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PREFACE
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iii



METRIC CONVERSION FACTORS

A p p r o x i m a t e  C o n v e r s i o n *  t o  M e t r i c M s i t u r i t

I r a k l i Wbat Yxi Ki m Multiply by T t  F i t * Syabal

L E N G T H

In inchaa •2.6 centimeters c m

11 feat 30 centimeters c m

V * yards 0.9 maters m

mi mi t e a 1.6 kilometers k m

A R E A

in1 square inches 6.6 square centimeters c m 2

tt* square feet 0.09 square meters m *

yi! square yards 0.8 square meters m 2

mi* square miles 2.6 square kilomettra k m 2

s c r e e . 0.4 hectares ha

H *

< ! M A S S  I n s i g h t )

OX ounces 28 grams 0
ib pounds 0.45 kilograms k g

short tons 0.9 tonnes t
(2000 lb)

V O L U M E

tap teaspoons 6 milliliters ml

Tbap tablespoons 16 milliliters ml

fl OI fli.id ounces 30 milliliters ml

c cups 0.24 liters 1

P* pints 0.47 liters 1

qt quarts 0.96 liters • ;
gal gallons 3.8 liters

ft3 cubic feet 0.03 cubic meters m 3 j

vd1 cubic yards 0.76 cubic meters m 3 !

T E M P E R A T U R E  ( a x c c t )
J

Fshrenhsit 5/9 (after Celsius “c '
temperature subtracting temperature

32) ;

*1 m  > 2 .5 4  l e o c l i y ) .  F g r  o th « i  e s a c i  c o n v e r s i o n s  a n d  m o r e  d e t a i l e d  t a b l e s ,  s e e  N B S M is c .  P u b l .  2 6 6 .  
U n i t s  o f  f t e i 0M s  a n d  M e a s u r e s ,  P r i c e .1 2 .2 5 ,  SO  C a t a l o g  N o .  C O . 1 0 :2 8 6 .

m
N

A p p r o x i m a t e  C o o v t r t i o n t  f r o m  M e t r i c  M c a c u t c *

(4

S y m b o l W h o *  Y o u  K n o w M t l t i . l y  b y T t  F i t * S y m b a l

N

L E N G T H

S

m m millimeters 0.04 inches i n

c m centimeters 0.4 inches in
m meters 3.3 faet ft

•a m molars 1.1 yards yd
k m kilometers 0.6 mi las m i

A R E A

*4

c m 2. square centimeters 0.16 square inches i . 3
Ml m 2 square meters 1.2 square yards y <

k m 1 squart kilomatars 0.4 square miles ■i2

re
♦4

ha hectares (10.000 m 2 ) 2.5 acres

M

M A S S  ( w e i g h t )

N

0 grama 0.035 ounces n

•4 kg kilograms 2.2 pounds l b

t tonnes (1000 kg) 1.1 short tons

O«4

V O L U M E

ml milliliters 0.03 fluid ounces fl OI
«6 1 liters 2.1 pints m

1 liters 1.08 quarts q t

tw 1 liters 0.26 gallons g«i
m 3 ; cubic meters 35 cubic feet f t 3

m 3 cubic meters 1.3 cubic yards yd3
10

T E M P E R A T U R E  ( t x s e t )

" c Celsius 9/6 (then Fahrenheit • y

temperature add 32) temperature

• F

°F  32 9 & 6 212

- 4 0  O  1 4 0 ao I i2o ieo 200 |

i

r 1, T  1 1 I t
4 0  - 2 0  0  
° C

1" T — 1 1 Tl 1 I 
2 0  |40 6 0  

37

,r i r I  eo loo 
•c



INTRODUCTION 1
APPENDIX A: STRUCTURES TESTINGS ' A-l

General A-l
Dynamic Testing' A-l
Static Load-Deflection Tests ' A-3
Plate Bearing Tests - , A-1+

APPENDIX B: VIBROSEISMIC STUDY B-l
General - B-l
Test Plan B-l
Field Testing B-2
Computation of Poisson's Ratio and Elastic Moduli B-U

APPENDIX C: DUTCH CONE PENETROMETER TESTS C-l
General C-l
Test Plan C-l
Field Testing C-l

APPENDIX D: TRENCHING, SAMPLING, AND SOIL TESTING • D-l
General D-l
Test Plan D-l
Field Testing ■ • D-l
Laboratory Testing D-3

APPENDIX E: INSTRUMENTATION ' E-l
General E-l
Transducers • ’ E-l
Dynamic Recording Equipment E-2
Field Calibrations and Measurements E-2
Field Observations E-U
Posttest Laboratory Calibration of Soil Pressure Cells E-5
Soil Moisture and Temperature Sensors E-6

. PCA Carlson Pressure Cells E-6

LIST Of tables .

Table
No. _________________________ Title ______________;_________
A-l STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT

POSTMORTEM) TEST NO. 1 A-6
A-2 STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT

POSTMORTEM) TEST NO. 2 A-7

TABLE OF CONTENTS
Page

v



TaLle

A-3 STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT
POSTMORTEM) TEST NO. 3 A-8

A - h  STATIC LOAD VERSUS SURFACE STRAIN TEST RESULTS (KTT
POSTMORTEM) TEST NO. 1 A-9

A-5 STATIC LOAD VERSUS SURFACE STRAIN TEST RESULTS (KTT
POSTMORTEM) TEST NO. 2 A-10

A-6 STATIC LOAD VERSUS SURFACE STRAIN TEST RESULTS (KTT
POSTMORTEM)'TEST NO. 3 A-ll

A-7 30-IN.-DIAM. PLATE BEARING TEST RESULTS (KTT POSTMORTEM)
ON KTT SUBGRADE A-12

B-l RESULTS OF VIBROSEISMIC SURVEY B-6
D-l LOCATIONS OF EACH TEST TRENCH D-5
D-2 PLATE BEARING TEST RESULTS D-6
D-3 KANSAS TEST TRACK TEST PIT 1 D-7
D-l| KANSAS TEST TRACK SECTION 2A D-1Q
D-5 KANSAS TEST' TRACK SECTION 2B D-12
D-6 KANSAS TEST TRACK SECTION 3A D-ll*
D-7 KANSAS TEST TRACK SECTION 3B D-l6
D-8 KANSAS TEST TRACK SECTION k D-l8
D-9 KANSAS TEST TRACK SECTION 5 D-20
D-10 KANSAS TEST TRACK SECTION.7 D-22
D-ll KANSAS TEST TRACK SECTION 8 T ) - 2 k

D-12 KANSAS TEST TRACK SECTION 9 D-26
D-13 LABORATORY TEST RESULTS ON BALLAST SAMPLES D-28
D-ll* LABORATORY CLASSIFICATION TESTS ON SUBGRADE SAMPLES D-29
E-l FINAL EXTENSOMETER INDICATIONS E-7
E-2 FINAL INDICATIONS, MOISTURE AND TEMPERATURE

FROM MC300A METER E-8
E-3 INSULATION TO GROUND, TEST SECTION 2, 20 MAY 1976 E-9
E-U INSULATION TO GROUND, TEST SECTION 7, l8 MAY 1976 E-10
E-5 INSULATION TO GROUND, TEST SECTION 9, 19 MAY 1976 . E-ll
E-6 CONDITION OF EXTENSOMETER LVDT ASSEMBLY E-12
E-7 IN SITU CALIBRATION VALUES FOR EXTENSOMETERS,

20 MAY 1976 E-l3

Mo. ________________ ______ Title______________________  Page

vi



Table
No. ____________ _______________ Title
E-8 POST EXCAVATION CALIBRATION OF SOIL PRESSURE CELL 2203
E-9 POST EXCAVATION CALIBRATION OF SOIL PRESSURE CELL 7201
E-10 POST EXCAVATION CALIBRATION' OF. SOIL PRESSURE CELL 7 2 0 2.
E-ll POST EXCAVATION CALIBRATION OF SOIL PRESSURE CELL 7203
E-12 POST EXCAVATION CALIBRATION OF SOIL pressure'CELL 9 2 0 1

E-13 POST EXCAVATION CALIBRATION OF SOIL PRESSURE CELL 9202

E-lU CALIBRATION HISTORY OF MAIN INSTRUMENTATION ARRAY SLOPE
INDICATOR COMPANY PRESSURE CELLS

LIST OF FIGURES

Figure
No. ________________________ Title_________________________
1 GRAPHICAL SUMMARY OF WES TEST PLAN .

A-l TIME TABLE DEVELOPED FOR WES PHASE I FIELD OPERATIONS
A-2 GAGE CONFIGURATION FOR STATIC AND DYNAMIC STRUCTURE TESTS 
A-3 DETAILS OF DIAL GAGE INSTALLATIONS
A - b  STRAIN GAGE INSTRUMENTATION, BEAM l6, NORTH RAIL, TRACK 

SECTION U
A-5 LOADING CONFIGURATION FOR LOAD-DEFLECTION TESTS
A-6 PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION 

TEST 1
A-7 PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION 

TEST 2
' A-8 PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION

TEST 3
A-9 LOCATION OF 30-IN.-DIAM PLATE BEARING TEST ON SUBGRADE
A-10 PLATE BEARING TEST RESULTS, LOCATION 1
A-ll PLATE BEARING RESULTS, LOCATION 2
A-12 PLATE BEARING TEST RESULTS, LOCATION 3
B-l POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, 

SECTION 1, STA 853^+75
TRACK

B-2 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, 
SECTION 2, STA 8531+62.5 .

TRACK

vii

Page
E-lk
E-15
E-l6
E-17
E-18
E-19

E-20

A-13 
A - l b  

A-l 5

A-l6
A-17

A-18

A-19

A-20 
A-21 
A-22 
A-23 
A-2U

B-ll

B-ll



Figure
No. Title Page
B-3 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 2, STA 8535+15 r -- ; B-12
B-U POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK SECTION 3, STA 85̂ 0+19 B-12
B-5 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 3, STA 85U2+56 " B-13
b-6 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION U, STA 851+7+79 - i " -B-13
B-T • POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 5, STA 8558+30 B-ll*
B-8 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 7, STA 8576+1+2 B-ll*
B-9 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 8, STA 8586+00 ' B-15
B-10 POSTTRAFFIC REFRACTION SEISMIC TEST RESULTS, TRACK 

SECTION 9, STA 8595+33 B-15
B-ll TYPICAL VIBROSEISMIC TEST. CONFIGURATION B-l6
B-12 TYPICAL VELOCITY DETERMINATIONS FROM VIBRATION TEST, 

POSTTRAFFIC, TRACK SECTION 3, STA 851+0+09 B-17
B-13 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK'SECTION 

STA 8 52*1+7 5 1, B-17
B-lh POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION 

STA 8531+62.5 2, B-18
B-15 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION 

STA 8535+15 2, B-18
B-l6 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION

sta 851+0+09
3, B-19

B-1T POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION 
STA 851+2+05 3,

B-19
B-l8 POSTTRAFFIC SHEAR-WAVE VELOCITY = RESULTS, TRACK SECTION 

STA 851+7+79 K B-20
B-19 POSTTRAFFIC SHEAR-WAVE VELOCiTY RESULTS, TRACK. SECTION 

STA 8558+30 . ^ 5, B-20
B-20 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION STA 8576+1+2 ; 7, B-21
B-21 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION STA 8587+00 ' ' , ■< . . 8, B-21

viii



Figure
No. . .....  ' Title'" ...  ... ,. Paige
B-22 POSTTRAFFIC SHEAR-WAVE VELOCITY RESULTS, TRACK SECTION 9, 

STA 8595+33 ....  ' . B-22
B-23 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS'DEPTH, : 

TRACK SECTION 1, STA 852U+75 B-23
B-2U POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 2, STA 853I+62.5 . B-23
B-25 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 2, STA 8535+15 . B-2l*
B-26 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 3, STA 85̂ 0+19 B-25
B-2T POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTHy TRACK 

SECTION 3, STA 85I+2+5O B-25
B-28 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION it, STA 851*7+79 ; . '. . B-26
B-29 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 5, STA 8558+30 B-26
B-30 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 7, STA , 8576+1*2 B-27
B-3l POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 8, STA 8587+OO B-27
B-32 POSTTRAFFIC PLOTS OF ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTION 9, STA 8595+33 ■ •B-28
B-33 POSTTRAFFIC.PLOTS OF,ELASTIC MODULI VERSUS DEPTH, TRACK 

SECTIONS 1 THROUGH 9 '' B-28
C-l ACTION OF FRICTION JACKET CONE c-i*

C-2 PORTABLE DUTCH CONE PENETROMETER C-5

C-3 MODIFIED DUTCH CONE PENETROMETER AT TEST LOCATION IN 
TRACK SECTION 3 C-6

C-l* DUTCH:CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS . 
DEPTH IN THE. SUBGRADE, TRACK SECTION 1, STA 8521+01 C-7

C-5 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 1, STA 8523+00 C-8

c-6 DUTCH CONE PENETROMETER DRIVE POINT,RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 1, STA 8525+00 C-9

C-7 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 1, STA.8527+00 C-10
C-8 DUT.CH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 

DEPTH IN THE SUBGRADE, TRACK SECTION 2, STA 8529+00 C-ll

IX



FigureHo.
C-9
C-10

C-ll

C-12

C-13

C-lH

C-15

C-l 6

C-1T

C-l8

C-19

C-20

C-21

C-22

C-23

C - 2 k

DUTCH COHE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 2, STA 8531+00 ■
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 2, STA 8533+00
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DETPH IN THE SUBGRADE, TRACK SECTION 2, STA 853̂ +96
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 3,' STA 853.8+00. '
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85̂ 0+00
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85̂ 2+30.3
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85^+00
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION h, STA 8 5̂ 6+1*5 ' AND 85̂ 6+50
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION’1*, STA 85̂ 7+95 AND 8 5 W+OO
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 1*, STA 851*9+95 AND 8550+00
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 4,‘STA 8551+55 ■
AND 8551+60, NORTH BEAM
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 4, STA 8551+55 AND 8551+60, SOUTH BEAM
DUTCH CONE PENETROMETER, DRIVE POINT RESISTANCE VERSUS 
DEPTH IN,THE SUBGRADE, TRACK SECTION k, STA 8553+95 
AND 8 5 5 U+OO
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8555+95 
AND 8556+00 / ’ ■ " '
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8557+95 AND 8558+00 - '
DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS', 
DEPTH'IN THE SUBGRADE,'TRACK SECTION 5, STA 8558+27-5' 
AND 8558+30

____,_________________ Title___________________

C-12

C-13

C-l4

C-15

C-l6

C-17

C-l8

C-19

C-20

C-21

C-22

C-23

C-21+

C-25

C-26

C-27

Page

x



Figure
No. Title Page
C-25 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 

DEPTH IN .THE SUBGRADE, TRACK SECTION 5, STA 8559+95 AND 8560+00 C-28
C-26 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE "VERSUS 

DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8 5 6 1 + 9 5  AND 8562+00 ' ' C-29
C-27 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 

DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8570+95 
AND 8571+00 C-30

C-28 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
'DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8573+00 
AND 8573+05 C-31

C-29 DUTCH CONE' PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 857̂ +50 
AND 857̂ +55 ■ C-32

C-30 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8576+10 
AND 8576+15, NORTH BEAM C-33

C-31 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8576+10 
AND 8576+15, SOUTH BEAM C-3U

C-32 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8578+00 
AND 8578+05 C-35

C-33 DUTCH CONE PENETROMETER. DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8581+30 C-36

C-3U DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8 5 8 3+OO C-37

C-35 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8 5 8 5 +OO C-38

C-36 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 8 , STA 8 5 8 6 +8O C-39

C-37 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 8, STA 8 5 8 8 +OO. 5 c-i+o

C-38 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8591+01 C-ll

C-39 DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8593+00 C~k2

c-Uo DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS 
DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 859̂ +82.7 C-h3

xi



C-4l DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE VERSUS
DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8596+31 C-44

D-l PROFILES AND CROSS SECTION OF TEST SECTION 1 D-30
D-2 PROFILES AND CROSS SECTION OF TEST SECTIONS 2A AND 3A D-31
D-3 PROFILES AND CROSS SECTION OF TEST SECTION 2B D-32
D-4 PROFILES AND CROSS SECTION OF TEST SECTION 3B D-32
D-5 PROFILES AND CROSS SECTION OF TEST SECTION 4 D-33
D-6 PROFILES AND CROSS SECTION OF TEST SECTION 5 D-34
D-T PROFILES AND CROSS SECTION OF TEST SECTION 7 D-35
D-8 PROFILES AND CROSS SECTION OF TEST SECTION 8 D-36

.'D-9 PROFILES AND CROSS SECTION OF TEST SECTION 9 D-36
D-10 TYPICAL PLATE BEARING TEST SETUP D-37
D-ll TYPICAL PLATE BEARING LOAD-DEFLECTION PLOT D-38
D-12 TYPICAL LOCATIONS OF BALLAST AND UNDISTURBED SOIL

SAMPLES ON TIE SECTIONS D-39
D-13 TYPICAL LOCATIONS OF BALLAST AND UNDISTURBED SOIL

SAMPLES ON BEAM SECTIONS D-40
D-l4 LOCATIONS OF FIELD TESTS AND SAMPLES ON TRACK SECTION 5 D-4l
D-l5" SUBGRADE SURFACE OF TEST PIT 1 . - D-42
D-l6 SOUTH WALL OF: TEST PIT 2A, (NOTE BALLAST SUBGRADE

INTERFACE) D-43
D-17 CROSS SECTION OF SUBGRADE SURFACE, (NOTE BEAM EDGES ARE 

RESTING ON SHOULDER SUBGRADE INDICATING 3-1/2- TO 4-IN.
RELATIVE DEFORMATION UNDER TRACK STRUCTURE) D-44

D-18 TYPICAL LOCATIONS OF FIELD TESTS ON TIE SECTIONS D-45
'-D-19 TYPICAL LOCATIONS OF FIELD TESTS ON BEAM SECTIONS D-46
D-20 CALIFORNIA BEARING .RATIO (CBR) D-47
D-21 LABORATORY COMPACTION TEST RESULTS (MODIFIED AASHO

EFFORT), TRACK SECTION 1 D-48
D-22 LABORATORY COMPACTION TEST RESULTS (MODIFIED AASHO

EFFORT), TRACK SECTION 4 D-49
D-23 LABORATORY COMPACTION TEST RESULTS (MODIFIED AASHOEFFORT), TRACK SECTION 9 D-50
D-24 UNCONSOLIDATED, UNDRAINED (Q) TRIAXIAL TEST RESULTSFROM TEST PITS 1 AND 4 D-51

Figure
No. _____________________ Title______________________  Page

xii



D-25 UNCONSOLIDATED, UNDRAINED (Q) TRIAXIAL TEST RESULTS FROM 
TEST PIT 9

D-26 UNCONFINED COMPRESSION TEST RESULTS FROM TEST PITS 1 
AND 2A

D-27 UNCONFINED COMPRESSION TEST RESULTS FROM TEST . PITS 2B 
AND 3A

D-28 UNCONFINED COMPRESSION TEST RESULTS FROM TEST PITS 3B 
AND 1*

D-29 UNCONFINED COMPRESSION TEST RESULTS FROM TEST PITS 5 
AND 7

D-30 UNCONFINED COMPRESSION TEST RESULTS FROM TEST PITS 8 
AND 9

E-l CALIBRATION NETWORK FOR SCHAEVITZ LVDT' '
‘ E-2 INSTRUMENTATION LAYOUT
E-3 INSTRUMENT INSTALLATION DETAILS
E-U TEST SECTION 1, TRANSDUCER ELEVATIONS AT MAIN 

