives an indication
of the construction problem involved where the reinforcing metal was
very close to thé pressure cell. TFigure E-36 shows where a repairman
inadvertently drove a wooden wedge between one of the pressure cells

and the concrete.when attempting to level the slab. Figures E-37 and
E-38 show the effects of pumping where the pumped lime-like materials
are attached to thé pressure cell. Note in E-38 that the material in-
stalled on the cells to protect the groove (pressure sensiﬁg area) from
becomiﬁg contaminated.with foreign particles is deteriorated and has
allbwed particles to contaminate the area. Information obtained from
pressure cells operating in this type environment and condition would -

be questionable,

* Shannon and Wilson, Inc., "Embankment Support. for a Railroad Test
Track, Analysis of Embankment Instrument Data," Vol 1, Jan 1976,
U. S. Department of Transportation Federal Railroad Administration,
Washington, D. C.
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TABLE E-1.

FINAT, EXTENSOMETER INDICATIONS

TR100 -

Gage Sensitivity¥

. Deflection

Gage .

Location Indication kmv/v/ln in. Date
2ko1-1 : 1b25L#*' h“382;3.:; i,lsLi - 5/20/T6
2h01-2 1.10L 3718.2 - _ L.02L - " 5/20/76
2ko1-4 1.25L. 312.3 " 1.18L | 5/20/76
2ho2-1 . 1.M5L I 1.3, 5/20/76
2ko2-2 . 1.hoL 379.0 11.30L C 5/20/76
2ho2-L - 1.30L 3812 - 1.20L " 5/20/76. -
2403-1 0.55R" 319.3 0.51R  © 5/20/76
2k03-2 0.00 3717.5% 1'0.00--- - .5/20/76 -
2hoh-k 0.03R 379.0 0.028R " 5/20/7€-
Tho1-1 0.8o1, ST . 0.T6L '5/18/76
Th01-2 - 0.90L . 378.0 0.8h1L - 5/18/76
Tho1l-b 1.20L . 375.8 l.a2n 5/18/?6

C Th02-1 . . 0.50R . 380. o.;,, " o. h6L . 5/18/76..
Tho2-2 ©  1.50L - 3Tk.2 1.ban - 5/18/76 .
Tho2-4 10.0L5L 377.3 . ¢ To.ok2L  5/18/76
W03 .0.2T 379.8 - 0.25L . 5/18/76 -
Th03-2° 0.55L 37h.0° .7 0.516L ¢ 5/18/76 ‘
ThOk-h 1.10L 378.7. - © o l.02L- . - 7 5/18/76
oho1-1: 1.05L - 377.3 Co.9tL o s/19fiE
9%01-2 - . - -0.95L »- 380:2 - - 0.88L "~ 5/19/76 -
9401-3 . 0.55L, .- 377.3 0.51L . 5/19/76
9ho1-k: 0.45L . 376.5 o.k2L  5/19/76
oho-1.  1.35L 3728 Cvetn 5916
9ho2-2 . " "1.25L" 376.3 o 1.17L . ° 5/19/76
9402-3- - - 1.30L 381.0 e 1.20L 7 . 5/19/76
olo2-k 1.30L 374.0 2L . 5719776
9L03-1 - ..0.30R -~ - 379.2 L0.28R © - 5/19/76 .
9403-2 0.60R 375.8 0.56R . 5/19/76

- 9403-3 0.90R~ 370.5 0.85R * . .-5/19/76
9L403-k 1.45R 378.0 1.35R 5/19/76

- ¥ From Shannon and Wllson, Inc 5 op eit., p E—l "":J A

®¥% T, - down. ' : ‘
+ R - up. N



TABLE E-2. FINAL INDICATIONS, MOISTURE AND

TEMPERATURE FROM MC300A METER

Gage . Temperature Moisture
2301  125L¥ 185L
2302 - 130L 190L
2303 125L 1LoL
2304 1301 185L
2305 130L 200L
2306 30L 18H
2307 149L 110L
2308 1LoL 165L
2309 ‘ 130L 175L
2310 , 10H*#* 10H
2311 135L 50L
2312 1401, - 45L,
2313 135L 165L
7301 12L 55H
7302 128L 91L
7303 133L - T76L
T304 128L 191L
7305 ' 122L 186L
7306 1181 196L
7307 1141, 200L
7308 112L 186L
7309 ' 128L 197L
7310 18LL 197L
7311 13L4L 1941,
7312 164L OPEN
7313 OPEN - 175L
9301 , 130L L5H
9302 o 135L 30H
9303 130L 15H
9804 - 125L 10H
9305 ' 190L 190L
9306 15H 15H
9307 - Co-
9308 .- -
9309 - 130L - 170L
9310 ' - 1L01, 185L
9311 140L 175L
9312 135L 50L
87L

