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EXECUTIVE SUMMARY

High groundwater table exerts detrimental effects on the
roadway base and the whole pavement. Base clearance guidelines
have been developed to prevent water from entering the pavement
system in order to reduce its detrimental effects. In these
guidelines a minimum height, the clearance, between a
groundwater level and a particular elevation within the pavement
system is specified. This report presents an experimental study
to evaluate the effects of high groundwater and moisture on
determining pavement base clearance for granular subgrades.
Full-scale in-lab test-pit tests were conducted to simulate
pavement profile and vehicle dynamic impact on the pavement.
Eleven types of subgrade were tested for this study. From the
test, using layer theory, the results of the resilient modulus
for each layer (layer resilient modulus) can be compared with
the resilient modulus results from laboratory test. The dominant
factor or factors of the effect of moisture to resilient modulus

will be discussed.

TEST SUBGRADE MATERIALS
The sgoils under investigation in this research were the
typical A-3 and A-2-4 subgrade materials in use in the State

of Florida. A total of eleven types of soil were investigated.



The materials were further divided into three groups according
to the test schedule as follows:

(I) Phase I: (From Dec. 1999 to Feb. 2000)

Levy A-3 soil - 4% fines
SR70 A-3 soil - 8% fines
SR70 A-2-4 soil - 14% fines

(IT) Phase II: (From Jun. 2000 to Mar. 2001)

4. A-2-4 soil - 12% fines
5. A-2-4 soil - % fines
6. A-2-4 goil - % fines
7. A-2-4 soil - 30% fines
8.

Miami Oolite A-1 soil
(III) Phase III: (From Jul. 2005 to Apr. 2007)

9. Spring Cemetery A-2-4 soil - 15% fines
10. Branch A-2-4 soil - 23% fines
11. Iron Bridge A-2-6/A-2-4 soil - 31% fines
The Iron Bridge soil is a borderline soil between A-2-4 and

A-2-6, and is classified as an A-2-6 soil throughout the report.

LABORATORY RESILIENT MoODULUS TESTS

The tests were performed using the AASHTO T292-91I test
standard for the Phase I and II soils, with both middle-half
and full-length LVDT position measurements, while the tests for
the Phase III soils were conducted using the AASHTO T307-99 test
standard with only full-length LVDT position measurement. The
resilient modulus tests were performed at the dry, optimum, and

soaked conditions for the Phase I and II soils, while only at
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the optimum water content for the Phase III soils. As for the
compaction effort, the 100% Modified Proctor was used for the
Phases I and Phase II soils, while the 100% Standard Proctor
was used for the Phase III soils. The resilient modulus data
obtained from the bulk stress of 75.8 kPa (11 psi), which was
three times the confining pressure of 13.8 kPa (2 psi) plus one

deviator stress of 34.5 kPa (5 psi), were used for analysis.

TEST-PIT EQUIVALENT MODULUS TESTS

A full-scale simulation was conducted to evaluate the effect
of a high groundwater level on the modulus of the subgrade soil
in the test-pit experimental program. With adjustment of the
groundwater level in the subgrade, the dynamic plate load tests
were performed to measure the flexible deformations; from this,
the equivalent moduli of the materials in the test pit were
derived.

The equivalent moduli were, however, measured for the
composite layers of subgrade and embankment under the plate
loading, with or without an additional limerock base layer. A
layer system using KENLAYER was setup to estimate the resilient
modulus value for the individual subgrade layer under the high

groundwater level.
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CONCLUSIONS

1. Based on laboratory resilient modulus test, the resilient
modulus value of each subgrade soil decreased with an increase
in moisture content. However, the rates of reduction for these
soils were not at the same level. The SR70 A-2-4 (14%) and
Oolite A-1 soils were very sensitive to the change of moisture
content from the optimum to soaked conditions. These two soils
had the reduction rates of 26% and 31%. The other soil types
were not as sensitive to the moisture content change (with
reduction rates lower than 20%) as those two soils.

2. The moisture content in subgrade soil was a major factor
affecting the resilient modulus. Inaddition, the test results
showed that other factors including dry unit weight, LBR,
percent of «clay, coefficient of wuniformity (C;) and
coefficient of curvature (C.) also significantly affected the
resilient modulus. The C, and C. were considered as two good
indicators for correlating the moisture sensitivity of
granular soils.

3. No relationship existed between the reduction rate and the
percentage of fines in soil. The percentage of fines was not
a good indicator for categorizing the soils in terms of the
sensitivity of resilient modulus to moisture effect. However,
the percentage of fines was a good indicator to predict the

permeability properties of soil. The permeability value under
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saturated condition decreased with an increase in percentage
of fines.

. Based on the test-pit test results, the A-2-4 (24%) soil was
very sensitive to the change of high groundwater level from
+0.0 in. to +12.0 in. above the embankment (i.e., lowering
base clearance from 3 ft. to 2 ft.), the plate load equivalent
modulus values were reduced 28%.

. The SR70 A-2-4 (14%), A-2-4 (30%), Oolite A-1, Branch A-2-4
(23%), and Iron Bridge A-2-6 (31%) soils were extremely
sensitive to the change of high groundwater level from +12.0
in. to +36.0 in. above the embankment (i.e., lowering base
clearance from 2 ft. to 0 ft.). The plate load equivalent
modulus reduction rates were more than 50%. For the Levy A-3
(4%), SR70 A-3 (8%), A-2-4 (12%,) A-2-4 (24%), and Spring
Cemetery A-2-4 (15%) soils, the reduction rates were also very
significant for the base clearance from 2 ft. to 0 ft. with
the plate load equivalent modulus reduction rates in the range
of 21% to 45%. The A-2-4 (20%) soil was the least sensitive
soil in response to the change of high groundwater level with
the plate load equivalent modulus reduction rate about 17%.
. Adding a 5-in. limerock base layer was very beneficial to the
pavement resistance, and the equivalent modulus values were
almost doubled. The added limerock base layer certainly

improved the dynamic performance of the pavement.



. Comparing the laboratory resilient modulus results with the
subgrade layer modulus values from test-pit, the modulus
values were generally within the same range from the same type
of soil. The laboratory resilient modulus value at optimum
condition was lower than the layer modulus (about 50% to 70%)
for the same type of soil tested in the test-pit with a base
clearance of two feet (24 in.), except that the SR70 A-2-4
(14%) soil had about the same modulus for both tests.

. When a pavement design is prepared, pavement designers and
geotechnical engineers typically do not know the exact soil
that will be used for the embankment. Due to the lack of a
direct relationship between percent fines and modulus
reduction and the high variability of the moduli reductions,
cautions should be exercised when reducing base clearance
below three feet. It was evident in this research that when
base clearances were reduced to two feet, the plate load
equivalent modulus reductions were up to 28%. When base
clearances were further reduced to one foot, the plate load
equivalent modulus reductions were up to 43%. Furthermore,
with base clearances at zero foot, the modulus reductions were
up to 81%.

. The results of the case study indicated that for some sensitive
soils, such as SR70 A-2-4 (14%) and A-2-4 (30%) soils, an

increase of high groundwater table would demand a significant



10.

increase of the required thickness of asphalt concrete layer
in order to have the same quality of pavement performance.
The most severe condition was for base clearance reduced from
two feet to zero foot. The other subgrade soils also required
some increase of asphalt concrete layer thickness.

In areas with high groundwater 1levels, adequate base
clearance should be maintained tominimize the moisture damage

and to achieve quality performance of the pavement.

Xi



TABLE OF CONTENTS

LIST OF TABLES ... oot XV
LIST OF FIGURES. ...ttt s et b e s nne et e XX
CHAPTER 1 INTRODUCTION ...ciiiiiiiiiesieeie ettt s 1
1.1 Problem Statement.......cocueeiuiiiiieiieiieeie ettt 1

1.2 SCOPE OF STUAY ..ottt 2

1.3 Report OTganizZation.........cc.eeeeuveeeiuieeniiieeeiieesieeesieeesreesssseesseeesseeessseesssesssssessnnns 3
CHAPTER 2 LITERATURE REVIEW ..o 5
2.1 Sources of Water in Pavement............coceoiiiiiiiiiiiiiiieceecee e 5

2.2 Establishing Free-water Surface in Subgrade...........cccceeevienieiiiieniieiieniecieee 7

2.3 Resilient Modulus of Soils and Affecting Factors..........ccccveeecvieerciieeciieeciee e, 8
2.3.1 SOUL TYPES .ottt ettt ettt ettt e et eebe e st e enbeennaeenseas 10

2.3.2 SO1l PrOPEItICS..cccuiiieiiieeiiieciie et e eiee e ieeestte et e e e e seveeesebeeesreeeaaeeenes 10

2.3.3 DIY DeNSILY ..ecuviiiiieiieciie ettt ettt et et nae s 11

2.3.4 Water CONTENT ......eeiiiiiiiiiiiieiieeeiteeet ettt s 11

2.3.5 Strain AMPIIUAC.......ooiiiiiiieiieeieee e 11

2.3.6 TeSt PrOCEAUIE ......oovieiiiiiieie et 12

2.3.7 S1Z€ EATRCT ... 12

2.4 EATeCt OF MOISTUIE ....eoutieiiiieiie ettt ettt 13
2.4.1 Detrimental Effect of Water...........cccovviiiiiiiiiieeeeeeee e 13

2.4.2 Effect of Moisture on Resilient Modulus...........cccccoviiniiniiiniincnncnen. 14

2.4.3 Explanation of Moisture Effect on Resilient Modulus ............ccccceeeenee. 28
CHAPTER 3 EXPERIMENTAL PROGRAMS ..ot 50
3.1 GNECTAL.ceeiiiceee ettt e et e e e be e e e e e e areeenabeeens 50

3.2 Subgrade Materials ...........ccceeviieiiieiiieiieie ettt 51

3.3 Laboratory Resilient Modulus Test Program...........cccccoeeeeniiiiieniiienienieeieen 51
3.3.1 Soil Moisture Condition..........cc.eeeerueerieriereeieeieneeee et 51

3.3.2 Specimen Preparation .........coeecueeierienienieneeieeieneeeesitesie et 52

3.3.3 S0aking and DIYING .......ccceeecvieriieiiieiiieiieeie et eree e eaeesaeesreesaeeneens 55

3.3.4 Resilient Modulus Test Procedure...........coccuveeviieeiiieciieecie e, 58

3.3.5 Determination of Resilient Modulus............ccccevieviiiiiniininiinieeeee 66

3.3.6 Regression ANAlYSIS......ccoueiiieiiieiiieiieeiiesie ettt e 67

3.3.7 Testing Programi..........ccccueeeiiiieiiiieeiiie et 68

3.4 Suction Test PrOZIam.......c.coviviiiiiiiniiiieiieeeteet ettt 68
3.4.1 MeEthOdOLOZY ....ccuvieiiieiiieiieeieeee ettt ettt saeebeessaeennaens 68

3.4.2 TSt DEVICES...eeiuiieeiiieeiieeeiteeetee et et e e e e et e e s tee e sree e s aeeesaseeesnseeeaseas 69

3.4.3 CaliDIation. .. .ccueeeieieeiieie ettt 71

3.4.4 Sample Preparation .........c.cccoeevueeienienienieneeieeteseee e 73

3.4.5 TeSt PrOCEAUIE .....ooviiieiiiiieiieee et 74

3.5 Permeability Test Program ...........cccoeiiiiiiiiiiiiiieiee e 75

3.6 Test-pit Experimental program ............cccccueeeiiieeniiieeniieenieeenieeerieeeseeeeieeeeene s 76
3.6.1 Introduction of Test-pit Test .......cccuieriiiiiiiieiiieese e 76

3.6.2 TESt-PIt SEIUP .eeeuvietiieiieiie et eite ettt ettt e eae et e e b e esseesbaeseesseenseeensaens 77

Xii



3.6.3 Method of ANALYSIS....cc.eeiiiiiiieiiieiieie ettt 79

3.6.4 Time Domain Reflectometry (TDR).....cccoovvieviiiieiiieceeeeeeeee e 80
3.6.5 Test ATTANZEMENL. ......ccviuiiiiiieeeiieeeiee ettt e et et e et eesireesiaeeeaaeesneees 84
3.6.60 TSt PrOCEAUIE ...ttt 86

3.7 Phase III Test-Pit Test Program...........ccoccveeiieiieiiieniieeiieee et 89
3.7.1 Three Additional Test MaterialS ..........cccovvveeeiieiiiiiiieeieeeeeeeeeieeeee e 89
3.7.2 TESE-PIt TESE c.ueieiiieiieeiie ettt ettt ettt e et e st eebeesaeesabeenaee e 90
CHAPTER 4 PRESENTATION OF LABORATORY TEST RESULTS............. 131
4.1 Laboratory Resilient Modulus ............ccoeeiiiiiiiiiienienieeie et 131
4.1.1 Phase I and Phase II Resilient Modulus Results.........ccccccvvvveeieiiiiinnnneee. 132
4.1.2 Phase III Resilient Modulus ReSults.............ccoovvveiieiiiieieeiiiiieeeeieeeeees 136

4.2 Soil Suction TeSt RESUILS ........coiviiiiiiiiiiiieeeecieeeee et e e 138
4.3 Permeability Test RESUILS ......cccoociieiiiiiiieiecieceeeee e 139
CHAPTER5 PRESENTATION OF TEST-PIT TEST RESULTS........cveeevenne 165
ST GENETAL....ooceeieeeeeee e as 165
5.2 Test Number and Load Conditions .........cccvvvveeiiieiiiiiiiieeeieeeeeeeeeiveeeeee e e e e 165
5.3 Moisture Profile RESULLS ........cc.eiiiieiiiiiieieie e 166
5.3.1 Moisture Profile in Equilibrium..........cccceeviiieiiiiiiiiieeie e, 166
5.3.2 Moisture Profile with Time.........cccccoeovviviiiiiiiiiicecee e 169

5.4 Plate Load Test RESUILS......ccoiiiiiiiiiiiiiceeeeeeeee e 169
CHAPTER 6 ANALYSISOF LABORATORY TEST RESULTS.......ccecvvveeeeee 246
6.1 Laboratory Resilient ModUlUus ...........cccoeciieiiiiiiiiieeeee e 246
6.2 Moisture Effect on Resilient Modulus...........cccoeeeieiiiiieeiiieecceiieee e 247
6.2.1 Levy County A-3 (4%) SOil....ccooeiuieiiiiiieciieieecee e 248
6.2.2 SR70 A-3 (8%0) SOMl...eeecuriieiiieeciee et 250
6.2.3 A-2-4 (1290) SOML...eviieiieiieeeeeeeece e 252
6.2.4 SRT70 A-2-4 (14%) SOIL....ueieriieiieiieeieeteeee et 253
6.2.5 A-2-4 (209) SOML..ceviiieiieiieeieeieece et 255
6.2.6 A-2-4 (24%0) SOML....eviiieiiiiieeieeeeee e 256
6.2.7 A-2-4 (309%) SOML..cuviiieiieiiieiieeece e 258
6.2.8 Miami O0lite A-1 SOIl.....cooviiiiiiiiiiiiie e 260
6.2.9 Spring Cemetery A-2-4 (15%) S0il ...coocvveiiiiiiiiieiieeeceeeeee e, 261
6.2.10 Branch A-2-4 (23%) SO1l......ccouiiviieiiieiieeieeceeee e 262
6.2.11 Iron Bridge A-2-6 (31%) SOil...cccceviiiriieiiiiieiieceeeece e 262

6.3 Discussion of the Effect of Moisture and Stress on Resilient Modulus ............ 263
6.3.1 Moisture Effect on Resilient Modulus............oooveivviiviieeeeeiieiiiiinieeee. 264
6.3.2 Stress Effect on Resilient Modulus........ccccevvvveiiiiiiiiiiiieiiiiieiiiieeee, 266

6.4 Effect of Soil Properties on Resilient Modulus ..........c.cccoeeevieviiniiinieniieienne, 267
6.4.1 Percent OFf FINES...ccuuvviiiiiiiiieeeeeee ettt 268
6.4.2 Limerock Bearing Ratio..........ccccoevieriiiiiieniieiiecieeieee e 269
6.4.3 Maximum Dry Unit Weight..........ccocerviiniiniiiiiniiiiccccceeeen 269
0.4.4 Gradation..........cooovuurieeiiii et e e e e e e e e e e e eeaaarreeeeees 270
CHAPTER 7 ANALYSISOF TEST-PIT TEST RESULTS.......ccoeeiieeecveeecieens 322
R € S 1T -1 BT 322
7.2 Draina@e ANALYSIS.....c.eeiiuieiieeiieiieeieeeite ettt ettt ettt ettt et et s 322

xiii



7.2.1 Observation of Drainage Data ..........ccceeceeeiiiiiiiiiieniieieee e, 323

7.2.2 Discussion of Drainage Behavior ..........cccccccvieeiiiiiiiecieecee e 327

7.3 Capillary RiSe ANalYSiS.......c.eecuieriiiiiieiiieiienie ettt ettt 328
7.3.1 Observation of Capillary Moisture Data...........cccceevvveevcieiencieeeiieeeieeas 330

7.3.2 Discussion on Capillary Rise Behavior ............cccceviievieniieiieniicieeee, 339

7.4 Test-pit Equivalent Modulus Study .........cccceovieeiiiiciiieieee e, 341
7.4.1 Observation of Experimental Results ...........cccoeeveriiiiiininiiiinieeeeee, 342

7.4.2 Analysis of Experimental Results..........cccccccuveeiiiieniiieniiieecieeciee e 351

7.4.3 DISCUSSION ...ttt ettt ettt ettt sbe et st see et et e sbe et e eaeesbeeeeenees 354

7.5 Layered System Simulation for Test-pit Study........cccoeeveiieiciieiiieeieeeee, 356
T.5.1 PUIPOSE...veeeuitieeiieeeite ettt et ettt ettt e e et e et eesat e eneeeennee 356

7.5.2 Layered System Calculations and AnalysiS........ccccceevvuveenciieencieeenneeenne 357
CHAPTER 8 CASE STUDY AND FIELD MONITOR PROGRAM.........ccevueee. 440
8.1 Case Study for High Groundwater Effect..........cccccoovviieiiiiiiiiicieeeeeeen 440

8. 1.1 Traffic Data......coueiiiriiiieieeieeeeee e 441

8.1.2 Resilient Modulus Based Design Procedure..........c.cccocveeeiieiniieenneennee. 443

8.1.3 Design Results and ANalysis.........cccceerieeiieniieniiieniienie e 445

8.2 Field Monitoring Program ............ccccceieeiiiiiiieeiiee et 446
8.2.1 Field INStallation .........cceevueriiriiniiiiiieeiceteseeeeeee e 447

8.2.2 Discussion on Field Monitoring Program.............cccceeevveevieenciieenieeenee. 448
CHAPTER 9 SUMMARIESAND DISCUSSIONS.........coiiieieieeeeeee e 458
0.1 GONETAL.....iiiiie et et et et 458

9.2 Test Subgrade Materials ...........cccceeeiiieiiiiiiieie ettt 458

9.3 Laboratory Resilient Modulus Tests........cc.cevvvieeriieeriieeiieeiieecee e 459
9.3.1 Resilient Modulus Test .......cc.eeoverieririinieieiieneeereeeeee e 459

0.3.2 SUCHION TESE ..ottt 462

0.3.3 Permeability TSt ......cccueeiiieiiiiieeiieeee et 462

9.4 Test-Pit Equivalent Modulus Tests.......c.cccceerieeeiieiieeiieiieeieeeeeie e 463
9.4.1 Moisture Study SUMMATY .......cccceouiriiririinieieneneeeeeee e 464

9.4.2 Plate Load Test SUMMATY ........ccceeriiiieniieiiieeiee et 465

9.5 Comparison of Laboratory and Test-pit Test Results........cc.cccceveeicniincnncnne. 467

9.6 Discussions of Gradation Effect on the Resilient Modulus.............cccceeveennenne. 468
CHAPTER 10 CONCLUSIONSAND RECOMMENDATIONS........cccvvverirrnenne a77
10.1 CONCIUSIONS ...ttt ettt ettt et e e e 477

10.2 ReCOMMENAAtIONS.......eceiuiieiiiieeiieeeiieeetee et e e eereeeieeeetaeesaeeesebeeesaseeenseeeneneas 480
REFERENGCES...... .ottt sttt 482

VOLUME Il APPENDICESA-G

Xiv



LIST OF TABLES
Table 2.1 Summary of Specimen Conditioning and Loading Scheme (Strategic Highway

Research Program 1989).........cccuiiiiiiiiiiiciieeete e 32
Table 3.1 Characteristics of Eleven Subgrade Materials...........cccceeveiieeniiieniieenieeeieens 94
Table 3.2 Comparison of Resilient Modulus Test Procedures for Granular Soils............. 95
Table 3.3 Raw Data and Calculation Procedure ............cccccoooeiiiiiiiiniiniiiniieciceeeee, 96
Table 3.4 Summary of Laboratory Resilient Modulus Tests ..........cccceeceeverienieneniennenne. 98
Table 3.5 Equations of Calibration Line for Seven Psychrometers..............ccccceevveennennn. 100
Table 3.6 Calibration Data for CSO15 Probes ........cccoecvverieiiiieniiiiieiecieeieeeee e 100
Table 3.7 Test-pit Test Procedure for Levy County A-3 Soil......cccoevvveveiviencieeiiieee. 101
Table 3.8 Test-Pit Test Procedures for SR70 A-3 & A-2-4 Soil ......cccvvvviiiiieniiiiiens 103
Table 3.9 Test-Pit Test Procedures for A-2-4 (12%, 20% & 24%) Soil........cccceeeennene 105
Table 3.10 Test-Pit Test Procedure for A-2-4 (30%) & Oolite .......cccvveevvveeevieeereeennen. 106
Table 3.11 Test-Pit Subgrade and Embankment Compaction Data ............cccceeevveennenn. 107
Table 3.12 Test-Pit Phase III Test Procedure for Three Additional Soils........................ 108
Table 4.1 Typical Resilient Modulus Test Results ..........cccccecvieviieiniiieniieeciie e 140
Table 4.2(A) Regression Model of Resilient Modulus versus Bulk Stress for Levy County

) TSRS 141
Table 4.2(B) Regression Model of Resilient Modulus versus Confining Pressure for Levy

COUNLY A3ttt et et et e et e bt et e s et e beenae s st ebeeneesseenseeneesseenseas 141

Table 4.3(A) Regression Model of Resilient Modulus versus Bulk Stress for SR70 A-3142
Table 4.3(B) Regression Model of Resilient Modulus versus Confining Pressure for SR70

A ettt b et h et nh et et e bt et et aes 142
Table 4.4(A) Regression Model of Resilient Modulus versus Bulk Stress for A-2-4 12%
SOTL ettt b et st nae e 143
Table 4.4(B) Regression Model of Resilient Modulus versus Confining Pressure for
A2 1290 ettt ettt 143
Table 4.5(A) Regression Model of Resilient Modulus versus Bulk Stress for SR70 A-2-4.
.................................................................................................. 144
Table 4.5(B) Regression Model of Resilient Modulus versus Confining Pressure for SR70
A2 ettt ettt b ettt et 144
Table 4.6(A) Regression Model of Resilient Modulus versus Bulk Stress for A-2-4 20%...
.................................................................................................. 145
Table 4.6(B) Regression Model of Resilient Modulus versus Confining Pressure for
A28 20%0. ettt ettt et et teebeesaenbeenteenaenseensennean 145
Table 4.7(A) Regression Model of Resilient Modulus versus Bulk Stress for A-2-4 24%...
.................................................................................................. 146
Table 4.7(B) Regression Model of Resilient Modulus versus Confining Pressure for
A28 2A%01 ettt ettt et beeteentenreenseenean 146
Table 4.8(A) Regression Model of Resilient Modulus versus Bulk Stress for A-2-4 30%...
.................................................................................................. 147
Table 4.8(B) Regression Model of Resilient Modulus versus Confining Pressure for
A28 B30%0. ettt ettt et te et e e saenbeenteeraenseenneenean 147
Table 4.9(A) Regression Model of Resilient Modulus versus Bulk Stress for A-1 Oolite ...
.................................................................................................. 148

XV



Table 4.9(B) Regression Model of Resilient Modulus versus Confining Pressure for A-1
OOLIEC. .. ettt et ettt ettt et et st 148
Table 4.10(A) Regression Model of Resilient Modulus versus Bulk Stress for Spring
COMELETY A2 ..ottt et et e e et e e et e e esntteeeennnaeeeeenseeeeas 149
Table 4.10(B) Regression Model of Resilient Modulus versus Confining Pressure for
SPriNg CemMELEry A-2-4.....oooiiieiie ettt ste e e ste e e rae e st eesreeessee e saeeesaeesseeeens 149
Table 4.11(A) Regression Model of Resilient Modulus versus Bulk Stress for Branch

Table 4.11(B) Regression Model of Resilient Modulus versus Confining Pressure for
Branch A-2-4 ...t 149

Table 4.12(B) Regression Model of Resilient Modulus versus Confining Pressure for Iron
BIIAZE A=26 o.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeraeesbee e a e e nnaee e 150
Table 4.13 Suction Values for the Eight SOilS.........c.cccoiiriiiniiiiiiiiiiieeeeeeeeee 151
Table 4.14 Permeability Test RESUILS ........coovviieiiiieiieecieeeeee e 151
Table 5.1 Plate Load Test Number and Corresponding Loading Conditions for Levy
COUNLY A=ttt ettt ettt at ettt e s et e beesae e st enbeeneesseenseeneeaseenseas 174
Table 5.2 Plate Load Test Number and Corresponding Loading Conditions for SR70 A-3.

Table 5.4 Plate Load Test Number and Corresponding Loading Conditions for A-2-4
(1290) ettt 175
Table 5.5 Plate Load Test Number and Corresponding Loading Conditions for A-2-4
(20901t eeeee e bbbttt 175
Table 5.6 Plate Load Test Number and Corresponding Loading Conditions for A-2-4
(2490). ettt 175
Table 5.7 Plate Load Test Number and Corresponding Loading Conditions for A-2-4
(B090). ettt ettt 176
Table 5.8 Plate Load Test Number and Corresponding Loading Conditions for Oolite.176
Table 5.9 Plate Load Test Number and Corresponding Loading Conditions for Spring

CemELETY A-2-4 ..o 177
Table 5.10 Plate Load Test Number and Corresponding Loading Conditions for Branch

A 24 ettt ettt e et e b e et e tt et et e ttenaeenaeeneennes 178
Table 5.11 Plate Load Test Number and Corresponding Loading Conditions for Iron

BIIAZE A=276 ...eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteebteebeeteeeaaeeaee 179
Table 5.12(A) Moisture Profile of Levy County A-3 Soil.......cccceeeviiriiiiiieniieiieiieeee, 180
Table 5.12(B) Moisture Profile of Levy County A-3 Soil (During Plate Load Test)......180
Table 5.13(A) Moisture Profile of SR70 A-3 S0il......cccoevviiiriiiiiiiiieiieeeieeeeee e 181
Table 5.13(B) Moisture Profile of SR70 A-3 Soil (During Plate Load Test).................. 181
Table 5.14(A) Moisture Profile of SR70 A-2-4 SOil ......cccvvevuiiiiiiiiiieiieieeieeeeeee e 182
Table 5.14(B) Moisture Profile of SR70 A-2-4 Soil (During Plate Load Test) .............. 182
Table 5.15(A) Moisture Profile of A-2-4 (12%) SOil ......ccoeeviieiiiiiiiiieieeieeeee e 183
Table 5.15(B) Moisture Profile of A-2-4 (12%) Soil (During Plate Load Test) ............. 183
Table 5.16(A) Moisture Profile of A-2-4 (20%) SO1l ......ccoeviieiiiiiiiiieiecieeieeieeee 184

XVi



Table 5.16(B) Moisture Profile of A-2-4 (20%) Soil (During Plate Load Test) ............. 184

Table 5.17(A) Moisture Profile of A-2-4 (24%) SO1l .....cccooiiiiiiiiiiiiiceee 185
Table 5.17(B) Moisture Profile of A-2-4 (24%) Soil (During Plate Load Test) ............. 185
Table 5.18(A) Moisture Profile of A-2-4 (30%) SO1l .....cccueeiiiiiiiiiiiieceee 185
Table 5.18(A) Moisture Profile of A-2-4 (30%) SOil .....cceeeviuiieiiiieeiieeeiee e 186
Table 5.18(B) Moisture Profile of A-2-4 (30%) Soil (During Plate Load Test) ............. 186
Table 5.19(A) Moisture Profile of Oolite Soil..........ccceeeeiiieiiiiiiiieeee e 187
Table 5.19(B) Moisture Profile of Oolite Soil (During Plate Load Test)...........c.cc........ 187
Table 5.20(A) Moisture Profile of Spring Cemetery A-2-4 Soil.......ccccccveviieriieniiennnnnne. 188
Table 5.20(B) Moisture Profile of Spring Cemetery A-2-4 Soil (During Plate Load Test)..

.................................................................................................. 189
Table 5.21(A) Moisture Profile of Branch A-2-4 Soil.........cccceeviiiiiiiiniieieceeee 190
Table 5.21(B) Moisture Profile of Branch A-2-4 Soil (During Plate Load Test)............ 191
Table 5.22(A) Moisture Profile of Iron Bridge A-2-6 Soil........ccceevvveiviieeniieeieeee. 192
Table 5.22(B) Moisture Profile of Iron Bridge A-2-6 Soil (During Plate Load Test).....193
Table 5.23 Equivalent Modulus of Levy County A-3 Soil.......cccceevviiiiiiiiniiieeieeeiee 194
Table 5.24 Equivalent Modulus of SR70 A-3 S0il.....ccccoeciiiiiiiiiiiiiiiieieceeeeeee 195
Table 5.25 Equivalent Modulus of SR70 A-2-4 SOil.......ccceeevviiiiiieiiiieeieecee e 196
Table 5.26 Equivalent Modulus of A-2-4 (12%0) ...ccveeevierieeiieieeieeieeee e 197
Table 5.27 Equivalent Modulus of A-2-4 (20%0) ...ccueereeerieiiiiieeiieeeeeeee e 198
Table 5.28 Equivalent Modulus 0f A-2-4 (24%0) ..ccveeuierieeiieieeieeiee et 199
Table 5.29 Equivalent Modulus of A-2-4 (30%0) ..cccueeruiiieiiiiieiieeieeeeee e 200
Table 5.30 Equivalent Modulus of Miami Oolite A-1........ccccevieiiniiniininienieiecienene 201
Table 5.31(A) Equivalent Modulus of Spring Cemetery A-2-4 Soil........ccccccvvevveeennennn. 202
Table 5.31(B) Equivalent Modulus of Spring Cemetery A-2-4 Soil (Cont’d)................. 203
Table 5.32(A) Equivalent Modulus of Branch A-2-4 Soil .........ccccoeeviviiiiiiniiiiiiecie, 204
Table 5.32(B) Equivalent Modulus of Branch A-2-4 Soil (Cont’d)........cccceevieriiiennnnne. 205
Table 5.33(A) Equivalent Modulus of Iron Bridge A-2-6 SOil ........ccccoeeveeiienieniienens 206
Table 5.33(B) Equivalent Modulus of Iron Bridge A-2-6 Soil (Cont’d)......cc.ccecueenenee. 207
Table 6.1 M; vs. Moisture Content, Levy County A-3 Soil.......cccccovvveiieiienciienieniienens 272
Table 6.2 M; vs. Moisture Content, SR70 A-3 SO1l.....ccccovvviiiiiiiiiiiiiiiieeeeeeeiieeeee, 272
Table 6.3 M, vs. Moisture Content, A-2-4 12% SO1l.....ccceoueviiieiiiiieeeeeeeeeee e 272
Table 6.4 M; vs. Moisture Content, SR70 A-2-4 14% S0l ........ooovvvviriviiiiiiiiiiiiiiienennn, 273
Table 6.5 M, vs. Moisture Content, A-2-4 20% SO1l......cceoveeiiieiiiiieeeeeeeeeee e 273
Table 6.6 M, vs. Moisture Content, A-2-4 24% S01l......cccovuvvviiiiiiiiiiiiiieeee e, 273
Table 6.7 M, vs. Moisture Content, A-2-4 30% SO1l.....ccceoeviiiiiiiiieeieeeeeeee e 274
Table 6.8 M, vs. Moisture Content, Miami Oolite SOil .........cccccovvvvvmiiiiieiiiiiiiiiieeeeee, 274
Table 6.9 M, vs. Moisture Content, Spring Cemetery Soil..........ccccevvvievieniieniencieenneenns 274
Table 6.10 Mr vs. Moisture Content, Branch Soil..............ccccoiiiiiiiiiiiiiiicee e, 275
Table 6.11 M; vs. Moisture Content, Iron Bridge Soil .........c.cccoeveiiiiiiiiiiiniiniiciee, 275

Table 6.12 Summary of Laboratory Resilient Moduli at 11 psi Bulk Stress for 11 Soils276
Table 6.13 Summary of Average Resilient Moduli at Different Moisture Conditions ...278
Table 6.14(A) Summary of Reduction in Resilient Modulus from Dry to Optimum

CONAITION. c..cuteeiieiieit ettt sttt ettt sae e 279
Table 6.14(B) Summary of Reduction in Resilient Modulus from Optimum to Soaked
CONAITIONS ...ttt ettt et et sbe e s saeene e 280

XVii



Table 6.15(A) Classification of Moisture Effect by Rate of Reduction (Middle Half,

Optimum t0 S0AKEA) .....ececuiiieiiieeiie e e 281
Table 6.15(B) Classification of Moisture Effect by Rate of Reduction (Full Length,
Optimum t0 S0AKEA) .....ccccuiiiiiiieeiie e e 281
Table 6.16 Summary of Tested Materials Characteristics ...........coervuerienierrueneenierieenens 282
Table 7.1 Moisture Profile after Drainage for Subgrade Materials in Test-pit Test (Phase I)
.................................................................................................................................. 360
Table 7.2 Moisture Profile after Drainage for Subgrade Materials in Test-pit Test (Phase
L) ettt ettt et et b et aes 361
Table 7.3 Moisture Profile for Subgrades after the Adjustment of Groundwater Level in
Test-pit Test (Phase 1) ....couiiiieiieiieeiece e 362
Table 7.4 Moisture Profile for Subgrades after the Adjustment of Groundwater Level in
Test-pit Test (Phase I1)......ccocuiiiiiiiieieeeee e 363
Table 7.5 Moisture Profile for Subgrades after the Adjustment of Groundwater Level in
Test-pit Test (Phase 1) .....cccieiiiiiieieeiee et 365
Table 7.6 Summary of Capillary Rise for Subgrade Materials in Test-pit Test .............. 366
Table 7.7 Levy County A-3 Soil, Degree of Saturation under Plate Load Test .............. 367
Table 7.8 SR70 A-3 Soil, Degree of Saturation under Plate Load Test ............ccveenneee. 367
Table 7.9 SR70 A-2-4 Soil, Degree of Saturation under Plate Load Test...........c..c...... 368
Table 7.10 A-2-4 (12%), Degree of Saturation under Plate Load Test ............cccocueennenne 368
Table 7.11 A-2-4 (20%), Degree of Saturation under Plate Load Test ...........ccccecveennennne 369
Table 7.12 A-2-4 (24%), Degree of Saturation under Plate Load Test .........c.ccccecueenneenne 369
Table 7.13 A-2-4 (30%), Degree of Saturation under Plate Load Test ...........ccccecveennennne 370
Table 7.14 Miami Oolite A-1, Degree of Saturation under Plate Load Test................... 370
Table 7.15 Spring Cemetery, Degree of Saturation under Plate Load Test..................... 371
Table 7.16 Branch, Degree of Saturation under Plate Load Test .........cccccvvvvcvieerreennnenn. 371
Table 7.17 Iron Bridge, Degree of Saturation under Plate Load Test ...........ccccoeeeenee 372
Table 7.18 Summary of Plate Load Test for Levy County A-3 Soil .........ccceevvevriennnnns 373
Table 7.19 Summary of Plate Load Test for SR70 A-3 Soil ......ccoeriiriininiiiniiiiicnene 373
Table 7.20 Summary of Plate Load Test for SR70 A-2-4 Soil......c.ccccveveivevienieeiiennnne, 374
Table 7.21 Summary of Plate Load Test for A-2-4 (12%) Soil.......ccceevieriiiniinieene 374
Table 7.22 Summary of Plate Load Test for A-2-4 (20%) SOil........cccvevieeiieniiriieiens 375
Table 7.23 Summary of Plate Load Test for A-2-4 (24%) SoOil.......ccceevieniiiniiniiene 375
Table 7.24 Summary of Plate Load Test for A-2-4 (30%) SoOil........cccvevieriienieniieinns 376
Table 7.25 Summary of Plate Load Test for Miami Oolite A-1 Soil ........cccceeveviiniennene. 376
Table 7.26 Summary of Plate Load Test for Spring Cemetery Soil ..........ccceevvvenrennnnnne. 377
Table 7.27 Summary of Plate Load Test for Branch Soil..........ccccociniininiinininicnens 378
Table 7.28 Summary of Plate Load Test for Iron Bridge Soil..........ccccccveviiniiiniiennnnne 379
Table 7.29 Average Plate Load EQ Modulus for Eleven Soils ..........ccceeevvinincnncncn. 381
Table 7.30 Plate Load EQ Modulus Reduction Rate for Eleven Soils.........c....ccveennee. 382
Table 7.31 Plate Load EQ Modulus Increase Rate for Eleven Soils Due to Limerock Base
| BF S g 5 i {11 AP 383
Table 7.32 Subgrade Layer Modulus under 20-psi Cyclic Plate Stress w/o Limerock, W.T
Y O 1 DRSSPSR 384
Table 7.33 Subgrade Layer Modulus under 20-psi Cyclic Plate Stress w/o Limerock, W.T
AL 12 T10 ettt ettt ettt sa et et e sne et 385

Xviii



Table 7.34 Subgrade Layer Modulus under 20-psi Cyclic Plate Stress w/o Limerock, W.T.

AL 24 Ittt ettt ettt e b e et et eeh e e beenateenee 386
Table 7.35 Limerock Layer Modulus under 50-psi Cyclic Plate Stress w/ Limerock, W.T.
AL 0.0 M.ttt ettt st e e et et e naee e 387
Table 7.36 Limerock Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
AL 12 T1 ettt ettt et naae e 388
Table 7.37 Limerock Layer Modulus under 50-psi Cyclic Plate Stress w/ Limerock, W.T.
AL 24 T1 ottt ettt h e e bt e te e beenaee e 389
Table 7.38 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
AL 0.0 M.ttt ettt et e et e et e saae e 390
Table 7.39 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
AL L2 T1 ettt ettt et enaee e 391
Table 7.40 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
AL 24 T1. ettt ettt et e et e bt e e beenaeeenee 392
Table 7.41 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
AL 30 11 ottt ettt b et et e saee e 393
Table 7.42 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
at +24 0. (DTaW AOWN) ..ooviiiiiiieciieecee et tee e e e e e e eaaeas 394
Table 7.43 Subgrade Layer Modulus under 50 psi Cyclic Plate Stress w/ Limerock, W.T.
at 12 0. (DTaW AOWN) .oooueiiiiiiieciieeciee et aee e e e e e eaneas 395
Table 7.44 Subgrade Layer Modulus Computed from KENLAYER Program for Eleven
SOTLS ettt et e et e 396
Table 7.45 Subgrade Layer Modulus Reduction Rate for Eleven Soils ...........ccccoueuneee. 397
Table 8.1 Traffic ClassifiCation ...........ccceeriiiiiiiiiiiiieie et 450
Table 8.2 Required Structural Number for the Layer above Tested Subgrade Layers
(Plate Load 20 PS1) ..eeccurieeiiieeiieeiiieeeieeesieeesteeeiteeeseaeeeaaeesaaeessbeeessseeesnseeennseeenneas 451
Table 8.3 Required Structural Number for the Layer above Tested Layers (Plate Load 50
ST ) PRSP 451
Table 8.4 Required Thickness of AC Layer with 5 in. Limerock under 20-psi Plate Load ..
.................................................................................................. 452
Table 8.5 Required Thickness of AC Layer with 10 in. Limerock under 20-psi Plate Load
.................................................................................................. 452
Table 8.6 Required Thickness of AC Layer with 5 in. Limerock under 50-psi Plate Load ..
.................................................................................................. 453
Table 9.1 Laboratory Tests COMPATiSON.........cceeruerieriereriienienieeieeteneeeee et eee e neeens 470
Table 9.2 Test Pit COMPATISON........ccouiiiiieriieiiieitieeieeriee e esieeereeseeeveeseeeseessneeseesenaens 470
Table 9.3 Drainage Rates for Phase I and Phase I S0ils.........cccccoeriiniiniiiiniiniiiinens 471
Table 9.4 Capillary Rise Rate for the Eleven Soils with the Groundwater Level from
Drained Condition to +0 in. above the Embankment ..............cccccoeiiiniiininniinnenne 471
Table 9.5 Comparison of Lab MR Test Results to Test-Pit EQ Modulus Results .......... 472
Table 9.6 Comparison of Lab MR Test Results to Layer Modulus Results.................... 473
Table 9.7 Comparison of Lab MR Reduction Rate to Test-Pit EQ Modulus Reduction
RALE ..ttt e 474

XiX



LIST OF FIGURES

Figure 2.1 Water Content-Dry Density-Resilient Modulus Relationship for Subgrade Soil

(After Monismith 1989) .....oooiiiiie et e e 33
Figure 2.2 Comparisons of M; Values of Undisturbed Compacted Subgrade Soils
Determined by RC, TC and M; Tests (Kim and Stokoe 1991)........c.cccceveiieriiennnnnne. 34
Figure 2.3 Variation in Regression Constant k;, with Water Content in Relationship,
MK LIEEE ettt b e sttt nas 35
Figure 2.4 Effect of Degree of Saturation on the Relationship between Modulus and
Confining Pressure (Partially Crushed Aggregate)........cccvveevvieeviveenieeeieeeiee e 36
Figure 2.5 Typical AASHO Road Test Subgrade Resilient Modulus ...........cccccecueveennenne. 37
Figure 2.6 Effect of Dry Unit Weight and Moisture Content on Resilient Modulus at
INZT0,000 .ottt ettt ettt st b et b et 38
Figure 2.7 Reduction in Resilient Modulus with Degree of Saturation for Coarse- and
FINE-GTain SOLS ..c..ceviriiiiiiiiiieiece e 38
Figure 2.8 Effect of Moisture Conditioning on Resilient Moduli of Clayey Sand (A-6)
Cohesive Soil Impact CompPacted.........ccueevueeriieriieriieiieeie e 39
Figure 2.9 Effect of Moisture Conditioning on Resilient Moduli of Silty Sand (A-5)
Cohesive Soil (Compacted Using Impact Method) .........cccoevieviiiiiiiiiiinieiiieieee. 39
Figure 2.10 Effect of Moisture Conditioning on Resilient Moduli of Silty Sand (A-5)
CONESIVE SOTL ..ttt sttt 40
Figure 2.11 Resilient Modulus versus Moisture CONtent ............cceeeecveeerieeeiveeeieeesinneenns 41
Figure 2.12 Resilient Modulus versus Degree of Saturation ...........cccceeeeveenieneneeneennenne 43
Figure 2.13 Permanent Deformation versus Moisture Content ............cccecvveeeveeenveeenneenns 46
Figure 2.14 Typical Effect of Postcompaction Saturation on Resilient Modulus ............. 47
Figure 2.15 Typical Effect of Postcompaction Moisture Increase on Resilient Modulus .48
Figure 2.16 Typical Effect of Post Compaction Saturation on Resilient Modulus (1)......49
Figure 2.17 Typical Effect of Post Compaction Saturation on Resilient Modulus (2)......49
Figure 3.1 Samples under S0aKing .........c.ccccveeviiiiiieiiienie et 109
Figure 3.2 Sample in Mold before Soaking..........ccceeevieeeciienciiicieeeee e, 110
Figure 3.3 Samples under DIying .........ccccoeviiiiiiiieeiiienie ettt 111
Figure 3.4 Sketch of the Resilient Modulus Testing Equipment.............cccceeevveenveeenenn. 112
Figure 3.5 Triaxial Chamber with Internal LVDTs and Load Cell ...........cccccecueviennenee. 113
Figure 3.6 A Schematic Illustration of T273-86 Soil Suction Test Setup .........cccveenneee. 114
Figure 3.7 Calibration Line for Psychrometer No.1 ......c..coceviiniiiiniiiniiiiicieceeee, 115
Figure 3.8 Calibration Line for Psychrometer N0.2 .........cccccoovieviiiiiiiiiciiecee e 115
Figure 3.9 Calibration Line for Psychrometer N0.3 .........cccoviiniiiiniiniiiieieceeen 116
Figure 3.10 Calibration Line for Psychrometer NO.4 .........cccoovieviiiiiiiiiniieeiee e 116
Figure 3.11 Calibration Line for Psychrometer NO.5 .......ccccoociiviiiiniiniiniiicniccecee 117
Figure 3.12 Calibration Line for Psychrometer NO.6 ........c.ccceeevieniieiiieniieiiecieeieeeeen 117
Figure 3.13 Calibration Line for Psychrometer NO.7 .......cccccociiviiiiniiniiniiicniencccees 118
Figure 3.14 Schematic Diagram of Loading System & Cross Sectional View of Test-Pit
............................................................................................................................. 120
Figure 3.15 An Actual View of CSO15 Probe .......ccccvveiiiiviieiiiieiieieecieeeeeee e 121
Figure 3.16 Calibration Curve for CS615 TDR Probe .........cccccvcvereriiinicniencniencceee. 122
Figure 3.17 Test-Pit Setup for Levy County A-3 Subgrade ..........cccevvvevieniieiieeieenee 123

XX



Figure 3.18 Test-pit Setup for SR70 A-3 & A-2-4 Subgrades ..........cccceevvvververieeneennnen. 124
Figure 3.19 Plate Load Test Loading Position (SR70 A-3 and A-2-4) and Connection of

Data REAAOUL.......ccueiiiiiiiiieiiee ettt 125
Figure 3.20 An Actual View of Test-Pit Loading System...........ccccccoveeviiiinciieenieeeennn. 126
Figure 3.21 An Actual View of Test-Pit and Compaction Equipment..............c.c......... 127
Figure 3.22 Cross Sectional View of Phase III Test Pit Experimental Program............. 128
Figure 3.23 TDR and Nuclear Gauge used for additional three soils.........cccccoceevernennee. 129
Figure 3.24 Layouts of Phase III Test Pit Experimental Program...........c..cccccveeeveeennen.. 130
Figure 4.1(A) Typical Regression Model of Resilient Modulus versus Bulk Stress for

A-2-4 30% after Soaking (Sample # A24309%S2) .....ooviiiiiiiiiiienieeeeeeee e 152
Figure 4.1(B) Typical Regression Model of Resilient Modulus versus Confining Pressure

for A-2-4 30% after Soaking (Sample # A2430%S2) ...cooeeeirieniiiieiieieeieeee 152
Figure 4.2(A) Resilient Modulus vs. Bulk Stress for Levy County A-3 at Different

MOISUTE CONLENLS .....eoutiiiueieiieeiie ettt ettt et et e e at e et e et eeabeesaeeenee 153
Figure 4.2(B) Resilient Modulus vs. Confining Pressure of Levy County A-3 at Different

MOISUTE CONLENLS .....eoutiiiutieiieeitieite ettt ettt ettt et et e bbb e et eebeesaeeenee 153
Figure 4.3(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of SR70

) TSRS 154
Figure 4.3(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

OF SRT70 A3 ettt ettt et ae et e et e steentesneenseentens 154
Figure 4.4(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of A-2-4,

20 ettt ettt n e et e ettt e eae et e enaeete e teentenneennean 155
Figure 4.4(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

OF Am274, 1290 ettt ettt ettt e sneeae s 155
Figure 4.5(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of SR70

A 24 ettt ettt a ettt e bt et e te e bt enaeeneetes 156
Figure 4.5(B) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of SR70

AA24 ettt et a ettt et b et aeeees 156
Figure 4.6(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of A-2-4

2000 ettt bttt et h e bt e n b e eh e et e n e e bt et e eateene e bt enteeneentes 157
Figure 4.6(B) Resilient Modulus vs. Confining Stress at Different Moisture Contents of

A28 20%01 ettt ettt ettt eaean 157
Figure 4.7(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of A-2-4

200 et bttt h ettt h e bt e n e h ettt e e at e bt enteeneentes 158
Figure 4.7(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

OF Am274 24%0 ettt 158
Figure 4.8(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of A-2-4

B00/0 ettt ettt e h e h et e a e bt e bt e ntenbeeteentenbeentea 159
Figure 4.8(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

OF Am274 3090 ettt sttt et ne 159
Figure 4.9(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of Oolite,

IMHLAIMIL ..ttt ettt et et b et st s e et et e bt ettt e e e b eneas 160
Figure 4.9(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

OF OOLIEE, IMIAIM. ..ottt e e e e e e e e et et e e eeeseseesaaaeeeeeesesenaans 160
Figure 4.10(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of

Spring Cemetery A-2-4 SOl ......cccuieiiiiiieiieeie ettt 161

XXi



Figure 4.10(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents

of Spring Cemetery A-2-4 SOil.....c..ccoviiiiiiieiieeeeee e 161
Figure 4.11(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of
Branch A-2-4 SOil.....cooiiiii e e 162
Figure 4.11(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents
Of Branch A-2-4 S0il......cc.ooiiiiii e 162
Figure 4.12(A) Resilient Modulus vs. Bulk Stress at Different Moisture Contents of Iron
Bridge A-2-6 SO0l.....coooiiieiieeee e 163
Figure 4.12(B) Resilient Modulus vs. Confining Pressure at Different Moisture Contents
Of Iron Brid@e A-2-6 SOil......cc.uiiiiiieeiieeeeeeeee e 163
Figure 4.13 Suction Value for Each Soil at Different Moisture Content Levels............. 164
Figure 4.14 Permeability vs. Percent of Fines for Eight Soils..........ccccoevviiiiiiiiniieennn. 164

Figure 5.1 Levy County A-3 Soil Moisture Profile under Different Water Table Levels208
Figure 5.2 SR70 A-3 Soil Moisture Profile under Different Water Table Levels (Moisture

nearly stabilized from 9/29/99 t0 10/11/99)....cc.coviiiiniiiiiiiniieeeeeeeeeeen 209
Figure 5.3 SR70 A-2-4 Soil Moisture profile under Different Water Table Levels
(Moisture nearly stabilized from 9/29/99 t0 10/11/99)....cccccoiiviiviniiniiiiiiees 210

Figure 5.4 A-2-4 (12%)Soil Moisture profile under Different Water Table Levels........ 211
Figure 5.5 A-2-4 (20%) Soil Moisture profile under Different Water Table Levels.......212
Figure 5.6 A-2-4(24%) Soil Moisture profile under Different Water Table Levels........ 212
Figure 5.7 A-2-4(30%) Soil Moisture profile under Different Water Table Levels........ 213
Figure 5.8 Miami Oolite A-1 Soil Moisture profile under Different Water Table Levels .

.................................................................................................. 213
Figure 5.9 Spring Cemetery A-2-4(15%) Soil Moisture profile under Different Water
TaABIE LEVEIS ...ttt 214
Figure 5.10 Branch A-2-4(23%) Soil Moisture profile under Different Water Table
VRIS .. ittt et et e e e e et e e et a e e s aba e e nbaeenraeenaas 214
Figure 5.11 Iron Bridge A-2-6(31%) Soil Moisture profile under Different Water Table
VIS ..ttt et et e et a e e e e e e e aa e e b e e e rbaeenraeennns 215

Figure 5.12 8 Soils Moisture Profiles (Water Table at -24 in., Drained Condition) ....... 215
Figure 5.13 Three Additional Soils Moisture Profiles (Water Table at -24 in., Drained

CONAILION. ¢..itiitiietrce ettt sttt ettt sb e 216
Figure 5.15 Three Additional Soils Moisture Profiles (Water Table at 0.0 in.) .............. 217
Figure 5.16 Eight Soils Moisture Profiles (Water Table at +12.0 in.).....ccccecevvereenennee. 217
Figure 5.17 Three Additional Soils Moisture Profiles (Water Table at +12.0 in.).......... 218
Figure 5.18 Three Additional Soils Moisture Profiles (Water Table at +24.0 in.).......... 218
Figure 5.19 Eight Soils Moisture Profiles (Water Table at +36.0 in., Saturated Condition).

.................................................................................................. 219
Figure 5.20 Three Additional Soils Moisture Profiles (Water Table at +36.0 in., Saturated

CONAILION) .ttt ettt ettt ettt e et e st e et eesaeeesbeestbeesbeessaeesseessseesseessseensaensseenns 219
Figure 5.21(A) Levy County A-3 Soil EQ Modulus vs. Number of Cycles under Different

Water Tables (20 psi without Limerock) .........cccecvveriieciienieeiieiecieeieeieeee e 220
Figure 5.21(B) Levy County A-3 Soil Moisture Profile under Plate Load Test (20 psi

WIthOUt LIMETOCK) ...veiiiiiiiiiieciiecce ettt et 220
Figure 5.22(A) Levy County A-3 Soil EQ Modulus vs. Number of Cycles under Different

Water Tables (20 psi With LIMerock) ........ccceeevviiririiiienieeiieriecie e 221

XXii



Figure 5.22(B) Levy County A-3 Soil Moisture Profile under Plate Load Test (20 psi

WIth LIMETOCK)....eieiiiiiciie ettt e e e e 221
Figure 5.23(A) Levy County A-3 Soil EQ Modulus vs. Number of Cycles under Different
Water Tables (50 psi with LIMerock) ..........coecuveeriieeniiiieiiiecieeeeece e 222
Figure 5.23(B) Levy County A-3 Soil Moisture Profile under Plate Load Test (50 psi
WIth LIMETOCK) .. .eieiiiieiieeiie ettt e e e e 222
Figure 5.24(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles under Different Water
Tables (20 psi without Limerock)........ccecvveeiiiieiiieiiiieeeeeeeeee e 223
Figure 5.24(B) SR70 A-3 Soil Moisture Profile under Plate Load Test (20 psi without
| 3310113 (0 1] @ PSSR 223
Figure 5.25(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles under Different Water
Tables (50 psi With LIMETOCK) .......ueeviiiiiiiiieciie e 224
Figure 5.25(B) SR70 A-3 Soil Moisture Profile under Plate Load Test (50 psi with
| 331013 (0 1] @ PSSR 224
Figure 5.26(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles under Different Water
Tables (50 psi With LIMeETOCK) ........oeiuiiiiiiieciieecie e 225
Figure 5.26(B) SR70 A-3 Soil Moisture Profile under Plate Load Test (50 psi with
| 331013 (0 1o] @ DU 225
Figure 5.27(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles under Different Water
Tables (50 psi With LIMeEToCK) .......ueeeiuiiiiiiieciiiecieeeee e 226
Figure 5.27(B) SR70 A-3 Soil Moisture Profile under Plate Load Test (50 psi with
| 3310013 (0 1o] @ PSSR 226
Figure 5.28(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles under Different
Water Tables (20 psi without Limerock) .........cceeevierviiiniiieeiiecieccee e 227
Figure 5.28(B) SR70 A-2-4 Soil Moisture Profile under Plate Load Test (20 psi without
| 331013 (0 1o] @ DU S 227
Figure 5.29(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles under Different
Water Tables (50 psi With LIMerock) ........ccceeeeviiiiiiiienieeiieiecie e 228
Figure 5.29(B) SR70 A-2-4 Soil Moisture Profile under Plate Load Test (50 psi with
LAMETOCK) .. ittt ettt ettt et seb e et e st e ebe e esbe e saeenbeennaeens 228
Figure 5.30(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles under Different
Water Tables (50 psi With LIMerock) ........ccceeeuiiriiiiienieeiierieciecee et 229
Figure 5.30(B) SR70 A-2-4 Soil Moisture Profile under Plate Load Test (50 psi with
LAMETOCK) ... ittt ettt ettt e sttt e s ebeebeeesbe e saeenbaenaeeens 229
Figure 5.31(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles under Different
Water Tables (50 psi With LIMerock) ........ccceeecuieriiiiiienieeiieiecieceeeeieesee e 230
Figure 5.31(B) SR70 A-2-4 Soil Moisture Profile under Plate Load Test (50 psi with
LAMETOCK) . .etieiiieiie ettt ettt ettt et e s e et e st e ebeeesbe e saeenbeenaae e 230
Figure 5.32(A) A-2-4 (12%) EQ Modulus vs. Number of Cycles under Different Water
Tables (20 psi without LImerock).........cceevuieriieiiieniieiieeieeieecee e 231
Figure 5.32(B) A-2-4 (12%) Moisture Profile under Plate Load Test (20 psi without
LAMETOCK) ... ittt ettt ettt ettt e et e et e ebeeesbe e saeenbeennaeens 231
Figure 5.33(A) A-2-4 (12%) EQ Modulus vs. Number of Cycles under Different Water
Tables (50 psi With LImerock).........cccuevieeiiieiiieiiieiiieieeieeieeee e 232
Figure 5.33(B) A-2-4 (12%) Moisture Profile under Plate Load Test (50 psi with
LAMETOCK) .. ittt ettt ettt e et e et e st e ebeeesbe e saeenbaennae e 232

Xxiii



Figure 5.34(A) A-2-4 (20%) EQ Modulus vs. Number of Cycles under Different Water

Tables (20 psi without Limerock)........ceecvieeiiieeiiiiiiiececceeee e 233
Figure 5.34(B) A-2-4 (20%) Moisture Profile under Plate Load Test (20 psi without

| 331013 (0 1o] @ DS USSR 233
Figure 5.35(A) A-2-4 (20%) EQ Modulus vs. Number of Cycles under Different Water

Tables (50 psi With LIMeETOCK) .......ceveiuiiiiiiiiciiiecie e 234
Figure 5.35(B) A-2-4 (20%) Moisture Profile under Plate Load Test (50 psi with

| 331013 (0 1o] @ PSSR 234
Figure 5.36(A) A-2-4 (24%) EQ Modulus vs. Number of Cycles under Different Water

Tables (20 psi without Limerock).......c.eeeevveeiiieeiiieeiieeeeeee e 235
Figure 5.36(B) A-2-4 (24%) Moisture Profile under Plate Load Test (20 psi without

| 3310113 (0 1o] @ P USSR 235
Figure 5.37(A) A-2-4 (24%) EQ Modulus vs. Number of Cycles under Different Water

Tables (50 psi With LIMeETOCK) ........eeeiuiiiiiiieciiiecieeeee e 236
Figure 5.37(B) A-2-4 (24%) Moisture Profile under Plate Load Test (50 psi with

| 3310113 (0 1] @ PSSR 236
Figure 5.38(A) A-2-4 (30%) EQ Modulus vs. Number of Cycles under Different Water

Tables (20 psi without Limerock).........ceecvveeciieeiiiieiieeeeceeee e 237
Figure 5.38(B) A-2-4 (30%) Moisture Profile under Plate Load Test (20 psi without

| 331013 (0 1] @ DRSS 237
Figure 5.39(A) A-2-4 (30%) EQ Modulus vs. Number of Cycles under Different Water

Tables (50 psi With LIMeEToCK) ........eevciiiiiiiiieiiieecieeeee e 238
Figure 5.39(B) A-2-4 (30%) Moisture Profile under Plate Load Test (50 psi with

| 331013 (0 1o] @ PSSR 238
Figure 5.40(A) Oolite EQ Modulus vs. Number of Cycles under Different Water Tables

(50 psi With LIMETOCK).......eiiiiiiiiiieeiie ettt e 239
Figure 5.40(B) Miami Oolite A-1 Soil Moisture Profile under Plate Load Test (50 psi

WIth LIMEIOCK)...cuiiiiiiiiiieiiecie ettt ettt saaeebeessaeenneens 239
Figure 5.41(A) Spring Cemetery EQ Modulus vs. Number of Cycles under Different

Water Tables (20 psi without Limerock) .........ceevveriieciienieeiieieeieeieeieeee e 240
Figure 5.41(B) Spring Cemetery Moisture Profile under Plate Load Test (20 psi without

LAMETOCK) .. ittt ettt sttt e st e e abeebeeesbe e saesnbeenaae e 240
Figure 5.42(A) Spring Cemetery EQ Modulus vs. Number of Cycles under Different

Water Tables (50 psi With LIMerock) ........cceeecuieriiiiieniieeiieiecieeeeeieesee e 241
Figure 5.42(B) Spring Cemetery Moisture Profile under Plate Load Test (50 psi with

LAMETOCK) .. ittt ettt ettt et e st e ebe e e b e e saesnbeenneeens 241
Figure 5.43(A) Branch EQ Modulus vs. Number of Cycles under Different Water Tables

(20 psi Without LImerock) ......cc.eeevieriieriieiiieiieeie ettt e 242
Figure 5.43(B) Branch Moisture Profile under Plate Load Test (20 psi without Limerock)

.................................................................................................................................. 242
Figure 5.44(A) Branch EQ Modulus vs. Number of Cycles under Different Water Tables

(50 psi With LIMEIOCK)......cccvieiiiiiieiieeie ettt e 243

Figure 5.44(B) Branch Moisture Profile under Plate Load Test (50 psi with Limerock)243
Figure 5.45(A) Iron Bridge EQ Modulus vs. Number of Cycles under Different Water
Tables (20 psi without Limerock).........cceevieiiiiiiiniiiiieieceeeee e 244

XXiv



Figure 5.45(B) Iron Bridge Moisture Profile under Plate Load Test (20 psi without

| 3310113 (0 1o] @ PSSR 244
Figure 5.46(A) Iron Bridge EQ Modulus vs. Number of Cycles under Different Water
Tables (50 psi With LIMeETOCK) .......ceeeviiieiiiieciieeceeeee e 245
Figure 5.46(B) Iron Bridge Moisture Profile under Plate Load Test (50 psi with Limerock)
.................................................................................................................................. 245
Figure 6.1 ki, k3 vs. Moisture Content for Levy County A-3 Soil ........cccevviiiiiiennnnen. 283
Figure 6.2 k2, k4 vs. Moisture Content for Levy County A-3 Soil........cccceeevvvivvieennenn. 283
Figure 6.3 Mr vs. Moisture Content at Different Confining Pressures for Levy County
F N I T | TSRS 284
Figure 6.4 Mr vs. Moisture Content at Different Dev. Stresses for Levy County A-3 Soil ..
.................................................................................................. 284
Figure 6.5 Mr vs. Moisture Content for Levy County A-3 Soil .......cccveeviiiiienieniiennne 285
Figure 6.6 Mr vs. Moisture Content at Optimum and Soaked Conditions for Levy County
A3 S0M] ettt 285
Figure 6.7 ki, k3 vs. Moisture Content for SR70 A-3 Soil......ccceeveviieviiieiiieeieeeeeee, 286
Figure 6.8 k2, k4 vs. Moisture Content for SR70 A-3 Soil .......ccceeevieiiiiiiiiniiiiieieen 286
Figure 6.9 Mr vs. Moisture Content at Different Confining Pressures for SR70 A-3 Soil ...
.................................................................................................. 287
Figure 6.10 Mr vs. Moisture Content at Different Deviator Stresses for SR70 A-3 Soil 287
Figure 6.11 Mr vs. Moisture Content for SR70 A-3 S0il .....cccoeeiiiriiiiieniiiiieieeieeee 288
Figure 6.12 Mr vs. Moisture Content at Optimum and Soaked Conditions for SR70 A-3
SOTL ettt et 288
Figure 6.13 k1, k3 vs. Moisture Content for A-2-4 12% Soil ......ccccceeiiiiiiiniiiiinienn. 289
Figure 6.14 k2, k4 vs. Moisture Content for A-2-4 12% Soil ......ccccooveviiniininiiniienn. 289
Figure 6.15 Mr vs. Moisture Content at Different Confining Pressures for A-2-4 12% Soil
.................................................................................................. 290
Figure 6.16 Mr vs. Moisture Content at Different Deviator Stresses for A-2-4 12% Soil
.............................................................................................................................. 290
Figure 6.17 Mr vs. Moisture Content for A-2-4 12% Soil.......ccoceevieniniiiniiiiinicnee 291
Figure 6.18 Mr vs. Moisture Content at Optimum and Soaked Conditions for A-2-4 12%
N 1) | RSP SRUPURRR 291
Figure 6.19 k1, k3 vs. Moisture Content for SR70 A-2-4 Soil........cccevvieniivineninncnnne. 292
Figure 6.20 k2, k4 vs. Moisture Content for SR70 A-2-4 Soil.......ccceevvveviienieeviienrennnn. 292
Figure 6.21 Mr vs. Moisture Content at Different Confining Pressures for SR70 A-2-4
N 1) | RSP PURRR 293
Figure 6.22 Mr vs. Moisture Content at Different Deviator Stresses for SR70 A-2-4 Soil...
.................................................................................................. 293
Figure 6.23 Mr vs. Moisture Content for SR70 A-2-4 Soil......ccccooeviiiiiiinienieniineens 294
Figure 6.24 Mr vs. Moisture Content at Optimum and Soaked Conditions for SR70 A-2-4
T ) TSRS 294
Figure 6.25 k1, k3 vs. Moisture Content for A-2-4 20% SoOil ......cccceevvriieniininieniiennn. 295
Figure 6.26 k2, k4 vs. Moisture Content for A-2-4 20% Soil ......cccoceviiniininieninnennnn. 295
Figure 6.27 Mr vs. Moisture Content at Different Confining Pressures for A-2-4 20% Soil
.................................................................................................. 296

XXV



Figure 6.28 Mr vs. Moisture Content at Different Deviator Stresses for A-2-4 20% Soil ....

.................................................................................................. 296
Figure 6.29 Mr vs. Moisture Content for A-2-4 20% S0il........cccceevieriiienieniiieiienieeee 297
Figure 6.30 Mr vs. Moisture Content at Optimum and Soaked conditions for A-2-4 20%

SOTL e ettt bt st 297
Figure 6.31 k1, k3 vs. Moisture Content for A-2-4 24% Soil .......ccccoeviiiiiiniiiiiinienn. 298
Figure 6.32 k2, k4 vs. Moisture Content for A-2-4 24% Soil ......cccocevieniininiincnnennn. 298
Figure 6.33 Mr vs. Moisture Content at Different Confining Pressures for A-2-4 24% Soil

.................................................................................................. 299
Figure 6.34 Mr vs. Moisture Content at Different Deviator Stresses for A-2-4 24% Soil.....

.................................................................................................. 299
Figure 6.35 Mr vs. Moisture Content for A-2-4 24% Soil.......ccocceeiiiniiiiiniiiiienieceee 300
Figure 6.36 Mr vs. Moisture Content at Optimum and Soaked Conditions for A-2-4 24%

T ) | OSSPSR 300
Figure 6.37 k1, k3 vs. Moisture Content for A-2-4 30% Soil .......cccoeeviiviieniiiiienieeen. 301
Figure 6.38 k2, k4 vs. Moisture Content for A-2-4 30% Soil ......cccceeviiiiiiniiiiiinienen. 301
Figure 6.39 Mr vs. Moisture Content at Different Confining Pressures for A-2-4 30% Soil

.................................................................................................. 302
Figure 6.40 Mr vs. Moisture Content at Different Deviator Stresses for A-2-4 30% Soil ....