INSTRUMENTATION ARRAY
E-5 TEST SECTION 2, TRANSDUCER ELEVATIONS AT MAIN 

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

INSTRUMENTATION ARRAY
E-7 TEST SECTION 7, TRANSDUCER ELEVATIONS AT MAIN 

INSTRUMENTATION ARRAY
E-8 TEST SECTION 8, TRANSDUCER ELEVATIONS•AT MAIN 

INSTRUMENTATION ARRAY
E-9 TEST SECTION 9, TRANSDUCER ELEVATIONS. AT MAIN 

INSTRUMENTATION ARRAY ■
E-10 TEST SECTION 2, MAIN INSTRUMENTATION ARRAY '
E-ll TEST SECTION 2, EXCAVATED-EXTENSOMETER
E-12 TEST SECTION 2, 2U02 TERMINAL BOX
E-l3 TEST SECTION 2, 2̂ 01 TERMINAL BOX
E-ll+ TEST SECTION 2, EXCAVATION 2201
E-l5 TEST SECTION 7, MAIN INSTRUMENTATION ARRAY
E-l6 ANCHOR PRONG-SOIL COMPLING FOR GAGES 71+01-1 AND 7̂ 02-1, 

TEST SECTION 7
E-17 ANCHOR PRONG-SOIL COMPLING FOR GAGE 7-01-1, TEST 

SECTION 7

FigureMo. _____________________ Title_____________________ .Page

D-52

D-53

D-5*l

D-55

D-56

D-57
E-21
E-22
E-23
E-2U

E-25

E-26

E-27

E-28

E-29
E-30
E-31
E-32
E-33
E-3U
E-35
E-36

E-37 '

xiii



Figure
No.
E-18 TEST SECTION T, 7^01 TERMINAL BOX E-38
E-19 TEST SECTION 7, 7^02 TERMINAL BOX E-39
E-20 TEST SECTION 7, EXCAVATION OF 7^01 AND 7^02 E-l+O
■-E-21 ' ' TEST SECTION 9, PRESSURE -CELLS '9201 AND 9202 E-l+1
E-22- TEST SECTION 9, EXTENSOMETER EXCAVATION ' E-l+2
E-23 EXTENSOMETER TERMINAL BOX EXCAVATION SHOWING TILT AND '

WATER SEEPAGE, TEST SECTION 9 E-l*3
E-2H TEST SECTION 6 , FAILURE OF EXTENSOMETER 61*02 E-W
E-25 TEST SECTION 8 , FAILURE OF .EXTENSOMETER 8U02 E-l*5
E-26 CALIBRATION NETWORK FOR SLOPE INDICATOR COMPANY SOIL

PRESSURE CELL '' ' E-L6

E-27 POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 9201 E-kj
E-28 POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 2203 . E-U8

E-29 ' POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 7201 E-l*9
E-30 POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 7202 ' E-50
E-31 POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 7203 E-51
E-32 POST EXCAVATION CALIBRATION, SOIL PRESSURE CELL 9202 E-52
E-33 LETTER REPORT FROM SOILTEST, INC., TO WES CONCERNING

DEFECTIVE SOIL MOISTURE CELLS ~ ' E-53
E-3l* DIFFERENTIAL SETTLEMENT IN PCA PRESSURE CELL ARRAY,

TEST SECTION 3 E- 5 6

E-35 PCA PRESSURE CELL IN CLOSE PROXIMITY TO REINFORCING
BAR, TEST SECTION 7 E-57

E-36 WOODEN WEDGE DRIVEN AGAINST PCA PRESSURE CELL, TEST
SECTION 7 E- 5 8

E-37 LIME ENCRUSTATION ON PCA PRESSURE'CELL, TEST SECTION 7 E-59
E-38 DAMAGE TO CORK LINER AROUND SIDES OF PCA PRESSURE CELL,

TEST SECTION 7 E-60

Title - .____________________  Page

xiv



POSTMORTEM INVESTIGATION OF THE
KANSAS TEST TRACK, VOLUME II 

INTRODUCTION

In consideration of the quantity of data and information generated 
in KTT Postmortem Investigation, 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 procedures used in the 
investigation and also documents the original data. Volume II consists 
of five appendixes, A-E, which refer to the text in Volume I and docu­
ment the structures, vibroseismic, Dutch cone penetrometer, trenching, 
and instrumentation studies, respectively. A summary of the U. S. Army 
Engineer Waterways Experiment Station (WES) test plan is presented in 
Figure 1 to assist the reader in identifying test locations with in the 
KTT.
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APPENDIX A: STRUCTURES TESTING

General
The Kansas Test Track (KTT) Phase I Postmortem Investigations re­

quested by the Department of Transportation (DOT) were conducted hy a 
U. S. Army Engineer Waterways Experiment Station (WES) field party at 
the KTT in the period from 15 October - IT November 1975- The sequence 
and timing of the various investigations 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 field operations commenced, is shown in Figure A-l. Essentially, 
Phase I field operations included dynamic and static testing to providet
data to validate and tune MITRE Corporation analytical models, as well 
as posttraffic impedance studies of selected track sections. Selection 
of test locations 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 who 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 KTT. It should be noted that the de­
cision rendered in the early September meeting at DOT to conduct the 
balance of the Postmortem Investigation in the spring of 1976 was a 
sound one because the deterioration in weather conditions after 17 No­
vember and other considerations would certainly have prevented comple­
tion of the remaining (Phase II) work during the winter season of 1975.
A discussion of the structures testing conducted in Phase I is presented 
in subsequent paragraphs.

Dynamic Testing
The WES project engineer in charge of field operations arrived at
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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 commenced. The' track was inspected and the timetable for 
field operations was confirmed in detail. At this time the test loca­
tions had already received approximately 1*000 gal* of water in 1000-gal 
increments. Installation of nine vertical (absolute) reference rods 
was begun on 16 October and was completed l8 October. Details of this 
installation are shown in Figures A-2 and A-3. During the installation 
process on 17 October, free water was encountered at the base of Beam 16 
(Track Section *0; hence, watering at the impedance test location in 
Track Section it (sta 85^6+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 lit-l8 of Track Sec­
tion it; this was an undesirable condition for purposes of the planned 
structures tests. The impedance test location for Track Section it was 
shifted to Beam 78 (sta 8553+95)- This location was believed to be of 
comparable characteristics to the original location and was suffi­
ciently removed so that water migration to the structures test location 
would not occur. No free water was encountered at Beams lit-l8 after 
the impedance test (watering) location was shifted.

Strain gaging of Beam l6 in accordance with MITRE specifications 
commenced oh i7 October and was completed by 21 October. Figure A-k 
shows the strain gage configuration used. During this time, differen­
tial motion Linear Variable Differential Transformers (LVDT) and abso­
lute motion film potentiometers were also mounted in thei required loca­
tions'. The train to be used for dynamic loading, consisting of an 
engine, two loaded ballast cars, and a caboose, arrived at the KTT on 
the morning of 22 November. After some preliminary slow runs across 
the test area, 5.t was concluded that the differential motion LVDT1 s 
were not behaving properly. Special mounts were fabricated in the field 
so that the relative motion LVDT's could be replaced with more

* A table of factors for converting units of measurement is presented 
on page iv. '
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sensitive carbon film potentiometers which had been prepared as alter­
nates; excellent results were obtained with the film pots during cali­
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 response to 17 train 
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 (after a more thorough 
examination in conjunction with the overall data picture) may have been 
due to rail-fastener-beam-load transfer characteristics in the dynamic 
test configuration since the gages in question did respond more consis­
tently in later (static) testing. No modifications or repairs were 
made to the gages installed at the east end of the beam. However, 
another strain gage was added at this location for redundancy and veri­
fication during later testing. Oscillograph records and instrumentation 
details for each run were furnished to MITRE, and the taped data were 
digitized at WES to MITRE specifications. Delivery of the digitized, 
tapes to MITRE was effected 19 January,1976. , t -

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 1-ton lead weights used 
for static loading could be stacked on the top surface of Beam 16 ., To 
shift the rail the desired amount (3 ft) at Beam l6 would have required 
releasing 700-1000 ft of rail from the fasteners; however, a powered 
nut remover which the AT&SF had intended to use for this purpose was 
inoperative on 7 November because replacement parts 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 rail; accordingly, a 32-ft sec­
tion of rail was cut free and lifted from Beams 15, 16, and IT 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, 1̂ , 
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-l-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 1. 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 l6 after the dynamic testing, yielded 
virtually the same response during the static tests as the longitudinal 
gage originally installed at that location. This suggests that the 
strain gages performed properly in both the static and dynamic testing, 
and that response in the dynamic tests was affected by uncontrolled 
variables, such as rail-fastener-beam-load transfer conditions, which 
were eliminated in the static tests.

Prior to testing, it was noted 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 l:Uo 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 perforating plate bearing tests on the subgrade

A-h



beneath Beam 16 included removal of ballast to the depth of the -bottom 
of the beam (l8 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 ^-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. Wo 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 
1-ton lead pigs to react the force applied, by means of a hydraulic 
ram, to the 30-in.-diam plate used in testing the subgrade. Locations 
of the tests are shown in Figure A-9- The plate bearing tests were 
conducted in accordance with procedures contained in EM 1110-U5-303, 
and results are shown in Figure A-10-A-12. This testing completed the 
Phase I KTT Postmortem field operations.1



A-6

TABLE A - l .  STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS <KTT POSTMORTEM) TEST
NO. 1  (CENTER LOADING, BEAM 1 6 , NORTH RAIL, TRACK SECTION k,  1 0  NOV 1 9 7 5 )

Static ___________ Absolute Vertical Deflection, in.*____________  Relative Vertical Deflection, in,*
Load
lb

Dial 
No. 1

Dial 
No. 2

Dial 
No. 3

Dial 
No. 1+

Dial 
No. 5

Dial 
No. -6

Dial 
No. 7

Dial 
No. 8

Dial 
No. 9

Dial 
No. 10

Dial 
No. 11

Dial 
No. 12

Dial 
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
l+,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
8,31+0 0.000 0.001 0.002 0.013 0.01.ll 0.005 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 -0.01O0 -0.0001
16,280 0.000 0.002 0.001+ 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 0.01+2 0.013 0.009 0.002 0.000 -0.0020 0*0115 -0.0290 -0.0002
2>i,>+20 0.000 0.002 0.008 0.037 0.01+9 0.015 0.010 0.002 0.000 -0.0025 0.0135 -0.0320 -0.0001
28,1+90 0.000 0.002 0..009 0.01+2 0.056 0.017 0.012 0.002 0.000 -0.0031 0.011+3 -0.0375 0.0002
32,560 0.000 0,002 0.011 0.01+8 0.062 0.019 0.013 0.002 0.000 -0.001+0 0.0155 -o.oi+oo 0.0001+
2l+ ,1+20 0.000 0.002 0.010 0.01+5 0.059 0.019 0.011+ 0.001 0.000 -0.0035 0.0153 -0.0380 0.000*+
16,280 0,000 0.002 0.009 0.039 0.050 0.017 0.013 0.001 0.000 -0.0026 O.Oli+5 -0.0320 0.0003

8,ll+0 0.000 0,002 0,007 0.028 0; O3I+ 0.011+ 0.011 0.000 0.000 -0.0018 0.0115 -0.021+0 0.0002
0 0.000 0.001 0.003 0.007 0.008 0.009 0.010 0.000 0.000 -0.0001+ 0.001+1 -0.0030 0.0001

The d i a l  numbers shown r e f e r  t o  l o c a t io n s  d e p ic te d  in  F ig u re s  A -5-A -8 .#
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TABLE A - 2 . STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT POSTMORTEM) TEST
NO. 2  (CENTER LOADING, BEAM l 6 ,  NORTH RAIL, TRACK SECTION 1+, 1 1  NOV 1 9 7 5 )

Static _________  Absolute Vertical Deflection, in.*_____________ Relative Vertical Deflection, in.*
Load
lb

Dial 
No. 1

Dial 
No. 2

Dial 
No. 3

Dial 
No. 1+

Dial 
No. 5

Dial 
No. 6

Dial 
No. 7

Dial 
No. 8

Dial 
No. 9

Dial 
No. 10

Dial 
No. 11

Dial 
No. 12

Dial 
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
n ,oto. 0.000 0.000 0.000 0.006 0.008 0.002 0.002 0.000 0.000 0.0000 0.0020 -0.00O0 0.0000
8,1**0 0.000 0.001 0.002 0.017 0.017 o.ooi* 0.003 0.001 0.0Q0 -0.0003 0.0060 -0.0135 -0.0005
12,210 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
16,280 0.000 0.002 o.ooi* 0.030 0.036 0.008. 0.006 0.002 0.000 -0.0010 0.0107 -0.0256 -0.0003
20,350 0.000. 0.002 O.QO6 0.035 0.01*5 0.010 0.008 0.002 0.000 -0.0011* 0.0120 -0.0325 -0.0001
2h,U20 0.000 0.003 0.008 0.0U2 0.052 0.012 0.010 0.002 0.000 -0.0020 0.0127 -0.0355 0.0000
28,1*90 0.000 0.003 0.010 0.0)16 0.059 0.016 0.012 0.003 0.000 -0.0030 0.0130 -0.0)i03 0.0003
32,560 0.000 o.ooi* 0.012 0.052 0.065 0.018 o.oii* 0.003 0.000 -0.0037 0.0135 -P .01*20 -O.OOOl*
2l*,l*20 0.000 o.ooi* 0.011 0.0l*9 0.059 0.018. 0.013 0.003 ,0.000 -0.0030 0.0133 -0.01*00 0.0003
16,280 0.000 0.003 0.010 0.0l*3 0.050 0.016 0.013 0.003 0.000 -0.0026 0.0130 -0.0360 0.0001
8,ll*0 0.000 0.003 0.. 007 0.031 O.O3I* 0.013 0.012 0.003 0.000 -o.ooii* 0.0100 -0.0265 0.0001

0 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 d i a l  numbers shown r e f e r  t o  l o c a t io n s  d e p ic te d  in  F ig u re s  A -5 -A -8 . ,,
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TABLE A-3. STATIC LOAD VERSUS VERTICAL DEFLECTION TEST RESULTS (KTT POSTMORTEM) TEST
NO. 3 (WEST END LOADING, BEAM 16, NORTH RAIL, TRACK SECTION 1+, 12 NOV 1975)

Static ___________ Absolute Vertical Deflection, in.*____________  Relative Vertical Deflection, in.*
Load
lb

Dial 
No. 1

Dial 
No. 2

Dial 
No. 3

Dial 
No. 1+

Dial 
No. 5

Dial 
No. 6

Dial 
No. 7

Dial 
No. 8

Dial 
No. 9

Dial 
No. 10

Dial 
No. 11

Dial 
No. 12

Dial 
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
1+.070 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,l)l0 0.000 0.000 0.001 0.009 0.019 0.001+ 0.003 0.001 0.000 -0.0002 0.0012 -O.O255 -0.0012
12,210 0.000 0.001 0.001 0.013 0.028 0.009 0.001+ 0.001 0.000 -0.0001+ 0.0017 -O.O37O -0.0012
16,280 0.000 0.001 0.002 0.019 0.038 0.012 0.006 , 0.002 0.001 -0.0008 0.0020 -0.01+25 -0.0011
20,350 0.000 0.002- 0.003 0.021 0.01+1+ O.OI8 0,009 0.002 0.001 -0.0009 0.0021 -O.OI+82 -0.0008
2*1,1+20 0.000 0.002 0.003 0.026 0.052 0.023 0.012 0,002 '0.001 -0.0011 0.003!+ -O.O509 -0.0003
28,1+90 0.000 0.002 0.001+ 0.027 0.058 0.031 0.015 0.003 0.001 -0.0013 0.0035 .-0.0535 0.0006
32,560 0.000 0.003 0.001+ 0,032 0.065 0.037 0.018 0.003 0.001 -0.0018 0.001+6 -0.05!+6 0.0013
2l+, 1+20 0.000 0.003 0.001+ 0.030 0.06l 0.035 0.016 0.003 0.001 -0.0015 O.OOl+O -0.051+3 0.0005
16,280 0.000 0.002 •0.001+ 0.026 0.053 0.028 0.013 0.003 0.001 -0.0011 0.0033 -0.0500 -0.000*+
8,ll+0 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
l+,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 d i a l  numbers shown r e f e r  t o  l o c a t i o n s  d e p ic ted - i n  F ig u re s  A-5-A-8.



TABLE A - k . STATIC LOAD VERSUS SURFACE STRAIN TEST RESULTS (KTT
"POSTMORTEM) TEST NO. 1 (CENTER LOADING, BEAM l6, NORTH RAIL '

TRACK SECTION k , 10 NOV 1975) ... -

Static _____ Apparent Surface Strain, uin./in. (2 Active Gages)*
Load
lb

Gage 
No. 1

Gage 
No. 2

Gage 
No. 3

Gage 
: No. U

Gage 
’ No. 5

Gage 
No. 6

Gage 
No. ’

0 0 0 0 0 0 0 0

1*,070 -152 - 1 2 0 -! 58 1 17 . - 6

8 ,ll*0 -307 - 2 6 2 3 1*2 -1 0' 26 - 2 8 6

1 2 , 2 1 0 -338 -311 15 1*0 -25 1*9 -313
1 6 , 2 8 0 -333 - 3 1 6 23 2 1 -1*1 69 -327
20,350 - 3 2 6 -325 35 - 2 1 -63 . 9 6 -331
2l*,l*20 -331 -325 1*0 -58 -88 119 -337
2 8 ,1*90 -329 -332 1*0 -1 1 3 .■ -133 133 -336
32,560 -329 -330 53 -159 -ll*5 .137 -336
2l*,l*20 -3U0 -3l*5 38 - 2 5 2 -1 2l* 1 2 1 -3l*9
1 6 , 2 8 0 -3^1. -357 1 6 -339 - 223 95 - 3 8 0

8 ,ll*0 -366 -369 -2 . -378 -23l* 9 b -392
0 -378 -388 -39 ' -1*35 - 265 98 -1*1*5

* Divide apparent values by two to get actual surface strain. Gage
numbers refer to locations shown in Figure A -h .
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T A B L E  A - 5 .  S T A T IC  LO AD VERSUS, SURFACE S T R A IN  T E S T .R E S U L T S  (K T T

• POSTMORTEM) T E S T  N O . 2  (CENTER, L O A D IN G , BEAM 1 6 , NORTH R A IL

TR A C K  S E C T IO N  k, 1 1  NOV 1 9 7 5 )

Apparent Surface Strain, uin./in. (2 Active Gages)*Load
lb . jGage 

. Mo. 1
- . Gage 

No. 2 . Gage 
, No. 3

Gage 
No. It Gage 

No. 5
Gage 
No. 6

Gage 
No. 1

0 0 0 0 0 0 0 0

It, 070 -165 - 8 0 0 , , 35 8 . ’ 3 , -125
8 ,llt0 . - 2 0 2 . -177 1 2 6 k 1 0 8 -llt9

1 2 , 2 1 0 - -205 -185 2 1 70 7 15 -165
1 6 , 2 8 0 -203 - 1 8 9 27 79 7 2 1 -l6l
20,350 - 2 0 1 - 1 8 9 ItO 85 2 33 . -163
2 k , h 2 0 - 2 0 2 - 1 8 8 1*9 7 k , - 1 1 It 6 - 1 6 2

2 8 , It 9 0 - 2 0 8 - 1 9 2 50 . 6 2 -25 5 k -173
32,560 -2lU -195 57 33 , . - b o 52 - 1 6 6