9313 125L

# Indicates low range on MC300A meter.

¥% TIndicates high range on MC300A meter.
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. TABLE E-3. INSULATION TO GROUND, TEST SECTION 2,

20 MAY 1976

Gage
2401-1

2&01-2
2401~k
2402-1
2402-2

- 2ho2-4

2403-1
| 2403-2
2403k

" 2201

" 2202

2203 .

2301
2302
2303
" 2304
2305
2306
2307 .
2308
2309
2310
2311
2312
2313

A B

L

D E F

i 7 K L W™ N P R S

>20M >20M
20M. ™
20M 20M

™  5M

10K° 5K

15K 15K

>20M

20M

20M

3M

SK

12K.

>20M >20M
"1.5M

¥

20M 1M

20M

20M = 20M
>20M

>20M >20M SM

19K léK 19K

80K 100K  3M

l.SM

720K

>20M

™

20K

Lok

1

_TOOK TOOK TOOK RV -

800K 800K T20K
>20M

>20M >20M >20K

ST

TM 350K. 720K 20M 120K .
s ) . 20M - 20M 20M 20M

17K 19K
LTK bk 1K
18K 1K 15Kk
' T0K

25K -~ 40K
LOK 25K~ LOK
) " 15K 10K 15K

100K 120K 120K 120K 285K

>20M >20M >20M >20M

90K LOK -

1M 500K 500K 230K

20M 20M. - -

30K 26K 30K

30K 13K 17K

Connector

[

N OV OV OV OV VU V1 WU UV VU VR W W WY e

Note:

1,000 chms

1,000,000 olims



oT-d

TABLE E-k. INSULATION TO GROUND, TEST SECTION T,

18 MAY 1976

Gage A B ]

D

E F

T401-1 20M 20M  20M
7401-2

7401~k

Th02-1 2.5M 2.5M 1.5M
Tho2-2

Th02-b

T403-1 >20M >20M >20M
T403-2

T403-4

7201 >20M >20M TOCK
7202

7203

20M

1.5M

>20M

1.5M

20M

20M 20M 20M 20M 20M

250K

2.5M 2.5M 500K 650K 30K

>20M

>20M >20M >20M >20M >20M

1.5M 500K

10M 10M

3M 10M

10M

3M

20M 20M 20M 20M 20M
350K 350K 300K 300K 140K
>20M >20M >20M >20M >20M

T10K 710K T10K TLOK T10K

-

Connector

1

O OEF W W W NN NN e =




TT-¥

TABLE E-5. INSULATION TO GROUND, TEST SECTION 9,

19 MAY 1976

Gage
94o1-1
9Lo1-2
9L01-3
9LO1-k
9L02-1
9ko2-2
9402-3
9L402-4
9403-1
9L03-2
9403-3
9403-4
9ko1
9402
9403
9301
9302
9303
930k
9305
9306
9307
9308
9309
9310
9311
9312
9313

A B

20M 20M

1M 1M

>20M >20M

280K 260K

95K 105K

20K 16K

20M

900K

>20M

300K

95K

18K

20M

900K

>20M

150K

85K

45K

E_F G B _J K L M. RN _

20M
15M 15M 1.5M 1.5M 15M

4 R S T U )i W X Y Z o

34 3M 450K 450K 1LOK

>20M
LM LM 1.5M 1.5M >20M

1.5M 1.5M 140K 150K 260K

L4OOK 400K 120K 120K 230K

>20M
20M 20M 2LOK 240K >20M

160K 180K 110K 110K 2LOK

>20M >20M >20M >20M 800K

150K 1M
1.5M 2M 600K 600K 600K 600K

>20M >20M >20M >20M >20M

550K 550K L4SOK 5SM S5M 2M

140K 90K
200K 300K 210K
350K 450K 350K
5K

45K 50K
LOK LSK L4SK
100K 150K 100K
45K

18K 8K
350K 450K 350K
>20M >20M >20M
>20M >20M >20M

22K LOK

Connector

: ¥

D D D NN =~ = -

ON ON O\ O V1 W1 W1 WU U1 V1 FFE W W W Ww

(oY

Note:

1,000 oxms

1,000,000 ohms



TABLE E-6. CONDITION OF EXTENSOMETER LVDT ASSEMBLY

Anchor . . -
Transducer Support LVDT Core Exteénsion Rod Leaks/Pumping Core Resting
Location Broken Bent Jammed Broken Water Mud on Bottom
1401-1 X
1401-2 - X
1ho1-h ' X
1h02-1-
1402-2
1ho2-b
2401-1 : X EE ¢
2L01-2 X
-2ho1-b
2402-1 X X
2kQ2-2 X X X
2Lko2-4 X X
3401-1
3k01-2 | X
3401~k
3402-1 X
3402-2 X
3402-4 X
3403-1
3403-2
3403-4
. 6401-1
6L01-2
6401-3
6hCci-k
6402-1 X
6L02-2
6L402-3 X
6402-L X
Thol-1
Thol-2
THOL1-k
Tho2-1 . X
TL02-2 ) : X
Th02-4 X X X
8401-1 '
8401-2
8h01-L
8402-1
8402-2
8Lo2-4
9Lo1-1 ‘
9Lo1-2 ) X
9Lo1-k
9Lko2-1
9h02-2 "X
gho2-3
glo2-4

> oba
e
el

bd D4 bd bd bd 4 DA B4

L] »dobd pd M
o e

L ]
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TABLE. E~T.

EXTENSOMETERS, 20 MAY 1976 .

INSITU CALIBRATION VALUES FOR

TR-100
Gage Indication

- 2401-1°
2%01-2 1.1R¥®*
2401~k 0.97R
2402-1"
2L02-2!
2Lo2-L4 0.95R
Th01-11
Th01-2 "1.05R
Th0o1-Lt
7h402-1 0.97R
TLH02-2. ‘1.05R
Th02-L 1.05R
9401-1 1.05R
94k01-2 1.05R
9401-3 1.05R
9&01-4?? 1.5R
9ko2-1%
9%02-2 1.06R
9k02-3 . 1.05R
2402-h

1.05R

LVDT Sensitivity¥
mv/v/in.

378.
372,

379.
378.

R 380.
37h.
377.
377.
380.
377.
376.

376.
381.

2
3

Vi w Noww o o

w

374.0

Displacement
in.

1.02R
0.91R

0.83R
C.93R

0.98R
0.98R .
0.98R
0.98R
0.97R
0.98R
1.4R

0.99R
C.97R
‘0.99R

#  From Shannon and Wilson, Inc., op. cit. p. E-1.
#%* R = up.

+ Could not loosen LVDT core from reference assembly.
.+t Calibrated twice. )
# Rod jammed tube.
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TABLE E-8. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 2203

A 12-1-76
1-FT CABLE

LINEAR LEAST SOUARES CALIBRATION  VOLTS / PSIG -
,VOLTS =  =-.976736754473D-82 + .2211369?5793D-.2 PSIG -

PRESSURE = OUTPUT (VOLTS) DIFFERENCE . f ERROR

- (PSIG) - MERSURED PREDICTED- - (VOLTS) % FULL SCALE
18.68 - .8148 L8123 . -.88166 . - .85858

28,80 ,8328 - ,8345. .08243 -1.27111
30.60 . - .8544 8566 .0B8256 -1.32827
43.88 - .976B .9087 .B8267 . -1.38542
60.08 .1248 . 1225 -.a0111 .57281
ga.88 - .l6v@ - ,1671 - .88912 -.85353
98.60 . ..20870 .2B69 ~ . -.B80B9 .04474
£8.608 . 1628 «1671. . =.08088 »45858
68.08 1238 - 1229 . - -.@@otd .63467
40.688 8798 8787 - ~-.068323 » 16858
30.08 .0578 - 8566 -.08844 22614
20.08 .B360 «B345 -.B8155 88142
10.88 8149 .B123 -.8B166 .85838

30-FT CABLE

L INEAR LEﬁST‘SQUQEES CALIBRATION  VOLTS / PSIG

VULTS_= -.861585300567D-82 + .228?96865592D—82 PSIG

PRESSURE . QUTPUT (VOLTS) . DIFFERENCE ERROR

(PSIG) ~ MEASURED PREDICTED = (VOLTS) - # FULL SCALE
- 18.688 .01508 8143 - -.02074 , ,.36422
. 20.00 = ,@380 .8371 -.060686 : . 42349
- . 38.80 - .BG1B .B6508 ~-.860898 - . 48276
48.88- .83818 8829 .88198 -.93581
68.00 - .1278 . 1287 - .8e166 -.81727
88.00 1738 .1744 - .00142 '-.69874