.................................................................................................. 302
Figure 6.41 Mr vs. Moisture Content for A-2-4 30% Soil.......ccccceevieriiieniiniiieieeieeee 303
Figure 6.42 Mr vs. Moisture Content at Optimum and Soaked conditions for A-2-4 30%

SOTL et ettt 303
Figure 6.43 k1, k3 vs. Moisture Content for Crushed Miami Oolite A-1 Soil................ 304
Figure 6.44 k2, k4 vs. Moisture Content for Crushed Miami Oolite A-1 Soil................. 304
Figure 6.45 Mr vs. Moisture Content at Different Confining Pressures for Crushed Miami

OO0MIEE A-T SOTL..ueiiiiiieiii et ettt et 305
Figure 6.46 Mr vs. Moisture Content at Different Deviator Stresses for Crushed Miami

OOMIEE A-T SOTL..ueiiiiieiie et ettt e 305
Figure 6.47 Mr vs. Moisture Content for Crushed Miami Oolite A-1 Soil ..................... 306
Figure 6.48 Mr vs. Moisture Content at Optimum and Soaked Conditions for Crushed

Miami O0lite A-1 SO0l ...ccueeiiiiiiieie e 306

Figure 6.49 Summary of Average Lab Resilient Moduli (Middle-Half LVDT Position)307
Figure 6.50 Summary of Average Lab Resilient Moduli (Full-Length LVDT Position) 307

Figure 6.51 Total Resilient Modulus Loss (Middle-Half LVDT Position)...................... 308
Figure 6.52 Percent of Resilient Modulus Loss (Middle-Half LVDT Position) ............. 309
Figure 6.53 Total Resilient Modulus Loss (Full-Length LVDT Position)...................... 310
Figure 6.54 Percent Resilient Modulus Loss (Full-Length LVDT Position)................... 310
Figure 6.55 Resilient Modulus Loss Per 1% Increase in Moisture Content (Middle-Half
LVDT POSIHON) 1.eeitiiiiiieeiiie ettt ettt ettt et e et eeae e st e e snsaeesnseeennseeennnes 311
Figure 6.56 Percent Resilient Modulus Loss Per 1% Increase in Moisture Content
(Middle-Half LVDT POSItION) ....cvveeiieiieeiieiieeieeiee et eve e eeveeseeeeeveeseessne e 311
Figure 6.57 Resilient Modulus Loss Per 1% Increase in Moisture Content (Full-Length
LVDT POSIHION) 1.eiitiiiiiieeiiie ettt ettt ettt et eeiaeeetaeesnaaaesnsaeesnseeennsaeensnes 312
Figure 6.58 Percent Resilient Modulus Loss Per 1% Increase in Moisture Content
(Full-Length LYDT POSIION) .....cccuiiiiieiiieiieiiieeieeeiee et eeieeeveeseeeeeveeeeessve e 312

XXVi



Figure 6.59 Reduction Rate of Resilient Modulus vs. Increase Rate of Moisture Content

for Eight Soils (Middle-Half)...........oooiiiiiiiiiieeeeeeeeeeeeeee e 313
Figure 6.60 Reduction Rate of Resilient Modulus vs. Increase Rate of Moisture Content
for Eight Soils (Full-Length) .......cc.coooiiiiiiieeeeeeeeeee e 313
Figure 6.61 Mr vs. Moisture Content for Phase I and IT Soils.........ccccooceeviinieniniincnnens 314
Figure 6.62 Resilient Modulus vs. Percent of FInes .........cccccccvveeiiiieiiiieciiccie e 315
Figure 6.63 Reduction in Resilient Modulus vs. Percent of Fines (from Dry to Optimum
0707076 112 10) 1) [PPSR 315
Figure 6.64 Reduction in Resilient Modulus vs. Percent of Fines (from Optimum to
S0aked CONAITION) .....viieeiieiiiie ettt e e ee e et e e s e e e sreeessaeeesneeeseeeens 316
Figure 6.65 LBR vs. Percent 0f FINES........cccoooiiiiiiiiiiiieciieiieee et 316
Figure 6.66 Reduction in Resilient Modulus vs. LBR (from Dry to Optimum Condition)...
.................................................................................................. 317
Figure 6.67 Reduction in Resilient Modulus vs. LBR (from Optimum to Soaked
CONAITION) 1.ttt ettt e e e et e e et e e et eeeetaeeeaaeeetaeeesseeessseeesaseeennseeenneas 317
Figure 6.68 Resilient Modulus vs. Maximum Dry Unit Weight ...........ccccoeveiiiiiennnnn. 318
Figure 6.69 LBR vs. Maximum Dry Unit Weight...........cccooiiiiiiiiiiiiiieceeee e 318
Figure 6.70 Reduction in Resilient Modulus vs. Maximum Dry Unit Weight (from Dry to
OptimUM CONAITION) ...veiiiiieiieeiieeiie ettt ettt et ettt et eesteeebeesteeesbeessaesnseessaeenne 319
Figure 6.71 Reduction in Resilient Modulus vs. Maximum Dry Unit Weight (from
Optimum to Soaked Condition)..........cecveerieriiieniieeiieie et 319
Figure 6.72 Gradation Curves for Eight Subgrade Soils .........cccccovveviiiiniiiiniiecieeeen 320
Figure 6.73 Resilient Modulus vs. Percent of Clay ..........ccceevieeiiiniiieiieniieiecieeeeeen 320
Figure 6.74 Reduction Rate in MR vs. Percent of Clay (from Dry to Optimum Condition)
.................................................................................................. 321
Figure 6.75 Reduction Rate in MR vs. Percent of Clay (from Optimum to Soaked
CONAILION) ..ttt ettt ettt et e ettt e et e et e e bt e sateenbeessbeenseesaaeenne 321
Figure 7.1(A) Levy County A-3 Soil Moisture Profile after Drainage (short-term) (Water
Table from +36 1N, 0 =20 11.)..eeiiiiiieiiiecciie e e 398
Figure 7.1(B) Moisture Profile vs. Elapsed Time after Drainage for Levy County A-3
SUDZIAAC ...ttt sttt ettt 398
Figure 7.2(A) SR70 A-3 Soil Moisture Profile after Drainage (short-term) (Water Table
fTOmM 436 1N, 10 =24 1. ) eeeviiieiieeeiee et e ere e e sre e e staeeessbeeeabeeessaeenenas 399
Figure 7.2(B) Moisture Profile vs. Elapsed Time after Drainage for SR70 A-3 Subgrade...
.................................................................................................. 399
Figure 7.3(A) SR70 A-3 Soil Moisture Profile after Drainage (long-term) Water Table
fTOmM 436 1N, 10 =24 1. ) eeeiiiieiieeeiee ettt e e sre e e staeeessseeeabeeesseeenenas 400
Figure 7.3(B) Moisture Profile vs. Elapsed Time after Drainage for SR70 A-3 Subgrade
.................................................................................................................................. 400
Figure 7.4(A) SR70 A-2-4 Soil Moisture Profile after Drainage (Water Table from +36 in.
Lo T ) T PP 401
Figure 7.4(B) Moisture Profile vs. Elapsed Time after Drainage for SR70 A-2-4 Subgrade
.................................................................................................. 401
Figure 7.5(A) A-2-4(12%) Soil Moisture Profile after Drainage (Water Table from +36 in.
170 T ol U0 s U TSRS 402

XXVii



Figure 7.5(B) Moisture Profile vs. Elapsed Time after Drainage for A-2-4(12%)

SUDZIAAE ....eieeeiieeiee et et e et e et e e enaaeeraae s 403
Figure 7.6(A) A-2-4(20%) Soil Moisture Profile after Drainage (Water Table from +36 in.

170 T ol U0 s B USSR 403
Figure 7.6(B) Moisture Profile vs. Elapsed Time after Drainage for A-2-4(20%)

SUDZIAAE ....eieeiieeee et e e e et e et e e enaeeenaaeeraae s 404
Figure 7.7(A) A-2-4(24%) Soil Moisture Profile after Drainage (Water Table from +36 in.

170 T ol U0 s B USSR 405
Figure 7.7(B) Moisture Profile vs. Elapsed Time after Drainage for A-2-4(24%)

SUDZIAAE ...oeeeeieeeeeee et e e et e e enaeeenaeeeraae s 405
Figure 7.8(A) A-2-4(30%) Soil Moisture Profile after Drainage (Water Table from +36 in.

170 T ol U0 s B USSR 406
Figure 7.8(B) Moisture Profile vs. Elapsed Time after Drainage for A-2-4(30%)

SUDZIAAE ....eieeeiieeieeee e e et e et e e e e enaeeeraae s 406
Figure 7.9(A) Miami Oolite A-1 Moisture Profile after Drainage (Water Table from +36

L L0 T ol D0 4 U TP 407

Figure 7.9(B) Moisture Profile vs. Elapsed Time after Drainage for Oolite Subgrade ...407
Figure 7.10(A) Moisture Profile after Groundwater Level Raised from -20 in. to 0 in. for

Levy County A-3 SO0l.....cciiiiiiiiieiiieiieeie ettt 408
Figure 7.10(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-20 in. to 0 in. for Levy County A-3 SOil.......cccoeviiiiiiiiieiiecieeieee e 408
Figure 7.11(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
for Levy County A-3 S0Oil.....ooiiiiiiiieciieeeee e 409
Figure 7.11(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for Levy County A-3 SOil .....cccocvieiiiiiiieiieiieieceeeceee e, 409
Figure 7.12(A) Moisture Profile after Groundwater Level Raised from -24 in. to -12 in.
£OT SR70 A-3 SOOIl .t 410
Figure 7.12(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=24 in. to -12 in. for SR70 A-3 S0il ...eeoiiiiiiiii e 410
Figure 7.13(A) Moisture Profile after Groundwater Level Raised from -12 in. to 0 in. for
SRT70 A=3 SO0ttt 411
Figure 7.13(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=20 in. to 0 in. fOr S1-70 A-3 S0il...ciiiiiiiiiiiiee e 411
Figure 7.14(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
£OT SR70 A=3 SOOIl . 412
Figure 7.14(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
40 in. to +12 in. for SR70 A-3 S01l .eoeiiiiiiiie e 412
Figure 7.15(A) Moisture Profile after Groundwater Level Raised from -24 in. to -12 in.
£OT SR70 A-2-4 SOl ..t 413
Figure 7.15(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=24 in. t0 -12 in. for SR70 A-2-4 SOl ..cc.eiiiiiiiiiieiee e 413
Figure 7.16(A) Moisture Profile after Groundwater Level Raised from -12 in. to +0 in.
£OT SR70 A-2-4 SOl et 414
Figure 7.16(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-12 in. to 0 in. for SR70 A-2-4 SO1l ....eoviiiiiiiiiie e 414

XXViii



Figure 7.17(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.

fOr SRT70 A-2-4 SOTL ...ttt ettt 415
Figure 7.17(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
10 in. to +12 in. for Sr-70 A-2-4 SO1l ..c...ooiiiiiiiniiiiee 415
Figure 7.18(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
A2, 12% SO0 et 416
Figure 7.18(B) Moisture Profile vs. Elapsed Time after Raised W.T. from -24 in. to 0 in.
£O1 A-2-4, 12% SOl ettt 416
Figure 7.19(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
£O1 A-2-4, 12% SOIL.cniiieieieee ettt 417
Figure 7.19(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for A-2-4, 12% SOil.....ccuviiiiiiieeeee e, 417
Figure 7.20(A) Moisture Profile after Groundwater Level Raised from -24 in. to +0 in.
£O1 A-2-4, 20% SOTL..ccuiiieieieeie ettt 418
Figure 7.20(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=24 in. t0 0 in. for A-2-4, 20% SO1l....cccuviiiiiiiiiieeee e 418
Figure 7.21(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
£O1 A-2-4, 20% SOTL..ccniiieieiieie ettt 419
Figure 7.21(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for A-2-4, 12% SOil.....c.eviiiiiieeeeee e 419
Figure 7.22(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
A28, 24%0 SOTL .ttt 420
Figure 7.22(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=24 in. t0 0 in. for A-2-4, 24% SO1l....cccuviiiiiieeeee e 420
Figure 7.23(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
£O1 A-2-4, 24%0 SOl 421
Figure 7.23(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
F0 in. t0 +12 1n. TOr A-2-4, 24%0 SOLL...eeveeiiiiiiieeeeeeeeeee e 421
Figure 7.24(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
A2-4,30% SOTL .ot 422
Figure 7.24(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
=24 in. t0 0 in. for A-2-4, 30% SO1l.....ccouviiiioiiiee e 422
Figure 7.25(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
£O1 A-2-4, 30%0 SOTL..cuiiiiiiiiee et 423
Figure 7.25(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
40 in. to +12 in. for A-2-4, 309 S0Oil...cc.cooiiiiiieiiieee e 423
Figure 7.26(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
Miami O0lite A-1 SOOIl ...cuiviiiiiiiiiiiiicie e 424
Figure 7.26(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-24 in. to 0 in. for Miami Oolite A-1 SOil......ccccevoiiriiiiniinieiceee e, 424
Figure 7.27(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
for Miami O0lite A-1 SOil.....ccueiiiiiiiieiiieeeee s 425
Figure 7.27(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for Miami Oolite A-1 SOil.......cccceriiniiiiiiiiieeeeeeeeen 425
Figure 7.28(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
Spring Cemetery A-2-4 SOl ......cccuieiiiiiieiieeie ettt 426

XXiX



Figure 7.28(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-24 in. to 0 in. for Spring Cemetery A-2-4 Soil.......cccoveviiiieiciieeiiie e 427
Figure 7.29(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
for Spring Cemetery A-2-4 SOil.......cccviiiiiiiiiiieeieeee e s 427
Figure 7.29(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for Spring Cemetery A-2-4 Soil.......ccccooviieiiiieeiiieeieecee e 428
Figure 7.30(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
Branch A-2-4 SOil.....cooiiii e 429
Figure 7.30(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-24 in. to 0 in. for Branch A-2-4 SOil.......ccccoiiiiiiiiiiieeeee 429
Figure 7.31(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
for Branch A-2-4 S0Oil .......cooiiiiiie e 430
Figure 7.31(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for Branch A-2-4 Soil ........ccociiiiiiiii e 430
Figure 7.32(A) Moisture Profile after Groundwater Level Raised from -24 in. to 0 in. for
[ron Brid@e A-2-6 SO1l....cccuviiiiiieeieeceeeee et e 431
Figure 7.32(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
-24 in. to 0 in. for Iron Bridge A-2-6 SOil......c.cccovieeiiiieiiieeeeceece e, 431
Figure 7.33(A) Moisture Profile after Groundwater Level Raised from +0 in. to +12 in.
for Iron Brid@e A-2-6 SO1l .......oieiiiieiieeeeeece et 432
Figure 7.33(B) Moisture Profile vs. Elapsed Time after Groundwater Level Raised from
+0 in. to +12 in. for Iron Bridge A-2-6 SOil .......ccceveiiieeiiiieieeceece e 432
Figure 7.34 Capillary Rise for Eleven Soils at Different Groundwater Levels............... 433
Figure 7.35 Rate of Capillary Rise for Eleven Soils with Groundwater Level at 0 in. ...433
Figure 7.36 Increased Water Content of the Top Layer for Eleven Soils with Water Table

at +0 in. above the Embankment ... 434
Figure 7.37 Total Increased Water Content for Eleven Soils with Water Table at +0 in.
above the Embankment.............ccoouiiiiiniiiniiiiiccee e 434
Figure 7.38 EQ Modulus at Different Base Clearances (20 psi without Limerock)........ 435
Figure 7.39 EQ Modulus at Different Base Clearances (50 psi with Limerock)............. 435
Figure 7.40 EQ Modulus Comparisons at Base Clearance 2 ft (20 psi w/o Limerock vs.
50 PST W/ LIMETOCK) ..uviieiviiiiieiieeie ettt ettt ettt et et essaeennee e 436
Figure 7.41 EQ Modulus Reduction Rate for Base Clearance from 3 ft to 2 ft (20 psi
WIthOUt LIMETOCK) ...veiiiiiiiiiiiciiecce ettt et 436
Figure 7.42 EQ Modulus Reduction Rate for Base Clearance from 2 ft to 0 ft (50 psi with
LAMETOCK) .. eieiiieiie ettt ettt ettt et e st e s beebeeesbe e saeenbaennaeens 437
Figure 7.43 Summary of Test-pit Layer Moduli at Different Groundwater Levels (20 psi
Without Limerock LaYer) ......cc.ieciieiieiiieiiieiieeie ettt et e 437
Figure 7.44 Summary of Test-pit Layer Moduli at Different Groundwater Levels (50 psi
With LImMerock 1aYer).......cccviiiiiiiiiiieeiieeie ettt e 438
Figure 7.45 Reduction Rates of Test-pit Layer Moduli at Different Base Clearances (20
psi without Limerock LaYer) .......ccccvieiiiiiiieiiieiiecieeieeeee e 438
Figure 7.46 Reduction Rates of Test-pit Layer Moduli at Different Base Clearances (50
psi With Limerock Layer).......coocveviiiiiiiiiiiieciee ettt 439
Figure 7.47 Increase Rates of Test-pit Layer Moduli at Draw-down Conditions (50 psi
With LImMerock LaYET) .....ccouiiiiiiiiiiiieie ettt 439

XXX



Figure 8.1 Case Study for SR70 (20 psi without Limerock Base)..........cccccecervenernennee. 454

Figure 8.2 Case Study for SR70 (50 psi with Limerock Base)..........ccccceevveeevieenreeennenn. 454
Figure 8.3(A) Required AC Thickness at Different Water Tables (20-psi Plate Load with
5-in. Limerock Base BElOW) ........cucevuiiiiiiiiiiiiecieeeeeee e 455
Figure 8.3(B) Increase of Required AC Thickness at Different Base Clearance (20-psi
Plate Load with 5-in. Limerock Base BElow)..........cccccuvieiiiiiviiiiiiieciiecee e 455
Figure 8.4(A) Required AC Thickness at Different Water Tables (20-psi Plate Load with
10-in. Limerock Base BEIOW) ......c..ooecuiieiiiiiiiiiecie et 456
Figure 8.4(B) Increase of Required AC Thickness at Different Base Clearance (20-psi
Plate Load with 10-in. Limerock Base Below).........ccccoeeviiiiciiiiiciiieciieeeeeee e 456
Figure 8.5(A) Required AC Thickness at Different Water Tables (50-psi Plate Load with
5-in. Limerock Base BElOW) .......cccueieuiiiiiiiiiiiiicceeee e 457
Figure 8.5(B) Increase of Required AC Thickness at Different Base Clearance (50-psi
Plate Load with 5-in. Limerock Base BElow).........cccccuviviiiiiniiiiiniieciie e 457
Figure 9.1 Relationship between Drainage Rate, Permeability, and Percent of Fines for
Phase T and IT SOLIS ....coouuiiiiiiiiiiee e 476
Figure 9.2 Percent Water Content Increased by Capillary Rise for Eleven Soils............ 476

XXXi



CHAPTER 1
INTRODUCTION

1.1 PROBLEM STATEMENT

A high groundwater table exerts detrimental effects on the
roadway base and the whole pavement. The determination of design
high groundwater elevation is one of the most important steps
towards setting up grade lines in a roadway design. The pavement
system must be designed in such a way that water is prevented
from entering the places where it can cause damage. The Florida
Department of Transportation (FDOT) has developed high
groundwater clearance guidelines to prevent water from entering
the pavement system in order to reduce its detrimental effects.
In these guidelines a minimum height, the clearance, between
a groundwater level and a particular elevation within the
pavement system is specified. The guidelines are intended to
satisfy two concerns: 1) to prevent potential damages to the
roadway base due to groundwater saturation or high moisture
content from capillary suction; 2) to achieve the required
compaction and stability during construction operations.

Despite the focus on these concerns, the prevailing

guidelines (AASHTO, 1993) neglect the fact that each roadway



is built with a different type of subgrade material. Subgrade
materials in construction are required to be the selected
materials (such as A-3, A-2-4 soils and Oolite in Florida), which
cover a wide range of soils. There can be different geotechnical
properties associated with different subgrade soils such as
permeability and suction in unsaturated state, which are
critical for capillary behavior.

In addition, these guidelines do not take into account the
effect of dynamic loadings and some of the design criteria such
as the resilient modulus of the subgrade materials. As a result,
the prevailing guidelines could be overly conservative in some
cases, while in other cases the specified minimum base clearance
could be inadequate. In view of this, it is important to evaluate
the effects of high groundwater level on pavement performance
and the minimum base clearances for establishing the roadway
grade lines. In addition, experimental data are needed to justify

the design guidelines.

1.2 SCOPE OF STUDY

The primary objective of this study was to evaluate the effect
of high groundwater level on pavement subgrade performance.
Eleven typical subgrade soils used for pavement construction
in Florida (including A-3, A-2-4 soils and Oolite) were obtained

for evaluation. A full-scale laboratory evaluation of the



subgrade performance was conducted in a test-pit facility. The
subgrade and base layer profile of a full-scale flexible pavement
system was simulated in the test-pit facility. Moisture
conditions were manipulated by raising and lowering the
groundwater level in the test-pit. The subgrade materials were
tested under various moisture conditions that simulated
different field conditions. The effect of the dynamic loadings
was evaluated using the repeated plate load in the test-pit test.

In conjunction with the full-scale test-pit program, a
laboratory triaxial testing program was carried out to evaluate
the resilient modulus of subgrade materials. The effect of
moisture on the resilient properties of subgrade materials was
evaluated using soil specimens under dry or soaked conditions
for the resilient modulus tests. In addition, a limited field
monitoring program was also conducted at SR70 (near Fort Pierce,
Florida) toevaluate the moisture profile of subgrade soils under
the influence of the seasonal variation of precipitation and

air temperature in the field.

1.3 REPORT ORGANIZATION
This report summarizes the experimental program, test
results, and analyses of the study to evaluate the effect of
high groundwater level on the pavement performance of eleven

typical Florida subgrade soils. The background and objectives



of this research study are presented in this chapter. A
literature review of the concepts and research related to the
design high groundwater level clearance is summarized in Chapter
2. The experimental program, including a description of test
equipment, test setup and test procedure for full-scale test-pit
and laboratory triaxial tests, is presented in Chapter 3. Chapter
4 provides the results of laboratory resilient modulus test,
suction test and permeability test. The experimental results
of the test-pit test are summarized in Chapter 5. The analysis
of laboratory resilient modulus test results is established and
discussed in Chapter 6. The analysis of test-pit experimental
results is discussed in Chapter 7. Chapter 8 presents the case
study of SR70 and the field monitoring program. The analysis
of the effect of high groundwater level is summarized in Chapter
9. Finally, conclusions and recommendations of this research

study are presented in Chapter 10.



CHAPTER 2
LITERATURE REVIEW

2.1 SOURCES OF WATER IN PAVEMENT

There are many sources of the water that reaches the pavement
structure and its immediate vicinity. To evaluate the various
sources, the pavement designer should consider the entire
profile and cross section of the highway as well as the surface
and subsurface drainage systems that are to be used for the
operation and structural integrity of the overall facility. The
pavement structure designer, who may not be directly involved
with all aspects of the facility, cannot predict the possible
sources and amounts of water without knowledge of the surface
and subsurface drainage geometry.

Free water enters the structural section and the adjacent
area from many sources. Cedergren et al. (1972) state that the
most abundant and often overlooked source is undoubtedly
atmospheric precipitation, by which surface water is supplied
from rain (usually the largest amount), snow, hail, condensing
mist, dew and melting ice. This water reaches the structural

section in several ways:



1. Cracks in the pavement - New pavements can be constructed
so that they are virtually impermeable, but they cannot be
constructed without joints or without cracks forming well before
the desired life of the pavement structure is attained.

2. Infiltration through the shoulders.

3. Infiltration from the side ditches.

4. Melting of an ice layer froma frost area during the thawing
cycle.

5. Free water from pavement base - If the base is not properly
drained, it may act as a source of free water for the subbase
and subgrade.

6. High groundwater table.

7. Condensation of water vapor (small amounts).

The first five sources can be particularly significant if
the surface drainage is not properly designed or maintained.

Any free-water surface can act as a source of capillary water,
which will move from the free-water surface when a capillary
potential exists. The distance it moves depends primarily on
the pore-size distribution in the soil. Capillary water can
become free water and vice versa. These changes may be affected
by fluctuations in temperature and the pore-size distribution
of the soil.

Free-water surfaces and capillary fringe water are both

sources for water vapor. Under shifting temperature and pressure



conditions, water vapor can change back to either free water

or capillary water.

2.2 ESTABLISHING FREE-WATER SURFACE IN SUBGRADE

By using the basic data of the original groundwater profile
and the proposed highway geometry, surface drainage facilities,
and subsurface drainage facilities, the free-water surface in
the vicinity of the pavement can be predicted. Techniques for
making these predictions are available. The location of the
seasonal free-water surface is important because it affects the
equilibrium moisture content, the bearing capacity and the frost
susceptibility of the subgrade, and the rate at which the
infiltrated water can be drained from the base and subbase
materials.

Recommendations on the minimum depth from the pavement
surface to the free-water surface vary. Typical criteria are:
Massachusetts-7 ft (2.1 m); Michigan and Minnesota-5 ft (1.5 m) ;
Saskatchewan-8 ft to 12 ft(2.4 m to 3.7 m) and Nebraska-3 ft
to 4 f£t(0.9 m to 1.2 m) in granular materials and 7 ft (2.1 m)
in cohesive soils.

Investigators in Germany concluded that a critical depth is
2m (6.6 ft) below the pavement surface. Researchers in Sweden
found significant reduction in bearing capacity when the water

table is raised to within 70 cm (27 in.) of the surface, and



further reduction when it is raised to within 30 cm (11 in.)
of the surface. This research in Sweden is particularly
significant because it shows the effect of the groundwater table
on subgrade strength independent of its relationship with
frost-heave problems. This study was conducted using both a
gravel base and a crushed-stone base on a frost-susceptible silt
subgrade. No details on gradation or permeability were given.

Although no specific criteria regarding these variables were
found, the critical depth to the water table is probably a
function of subgrade strength, subgrade permeability, subgrade
capillarity and the ratio of the design vertical live load stress
to the live load plus dead load vertical stress. These items
are important because the strength of the subgrade must be
assessed at the effective stress level (i.e., total stress minus
pore pressure), whereas the driving force to cause failure is

at the total stress level.

2.3 RESILIENT MODULUS OF SOILS AND AFFECTING FACTORS

The resilient modulus is defined as the deviator dynamic
stress (due tomoving vehicular traffic) divided by the resilient
axial (recoverable) strain. This concept is derived from the
fact that the major component of deformation induced into a
pavement structure under the traffic loading is not associated

with plastic deformation or permanent deformation, but with



elastic or resilient deformation. Thus, the resilient modulus
is considered to be a necessary variable for determining the
stress-strain characteristics of pavement structures subjected
to traffic loading.

The resilient modulus of unstabilized granular base and
subgrade soils is highly dependent upon the stress state to which
the material is subjected within the pavement in addition to
other variables. As a result, constitutive models including the
effect of stress state must be used to present laboratory
resilient modulus test results, in a form suitable for use in
pavement design. The resilient modulus depends on deviator
stress and confining stress. Two popular and simple regression
models are presented as follows:

1. When modulus is dependent on bulk stress:

M= ki6* (2-1)
2. When modulus is dependent on confining pressure:

M. = kso§* (2-2)
Where,
© = bulk stress, sum of the principal stresses, (o1 + O + 0O3)
0y = confining pressure or minor principal stress
ki,kz, ks, ks = regression constants

Many factors influence the resilient modulus of soils. A
brief review of the significant factors is discussed in this

chapter. Moisture is one of the factors affecting the modulus



of soils. A thorough review of the literature concerning the
effect of moisture is provided accordingly.

The factors that influence the resilient modulus of soils
include the following: soil type, soil properties, dry unit
weight, water content, stain level, test procedures and size
effect. A brief review of the significant observations with

regard to these factors is discussed in the following sections.

2.3.1 Soil Types

The resilient modulus is significantly influenced by the type
of pavement soils. For instance, Chen et al. (1994) investigated
the variability of resilient moduli due to aggregate type. The
AASHTO T 292-911 test procedure was used to conduct tests on
six selected aggregate types of soils. Conclusions show that
for a given gradation, the differences in My values due to

aggregate sources were between 20 to 50%.

2.3.2 Soil Properties

The resilient modulus is also significantly correlated with
such soil properties as the liquid limit, plastic limit and grain
size distribution. Thompson and Robnett (1989) concluded that
properties that tend to contribute to low resilient modulus
values are low plasticity, high silt content, low clay content
and low specific gravity. From the study, regression equations

were developed for predicting Mz based on soil properties.

10



2.3.3 Dry Density

Variations in the density of the laboratory test specimen
with the same water content produce variable effects on the
resilient response of subgrade soils. Theoretically, Young’s
modulus of a soil is proportional to its density. Trollope et
al. (1962) reported that the resilient modulus of dense sand

might be 50% higher than that of loose sand.

2.3.4 Water Content

The effect of the water content on the resilient response
of soils was noticed a long time ago. A general relationship
between dry density, water content and resilient modulus for
subgrade soils is shown in Figure 2.1 (Monismith, 1989). The
effect of moisture on the resilient modulus is the focus of this

study.

2.3.5 Strain Amplitude

The strain level also has a significant effect on the
resilient modulus. As the strain amplitude increases, the
modulus of the soil decreases. Kimet al. (1991) identified the
relationship of the strain amplitude versus the modulus of the
compacted subgrade soils, as shown in Figure 2.2. Figure 2.2
shows that the resilient modulus decreases with increasing

strain amplitude.
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2.3.6 Test Procedure

T 292-91T and T 294-92 are two of the most extensively used
test procedures in recent years. Because of the differences in
confining pressure and test sequence, the two procedures
normally produce different results. Zaman et al. (1994) found
that the T 294-92 test procedure gave higher resilient modulus
values than those obtained by using the T 292-91T1 test procedure.
Ping and Hoang (1996) had similar results. This phenomenon was
attributed to the stress sequence, which had a stiffening and
strengthening effect on the specimen structure as the stress

level increased.

2.3.7 Size Effect

Specimen size has an influence on the resilient modulus of
soils. The diameters of the specimen could be as small as 2.0
in., however, the most common sizes are 4.0 and 6.0 in. in
diameter. The ratio of height to diameter is usually 2.0.

The testing of materials composed of large particles demands
larger specimens. T 292-92I specifies that a minimum 90% by
material weight used to prepare the compacted specimen in the
laboratory should have a maximum particle size finer than 1/6
the specimen diameter. The maximum particle size of the
remaining material shall be no larger than 1/4 of the specimen

diameter.

12



Zaman et al (1994) conducted a series of resilient modulus
tests on six of the most commonly encountered aggregates that
are used as the base/subbase of roadway in Oklahoma. The testing
materials consisted of three limestones, one sandstone, one
granit, and one rhyolite. The specimens were prepared at three
different levels of gradation. The maximum particle sizes varied
from 0.75 in. to 1.5 in..

Vibration and compaction methods were employed in preparing
specimens. The specimens were 4 in. and 6 in. in diameter. The
test results of the 4-in. and the 6-in. samples were analyzed.
In all cases, the resilient moduli for the 4-in. specimens were

20 to 50% higher than those for the 6-in. specimens.

2.4 EFFECT OF MOISTURE

2.4.1 Detrimental Effect of Water

Experts recognized the detrimental effect of water on a
pavement system. The detrimental effects of water, when
entrapped in the pavement structure, can be summarized as

follows:

1. It reduces the strength of unbounded granular material

and subgrade soils.

2. It causes pumping of concrete pavements with subsequent

faulting, cracking and general shoulder deterioration.
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With the high hydrodynamic pressure generated by moving
traffic, pumping of fines in the base course of flexible

pavements may also occur with a resulting loss of support.

3. In northern climates with a depth of frost penetration
greater than the pavement thickness, a high water table
causes frost heave and the reduction of load-carrying

capacity during the frost melting period.

4. Water causes differential heaving over swelling soils.

5. Continuous contact with water causes stripping of asphalt

mixture and durability or “D” cracking of concrete.

This study is focused on the first issue, the effect of water

on the strength of granular material and subgrade soil.

2.4.2 Effect of Moisture on Resilient Modulus

Since the introduction of resilient modulus, the effect of
moisture content is considered a main factor which may change
the value of resilient modulus.

Seed et al. (1962) noted a rapid increase in resilient
deformations for specimens of the AASHO Road Test subgrade soils
compacted with a water content above the optimum level (Seed
et al., 1962). For specimens compacted below optimum water
content, resilient deformations were characteristically low.

Hicks and Monismith (1971) analyzed the factors that may

affect the resilient modulus of granular material. They used

14



two aggregates for the investigation: one was the well-graded,
subangular, partially crushed gravel and the other was the
well-graded crushed rock. They found that the following factors
may have a significant influence on the stress-deformation
characteristics under short-duration repeated loads: (1) stress
level (confining pressure), (2) degree of saturation, (3) dry
density (or void ratio), (4) fines content (percent passing
No.200 sieve), and (5) load frequency and duration.

As for the effect of degree of saturation, the following is
what Hicks and Monismith found:

k; decreased from the dry to partially saturated test series
where the comparisons were made on the basis of total stresses.
For the dry test series, the cell pressure was approximately
equal to the total stress and in this case only, the effective
stress. For the partially saturated test series, the cell
pressure was equal to the total stress and not the same as the
effective stress. They did not attempt to measure the pore
pressure; hence, effective stresses could not be properly
defined in the tests for partially saturated materials. Figure
2.3 provides an indication of this effect for each aggregate
at two levels of grading: coarse and fine.

When the data were plotted in the conventional manner in
Figure 2.4, the modulus associated with the partially saturated

test series was the lowest. The reason for this could be the

15



manner in which the data were compared; data for the dry and
partially saturated specimens were compared on the basis of total
stresses, whereas data for the dry and saturated specimens were
compared using effective stresses.

It appears that, if all results were defined in terms of total
stresses, the value of k; would steadily decrease with increasing
degree of saturation (or water content), as shown in Figure 2.3.
Although there were inherent differences in the dry density (mean
value of 126.6 pcf for water content of 2.4% and 132.2 pcf for
water content of 6.3%) for their tests, the reduction in ki with
increasing water content was apparent (Hicks et al., 1971).

Thompson and Robnett (1976) summarized the effect of an AASHO
road test on subgrade soil in 1976. A typical effect of moisture
on resilient modulus is shown in Figure 2.5. The resilient
modulus decreases as moisture increases (Thompson et al., 1976).

In “Research and Development of the Asphalt Institute’s
Thickness Design Manual (MS-1) Ninth Edition,” published in 1982,
the Asphalt Institute suggested that “in order to retain a given
value for the resilient modulus (M,) the dry density must increase
as the molding water content increases.” See Figure 2.1 for the
general relationship between dry density, water content and
resilient modulus for subgrade soils.

Pumphery and Lentz (1986) used repeated laboratory repeated

load triaxial tests to estimate the effects of highway traffic

16



on the permanent and resilient deformation of the subgrade sand
commonly used as a foundation for flexible highway pavement
structure in Florida in 1986. Combinations of confining stress
and cyclic principal stress difference (test variables) and of
dry unit weight and moisture content (sample variables) were
used for each sample and loaded to 10,000 cycles. Confining
stress, cyclic principal stress difference and dry unit weight
were correlated with permanent strain and resilient modulus and
thus affected deformation properties of these soils. However,
moisture content correlated with neither permanent strain nor
resilient modulus.

In this test, Pumphery and Lentz used a type of uniform, fine
sand from a borrowed pit as a sample in Leon County, Tallahassee,
Florida. It was <classified A-3 according to AASHTO
classification. Standard (AASHTO T-99) and Modified (AASHTO
T-180) compaction tests were conducted to determine maximum dry
unit weight and optimum moisture content.

Several of the test and sample variables, such as confining
stress, cyclic principal stress difference, dry unit weight and
moisture content were selected for study. Various combinations
of these factors were tested in cyclic triaxial tests. A cyclic
principal stress difference was set at different percentages

of the peak static soil strength determined from samples tested

17



at similar dry unit weight, moisture content and confining stress
combinations.

An inverted haversine wave form of a 0.1-second duration was
used for all repeated load tests. This period is roughly
equivalent to the time in which a vehicle traveling 30 mph affects
a point in the top of the subgrade of a flexible pavement
structure. The 0.l-second was followed by a 0.9-second rest
period to allow proper damping of the load before the following
load was applied. Therefore, a frequency of one load per second
resulted. All cyclic tests were continued to 10,250 cycles.

Tests were conducted at two different moisture content levels
of the sand: 3% below optimum, and at optimum. Preliminary plans
included testing samples at 3% above optimum. However, samples
could not be compacted to the required density using the tamping
method, so this moisture condition was eliminated from the
program.

The effect of moisture content on resilient modulus has been
aparticularly elusive characteristic for researchers to examine.
Through analysis, nodefinite trend has emerged for all materials
in this area. Figure 2.6 contains comparisons of highway subgrade
sand samples tested cyclically at different levels of moisture
content in the sand. Because of the scatter in the points, no
satisfactory relationships were found between moisture content

and resilient modulus.
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Thadkamalla and George (1995) studied the effect of
saturation on the resilient modulus. Three modes of saturating
(wetting) were investigated: (1) capillary saturating, (2)
vacuum saturating and (3) molding at wet of optimum moisture
content. Results showed that the degree of saturation above
optimum moisture content had a nominal effect (20%) on the
resilient modulus of coarse-grain soils, whereas it had a severe
effect (50 to 75% decrease) on the resilient modulus of
fine-grain soils. Another finding was that both degree of
saturation and saturating mode affected the resilient modulus
of fine-grain soil. Vacuum saturation caused drastic decreases
in resilient modulus.

In this study, Thadkamalla and George used two coarse-grain
and two fine-grain soils. The two coarse-grain soils were the
A-2-4, 26% finer than a No. 200 sieve, and A-2, 23% finer than
a No. 200 sieve. The two fine-grain soils were the A-7-5, 97%
finer than a No. 200 sieve, and A-4, 51% finer than a No. 200
sieve.

The percentage reduction of resilient modulus with degree
of saturation for typical coarse-grain and fine-grain soils is
shown in Figure 2.7. As expected, resilient modulus decreased

with saturation, resulting in the following observations:
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1. The resilient modulus of coarse-grain soil was not
significantly affected by the amount and manner of

saturation; the reduction was approximately 20%.

2. The resilient modulus of fine-grain soils was drastically
reduced by saturation, the reduction being 50 to 75%
depending on the degree of saturation and the saturating

method used.

In the case of fine-grain soils, the saturating method used
had a varying effect on the resilient modulus of the specimens
tested. The resilient modulus value of the vacuum-saturated
specimen decreased exponentially with increasing degrees of
saturation, where it decreased linearly with the capillary
saturating and also with specimens molded at wet of optimum
moisture content.

In the case of fine-grain soils, the decrease in resilient
modulus for both capillary saturated specimens and those molded
at wet of optimum moisture content was nearly identical
(Thadkamalla et al, 1995).

Barksdale, Alba, Khosla, Kim, Lambe and Rahman (1996)
prepared a report about the laboratory determination of
resilient modulus for flexible pavement design. This report
discussed the moisture sensitivity of resilient modulus. They

found that achieving a saturated sample required the use of good
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equipment maintained by a meticulous laboratory technician. A
much more practical approach was to simply initially prepare
the specimen at the desired moisture content. Specimens could
not be successfully prepared at moisture contents greater than
3 to 4% above optimum and achieve satisfactory dry densities.
A moisture content of 3 to 4% above optimum, however, was
sufficient to show moisture sensitivity.

Figures 2.8, 2.9, and 2.10 show the important reduction in
resilient modulus that occurred as specimens soaked under a back
pressure of 10 psi applied at the base and the corresponding
increase in modulus after the water was partially drained from
the specimen. The more cohesgive clayey sand (Figure 2.8) subgrade
soil was clearly much more moisture-susceptible than the silty
sand (Figures 2.9 and 2.10) with the average retained resilient
modulus upon soaking being about 40% and 75%, respectively, of
the impact compacted specimens at optimum moisture content.
Soaking the silty sand for up to 10 days only increased the degree
of saturation from 84% to 92% for the kneading compacted specimen.
Achievement of a higher degree of saturation would have resulted
in a larger reduction in resilient modulus (Barksdale et al.,
1997) .

Fredlund et al. (1997) also examined the effect of variations
in deviator stress on the resilient modulus for specimens

prepared at both dry and wet of optimum water contents. For wet

21



of optimum specimens, the resilient modulus was shown to vary
more with variations in deviator stress than those tested dry
of optimum. Typical behavior showed a significant decrease in
the resilient modulus with increasing deviator stress for wet
of optimum test specimens. For those tested dry of optimum, the
resilient modulus also decreased with increasing deviator stress,
but to a much lesser extent than those tested wet of optimum.

In Florida, the State Department of Transportation (FDOT)
has been using the repetitive rigid plate test to evaluate the
characteristics of Florida pavement for more than 20 years.
Ping, Yang and Ho (1998) made a summary of these tests. Figures
2.11, 2.12 and 2.13 illustrate the moisture effect on resilient
modulus. The five typical subgrade soils were all granular
materials (sands). A test-pit facility was used to simulate the
subgrade and base components of a flexible pavement system. By
rising and lowering the water table, the moisture of the pavement
was changed; these were called the soaked and drained tests.
The soaked and drained test conditions were under somewhat lower
and higher moisture levels than the optimum test conditions,
respectively. As for the moisture effect on resilient modulus,
a summary follows:

The resilient modulus and permanent deformation under
various moisture conditions were compared in order to examine

the effect of moisture. The resilient modulus and permanent
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deformation versus the moisture content are shown in Figures
2.11 and 2.13, respectively. As can be seen from the figures,
the moisture has a significant effect on the resilient modulus
and permanent deformation. As shown in Figure 2.11, an increase
in moisture has a strong detrimental effect on the resilient
modulus for all of the five subgrade soils. For Crawfordville
sand, Ocala sand and Brooksville sand, the modulus values were
not changed much with a change in moisture. For Alachua sand
and Panama City sand, however, the moisture had a significant
effect on the resilient modulus. The resilient modulus values
were increased almost five times with the change in moisture
from the soaked condition to the drained condition.

In addition, the figures also show that under the drained
condition major differences existed in the moduli among five
subgrades, whereas under the soaked condition relatively small
differences were observed. Some subgrades (such as Alachua sand)
are very sensitive to the changes in moisture content.

The reduction in resilient modulus due to an increase in the
degree of saturation is most significant for Alachua sand. One
factor contributing to this effect may be the higher degree of
saturation (75%) at the optimum condition for Alachua sand. The
Crawfordville and Brooksville sands have lower degrees of
saturation (59%) at the optimum condition, and the detrimental

effect on the resilient modulus due to the higher degree of
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saturation is found to be much less than that which occurs for
the Alachua sand. Therefore, a degree of saturation of about
80 to 90% for a granular material (depending on its optimum degree
of saturation) may be sufficient when taking the most critical
moisture condition into consideration for determining the
resilient modulus in laboratory. Based on the experience with
this study, preparation of a laboratory specimen may not be
possible without backpressure saturation or vacuum saturation
when the degree of saturation is beyond 80 to 85% for a granular
material (Ping et al., 1998).

Drumm, Reeves, Madgett and Trolinger (1997) summarized their
tests of the effect of saturation on resilient modulus. A series
of resilient modulus tests were designed to investigate the
variation in resilient modulus due to post-compaction increases
in water content. Triplicate specimens were prepared for eleven
soils throughout Tennessee, with each specimen having target
values of optimum water content and maximum dry density. One
specimen was tested at optimum and the other two were tested
at increasing levels of saturation. All soils exhibited a
decrease in resilient modulus with an increase in saturation,
but the magnitude of the decrease in resilient modulus was found
to depend on the soil type. The soils with the highest resilient
modulus for optimum conditions were found to experience the

greatest decrease with saturation.
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They realized that varying the moisture content at the time
of saturation may not represent the actual variation in
properties under field conditions. The moisture content at
compaction affects the strength and stiffness properties of the
soil due to the influence of particle orientations during
compaction. These soil structure effects are known as important
factors governing resilient response. Therefore, to accurately
predict how subgrade soil will react with seasonal moisture
changes, the specimens should first be compacted to near field
conditions (such as optimum moisture content and maximum dry
density), and then the water content should be increased before
resilient modulus testing. Samples were selected from 11 active
construction projects 1in Tennessee. These soils were
representative of materials commonly found in pavement subgrades.
Since the majority of the subgrade soils in Tennessee are
fine-grained, the research was restricted to those with more
than 50% passing the No. 200 sieve.

Drumm et al. did the cyclic triaxial testing in general
accordance with the Strategic Highway Research Program (SHRP)
Protocol P-46 (1989) . The conditioning was 200 load repetitions.
For each combination of cell pressure and deviator stress, they
applied 100 load repetitions. The load duration was 0.1 seconds
and the cycle duration was 1.0 seconds. Table 2.1 is a summary

of specimen conditioning and loading scheme (Strategic Highway
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Research Program 1989) . The typical effects of post compaction
saturation on resilient modulus are shown in Figures 2.14, 2.15,
2.16 and 2.17.

Figure 2.14 shows a typical reduction in resilient modulus
with an increase in the degree of saturation. The upper curve
represents triaxial results for a specimen compacted near the
optimum moisture content of 29.4% and a degree of saturation
of 91.9%. The middle curve represents a specimen saturated to
a moisture content of 30.1% and 93.4% saturation. The lower curve
represents a specimen saturated to a moisture content of 30.7%
and 95.4% saturation. Since the effect of confining stress on
the resilient modulus of these fine-grained soils was small,
smooth curves have been fitted to the data points; the resulting
curve is the average of the results at confining pressures of
41 kPa (6 psi), 28 kPa (4 psi), and 14 kPa (2 psi). Figure 2.14
shows that as the moisture content and degree of saturation
increased, there was a corresponding decrease in resilient
modulus values. This was observed for all 11 soils tested.

To illustrate the magnitude of these changes by showing
values from the triaxial curves at similar deviator stresses
and confining pressures, Figure 2.15 shows a plot of M, versus
moisture content at these stress conditions for the Knox County
Station 4000 specimens. Figure 2.16 shows a plot of M, versus

degree of saturation. Figure 2.17 summarizes the variation in
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resilient modulus with degrees of saturation for eleven subgrade
soils. In general, the resilient modulus decreased with the
increase of degree of Saturation. The A-7-6 and A-7-5 soils have
the highest resilient modulus at optimum water content and
maximum dry density and they are most susceptible to changes
in M, due to changes in water content or degree of saturation.
The lower resilient modulus A-4 and A-6 soils were less
susceptible to decreases in M, with increases in water content
(Drumm et al., 1997).

Andrew, Drumm and Jackson (1998) measured the seasonal
variation in subgrade resilient modulus by Falling Weight
Deflectometor. They found the resilient modulus of fine-grained
soil was dependent on moisture content. They suggested an
effective roadbed soil resilient modulus, which incorporated
moisture variations and the corresponding resilient modulus.
This effective modulus is equivalent to the combined effect of
all the seasonal modulus values.

From the above research, the following key points can be

summarized:

1. The effect of moisture on resilient modulus varies with
soil type. Usually, it has a significant effect on
fine-grained soil but not as much of an effect on coarse-

grain or granular soil and/or sand. Moisture may have no
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significant effect on some sand, such as A-3 in Leon

County, Florida.

2. Moisture has an effect on resilient modulus and, in turn,
the resilient modulus depends on deviator stress and

confining pressure.

3. Moisture imbibition methods have an influence on the
resilient modulus. The vacuum saturating severely affects
air-water interface in the soil. It cannot simulate
moisture imbibition akin to field conditions. Capillary
saturation and molding at wet may be more suitable (Andrew

et al., 1998).

2.4.3 Explanation of Moisture Effect on Resilient Modulus

Edil and Motan (1979) studied the relationship between the
resilient behavior of subgrade soil and soil-water potential
(or soil suction), which gave some explanation of the moisture
effect on resilient modulus.

Soil suction causes an increase in effective stress in a
subgrade or base as the material dries out. The increase in
effective stress can cause a significant increase in resilient
modulus. Soil suction decreases as the degree of saturation

increases and is not present when the soil is saturated.
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The researchers found that the energy of a soil-water system
could be expressed as a function of its characteristic water
retention curve, or the relationship between the free energy
of water in the soil and that of pure water in a free surface
condition.

Total soil-water potential or soil suction is defined as the
work required to remove the infinitesimal quantity of water from
the soil and provides a measure of the combined effects of the
forces holding the water in the soil. With the exception of
cementation bonds, it implicitly includes the effects of the
fundamental interaction forces that influence the deformation
characteristics of the soil. The total soil-water potential of
a soil varieswith its water content, mineralogy, solutes present
in the pore water and soil fabric, among other parameters.

The soil suction concept provides a fundamental soil
parameter that reflects mechanical behavior. The few existing
investigations that relate the mechanical response under
repetitive loading conditions to soil suction indicate that soil
suction is an important moisture wvariable for describing
resilient behavior and relating it to the soil environment.

Edil et al. studied the relationship between the resilient
modulus, residual strain, post-repetitive loading strength and
moisture regime of two fine-grained soils and drew the following

conclusions:
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Characteristic water retention curves were useful for
reflecting the susceptibility of compacted soils to

moisture changes.

The resilient modulus and strength strongly depended on
compaction moisture content on the dry side of optimum

with insignificant dependency on the wet side (with the
range of 2% of optimum), whereas the residual strain

exhibited the opposite behavior.

The moisture regime subsequent to compaction was
expressed most suitably in terms of soil suction. It was
an intrinsic parameter of the moisture equilibrium and
reflected the effects of soil type and fabric, climate
and position of groundwater table on the mechanical
response better than moisture content or degree of

saturation alone.

Resilient modulus and post-repetitive loading strength
were primarily related to soil suction. For silt loam
soils investigated, variations in these properties were
small for suction values less than 100 kPa. This suction
corresponded roughly to 2% dry-of-optimum moisture
content. For suction greater than this, however,
significant increases in mechanical properties (on the

order of three- to six- fold) were reached.
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The opposite behavior was seen in the residual strain.

Resilient modulus increased monotonically for soil
suctions from 100 kPa to a critical suction beyond which
it decreased. This critical suction appeared to be about
800 kPa (116 psi) (corresponding moisture content was 2%

dry of optimum) for the soil tested.

The number of loading cycles resulted in significant
increases in resilient modulus and residual strain and

some increase in compressive strength (Edil et al, 1979).
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Table 2.1 Summary of Specimen Conditioning and Loading Scheme

(Strategic Highway Research Program 1989)

Cyclic loading Cell Pressure Deviator Stress (3) Number. 9f
(1) O, [katz)(psi)] o, [kpa (psi)] (3) load re(ic)etltlons

Conditioning 41 (6) 28 (4) 200
Testing 41 (6) 7(1) 100
41 (6) 14 (2) 100

41 (6) 28 (4) 100

41 (6) 41 (6) 100

41 (6) 55 (8) 100

41 (6) 69 (10) 100

28 (4) 7(1) 100

28 (4) 14 (2) 100

28 (4) 28 (4) 100

28 (4) 41 (6) 100

28 (4) 55 (8) 100

28 (4) 69 (10) 100

14 (2) 7(1) 100

14 (2) 14 (2) 100

14 (2) 28 (4) 100

14 (2) 41 (2) 100

14 (2) 55 (8) 100

14 (2) 69 (10) 100

Note: Load duration=0.1 s; cycle duration =1 s.
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Figure 2.13 Permanent Deformation versus Moisture Content
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CHAPTER 3
EXPERIMENTAL PROGRAMS

3.1 GENERAL

An experimental program was conducted to evaluate the effect
of high groundwater level on pavement subgrade performance. The
subgrade soils were selected or mixed in conjunction with Florida
DOT personnel and were believed to be representative of typical
Florida subgrade soils. The experimental program included a
laboratory resilient modulus test program, a suction test
program, a permeability test program, a full-scale test-pit test
program, and a field monitoring program. The purpose of the
experimental program was to test and evaluate the subgrade soils
under different moisture conditions for determination of high
groundwater effect. Three phases of the experimental program
were conducted from 1999 to 2007. 1In this chapter, Phases I and
IT of the experimental program are described in Sections 3.3

through 3.7, and Phase III is presented in Section 3.8.
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3.2 SUBGRADE MATERIALS

The soils under evaluation in this study were the typical
A-3 and A-2-4 subgrade materials used in Florida. To represent
the typical Florida pavement soils, a total of eleven types of
soil collected from various regions of Florida were evaluated
under three stages of testing (Phase I, Phase II, and Phase III).
The percent of fines passing the No.200 sieve of these materials
ranged from 4% to 31%. The Phase I materials included Levy County
A-3 (4% passing No.200), SR70 A-3 (8% passing No.200) and SR70
A-2-4 (14% passing No.200). The Phase ITI materials included:
A-2-4 (12% passing No.200), A-2-4 (20% passing No.200), A-2-4
(24% passing No.200), A-2-4 (30% passing No.200) and Oolite.
The Phase III materials included: Spring Cemetery A-2-4 (15%
passing No.200), Branch A-2-4 (23% passing No.200) and Iron
Bridge A-2-6 (31% passing No.200). Pertinent characteristics

of the eleven subgrade soils are summarized in Table 3.1.

3.3 LABORATORY RESILIENT MODULUS TEST PROGRAM

3.3.1 Soil Moisture Condition

When a road is constructed, the subgrade is compacted at
optimum moisture content. After construction, the moisture
content will change due to rainfall, groundwater, capillary rise
and so on. An increase in moisture will have a detrimental effect

on the resilient modulus of subgrade material.
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In the laboratory, back-pressuring de-air water flushing is
generally used by researchers to saturate soil samples for
testing. In some cases, a high back pressure, which could be
more than 100 psi, is used. However, in actual field conditions,
the surrounding confining pressure of a typical subgrade
pavement layer is around 2 psi.

In order to simulate the actual field conditions, a
laboratory test procedure using soil specimens with four- to
six-day soaking was used to evaluate the soil resilient modulus
due to an increase in moisture. In addition, the Limerock Bearing
Ratio (LBR) (Florida test method designation: FM 5-515) required
the specimen to be soaked for two days before testing.
Furthermore, the design high groundwater criteria required that
the standing water duration should exceed 24 hours for
traditional frequencies. Accordingly, a laboratory
experimental program was undertaken to evaluate the effect of

moisture on the resilient properties of subgrade materials.

3.3.2 Specimen Preparation

The primary objective of this laboratory test program was
to evaluate the effect of moisture on the resilient modulus of
granular subgrade soils. All soil materials were compacted in
the laboratory to their optimum moisture and density conditions

and then dried or soaked for the resilient modulus test. The
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equipment and procedure for specimen preparation are described

as follows.

3.3.2.1 Equipment Preparation

Split mold - A 10.2 cm in diameter by 20.3 cm in height (4-in.
by 8-in.) split mold was chosen to prepare the laboratory test
specimen. The mold assembly has a steel cylindrical split mold,
a base, and a collar at the top. Threaded rods are used to hold
the collar, mold and base together.

Compaction machine - A mechanical soil compactor

manufactured by Rainhart Company was used to compact the soil
specimens. Different compaction energy levels can be achieved.
The machine is designed to perform test methods AASHTO
Designation T 99 and T 180.

Sample extruder - A sample extruder was also provided by

Rainhart Company. This hydraulic extruder with a long travel
length worked well with the split mold.

Miscellaneous apparatus - Apparatus used for specimen

preparation also included rubber membranes for encasing the
specimen, balances, ovens, a microwave oven, straight edges,
a No. 4 sieve, filter papers, porous stones, mixing tools, and

miscellaneous tools.

53



3.3.2.2 Specimen Compaction

The making of specimens followed the AASHTO Designation T180,
Modified Proctor Compaction. The air-dried material (except the
Oolite from Miami) was sieved through a No. 4 sieve (4.76 mm)
and mixed with enough water to provide the optimum water content
previously determined in accordance with AASHTO T-180. The
Oolite from Miami was crushed and then was sieved through a sieve
of 3/8-in. opening. The mix was then compacted togive a resilient
modulus specimen size of 4-in. in diameter and 8-in. in height,
according to its optimum moisture and density conditions
obtained from the Modified Proctor procedure. Because the
specimen for the Modified Proctor is 4 in. in diameter and 4.586
in. in height, which is different in size from the resilient
modulus specimen, a conversion was made to achieve the same
compaction effort for the resilient modulus specimen. An
equivalent compaction effect, with 8 layers at 27 blows for each
layer, was applied to prepare for the resilient modulus specimen.
The weight of the compactor and the height of the falling weight
were kept the same as the Modified Proctor. These specimens,
at optimum compacted conditions, represent the actual subgrade
layer in the field immediately after construction.

During the compaction, the following value was used for

calculation of dry density:
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W, -W,,
ydmax = (3_1)
V., - (1+w/100)

where,

Vamx = Maximum dry density

W, = Weight of mold

m

W, = Total weight of specimen and mold
W = Moisture content, in percent

V_ = Volume of mold

m

3.3.3 Soaking and Drying

After compaction, specimens were subjected to soaking and
drying to reach the desired moisture content for testing.
3.3.3.1 Soaking Procedure

The specimens were soaked in water with the mold. The soaking
process is illustrated in Figure 3.1. In order to prevent soil
particles from falling or leaking into the water, the following

measures were implemented (see Figure 3.2):

1. Two circular filter papers, which are larger in diameter
than the mold, were placed on the top and bottom of the
specimen, respectively. The outer edge of the filter paper
was folded up around the end of the mold. A rubber band
was placed outside the outer edge of the filter paper around

the end of the mold, which tightly secured the filter paper
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and the mold. Some sealant was also placed at the joint

of the split mold to prevent leakage.

2. Two circular porous stones were placed on both ends of the
mold. During the entire soaking time, a surcharge, which
is made of a heavy steel ring with approximately the same
outside diameter of the mold, was placed on the top of the
mold. It exerted a force on the porous stones to prevent
possible separation of the porous stone and the mold
assembly. The whole mold assembly (Figure 3.1) was placed
into a bucket of water for soaking. A porous cylinder stone
was placed on the bottom of the mold assembly for a better

flow of water to the specimen.

A test trial was carried out to find the suitable soaking
time. The specimen with the mold was taken out of the water bucket
and weighed every day. It was found that the weight of A-3
specimen stopped increasing after two days of soaking. For the
A-2-4 gspecimen, the weight stopped increasing after four days.
Therefore, the soaking time was set to be longer than four days.

The moisture content after soaking may be calculated using
the following procedure:

1. The weight of soaked specimen may be calculated using the

following equation:
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where,

W, = Weight of soaked sample

W, = Weight of the soaked sample with mold

W, = Weight of the mold

2. The unit weight of the soaked sample, ¥, , may be calculated

as the following:

Vs =

3< |wE

Where,

V., = Volume of mold

3. The moisture content after soaking, W, is obtained:

w,=ts"7a (3-4)
Vd
Where,
Y4 = Dry unit weight of sample
4. The degree of saturation, S, can be calculated as:
5= Ce 7 (3-5)

Gy Vw = 74

Where,

G, = Specific gravity of soil solids

W = Moilisture content

Y, = Unit weight of water
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74 = Dry unit weight of sample

3.3.3.2 Drying Procedure

The specimens were exposed to the air inside the laboratory
room for drying (see Figure 3.3). The equations for calculating
the moisture content are similar as the above for soaked sample
except the variables of the soaked specimen would be replaced
by the corresponding ones of the dried specimen. Therefore, it

is not repeated hereafter.

3.3.4 Resilient Modulus Test Procedure

The resilient modulus test method adopted for Phase I and
Phase II of this project was AASHTO T 292-91I, “Resilient Modulus
of Subgrade Soils and Untreated Base/Sub-base Materials.” This
method was considered an improvement to the AASHTO T 274-82
Method. The T292-91 method covered procedures for preparing and
testing untreated subgrade and untreated base/sub-base
materials for determination of resilient modulus under
conditions representing a simulation of the physical conditions
and stress states of materials beneath flexible pavements
subjected to moving wheel loads. For the Phase III of this project,
the resilient modulus test procedures basically followed the
test method from AASHTO T307-99. A deviation from the test
procedure was made by using the internally-mounted LVDTs for
the vertical full-length measurements instead of external LVDTs

illustrated in AASHTO Designation T307-99. All subgrade
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materials were compacted in the laboratory to 100% of optimum
moisture and maximum density using AASHTO Designation T-99
(Standard Proctor Compaction) according to the FDOT requirements.
A4-in. by 8-in. split mold was used to prepare the test specimen.
The blow number was modified to achieve the energy condition
specified in the AASHTO T-99. Two specimens were compacted at
the same time to keep them in a duplicate condition. The AASHTO
T307-99 Designation specifies that the wet density of the
laboratory-compacted specimen shall not vary by more than +/-3.0
percent of the target wet density and the moisture content of
the laboratory-compacted specimen shall not vary more than +/-1
percent for Type 1 materials or +/-0.5 percent for Type 2
materials from the target moisture content. The resilient
modulus testing equipment and procedures are described as

follows.

3.3.4.1 Test Equipment

An MTS model 810 closed-loop servo-hydraulic testing system
and a resilient modulus triaxial testing system were used in
this study. The major components of these systems were: loading
system, digital controller, workstation computer, triaxial cell,
and linear variable differential transducer (LVDT) deformation
measurements system. The resilient modulus testing equipment

is schematically shown in Figure 3.4. The following sections
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describe some of the most noteworthy equipment with respect to
loading system, triaxial cell, deformation measurement devices,

and data acquisition and control systems.

Loading System

An MTS series 318 load unit consisting of a load frame, and
a hydraulic actuator was provided by MTS System Corporation.
An MTS TestStar System was used to control the loading system
from a workstation computer (Figure 3.12). A repeated dynamic
load was programmed by a function generator in the TestStar
software from the computer. In this study, a haversine waveform
of load shape was used. The loading pulse duration and the rest

period were set at 0.1 and 0.9 seconds, respectively.

Triaxial Cell

The triaxial cell (Figure 3.5) and transducers were provided
by Research Engineering Inc. The external chamber is made of
cast acrylic and can resist the maximum confining pressure of
689 kPa (100 psi). The confining fluid is limited by the air
only. The cell is fitted with a safety release valve that is
set to release at approximately 758 kPa (110 psi).

The cell came equipped with two pore pressure lines to the
cap and two to the base. These four lines are connected to the
pore pressure transducer stand through a 3.2 mm (1/8") tube from

the valves on the cell to the fittings. The pore pressure to
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the cap or the base or both at same time can be monitored during
the test from the transducer panel meter. This pressure is the
inside pore pressure of the test sample. There are two valves
attached to the transducer stand to release the air in the testing
sample.

The cell or chamber pressure is provided by an air compressor
and is adjusted by a pressure regulator. There is also another
pore pressure line connected from the valve on the bottom of
the cell to the fitting on the pore pressure transducer stand.
The cell pressure can be monitored by both a conventional gauge

and a pressure transducer.

Deformation Measurement Devices

In this study, for the T 292-9171 procedure, four LVDTs were
mounted inside the triaxial cell. Two of them were positioned
in the middle half length of the specimen (10.2-cm) by using
diametrically-opposed clamps around the specimen's axis (Figure
3.5). The other two diametrically-opposed LVDTs were attached
to the top platen of the test specimen and rested on the top
of the cell. All four LVDTs were adjustable and arranged around
the specimen evenly. Calibrations were made periodically during
the laboratory testing program. This setup was used to compare
the resilient modulus measurements obtained from the LVDTs at

different locations. A ten-channel signal conditioner was used
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to condition, amplify, filter, and transmit the signal from the

LVDTs to the TestStar data recording system.

Data Acquisition and Control System

The TestStar control system is designed in such way that
signal functioning, data acquisition, function generation,
closed-loop servo-control, and hydraulic-pressure control are
all provided within a single unit; thus, the user interacts with
the control console entirely through the keyboard of a personal
computer. A personal computer was used to control closed-loop
servo feedback systems. The computer can be programmed to scan
analog input channels, digitize the signal data, and compare
the most recent data to the most current value of intended signal
in a fracture of a millisecond.

There are three data modes to define how data is collected:
1) peak/valley levels of each cycle; 2) data at a specified time
interval; and 3) data at each time an input channel signal changes
a specified amount. Each of these modes can be used to acquire
certain data. The mode of the peak and valley levels of each
cycle was used in this study. The output of the data acquisition
system included a graphic display of sampled dynamic load and
displacement waveforms and a data file. The data file format

was selected for use with spreadsheet programs (Excel). The
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collected data were further processed by analyzing, plotting,

or implementing a word processing program.

3.3.4.2 Resilient Modulus Test Procedures

The resilient modulus test procedures were basically
followed from AASHTO T 292-91T and AASHTO T307-99 (Table 3.2).
A deviation from the test procedure was made by using the two
additional internally-mounted LVDTs for the full Ilength
measurements. The AASHTO T292-91T test procedures are described

in the following sections.

Test Setups (T 292-911I)

Prior to testing, the compacted soil specimen was removed
from the mold using an extruder. Using a vacuum membrane expander,
the membrane was pulled over the specimen and perforated stones.
The membrane-enclosed soil specimen with the perforated stones
on the top and the bottom was placed onto the bottom platen in
the triaxial chamber. The top platen was fitted in place, and
the specimen membrane ends were folded over the platens and
secured with an O-ring. Two LVDT clamps were affixed to the upper
and lower quarter points of the specimen (for 10.2-cm
measurements). It was ensured that the LVDT clamps lay in
horizontal planes. Then, two LVDTs were installed to the clamps.

The other two LVDTs were mounted on the top platen to measure
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the resilient deformation of the entire 20.3-cm- (8-in.-) long
specimen. These four LVDTs were adjusted to the appropriate
positions to permit enough travel distance during the testing.
The assembly of the triaxial cell was completed by closing the
triaxial chamber (Figure 3.5). The drainage valve to the specimen

was left open.

Specimen Conditioning

Specimen conditioning was applied to simulate the stress
history that exists in field conditions. The procedures for
specimen conditioning are described as follows:

a. Load the MTS load frame to the triaxial load cell, and be
sure that the load frame is firmly contacted with the triaxial
load cell.

b. Turn on the air compressor machine to produce a confining
chamber pressure of 103.4 kPa (15 psi) for granular subgrade
and embankment soils (T292-911).

c. Zero the load reading from the control panel. Open a programmed
template from Testware program according to the test material.
The programmed templates enable the loading device to produce
a haversine wave with the fixed load duration of 0.1 seconds
with a 0.9-second period of relaxation.

d. Begin the conditioning by applying 1,000 repetitions of a
corresponding deviator stress. Monitor the permanent axial

deformation occurring during conditioning.
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e. After completion of the specimen conditioning phase, monitor
the permanent axial deformation occurring to the specimen
throughout the remainder of the test. If the permanent axial

strain exceeds 5%, the test should be terminated.

Confining Pressure and Loading Sequences

AASHTO T292-91I specifies that after the specimen
conditioning phase is completed, the testing phase should begin
immediately. However, the resilient modulus values are very much
affected by the deviator stresses in some cases, especially when
a lower deviator stress follows a much higher one. Therefore,
for this study, a 15- to 20-minute rest period was taken prior
to the testing phase as suggested by Ping and Ge (1996).

Since the 1laboratory resilient modulus simulates the
conditions in the pavement subgrade, the stress-state should
be selected to cover the expected in-service range. Resilient
properties of granular specimens should be tested over the range
of confining pressures expected within the subgrade layer. A
template was created in the TestStar software program to monitor
the test sequence. In the test sequence (Table 3.3), the
confining pressures decrease while the deviator stresses

increase during each confining pressure stage.

65



Cyclic Loading Procedures

After 15 to 20 minutes of rest period after the specimen
conditioning phase, the test phase was completed using the
following procedures:

1. Open a template and apply 50 repetitions (T292-91I) of
smallest deviator stress at the highest confining
pressure (T292-911). The average recoverable deformation
of each repetition is recorded automatically.

2. Apply the same repetitions of each of the remaining
deviator stresses to be used at the present confining
pressure.

3. Decrease (T292-91I) the confining pressure to the next
desired level and adjust the deviator stress to the
smallest value to be applied at this confining pressure.
Prior to applying 50 repetitions (T292-91I) to the
specimen, a 15- to 20-minute rest period was used.

4. Increase the deviator stress to the next desired level
and continue the process of Steps 2 and 3 until testing
has been completed for all desired stress states.

5. Disassemble the triaxial chamber and remove all apparatus

from the specimen.

3.3.5 Determination of Resilient Modulus

During the resilient modulus test, after finishing the

specimen conditioning stage, a series of tests with different
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deviator stresses at different confining pressures were
performed and the data were recorded for every cycle of each
test. However, only the last five cycles of each test were used

for analyses following the AASHTO T292-911 procedure.

The resilient modulus (M,) was calculated from the load and
deformation using the following equation:

_0y4
€r

M

r

(3-6)

Where o4 is the deviator stress and ¢z is the resilient or

recoverable strain.

3.3.6 Regression Analysis

The test results are reported in a tabular form and in plots
of logarithmic graphs that show the variation of the My versus
the bulk stress (6). In some cases, the plots required are
logarithmic graphs showing the variation of the M, versus the
confining pressure. The regression models are presented as
follows:

1. Modulus dependent on bulk stress:
M= k6 (3-7)
2. Modulus dependent on confining pressure:
M= Kkso%* (3-8)
Where,
6 = Bulk stress, sum of the principal stresses, (o1 + O3
+ 03)

0, = Confining pressure or minor principal stress
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ki,k;,ks,ks = Regression constants

3.3.7 Testing Program

The Phase I and Phase II laboratory resilient modulus testing
program is summarized in Table 3.4 . Eight types of pavement soils
obtained from across the state of Florida were tested in the
laboratory. Two replicate resilient modulus tests were conducted
for each moisture condition of the soils. The soil specimens

were tested at the optimum, dried, and soaked conditions.

3.4 SucTIioN TEST PROGRAM

The soil suction test was followed from the AASHTO
Designation T273-86 to determine the soil suction wvalue at

different moisture contents for all eight soil types.

3.4.1 Methodology
The suction test (T273-86) method utilizes thermocouple

psychrometers of the Spanner type for determining the total soil
suction force.