2 h , h 2 0 - 2 1 8 - 2 0 0 1 0 . -It6 . ON - 1 8 2

1 6 , 2 8 0 - 2 1 8 - 2 0 8 3 6 -29 -6l 58 - 1 9 0

8 ,llt0 -217 -215 23 -65 -77 52 -209
0 - 1 9 0 -229 1 6 -lU2 - 1 0 7 lt6 . -19k

*  D i v i d e  a p p a r e n t  v a l u e s ' b y  t w o  t o : g e t  a c t u a l  s u r f a c e  s t r a i n .  G age
n u m b e rs  r e f e r  t o  l o c a t i o n s  s h o w n  i n  F i g u r e  A - H .
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T A B L E  A - 6 .  S T A T IC . LOAD VERSUS- SURFACE S T R A IN  TE S T  R E S U LTS  (K T T

P O S TM O R T E M )"T E S T  N O . 3- (W EST END L O A D IN G , BEAM l 6 ,  N O R T H .R A IL ,

TR A C K  S E C T IO N , k , 1 2 . NOV 1 9 7 5 )

Static Apparent Surface Strain,, pin./in. (2 Active Gages)*.
Load. Gage ■ Gage ' Gage Gage Gage Gage Gage
lb No. 1 No. 2 No. 3 . No. 1 No. 5 No. 6 No. 1

0 0 0 0 0 0 0 0

1,070 100 1 0 8 136 -13 -31 ; 1 8 55
8,ll0 -107 127 ' 2 -12 -36 8 100

12,210 1 1 9 155 -7 V -37 -35 13 l02
1 6 , 2 8 0 131 17l 7 -25 : . -32 1 , 112

20,350 . 1 2 6 . 177 1 0 -ll+ - 2 8  . 7 107
2l,l20 llo 193 . 1+1 7 -21 -1 ' ' - 8 0

28,190 . -2l+ 1 1 6 38- 17 -17 l 121

32,560 -2l 6 3 IT 35 -15 -10 100

21,1+20 7 35 . 70 31 -13 9 - 2 7

16,280 • . -11+ 10 38 30 ' -10 1 8 -59
8,ll0 -lo -9 30 - 23 -1 .37 - 7 0

1,070 -1 ■ ‘5 22/ 19 ' -3 1+3 • -87
0 -1+3 -1 15 2 8 37 31 -1+5

*  D i v i d e  a p p a r e n t  v a l u e s  b y  tw o ,  t o - g e t  a c t u a l  s u r f a c e  s t r a i n .  G a g e  *
n u m b e rs  r e f e r  t o  l o c a t i o n s  s h o w n  i n  F i g u r e  A-1+. ,
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TABLE A-7. 30-IN.-DIAM. PLATE BEAEING TEST RESULTS (KTT POSTMORTEM)
ON KTT SUBGRADE (NORTH RAIL, BEAM 16, TRACK SECTION 1*)

Deflection, in. Elapsed Date
Location Load Dial Dial Dial Time of
No. psi £3 o • H No. 2 No. 3 Average min* Test
1** 5 0.035 0.029 0.039 0.031* 21 l6 Nov

10 0.051 0.053 , 0 .06l 0.055 15
15 0 .0 6 0 0 .0 8 1 0.087 0.079 15
20 0.098 0.119 0.121* 0.1137 36
25 0.121 0.153 0.156 0.11*33 30
30 0.138 0.193 0.189 0.1733 33
0 0.057 0.076 0.079 0.0706 27

2** 5 0.02U 0.009 0.017 0.0167 9 17 Nov
10 o.oi*6 0.033 0.037 0.0387 18

15 0.070 . 0.06H 0 .06l 0.065 21

20 0.089 0.098 O.O85 0 .0 9 0 6 1 8

25 0.109 0.139 0.110 0.119 21

30 0.130 0.193 0.ll*3 0.155 30
0 o„oi*6 0.0l*9 O.OU5 0.01*67 27

3%* 5 0.051 0.053 0.027 0.01*37 15 17 Nov
10 0.081* 0 .0 8 8 0.0l*3 0.0717 12

15 0 . 1 1 6 0.122 0 .0 6 6 0.101 21

20 0.1^5 0.156 0.083 0.128 21

25 0.175 0.181+ 0.103 0.151* 18

30 0.210 0.219 0 . 1 2 7 0.185 30
0 0.098 0.09*+ 0.037 0.763 5̂

* Elapsed time "between load application and dial indicator readings ~ 
readings made when dial creep was less than 0.001 in. in a 3-min 
interval.

** Test locations were as follows:
Location No. 1 - West end of Beam l6 
Location No. 2 - Center of Beam 16 
Location No. 3 - East end of Beam 16
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RECON TRIP

MOB, FOR DYN-t STAT, & M,l 

MOVE CREW & EQUIP. TO KTT 

SET REF RODS & INSTS.

OBTAIN S. F, TEST TRAIN 

INDUCE PUMPING 
PERFORM DYNAMIC TESTS

PERFORM M. I TESTS 

INSTALL STATIC TEST INSTS

PERFORM STATIC TESTS 

SAW BEAM SECTION 
PEEFORM BEARING TEST

RETURN CREW 6c EQUIP TO WES 

REMOVE RAILS
(LEAVE TIES, BEAMS 8c SLABS 
AT DESIGNATED TEST AREAS; 
REMOVE BALLAST, TIES. BEAMS , 
& SLABS AT ALL OTHERS)

MITRE
WES
ATSF

S E P T E M B E R  O C T O B E R  N O V E M B E R  D E C E M B E R

FIGURE A-l. TIME TABLE DEVELOPED FOR WES PJiASE I FIELD OPERATIONS

A-13



A-lU '

EAST P R O F IL E  V IE W E D  FROM N O RTH F IE L D  S IDE

LEGEND
SYM BO L D E S C R IP T IO N

R R E L A T I V E  D E F L E C T IO N  G AG E
A A B S O L U T E  D E F L E C T IO N  G AG E

. * ‘ M E A S U R E M E N T L O C A T IO N  IN D Y N A M IC  T E S T S

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



t  N O R T H . .  E A S T

b. TYPICAL ABSOLUTE DIAL GAGE MOUNTING c. TYPICAL RELATIVE DIAL GAGE MOUNTING
FIGURE A-3. DETAILS OF DIAL GAGE INSTALLATIONS
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9T
-V

EAST

SYMBOL D E S C R IP T IO N

NO. 1 L A T E R A L  GAGE (2 A C T IV E ,  F U L L  B R ID G E ) 4" G A G E  L E N G T H
NO. 2 LO N G . GAGE (2 A C T IV E ,  F U L L  B R ID G E ) 2M G AG E L E N G T H
NO. 3 L O N G . G AG E (2 A C T IV E ,  F U L L  B R ID G E ) 2" G A G E  L E N G T H
NO. 4 L O N G . G AG E (2 A C T IV E ,  F U L L  B R ID G E ) 2“ G AG E L E N G T H
NO. S L A T E R A L  GAGE (2 A C T IV E ,  F U L L  B R ID G E ) 4" G AG E L E N G T H
NO. 6 LON G. G AG E (2 A C T IV E ,  F U L L  B R ID G E ) 2" G AG E L E N G T H
NO. 7 LO N G . G AG E (2 A C T IV E ,  F U L L  B R ID G E ) 2" G AG E L E N G T H

PLAN VIEW BEAM 16

FIGURE A-k. STRAIN GAGE INSTRUMENTATION, BEAM l6, NORTH RAIL, TRACK SECTION k



EAST. .

‘ C O N F I G U R A T I O N  SHOWN IS F O R  C E N T E R  L O A D IN G  ( T E S T S  N O .  1 A N D  2) O F  
B E A M  16. ' D A S H E D  A R R O W S  SHOW L O A D IN G  P O IN T S  F O R  W E IG H T S  IN  W EST 
E N D  L O A D - D E F L E C T I O N  T E S T  ( T E S T  N O . 3). IN E I T H E R  C O N F I G U R A T I O N ,  
L O A D  WAS C E N T E R E D  O N  E X IS T IN G  F A S T E N E R  L O C A T I O N S  AS SHOW N.

a. TYPICAL LOADING PROCEDURE

N O R T H

TRACK FASTENER 
AT ORIGINAL 
LOCATION. BUT 
INVERTED SO 
THAT FLANGES 
DID NOT DIG 
INTO EXPOSED 
LEAD (TO PREVENT 
TIPPING OF STACKED 
WEIGHTS)

b. DETAILS OF SUPPORT ARRANGEMENT
FIGURE A-5. LOADING CONFIGURATION FOR LOAD-DEFLECTION TESTS
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FIGURE.A-6. PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION TEST 1
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FIGURE A-7. PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION TEST 2
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FIGURE A-8. PLOTS OF LOAD VERSUS SURFACE STRAIN FROM LOAD-DEFLECTION TEST 3
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E A S T

FIGURE A-9 . LOCATION OF 30-rIN.-DIAM PLATE BEARING TEST ON SUBGRADE :



FIGURE A-10. PLATE BEARING TEST RESULTS, LOCATION 1 (WEST END BEAM 16 )
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FIGURE A-11. PLATE BEARING RESULTS, LOCATION 2 .(CENTER'.OF BEAM l6).
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APPENDIX B: VIBROSEISMIC STUDY

General

WES vibroseismic tests are used to determine the in situ elastic 
properties of foundation materials. In the KTT Postmortem Investigation, 
vibroseismic tests were conducted at 10 preselected locations on the 
KTT embankment; these locations were also used for studies of embank­
ment strength and material properties. The vibroseismic 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. For comparison with 1971 pretraffic vibroseismic test re­
sults in order to assess traffic induced changes in embank­
ment strength.

Locations for the vibroseismic tests were selected to typify 
either "good" or "poor" performance, 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
Track Section (KTT Control Stations) Performance

1 852k+J5 Poor
2 (A) 8531+60 Poor

(B) 8535+16* Good
3 (A) ' ■ 85I+O+17 Good

(B) 85^2+U9 Poor
k 8551+50 Poor

* Denotes location of main (built in) KTT instrumenta­
tion array.
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Track Section
Test Location 

(KTT Control Stations) Performance
5 8558+20 Poor
T 8576+lhL* 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. First, the compression wave velocity in each subsurface layer 
and the depth to interfaces between layers were determined using refrac­
tion seismic techniques. A l6-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 
were generated 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 rail of the KTT track structures. The track structures had, of 
course, been removed 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 Jto 
construct the time-distance plots shown in Figures B-l-B-10. The slope 
of the line in these plots gives the apparent compression wave velocity 
of the subsurface material. A change in slope 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:

(B-l)



where
= depth from surface to first interface 
= distance from source to change in slope 
= compression wave velocity in upper layer 
= compression wave velocity in lower layer 

Since dipping layers will cause different apparent velocities to he 
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
V = ~ ^ ~ A  T V /V, u d

(B-2)

where
V = true compression wave velocity, LT ^

1 ■ -lV = apparent velocity updip, LT
U -1= apparent velocity downdip, LT
The second phase of the vibroseismic investigation is a vibratory 

test, which is conducted at the same location as the refraction seismic 
survey. A 25-lb force output electromagnetic vibrator was used for vi­
bration testing at the KTT, and surface waves were detected using the 
12-channel seismograph equipment previously described. A typical test 
setup is shown in Figure B-ll. This vibrator and associated instrumenta­
tion is described in detail in WES Miscellaneous Paper (MP) U-691, en­
titled Determination of Soil Shear Moduli at Depths by In Situ Vibra­
tory Techniques, Dec 196U, and in A Procedure for Determining Elastic 
Moduli of In Situ Soils by Dynamic Techniques, an excerpt from the 1967 
Proceedings of the International Symposium on Wave Propagation and 
Dynamic Properties of Earth Material.

The vibratory test consists of determining the wavelength of sur-' !
face (Rayleigh) waves generated by a vibrator operating at a discrete 
frequency. A number of different frequencies are used to cover the 
frequency domain of interest, and wave velocity is computed from the 
following equation:
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(B—3)V = Xf

n~l
where

V = wave velocity, LT 
X = wave length, L 
f = frequency of vibration, T 

An example plot of this type is shown in Figure B-12.
n-1

Computation of Poisson's Ratio 
and Elastic Moduli

Shear wave velocity and Rayleigh wave velocity are related by 
Poisson's ratio. For homogenous materials, having Poisson's ratios 
in the range from 0.20 to 0.50, the difference between shear and Ray­
leigh wave velocities is less than 9 percent. For practical purposes, 
shear and Rayleigh waves may be taken to have the same velocity. The 
wave velocities measured in the vibratory test may therefore be used to 
compute shear moduli from ’ ■

G = pV 2
(B-k)

where
G = shear modulus of soil, FL 

V = shear wave velocity, LT "*■
-2

-k„2p = mass density of soil, yw/g , GL T'
-3y = wet unit weight of soil, FL

w 2 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 = —  r Vs
(B-5)

where
= velocity ratio
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(B-6)

Young's E modiolus is similarly derived from the equation

E = 2G^1 + v) (B-7)

WES experience indicates that shear wave velocity and E and G 
moduli derived in this way correlate well with results of cdnventional 
exploration methods if the derived values are assigned to a depth equal 
to one-half the surface wave-length measured in the vibratory tests. 
Results presented herein conform with the above practice and are sum­
marized in Table- B-l. Plots of shear wave velocity 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 values since they were derived from tests 
conducted at very low stress levels.

V = compression wave velocity, LT ^’... c " . . . - - -
Vg = shear wave velocity, LT

Poisson's ratio v is calculated from elastic theory using the 
relationship

v =
V2 - 2

B-5
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TABLE B-l. RESULTS OF VIBROSEISMIC SURVEY

Wet Unit
Weight
v 2 pcf >m

P-Wave 
Velocity 
Vc fps Depth 

d, ft
Frequency 
' f, Hz

Wave
Length

. 1 , ft.
Depth 
d, ft

R-Wave 
Velocity 
Ta , fps

Poission
Ratio

v_________

3Modulus, 10 psi 
Shear Young's 
G E

Test Section 1
107 1075 0+ . 1*00 0.70 0.35 265 0 .1*7 1.6 it.70

350 . 0.80 0.1*0 2 8 0 o.i*6 1.8 5.30
300 1.00 0.50 s  310 0 .1*5 2.2 6.1*0
250 1 . 6 0 0.80 si*oo . 0 .1*2 3.7 10.50
200 1.90 1.00 390 0 .1+2 3.5 9.90
150 3.20 1 . 6 0 1*80 0.38 5.3 11* ,60

120 100 6.70 3.1*0 670 0 .18' 11.6 27.90
00 O.Ho 1* .20 670 ' 0.18 11.6 27.90
70 8 . 6 0 U .30 600 0.27 9.3 23.30
50 11.50 5.8 0 580 0.29 8.7 22.50

Test Section 2A
107 1075 0+ 250 2.00 1.00 510 0.36 6.0 16.30

200 2 . 6 0 1.30 520 0.35 6.2 16.7°
150 3. 8 0 1.90 570 0.31 7.5 19.70

120 100 6.00 3.00 6 0 0 0.28 9.3 23.80
80 6.30 3.20 505 0.36. 6.6 1 8 . 0 0
70 7.60 3.80 530 0.31+ 7-3 1 9 . 6 0
50 10.00 5.00 500 0.37 6.5 17.80
1*5 lit. 50 7-30 655 0.23 ll.l 27.30
1*0 18.80 9.1*0 750 0 . 0 1 + 1H.6 30.1*0

(Continued)
(Sheet 1 of 5)



TABLE B-l (Continued)

ttfi•**3

Wet Unit P-Wave 
Weight Velocity 
Ym2 pcf Vc fps

Wave Vel!oitv Polsalon Modulus. IQ3 p.l i
Depth Frequency Length Depth v ^  J Ratio Shear Young’s 
d, ft f, Hz X, ft d, ft s * P Y G E

107 1090 0+

107 1150 0+

120

107 1150 0+

Test Section 2B
300 1.70 0.85 5 1 0 0.36 6 . 0 . 16.30
250 2.10 1 . 0 0 5 2 0 . 0.35 ' 6 . 2 1 6 . 7 0
200 2.70 1.-30 ; 530 0.35 6.5 17.60
150 ^ .30 2 . 1 0 6U0 0 . 2  k 10.6 2 6 . 3 0
100 5.1*0 2 . 7 0 5^0 0 . 3 k 7.6 20.1*0
80 6.30 3 . 1 0 500 0.39 6.5 18.10
70 8 . 3 0 i*.io 580 . 0.30 8 . 7 22.60
50 10.80 5 .I10 5>*0 0 . 3 k 7.6 20JlO

Test Section 3A
300 1.70 0,87 520 0. 3 7 6.2 1 7 . 0 0
250 1.90 0.94 1*70 0.1*0 5.1 14.30
200 2 . 6 0 1.30 510 0. 3 8 6 . 7 18.50
150 3.70 1 . 8 0 550 0.35 7 . 8 21.10
100 5.70 2 . 8 0 570 0.3l* 8.1* 22.50
80 6,00 3.00 1*80 0.39 6.0 16.70
70 7.60 3.80 530 0.37 7.3 20.00,
50 1 2 . 8 0 . 6 .1*0 . 6U0 0..28 10,6 27.10

Test Section 3 B .
300 ' 2.00 1.00 610 0.30 8.6 22.1*0
250 2.20 1.10 550 • 0.35 7.0 I8 .9O

(Continued) (Sheet 2 of 5)



TABLE B-l (Continued)

Wet Unit 
Weight
Yr2 pcf

P-Wave
Velocity
V fps c

Depth
a, ft

Frequency 
f, Hz

Wave
Length

ft
Depth
a, ft

R-Wavs
Velocity
V  f*s

Polssion 
Ratio

Y ...