58.080 .2188 .2156 -.08240 1.18134
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TABLE E-9. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL T201

12-1-76
1-FT CABLE
'LINEAR LEAST SOUARES CALIBRATION VOLTS ~ PSIG
JWOLTS = . .saa@5r4055333-|3 + .337600B26768D-02 PSIG
‘PRESSURE UUTPUT (VOLTS) DIFFERENCE . ERROR
(PSIG)-  MEASURED PREDICTED = (VOLTS) - & FULL SCALE-
18.88 - .B389 8382 .0R628 -.16268
20.69 .0508 .B609 .PB098 -.73171
30.88 - . .0318 .0316 .B3960 -.48781
40.80 1228 .1223 . .B0838° . ~.24391
58.80 - L1538 .1538 08608 . -.00200
40,80 1239 . 1223 -,B20070 .56910
33.90 .8928 L8916 -.6004D . 32520
20.80 .B618 .BEeg -.580018 .B3138
16,098 .0318 - .8382 -.06880 65041
30-FT CABLE

LINEAR LEAST SQUARES CALIERATION  WVOLTS ~# PSIG '
- VOLTS = - 300800080000D-83  + -311883606380D-62 PSIG

PRESSURE = OUTPUT (VOLTS) DIFFERENCE ERROR

(PS16) MEASURED PREDICTED (YOLTS) % FULL SCALE
16.00 .B328 .0314 -.B5368 .43337
26.09 »06208 .8623 : ., 63858 -.40323
30.08 . «B930 L0936 .0O0BEB -.43387
49.08 . 1258 « 1247 -.08B38 .24194

$58.00 ".1568 = .1558 -.B06828 .16129

E-15



TABLE E-10.

POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 7202

LINEAR LEAST SOUARES CAL IBRATION

1-FT CABLE

VOLTS = = -.2857245897233-03 +
PRESSURE DUTPUT (VOLTS) DIFFERENCE
(PS1E) MEASURED PREDICTED - (VOLTS)

14.60 <8420 .8423 .BBB26
268,98 . 8848 .8848 -.08E88
36.88 . 1280 . 1273 ~.BOAGG
49.08 1780 . 1689 -.00911
56.68 .2128 2124 .BB043
40.80 . 1760 » 1699 ~.08911
36.80 . 1288 1273 ~. 08866
28.08 .0849 .8848 - .0BE8s
10.08 .8439 .8423

LINEAR LERST SQUARES CALIBRATION
.225514851877D-16 -+

YOLTS =

PRESSURE
(PS1G)
16.08
20.68
38.00
46.80
50.88

QUTPUT (VYOLTS)
MEASURED PREDICTED

.6448
-8368
1320
1768
2260

-.08874

30-FT CABLE

~8448
.0388
. 1320
1768
.22080

DIFFERENCE
(VYOLTS)
. 88680
~.08280
.BBBAn
-.8BE68
-.08668

11-30-76

VOLTS 7 PSIG
.423423608523D-82 PSIG

VOLTS 7 PSIG : '
. «44P6V0BBBEE2D-62 PSIG

% FULL SCALE

ERROR

% FULL SCHLE.

.15126
47as9
. 38655
06722
25211
86722
. 38655
.4r@33
. 43633

ERROR

. 80003
00660
.0000D
.B98682
.BEoes
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TABLE E-11. ©POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 7203

12-1-76
1-FT CABLE

LINEAR LEAST SQUARES CﬁLiBRRTIUN. VOLTS .7 PSIG
VOLTS = .1384172539680-02  + . 179727639617D-02 PSIG

PRESSURE QUTPUT (VDLTS) DIFFERENCE ERROR
(PSIGE) MEASURED PREDICTED (VOLTS) # FULL SCALE
10.88 »8199 8132 .28818 -, 11278
20,89 .0378 - .B379 . 08005 -.83166
3B.B8 . .0558 0549 -.00868 84939
48,60 ©.8r38 L8728 =.08a23 . 13843
8.6 -, 1888 ».1885 » BAaS4 ~,34443
80.88° ~  .1440 . 1443 .DRR23 -.18235 -