The thermocouple psychrometer measures relative humidity in
soil through a technique called Peltier cooling. If a current
is caused to flow through a single thermocouple junction in the
proper direction, that particular junction will cool, causing

water to condense on it when the dew point is reached. The voltage
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developed between the thermocouple and reference junction is
proportional to the temperature difference and is measured by
a microvoltmeter. Because relative humidity is a function of
the dew point and ambient temperature, the voltage output can
be related to relative humidity or soil suction by a calibration
curve.

Laboratory measurements to evaluate total soil suction by
thermocouple psychrometer may be made with the apparatus shown

in Figure 3.6.

3.4.2 Test Devices

Thermocouple Psychrometer

A total of nine thermocouple psychrometers (PST-55-15-SF)
of Spanner type with a known cooling coefficient (Ilv) produced
by Wescor Inc. were used in this test of water potential
measurement. This psychrometer consisted of a sensing
thermocouple junction, a chromel-constantan thermocouple, and
two reference junctions of copper-constantan and copper-chromel.
A PST-55-15-SF Psychrometer was specified as a psychrometer that
was covered with a Dutch weave stainless thermocouple shield.
SF is the connector with which the connection process can be
completed by plugging this connector into the SUREFAST

receptacle on the front panel of a microvoltmeter.
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To be accurate in water potential measurement, the
psychrometer must be kept from contamination to achieve the right
output of the evaporation rate. A contaminated junction will
result in a reduction of accurate data readings.

Sample Chamber

This part of the equipment was comprised of a sample container,
which was a one-pint metal can with wax coated interior to prevent
corrosion and sealed by a rubber stopper, and a polystyrene
thermal container, which was an insulated box with 1.5 inch
thickness of foamed polystyrene and wide enough to accommodate
nine sample containers. In the suction test, the thermocouple
psychrometer was inserted into a well-sealed sample container
within which the soil specimen or calibration solution was placed.
Then the whole sample chamber (an insulated box containing nine
sample containers) was put into an environmental chamber to
achieve the desired equilibrium for output recording.

Microvoltmeter

A microvoltmeter is also defined as a monitoring system. The
type used here is WESCOR HR-33T dew point microvoltmeter. It
is a self-contained electronic system specifically designed for
the measurement of water potential force with thermocouple
transducers. It can automatically maintain the temperature of
the thermocouple junction at a dew point temperature when

operating in dew point mode. The HR-33T shows the water potential
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information in either the dew point mode or psychrometric mode.
In this research, the dew point mode was selected to obtain more

accuracy in the water potential measurement.

3.4.3 Calibration

The calibration of the thermocouple psychrometer can be
conveniently accomplished using known molalities of a salt
solution (sodium chlorides) to correlate with outputs from the
thermocouple. This process is conducted by suspending the
psychrometer over a salt solution with a known osmotic suction
under a constant temperature (isothermal). It requires the same
set of apparatus as is illustrated in Figure 3.6 except that
the soil specimen was substituted by one piece of filter paper
(5.5 cm in diameter) saturated with a 2 ml sodium chloride
solution of known water potential. Salt solutions with specified
concentration were sealed within sample containers. These cans
were subsequently enclosed in an insulated box within an
environmental chamber waiting for the humidity in the
psychrometers in equilibrium with the relative humidity of the
salt solution before the data collection began. Upon using an
HR-33T microvoltmeter for data collection, eight amps of cooling
current were applied for 30 seconds. The output of the

psychrometer was approximately 0.75 microvolts per bar in dew

point; these HR-33T readings (E;) should be corrected to 25°C:
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E

T

Ezs =
0.325+0.027T

These microvoltmeter outputs, which are related to the
humidity inside the cans, were recorded at least three times
a day after equilibrium was achieved. The last three stabilized
readings were averaged as the final output (E;). The calibration

curve of each psychrometer was expressed by a linear equation:

t°=AE;—-B (3-10)
Where: 1° = Total soil suction, kPa

A, B = Calibration constant

E,s = Psychrometric microvoltmeter readings corrected to 25°C,
uv

The standard osmolality of 290, 1000, 1800 mOs/kg with a known
sodium chloride concentration in the salt solution were
introduced as a calibration standard. The calibration result
is demonstrated from Figure 3.7 to Figure 3.13 and in Table 3.5.
The concentration of sodium chloride for standard osmolality

and their related suction values under a certain temperature

is shown in Table 3.6.
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3.4.4 Sample Preparation

In a sample preparation for a suction test, sample soils were
compacted under optimum moisture contents within a mold that
had a height of 8 in. and a 4-in. diameter. The required energy
was achieved by using a 10-pound hammer dropped from a height
of 18 in. with 25 blows for each layer of eight equal layers.
Dry density and optimum moisture were measured immediately after
compaction of the sample. Nine 1.5-cubic-in. samples of the
specimen were cut from the compacted soil for suction measurement.
Of those nine cubic specimens, two were directly sealed into
sample containers representing the natural condition of soil;
four were wetted by 1, 2, 3, and 4 ml of distilled water
respectively right after these samples were cut, and then placed
into sample containers; three were dried at room temperature
for 1, 3, and 4.5 hours (5.5 hours for the Levy County A-3 soil)
respectively before they were sealed into sample containers.
Nine cans of specimens were enclosed within the insulated box
before they were stored in an environmental chamber for relative
humidity equilibrium. Thus, a wide range of water content
levels on specific soil was established for the water potential

evaluation.
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3.4.5 Test Procedure

The temperature equilibrium was attained within a few hours
after closing the thermal container (insulatedbox) . Equilibrium
of the relative humidity of air measured by the psychrometer
and the relative humidity in the soil specimen was acquired
within two or three days. Upon using HR-33T for the psychrometer
output recording, the °C/uV button was switched to °C and the
RANGE button to 30°C to record temperature output (T) between
0°C to 30°C. The switch was then changed to uv (psychrometer),
the meter was set to zero, and cooling current (8mA) was applied
for 30 seconds (identical to <calibration); then, the
psychrometer output (E;) was recorded in microvolts. The above
process was repeated for every psychrometer in the equipment
setup. The last three stabilized readings were averaged as the
final output (the same procedure used in calibration). After
the readings were completed, the specimen was removed from the
containers. The water content was determined in each specimen

using a microwave and electronic balance. The E; value was

converted to E;s by Equation (3-7), and the soil suction T of
each soil specimen was determined by entering the respective
calibration curve with Ejs.

For the accurate measurement of soil suction, results show

that enough power supply should be secured. The RANGE switch
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was moved to +BATT for a battery check. Batteries were replaced

when the voltage reading fell below 16 volts.

3.5 PERMEABILITY TEST PROGRAM

For SR70 A-2-4 soil, the ASTM Designation D5084-90 Flexible
Wall Permeameter (FWP) method was performed. This method was
proved to be adequate for determining the hydraulic conductivity
of compacted porous material like the SR70 A-2-4 soil. The
applicable permeability range for this test is less than or equal
to 1.0 X 10°m/s.

For SR70 and Levy County A-3 soils, the ASTM Designation
D2434-68 Constant Head method was adopted. This method was proved
to be suitable for the establishment of the coefficient of
permeability in disturbed granular subrades, like an A-3 soil,
having a permeability value higher than 1.0 X 10 °m/s and less
than 10% fines passing the No.200 sieve.

For A-2-4 (12%), A-2-4 (20%), A-2-4 (24%), A-2-4 (30%) and
Crushed Miami Oolite A-1, the ASTM Designation D5084-90 was
adopted. The test equipment was HUMBOLDT Triaxial/Hydraulic
Conductivity Testing Equipment. The constant head and flexible

wall methods were used for permeability measurements.
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3.6 TEST-PIT EXPERIMENTAL PROGRAM

3.6.1 Introduction of Test-pit Test
The Florida DOT test-pit test facility has been adopted to

determine the strengths and performance of Florida flexible
pavement materials. The test-pit facility re-constructs and
simulates the subgrade and base components of a flexible pavement
system on a full-scale basis. The major concerns of test-pit
test programs are the deformation and equivalent resilient
modulus of a layered system under the static loading and cyclic
dynamic loading, which is used in modeling the impact of moving
vehicles on the pavement. The cyclic loading of a circular plate
is activated with a one-second interval within which the loading
and resting periods would be 0.1 and 0.9 seconds respectively.
For the evaluation of moisture influence on the performance of
pavement material, the water table is adjusted within the pit
while conducting a plate load test. The research program of DHW
requires the ground water table to be adjusted from a drained
to flooded condition with four stops. The TDR probes (the
principle of which will be addressed in Appendix A) would be
deployed within the test-pit for the monitor of moisture profile
of pavement material.

The purpose of test-pit experimental program was to evaluate

the capillary behavior and resilient modulus of the subgrade
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materials with changing groundwater levels. The test-pit

evaluation of subgrade soils served the following advantages:

(A) The test-pit can be used to simulate the different material
components of a pavement system on a full-scale basis.

(B) The test-pit can facilitate the change of water level so
as to simulate the different moisture conditions in a
practical situation.

(C) Together with a loading system, the test can be used to
investigate the deformation characteristics of subgrade
materials under the influence of static and dynamic loads.
The capillary action and resilient deformation of the

materials under investigation were evaluated with three levels

of groundwater elevation: flooded, intermediate levels between
the embankment-subgrade interface, and 12 in. above the
embankment. To offset the loss due to capillary rise and
evaporation, extra water had to be added within the pit to keep
the water table constant at each designated elevation prior to

the moisture equilibrium and plate load test.

3.6.2 Test-pit Setup

The complete setup of test-pit experiment is mainly comprised

of two parts -- full-scale test-pit and loading system.
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Test-pit

The FDOT test-pit for the research of design highwater
clearance 1is shaped like a rectangular reinforced concrete
vessel that is 24 ft. long, 8 ft. wide and 7 ft. deep. Below
the subgrade material (3 ft. in thickness) was the standard
embankment that was composed of three layers of different
materials. The bottom layer was composed of a bed of 12-in. (305
mm) river gravel that facilitated the upward percolation of
ground water. A builder’s sand layer that was 12-in. (305 mm)
thick rested upon the river gravel and was kept separated with
gravel by a permeable filter fabric. The third layer was a 12-in.
(305 mm) depth of standard A-3 soil (embankment) that was used

as the top layer of simulated embankment.

Loading System

A hydraulic loading device was attached to an over-hanging
24 WF beam which facilitated the transverse movement of the
loading device, while the 24 WF Dbeam itself traveled
longitudinally above the test pit, thus providing a
two-dimensional selection of loading location. A standard 12-in.
diameter rigid plate was used to simulate the single wheel load
upon the tested soil. Vertical deformations of the soil were
measured through linear variable displacement transducer (LVDT) .

To best simulate the dynamic impact of moving vehicles on the
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subgrade, the plate loads were conducted in a cyclic manner,
one second per cycle with loading periods of 0.1 and 0.9 seconds
for the rebound of tested materials. This was consistent with
the loading frequency used in laboratory triaxial resilient
modulus tests. In order to achieve a certain deformation curve
with respect to the number of load cycles, 30,000 load cycles
were conducted.

The loading system together with the cross sectional view

of a test-pit is illustrated in Figure 3.14.

3.6.3 Method of Analysis

The resilient modulus obtained from the plate load tests on
subgrade is based on Boussinesq’s theory of deflections at the
center of a circular plate. Burmister has extended this theory
to a two-layer elastic system. The layers are assumed to be
homogeneous, isotropic, and elastic solid with a continuous
interface with the bottom layer being infinite in depth. Under
these circumstances, the equivalent single-layer resilient
modulus under the cyclic loading on a two-layer system (base
and subgrade 1layers) can be derived from the theory of

elasticity:

E =@(1—vz) (3-11)
AR

where:
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E.r = Equivalent resilient modulus of a two-layer system

Ar = Resilient deflection of the two-layer system at
N (number of cyclic load)

p = Surcharge pressure from the circular plate

a = Radius of the circular plate

U = Poisson’s ratio

If v=0.35 and 0.5, Egquation (3-9) will be as follow:

E, =38P 035 (3-12)
AR

E, =110P (4 _050) (3-13)
AR

The equivalent modulus is an excellent criterion for the
evaluation of the strength of pavement materials. With the
decrease of equivalent modulus, deformation increases after the
repeated loading. The magnitude of deformation does affect the
potential rutting of the pavement. Thus, E.r is a good index for
the evaluation of ©potential pavement rutting. Design
consideration of a minimum E.; value can control potential

excessive rutting of the pavement.

3.6.4 Time Domain Reflectometry (TDR)

The research of design highwater clearances can only be
conducted under a full awareness of seasonal water content under

pavement. Time domain reflectometry (TDR) now serves as one of
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the most reliable nondestructive methods for monitoring both
in situ and in lab soil moisture content. Measuring the time
period for an electric signal traveling through the guide-rod
of a TDR probe as a mediate parameter, direct access to volumetric
moisture content of subgrade soils was gained using a Campbell
Scientific CS615 Water Content Reflectometer. TDR technique
determines the changing moisture content of subgrade soil by
measuring the proportionally changing conductivity profile
(dielectric constant) within subgrade soil mixture. The basic
concept for a TDR probe was described in Appendix A.

The alternative equipment for the collection of moisture data
is a moisture cell. It was used in the test-pit to justify the
proper operation of CS615 probes and may not be used as a prime
access to moisture data because of its insensitivity to the
moisture ranging from 4% to 16%. Use of a Time Domain
Reflectometer is a relatively dependable approach for measuring

the moisture content of granular soil.

Description of the Equipment

Manufactured by Campbell Scientific, the CS615 TDR probe
(Figure 3.15) is also known as the Water Content Reflectometer.
Its output is a sguare wave and can be connected to Campbell

Scientific datalogger CR10X, CR10.

81



High-speed electronic components on the circuit board were
configured as a bistable multivibrator. The output of the
multivibrator was connected to the probe rod, which acted as
a wave guide. The oscillation frequency of the multivibrator
was dependent on dielectric constant of the soil measured. The
dielectric constant was predominantly dependent on the water
content. Digital circuitry scaled the multivibrator output to
an appropriate frequency for measurement with a datalogger. The
CS615 output was essentially a square wave with an amplitude
swing of 0.25 VDC. The period of the square wave output ranged
from 0.7 to 1.6 milliseconds and was used for the calibration
to water content. The measured period can be coverted to moisture
content using calibration value.

Two soil properties which can affect the response of the CS615
to changes in water content: high clay content (30% or above)
and high electrical conductivity (more than dsm-1, salted soil
e.g.). In these cases, the required calibration must be generated
for the specific soil.

Conversion to Universal Model Form

Instead of detecting the moisture content of soil through
measuring apparent length L., CS615 TDR uses time period t as
a standard access to volumetric water content. A conversion

deduction to universal model using parameter t (travel time of
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the square wave along the CS615 TDR probe guide rod) helped to
establish a better understanding of this equipment.

Refer to the Equation (A-1) in Appendix A, K, = (L./L,Vp)° ,
where L,: apparent length; Lp,: actual length of CS615 TDR probe
guide rod (0.3M); in this case, the travel distance should be
two times the TDR length. For V,, the ratio of propagation
velocity to the speed of 1light, usually 0.99 is used for maximum

resolution. Here 1.0 is used for approximation, thus:

LK, =L, (3-14)

E;:_;?;__ (3-15)
Where,
C = Speed of light (3x10° m/s);
t = Travel time on the rod. Also:
vw(%):o.lzsm—o.lzs—gggﬁ (3-16)
V,, (%) =0.125xCxt+0.6—-0.125-0.08 = 0.208Ct — 0.205 (3-17)

It is evident that the above equation is the universal model
for volumetric moisture content through use of the CS615 TDR

probe.

The Calibration of the CS615 TDR Probe

As mentioned Dbefore, the sample soil for calibration

represented the model form of all soil types of granular soils
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without losing accuracy. A standard equation was generated then
for measuring each type of soil by using a specific CS615 TDR
probe. Thus, the calibration process becomes one of calibrating
each individual TDR probe. The following is the calibration data
for each of the six TDR probes used in the test-pit test.
V, (%) =C, +C, xt+C, xt’ (3-18)

Where,
t = Time period for the square wave traveling through the guide

rod of TDR probe
C,, Ci, C; = Constant for mathematics modeling

The calibration data and calibration curves were presented
in Table 3.6 and Figure 3.16.

Note: 1) Since the equipment cannot locate the time wvalue
that was in the order of magnitude about 10-9 second, all these
period values were amplified at the unit of millisecond. Here
Campbell Scientific took 256x128 as the time amplification
factor. 2) The apparent length between two inflection points
on the trace and TDR travel period were basically identical;
the only difference rests wupon different interpretation

(Campbell Scientific Inc., 1998).

3.6.5 Test Arrangement

The test-pit evaluation was performed at the FDOT State

Materials Office. The experimental programs of the Phases I and
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IT soils are chronologically described in the following

sections:

Phase I Program

(A) Levy County A-3 gsubgrade (4% passing No.200) was
compacted and experimented in one half of the test-pit (8 ft.
by 6 ft.) from the date of Dec/9/1998 to Apr/8/1999.

(B) SR70 A-3 (8% passingNo.200) andA-2-4 (14% passingNo.200)
subgrades were compacted and experimented upon in one test-pit
(8 ft. by 12 ft.) from the date of Apr/13/1999 to Feb/14/2000.
Separated by wooden partitions, each of these subgrades

accounted for one half of the test-pit area.

Phase II Program

(A) A-2-4 (12%), A-2-4 (20%) and A-2-4 (24%) subgrades were
compacted and experimented in one test-pit from the date of
Jun/20/2000 to Jan/8/2001, separated by wooden partitions.

(B) A-2-4 (30%) and Oolite were compacted and experimented
in one test-pit from Jun/20/2000 to Dec/21/2000.

During the test, three feet of subgrade material was
compacted within the test-pit under its optimum moisture
condition. The subgrade materials were compacted into seven
layers. With the exception of the first and last lifts three
inches thick, each lift was six inches in thickness. The CS615

probe was embedded in each of these layers respectively
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staggering one another, whereas six moisture cells were placed
vertically at six inches apart. The circular rigid loading plate
was positioned on the mid-point between two columns of vertically
arranged CS615 probes.

The compaction data and procedure for the tested soils are
presented in Tables 3.7, 3.8, 3.9 and 3.10. The CS615 probe
installation and test layout for the first test phase are
illustrated in Figures 3.17, 3.18, and 3.19.

The actual views of the test-pit loading system and
compaction equipment are illustrated in Figure 3.20 and Figure

3.21.

3.6.6 Test Procedure

Phase I(A): Levy County A-3 soil

Sequence of the plate load test:

- Water table 20 in. below embankment with a 20-psi plate
load (without limerock base)

- Water table on the surface of embankment with a 20-psi plate
load (without limerock base)

- Water table 12 in. above the embankment with a 20-psi plate
load (both with and without 5-in. limerock base) and a

50-psi plate load (with 5-in. limerock Base)
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- Water table all the way up to the surface of subgrade
(flooded case) with a 20-psi plate load and a 50-psi plate
load (with 5-in. limerock base)

The chronological record of the test procedure is summarized

in Table 3.7.

Phase I(B): SR70 A-3 & SR70 A-2-4 soil

Sequence of the plate load test:

Water table at the top of embankment with a 20-psi plate

load (without limerock base)

- Water table at 12 in. above the embankment with a 20-psi
plate load (without limerock base)

- Water table at 12 in. above the embankment with a 50-psi
plate load (with 5-in. limerock base)

- Water table at 36 in. above the embankment with a 50-psi
plate load (with 5-in. limerock base)

- Water table at 24 in. below the embankment with a 50-psi

plate load (with 5-in. limerock base), two sets of data

recorded with one week apart (drained condition)

Water table back to 36 in. above the embankment with a 50-psi
plate load (with 5-in. limerock base)
The chronological record of the test procedure is summarized

in Table 3.8.
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Phase II(A): A-2-4 12%, A-2-4 20%, A-2-4 24%

Sequence of the plate load test:

- Water table on the surface of embankment with a 20-psi plate
load (without limerock base)

- Water table 12 in. above the embankment with a 20-psi plate
load (both with and without 5-in. limerock base) and a
50-psi plate load (with 5-in. limerock Base) ;

- Water table all the way up to the surface of subgrade
(flooded case) witha 50-psi plate load (with 5-in. limerock
base)

The chronological record of the test procedure is summarized

in Table 3.9.

Phase II(B): A-2-4 30%

Sequence of the plate load test:

- Water table on the surface of embankment with a 20-psi plate
load (without limerock base)

- Water table 12 in. above the embankment with a 20-psi plate
load (without 5-in. limerock base) and a 50-psi plate load
(with 5-in. limerock Base)

- Water table all the way up to the surface of subgrade
(flooded case) witha 50-psiplate load (with 5-in. limerock

base)
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The chronological record of the test procedure is summarized

in Table 3.10.

Phase II(B): Oolite A-1

Sequence of the plate load test:

- Water table 12 in. above the embankment with a 50-psi plate
load (without 5-in. limerock base) ;

- Water table all the way up to the surface of subgrade
(flooded case) witha 50-psi plate load (with 5-in. limerock
base)

The chronological record of the test procedure is summarized

in Table 3.10.

3.7 PHASE III TEST-PIT TEST PROGRAM

3.7.1 Three Additional Test Materials

Three additional weak subgrade materials under evaluation
in this supplemental research study were Spring Cemetery (A-2-4,
15% passing No.200), Branch (A-2-4, 23% passing No.200), and
Iron Bridge (A-2-6/A-2-4, 31% passing No.200). The Iron Bridge
solil is a borderline soil between A-2-4 and A-2-6, and some of
the sample tests by the State Materials Office (SMO) showed it
to be an A-2-4 soil. To make it noticeable different from the

other soils, the Iron Bridge soil is designated as an A-2-6 soil
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in this report. The basic characteristics of the three subgrade
soils are appended in Table 3.1. The resilient modulus was
measured using AASHTO T307-99 with the full-length LVDT position
inside the triaxial cell. The permeability was obtained at 7
psi effective stress using ASTM D5084-9. The samples were
compacted to approximately 100% of the Standard Proctor maximum

unit weight.

3.7.2 Test-pit Test

3.7.2.1 Test-pit setup

The test-pit setup basically followed the format used for
the Phase I and Phase II tests of the eight soils. Some
modifications are noted in the following sections.

Dimension. The dimension of the test-pit for Phase III
program was twenty four feet long, nine feet wide and six feet
deep. Each of the three soils was compacted and experimented
upon simultaneously in one-third of the new test pit (24 ft.
by 9 ft.). A 12-in. layer of stabilized subgrade and a 24-in.
subgrade layer were constructed on top of a 24-in. existing A-2-4
soil layer. Beneath the existing A-2-4 soil layer were the 9-in.
builder’s sand layer and 9-in. river-gravel that facilitated
the upward percolation of groundwater. The cross sectional view

of the new test-pit is illustrated in Figure 3.22.
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Compaction Techniques. The 12-in. top layer of the tested

material was compacted into 98% of Modified Proctor maximum unit
weight (AASHTO T-180), while the bottom 24-in. subgrade layer
was compacted into 100% of Standard Proctor maximum unit weight
(AASHO T-99) . The compaction data are presented in Table 3.11.

Moisture Content Measurement. Two types of moisture content

measurement devices were used in this study: the nuclear gauge
and the TDR probes. A new TDR-based apparatus from ESI
(Environmental Sensors Inc.) called “Moisture Point” was used
to monitor the moisture profile of tested materials. The
modified H probe, which is at 6 in. below the surface of the
subgrade and has cables attached to it, was used to measure the
moisture profile of the bottom five segments, and a regular K
probe was used to get the top six inches of subgrade and the
surface (limerock) moisture profile. The nuclear gauge measured
the moisture content of the top-layer material and the moisture
data was used for the plate load test analysis. The Backscatter
mode of the nuclear gauge was adopted in this study. A picture
of the measuring devices is shown in Figure 3.23. The
installation and test layout of these measuring devices are

illustrated in Figure 3.24.
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3.7.2.2 Test Procedure

Nine levels of groundwater table condition were designated
to cover various conditions of the water content under the
pavement. Figure 3.22 illustrates the various levels of water
table condition for the plate load test with and without a
limerock base layer. The plate load tests under nine different
water levels were further described as follows:

Test Condition A: water level at the interface of the subgrade
and embankment with a 20-psi plate load (without 5-in. limerock
base)

Test Condition B: water level at 12 in. above the surface
of the embankment A-2-4 soil with a 20-psi plate load (without
5-in. limerock base)

Test Condition C: water level at 24 in. above the surface
of the embankment A-2-4 soil with a 20-psi plate load (without
5-in. limerock base)

Test Condition D: water level at the surface (interface) of
the embankment A-2-4 soil with a 50-psi plate load (with 5-in.
limerock base)

Test Condition E: water level at 12 in. above the surface
of the embankment A-2-4 soil with a 50-psi plate load (with 5-in.

limerock base)
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Test Condition F: water level at 24 in. above the surface
of the embankment A-2-4 soil with a 50-psi plate load (with 5-in.
limerock base)

Test Condition G: water level all the way up to the surface
of stabilized subgrade layer (flooded case) with a 50-psi plate
load (with 5-in. limerock base)

Test Condition H: water level drained down to 24 in. above
the surface of the embankment A-2-4 soil with a 50-psi plate
load (with 5-in. limerock base)

Test Condition I: water level further drained down to 12 in.
above the surface of the embankment A-2-4 soil with a 50-psi
plate load (with 5-in. limerock base)

A chronological record of the Phase III test procedure is
summarized in Table 3.12. Three replicate plate load tests were
conducted on each soil material after the establishment of
moisture equilibrium at each water level. The designated plate
load test numbers and their corresponding loading conditions

are further described in Chapter 5.
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Table 3.1 Characteristics of Eleven Subgrade Materials

. Opt.
Passing Percent Max. Dry Density Moisture .
_ No.200 - LBR CBR
Material Sieve of Clay (modified) Content
(Modified)
(%) (%) (kN/M3) (pcf) (%)
Le‘gfo' 4 N/A 16.7 106.5 10 22 18
o -
g | SRT0 8 6 17.6 112 11.5 45 36
i A-3
SR-70
O 14 10 19.2 122 10.5 124 99
A-2-4
(12%) 12 3 17.3 110.6 12.1 30 24
A-2-4
_ | 200 20 8 19.5 124.4 10 146 117
o [ A24
(7]
2| ay 24 5 18.2 116.3 10.7 69 55
T [ A4
(30%) 30 N/A 18.2 116 12 72 58
Oolite N/A N/A 20.8 132.6 7.6 194 155
Opt. Opt
. Max. . Max. .
. Passing|Percent Dry Density Moisture Dry Density Moisture LBR CBR
Material | No.200 jof Clay| "y ygeq)” | Contentt “g o) | Content
Sieve (Modified) (Standard)
(%) (%) | (NP | (pch) | (%) | (kNP | (pcf) (%)
Spring
Cemetery| 15 4 186 1184 93 | 186 | 1182| 9.2 83 66
A-2-4
| Branch 23 6 | 211 |1347| 72 | 201 | 1284 88 132 | 106
8| Aza . . . . . .
o
'rO“A_Bzr_'gge 31 16 | 208 [1324| 82 | 194 | 1233| 103 | 127 | 102

* CBR (California Bearing Ratio) =0.8*LBR (Limerock Bearing
Ratio)
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Table 3.2 Comparison of Resilient Modulus Test Procedures for
Granular Soils

Test method AASHTO T 292-91T AASHTO T307-99
Procedure Confining|Deviator| Load |[Confining|Deviator| Load
Pressure Stress |Number| Pressure Stress |[Number
Unit psi psi psi psi

Conditioning 15 12 1000 6 4 500
1 15 7 50 6 2 100

2 15 10 50 6 4 100

3 15 15 50 6 6 100

4 10 5 50 6 8 100

u 5 10 7 50 6 10 100

9 6 10 10 50 4 2 100
% 7 10 15 50 4 4 100
7 8 5 3 50 4 6 100
& 9 5 5 50 4 8 100
g 10 5 7 50 4 10 100
& 11 5 10 50 2 2 100
12 2 3 50 2 4 100

13 2 5 50 2 6 100

14 2 7 50 2 8 100

15 2 10 100
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Table 3.3 Raw Data and Calculation Procedure

MATERIAL: PANAMA SAND LOCATION: PANAMA CITY BEACH, FLORIDA
OPT. MOISTURE: 8.5% DRY DENSITY: 19.37 kN/m?®
MAX. DRY DEN.: 19.64 kN/m*® MOISTURE: 7.63%
LBR: 88.00 TEST DATE: 5/9/95
Raw Data Calculation Results
Confining . . . . . . .
Pressure Axial LVDT LVDT LVDT LVDT Axial Load |Axial Strain|Axial Strain| Deviator
Load | (10.2-cm) | (10.2-cm) | (20.3-cm) | (20.3-cm) | Segments | Cycles | (10.2-cm) | (20.3-cm) Stress
kPa kN mm mm mm mm segments | Cycles kPa
103.35] -0.3433| 0.902544| 0.811618| 6.466652| 6.903526 1
103.35| -0.0015| 0.889247| 0.798318| 6.499898| 6.935017 2 1] 0.000131] 0.000159 42.188
103.35] -0.3515| 0.902894| 0.812143| 6.466214| 6.902651 4
103.35] -0.0015| 0.889247| 0.797968| 6.500335| 6.934580 5 2| 0.000137| 0.000163 43.191
103.35| -0.356| 0.902894| 0.812143| 6.465339| 6.902651 7
103.35] -0.0032| 0.889597| 0.798318| 6.499898| 6.934143 8 3| 0.000133| 0.000163 43.541
103.35] -0.3589| 0.902894| 0.812318| 6.465339| 6.902213 10
103.35| -0.0025| 0.889422| 0.798668| 6.499898| 6.934580 11 4| 0.000133| 0.000165 43.985
103.35] -0.3645| 0.903244| 0.812843| 6.465339| 6.901339 13
103.35] -0.0019| 0.889247| 0.798318| 6.499460| 6.935017 14 5| 0.000140| 0.000167 44.751
103.35| -0.3718| 0.903594| 0.813018| 6.463589| 6.900464 16
103.35| -0.003| 0.889597| 0.798318| 6.499898| 6.935017 17 6| 0.000141| 0.000174 45.517
103.35] -0.3753| 0.903768| 0.813193| 6.464027| 6.900027 19
103.35] -0.0026| 0.889422| 0.798493| 6.499460| 6.935454 20 7| 0.000143| 0.000174 45.999
103.35] -0.3737| 0.903768| 0.813193| 6.463589| 6.901339 22
103.35] -0.0016| 0.889422| 0.798318| 6.499460| 6.934580 23 8| 0.000144| 0.000170 45.914
103.35] -0.3794| 0.903594| 0.813368| 6.463589| 6.900027 25
103.35] -0.0042| 0.889772| 0.798318| 6.499023| 6.933705 26 9| 0.000142| 0.000170 46.293
103.35| -0.3818| 0.904293| 0.813543| 6.463152| 6.900027 28
103.35] -0.0017| 0.889422| 0.798493| 6.499898| 6.934143 29 10| 0.000147| 0.000174 46.907
103.35] -0.3904| 0.904293| 0.813893| 6.462277| 6.899152 31
103.35| -0.005| 0.889772| 0.798668| 6.499460| 6.934580 32 11| 0.000146| 0.000179 47.560
103.35] -0.382| 0.904468| 0.813543| 6.461840| 6.899152 34
103.35] -0.0042| 0.889597| 0.798318| 6.499023| 6.933705 35 12| 0.000148| 0.000177 46.624
103.35| -0.3899| 0.904643| 0.813718| 6.462277| 6.898714 37
103.35| -0.0056| 0.889772| 0.798493| 6.498148| 6.934143 38 13| 0.000148| 0.000175 47.427
103.35] -0.3847| 0.904293| 0.813893| 6.462715| 6.900027 40
103.35| -0.0028| 0.889422| 0.798318| 6.499023| 6.934580 41 14| 0.000150| 0.000174 47.134
103.35] -0.3862| 0.904118| 0.813718| 6.463152| 6.899152 43
103.35| -0.0039| 0.889422| 0.798143| 6.498585| 6.933705 44 15| 0.000149| 0.000172 47.172
103.35] -0.3909| 0.904293| 0.813893| 6.461402| 6.898714 46
103.35] -0.0026| 0.889422| 0.798493| 6.499023| 6.934143 47 16| 0.000149| 0.000180 47.919
103.35| -0.3904| 0.904293| 0.813718| 6.461840| 6.899152 49
103.35] -0.0026| 0.889597| 0.798318| 6.499460| 6.934143 50 17| 0.000148| 0.000179 47.853
103.35] -0.3895| 0.904293| 0.814068| 6.460965| 6.898714 52
103.35] -0.005| 0.889597| 0.798493| 6.498585| 6.934143 54 18| 0.000149| 0.000180 47.456
103.35] -0.3889| 0.904468| 0.814068| 6.461840| 6.898714 55
103.35| -0.0064| 0.889772| 0.798843| 6.499023| 6.934143 56 19| 0.000147| 0.000179 47.210
103.35| -0.3917| 0.904468| 0.814068| 6.461402| 6.898277 58
103.35] -0.0045| 0.889422| 0.798318| 6.498585| 6.933268 59 20| 0.000152| 0.000178 47.777
103.35] -0.3935| 0.904818| 0.813893| 6.460965| 6.897403 61
103.35] 0.0008| 0.889597| 0.798318| 6.499023| 6.934580 62 21| 0.000152| 0.000185 48.657
103.35] -0.3961| 0.904993| 0.814593| 6.461402| 6.897840 64
103.35| 0.0005| 0.889597| 0.798493| 6.499460| 6.935017 66 22| 0.000155| 0.000185 48.950
103.35] -0.3918| 0.904468| 0.814068| 6.461402| 6.898714 67
103.35] -0.0039| 0.889597| 0.798143| 6.498585| 6.933268 68 23| 0.000152| 0.000177 47.863
103.35] -0.3892| 0.904643| 0.814243| 6.460965| 6.899152 70
103.35] -0.0036| 0.889772| 0.798318| 6.498585| 6.934580 71 24| 0.000152| 0.000180 47.579
103.35] -0.3925| 0.904293| 0.814243| 6.461402| 6.898714 73
103.35] -0.004] 0.889772]| 0.798493| 6.499023| 6.933705 74 25| 0.000149] 0.000179 47.938
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Table 3.3-continued

Raw Data Caculation Results
Confining X i i X . . .
Pressure Axial LVDT LVDT LVDT LVDT Axial Load |[Axial Strain|Axial Strain| Deviator
Load (10.2-cm) | (10.2-cm) | (20.3-cm) | (20.3-cm) | Segments | Cycles | (10.2-cm) | (20.3-cm) Stress

kPa kN mm mm mm mm segments | Cycles kPa

103.35| -0.3884| 0.904468| 0.813893| 6.461402| 6.899152 76

103.35| -0.0035| 0.889597| 0.798493| 6.499023| 6.933705 77 26| 0.000149| 0.000178 47.494

103.35| -0.3944| 0.904468| 0.814243| 6.460965| 6.898714 79

103.35| -0.0046| 0.889772| 0.798143| 6.498585| 6.933705 80 27| 0.000152| 0.000179 48.099

103.35| -0.3902| 0.904643| 0.813893| 6.460965| 6.898714 82

103.35| -0.0042| 0.889772| 0.798493| 6.498148| 6.934143 83 28| 0.000149| 0.000179 47.626

103.35| -0.3971| 0.904818| 0.814418| 6.460965| 6.897403 85

103.35| -0.0058| 0.889947| 0.798493| 6.498148| 6.933705 87 29| 0.000152| 0.000181 48.288

103.35| -0.3919| 0.904468| 0.814068| 6.461402| 6.898277 88

103.35| -0.0055| 0.889772| 0.798318| 6.498585| 6.934143 89 30| 0.000150| 0.000180 47.683

103.35| -0.3848| 0.904468| 0.813718| 6.460965| 6.898714 91

103.35| -0.0039| 0.889247| 0.798143| 6.498585| 6.934143 92 31| 0.000152| 0.000180 47.002

103.35| -0.3991| 0.904993| 0.814068| 6.460527| 6.897403 94

103.35| -0.0068| 0.889772| 0.798493| 6.498148| 6.933268 95 32| 0.000152| 0.000181 48.411

103.35| -0.3968| 0.904468| 0.814243| 6.460965| 6.897403 97

103.35| -0.0085| 0.889772| 0.798493| 6.498585| 6.933705 98 33| 0.000150| 0.000182 47.919

103.35| -0.3906| 0.904468| 0.814068| 6.461840| 6.898277 100

103.35| -0.0019| 0.889597| 0.798318| 6.498585| 6.934143 101 34| 0.000151]| 0.000179 47.976

103.35| -0.3919| 0.904468| 0.814243| 6.460965| 6.898714 103

103.35| -0.0065| 0.889772| 0.798493| 6.499023| 6.933705 104 35| 0.000150| 0.000180 47.569

103.35| -0.4046| 0.905343| 0.814593| 6.460090| 6.897403 106

103.35| -0.0048| 0.889772| 0.798318| 6.499023| 6.933705 107 36| 0.000157| 0.000185 49.338

103.35| -0.3916| 0.904818| 0.814068| 6.461840| 6.898277 109

103.35| -0.0055| 0.889772| 0.798318| 6.498585| 6.934143 110 37| 0.000152| 0.000179 47.645

103.35| -0.3882| 0.904643| 0.813893| 6.460965| 6.899152 112

103.35| -0.0012| 0.889597| 0.798143| 6.498585| 6.934143 113 38| 0.000152| 0.000179 47.758

103.35| -0.3876| 0.904643| 0.813718| 6.462277| 6.898714 115

103.35| -0.0066| 0.889947| 0.798843| 6.497711| 6.932830 116 39| 0.000146| 0.000171 47.011

103.35| -0.3925| 0.904468| 0.814068| 6.461402| 6.897840 118

103.35| -0.0039| 0.889947| 0.798493| 6.499023| 6.933705 119 40| 0.000148| 0.000181 47.957

103.35| -0.3898| 0.904643| 0.813893| 6.461840| 6.898277 121

103.35| -0.0029| 0.889597| 0.798318| 6.499023| 6.933705 122 41| 0.000151| 0.000179 47.740

103.35| -0.3851| 0.904468| 0.813718| 6.461840| 6.898277 124

103.35| -0.0063| 0.890122| 0.798668| 6.499023| 6.933705 125 42| 0.000145| 0.000179 46.747

103.35| -0.3942| 0.904468| 0.814418| 6.461402| 6.898714 127

103.35| -0.0065| 0.889772| 0.798493| 6.498148| 6.934143 129 43| 0.000151| 0.000178 47.844

103.35| -0.3964| 0.904643| 0.814243| 6.460965| 6.898714 130

103.35| -0.0075| 0.889772| 0.798668| 6.498148| 6.933268 131 44| 0.000150| 0.000177 47.995

103.35| -0.3914| 0.904818| 0.814243| 6.462277| 6.898277 133

103.35| -0.0052| 0.889772| 0.798668| 6.498585| 6.933268 134 45| 0.000151| 0.000175 47.664

103.35| -0.3932| 0.904643| 0.814418| 6.461402| 6.897840 136

103.35| -0.0006| 0.889597| 0.798143| 6.499460| 6.933268 137 46| 0.000154| 0.000181 48.458

103.35| -0.396| 0.904643| 0.813893| 6.461840| 6.898277 139

103.35| -0.0044| 0.889597| 0.798493| 6.498585| 6.932830 140 47| 0.000150| 0.000175 48.326

103.35| -0.3907| 0.904643| 0.814243| 6.461840| 6.898277 142

103.35| -0.0031| 0.889247| 0.797968| 6.498585| 6.933705 143 48| 0.000156| 0.000178 47.834

103.35| -0.3945| 0.904818| 0.813893| 6.460965| 6.898277 145

103.35| -0.0087| 0.889772| 0.798493| 6.497711| 6.932393 146 49| 0.000150| 0.000174 47.607
Average of the last five cycles

103.35| -0.3932| 0.904713| 0.814138| 6.461665| 6.898189

103.35| -0.0044| 0.889597| 0.798353| 6.498585| 6.933093 0.000152| 0.000177 47.978

Resilient modulus from 10.2-cm measurement = 47.977/0.000152

315493.29 kPa = 315.20 MPa

Resilient modulus from 20.3-cm measurement = 47.977/0.000176

271473.26 kPa = 271.22 MPa
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Table 3.4 Summary of Laboratory Resilient Modulus Tests

Dry Moisture Moisture
Soils Condition | Sample No. | Density Content (%) Content (%)
(pct) @ Compaction | before Test
. A3LEVYD1 106 9.50 8.08
Dried
A3LEVYD2 105.8 9.60 4.30
. A3LEVYOl 105.6 9.50 9.50
A-3 Optimum
Lev A3LEVYO2 105.8 9.60 9.60
Y A3LEVYS1 105.8 9.50 13.47
County
A3LEVYS2 105.27 9.50 15.77
Soaked
A3LEVYS3 105.4 9.50 15
A3LEVYS4 105.1 9.60 15.27
A3SR70D1 111.6 11.40 7.82
. A3SR70D2 110.7 11.40 5.31
Dried
R70 A3SR70D3 108.8 11.40 4.48
ir3 A3SR70D4 110.63 11.40 4.00
. A3SR7001 111 11.40 11.40
Optimum
A3SR7002 110.8 11.40 11.40
A3SR70S1 109.7 11.40 13.41
Soaked
A3SR70S2 109.7 11.40 13.69
. A2412%D1 110.6 12.10 7.10
Dried
A2412%D2 110.7 12.10 7.04
A-2-4 . A2412%01 109.3 12.10 12.10
o Optimum
12% A2412%02 109.8 12.10 12.10
A2412%51 109.6 12.10 14.60
Soaked
A2412%S2 109.6 12.10 14.60
A24SR70D1 120.3 10.60 8.41
Dried A24SR70D2 120.6 10.60 7.76
SR70 A24SR70D3 120.9 10.60 3.12
A-2-4 , A24SR7001 120.4 10.80 10.80
Optimum
A24SR7002 119.8 10.39 10.39
A24SR70S1 121.4 10.60 11.23
Soaked
A24SR70S2 120 10.60 11.70
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Table 3.4-continued

Dry Moisture Moisture
Soil |Condition | Sample No. | Density Content (%) Content (%)
(pct) @ Compaction |before test
. A2420%D1 117.3 10.00 8.26
Dried
A2420%D2 117.9 10.00 7.32
A-2-4 . A2420%01 117.9 10.00 10.00
o Optimum
20% A2420%02 118.9 10.00 10.00
A2420%S1 119 10.00 11.57
Soaked
A2420%S2 118 10.00 12.27
. A2424%D1 114 10.70 7.65
Dried
A2424%D2 116 10.70 7.72
A-2-4 . A2424%01 115.1 10.70 10.70
o Optimum
24% A2424%02 115.1 10.70 10.70
A2424%S1 116.9 10.70 12.00
Soaked
A2424%82 116.9 10.70 11.45
. A2430%D1 116.1 12.00 7.00
Dried
A2430%D2 115.12 12.00 6.30
A-2-4 . A2430%01 115.8 12.00 12.00
o Optimum
30% A2430%02 115.1 12.00 12.30
A2430%8S1 116.4 12.00 13.40
Soaked
A2430%S2 116 12.00 13.20
. OOLITED1 131.35 7.80 5.60
Dried
OOLITED2 131.3 7.80 4.40
. . OOLITEO1l 131.08 7.80 7.80
Oolite | Optimum
OOLITEO2 131.22 7.80 7.80
OOLITES1 131.52 7.80 8.20
Soaked
OOLITES2 131.2 7.80 8.09
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Table 3.5 Equations of Calibration Line for Seven Psychrometers

Psy;i;g:iter Cogiiiiiznt Calibration Equation R
1 52 y=  262.74E,;5+359.83 0.9995
2 53 y= 152.68E,5-138.37 0.9973
3 54 y=  191.31E,+307.75 1
4 55 y= 152.29E,-212.7 0.9984
5 56 y= 146.72E,-17.414 0.9998
6 56 (B) y= 160.51E,;-267.39 1
7 58 y= 146.08E,;5-210.7 0.9995

Nacl/100g solution (gram) 0.9094 3.115 5.463

Osmolality (mM/kg) 290 1000 1800

Suction at 25°C (kPa) 727.6 2509 4516

Table 3.6 Calibration Data for CS615 Probes

CS615 Gravimetric Bulk |Volumetric
Probe CS615 .
No water | 000 o Water Density Water o o o
" |content Content (pcf) Content 0 ' 2
1 0.422 1.297 0.122 113.1 0.22 -0.214 ( 0.222 [ 0.087
2 0.361 1.227 0.11 116.8 0.21 -0.214( 0.195 (0.123
3 0.442 1.319 0.09 117.9 0.17 -0.214 ] 0.282 | 0.007
4 0.315 1.172 0.092 117.8 0.17 -0.214 | 0.215 [ 0.096
5 | 0.277 |1.123 0.092 115.6 0.17 ~0.214| 0.177 | 0.147
6 | 0.149 |o0.945 0.073 109.7 0.128 | -0.214|0.009 |0.373
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Table 3.7 Test-pit Test Procedure for Levy County A-3 Soil

Date

Test Procedure

12/9/99 -12/15/99

Levy County sand (A-3) was compacted in test pit with moisture sensor
put in place.

12/15/98 -12/22/98

W ater in subgrade was allowed to drain and stabilize with elevation 20 in.
below embankment

12/30/1998

First plate load was performed when moisture condition at each level
came to their steady state.

1/5/99--1/26/99

W ater table was raised gradually to the surface of embankment

2/5/1999

Moisture content stabilized, second plate load test was conducted.

2/5/99--2/26/99

W ater table was raised to 12 in. above embankment and moisture at each
level reached to its steady state on 2/26/99, then the third plate load test
was conducted.

2/26/99--3/3/99

5-inch thickness of lime rock base was built on the top of subgrade soil on
3/3/99,

3/23/1999

Moisture condition stabilized. plate load test with loading pressure 20 psi
was conducted

3/24/1999

Plate load tests with loading pressure 50 psi was conducted

3/24/99--3/31/99

W ater table was raised to the top of subgrade. With moisture equilibrium
achieved at each level

3/31/1999 Plate load tests were conducted under 50 psi
4/1/1999 Plate load tests were conducted under 20 psi
4/5/1999 W ater was drained down to 20 in. below embankment
4/8/1999 Test pit was excavated
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Table 3.8 Test-Pit Test Procedures for SR70 A-3 & A-2-4 Soil

Date Test Procedure

SR-70 A-3 and A-2-4 soils were compacted in test-pit with CS615 probes put in

4/13/99--4/29/99
place

Water in subgrade soil was allowed to drain and stabilized with elevation 24 in.

4129/99-5117/99 |, 1 b ankment

Water table was raised to 12 in. below the embankment. Moisture content was

5/17/99--6/10/99 stabilized

6/10/99--7/22/99 |W ater table was raised to the top of embankment. Moisture content was stabilized

7/19/1999 Plate load tests were conducted for A-3 (20 psi)

7/20/1999 Plate load tests were conducted for A-2-4 (20 psi)

7/22/99--9/3/99 [Water table in subgrade was raised to 12 in. above the embankment

8/24/1999 Plate load tests were conducted for A-2-4 (20 psi)

8/25/1999 Plate load tests were conducted for A-3 (20 psi)

9/1/1999 5-inch thickness of limerock base was built on top of the subgrade soil

9/2/1999 Plate load tests were conducted for A-2-4 (50 psi)

9/3/1999 Plate load tests were conducted for A-3 (50 psi)

9/03/99--
10/11/99

9/29/1999 Plate load test was conducted for A-3 (50 psi)

Water table was raised to the surface of subgrade.

9/30/1999 Plate load test was conducted for A-2-4 (50 psi)

10/5/1999 Another plate load test was conducted for A-3 (50 psi)

10/11/99--
1/06/00

12/28/1999 |Plate load tests were conducted for A-2-4 (50 psi)

Water table dropped all the way down to 24 in. below the embankment

12/29/1999 |Plate load tests were conducted for A-3 (50 psi)

1/4/1999 Plate load tests were conducted A-3 (50 psi)

1/5/1999 Plate load tests were conducted A-2-4 (50 psi)

1/06/00-- 2/14/00|Water table moved back to the surface of subgrade soil

2/1/2000 Plate load tests were conducted for A-2-4 (50 psi)

2/2/2000 Plate load tests were conducted for A-3 (50 psi)
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Table 3.9 Test-Pit Test Procedures for A-2-4 (12%, 20% & 24%)
Soil

Date Test Procedure
6/20/2000 Water table dropped all the way down to 24 in. below the embankment
8/4/2000 Raise Water Table to top of embankment

9/19/00~9/26/00  |Plate load tests were conducted for A-2-4 (12%, 20%, 24%) (20 psi)

9/26/2000 Raise Water Table to 12" above embankment

11/1/00~11/14/00 |Plate load tests were conducted for A-2-4 (12%, 20%, 24%) (20 psi)

12/1/2000 Limerock cap placed

12/11/00~12/21/00 |Plate load tests were conducted for A-2-4 (12%, 20%, 24%) (50 psi)

12/21/2000 Raise Water Table to bottom of limerock

2/26/01~3/8/01 Plate load tests were conducted for A-2-4 (12%, 20%, 24%) (50 psi)

3/12/2001 Lower Water table to 12" above embankment
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Table 3.10 Test-Pit Test Procedure for A-2-4

(30%)

Date Test Procedure
6/20/2000 Water table dropped all the way down to 24 in. below the embankment
7/7/2000 Raise Water Table to top of embankment
8/16/2000 Raise Water Table to 12" above embankment
10/5/2000 Plate load tests were conducted for A-2-4 (30%) (20 psi)

10/6/00~10/17/00

Plate load tests were conducted for A-2-4 (30%) (20 psi) and Oolite (50psi)

11/28/2000

Limerock cap placed

12/11/00~12/18/00

Plate load tests were conducted for A-2-4 (30%) and Oolite (50 psi)

12/21/2000

Raise Water Table to bottom of limerock

2/7/01~2/12/01

Plate load tests were conducted for A-2-4 (30%) and Oolite (50 psi)

3/12/2001

Lower Water Table to 12" above embankment
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Table 3.11 Test-Pit Subgrade and Embankment Compaction Data

Laboratory Density

Test-Pit Density

Soil MOD STD Lift #1 Lift #2 Lift #3 Lift #4 Lift #5 Lift #6 Limerock
OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD | OMC | MDD
(%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf) | (%) | (pcf)
Spring
c 9 120 10 116 7.3 1158 | 85 1159 | 7.8 1166 | 9.2 116.1 9.5 117.5 8 117.3 | 104 | 1151
emetery
Branch 7 134 8.5 127 8.6 126.3 8 1264 | 7.8 126.6 | 8.6 1276 | 51 130.8 | 6.6 1311 | 10.2 | 114.2
Blrzgge 8 132 10 124 101 | 1245 | 7.4 126.4 | 8.1 1241 8 1238 | 7.8 1295 | 7.3 1311 | 10.6 | 113.5
Note 1. MOD Modified Proctor
2. STD Standard Proctor
3. OMC Optimum Moisture Content
4. MDD Maximum Dry Density
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Table 3.12 Test-Pit Phase ITI Test Procedure for Three Additional

Soils
Date Test Procedure

7/11/2005 |Material placing completed

7/19/2005 |Testing began all materials at -3.0' WT

8/4/2005  |Testing finished all materials at -3.0' WT and the Water Table raised to -2.0 WT
8/11/2005 |[Noticed Capillary rise had stabilized on Spring Cemetery material
8/12/2005 |Started testing on Spring Cemetery material only 8/12/2005
8/16/2005 |Finished testing on Spring Cemetery material only 8/16/2005
9/13/2005 |Started testing on Branch & Iron Bridge materials

9/29/2005 |Finished testing on Branch & Iron Bridge materials

10/2/2005 |Water table raised to -1.0' WT

12/6/2005 |Testing began all materials at -1.0' WT
12/22/2005 |Testing finished all materials at -1.0' WT

1/3/2006 Water table lowered to -3.0'

1/9/2006  |5" of Limerock placed on

3/6/2006  |Testing began all materials at -3.0' WT w/Limerock

3/17/2006 |Testing finished all materials at -3.0' WT w/Limerock

3/20/2006 |Water table raised to -2.0' WT

5/15/2006 |Testing began all materials at -2.0' WT w/Limerock

5/25/2006 |Testing finished all materials at -2.0' WT w/Limerock

5/31/2006 |Water table raised to -1.0 WT

7/31/2006 [Next phase of testing to begin on

8/9/2006 Testing finished all materials at -1.0' WT w/Limerock

8/17/2006 |Water table raised to bottom of Limerock

10/16/2006 |Testing to begin all materials with WT at bottom Limerock
10/26/2006 |Testing finished all materials at WT at bottom Limerock
10/31/2006 |Water table lowered to -1.0 WT

1/2/2007 Next phase of testing to begin on

1/17/2007  |Testing finished all materials at -1.0' Drawdown WT w/Limerock

1/18/07  |Water table lowered to -2.0 WT
3/19/2007 |Next phase of testing to begin on
4/14/2007 |Testing finished all materials at -2.0' Drawdown WT w/Limerock
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Figure 3.1 Samples under Soaking
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Figure 3.2 Sample in Mold before Soaking
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Figure 3.3 Samples under Drying
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Figure 3.4 Sketch of the Resilient Modulus Testing Equipment
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Figure 3.7 Calibration Line for Psychrometer No.l
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5000
4000 y = 152.68 - 138.37
_ R®=0.9973
©
2 3000 1
c
=
G 2000 -
>
%)
1000
0 ; ; ; ; ;
2.00 7.00 12.00 17.00 22.00 27.00 32.00 37.00
E25, [microvolts]

Figure 3.8 Calibration Line for Psychrometer No.2
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Figure 3.9 Calibration Line for Psychrometer No.3
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Figure 3.10 Calibration Line for Psychrometer No.4
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Figure 3.11 Calibration Line for Psychrometer No.5
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Figure 3.12 Calibration Line for Psychrometer No.6
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Calibration for Psychrometer #7
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Figure 3.13 Calibration Line for Psychrometer No.7
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Figure 3.14 Schematic Diagram of Loading System & Cross Sectional
View of Test-Pit
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Figure 3.16 Calibration Curve for CS615 TDR Probe
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Figure 3.17 Test-Pit Setup for Levy County A-3 Subgrade
(* Sequence of Water Table Adjustment)

123



72.01in. 72.01in.

96.01n.
Moisture [l
Cell
_v
20 psi (60 psi) Load Plate 20 psi (50 psi) 5 in. Limerock Base
= T T +36.01n.
. , BN e N v A—
— (3.6%)
. SR-70 :
f\'Z.T A-3 36.00. 1120in.
Stabilized Stabilized ~— @)
Subgrade Subgrade -
0.0in.
v L (11)
-24.01n.
—  (4*5%)

Figure 3.18 Test-pit Setup for SR70 A-3 & A-2-4 Subgrades
(* Sequence of Water Table Adjustment)
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Figure 3.19 Plate Load Test Loading Position (SR70 A-3 and A-2-4)
and Connection of Data Readout
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Figure 3.20 An Actual View of Test-Pit Loading System
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Figure 3.21 An Actual View of Test-Pit and Compaction Equipment
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Figure 3.22 Cross Sectional View of Phase III Test Pit
Experimental Program
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Figure 3.23 TDR and Nuclear Gauge used for additional three soils
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Figure 3.24 Layouts of Phase III Test Pit Experimental Program
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CHAPTER 4
PRESENTATION OF LABORATORY TEST RESULTS

4.1 LABORATORY RESILIENT MODULUS

The AASHTO T292-91I test method was used for the original
eight soils, while the AASHTO T307-99 test method was followed
for the additional three soils. During the resilient modulus
test, specimen conditioning was conducted first. Then, a series
of tests at different deviator stresses and confining pressures
were performed, and the data were recorded for every cycle of
the test. However, only the last five cycles were used for
computation of resilient modulus. The resilient modulus (M,)
was calculated from the deviator stress and resilient strain
using Equation (3-6).

Generally two resilient modulus tests were conducted for each
moisture condition. The resilient modulus test results were
reported in a tabular form including the deviator stress, axial
strain, confining pressure, and bulk stress. A regression model
was used to get the regression equation of M, from the confining

pressure and bulk stress.

|V|r=k1¢9k2 (4—1)
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M= ksok' (4-2)
A summary of typical resilient modulus test results is
presented in Table 4.1. The results included the confining
pressure, deviator stress, bulk stress, axial strain, and their
corresponding resilient modulus wvalues. Typical regression
models for the resilient modulus versus bulk stress and confining
pressure are shown in Figures 4.1 (A) and 4.1(B). The resilient
modulus test results using T292-911 for the original eight types
of soil are summarized and presented in Appendices D.1 to D.8.
The resilient modulus test results using T307-99 for the
additional three soils are summarized and presented in
Appendices D.9, D10, and D11.

In all of the regression equations in this study, the

resilient modulus M, is in units of MPa while the bulk stress

@ and the confining pressure o0, are in units of kPa.

4.1.1 Phase I and Phase II Resilient Modulus Results

Levy County A-3 soil with 4% fines

The individual test results of the Levy County A-3 soil with
4% fines are presented in detail in Appendix D.1. Seven samples

were tested for resilient modulus. A summary of the regression
models of M, versus bulk stress is presented in Table 4.2 (A)
and the regression relations are shown in Figure 4.2(A). A

summary of the regression models of M, wversus confining
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pressure 1is presented in Table 4.2(B) and the regression
relations are illustrated in Figure 4.2(B). The effect of

moisture on the resilient modulus was not significant.

SR70 A-3 soil with 8% fines

The individual test results of the SR70 A-3 soil are presented

in Appendix D.2. Eight samples were tested for resilient modulus.
A summary of the regression models of M, versus bulk stress is

presented in Table 4.3 (A), and the regression relations are

demonstrated in Figure 4.3 (A) . A summary of the regression models
of M, versus confining pressure at different moisture content

levels is presented in Table 4.3 (B), and the regression relations
are illustrated in Figure 4.3 (B) . The moisture had a minor effect

on the resilient modulus of SR70 A-3 soil.

A-2-4 soil with 12% fines

The individual test results of the A-2-4 soil with 12% fines

are presented in Appendix D.3. Six samples were tested for
resilient modulus. A summary of the regression models of M,

versus bulk stress at different moisture content levels is
presented in Table 4.4 (A), and the regression relations are

illustrated in Figure 4.4 (A) . A summary of the regression models
of M, versus confining pressure at different moisture content

is presented in Table 4.4 (B), and the regression relations are
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shown in Figure 4.4 (B). The effect of moisture on the resilient

modulus of A-2-4 soil with 12% fines was not very significant.

SR70 A-2-4 soil with 14% fines

The test results of the SR70 A-2-4 soil with 14% fines are

presented in Appendix D.4. Six samples were tested for resilient
modulus. A summary of the regression models of M, versus bulk
stress is presented in Table 4.5(A), and a summary of the
regression models of M, versus confining pressure is presented
in Table 4.5(B) . Figure 4.5(A) shows the M, versus bulk stress
at different moisture content levels. Figure 4.5(B) shows the
M, versus confining pressure at different moisture content

levels. The moisture had a significant effect on the resilient

modulus of SR70 A-2-4 soil with 14% fines.

A-2-4 soilil with 20% fines

The test results of the A-2-4 soil with 20% fines are presented

in Appendix D.5. Six samples were tested. Table 4.6 (A) presents
a summary of the regression models of M, versus bulk stress,
and Table 4.6 (B) presents a summary of the regression models
of M, versus confining pressure. Figure 4.6 (A) shows the M,
versus bulk stress at different moisture content. Figure 4.6 (B)

shows the M, versus confining pressure at different moisture
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content levels. The moisture has some effect on the resilient

modulus of the A-2-4 soil with 20% fines.

A-2-4 soil with 24% fines

The test results of the A-2-4 soil with 24% fines are presented

in Appendix D.6. Six samples were tested. Table 4.7 (A) presents
a summary of the regression models of M, versus bulk stress,
and Table 4.7 (B) presents a summary of the regression models
of M, versus confining pressure. Figure 4.7 (A) shows the M,
versus bulk stress at different moisture content levels. Figure
4.7(B) shows the M, versus confining pressure at different

moisture content levels. The moisture had some effect on the

resilient modulus of the A-2-4 soil with 24% fines.

A-2-4 soil with 30% fines

The test results of the A-2-4 soil with 30% fines are presented

in Appendix D.7. Six samples were tested. Table 4.8 (A) presents
a summary of the regression models of M, versus bulk stress,
and Table 4.8 (B) presents a summary of the regression models
of M, versus confining pressure. Figure 4.8 (A) shows the M,
versus bulk stress at different moisture content levels. Figure
4.8(B) shows the M, versus confining pressure at different

moisture content levels. The effect of moisture on the resilient

modulus was very significant.
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Miami Oolite A-1 soil

Oolite from Miami was crushed in order to meet the laboratory
requirement for resilient modulus test. The test results of Miami
Oolite (A-1) soil are presented in Appendix D.8. Six samples
were tested. Table 4.9(A) presents a summary of the regression

models of M, versus bulk stress, and Table 4.9 (B) presents a
summary of the regression models of M, wversus confining
pressure. Figure 4.9 (A) shows the M, versus bulk stress at

different moisture content levels. Figure 4.9 (B) shows the M,
versus confining pressure at different moisture content levels.
The effect of moisture on the resilient modulus was very

significant for the A-1 soil.

4.1.2 Phase III Resilient Modulus Results

The resilient modulus results of the additional three soils
were obtained using AASHTO T307-99 test method. The resilient
moduli were obtained based on the full-length, internal LVDT
measurements. At least four resilient modulus tests were
performed for each soil at the optimum compacted condition
(compacted to 100% of Standard Proctor maximum unit weight) .
No data were available under both soaked and dried conditions.
The average resilient modulus values at 2 psi confining pressure
and 11 psi bulk stress from the test results were then presented

for each soil. The resilient modulus test results using T307-99
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are summarized and presented in Appendices D.9, D.10, and D.11,

for the additional three types of soil.

Spring Cemetery A-2-4 soil with 15% fines

The individual test results of the Spring Cemetery A-2-4 soil
are presented in Appendix D.9. Four samples were tested for

resilient modulus. Table 4.10(A) presents a summary of the
regression models of M, versus bulk stress, and Table 4.10 (B)
presents a summary of the regression models of M, versus
confining pressure. Figure 4.10(A) shows the M, versus bulk
stress at different moisture content levels. Figure 4.10(B)
shows the M, versus confining pressure at different moisture

content levels. The effect of moisture on the resilient modulus

was very significant.

Branch A-2-4 soil with 23% fines

The individual test results of the Branch A-2-4 soil are
presented in Appendix D.10. A total of six samples were tested.

Table 4.11(A) presents a summary of the regression models of

M, versus bulk stress, and Table 4.11(B) presents a summary of
the regression models of M, versus confining pressure. Figure
4.11(A) shows the M, versus bulk stress at different moisture

content levels. Figure 4.11(B) shows the M, versus confining
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pressure at different moisture content levels. The effect of

moisture on the resilient modulus was very significant.

Iron Bridge A-2-6 soil with 31% fines

The individual test results of the Iron Bridge A-2-6 soil
are presented in Appendix D.11l. Four samples were tested. Table
4.12 (A) presents a summary of the regression models of M, versus
bulk stress, and Table 4.12(B) presents a summary of the

regression models of M, versus confining pressure. Figure
4.12(A) shows the M, versus bulk stress at different moisture
content levels. Figure 4.12(B) shows the M, versus confining

pressure at different moisture content levels. The effect of

moisture on the resilient modulus was very significant.

4.2 SOIL SUCTION TEST RESULTS

The suction test results are summarized in Table 4.13 and
shown in Figure 4.13 for the eight soil types for different water
content levels. As shown in Figure 4.13, the suction value
generally decreases with an increase in moisture content. The
trend is in general agreement with the Soil-Water Characteristic
Curve (SWCC), which defines the soil’s ability to store and
release water. Suction data were not available for the three

additional soils.
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For the two A-3 soils (Levy A-3 and SR70 A-3), the suction
values, in range of 2 kPa to 60 kPa, were lower than that of
the A-2-4 soils. The range of suction value for the A-2-4 soils
was from 30 kPa to 600 kPa at around the optimum moisture content.
The A-3 soils had only a small amount of fines, so there were
larger pores in the soil. The A-2-4 soils had more fines with
smaller pores. The soil with smaller pores would contain and
suck more water than the soil with larger pores.

As shown in Figure 4.13, the suction values are not much
different among the eight soils at around the optimum moisture
content. The psychrometer test may not be accurate enough on
measuring suction value of sandy materials. Other test methods

such as the filter paper test may achieve more accuracy.