Modulus
Shear
G

t. 10 psi
Young *s 
. E

Test Section 3B (Continued)
200 2.50 1.30 500 0.38 6.5 17.90

120 150 3.^0 1.70 510 0.38 6.7 1 8 . 5 0
100 5.00 2.50 500 0.38 6.5 17.90
80 5.50 2.80 1*1*0 0 .1*1 5.0 Il*,l0
70 7.00 3*50 1*90 0.39 6.2 17.20
50 12.20 6.10 620 0 .2 6 10.0 25.80
1*0 12.50 6.30 500 0.38 6.5 17.90

Test Section 1*
107 10l*0 0+ 1*00 1.10 0.55 1*50 0.38 1*.7 13.00

350 1.20 0.56 1*0,0 0 .1*1 3.7 1 0 .1*0
300 1.30 0.63 375 0.1*3 3.2 9.20
250 1.50 0.73 365 0.1*3 3.1 8.90

- 200 1.90 0.93 375 0.1*3 3.2 9,20
150 2.1*0 1.20 360 0.1*3 3.0 8.66
100 3.70 1.90 370 0.1*3 3.2 9.20

120 80 5.50 2 . 8 0 1|)|0 0.39 5.0 13.90
70 6.30 3.10 1*1*0 0.39 5.0 13.90

(Continued) (Sheet 3 of 5)
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TABLE B-l (Continued)

Wet Unit 
Weight

ym 2 pcfin

P-Wave
Velocity
V  fSs a. ft

Wave
Frequency Length 
f, Hz X, ft

Depth 
d., ft

R-Wave 
Velocity 
V  fps

Poission
Ratio
Y

Modulus 3,10 psi
Shear
G

Young1s 
E

Test Section 5
107 1075 0-5.1 i*oo 0.85 o.Uo 31*0 0.45 2.7 7. 8 0

1*750 5.1+ 350 0.97 0.50 3l*0 0.45 2.7 7 . 8 0
300 1.10 o.6o 3l*0 0.45 2.7 7.80
250 1.30 0.70 325 0.1*5 2,1* 7.00
200 1 . 6 0 0.8 0 315 0.1*5 2.3 6. 8 0
150 2.00 1.00 300 0.1*6 2.1 6.10
100 3,20 1 , 6 0 320 0.1*5 2.1* 7.00

120 80 l*,l*0 2.20 350 0.1*1* 3.2 9.20
70 U .70 2.1*0 330 0.1*5 2.8 8.10
50 6.80 3.1*0 3l*0 0.1*1* 3.0 8 . 6 0
i*o 1 1 . 8 0 5.1*0 1*70 0.50 5.7 17.10
35 17.10 8 . 6 0 6 0 0 0.1*8 ,9.3 27.50

Test Section 7
107 ' 1100 0-1*.1* i*oo 1.10 o.6o 1*1*0 0.1*0 l*.5 1 2 . 6 0

1955 !*.!*+ 350 1.50 0.80 525 0.35 6.3 17.00
300 1 . 8 0 0.90 5l*0 0.3I* 6.7 1 8 . 0 0
250 2.00 1.00 500 0.37 5.8 15.90
200 2.50 1.30 510 0.36 5-9 1 6 . 1 0

150 3.1*0 1.70 510 0.36 6 . 7 1 8 . 2 0
100 6.00 3.00 6 0 0 0.29 9.3 21*.00

1P0 80 5.90 3.00 >i75 0.39 5.8 1 6 . 1 0
70 7.1| 0 3.70 515 0.36 6.8 18.50
50 1 1 .6 0 5.80 580 0.1*5 8.7 25.20
)|0 13.50 6.80 . 5>i0 0.1*6' 7.6 22.20
35 17.00 8.50 595 0.1*1* 9.2 26.50

(Continued)
(Sheet 4 of 5) .
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TABLE B-l (Concluded)

let Unit P-Wave R-Wave
Velocity
V  fps

Poission Modulus , 103 psi
Weight 
' 2 pcf

Velocity
V  ft* Depth 

d, ft
Frequency 
f, Hz

Length 
X, ft

Depth 
d, ft

Ratio
Y

Shear
G

Young’s 
E

Test Section 8
107 1100 0-2.8 300 1 .1+0 0.70 1+10 . 0 .1+ 2 3.9 11.10

17^0 2 .8+ 250 1 .8 0 0.90 1+50 0 .1+0 It. 7 13.20
200 2 .6 0 1.30 520 0.3 6 6.2 16.90

120 . 150 3.50 1.70 520 0 . 3 6 7.0 19.00
100 5.6 0 2,80 560 . 0 .M+ 8.1 23.30

80 7.50 3.70 600 0.1+3 9.3 26.60
70 8.00 1+.00 560 0 .1+1+ 8.1 23.30
50 12.50 6.30 630 0 .1+2 10.3 29.30
i+o 18.30 9.20 730 0.39 13.8 38.1+0
35 26.00 13.00 910 0.31 21. k 56.10

Test Section 9
107 111(0 0+2. k i+oo 1.00 0.50 380 0 .1+1+ 3.3 8.80

1710 +2.1+ 350 1 .1+0 o.6o hOO 0.1+3 3.7 1 0 .6 0
300 1 .6 0 0.80 U80 0.39 5.3 lit .70
250 2.10 1.00 520 0.37 6.2 17.00
200 2.50 1.30 500 0 . 3 8 5.8 16 .0 0

120 150 3 .6 0 l.,80 5U0 0 . 3 6 7.5 20.1t0
100 5-70 2.80 565 0 .1+1+ 8.3 23.90

80 7.00 3.50 560 O.kb 8.1 23.30
70 8 .li0 1+.20 590 0.1+3 9.0 25.70
50 13.20 6 .6o 660 0 .1 + 1 11.3 31.90
UO 22.50 11.30 900 0.31 21.0 55.00
35 28.00 lit. 00 995 0 .2 1+ 25.6 63.50

(Sheet 5 of 5)
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FIGURE B-l. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 1, STA 853*1+75
(ktt embankment)

S -3  S -4

FIGURE B-2. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 2, STA 8531+62.5 
(TEST LOCATION 2A, KTT EMBANKMENT)
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FIGURE B-3- POSTTRAFFIC REFRACTION SEISMIC 
PEST RESULTS, TRACK SECTION 2, STA 8535+15 
(TEST LOCATION 2B, KTT EMBANKMENT)','

FIGURE B-i+. POSTTRAFFIC REFRACTION SEISMIC
TEST RESULTS, TRACK SECTION 3, STA 85^0+19
(TEST LOCATION.3A, KTT EMBANKMENT)
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DISTANCE , FT
S -9  S - 1 0

FIGURE B-5. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 3, STA 85^2+50 
(TEST LOCATION 3B, KTT EMBANKMENT)

FIGURE B-6 . POSTTRAFFIC REFRACTION SEISMIC
TEST RESULTS, TRACK SECTION U, STA 85^7+79
(KTT EMBANKMENT)



FIGURE B-7. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 5, STA 8558+30
(ktt embankment)

S - 1 5  S - 1 6

FIGURE B-8. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 7, STA 8576+^2 
(KTT EMBANKMENT)



FIGURE B-9. POSTTRAFFIC REFRACTION SEISMIC 
TEST RESULTS, TRACK SECTION 8, STA 8587+OO 
(KTT EMBANKMENT) .

DISTANCE, FT
S - I9  S -20

FIGURE B-10. POSTTRAFFIC REFRACTION SEISMIC
TEST RESULTS, TRACK SECTION 9, STA 8595+33
(KTT EMBANKMENT)



FIGURE B-ll. TYPICAL VIBROSEISMIC TEST CONFIGURATION
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FIGURE B-12. TYPICAL VELOCITY DETERMINATIONS 
FROM VIBRATION TEST, POSTTRAFFIC, TRACK SEC­
TION 3, STA 85^0+09 (TEST LOCATION 3A, KTT 
EMBANKMENT)

FIGURE B-13. POSTTRAFFIC SHEAR-WAVE VELOCITY
RESULTS, TRACK SECTION 1, STA 852A+75 (KTT
EMBANKMENT)
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FIGURE B-lU’. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 2, STA 8531+62.5 
(TEST LOCATION 2A, KTT EMBANKMENT)

FIGURE B-15. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 2, STA 8535+15
(TEST LOCATION 2B, KTT EMBANKMENT)



VELOCITY , FPS

FIGURE B-l6. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 3, STA 85^0+09 
(TEST' LOCATION 3A, KTT EMBANKMENT) -

VELOCITY , FPS

ITY RESULTS, TRACK SECTION 3, STA 85^2+05 
(TEST LOCATION 3B, KTT EMBANKMENT)
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FIGURE B-18. POSTTRAFFIC SHEAR-WAVE VELOC- 
ETY RESULTS, TRACK SECTION it, STA 85^7+79
[ktt embankment)

velocity , FPS

FIGURE B-19. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 5, STA 8558+30
(KTT EMBANKMENT)



DEP
TH 
, F
T 

_DE
PTH
 , F

T

VELOCITY , FPS

FIGURE B-20. POSTTRAFFIC SHEAR-WAVE VELOC- 
CTY RESULTS, TRACK SECTION 7, STA 8 ^ 6 + k 2  
(KTT EMBANKMENT)

VELOCITY , FPS

FIGURE B-21. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 8 , STA 8 5 8 7+OO
(KTT EMBANKMENT)
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FIGURE B-22. POSTTRAFFIC SHEAR-WAVE VELOC­
ITY RESULTS, TRACK SECTION 9, STA 8595+33 
(ktt embankment)
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MODULI, I03 PSI

FIGURE B-23. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 1, STA 852U+75 (KTT 
EMBANKMENT)
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FIGURE B~2k. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 2, STA 8531+62.5 (TEST 
LOCATION 2A, KTT EMBANKMENT)



MODULI , I03 PSI

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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MODULI ,  103 PSI

FIGURE B-26. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 3, STA 85HO+I9 (TEST LOCA­
TION 3A, KTT EMBANKMENT)



DE
PT

H,
 F

T

MODULI ,  I03 PSI

FIGURE B-27. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 3, STA 85^2+50 (TEST LOCA­
TION 3B, KTT EMBANKMENT)
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MODULI , I03 PS!

FIGURE B-28.. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION k, STA 85^1+79 (KTT 
EMBANKMENT)



8 320 MODULI, I03 PSI16 24

FIGURE B-29. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 5, STA 8558+30 (KTT
embankment)
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MODULI, I03 PSI

ELASTIC' MODULI VERSUS DEPTH, TRACK 
SECTION. 7, STA 8^6+k2 (KTT * 
e m b a n k m e n t )



MODULI, I03 PSI

FIGURE B-31. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 8j STA 8587+OO (KTT 
EMBANKMENT)



B-28

MODULI , I03 PSI

FIGURE B-32. POSTTRAFFIC PLOTS OF 
ELASTIC MODULI VERSUS DEPTH, TRACK 
SECTION 9, STA 8595+33 (KTT 
EMBANKMENT)



MODULI, I03 PSI

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 Investigation, a total of 97 subgrade soundings 
were made at Intervals along the. length of the KTT embankment.' This, 
work was accomplished in the period 5-13 May 1976.

Test Plan '

Measurements of penetration resistance in the embankment’were made 
for the following, purposes:

1. To provide an index of embankment uniformity throughout its
length. . . ■ • . •••'

2. To determine whether soil conditions, measured in terms of 
penetration resistance, would reflect the variations in 
strength believed to exist beneath‘the track structures.

In'order to assess embankment uniformity, soundings were made at inter­
vals of approximately 200 ft throughout the length of the KTT. At each 
test location, two or three soundings were made in a pattern selected 
to typify soil conditions in highly, stressed, moderately stressed, 
and/or relatively unstressed areas of the subgrade beneath each track 
structure. For example, the subgrade beneath the rail seats of cross­
ties, or control joints of beam and slab structures would be. sub­
jected to higher traffic" induced stresses than other areas of the 
foundation.

Field Testing

A s t a n d a r d  f r i c t i o n  j a c k e t  D utch  c o n e , w hose p e n e t r a t i n g  a c t i o n  i s

shown i n  F ig u r e  C - l ,  w as u s e d  t h r o u g h o u t .  T h is  c o n e .p e r m it s  r e a d i n g s

o f  b o th  p o i n t  a n d  f r i c t i o n  j a c k e t  r e s i s t a n c e s  f o r  e a c h  p e n e t r a t i o n  d r i v e
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increment. -. Both point, and, friction resistances were recorded, but only 
point resistance data will be presented. The skid-mounted, portable 
Dutch cone penetrometer used in the KTT work is shown in Figure C-2.
The thrust to push the cone is provided by a hydraulic ram which is pow­
ered by a gasoline engine driven hydraulic pump. The engine, pump, and 
ram are skid mounted in one unit. The ram is fitted with a drivehead, 
which contains force measurement gages. Operation of the cone is con­
trolled using an inner rod.and outer casing system. Both the inner 
rods and outer casings.are in 1-m lengths. The inner rods transfer 
force to the cone point, which af̂ ter 1.5 in. of travel engages the fric­
tion sleeve. The sleeve and point move together for a further 1.5 in. 
of travel, at which time the drive is complete. The cone and cone- 
sleeve travel is continuous at.a rate of 2 cm/sec. The outer casing is 
used to telescope the cone and sleeve, which are then advanced to the 
next test depth. This unit was,designed to be used with soil anchors, 
which react the uplift forces generated during sounding. This configu­
ration was not suitable for purposes of the KTT investigation, which 
involved relatively shallow,, but numerous, penetrations. Instead, the 
skid unit was adapted to a platform which included two 2000-lb lead 
weights, intended, to function as reaction masses during penetration. A 
forklift was used to transport the apparatus to each test location in 
the conventional (tie) track sections-as shown.in Figure C-3. A crane 
was used to position the penetrometer in the noncoriventional track sec­
tions (the rail fastener studs, projecting from the structures in Track 
Sections .5,'and 7 interfered with the forklift).

At each test location the ballast material was first removed by 
a tractor-mounted backhoe. The Dutch cone apparatus was next positioned 
over the desired location, and readings of penetration resistance were 
made at 6-in. intervals from the ballast-subgrade interface to 6 ft in 
depth. Measurements of penetration resistance were made electronically 
rather than by reading the force gages supplied with the penetrometer. 
The force required to push the cone was measured with a calibrated 
force transducer which was mounted in the penetrometer, drivehead. Ver­
tical displacement of the cone was measured with a linear potentiometer,

C-2



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 Reduction

The average drive force, in pounds, required to push the 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 converted to tons per square 
foot. Figures C-1+-C-1+1 present results of the penetrometer soundings 
in plots of penetration resistance versus depth in the embankment. 
Sounding locations are given in terms of both track section and KTT 
survey station.
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CONTINUE INNER

CONE & JACKET BOTH 
ADVANCE FOR CONE BEARING 

PLUS LOCAL FRICTION

FIGURE C-l. ACTION OF FRICTION JACKET CONE
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FIGURE C-3.
track sectionmodified dutch cone penetrometer AT TEST LOCATION IN
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FIGURE C-U. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 1 ,  STA 8 5 2 1 + 0 1
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FIGURE C - 5 . DUTCH COKE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 1 ,  STA 8 5 2 3 + 0 0
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CONE RESISTANCE, TSF
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FIGURE C - 6 . DUTCH CONE'PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 1 ,  STA 8 5 2 5 + 0 0
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FIGURE C - 7 . DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 1 ,  STA 8 5 2 7 + 0 0
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CONE RESISTANCE, TSF
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FIGURE C - 8 . DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 2 ,  STA 8 5 2 9 + 0 0
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CONE RESISTANCE, TSF
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FIGURE C - 9 . DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 2 ,  STA 8 5 3 1 + 0 0
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CONE RESISTANCE,* TSF

1 0  20 30 Uo 50 60 70 80 90 100

FIGURE C-10. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 2, STA 8533+00
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CONE RESISTANCE, TSF

10 20 30 UO 50 60 70 80 90 100

FIGURE C-ll. DUTCH COKE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 2, STA 853H+96

C-JA



CONE RESISTANCE, TSF

FIGURE C-12. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE .
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 8538+OO '
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CONE RESISTANCE, TSF

10 20 '30 ko 50 60 70 80 90 100

FIGURE C-13. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85^0+00
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CONE RESISTANCE, t s f

FIGURE C - l k . DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 3, STA 85^3+30.3
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CONE RESISTANCE, TSF

FIGURE C-15. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE,' TRACK SECTION 3, STA 85^+00
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] C-1T. DUTCH CONE PENETROMETER DRIVE RESISTANCE VERSUS DEPTH IN THE SUB- 
, TRACK SECTION STA 85̂ 7+95 
5U8+00
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CONE RESISTANCE, TSF

20 hO 60 80 100

FIGURE C-l8 . DUTCH CONE PENETROMETER DRIVE 
POINT RESISTANCE VERSUS DEPTH IN THE SUB­
GRADE, TRACK SECTION H, STA 85̂ 9+95 
AND 8550+00
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CONE RESISTANCE, TSF

2 0  J|0 60 80

FIGURE C-19. DUTCH CONE PENETROMETER DRIVE 
POINT RESISTANCE VERSUS DEPTH IN THE SUB­
GRADE, TRACK SECTION U, STA 8551+55 AND 8551+60, NORTH BEAM ■ . '
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C-,21. DUTCH CONE PENETROMETER DRIVE
RESISTANCE .VERSUS DEPTH IN THE SUB-
, TRACK SECTION A, STA 8553+95
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FIGURE C-22. DUTCH CONE PENETROMETER DRIVE 
POINT RESISTANCE VERSUS DEPTH IN THE SUB­
GRADE, TRACK SECTION 5, STA 8555+95 
AND 8556+00
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C-26. DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
DEPTH IN THE SUBGRADE, TRACK SECTION 5, STA 8561+95
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CONE RESISTANCE, TSF
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VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8570+95 
AND 8571+00
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FIGURE C-28. DUTCH. CONE PENETROMETER DRIVE POINT RESISTANCE.
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION' 7,. STA 8573+00 '
AND 8573+05
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FIGURE C-29. DUTCH CORE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 857̂ +50
AND 857̂ +55
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CONE RESISTANCE, TSF

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-31. DUTCH COKE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8576+10 ,
AND 8576+15, SOUTH BEAM
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FIGURE C-32. DUTCH COKE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 7, STA 8578+00
AND 8578+05
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FIGURE C -3 5 -  • DUTCH CONE- PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION -8 , STA 8585+ 00
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FIGURE C - 3 6 .  DUTCH CORE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 8 ,  STA 8586+80
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CONE RESISTANCE, TSF

FIGURE C -3 7 -  DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 8 ,  STA- 8588+OO.5
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CONE RESISTANCE, TSF

FIGURE 0 - 3 8 .  DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA 8 5 9 1 + 0 1  .
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CONE RESISTANCE, TSF

s~FIGURE C - 3 9 . DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9 ,  STA 8 5 9 3 + 0 0
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FIGURE C-UO. DUTCH COKE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9, STA'859U+82. 7
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FIGURE C -l+ 1.' DUTCH CONE PENETROMETER DRIVE POINT RESISTANCE
VERSUS DEPTH IN THE SUBGRADE, TRACK SECTION 9 ,  STA 8 5 9 6 + 3 1
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APPENDIX D: TRENCHING, SAMPLING, AND SOIL TESTING

General

During the period 19 April - 21 May*1976, a.field party from the 
Pavement Investigations Division, Soils and Pavements Laboratory'(now 
designated Geotechnical Laboratory) performed in situ.-soil tests and 
collected samples for the posttraffic investigation of the Kansas Test 
Track. . . .

Test Plan

The investigation consisted of visual observations of ballast, 
drainage, settlement, cracking, and overall conditions of each test 
item. These conditions were also documented using color photographs. 
Test trenches, approximately k ft wide and 8 ft long.were excavated 
in each track section with the exception, of Track Section 6. In-place 
testing in each trench consisted of at least one 30-in.-diarn plate 
bearing test on the ballast just beneath the structure (tie, slab, or, 
beam). Water contents, densities, and California Bearing Ratio (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 classification tests and compaction tests. Two 
undisturbed samples were taken in each trench. One was taken between 
the surface and 12 in., and the other was between 12- and 2b-in. depth. 
Laboratory triaxial and unconfined compression tests were conducted on 
the undisturbed samples.

Field Testing

Location and depth control
A thorough study was made of the maintenance records kept by the_ 

Santa Fe Railroad during the traffic.tests.. Sites were.selected in 
areas of high maintenance to determine causes of failure. The location
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of the approximate center of each trench with the tie, beam, or slab 
numbers is given in Table D-l.

Prior to the field testing at the KTT, all rails and fasteners had 
been removed. Therefore, elevations were taken on the top of each 
structure in the center of the north and south rails. This is not con- 
sistant with the elevations taken during traffic testing since they 
referenced the base of the rail. Cross sections and profiles along 
each rail were taken on the top of the subgrade after the ballast had 
been removed. These cross sections and profiles are shown in Fig­
ures D-l to D-9* All depths of soil tests were referenced to the top 
of the subgrade during 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 D1196-6U. Tests were conducted on 
the ballast beneath the tie, beam, or slab structure. The track struc­
ture was removed and ballast cleared to the level of the bottom of the 
structure and wide enough for the plate (Figure D-10). Sand was used 
to obtain a level seat for the plate. A typical load-deflection plot 
is shown in Figure D-ll. Plate bearing test results are given in 
Table D-2.
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-l4. The upper portion of ballast was 
then removed with a back hoe. The final cover was excavated by hand 
so that the subgrade surface would not be disturbed. Cross sections 
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 Figures D-l through D-9* Note the undulations 
beneath the ties on Tie Sections 1, 2A, 2B, 3B, and 8. This was not 
evident on Track Section 9- Also, a profile was taken on the shoulder 
of most track sections. Note the effects of loading by comparing the 
shoulder profile with the rail profile. Figures D-15 and D-l6
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illustrate the undulations on Track Sections 1 and 2A. Figure D-17 
illustrates the deformation in the tie area on Track Section 2B. 
California Bearing Ratio tests

California Bearing Ratio (CBR) tests were conducted in accordance 
with MIL-STD-621A, Method 101. CBR is a measure of the soil resistance 
to penetration of a 3-sq-in. piston expressed as a percent of a standard 
The standard is 1000 psi at 0.1-in. penetration of 1,500 psi at 0.2-in. 
penetration. CBR tests were used to determine the relative soil 
strengths throughout the KTT. Tests were taken under ties, Between 
ties, and under the north and south rails on the sections. In Beam and 
slaB sections they were conducted under joints, under the north and 
south rails, and Between the fails. Locations are shown in Figures D-lU 
D-l8, and D-19. A typical test setup is shown in Figure D-20. CBR 
data for each test pit is shown in Tables D-3 through D-12.
Moisture and density tests

At each CBR test location, moisture content and dry density tests 
were conducted. Original plans included use of a nuclear moisture 
density testing apparatus. This method was abandoned Because of the in­
fluence of the walls of the test trench oh the readings. Density tests 
were conducted using drive cylinders of known volume. Moisture con­
tent was determined By sampling and oven drying overnight. Results of 
moisture and density tests are also shown in Table D-3 through D-12.