- 98.80 . <1768 <1765 88846 -.29125 |
ca.ea - <1458 . 1443 -.686871 . 454649
609.68 . . 18258 . 1885 ~, 08845 »29251
40,088 ©..B738 . .0728 ~.080828 . 13843
39.08 8550 8549 -.88088 T .B4939
20.08 .83va 0378 . .BBeas -.83166
19.08 »8198 8192 .08818 -, 11278

30-FT CABLE

: LINEHR LEAST SQUARES CALISRATION  VOLTS ~ PSIG
VOLTS = .285155237483D-82  + . 1839169083366D-82 PSIG

- PRESSURE . BUTPUT (VOLTS) DIFFERENCE ERROR
(PS1G) - MERSURED PREDICTED (VOLTS) %z FULL SCALE
10.00 »0268 .0204 , 08044 -. 27361
20,080 .B390 .0388 -.boa17 . 18189
30.08 6578 B372 88023 - =.13989
48.00 .ar6a. .87356 -.00838 .23561
62.00 - .1138 - 1124 ~, 26860 » 36932
80.20 . 1480 1492 .62319 ~-. 11424
98.88 .1828 .1823 - .BBB29 -.17988
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TABLE E-12. POST EXCAVATION CALIBRATION OF
' SOIL PRESSURE CELL 9201

11-30-T6
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION  VOLTS ~ PSIG
VOLTS »  ~,207143842563D-82 + 8137143366650 -82 PSIG

' PRESSURE UuTPUT (YOLTS) ~ DIFFERENCE ERROR

(PSIG) MEASURED PREDICTED -~ (VOLTS) % FULL SCALE
5.00 . B498 .B381 ~.292189 - 1.,155668
18.B8  .8760 8788 .0888D - =.498838
15.88 L1188 . (1195 .Ba14s ' -.91148
26.98 . 1688 . 1682 . 88817 - =, 103917
25.60 .2838 = .2083 -.B0214 " 1.31463
20.08 « 1608 1682 0881y -, 18517
iS.88 L1188 .115%8 .B0145 -.91143
18.68 87889 .8788 » 89630 -, 49380
5.00 .0359 .0381 e =,98089 543339 .
30-FT CABLE

LIN"QR LEAST SGUARES CQLIB RATION  VOLTS ~ PSIG . ‘
VOLTS =  -.448000000000D-82 + .36500900006a8D~-02 PSIG

PRESSURE QUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (YaLTS) # FULL SCALE
- 5.88- .B418 © 5358 -.D0200 1.15687
18.88 3810 0824 88149 -.68%25
15.86 . 1248 . 1258 .808188 -—1.84846
20.00 L1690 . . 1692 . 00020 -, 11561

25.0680 - .2140 -.2126 . ~-.BB149 .8B925
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TABLE E-13. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 9202

12-1-76
1-FT CABLE
LINEHR LEQST SQUARES CALIBRATION YOLTS / PSIG
VOLTS = .1571418984arp-a2  + +393142851945D-92 PSIG
PRESSURE DUTPUT (¥YOLTS) . DIFFERENCE ERRDR
(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE
18.88 . 8428 0415 -=. 80851 » 32143
20.88 .BB18 .B814, . DB ~.25089
-7 40,88 . 1618 1612 © o .88823 =, 14286
48.080- . 1618 .1612 .00B23 -. 14286
30.60 .1218 1213 60031 -~ 19643
28.808 .8818 .B8814 .80B4a ~. 25680
18.60 » 8428 8413 ~. 60851 .32143
30-FT CABLE

LINEAR LEAST SQUARES CALIBRATION  WOLTS ~ PSIG '
VOLTS = .5800062003680D~83 + .41996086008380-82 PSIG

PRESSURE QUTPUT (YOLTS) DIFFERENCE ERROR
(PSIG) © MEARSURED PREDICTED - (VOLTS) % FULL SCALE
19.688 . 8438 » 8424 -, 88968 - » 35928
20.08 .0838 .B843 .08130 ~.77B44

. 30.88 w1278 -.1262 -.63088 47984
48.80 - 1688 . 1681 .0ea1a ~-.63988
58.808 .2188 - ,21088 -, 50060 . »6g98a
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TABLE E-14%. CALIBRATION HISTORY OF MATN INSTRUMENTATION ARRAY
SLOPE INDICATOR COMPANY PRESSURE CELLS

Sensitivity

: in mv/v/psi .