4 .3 PERMEABILITY TEST RESULTS

The permeability test results are summarized in Table 4.14
and shown in Figure 4.14. As shown in Figure 4.14, a general
trend exists that the measured permeability decreases with an
increase in the percent of fines. The permeability results
indicated that the percent of fines was a good indicator of the

soil permeability.
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Table 4.1 Typical Resilient Modulus Test Results

Summary of Resilient Modulus Test Results

Type: T29£91I SoHIdenﬂﬁ!aﬂon
Sample No. /A2430%S2 A-2-4, 30% fine
Lab. Moist. 13.20% Opt. Moist. 12.00%
Lab. Den. 116|pcf Opt. Den. 115.70 |pcf
Conditioning Information
Load Type: Dynamic
Dev. Stress: 82.74 kPa
Conf. Stress: 103.42 kPa
No. Reps.: 1000
Confining | Axial Dev. Bulk Middle |Full Length| Middle Lg:élth
Pressure Load Stress Stress Strain Strain Modulus
Modulus
kPa kN kPa kPa MPa Mpa
103.42 0.373 45.990 356.250 0.000033 | 0.000199 231.51
103.42 0.541 66.779 377.039 0.000156 | 0.000290 | 427.66 229.93
103.42 0.821 101.265 | 411.525 0.000324 | 0.000440 | 312.53 230.39
68.95 0.261 32.237 239.087 0.000020 | 0.000193 166.99
68.95 0.374 46.141 252.991 0.000116 | 0.000281 398.38 164.48
68.95 0.541 66.690 273.540 0.000245 | 0.000397 | 271.73 168.04
68.95 0.820 101.199 | 308.049 0.000449 | 0.000594 | 225.14 170.43
34.47 0.150 18.511 121.921 0.000007 | 0.000172 107.39
34.47 0.261 32.224 135.634 0.000132 | 0.000314 | 243.45 102.72
34.47 0.374 46.141 149.551 0.000245 | 0.000440 188.53 104.98
34.47 0.541 66.687 170.097 0.000413 | 0.000612 161.35 108.98
13.79 0.150 18.477 59.847 0.000105 | 0.000276 176.33 66.89
13.79 0.262 32.298 73.668 0.000263 | 0.000477 122.64 67.77
13.79 0.374 46.071 87.441 0.000454 | 0.000660 101.56 69.79
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Table 4.2 (A) Regression Model of Resilient Modulus versus Bulk
Stress for Levy County A-3

Middle Half
Moisture Content | Sample No. p
ki ko Formula (y=Mr, x=6) R

8.08% A3LEVYD1 31.2400 0.3925 y=31.24x°3%% 0.9836
4.30% A3LEVYD2 25.1780 0.4316 y=25.178x"431 0.9877
9.50% A3LEVYO1 20.7880 0.4454 y=20.788x>44%4 0.9856
9.60% A3LEVYO2 18.4610 0.481 y=18.461x"4%" 0.9895
13.47% A3LEVYS1 33.7400 0.4451 y=33.74x 04451 0.5326
15.00% A3LEVYS2 12.2240 0.5512 y=12.224x"%"2 0.9864
15.27% A3LEVYS3 23.988 0.4472 y=23.988x"47? 0.9022

Full Length

Moisture Content | Sample No.
K'q k'z Formula (y=Mr, x=6) R2

8.08% A3LEVYD1 13.3500 0.5215 y=13.35x°521% 0.994
4.30% A3LEVYD2 7.1728 0.6227 y=7.1728x"5%" 0.9967
9.50% A3LEVYO1 14.1630 0.4911 y=14.163x"49"" 0.9854
9.60% A3LEVYO2 4.7729 0.6972 y=4.7729x>%9"2 0.9952
13.47% A3LEVYS1 15.0760 0.5043 y=15.076x>04 0.9819
15.00% A3LEVYS2 4.6188 0.6708 y=4.6188x"67%® 0.9954
15.27% A3LEVYS3 3.7170 0.7073 y=3.717x>77? 0.9965

Table 4.2 (B) Regression Model of Resilient Modulus versus
Confining Pressure for Levy County A-3

Middle Half

Moisture Content | Sample No. 5

ks ks Formula (y=Mr, x=ag3) R
8.08% A3LEVYD1 70.5960 0.3262 y=70.596x"32%? 0.9921
4.30% A3LEVYD2 62.2770 0.3566 y=62.277x°3%6¢ 0.9853
9.50% A3LEVYOT1 52.6030 0.3696 y=52.6030x"%% 0.9934
9.60% A3LEVYO2 50.8130 0.3966 y=18.461x°39° 0.9877
13.47% A3LEVYS1 68.9590 0.4246 y=68.959x°4246 0.9932
15.00% A3LEVYS2 37.5900 0.4631 y=37.59x°463" 0.9985
15.27% A3LEVYS3 56.9750 0.3884 y=56.975x"88 0.9978

Full Length

Moisture Content Sample No. >

k's K's Formula (y=Mr, x=ag3) R
8.08% A3LEVYD1 39.4880 0.4331 y=39.488x"43" 0.9921
4.30% A3LEVYD2 27.1880 0.5074 y=27.188x""74 0.9958
9.50% A3LEVYO1 38.9780 0.4089 y=38.978x°49° 0.9975
9.60% A3LEVYO2 20.8960 0.5717 y=20.896x>°""" 0.9949
13.47% A3LEVYS1 41.7490 0.4261 y=41.749x°4%" 0.997
15.00% A3LEVYS2 18.5980 0.5571 y=18.598x>"" 0.9986
15.27% A3LEVYS3 16.2710 0.5859 y=16.271x°38% 0.9946
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Table 4.3 (A) Regression Model of Resilient Modulus versus Bulk
Stress for SR70 A-3

Middle Half
Moisture Content Sample No.
k1 k2 Formula (y=Mr, x=0) R2
7.8% A3SR70D1 22.1260 0.4192 y=22.126x"41% 0.9881
5.3% A3SR70D2 30.2110 0.4057 y=30.211x %407 0.9652
4.5% A3SR70D3 61.9200 0.3097 y=61.92x%3%%" 0.8779
4.0% A3SR70D4 69.8830 0.3252 y=69.883x°3%> 0.4158
11.4% A3SR7001 24.3600 0.4302 y=24.36x"43% 0.9864
11.4% A3SR7002 23.9860 0.4364 y=23.986x"43%4 0.9785
13.4% A3SR7S1 12.2840 0.5942 y=12.284x"°94 0.7924
13.7% A3SR70S2 9.2997 0.5803 y=9.2997x"°8% 0.9553
Full Length
Moisture Content Sample No.
k'1 k'2 Formula (y=Mr, x=0) R2

7.8% A3SR70D1 10.2870 0.5320 y=10.287x"°% 0.9853
5.3% A3SR70D2 13.6220 0.5195 y=13.622x %1% 0.9654
4.5% A3SR70D3 6.3577 0.6873 y=6.3577x°%87 0.9482
4.0% A3SR70D4 11.0630 0.5585 y=11.063x"°°%° 0.9829
11.4% A3SR7001 10.4820 0.5520 y=10.482x°°°%° 0.9872
11.4% A3SR7002 12.6830 0.5254 y=12.683x"°%** 0.9804
13.4% A3SR7S1 7.6672 0.5929 y=7.6672x"°9% 0.9937
13.7% A3SR70S2 3.8317 0.7132 y=3.8317x%71%2 0.9773

Table 4.3 (B) Regression Model of Resilient Modulus versus
Confining Pressure for SR70 A-3

Middle Half
Moisture Content | Sample No.
k3 k4 Formula (y=Mr, x=03) R2
7.8% A24SR70D1 53.1320 0.3471 y=53.132x"34"" 0.9910
5.3% A24SR70D2 68.2200 0.3446 y=68.22x°344 0.9925
4.5% A24SR70D3 | 110.3000 0.2744 y=110.3x%2"4 0.9988
4.0% A24SR70D4 69.8830 0.3252 y=69.883x°3%> 0.4158
11.4% A24SR7001 59.7990 0.3568 y=59.799x°3°¢8 0.9855
11.4% A24SR7002 58.4120 0.3670 y=58.412x%3¢" 0.9952
13.4% A24SR70S1 36.9340 0.5320 y=36.934x"°% 0.9798
13.7% A24SR70S2 40.1160 0.4262 y=40.116x"4%%? 0.9661
Full Length
Moisture Content | Sample No.
k'3 k'4 Formula (y=Mr, x=03) R2
7.8% A24SR70D1 31.0580 0.4426 y=31.058x"44%° 0.9877
5.3% A24SR70D2 38.1300 0.4440 y=38.13x"44 0.9998
4.5% A24SR70D3 24.3960 0.5898 y=24.396x"°8% 0.9852
4.0% A24SR70D4 34.4330 0.4705 y=34.433x°47%° 0.9941
11.4% A24SR7001 32.8830 0.4601 y=32.883x"47" 0.9890
11.4% A24SR7002 37.1680 0.4406 y=37.168x°44%° 0.9916
13.4% A24SR70S1 26.2990 0.4923 y=26.299x°49% 0.9957
13.7% A24SR70S2 23.2210 0.5221 y=23.221x%°% 0.9746
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Table 4.4 (A) Regression Model of Resilient Modulus versus Bulk
Stress for A-2-4 12% Soil

Middle Half
Moisture Content| Sample No. >
k1 ko Formula (y=Mr, x=6) R
7.1% A2412%D1 19.4130 0.4562 y=19.413x24%62 0.9686
7.0% A2412%D2 15.1390 0.5161 y=15.139x5"¢" 0.9859
12.1% A2412%01 12.0340 0.5303 y=12.034x>%303 0.9875
12.1% A2412%02 9.0054 0.5911 y=9.0054x"%9"" 0.9407
14.6% A2412%S1 9.2350 0.5557 y=9.235x°%%%7 0.9893
13.6% A2412%S2 11.8290 0.5211 y=11.829x"2" 0.9869
Full Length
Moisture Content| Sample No. 5
K'q k', Formula (y=Mr, x=0) R
7.1% A2412%D1 7.0555 0.6066 y=7.0555x"60%° 0.9924
7.0% A2412%D2 5.3978 0.6638 y=5.3978x"6538 0.994
12.1% A2412%01 6.0838 0.6311 y=6.0838x"%" 0.9852
12.1% A2412%02 6.6733 0.6202 y=6.6733x"52%2 0.9700
14.6% A2412%S1 7.4721 0.5740 y=7.4721x>574 0.9931
13.6% A2412%S2 6.7001 0.6053 y=6.7001x>50% 0.9961

Table 4.4 (B) Regression Model of Resilient Modulus versus
Confining Pressure for A-2-4 12%

Middle Half
Moisture Content| Sample No. >
ks Ka Formula (y=Mr, x=03) R
7.1% A2412%D1 49.1900 0.3839 y=49.19x"383%° 0.9892
7.0% A2412%D2 43.8560 0.4312 y=43.856x°431? 0.9886
12.1% A2412%01 35.5150 0.4454 y=35.516x"44>* 0.998
12.1% A2412%02 30.0830 0.4987 y=30.0830x"4%% 0.9700
14.6% A2412%S1 29.2350 0.4624 y=29.235x°46% 0.9891
13.6% A2412%S2 34.795 0.4344 y=34.795x°434 0.9893
Full Length
Moisture Content| Sample No. 5
k's K's Formula (y=Mr, x=03) R
7.1% A2412%D1 26.0570 0.4928 y=26.057x°49%8 0.9841
7.0% A2412%D2 21.594 0.5499 y=21.594x°54%9 0.9904
12.1% A2412%01 21.7620 0.5328 y=21.762x0.5328 0.9992
12.1% A2412%02 21.1340 0.5271 y=21.134x%52"" 0.9916
14.6% A2412%S1 24.5660 0.4776 y=24.566x"4""® 0.9928
13.6% A2412%S2 23.6990 0.5013 y=23.699x>°0" 0.9949
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Table 4.5(A) Regression Model of Resilient Modulus versus Bulk
Stress for SR70 A-2-4

Middle Half
Moisture Content| Sample No. p
k1 Kz Formula (y=Mr, x=0) R
8.41% A24SR70D1 427.8900 0.0540 y=427.89x"%%* 0.1721
7.76% A24SR70D2 | 1211.8000 | -0.1032 y=1211.8x°10% 0.1929
10.80% A24SR7001 132.9400 0.1698 y=132.94x>15% 0.3393
10.39% A24SR7002 65.1530 0.2769 y=65.153x"-27° 0.6244
11.23% A24SR70S1 24.8220 0.4310 y=24.822x"4% 0.877
11.70% A24SR70S2 31.5620 0.4321 y=31.562x"43" 0.4503
) Full Length
Moisture Content| Sample No. >
k'q k'z Formula (y=Mr, x=0) R
8.41% A24SR70D1 57.4670 0.3861 y=57.467x°38¢ 0.9121
7.76% A24SR70D2 1.9460 0.9431 y=1.946x"%4" 0.9922
10.80% A24SR7001 42.3150 0.3332 y=19.852x"4414 0.8241
10.39% A24SR7002 24.9300 0.4210 y=24.9300x%4%1° 0.8487
11.23% A24SR70S1 9.6913 0.5608 y=9.6913x"08 0.932
11.70% A24SR70S2 5.4516 0.6335 y=5.4052x"63% 0.9716

Table 4.5 (B)

Confining Pressure for SR70 A-2-4

Regression Model of Resilient Modulus versus

Middle Half
Moisture Content| Sample No. 5
ks ka Formula (y=Mr, x=03) R
8.41% A24SR70D1 | 451.9800 0.0607 y=451.98x"%5%" 0.9849
7.76% A24SR70D2 | 884.4900 | -0.0571 y=884.49x %" 0.8558
10.80% A24SR7001 171.5100 0.1698 y=39.914x>4% 0.9311
10.39% A24SR7002 104.8700 0.2578 y=104.87x>%"® 0.9937
11.23% A24SR70S1 55.6000 0.3807 y=55.6x°38% 0.9994
11.70% A24SR70S2 63.7580 0.4172 y=63.758x"4'"? 0.9996
Full Length
Moisture Content| Sample No. 5
K's K's Formula (y=Mr, x=a3) R
8.41% A24SR70D1 120.0400 0.3369 y=120.04x"33° 0.9978
7.76% A24SR70D2 14.031 0.7789 y=14.031x>778° 0.9964
10.80% A24SR7001 78.6520 0.2962 y=45.686x"3888 0.9969
10.39% A24SR7002 54.9130 0.3727 y=54.913x>3"%" 0.9959
11.23% A24SR70S1 28.5950 0.4870 y=28.595x"4%" 0.9998
11.70% A24SR70S2 19.5280 0.5366 y=19.528x"-53¢¢ 0.9936
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Table 4.6 (A) Regression Model of Resilient Modulus versus Bulk
Stress for A-2-4 20%

Middle Half
Moisture Content| Sample No. p
ki k2 Formula (y=Mr, x=0) R
8.3% A2420%D1 54.1420 0.3077 y=54.142x23"" 0.9395
7.3% A2420%D2 45.1320 0.3647 y=45.132x°347 0.8629
10.0% A2420%01 12.2060 0.5459 y=12.206x°4%° 0.9793
10.0% A2420%02 10.397 0.5586 y=10.397x°:558¢ 0.9830
11.6% A2420%S1 13.8160 0.5163 y=13.816x°°1%® 0.9749
12.3% A2420%S2 10.0030 0.5621 y=10.003x°°" 0.9845
Full Length
Moisture Content|  Sample No. p
K'q k's Formula (y=Mr, x=0) R
8.3% A2420%D1 11.0210 0.5807 y=11.021x>°8% 0.9771
7.3% A2420%D2 11.5170 0.5914 y=11.517x>9" 0.9612
10.0% A2420%01 7.7395 0.6080 y=7.7395x°6%8° 0.9881
10.0% A2420%02 6.5854 0.6529 y=6.5854x°552 0.9867
11.6% A2420%S1 7.8573 0.5907 y=7.8573x"%%" 0.9825
12.3% A2420%S2 6.9320 0.6137 y=6.9320x°5"¥" 0.9893

Table 4.6 (B) Regression Model of Resilient Modulus versus
Confining Pressure for A-2-4 20%

Middle Half
Moisture Content| Sample No. >
ks k4 Formula (y=Mr, x=03) R
8.3% A2420%D1 99.0040 0.2652 y=99.0040x"2%%2 0.9907
7.3% A2420%D2 89.7970 0.3218 y=89.797x°3218 0.9896
10.0% A2420%01 38.2730 0.4519 y=38.2730x>4°"? 0.9881
10.0% A2420%02 34.2940 0.4928 y=34.294x°4928 0.9961
11.6% A2420%S1 39.2840 0.4361 y=39.284x°43¢ 0.9915
12.3% A2420%S2 31.8970 0.4694 y=31.897x°46% 0.9932
Full Length
Moisture Content| Sample No. 5
k's k's Formula (y=Mr, x=03) R
8.3% A2420%D1 35.5060 0.4906 y=35.506x°49%° 0.9988
7.3% A2420%D2 37.5780 0.5086 y=37.5780x"°%% 0.9994
10.0% A2420%01 27.1730 0.5073 y=27.1730x *507 0.9899
10.0% A2420%02 25.0700 0.5470 y=25.07x>* 0.9956
11.6% A2420%S1 26.3510 0.4953 y=26.351x"49% 0.99
12.3% A2420%S2 24.6500 0.5116 y=24.65x°°"" 0.9924
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Table 4.7 (A) Regression Model of Resilient Modulus versus Bulk
Stress for A-2-4 24%

Middle Half
Moisture Content| Sample No. >
k4 k2 Formula (y=Mr, x=6) R
7.72% A2424%D1 16.7250 0.4530 y=16.725x>4530 0.9517
7.65% A2424%D2 18.7130 0.4522 y=18.713x%4%%2 0.9580
10.70% A2424%01 21.5070 0.3889 y=21.507x°3889 0.9734
10.70% A2424%02 15.5120 0.4671 y=15.512x24¢"" 0.9976
12.00% A2424%S1 4.9754 0.6255 y=4.9754x°5%%° 0.9744
11.40% A2424%S2 8.2687 0.6080 y=8.2687x 0% 0.8505
Full Length
Moisture Content| Sample No. p
K'q k's Formula (y=Mr, x=0) R
7.72% A2424%D1 10.5540 0.5262 y=10.554x°°26 0.9844
7.65% A2424%D2 13.5780 0.4954 y=13.578x%4%% 0.9771
10.70% A2424%01 8.5045 0.5469 y=8.5045x 49 0.9916
10.70% A2424%02 6.9937 0.5987 y=6.9937x>%%" 0.9757
12.00% A2424%S1 3.6325 0.6465 y=3.6325x"64%° 0.9979
11.40% A2424%S2 3.7207 0.7035 y=3.7207x°7%% 0.9769

Table 4.7 (B) Regression Model of Resilient Modulus versus
Confining Pressure for A-2-4 24%

Middle Half
Moisture Content | Sample No. >
ks ks Formula (y=Mr, x=03) R
7.72% A2424%D1 41.4400 0.3859 y=41.44x"38% 0.981
7.65% A2424%D2 45.9930 0.3865 y=45.993x"-386° 0.9913
10.70% A2424%01 47.0930 0.3291 y=47.093x3%" 0.9984
10.70% A2424%02 38.8840 0.4017 y=38.884x24°"7 0.993
12.00% A2424%S1 17.5770 0.5290 y=17.577x"%% 0.9986
11.40% A2424%S2 25.5980 0.5399 y=25.598x°93%° 0.9982
Full Length
Moisture Content | Sample No. p
k's k's Formula (y=Mr, x=03) R
7.72% A2424%D1 31.0020 0.4415 y=31.002x"441° 0.9901
7.65% A2424%D2 36.8590 0.4196 y=36.859x"4"% 0.9935
10.70% A2424%01 26.6810 0.4528 y=26.681x0.4528 0.997
10.70% A2424%02 23.7020 0.5039 y=23.702x"°%%° 0.9859
12.00% A2424%S1 14.2170 0.5319 y=14.217x"%1° 0.994
11.40% A2424%S2 15.9130 0.5977 y=15.913x>%9"7 0.9804

146



Table 4.8 (A) Regression Model of Resilient Modulus versus Bulk
Stress for A-2-4 30%

Middle Half
Moisture Content| Sample No. p
k1 ka2 Formula (y=Mr, x=6) R
6.30% A2430%D1 596.33 | 0.0647 y=596.33x"%%% 0.0379
7.00% A2430%D2 540.26 | 0.0793 y=540.26x""% 0.0564
12.00% A2430%01 10.877 | 0.5973 y=10.877x%%9" 0.3938
12.30% A2430%02 9.9673 | 0.5778 y=9.9673x*°""® 0.4464
13.40% A2430%S1 12.556 | 0.5469 y=12.556x°46? 0.712
13.20% A2430%S2 13.122 | 0.5448 y=13.122x°°44® 0.6345
Full Length
Moisture Content| Sample No. P
K'q K'z Formula (y=Mr, x=0) R
6.30% A2430%D1 19.176 | 0.6226 y=19.176x°°22 0.9343
7.00% A2430%D2 21.326 | 0.6001 y=21.326x°°%" 0.9418
12.00% A2430%01 3.3241 0.7184 y=3.3241x°718 0.9353
12.30% A2430%02 3.2058 | 0.7096 y=3.2058x°70% 0.9459
13.40% A2430%S1 2.7408 | 0.7601 y=2.7408x°7" 0.9590
13.20% A2430%S2 3.2634 | 0.7073 y=3.2634x>707 0.9681

Table 4.8 (B) Regression Model of Resilient Modulus versus
Confining Pressure for A-2-4 30%

Middle Half
Moisture Content | Sample No. p
ks ks Formula (y=Mr, x=03) R
6.30% A2430%D1 578.4 0.1012 y=578.4x%"012 0.8096
7.00% A2430%D2 537.35 0.1142 y=537.35x>"14? 0.8753
12.00% A2430%01 27.255 0.6002 y=27.255x°°002 0.9982
12.30% A2430%02 25.023 0.5683 y=25.023x"83 0.9932
13.40% A2430%S1 33.301 0.5059 y=33.301x%°0%° 0.993
13.20% A2430%S2 34.09 0.5106 y=34.09x°°106 0.9944
Full Length
Moisture Content | Sample No. p
k's K's Formula (y=Mr, x=03) R
6.30% A2430%D1 64.499 0.5363 y=64.499x°53¢® 0.9942
7.00% A2430%D2 68.457 0.5188 y=68.457x°°188 0.9996
12.00% A2430%01 13.503 0.6208 y=13.503x°6208 0.9943
12.30% A2430%02 12.879 0.6112 y=12.879x%6"12 0.9965
13.40% A2430%S1 12.42 0.6492 y=12.42x°4%2 0.9941
13.20% A2430%S2 13.528 0.6004 y=13.528x2%% 0.989
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Table 4.9 (A) Regression Model of Resilient Modulus versus Bulk
Stress for A-1 Oolite

. Middle Half
Moisture Content | Sample No. 5
k1 k2 Formula (y=Mr, x=0) R
5.60% OOLITED1 24.9270 0.5514 y=24.927x"% 0.9343
4.40% OOLITED2 34.2920 0.5020 y=34.292x"°% 0.8909
7.80% OOLITEO1 5.0349 0.7568 y=5.0349x"7°68 0.9182
7.80% OOLITEO2 5.9633 0.7204 y=5.9633x"72% 0.9199
8.20% OOLITES1 1.6414 0.8946 y=1.6414x°894 0.9429
8% OOLITES2 3.8590 0.7655 y=3.859x°76% 0.9588
. Full Length
Moisture Content | Sample No. 2
K'q k's Formula (y=Mr, x=6) R
5.60% OOLITED1 4.9032 0.7596 y=4.9032x°7°% 0.9807
4.40% OOLITED2 9.9158 0.5774 y=9.9158x"5"" 0.9637
7.80% OOLITEO1 3.0146 0.8194 y=3.0146x"%1% 0.9552
7.80% OOLITEO2 3.5722 0.7921 y=3.5722x>79" 0.9545
8.20% OOLITES1 0.9275 0.9888 y=0.9275x"9%88 0.9728
8% OOLITES2 2.4621 0.8330 y=2.4621x"8% 0.9593

Table 4.9(B) Regression Model of Resilient Modulus versus
Confining Pressure for A-1 Oolite

, Middle Half
Moisture Content| Sample No. 5
ks ks Formula (y=Mr, x=03) R
5.60% OOLITED1 75.8540 0.4682 y=75.854x 04682 0.9653
4.40% OOLITED2 90.4880 0.4371 y=90.488x>43"" 0.9739
7.80% OOLITEO1 24.0410 0.6205 y=24.041x"62%° 0.9254
7.80% OOLITEO2 27.3050 0.5951 y=27.3050x"°%" 0.9269
8.20% OOLITES1 10.9870 0.7349 y=678.53x046° 0.9429
8% OOLITES2 18.3600 0.6454 y=18.36x"%4% 0.9759
. Full Length
Moisture Content| Sample No. >
k's K'a Formula (y=Mr, x=a3) R
5.60% OOLITED1 23.4790 0.6349 y=23.479x 6349 0.9872
4.40% OOLITED2 38.8570 0.5740 y=38.857x"°"* 0.9870
7.80% OOLITEO1 16.4290 0.6842 y=16.429x°684? 0.9642
7.80% OOLITEO2 18.6200 0.6585 y=18.62x"6°% 0.9603
8.20% OOLITES1 7.3804 0.8180 y=7.3804x°8"® 0.971
8% OOLITES2 13.3310 0.7043 y=13.331x"7%% 0.9784
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Table 4.10 (A) Regression Model of Resilient Modulus versus Bulk

Stress for Spring Cemetery A-2-4

. Full Length
Moisture Content| Sample No. 5
K4 Kz Formula (y=Mr, x=0) R
9.20% SC001C1 6.5289 0.5608 y=6.5289x %% 0.9495
9.20% SC001D1 5.2654 0.5801 y=5.2654x"8"" 0.9739
9.30% SCO001E1 5.6704 0.5511 y=5.6704x>°"" 0.9832
9.30% SCO001F1 5.1598 0.5944 y=5.1598x>594 0.9453

Table 4.10(B)

Regression Model of

Confining Pressure for Spring Cemetery A-2-4

Resilient Modulus versus

. Full Length
Moisture Content| Sample No. 5
Ks Ky Formula (y=Mr, x=03) R
9.20% SC001C1 21.539 0.4691 y=21.539x 246%1 0.9204
9.20% SC001D1 18.509 0.4811 y=18.509x"*%"" 0.9149
9.30% SCO01E1 15.422 0.4996 y=15.422x°49% 0.9332
9.30% SCO001F1 15.812 0.5393 y=15.812x253% 0.9612

Table 4.11 (A) Regression Model of Resilient Modulus versus Bulk

Stress for Branch A-2-4

. Full Length

Moisture Content| Sample No. 5

K4 Kz Formula (y=Mr, x=0) R
8.70% BH001C1 31.985 0.3848 y=31.985x 02848 0.5244
8.70% BH001D2 13.277 0.6256 y=13.277x 6% 0.7156
8.90% BHOO1E1 46.913 0.3171 y=46.913x %371 0.4444
8.90% BHOO1F1 39.755 0.3637 y=39.755x %% 0.4793
9.30% BH001G1 8.1296 0.577 y=8.1296x"°"" 0.7335
9.30% BHOO1H1 13.914 0.4985 y=13.914x"49° 0.6085

Table 4.11(B)

Regression Model of Resilient Modulus versus
Confining Pressure for Branch A-2-4

. Full Length
Moisture Content| Sample No. 2
Ks K4 Formula (y=Mr, x=03) R
8.70% BHO001C1 61.913 0.3702 y=61.913x %72 0.9127
8.70% BH001D2 48.637 0.5285 y=48.637x 2% 0.9407
8.90% BHOO1E1 70.958 0.3401 y=70.958x 301 0.883
8.90% BHOO1F1 66.206 0.3792 y=66.206x 7% 0.8918
9.30% BH001G1 25.442 0.4991 y=25.441x"49" 0.9417
9.30% BHO01H1 32.379 0.475 y=32.379x"4"° 0.9591
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Table 4.12 (A) Regression Model of Resilient Modulus versus Bulk
Stress for Iron Bridge A-2-6

. Full Length
Moisture Content| Sample No. 5
K1 Ka Formula (y=Mr, x=6) R
10.30% IBO01CA1 13.211 0.3678 y=13.211x %% 0.7348
10.30% 1BO01D1 11.443 0.3946 y=11.443x°3%% 0.7027
10.40% IBOO1E1 12.603 0.3762 y=12.603x"*"% 0.6927
10.40% IBOO1F1 15.269 0.3269 y=15.269x"%2% 0.6658

Table 4.12(B) Regression Model of Resilient Modulus versus
Confining Pressure for Iron Bridge A-2-6

. Full Length
Moisture Content| Sample No. 5
Ks Ka Formula (y=Mr, x=03) R
10.30% IBO01C1 43.418 0.1751 y=43.418x *'7*! 0.285
10.30% IB0O01D1 39.218 0.2051 y=39.218x"2%%" 0.3062
10.40% IBOO1E1 43.411 0.1746 y=43.411x>"74¢ 0.2499
10.40% IBOO1F1 43.379 0.158 y=43.379x%"%8 0.2355
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Table 4.13 Suction Values for the Eight Soils

. Suction - Water Content Regression Optimum .

Soil . _ B(Water Confent) Water Suction

(Suction = A(e) )
Content

A B R-Square % kPa
Levy 35.108 -0.0728 0.0151 10 17
SR70 A-3 457.66 -0.3039 0.6394 11.5 14
A-2-4 (12%) 209.72 0.0613 0.8523 121 440
SR70 A-2-4 12094 -0.4762 0.5145 10.5 81
A-2-4 (20%) 16837 -0.381 0.9951 10 373
A-2-4 (24%) 5892.2 -0.2728 0.8162 10.7 318
A-2-4 (30%) 594.19 -0.0517 0.132 12 320
Miami Oolite A-1 47473 -0.1109 0.6174 7.6 204

Table 4.14 Permeability Test Results

. Percentage of .

Soil Type Passing No. 200 sieve (%) Permeability (cm/s)
Levy A-3 4 5.52*107
SR70 A-3 8 2.06*10°
A-2-4 (12%) 12 3.05*10™
SR70 A-2-4 14 2.5%10™
Spring Cemetery A-2-4 15 2.76*10™
A-2-4 (20%) 20 1.04*10™
Branch A-2-4 23 7.42*107
A-2-4 (24%) 24 6.50*10°
A-2-4 (30%) 30 2.01*10°
Iron Bridge A-2-6 31 5.6*107

151




5 =me== FROM LVDT AT MIDDLE HALF
—— FROM LVDT AT FULL LENGTH

4
/
[ J
& 3 4 ok 0.5681 .//
o y=1032 =
. Pay

4 R2=0.9008 s —
g 2 ® " S s K =~
a \
o
s
£
uj' ./(
B 402 L—" - _0.7001
L

9
S L LT & R2=0.0389

7

6

5

5 6 7 8 9 102 2 3 4 5

BULK STRESS, kPa
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County A-3 at Different Moisture Contents
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Figure 4.3 (A) Resilient Modulus vs. Bulk Stress at Different
Moisture Contents of SR70 A-3
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Figure 4.3 (B) Resilient Modulus vs. Confining Pressure at
Different Moisture Contents of SR70 A-3
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Figure 4.7 (A) Resilient Modulus vs. Bulk Stress at Different
Moisture Contents of A-2-4 24%
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Figure 4.11(A) Resilient Modulus vs. Bulk Stress at Different
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Figure 4.11(B) Resilient Modulus vs. Confining Pressure at
Different Moisture Contents of Branch A-2-4 Soil

162



1000

10.4% (E1)
10.3% (C1) /

100 \

\lﬁ,—ﬂ"‘gggggzza\\\\

el

10.4% (F1)

10.3% (D1)

Resilient Modulus, MPa

10
10 100 1000

Bulk Stress, kPa

Figure 4.12(A) Resilient Modulus vs. Bulk Stress at Different
Moisture Contents of Iron Bridge A-2-6 Soil

1000

©
o
= 10.4% (E1
%) 10.3% (C1) 0.4% (E1)
= 100 | /
5
] =—‘Rfé=====s===='"='='=-£EE?=!=;_—1\\\\\
=
c N\ 10.4% (F1)
ko) 10.3% (D1)
)
(O]
0

10

10 100

Confining Pressure, kPa

Figure 4.12(B) Resilient Modulus vs. Confining Pressure at
Different Moisture Contents of Iron Bridge A-2-6 Soil
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Content Levels
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CHAPTER 5
PRESENTATION OF TEST-PIT TEST RESULTS

5.1 GENERAL

Eleven types of soil representing typical Florida subgrade
materials were tested in the test-pit program. For each soil,
static and cyclic (up to 30,000 cycles for simulation of the
dynamic effect) plate load tests were conducted under different
levels of groundwater table. Since the resilient behavior of
subgrade soil under the dynamic loading was influenced by the
soil properties as well as the moisture conditions, a detailed
evaluation was made of the moisture profile for wvarious
groundwater levels. The test-pit experimental results are
presented in reference to the various levels of groundwater table

in the appendices.

5.2 TEST NUMBER AND LOAD CONDITIONS
A series of plate load tests were conducted at each time when
the moisture equilibrium was achieved after adjusting the
groundwater level. The designated test numbers and their

corresponding loading conditions for each soil are listed in
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Table 5.1 through Table 5.11. The relative elevation 0.0 in.

is set at the interface between the subgrade and embankment.

5.3 MOISTURE PROFILE RESULTS

5.3.1 Moisture Profile in Equilibrium

To monitor the water movement in soils, the water content
at each water level (6-in. intervals) was recorded on a daily
basis for each material after the material was placed and
compacted in place until the water content became stable. The
moisture profiles in an equilibrium state under different water
levels are summarized in Tables 5.12(A) through 5.22(A). To
correlate the moisture profile as a result of water level
adjustment with the resilient behavior of the tested subgrade
soil, an accurate moisture profile was obtained of the subgrade
soil under the plate load test. Tables 5.12(B) through 5.22(B)
present the moisture profiles at the time of plate load test.
Since the TDR probes used to measure the water content of the
three additional soils were not calibrated properly using the
tested materials, the moisture profile data for the additional
three soils should be carefully checked and only used for a
reference.

All volumetric water content measured through the TDR probe

was converted into gravimetric water content according to

166



Equation B-1 (refer to Appendix B). The dry unit weight (y4) of
each layer of the subgrade soil was measured when the soil was
initially compacted in the test pit. Thus, the dry unit weight
(Ya) of the subgrade at a corresponding elevation for the TDR
probe was approximated during the experiment. A linear
interpolation was used to indicate the water content at each
increment level of the subgrade within a specific test.

For the Levy County A-3 soil, the moisture profiles in an
equilibrium state after the adjustment of water levels are
presented in Table 5.12 (A) and shown in Figure 5.1. The moisture
profiles at the time of plate load test are summarized in Table
5.12(B) .

For the SR70 A-3 soil, the moisture profiles in an equilibrium
state after the adjustment of water levels are presented in Table
5.13(A) and shown in Figure 5.2. The moisture profiles at the
time of plate load test are summarized in Table 5.13(B).

For the SR70 A-2-4 soil, the moisture profiles under
different water levels are presented in Table 5.3 and shown in
Figure 5.14 (A) . The moisture profiles at the time of plate load
test are summarized in Table 5.14 (B).

For the A-2-4 (12%) soil, the moisture profiles under
different water levels are presented in Table 5.15(A) and shown
in Figure 5.4. The moisture profiles at the time of plate load

test are summarized in Table 5.15(B).
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For the A-2-4 (20%) soil, the moisture profiles under
different water levels are presented in Table 5.16 (A) and shown
in Figure 5.5. The moisture profiles at the time of plate load
test are summarized in Table 5.16(B).

For the A-2-4 (24%) soil, the moisture profiles under
different water levels are presented in Table 5.17(A) and shown
in Figure 5.6. The moisture profiles at the time of plate load
test are summarized in Table 5.17(B).

For the A-2-4 (30%) soil, the moisture profiles under
different water levels are presented in Table 5.18(A) and shown
in Figure 5.7. The moisture profiles at the time of plate load
test are summarized in Table 5.18(B).

For the Oolite soil, the moisture profiles under different
water levels are presented in Table 5.19 (A) and shown in Figure
5.8. The moisture profiles at the time of plate load test are
summarized in Table 5.19(B).

For the Spring Cemetery A-2-4 (15%) soil, the moisture
profiles under different water levels are presented in Table
5.20(A) and shown in Figure 5.9. The moisture profiles at the
time of plate load test are summarized in Table 5.20(B) .

For the Branch A-2-4 (23%) soil, the moisture profiles under
different water levels are presented in Table 5.21(A) and shown
in Figure 5.10. The moisture profiles at the time of plate load

test are summarized in Table 5.21 (B).
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For the Iron Bridge A-2-6 (31%) soil, the moisture profiles
under different water levels are presented in Table 5.22(A) and
shown in Figure 5.11. The moisture profiles at the time of plate
load test are summarized in Table 5.22(B).

The moisture profiles for the eleven subgrade soils are
combined together and presented in Figures 5.12 and 5.13 for
the water level at -24.0 in., Figures 5.14 and 5.15 for the water
level at 0.0 in., Figures 5.16 and 5.17 for the water level at
+12.0 in., Figure 5.18 for the water level at +24.0 in., and

Figures 5.19 and 5.20 for the water level at +36 in..

5.3.2 Moisture Profile with Time

The daily moisture variations for each level of water
elevation were recorded with the elapsed time until the water
level changed. These moisture-time relationships were plotted
in figures that help to find the trend of the drainage and
capillary rise effect. The figures are presented in Appendix

E for reference.

5.4 PLATE LOAD TEST RESULTS
The plate equivalent modulus values under various loading
conditions and the number of load cycles are presented in Tables
5.23, 5.24, 5.25, 5.26, 5.27, 5.28, 5.29, 5.30, 5.31, 5.32 and

5.33 for the Levy County A-3, SR70 A-3, SR70 A-2-4, A-2-4 (12%),
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A-2-4 (20%), A-2-4 (24%), A-2-4 (30%), Oolite, Spring Cemetery
A-2-4, Branch A-2-4, and Iron Bridge A-2-6 soils, respectively.
For each plate load test, two figures are grouped together to
represent a specific set of plate load test results. The figure
series “A” represents the equivalent modulus versus the number
of load cycles, while figure series “B” represents the moisture
profiles on the condition of this plate load test.

Levy County A-3 Soil

The plate load test results are presented in Figures 5.21,
5.22, 5.23 for the Levy County A-3 soil, representing the three
cases of 20-psi test load without limerock base layer, 20-psi
test load with limerock base layer, and 50-psi test load with
limerock base layer, respectively.

SR70 A-3 Soil

The plate load test results are presented in Figures 5.24,
5.25, 5.26, and 5.27 for the SR70 A-3 soil. The data are grouped
into four cases: a) 20-pesi test load without limerock base layer,
b) 50-psi test load with limerock base layer under different
water levelsg, c¢) 50-psi plate load with limerock base layer under
drained conditions, and d) 50-psi test load with limerock base
layer under flooded conditions.

SR70 A-2-4 Soil

The plate load test results are presented in Figures 5.28,

5.29, 5.30, and 5.31 for the SR70 A-2-4 soil. The data are grouped

170



into four cases: a) 20-psi test load without limerock base layer,
b) 50-psi test load with limerock base layer under different
water levels, c) 50-psi plate load with limerock base layer under
drained conditions, and d) 50-psi test load with limerock base
layer under flooded conditions.

A-2-4 (12%) Soil

The plate load test results are presented in Figures 5.32
and 5.33 for the A-2-4 (12%) soil. The data are grouped into
two cases: a) 20-psi test load without limerock base layer, and
b) 50-psi test load with limerock base layer under different
water levels.

A-2-4 (20%) Soil

The plate load test results are presented in Figures 5.34
and 5.35 for the A-2-4 (20%) soil. The data are grouped into
two cases: a) 20-psi test load without limerock base layer, and
b) 50 -psi test load with limerock base layer under different
water levels.

A-2-4 (24%) Soil

The plate load test results are presented in Figures 5.36
and 5.37 for the A-2-4 (24%) soil. The data are grouped into
two cases: a) 20-psi test load without limerock base layer, and
b) 50-psi test load with limerock base layer under different
water levels.

A-2-4 (30%) Soil
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The plate load test results are presented in Figures 5.38
and 5.39 for the A-2-4 (30%) soil. The data are grouped into
two cases: a) 20-psi test load without limerock base layer, and
b) 50-psi test load with limerock base layer under different
water levels.

Oolite A-1 Soil

The plate load test results are presented in Figure 5.40 for
the Oolite soil. The data are only grouped into one case: 50-psi
test load with limerock base layer under different water table
levels.

Spring Cemetery A-2-4 (15%) soil

The plate load test results are presented in Figures 5.41
and 5.42 for the Spring Cemetery A-2-4 (15%) soil. The data are
grouped into two cases: a) 20-psi test load without limerock
base layer, and b) 50-psi test load with limerock base layer
under different water levels.

Branch A-2-4 (23%) soil

The plate load test results are presented in Figures 5.43
and 5.44 for the Branch A-2-4 (23%) soil. The data are grouped
into two cases: a) 20-psi test load without limerock base layer,
and b) 50-psi test load with limerock base layer under different
water levels.

Iron Bridge A-2-6 (31%) soil
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The plate load test results are presented in Figures 5.45
and 5.46 for the Iron Bridge A-2-6 (31%) soil. The data are
grouped into two cases: a) 20-psi test load without limerock
base layer, and b) 50-psi test load with limerock base layer

under different water levels.
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Table 5.1 Plate Load Test Number and Corresponding Loading
Conditions for Levy County A-3

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
1-1 -20 N-1 20 No 12/30/1998
1-2 0 N-2 20 No 2/5/1999
1-3 +12 N-3 20 No 2/26/1999
1-4 +12 N-4 20 Yes 3/23/1999
1-5 +12 N-5 50 Yes 3/24/1999
1-6 +36 N-6 50 Yes 3/31/1999
1-7 +36 N-7 20 Yes 4/1/1999

Table 5.2 Plate Load Test Number and Corresponding Loading
Conditions for SR70 A-3

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
2-1 0 N-1 20 No 7/19/1999
2-2 +12 N-2 20 No 8/25/1999
2-3 +12 N-3 50 Yes 9/3/1999
2-4 +36 N-4 50 Yes 9/29/1999
2-5 +36 N-5 50 Yes 10/5/1999
2-6 -24 N-6 50 Yes 12/29/1999
2-7 -24 N-7 50 Yes 1/4/2000
2-8 +36 N-8 50 Yes 2/2/2000

Table 5.3 Plate Load Test Number and Corresponding Loading
Conditions for SR70 A-2-4

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
3-1 0 S-1 20 No 7/20/1999
3-2 +12 S-2 20 No 8/24/1999
3-3 +12 S-3 50 Yes 9/2/1999
3-4 +36 S-4 50 Yes 9/30/1999
3-5 -24 S-5 50 Yes 12/28/1999
3-6 -24 S-6 50 Yes 1/5/2000
3-7 +36 S-6 50 Yes 2/1/2000

174




Table 5.4 Plate Load Test Number and Corresponding Loading

Conditions for A-2-4 (12%)

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
4-1 -24 1 20 No 8/3/2000
4-2 -24 2 20 No 8/4/2000
4-3 0 3 20 No 9/19/2000
4-4 0 4 20 No 9/19/2000
4-5 +12 5 20 No 11/1/2000
4-6 +12 6 20 No 11/1/2000
4-7 +12 1 LR 50 Yes 12/14/2000
4-8 +12 2 LR 50 Yes 12/21/2000
4-9 +36 3 LR 50 Yes 2/26/2001
4-10 +36 4 LR 50 Yes 2/28/2001

Table 5.5 Plate Load Test Number and Corresponding Loading

Conditions for A-2-4 (20%)

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
5-1 -24 1 20 No 8/1/2000
5-2 -24 2 20 No 8/2/2000
5-3 0 3 20 No 9/21/2000
5-4 0 4 20 No 9/22/2000
5-5 +12 5 20 No 11/6/2000
5-6 +12 6 20 No 11/8/2000
5-7 +12 1 LR 50 Yes 12/11/2000
5-8 +12 2 LR 50 Yes 12/13/2000
5-9 +36 3 LR 50 Yes 3/1/2001
5-10 +36 4 LR 50 Yes 3/5/2001

Table 5.6 Plate Load Test Number and Corresponding Loading

Conditions for A-2-4 (24%)

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
6-1 -24 1 20 No 7/27/2000
6-2 -24 2 20 No 7/28/2000
6-3 0 3 20 No 9/25/2000
6-4 0 4 20 No 9/26/2000
6-5 +12 5 20 No 11/9/2000
6-6 +12 6 20 No 11/14/2000
6-7 +12 1 LR 50 Yes 12/18/2000
6-8 +12 2 LR 50 Yes 12/20/2000
6-9 +36 3 LR 50 Yes 3/6/2001
6-10 +36 4 LR 50 Yes 3/8/2001
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Table 5.7 Plate Load Test Number and Corresponding Loading

Conditions for A-2-4 (30%)

Test Water Table Test Plate Load | 5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
7-1 -24 1 20 No 7/5/2000
7-2 0 2 20 No 8/14/2000
7-3 0 3 20 No 8/15/2000
7-4 +12 4 20 No 10/5/2000
7-5 +12 5 20 No 10/6/2000
7-6 +12 6 20 No 10/19/2000
7-7 +12 1 LR 50 Yes 12/13/2000
7-8 +12 2 LR 50 Yes 12/14/2000
7-9 +36 3 LR 50 Yes 2/11/2001
7-10 +36 4 LR 50 Yes 2/14/2001

Table 5.8 Plate Load Test Number and Corresponding Loading
Conditions for Oolite

Test

Water Table

Test

Plate Load

5-in Limerock

Number (in.) Location (psi) Base Layer Test Date
8-1 -24 1 50 No 7/6/2000
8-2 0 2 50 No 8/10/2000
8-3 0 3 50 No 8/11/2000
8-4 +12 4 50 No 10/4/2000
8-5 +12 5 50 No 10/9/2000
8-6 +12 6 50 No 10/10/2000
8-7 +12 7 50 No 10/17/2000
8-8 +12 1 LR 50 Yes 12/11/2000
8-9 +12 2 LR 50 Yes 12/18/2000
8-10 +36 3 LR 50 Yes 2/7/2001
8-11 +36 4 IR 50 Yes 2/9/2001
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Table 5.9 Plate Load Test Number and Corresponding Loading

Conditions for Spring Cemetery A-2-4

Test Water Table Test Plate Load | 5-in Limerock Test Date
Number (in.) Location (psi) Base Layer

9-1 0 1 20 No 7/19/2005
9-2 0 2 20 No 7/20/2005
9-3 0 3 20 No 7/21/2005
9-4 +12 4 20 No 8/12/2005
9-5 +12 5 20 No 8/15/2005
9-6 +12 6 20 No 8/16/2005
9-7 +24 7 20 No 12/20/2005
9-8 +24 8 20 No 12/21/2005
9-9 +24 9 20 No 12/22/2005
9-10 0 1 LR 50 Yes 3/15/2006
9-11 0 2 LR 50 Yes 3/16/2006
9-12 0 3 LR 50 Yes 3/17/2006
9-13 +12 4 LR 50 Yes 5/23/2006
9-14 +12 5 LR 50 Yes 5/24/2006
9-15 +12 6 LR 50 Yes 5/25/2006
9-16 +24 7 LR 50 Yes 8/4/2006

9-17 +24 8 LR 50 Yes 8/7/2006

9-18 +24 9 LR 50 Yes 8/9/2006

9-19 +36 10 IR 50 Yes 10/24/2006
9-20 +36 11 LR 50 Yes 10/25/2006
9-21 +36 12 LR 50 Yes 10/26/2006
9-22 +24 13 LR 50 Yes 1/12/2007
9-23 +24 14 LR 50 Yes 1/16/2007
9-24 +24 15 LR 50 Yes 1/17/2007
9-25 +12 16 LR 50 Yes 4/5/2007

9-26 +12 17 LR 50 Yes 4/6/2007

9-27 +12 18 LR 50 Yes 4/9/2007
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Table 5.10 Plate Load Test Number and Corresponding Loading

Conditions for Branch A-2-4

Test Water Table Test Plate Load | 5-in Limerock Test Date
Number (in.) Location (psi) Base Layer
10-1 0 1 20 No 7/28/2005
10-2 0 2 20 No 7/29/2005
10-3 0 3 20 No 8/1/2005
10-4 0 4 20 No 8/3/2005
10-5 +12 5 20 No 9/13/2005
10-6 +12 6 20 No 9/14/2005
10-7 +12 7 20 No 9/15/2005
10-8 +12 8 20 No 9/29/2005
10-9 +24 9 20 No 12/6/2005
10-10 +24 10 20 No 12/7/2005
10-11 +24 11 20 No 12/8/2005
10-12 0 1 LR 50 Yes 3/6/2006
10-13 0 2 IR 50 Yes 3/7/2006
10-14 0 3 LR 50 Yes 3/8/2006
10-15 +12 4 IR 50 Yes 5/15/2006
10-16 +12 5 LR 50 Yes 5/16/2006
10-17 +12 6 LR 50 Yes 5/17/2006
10-18 +24 7 LR 50 Yes 7/27/2006
10-19 +24 8 LR 50 Yes 7/28/2006
10-20 +24 9 LR 50 Yes 7/31/2006
10-21 +24 10 LR 50 Yes 8/15/2006
10-22 +36 11 LR 50 Yes 10/16/2006
10-23 +36 12 LR 50 Yes 10/17/2006
10-24 +36 13 LR 50 Yes 10/18/2006
10-25 +24 14 LR 50 Yes 1/3/2007
10-26 +24 15 LR 50 Yes 1/4/2007
10-27 +24 16 LR 50 Yes 1/8/2007
10-28 +12 17 LR 50 Yes 3/20/2007
10-29 +12 18 LR 50 Yes 3/21/2007
10-30 +12 19 LR 50 Yes 3/30/2007
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Table 5.11 Plate Load Test Number and Corresponding Loading
Conditions for Iron Bridge A-2-6

Test Water Table Test Plate Load | 5-in Limerock Test Date
Number (in.) Location (psi) Base Layer
11-1 0 1 20 No 7/25/2005
11-2 0 2 20 No 7/26/2005
11-3 0 3 20 No 7/27/2005
11-4 0 4 20 No 8/4/2005
11-5 +12 5 20 No 9/16/2005
11-6 +12 6 20 No 9/22/2005
11-7 +12 7 20 No 9/23/2005
11-8 +24 8 20 No 12/9/2005
11-9 +24 9 20 No 12/13/2005
11-10 +24 10 20 No 12/14/2005
11-11 0 1 LR 50 Yes 3/9/2006
11-12 0 2 LR 50 Yes 3/10/2006
11-13 0 3 IR 50 Yes 3/13/2006
11-14 +12 4 IR 50 Yes 5/18/2006
11-15 +12 5 LR 50 Yes 5/19/2006
11-16 +12 6 LR 50 Yes 5/22/2006
11-17 +24 7 LR 50 Yes 8/1/2006
11-18 +24 8 LR 50 Yes 8/2/2006
11-19 +24 9 LR 50 Yes 8/3/2006
11-20 +36 10 IR 50 Yes 10/19/2006
11-21 +36 11 LR 50 Yes 10/20/2006
11-22 +36 12 LR 50 Yes 10/23/2006
11-23 +24 13 LR 50 Yes 1/9/2007
11-24 +24 14 LR 50 Yes 1/10/2007
11-25 +24 15 LR 50 Yes 1/11/2007
11-26 +12 16 LR 50 Yes 4/2/2007
11-27 +12 17 LR 50 Yes 4/3/2007
11-28 +12 18 LR 50 Yes 4/4/2007
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Table 5.12(A) Moisture Profile of Levy County A-3 Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-20 12.5 9.6 8.3 7.2 7 5 1/5/1999
0 15.1 14.5 10.9 8 6.8 45 2/5/1999
+12 16.5 15.7 15.7 14 9.6 6.2 3/24/1999
+36 16.6 16.4 16.4 14.8 14.7 151 4/5/1999
Drain 15.6 12.3 10 9 8.3 6.3 4/8/1999

Table 5.12(B) Moisture Profile of Levy County A-3 Soil (During
Plate Load Test)

Moisture Content (%) @ Each Elevation
Test No. Wate(:irn'l;able Te?;IS_it))ad Limerock (in. above Embankment)

' 3 9 15 21 27 33
1-1 -20 20 No 12.9 9.9 8.6 7.4 7.2 5.2
1-2 0 20 No 15.1 14.5 10.9 8 6.8 4.5
1-3 +12 20 No 15.8 15.2 14.9 13.2 9.1 5.5
1-4 +12 20 Yes 16.3 15.7 15.7 14 9.5 6.2
1-5 +12 50 Yes 16.3 15.7 15.7 14 9.5 6.2
1-6 +36 50 Yes 16.7 16.3 16.3 14.8 14.7 15
1-7 +36 20 Yes 16.7 16.4 16.4 14.8 14.7 15
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Table 5.13 (A) Moisture Profile of SR70 A-3 Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date

(in.) 3 9 15 21 o7 33 Recorded

-24 8.6 10.6 10.8 10.8 9.7 7.2 5/17/1999

-12 9.5 10.7 10.7 10.6 9.3 6.9 6/10/1999

0 17.2 13.4 11.2 10.6 8.9 6.7 7/22/1999

+12 16.7 20.4 19.3 13.8 10.7 8 9/3/1999
+36 16.8 19.9 20.4 21.4 19.6 171 10/8/1999
Drained 8.6 10.5 10.6 10 8.3 6.1 1/6/2000

Table 5.13(B) Moisture Profile of SR70 A-3 Soil (During Plate
Load Test)

Moisture Content (%) @ Each Elevation
Test No. Wat?irn'l;able Te?:)SLi())ad Limerock (in. above Embankment)

' 3 9 15 21 27 33
2-1 0 20 No 17.2 13.4 11.2 10.6 8.9 6.7
2-2 +12 20 No 16.7 20.6 18.8 13.4 9.7 6.8
2-3 +12 50 Yes 16.7 20.4 19.3 13.8 10.7 8
2-4 +36 50 Yes 16.9 20.2 20.6 21.6 19.8 171
2-5 +36 50 Yes 16.9 20 20.5 21.5 19.7 17.2
2-6 -24 50 Yes 8.6 10.6 10.7 10.1 8.4 6.2
2-7 -24 50 Yes 8.6 10.5 10.6 10 8.3 6.1
2-8 +36 50 Yes 15.4 17.9 15.6 16.1 15.4 14.5
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Table 5.14 (A) Moisture Profile of SR70 A-2-4 Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 121 111 8.9 8.8 9 7.4 5/17/1999
-12 12.4 11.4 9.1 9 9.2 7.6 6/10/1999
0 14.5 12.2 9.2 9.1 9.3 8.3 7/22/1999
+12 14.6 18.3 10.8 9.7 9.6 11.5 9/3/1999
+36 14.6 18 111 15.9 19.3 32.7 9/29/1999
Drain 14 14.6 9.8 11.2 13.3 13.7 1/6/2000
Drain 14.4 17.7 111 15.7 17.7 30.4 10/14/1999

Table 5.14 (B) Moisture Profile of SR70 A-2-4 Soil (During Plate
Load Test)

Moisture Content (%) @ Each Elevation
Test No. Wat?irn'.l;able Te?;IS_it))ad Limerock (in. above Embankment)

3 9 15 21 27 33
3-1 0 20 No 14.4 121 9.2 9.1 94 8.1
3-2 +12 20 No 14.6 18.3 10.5 9.3 9.3 8.1
3-3 +12 50 Yes 14.6 18.3 10.8 9.7 9.6 11.4
3-4 +36 50 Yes 14.6 18 11.1 16 19.5 33.2
3-5 -24 50 Yes 13.9 14.6 9.8 11.1 13.4 14.6
3-6 -24 50 Yes 14 14.6 9.9 11.2 13.4 13.9
3-7 +36 50 Yes 14 15.8 10 12.8 16.4 227
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Table 5.15(A) Moisture Profile of A-2-4 (12%) Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 5.09 5.06 4.6 4.1 25 2.99 8/3/2000
0 10.38 12.05 11.53 7.69 3.88 4.6 9/25/2000
+12 11.15 12.95 13.28 11.17 6.46 7.72 12/20/2000
+36 11.36 13.26 13.6 11.55 7.16 10.99 12/29/2000
+41 11.41 13.33 13.73 11.74 7.3 11.25 1/5/2001

Table 5.15(B) Moisture Profile of A-2-4 (12%) Soil (During Plate
Load Test)

Moisture Content (%) @ Each Elevation

'Le;t x'vgabttaer J::(tj Limerock (in. above Embankment) Relggﬁged
(in.) (psi) 3 9 15 21 27 33

4-1 -24 20 No 5.09 506 | 460 | 4.10 250 | 2.99 | 8/3/2000

4-2 -24 20 No 5.08 5.06 4.60 4.12 2.50 2.99 8/4/2000

4-3, 4-4 0 20 No 10.38 | 12.02 | 11.73 7.9 3.97 4.75 | 9/19/2000

4-54-6| +12 20 No 10.77 | 12.68 | 12.92 | 11.47 5.6 6.39 | 11/1/2000

4-7 +12 50 Yes 11.11 | 12.93 | 13.19 | 11.06 | 6.44 7.69 | 12/14/2000

4-8 +12 50 Yes 11.15 | 12.95 | 13.27 | 11.19 | 6.44 7.68 |12/21/2000

4-9 +36 50 Yes 11.3 | 13.16 | 13.49 | 11.79 | 7.45 | 11.05 | 2/26/2001

4-10 +36 50 Yes 11.26 | 13.12 | 1344 | 11.83 | 7.46 | 11.22 | 2/28/2001
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Table 5.16 (A) Moisture Profile of A-2-4 (20%) Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 9.51 9.20 9.31 10.40 4.21 3.39 8/3/2000
0 9.55 9.32 9.39 10.36 3.93 3.26 9/25/2000
+12 9.58 9.43 9.58 10.52 4.08 3.48 12/20/2000
+36 9.64 9.66 9.87 11.09 9.30 8.05 12/29/2000
+41 9.67 9.70 9.92 1112 9.38 8.17 1/5/2001

Table 5.16 (B) Moisture Profile of A-2-4 (20%) Soil (During Plate
Load Test)

- = -
Test | W | T ookl n above Embankmen) | _Date
(in.) (psi) 3 9 15 21 27 33
5-1 -24 20 No 9.48 9.17 9.32 | 1044 | 439 | 4.21 8/1/2000
5-2 -24 20 No 9.49 9.18 9.33 | 1044 | 439 | 4.03 | 8/2/2000
5-3 0 20 No 9.55 9.32 9.38 | 10.37 | 3.97 3.42 | 9/21/2000
5-4 0 20 No 9.55 9.32 9.38 | 10.36 | 3.96 3.33 | 9/22/2000
5-5 +12 20 No 9.58 9.45 9.69 | 10.69 | 4.64 3.48 | 11/6/2000
5-6 +12 20 No 9.58 9.45 9.7 10.7 4.69 3.28 | 11/8/2000
5-7 +12 50 Yes 9.6 9.51 9.78 | 10.85 | 5.65 3.73 | 12/11/2000
5-8 +12 50 Yes 9.6 9.52 9.77 | 10.85 | 5.68 3.76 | 12/13/2000
5-9 +36 50 Yes 9.62 9.66 9.86 | 11.15 | 9.37 7.98 | 3/1/2001
5-10 | +36 50 Yes 9.61 9.64 9.85 | 11.14 | 9.37 8.02 | 3/5/2001
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Table 5.17(A) Moisture Profile of A-2-4 (24%) Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 7.04 6.84 6.67 712 5.49 5.23 8/3/2000
0 7.21 8.54 10.18 8.45 6.05 5.36 9/25/2000
+12 7.39 8.62 11.38 12.07 7.02 6.06 12/20/2000
+36 7.56 8.80 11.51 12.24 9.54 8.97 12/29/2000
+41 7.58 8.85 11.60 12.37 9.83 13.39 1/5/2001

Table 5.17 (B) Moisture Profile of A-2-4 (24%) Soil (During Plate
Load Test)

- > -
Test | Yoot | 155 | imerock o . above Embanianert) Date
(in.) (psi) 3 9 15 21 27 33
6-1 -24 20 No 7.05 6.84 6.71 7.22 5.56 5.37 | 7/27/2000
6-2 -24 20 No 6.99 6.80 6.62 7.21 5.53 5.16 | 7/28/2000
6-3 0 20 No 7.21 8.54 | 10.18 | 8.45 6.05 5.36 | 9/25/2000
6-4 0 20 No 7.22 8.55 10.2 8.43 6.00 5.25 | 9/26/2000
6-5 +12 20 No 7.29 8.56 | 11.34 | 12.07 | 7.00 5.98 | 11/9/2000
6-6 +12 20 No 7.33 8.6 11.39 | 12.17 | 6.95 5.66 | 11/14/2000
6-7 +12 50 Yes 7.36 8.6 11.33 | 12.05 | 7.04 6.05 |12/18/2000
6-8 +12 50 Yes 7.39 8.62 | 11.38 | 12.07 | 7.02 6.06 | 12/20/2000
6-9 +36 50 Yes 7.55 8.73 | 11.36 | 12.06 | 9.67 | 13.07 | 3/6/2001
6-10 | +36 50 Yes 7.58 8.76 | 11.44 | 121 9.73 | 13.05 | 3/8/2001
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Table 5.18(A) Moisture Profile of A-2-4 (30%) Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 11.93 1217 11.73 12.48 10.82 7.87 7/6/2000
0 16.01 13.90 12.57 13.02 10.90 8.04 8/14/2000
+12 15.55 16.80 16.16 14.04 11.24 8.06 12/20/2000
+36 15.66 16.97 16.43 14.92 11.46 8.55 1/19/2001

Table 5.18 (B) Moisture Profile of A-2-4 (30%) Soil (During Plate
Load Test)

Water | Test Moisture Content (%) @ Each Elevation

Le;t Table | Load |Limerock (in. above Embankment) Relggﬁged
(in.) (psi) 3 9 15 21 27 33

7-1 -24 20 No 1196 | 1199 | 11.60 | 12.51 | 10.95 | 8.05 7/5/2000

7-2 0 20 No 16.01 | 13.90 | 12.57 | 13.02 | 10.90 | 8.04 | 8/14/2000

7-4 +12 20 No 15.75 | 16.76 16.3 13.83 | 11.23 | 8.04 | 10/5/2000

7-5 +12 20 No 15.76 | 16.77 | 16.29 | 13.82 | 11.22 | 8.02 | 10/6/2000

7-6 +12 20 No 15.68 | 16.82 | 16.24 | 13.86 11.2 7.92 | 10/19/2000

7-7 +12 50 Yes 15563 | 16.75 | 16.19 | 14.01 | 11.28 8.1 | 12/13/2000

7-8 +12 50 Yes 1554 | 16.76 | 16.19 | 13.99 | 11.29 | 8.09 |12/14/2000

7-9 +36 50 Yes 1566 | 16.95 | 16.43 | 14.92 | 11.47 | 8.64 | 2/11/2001

7-10 +36 50 Yes 15.64 | 16.92 | 16.39 | 14.89 | 11.45 | 8.64 | 2/14/2001
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Table 5.19(A) Moisture Profile of Oolite Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 o7 33 Recorded
-24 2.94 2.53 2.49 5.96 4.76 4.02 7/6/2000
0 3.18 3.05 248 5.88 4.52 3.70 8/14/2000
+12 3.17 3.24 3.53 6.05 4.36 3.50 12/20/2000
+36 3.18 3.25 3.72 6.42 4.51 4.26 1/19/2001

Table 5.19(B) Moisture Profile of Oolite Soil (During Plate Load
Test)

- > -
Test | Yot | 155 | imerock o . above Embanianent) Date
(in.) (psi) 3 9 15 21 27 33
8-1 -24 50 No 2.98 2.53 2.50 6.04 476 | 4.02 | 7/6/2000
8-2 0 50 No 3.18 3.06 2.54 5.99 4.61 3.94 | 8/10/2000
8-3 0 50 No 3.18 3.06 2.51 5.94 4.55 3.82 | 8/11/2000
8-4 +12 50 No 3.17 3.23 3.70 6.04 4.46 3.56 | 10/4/2000
8-5 +12 50 No 3.18 3.23 3.73 6.01 4.46 3.53 | 10/9/2000
8-6 +12 50 No 3.18 3.23 3.73 6.02 4.46 3.49 |10/10/2000
8-7 +12 50 No 3.18 3.23 3.75 5.99 4.43 3.47 |10/17/2000
8-8 +12 50 Yes 3.18 3.24 2.82 5.92 4.34 3.51 |12/11/2000
8-9 +12 50 Yes 3.16 3.22 3.52 6.02 4.34 3.52 |12/18/2000
8-10 | +36 50 Yes 3.18 3.25 3.79 6.55 457 | 4.38 | 2/7/2001
8-11 +36 50 Yes 3.18 3.25 3.80 6.55 456 | 4.38 | 2/9/2001
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Table 5.20(A) Moisture Profile of Spring Cemetery A-2-4 Soil

Water Table |  Moisture Content (%) @ Each Elevation (in. above Embankment) Date
(in.) 3 9 15 21 27 33 | Base | ecorded
Drained 5.5 5.8 7.3 5.7 4.1 7/18/2005
0 13 11.4 8.5 5 4 8/4/2005
+12 13.5 12.8 12 8.7 4.7 9/29/2005
+24 14 13.4 13 13.8 11.9 6.4* 1/3/2006
0 13 11.2 9.1 6.9 6.8 4.6 7.7 3/17/2006
+12 13.4 12.6 11.4 11.6 8.7 4.9 8.2 5/30/2006
+24 13.1 12.9 12 11.6 12.9 12.1 12.5 8/17/2006
+36 13.7 13.2 12.5 12.5 13.1 12.9 18.4 10/27/2006
+24 13.5 12.9 12.7 13 13.5 12.9 13.6 1/17/2007
+12 13.4 13.8 13.2 11.7 9.9 5.9 10.5 4/9/2007

* Moisture content was measured using backscatter moistures with
the Nuclear Density Gauge
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Table 5.20(B) Moisture Profile of Spring Cemetery A-2-4 Soil
(During Plate Load Test)

5-in Moisture Content (%) @ Each Elevation
Test | Water | Test | Base (in. above Embankment)
No. Tgble Loa.d Lgyer Test Date

(in.) | (psi) | (Lime-| 3 9 15 | 21 27 | 33 | Base

rock)
9-1 0 20 No 12.2 9.2 7 51 4 7/19/2005
9-2 0 20 No 12.2 10.2 7.5 5.1 4.3 7/20/2005
9-3 0 20 No 12.5 9.2 7.8 4.8 4.3 7/21/2005
9-4 +12 20 No 131 12.5 11.2 8 4.6 8/12/2005
9-5 +12 20 No 13.3 12.3 11.8 8.5 4.9 8/15/2005
9-6 +12 20 No 13.3 12.5 11.7 7.9 5.1 8/16/2005
9-7 +24 20 No 141 13.5 12.8 13.9 10.5 7.4* 12/20/2005
9-8 +24 20 No 14.3 13.5 12.7 13.6 10.4 7.4* 12/21/2005
9-9 +24 20 No 14.3 13.6 13.1 14.2 10.3 6.8* 12/22/2005
9-10 0 50 Yes 13 101 8.8 6.6 6.3 4.6 8.2 3/15/2006
9-11 0 50 Yes 13.1 10.8 9.1 6.8 6.4 4.3 7.7 3/16/2006
9-12 0 50 Yes 13 11.2 9.1 6.9 6.8 4.6 7.7 3/17/2006

9-13 | +12 50 Yes 13.4 12.8 1.5 1.7 8.7 4.9 8.2 5/23/2006

9-14 | +12 50 Yes 13.5 12.6 1.4 11.6 8.7 4.7 8.2 5/24/2006

9-15 | +12 50 Yes 134 12.6 1.7 11.7 8.9 4.7 8.3 5/25/2006

9-16 | +24 50 Yes 134 12.9 12 11.7 12.6 10.7 121 8/4/2006

9-17 | +24 50 Yes 13.1 12.6 11.8 11.6 12.6 10 11.6 8/7/2006

9-18 | +24 50 Yes 12.8 12.5 11.8 11.6 124 10.2 11.6 8/9/2006

9-19 | +36 50 Yes 13.5 13.5 12.5 12.5 13 12.7 12.8 10/24/2006

9-20 | +36 50 Yes 13.4 13.1 12.3 12.5 13.1 13.1 17.5 10/25/2006

9-21 | +36 50 Yes 14 13.2 14.4 13 13.8 | 13.2 17.9 10/26/2006

9-22 | +24 50 Yes 13.5 134 12.3 125 13.5 12.9 13.6 1/12/2007

9-23 | +24 50 Yes 13.7 13.2 12,5 124 13.5 12.9 13.6 1/16/2007

9-24 | +24 50 Yes 13.5 12.9 12.7 13 13.5 12.9 13.6 1/17/2007

9-25 | +12 50 Yes 13.4 14 13.2 12.2 99 6.0 10.3 4/5/2007

9-26 | +12 50 Yes 4/6/2007

9-27 | +12 50 Yes 134 13.8 13.2 11.7 9.9 5.9 10.5 4/9/2007

* Moisture content was measured using backscatter moistures with
the Nuclear Density Gauge
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Table 5.21(A) Moisture Profile of Branch A-2-4 Soil

Water Table Moisture Content (%) @ Each Elevation (in. above Embankment) Date

(in.) 3 9 15 21 27 33 | Base | ecorded
Drained 9.4 7.6 6.9 6.8 5.2 7/18/2005
0 10.2 9.4 8.7 6.8 5.2 8/4/2005
+12 10.5 10.9 1.1 9.3 10.1 9/29/2005
+24 10.5 10.2 10.9 9.6 12.4 3.4* 1/3/2006

0 10.2 10.5 10.9 9.0 8.8 5.8 4.5 3/17/2006
+12 10.3 10.5 10.5 10.0 12.0 6.3 4.7 5/30/2006
+24 10.5 10.9 10.3 9.3 12.9 8.1 6.2 8/17/2006
+36 10.6 11.0 10.9 9.6 13.4 10.2 10.0 10/27/2006
+24 10.5 10.8 10.5 10.0 13.2 9.2 8.2 1/17/2007
+12 10.5 11.2 11.7 9.8 12.6 8.3 5.1 4/9/2007
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Table 5.21(B) Moisture Profile of Branch A-2-4 Soil (During Plate
Load Test)

5-in Moisture Content (%) @ Each Elevation
Test | Water | Test | Base (in. above Embankment)
No. Tgble Loa.d Lgyer Test Date
(in.) | (psi) | (Lime-| 3 9 15 | 21 27 | 33 | Base
rock)
0 10-1 20 No 10.2 9.3 9.1 6.8 5.0 7/28/2005
0 10-2 20 No 10.2 9.1 8.7 6.9 5.2 7/29/2005
0 10-3 20 No 10.3 9.4 8.5 6.8 5.2 8/1/2005
0 10-4 20 No 10.2 9.3 8.7 6.9 5.1 8/3/2005
+12 10-5 20 No 10.2 10.9 10.6 9.0 9.6 9/13/2005
+12 10-6 20 No 10.2 10.9 10.8 9.2 9.6 9/14/2005
+12 10-7 20 No 10.2 10.9 10.9 9.2 9.8 9/15/2005
+12 | 10-8 20 No 105 | 109 | 11.0 9.3 10.1 9/29/2005
+24 10-9 20 No 10.3 10.2 10.3 9.7 12.9 3.9" 12/6/2005
+24 | 10-10 20 No 10.5 101 10.5 9.7 12.7 3.3" 12/7/2005
+24 | 10-11 20 No 10.2 10.2 10.3 9.7 12.7 3.7* 12/8/2005
0 10-12 50 Yes 101 9.9 10.3 9.2 9.2 5.7 4.7 3/6/2006