Laboratory Testing -

Ballast
Laboratory tests on Ballast consisted of sieve analysis on all 

samples collected in Track Sections 1, h, and'9- If there were enough 
fines (passing the 200 sieve) in these samples, Atterberg limits were 
conducted. After this testing was accomplished and the data analyzed, 
sieve analyses 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
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main line of the AT&SF Railroad. Results of these tests are shown in 
Table D-13- 
Subgrade

Two undisturbed and two disturbed samples were taken from each 
test pit. -Locations of these samples are shown in Figures. D-12 through . 
D-lU. Laboratory tests on the disturbed samples consisted of Atterberg 
limits and sieve analyses. These tests were conducted for classification 
purposes. The results are given in Table D-lU. Compaction tests were 
also conducted on the disturbed samples from Track Sections 1, and 9. 
Samples were molded using the modified American Association of State 
Highway Officials (AASHO) effort. CBR's were conducted on the samples 
as molded. They were then remolded and soaked for 96 hours. CBR's 
were conducted on the soaked specimens. Results of these tests are 
shown in Figures D-21 to D-23." Note the almost total loss of strength 
under the soaked conditions.

Laboratory tests on undisturbed samples consisted of unconsolidated, 
undraiiied (Q) triaxial tests on samples from Track Sections 1, i+, 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 
in Figures D-2U and D-25. Unconfined compression tests were conducted 
on all undisturbed samples. A minimum of two tests were run on each 
of the two samples taken from each pit. Results of these tests are 
presented in Figures D-26 through D-30.



TABLE D - l .  LOCATIONS OF EACH TEST TRENCH

Track
Section

Test Pit 
No.

Station 
of the 

Approximate 
Center Line

Tie, Beam or 
SIah No.

1 . 1 852U+75 208,209,210

2 . 2A 8531+60 115,116,117

2 2B 8535+16 276,277,278

3 3A 85^0+17 , 1 6 0 ,1 6 1 , 1 6 2

3 3B 8 5I12+I19 275,276,277

1+ k 8551+50 53,5^

5 5 8 5 58 + 2 0 120,121

7 7 8576+Ul 62 *63

8 8 8587+10 261,262,263

9 9 8595+37 10,11,12
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TABLE D - 2 . PLATE BEARING TEST RESULTS

Track
Section Location

k*
psi

1 Sta 852*1+75 
(south, rail) 380

2A Sta 8531+62 
(south rail) 303

2B Sta 8535+16 
(north rail) 317

3A Sta 851*2+19 
(south rail) 229

3B Sta 8510+20 
(north rail) 29I*

1* Sta 8551+50 
(north rail) 217

5 Sta 8558+20 
(center) 88

5 Sta 8558+IO 
(center) 232

5 Sta 8562+05 
(center) 317

7 Sta 8576+I1
(south rail) 338

8 Sta 8587+08 
(north rail) 261

9 Sta 8595+33 
(north rail) 203

* k = slope 
deflection

of average pressures 
curve during loading.

versus
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D-7

Material
Lime Stab 
Lean Cl

Hvy Cl

Hyy Cl

Lime Stab 
Lean Cl

Hvy Cl

TABLE D-3. KANSAS TEST TRACK 
TEST PIT 1

Depth CBR Data
or Elev Location CBR WC DW Remarks
Surface Under Tie 3.3 29.9 89.3* K - lime stab layer not present

210 33.0 30.9 85.k * M - lime stab layer approx 2" thick
30.0 39.1 82.5* S - lime stab layer approx 2" thick

AVG 2 2 .1 33.3 85.7
6" 7,7 29.8 92.2 N

6 .8 27.1 9 3 - . b M
5.0 29.0 9 3 . b S

AVG 6.5 28.6 93.0
1 2" 7.3 27.1 92.1 N'

7.9 2 7 .6 91.5 M
6.7 2 8 .1 89.1 S

' AVG 7.3 2 7 .6 90.9
2 b " 1 0 .0 26.5 93.0 N.

6 .8 2 6 .1 93.6 M-
1 2 .0 2 6 .0 9 2 .1 S

AVG 9.6 2 6 .2 92.9
36" UnderVTie 1 0 .0 26.5 91.7 N

210 1 3 .0 2 5.6 90.9 M
1 2 .0 28.0 88.9 S

AVG 11.7 26.7 90.5
Surface Between Ties 7.0 2 9 .0 90.9* N - lime stab layer not present

209-210 39.0 28.5 86.2* M - lime stab layer approx 3" thick
U8 .0 3 6 .1 81;. 3* S - lime stab layer approx 3" thickAVG 31.3 31.2 87.1

6" Between Ties 6 .6
209-210 5

^ .0
AVG 5.0

(Continued) (Sheet 1 of 3)
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TABLE D-3 (C ontinued)

Material 
Hvy Cl

▼
Hvy Cl

Lime Stab 
Lean Cl

Hvy Cl

Hvy Cl

Depth 
>r Elev Location CBR

CBR Data - 
WC DW Remarks

1 2" Between' Ties 6.5 2 7 .6 91.2 N
209-210 6 .8 2 8 .6 8 9 .0 M

5.2 27.9 89.4 S
AVG 6 .2 28 .0 89.9 ,

'24" ' 8 .1 25.4 93.8 F
6 .8 30.5 8 3 .0 M
9.0 23.1 94.2 S

AVG 8^0 26.3 90.3
36" 1Betwe r

i n Ties 1 1 .0 27.6 9 0 .8 F
209-210 1 1 .0 2 k . 9 92.6 M

1 1 .0 2 8. 4 87.7 S
AVG 1 1 .0 2 7 .0 90.4

urface Under Tie 1 .8 34.5 88.1* N - lime stab layer not present
209 31.0 34.5 85.9* K - lime stab layer approx 2" thick

1 2 .0 42.5 8 1.1* S - lime stab layer approx l" thick
AVG lU.9 ■ 37.2 8 5.O

6" 3.9 28.3 8 9 .0 N
■ h . 2 27.4 94.6 ■ M
5.0 29.7 8 9 .2 S

AVG k . h 28.5 90.9
1 2" 7.0 26.7 92.7 ' N

7.5 2 6 .1 93.1 M
8 .8 26.3 93.3 S

1r AVG 7.8 26.4 93.0
24" Under Tie 1 1 .0 . 2 7 .2 8 8 .1 N

209 6.3 2 6 .2 91.4 M .
' ' 1 1 .0 2 5 .8 89.3 S

AVG 9-4 ■26.4 8 9.6

(C o n tin u ed )

(S h eet 2 o f  3)



6-
0

TABLE D-3 (C oncluded) .

Material
Depth • 
or Elev Location CBE

CBR Data 
WC ' DW Remarks

Hvy Cl 36" Under Tie 10.0 2 8.1+ 89.1 N
' 209 12.0 26 .6 90.1+ M

10.0 27.1 89.1 S
AVG: 10.7 27.1+ 89.5

Lime Stab Surface Between Ties 11.0 33.1+ 86.0* N - lime stab layer approx 1" thick
Lean Cl :208-209 1+8.0 1+2.7 80.6* M - lime stab layer approx 3" thick

1+3.0 30.9 8 9.9* S - lime stab layer approx 3" thick
AVG 31+.0 35.7 85.5

Hvy Cl 6" 7.0 31.3 87.0 N
6 .1 2 8 .0 9 0 .2 M
k . 5 28.9 ’ 8 9 .2 S

AVG 5.9 29.1+ 8 8 .8

1 2" 7.2 2 7 .2 ,90.9 N
7.1 27.7 9 0 .8 M
6 .0 28.5 90.7 S

AVG 6 .8 27.8 9 0 .8

2 k " 1 5 .0 2 7 .6 89.O r N
6 .8 25.1+ 9'U.3 M

1 1 .0 23.8 9J+.3 S
AVG 10.9 25.6 92.5

rHvy Cl 36" Between Ties 1 1 .0 2 5 .8 91. ̂ N
208-209 1 1 .0 25.1+ 93.3 M

1 2 .0 26.3 90.7 S
„AVG 11.3 2 5 .8 9 1 .8

* Computed from moisture cans with nuclear density. (Sheet 3 of 3)
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Material
Lime Stab 
Lean Cl

Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Depth
o r E lev

Surface

Surface

6"

12"

2k"

36"

Location
Between Ties 117-116

Under Tie
116

Under Tie' 116



TABLE D-U. KANSAS TEST TRACK 
SECTION 2A

CBR Data
CBR wc DW
3.8 2 7 .6 91.2
9.0 26.lt 89-7
6 .6 2 6 .0 9 0 .8

AVG 6.5 2 6 .7 9 0 .6

3.0 29.8 89.7
9.3 27.8 8 7 .2
7.6 2 b . 7 91+. 0

AVG 6 .6 27.1+ 90.3
9.1 2lt.lt 9 b . 9

1 0 .0 26.9 92.2
8 .2 29.5 89.lt

AVG 9.1 26.9 92.2
9.3 2 8 .6 87.7
lU.O 30.6 87.3
9.U 2 7 .2 91.7AVG 10.9 2 8 .8 88 .9

13.0 23.0 95.0
13.0 22.3 9̂ .1t
lU.o 21.9 97.3

AVG 13.3 2 2.U 95.6
1 1 .0 2 1 .6 9 b . 9
1 6 .0 2U.3 92.7
13.0 2lt.3 93.2

AVG 13.3 23.lt 93.6

Remarks
N
M
S

N
M
S

N
M
S

N
M
S

N
M
S

N
M
S

(Continued.)
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a

TABLE D-U (Concluded)

Material
Depth 
or Elev Location

CBR
CBR

Data
WC DW

Lime Stab Surface Between Ties 3.1 ■ 31.3 89.7 N
Lean Cl 116-115 9.3 2 8 .1 85.1* M

6 .6 2 8.lt 9 0 .2 S
AVG. 6.3 29.3 -88.3

Hvy Cl 6" 1 2 .0 2lt.lt 9̂ .7 N
9.3 27.1 89.9 M

1 0 .0 2 5 .6 92.5 S
AVG 1 0.lt 25.7 92.lt

1 2*' 9.1 28.3 89.0 N
1 0 .0 30.2 8 7.U M

' 9.0 2 7 .6 90.8 S
AVG 9. It 28.7 8 9 .1

2 k " llt.O 22.9 96.0 N
15.0 2lt.lt 9 k , 1 M
13.0 21.6 . 9̂ .6 S

AVG llt.O 23.0 . 95.11' ' **Hvy Cl 36" Between Ties 12.0 22.lt 95.lt N
116-115 12.0 2-U.2 93.6 M

13.0 21.1 96.1 S
AVG 12.3 _22.6 95.0

Lime Stab Surface Under Tie 3.7 ' 27.5 90.lt N
Lean Cl.. 115' 9-5 2 8.lt 86.6* M

6.6 2 5 .8 91.3 S
AVG 6.6 27.2 89.lt

Remarks

* Computed from moisture cans with nuclear density.'
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Material
Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Lime Stab 
Lean Cl

Depth
o r  E lev

Surface

6"

12"

2k"

36"

Surface

Location
Between Ties
276-277

▼Between Ties
276-277

Under Tie277



TABLE D-5. KANSAS TEST TRACK 
SECTION 2B

AVG

AVG

AVG

AVG

AVG

AVG

CBR Data
CBR WC DW WC
25.0 31+.9 79.8 35.9 N
9.6 33.2 82.7 32.8 M

1 2 .0 29.9 83.6 29.6. S
15.5 32.7 8 2 .0 32.8

k . 9 2 6 .0 93.0 N
2.7 27.1 89.1+ M
1+.5 29.1+, 87.2 S
1+.0 27.5 89.9
l . b 21+.2 9 b . h N
5.1 • 31.5 8 3 .2 M .
7.0 23.9 9 0 .6 S
6.5 26.5 89.1+

1 2 .0 21+.2 90.2 N
1 2 .0 21+.8 92.9 M
7.2 23.6 93.9 S

1 0.1+ 21+.2 92.3
8 .0 2 7 .0 8 9.1+ N
6.5 29.6 8 7 .8 M

1 0 .0 26.2 9 0 .6 S
8 .2 27.1+ 89.3
1+.1+ 33.7 83.2 31+.1 N
8.3 33.7 79.8 31+.8 B
9.1+ 30.6 83.3 30.2 S
7.1+ 32.7 8 2 .1 33.0

Remarks

(C ontinued)
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Material
Hvy Cl

Hvy Cl

Lime Stat 
Lean Cl

Lime Stab 
- Lean Cl

Depth 
or Elev

6" .

12"

2l"

36"

Surface

Surface

Location
Under Tie 
277

Under Tie 
277

Between Ties 
277-278

Under Tie278,

TABLE D-5 (Concluded)

CER Data
CBR WC DW- WC
-1 .6 21.9 ‘ 9l.2 N
3.5 •••28.8 8 9 .6 ' '■ M
1 . 0 2 7 .2 .90.1 . S .

AVG 1 .0 27.0 91.3
6.0' 26.5 91.2 N
.8 .2 26.3 89.2 . M
9.3 2 6 .1 90.0 , S

AVG 7.8 2 6 .1 90.1
■ 9.1 22.3 95.5 w
9.3 . 21.3 92 7 ' M
10.0 21.6 . 92.9 S

AVG 9.5 23.7 93.7
8.0 . 23.7. 91.8 N
8.3 2 6 .0 89.1 .. M
8.7 . 23.8 91.8 . s

AVG 8.3 21.5 91.0
6.9, -33.3 79.3 33.7 R
'9.1 ' 28.8 83.9 29.9 . M
9.1 32.8 ; 8 2 .0 29.7 " S

AVG 8.1 31.5' 81.7 31.1
5.7 - 33.0.' 83.5 33.5 . R

,.-■8.1’ ,32.9 8 0 .1 31.0 ' .. M .
9.1 31.1. 82.8: 31.1 S

AVG 7.6 32.1 '■ 82.1 ' 33.0

Remarks



D-lk

TABLE D-6. KANSAS TEST TRACK 
SECTION 3A --

Material
Depth 
or Elev Location CBR

CBR Data 
WC DW

Lime Stab Surface Under Tie 3.8 24.6 8k . 6 N
Lean Cl l6l 10.0 31.7 85.8 M

9.0 29.0 87.1 S
AVG 7.6 28. k 8 5 .8

Hvy Cl 6" 7.0 22.1 95.8 N
7.0 21.5 95.5 M
7.8 25.3 93.7 S

AVG 7.3 23.0 95.0
12" 7.1 29.0 88.1 N

12.0 23.9 9 2 .8 M
9.0 31.5 8k . k S

AVG 9 . k 2 8 .1 88.  k

24" 10.0 22.5 95.5 N
11.0 24.8 92.1 M
9.0 23.1 9k . k S

AVG 10.0 23.5 9k . 0
1Hvy ’

C l 36" Under >Tie 11.0 25.9 9 2 .6 ' N
l6l 10.0 2 5 .8 88.4 M

8.0 2 k . 5 94.9 S
AVG 9.7 25. k 9 2 .0

Lime; Stab Surface Between Ties 2.5 25.5 86.2 N
Lean Cl 16 1-16 2 14.0 2k . 6 91.1 M

7.0 30.0 88.6 S
AVG 7.8 26.7 88.6

Remarks
Pit had layers of limestone 
dust throughout and rocks

(Continued)
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Material

Hvy Cl

▼Hvy Cl

Lime Stab

Lime Stab

6 "

Depth
or Elev

1 2 "

2b"

36"

Surface

Surface

Location

Between Ties 
1 6 1 - 1 6 2

Between Ties 
1 6 1 - 1 6 2

Between Ties 
1 6 0 - 1 6 1

Under Tie 
1 6 2



TABLE D-6 (Concluded)

CBR Data
CBR WC DW

9.0 23.1 96.58.0 27.3 91.6
9-5 22.2 96.lt

AVG 8.8 24.2 94.8
11.0 28.8 89.3
10.0 27.1 88.7
7.5 30.lt 85.lt

AVG 9-5 28.8 87.8
11.0 25.1 93.2
11.0 23.9 94.99.0 27.lt 90.3

AVG 10.3 25.5 92.8

11.0 26.lt 82.8
16.0 25.5 82.512.0 25.1 92.9

AVG 13.0 25.7 86.1
U.O 19.9 91.9It.8 18.0 92.0
9.0 25.2 93.0

AVG 5.9 21.0 92.3
lt.1 31.5 90.2

17.0 32.8 88.0
3.It 29.1 84.9

AVG 8.2 21.1 87.7

Remarks
N
M
S

H
M
S

E
M
S

H
M
S

R
M
S

N
M
S



9
i-

a

Material
Lime Stab 
Lean Cl

Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Depth
or Elev Location

Surface Between Ties
275-276

Under Tie 
277

Surface Under Tie
276

6 "

1 2 "

2 h " Under Tie
276



TABLE D-7. KANSAS TEST TRACK 
SECTION 3B

CER Data
CBR WC DW
23.0 35.0 79.719.0 32.1* 79,6
21.0 35,7 7&.7

AVG 21.0 3l*.l* .. 79,3
28.0 30.1 82.1*
20.0 28.1 83.1*
20.0 : 32.9 . 81.9

AVG 22.7 30.1* 82.6
22.0 30.3 8l.8
13.0 28.2 82.1*
36.0 33.6 81.3

AVG 23.7 30.7. 81.8
2.3 26.5 90.1*
8.0 26.0 92.1*
U.O 25,-5 91.5AVG 1*.8 26,0,. 91.1*
3.6 28.1 85.73,2 26.9 - 86.7
3,1 ' 29.7 86.1*

AVG 3.3 28.2 86.3
11.0 . 23.0 95.0
10.0 22.3 95.713.0 23.6 9l*.&AVG 11.3 23.0 95.2

(Continued)

Remarks
N
M
S

N
M
S

N
M
S

N
M
S

N
M
S

N
M
S
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Material 

Hvy Cl

Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Depth
or Elev

36"

Surface

6 "

1 2 "

2h"

. 3 6 "

Location

Under Tie
2 7 6

Between Ties
276-277

Between Ties
276-277



TABLE D-T (Concluded)

CER Data
CER wc DW
9.0 2lt.7 9lt.38.0 22.8 95.0
9.0 22.lt 9lt.9AVG 8.7 23.3 9lt.7
17.0 35.8 77.8
21.0 33.5 82.8
20.0 36.lt 77.6

AVG 19.3 . 35.2 79.lt
5.5 26.lt 92.2
7.0 26.0 92.lt
5.1 26.0 89.5AVG 5.9 26.1 91.lt
3.8 26.6 89.1
lt.lt . 27.0 90.2
It.2 2U.2 9U.0

AVG lt.1 25.9 91.1
13.0 23.0 95.6
12.0 21.6 9 b . 912.0 25.6 91.7AVG 12.3 25.9 9 b . 1

9.0 23.8 -95.0
11.0 23.7 . 95.6
9.0 22.6 93.5

AVG 9.7 23.lt 9lf.7

Remarks
N
M
S

W
M
S

N
M
S

If
M
S

N
M
S

N
M
S



Q
T
-
a

Material

Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Lime Stab 
Lean Cl

Depth
or Elev

Surface

6 "

1 2 "

2k”

36"

Surface

Location

Joint Beams
53-5^

Joint Beams 
53-5^.