Cell Range Slope Indicator WES Calibration
Number _in psia- . Company Calibration®* 0O ft of cable 30 ft of cable
2201 25 8.667 | B B
2202 50 L.263 ®% ' ®%

2203 100 2.225 o 2.211 ‘ 2.288
7201 50 3.120 | 3.070. 3.110
7202 50 4,303 4 254 : 4.%00
7203 100 1.802 1.787 - 1.839
9201 25  8.693 8.137  8.680
9202 50 4.086 3.991 A L.190

9203 100 ' 2,000 _ St T

¥ From Shannon and>Wilédh, inc., op. cit., p. E-1.
*¥%¥ Defective cell.
+ Leads and air tube cut too short for calibration vessel.
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MICROMETER SCHAEVITZ LVDT
HEAD MODEL HR1000

Te—d

.

HEWLETT PACKARD HEWLETT PACKARD
OSCILLATOR FREQUENCY COUNTER :A'b%ﬁ ol
MODEL 3310B ‘ MODEL 53256B

FIGURE E-1. CALIBRATION NETWORK FOR SCHAEVITZ LVDT
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MAlN ARRAY

Bm"

i

b= Yillclnul ods

Rock

Arerw gouttd min 3 S ¢ Bd’"“

2" nta rock {type ) 75 min
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L0l Tube coupling pumbar, {1-9}
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. 0.01,{ 001 10 0.03), see Fig.

Instrutent numbers
Instrument typa
| - Tube coupling
2 - Presswe cell (201,202, 203)
3 - Mostyre - ternperature cefl
4G « Mulnple -position extensometar
{408, 402,403)
5 - Single-position exfensometer
1501, 502,503,504 )
6 - Portable harizontal eatensametee
(601, 602,603,604
Tube number, ( e Fig.3)
Test saction number, (| 199}

polyethalens tubing

4"% corr. polyethelens
. (typicot)
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Ty ey e
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INSTRUMENTATION_ -MAIN ARRAY

Spacing varies w/

[’"" tesy gk structure
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“Stress meter (typieal)
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'yi(f

Maoistuse temoe:ature cells,
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s+ Aty 3 omired where rock -
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__— T
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"~ LONGITUDINAL SECTION
INSTRUMENTATION ~ MAIN ARRAY

INSTRUMENTATION LAYOUT (from Shannon and Wilson, Inc., op. cit., p. E-5)

Orgral qrownd, rock of additionsl depth of fill



XA

HORIZONTAL TUBING

| One tie spocing, or 18" for sections 4, 5 and 7
1

See lobulgtion below

Top of embonkment
" during construction
Id

t
Main Arcay

|
]

MOISTURE - TEMPERATURE

AND PRESSURE CELLS VERTICAL EXTENSOMETER

One tie spacing, or 18" for sections 4, § and 7 ' |
Ll e

See fabulation betow
Termino Box

' Conduit hole fiiled |
Top of wan' silastic © ~
\

«
emban mem\ﬂ‘ A

T & 1 -y
I ! [ <: Cement motar lvet
! . ' ! ement motar leveting
| H Flex-tite conduit L 4 2o and seating coarse
H Terminal box ond PVC ~c-£'°'h‘?"q
Clay compacted in 3" to 4" | pipe  filled with transtormer oil o
litts with Wocker i !| L-O-ring o
- ~Chossis grease
i'am
[, _Pipe coated with
9" N . b+ 1" water-pump grease
(typical) Cloy compacted in 3”10 4" Mousture - temperature FUN Y S,
Bifts with Wocker Cell | L L
' k iy Construction joint in foom
! Soh shghtly more marst thon the A
. L surrounding embankment was kneaded [ .
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~~T around PVC
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| . possing #20 seeve. Vibrote sand ¢ i
with concrete vibrator ottached to Polyurethone foam - " Y4 Brass anchor rod
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i B .__0.5"mox. damp sand (eveling caurse. Bottom of Irench compocted ‘
Use vibrotor tamper to compacl. with Wocker . E I+

Bottom of Irench .| Muin. thickness Ya’

compacted with Wacker

|+—Coupling pins - two per coupling
o 10"

Scale: Inches

\FIGURE E-3.

TNSTRUMENT INSTALLATION DETAILS (from Shannon and Wilson, Inc., op. cit., p. E-1)

Test Section

O D NP S WA -
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* No ues in test secton, but spacing
wos taken g5 195" for instrument
installation purposes .



NORTH RAIL '
- TIE NO. 214 EL 1418.66

1416.69

1416.87°

1416.64°
1416.76°

1416.66"
1402

MIDDLE

1416.75°

1416.96°

1416.81°

1416.68°

1416.85°

1401

a. PCA PRESSURE TRANSDUCERS

FIGURE E-L.