0 10-13 50 Yes 10.1 10.1 10.5 9.3 9.1 5.6 4.5 3/7/2006

0 10-14 50 Yes 9.9 101 10.2 9.4 9.1 6.1 4.5 3/8/2006

+12 | 10-15 50 Yes 10.3 | 10.5 | 10.9 9.8 12.3 6.0 4.7 5/15/2006

+12 | 10-16 50 Yes 10.2 10.8 | 11.0 9.6 12.1 6.4 4.8 5/16/2006

+12 | 10-17 50 Yes 10.3 10.9 10.8 9.7 12.1 6.3 4.7 5/17/2006

+24 | 10-18 50 Yes 10.3 10.9 10.8 9.7 12.9 8.0 5.9 7/27/2006

+24 | 10-19 50 Yes 10.5 10.5 10.8 9.6 13.4 8.6 6.2 7/28/2006

+24 | 10-20 50 Yes 10.1 10.8 10.8 9.4 12.7 8.3 6.2 7/31/2006

+24 | 10-21 50 Yes 9.3 10.9 | 10.9 9.4 12.6 8.4 6.7 8/15/2006

+36 | 10-22 50 Yes 10.3 | 10.8 | 111 9.8 13.2 9.6 9.8 10/16/2006

+36 | 10-23 50 Yes 10.2 11 10.9 9.8 13.4 9.7 9.8 10/17/2006

+36 | 10-24 50 Yes 105 | 106 | 105 | 10.0 | 13.2 9.6 10.1 10/18/2006

+24 | 10-25 50 Yes 10.5 11.4 12.2 9.8 12.8 9.0 8.7 1/3/2007
+24 | 10-26 50 Yes 10.5 11.0 10.8 9.8 13.2 9.3 8.7 1/4/2007
+24 | 10-27 50 Yes 10.3 11.0 10.8 9.8 13.2 9.7 8.9 1/8/2007
+12 | 10-28 50 Yes 9.6 11.3 11.5 9.4 13.1 8 5.1 3/20/2007

+12 | 10-29 50 Yes 10.3 1.2 10.8 9.3 13.5 7.9 53 3/21/2007

+12 | 10-30 50 Yes 9.7 11.3 | 12.0 10.4 12.0 8.2 5.1 3/30/2007

* Moisture content was measured using backscatter moistures with
the Nuclear Density Gauge
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Table 5.22(A) Moisture Profile of Iron Bridge A-2-6 Soil

Water Table |  Moisture Content (%) @ Each Elevation (in. above Embankment) Date

(in.) 3 9 15 21 27 33 | Base | ecorded
Drained 5.1 7.3 6.2 7.1 5.7 7/18/2005
0 10.5 10.4 9.2 7.2 6 8/4/2005
+12 12.4 10.8 12.3 10.7 10.7 9/29/2005
+24 12 11.1 12.9 11 12.4 8.7* 1/3/2006

0 11.6 11 11.4 11 9.3 8.5 6.2 3/17/2006
+12 11.9 10.8 12.5 11 11 9.3 6.9 5/30/2006
+24 12 11 12.5 11.2 11.7 10.4 7.7 8/17/2006
+36 12.4 11.4 12.5 11.6 13.1 13.4 12.8 10/27/2006
+24 12.3 11.4 12.3 11.6 11.9 11.3 8.8 1/17/2007
+12 11.5 11.0 12.5 11.8 11.6 9.8 6.4 4/9/2007

* Moisture content was measured using backscatter moistures with
the Nuclear Density Gauge
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Table 5.22 (B) Moisture Profile of Iron Bridge A-2-6 Soil (During
Plate Load Test)

5-in Moisture Content (%) @ Each Elevation
Test | Water | Plate | Base (in. above Embankment)
No Table | Load | Layer Test Date
| (n) } (psi) | (Lime-| 3 9 15 | 21 27 | 33 | Base
rock)
0 111 20 No 8.8 9.2 54 7.4 59 7/25/2005
0 11-2 20 No 9.4 9.9 5.9 7.4 5.9 7/26/2005
0 11-3 20 No 9.7 9.6 5.7 7.4 6 7127/2005
0 11-4 20 No 10.5 10.4 9.2 7.2 6 8/4/2005
+12 11-5 20 No 12.8 11 12.5 10.5 10.6 9/16/2005
+12 11-6 20 No 12.3 11.3 12.5 10.9 10.6 9/22/2005
+12 11-7 20 No 12.6 11 12.5 10.7 10.8 9/23/2005
+24 11-8 20 No 11.9 11 12.5 11 124 8.7* 12/9/2005
+24 11-9 20 No 11.9 11.3 12.9 10.7 12.1 7.9* 12/13/2005
+24 | 11-10 20 No 11.9 1.4 12.9 10.7 12.2 8.8* 12/14/2005

0 11-11 50 Yes 11.9 11.3 1.7 11 9.5 8.7 6.2 3/9/2006

0 11-12 50 Yes 1.3 1.4 | 114 10.9 8.9 8.5 6.2 3/10/2006

0 11-13 50 Yes 10.9 10.7 | 113 10.9 9.7 8.5 6.2 3/13/2006

+12 | 11-14 50 Yes 12.2 11 12.3 11 11 9.3 6.9 5/18/2006

+12 | 11-15 50 Yes 12 11 12,5 11.2 11 9.4 6.9 5/19/2006

+12 | 11-16 50 Yes 12 10.8 12,5 11 1" 9.1 6.9 5/22/2006

+24 | 11-17 50 Yes 8/1/2006
+24 | 11-18 50 Yes 12.2 11.3 12.6 11.3 11.6 10.5 7.8 8/2/2006
+24 | 11-19 50 Yes 11.9 11.1 12.6 11.3 11.7 10.1 8 8/3/2006

+36 | 11-20 50 Yes 119 | 113 | 129 | 113 13.6 | 13.7 125 10/19/2006

+36 | 11-21 50 Yes 123 | 114 125 | 11.2 13.3 | 135 13.2 10/20/2006

+36 | 11-22 50 Yes 12 11.6 12.9 11.2 12.2 13.3 121 10/23/2006

+24 | 11-23 50 Yes 12 11.5 12.8 11.5 11.8 11.4 8.9 1/9/2007

+24 | 11-24 50 Yes 12.2 11.3 12.8 11.3 12.1 11.4 8.8 1/10/2007

+24 | 11-25 50 Yes 12.3 11.5 12,5 11.8 11.9 11.1 9.3 1/11/2007

+12 | 11-26 50 Yes 11.8 11.1 12.5 11.3 11.4 10.3 6.6 4/2/2007

+12 | 11-27 50 Yes 4/3/2007

+12 | 11-28 50 Yes 1.7 11.3 | 128 11.3 11.6 | 10.3 6.6 4/4/2007

* Moisture content was measured using backscatter moistures with
the Nuclear Density Gauge
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Table 5.23 Equivalent Modulus of Levy County A-3 Soil

EQ Modulus (MPa): 1.38 pa/(Resilient Deformation)

Test No. 11 1-2 1-3 14 15 16 1-7
Load (psi) 20 20 20 20 50 50 20
Limerock NO NO NO YES YES YES YES
Test Date 12/30/1998 2/5/1999 2/26/1999 3/23/1999 3/24/1999 3/31/1999 4/1/1999
Water Table (in.) -20 0 12 12 12 36 36
1 131 158 118 165 185 201 128
4 138 192 131 258 204 183
5 145 197 130 237 207 169
10 153 237 130 230 216 154
" 25 159 229 133 238 213 151
9 50 163 223 136 234 203 152
3 100 165 158 135 226 205 143
8 200 165 145 135 207 240 194 142
> 500 165 133 200 243 198 147
g 1000 168 142 130 203 238 179 149
- 2000 170 133 128 200 235 185 150
s 5000 167 129 200 241 177 153
10000 173 139 202 251 185 160
15000 177 229 267 197 166
20000 179 204 257 198 173
25000 179 150 229 265 199 176
30000 182 132 207 280 203 176
ﬁ;gg??;gﬁ; 178 145 132 226 264 196 170
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Table 5.24 Equivalent Modulus of SR70 A-3 Soil

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 21 2-2 2-3 24 2-5 2-6 2-7 2-8
Loads 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi
Test Date 7/19/99 8/25/99 9/3/99 9/29/99 10/5/99 12/29/99 1/4/00 2/2/00
Limerock NO NO YES YES YES YES YES YES
Water Table (in.) 0 12 12 36 36 -24 -24 36
1 148 88 208 240 159 317 419 193

4 131 127 267 301 350 877 564 240

5 127 121 265 293 332 801 499 224

10 136 128 259 286 299 782 493 223

® 25 150 146 262 292 286 813 499 230
2 50 159 168 261 283 283 817 443 224
%) 100 165 188 257 282 207 821 485 217
§ 200 158 177 266 274 211 609 485 219
j 500 164 182 267 267 211 576 472 217
g 1000 163 176 264 253 218 566 464 212
s 2000 170 167 265 243 219 544 450 208
g 5000 174 174 268 247 213 516 431 209
10000 187 170 281 236 214 510 418 209

15000 207 171 292 231 228 515 410 206

20000 217 175 300 229 213 496 421 213

25000 205 178 310 227 220 495 399 204

30000 179 314 225 223 479 393 208

Average from
1 0’00(? Cydles 204 174 300 230 220 499 408 208
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Table 5.25 Equivalent Modulus of SR70 A-2-4 Soil

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 3-1 3-2 3-3 34 3-5 3-6 3-7
Loads 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 ps
Test Date 7/20/99 8/24/99 9/2/99 9/30/99 12/28/99 1/5/00 2/1/00
Limerock NO NO YES YES YES YES YES
Water Table (in.) 0 12 12 36 -24 -24 36
1 91 83 183 55 149 176 65

4 178 150 258 0 304 393 79

5 182 157 274 0 304 351 82

10 185 165 255 0 296 351 90

25 181 164 255 0 316 368 95

é 50 185 160 247 0 350 356 100
5‘ 100 178 160 251 0 326 360 112
§ 200 175 156 252 92 215 355 111
g 500 177 160 246 91 218 357 105
g 1000 177 161 233 91 227 474 97
S 2000 177 159 232 90 226 411 87
g 5000 175 153 226 94 230 421 85
10000 173 152 218 100 231 386 61

15000 183 151 218 108 233 396 53

20000 188 155 226 111 235 401 68

25000 188 156 238 105 233 367 0

30000 182 153 233 105 233 367 0
ﬁ)",ggaog(e:;rccl’gns 183 154 227 106 233 383 61
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Table 5.26 Equivalent Modulus of A-2-4

(12%)

EQ Modulus (MPa) : 1.38 pa/(Resilient Deformation)

Loads Plate Load 20 psi Plate Load 50 psi

Test No. 4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9 4-10

Limerock NO NO NO NO NO NO YES YES YES YES
Test Date 8/3/00 8/4/00 | 9/19/00 | 9/19/00 | 11/1/00 | 11/1/00 | 121400 | 12/21/00 | 2/26/01 | 2/28/01

Water Table (in.) ~24.0 -24.0 0.0 0 12 12 12 12 36 36

1 135 106 120 82 98 104 157 166 135 142

4 145 145 133 136 215 202 167 181

5 0 129 135 220 197 159 179

10 134 134 126 133 176 207 161 175

25 175 134 139 115 131 137 180 201 158 169

8 50 172 135 139 117 128 128 183 205 162 164

> 100 172 137 137 117 129 127 201 208 161 171

3 200 173 140 136 120 130 125 203 209 165 173

% 500 168 148 132 123 141 133 209 215 169 177

I 1000 169 154 127 118 149 128 213 217 164 178

= 2000 167 153 123 122 143 124 220 221 177 179

g 5000 163 165 122 122 134 123 227 224 168 181

10000 181 167 123 124 129 124 233 222 173 182

15000 182 167 122 126 131 124 255 228 177 176

20000 175 172 122 130 120 126 259 232 170 175

25000 180 169 123 130 128 127 261 226 173 172

30000 173 175 124 131 127 126 262 235 173 170

ﬁ)‘fggaogg;g; 178 170 123 128 127 125 254 229 173 175

197




Table 5.27 Equivalent Modulus of A-2-4 (20%)

EQ Modulus (MPa) : 1.38 pa/(Resilient Deformation)
Loads Plate Load 20 psi Plate Load 50 psi

Test No. 5-1 5-2 5-3 5-4 5-5 5-6 5-7 5-8 5-9 5-10

Limerock NO NO NO NO NO NO YES YES YES YES
Test Date 8/1/2000 8/2/2000 9/21/2000 | 9/22/2000 | 11/6/2000 | 11/8/2000 | 12/11/2000 | 12/13/2000 3/1/2001 3/5/2001

Water Table (in.) -24 -24 0 0 12 12 12 12 36 36

1 218 133 149 141 170 143 157 190 138 135

4 231 163 195 206 245 211 203 270 195 182

5 231 187 181 213 208 0 193 227 194 180

10 231 173 186 208 217 200 199 245 192 178

25 224 183 184 197 219 196 175 240 199 179

é 50 225 190 183 198 212 211 188 235 188 181

5‘ 100 187 176 178 184 197 181 185 238 185 195

E 200 199 190 179 189 189 179 205 245 186 200

é 500 200 155 178 184 187 162 204 253 190 210

g 1000 200 159 176 185 184 154 209 251 215 217

% 2000 203 162 175 185 186 154 203 255 209 226

g 5000 200 166 172 182 172 158 204 265 181 227

10000 205 170 175 189 178 164 217 269 168 239

15000 205 173 175 194 180 162 217 277 171 248

20000 222 180 178 196 183 173 224 286 173 240

25000 222 177 182 177 180 173 225 275 172 255

30000 222 179 180 179 184 171 228 280 168 251

ﬁ)",ggaogg;rc‘f:s 215 176 178 187 181 169 222 277 170 246
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Table 5.28 Equivalent Modulus of A-2-4

(24%)

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

10,000 Cycles

Loads Plate Load 20 psi Plate Load 50 psi

Test No. 6-1 6-2 6-3 6-4 6-5 6-6 6-7 6-8 6-9 6-10

Limerock NO NO NO NO NO NO YES YES YES YES
Test Date 7/27/2000 | 7/28/2000 | 9/25/2000 | 9/26/2000 | 11/9/2000 | 11/14/2000 | 12/18/2000 | 12/20/2000 | 3/6/2001 | 3/8/2001

Water Table (in.) 24 24 0 0 12 12 12 12 36 36

1 114 280 146 313 107 97 151 156 124 113

4 201 206 592 151 133 212 225 172 151

5 206 213 364 140 133 202 224 155 145

10 201 208 338 140 133 196 212 153 146

25 165 197 333 148 132 189 200 150 142

8 50 146 165 198 330 136 130 191 197 148 139

> 100 146 165 184 300 137 129 193 197 186 130

3 200 146 166 189 287 139 128 203 199 173 129

- 500 146 154 184 248 137 126 205 205 188 130

s 1000 146 160 185 217 134 126 213 205 197 134

- 2000 151 165 185 223 139 126 216 211 202 130

g 5000 166 162 182 214 137 127 208 208 191 176

10000 173 164 170 201 141 128 211 206 182 171

15000 165 166 173 196 141 129 216 211 184 168

20000 171 169 180 201 143 130 218 208 178 165

25000 176 167 177 199 139 131 224 210 170 162

30000 185 167 179 192 139 130 219 213 165 143

Average from 174 167 176 198 141 130 218 210 176 162
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Table 5.29 Equivalent Modulus of A-2-4 (30%)

EQ Modulus (MPa) : 1.38 pa/(Resilient Deformation)
Loads Plate Load 20 psi Plate Load 50 psi

Test No. 7-1 7-2 7-3 7-4 7-5 7-6 7-7 7-8 7-9 7-10

Limerock NO NO NO NO NO NO YES YES YES YES
Test Date 7/5/2000 | 8/14/2000 | 8/15/2000 | 10/5/2000 | 10/6/2000 | 10/19/2000 | 12/13/2000 | 12/14/2000 | 2/11/2001 | 2/14/2001

Water Table (in.) -24 0 0 12 12 12 12 12 36 36

1 137 136 143 156 126 250 140 202 97 91

4 195 244 174 200 149 176 254 139 132

5 190 224 171 192 140 177 256 138 128

10 180 200 156 165 199 140 187 257 127 122

25 179 189 148 177 187 135 173 240 120 118

é 50 177 179 147 174 165 134 173 230 114 110

<_>)“ 100 175 174 144 200 164 126 177 242 112 108

k> 200 170 173 148 197 152 125 178 232 110 107

% 500 172 174 149 175 157 132 188 238 108 106

E 1000 173 172 151 176 171 129 196 241 106 105

s 2000 180 176 156 172 156 124 204 246 102 105

g 5000 186 183 160 177 161 124 210 256 100 105

10000 198 187 162 188 168 129 216 261 99 104

15000 201 196 170 186 187 135 224 269 97 104

20000 214 194 176 182 183 131 243 283 93 106

25000 214 202 183 186 182 139 252 292 91 106

30000 217 203 181 186 182 129 256 302 87 102

ﬁ)\’,ggaogg;rccl’;ns 209 196 175 186 180 133 238 281 93 104
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Table 5.30 Equivalent Modulus of Miami Oolite A-1

EQ Modulus (MPa) : 1.38 pa/(Resilient Deformation)

10,000 Cycles

Loads Plate Load 50 psi
Test No. 81 8-2 8-3 8-4 8-5 8-6 8-7 8-8 8-9 8-10 8-11
Limerock NO NO NO NO NO NO NO YES YES YES YES
Test Date 7/6/00 | 8/10/00 | 8/11/00 | 10/4/00 | 10/9/00 | 10/10/00 | 10/17/00 | 12/11/00 | 12/18/00 | 2/7/01 2/9/01
Water table (in.)||  -24 0 0 12 12 12 12 12 12 36 36
1 398 310 254 145799 378 532 544 289 404 183 188
4 479 358 27615 609 568 699 369 467 177 230
5 423 345 24940 565 556 660 331 449 175 229
10 388 337 299 20711 490 568 637 335 456 183 213
25 366 312 276 23670 471 545 618 317 457 181 192
8 50 435 298 273 27615 450 549 616 335 521 188 193
S| 100 425 319 278 15062 455 538 579 356 511 186 179
o | 200 419 279 281 18410 449 531 603 343 586 203 176
% 500 318 291 288 11835 451 528 577 366 685 180 180
5 [ 1000 336 284 301 33137 471 518 575 367 696 179 187
= | 2000 375 310 307 18410 490 515 590 349 645 294 196
S | 5000 376 346 327 41424 534 515 569 393 603 304 200
10000 382 378 346 20711 573 528 547 406 628 289 197
15000 402 410 363 16569 652 560 558 390 605 290 201
20000 431 411 367 33138 654 564 542 388 614 299 200
25000 438 415 377 42121 641 568 528 398 650 298 195
30000 467 421 378 33583 642 568 536 394 652 301 191
Average from | ., 407 366 29224 633 557 542 395 630 295 197
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Table 5.31(A) Equivalent Modulus of Spring Cemetery A-2-4 Soil

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 9-1 9-2 9-3 9-4 9-5 9-6 9-7 9-8 9-9
Plate Load 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi

Limerock No No No No No No No No No

Water Table (in.) 0 0 0 12 12 12 24 24 24

1 92 100 104 93 99 109 64 78 61

4 80 114 102 106 117 75 89 67

5 73 119 101 110 114 74 89 67

10 83 137 99 102 114 75 89 67

25 107 108 100 105 115 76 89 68

% 50 106 111 101 106 115 77 89 69

5 100 110 106 113 101 106 115 78 89 71

§ 200 111 107 113 102 107 116 79 88 72

§ 500 113 107 114 103 108 116 79 89 74

&u 1000 113 107 115 104 109 116 79 90 76

H5_ 2000 114 107 115 104 109 115 80 89 77

<zD 5000 114 108 115 103 110 114 79 89 79

10000 114 109 116 104 109 114 79 86 80

15000 114 110 117 104 109 113 79 86 81

20000 115 111 116 104 109 113 78 87 82

25000 116 111 117 104 110 113 79 86 82

30000 119 111 117 104 110 113 79 87 82

ﬁ;’zgagg%’; 115 110 117 104 110 113 79 86 81
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Table 5.31(B) Equivalent Modulus of Spring Cemetery A-2-4 Soil (Cont’d)

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 9-10 9-11 9-12 9-13 9-14 9-15 9-16 9-17 9-18 9-19 9-20 9-21 9-22 9-23 9-24 9-25 9-26 9-27
Plate Load 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi
Limerock Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Water Table (in.) 0 0 0 12 12 12 24 24 24 36 36 36 24 24 24 12 12 12
1 92 93 92 68 70 72 57 52 49 41 47 45 54 53 58 64 70 65

4 256 252 251 183 196 198 120 135 134 115 124 117 147 150 158 170 194 174

5 256 260 258 189 193 189 124 142 131 115 129 123 147 148 159 178 192 181

10 257 260 258 194 188 193 129 140 127 115 127 122 145 144 155 177 192 180

25 252 256 258 187 185 191 149 139 119 114 124 120 142 143 152 176 190 179

% 50 251 256 260 192 182 191 147 138 120 115 123 119 140 142 150 176 190 180
6 100 250 255 259 193 184 193 146 139 124 115 122 119 139 141 149 177 190 181
§ 200 248 256 261 194 184 194 146 139 125 115 121 118 138 141 148 178 190 181
§ 500 250 255 264 198 191 198 147 141 130 117 122 117 137 139 148 179 190 182
g 1000 251 255 266 199 192 199 147 142 132 117 121 115 136 139 147 180 190 182
Ha_ 2000 252 253 263 199 190 199 147 143 134 117 120 110 134 137 145 177 188 181
<ZD 5000 248 249 260 199 188 198 147 144 136 114 116 100 132 136 142 179 191 179
10000 246 246 256 198 184 198 149 145 137 111 113 98 131 135 139 179 191 177

15000 245 244 254 198 192 199 149 146 137 109 112 103 131 134 140 177 189 177

20000 244 243 252 195 193 199 150 146 137 108 112 106 130 134 139 176 193 177

25000 242 242 251 197 193 200 151 147 136 108 113 108 131 133 139 176 193 177

30000 244 242 251 198 192 200 147 147 136 108 114 106 131 133 141 178 194 177
ﬁ)v,?):)aogg;rc?:s 244 | 243 | 253 | 197 | 191 | 200 | 149 | 146 | 137 | 100 | 113 | 104 | 131 | 134 | 139 | 177 | 192 | 177
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Table 5.32(A)

Equivalent Modulus of Branch A-2-4 Soil

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

10,000 Cycles

Test No. 10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 10-11
Plate Load 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi
Limerock No No No No No No No No No No No
Water Table (in.) 0 0 0 0 12 12 12 12 24 24 24
1 247 346 270 248 248 169 197 366 175 172 117
4 292 420 305 291 248 232 439 225 213 128
5 285 405 296 281 302 251 231 430 222 213 127
10 345 399 303 275 307 262 232 427 222 193 133
25 297 392 305 269 307 254 234 427 220 204 148
3 50 286 390 304 267 307 255 233 425 219 202 148
o) 100 288 392 307 264 308 254 231 424 218 200 149
§ 200 289 396 309 264 308 257 232 428 219 199 152
§ 500 286 402 314 266 306 265 232 443 219 197 154
ff 1000 289 406 317 268 307 264 232 448 223 198 158
“5_ 2000 294 414 318 271 311 274 239 456 228 197 161
2 5000 295 429 325 274 311 305 246 468 233 199 163
10000 306 433 329 287 316 309 241 460 247 197 165
15000 312 438 326 292 320 316 242 455 251 198 166
20000 315 439 326 293 323 322 242 451 251 201 167
25000 318 441 327 296 322 327 243 460 251 200 167
30000 320 445 330 296 325 329 246 464 250 202 167
Average from 314 439 328 293 321 321 243 458 250 200 166
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Table 5.32(B)

Equivalent Modulus of Branch A-2-4 Soil

(Cont’d)

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 10-12 | 10-13 | 10-14 | 10-15 | 10-16 | 10-17 | 10-18 | 10-19 | 10-20 | 10-21 | 10-22 | 10-23 | 10-24 | 10-25 | 10-26 | 10-27 | 10-28 | 10-29 | 10-30
Plate Load 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi
Lime Rock Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Water Table (in.)[| 0 0 0 12 12 12 24 24 24 24 36 36 36 24 24 24 12 12 12
1 214 | 252 190 182 | 234 156 156 157 81 148 57 54 65 70 62 70 152 135 163

4 677 | 746 | 565 | 510 | 705 | 456 | 456 | 462 | 243 | 457 182 161 189 | 213 189 | 215 | 470 | 420 | 539

666 | 737 | 598 | 510 | 682 | 461 461 462 | 227 | 440 182 163 194 | 214 188 | 213 | 480 | 416 | 551

10 623 | 741 583 | 511 672 | 443 | 443 | 451 239 | 430 180 161 190 | 214 189 | 211 451 412 | 483

25 614 | 740 | 541 514 | 670 | 434 | 434 | 446 | 240 | 429 178 158 187 | 213 190 | 209 | 450 | 410 | 477

o 50 612 | 749 | 549 | 519 | 673 | 433 | 433 | 446 | 242 | 431 178 157 187 | 214 190 | 210 | 448 | 403 | 476
é§ 100 616 | 757 | 520 | 523 | 679 | 432 | 432 | 449 | 243 | 434 180 155 185 | 215 190 | 209 | 448 | 401 476
§ 200 615 | 760 | 556 | 525 | 680 | 433 | 433 | 450 | 244 | 435 180 155 187 | 215 191 208 | 445 | 395 | 477
; 500 620 | 767 | 613 | 534 | 684 | 427 | 427 | 449 | 244 | 436 180 151 185 | 215 190 | 208 | 441 387 | 477
@ 1000 623 | 771 577 | 541 690 | 422 | 422 | 439 | 241 435 179 153 184 | 212 189 | 207 | 434 | 380 | 485
g 2000 636 | 776 | 593 | 548 | 694 | 416 | 416 | 441 238 | 432 177 150 181 212 186 | 206 | 426 | 373 | 491
& 5000 619 | 784 | 606 | 558 | 698 | 554 | 408 | 439 | 234 | 424 175 145 178 | 206 182 | 204 | 416 | 357 | 49
10000 || 590 | 785 | 607 | 561 709 | 556 | 405 | 435 | 228 | 418 173 139 174 | 201 179 | 202 | 393 | 350 | 501
15000 || 607 | 780 | 621 563 | 715 | 555 | 398 | 434 | 224 | 415 171 135 172 198 177 | 203 | 384 | 347 | 508
20000 || 605 | 790 | 631 570 | 714 | 551 394 | 434 | 223 | 409 170 131 173 198 176 | 202 | 390 | 344 | 506
25000 || 595 | 796 | 638 | 574 | 687 | 546 | 392 | 432 | 223 | 407 168 122 169 197 175 198 | 387 | 345 | 505
30000 |[ 570 | 798 | 650 | 573 | 692 | 545 | 390 | 430 | 219 | 404 164 126 168 196 174 | 200 | 395 | 344 | 510

fg” gga(??:;rcolg‘s 503 | 790 | 620 | 568 | 704 | 551 | 306 | 433 | 223 | 410 | 169 | 131 | 171 | 198 | 176 | 201 | 390 | 346 | 506
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Table 5.33(A)

Equivalent Modulus of Iron Bridge A-2-6 Soil

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

10,000 Cycles

Test No. 11-1 11-2 11-3 11-4 11-5 11-6 11-7 11-8 11-9 11-10
Plate Load 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi 20 psi
Lime Rock No No No No No No No No No No

Water Table (in.) 0 0 0 0 12 12 12 24 24 24
1 76 129 184 128 142 106 157 100 70 87

4 87 150 206 155 175 145 200 134 99 110

5 83 145 200 151 173 144 194 128 98 107

10 81 143 199 151 170 145 192 128 97 106

25 84 139 197 151 168 147 191 128 99 103

2 50 83 139 196 152 168 149 192 129 100 104
%) 100 82 139 197 152 168 150 193 130 101 104
-c'g 200 82 139 199 151 168 151 195 131 102 105
Z, 500 82 141 199 150 171 153 198 133 102 107
f{“ 1000 83 143 200 150 172 154 202 134 103 108
'Ef 2000 84 145 204 150 172 155 206 136 103 108
2 5000 84 149 209 153 175 159 215 138 103 109
10000 82 154 215 152 180 163 219 140 104 109

15000 77 155 220 153 183 166 224 141 105 110

20000 80 156 224 154 186 169 229 142 105 110

25000 82 157 228 155 192 171 232 143 105 109

30000 156 229 156 196 172 242 143 106 109
Average from 80 155 223 154 187 168 229 142 105 109
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Table 5.33(B)

Equivalent Modulus of Iron Bridge A-2-6 Soil

(Cont’d)

EQ Modulus (MPa) : 1.38 pa/ (Resilient Deformation)

Test No. 1111 | 1112 | 11-13 | 11-14 | 11-15 | 1116 | 1117 | 11-18 | 11-19 | 11-20 | 11-21 | 11-22 | 11-23 | 11-24 | 11-25 | 11-26 | 11-27 | 11-28
Plate Load 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi | 50 psi
Lime Rock Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Water Table (in.) 0 0 0 12 12 12 24 24 24 36 36 36 24 24 24 12 12 12
1 158 199 178 181 177 166 121 120 102 65 58 66 90 75 85 120 125 124

4 498 607 549 540 534 486 363 369 293 189 166 187 260 218 250 389 385 394

5 500 592 544 547 508 483 360 357 298 192 165 190 265 221 252 384 376 376

10 489 590 544 543 501 479 355 362 293 186 158 183 258 211 250 391 364 373

25 483 587 515 540 499 480 354 350 287 176 150 175 252 203 245 390 361 370

% 50 487 591 514 542 500 480 354 355 288 171 146 170 253 200 242 391 361 372
6 100 493 600 518 541 508 480 358 356 288 165 142 166 251 198 240 390 360 372
-‘E 200 496 604 519 540 509 479 359 356 289 162 140 164 250 197 238 391 359 374
; 500 507 612 528 541 520 480 363 364 289 154 135 159 246 198 232 390 358 376
&“ 1000 515 621 532 544 522 480 364 359 288 147 131 155 244 194 232 390 354 377
q5_ 2000 523 624 537 548 528 484 366 359 286 138 124 152 242 194 225 391 351 378
§ 5000 529 633 548 558 539 488 369 353 284 122 101 148 239 195 219 386 351 381
10000 536 642 538 571 544 491 370 354 285 110 100 143 238 198 219 387 351 386

15000 542 655 563 578 550 488 371 352 283 104 96 141 238 202 218 390 353 387

20000 550 662 566 585 554 491 371 358 283 102 94 138 238 200 221 392 353 391

25000 563 663 573 588 556 491 370 344 285 100 92 136 239 202 221 394 355 393

30000 575 653 585 593 556 493 370 347 284 99 91 134 236 202 221 397 348 395
ﬁ;’;?g‘éx& 553 | 655 | 565 | 583 | 552 | 491 | 370 | 351 | 284 | 103 | 95 | 138 | 238 | 201 | 220 | 392 | 352 | 390
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Levy County A-3 Soil Moisture Profile under Different Water Table
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Figure 5.1 Levy County A-3 Soil Moisture Profile under Different
Water Table Levels

SR-70 A-3 Soil Moisture Profile under Different Water Table
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Figure 5.2 SR70 A-3 Soil Moisture Profile under Different Water
Table Levels (Moisture nearly stabilized from 9/29/99 to
10/11/99)
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SR-70 A-2-4 Soil Moisture Profile under different Water Table
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Figure 5.3 SR70 A-2-4 Soil Moisture profile under Different Water

Table Levels
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A-2-4(12%) Moisture Profile under different Water Table
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A-2-4(20%) Moisture Profile under different Water Table
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Figure 5.5 A-2-4 (20%) Soil Moisture profile under Different
Water Table Levels

A-2-4(24%) Moisture Profile under different Water Table
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Water Table Levels
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Moisture Profile under Different Water Table
Spring Cemetery A-2-4 (15%)
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Soil Moisture profile

Moisture Profile under Different Water Table
Branch A-2-4 (23%)
45
40 +
~_|
35 4
_(CCJ ol \
- 1
c 25 " Va l> ©
2 —e— WT:-20; 7/18/2005 \ M
S o Ll = WT:0; 81412005
ﬁ —A— WT:12; 9/29/2005
15 1 WT:24; 1/3/2006
——WT:0; 3/17/2006
—B-WT:12; 5/30/2006
10 T A WT:24; 8/17/2006
—6—WT:36; 10/27/2006
5 T ¢ WT:24; 1/17/2007 iy
—— WT:12; 4/9/2007
0 1 1 } ;
0 2 4 6 8 10 12 14
Moisture, %

Figure 5.10 Branch A-2-4(23%
Different Water Table Levels

) Soil Moisture profile under

214




Moisture Profile under Different Water Table
Iron Bridge A-2-6 (31%)
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Figure 5.11 Iron Bridge A-2-6(31%) Soil Moisture profile under
Different Water Table Levels

8 Soils Moisture Profile (W.T. at -24in.) __:__zgg 2:2_4

36 —A—A-2-4 (12%)
—O—A-2-4 (20%

AL T T
- RN NES
. B L S
 — S— e e g—
B N

Elevation, in.

X b -

0 2 4 6 8 10 12 14

o w o ©
/

Moisture Content, %

Figure 5.12 8 Soils Moisture Profiles (Water Table at -24 in.,
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Three Additional Soils Moisture Profile
(Water Table @ 0 inch)
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Figure 5.16 Eight Soils Moisture Profiles (Water Table at +12.0
in.)
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Figure 5.18 Three Additional Soils Moisture Profiles (Water

Table at +24.0 in.)
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Figure 5.19 Eight Soils Moisture Profiles (Water Table at +36.0
in., Saturated Condition)
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Figure 5.20 Three Additional Soils Moisture Profiles (Water
Table at +36.0 in., Saturated Condition)
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Levy County A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.21(A) Levy County A-3 Soil EQ Modulus vs. Number of
Cycles under Different Water Tables (20 psi without Limerock)

Levy County A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.21 (B) Levy County A-3 Soil Moisture Profile under Plate
Load Test (20 psi without Limerock)
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Levy County A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.22(A) Levy County A-3 Soil EQ Modulus vs. Number of
Cycles under Different Water Tables (20 psi with Limerock)

Levy County A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.22 (B) Levy County A-3 Soil Moisture Profile under Plate
Load Test (20 psi with Limerock)
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Levy County A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.23(A) Levy County A-3 Soil EQ Modulus vs. Number of
Cycles under Different Water Tables (50 psi with Limerock)

Levy County A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.23 (B) Levy County A-3 Soil Moisture Profile under Plate
Load Test (50 psi with Limerock)
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SR-70 A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.24 (A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (20 psi without Limerock)

SR-70 A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.24 (B) SR70 A-3 Soil Moisture Profile under Plate Load
Test (20 psi without Limerock)
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SR-70 A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.25(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)

SR-70 A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.25(B) SR70 A-3 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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SR-70 A-3 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.26 (A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)

SR-70 A-3 Soil Moisture Profile under Plate Load Test
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Figure 5.26 (B) SR70 A-3 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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SR-70 A-3 Soil, EQ Modulus vs. Number of Cycles

350.00

300.00
© *
(o
= 250.00 4 — O
=) i
S 200.00 4
©
@]
=
= 150.00 7
% —e—Flooded, 2-4
> -
2 100.00 ——Flooded, 2-5
ch- —a&— Re-flooded, 2-8

50.00 -

0.00 T
1 10 100 1000 10000 100000
Number of Cycles

Figure 5.27(A) SR70 A-3 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)
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Figure 5.27(B) SR70 A-3 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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SR-70 A-2-4 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.28 (A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (20 psi without Limerock)

SR-70 A-2-4 Soil Moisture Profile under Plate Load Test
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Figure 5.28 (B) SR70 A-2-4 Soil Moisture Profile under Plate Load
Test (20 psi without Limerock)
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SR-70 A-2-4 Soil, EQ Modulus vs. Number of Cycles

——W.T.At+12in. 3-3
500.00 - W.T.+36in. 3-4
——W.T.At-24in. 3-5

600.00
HIEE

, MPa
IS
o
=}
o
S

300.00

200.00 A
L

Equivalent Modulus

100.00 ~

0.00 - ‘ ‘
1 10 100 1000 10000 100000

Number of Cycles

Figure 5.29 (A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)

SR70 A-2-4 Soil Moisture Profile under Plate Load Test
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Figure 5.29(B) SR70 A-2-4 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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SR-70 A-2-4 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.30(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)

SR-70 A-2-4 Soil Moisture Profile under Plate Load Test
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Figure 5.30(B) SR70 A-2-4 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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SR-70 A-2-4 Soil, EQ Modulus vs. Number of Cycles
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Figure 5.31(A) SR70 A-2-4 Soil EQ Modulus vs. Number of Cycles
under Different Water Tables (50 psi with Limerock)

SR-70 A-2-4 Soil Moisture Profile under Plate Load Test
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Figure 5.31(B) SR70 A-2-4 Soil Moisture Profile under Plate Load
Test (50 psi with Limerock)
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Figure 5.32(A) A-2-4 (12%) EQ Modulus vs. Number of Cycles under
Different Water Tables (20 psi without Limerock)
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Figure 5.32(B) A-2-4 (12%) Moisture Profile under Plate Load
Test (20 psi without Limerock)
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A-2-4(12%) EQ Modulus vs. Number of Cycles
250.00
I M
200.00 Oy
5 d
= / ——-I-~~_./.\I/r."l-
v ‘ Ml o w e
3 150.00
R
=
c
2 100.00
g
L% —o—W.T. at +12 in. 50psi, W/LR, 4-4
50.00 —m—W.T. at +36 in. 50psi, W/LR, 4-5
0.00 ‘
1 10 100 1000 10000 100000
Number of Cycles

Figure 5.33 (A) A-2-4 (12%) EQ Modulus vs. Number of Cycles under
Different Water Tables (50 psi with Limerock)

A-2-4(12%) Moisture Profile under Plate Load Test
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Figure 5.33(B) A-2-4 (12%) Moisture Profile under Plate Load
Test (50 psi with Limerock)
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A-2-4(20%) EQ Modulus vs. Number of Cycles
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Figure 5.34 (A) A-2-4 (20%) EQ Modulus vs. Number of Cycles under
Different Water Tables (20 psi without Limerock)

A-2-4(20%) Moisture Profile under Plate Load Test
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Figure 5.34(B) A-2-4 (20%) Moisture Profile under Plate Load
Test (20 psi without Limerock)
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A-2-4(20%) EQ Modulus vs. Number of Cycles
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Figure 5.35(A) A-2-4 (20%) EQ Modulus vs. Number of Cycles under
Different Water Tables (50 psi with Limerock)
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Figure 5.35(B) A-2-4 (20%) Moisture Profile under Plate Load
Test (50 psi with Limerock)
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A-2-4 (24%) EQ Modulus vs. Number of Cycles
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Figure 5.36 (A) A-2-4 (24%) EQ Modulus vs. Number of Cycles under
Different Water Tables (20 psi without Limerock)

A-2-4 (24%) Moisture Profile under Plate Load Test
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Figure 5.36(B) A-2-4 (24%) Moisture Profile under Plate Load
Test (20 psi without Limerock)
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A-2-4 (24%) EQ Modulus vs. Number of Cycles
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Figure 5.37(A) A-2-4 (24%) EQ Modulus vs. Number of Cycles under
Different Water Tables (50 psi with Limerock)

A-2-4 (24%) Moisture Profile under Plate Load Test
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Figure 5.37(B) A-2-4 (24%) Moisture Profile under Plate Load
Test (50 psi with Limerock)
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A-2-4 (30%) EQ Modulus vs. Number of Cycles

300

[N N
=1 a
] =]
T

<t ot

B a0
—l-——-u\T -y

—o—W.T. at 0in. 20psi, no LR, 7-1
%0 —m—W.T. at +12 in. 20psi, no LR, 7-3

Equivalent Modulus, MPa
@
o
-

\

1 10 100 1000 10000 100000

Number of Cycles

Figure 5.38 (A) A-2-4 (30%) EQ Modulus vs. Number of Cycles under
Different Water Tables (20 psi without Limerock)

A-2-4 (30%) Moisture Profile under Plate Load Test
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Figure 5.38(B) A-2-4 (30%) Moisture Profile under Plate Load
Test (20 psi without Limerock)
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A-2-4 (30%) EQ Modulus vs. Number of Cycles
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Figure 5.39(A) A-2-4 (30%) EQ Modulus vs. Number of Cycles under
Different Water Tables (50 psi with Limerock)

A-2-4 (30%) Moisture Profile under Plate Load Test
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Figure 5.39(B) A-2-4 (30%) Moisture Profile under Plate Load
Test (50 psi with Limerock)
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Oolite EQ Modulus vs. Number of Cycles
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Figure 5.40(A) Oolite EQ Modulus vs. Number of Cycles under
Different Water Tables (50 psi with Limerock)
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Spring Cemetery Average EQ Modulus v.s. Number of Cycles
(Plate load : 20 psi without Limerock base)
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Figure 5.41(B) Spring Cemetery Moisture Profile under Plate Load
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Spring Cemetery Average EQ Modulus v.s. Number of Cycles
(Plate load : 50 psi with Limerock base)
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Branch Average EQ Modulus v.s. Number of Cycles
(Plate load : 20 psi without Limerock base)
400
350
O
/
| = 3_‘_;‘7

300 ]
@
o
=
g 250
=]
=
3
S 200+ e e

A&

% | AA |, —A—
©
2 150
3
o
L

100 +

50 ——W.T. at 0 in. (from -24 in. up)
—#—W.T. at 12 in. (from 0 in. up)
0 —A—W.T. at 24 in. (from 12 in. up)
1 10 100 1000 10000 100000
Number of Cycles

Figure 5.43(A) Branch EQ Modulus vs. Number of Cycles under
Different Water Tables (20 psi without Limerock)
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Branch Average EQ Modulus v.s. Number of Cycles
(Plate load : 50 psi with Limerock base)
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Figure 5.44 (B) Branch Moisture Profile under Plate Load Test
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Iron Bridge Average EQ Modulus v.s. Number of Cycles
(Plate load : 20 psi without Limerock base)
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Figure 5.45(A) Iron Bridge EQ Modulus vs. Number of Cycles under
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Figure 5.45(B) Iron Bridge Moisture Profile under Plate Load
Test (20 psi without Limerock)
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Iron Bridge Average EQ Modulus v.s. Number of Cycles
(Plate load : 50 psi with Limerock base)
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Different Water Tables (50 psi with Limerock)

Iron Bridge Average Moisture Profile under Plate Load
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CHAPTER 6
ANALYSIS OF LABORATORY TEST RESULTS

6.1 LABORATORY RESILIENT MODULUS

The results of the laboratory tests are further analyzed in
this chapter. A significant difference existed between the
resilient modulus values computed from deformations measured
by middle-half LVDTs and full-length LVDTs. The discrepancy was
mainly caused by the end effect and friction. Previous research
from Hoang (1996) concluded that, for the T292-91T test procedure,
the average ratio of the resilient modulus values between the
middle-half and full-length LVDT position measurement ranged
from about 1.3 at lower confining pressures to about 1.15 at
higher confining pressures. Zhang (2004) indicated that the
resilient modulus values measured by using the full-length LVDTs
were not representative of the actual resilient modulus due to
end effect caused by uneven contact between the end platens and
specimen. Therefore, the original analysis in this report was
mainly based on the data from the middle-half LVDT position
measurement. However, since three additional materials were
tested only using T307-99 with the full-length LVDT position

measurement, the resilient modulus data from the full-length
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LVDTs were used when the analysis was made comparing all eleven
subgrade materials. Both the middle-half and full-length
measurement data were presented in pairs in order to provide
a complete comparative analysis.

It should be noted that the Phase III soils were not included
due to a lack of test data at the dry and soaked conditions.
Among these soils, the A-2-4 (30%) soil was reconstituted from
other soils. The characteristics of this soil were not clear

and should be examined.

6.2 MOISTURE EFFECT ON RESILIENT MODULUS

In the analysis, the effect of moisture on resilient modulus
was mainly evaluated according to the following aspects:

1. To compare the regression curves of resilient modulus
versus bulk stress and confining pressure at different
moisture content

2. To evaluate the effect of moisture on the coefficient
constant of the regression model

3. To compare the resilient modulus versus moisture content
at different confining pressures and deviator stresses

4. To evaluate the effect of moisture on the resilient modulus
and the reduction in resilient modulus due to soaking at
the confining pressure of 13.8 kPa (2 psi) and deviator

stress of 34.5 kPa (5 psi).
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The analyses of the moisture effect on the resilient modulus
for each of the eleven soils are presented in the following
sections.

6.2.1 Levy County A-3 (4%) Soil

Two regression models for the resilient modulus of granular
soils were presented; one was dependent on bulk stress (Equation
2-1) and the other was dependent on confining pressure (Equation
2-2) . Four regression coefficient constants (ki, ks, ks, and ky)
from the middle-half and full-length LVDT position measurements
are presented in Tables 4.2 (A) and 4.2 (B) for the Levy County
A-3 goil. The resilient modulus versus bulk stress at different
moisture content is presented in Figure 4.2 (A), while the
resilient modulus versus confining pressure at different
moisture content is presented in Figure 4.2 (B). The results
showed that the moisture had a limited effect on the resilient
modulus.

Figure 6.1 shows the moisture effect on the constants k; and
k; of the regression models. The regression constants k; and ks
are the y-intercept of the resilient modulus in Figures 4.2 (A)
and 4.2 (B), respectively. The data showed that the k; and k; values
decreased as moisture content increased, but the effect is
considered not to be significant when compared with other soils.
Figure 6.2 shows the moisture effect on the constants k, and k4.

The regression constants k, and k, are the slopes of regression
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equations in Figure 4.2 (A) and 4.2 (B). The k; and k,; values had
a slight increase when moisture content increased.

The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.3 and 6.4, respectively. The data showed that the
resilient modulus increased with an increase in both confining
pressure and deviator stress at the same moisture condition.
Both figures show that the resilient modulus decreased when
moisture content increased.

In actual field conditions, the confining pressure at
subgrade layers was found to be approximately 13.8 kPa (2 psi).
In a laboratory resilient modulus test, the resilient modulus
value obtained at a deviator stress of 34.5 kPa (5 psi) under
the confining pressure 13.8 kPa (2 psi) was considered
representative of the in-situ subgrade modulus. The resilient
modulus values under the condition of confining pressure 13.8
kPa (2 psi) and deviator stress 34.5 kPa (5 psi) are summarized
and presented at various moisture conditions for the Levy County
A-3 soil in Table 6.1. The effect of moisture on the resilient
modulus under these conditions is shown in Figure 6.5. The data
showed that moisture content had some effect on the resilient
modulus but the effect was not significant. The resilient modulus

values at the optimum and soaked conditions are compared and
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illustrated in Figure 6.6. The reduction of resilient modulus
due to soaking was not significant.

In a summary, moisture had a slight effect on the resilient
modulus of the Levy County A-3 soil. The resilient modulus
increased with an increase in confining pressure for the A-3

soil.

6.2.2 SR70 A-3 (8%) Soil

Four regression constants (ki, ks, k3, andky) frommiddle-half
and full-length LVDT position measurements are presented in
Tables 4.3 (A) and 4.3 (B) for the SR70 A-3 soil. The resilient
modulus versus bulk stress at different moisture content is
presented in Figure 4.3 (A), while the resilient modulus versus
confining pressure at different moisture content is presented
in Figure 4.3 (B) . The results showed that moisture had a slight
effect on the resilient modulus.

Figure 6.7 shows the moisture effect on the constants k; and
k; of the regression models. Regression constants k; and k; are
the y-intercept of the resilient modulus in Figures 4.3 (A) and
4.3(B). The data showed that the k; and ks values decreased as
the moisture content increased. Figure 6.8 shows the moisture
effect on the constants k; and ky;. The regression constants k;

and k, are the slopes of regression equations in Figures 4.3 (A)
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and 4.3 (B). The k; and k; values had a slight increase when
moisture content increased.

The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.9 and 6.10, respectively. The resilient modulus
increased with an increase in confining pressure. Figure 6.10
shows that, at the dry side, the resilient modulus decreased
as deviator stress increased. This is a different result from
that which was obtained when the resilient modulus of the soil
was tested at the optimum and soaked conditions, where the effect
of deviator stress was not significant.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are summarized and presented in Table 6.2 at various moisture
conditions for the SR70 A-3 soil. The effect of moisture on the
resilient modulus under these conditions is shown in Figure 6.11.
The data showed that moisture content had some effect on the
resilient modulus from middle-half LVDT measurements, but had
no effect on the resilient modulus from full-length LVDT
measurements. The resilient modulus values at the optimum and
soaked conditions are compared and illustrated in Figure 6.12.
The reduction rate of resilient modulus due to soaking was 12.7%.

In a summary, the moisture had some effect on the resilient

modulus of the SR70 A-3 soil. The drying process caused some
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increase in the resilient modulus of the A-3 soil. The soaking
process decreased the resilient modulus by about 12.7%. The
effect of moisture was not very significant.

6.2.3 A-2-4 (12%) Soil

Four regression constants are presented in Tables 4.4 (A) and
4.4 (B) for the A-2-4 12% soil. The resilient modulus versus bulk
stress at different moisture content is presented in Figure
4.4 (A7), while the resilient modulus versus confining pressure
at different moisture content is presented in Figure 4.4 (B) .
The results showed that the moisture had a slight effect on the
resilient modulus.

Figure 6.13 shows the moisture effect on the constants k;
and k; of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.4 (A4)
and 4.4 (B) . The data showed that the moisture had some effect
on the k; and ks;. Figure 6.14 shows the moisture effect on the
constants k; and k;. The regression constants k; and k; are the
slopes of regression equations in Figure 4.4 (A) and Figure 4.4 (B) .
The data showed that the moisture had some effect on the
constants.

The effects of moisture on the resilient modulus at different
confining pressures and different deviator stresses are
demonstrated in Figures 6.15 and 6.16, respectively. The data

showed that the resilient modulus increased with an increase
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in both confining pressure and deviator stress at the same
moisture condition. Both figures show that the resilient
modulus decreased when moisture content increased.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented for various moisture conditions for the A-2-4 12%
soil in Table 6.3. The effect of moisture on the resilient modulus
under these conditions is shown in Figure 6.17. The data showed
that moisture content had some effect on the resilient modulus.
The resilient modulus values at the optimum and soaked conditions
are compared and illustrated in Figure 6.18. The reduction rate
of resilient modulus due to soaking was 8.7%.

In a summary, the moisture has some effect on the resilient
modulus of the A-2-4 soil with 12% fines. The drying caused an
increase in the resilient modulus, while the soaking decreased
the resilient modulus by 8.7%.

6.2.4 SR70 A-2-4 (14%) Soil

Four regression constants are presented in Tables 4.5 (A) and
4.5(B) for the SR70 A-2-4 soil with 14% fines. The resilient
modulus versus bulk stress at different moisture content is
presented in Figure 4.5(A), while the resilient modulus versus
confining pressure at different moisture content is presented
in Figure 4.5(B). The results showed that moisture had a

significant effect on the resilient modulus.
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Figure 6.19 shows the moisture effect on the constants k;
and k; of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.5 (A)
and 4.5 (B) . The data showed that the moisture had a significant
effect on the k; and k;. Figure 6.20 shows the moisture effect
on the constants k; and k,. The regression constants k, and k,
are the slopes of regression equations in Figures 4.5(A) and
4.5(B). The data showed that moisture had a significant effect
on the constants.

The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.21 and 6.22, respectively. The resilient modulus
increased with an increase in confining pressure. The effect
was more pronounced in the soaked condition. The resilient
modulus decreased as deviator stress increased. Different from
the confining pressure, the effect of deviator stress was more
significant at the dry side than that at the wet side.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented in Table 6.4 for various moisture conditions for
the SR70 A-2-4 14% soil. The effect of moisture on the resilient
modulus under these conditions is shown in Figure 6.23. The data
showed that moisture content had a significant effect on the

resilient modulus. The resilient modulus values under the
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optimum and soaked conditions are compared and illustrated in
Figure 6.24. The reduction rate of resilient modulus due to
soaking was 26%.

In summary, the moisture had a significant effect on the
resilient modulus of the SR70 A-2-4 soil with 14% fines. The
drying process caused a significant increase in the resilient
modulus. The soaking decreased the resilient modulus by 26%.
6.2.5 A-2-4 (20%) Soil

Four regression constants are presented in Tables 4.6 (A) and
4.6 (B) for the A-2-4 20% soil. The resilient modulus versus bulk
stress at different moisture content is presented in Figure
4.6(A), while the resilient modulus versus confining pressure
at different moisture content is presented in Figure 4.6 (B) .
The results showed that the moisture had some effect on the
resilient modulus. The effect at the dry side is more
significant than that at the wet side.

Figure 6.25 shows the moisture effect on the constants k;
and ks of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.6 (A)
and 4.6(B). Figure 6.26 shows the moisture effect on the
constants k; and k;. The regression constants k; and k; are the
slopes of regression equations in Figure 4.6 (A) and Figure 4.6 (B) .
The data showed that the moisture had some effect on ki, k; ks,

and k4.
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The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.27 and 6.28, respectively. The resilient modulus
increased with an increase in confining pressure at about same
rate at both the dry and wet side. The resilient modulus did
not vary much as deviator stress changed. The effect of deviator
stress on the resilient modulus was low for the A-2-4 20% soil.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented in Table 6.5 for various moisture conditions for
the A-2-4 20% soil. The effect of moisture on the resilient
modulus under these conditions is shown in Figure 6.29. The data
showed that moisture content had some effect on the resilient
modulus. The resilient modulus values at the optimum and soaked
conditions are compared and illustrated in Figure 6.30. The
reduction rate of the resilient modulus due to soaking was 1.3%.

In summary, the moisture had some effect on the resilient
modulus of the A-2-4 soil with 20% fines. The drying caused an
increase in the resilient modulus, while the soaking decreased
the resilient modulus by 1.3%.

6.2.6 A-2-4 (24%) Soil

Four regression constants are presented in Table 4.7 (A) and

4.7(B) for the A-2-4 24% soil. The resilient modulus versus bulk

stress at different moisture content is presented in Figure
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4.7(A), while the resilient modulus versus confining pressure
at different moisture content is presented in Figure 4.7 (B).
The results showed that moisture had some effect on the resilient
modulus. The effect at the wet side was more significant than
that at the dry side.

Figure 6.31 shows the moisture effect on the constants k;
and ks of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.7 (A)
and 4.7(B). Figure 6.32 shows the moisture effect on the
constants k, and k,. The regression constants k, and k, are the
slopes of regression equations in Figures 4.7 (A) and 4.7 (B).
The data showed that moisture had some effect on the constants.

The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.33 and 6.34, respectively. The resilient modulus
increased with an increase in confining pressure at about same
rate at both the dry and wet sides. The resilient modulus did
not vary much as deviator stress changed. The effect of deviator
stress on the resilient modulus was low for the A-2-4 24% soil.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented in Table 6.6 for various moisture conditions for
the A-2-4 24% soil. The effect of moisture on the resilient

modulus under these conditions is shown in Figure 6.35. The data
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showed that moisture content had some effect on the resilient
modulus. The resilient modulus values at the optimum and soaked
conditions are compared and illustrated in Figure 6.36. The
reduction rate of the resilient modulus due to soaking was 18.8%.

In summary, the moisture had a significant effect on the
resilient modulus of the A-2-4 soil with 24% fines. Drying caused
a significant increase in the resilient modulus, while soaking
decreased the resilient modulus by 18.8%.

6.2.7 A-2-4 (30%) Soil

Four regression constants are presented in Tables 4.8 (A) and
4.8(B) for the A-2-4 30% soil. The resilient modulus versus bulk
stress at different moisture content is presented in Figure
4.8(A), while the resilient modulus versus confining pressure
at different moisture content is presented in Figure 4.8 (B).
The results showed that the moisture had a significant effect
on the resilient modulus when tested at the dry side of optimum.
The difference in the resilient modulus between the conditions
of optimum and soaked was insignificant.

Figure 6.37 shows the moisture effect on the constants k;
and k; of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.8 (A)
and 4.8(B). Figure 6.38 sghows the moisture effect on the
constants k, and k;. The regression constants k, and k,; are the

slopes of regression equations in Figures 4.8 (A) and 4.8 (B).
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The moisture effect on the regression constants was found to
be different from the results for the other soils and was
significant at the dry side of optimum.

The effects of moisture on the resilient modulus at different
confining pressures and different deviator stresses are
demonstrated in Figures 6.39 and 6.40, respectively. The
resilient modulus increased with an increase in confining
pressure, but decreased as deviator stress increased. The
effect of deviator stress was more significant when tested at
the dry side of optimum.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented in Table 6.7 for various moisture conditions for
the A-2-4 30% soil. The effect of moisture on the resilient
modulus under these conditions is shown in Figure 6.41. The data
showed that the moisture content had a significant effect on
the resilient modulus. The resilient modulus wvalues at the
optimum and soaked conditions are compared and illustrated in
Figure 6.42. The data showed that the resilient modulus was
slightly higher when tested in the soaked condition. This is
an exception to the water-resilient modulus relationship.

In summary, moisture had a very significant effect on the
resilient modulus of the A-2-4 soil with 30% fines. The decrease

in moisture content due to drying caused a great increase in
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the resilient modulus. The increase of moisture due to soaking
did not affect the resilient modulus.
6.2.8 Miami Oolite A-1 Soil

Four regression constants are presented in Tables 4.9 (A) and
4.9(B) for the Miami Oolite A-1 soil. The resilient modulus
versus bulk stress at different moisture content is presented
in Figure 4.9 (A), while the resilient modulus versus confining
pressure at different moisture content is presented in Figure
4.9(B). The results showed that the moisture had a significant
effect on the resilient modulus at the dry side of optimum.

Figure 6.43 shows the moisture effect on the constants k;
and k; of the regression models. The regression constants k; and
ks are the y-intercept of the resilient modulus in Figures 4.9 (A)
and 4.9(B). Figure 6.44 gshows the moisture effect on the
constants k; and k;. The regression constants k; and k; are the
slopes of regression equations in Figures 4.9(A) and 4.9(B).
The data showed that moisture had a significant effect on the
regression constants.

The effects of moisture on the resilient modulus at different
confining pressures and deviator stresses are demonstrated in
Figures 6.45 and 6.46, respectively. The resilient modulus
increased with an increase in confining pressure. The effect
was more significant at the higher confining pressure. The

resilient modulus did not vary much as deviator stress changed.
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The effect of deviator stress on the resilient modulus was low
for the Miami Oolite A-1 soil.

The resilient modulus values under the condition of confining
pressure 13.8 kPa (2 psi) and deviator stress 34.5 kPa (5 psi)
are presented in Table 6.8 for various moisture conditions for
the Miami Oolite A-1 soil. The effect of moisture on the resilient
modulus under these conditions is shown in Figure 6.47. The data
showed that moisture content had a significant effect on the
resilient modulus. The resilient modulus values at the optimum
and soaked conditions are compared and illustrated in Figure
6.48. The reduction rate of the resilient modulus due to soaking
was 31%.

In summary, the effect of moisture was significant on the
resilient modulus of the Miami Oolite A-1 soil. The decrease
in moisture content due to drying caused a significant increase
in the resilient modulus. The increase in moisture due to soaking
reduced the resilient modulus by 31%.

6.2.9 Spring Cemetery A-2-4 (15%) Soil

Four regression constants are presented in Tables 4.10 (A)
and 4.10(B) for the Spring Cemetery A-2-4 soil. The resilient
modulus versus bulk stress at different moisture content is
presented in Figure 4.10(A), while the resilient modulus versus
confining pressure at different moisture content is presented

in Figure 4.10(B). Since the resilient modulus data were only
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obtained from the full-length LVDT position measurement under
the optimum compacted condition, the effect of moisture content
on the resilient modulus was not available for this soil. The
resilient modulus values obtained at a deviator stress of 41.4
kPa (6 psi) under the confining pressure 13.8 kPa (2 psi) for

each test are listed in Table 6.9.

6.2.10 Branch A-2-4 (23%) Soil

Four regression constants are presented in Tables 4.11(A)
and 4.11(B) for the Branch A-2-4 soil. The resilient modulus
versus bulk stress at different moisture content is presented
in Figure 4.11(A), while the resilient modulus versus confining
pressure at different moisture content is presented in Figure
4.11(B). Since the resilient modulus data were only obtained
from the full-length LVDT position measurement under the optimum
compacted condition, the moisture content effect on the
resilient modulus was not available for this soil. The resilient
modulus values obtained at a deviator stress of 41.4 kPa (6 psi)
under the confining pressure 13.8 kPa (2 psi) for each test are
listed in Table 6.10.

6.2.11 Iron Bridge A-2-6 (31%) Soil

Four regression constants are presented in Tables 4.12 (A)
and 4.12(B) for the Iron Bridge A-2-6 soil. The resilient modulus
versus bulk stress at different moisture content is presented

in Figure 4.12(A), while the resilient modulus versus confining
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pressure at different moisture content is presented in Figure
4.12(B). Since the resilient modulus data were only obtained
from the full-length LVDT position measurement under the optimum
compacted condition, the effect of moisture content on the
resilient modulus was not available for this soil. The resilient
modulus values obtained at a deviator stress of 41.4 kPa (6 psi)
under the confining pressure 13.8 kPa (2 psi) for each test are

listed in Table 6.11.

6 .3 DISCUSSION OF THE EFFECT OF MOISTURE AND STRESS ON RESILIENT MODULUS

The average resilient moduli (at 11 psi bulk stress from the
regression models) of each soil for different water conditions
are summarized in Table 6.12 and illustrated in Figures 6.49
and 6.50. The resilient modulus values ranged from 116 MPa
(16824 psi) to 158 MPa (22916 psi) with the middle-half position
at optimum condition, except that SR70 A-2-4 (14%) soil had a
relatively higher resilient modulus of 247 MPa (35824 psi) . The
SR70 A-2-4 (14%) and A-2-4 (30%) had extremely high resilient
modulus values with 541 MPa (78465 psi) and 775 MPa (112404 psi)
respectively under dry conditions with the middle-half
measurement. With the full-length position measurement at the
optimum condition, the average resilient modulus values ranged
from 64 MPa (9282 psi) to 119 MPa (17259 psi) except that SR70

A-2-4 and Branch A-2-4 had relatively higher values of 167 MPa
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(24221 psi) and 186 MPa (26977 psi). A similar result occurred
for the middle-half measurement; the SR70 A-2-4 and A-2-4 (30%)
soils had higher resilient moduli of 306 MPa (44382 psi) and
285 MPa (41336 psi) under dry conditions with the full-length
measurement, but the values were much lower than those measured
with middle-half position. The ratio of the middle-half to
full-length LVDT position measurements was from 1.13 to 1.85
with an average ratio of 1.36, which conforms to the findings
from Hoang (1996). The laboratory resilient moduli are compared
with the layer moduli in Chapter 9.
6.3.1 Moisture Effect on Resilient Modulus

Table 6.13 summarizes the resilient modulus for dry, optimum,
and soaked conditions, with degree of saturation. The SR70 A-2-4
(14%) soil had a relatively higher resilient modulus with the
higher degree of saturation among the eleven soils, except that
A-2-4 (30%) had the highest resilient modulus for dry conditions
and Branch had the highest resilient modulus for the optimum
condition with full-length measurement. For the two A-3 soils,
Levy County and SR70, the degree of saturation was the lowest,
and about 71% at the soaked condition.

The reduction in resilient modulus was calculated from dry
to optimum and optimum to soaked water conditions based on the
resilient modulus calculated from the regressions at 11 psi (75.8

kPa) bulk stress. The results are summarized in Tables 6.14 (A7)
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and 6.14 (B) . The reduction in resilient modulus versus increased
percent of water content are analyzed and presented in the
figures from Figures 6.51 through 6.58.

Figure 6.51 shows that, with middle-half measurement, the
SR70 A-2-4 (14%) and A-2-4 (30%) soils had the higher total loss
in resilient modulus on the water condition from dry to optimum.
The loss was more significant on the dry side for all eight soils
with the exception of, the A-2-4 (24%) soil, which had more loss
on the wet side. In terms of percent of reduction in resilient
modulus, the SR70 A-2-4 (14%), A-2-4 (30%), and Miami Oolite
A-1 soils had higher reduction rates compared to other soils,
as shown in Figure 6.52. The same situation applied to the data
with full-length measurement. As shown in Figures 6.53 and 6.54,
SR70 A-2-4 and A-2-4 (30%) had higher total resilient modulus
loss and reduction rates. When considering the effect per 1%
increase in moisture content on the resilient modulus, SR70 A-2-4,
A-2-4 (30%), and Miami Oolite A-1 had the higher loss among the
others. It is observedthat theA-2-4 (24%) soil hada relatively
higher reduction in resilient modulus per 1% increased moisture
content at its wet side. The comparison can be seen in Figures
6.55, 6.56, 6.57 and 6.58.

According to the reduction rates, the eight soils were
further classified into four categories based on their

susceptibility to moisture. The classification of the moisture
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effect by the rate of reduction in resilient modulus is
summarized in Table 6.15(A) for themiddle-half and Table 6.15 (B)

for the full-length measurement. From the tables, the moisture
effect from the optimum to soaked condition of two subgrade soils,
SR70 A-2-4 and Miami Oolite A-1 are considered very severe. The
A-2-4 (24%) is considered severe compared to other A-2-4 soils.

The reduction rate of resilient modulus versus increased level
of moisture content for eight soils are presented in Figures
6.59 and 6.60.

From the above analysis, the results showed that moisture
had a detrimental effect on the resilient modulus of subgrade
soils. Figure 6.61 demonstrates the moisture effect on the
resilient modulus. In general, an increase in moisture caused
a reduction in the resilient modulus. The degree of reduction
was different among various types of soils. The degree of
reduction for A-2-4 soils was more apparent than that of A-3
soils.

6.3.2 Stress Effect on Resilient Modulus

The laboratory resilient modulus is stress-dependent. The
resilient modulus increased with an increase in confining
pressure for granular soils. The test results showed the
significant effect of the confining pressure on the resilient
modulus of the eleven materials. The effect of the deviator

varied for different soils. Most of the test results showed that
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the resilient modulus increased with increasing deviator stress,
while the resilient modulus of the SR70 A-2-4 (14%), A-2-4 (30%),
and Branch soils decreased with increasing deviator stress. The
inverse proportion of the resilient modulus to deviator stress
occurred when the sample was hard, especially at the higher
confining pressure for fine-grained materials. The effects of
deviator stress for the A-2-4 (20%) and Miami Oolite A-1 soils
were not significant.

The regression constants k; and k; are dependent on moisture
content, which can change with the seasons. k; andk, are related
to soil types, either coarse-grained or fine-grained soils. The
increase of the constants k,; and ks with increasing moisture
content indicated that the resilient modulus became more
sensitive to confining pressure and bulk stress with an increase
in moisture content. The increase of moisture reduced the
rigidity of the soil structure and made it more sensitive to
the surrounding pressure. The increase of moisture could also

increase the Poisson’s ratio of the soil.

6.4 EFFECT OF SOIL PROPERTIES ON RESILIENT MODULUS
This section will discuss how basic engineering properties
affect the resilient modulus in this study. Table 6.16
summarizes the tested material characteristics for the eleven

soils.
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6.4.1 Percent of Fines

Generally, the percentage of fines passing sieve No. 200 of
a subgrade soil can significantly influence the effect of
moisture on its resilient modulus. The A-2-4 soils with a
relatively high percentage of fines are more susceptible to an
increase in moisture than the A-3 soils, as can be seen in Figure
6.61. However, as shown in Figure 6.62, with different
percentages of fines for the A-2-4 and A-3 soils, the percentage
of fines passing sieve No. 200 may not be a dominant factor in
predicting the resilient modulus.

The reduction rates of the resilient modulus due to drying
and soaking versus the percentages of fines passing sieve No.
200 are illustrated in Figures 6.63 and 6.64 for the seven soils
excluding the Miami Oolite A-1 soil. Apparently, the A-3 soils
with higher fines had a higher reduction rate in resilient
modulus. However, there is no trend for the A-2-4 soils. Among
the A-2-4 soils, the SR70 A-2-4 (14%) had the highest reduction
rate in resilient modulus, while the A-2-4 (12%) had the lowest
one, with the exception of the A-2-4 (30%) soil. The A-2-4 (30%)
showed an extremely high reduction rate at the dry side, but
a low reduction rate at the wet side. The data showed that the
percentage of fines had a certain level of contribution to the
susceptibility of the soil to the water content change, and can

be further investigated.
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6.4.2 Limerock Bearing Ratio

The LBR values versus the percentages of fines passing sieve
No. 200 for the eleven soils are also presented in Figure 6.65.
The A-2-4 soils had a relatively higher LBR than the A-3 soils,
with the exception of the A-2-4 (12%) soil. Comparing the data
shown in Figures 6.66 and 6.67, the A-1 soil had a higher
reduction rate with a higher LBR value, while the A-3 and A-2-4
soils with lower fines had a lower reduction rate with lower
LBR values. The reduction rates are proportional to the LBR
values with the exception of the A-2-4 soils with 20% and 30%
fines for moisture conditions from optimum to soaked with
middle-half measurement. For the moisture conditions from dry
to optimum, the reduction rates for the A-2-4 soils decreased
with an increasing LBR, with the exception of the A-2-4 with
24% fines.