Middle Beam
5b



TABLE D -8. KANSAS TEST TRACK 
SECTION ^

CBR DAta
CBR WC DW

12.0 29.3 82.lt
7.6 29.5 85.98.0 27.6 88.7

AVG 9.2 28.8 85.7
3.8 26.5 88.2
It.1 . 2U.0 91.0
It.2 29.lt 87.6

AVG lt.0 26.6 88.9
It.6 ' 2 It. 8 90.lt
8.0 27.1 88.9
2.6 25.1 93.lt

AVG 5.1 25.7 90.9
lt.lt 37.lt 80.5
It.9 32.0 86.2
1.8 30.8 85.9

AVG 3.7 33.lt 81t.2
. 9.7 25.3 93.1
8.8 26.1 92.3
9.0 26.2 91.6

AVG 9.2 25.9 92.3
27.0 28.6 86.8
8.5 30.0 86.2
7.It ,32.7 82.1

AVG lit.3 30.lt 85.0

( C o n t in u e d )

Remarks

N
M
S

N
M
S

N
M
S

N
M
S

N
M
S

N
M
S
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Material 
Hvy Cl

Hvy Cl

6 "

Depth
o r E lev

1 2 "

2k"

36"

Location
Middle Beam
$k .

▼Middle Beam 
51*



TABLE D-8 (Concluded)

CBR Data
CBR wc DW
3.6 26.5 90. k
3.1+ 26.2 92.2
3.8 25.8 93.2

AVG 3.6 26.2 91.9
1+.6 25.0 91.0
3.8 26.2 . 91.0
6.0 29.2 86.1+

AVG 1+.8 26.8 89.5
' 6.0 30.2 87.3

7.8 26.7 90.1
7.U 27.5 90.5

AVG 7.1 28.1 89.3
6.1 30.2, 89.1+
5.8 25.9 92.3
6.6 22.9 9 b . 9

AVG 6.2 26.3 92.2

Remarks
N
M
S

N
M
S

N
M
S

N
M
S
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Material
Lime Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Lime Stab 
Lean Cl

Hvy Cl 

Hvy Cl

Depth
o r  Elev

Surface

6 "

1 2 "

2k"

36"

Surface

6 "

12"

Location
Center Slab 

1 2 1

Center Slab 
1 2 1

Joint Slabs 
1 2 1 - 1 2 0

Joint Slabs 
1 2 1 - 1 2 0



TABLE D-9. KANSAS TEST TRACK 
SECTION 5

CBR Data
CBR WC DW
18.0 31.6 82.1+
9.U 30.H 81+.5

AVG 13.7 31.0 83.5
1+.3 29.8 86.7
2.0 29.8 85.1

AVG 3.2 29.8 85.9
2.3 29-5 86.3
3.2 29.6 86.7

AVG 2.8 29.6 86.5
5.3 27.6 81+.5
5.2 27.0 88.7

AVG 5.3 27.3 86.6
l k . 0 25.5 92.0
13.0 25.3 91.3AVG 13.5 25.1+ 91.7
17.0 30.3 83.7
10.0 31.8 82.1+

AVG 13.5 31.1 83.1
3.5 29.5 87.33.0 30.2 81+.6

AVG 3.3 29.9 86.0
2.8 29.3 87.2
2.6 35.1 83.0

AVG 2.7 32.2 85.1

Remarks
M
S

M
S

M
S

M
S

M
S

N
S

N
S

N
S

(.Continued)
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TABLE D-9 (C oncluded)

Depth CER Data
Material or Elev Location CBE wc DW
Hvy Cl 2U" Joint Slabs . 6.6 27.8 85.1

121-120 5.1 26.1 89.0
AVG 5.9 27.0 87.1

H-vy Cl 36" Joint Slabs 17.0 25.6 91.7
121-120 18.0 26.0 90.2

AVG 17.5 25.8 91.0



CO
 B

 
CO
 B

. Remarks
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Material
Cement 
Stab 
Lean Cl

Hvy Cl

▼Hvy Cl

Cement 
Stab 
Lean Cl

Depth
o r  E lev

Surface

6"

12"

2b"

36"

Surface

Location
Joint Beams 63-62

VJoint Beams 
63-62

Center Beam
63



TABLE D-10. KANSAS TEST TRACK 
SECTION T

CBR Data
CBR ’ WC DW
30.0 92.8 83.1
50 .0 30.6 85.6
i+i+.o 2 8 . 1 87.0

AVG 1+1.3 29.5 85.2
1.3 37.0 8 2 .8
3.1 31.0 88.1+
1 . 8 38.3 81+.0

AVG 2 . 1 35. ̂ 8 5 .1

6 .6 2 6 .2 92.9
7.1+ 26.5 93.1
8 .0 21+.8 95.1+

AVG 7.3 2 5 .8 93.8
6 .0 27.3 90 .8
5.6 27.2 8 8 .5
6 .0 30.6 8 6 .8

AVG 5.9 2 8.1+ 88.7
7.0 2 6 .1 8 9 .8

1 1 . 0 2 6 .0 91.1+
1 0 .0 2 5 .8 93.6

AVG 9.6 2 6 .0 9 1 .6

33.0 2?.1+ 85.3
6 2 .0 30.5 ■ 81+.8
33.0 32.1+ 8 1 .9

AVG 1+2.7 30.8 81+.0

Remarks
N
MS

N
M
S

N
M
S

N
M
S

N
M
S

N
M
S

(C ontinued)
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Material 

Hvy Cl

Hvy Cl

Depth 
or Elev

6"

12"

2k"

■36"

Location

Center Beam 
63

▼Center Beam 
63

TABLE D-10 (C oncluded)

CBR Data
CBR WC DW

1.3 37.3 81t.0
2 . 8 32.5 87.1
1.5 U6 .8 78.6

AVG 1.9 38.9 8 3 .2

6.7 26.5 93.9
1 0 .0 26.5 9 2 .8
9.0 2 6.lt 91+.0

AVG 8 .6 26.5 93.6
8 .0 15.0 . 91.2

1 0 .0 30.3 88.0
5.fc 2U.5 9 0 .8

AVG 7.8 2 6 .6 9 0 .0

1 0 .0 25.0 93.8
1 2 . 0 25.lt 9 2 .8
7.2 2 5 .6 9 2 .0

AVG 9.7 25.3 92.9

Remarks
N
M
S

N
M
S

N
MS

IT
M
S
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TABLE D-ll. KANSAS TEST TRACK 
SECTION 8

Depth CBR Data
Material or Elev Location CBR WC DW Remarks
Lime Stab Surface Under Tie 1 0 .0 31.5 86.1+ N Free water in ballast;
Lean Cl 2 6 1 1 7 . 0 37.0 75.6. M stab layer approx. 1+-1 /2"

13.0 32.U 83.5 S thick; soil under this
AYG i3.3 33.6 8 1 .8 appears to be saturated;

Between Ties 3.3 32.3 79.8 N this could account for
262-263 33.8 - 79.7 M the high WC in the density

1 8 .0 33.2 82.3 S
1' AVG 1 2 .i 33.1 80.5

Lime rStab Surface Between Ties 1 2 . 0  '..35,3 7 8 .6 N
Lean Cl 2 6 1 -2 6 2 2 6 .0 31+.2 79.3 • M

1 0 .0 35.9 79.3 • S
Avg 1 6 .0 . 35.1 79.1

Hvy Cl 6M 2 .8 '31.0 87.3 N Rock and voids in samples
3.k 2 8 .2 89.9 M past surface depth
k.2 28.3 90. k S

Avg 3.5 29.1 8 9 .2

1 2 !? 6 .0 2 6 .0 9lt.it N
7.0 2 6 .0 92.1 M
8 .0 25.3 91+.7 S

AVG 7.0 25.8 93.71
Hvy CW:i 2kf t

1Betweefn Ties 1 U.0 2 6 .1 9 2 .0 N
2 6 1 -2 6 2 15.0 21+.U 95.2 M

13.0 2 0 . 1 97.9 S
AVG ll+.O 23.5 95.0

(.Continued)
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TABLE D - ll  (C oncluded)

Depth CBR Data
Material or Elev Location CBR WC DW .
Hvy Cl 3 6" Between Ties 12.0 25.0 93.0

261-262- 12.0 2 b . 7 9̂ .6
12.0 ' 2 k . b 9 3 . b

AVG - 12.0 2 b . J 93.5
Lime Stab Surface Under Tie l6.0 3 b . b 79.6
Lean Cl ■ 262 18.0 35.8 75.317.0 32.8 82.3AVG 17.0 3U.3 79.1
Hvy Cl ,, 6" 3.1 26.3 93<0

3.6 28.3 89.2
3.5 28.3 96.9AVG 3 . b  , 27.6 90.9

12" 6.0 27.6 90.3
■ ■ \i 8.0 25i9 93.9>- . 10.0 25.2 9 b .6

AVG 8.6 26.2 92.9
2k” v.- 1U.0 25.6 93.6

12.0 23.1 9 b .  9
, 13.6 2 b . 9 9 3 . b

AVG- 13i0 2 b . 5 . 9̂ .0
Hvy ■ 36"

1UnderrTie 13.0 23.1 93.9
262 12.0 25.9 88,8

1U.0 25.7 91.2■* * ' \ ’ - ' . ' AVG 13.0 2U.9 91.3
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Material ■
Lime Stab 
Lean Cl

Lime Stab 
Leah Cl

Hvy Cl

▼Hvy Cl

TABLE D-12. KANSAS TEST TRACK ' 
SECTION 9

Depth CBR Data
or Elev Location CBR WC DW WC
Surface Under Tie 11 10.0 76.2 38.0

17.0 79.9 38.0
23.0 75.0 38.0

AVG 16.7 77.2 38.0
Between Ties 16.0 76.3 36.0
11-12 ll.o . 75.3 39.0

18.0 76.9 37.0
t AVG 16.0 76.1 37.3

Surface Under. Tie 10 19.0 35.0 78.3 37.0
15.0 38.0 77.5 35.0
23.6 35.9 78.1 36.0

AVG 19.0 36.0 78.0 36.0
6If 2.7 87.0 31.0

2.2 81.2 33.0
. 2.1 87.7 30.0

AVG 2.1 86.3 31.3
12f!

1 . 0 83.3 3l.O
2.8 87.7 30.0
8.0 91.8 23.0

AVG 1.9 88.6 29.0
2k”

1Under' fTie 10 12.0 91.9 22.0
6.0 97.2 22.0

19.0 96.8 23.0
, a v g; 12.3 96.3 22.3

Remarks

(C ontinued)
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TABLE D -12 (C oncluded)

Depth ■ CBR Data
Material or Elev Location CBR WC DW WC Remarks
Hyv Cl 36" Under Tie 10 9.0 87.0 23.0 N Rocks and voids in11.0 9̂ .6 23.0 M samples

16.0 . 98.2 21+.0 S ■'AVG 12.0 93.3 ■23.3 .
Lime Stab Surface Between Ties \ 1 16.0 36.0 7*+.7 1+0.0 IT
Lean Cl 10-11 26.0 37.0 77.5 37.0 MiU.o 39.0 73.1+ 37.0 S

AVG 18.7 37.3 75.2 38.0 ;
6" 2.6 88.2 29.0 N

2.9 83.9 33.0 . M- ' 2.9 ' 87.7 30.0 . SAVG 2.8 .86.6 30.7
12" 3.7 81.0 35.0 N

3.1+, 90.8 26.0 M
5.U 95.2 21+.0 s.AVG 1+.2 89.0 28.3

2 k" 13.0 97.0 ■21.0 N7.0 91+.1+ 21.0 , Ml6.0 91+.1+ 22.0 SAVG 12.0 95.3 21.3
Lime rStab 36" Between Ties 10.0 . 93.7 23.0 N
Lean Cl 10-11 12.0 95.0 23.0 M12.0 91+.1+ 21+.0 SAVG 11.3 9l+. 1+ 23.0



TABLE D-13. LABORATORY TEST RESULTS ON BALLAST SAMPLES

P e r c e n t  F in e r  b y  W e ig h t A t t e r b e r g  L im it s  on F in e s
u S . S ta n d a r d  S ie v e  O p ening in  I n . U. S .  S ta n d a rd S ie v e  Numbers L iq u id P l a s t i c P l a s t i c

I d e n t i f i c a t i o n 2 1 - 1 / 2 1 3/U 1 / 2 3/8 b 8 • 200 L im it L im it .In d e x

B - l- N -T * 100 , 100 85 63 b0 26 1 1 6 2 NP
b - i - m- t 99 87 66 b l 29 l b 10 b NP _ _
B - l- S - T 100 90 70 50 39 2b 20 6 NP _ —
B -l-N -B 95 8 1 55 b l 2 1 1 7 -9 37 - 2b 13
b- i - m- b 96 82 63 b9 29 2b 1 1 b l 2b 17
B - l- S - B 97 82 60 b7 3 1  • 2b 1 1  • 35 25 10

* ■ B -l-N -S H 9b 73 35 18 3 1 1 _ _ __
B -l-S -S H 89 57 17 8 b 3 1 _ _ __
B -2 A -S -T 90 67 38 26 16 12 b ' _ _ _
B-2A-N -B 9h 77 52 b l 26 26 23 __ _ _
B-2 A -S-B 97 8 1 56 b l 2b 18 10 _ _ _
B-2A-S-SH )8 80 57 3b 27 22 ; 1 7 7 _ _ _
B-2B-N -T 100 88 65 36 26 l b 10 b _ _ _
B-2B-N -B 93 7b 51 38 25 20 12 — _ —
B -2 B -S -L :; 90 7 1 b5 3b 22 19 12 — _ _
B-2B-N-SH 86 5b. 22 9 2 1 1 _ _ _
B-3A -S -T 85 55 28 17 8 6 3 — _ _
B-3A-N -B 97 8 1 59 b8 33 28 i t — — —
B -3A -S -B  . 96 76 52 39 26 2 1 12 — — —
B-3A-S-SH 92 77 50 3 1  * 15 12 6 — — —
B-3B-K-T 76 50 26 16 1 1 10 5 — _ —
B-3B-5T-B 97 86 67 5b 3b 29 18 — — —
B -3B -S-B 9b 73 b9 37' 27 2b 12 — — —
B-3B-H-SE 88 57 13 3 2- 2 1 — — —
B—U— 92 7b b7 32 . 13 9 b 29 21- 8
B-b-M J-T 96 ' 81 57 b2 2b 19 6 28 2 1 7
B-Ii-NM-B NT 95 83 57 b2 2b 20 1 1 35 2b 1 1
B-Ii-H J-B . 99 9I4 83 61. 5 1 31 2b 8 29 21 8
B-li-SM-B 1 DO 96 85 67 5b 3 1 2b 8 29 22 7
B -ll-S J-B 96 8b 66 53 3b 26 8 26 19 7
B-li-N-SH .9 6 89 70 5b 27 17 6 . — _ ' _

’ B-li-S-SH 90 75 bb 2b 6 3 1  • — _ —
B -5 -S J -B 95 70 b5 3b 22 18 10 — — —
B-5-N J-B 96 81* 65 5b 35 27 12 — — —
B-5-MM-B 99 90 7b 6 1 37 27 1 1 — — —
B -5 -S-SH 96 83 60 b l 1 5 1 1 2 — — —
B-7-MM-T 93 7b U8 35 22 18 12 — _ —
B -7-N J -B 9b 7b 52 38 25 2 1 12 — — —
B -7 -S J -B 9b 75 52 39 27 23 l b — — —
B-7-N -SH 93 7 1 1.6 33 16 9 3 — — —
B -8 -S -T 9b 69 32 16 b 2 • 1  . — — —
B -8-N -B 9b 76 b3 25 12 9 5 — — —
B -8 -S -B 93 67 38 26 l b 12 9 — — —
B-8-S-8H 82 5b 28 16 b 3 1 _ _ —
B -9-N -T 96 78 1*6 31 18 16 12 b2 26 16
B-9-M -T 91 75 b8 3b 13 9 b 35 21 l b
B -9 -S -T 91 62 23 6 2 2 1 — — —
b - q- n- b 91 65 29 18 12 1 1 9 bb 26 18
B-9-M -B 9b 79 52 37 2b 2 1 13 b3 26 17
B -9 -S -B 96 85 6 l b7 - 31 26 16 37 2b 13
B-9-N-SH 93 72 38 17 7 6 2 — — —
B -9-S-SH > 89 60 2 1 7 2 1 1 — — —

A d d it io n a l T e s t s

B-2B-A S 100 100 96 87 73 61* b7 39 17 _ _ __

B^-8-UT 90 6 l 2b 12 5 b 1 __ —
B-8-A S 9b 85 63 50 32 26 13 — — - -
B-9-UT 92 68 36 26. 1 7 16 1 1 b2 26 16
B-ML-5900 95 6b 27 lb 7 6 3 — — —

• B-ML-8526 97 a? 28 16 5 • b 2 — — —

*L eg en d  and ex am p le  o f  sa m p le  i d e n t i f i c a t i o n  num bers i s  g iv e n  b e lo w . 
E xam p le:

B - l- N -T

->B = b a l a s t

■>(m l =
p = t e s t  

(ML » m ain
p i t  No. 
l i n e

'  N - n o r th  r a i l  
S = s o u th  r a i l  
M = b e tw e e n  r a i l s

MM = b e tw e e n  r a i l s  and b e tw e e n  J o in t s
MJ *  b e tw e e n  r a i l s  a t  a  J o in t
NM « n o r th  r a i l  b e tw e e n  J o i n t s ,  e t c .
AS = b a l l a s t  a b o v e  su b g ra d e  2 -  t o  3 - i n .  

59OO = s t a t i o n i n g  on m ain l i n e

’ T = t o p  sam ple  u s u a l l y  0 - t o  8 - i n .  d e p th  
-> B = b o tto m  sa m p le  8 -  t o  1 8 - i n .  d e p th  

SH ~ s h o u ld e r  sam ple

D -2 8



TABLE D -lU . LABORATORY CLASSIFICATION TESTS ON SUBGRADE SAMPLES

Pit
No.

Depth 
From 
Top of 
Subgrade

USGS
Classi­
fication LL PL PI

Percent 
Finer Than 
No. 200 
Sieve

1 0-12 CH 57 28. 3b 93
1 2U-36 CH 62 23 39 91
2A 0-12 CH 62 2b 38 95
2A 2U-36 CH 6l 2b 37 96
2B 0-12 CH 59 23 36 95
2B 2U-36 CH 63 23 bo 95
3A 0-12 CH 59 . 23 36 9̂
3A 2b-36 . CH 60 22 38 9b

3B 0-12 CH 53 23 30 93
3B 2U-36 CL b6 20 26. 69
b 0-12 CH 6l 2b 37 9b

b 21+-36 CH 66 2b b2 95
5 0-12 CH 63 20 •̂3 89
5 2b- 3 6 CH 59 25 3b 92
7 0-12 CH 58 2b 3b 91
7 2^-36 CH 60 19 bl 91
8 0-12 CH 56 23 33 93
8 2^-36 CH 58 19 39 90
9 0-12 CH 62 2b 38 97
9 2U-36 CH 55 21 3U 95

Color
Brown

Reddish-
Brown

D -29
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FIGURE D-l. PROFILES AND CROSS SECTION 
OF TEST SECTION 1
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•FIGURE D-2. PROFILES AND CROSS SECTION OF TEST SECTIONS 2A AND 3A
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DISTANCE, IN.