TEST SECTION 1,

MATIN INSTRUMENTATION ARRAY

E-24

SEON®

SOUTH RAIL

1416.77°

.1416.97°

1416.75°

1416.66°

TRANSDUCER ELEVATIONS AT




NORTH RAIL SOUTH RAIL
ELEVATION TIE ELEVATION TIE
1414.00' - " 1414.05'

7472.77' 7412.88’ 1412.78°
1412.88° 1412 93’ ' 1412.94°
1412 70’ 7472.83; 1412.79°

1412.69° 1412.72° |, o) 1412.76"

1412.30° 1412.32°

~4
N
)
N
N
2

1409.09°

a. PCA PRESSURE TRANSDUCERS

FIGURE E-5. TEST SECTION 2, TRANSDUCER ELEVATIONS AT
MATN INSTRUMENTATION ARRAY '
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.9c-&

SHOULDER NORTH RAIL MIDDLE SOUTH RAIL.

1409.59° : 1409.75 1409.59°

_ " 1409.81° \

1409.79° © 1409.83 1409.72
N ) 1409.84°

1409.65° " 1409.74° 1409.64°

1409.69’
1409.93 1409.68° 1409.77°

1409.60°

a. PCA PRESSURE TRANSDUCERS

FIGURE E-6. TEST SECTION 3, TRANSDUCER ELEVATIONS AT MAIN INSTRUMENTATION ARRAY




NORTH RAIL
BEAM EL 1398.37"

1396.54° . 1396.70
BEAM NO. 61
BEAM NO. 62
1396.69° 1396.63°

1396.52" (s o] 1396.64°

1396.00°

a. PCA PRESSURE CELLS

JOINT

1396.66" [o

1396.01°

1394.58"

MIDDLE

o) 7396.66°

SOUTH RAIL
BEAM EL 1398.38'

1396.74° 1396.66°

1396.63° 1396.66"

FIGURE E-7. TEST SECTION 7-, TRANSDUCER ELEVATIONS AT
‘MAIN INSTRUMENTATION ARRAY ’
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NORTH RAIL MIDDLE SOUTH RAIL

1392.10" ‘ 1392.21° ‘ 1392.24°
1392.15° 1392.22" . 1392.23"

1392.06° 1392.15°
1392.02° 1392.08" 1392.16" ‘ 1392.16" 1392.16”

1392.06" 1392.29°

8402

a. PCA PRESSURE TRANSDUCERS

FIGURE E-8. TEST SECTION 3, TRANSDUCER ELEVATIONS AT
MAIN INSTRUMENTATION ARRAY
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NORTH RAIL

1389.34°

1389.44°

1389.40°

402
1389.45°

1389.37°

‘(o

1389.48°

1388.85°

MIDDLE

1389.45

1389.48°

1389.52"

1389.44°

O &

9401
1389.47° 0

1389.43"

1389.45° 0

1388.88"

1387.5°

a. PCA PRESSURE TRANSDUCERS

FIGURE E-9.

MAIN INSTRUMENTATION ARRAY

E-29

1389.43°

SOUTH RAIL
1389.42°
1389.43"
1389.39°

TEST SECTION 9, TRANSDUCER ELEVATIONS AT
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FIGURE E-17. ANCHOR PRONG-SOIL COMPLING FOR GAGE T7-01-1,
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FIGURE E-21. TEST SECTION 9, PRESSURE CELLS
9201 and 9202
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FIGURE E-22.

TEST

SECTION 9, EXTENSOMETER EXCAVATION
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TEST SECTION 6, FAILURE OF EXTENSOMETER 6402
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@g} SOILTEST,INC.

® 524 SOUTH BDULEVARD
SOILTEST BARABOO. WIBCONSIN 53913

DIVISION OF BODILTEST, INC., EVANSTON, ILL.