6.4.3 Maximum Dry Unit Weight

Figure 6.68 shows the relationship of the resilient modulus
to the dry unit weight of the eleven soils. The figure shows
there was no correlation between the two. From the Figure 6.69,
which shows a strong correlation between LBR and maximum dry
unit weight, the reduction in resilient modulus is increasing
with an increasing maximum dry unit weight. The findings for
the effect of LBR on the reduction rate of the resilient modulus

from 6.4.2 can be applied here. Figures 6.70 and 6.71
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demonstrate the trend of the effect of maximum dry unit weight
on the reduction rate in the resilient modulus.
6.4.4 Gradation

Figure 6.72 presents the gradation curves of the eight soils.
The other characteristics can be found in Table 6.16. Both SR70
A-2-4 and Iron Bridge A-2-6 Soils had the higher percent of clay
content. This can contribute to a higher resilient modulus, as
shown in Figure 6.73. But the resilient modulus of Iron Bridge
A-2-6 soil can be reduced by the presence of plasticity. 1In
general, the soils with a higher percentage of clay have a higher
resilient modulus. However, they also have higher reduction
rates in resilient modulus and are more sensitive to a change
in moisture content level, as shown in Figures 6.74 and 6.75.
The Branch A-2-4 Soil had the highest resilient modulus
(full-length measurement). This may be attributed to the higher
LBR value and the well-graded characteristic.

As found in both studies from Zhang (2004) and Ling (2007),

the resilient modulus increases with an increasing coefficient

of uniformity (C,), but with a decreasing coefficient of

curvature (C_). The data showed that SR70 A-2-4 had an extremely

C
high coefficient of uniformity (C,) and coefficient of curvature
(C.), with a 10% clay content. This may lead to its high

c

resilient modulus. So did the Branch A-2-4 soil. With plasticity
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Index 5 and 12, Both Branch A-2-4 and Iron Bridge A-2-6 soils
had a very high reduction rate in Test-Pit tests when the soils

were soaked.
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Table 6.1 M, vs.

Moisture Content,

Levy County A-3 Soil

% kPa kN kPa kPa MPa MPa
4.3 13.79 0.26 32.19 73.56 160.58 104.48
8.1 13.79 0.26 32.22 73.59 166.03 124.2
9.5 13.79 0.27 32.67 74.04 142.11 115.78
9.6 13.79 0.26 32.29 73.66 150.25 97.20
13.5 13.79 0.26 32.29 73.66 191.5 128.53
15.0 13.79 0.26 32.22 73.59 134.78 83.88
15.3 13.79 0.26 32.35 73.72 156.29 86.58
* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.
Table 6.2 M, vs. Moisture Content, SR70 A-3 Soil
Contont | Pressure | AXalLoad | Dov. Stress | Bulkstress | gyt | "ot
% kPa kN kPa kPa MPa MPa
4.0 13.79 0.26 32.28 73.65 243.52 121.11
4.5 13.79 0.26 32.27 73.64 220.51 105.24
5.3 13.79 0.26 32.22 73.59 166.77 120.13
7.8 13.79 0.26 32.31 73.68 131.8 100.3
11.4 13.79 0.26 32.59 73.96 154.71 111.97
11.4 13.79 0.26 32.36 73.73 153.5 118.83
13.4 13.79 0.26 32.53 73.9 154.8 98.31
13.7 13.79 0.34 41.4 82.78 133.97 98.6
* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.
Table 6.3 M, vs. Moisture Content, A-2-4 12% Soil
% kPa kN kPa kPa MPa MPa
7.1 13.79 0.26 32.24 73.61 136.64 98.45
7.0 13.79 0.26 32.25 73.62 138.2 94.08
12.1 13.79 0.26 32.31 73.68 121.64 90.44
12.1 13.79 0.26 32.32 73.69 120.49 96.38
14.6 13.79 0.26 32.32 73.69 101.14 88.5
13.6 13.79 0.26 32.25 73.62 111.12 90.98

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.
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Table 6.4 M, vs. Moisture Content, SR70 A-2-4 14% Soil
Moisture | Confining | »,i1 | 5aq | Dev. Stress | Bulk Stress Middle Full Length
Content Pressure Modulus Modulus

% kPa kN kPa kPa MPa MPa
3.1 13.79 0.26 32.27 73.64 4681.48 188.41
7.8 13.79 0.26 32.34 73.71 697.43 110.52
8.4 13.79 0.26 32.24 73.61 511.14 290.58
10.4 13.79 0.27 32.71 74.08 198.69 144.73
10.8 13.79 0.27 32.84 74.21 271.18 172.86
11.2 13.79 0.26 32.26 73.63 144.0 100.43
11.7 13.79 0.26 32.2 73.57 152.24 81.35

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.

Table 6.5 M, vs. Moisture Content, A-2-4 20% Soil
Moisture Confining | pyial Load | Dev. Stress | Bulk Stress Middle Full Length
Content Pressure Modulus Modulus

% kPa kN kPa kPa MPa MPa
8.3 13.79 0.26 32.26 73.63 199.1 127.75
7.3 13.79 0.26 32.25 73.62 211.21 140.96
10.0 13.79 0.26 32.4 73.77 130.15 105.15
10.0 13.79 0.26 32.28 73.65 125.88 107.18
11.6 13.79 0.26 32.22 73.59 124.96 98.38
12.3 13.79 0.26 32.32 73.69 109.79 96.16

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.

Table 6.6 M, vs. Moisture Content, A-2-4 24% Soil
Moisture gonflnlng Axial Load | Dev. Stress | Bulk Stress Middle Full Length
Content ressure Modulus Modulus

% kPa kN kPa kPa MPa MPa
7.7 13.79 0.26 32.32 73.69 114.68 100.26
7.7 13.79 0.26 32.24 73.61 129.71 112.84
10.7 13.79 0.26 32.33 73.7 110.74 90.24
10.7 13.79 0.26 32.28 73.65 112.97 91.87
12.0 13.79 0.26 32.31 73.68 72.08 59.70
11.4 13.79 0.26 32.32 73.69 99.33 78.14

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.
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Table 6.7 M, vs. Moisture Content, A-2-4 30% Soil
% kPa kN kPa kPa MPa MPa
6.3 13.79 0.26 32.24 73.61 690.15 255.33
7.0 13.79 0.26 32.16 73.53 671.12 266.52
12.0 13.79 0.26 32.24 73.61 102.9 70.32
12.3 13.79 0.26 32.26 73.63 90.15 65.26
134 13.79 0.26 32.36 73.73 120.35 70.44
13.2 13.79 0.26 32.3 73.67 122.64 67.77

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.

Table 6.8 M, vs. Moisture Content, Miami Oolite Soil
“égiﬁ':g;‘f g?:sfglrrlg Axial Load | Dev. Stress | Bulk Stress M'Vcl)iggllﬁs Fmglai?f;h

% kPa kN kPa kPa MPa MPa

4.4 13.79 0.26 32.18 73.55 289.02 181.92
5.6 13.79 0.26 32.32 73.69 267.45 129.41
7.8 13.79 0.26 32.23 73.61 141.04 110.25
7.8 13.79 0.26 32.29 73.66 149.98 116.89
8.1 13.79 0.26 32.23 73.6 109.93 91.99
8.2 13.79 0.26 32.25 73.62 86.90 70.67

* Data is selected at a deviator stress of 5 psi and a confining pressure of 2 psi.

Table 6.9 M, vs. Moisture Content, Spring Cemetery Soil
Moisture Confining Axial Load | Dev. Stress | Bulk Stress Full Length
Content Pressure Modulus

% kPa kN kPa kPa MPa
9.2 11.03 0.33 40.98 74.07 71.53
9.2 11.03 0.33 41.18 74.27 63.7
9.2 13.79 0.37 41.32 82.69 63.26
9.2 13.79 0.37 41.37 82.74 68.75

* Only optimum conditions are available.

** Sample was compacted to 100% Standard Proctor.
*** Data is selected at a deviator stress of 6 psi and a confining pressure of 2 psi.
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Table 6.10 Mr vs.

Moisture Content,

Branch Soil

'\égir?ttg;? g?gg?&?g Axial Load | Dev. Stress | Bulk Stress FIL\J/IIIOI(_Z]?,I'I‘]UgSth
% kPa kN kPa kPa MPa
8.7 11.03 0.33 40.33 74.23 150.93
8.7 11.03 0.32 39.62 73.52 178.23
8.9 13.79 0.33 40.16 81.53 170.93
8.9 13.79 0.32 39.79 81.16 180.32
9.3 13.79 0.33 41.05 82.42 95.02
9.3 13.79 0.33 41.46 82.83 110.74

** Sample was compacted to 100% Standard Proctor.
** Data is selected at a deviator stress of 6 psi and a confining pressure of 2 psi.

Table 6.11 M, vs.

Moisture Content,

Iron Bridge Soil

'\C/l;gi:ttg;? g?gsfg',rrf Axial Load | Dev. Stress | Bulk Stress F:/:Llai?l?;h
% kPa kN kPa kPa MPa
10.3 11.03 0.33 41.09 74.18 76.23
10.3 11.03 0.33 41.09 74.18 76.23
10.4 13.79 0.33 41.3 82.67 70.62
10.4 13.79 0.34 41.44 82.81 72.31

* Only optimum conditions are available.

** Sample was compacted to 100% Standard Proctor.
*** Data is selected at a deviator stress of 6 psi and a confining pressure of 2 psi.
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Table 6.12 Summary of Laboratory Resilient Moduli at 11 psi Bulk
Stress for 11 Soils

) Resilient Modulus (Mpa) | Avg. Resilient Modulus (Mpa)
, Moisture @ 11 psi (75.84 kPa) @ 11 psi (75.84 kPa)
Soil Sample No. Cczr:/t()ent Bulk Stress Bulk Stress
° Middle Half | Full Length | Middle Half | Full Length

A3LEVYD1 8.08 170.83 127.60

166.95 116.92
A3LEVYD2 4.30 163.07 106.24
A3LEVYO1 9.50 142.93 118.68

Levy 145.50 108.14
A3LEVYO2 9.60 148.08 97.60
A3LEVYS2 15.00 132.87 84.25

149.54 81.83
A3LEVYS3 15.27 166.22 79.40
A3SR70D1 7.80 135.82 102.90
A3SR70D2 5.30 174.92 129.08

208.23 120.16
A3SR70D3 4.50 236.61 124.55
A3SR70D4 4.00 285.57 124.11

SR70-A3

A3SR7001 11.40 156.82 114.33

157.72 118.81
A3SR7002 11.40 158.62 123.29
A3SR70S1 13.40 160.83 99.82

137.74 91.90
A3SR70S2 13.70 114.65 83.97
A2412%D1 7.10 139.86 97.47

140.61 96.50
A2412%D2 7.00 141.36 95.52
A2412%01 12.10 119.49 93.45

A24-12% 117.91 95.62
A2412%02 12.10 116.34 97.78
A2412%S1 14.60 102.35 89.64

107.61 90.84
A2412%S2 13.60 112.87 92.04

A24SR70D1 8.41 540.56 305.67 540.56 305.67
A24SR7001 10.80 277.24 179.01

246.63 166.62
SR70-A24 | A24SR7002 10.39 216.01 154.23
A24SR70S1 11.23 160.35 109.81

182.61 97.21
A24SR70S2 11.70 204.87 84.61
A2420%D1 8.30 205.11 136.11

211.96 142.54
A2420%D2 7.30 218.82 148.97
A2420%01 10.00 129.66 107.57

A24-20% 123.17 109.37
A2420%02 10.00 116.69 111.16
A2420%S1 11.60 129.11 101.33

121.55 100.04
A2420%S2 12.30 113.98 98.75
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Table 6.12 - Continued
Resilient Modulus (Mpa) |Avg. Resilient Modulus (Mpa)
Moisture @ 11 psi (75.84 kPa) @ 11 psi (75.84 kPa)
Soil Sample No. | Content Bulk Stress Bulk Stress
(%)
° Middle Half | Full Length | Middle Half | Full Length
A2424%D1 7.72 118.84 102.95
125.67 109.43
A2424%D2 7.65 132.51 115.91
A2424%01 10.70 115.79 90.73
A24-24% 116.47 92.05
A2424%02 10.70 117.16 93.37
A2424%S1 12.00 74.59 59.64
94.76 68.91
A2424%S2 11.40 114.93 78.19
A2430%D1 6.30 789.07 283.91
775.29 285.18
A2430%D2 7.00 761.52 286.44
A2430%01 12.00 144.34 74.51
A24-30% 132.95 71.84
A2430%02 12.30 121.56 69.17
A2430%S1 13.40 133.96 73.58
136.34 71.65
A2430%S2 13.20 138.73 69.71
OOLITED1 5.60 27117 131.36
286.20 126.04
OOLITED2 4.40 301.23 120.72
. OOLITEO1 7.80 133.26 104.62
Oolite 134.04 107.39
OOLITEO2 7.80 134.82 110.15
OOLITES1 8.20 78.88 67.01
92.47 78.82
OOLITES2 8.00 106.06 90.63
SC001C1 9.20 73.98
Spring SC001D1 9.20 64.86 6701
Cemetery SCO01E1 9.30 61.61 '
SCO01F1 9.30 67.62
BH001C1 8.70 169.17
BH001D2 8.70 199.14
Branch 186.33
BHOO1E1 8.90 185.10
BHOO1F1 8.90 191.92
IB0O01C1 10.30 64.92
) IB0O01D1 10.30 63.15
Iron Bridge 63.79
IBOO1E1 10.40 64.22
IBOO1F1 10.40 62.86
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Table 6.13 Summary of Average Resilient Moduli at Different Moisture Conditions

DRY CONDITION OPTIMUM CONDITION SOAKED CONDITION
Soil Moisture | D°9r*® Mr @ 11 psi Moisture | D®9re® Mr @ 11 psi Moisture | De9ree Mr @ 11 psi
of Bulk Stress (Mpa) of Bulk Stress (Mpa) of Bulk Stress (Mpa)
Content . Content . Content .
(%) [|Saturation[Middle Full (%) |SaurationfMiddle Full (%) | Saturation I Middle Full
(%) Half Length (%) Half Length (%) Half Length
Le(x;;;/ﬁ)\-s 6.20 29.76 166.95 116.92 9.55 45.60 145.50 108.14 15.15 71.49 149.54 81.83
(o]
SR(;E} ')A'3 5.40 29.25 208.23 120.16 11.40 62.55 157.72 118.81 13.55 71.94 137.74 91.90
(o]
3_220;4) 7.05 38.47 140.61 96.50 12.10 64.00 117.91 95.62 14.10 75.39 107.61 90.84
(o]
SR(23$;2—4 8.41 60.75 540.56 305.67 10.60 75.76 246.63 166.62 11.45 85.95 182.61 97.21
o
égt% 7.80 51.73 211.96 142.54 10.00 67.91 123.17 109.37 11.95 81.40 121.55 100.04
(o]
(A2—420;4) 7.70 47.37 125.67 109.43 10.70 66.58 116.47 92.05 11.70 76.03 94.76 68.91
(o]
8'02(;4) 6.65 41.65 775.29 285.18 12.15 75.71 132.95 71.84 13.30 84.69 136.34 71.65
(o]
Oolite 5.00 51.93 286.20 126.04 7.80 80.47 134.04 107.39 8.15 84.74 92.47 78.82
Spring
9.25 57.39 67.01
Cemetery
Branch 8.80 63.41 186.33
Iron Bridge 10.35 80.37 63.79

*Use Specific Gravity = 2.65 for the first eight soils
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Table 6.14 (A)

Summary of Reduction in Resilient Modulus from Dry to Optimum Condition

From Dry to Optimum Condition

% Reduction in Resilent Modulus % Reduction in Resilent Modulus % Reduction in
Moisture | Degree of| Resilent Modulus ReDsiIient Modulus Change per 1% Resilent Modulus per Change per 1% Resilent Modulus per

) Content | Saturation Change (MPa) (%) Moisture Content | 1% Moisture Content | Degree of Saturation 1% Degree of

Soil Change | Change ° (MPa) (%) (MPa) Saturation (%)

(%) (%) Middle Full Middle Full Middle Full Middle Full Middle Full Middle Full

Half Length Half Length Half Length Half Length Half Length Half Length

A-3, 4%,

3.35 15.84 -21.45 -8.78 12.85 7.51 -6.40 -2.62 3.84 224 -1.35 -0.55 0.81 0.47

Levy County

A-3, 8%,

SR-70 6.00 33.30 -50.51 -1.35 24.26 1.12 -8.42 -0.22 4.04 0.19 -1.52 -0.04 0.73 0.03
A-2-4,12% 5.05 25.53 -22.70 -0.88 16.14 0.91 -4.50 -0.17 3.20 0.18 -0.89 -0.03 0.63 0.04
A-2-4,14%,

SR70 219 15.01 -293.93 | -139.05 54.38 45.49 -134.21 -63.49 24.83 20.77 -19.59 -9.27 3.62 3.03
A-2-4,20% 2.20 16.18 -88.79 -33.17 41.89 23.27 -40.36 -15.08 19.04 10.58 -5.49 -2.05 2.59 1.44
A-2-4, 24% 3.00 19.21 -9.20 -17.38 7.32 15.88 -3.07 -5.79 244 5.29 -0.48 -0.90 0.38 0.83
A-2-4, 30% 5.50 34.06 -642.34 | -213.34 82.85 74.81 -116.79 | -38.79 15.06 13.60 -18.86 -6.26 243 2.20

Oolite 2.80 28.54 -152.16 | -18.65 53.17 14.80 -54.34 -6.66 18.99 5.28 -5.33 -0.65 1.86 0.52

* Only Phase I and Phase

II data are available.
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Table 6.14 (B)

Summary of Reduction in Resilient Modulus from Optimum to Soaked Conditions

From Optimum to Soaked Condition

% Reduction in Resilent Modulus % Reduction in Resilent Modulus % Reduction in
Moisture | Degree of| Resilent Modulus Reosilient Modulus Change per 1% Resilent Modulus per Change per 1% Resilent Modulus per
) Content | Saturation Change (MPa) Moisture Content | 1% Moisture Content | Degree of Saturation 1% Degree of
Soil Change | Change (MPa) (%) (MPa) Saturation (%)
(%) (%) Middle Full Middle Full Middle Full Middle Full Middle Full Middle Full
Half Length Half Length Half Length Half Length Half Length Half Length
A-3, 4%,
5.60 25.89 4.04 -26.31 -2.78 2433 0.72 -4.70 -0.50 0.94 0.16 -1.02 -0.11 0.94
Levy Countyj
A-3, 8%,

SR-70 2.15 9.39 -19.98 -26.91 12.67 22.65 -9.29 -12.52 5.89 241 -2.13 -2.87 1.35 241
A-2-4,12% 2.00 11.39 -10.30 -4.78 8.74 5.00 -5.15 -2.39 4.37 0.44 -0.90 -0.42 0.77 0.44
A-2-4,14%,

SR70 0.85 10.20 -64.02 -69.41 25.96 41.66 -75.32 -81.66 30.54 4.09 -6.28 -6.81 2.55 4.09
A-2-4, 20% 1.95 13.48 -1.62 -9.33 1.32 8.53 -0.83 -4.78 0.67 0.63 -0.12 -0.69 0.10 0.63
A-2-4, 24% 1.00 9.45 -21.71 -23.14 18.64 25.14 -21.71 -23.14 18.64 2.66 -2.30 -2.45 1.97 2.66
A-2-4, 30% 1.15 8.97 3.39 -0.19 -2.55 0.26 2.95 -0.17 -2.22 0.03 0.38 -0.02 -0.28 0.03

Oolite 0.35 4.26 -41.57 -28.57 31.01 26.60 -118.77 | -81.63 88.61 6.24 -9.75 -6.70 7.27 6.24

* Only Phase I and Phase II data are available.
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Table 6.15(A) Classification of Moisture Effect by Rate of
Reduction (Middle Half, Optimum to Soaked)

Reducti Mr Maximum
eR:E[:elon Moisture Effect Soil Type Reduction [ Dry Density LBR
(%) (kN/M®)
A-3 Soil with 4% fines -2.8 16.73 22
<5% Very Minor A-2-4 soil with 30% fines -2.5 18.22 72
A-2-4 soil with 20% fines 1.3 19.54 146
A-2-4 Soil with 12% fines 8.7 17.37 30
5-15% Minor
A-3 soil with 8% fines 12.7 17.59 45
A-2-4 Soil with 24% fines 18.7 18.27 69
15-30% Severe
SR 70 A-2-4 soil with 14% fines 25.9 19.16 124
>30% Very Severe Miami Oolite A-1 soil 31 20.83 194

Table 6.15(B) Classification of Moisture Effect by Rate of
Reduction (Full Length, Optimum to Soaked)

Reducti Mr Maximum
eR:gon Moisture Effect Soil Type Reduction | Dry Density LBR
(%) (KN/M3)
<5% Very Minor A-2-4 soil with 30% fines 0.2 18.22 72
A-2-4 Soil with 12% fines 5 17.37 30
5-15% Minor
A-2-4 soil with 20% fines 8.6 19.54 146
A-3 soil with 8% fines 22.6 17.59 45
A-3 Soil with 4% fines 24.3 16.73 22
15-30% Severe
A-2-4 Soil with 24% fines 25.1 18.27 69
Miami Oolite A-1 soil 26.6 20.83 194
>30% Very Severe SR 70 A-2-4 soil with 14% fines 41.7 19.16 124

* Only Phase I and Phase II data is available.
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Table 6.16 Summary of Tested Materials Characteristics

ol ?;2:2':] Pgisesxgg cc | cu Cgr']?gnt 'Tr']adsgf ?/I%tllgttjrr: Max. Dry Density LBR | Permeability g‘gﬁg
No. 200 Content
% % % pcf kN/m* cm/sec kPa
_ Levy A-3 4 18 | 3.3 0 - 10 106.5 16.7 22 | 5.5E-03 17
g SR70-A3 A-3 8 09 | 38 6 - 11.5 112 17.6 45 | 2.1E-03 14
“| srro-a24 || A-24 14 | 583 [290.0| 10 - 10.5 122 19.2 124 | 2.5E-04 81
A24-12% A-2-4 12 13 | 30 3 - 12.1 110.6 17.4 30 | 3.1E-04 440
_|  A24-20% A24 | 20 16 | 3.8 8 - 10 124.4 19.5 146 | 1.0E-04 373
2| A24-24% A-24 | 24 51 | 147 | 5 - 10.7 116.3 18.3 69 | 6.5E-05 318
S A-2-4 30 57 | 382 | 6 - 12 116 18.2 72 | 2.0E-05 320
Oolite A-1 - - - - - 76 132.6 20.8 194 - 204
— | Spring Cemetery| A-2-4 15 20 | 73 4 9.2/93 | 118211184 | 186/186 | 83 | 2.8E-04 .
2 Branch A-24 | 23 42 | 375 | 6 5 | 8872 | 12841347 | 202212 | 132 | 7.4E-07 -
T [ ronbridge | A26 31 | 2730* |15000*| 16 12 | 10.3/82 | 123.3132.4 | 19.4/208 | 127 | 5.6E-07 -
Note:

1. Phases | and Il soils were compacted to 98% modified, while Phase 11l soils were compacted to 100% Standard for
laboratory resilient modulus tests.
All soils were compacted to 98% modified for permeability tests.

3. “*”: Estimated values, due to extremely small grain size diameter at D1o.
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Figure 6.2 k2, k4 vs. Moisture Content for Levy County A-3 Soil

283



Dev. Stress 32 kPa

300

280 y = 285.21x% %% ® conf=13.79kPa
R? = 0.3703

260 / B conf.=34.47 kPa

240 / A conf.=68.95 kPa

x’ A A
220
a \.A\'
200 -
y = 211500278 ) .. m,

180

2 _
R“=0.04 °

160 1 M °

140 - ° °
y = 183.69x0-0867
120 A

R? = 0.2937
100 T T T T T T T T

0 2 4 6 8 10 12 14 16 18

Resilient Modulus, MPs

Moisture Content, %

Figure 6.3 Mr vs. Moisture Content at Different Confining
Pressures for Levy County A-3 Soil
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Figure 6.4 Mr vs. Moisture Content at Different Dev. Stresses
for Levy County A-3 Soil
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Confining Pressure 13.79 kPa, Dev. Stress 46.2 kPa
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Figure 6.6 Mr vs. Moisture Content at Optimum and Soaked
Conditions for Levy County A-3 Soil
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Figure 6.9 Mr vs. Moisture Content at Different Confining
Pressures for SR70 A-3 Soil
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Figure 6.10 Mr vs. Moisture Content at Different Deviator
Stresses for SR70 A-3 Soil
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Figure 6.11 Mr vs. Moisture Content for SR70 A-3 Soil
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Figure 6.12 Mr vs. Moisture Content at Optimum and Soaked
Conditions for SR70 A-3 Soil
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Figure 6.17 Mr vs. Moisture Content for A-2-4 12% Soil
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Figure 6.22 Mr vs. Moisture Content at Different Deviator
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Figure 6.23 Mr vs. Moisture Content for SR70 A-2-4 Soil
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Figure 6.29 Mr vs. Moisture Content for A-2-4 20% Soil
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Figure 6.33 Mr vs. Moisture Content at Different Confining
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Confining Pressure 13.79 kPa, Dev. Stress 46 kPa
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Figure 6.35 Mr vs. Moisture Content for A-2-4 24% Soil
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Figure 6.36 Mr vs. Moisture Content at Optimum and Soaked
Conditions for A-2-4 24% Soil
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Figure 6.38 k2, k4 vs. Moisture Content for A-2-4 30% Soil
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Figure 6.39 Mr vs. Moisture Content at Different Confining
Pressures for A-2-4 30% Soil
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Figure 6.40 Mr vs. Moisture Content at Different Deviator
Stresses for A-2-4 30% Soil
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Figure 6.41 Mr vs. Moisture Content for A-2-4 30% Soil
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Figure 6.42 Mr vs. Moisture Content at Optimum and Soaked
conditions for A-2-4 30% Soil
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Figure 6.44 k2, k4 vs. Moisture Content for Crushed Miami Oolite
A-1 Soil
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Figure 6.45 Mr vs. Moisture Content at Different Confining

Pressures for Crushed Miami Oolite A-1 Soil
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Figure 6.46 Mr vs. Moisture Content at Different Deviator

Stresses for Crushed Miami Oolite A-1 Soil
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Figure 6.47 Mr vs. Moisture Content for Crushed Miami Oolite
A-1 Soil
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Figure 6.48 Mr vs. Moisture Content at Optimum and Soaked
Conditions for Crushed Miami Oolite A-1 Soil
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Resilient Modulus at Different Moisture Conditions
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LVDT Position)
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Figure 6.52 Percent of Resilient Modulus Loss (Middle-Half LVDT
Position)
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Resilient Modulus Loss per 1% Moisture Content Increased
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Reduction in Resilient Modulus v.s. Increase in Moisture Content
(Middle-Half LVDTs Position, from Optimum to Soaked)
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Resilient Modulus vs. Moisture Content
(Confining Pressure 13.79 kPa, Dev. Stress 46 kPa)
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Figure 6.61 Mr vs. Moisture Content for Phase I and II Soils
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Figure 6.62 Resilient Modulus vs. Percent of Fines
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Figure 6.63 Reduction in Resilient Modulus vs. Percent of Fines
(from Dry to Optimum Condition)
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Reduction in Resilient Modulus v.s. % Fines
(From Optimum to Soaked Condition)
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Figure 6.64 Reduction in Resilient Modulus vs. Percent of Fines
(from Optimum to Soaked Condition)
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Figure 6.65 LBR vs. Percent of Fines
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Reduction in Resilient Modulus v.s. LBR
(From Dry to Optimum Condition)
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Figure 6.66 Reduction in Resilient Modulus vs. LBR (from Dry
to Optimum Condition)
Reduction in Resilient Modulus v.s. LBR
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Figure 6.67 Reduction in Resilient Modulus vs. LBR (from Optimum
to Soaked Condition)
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Resilient Modulus v.s. Maximum Dry Density
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Figure 6.68 Resilient Modulus vs. Maximum Dry Unit Weight
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Figure 6.69 LBR vs. Maximum Dry Unit Weight
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Reduction in Resilient Modulus v.s. Maximum Dry Density
(From Dry to Optimum Condition)
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Figure 6.70 Reduction in Resilient Modulus vs. Maximum Dry Unit
Weight (from Dry to Optimum Condition)

Reduction in Resilient Modulus v.s. Maximum Dry Density
(From Optimum to Soaked Condition)
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Figure 6.71 Reduction in Resilient Modulus vs. Maximum Dry Unit
Weight (from Optimum to Soaked Condition)
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Gradation Curves for Subgrades
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Figure 6.72 Gradation Curves for Eight Subgrade Soils
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Figure 6.73 Resilient Modulus vs.
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Reduction in Resilient Modulus v.s. % Clay
(From Dry to Optimum Condition)
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Figure 6.74 Reduction Rate in MR vs. Percent of Clay (from Dry
to Optimum Condition)

Reduction in Resilient Modulus v.s. % Clay
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Figure 6.75 Reduction Rate in MR vs. Percent of Clay (from Optimum
to Soaked Condition)

321



CHAPTER 7
ANALYSIS OF TEST-PIT TEST RESULTS

7 .1 GENERAL

The test-pit test results are separated into two parts: a)
the equivalent modulus of subgrade materials under designated
plate loads as a result of water table adjustments and moisture
changes; b) the moisture profile of subgrade materials as a
result of groundwater table wvariation. The analysis of the
moisture effect on the equivalent modulus resulting from the
groundwater table changes for different subgrade materials is
presented in this chapter. The analysis of moisture profiles

includes the drainage effect and capillary rise study.

7.2 DRAINAGE ANALYSIS
Moisture could evaporate into the air from the top layer of
the material in test pit, and could also drain to layers below;
it depends on the ambient conditions and soil properties.
However, the moisture content of each layer measured from TDR
probes after the materials are placed should not vary too much

at the beginning of the test. The data showed that the moisture
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content varied across the 1layers, and that there was a
significant difference in moisture content between the layers
for different test pits. The variation in moisture content due
to the deviation of TDR probes will be discussed according to
different test pits. Therefore, use of TDR data should be
limited to comparison purposes only in this study.

In this section, short-term and long-term moisture
variations after drainage were evaluated for subgrade materials
bearing different permeability values. The moisture variations
after drainage are summarized in Table 7.1 for Phase I and Table
7.2 for Phase II subgrade materials. The short-term rate of
moisture dissipation is shown in Figure 7.1 for Levy County A-3
soil and in Figure 7.2 for SR70 A-3 Soil. The long-term rate
of moisture dissipation for SR70 A-3, SR70 A-2-4, A-2-4(12%),
A-2-4(20%), A-2-4(24%), A-2-4(30%) and Miami Oolite A-1 soils
are shown in Figures 7.3, 7.4, 7.5, 7.6, 7.7, 7.8 and 7.9.

Drainage analysis is not available for Phase III soils.

7.2.1 Observation of Drainage Data

7.2.1.1 Test Pit 1 - Levy A-3 Soil

Levy A-3 soil is the first test-pit test in this study. The
degree of saturation was about 70% to 80% for the top layer to
the bottom when the groundwater level is at the bottom of the

Limerock. Most water was drained within one day. The moisture
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content dropped rapidly, from 15.1% to 8.7%, within two hours
for the top layer. 8.8% of water was drained for the top layer
and only 1% for the bottom layer. The test pit was evacuated
after two days. There should be more water to be drained
afterwards. The data should only be applied to short-term

drainage.

7.2.1.2 Test Pit 2 - SR70 A-3 and SR70 A-2-4 Soils

Both short-term and long-term drainage analyses are
available for SR70 A-3 soil. The four middle layers were fully
saturated and the moisture content of the bottom layer for the
SR70 A-3 soil was found to be much lower than the moisture content
of the layers above when the water table was at the bottom of
the limerock. 9.2% of water for the top layer to 6.5% of water
for the bottom layer was drained within two weeks. The water
was reduced about 11% to 8.2%, within 86 days, for the layers
from top to bottom.

For SR70 A-2-4 soil, the water content of the top layer shown
in Figure 7.4 is obviously wrong. It is extremely high (over
30%) for the top layer and too low (11%) for the layer of 12-18
in. above the embankment. The error should be most likely
attributed to damage to the TDR probes in the test pit.

Unlike for the SR70 A-3 soil, the water did not drain much

as time elapsed for the layers below the layer of 18-24 in. above
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the embankment. The material held more water when the water
table went down to 24 in. below the top of the embankment. The
water in the top layer did not start to drain until two weeks
later. The water was reduced about 16.6%, 5.8%, and 4.8% for

the top three layers within 86 days.

7.2.1.3 Test Pit 3 - A-2-4 12%, 20%, 24% Soils

Unlike in Test Pit 2, the water only drained to 12 in. above
the embankment in Test Pit 3. The effect should be weighted when
compared to the results from other test pits. From Figure 7.5,
the water content of the 24-30 in. layer for the A-2-4 12% soil
was extremely low (only 7.5%) compared to other layers. Again,
the water content of the bottom layer was lower than normal,
while the layer of 12-18 in. had the highest water content. The
measuring from the TDR probe should be the key factor to the
errors. There was almost no water content change for the bottom
five layers except for the top layer, which had its water content
reduced about 3.5% within 59 days. This rate is much lower
compared to other soils. The effect is mostly attributed to the
high suction value (440 kPa) of the A-2-4 12% soil.

The moisture profile for the A-2-4 20% soil was quite
different from the one for A-2-4 12% soil. The layer of 18-24
in. had the highest moisture content when the water table was

at bottom of the limerock. The water in the top layer dropped
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immediately as the water table went down to 12 in. above the
embankment and the layer of 24-30 in. did not change until 24
days later. There was no water loss for the rest of layers. The
total water loss was about 2.6% for the top layer and 2.9% for
the layer of 24-30 in. above the embankment within 59 days. The
suction value was 373 kPa for the A-2-4 20% soil.

There was no significant water change for the A-2-4 24% soil
as the groundwater table went down to 12 in. above the embankment,
except for the top layer, which had a quick drop after 28 days.
The layer of 24-30 in. above the embankment had a relatively

low moisture content compared to the layers next to it.

7.2.1.4 Test Pit 4 - A-2-4 30% and Miami Oolite A-1 Soils

A-2-4 30% soil had a normal moisture profile except at the
bottom layer. This might be due to the material change at the
interface between the bottom layer and the existing A-2-4
embankment underneath. No water was shown to have drained after
the water table went down to 12 in. above the embankment. Water
was retained in between the soil particles due to the higher
percentage of fines and suction value.

The water content of the Miami Oolite A-1 soil was low when
the water table was at the bottom of limerock. The lab optimum
water content is about 7.6%, but the water content in the test

pit was about 6.6% to 3.1%. The water content did not change
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as the water table changed except for the top layer, which had

a slight reduction of about 0.7% within 59 days.

7.2.2 Discussion of Drainage Behavior

The wvariation in the absolute rate of drainage for the
subgrade materials was attributed to the difference in
coefficient of permeability and suction wvalue, which were
related to their void ratio (gradation and grain size). With
the percent of fines passing No. 200 sieve increasing from 4%
for Levy County A-3 soil to 30% for A-2-4 (30%) soil, the
coefficient of permeability decreased from the order of
magnitude 1072 to 107° cm/sec (refer to Table 4.14 and Figure 4.14)
and the suction wvalue increased (refer to Figure 4.13). The
result was a more time-consuming moisture dissipation process
before the final equilibrium was established.

The rate of drainage was directly related to the permeability
of the soil. In a saturated (or nearly saturated) state, the
permeability for a specific soil was a function of the void ratio.
As the draining process continued, the soil became partially
saturated. In this case, the permeability was significantly
affected by the combined change in void ratio and degree of
saturation. Since water flowed through the pore space also
occupied by water, the percentage of the voids that were filled

with water was an important factor. After the water dissipated
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first from the large pores from flooded condition, air took its
place. Water had to flow through smaller pores filled with water,
which provided a more narrow passage for downward seepage. On
the other hand, with the increase of soil suction (because of
a decrease in moisture) as drainage continued, the air-soil
interface (capillary meniscus) was drawn closer to the soil
particles, which led to a further decrease in the volume of void
filled with water. As a result, the permeability of soil (or
the rate of drainage) rapidly decreased after a short-term
drainage.

Generally, the closer to the top of subgrade, the more
moisture reduction occurred due to drainage. The drainage rate
decreased with an increase in percent of fines. For A-2-4(30%)
and Miami Oolite A-1 soils, there was no significant moisture

change for all the sensors.

7.3 CAPILLARY RISE ANALYSIS

In the capillary rise study, the height of the capillary rise
was the vertical distance between the water table and the highest
elevation where the increase in moisture existed. When the water
table changed from a level below 0 in. (the interface between
subgrade and embankment) to 0 in., the moisture profile and the
time were recorded. For Levy A-3 soil, the water table was raised

from -20 in. to 0 in. above the embankment. For SR70 A-3 and
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SR70 A-2-4 soils, the groundwater level was raised from -24 in.
to -12 in. above the embankment, and then from -12 in. to 0 in.
above the embankment. For the Phase II and III soil types (A-2-4
12%, A-2-4 20%, A-2-4 24%, A-2-4 30%, Miami Oolite A-1, Spring
Cemetery A-2-4, Branch A-2-4, and Iron Bridge A-2-6), the
groundwater level was raised from -24 in. to 0 in. above the
embankment . The moisture data with the groundwater level raised
from 0.0 in. to +12 in. above the embankment was also utilized
for capillary rise analysis.

The moisture data after the adjustment of the groundwater
level from drained conditions to 0.0 in. above the embankment
and from 0.0 in. to +12.in. above the embankment, which are useful
for the capillary rise study, are summarized in Table 7.3 for
Phase I soils, Table 7.4 for Phase II soils, and Table 7.5 for
Phase IIT soils.

The moisture profile at each elevation for the adjustment
of the groundwater level from drained conditions to 0.0 in. above
the embankment and from 0.0 in. to +12.0 in. above the embankment
can be found in Figures 7.10(A) to 7.33 (A7), while Figures 7.10(B)
to 7.33(B) illustrate the moisture content versus time lapse
for each layer. The water content of the top layer (30 in. to
36 in. above the embankment) was not available due to the
limitation of the TDR probes for the Phase III soils until the

water table was raised up to groundwater level C (+24.0 in. above
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the embankment) . The capillary rise could have been higher than
what was observed if the water content of the top layer had been

recorded.

7.3.1 Observation of Capillary Moisture Data

7.3.1.1 Levy County A-3 Soil

Levy A-3 soil had a wide range of water content from 5% to
12.5% after reaching equilibrium at the initial placement. The
capillary rise effect in Levy A-3 soil with the groundwater level
from20 in. to 0 in. below the embankment is illustrated in Figure
7.10(A) and 7.10(B) . The water content increased about 2.5% for
the bottom layer and 4.7% for the layer above within 28 days.
Figure 7.10(B) showed no moisture increase for the top two layers
caused by capillary rise, and the capillary rise was about 24
in., as seen in Figure 7.10(A) . Beyond that point, the behavior
was more than offset by the evaporation rate (high drying rate
for A-3 soil). The water content change due to capillary rise
was not significant for the Levy A-3 soil when compared to other
soils.

As shown in Figure 7.11(A) and Table 7.11(B), the capillary
rise effect in the Levy A-3 soil with the groundwater level from
0 in. to +12 in. was more than 24 in. The water content kept
increasing after a 47-day equilibrium. The degree of saturation

was about 78% for the bottom layer on day 47.
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7.3.1.2 SR70 A-3 Soil

The capillary rise of the SR70 A-3 soil with the groundwater
level from -24 in. to -12 in. is illustrated in Figure 7.12(A)
and 7.12(B). The bottom layer had a low water content compared
to other layers. The total capillary rise was about 6 in. in
addition to the 12 in. of that passing through the standard A-3
sand within embankment, which was 18 in. high. The change in
water content was less than 1%. The capillary rise was
insignificant in this condition.

Figure 7.13(A) and 7.13(B) show the capillary rise effect
when the water table was raised from -12 in. to 0 in. Although
there was a significant moisture increase of 7.2% close to the
embankment within a seven-day period, the capillary water could
only ascend to a height of 18 in. Beyond that point, the moisture
increase caused by the capillary rise was more than offset by
the evaporation rate (high drying rate for A-3 soil) . The degree
of saturation for the bottom layer was about 88% and the
equilibrium was reached within 18 days.

The capillary rise effect is illustrated in Figure 7.14 (A7)
and 7.14 (b) when the water table was raised from 0 in. to +12
in. above the embankment. The water content increased rapidly
and had a degree of saturation of 100% for the layer of 6-12
in., while there was no increase in the water content for the

bottom layer within one day. The capillary rise was about 18
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in. with an increase in water content of about 7% to 1.3% for
the top five layers. The capillary rise was insignificant for

the top two layers.

7.3.1.3 SR70 A-2-4 Soil

For the SR70 A-2-4 soil shown in Figures 7.15(A) and 7.15(B),
the water content increased at a slow rate and the total amount
of increase in moisture was limited due to the capillary rise
for the groundwater level raised from -24 in. to -12 in.

After the water table was raised from -12 in. to 0 in., the
short-term increase of moisture content which resulted from the
capillary rise was not obvious, as shown in Figures 7.16 (A) and
7.16(B). Even with a 1long-term high groundwater standing
duration of 7 to 42 days, there was only a 2% to 0.7% increase
in moisture content from the bottom layers up within 42 days.
The capillary rise was about 12 in. The degree of saturation
was about 80% for the bottom layer.

Similar to the SR70 A-3 soil, Figures 7.17(A) and 7.17(B)
showed that there was an instant increase in moisture in the
layer of 6-12 in. above the embankment within four days, while
there was no change in the water content for the bottom layer
when the groundwater level was raised to +12 in. above the

embankment . The capillary rise was about 12 in. The degree of
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saturation was about 80% for the bottom layer and 100% for the

layer of 6-12 in. above the embankment.

7.3.1.4 A-2-4, 12% Soil

The capillary rise of A-2-4 12% soil with a groundwater level
change from -24 in. to 0 in. above the embankment is illustrated
in Figures 7.18(A) and 7.18(B). After the water content was
stabilized, the layer of 12-18 in. above the embankment had a
greater increase in water than the bottom layer. The capillary
rise was about 36 in. and it took 33 days to reach equilibrium.
The soil had a low degree of saturation from 20% for the layer
of 24-30 in. above the embankment to 60% for the layer of 6-18
in. above the embankment. The water content increased about 7%
for the layer of 12-18 in. above the embankment. Figures 7.19 (4)
and 7.19(B) illustrate the capillary rise effect for the A-2-4
12% soil when the water table was raised from 0 in. to +12 in.
Unlike the previous soils, the A-2-4 12% soil did not have an
immediate response to the water level change until the second
day. The water content kept increasing at a slow speed and still
increased after 86 days. The same phenomenon applied to the
A-2-4 (12%) soil; the bottom layer had the lower water content
relative to the layer above when the groundwater level was up
to +12 in. above the embankment. The capillary rise was more

than 24 in. after 86 days. The layer of 12-18 in. had the highest
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water content, and the degree of saturation was about 69%.
Compared to other soils, the degree of saturation was low. The
delay of response to the water change was noticeable for the

A-2-4 (12%) soil.

7.3.1.5 A-2-4, 20% Soil

The capillary rise effect was insignificant when the
groundwater level was raised from -24 in. to 0 in. above the
embankment. No increase in moisture content was shown for any
of the six layers above the embankment. The capillary rise can
be considered to be 0 in. for a 53-day period, as shown in Figures
7.20(A) and 7.20(B).

A similar phenomenon applied when the water table was raised
from 0 in. to +12 in. above the embankment. The water content
did not change for the bottom layer and only slightly increased
for the layers above when the groundwater level was at 12 in.
above the embankment. This is abnormal. Even the water content
did not change much; the capillary rise was more than 24 in.

at a slow increase rate after 86 days.

7.3.1.6 A-2-4, 24% Soil

Figures 7.22(A) and 7.22(B) illustrate the capillary rise
effect when the groundwater level was raised from -24 in. to
0 in. above the embankment. It was abnormal that the water content

of the layer of 0-6 in. did not change much, while the layers
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above had more water content change than the bottom layer. The
capillary rise can be more than 36 in. The water content increased
about 3.5% for the layer of 12-18 in with a stabilized degree
of saturation of 61%, while the bottom layer had the smallest
increase, about 0.2%, with a 43% degree of saturation.

The capillary rise effect for the water table raised from
0in. to +12 in. is shown in Figures 7.23(A) and 7.23(B). The
bottom two layers did not experience any increase in water
content. The layer of 18-24 in. had the highest increase in water
content, 3.7%, with a stabilized degree of saturation of 73%.
The capillary rise was more than 24 in. after an 86-day period.
It was noted that the A-2-4 24% soil had the same one-day delay

of water increase behavior as found also in the A-2-4 12% soil.

7.3.1.7 A-2-4, 30% Soil

The A-2-4 30% soil had a quick increase in moisture of about
% after 4 days for the bottom layer when the water table was
raised up to 0 in. above the embankment, as shown in Figures
7.24 (A) and 7.24 (B) . After that, the increase rate became slow,
decreasing even to no increase at all for the bottom layer. The
capillary rise was about 36 in. The degree of saturation was
95% for the bottom layer.

Figures 7.25(A) and 7.25(B) show that the water increased

rapidly for the layer of 6-18 in. above the embankment after
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the groundwater level was raised to +12 in. above the embankment.
There was no increase inmoisture for the bottom layer. The layer
of 6-18 in. above embankment was saturated. The capillary rise

was more than 24 in.

7.3.1.8 Miami Oolite A-1 Soil

Miami Oolite A-1 soil had a very low water content, for an
average of about 3%, after it reached equilibrium when initially
placed, except for the layer of 18-24 in. above the embankment.
There was not much increase in moisture after the groundwater
level was raised to 0 in. above the embankment. The capillary
rise was only about 18 in. with a 0.6% increase in moisture for
the layer of 6-12 in. above the embankment. The water content
decreased after four days for the top three layers. This can
be mainly attributed to the large void ratio and the fact that
the water can be easily drained downwards. The degree of
saturation was low for all six layers. Figures 7.26 (A) and 7.26 (B)
illustrate the phenomenon discussed above.

When the groundwater level was raised to +12 in. above the
embankment, the water did not go up until two days later. The
water content even decreased after 23 days. The capillary rise
was about 12 in. with a slight increase of 1.2% in water content
for the layer of 12-18 in. above the embankment. Just as when

the groundwater level was at the top of the embankment, the layer
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of 18-24 in. above the embankment had a relatively high water

content compared to the other layers.

7.3.1.9 Spring Cemetery A-2-4 Soil

The Spring A-2-4 soil had a rapid increase in water content
from 5.5% to 12.2% for the bottom layer and from 5.8% to 9.2%
for the layer of 6-12 in. above the embankment within the first
day when the groundwater level was raised from 24 in. below the
embankment to the top of the embankment. The water content of
the top three layers even decreased. After that, the water
content had a slow increase in moisture, with an increase of
0.8% for the bottom layer and 1.5% for the layer of 12-18 in.
above the embankment. The water content reached equilibrium
after 17 days. The capillary rise was about 18 in., as shown
in Figures 7.28(A) and 7.28(B).

After raising water table up to +12 in. above embankment,
the capillary rise effect reached to the top layer with a 0.7%
increase in water content for the top layer and about 2.5% for
the two layers underneath within 56 days, as shown in Figures

7.29(A) and 7.29(B). The capillary rise was about 18 in.

7.3.1.10 Branch A-2-4 Soil

As shown in Figures 7.30(A) and 7.30(B), the water content
did not change much for the first day after the groundwater level

was raised to the top of the embankment. The two layers above
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the bottom layer had the greatest increase in moisture, with
an increase of about 1.8%, which is low compared to the other
soils. The capillary rise was about 18 in. and the degree of
saturation was about 92%.

Just as when the groundwater level was raised to +12 in. above
the embankment, the capillary rise reached to the top layer.
The increase in the water content was significant (5%) for the
top layer. The bottom layer had only little increase in moisture
(0.3%) and the layer in between increased at an average of 1.5%
increase. Figures 7.31(A) and 7.31(B) show that the capillary
rise for the Branch A-2-4 soil was more than 18 in. The degree
of saturation was about 94% for the bottom layer, and the soil
was saturated for the layer of 6-12 in, above the embankment

after a 56-day period.

7.3.1.11 Iron Bridge A-2-6 Soil

The Iron Bridge A-2-6 soil had a delay of increase in moisture
on the first day, and after that the water content increased
3% within three days and about 5.4% after 17 days for the bottom
layer. The layer of 12-18 in. above the embankment had a
relatively low water content compared to the layers next to it
and the water content decreased during the first week. Figures

7.32(A) and 7.32(B) show that the capillary rise was about 18
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in. with a 0.6% increase in water content for the top layer.
The degree of saturation was about 81%.

When the groundwater level was raised to +12 in. above the
embankment, the water rose to the top layer after one week. The
layer of 6-12 in. had less water content increase than the other
layers. Figures 7.33 (A) and 7.33 (B) show that the capillary rise

was more than 18 in.

7.3.2 Discussion on Capillary Rise Behavior

The height of the capillary rise for all eleven soils is
summarized in Table 7.6 with the time spent to reach equilibrium.
The final height of the capillary rise is shown in Figure 7.34
for a raise in the groundwater level to both 0 in. and +12 in.
above the embankment. The A-2-4 (12%), A-2-4 (24%), and A-2-4
(30%) soils had the highest capillary rise height (reached to
the top layer of the subgrade), while the A-2-4 (20%) soil had
no capillary rise (0 in.).

The rate of the capillary rise, which is the height of
capillary rise versus time to reach that height, is illustrated
in Figure 7.35 for all eleven soils with groundwater level at
the top of the embankment. The rate of capillary rise is affected
by many factors such as permeability, porosity, capillary rise
height, etc. Levy County A-3 (4%) had the highest permeability
value; its capillary rise speed should be the highest one. But

there is no such a relationship between the capillary rise rate
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and the permeability value due to the interference of several
affecting factors. The capillary rise could not be determined
accurately, because the moisture profile throughout the entire
test pit could not be made uniformly; there was only one TDR
probe available to measure the moisture content for each level
(the elevation difference was 6 in.) . From the recorded moisture
profiles for all eleven soils, there was likely some malfunction
with the TDR probes function. The accurate prediction of the
capillary rate demanded successful permeability modeling which
simulates the variation of unsaturated permeability as moisture
develops within capillary fringe and the accurate moisture
content profile with time.

Figures 7.36 and 7.37 address the capacity of the soil to
take on the water due to the capillary rise effect. From the
figures, it can be seen that the A-2-4 (12%) soil exhibited a
high level of capillary rise ability, and had a water content
increase of 1.8% for the top layer and about 27% in total for
all six layers when the water table was raised from drained
conditions to the top of the embankment. The capillary rise was
much faster in the beginning and gradually slowed down afterwards.
This can be observed in Figure 7.35.

Both the capillary rise from the groundwater level from
drained condition to 0 in. above the embankment and from 0 in.

to +12 in above the embankment were studied. Since the capillary
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rise can be limited by the height of the placement, the data
from the case in which the water table was raised to 0 in. above
the embankment was more representative of the capillary rise
behavior. The data showed that the A-2-4 (12%) soil had both
the highest capillary rise and the highest increase in moisture.
This can be attributed the higher suction value. But with the
high suction value, the A-2-4 (20%) had almost no capillary rise.
This behavior is abnormal.

The accuracy of the moisture data should be reexamined due
to the abnormality of the TDR measurements. The moisture data
obtained from the analysis of the moisture effect in this study
should only be considered as a reference, even though it gives
us a general understanding of capillary rate and capacity for
each soil, which would be helpful in design and construction

for some sudden increases in groundwater table.

7.4 TEST-PIT EQUIVALENT MODULUS STUDY

The equivalent modulus values for the eleven subgrade
materials for various groundwater levels are described and
analyzed in this section wusing the experimental results
presented in Chapter 5. The average equivalent modulus from
10,000 to 30,000 cycles was used for analysis. The test results

will be further discussed in Chapter 8 as a case study.
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7.4.1 Observation of Experimental Results

7.4.1.1 Levy County A-3 Soil

Since the moisture differences within the top layer of soil
for the groundwater levels of -20 in., 0.0 in. and +12 in. above
the embankment were quite limited (Figure 5.21), they led to
no considerable changes in the equivalent modulus for the A-3
sandy soil. It showed that the increase in moisture in the middle
and lower layers of the soil had only a limited influence on
the decrease of the soil modulus.

In general, the equivalent modulus for this soil was less
sensitive to the variation of moisture content (Figures 5.21,
5.22 and 5.23), especially in a situation when the moisture
content of the subgrade near the loading point was below optimum
moisture (non-flooded situation).

The degree of saturation under test conditions can be found
in Table 7.7. The average equivalent modulus for each water
condition with the water content range for Levy County A-3 soil

is presented in Table 7.18.

7.4.1.2 SR70 A-3 Soil

No significant difference of the equivalent modulus was
showed when the moisture differences within the top layer of
the subgrade soil were quite limited for low groundwater level

(Figure 5.24) . Although a significant difference existed in the
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equivalent modulus between the drained condition and groundwater
level being at 12 in. above the embankment (Figures 5.25),
generally the equivalent modulus decreased slightly with the
increase of moisture content in A-3 soil.

In the flooded conditions (Figure 5.27), when the moisture
content reached a certain level the differences in soil modulus
could be insignificant. In the 9/29/99 plate load test (Test
No. 2-4), no significant equivalent modulus change was detected
when the water level was adjusted from +12 in. to +36 in. above
the embankment, even though there was quite a difference for
moisture content levels and degrees of saturation (Figure 5.25).

Since the loading location remained the same for this soil
in all tests previous to Test No. 2-6, it might be suspected
that the test results would not be satisfactory due to preloading
of the site. However, the relocated test (Test No.2-5, conducted
on 10/5/99 under the same +36 1in. water table) revealed a
temporary decrease for the wvalue of the equivalent modulus
between 50 and 10,000 load cycles, but eventually achieved the
same result for higher repetitions of load.

The degree of saturation under test conditions can be found
in Table 7.8. The average equivalent modulus at each water
condition with the water content range for SR70 A-3 soil is

presented in Table 7.19.
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7.4.1.3 SR70 A-2-4 Soil

No obvious moisture difference existed within the top layer
of the SR70 A-2-4 soil when the groundwater level was raised
from 0.0 in. to 12.0 in. above the embankment (Figure 5.28).
The decrease in modulus was caused mainly by an increase in
moisture content within the middle and bottom layers of soil.

For the A-2-4 soil, the equivalent modulus was more sensitive
to changes in moisture when the groundwater level was changed
to the top of the subgrade under a 50-psi plate load with limerock
base layer, as illustrated in Figures 5.29.

The degree of saturation under test conditions can be found
in Table 7.9. The average equivalent modulus for each water
condition with the water content range for SR70 A-2-4 soil is

presented in Table 7.20.

7.4.1.4 A-2-4(12%) Soil

As can be seen in Figures 5.32(A) and 5.32(B), when the water
table was raised from 0 in. to +12 in., there was a moisture
difference of about 2% in each layer of the subgrade. The modulus
did not change much due to the increase in moisture. However,
when the water table was raised again from +12 in. to +36 in.,
the modulus decreased by about 28%, as shown in Figures 5.33(A)
and 5.33 (B). The A-2-4 (12%) soil is sensitive to changes in

high groundwater levels.
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The degree of saturation under test conditions can be found
in Table 7.10. The average equivalent modulus for each water
condition with the water content range for A-2-4 (12%) soil is

presented in Table 7.21.

7.4.1.5 A-2-4(20%) Soil

As can be seen in Figures 5.34 (A) and 5.34 (B), when the water
table was raised from 0 in. to +12 in., the decrease in the
equivalent modulus was insignificant. When the groundwater level
was raised from +12 in. to +36 in. above the embankment, there
was a decrease in modulus of about 17%, even though the water
content doubled for the top layer of soil, as shown in Figures
5.35(A) and 5.35(B). The A-2-4(20%) soil is not considered
sensitive to the change in moisture in terms of equivalent
modulus.

The degree of saturation under test conditions can be found
in Table 7.11. The average equivalent modulus for each water
condition with the water content range for A-2-4 (20%) soil is

presented in Table 7.22.

7.4.1.6 A-2-4 (24%) Soil

From Figures 5.36 (A) and 5.36 (B), there was a drop in modulus
of about 28% when the groundwater level was raised to +12 in.
above the embankment. When the groundwater level was raised from

+12 in. to +36 in. above the embankment, the modulus decreased
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to about 21% with a significant increase in moisture of 7%, as
shown in Figures 5.37(A) and 5.37(B). The A-2-4(24%) soil is
not sensitive to the change in moisture.

The degree of saturation under test conditions can be found
in Table 7.12. The average equivalent modulus for each water
condition with the water content range for A-2-4 (24%) soil is

presented in Table 7.23.

7.4.1.7 A-2-4 (30%) Soil

As shown in Figures 5.38 (A) and 5.38 (B) , when the groundwater
level was raised from 0 in. to +12 in., the decrease in modulus
was insignificant. But when the groundwater level was raised
from +12 in. to +36 in., the modulus had an obvious decrease
from 260 MPa to 99 MPa with a limited change in water content
for all layers, as shown in Figures 5.39(A) and 5.39(B). This
soil type, A-2-4 (30%), 1is very sensitive to the change in
moisture in response to the high groundwater levels. It was
abnormal that the moisture profiles did not change due to the
change in groundwater levels. The explanation for this was that
the TDR probes were damaged during installation and compaction.

The degree of saturation under test conditions can be found
in Table 7.13. The average equivalent modulus for each water
condition with the water content range for A-2-4 (30%) soil is

presented in Table 7.24.
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7.4.1.8 Miami Oolite A-1 Soil

Because the Miami Oolite A-1 is very stiff, only modulus data
under 50-psi plate load test were measured with a limerock base
layer. The modulus was reduced 61% when the water table was raised
from +12 in. to +36 in. above the embankment, as shown in Figure
5.40(A) . However, a decrease in moisture content of only about

% for the top layer is shown in Figure 5.40(B). This soil is
sensitive to the water change.

The degree of saturation under test conditions can be found
in Table 7.14. The average equivalent modulus for each water
condition with the water content range for the Miami Oolite A-1

soil is presented in Table 7.25.

7.4.1.9 Spring Cemetery A-2-4 Soil

As shown in Figure 5.41(A), there was no obvious difference
in equivalent modulus when the water table was raised from +0
in. to 412 in., while there was a reduction of about 28% in
equivalent modulus when the water table was raised to +24 in.
above the embankment for the 20 psi plate load without a limerock
base layer. The difference was due to the increase in moisture
in the top layer (Figure 5.41(B)).

After the limerock base was placed, the plate load tests were
conducted at groundwater levels of 0 in., +12 in., +24 in. and

+36 in. with a wetting process under a 50-psi plate load. When
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the water table went down from +36 in. to +24 in. and then to
+12 in. above the embankment (drying process), the soil retained
more water than was retained with the wetting process at the
same water level. Therefore, the equivalent moduli from drying
process were lower than those from wetting process. As shown
in Figures 5.42(A) and 5.42(B), the equivalent moduli were low
when the groundwater levels were at the +24 in. and +36 in. above
the embankment.

The degree of saturation under test conditions can be found
in Table 7.15. The average equivalent modulus for each water
condition with the water content range for Spring Cemetery A-2-4

soil is presented in Table 7.26.

7.4.1.10 Branch A-2-4 Soil

As shown in Figure 5.43(A), there was no obvious difference
in equivalent modulus when the groundwater level was raised from
+0 in. to +12 in., while there was a reduction of about 34% in
equivalent modulus when the water table was raised to +24 in.
above the embankment under a 20-psi plate load without the
limerock base layer.

After the limerock base was placed, the plate load tests were
conducted at groundwater level of 0 in., +12 in., +24 in. and
+36 in. above the embankment with a wetting process under a 50-psi

plate load. There was only a 10% reduction in equivalent modulus
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when the groundwater level was raised from 0 in. to +12 in. above
the embankment while the reduction rate was about 42% when the
groundwater level was raised from +12 in. to +24 in. above the
embankment. When the groundwater level was at +36 in. above the
embankment, the equivalent modulus decreased 77%, from 671 MPa
to 157 MPa. When the groundwater level went down from +36 in.
to +24 in. and then to +12 in. above the embankment (drying
process), the soil had more water retained than was retained
with the wetting process at the same water level. Therefore,
the equivalent moduli from the drying process were lower than
those from the wetting process. As shown in Figures 5.44 (A) and
5.44 (B), the equivalent modulus was low when the groundwater
level was at +24 in. and +36 in. above the embankment. Figure
5.44 (B) shows that the water content was higher for the top layers
when the groundwater level was at +36 in. and +24 in., which
was drawn down from +36 in. above embankment.

The degree of saturation under test conditions can be found
in Table 7.16. The average equivalent modulus for each water
condition with the water content range for Branch A-2-4 soil

is presented in Table 7.27.

7.4.1.11 Iron Bridge A-2-6 Soil

As shown in Figure 5.45(A), the equivalent modulus slightly

increased as the groundwater level rose from 0 in. to +12 in.
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above the embankment, but had a significant decrease of 33% when
the groundwater level was raised from +12 in. to +24 in. above
the embankment. As can be seen in Figure 5.45(B), the increase
in water content with the groundwater level from 0 in. to +12
in. above the embankment was much higher than when the
groundwater level was raised from +12 in. to +24 in. above the
embankment.

After the limerock base was placed, the plate load tests were
conducted at gorundwater level 0 in., +12 in., +24 in. and +36
in. above the embankment with a wetting process under a 50-psi
plate load. The equivalent modulus was about three times that
which was obtained without the limerock base. As shown in Figure
5.46 (A), the equivalent modulus had a decrease of 43% when the
groundwater level was raised from 0 in. to +24 in. above the
embankment and a decrease of 81% from 0 in. to +36 in. above
embankment. When the water table went down from +36 in. to +24
in. and then to +12 in. above the embankment (drying process),
the soil had more water retained than that which was obtained
with the wetting process at the same water level. Therefore,
the equivalent moduli from drying process were lower than those
from the wetting process. As shown in Figures 5.46 (A) and 5.46 (B) ,
the equivalent modulus was low when the water table was at the

+36 in. and +24 in. water table level. Figure 5.46 (B) shows that
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the water content was higher for the top layers when the water
table was at +36 in. above the embankment.

The degree of saturation under test conditions can be found
in Table 7.17. The average equivalent modulus for each water
condition with water content range for Iron Bridge A-2-6 soil

is presented in Table 7.28.

7.4.2 Analysis of Experimental Results

The plate load test results are summarized in Table 7.29 and
presented in Figures 7.38, 7.39, and 7.40. The equivalent modulus
(EQ modulus) values for different types of soil were affected
to a different extent under various levels of groundwater table.
The reduction rates in EQ modulus for different water level
changes are presented in Table 7.30 and shown in Figures 7.41
and 7.42.

For the change of water table level from 0 in. to +12 in.
under a 20-psi plate load without limerock, there was not much
change of equivalent modulus values for most soils except for
A-2-4 (24%) soil, which had a reduction of 28% in equivalent
modulus, as shown in Table 7.30 and Figure 7.41. For the Phase
IIT soils (Spring Cemetery, Branch, and Iron Bridge), the
reduction rate in equivalent modulus became much higher when
the groundwater level was raised up to +24 in. above the

embankment.
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For the change of water table level from +12 in. to +36 in.
under a 50-psi plate load with a limerock base built on top,
there was significant change of modulus values for the eleven
soils except for the A-2-4 (20%) soil. The most sensitive soils
were SR70 A-2-4 (14%), A-2-4 (30%), Miami Oolite A-1, Branch
A-2-4 (23%), and Iron Bridge A-2-6 (31%). The reduction rates
were 53%, 62%, 61%, 74% and 79%, respectively, as shown in Table
7.30 and Figure 7.42.

Analysis was also done with the water drained from +36 in.
to +24 in. and from +24 in. to +12 in. above the embankment for
the Phase III soils. From Table 7.30, the Iron Bridge A-2-6 soil
showed the highest increase rate, 96%, with the groundwater level
lowered from +36 in. to +24 in. above the embankment, and the
rate of 237% with the water table lowered from +36 in. to +12
in. above the embankment.

When considering the effect of the plate load and limerock
base layer, the increase in equivalent modulus ranged from a
low of 42% for A-2-4 (30%) soil with a 2-ft base clearance to
a high of 233% for the Iron Bridge A-2-6 soil with a 3-ft base
clearance. The Iron Bridge A-2-6 soils had the highest increase
rates in equivalent modulus when plate load increased from 20
psi to 50 psi with limerock built on the top of soil, as shown
in Table 7.31 for the three water levels of 0 in., 12 in., and

24 in. above the embankment. In general, the benefit from adding
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a base layer was significant for the high-fine soils. The
analysis for the water table at 0 in. and 24 in. above the
embankment under a 50-psi plate load were only available for
Phase IIT soils.

There was no simple relationship between the reduction in
equivalent modulus and the percent of fines in soils. However,
with the condition of a 50-psi plate load with limerock base,
the two A-3 soils (Levy A-3 and SR70 A-3) were less sensitive
to the groundwater level adjustments, while the A-2-6 soil (Iron
Bridge) had the highest reduction rate in equivalent modulus
when subjected to the groundwater level change. As for the A-2-4
soils, A-2-4 (20%) did not change much as the groundwater level
changed, while the SR70 A-2-4 and A-2-4 (30%) had a relatively
high reduction rate (over 50%) than the other A-2-4 soils.

The fluctuation of equivalent modulus values as a result of
the change in levels of the groundwater table illustrated that
the mere soil structure itself was not the controlling factor
for elastic deformation. But the presence of water did not
necessarily mean a decrease in equivalent modulus of the soils.
For example, no significant difference occurred for the
equivalent modulus of extremely coarse gravel whether it was

flooded or completely drained.
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7.4.3 Discussion

Many properties such as clay content, permeability, suction
value, gradation, etc. of soils can affect the resilient modulus
value directly or indirectly. This research study was focused
more on the effect of moisture on the resilient modulus of
pavement subgrades. In the literature, the suggestion has been
raised that correlating the resilient behavior of soil with the
suction value it assumes, may be more appropriate than using
moisture content or degree of saturation as indicators for the
analysis of subgrade resilient behavior. For a specific subgrade
soil, the resilient modulus is more or less dependent on the
capillary moisture developed from the groundwater table. However,
for different subgrade materials, the resilient modulus is more
dependent on the capillary potential of each individual soil
(suction value) rather than the capillary moisture accumulated
within a capillary zone (Liu, 2001).

One of the concerns for an experimental program of test-pit
tests was to find out whether cyclic loading has any effect on
the moisture content of the subgrade materials in the test-pit.
For all of the plate load tests conducted in the test-pit,
moisture readings from the TDR probes from 3 in. to 33 in. below
the plate loading area showed that there were no changes of
moisture content before and after the implementation of cyclic

loading.
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The TDR probes deployed within the test-pit did not serve
their function as moisture-detecting sensors very well. The
fluctuations of the moisture content readings showed that either
there were damages on the TDR probes or the soils around the
TDR probes were disturbed. For a precise measurement of moisture
content, more TDRs should be used and distributed evenly in the
test pit for each layer to avoid the deviations. An adequate
calibration of the TDR probes with each individual soil before
that soil is compacted into the test-pit for investigation should
increase the reliability of the data.

In test-pit tests, the equivalent modulus wvalues were
dependent on the effect of the bottom embankment layer as well
as the top limerock layer. From Figure 7.40, the beneficial
effect of adding a base layer with limerock is clearly
demonstrated. When a 5-in.-thick layer of limerock was added
and the load was increased from 20 psi to 50 psi, the equivalent
modulus values were almost doubled under the same level of
groundwater table at +12 in. above the embankment.

The modulus from the plate load tests was the equivalent
modulus for the combined subgrade and embankment underneath,
and even the base limerock layer. The modulus value for limerock
layer may be estimated from this simple comparison. The subgrade
layer modulus for various levels of high groundwater table can

be computed from simulation computer programs when the moduli
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of the base limerock and embankment are available. A layered
system established to estimate the resilient modulus of subgrade
layer using the KENLAYER program for each soil type is discussed

in next section.

7.5 LAYERED SYSTEM SIMULATION FOR TEST-PIT STUDY

7.5.1 Purpose

In reality, the pavement has several layers. For a general
pavement profile, there are the asphalt concrete layer, base
layer, subgrade layer and embankment layer, from top to bottom.
For a more complicated layer system, there may be other layers
such as an asphalt crack relief layer, drainage layer, and so
on. In test-pit tests, there were at least two layers; embankment
and subgrade layers. For some tests, the third layer, a 5-in.
limerock layer, was added on the top.

Because the water table had different levels in different
periods, the subgrade layer should be divided into several layers.
To simplify the problem, all six subgrade layers (lifts) were
considered as one single layer.