D IS TA N C E , IN .

FIGURE D-3. PROFILES AND CROSS SECTION
OF TEST SECTION 2B
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FIGURE-D-U. PROFILES AND CROSS SECTION
OF TEST SECTION 3B
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FIGURE D-5. PROFILES AND CROSS SECTION OF TEST SECTION h
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FIGURE D-6 PROFILES AID CROSS SECTION OF TEST SECTION 5
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FIGURE D-7. PROFILES AND CROSS SECTION OF TEST SECTION 7
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FIGURE D-8. PROFILES AND CROSS SECTION
OF TEST SECTION 8
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FIGURE D-9. PROFILES AND CROSS SECTION
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FIGURE D-10. TYPICAL PLATE BEARING TEST SETUP
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FIGURE D-ll. TYPICAL PLATE BEARING LOAD-DEFLECTION PLOT
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LOCATION OF TOP (0 TO 8 IN.) BALLAST SAMPLES 
LOCATION OF BOTTOM (8 TO 18 IN.) BALLAST SAMPLES 
LOCATION OF UNDISTURBED SOIL SAMPLES

NOTE: TWO SACK SAMPLES OF SOIL WERE TAKEN FROM 
EACH TRENCH.

FIGURE D-12. TYPICAL LOCATIONS OF BALLAST AND 
UNDISTURBED SOIL SAMPLES ON TIE SECTIONS
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LOCATION OF BALLAST SAMPLES 
LOCATION OF UNDISTURBED SOIL SAMPLES

FIGURE D-13. ' TYPICAL LOCATIONS OF BALLAST AND 
UNDISTURBED SOIL SAMPLES ON BEAM SECTIONS
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9 -  BY 10-  BY 1.5-F T  
CONCRETE SLAB

Z  B &■o o oo ooo o
O o

LEGEND

A LOCATION OF PLATE BEARING TEST
O LOCATION OF CBR, MOISTURE, AND DENSITY 

TESTS ON SUBGRADE
□ LOCATION OF BALLAST SAMPLES
O LOCATION OF UNDISTURBED SOIL SAMPLES

FIGURE"D-lU. LOCATIONS OF FIELD TESTS AND 
SAMPLES ON TRACK SECTION 5
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FIGURE D-l6. SOUTH WALL OF TEST PIT 2A (NOTE BALLAST SUBGRADE INTERFACE)



FIGURE D - 1 7 . CROSS SECTION OF SUBGRADE SURFACE (NOTE BEAM EDGES ARE RESTING ON SHOULDER
SUBGRADE INDICATING 3 - 1 / 2 -  TO lt-IN . RELATIVE DEFORMATION UNDER TRACK STRUCTURE) •



A LOCATION OF PLATE BEARING TEST ON BALLAST
O LOCATION OF CBR, MOISTURE, AND DENSITY TEST

AREAS ON SUBGRADE (SURFACE ONLY)
O LOCATION OF CBR, MOISTURE, AND DENSITY TEST 

AREAS ON SUBGRADE (SURFACE, 6-, 1 2-, 24-, AND 
36-IN. DEPTHS)

FIGURE D-l8. TYPICAL LOCATIONS OF FIELD TESTS 
ON TIE SECTIONS
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A LOCATION OF PLATE BEARING TEST 
O LOCATION OF CBR, MOISTURE, AND DENSITY TESTS

FIGURE D-19• TYPICAL LOCATIONS OF FIELD TESTS 
ON BEAM SECTIONS
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.. FIGURE D-21. TABORATORY COMPACTION TEST RESULTS (MODIFIED
AASHO EFFORT), TRACK SECTION 1
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FIGURE D-23. LABORATORY COMPACTION TEST RESULTS (MODIFIED
AASHO EFFORT), TRACK SECTION 9
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FIGURE D-2U. UNCONSOLIDATED, UNDRAINED (Q) TRIAXIAL 
TEST RESULTS FROM TEST PITS 1 AND h
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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. (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 installed 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-7 pressure transducer. .The 
Soiltest, Inc., Model MC-300A soil moisture and temperature meter was 
used to detect the soil 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.

The amplifier, which furnished 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 interconnections in the van were 
permanently wired including external bulkhead transducer' connectors.

Provisions were also made to attenuate large, full-scale static 
transducer output signals to be compatible with Sanborn recording 
equipment.,

The Sanborn "150" recording system used has a flat frequency re­
sponse up to 20 Hz and is within +8 percent up to approximately JO Hz. 
Additional details concerning recording equipment are given in a report 
by H. C. Greer.*

Field Calibrations and Measurements

Extensive tests were conducted at the main arrays at1 Test Sections 
2, 7, and 9. Readings were recorded from the embedded vertical exten- 
someters, soil pressure cells, and the soil moisture and temperature 
sensors to define the final settlement and soil pressure of the 
embankment.

LVDT calibrations were referenced to a micrometer having a 
0.0001-in. accuracy and a John Fluke digital voltmeter (DVM) as shown 
schematically in Figure E-l. With the LVDT core adjusted to its elec­
trical zero, a DVM reading (Vq ) 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.j,as. measured with.the micrometer, and 
another DVM reading (V, ) was made. The excitation voltage (V,,) was 
also read and recorded." The sensitivity of the LVDT can he expressed 
as

V - V
---------- = 0.257/0.7319 = 351 mv/v/in. (E-l)

VE

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 other sensitivities can be read with the TR-100. The equation for 
displacement is

S1Displacement = —  x TR-100 Indicator Reading (E-2)
S2

where S^ equals 351 mv/v/in., S^ is the known sensitivity of other 
LVDT in mv/v/in., arid TR-100 reading is in inches. The equation for 
pressure is

S1Pressure = —  x TR-100.Indicator Reading (E-3)
S2

where equals 351 mv/v/in. j Sg is the sensitivity of pressure
transducer in mv/v/psi , and TR-100 indicator reading is in inches.

The static readings from the extensometers and soil pressure cells 
were made with the TR-100 using the above equations, and the final read­
ings taken are listed in Table E-l. Readings from the soil moisture 
and temperature sensors were made for documentation purposes, were not 
converted to temperature and moisture units, and are recorded in 
Table E-2. Insulation to ground readings of all transducers in the 
main instrumentation arrays in Test Sections 2, 7, an! 9 are listed in 
Tables E-3, E-U, and E-5» respectively.

E-3



F i e l d  O b s e r v a t i o n s

The main instrumentation arrays at Test Sections 2, 7, 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 01 
and 02.

Soil was very carefully removed from transducer areas to prevent 
damage to pressure cell diaphragms and cables or disturbance of 
interfaces between soil and transducers. Pressure cell extensometer 
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), 
and 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-lU, 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-ll (Test Section 2), E~l6 
and E-17 (Test Section 7)s and E-22 (Test Section 9)-

Extensometer terminal boxes were opened for inspection, and loose 
mechanical connections were found, as shown in Figures E-12, E-13, E-l8, 
E-19, E-2lt, and E-25. These loose connections may be the source of phase 
reversals, noisy signals, and questionable data which were encountered 
during the testing period. Although other main instrumentation arrays 
were not scheduled to be excavated, it was convenient to remove the 
ballast from the main arrays at Test Sections 1, 3, 6, and 8 in order 
that the multiple vertical extensometer terminal boxes could also be 
opened for inspection. Condition of the internal parts of these exten- 
someters and appropriate photographs are tabulated m  Table E-6. The 
presence of mud and water inside terminal boxes required further examina­
tion of extensometers in Test Section 7- This inspection revealed that 
pumping had occurred between the construction joints of the two



polyurethane foam lifts. Evidence of pumping is shown in Figure E-20 and 
can best be seen on extensometer 7^01 (right side of the picture). The 
dark area in the cut out area long the construction joint indicates that 
mud had impregnated the white polyurethane foam.

Soil samples were taken beneath extensometers 2U01 and 2U02 where 
the water content was determined to be 2 8.^ and 2 9 .0  percent by weight, 
respectively. Soil samples were also taken between pressure cells 
920 1 and 9202 and beneath extensometers 9^01 and 9 -̂02 where the water 
content was found to be 2 8.0 , 2 9.0, and 30.0 percent, respectively. 
Evidence of the high water content below 9̂ +02 is shown in Figure E-23 
where water was seeping from higher elevations and pooling just below 
the extensometer terminal box.

LVDT's located in Test Sections 2, 7, 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 subjec­
tion to a hazardous environment for a lengthly period of time. Data 
from these calibrations are in Table E-7-

Fosttest Laboratory Calibration of Soil Pressure Cells

Soil pressure- cells excavated from :the KTT embankment were check 
calibrated at the WES using laboratory standards and equipment (Fig­
ure E-26). These calibrations were performed to determine after-test 
transducer sensitivity and linearity so that an evaluation could be 
made as to the validity of test data retrieved from these instruments. 
During the calibrations, the LVDT output voltage was recorded at sev­
eral different pressure levels set by use of a laboratory test pressure 
gage with an accuracy of +0.25 percent full-scale and with the LVDT 
excitation voltage and frequency held constant. Linearity curves for 
each transducer calibrated are shown in Figures E-27 through E-32. 
Tabulated values of applied calibration pressures, output voltages 
measured at each pressure, and the error expressed in terms of percent 
full-scale deviation from the best straight-line fit drawn through all 
points is shown in-Tables E-8 through E-13. The calibration history
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Soil Moisture and Temperature Sensors ’

The temperature sensors produced reliable data, but as indicated by 
Shannon and Wilson* the moisture sensor readings were erratic and unde­
pendable. Several sensors were removed , from the KTT and returned to the 
factory in hopes of getting some indication of the cause for gross 
failures., Soiltest, Inc., furnished a letter report (Figure E-33) con­
cerning their evaluation of these transducer failures.

I
PCA Carlson Pressure Cells

o f  t h e  p r e s s u r e  t r a n s d u c e r s  i s  shown i n  T a b le  E -lH .

Wo electrical readings were made by the WES on the PCA pressure 
cells, but several interesting items were noted in photographs taken,at 
the site. The photograph in Figure E-3^ shows typical,settlement under 
the ties and the heaving between them. Figure E-35 gives an indication 
of the construction problem involved where the reinforcing metal was 
very close to the pressure cell. Figure 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 the pressure cell. Note in E-38 that the material in­
stalled on the cells to protect the groove (pressure sensing area) from 
becoming contaminated with foreign particles is deteriorated and has 
allowed 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-l. FINAL EXTENSOMETER INDICATIONS

Gage
Location

TR100
Indication

Gage Sensitivity* 
mv/v/in

. Deflection 
' in. Date

2^01-1 1..25L** 382.3 1.15L 5/20/76
21+01-2 1.10L 378.2 1.02L 5/20/76
21+01-U 1.25L, 372.3 1.18L 5/20/76
21+02-1 1.1+5L 379-2 1.31+L 5/20/76
21+02-2 1.1+OL 379.0 1.30L 5/20/76
21+02-1+ 1.30L 381.2 1.20L 5/20/76

21+03-1 0.55R+ 379.3 0 .51R 5/20/76
21+03-2 0.00 377.5 0.00 5/20/76
21+0U-1+ 0.03R 379.0 Q.028R 5/20/76
71+01-1 O.62L 377.7 0.76L 5/18/76
71+01-2 0.90L 378.0 0.81+1L 5/18/76
71+01-1+ 1.20L. 375.8 1.12L 5/1 8 / 7 6

71+02-1 Q.50R 380.0 0.1+6L 5/1 8 / 7 6
71+0 2 - 2 1.50L 371+.2 1.1+1L 5/1 8 / 7 671+02-1+ 0.01+5L 377.3 0.01+2L 5/18/76
71+03-1 0.27L 379.8 0.25L 5/18/7671+03-2 0.55L 371+.0 0.516L 5/18/767l*0l+-l+ 1.10L 378.7 1.02L 5/18/76
91+01-1 1.05L 377-3 ! 0.97L ' 5/1 9 / 7 691+01-2 0.95L 380.2 0.88L 5/19/7691+01-3 0.55L 377.3 0.51L 5/19/7691+01-1+ 0.1+5L 376.5 0 .1+2L 5/19/76
9U02-1 1.35L 372.8 1 .2 7L 5/19/7691+02-2 1 .2 5L ; 376.3 1.17L 5/19/76
91+02-3 1.30L - 381,0 1.20L 5/19/7691+02-1+ 1.30L 371+. ° ■' 1.22L 5/19/76
91+03-1 0.30R 379.2 0 .28R 5/19/7691+03-2 0.60R 375.8 • 0.56R 5/19/76
91+03-3 0 .9 0R 370.5 0.85R 5/19/76
91+03-1+ 1.1+5R 378.0 1.35R 5/19/76

* From Shannpn and Wilson, Inc,, op. eit, , p. E-l. 
** L - down. • ,
+ R - up.
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TABLE E-2. FINAL INDICATIONS, MOISTURE AND 
TEMPERATURE FROM MC300A METER

Gage Temperature Moisture

2301 ;2 5L* 185L
2302 130L 190L
2303 12 5L lUOL
2 3 0 b 130L 185L
2305 130L 200L
2 30 6 30L l8H
2307 l b 9 L 110L
2308 i k O L 165L
2309 130L 175L
2310 10H** 10H
2311 135L 50L
2312 ll+OL U5L
2313 135L 165L
7301 12L 55H
7302 128L 91L
7303 133L 7 6L
730*1 12 8L 191L
7305 122L 1 8 6L
7306 118L 1 9 6L
7307 lllvL 200L
7308 112L 1 8 6L
7309 128L 197L
7310 18Ul 197L
7311 13UL 1 9I+L
7312 i6*+l OPEN
7313 OPEN 175L
9301 13QL 1+5H
9302 135L 30H
9303 130L 15H
9801* 12 5L 10H
9305 190L 190L
9306 15H 15H
9307 — _
9308 - —

9309 130L 170L
9310 lUOL 1 8 5L
9311 lUOL 175L
9312 135L 50L
9313 12 5L 87L

* Indicates low range on MC300A meter.
** Indicates high range on MC300A meter.
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. TABLE E-3. INSULATION TO GROUND, TEST SECTION 2,20 MAY 1976
Gage A B C D E F G H  J  K L M N p R S T u V W X Y Z a Connector

21*01-1 >20M >20M >20M >20M >20M 1
21*01-2 1.5M 1 .5M . 700K 700K 700K : 1
21)01-1* ' 100K 120K 120K 120K 285K 1
21*02-1 20M 7M 20M 20M 1M 2
21*02-2 20M 720K 8 0 0 K 8 0 0 K  720K 2
21*02-1* >20M >20M >20M >20M >-20M 2
21*03-1 20M 20M 20M 20M , 20M 3
21*03-2 >20M >20M >20M >20M >20K 3
21*03-1* 1M • 1 M 500K 500K 230K . 3
2201 7M 5M 3M >20M >20M 5M h

2202 7M • 7 M  350K.720K 20M 120K r‘ 1*
2203 , , 20M 20M 20M 20M 20M 20M. * 1* ■
2301 10K 5K 8k ’ 5 ■
2302 19K 15K 19K 5

2303 - 20K 17K 19K ■ 5
230U 17K lUK lUK ' '/ 5
2305 18k ll*K 15K : ■- 5

2306 70K 90K 1*0K •; 5
2307 . 30K 26k 30K 5
2308 30K 13K 17K 5
2309 15K 15K 12K. : 6
2310 80K 100K 3M 6

2311 1*0K 25K * 1*0K ' 6

2312 , '• ’ 1*0K 25K 1*0K 6 --

2313 15K 10K 15K 6

N o t e : N K  = 1,000 dims
M  = 1,000,000 dims



E-10

TABLE E-l*. INSULATION TO GROUND, TEST SECTION 7,18 MAY 1976
Gase A B C D E F  G H  J K L M  N  P R S T U v  - w  • X Z a Connector

71*01-1 20M 20M 20M 20M 20M 1

71*01-2 2 0 M  S Q M  20M 20M 20M 1

'71*01-1* 20M 2 0 M  20M 2 0 M  20M 1
71*02-1 2.5M 2.5M 1.5M 1.5M 250K 2
71*02-2 2 . 5M 2.5M 500K 650K 3GK 2

71*02-1* 350K 350K 300K 300K lltOK 2

71*03-1 >20M >20M >20M >20M >20M 3
71*03-2 >20M >20M >20M >20M >20M 3
71*03-1* >20M >20M >20M >20M >20M 3
7201 >20M >20M 700K 1.5M 1 .5M 500K 1*
7202 10M 1 0 M  3M 10M 10M 3M ’ 1*
7203 710K 710K 710K 710K 710K 1*

Note: K  = 1,000 ohms
M  = 1,000,000 ohms



1
1
1
1
2
2
2
2
3
3
3
3
U
1+
U

5
5
5
5
5
5
5
5
6
6
6
6
6

TABLE E-5. INSULATION TO GROUND, TEST SECTION 9.19 MAY 1976

UOOK UOOK 120K 120K 230K
160K 180K 110K 110K 2U0K

Gage A  _B__  _C__  _D__  _E__  F G H J K L M N P R__  S T U V W X Y Z_____o_
9UOI-I 20M  20M  20M 20M  20M
9I+OI-2  15M 15M 1.5M 1.5M 15M
91+01-3 3M 3M U 5OK 1+50K ll+OK
9I+OI-I+ 1.5M 1.5M lUOK 150K 260K
91+02-1 1M 1M 900K 900K >20M
91+02-2 UM U M 1 .5M 1 .5M  >20M
9U02-3 
9U02-U
9U03-1 >20M >20M >20M >20M >20M
9U03-2 20M 20M 2U0K 2U0K >20M
9U03-3 >20M >20M >20M >20M 800K
9U03-U >20M >20M >20M >20M >20M
9UOI 280K 260K 300K 150K 150K 1M
9U02 1.5M 2M 600K 600K 600K 600K
9U03 550K 550K U50K 5M 5M 2M
9301 95K 105K 95K
9302 85K lUOK 90K
9303 200K 300K 210K
930U 350K U50K 350K
9305 5K l8K 8k
9306 350K U50K 350K
9307 >20M >20M >20M
9306 >20M >20M >20M
9309 20K 16K l8K
9310
9311
9312

9313 U5K 22K UOK

U5K U5K 50K
UOK U 5K U 5K

100K 150K 100K

Note: K = 1,000 ohms
M  = 1,000,000 ohms



TABLE E-6. CONDITION OE EXTENSOMETER LVDT ASSEMBLY

Transducer
Location_’ 11*01-1 

l h 0 1 - 2  1U01-U 11*02-1 ■ 1U02-2 11*02-1* 2U01-1 2U01-2 2U01-U 21*02-1 21*02-2 21*02-1* 
31*01-1 
31*01-2 , 
31*01-1+ 
31+02-1 
31+02-2 
31+02-1+ 
31*03-1 
3U03-2 
31*03-1*. 6U01-1 6U01-2 
6U01-3 
6UC1-1+ 
61*02-1 6U02-2 
61*02-3 
61*02-1* TUOl-l 
71*01-2 
7U01-1+ 7U02-1 
71*02-2 
71*02-1* 
81*01-1 
81*01-2 8U01-1* 
81*02-1 
81*02-2 
81*02-1* 
91*01-1 
91*01-2 
9I+OI-I* 
91+02-1 
91*02-2 
91*02-3 
9U02-U

Anchor
Support LVDT Core Extension Rod Leaks/Pumping Core Resting 
Broken Bent Jammed Broken Water Mud on Bottom

X
X
X

X
X
X

X X X
X X

X
X X
X X
X
X
X
X

X
X

X X
X
X
X
X
X
X
X
X

X
X
X

X
X
X

X
X
X
X

X X
X X

X X X X

X
X
X

X

X
X
X
X
X

E-12



TABLE. E-T. INSITU CALIBRATION VALUES FOR EXTENSOMETERS, 20 MAY 1976 .