S8UBSIDIARY OF CENCO INCORPORATED TELEPHQONE 603/356-8777' . TELEX 265.455
REFER TO:
June 9, 1976

Department of the Army

Waterways Experiment Stationm, Corps of Engineers
P.0. Box 631

Vicksburg, Mississippi 39180

Dear Mr. Greer
RE: WESBP 20/1982
' SUBJECT: Evaluation of Failure of (5) Soil Moisture Cells Returned
to Soiltest.
Upon receipt of the (5) cells, we soaked them in a solution of
isopropyl alcohol and tap water mixed at a ratio of approximately 100:1.
. (Note; This solution is used because it is relatively safe, readily
available, doesn't leave a residue, and yieldsa mid-range meter reading.)
In this test aknown good cell from our stock was used as a
reference.
Test Results In Alcohol-Water Solution read with a Soiltest
MC-300B Soil Cell read out:

Resistance Temperature

Cell #1 230K 79°F - NOTE: Temperature readings were
©Cell #2 65K ’ ' 77°F not corrected and are not
Cell #3 lOOOK ’ 80°F _ expected to be precise
Cell #4 200K 69.5°F due to evaporation of the
Cell #5 200K 78.5°F ‘ alcohol.

Known good ,

cell 11K 77°F

At this point I talked to Homer C Greer, WES on June 7, 1976,
and discussed our course of action in evaluating the defective soil cells.
It was decided that Soiltest, Inc. would analyze the cells free of

ENGINEERING TEST EQUIPMENT FOR SO0ILS, CONCRETE, BITUMINOUS PRODUCTS & CONSTRUCTION MATERIALS

FIGURE E-33. LETTER REPORT FROM SOILTEST, INC., TO WES
CONCERNING DEFECTIVE SOTL MOISTURE CELLS

BE-53



charge and submit a report to W.E.S. of our findings.

In a subsequent phone conversation on June 8, 1976, I was informed
by Mr. Greer that the defective cells had been buried in the roadbed
ballast of a railroad in Kansas.

This information, coupled with the recults of Dr. Oestings report
led us to the following conclusion. '

The cells’ outer shells were plated with copper, while the pbres
in the electrode spacer fabric were plugged by a non-conducting substance,
probably a petroleum based substance such as diesel fuel or weed killer.
Positive tests could not be conducted because of the initial alcohol bath.

Electric current for the plating could have come from several
possible sources:

1. Galvanic currents produced by a chemical reaction between the

steel rails and chemicals present in the roadbed ballast.

2. Current flow between the rails

a. Current used for signal devices.
b. Inter-rail current flow from the electric drive motors used in
modern diesel engines.

Suggestion:

If roadbed measurements are necessary, we suggest that a representitive
abandonded roadbed be choosen. Preferably one that has not been contaminated
by unknown materials. Such a roadbednﬁght be a spur line into a quarry.

Please feel free to reprint this report.

Sincerely,

M. B. Powell
Customer Service Manager

enclosure

FIGURE E-33. (CONTINUED)
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June 9, 1976

To: M. B. Powell
From: R. B. Oesting
Subject: Moisture Cells

I examined two moisture cell units and found copper plated on
the surfaces of them. There was no evidence of corrosion or of any
other deposit being present. Iron was absent from these surface
deposits.

Further test on the glass cloth spacer removed from a faulty
cell showed traces of an orgénic compound. This test was run after
immersion of the cell in alcohol and no more detailed conclusion is
possible. The organic compound was not isopropyl alcohol but was some

high molecular weight residue.

R. B. OestingPhD.
Professor of Chemistry
University of Wisconsin

FIGURE E-33. (CONCLUDED)
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FIGURE E-34. DIFFERENTIAL SETTLEMENT IN PCA PRESSURE CELL ARRAY,
TEST SECTION 3
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FIGURE E-35. PCA PRESSURE CELL IN CLOSE
BAR, TEST SECTION T

PROXIMITY TO REINFORCING
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FIGURE E-36.
TEST SECTION T
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WOODEN WEDGE DRIVEN AGAINST PCA PRESSURE CELL,
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FIGURE E~38. DAMAGE TO CORK LINER AROUND SIDES OF PCA PRESSURE CELL,

TEST SECTION T

i i
e R
Wit o 7;"1

7,
g

b

i

i
a

S0
//%’/ .
.

ki,
i

;‘ il

; i .

g M,// Ul 5
Y

P 0y ﬂ

/i
Ww i
st ~ i
- i B
bl
Ay

Bt

o
'n:v

i
!
iy

i i P
L ,,.‘WWLAW gt

i




|
i
28 |

mm
i




U.S. DEFARTMENT OF TRANSPORTATION

FEDERAL RAILROAD ADMINISTRATION POSTAGE AND FEES PAID
Washington, D.C. 20680 FEDERAL RAILROAD
e —— ADMINISTRATION
Ofticial Business DOT 516

PENALTY FOR PRIVATE USE, $300

0y TR g e
i 3 Ty ;
Ak B #43 4 o