The purpose for setting up a layer system for a test-pit test
is to get the modulus for each 1layer (actually for the
36-in.-thick subgrade layer for each soil type) instead of the

equivalent modulus for all of the layers. Then the layer modulus
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for each subgrade can be compared with the results coming from

the laboratory resilient modulus tests.

7.5.2 Layered System Calculations and Analysis

To calculate the layer modulus of the subgrade soils, a
pavement analysis and design software, “KENPAVE,” developed by
Huang (1993), was utilized. The following flow chart shows the
procedures of calculation for layer moduli in the KENPAVE

program:

Assume a Value for
Unknown Layer Modulus

Y

Input All Parameters into Program <
KENLAYER

v

Adjust Layer Modulus
for Unknown Layer

Get the Calculated Deformation

If Calculated Deformation =
Measured Deformation

End

Based on the two-layer system, the layer modulus of a subgrade
without a limerock layer on top could be calculated by providing
the saturated embankment moduli (assume 11,207 psi for a soaked

embankment). The summary of the layer moduli at different
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groundwater levels (0 in., +12 in. and +24 in. above embankment)
under a 20-psi plate load without a limerock base layer are
presented in Tables 7.32, 7.33, and 7.34.

To get the subgrade layer moduli for those subgrades with
limerock built on top, the limerock layer moduli should be
obtained first. This can be done by treating the layers below
the limerock layer as one layer based on the two-layer system.
Tables 7.35, 7.36, and 7.37 show the calculations of the limerock
layer moduli for the eleven subgrades when the groundwater levels
were stabilized at 0 in., +12 in., and +24 1in. above the
embankment under a 50-psi plate load. The subgrade layer moduli
can be obtained by providing the limerock moduli on top and the
saturated embankment moduli below based on a three-layer system.
The subgrade layer moduli for the eleven soil types are
summarized in Tables 7.38 through Table 7.43.

The layer moduli for the eleven soils under all the different
conditions are summarized in Table 7.44. The reduction rates
are shown in Table 7.45. The results show that when the
groundwater level increased from 0 in. to +12 in. above the
embankment, the layer modulus for the subgrade decreased by a
degree. The A-2-4 (24%) soil had the highest reduction rate (33%)
compared to other soils, while the A-2-4 (12%) soil had almost

no change in reduction rate. In contrast, the Iron Bridge Soil
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even had an increase (14%) in layer modulus when the groundwater
level increased.

When the water table continued to increase from +12 in. to
+36 in. above the embankment, the subgrade layer would be totally
emerged in water. The layer modulus for each subgrade had a big
drop. These results also proved the theory that water can have
a great effect on the pavement modulus.

It is well known that granular materials and subgrade soils
are nonlinear with elastic modulus varying with the level of
stresses. The nonlinear material properties have been
incorporated in KENLAYER. According to the theoretical
development of KENLAYER, use of KENLAYER was adequate in order
to estimate the layer modulus in the study. The comparison
between the layer modulus and the laboratory resilient modulus

will be further discussed in Chapter 9.
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Table 7.1 Moisture Profile after Drainage for Subgrade Materials

in Test-pit Test (Phase I)
Elevation (in.) 3 9 15 21 27 33 Elapse Time
Levy County 16.6 164 164 14.8 14.7 15.1 0 hour
A-3 sall _
(#200 Moisture 15.8 15.7 15.1 138 13.1 8.7 2 hours
Passing Profile after
4%) Drainage (%) |  15.7 136 11.1 9.8 8.8 6.9 26 hours
15.6 123 10.3 9.1 83 6.3 50 hours
Elevation (in.) 3 9 15 21 27 33 Elapse Time
16.8 19.9 204 214 19.6 17.1 0 hour
154 19.3 20 21.1 19.3 16.6 3 hours
SR70A3 15.1 18.8 20 20.7 16.1 12.9 27 hours
Ssg (#200 | ppisture 16 | 185 | 189 | 195 | 158 | 104 | Sihous
Ssing Profile after
8%) | Drainage (%) | 103 13.1 128 124 1.2 7.9 2 weeks
9.1 1.9 11.9 1.3 97 6.9 30 days
87 10.8 109 10.3 86 6.3 66 days
86 105 10.6 10 8.29 6.13 86 days
Elevation (in.) 3 9 15 21 27 33 Elapse Time
14.7 18 1.2 16 19.2 305 0 hour
14.4 17.7 11.1 15.8 19.1 304 3 hours
SR-70
A4 Sl | 14.4 17.7 11.1 15.8 19 305 27 hours
(#200 Moisture 14.4 17.7 11.1 15.7 186 305 51 hours
Passing Profile after
14%) Drainage (%) | 143 175 109 12.6 14.7 28 2 weeks
14.2 172 10.8 12.1 145 21.1 30 days
14.2 153 10.2 11.6 14 16.2 66 days
14 14.6 99 11.2 134 13.9 86 days
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Table 7.2 Moisture Profile after Drainage for Subgrade Materials

in Test-pit Test (Phase II)
Elevation (in.) 3 9 15 21 27 33 Elapse Time
1.3 13.2 13.5 11.9 7.5 114 0 days
. 1.1 13 13.3 11.8 7.5 10.9 10days
A-2-4 (12%) Moisture
Profile after 11.1 13 13.3 11.7 7.5 10 23days
Drainage (%)
11.1 12.9 133 1.7 7.9 8.8 39days
11 12.9 13.2 11.6 6.7 7.9 59days
Elevation (in.) 3 9 15 21 27 33 Elapse Time
9.64 9.67 9.89 11.17 9.47 8.08 0 days
. 9.57 9.56 9.81 11.07 9.3 7.68 10days
A-2-4 (20%) Moisture
Profile after 9.58 9.56 9.8 11.07 9.32 7 23days
Drainage (%)
9.58 9.54 9.78 11.07 8.04 6.31 39days
9.56 9.52 9.76 11.03 6.6 5.45 59days
Elevation (in.) 3 9 15 21 27 33 Elapse Time
7.59 8.76 11.42 12.08 9.7 13.01 0 days
. 7.42 8.6 11.24 11.88 9.59 12.93 10days
A-2-4 (24%) Moisture
Profile after 7.44 8.6 11.23 11.84 9.54 12.81 23days
Drainage (%)
7.42 8.57 11.21 11.82 9.53 10.27 39days
7.37 8.5 11.12 11.73 9.04 7.83 59days
Elevation (in.) 3 9 15 21 27 33 Elapse Time
15.58 16.82 16.31 14.83 11.42 8.62 0 days
15.42 16.57 16.04 14.64 11.3 8.52 10d
A'20'4 Moisture avs
(30%) Profile after 15.4 16.58 16.05 14.64 1.3 8.47 23days
Drainage (%)
15.41 16.59 16.06 14.66 11.31 8.36 39days
15.34 16.52 16 14.63 11.3 8.25 59days
Elevation (in.) 3 9 15 21 27 33 Elapse Time
3.17 3.24 3.83 6.61 4.56 444 0 days
. 3.15 3.21 3.78 6.46 4.52 4.25 10days
Qolite Moisture
Profile after 3.15 3.21 3.78 6.4 4.54 413 23days
Drainage (%)
3.15 3.2 3.77 6.34 4.48 3.96 39days
3.14 3.2 3.7 6.25 4.44 3.67 59days
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Table 7.3 Moisture Profile for Subgrades after the Adjustment

of Groundwater Level in Test-pit Test

(Phase I)

Subgrade Water EIapsed Moisture Profile in Each Elevation above Embankment, %
Material Tgble Time

(in.) (days) 3in. 9in. 15in. 21in. 27 in. 33.in.

0 12.50 9.64 8.35 7.20 6.97 4.97

1 12.76 9.73 8.34 717 6.95 4.95

3 13.54 9.96 8.31 7.09 6.86 4.86

-20to 0 7 14.12 10.49 8.47 7.06 6.77 4.76

14 14.18 10.48 8.47 7.00 6.65 4.62

Levy 21 14.94 13.32 9.12 7.14 6.63 4.55
County 28 15.00 14.35 10.81 7.96 6.74 4.55
A-3 0 15.09 14.50 10.89 8.01 6.81 4.58
(4%) 4 15.34 14.71 14.13 10.38 7.12 4.31
7 15.42 14.80 14.45 12.19 8.26 4.60

0to +12 14 15.57 14.92 14.60 12.94 8.96 5.43

21 15.83 15.18 14.99 13.33 9.17 5.54

28 16.11 15.46 15.42 13.73 9.58 6.23

47 16.46 15.74 15.75 14.03 9.56 6.25

0 8.63 10.62 10.80 10.78 9.73 7.21

2410 -12 1 9.20 10.63 10.80 10.78 9.71 7.19

3 9.36 10.64 10.78 10.77 9.69 717

7 9.45 10.66 10.77 10.74 9.62 7.11

0 9.52 10.66 10.69 10.64 9.32 6.93

1 16.48 11.54 10.69 10.62 9.30 6.92

12100 4 16.58 12.34 10.84 10.61 9.25 6.89

SR70 7 16.72 12.77 10.97 10.63 9.21 6.87
A-3 14 17.15 13.00 11.07 10.63 9.13 6.83
(8%) 18 17.34 13.06 11.09 10.62 9.08 6.80
0 17.17 13.44 11.17 10.59 8.86 6.68

1 17.15 19.92 12.84 10.62 8.85 6.68

4 17.05 20.64 15.93 11.82 8.86 6.66

0to +12 7 17.01 21.03 16.82 12.32 8.97 6.66

14 16.89 20.97 17.60 12.75 9.28 6.66

28 16.78 20.70 18.64 13.27 9.64 6.72

43 16.69 20.38 19.30 13.80 10.68 7.97

0 12.09 11.13 8.90 8.78 9.03 7.41

1 12.12 11.16 8.96 8.79 9.08 7.50

2410 -12 3 12.15 11.19 8.93 8.81 9.07 7.45

7 12.20 11.23 8.95 8.84 9.11 7.48

15 12.31 11.33 9.01 8.89 9.17 7.53

24 12.41 11.44 9.08 8.95 9.24 7.56

0 12.41 11.44 9.08 8.95 9.24 7.56

1 12.57 11.47 9.09 8.97 9.27 7.59

4 13.17 11.50 9.09 8.96 9.23 7.55

SR70 7 13.60 11.57 9.13 9.00 9.28 7.59
A-2-4 -12t0 0 14 13.92 11.66 9.13 8.99 9.27 7.58
(14%) 21 14.08 11.75 9.12 8.97 9.24 7.54
28 14.23 11.90 9.18 9.04 9.31 7.59

35 14.37 12.05 9.22 9.09 9.37 7.62

42 14.46 12.16 9.22 9.08 9.34 8.28

0 14.46 12.16 9.22 9.08 9.34 8.28

1 14.58 15.37 9.26 9.12 9.35 8.21

4 14.58 18.50 9.42 9.11 9.33 8.16

0to +12 7 14.61 18.51 9.57 9.20 9.44 8.25

14 14.65 18.52 9.81 9.23 9.42 8.17

28 14.63 18.39 10.42 9.28 9.39 8.12
43 14.58 18.25 10.80 9.73 9.61 11.46
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Table 7.4 Moisture Profile for Subgrades after the Adjustment
of Groundwater Level in Test-pit Test (Phase II)

Subgrade %Vaa;g El_;‘;f:d Moisture Profile in Each Elevation above Embankment, %
Material ; - - - - - -
(in.) (days) 3in. 9in. 15in. 21in. 27 in. 33in.
0 5.08 5.06 4.60 4.12 2.50 2.99
4 6.55 5.89 4.82 4.11 2.46 2.74
7 9.90 8.65 6.27 4.47 2.44 2.66
-24t00 14 10.03 10.10 7.21 5.31 2.72 2.85
27 10.28 11.80 12.18 9.58 4.01 3.43
33 10.25 11.79 11.69 7.87 3.96 4.64
53 10.39 12.06 11.60 7.83 3.92 4.64
A-2-4 0 10.39 12.06 11.60 7.83 3.92 4.64
(12%) 1 10.40 12.08 11.62 7.82 3.93 4.67
3 10.51 12.29 12.48 10.84 5.20 5.86
7 10.53 12.33 12.53 10.93 5.24 6.12
0to +12 14 10.61 12.43 12.65 11.05 5.22 6.14
28 10.73 12.63 12.86 11.39 5.54 6.38
50 10.87 12.80 13.09 11.62 5.66 6.43
77 11.11 12.95 13.20 11.04 6.42 7.67
86 11.15 12.95 13.27 11.19 6.44 7.68
0 9.50 9.18 9.31 10.42 4.28 3.57
4 9.51 9.20 9.31 10.40 4.21 3.39
24100 7 9.52 9.21 9.30 10.37 4.07 3.28
14 9.54 9.23 9.31 10.33 3.93 3.32
27 9.55 9.26 9.31 10.31 3.85 3.33
53 9.55 9.32 9.39 10.36 3.92 3.26
A-2-4 0 9.55 9.32 9.39 10.36 3.92 3.26
(20%) 1 9.55 9.32 9.39 10.36 3.92 3.27
3 9.57 9.35 9.40 10.36 3.92 3.29
0to +12 7 9.57 9.37 9.43 10.37 3.93 3.32
14 9.57 9.39 9.49 10.43 3.99 3.39
28 9.58 9.45 9.62 10.57 4.19 3.54
50 9.58 9.45 9.71 10.74 4.79 3.51
86 9.60 9.51 9.77 10.88 5.61 3.83
0 7.04 6.84 6.67 712 5.49 5.23
4 7.19 7.11 6.80 7.16 5.47 5.25
7 7.25 7.68 7.08 7.26 5.48 5.26
-24t00 14 7.27 8.00 7.52 7.50 5.59 5.35
27 7.27 8.39 8.96 7.92 5.78 5.47
45 7.20 8.50 10.20 8.48 6.10 5.65
A-2-4 53 7.22 8.55 10.20 8.43 6.00 5.25
(24%) 0 7.22 8.55 10.20 8.43 6.00 5.25
1 7.23 8.55 10.19 8.40 5.97 5.30
3 7.29 8.62 11.09 9.02 6.13 5.46
0to +12 7 7.28 8.60 11.12 10.62 6.50 5.66
14 7.28 8.62 11.20 11.23 6.72 5.88
28 7.31 8.61 11.32 11.88 6.93 6.00
57 7.41 8.69 11.47 12.02 6.88 5.46
86 7.39 8.63 11.37 12.08 7.02 6.05
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Table 7.4 - Continued

Subgrade Water Elqpsed Moisture Profile in Each Elevation above Embankment, %
Material Tgble Time
(in.) (days) 3in. 9in. 15 in. 21in. 27in. 33in.
0 11.93 1217 11.73 12.48 10.82 7.87
4 16.23 13.22 12.54 13.22 11.08 8.39
7 16.21 13.60 12.56 13.21 11.06 8.16
-24t00 14 16.13 13.80 12.58 13.08 10.98 8.18
21 16.10 13.90 12.72 13.24 11.10 8.32
28 16.09 13.88 12.61 13.21 11.05 8.47
A-2-4 40 15.99 14.22 12.52 12.94 10.89 7.98
(30%) 0 15.99 14.22 12.52 12.94 10.89 7.98
1 15.96 16.37 12.59 12.86 10.85 7.89
7 15.90 16.86 16.58 13.25 10.97 7.87
Oto +12 14 15.84 16.82 16.52 13.48 11.18 8.18
22 15.95 16.97 16.67 13.85 11.34 8.54
28 15.84 16.84 16.43 13.81 11.25 8.26
127 15.56 16.82 16.16 14.04 11.24 8.05
0 3.00 2.54 2.49 6.04 4.75 3.99
4 3.20 3.09 3.22 6.12 4.73 3.91
24100
7 3.20 3.08 2.84 5.98 4.70 3.84
40 3.19 3.09 2.49 5.85 448 3.66
0 3.19 3.09 2.49 5.85 4.48 3.66
Oolite 1 3.20 3.19 2.51 5.82 4.46 3.64
2 3.20 3.20 2.51 5.82 4.43 3.61
0to +12 7 3.20 3.23 2.97 5.87 4.42 3.58
14 3.19 3.25 3.37 5.97 4.42 3.69
23 3.18 3.24 3.70 6.26 4.55 4.24
28 3.19 3.24 3.65 6.19 4.59 3.95
127 3.17 3.24 3.53 6.05 4.37 3.49
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Table 7.5 Moisture Profile for Subgrades after the Adjustment
of Groundwater Level in Test-pit Test (Phase III)

Subgrade Water EIapsed Moisture Profile in Each Elevation above Embankment, %
Material T"."b'e Time
(in.) (days) 3in. 9in. 15.in. 21in. 27 in. 33.in.
0 5.50 5.80 7.30 5.70 4.10
1 12.20 9.20 7.00 5.10 4.00
-24100 3 12.50 9.20 7.80 4.80 4.30
7 13.00 11.20 9.10 5.10 4.30
Spring 17 13.00 11.40 8.50 5.00 4.00
Cemetery 0 13.00 11.40 8.50 5.00 4.00
A-2-4 1 13.30 12.30 11.40 6.60 4.20
(15%) 4 13.10 12.60 11.00 7.90 4.40
0to +12 7 13.10 12.30 11.70 7.60 4.60
14 13.40 12.20 11.50 8.30 4.70
28 13.40 12.50 11.80 8.30 4.70
56 13.50 12.80 12.00 8.70 4.70
0 9.40 7.57 6.86 6.76 5.22
1 9.55 7.61 7.31 6.76 4.98
24100 3 9.65 8.60 6.86 6.61 4.98
7 10.19 8.85 8.69 6.47 5.22
17 10.20 9.39 8.69 6.76 5.22
Branch
A-D-4 0 10.20 9.39 8.69 6.76 5.22
o 1 10.64 10.88 9.13 7.15 5.22
(23%)
4 10.64 11.32 10.17 8.03 4.98
0to +12 7 10.64 11.42 10.02 8.13 4.84
14 10.49 11.42 10.32 9.16 6.61
28 10.34 11.17 10.61 8.87 8.67
56 10.49 10.88 11.06 9.26 10.06
0 5.10 7.30 6.20 7.10 5.70
1 5.10 7.50 5.90 7.40 5.60
-24t00 3 8.10 7.60 5.90 7.40 5.40
7 8.80 9.20 5.40 7.40 5.90
Iron 17 10.50 10.40 9.20 7.20 6.00
Bridge 0 10.50 10.40 9.20 7.20 6.00
A-2-4 1 12.00 10.60 9.90 7.20 6.00
(31%) 4 13.50 10.70 11.70 8.50 5.90
0to +12 7 13.00 10.70 12.00 9.10 5.70
14 13.00 10.80 12.50 10.50 8.40
28 13.30 11.40 12.30 10.30 1040
56 12.40 10.80 12.30 10.70 10.70
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Table 7.6 Summary of Capillary Rise for Subgrade Materials in Test-pit Test
Time to
Subgrade Water Table Capillary rise Moisture Gain (%) Modulus reach Moistured
. Level ) Change oo :
Soils (inch) equilibrium | stablized
Change (MPa)
0-6 6-12 12-18 18-24 24-30 30-36 (days)
Levy County -20to 0 24 2.6 4.9 2.5 0.8 -0.2 -0.4 -33 28 yes
A-3 0to +12 24 1.4 1.2 4.9 6.0 2.7 1.7 -13 >47 no
-24 t0 -12 18 0.9 0.0 -0.1 -0.1 -0.4 -0.3 7 yes
SR70 A-3 -12t0 0 18 7.6 2.8 0.5 0.0 -0.5 -0.2 18 yes
0to 12 18 -0.5 6.9 8.1 3.2 1.8 1.3 -30 42 yes
-24 t0 -12 24 0.3 0.3 0.2 0.2 0.2 0.2 24 yes
SR70 A-2-4 -12t0 0 12 2.1 0.7 0.1 0.1 0.1 0.7 >42 no
0to +12 12 0.1 6.1 1.6 0.6 0.3 3.2 -29 >43 no
A-2-4, 12% -24t0 0 36 5.3 7.0 7.0 3.7 1.4 1.6 -49 33 yes
0to +12 24 0.8 0.9 1.7 3.4 25 3.0 0 86 no
A-2-4. 20% -24t0 0 0 0.1 0.1 0.1 -0.1 -0.4 -0.3 -13 0 yes
0to +12 24 0.1 0.2 0.4 0.5 1.7 0.6 -8 86 yes
A-2-4, 24% -24t0 0 36 0.2 1.7 3.5 1.3 0.5 0.0 16 45 yes
0to +12 24 0.2 0.1 1.2 3.6 1.0 0.8 -52 51 yes
A-2-4, 30% [—24100 36 4.1 2.1 0.8 05 0.1 0.1 -23 21 yes
0to +12 24 -0.4 2.6 3.6 1.1 0.4 0.1 -3 22 yes
Oolite -24t0 0 18 0.2 0.6 0.0 -0.2 -0.3 -0.3 -37 4 yes
0to +12 12 0.0 0.1 1.0 0.2 -0.1 -0.2 190 23 yes
Spring -24t0 0 18 7.5 5.6 1.2 -0.7 -0.1 7 yes
Cemetery 0to +12 18 0.5 1.4 3.5 3.7 0.7 -5 21 yes
-24 t0 0 18 0.8 1.8 1.8 0.0 0.0 16 yes
Branch
0to +12 18* 0.3 1.5 2.4 2.5 4.8 -8 >56 no
. -24t0 0 18 5.4 3.1 3.0 0.1 0.3 17 no
Iron Bridge
99 I oto+12 18~ 19 0.4 3.1 35 47 17 40 yes

*There was no water content recorded for the top layer of Phase III soils (30 in. to 36 in.
above the embankment). The capillary rise could be higher than that which was observed.
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Table 7.7 Levy County A-3 Soil,

Degree of Saturation under Plate Load Test

Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Moq) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (VowXGs - Yod) )
Embf‘i:'f)me”t us | s -201in. 0.01in. +12in. +12in, +12in, +36in. +36in.
bt JkNm’ | s fw s | w|s|w|s|w|s|w]|s]|w]|s
33 107.6 | 16.91 52 | 248 | 45 (214 | 55 | 262 | 6.2 | 295 | 6.2 | 295 | 15.0 | 71.5 | 15.0 | 71.5
27 106.9 | 16.80 72 | 337 | 6.8 [ 318 | 91 42.6 95 | 445 | 95 | 445 | 147 | 68.8 | 14.7 | 68.8
21 107.5 | 16.89 74 | 352 | 80 | 380 | 132 | 62.7 | 140 | 66.6 | 14.0 | 66.6 | 14.8 | 704 | 14.8 | 70.4
15 1071 16.83 86 | 405 | 109 | 813 | 149 | 701 | 157 | 739 | 157 | 73.9 | 16.3 | 76.7 | 16.4 | 77.2
9 107.2 | 16.85 | 99 | 46.7 | 145 | 684 | 152 | 71.7 | 157 | 741 | 157 | 741 | 16.3 | 769 | 164 | 77.4
3 107.7 | 16.92 | 129 | 616 | 151 | 722 | 158 | 765 | 163 | 779 | 163 | 779 | 16.7 | 79.8 | 16.7 | 79.8
Test Number 1-1 1-2 1-3 1-4 1-5 1-6 1-7
Table 7.8 SR70 A-3 Soil, Degree of Saturation under Plate Load Test
Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Yea) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (YowXGs - Ylod) )
Embz:")me“t us | s 24 in. -24in. 0.0 in. +12in. +121in. +36 in. +36 in.
' oAt kNm* o | s [ w | s [w | s |w|s|[w|s]|w/|[s]|w]|s
33 1124 | 1766 | 6.2 | 335 | 6.1 | 33.0 | 6.7 | 362 | 6.8 | 36.7 | 80 | 432 | 171 | 924 | 145 | 784
27 110.2 | 17.32 | 84 | 428 | 83 | 423 | 89 | 454 | 9.7 | 495 | 10.7 | 54.6 | 19.8 | 100.0 | 154 | 78.5
21 110.6 | 17.38 | 10.1 | 52.0 | 10.0 | 51.5 | 10.6 | 546 | 134 | 69.0 | 13.8 | 71.1 | 21.6 | 100.0 | 16.1 | 83.0
15 109.8 | 17.25 | 10.7 | 54.0 | 10.6 | 53.5 | 11.2 | 56.5 | 188 | 949 | 19.3 | 97.4 | 20.6 | 100.0 | 15.6 | 78.7
9 1104 | 17.35 | 10.6 | 54.3 | 10.5 | 53.8 | 13.4 | 68.7 | 20.6 | 100.0 | 20.4 | 100.0 | 20.2 | 100.0 | 17.9 | 91.7
3 1099 | 17.27 | 86 | 435 | 86 | 435 | 17.2 | 87.0 | 16.7 | 845 | 16.7 | 845 | 169 | 855 | 154 | 77.9
Test Number 2-6 2-7 21 2-2 2-3 2-4 2-8
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Table 7.9 SR70 A-2-4 Soil,

Degree of Saturation under Plate Load Test

. Dry Density Water Content (W %) & Degree of Saturation (S %) under
Efgg\t/':n (Yoq) Different Water Table of Plate Load Test (S%=WxGsX¥oq / (YowXGs - You))
Embankment| (g S -24 in. -24 in. 0.0 in. +12in. +12in. +36 in. +36 in.
(in-) b kN’ oy [ s | w | s [ w ] s | w s wl| s |w/|s | w]|s
33 1156 | 18.17 | 146 | 86.1 | 13.9 | 81.9 8.1 47.7 8.1 47.7 114 | 67.2 | 33.2 | 100.0 | 22.7 | 100.0
27 1178 | 18.51 | 134 | 84.0 | 13.4 | 84.0 9.4 58.9 9.3 58.3 9.6 60.2 | 19.5 | 100.0 | 16.4 | 100.0
21 1178 | 18.51 | 111 | 69.6 | 11.2 | 70.2 9.1 57.0 9.3 58.3 9.7 60.8 | 16.0 | 100.0 | 12.8 | 80.2
15 1179 | 1853 | 9.8 | 61.6 9.9 62.2 9.2 57.8 | 10.5 66.0 10.8 | 67.9 | 111 69.8 | 10.0 | 62.8
9 116.8 | 18.35 | 14.6 | 89.0 | 146 | 89.0 | 121 | 73.7 | 18.3 100.0 | 18.3 | 100.0 | 18.0 | 100.0 | 15.8 | 96.3
3 1131 | 17.77 | 139 | 76.5 | 140 | 771 | 144 | 793 | 14.6 80.4 146 | 804 | 146 | 804 | 140 | 771
Test Number 3-5 3-6 3-1 3-2 3-3 3-4 3-7
Table 7.10 A-2-4 (12%), Degree of Saturation under Plate Load Test
) Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elaet\)/:\tlgn (Vo) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (VowXGs - Yoq) )
Embankment us S| 0.0 in. +12in. +12in. +12in. +36 in.
(in.) Ib/ft® | kN/m® W S W S W S W S W S
33 1106 | 17.38 4.8 24.7 6.4 33.0 7.7 39.7 7.7 39.7 11.1 57.2
27 1106 | 17.38 4.0 20.6 5.6 28.9 6.4 33.0 6.4 33.0 7.5 38.6
21 1106 | 17.38 7.9 40.7 11.5 59.3 11.1 57.2 12.1 62.3 11.8 60.8
15 1106 | 17.38 1.7 60.3 12.9 66.5 13.2 68.0 13.3 68.5 13.5 69.6
9 1106 | 17.38 12.0 61.8 12.7 65.4 12.9 66.5 13.0 67.0 13.2 68.0
8 1106 | 17.38 10.4 53.6 10.8 55.6 11.1 57.2 11.2 57.7 11.3 58.2
Test Number 4-1 4-2 4-3 4-4 4-5
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Table 7.11 A-2-4 (20%), Degree of Saturation under Plate Load Test
Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Mog) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (VowXGs - Yod) )
Emb‘("ig")me”t us | s 0.0in, +12in, +12in. +12in, +12in, +36in.
| b/ | KNm® |y S W S w S w S W s W s
33 1244 | 19.55 3.3 25.3 35 26.5 3.3 24.9 3.7 28.4 3.8 28.6 8.0 61.0
27 1244 | 19.55 4.0 30.1 46 35.3 47 35.7 5.7 43.0 5.7 43.2 94 71.3
21 1244 | 1955 | 104 78.8 10.7 81.3 10.7 81.4 10.9 82.5 10.9 82.5 11.1 84.7
15 1244 | 19.55 9.4 71.3 9.7 73.7 9.7 73.8 9.8 74.4 9.8 74.3 9.9 74.9
9 1244 | 19.55 9.3 70.9 9.5 71.9 9.5 71.9 9.5 72.3 9.5 72.4 9.6 73.3
3 1244 | 19.55 9.6 72.6 9.6 72.9 9.6 72.9 9.6 73.0 9.6 73.0 9.6 73.1
Test Number 5-1 5-2 5-3 5-4 5-5 5-6
Table 7.12 A-2-4 (24%), Degree of Saturation under Plate Load Test
Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Moq) Different Water Table of Plate Load Test ( S%=WxGsxYod / (VowXGs - Vo) )
Al T 0.0in. +12in. +12in. +12in. +12in. +36 in.
IbAE | kNm® |y S w S W S W S w S W S
33 116.3 | 18.28 5.3 31.5 6.0 35.9 5.7 34.0 6.1 36.4 6.1 36.4 13.1 78.4
27 116.3 | 18.28 6.0 36.1 7.0 421 7.0 41.8 7.0 42.3 7.0 42.2 9.7 58.5
21 116.3 | 18.28 8.4 50.7 121 725 12.2 73.1 121 724 121 72.5 121 72.7
15 116.3 | 18.28 | 10.2 61.3 11.3 68.1 11.4 68.4 11.3 68.1 11.4 68.4 11.4 68.7
9 116.3 | 18.28 8.6 51.4 8.6 51.4 8.6 51.7 8.6 51.7 8.6 51.8 8.8 52.6
3 116.3 | 18.28 7.2 43.4 7.3 43.8 7.3 44.0 7.4 44.2 7.4 44 .4 7.6 45.5
Test Number 6-1 6-2 6-3 6-4 6-5 6-6
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Table 7.13 A-2-4 (30%), Degree of Saturation under Plate Load Test
Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Yoa) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (VowXGs - Yoq) )
M L us | sl +12.01n, +12in. +12in. +12in. +12in. +36 in.
Ib/f> | kN/m® |y S w S w S w S w S w S
33 116 18.23 8.0 47.9 8.0 47.8 7.9 47.2 8.1 48.3 8.1 48.2 8.6 51.5
27 116 18.23 11.2 66.9 11.2 66.9 11.2 66.7 11.3 67.2 11.3 67.3 11.5 68.4
21 116 18.23 13.8 824 13.8 824 13.9 82.6 14.0 83.5 14.0 83.4 14.9 88.9
15 116 18.23 16.3 97.1 16.3 97.1 16.2 96.8 16.2 96.5 16.2 96.5 16.4 97.9
9 116 18.23 | 16.8 99.9 16.8 99.9 16.8 | 100.0 | 16.8 99.8 16.8 99.9 17.0 | 100.0
3 116 18.23 | 15.8 93.9 15.8 93.9 15.7 934 15.5 92.5 15.5 92.6 15.7 93.3
Test Number 7-1 7-2 7-3 7-4 7-5 7-6
Table 7.14 Miami Oolite A-1, Degree of Saturation under Plate Load Test
Dry Density Water Content (W %) & Degree of Saturation (S %) under
Elevation above (Moa) Different Water Table of Plate Load Test ( S%=WxGsxYoq / (YowXGs - Yod) )
Emba_nkment Us sI +12in. +12 in. +12in. +12in. +12in. +36 in.
(in.) 3 3
Io/ft™ | KNim™ |y s w s w S w s w S W S
33 132.6 | 20.84 3.5 35.1 3.5 34.7 3.5 34.6 3.5 34.9 3.5 35.0 44 43.6
27 132.6 | 20.84 4.5 44 .4 4.5 44 .4 4.4 441 4.3 43.2 4.3 43.2 4.6 45.5
21 132.6 | 20.84 6.0 59.8 6.0 59.9 6.0 59.6 5.9 58.9 6.0 59.9 6.6 65.2
15 132.6 | 20.84 3.7 37.1 3.7 37.1 3.8 37.3 2.8 28.1 3.5 35.0 3.8 37.7
9 132.6 | 20.84 3.2 32.2 3.2 32.2 3.2 32.2 3.2 32.3 3.2 32.1 3.3 324
3 132.6 | 20.84 3.2 31.7 3.2 31.7 3.2 31.7 3.2 31.7 3.2 31.5 3.2 31.7
Test Number 8-1 8-2 8-3 8-4 8-5 8-6
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Table 7.15 Spring Cemetery,

Degree of Saturation under Plate Load Test

Elevation Dry .Average Water Content (W %) & Degree of Saturation (S %) under
above Density Different Water Table of Plate Load Test ( S%=WxGgxyq / (YwXGs - Yq) )

Embankment 0in. 121in. 24 in. 0in. 121in. 24 in. 36 in. 24 in. 12 in.
() kN/m? W S w S W S w S W S w S W S W S w S
Base 7.9 8.2 11.8 17.7 13.6 10.4

33 18.22 7.2 44.9 4.5 28.1 4.8 29.7 1 10.3 | 643 | 13.0 | 81.1 | 129 | 80.5 5.9 371
27 1822 | 42 | 262 | 49 | 304 | 104 | 649 | 65 | 406 | 88 | 547 | 125 | 782 | 13.3 | 83.0 | 135 | 842 | 99 | 61.7
21 18.56 50 | 332 81 | 541 | 139 | 924 | 68 | 450 | 11.7 | 776 | 116 | 773 | 127 | 842 | 126 | 84.0 | 12.0 | 79.6
15 18.56 74 | 494 | 116 | 76.9 | 129 ]| 855 | 9.0 | 59.8 | 115 | 76.7 | 11.9 | 789 | 13.1 | 86.9 | 125 | 83.1 | 13.2 | 87.7
9 18.56 95 | 634 | 124 | 827 | 13.5] 90.0 | 10.7 | 71.1 | 127 | 842 | 12.7 | 842 | 13.3 | 882 | 132 | 87.5 | 13.9 | 923
3 18.56 123 |1 818 | 13.2 | 88.0 | 142 | 946 | 13.0 | 86.6 | 13.4 | 89.3 | 13.1 | 87.1 | 136 | 90.6 | 13.6 | 90.2 | 13.4 | 89.2
Test Number 9-1,2,3 9-4,5,6 9-7,8,9 9-10,11,12 | 9-12,14,15 | 9-16,17,18 | 9-19,20,21 9-22,23,24 | 9-25,26,27
Table 7.16 Branch, Degree of Saturation under Plate Load Test
Elevation Average Water Content (W %) & Degree of Saturation (S %) under Different
above Dry Density Water Table of Plate Load Test ( S%=WxGgxyq4 / (YuXGs - Yq) )

embankment 0in. 121in. 24 in. 0in. 121in. 24 in. 36 in. 24 in. 121in.

(in. wm® | W s|Iwlslwls]lw]s]w]sl{w]s][w]s]wls][w]s
Base 4.5 4.7 6.2 9.9 8.8 5.1

33 20.73 3.6 372 | 58 594 | 6.2 638 | 83 | 853 | 96 | 987 | 93 | 95.7 | 8.0 | 82.0
27 20.73 5.1 525 | 9.8 | 100.1| 12.8 | 130.8| 9.1 93.7 | 12.2 | 1246 | 129 | 132.0| 13.3 | 135.9| 13.1 | 133.9| 12.9 | 131.7
21 20.17 6.8 | 616 | 91 825 | 97 875 | 9.3 836 | 9.7 875 | 95 | 8.8 | 99 | 89.2 | 98 | 888 | 9.7 | 87.3
15 20.17 8.8 790 | 108 | 97.7 | 104 ]| 935 | 103 | 930 | 109 | 984 | 108 | 974 | 108 | 975 | 11.3 | 101.5| 11.4 | 102.8
9 20.17 93 | 837 | 109 981 | 102 | 919 | 10.0 ] 90.5 | 10.7 | 966 | 10.8 | 97.0 | 10.8 | 97.5 | 11.2 | 100.6| 11.3 | 101.7
3 20.17 102 ] 922 | 103 | 926 | 103 | 93.2 | 10.0 | 90.6 | 10.3 | 928 | 10.0 | 90.6 | 10.3 | 93.2 | 10.4 | 941 9.8 | 88.8
Test Number 10-1,2,3,4 10-5,6,7,8 10-9,10,11 10-12,13,14 | 10-15,16,17 [10-18,19,20,21] 10-22,23,24 | 10-25,26,27 | 10-28,29,30
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Table 7.17 Iron Bridge,

Degree of Saturation under Plate Load Test

Elevation b Average Water Content (W %) & Degree of Saturation (S %) under Different
above DenZity Water Table of Plate Load Test ( S%=WxGgXyq / (YuXGs - Yq) )
Embankment 0in. 12in. 24in. 0in. 12in. 24in. 36in. 24in. 12in.
(n) | W] s[w|s|w]s|[w|[s|w]s]|w|[s|[w]s]|]w]|]s|[w]s
Base 6.2 6.9 7.9 12.6 9.0 6.6
33 20.38 84 | 800| 86 | 819 | 93 | 886 103 | 985 | 135 |129.1| 11.3 | 108.1| 10.2 | 98.0
27 2038 | 6.0 | 569 | 10.7 [ 102.0| 122 | 117.0] 94 | 89.6 | 11.0 | 1052 11.7 | 111.4| 13.0 | 124.7| 11.9 | 114.1]| 11.5 | 109.8
21 1936 | 74 | 56.7 | 10.7 | 825 | 108 | 833 | 109 | 843 | 111 | 83| 113 | 871 | 112 | 866 | 11.5 | 889 [ 11.3 | 87.2
15 1936 | 65 | 505 125 | 9%.4 | 128 | 984 | 11.5 | 884 | 124 | 958 | 126 | 97.1 | 128 | 984 | 127 | 979 | 126 | 974
9 1936 | 98 | 754 | 111 | 856 | 112 | 8.6 | 11.1 | 858 | 109 | 843 | 112 | 863 | 114 | 881 | 11.4 | 881 [ 11.2 | 86.2
3 1936 | 96 | 740 | 126 | 99 | 119 | 91.7 | 114 | 876 | 121 | 930 | 120 | 929 | 121 ] 93.0 | 122 | 938 | 11.7 | 90.2
Test Number 11-1,2,3,4 11-5,6,7 11-8,9,10 11-11,12,13 | 11-14,1516 | 11-17,18,19 | 11-20,21,22 | 11-23,24,25 | 11-26,27,28
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Table 7.18 Summary of Plate Load Test for Levy County A-3 Soil

i i Nuclear | Nuclear
Test | Water | Test | . o-in. Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load Limerock Range Gage Gage EQ Modulus (after 10,000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) ’ (at Each Condition)
in. psi % Y% pcf MPa psi mm. in. MPa psi mm. in.
1-1 -20 20 NO 12.9---5.2 3.8 108 178 25819 0.16307 | 0.00642 178 25819 | 0.16307 | 0.00642
1-2 0 20 NO 15.1---4.5 145 20986 0.20091 0.00791 145 20986 | 0.20091 | 0.00791
1-3 12 20 NO 15.8---5.5 132 19082 0.22047 | 0.00868 132 19082 | 0.22047 | 0.00868
1-4 12 20 YES 16.3---6.2 226 32831 0.12827 | 0.00505 226 32831 0.12827 | 0.00505
1-5 12 50 YES 16.3---6.2 264 38313 0.27508 | 0.01083 264 38313 | 0.27508 | 0.01083
1-6 36 50 YES 16.7---14.7 196 28479 0.36982 | 0.01456 196 28479 | 0.36982 | 0.01456
1-7 36 20 YES 16.7---14.7 170 24674 0.17069 | 0.00672 170 24674 | 0.17069 | 0.00672
Table 7.19 Summary of Plate Load Test for SR70 A-3 Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) y (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

2-1 0 20 NO 17.2---6.7 6.2 108 204 29545 0.14275 | 0.00562 204 29545 | 0.14275 | 0.00562
2-2 12 20 NO 20.6---6.8 5.7 110.5 174 25307 0.16637 | 0.00655 174 25307 | 0.16637 | 0.00655
2-3 12 50 YES 20.4---8.0 10.8 120.6 300 43469 0.24232 | 0.00954 300 43469 | 0.24232 | 0.00954
2-4 36 50 YES 21.6---17.1 10.8 120.6 230 33301 0.31598 | 0.01244 995 39571 0.32334 | 0.01273
2-5 36 50 YES 21.5---17.2 220 31842 0.33071 0.01302

2-6 -24 50 YES 10.7---6.2 3.1 122.5 499 72379 0.14554 | 0.00573 454 65791 016167 | 0.00637
2-7 -24 50 YES 10.6---6.1 2.7 123.5 408 59204 0.17780 | 0.00700

2-8 36 50 YES 17.9---14.5 10.3 122.5 208 30160 0.34900 | 0.01374 208 30160 | 0.34900 | 0.01374
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Table 7.20 Summary of Plate Load Test for SR70 A-2-4 Soil

-i i Nuclear | Nuclear
Test | Water | Test | . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load Limerock Range Gage Gage EQModulus (after 10000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.
3-1 0 20 NO 14.4---8.1 9.6 110.4 183 26534 0.15875 | 0.00625 183 26534 | 0.15875 | 0.00625
3-2 12 20 NO 18.3---8.1 8.2 110.4 154 22276 0.18898 | 0.00744 154 22276 | 0.18898 | 0.00744
3-3 12 50 YES 18.3---9.7---11.4 11 120.6 227 32860 0.32055 | 0.01262 227 32860 | 0.32055 | 0.01262
3-4 36 50 YES 14.6---11.1---33.2 106 15334 0.68707 | 0.02705 106 15334 0.68707 | 0.02705
3-5 -24 50 YES 14.6---9.8---14.6 5.1 121.2 233 33798 0.31140 | 0.01226 308 44703 | 025044 | 0.00986
3-6 -24 50 YES 14.6---9.9---13.9 3.2 120.9 383 55607 0.18948 | 0.00746
3-7 36 50 YES 14.0---10.0---22.7 13 115.1 61 8803 1.20879 | 0.04759 61 8803 1.20879 | 0.04759
Table 7.21 Summary of Plate Load Test for A-2-4 (12%) Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) y (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

4-1 -24 20 NO 5.09---2.99 3.1 111.3 178 25816 0.16307 | 0.00642

174 25236 | 0.16675 | 0.00657
4-2 -24 20 NO 5.08---2.99 3 112 170 24656 0.17043 | 0.00671
4-3 0 20 NO 10.38---4.75 4 112 123 17839 0.23597 | 0.00929 125 18201 023139 | 0.00911
4-4 0 20 NO 10.38---4.75 41 112.1 128 18563 0.22682 | 0.00893
4-5 12 20 NO 3.2 111 127 18419 0.22835 | 0.00899 126 18285 | 023012 | 0.00906
4-6 12 20 NO 10.77---6.39 4.5 111.9 125 18151 0.23190 | 0.00913
4-7 12 50 YES 11.11---7.69 8.5 116.3 254 36825 0.28626 | 0.01127 041 34996 | 030175 | 001188
4-8 12 50 YES 11.15---7.68 9.1 116.3 229 33168 0.31725 | 0.01249
4-9 36 50 YES 11.3---11.05 173 25134 0.41859 | 0.01648 174 25253 | 041669 | 0.01641
4-10 36 50 YES 11.26---11.22 175 25372 0.41478 | 0.01633
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Table 7.22 Summary of Plate Load Test for A-2-4 (20%) Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) Y (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

5-1 -24 20 NO 9.48---4.21 4.5 115 215 31182 0.13513 | 0.00532

196 28354 | 0.15011 | 0.00591
5-2 -24 20 NO 9.49---4.03 4.2 115.3 176 25526 0.16510 | 0.00650
5-3 0 20 NO 9.55---3.42 5.6 115.6 178 25816 0.16307 | 0.00642 183 26468 | 015926 | 000627
5-4 0 20 NO 9.55---3.33 4.2 115.5 187 27121 0.15545 | 0.00612
5-5 12 20 NO 9.58---4.64 3.2 115.2 181 26194 0.16053 | 0.00632 175 25322 | 0.16637 | 000655
5-6 12 20 NO 9.58---3.28 4.2 115.3 169 24450 0.17221 0.00678
5-7 12 50 YES 9.6---3.73 8.1 116.4 222 32181 0.32690 | 0.01287 250 36204 | 029426 | 001159
5-8 12 50 YES 9.6---3.76 9.6 116.6 277 40226 0.26162 | 0.01030
5-9 36 50 YES 9.62---7.98 170 24701 0.42570 | 0.01676 208 30214 | 036017 | 0.01418
5-10 36 50 YES 9.61---8.02 246 35727 0.29464 | 0.01160

Table 7.23 Summary of Plate Load Test for A-2-4 (24%) Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) EQ Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) y (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

6-1 -24 20 NO 7.05---5.37 6.3 112.5 174 25236 0.16713 | 0.00658

171 24728 | 0.17069 | 0.00672
6-2 -24 20 NO 6.99---5.16 6.3 112.5 167 24220 0.17424 | 0.00686
6-3 0 20 NO 7.21---5.36 4.2 112.6 176 25526 0.16510 | 0.00650 187 27106 | 0.15596 | 0.00614
6-4 0 20 NO 7.22---5.25 3.8 111.9 198 28686 0.14681 0.00578
6-5 12 20 NO 7.29---5.98 5.6 111.9 141 20384 0.20650 | 0.00813 135 19595 | 021514 | 0.00847
6-6 12 20 NO 7.33---5.66 5 112 130 18805 0.22377 | 0.00881
6-7 12 50 YES 7.36---6.05 8.5 116.5 218 31572 0.33325 | 0.01312 214 31001 033947 | 0.01337
6-8 12 50 YES 7.39---6.06 8.3 116.6 210 30429 0.34569 | 0.01361
6-9 36 50 YES 7.55---13.07 176 25526 0.41275 | 0.01625 169 24492 | 043142 | 0.01699
6-10 36 50 YES 7.58---13.05 162 23459 0.45009 | 0.01772
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Table 7.24 Summary of Plate Load Test for A-2-4 (30%) Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) EQ.Modulus (at Each Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) Y (at Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

7-1 -24 20 NO 11.96---8.05 8 118.9 209 30312 0.13919 | 0.00548 209 30312 | 0.13919 | 0.00548
7-2 0 20 NO 16.01---8.04 7.4 118.4 196 28426 0.14783 | 0.00582 186 26904 | 015710 | 000619
7-3 0 20 NO 7.7 118.6 175 25381 0.16637 | 0.00655

7-4 12 20 NO 15.75---8.04 7.4 118.4 186 26912 0.15621 0.00615 183 26534 | 0.15862 | 000625
7-5 12 20 NO 15.76---8.02 7.2 118.1 180 26155 0.16104 | 0.00634

7-7 12 50 YES 15.53---8.1 10.8 116.4 238 34547 0.30582 | 0.01204 260 37654 | 028232 | 001112
7-8 12 50 YES 15.54---8.09 8.1 116.9 281 40761 0.25883 | 0.01019

7-9 36 50 YES 15.66---8.64 93 13559 0.77699 | 0.03059 99 14356 | 0.73558 | 0.02896
7-10 36 50 YES 15.64---8.64 104 15153 0.69418 | 0.02733

Table 7.25 Summary of Plate Load Test for Miami Oolite A-1 Soil
-i i Nuclear | Nuclear
Test | Water | Test | , . 5-in Moisture Content Average Average Deformation Average Average Deformation
No. | Table* | Load | HMerock Range Gage | Gage EQ Modulus (after 10000 Cycles) | EModulus (@t} * o = 2ch Condition)
' Layer | (from bottomtotop) | m.c. | Density | (after 10000 Cycles) y Each Condition)
in. psi % % pcf MPa psi mm. in. MPa psi mm. in.

8-1 -24 50 NO 2.98---4.02 41 134 424 61494 0.17170 | 0.00676 424 61494 | 0.17170 | 0.00676
8-2 0 50 NO 3.18---3.94 4.2 1345 407 59028 0.17831 0.00702 387 56055 | 0.18821 | 0.00741
8-3 0 50 NO 3.18---3.82 4 1343 366 53082 0.19812 | 0.00780

8-4 12 50 NO 3.47---3.56 32 135.5 20224 | 4238434 | 0.00279 | 0-0001t

8-5 12 50 NO 3.18---3.53 3.2 135.5 633 91768 0.11481 0.00452

8-6 12 50 NO 3.18---3.49 3.2 134.9 557 80819 0.13030 | 0.00513 577 83736 | 0.12632 | 0.00497
8-7 12 50 NO 3.18---3.47 35 135 542 78619 0.13386 | 0.00527

8-8 12 50 YES 3.18---3.51 8.3 116.6 395 57285 018364 | 0.00723

8-9 12 50 YES 3.16---3.52 7.9 116.7 630 91326 0.11532 | 0.00454 630 91326 | 0.11532 | 0.00454
8-10 36 50 YES 3.18---4.38 295 42818 0.24562 | 0.00967 046 35673 | 030721 | 0.01210
8-11 36 50 YES 3.18---4.38 197 28528 0.36881 0.01452

376




Table 7.26 Summary of Plate Load Test for Spring Cemetery Soil

. Moisture Content Range| Nuclear

Test | water| Test | 5-in Sb SO Gage Nuclear Average Averagg Average Averagg
No. | Table*| Load | -iMmerock ubgrage Soily, .o rock Misture | 529€ EQ.Modulus Deformation EQ.Modulus Deformation

Layer | (frombottom | =0 Density | (after 10000 Cycles)| (after 10000 Cycles) | (at Each Condition)|(at Each Condition)

to top) Content
in. psi % % % pcf MPa psi mm. in. MPa psi mm. in.

9-1 0 20 No 12.2-4 5 1191 115 16743 0.25146 | 0.00990
9-2 0 20 No 12.2-43 5.6 120.2 110 16012 0.26289 | 0.01035 114 16558 | 0.25434 | 0.01001
9-3 0 20 No 125-43 5.4 119.3 117 16920 0.24867 | 0.00979
9-4 12 20 No 13.1-4.6 104 15046 0.27965 | 0.01101
9-5 12 20 No 13.3-49 110 15884 0.26492 | 0.01043 109 15796 | 0.26678 | 0.01050
9-6 12 20 No 13.3-5.1 113 16457 0.25578 | 0.01007
9-7 24 20 No 141-74 6.4 123.2 79 11405 0.36906 | 0.01453
9-8 24 20 No 143-7.4 6.7 122 86 12544 0.33553 | 0.01321 82 11915 | 0.35382 | 0.01393
9-9 24 20 No 14.3-6.8 7.5 118.3 81 11796 0.35687 | 0.01405
9-10 0 50 Yes 13-4.6 8.2 6 122.7 244 35423 0.29708 | 0.01170
9-11 0 50 Yes 13.1-43 7.7 71 120.1 243 35287 0.29823 | 0.01174 247 35795 | 0.29409 | 0.01158
9-12 0 50 Yes 13-4.6 7.7 5.4 120.4 253 36675 0.28695 | 0.01130
9-13 12 50 Yes 134-49 8.2 6.9 122 197 28582 0.36819 | 0.01450
9-14 12 50 Yes 13.5-4.7 8.2 6.4 126.3 191 27636 0.38089 | 0.01500 196 28387 | 0.37088 | 0.01460
9-15 12 50 Yes 134-47 8.3 7.5 121.4 200 28944 0.36357 | 0.01431
9-16 24 50 Yes 13.4-10.7 12.1 10.6 122.9 149 21666 0.48573 | 0.01912
9-17 24 50 Yes 13.1-10 11.6 11 122.3 146 21218 0.49596 | 0.01953 144 20896 | 0.50436 | 0.01986
9-18 24 50 Yes 12.8-10.2 11.6 11.4 111.2 137 19804 0.53138 | 0.02092
9-19 36 50 Yes 13.5-12.7 12.8 109 15760 0.66780 | 0.02629
9-20 36 50 Yes 13.4-13.1 17.5 113 16342 0.64396 | 0.02535 108 15734 | 0.66984 | 0.02637
9-21 36 50 Yes 14 -13.2 17.9 104 15099 0.69774 | 0.02747
9-22 24 50 Yes 13.5-12.9 13.6 131 18967 0.55483 | 0.02184
9-23 24 50 Yes 13.7-12.9 13.6 134 19404 0.54234 | 0.02135 135 19527 | 0.53930 | 0.02123
9-24 24 50 Yes 13.5-12.9 13.6 139 20209 0.52073 | 0.02050
9-25 12 50 Yes 134-6 10.3 177 25679 0.40981 | 0.01613
9-26 12 50 Yes 192 27798 0.37859 | 0.01491 182 26377 | 0.39954 | 0.01573
9-27 12 50 Yes 13.4-59 10.5 177 25653 0.41022 | 0.01615

377




Table 7.27 Summary of Plate Load Test for Branch Soil

5-in Moisture Content Range/ Nuclear Nuclear Average Average Average Average
Test | Water| Test |, . Subgrage Sail|, . Gage . :
No. |Table*| Load Limerock (from bottom Limerock Misture Gagg EQ.Modulus Deformation EQ.Modqu.s. Deformatlo.n.
Layer o top) Base Content Density | (after 10000 Cycles)| (after 10000 Cycles) | (at Each Condition)|(at Each Condition)
in. psi % % % pcf MPa psi mm. in. MPa psi mm. in.
10-1 0 20 No 10.2-5 3.8 119.8 314 45567 | 0.09240 | 0.00364
10-2 0 20 Ne 10:2-5:2 35 124 439 63708 | 0.06608 | 0.00260
10-3 0 20 No 10.3-5.2 3.6 123.3 328 47540 | 0.08854 | 0.00349 312 45192 1 0.09336 [ 0.00368
10-4 0 20 No 10.2-5.1 293 42468 | 0.09913 | 0.00390
10-5 12 20 No 10.2-9.6 321 46614 | 0.09031 | 0.00356
10-6 12 20 No 10.2-9.6 321 46502 | 0.09057 | 0.00357
10-7 12 20 No 10.2-9.8 243 35217 | 0.11953 | 0.00471 295 42778 1 0.10014 | 0.00394
10-9 24 20 No 10.3 - 3.9* 3.5 121.8 250 36243 | 0.11615 | 0.00457
10-10| 24 20 No 10.5 - 3.3* 4.6 127.2 200 28980 | 0.14526 | 0.00572 205 29777 | 0.14533 | 0.00572
10-11]| 24 20 No 10.2 - 3.7* 5.2 124.6 166 24109 | 0.17460 | 0.00687
10-12 0 50 Yes 10.1-5.7 4.7 2.7 121 593 86048 | 0.12236 | 0.00482
10-13 0 50 Yes 10.1-5.6 4.5 2.2 123 790 114553 | 0.09187 | 0.00362 671 97295 | 0.10986 | 0.00433
10-14 0 50 Yes 9.9-6.1 4.5 1.8 122.1 629 91285 | 0.11534 | 0.00454
10-15| 12 50 Yes 10.3-6 4.7 1.8 116.3 568 82400 | 0.12772 | 0.00503
10-16| 12 50 Yes 10.2-6.4 4.8 2 125.7 704 102048 | 0.10315 | 0.00406 607 88097 | 0.12089 | 0.00476
10-17| 12 50 Yes 10.3-6.3 4.7 2.4 125.3 551 79844 | 0.13181 | 0.00519
10-18| 24 50 Yes 10.3-8 5.9 2.2 120.6 396 57421 0.18330 | 0.00722
10-19| 24 50 Yes 10.5- 8.6 6.2 2 116.2 433 62812 | 0.16754 | 0.00660
10-20| 24 50 Yes 10:1-8.3 62 35 4199 223 32394 | 0:32491 | 0014278 413 59913 [ 0.17590 | 0.00693
10-21| 24 50 Yes 9.3-84 6.7 2.8 120.5 410 59506 | 0.17687 | 0.00696
10-22| 36 50 Yes 10.3-9.6 9.8 169 24558 | 0.42866 | 0.01688
10-23| 36 50 Yes 10.2-9.7 9.8 131 18976 | 0.55571 | 0.02188 157 22792 | 0.46934 | 0.01848
10-24| 36 50 Yes 10.5-9.6 10.1 171 24843 | 0.42366 | 0.01668
10-25| 24 50 Yes 10.5-9 8.7 198 28740 | 0.36618 | 0.01442
10-26| 24 50 Yes 10.5-9.3 8.7 176 25562 | 0.41171 | 0.01621 192 27814 | 0.37968 | 0.01495
10-27 24 50 Yes 10.3-9.7 8.9 201 29141 0.36115 | 0.01422
10-28| 12 50 Yes 96-8 5.1 390 56527 | 0.18618 | 0.00733
10-29| 12 50 Yes 10.3-7.9 5.3 346 50200 | 0.20964 | 0.00825 414 60034 | 0.17975 | 0.00708
10-30| 12 50 Yes 9.7-8.2 5.1 506 73375 | 0.14342 | 0.00565
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Table 7.28 Summary of Plate Load Test for Iron Bridge Soil

Test | Water| Test 5-in Moisture Con.tent Range N(L;clear Nuclear Average Average Average Average

Neos. Taétl)lzi L::d Limerock S(;Jrg?nrabgo?tcs);” Limerock Misati(rae Gage EQ.Modulus Deformation EQ.Modulus Deformation
Layer Base Density | (after 10000 Cycles)| (after 10000 Cycles)| (at Each Condition)|(at Each Condition)

to top) Content
in. psi % % % pcf MPa psi mm. in. MPa psi mm. in.

-1 o 20 Ne 8.8-59 52 1221 80 He3+ 0:36195 | 0.61425

11-2 0 20 No 94-59 52 125 155 22538 0.18677 | 0.00735

3] 0 | 20 | No 9.7-6 54 | 1253 | 223 | 32371 | 043010 | 000512 | '8 | 25750 [0.16843 | 0.00663

11-4 0 20 No 10.5-6 154 22342 0.18842 | 0.00742

11-5 12 20 No 12.8-10.6 187 27143 0.15523 | 0.00611

11-6 12 20 No 12.3-10.6 168 24394 0.17262 | 0.00680 195 28259 | 0.15154 | 0.00597

11-7 12 20 No 12.6-10.8 229 33239 0.12678 | 0.00499

11-8 24 20 No 11.9-87 8.6 1354 142 20553 0.20482 | 0.00806

11-9 24 20 No 11.9-7.9 9.4 137.6 105 15246 0.27611 | 0.01087 119 17226 | 0.24866 | 0.00979

11-10| 24 20 No 11.9-8.8 10 136.4 109 15881 0.26506 | 0.01044

11-11 0 50 Yes 11.9-8.7 6.2 4.6 109.5 553 80254 0.13121 | 0.00517

11-12 0 50 Yes 11.3-85 6.2 33 123.9 655 95002 | 0.11078 | 0.00436 591 85743 | 0.12349 | 0.00486

11-13 0 50 Yes 10.9-8.5 6.2 3.1 122.4 565 81972 0.12847 | 0.00506

11-14 12 50 Yes 12.2-9.3 6.9 3.2 1231 583 84595 0.12442 | 0.00490

11-15 12 50 Yes 12-94 6.9 3 118.6 552 80067 0.13144 | 0.00517 542 78621 0.13455 | 0.00530

11-16 12 50 Yes 12-91 6.9 34 121.9 491 71202 0.14780 | 0.00582

1117 24 50 Yes - 5.3 118.2 370 53716 0.19591 | 0.00771

11-18| 24 50 Yes 12.2-10.5 7.8 3.8 121.2 351 50908 | 0.20675 | 0.00814 335 48601 | 0.21940 | 0.00864

11-19 24 50 Yes 11.9-10.1 8 5.5 116 284 41179 0.25555 | 0.01006

11-20| 36 50 Yes 11.9-13.7 12.5 103 14966 0.70413 | 0.02772

11-21 36 50 Yes 12.3-135 13.2 95 13744 0.76653 | 0.03018 112 16262 | 0.66502 | 0.02618

11-22| 36 50 Yes 12-13.3 121 5.5 116 138 20077 0.52441 | 0.02065

11-23| 24 50 Yes 12-11.4 8.9 238 34487 0.30514 | 0.01201

11-24 24 50 Yes 12.2-11.4 8.8 201 29137 0.36118 | 0.01422 220 31851 0.33198 | 0.01307

11-25| 24 50 Yes 12.3-11.1 9.3 220 31927 0.32961 | 0.01298

11-26 12 50 Yes 11.8-10.3 6.6 392 56876 0.18503 | 0.00728

11-27 12 50 Yes - 352 51060 0.20610 | 0.00811 378 54841 0.19237 | 0.00757

11-28 12 50 Yes 11.7-10.3 6.6 390 56586 0.18598 | 0.00732
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Table 7.29 Average Plate Load EQ Modulus for Eleven Soils

Plate Load EQ Modulus : 1.38 pa/ Resilient Deformation

Test Condition A B C D E F G H |
Wa'tAetl; Table +0in Raised up to | Raised up to |Drawn down to| Raised up to | Raised up to | Raised up to |Drawn down to|Drawn down to|
(Above : +12in. +24 in. +0in. +12in. +24 in. +36 in. +24 in. +12in.
Embankment)
Base Clearance 3ft 2 ft 1ft 3ft 2 ft 1ft 0 ft 1ft 2 ft
Limerock Base No No No Yes Yes Yes Yes Yes Yes
Layer
Plate Load 20 psi 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi
Unit psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa
Levy A-3 20986 | 145 | 19082 | 132 - - - - 38313 | 264 - - | 28479 | 196 - - - -
SR 70 A-3 29545 | 204 | 25307 | 174 - - - - | 43469 | 300 - - 32571 225 - - - -
SR 70 A-2-4 26534 | 183 | 22276 | 154 - - - - 32860 | 227 - - 15334 | 106 - - - -
A-2-4 (12%) 18201 | 125 | 18201 | 125 - - - - 34996 | 241 - - | 25253 | 174 - - - -
A-2-4 (20%) 26468 | 183 | 25322 | 175 - - - - 36204 | 250 - - 30214 | 208 - - - -
A-2-4 (24%) 27106 | 187 | 19595 | 135 - - - - 31001 | 214 - - | 24492 | 169 - - - -
A-2-4 (30%) 26904 | 186 | 26534 | 183 - - - - 37654 | 260 - - 14356 | 99 - - - -
Oolite A-1 - - - - - - - - 91326 | 630 - - 35673 | 246 - - - -
Sp””%?ze_fetery 16558 | 114 | 15796 | 109 | 11915 | 82 | 35795 | 247 | 28387 | 196 | 20896 | 144 | 15734 | 108 | 19527 | 135 | 26377 | 182
Branch A-2-4 || 45192 | 312 | 42778 | 295 | 29777 | 205 | 97295 | 671 | 88097 | 607 | 59913 | 413 | 22792 | 157 | 27814 | 192 | 60034 | 414
Iron Bridge
A-2-6 25750 | 178 | 28259 | 195 | 17226 | 119 | 85743 | 591 | 78621 | 542 | 48601 | 335 | 16262 | 112 | 31851 | 220 | 54841 | 378
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Table 7.30 Plate Load EQ Modulus Reduction Rate for Eleven Soils

Plate Load EQ Modulus Reduction Rate (%)

Plate Load 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi
LimeT;);IérBase No No Yes Yes Yes Yes Yes Yes Yes Yes
Test Condition ||from A to B|from A to C|from D to E|from D to F|from D to G{from E to G| from GtoH | fromGtol from F toH fromE to |
Change of from 3 ft from 3 ft from 3 ft from 3 ft from 3 ft from2ft | romOto 1ft| from 0 to 2 ft | from 1 ft (raise up)| from 2 ft (raise up)
Base Clearance to 2 ft to1ft to 2 ft to 1 ft to O ft to O ft (Draw down) | (Draw down) | to 1 ft (draw down) | to 2 ft (draw down)
Levy A-3 9.1 - - - - 25.7 - - - -
SR 70 A-3 14.3 - - - - 251 - - - -
SR 70 A-2-4 16.0 - - - - 53.3 - - - -
A-2-4 (12%) 0.0 - - - - 27.8 - - - -
A-2-4 (20%) 4.3 - - - - 16.5 - - - -
A-2-4 (24%) 277 - - - - 21.0 - - - -
A-2-4 (30%) 1.4 - - - - 61.9 - - - -
Oolite A-1 - - - - - 60.9 - - - -
Sp””i_cz‘f;“etery 4.6 28.0 20.7 416 56.0 44.6 -24.1 -67.6 6.6 7.1
Branch A-2-4 5.4 34.0 9.5 38.4 76.6 741 -22.0 -163.4 53.6 31.9
"O”A_gr_igge 9.7 33.1 8.3 433 81.0 79.3 -95.9 -237.2 34.5 30.2
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Table 7.31 Plate Load EQ Modulus Increase Rate for Eleven Soils

Due to Limerock Base Layer Effect

Plate Load EQ Modulus Reduction Rate due to Limerock Effect (%)

Test Condition from Ato D fromBto E fromCtoF
Base Clearance 3 ft 2 ft 1 ft
Levy A-3 - 101 -
SR 70 A-3 - 72 -
SR 70 A-2-4 - 48 -
A-2-4 (12%) - 92 -
A-2-4 (20%) - 43 -
A-2-4 (24%) - 58 -
A-2-4 (30%) - 42 -
Oolite A-1 - - -
Spring Cemetery A-2-4 116 80 75
Branch A-2-4 115 106 101
Iron Bridge A-2-6 233 178 182
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Table 7.32 Subgrade Layer Modulus under 20-psi Cyclic Plate
Stress w/o Limerock, W.T. at 0 in.

o

Siibarade (36

Schematic View
| aver

YV IW.T +0in—

| aver Standard

Layer 1 in program (modulus Eje,0) :

L in.
Layer Layout (top to Subgrade Layer (36 in.)

bottom)
Layer 2 in program (modulus: FEj3e,0):
Embankment Layer* (36 in.)
Resilient Eo040
Subgrade Soil Deformation Esavo (KENLAYER)
Ag (in.) psi MPa psi MPa
Levy A-3 0.00791 11207 77 34000 234
SR70 A-3 0.00562 11207 77 52400 361
SR70 A-2-4 0.00625 11207 77 45700 315
A-2-4 (12%) 0.00911 11207 77 28600 197
A-2-4 (20%) 0.00627 11207 77 45500 314
A-2-4 (24%) 0.00614 11207 77 46800 323
A-2-4 (30%) 0.00619 11207 77 46300 319
Spring Cemetery A-2-4 0.01001 11207 77 25520 176
Branch A-2-4 0.00368 11207 77 93500 644
Iron Bridge A-2-6 0.00663 11207 77 42400 292

1. EX@y is designated as the x layer(x=1 limerock; x=2 subgrade; x=3

embankment; x=2-3 subgrade + embankment) modulus when the water table
level is at y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. The E values in bold face were back calculated by KENLAYER.
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Table 7.33 Subgrade Layer Modulus under 20-psi Cyclic Plate
Stress w/o Limerock, W.T. at 12 in.

111]

| aver Stubarade (36 vIWT +12

Schematic View

L avel +0

| aver Standard

Layer 1 in program (modulus: FEje;12):

Layer Layout (top Subgrade Layer (36 in.)

to bottom) )
Layer 2 in program (modulus: E3@;12):
Embankment Layer (36 in.)
Resilient
Subgrade Soil deformation E3e.+12 E2e+12 (KENLAYER)
Ag (in.) psi MPa psi MPa
Levy A-3 0.00868 11207 77 30330 209
SR70 A-3 0.00655 11207 77 43050 297
SR70 A-2-4 0.00744 11207 77 36650 253
A-2-4(12%) 0.00906 11207 77 28800 199
A-2-4 (20%) 0.00655 11207 77 43050 297
A-2-4 (24%) 0.00847 11207 77 31250 216
A-2-4 (30%) 0.00625 11207 77 45500 312
Sprmg_g‘_ezetery 0.01050 11207 77 24120 166
Branch A-2-4 0.00394 11207 77 84700 584
Iron Bridge A-2-6 0.00597 11207 77 48500 334

1. Ex@y is designated as the x layer (x=1 limerock; x=2 subgrade; x=3

embankment; x=2-3 subgrade + embankment) modulus when the water table
level is at y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. The E values in bold face were back calculated by KENLAYER.
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Table 7.34 Subgrade Layer Modulus under 20-psi Cyclic Plate

Stress w/o Limerock, W.T. at 24 in.
20
) 1 MPALT _+24
Schematic View
| aver Stiharade (36
| evel +0
| aver Standard
Layer 1 in program (modulus: FEje,24) :
Layer Layout (top Subgrade Layer (36 in.)
to bottom) .
Layer 2 in program (modulus: FEs3@;24) :
Embankment Layer (36 in.)
Resilient
Subgrade Soil deformation Esorz4 Ezer24 (KENLAYER)
AR(in.) psi MPa psi MPa
Sprmi_g‘fzetery 0.01393 11207 77 17340 120
Branch A-2-4 0.00572 11207 77 51300 354
Iron Bridge A-2-6 0.00979 11207 77 26230 181

1. EX@y is designated as the x layer (x=1 limerock; x=2 subgrade; x=3

embankment; x=2-3 subgrade + embankment)
level is at y in.

modulus when the water table

2. The soaked embankment layer modulus was assumed as 11207 psi based on other

research tests.