TR-100 LVDT Sensitivity* Displacement
Gage Indication mv/v/in. in.

2401-1'
2401-2 1.1R** 378.2 1.02R
2401-4 0.97R 372.3 0.91R
2402-1* 
2402-28 
2402-4 0.95R 379.0 Q.83R
7401-1+
7401-2 1.05R 378.0 0.93R
7401- 4+
7402- 1 0.97R 380.0 O.9 8R
7402-2 . 1.05R 374.0 O.9 8R
7402-4 1.05R 377.3 O.9 8R
9401-1 1.05R 377.3 O.9 8R
9401-2 1.05R 380.2 0.97R
9401-3 1.05R 377.3 O.9 8R
9L01-4++ 1.5R 376.5 1.4r
9402-14=
9402-2 1.06R 376.3 0.99R
9402-3 1.05R 381.0 0.97R
9402-4 1.05R 374.0 0-99R

* From Shannon and Wilson, Inc., op. cit. p. E-l.
** R = up.t Could not loosen LVDT core from reference assembly, 
ft Calibrated twice.
4= Rod jammed tube.
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TABLE E-8. POST EXCAVATION CALIBRATION QF
SOIL PRESSURE CELL 2203

1-FT CABLE
12-1-76

LINEAR LEAST SQUARES CALIBRATION VOLTS / PSIG
VOLTS = - . 976736754479D-02 + .221103075793D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE
10.00 .8140 .0123 -.00166 .85858
20.00 .0320 .0345 .08245 -1.27111
30.00 .0540 .0566 .00256 -1.32827
48.00 .0760 .0787 .00267 -1.38542
60.00 . 1240 . 1229 -.00111 .57281
80.00 .1670 .1671 .08012 -.05963
98.00 .2070 .2069 -.00009 .04474
80.00 . 1680 .1671 -.08088 .45850
60.00 . 1230 .1229 -.00011 .85467
40.00 .0790 .0787 -.00033 .16898
30.00 .0570 .0566 -.00044 .22614
20.00 .0360 ,0345 -.00155 .80143
10.00 .0140 .0123 -.00166 .85858

30-FT CABLE . .'

LINEAR LEAST SQUARES CALIBRATION VOLTS /  PSIG
VOLTS = -.861905800567D-02 + . 223796865692D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) y. FULL SCALE
10.00 .0150 .0143 -.00074 .36422
20.00 .0380 .0371 -.00086 .42349
30.00 .0610 .0600 -.00098 .48276
40.00 .0810 .0829 .00190 -.93581
60.00 .1270 . 1287 .00166 -.81727
80.00 .1730 . 1744 .00142 -.69874
98.00 .2180 .2156 -.00240 1.18134
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TABLE E-9. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 7201

12-1-76
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION 
VOLTS = - . 500087435633D-03

VOLTS /  PSIG
+ . 307000026768D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE
10.00 .0300 .0302 .08020 -.16260
20.00 .0600 .0609 .08090 -.73171
30.00 .0910 .0916 .08960 -.48781
40.00 .1220 . .1223 .00330 -.24391
50.00 .1530 .1530 .00000 -.00000
40.00 .1230 .1223 -.80070 .56910
30.00 .0920 .0916 -.00040 .32520
20.00 .0610 .0609 -.00010 .03130
10.00 .0310 • .0302 -.00080 .65041

30-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS /  PSIG
VOLTS = .300800000000D-03 + .311003000000D-02 PSIG

PRESSURE OUTPUT (VOLTS) 
(PSIG) MEASURED PREDICTED
10.00 .0320 .0314
20.00 .0620 .6625
30.00 .0930 .0936
40.00 .1250 .1247
50.00 .1560 .1553

DIFFERENCE 
(VOLTS) 

-.08060 
,00050 
.00060 

-.00030 -.00020

ERROR
tt FULL SCALE 

.43337 
-.40323 
-.43387 

.24194 

.16129
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TABLE E-10. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 7202

11-30-76
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS /P S IG
VOLTS = - . 285724589723D-03 + .4254286035230-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE10.00 .0420 .0423 .00026 -.15126
20.00 .0843 .0848 .00088 -.47059
30.00 .1280 .1273 “ .00066 .38655
40.00 .1700 .1699 -.00011 .5672250.00 .2120 .2124 .00043 -.25211
40.00 .1700 .1699 -.00811 .06722
30.00 . 1280 .1273 -.00066 .38655
20.00 .0340 .0848 .00080 -.47859
10.00 .0430 .0423 -.00074 .43698

30-FT CABLE
LINEAR LEAST SQUARES CALIBRATION VOLTS /P S IG

VOLTS = .225514051877D-16 + . .440000000003D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE
10.00 .0440 .0440 ■ .00000 -.00000
20.00 .0380 .0380 -.00300 .00000
30.00 .1320 .1320 .00000 .00000
40.00 .1760 .1760 -.00000 .60000
50.00 .2200 .2200 —.00000 .00000
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TABLE E-ll. POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 7203

12-1-76
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS /  PSIG
VOLTS “ . 130417253968D-02 + .178727639617D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURE!) PREDICTED (VOLTS) % FULL SCALE
10.00 .0190 .0192 .00018 -.11270
20.00 .0370 .0370 .00005 -.03166
30.00 .0550 .0549 -.00008 .04939
43.00 .0730 .0728 -.00029 .13043
60.00 . 1080 .1085 .00054 -.34443
80.00 .1440 .1443 .00029 - . JS235
98.00 .1760 . 1765 .00046 -.29125 .
80.00 . 1450 .1443 -.00871 .45460
60.00 . 1090 .1085 -.00046 .29251
40.00 .0730 .0728 -.00020 .13043
30.00 .0550 .0549 -.00808 .04939
20.00 .0370 .0370 .00805 -.03166
10.00 .0190 .0192 .00018 -.11270

30-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS /  PSIG
VOLTS ■» .205155237483D-02 + .183916903366D-02 PSIG

PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR
(PSIG) MEASURED PREDICTED (VOLTS) K FULL SCALE
10.00 .0260 .0204 .00044 -.27361
20.00 .0390 .0368 -.00017 .10189
30.00 .0570 .0572 .00023 -.13989
40.00 .0760 .0756 -.00038 .23561
60.00 .1130 -. 1124 -.00060 .36932
80.00 . 1490 . 1492 .00019 -.11424
98.00 . 1820 . 1823 .00029 -.17908
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TABLE E - 1 2 .  POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 9 2 0 1

11-30-76
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS « -.25714334258311-32 VOLTS ✓ PSIG+ ,813714356665D-32 PSIG
PRESSURE OUTPUT (VOLTS) DIFFERENCE ERRORCPSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE5.00 .04-00 .0381 -.00189 1.1568810.00 .0780 .0788 .00080 -.4908015.00 .1180 .1195 .00149 -.9114820.00 .1600 .1602 .00017 -.1051725.00 .2030 .2009 -.00214 1.3146320.00 . 1600 .1682 .00017 -.1051715.00 . 1180 .1195 .00149 -.9114810.00 .0780 .0788 .08080 -.493805.00 .0390 .0381 * -.00089 .54339

30-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS ✓ PSIGVOLTS 0 -.4400000000005-02 + .3S8300000000D-02 PSIG
PRESSURE OUTPUT (VOLTS) CPSIG) MEASURED PREDICTED5.00 .0410 .039010.00 .8810 .082415.00 .1240 .125320.00 .1690 .169225.00 .2140 .2126

DIFFERENCE(VOLTS)-.00200.00140.00180.00020-.00140

ERROR% FULL SCALE 1.15607 -.80925 -1.04046 -.11561 .80925

E - l 8



TABLE E - 1 3 .  POST EXCAVATION CALIBRATION OF
SOIL PRESSURE CELL 9 2 0 2

12-1-76
1-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS ✓ PSIGVOLTS ° .157141890437B-02 + .399142891945D-02 PSIG
PRESSURE OUTPUT (VOLTS) . DIFFERENCE ERROR(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE10.00 .0420 .0415 -.08051 .3214320.00 .0810 .0814. .00040 -.2500030.00 .1210 .1213 .00031 -.1964340,00 .1610 .1612 .00023 -.1428650.00 .2020 .2011 -.00886 .5357140.00 . 1610 .1612 .00023 -.1428630.00 . 1210 .1213 .80031 -.1964320.00 .0310 .0814 .80040 -.2500010.00 .0420 .0415 -.00851 .32143

30-FT CABLE

LINEAR LEAST SQUARES CALIBRATION VOLTS / PSIGVOLTS • .50000S800800D--03 + .419800000000D-02
PRESSURE OUTPUT (VOLTS) DIFFERENCE ERROR(PSIG) MEASURED PREDICTED (VOLTS) % FULL SCALE10.00 .0430 .0424 -.00060 .3592820.00 .0830 .0843 .00130 -.7784430.00 .1270 . 1262 -.00060 .4790440.00 .1680 .1681 .00010 -.0598350.00 .2100 .2100 -.00000 .00008
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TABLE E-lA. CALIBRATION HISTORY OF MAIN INSTRUMENTATION ARRAY 
SLOPE INDICATOR COMPANY PRESSURE CELLS

Sensitivity 
in mv/v/psi

Cell
Number

Range 
in psia-

Slope Indicator 
Company Calibration* **

WES Calibration 
0 ft of cable 30 ft of cable

2201 25 8.667 ** **
2202 50 U.263 ** **
2203 100 2.225 2.211 2.288

7201 50 3.120 3.070 3.110
7202 50 it.303 k . 2 5 h UAOO
7203 100 1.802 1.7 8 7 1.839
9201 25 8.693 8.137 8.680

9202 50 It. 086 3.991 it. 190

9203 100 2.000 t t

* From Shannon and Wilson, Inc., op. cit., p. E-l.
** Defective cell.
+ Leads and air tube cut too short for calibration vessel.

E - 2 0
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FIGURE E-l. CALIBRATION NETWORK FOR SCHAEVITZ LVDT
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MOISTURE-TEM PERATURE C E LLS  AND STRESS C E LLS  
M AIN  ARRAY

V E R TIC A L E X T E N S O M E T E R S - MAIN ARRAY

t-trj t-.i-rr-'U*...»
^  _ t = , D 3 . . JU.-S. J U 4*55.A

4 * #  carjqp**1 ocrf**&e*'* -S: f  « - 3  PV C  pipe 
tubing
pcr*«*h«iene ’~̂  j ' * ® Pvc rt 
* cos(*<i <m «iu

OS'l
C d u p f^ l < r t  f lu f b w ,  ( f y p j

HORIZONTAL TUBING -  M AIN  ARRAY

__Term inal b c i  '
> N r,— {on* per station)

Aulw qristhj min t **J roe* (t/pwU
Instrument Identification Number

IN S TR U M E N T A T IO N -M A IN  ARRAY

S IN G LE  -  POSITION EXTEN SO M ETER

Moisture-tem perature ce ll num ber, ( I  to 13) 
Tube coupling number, ( 1 - 9 )
Vertical extensometer anchor I ,  ( I  t o 4 )  
Portable horizontal erlcnsom eier position 
0 .0 1 ,(0 .0 1  t o 0 0 3 ) , . see t- 'ig . 3

-  Instrum ent numbers

-  instrument type
I • Tube coupling

2 -P re ssu re ce ll ( 2 0 1 ,2 0 2 .2 0 3 )
3  -  Moisture • temperature cell
4  •  M ultip le-position extensometer

(4 0 1 ,4 0 2 ,4 0 3 )
5 -  S ingle-position extensometer 

( 3 0 1 ,5 0 2 ,5 0 3 .5 0 4 )

6 -  Portab le ho rizontal extensometer 
( 6 0 1 ,6 0 2 ,6 0 3 ,6 0 4 )

-Tube num ber, ( see F ig . 3 )  

- T e s t  section num ber, ( I to  9 )

LO N G ITU D IN A L SECTION 
IN S T R U M E N T A T IO N -M A IN  ARRAY

FIGURE E - 2 .  INSTRUMENTATION LAYOUT (fro m  Shannon a n d  W ils o n , I n c . ,  o p .  c i t . ,  p .  E - 5 )



E-23

HORIZONTAL TU BING Main Array
MOISTURE -  TEMPERATURE 

AND P R E S S U R E  C E L L S VE RTICA L E X T E N S O M E T E R

2 273 244 195*5 195*6 19 57 19.5*8 279 19.5

F̂IGURE E-3

No lies in test section, Out spacing »os taken as 195" for instrument installation purposes.

INSTRUMENT INSTALLATION DETAILS (from Shannon and Wilson, Inc., op. cit., p. E-l) !



NORTH RAIL 
TIE NO. 214 EL 1418.66' MIDDLE SOUTH RAIL

1416.69' 1416.75’ 1416.77

o

1416.87' 1416.96' 1416.97’

1416.64'

'1416.81'

1416.68'

1416.75'

1416.66'

a. PCA PRESSURE TRANSDUCERS

FIGURE E-U. TEST SECTION 1, TRANSDUCER ELEVATIONS AT 
MAIN INSTRUMENTATION ARRAY

E-2U



NORTH RAIL 
ELEVATION TIE 

1414.00'

SOUTH RAIL 
ELEVATION TIE 

1414.05'

1412.71" 1412.88" 1412.78" I

1412.88’ 1412.93'\

1 4 1 2 7 0 '

1412.69'

1 4 1 2 .3 0 '(  2203 ]

1412.76’

1 4 1 2 .3 2 'l 2202

1409.09

a. PCA PRESSURE TRANSDUCERS

FIGURE E - 5 .  TEST SECTION 2 ,  TRANSDUCER ELEVATIONS AT
MAIN INSTRUMENTATION ARRAY

E - 2 5



E-2 6

SHOULDER NORTH RAIL MIDDLE

1409.59‘ 1409.75' (  .  I

1409.79
1409.8V
1409.83'

1409.84'

1409.65' 1409.74' I  .  1

SOUTH RAIL

1409.59'

1409.72'

1409.64'

a. PCA PRESSURE TRANSDUCERS

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



NORTH RAIL 
BEAM EL 1398.37 MIDDLE

SOUTH RAIL 
BEAM EL 1398.38'

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

1392.10‘ 1392 .2V 1392.24'

1392.15‘ 1392.22’ 1392.23'

1392.06'

1392.16’

1392.15'

a. PCA PRESSURE TRANSDUCERS

FIGURE E-8. TEST SECTION 8, TRANSDUCER ELEVATIONS AT 
MAIN INSTRUMENTATION ARRAY '

E - 2 8



NORTH RAIL MIDDLE SOUTH RAIL

1388.85' 1388.88'

1387.5'

a. PCA PRESSURE TRANSDUCERS

FIGURE E - 9 .  TEST SECTION 9 ,  TRANSDUCER ELEVATIONS AT
MAIN INSTRUMENTATION ARRAY

E - 2 9



FIGURE E - 1 0 .  TEST SECTION 2 ,  MAIN INSTRUMENTATION ARRAY
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1

FIGURE E - l l . TEST SECTION 2 ,  EXCAVATED EXTENSOMETER
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FIGURE E - 1 3 .  TEST SECTION 2 ,  2 ^ 0 1  TERMINAL BOX
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FIGURE E - 1 4 .  TEST SECTION 2 ,  EXCAVATION 2 2 0 1



• FIGURE E - 1 5 .  TEST SECTION J, MAIN INSTRUMENTATION ARRAY



E-3 6

FIGURE E - l 6 .  ANCHOR PRONG-SOIL COMPLING FOR GAGES 7 ^ 0 1 - 1  AND 7 ^ 0 2 - 1 ,  TEST SECTION 7



FIGURE E - 1 7 .  ANCHOR PRONG-SOIL COMPLING FOR GAGE 7 - 0 1 - 1 ,

TEST SECTION 7

E - 3 7
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FIGURE E - l 8 .  TEST SECTION 7 ,  7 ^ 0 1  TERMINAL BOX
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FIGURE E - 1 9 .  TEST SECTION 7 ,  7 ^ 0 2  TERMINAL BOX



FIGURE E - 2 0 .  TEST SECTION 7 ,  EXCAVATION OF 7 ^ 0 1  AND 7 ^ 0 2



FIGURE E—21. TEST SECTION 9, PRESSURE CELLS 
9201 and 9202

E-l+1



FIGURE E - 2 2 . TEST SECTION 9, EXTENSOMETER EXCAVATION
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FIGURE E-23. EXTENSOMETER TERMINAL BOX EXCAVATION SHOWING TILT 
AND WATER SEEPAGE, TEST SECTION 9



FIGURE E-2U. TEST SECTION 6, FAILURE OF EXTENSOMETER 61+02



FIGURE E-25. TEST SECTION 8



FAILURE OF EXTENSOMETER 81+02
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FIGURE E-26. CALIBRATION NETWORK FOR SLOPE INDICATOR COMPANY 
SOIL PRESSURE CELL
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P R E S S U R E  IN P S I G

FIGURE E-27. POST EXCAVATION CALIBRATION
SOIL PRESSURE CELL 9201 ..........



P R E S S U R E  IN P S I G
FIGURE E-28. POST EXCAVATION CALIBRATION,
SOIL PRESSURE CELL 2203

E-U8
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FIGURE E-29• POST EXCAVATION CALIBRATION,
SOIL PRESSURE CELL T201



0 10 20 30 «I0 50
P R E S S U R E  IN P S I G

FIGURE E-30. POST EXCAVATION CALIBRATION,
SOIL PRESSURE CELL 7202
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P R E S S U R E  IN P S I G
FIGURE E-31. POST EXCAVATION.CALIBRATION,
SOIL PRESSURE CELL 7203
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FIOURE E-32. POST EXCAVATION CALIBRATION,
SOIL PRESSURE CELL 9202
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S D I L T E S T ,  I N C .524 SOUTH BOULEVARD BARABOO. WISCONSIN 53913
DIVIBION Or BDILTEBT, INC., EVANBTCN. ILL.SUBSIDIARY OF CENCO INCORPORATED TELEPHONE 6DB/356-B777

REFER TO:
June 9, 1976

T E L E X  2 6 5 - 4 5 5

Department of the Army
Waterways Experiment Station, 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 yield-sa mid-range meter reading.)
In this test a known 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
Cell #2 65K 77°F
Cell #3 1000K 80°F
Cell #4 200K 69.5°F
Cell #5 200K 78.5°F
Known good
cell U K 77°F

NOTE: Temperature readings were 
not corrected and are not 
expected to be precise 
due to evaporation of the 
alcohol.

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 SOILS, CONCRETE, BITUMINOUS PRODUCTS & CONSTRUCTION MATERIALS

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

E - 5 3



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 results of Dr. Oestings report 
led us to the following conclusion.

The cells*outer shells were plated with copper, while the pores 
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

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 roadbed might be a spur line into a quarry. 

Please feel free to reprint this report.

modern diesel engines.

Sincerely,

M. B. Powell
Customer Service Manager

enclosure

FIGURE E-33. (CONTINUED)



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 organic 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. Oesting PhD. 
Professor of Chemistry 
University of Wisconsin

FIGURE E-33. (CONCLUDED)
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FIGURE E-3l*. DIFFERENTIAL SETTLEMENT IN PCA PRESSURE CELL ARRAY, 
TEST SECTION 3



FIGURE E-35• PCA PRESSURE CELL IN CLOSE PROXIMITY TO REINFORCING 
BAR, TEST SECTION 7
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FIGURE E-36. WOODEN WEDGE DRIVEN AGAINST PCA PRESSURE CELL, 
TEST SECTION 7 ,



"‘*“**11





FIGURE E-38. DAMAGE TO CORK LINER AROUND SIDES OF PCA PRESSURE CELL, 
TEST SECTION 7 ......’ .



Post Mortem Investigation of the Kansas Test 
Track, Part II, 1979
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