3. The E values in bold face were back calculated by KENLAYER.

4. No test data were available for the other soils.
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Table 7.35 Limerock Layer Modulus under 50-psi Cyclic Plate
Stress w/ Limerock, W.T. at 0.0 in.

Schematic View

50

_nu

Laver ‘E Limerock | aver (5

Subarade (36
< VIWT +0_ _

Laver

Standard

\

Layer Layout (top to

Layer 1 in program (modulus: FEjie.0):
Limerock Layer (5 in.)

bottom)

Layer 2 in program (modulus: E;_3@40):
Subgrade + Embankment Layers (72 in.)

Resilient
Subgrade Soil Deformation Ez-36+0 Eie+0 (KENLAYER)
Ag (in.) psi MPa psi MPa
Spring Cemetery A-2-4 0.01158 16558 114 548000 3778
Branch A-2-4 0.00433 45192 344 1400000 9653
Iron Bridge A-2-6 0.00486 25750 178 3440000 23719

. Exey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;

x=2-3 subgrade + embankment) modulus when the water table level is at

y in.

2. Ey 30,0 18 the EQ modulus
limerock with the W.T.

for the layer 2-3 under 20 psi plate stress without
at the bottom of test material.

The E values in bold face were back calculated by KENLAYER.

No test data were available for the other soils.
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Table 7.36 Limerock Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +12 in.

50

iy

| aver ‘|; | limerocklaver(f |
Siibarade (36

Schematic View

| aver < Laval +0

Standard

\

Layer 1 in program (modulus: Ejg,12):

Limerock Layer (5 in.)
Layer Layout (top to

bottom)
Layer 2 in program (modulus: Ej_-3@;12) :
Subgrade + Embankment Layers (72 in.)
Resilient
Subgrade Soil Deformation E> 30412 E10+12 (KENLAYER)
Ag (in.) psi MPa psi MPa
Levy A-3 0.01083 19082 132 490000 3379
SR70 A-3 0.00954 25307 174 365000 2517
SR70 A-2-4 0.01262 22276 154 178000 1227
A-2-4(12%) 0.01188 18151 125 402500 2775
A-2-4(20%) 0.01159 25322 175 171500 1183
A-2-4(24%) 0.01337 19595 135 206500 1424
A-2-4(30%) 0.01112 26534 183 234000 1613
Oolite A-1 0.00454 70332 485 354000 2440
Spring Cemetery A-2-4 0.01460 15796 109 277500 1913
Branch A-2-4 0.00476 42778 295 1155000 7963
Iron Bridge A-2-6 0.00530 28259 195 2125000 14652

1. Eyey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. E; 30,0 1s the EQ modulus for the layer 2-3 under 20 psi plate stress without
limerock with the W.T. at the bottom of test material.

3. The E values in bold face were back calculated by KENLAYER.
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Table 7.37 Limerock Layer Modulus under 50-psi Cyclic Plate
Stress w/ Limerock, W.T. at +24 in.

50

| aver ‘l; |_limerocklaver (5

Schematic View | | ©T 77— —

Siiharade (36
< | evel +0

| aver

Standard

Layer 1 in program (modulus: Ejg,24) :

Limerock Layer (5 in.)
Layer Layout (top to

bottom)
Layer 2 in program (modulus: E2_3@.24) :

Subgrade + Embankment Layers (72 in.)

Resilient
Subgrade Soil Deformation Ez-30124 Eie124 (KENLAYER)
Ag (in.) psi MPa psi MPa
Spring Cemetery A-2-4 0.01986 11915 82 184800 1274
Branch A-2-4 0.00693 29777 205 770000 5309
Iron Bridge A-2-6 0.00864 17226 119 1322000 9115

1. E.ey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. E; 30,0 18 the EQ modulus for the layer 2-3 under 20 psi plate stress without
limerock with the W.T. at the bottom of test material.

3. The E values in bold face were back calculated by KENLAYER.

4. No test data were available for the other soils.
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Table 7.38 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at 0.0 in.

50 psi
| aver ‘£ | imeraock | aver (5
Schematic View
Laver Subarade (36
. vV IWT +0___
Laver Standard
N
Layer 1 in program (modulus: Eieio) :
Limerock Layer (5 in.)
Layer 2 in program (modulus: Eje.o) :
Subgrade Layer (36 in.)
Subgrade Soil Layer 3 in program (modulus: Ese.o) :
Embankment Layer (36 in.)
Resiliept 5 B Esero
Deformation 3@+0 1e+0 (KENLAYER)
AR (in.) psi MPa psi MPa psi MPa
Spring Cemetery 0.01158 | 11207 | 77 | 548000 | 3778 | 18800 | 130
Branch A-2-4 0.00433 11207 77 1400000 9653 108500 748
Iron Bridge A-2-6 0.00486 11207 | 77 | 3440000 | 23719 54300 374

1. E,ey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. Eje:0 1s the calculated limerock layer modulus from Table 7.35.

4. The E values in bold face were back calculated by KENLAYER.
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Table 7.39 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +12 in.

50
Laver { Limerock | aver (5
~
Schematic View
< Subarade (36
Laver \ e W T +12_
L L evel +0
>
Laver 3 Standard
N
Layer 1 in program (modulus: FEie:12):
Limerock Layer (5 in.)
Layer 2 in program (modulus: FEje:12):
Subgrade Layer (36 in.)
Subgrade Soil Layer 3 in program (modulus: FEse:12):
Embankment Layer (36 in.)
Resilient Eoei12
Deformation Esze+12 Eie+12 (KENLAYER)
AR (in.) psi MPa psi MPa psi MPa
Levy A-3 0.01083 11207 77 490000 3379 23820 164
SR70 A-3 0.00954 11207 77 365000 2517 35300 243
SR70 A-2-4 0.01262 11207 77 178000 1227 29500 203
A-2-4(12%) 0.01188 11207 77 402500 2775 21700 150
A-2-4(20%) 0.01159 11207 77 171500 1183 35450 244
A-2-4(24%) 0.01337 11207 77 206500 1424 23380 161
A-2-4(30%) 0.01112 11207 77 234000 1613 31450 217
Oolite A-1 0.00454 11207 77 354000 2440 194000 | 1337
Sprlng_g‘jetery 0.01460 11207 | 77 | 277500 | 1913 | 17300 | 119
Branch A-2-4 0.00476 11207 77 1155000 7963 93500 645
Iron Bridge A-2-6 0.00530 11207 77 2125000 | 14652 57200 394

1. E,ey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. Ejew0 1s the calculated limerock layer modulus from Table 7.36.

4. The E values in bold face were back calculated by KENLAYER.
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Table 7.40 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +24 in.

50
Laver { Limerock | aver (5
~
Schematic View | = | l+E—m—m—m—m VW +24
<
Laver
Subarade (36
L L evel +0
P
Laver 3 Standard
N
Layer 1 in program (modulus: Eig:24) :
Limerock Layer (5 in.)
Layer 2 in program (modulus: FEjes24) :
Subgrade Layer (36 in.)
Subgrade Soil Layer 3 in program (modulus: Es3g;24) :
Embankment Layer (36 in.)
Resiliegt B B Es0124
Deformation 3@+24 le+24 (KENLAYER)
AL (in.) si MPa si MPa si MPa
R p IS p
Spring Cemetery 0.01986 | 11207 | 77 | 184800 | 1274 | 11800 | 81
Branch A-2-4 0.00693 11207 77 770000 5309 44960 310
Iron Bridge A-2-6 0.00864 11207 77 1322000 9115 22350 154

1. Eyey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. Eje.0 1s the calculated limerock layer modulus from Table 7.37.

4. The E values in bold face were back calculated by KENLAYER.
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Table 7.41 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +36 in.

50
| aver { | imerock | aver (5 v IWT_ +361in_.
Schematic View
| aver
Subarade (36
. L aval +0
>
| aver 3 Standard
N
Layer 1 in program (modulus: Ei@:36):
Limerock Layer (5 in.)
Layer 2 in program (modulus: Ej@:36):
Subgrade Layer (36 in.)
Subgrade Soil Layer 3 in program (modulus: E3@:36):
Embankment Layer (36 in.)
Resiliegt = = Eoo.36
Deformation 3@+36 le+36 (KENLAYER)
AR (in.) psi MPa psi MPa psi MPa
Levy A-3 0.01456 11207 77 364070 2510 15160 105
SR70 A-3 0.01273 11207 77 273385 1885 22700 157
SR70 A-2-4 0.02705 11207 77 83126 573 10490 72
A-2-4(12%) 0.01641 11207 77 290202 2000 13480 93
A-2-4(20%) 0.01418 11207 77 142860 985 26160 180
A-2-4(24% 0.01699 11207 77 159418 1100 16800 116
A-2-4(30%) 0.02896 11207 77 89154 615 8995 62
Oolite A-1 0.01210 11207 77 138000 952 36800 254
Spring Cemetery A-2-4 0.02637 11207 77 153735 1081 7725 53
Branch A-2-4 0.01848 11207 77 299145 2063 10520 73
Iron Bridge A-2-6 0.02618 11207 77 439875 3033 3932 27

1.

E.., is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment ;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

. The soaked embankment layer modulus was assumed as 11207 psi based on other

research tests.

Ei10.36 = (E10+12 in Table 7.36) * (1 - reduction rate from test condition
E to G in Table 7.30)

The E values in bold face were back calculated by KENLAYER.
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Table 7.42 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +24 in. (Draw down)

50
Laver { | imerock | aver (5
~
Schematic View | = | | VWL +24
<
Laver
Subarade (36
L Level +0
)
Laver 3 Standard
N
Layer 1 in program (modulus: FEie:24) :
Limerock Layer (5 in.)
Layer 2 in program (modulus: FEje:24) :
Subgrade Layer (36 in.)
Subgrade Soil Layer 3 in program (modulus: FEsg:24) :
Embankment Layer (36 in.)
Resiliept B B Eo0i24
Deformation 3@+24 1e+24 (KENLAYER)
AR (in.) psi MPa psi MPa psi MPa
Sprmi_gi‘etery 0.02123 | 11207 | 77 | 181100 | 1249 | 10520 | 73
Branch A-2-4 0.01495 11207 77 313400 2161 15550 107
Iron Bridge A-2-6 0.01307 11207 77 1091000 7522 9360 65

1. Eyey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. Eie+24 was obtained using linear interpolation of the water content -
resilient modulus

4. The E values in bold face were back calculated by KENLAYER.
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Table 7.43 Subgrade Layer Modulus under 50 psi Cyclic Plate
Stress w/ Limerock, W.T. at +12 in. (Draw down)

50
Laver "E Limerock | aver (5
Schematic View
Laver __f¥g{q§£§__JLMU;ﬂ2__
\ L evel +0
Laver X Standard

N
Layer 1 in program (modulus: Eie;12):
Limerock Layer (5 in.)

Layer 2 in program (modulus: Ere,12):
Subgrade Layer (36 in.)

Layer 3 in program (modulus: Eszg,12):

Subgrade Soil
Embankment Layer (36 in.)

Resilient Eser12
Deformation Ezer12 Eie+12 (KENLAYER)
AR (in.) psi MPa psi MPa psi MPa
Sprmg_g?zetery 0.01573 | 11207 | 77 | 254700 | 1756 | 15600 | 108
Branch A-2-4 0.00708 11207 77 856500 5906 43500 300
Iron Bridge A-2-6 0.00757 11207 77 | 2591000 | 17865 | 19450 134

1. E,ey is designated as the x layer (x=1 limerock; x=2 subgrade; x=3 embankment;
x=2-3 subgrade + embankment) modulus when the water table level is at
y in.

2. The soaked embankment layer modulus was assumed as 11207 psi based on other
research tests.

3. The E values in bold face were back calculated by KENLAYER.
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Table 7.44 Subgrade Layer Modulus Computed from KENLAYER Program for Eleven Soils

Subgrade Layer Modulus from KENLAYER Program

Test Condition A B C D E F G H |
Water Table . . . . .
Above +0in Raised up to | Raised up to |Drawn down to| Raised up to | Raised up to | Raised up to |Drawn down to|Drawn down to
( ’ +12in. +24 in. +0in. +12in. +24 in. +36 in. +24 in. +12in.
Embankment)
Base Clearance 3ft 2 ft 11t 3ft 2 ft 11t 0ft 11t 2 ft
Limerock Base No No No Yes Yes Yes Yes Yes Yes
Layer
Plate Load 20 psi 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi
Unit psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa psi MPa
Levy A-3 33938 | 234 | 30312 | 209 - - - - | 23785 | 164 - - 15228 | 105 - - - -
SR 70 A-3 52357 | 361 | 43075 | 297 - - - - | 35243 | 243 - - | 22770 | 157 - - - -
SR 70 A-2-4 45685 | 315 | 36693 | 253 - - - - | 29442 | 203 - - 10442 | 72 - - - -
A-2-4 (12%) 28571 | 197 | 28861 | 199 - - - - | 21755 | 150 - - 13488 | 93 - - - -
A-2-4 (20%) 45540 | 314 | 43075 | 297 - - - - | 35388 | 244 - - | 26106 | 180 - - - -
A-2-4 (24%) 46846 | 323 | 31327 | 216 - - - - | 23350 | 161 - - 16824 | 116 - - - -
A-2-4 (30%) 46265 | 319 | 45250 | 312 - - - - | 31472 | 217 - - 8992 | 62 - - - -
Oolite A-1 - - - - - - - - 1193909| 1337 - - | 36838 | 254 - - - -
Sp””‘i\gﬂnetery 25526 | 176 | 24075 | 166 | 17404 | 120 | 18854 | 130 | 17259 | 119 | 11748 | 81 | 7687 | 53 [ 10587 | 73 | 15664 | 108
Branch A-2-4 || 93500 | 644 | 84700 | 584 | 51342 | 354 | 108500| 748 | 93500 | 645 | 44960 | 310 | 10520 | 73 | 15500 | 107 | 43500 | 300
Iron Bridge
A-2-6 42350 | 292 | 48441 | 334 | 26251 | 181 | 54242 | 374 | 57143 | 394 | 22335 | 154 | 3916 | 27 | 9427 | 65 | 19434 | 134
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Table 7.45 Subgrade Layer Modulus Reduction Rate for Eleven Soils

Subgrade Layer Modulus Reduction Rate (%)

Plate Load 20 psi 20 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi 50 psi
leeTzslérBase No No Yes Yes Yes Yes Yes Yes Yes Yes
Test Condition [|from A to B|from Ato C|from D to E| from D to F|from D to G| from E to G| from GtoH | from Gtol from F to H fromE to |

from from

Change of from 3 ft from 3 ft from 3 ft from 3 ft from 3 ft from2ft |fromOto1ft| fromOto2ft| 1 ft(raise up) 2 ft (raise up)
Base Clearance to2ft to1ft to 2 ft to 1 ft to O ft to O ft (Draw down) | (Draw down) to to

1 ft (draw down)| 2 ft (draw down)
Levy A-3 10.7 - - - - 36.0 - - - -

SR 70 A-3 17.7 - - - - 354 - - - -

SR 70 A-2-4 19.7 - - - - 64.5 - - - -
A-2-4 (12%) -1.0 - - - - 38.0 - - - -
A-2-4 (20%) 5.4 - - - - 26.2 - - - -
A-2-4 (24%) 33.1 - - - - 28.0 - - - -
A-2-4 (30%) 2.2 - - - - 71.4 - - - -

Oolite A-1 - - - - - 81.0 - - - -

Sp”“ig‘fg{“etery 5.7 31.8 8.5 37.7 59.2 55.5 -37.7 -103.8 9.9 9.2
Branch A-2-4 9.4 451 13.8 58.6 90.3 88.7 -47.3 -313.5 65.5 53.5
"O“A_Zr_'gge -14.4 38.0 5.3 58.8 92.8 93.1 -140.7 -396.3 57.8 66.0
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Levy County A-3 Soil, Moisture Profile after Drainage

(W.T. from +36in. to -20in.)
36
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Figure 7.1(A) Levy County A-3 Soil Moisture Profile after
Drainage (short-term) (Water Table from +36 in. to -20 in.)

Moisture Profile vs. Elapsed Time after Drainage for Levy County A-3
(at Each Elevation above the Embankment)
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Figure 7.1 (B) Moisture Profile vs. Elapsed Time after Drainage
for Levy County A-3 Subgrade
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SR-70 A-3 Soil, Moisture Profile after Drainage
(W.T. from +36 in .to -24in.)
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Figure 7.2 (A) SR70 A-3 Soil Moisture Profile after Drainage
(short-term) (Water Table from +36 in. to -24 in.)

Moisture Profile vs. Elapsed Time after Drainage for
SR-70 A-3 Subgrade
(at Each Elevation above the Embankment)
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Figure 7.2 (B) Moisture Profile vs. Elapsed Time after Drainage
for SR70 A-3 Subgrade
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SR-70 A-3 Soil, Moisture Profile after Drainage
(W.T. from +36in.to -24in.)
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Figure 7.3 (A) SR70 A-3 Soil Moisture Profile after Drainage
(long-term) Water Table from +36 in. to -24 in.)

SR70 A-3 Moisture Profile vs. Elapsed Time
(W.T. from +36in. to -24in.)
(at Each Elevation above Embankment)
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Figure 7.3 (B) Moisture Profile vs. Elapsed Time after Drainage
for SR70 A-3 Subgrade
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SR-70 A-2-4 Soil, Moisture Profile after Drainage
(W.T. from +36in. To -24 in.)
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Figure 7.4 (A) SR70 A-2-4 Soil Moisture Profile after Drainage
(Water Table from +36 in. to -24 in.)

SR70 A-2-4 Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to -24 in.)
(at Each Elevation above Embankment)
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Figure 7.4 (B) Moisture Profile vs. Elapsed Time after Drainage
for SR70 A-2-4 Subgrade
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A-2-4(12%) Soil, Moisture Profile after Drainage
(W.T. from +36in.to +12in.)
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Figure 7.5(A) A-2-4(12%) Soil Moisture Profile after Drainage
(Water Table from +36 in. to +12 in.)
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A-2-4 (12%) Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.5 (B) Moisture Profile vs. Elapsed Time after Drainage
for A-2-4(12%) Subgrade

A-2-4(20%) Soil, Moisture Profile after Drainage
(W.T. from +36in.to +12in.)
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Figure 7.6 (A) A-2-4(20%) Soil Moisture Profile after Drainage
(Water Table from +36 in. to +12 in.)
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A-2-4 (20%) Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.6 (B) Moisture Profile vs. Elapsed Time after Drainage
for A-2-4(20%) Subgrade
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A-2-4(24%) Soil, Moisture Profile after Drainage
(W.T. from +36in. to +12in.)
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Figure 7.7 (A) A-2-4(24%) Soil Moisture Profile after Drainage
(Water Table from +36 in. to +12 in.)

A-2-4 (24%) Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.7 (B) Moisture Profile vs. Elapsed Time after Drainage
for A-2-4(24%) Subgrade
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A-2-4 (30%) Soil, Moisture Profile after Drainage
(W.T. from +36 in.to +12in.)
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Figure 7.8 (A) A-2-4(30%) Soil Moisture Profile after Drainage
(Water Table from +36 in. to +12 in.)

A-2-4 (30%) Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.8 (B) Moisture Profile vs. Elapsed Time after Drainage
for A-2-4(30%) Subgrade
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Oolite, Moisture Profile after Drainage
(W.T. from +36in.to +12in.)
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Figure 7.9 (A) Miami Oolite A-1 Moisture Profile after Drainage
(Water Table from +36 in. to +12 in.)

Oolite Moisture Profile vs. Elapsed Time
(W.T. from +36 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.9 (B) Moisture Profile vs. Elapsed Time after Drainage
for Oolite Subgrade
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Moisture Profile for Levy County A-3 Soil
(after Water Table Raised from -20 in. to +0in.)
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Figure 7.10 (A) Moisture Profile after Groundwater Level Raised
from -20 in. to 0 in. for Levy County A-3 Soil

Levy County Moisture Profile vs. Elapsed Time
(W.T. from -20in. to +0in.)
(at Each Elevation above Embankment)
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Figure 7.10(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -20 in. to 0 in. for Levy County
A-3 Soil
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Moisture Profile for Levy County A-3 Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.11(A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for Levy County A-3 Soil

Levy County Moisture Profile vs. Elapsed Time
(W.T. from Oin. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.11(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Levy County
A-3 Soil
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Moisture Profile for SR70 A-3 Soil
(after Water Table from Raised -24 in. to -12in.)
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Figure 7.12 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to -12 in. for SR70 A-3 Soil

SR70 A-3 Moisture Profile vs. Elapsed Time
(W.T. from -24 in. to -12in.)
(at Each Elevation above Embankment)
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Figure 7.12(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to -12 in. for SR70 A-3
Soil
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Moisture Profile for SR70 A-3 Soil
(after Water Table Raised from -12 in. to +0. in)
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Figure 7.13 (A) Moisture Profile after Groundwater Level Raised
from -12 in. to 0 in. for SR70 A-3 Soil

SR70 A-3 Moisture Profile vs. Elapsed Time
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Figure 7.13(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -20 in. to 0 in. for Sr-70 A-3
Soil
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Moisture Profile for SR70 A-3 Soil

(after Water Table Raised from +0in. to +12in.)
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Figure 7.14 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for SR70 A-3 Soil

SR70 A-3 Moisture Profile vs. Elapsed Time
(W.T.from Oin. to 12in.)
(at Each Elevation above Embankment)
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Figure 7.14(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for SR70 A-3
Soil
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Moisture Profile for SR70 A-2-4 Soil
(after Water Table Raised from -24 in. to -12in.)
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Figure 7.15(A) Moisture Profile after Groundwater Level Raised
from -24 in. to -12 in. for SR70 A-2-4 Soil

SR70 A-2-4 Moisture Profile vs. Elapsed Time
(W.T. from -24in. to -12in.)
(at Each Elevation above Embankment) 06in.
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Figure 7.15(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to -12 in. for SR70 A-2-4
Soil
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Moisture Profile for SR70 A-2-4 Soil
(after Water Table Raised from -12in.to +0in.)
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Figure 7.16 (A) Moisture Profile after Groundwater Level Raised
from -12 in. to +0 in. for SR70 A-2-4 Soil

SR70 A-2-4 Moisture Profile vs. Elapsed Time
(W.T. from -12in.to 0in.)
(at Each Elevation above Embankment)
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Figure 7.16 (B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -12 in. to 0 in. for SR70 A-2-4
Soil
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Moisture Profile for SR70 A-2-4 Soil
(after Water Table Raised from +0 in. to +12in.)
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Figure 7.17 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for SR70 A-2-4 Soil

SR70 (A-2-4) Moisture Profile v.s. Elapse of Time
(W.T. from O in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.17(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Sr-70 A-2-4
Soil
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Moisture Profile for A-2-4, 12% Soil
(after Water Table Raised from -24 in. to +0 in.)
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Figure 7.18 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for A-2-4, 12% Soil

A-2-4 (12%) Moisture Profile v.s. Elapse of Time
(W.T. from -24 in.to 0in.)
(at Each Elevation above Embankment)
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Figure 7.18 (B) Moisture Profile vs. Elapsed Time after Raised
W.T. from -24 in. to 0 in. for A-2-4, 12% Soil
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Moisture Profile for A-2-4, 12% Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.19 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for A-2-4, 12% Soil

A-2-4 (12%) Moisture Profile v.s. Elapse of Time
(W.T. from 0in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.19(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for A-2-4, 12%
Soil
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Moisture Profile for A-2-4, 20% Soil
(after Water Table Raised from -24 in. to +0in.)
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Figure 7.20(A) Moisture Profile after Groundwater Level Raised
from -24 in. to +0 in. for A-2-4, 20% Soil

A-2-4 (20%) Moisture Profile v.s. Elapse of Time
(W.T. from -24in.to 0in.)
(at Each Elevation above Embankment)
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Figure 7.20(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for A-2-4, 20%
Soil
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Moisture Profile for A-2-4, 20% Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.21(A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for A-2-4, 20% Soil

A-2-4 (20%) Moisture Profile v.s. Elapse of Time
(W.T. from 0in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.21(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for A-2-4, 12%
Soil
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Moisture Profile for A-2-4, 24% Soil
(after Water Table Raised from -24 in. to +0in.)
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Figure 7.22 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for A-2-4, 24% Soil

A-2-4 (24%) Moisture Profile v.s. Elapse of Time
(W.T. from -24in.to 0 in.)
(at Each Elevation above Embankment)
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Figure 7.22(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for A-2-4, 24%
Soil
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Moisture Profile for A-2-4, 24% Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.23 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for A-2-4, 24% Soil

A-2-4 (24%) Moisture Profile v.s. Elapse of Time
(W.T.from Oin. to +12in.)
i ——0-6in.
(at Each Elevation above Embankment) = 612N,
14 —A—12-18in.
——18-24in.
13 —%—24-30in.

—e—30-36 in.
127 esoes_oneoe—otes—900%0—cgg
| oetes— —|eoses

—000ef
N AAA AMAALA  AAa AALA A— 44444 N N
11 f—“"" A bk]

e,

10

Moisture Content, %
[(e}

8

00— 0000000000000 4000000000 OO L a0 000¢ OG0 9000 ®
7 M A A I IV SN IR A 200
6 ose o—ooee

se0—
—eee—
5
4 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90

Elapse of Time, Day

Figure 7.23(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for A-2-4, 24%
Soil
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Moisture Profile for A-2-4, 30% Soil
(after Water Table Raised from -24 in. to +0in.)

36 :
——0 days

33 —-4 days H
—A—7 days

30 —-®-14 days
—%—21 days

27 -©—-28 days |
—+—40 days

24 A

Elevation, in.

. /
/

- A
\

; i
l

6.0 8.0 10.0 12.0 14.0 16.0 18.0
Moisture Content, %

w

o

Figure 7.24 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for A-2-4, 30% Soil
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Figure 7.24 (B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for A-2-4, 30%
Soil
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Moisture Profile for A-2-4, 30% Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.25(A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for A-2-4, 30% Soil

A-2-4 (30%) Moisture Profile v.s. Elapse of Time
(W.T.from Oin. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.25(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for A-2-4, 30%
Soil

423



Moisture Profile for Oolite Soil
(after Water Table Raised from -24 in. to +0in.)
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Figure 7.26 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for Miami Oolite A-1 Soil

Oolite Moisture Profile v.s. Elapse of Time
(W.T. from -24in.to 0 in.)
(at Each Elevation above Embankment)
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Figure 7.26(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for Miami Oolite
A-1 Soil
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Moisture Profile for Oolite Soil
(after Water Table Raised from +0in. to +12in.)
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Figure 7.27 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for Miami Oolite A-1 Soil

Oolite Moisture Profile v.s. Elapse of Time
(W.T.from 0in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.27(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Miami Oolite
A-1 Soil
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Moisture Profile for Spring Cemetery A-2-4 Soil
(after Water Table Raised from -24 in. to +0in.)
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Figure 7.28 (A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for Spring Cemetery A-2-4 Soil

Spring Cemetery Moisture Profile v.s. Elapse of Time
(W.T. from -24 in. to +0in.)
(at Each Elevation above Embankment)
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Figure 7.28(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for Spring Cemetery
A-2-4 Soil

Moisture Profile for Spring Cemetery A-2-4 Soil

(after Water Table Raised from +0in. to +12in.)
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Figure 7.29 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for Spring Cemetery A-2-4 Soil

Spring Cemetery Moisture Profile v.s. Elapse of Time
(W.T. from +0 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.29(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Spring
Cemetery A-2-4 Soil
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Moisture Profile for Branch A-2-4 Soil
(after Water Table Raised from -24 in. to +0in.)
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Figure 7.30(A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for Branch A-2-4 Soil

Branch Moisture Profile v.s. Elapse of Time
(W.T. Level B : from -24 in. to +0in.)
(at Each Elevation above Embankment)
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Figure 7.30(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for Branch A-2-4
Soil
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Moisture Profile for Branch A-2-4 Soil

(after Water Table Raised from +0 in. to +12in.)
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Figure 7.31(A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for Branch A-2-4 Soil

Branch Moisture Profile v.s. Elapse of Time
(W.T. Level C: from +0 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.31(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Branch A-2-4
Soil
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Moisture Profile for Iron Bridge A-2-6 Soil

(after Water Table Raised from -24 in. to +0in.)
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Figure 7.32(A) Moisture Profile after Groundwater Level Raised
from -24 in. to 0 in. for Iron Bridge A-2-6 Soil

Iron Bridge Moisture Profile v.s. Elapse of Time
(W.T. Level B : from -24in. to +0in.)
(at Each Elevation above Embankment)
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Figure 7.32(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from -24 in. to 0 in. for Iron Bridge
A-2-6 Soil
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Moisture Profile for Iron Bridge A-2-6 Soil

(after Water Table Raised from +0in. to +12 in.)
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Figure 7.33 (A) Moisture Profile after Groundwater Level Raised
from +0 in. to +12 in. for Iron Bridge A-2-6 Soil

Iron Bridge Moisture Profile v.s. Elapse of Time
(W.T. Level C: from +0 in. to +12in.)
(at Each Elevation above Embankment)
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Figure 7.33(B) Moisture Profile vs. Elapsed Time after
Groundwater Level Raised from +0 in. to +12 in. for Iron Bridge
A-2-6 Soil
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Capillary Rise for Eleven Soils at Different Groundwater Levels

O Water Table at 0 in.
B Water Table at +12 in.
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Figure 7.34 Capillary Rise for Eleven Soils at Different
Groundwater Levels

Capillary Rise Height vs. Time to Reach the Capillary Height

(For Water Table Raised to +0 in. above Embankment)
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Figure 7.35 Rate of Capillary Rise for Eleven Soils with
Groundwater Level at 0 in.
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Top Layer Water Content Increased vs. Elapsed Time
(For Water Table Raised to +0 in. above Embankment)
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Figure 7.36 Increased Water Content of the Top Layer for Eleven
Soils with Water Table at +0 in. above the Embankment

Total Water Content Increased vs. Elapsed Time
(For Water Table Raised to +0 in. above Embankment)
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Figure 7.37 Total Increased Water Content for Eleven Soils with
Water Table at +0 in. above the Embankment
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EQ Modulus at Different Base Clearances
(20psi Plate Load Test without Limerock)
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Figure 7.38 EQ Modulus at Different Base Clearances (20 psi
without Limerock)
EQ Modulus at Different Base Clearance
(50psi Plate Load Test with Limerock)
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Figure 7.39 EQ Modulus at Different Base Clearances (50 psi with

Limerock)
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EQ Modulus Comparision at Base Clearance 24 in.

(20psi w/o LR vs. 50psi w/ LR)
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Figure 7.40 EQ Modulus Comparisons at Base Clearance 2 ft

psi w/o Limerock vs.

50 psi w/ Limerock)
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EQ Modulus Reduction rate for Eleven Soils
(Base Clearance from 3 ft to 2 ft without Limerock)
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EQ Modulus Reduction rate for Eleven Soils
(Base Clearance from 2 ft to O ft with Limerock)
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Figure 7.42 EQ Modulus Reduction Rate for Base Clearance from
2 ft to 0 ft (50 psi with Limerock)

Layer Modulus by KENLAYER
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Figure 7.43 Summary of Test-pit Layer Moduli at Different
Groundwater Levels (20 psi without Limerock Layer)
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Figure 7.44 Summary of Test-pit Layer Moduli at Different
Groundwater Levels (50 psi with Limerock layer)
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Figure 7.45 Reduction Rates of Test-pit Layer Moduli at Different
Base Clearances (20 psi without Limerock Layer)
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Figure 7.46 Reduction Rates of Test-pit Layer Moduli at Different
Base Clearances (50 psi with Limerock Layer)
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Figure 7.47 Increase Rates of Test-pit Layer Moduli at Draw-down
Conditions (50 psi with Limerock Layer)
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CHAPTER 8
CASE STUDY AND FIELD MONITOR PROGRAM

8.1 CaASE STUDY FOR HIGH GROUNDWATER EFFECT

The practical significance of designing pavements with base
clearances is to optimize the thickness of the pavement layers
above the high groundwater level including a structural asphalt
concrete layer satisfying both the economical and safety designs.
A case study utilizing the measured equivalent modulus data to
design the required thickness of flexible pavement layer with
respect to different high groundwater levels would help to
develop insight into the economic aspect of importance for such
base clearances. The schemes for this case study using the
measured equivalent modulus in test-pit tests are illustrated
in Figures 8.1 and 8.2.

The AASHTO Guide for Design of Pavement Structures (1986 and
1993) was adopted for this case study relative to the change
of groundwater table. In this design approach, the effective
roadbed soil resilient modulus (M,) to be used in the AASHTO
design equation was taken from the equivalent modulus of

composite pavement profile in test-pit tests, which is
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summarized in Tables 7.29, 7.30, 7.31, 7.32, 7.33, 7.34, and
7.35. Two schemes were studied (Figures 8.1 and 8.2) in the
following ways:

1) 20-psi plate loading with the equivalent modulus of the
composite section for assumed 5-in. or 10-in. limerock base,
36-in. stabilized subgrade plus embankment

2) 50-psi plate loading with the equivalent modulus of the
composite section for 5-in. limerock base, 36-in. stabilized
subgrade layer, and embankment

The detailed design source data, assumptions, and procedures
are discussed in the following sections.

In this case study, the pavement design includes the eleven
soil types as the subgrade to calculate required asphalt concrete

thickness.

8.1.1 Traffic Data

Traffic is one of the most important parameters in pavement
design. The Florida Department of Transportation (FDOT)
collects and stores a broad range of traffic data to assist
highway engineers in designing and maintaining safe,
state-of-the-art, and cost effective facilities. Traffic data
are collected by the Central Office, districts, 1local
governments, and consultants, and include volume and vehicle

classification counts, speed surveys, and truck weight
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measurements. The traffic data are based upon cumulative
expected 18-kip (80 kN) equivalent single-axle load (ESAL). In
order to calculate accumulated ESAL, Average Annual Daily
Traffic (AADT), truck factor and some other traffic factors were
needed for Equation 8-1.

The AADT is the estimate of typical daily traffic on a road
segment for all the days of the week, over the period of one
year. The most critical factor for pavement design is the
percentage of trucks using a roadway. The structural design is
primarily dependent upon the heavy axle loads generated by
commercial truck traffic. The estimated future truck volume is
needed for calculating the 18 kip (80 KN) Equivalent Single Axle
Loads (ESAL) for pavement design. Design traffic calculations
use the factor T, the percentage of trucks for 24 hours (one
day) .

The 18K ESAL required for pavement design purposes can be

computed using the following equation:

W, = AADT xT,, x DX LF X E; X365 (8-1)
Where,
Weig = number of 18-kip (80KN) ESAL in the design lane
during a given year
AADT = average annual daily traffic
To4 = percentage of heavy trucks, 24 hours
D = directional distribution factor
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LF = lane factor, covert directional truck to design lane
trucks

E18 = 18K ESAL equivalency factor, the damage caused
by one average heavy truck

Since no data were available for the prediction of traffic
growth, an annual growth rate of 2% was assumed for calculation
of ESALs, based on the experience of the traffic growth rate
for the last ten years.

To evaluate the groundwater level (different moisture
content condition) effect on the required thickness of the

asphalt concrete layer, two traffic levels were used. According

to Table 8.1 from Asphalt Institute, an ESAL values of 1.3x10’

was used to present the traffic condition.

8.1.2 Resilient Modulus Based Design Procedure

The AASHTO Guide for Design of Pavement Structures (AASHTO
1986, 1993) is considered the standard for pavement design using
the resilient modulus. In this case study, the AASHTO design
equation (Equation 8-2) is introduced to determine the required
thickness of asphalt concrete utilizing the composite soil
modulus obtained from the plate load test under different
groundwater table levels.

log[APS! /(4.2 -1.5)]
0.4+1094/(SN +1)*"

log(W) =Z;x§ +9.36x1og(SN +1)-0.20 + +2.32xlogM, —8.07

(8-2)

Where,
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SN Structural number required

W, = Number of 18-kip (80KN) ESAL in the design lane during
a given year (smaller than W, to achieve a higher

level of reliability)

Zr = Standard normal deviate

So = Standard deviation
APSI = Change in serviceability
Mg = Effective roadbed soil resilient modulus (psi)

For a design using resilient modulus, 95% of reliability and
0.45 of standard deviation (Standard Normal Deviation -1.645)
were selected according to the AASHTO suggested value. The
serviceability of a pavement (PSI) is defined as its ability
to serve the type of traffic that uses the facility. PSI is the
primary measure of serviceability in current use. 1In this case,
a total PSI loss of 1.7 was assumed, and a terminal serviceability
level of 2.5 was selected.

For the asphalt concrete layer, the resilient modulus was
assumed to be 350 ksi. For the flexible pavement design in the
case of 20-psi plate load without limerock, a 5-in. or 10-in.
limerock base was assumed above the stabilized subgrade layer,
and the resilient modulus was taken as 31 ksi for the limerock
layer. The layer coefficients for the asphalt concrete and
limerock base were valued as 0.44 and 0.18, respectively, from

their resilient modulus.
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In this case study, a good drainage was assumed. The percent
of time the pavement structure was exposed to moisture levels
approaching saturation was 5-25% and the drainage coefficient
was set to 1.0. Based upon the required structural number
obtained from Equation 8-2, the required thickness of the asphalt

concrete layer was determined.

8.1.3 Design Results and Analysis

The results of the required structural number are summarized
in Tables 8.2 and 8.3 for the design layers above the tested
condition under different groundwater level variations. The
required thicknesses of asphalt concrete layer are summarized
in Tables 8.4, 8.5, and 8.6 with different loading conditions
and water table levels.

Figures 8.3(A), 8.3(B), 8.4(A), and 8.4 (B) show that, under
20-psi plate loading condition, the Levy A-3, SR70 A-3,
A-2-4(12%), A-2-4(20%), Spring Cemetery A-2-4, Branch A-2-4,
and Iron Bridge A-2-6 soils were required very little increase
of the asphalt concrete layer (less than 0.5 in.) when the
groundwater table was raised from base clearance 3 ft to 2 ft,
while the SR70 A-2-4 and A-2-4 (24%) had a higher increase in
AC thickness. As seen in Figure 8.3(B), the required layer
thickness of asphalt concrete was significantly increased when

the base clearance was reduced to 1 ft. The increased AC thickness
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was about the same when the thickness of the limerock base layer
was increased from 5 in. to 10 in.

As shown in Figures 8.5(A) and 8.5(B), the Levy A-3, SR70
A-3, A-2-4(12%), A-2-4(20%), A-2-4(24%) soils did not increase
much of the AC thickness (less than 1 in.) when the groundwater
level was raised from +12 in. to +36 in. above embankment (i.e.,
base clearance 2 ft to 0 ft), while the SR70 A-2-4, A-2-4 (30%),
Branch, and Iron Bridge had higher increased AC thickness (more
than 2.5 in.).

The results of this case study indicated that for some
sensitive soil types as the subgrade, an increase of the
groundwater table (12 in. or higher above the embankment) would
demand a significant increase of the thickness of the asphalt
concrete layer in order to have the same quality pavement
performance. Thus, the most safe and economical way for the
design of pavement is to maintain an adequate base clearance
between the groundwater table and the bottom of the base layer,

which is essential for fine-grained subgrade materials.

8.2 FIELD MONITORING PROGRAM
The development of moisture within a subgrade material may
exert a detrimental effect on the pavement while under the
surcharge provided by moving vehicles. The main purpose for the

research of design highwater clearances is to evaluate the

446



influence of moisture within the subgrade material upon the soil
modulus, so as to recommend an adequate distance of base
clearance between the high groundwater table and the bottom of
base layer. To achieve this objective, a field-monitoring test
evaluating the moisture variations caused by the capillary rise
behavior within actual field geologic strata was desirable.
Being exposed to the open environment, the climatic factors such
as precipitation and atmospheric temperature were introduced
into the moisture measurement for SR70 field monitoring program.
The critical moisture conditions acquired through the field test
can be correlated with the resilient behavior of the same
subgrade material sharing the similar moisture profile in a
test-pit test, in order to predict the pavement performance.
In the two-year monitoring period, due to the road construction
and an equipment problem, there is no data record for almost
half a year. In the summer season, due to occasional heavy
precipitation, the groundwater table will rise in the following

days, and then come back to original height.

8.2.1 Field Installation

The field test was conducted at State Road 70 near Fort Pierce,
Florida. Two test sites, 300 ft. apart, were selected for the
installation of TDR probes. Twelve TDR probes were installed

in each excavated test pit, from 0.5 ft. below the asphalt
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concrete layer down to 6 ft. below the asphalt concrete layer.
All TDR probes were connected with a datalogger powered by a
solar panel for data acquisition and data storage. The moisture
data recorded within the datalogger can be transferred to an
indoor terminal through a public telephone by activating PC208W
software in the computer. To correlate the moisture condition
of the pavement with the climatic factor such as precipitation,
a rain gauge was also installed near the test site. The
acquisition interval for the precipitation data was fifteen
minutes and activated in synchrony with the data logger.

The installation and instrumentation for the
field-monitoring program is described in detail in Appendix B.
The results of this monitoring program are presented and

discussed in Appendix C.

8.2.2 Discussion on Field Monitoring Program

One major question for the moisture measurement in SR70 was
to find out to what extent the test-pit study conducted in the
laboratory could simulate the practical moisture variation along
the pavement profile in the field. In the test-pit test, the
groundwater was taken as the only source of moisture within the
pavement. In the field monitoring program conducted at State
Road 70, both the downward moisture percolation as a result of

precipitation and the upward moisture migration (capillary rise)
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as a result of the groundwater table change were observed. But
the moisture increase within the top layer of subgrade (A-3 soil,
for both test site No. 1 and No. 2) incurred by precipitation
was transient, and the degree of saturation was low according
to the field test results. When compared with what was achieved
in the test-pit test for the SR70 A-3 soil, with roughly the
same moisture content and the degree of saturation resulted from
the water table adjustment, the effect of moisture damage on
the subgrade stiffness (resilient modulus) was minimal. In
addition, the asphalt concrete layer provided protection against
the seepage from precipitation.

The A-2-4 soil was not encountered within three feet below
the base layer at the test sites. The moisture resulting from
climatic change in the A-2-4 soil layer fluctuated in a way quite
similar to what was observed in the test-pit test subjected to
groundwater table adjustments. The moisture variation of the
A-2-4 soil at SR70 was relatively small compared with the A-3
soil. However the A-2-4 soil layer (with some organic content)
existed between 3.5 ft. and 4.5 ft. below the asphalt concrete
layer at test site No. 2, and functioned as a barrier for both
the downward and upward migration of moisture. The effect of
hysterisis was quite obvious for the SR70 A-2-4 soil due to high
percentage of fines and higher soil suction. Discussions on the

field monitoring results are presented in Appendix C.
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Table 8.1 Traffic Classification

Range of heavy

Tziizzc Type of street or highway trucks expected ESAL
in design period
Parking lots, driveways
I Light traffic residential Less than 7000 5%10°

Streets
Light traffic farm roads
Residential streets 4
11 Rural farm and residential roads 7000 to 15,000 10
Urban minor collector streets 5
11I Rural minor collector roads 70,000 to 150,000 10
Urban minor arterial and light
Iv industrial streets 700,000 to 10
Rural major collector and minor 1,500,000
arterial highways
Urban freeways, expressways, and

other principal arterial

2,000,000 to

\% highways 3%10°
Rural interstate and other 4,500,000
principal arterial highways

vI Urban interstate highways 7,000,000 to 107
Some industrial roads 15,000,000

Note: Whenever possible, more rigorous traffic analysis should be used for
roads and streets in traffic category IVor higher. (Source: Asphalt Institute,
1981Db)
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Table 8.2 Required Structural Number for the Layer above Tested

Subgrade Layers

(Plate Load 20 psi)

Required Structural Number under Plate Load Test (20psi) without Limerock
Traffic Data (ESAL) 1.30E+07
W.T. above Embankment 0 in. 12 in. 24 in.
Levy County A-3 (4%) 3.80 3.94 B
SR70 A-3 (8%) 3.34 3.54 -
SR70 A-2-4 (14%) 3.48 3.72 B
A-2-4 (12%) 4.01 4.00 B
A-2-4 (20%) 3.48 3.54 B
A-2-4 (24%) 3.45 3.90 -
A-2-4 (30%) 3.46 3.61 B
Oolite A-1 - - B
Spring Cemetery A-2-4 4.15 4.22 4.65
Branch A-2-4 2.84 2.90 3.33
Iron Bridge A-2-6 3.52 3.40 4.09

Table 8.3 Required Structural Number for

Layers (Plate Load 50 psi)

the Layer above Tested

Required Structural Number under Plate Load Test (50psi) with 5 in. Limerock
Traffic Data (ESAL) 1.30E+07
W.T. above Embankment in. 12 in. 24 in. | 36 in. 24 in. 12 in.
Levy County A-3 (4%) } 3.02 ) 3.39 B )
SR70 A-3 (8%) ) 2.88 ] 3.22 ] ]
SR70 A-2-4 (14%) ) 3.21 ] ‘.26 ] ]
A-2-4 (12%) ) 3.13 ] 3.4 ] ]
A-2-4 (20%) ) 3.09 ] 337 ] ]
A-2-4 (24%) ) 3.28 ] 329 ] ]
A-2-4 (30%) ) 3.04 ] ‘.36 ] ]
Oolite A-1 ] 2.16 ] 311 ] ]
Spring Cemetery A-2-4 .10 3.39 3.81 4.22 3.90 3.49
Branch A-2-4 .11 2.19 2.54 3.69 3.42 2.54
Iron Bridge A-2-6 .22 2.29 2.76 4.17 3.24 2.63
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Table 8.4 Required Thickness of AC Layer with 5 in.

under 20-psi Plate Load

Limerock

Required Thickness of AC Layer

(in.)

Difference in

(20psi with Assumed Limerock Base 5 in.) AC Thickness (in.)
W.T. above Embankment 0 in. 12 in. 24 in. [0 to 12 in. |0 to 24 in.
Levy County A-3 (4%) 6.59 6.90 - 0.31 -

SR70 A-3 (8%) 5.54 6.00 - 0.46 -

SR70 A-2-4 (14%) 5.86 6.40 - 0.54 -

A-2-4 (12%) 7.06 7.04 - -0.02 -

A-2-4 (20%) 5.87 6.00 - 0.13 -

A-2-4 (24%) 5.80 6.81 - 1.01 -

A-2-4 (30%) 5.82 6.16 - 0.34 -

Oolite A-1 - - - - -
Spring Cemetery A-2-4 7.38 7.54 8.53 0.16 1.15

Branch A-2-4 4.40 4.54 5.52 0.14 1.12

Iron Bridge A-2-6 5.95 5.67 7.24 -0.28 1.29

Table 8.5 Required Thickness of AC Layer with 10 in. Limerock
under 20-psi Plate Load

Required Thickness of AC Layer (in.) Difference in
(20psi with Assumed Limerock Base 10 in.) AC Thickness (in.)
W.T. above Embankment 0 in. 12 in. 24 in. [0 to 12 in. |0 to 24 in.
Levy County A-3 (4%) 4.55 4.86 - 0.31 -
SR70 A-3 (8%) 3.50 3.96 - 0.46 -
SR70 A-2-4 (14%) 3.81 4.36 - 0.55 -
A-2-4 (12%) 5.01 5.00 - -0.01 -
A-2-4 (20%) 3.82 3.96 - 0.14 -
A-2-4 (24%) 3.75 4.77 - 1.02 -
A-2-4 (30%) 3.77 4.11 - 0.34 -
Oolite A-1 - - - - -
Spring Cemetery A-2-4 5.33 5.49 6.49 0.16 1.16
Branch A-2-4 2.32 2.49 3.48 0.17 1.16
Iron Bridge A-2-6 3.91 3.64 5.20 -0.28 1.29
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Table 8.6 Required Thickness of AC Layer with 5 in.

Limerock under 50-psi Plate Load

Required Thickness of AC Layer

(in.)

. } ) : Diff in AC Thick in.
(50psi with Assumed Limerock Base 5 in.) ttiterence in ickness (in.)
Water Table . . . . . .
above 0 in. 12 in. |24 1in. |36 1n. |24 in. (12 1in. EtoF|E tocCl|lE to H|F to 1 Between | Between
(E) (F) (G) (H) (1) (J) G and I |F and J
Embankment
Levy A-3 (4%) - 6.87 - 7.70 - - _ _ _ 0.83 _ _
SR70 A-3 (8%) - 6.54 - 7.31 - - _ _ _ 0.77 _ _
SR70 A-2-4 (14%) - 7.29 - 9.68 - - _ _ - 2.39 _ _
A-2-4 (12%) - 7.11 - 8.06 - - _ _ _ 0.95 _ _
A-2-4 (20%) - 7.02 - 7.52 - - _ _ _ 0.5 _ _
A-2-4 (24%) - 7.45 - 8.15 - - - - - 0.7 - -
A-2-4 (30%) - 6.92 - 9.91 - - _ _ _ 2.99 _ _
Oolite A-1 - 4.91 - 7.06 - - _ _ _ 2.15 _ _
Spring Cemetery| 7.05 7.71 8.65 9.60 8.87 7.92 0.66 1.6 2.55 1.89 0.22 0.21
Branch 4.79 4.98 5.78 8.38 7.77 5.78 0.19 0.99 3.59 3.4 1.99 0.8
Iron Bridge 5.03 5.21 6.27 9.48 7.37 5.98 0.18 1.24 4 .45 4.27 1.1 0.77
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Figure 8.2 Case Study for SR70 (50 psi with Limerock Base)
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Figure 8.3 (A) Required AC Thickness at Different Water Tables
(20-psi Plate Load with 5-in. Limerock Base Below)
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Figure 8.3 (B) Increase of Required AC Thickness at Different
Base Clearance (20-psi Plate Loadwith 5-in. Limerock Base Below)
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Figure 8.4 (A) Required AC Thickness at Different Water Tables
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Figure 8.4 (B) Increase of Required AC Thickness at Different
Base Clearance (20-psi Plate Load with 10-in. Limerock Base
Below)

456



Required AC Thickness
(5in. Limerock, 50psi Load)

12 O W.T. @ 0 in. above embankment

B W.T. @ 12 in. above embankment

O W.T. @ 24 in. above embankment

B W.T. @ 36 in. above embankment

B W.T. @ 24 in. above embankment (Draw down)
101 BWT.@12i

AC Thickness (inch)
o

2 in. above embankment (Draw down)
8
4 4
2 i
0 - L - =

Levy A-3 SR70 A-3 SR70 A-2-4 A 2-4 ( 12%) A-2-4 (20%) A-2-4 (24%) A 2-4 (30%) Oolite A-1 Spring Branch Iron Bridge
Cemetery

Figure 8.5 (A) Required AC Thickness at Different Water Tables
(50-psi Plate Load with 5-in. Limerock Base Below)
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Figure 8.5(B) Increase of Required AC Thickness at Different
Base Clearance (50-psi Plate Loadwith 5-in. Limerock Base Below)

457



CHAPTER 9
SUMMARIES AND DISCUSSIONS

9.1 GENERAL

The summaries of the design highwater clearance study are
presented in this chapter. Laboratory tests conducted at the
College of Engineering in Tallahassee and test-pit tests
performed at the FDOT Gainesville Materials Office, along with
the test results, are summarized and compared. The effect of
high groundwater levels on the performance of pavement subgrade
is evaluated in terms of the detrimental effect of the moisture

on the resilient modulus of subgrade materials.

9.2 TEST SUBGRADE MATERIALS

The soils under evaluation in this research were the typical
A-3 and A-2-4 subgrade materials in use in the Sate of Florida.
A total of eleven types of soil were evaluated. The materials
were further divided into three groups according to the test
schedule as follows:

(I) Phase I: (From Dec. 1999 to Feb. 2000)

1. Levy A-3 soil - 4% fines
2. SR70 A-3 soil - 8% fines
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3. SR70 A-2-4 soil - 14% fines

(IT) Phase II: (From Jun. 2000 to Mar. 2001)

4. A-2-4 soil - 12% fines
5. A-2-4 soil - 20% fines
6. A-2-4 soil - % fines
7. A-2-4 goil - 30% fines
8.

Miami Oolite A-1 soil
(ITI) Phase III: (From Jul. 2005 to Apr. 2007)

9. Spring Cemetery A-2-4 soil - 15% fines
10. Branch A-2-4 soil - 23% fines
11. Iron Bridge A-2-6 soil - 31% fines

The basic properties of the test materials were provided
by the FDOT Gainesville State Material Office. It should be noted
that the A-2-4 (30%) soil was obtained from blending two

different source materials.

9.3 LABORATORY RESILIENT MoDULUS TESTS

Three major laboratory tests were performed to study the
factors influencing the resilient modulus of each subgrade soil.
The test conditions are summarized in Table 9.1. The summary

of the test results is presented in the following sections.

9.3.1 Resilient Modulus Test

The tests were performed using the AASHTO T292-91I test
standard for the Phase I and II soils, with both middle-half
and full-length LVDT position measurements, while the tests for

the Phase III soils were conducted using the AASHTO T307-99 test
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standard with only full-length LVDT position measurement.
Since the resilient modulus tests were only performed at the
optimum water content for the Phase III soils, the analysis of
the moisture effect on the resilient modulus was only available
for the Phase I and II soils. As for the compaction effort, the
100% Modified Proctor was used for the Phases I and Phase II
soils, while the 100% Standard Proctor was used for the Phase
IITI soils. The resilient modulus data obtained from the bulk
stress of 75.8 kPa (11 psi), which was three times the confining
pressure of 13.8 kPa (2 psi) plus one deviator stress of 34.5
kPa (5 psi), were used for analysis.

Test results showed that SR70 A-2-4 (14%) and A-2-4 (30%)
had very high resilient moduli under dry conditions, while SR70
A-2-4 (14%) and Branch A-2-4 (23%) had high resilient moduli
under the optimum condition. The average resilient modulus from
middle-length LVDT position measurement was about 1.36 times
that from the full-length LVDT position measurement. The test
results from the middle-length LVDT position measurements were
considered more representative of the actual resilient modulus
due to less end effect.

Analysis of the results indicated that the moisture had a
detrimental effect on the resilient modulus of subgrade soils.
An increase in moisture caused a reduction in the resilient

modulus. The degree of reduction was different among various
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types of soil. The Levy County A-3, SR70 A-3, and A-2-4 (12%)
soils had lower reduction rates, while the SR70 A-2-4 and Oolite
A-1 soils had higher reduction rates. The A-2-4 (20%), A-2-4
(24%), and A-2-4 (30%) behaved differently between the wetting
and drying processes. The A-2-4 (30%) soil had a higher reduction
rate under dry conditions than that under wet conditions. The
degree of reduction for A-2-4 soils was more apparent than that
of A-3 soils; the exception of this criterion was the A-2-4 (12%)
soil.

In general, the resilient modulus increases with an increase
in confining pressure and deviator stress for coarse-grain soils,
but decreases with an increase in deviator stress for fine-grain
soils. The data showed that the resilient moduli of the SR70
A-2-4 (14%), A-2-4 (30%), and Branch A-2-4 (23%) soils decreased
with an increase in deviator stress, while the deviator stress
had no effect on the resilient moduli of the A-2-4 (20%) or Miami
Oolite A-1 soils.

There was no apparent relationship between both resilient
modulus value and reduction rate and percent of fines passing
No. 200 sieve. However, for the A-3 soils, the reduction rate
increased with an increase in percent of fines. This trend was
not significant for the A-2-4 soils.

The effect of the maximum dry unit weight, LBR, percent of

clay and the graduation characteristics were also considered
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in the analysis. The rate of reduction in resilient modulus
increased with an increase in the maximum dry unit weight, LBR
and percent of clay. The poorly graded soils had higher reduction
rates, as observed in the SR70 A-2-4(14%), Branch A-2-4 (23%),

and Iron Bridge A-2-6 (31%) soils.

9.3.2 Suction Test
The suction tests adopted the AASHTO Designation T273-86 to

determine the soil suction force utilizing the thermocouple
psychrometers of the Spanner. Tests were performed at different
moisture content levels for all the first eight soil types. Test
results showed that, in general, suction increased with a
decrease in water content. No trend between the suction value
and the percent of fines was found; neither was there a

relationship between suction and optimum water content.

9.3.3 Permeability Test

Permeability values for each subgrade soil under saturated
conditions were obtained using the laboratory permeability test
method. For A-2-4 and A-2-6 soils, the ASTM Designation D5084-90
Flexible Wall Permeameter (FWP) method was used, while the ASTM
Designation D2434-68 Constant Head method was adopted for SR70
and Levy County A-3 soils. Test results showed that the

permeability decreased with an increase in percentage of fines.
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The percentage of fines is a good indicator to use in order to

predict the permeability property for soils.

9.4 TEST-PIT EQUIVALENT MODULUS TESTS

A full-scale simulation was conducted to evaluate the effect
of a high groundwater level on the modulus of the subgrade soil
in the test-pit experimental program. With adjustment of the
groundwater level in the subgrade, the dynamic plate load tests
were performed to measure the flexible deformations; from this,
the equivalent moduli of the materials in the test pit were
derived.

The equivalent moduli were, however, measured for the
composite layers of subgrade and embankment under the plate
loading, with an additional limerock base layer. A layer system
using KENLAYER was setup to estimate the resilient modulus value
for the individual subgrade layer under the high groundwater
level.

It should be noted that five test pits were constructed in
a slightly different way, and the water table conditions were
not the same, either. Furthermore, the compaction effort for
these five test pits were not quite the same either. The major
difference among these five test pits is illustrated in Table

9.2.
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9.4.1 Moisture Study Summary

The drainage was analyzed by lowering the groundwater level
from +36 in. above the embankment to a lower level. The lower
groundwater level for Test Pits 3 and 4 were only set at +12
in. above the embankment, which was much higher than the
groundwater level set for Test Pits 1 and 2 (20 in. and 24 in.
below the embankment). The drainage rates for Test Pits 3 and
4 could potentially be higher if the lower groundwater levels
were set at the same level as that which was set for Test Pits
1 and 2.

A general trend was found in Figure 9.1, though; the drainage
rate was proportional to both the percent of fines and the
permeability. As shown in Table 9.3, the Levy A-3 soil had the
highest drainage rate compared to other soils, while the A-2-4
(30%) and Miami Oolite A-1 soils did not drain much at all.

Capillary rise is discussed in Section 7.3 for both the
groundwater level from drained condition to both 0 in. and +12
in. above the embankment. Since the capillary rise can be
limited by the height of the placement, the data from the case
at which the water table was raised to 0 in. above the embankment
was more representative of the capillary rise behavior. Table
9.4 and Figure 9.2 showed that the A-2-4 (12%) had the highest
height and percent of water increased due to capillary rise,

both of which can be attributed the higher suction value. But

464



with the high suction value, the A-2-4 (20%) soil had almost
no capillary rise. This behavior is abnormal.

The accuracy of the moisture data should be reexamined due
to the abnormality of the TDR measurements. The moisture data
obtained from the analysis of the moisture effect can only

considered as a reference in this study.

9.4.2 Plate Load Test Summary

When the groundwater level was raised from the interface of
the subgrade and embankment layers to +12 in. above the interface
(i.e., from base clearance 3 ft to 2 ft), the equivalent modulus
values for the subgrade soils were only decreased slightly except
that the A-2-4 (24%) soil had a 28% reduction in resilient modulus
(Table 7.29) . In contrast, when the groundwater level was changed
from +12 in. to +36 in. above the embankment, the reduction rate
increased significantly, especially for the SR70 A-2-4 (14%),
A-2-4 (30%), Miami Oolite A-1, Branch A-2-4, and Iron Bridge
A-2-6 Soils.

From Phase III plate load tests, the reduction in resilient
modulus was evaluated when the groundwater level was raised from
+12 in. to +24 in. above the embankment. The data showed that
the reduction rate increased significantly compared to that
which was obtained when the groundwater level was raised from

the top of the embankment to +12 in. above the embankment.
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Other than the plate load test, for which, the modulus
represented the composite layers below the load, the layer
modulus results represent the modulus for the individual layers
of subgrade materials. The layer moduli of the eleven subgrade
soils under various groundwater levels were computed with
KENLAYER to be compared with the results from the plate load
tests. The results showed that the SR70 A-2-4 (14%), A-2-4
(30%), Miami Oolite A-1, Branch A-2-4, and Iron Bridge A-2-6
Soils are extremely sensitive to the change in groundwater level
from +12 in. to +36 in. above the embankment. The A-2-4 (20%)
soil is the least sensitive soil in response to the groundwater
level changes.

The plate load tests under a 20-psi load pressure without
a limerock base were compared with those under a 50-psi load
pressure with a limerock base at the groundwater level at +12.0
in. above the embankment. The results showed that with a 5-inch
thick limerock layer as the base layer, the equivalent modulus
values were almost doubled. All the subgrade soils had
significant increase for their equivalent modulus wvalues due
to the addition of a limerock base layer. The limerock base layer

certainly improved the dynamic performance of the pavement.
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9.5 COMPARISON OF LABORATORY AND TEST-PIT TEST RESULTS

The laboratory and test-pit tests were performed under
various water conditions. In the laboratory tests, moisture was
added into the dry soils in the laboratory, whereas in the
test-pit, the groundwater level was raised or lowered to a
stabilized condition within the test pit. The laboratory
resilient modulus and equivalent layer modulus generally
represented the same kind of engineering property of the subgrade
performance. However, the physical conditions (water content)
were very much different for deriving the resilient modulus and
equivalent layer modulus.

The laboratory resilient modulus versus the test-pit
equivalent modulus and subgrade layer modulus are presented in
Tables 9.5 and 9.6, respectively. The laboratory resilient
moduli at the optimum moisture content were lower than the
equivalent layer modulus values for groundwater level at +12
in. above the embankment. Comparing the resilient modulus
results from the laboratory with the subgrade layer moduli from
the test-pit, the modulus values were generally within the same
range for the subgrade soils.

As shown in Tables 9.7 and 9.8, the reductions in the layer
modulus when the groundwater level was raised from 12 in. to
36 in. above the embankment are much more severe than those in

the laboratory resilient modulus from optimum to soaked water
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conditions. However, the relative severity of moisture damage
is the same for each subgrade soil.

From the test pit equivalent modulus data, the SR70 A-2-4
(14%), A-2-4 (30%), Miami Oolite A-1, Branch A-2-4, and Iron
Bridge A-2-6 soils are the soils most sensitive to moisture
damage. The A-2-4 (20%) soil is the soil least sensitive soil
to moisture damage. The reductions due to moisture damage can
be used in pavement design to estimate the resilient modulus

values under various moisture conditions.

9.6 DISCUSSIONS OF GRADATION EFFECT ON THE RESILIENT MODULUS

Based on the laboratory and test-pit test results, the SR70
A-2-4 (14%) and A-2-4 (30%), Miami Oolite A-1, Branch A-2-4 (23%),
and Iron Bridge A-2-6 (31%) soils are the most sensitive to the
moisture damage. Other soil types are not as sensitive to changes

in moisture content. According to the studies from both Zhang

(2004) and Ling (2007), the coefficient of uniformity (C,) and

coefficient of curvature (C,) are two factors that can be used

to predict the moisture sensitivity of granular soils. For a

well-graded granular soil, C, should be over 5 and C, should be

u
in the range of 1 to 3. From Table 6.16 the gradation properties
for the subgrade soils, the SR70 A-2-4 (14%) and A-2-4 (24%)

soils have C_, values higher than 3. Based on this research study,
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a simple criterion is proposed to classify soil moisture

sensitivity as follows:

Moisture Sensitivity Criteria
High C. > 5
Intermediate 3 <= C. <=5
Low C. < 3

The proposed criteria will need additional research to

further evaluate the moisture sensitivity of granular soils.
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Table 9.1 Laboratory Tests Comparison

Phase Test Materials Compaction Effort Test Method LVDT Position | Moisture Condition | Suction Test| Permeability Test
Levy A-3 Yes Yes
I SR70 A-3 Yes Yes
SR70 A-2-4 b Yes Yes
A-2-4 (12%) 100% AASHTO Middle-Half o t";yum Yes Yes
A-2-4 (12%) Modified Proctor T292-91I Full-Length Srz)ake d Yes Yes
I A-2-4 (12%) Yes Yes
A-2-4 (12%) Yes Yes
Oolite A-1 Yes Not available
i tery A-2-4 Not ilabl Y
I Sp“ns Cen;eAe;y4 100% AASHTO Full-Length Optimum Not aVa!lab|e YeS
ranch A< Standard Proctor T307-99 g P o avarabe s
Iron Bridge A-2-6 Not available Yes
Table 9.2 Test Pit Comparison
Test Pit S.Ize Embankment Material Test materials | Compaction Effort Plate L.oad Groundwater Level (in. Remarks
(in.) Location above the embankment)
Groundwater level
1 72x96 Levy A-3 Fixed -20, 0, +12, +36, -24 fluctuated at +12 in.
Level
o | 70406 | Standard Embankment :[  SR70 A-3, Fixed with | -24,-12, 0, +12, +36, -24, fﬁg?l‘j:tigite:'segﬁ:
12 in. A-3 Soil SR70 A-2-4 Lift 1~6 : some scattered +36, +41 Level '
Bu.ilder's Sand.: 12.in. A-2-4 (12%), 100% Modified 2412 0. +12. +36. +41 Groundwater level
3 | 72x06 | River Gravel:12in. A-2-4 (20%), Scattered V30 +12. 136 +12 | fluctuated at 0 in.
A-2-4 (24%) ' ’ ’ and +36 in. Level
A-2-4 (30%),
4 72x96 Miami Oolite A-1 Scattered -24,-12,0, +12, +36, +12
Standard Embankment : | Spring Cemetery Lift 1~4 :
5 96x108 24in. A-2-4 Soil A-2-4, 100% Standard Scattered =24, 0, +12, +24, 0, +12,
Builder's Sand : 9 in. Branch A-2-4, Iron Lift 5~6 : +24, +36, +24, +12
River Gravel : 9 in. Bridge A-2-6 98% Modified

470




Table 9.3 Drainage Rates for Phase I and Phase II Soils

Test Groundwater Time to Top Layer*** Top Layer
Pit level Material Complete | Water Content [Drainage Rate] Degree of
Adjustment Drainage Drained Stauration
. % Water
o, (o)
n- days & content / day &
1 +36 to -20 Levy A-3 3 15.1->6.3 2.933 31.2
SR70 A-3 59 17.1->6.4 0.181 38.9
2 +36 to -24
SR70 A-2-4 59 30.5*->16.8 0.232 84.6
A-2-4,12% 59 11.4->79 0.059 424
3 +36to +12 | A-2-4,20% 59 8.1->55 0.044 44.0
A-2-4, 24% 59 13.0->7.9 0.086 49.3
A-2-4, 30% 59 8.6 ->8.3 0.005 51.5
4 +36 to +12
Oolite A-1 59 44->37 0.012 39.5
5 Not Available

* Above embankment
** The top layer was over flooded, and the water content was too high.
*** Analysis is for the top layer only (+30 to +36 in. above the embankment)

Table 9.4 Capillary Rise Rate for the Eleven Soils with the
Groundwater Level from Drained Condition to +0 in. above the
Embankment

Time to . . Water Water
Groundwater Height of Time to .
Test . Reach . Increase by | Increase by Rise
. Level Material . Capillary Reach . . .
Pit Adiustment Capillary Rise Equlibrium Capillary | Capillary Rise| Delayed
J Height q Rise (Total) | (Top Layer)
in. days in. days % % days
1 -20t0 0 Levy A-3 22 24 28 10.3 .04 0
SR70 A-3 4 18 18 - 0
2 12100 10.2 0.2
SR70 A-2-4 34 30 >42 3.9 0.7 0
A-2-4,12% 20 36 33 26.1 1.6 0
3 -24t00 A-2-4,20% 0 0 0 -0.5 -0.3 0
A-2-4, 24% 13 36 45 7.3 0.0 0
A-2-4, 30% 4 36 21 7.5 0.1 0
4 -24100
Oolite A-1 4 18 4 0.0 -0.3 0
Spring Cemetery . )
A-D-4 2 30 7 13.5 0.1 0
S 24100 Branch A-2-4 11 24 16 45 0.0 0
Iron Bridge .
A-2-6 4 30 17 11.9 0.3 1

* Capillary rise is limited due to unavailability of the moisture content of the top layer.
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Table 9.5 Comparison of Lab MR Test Results to Test-Pit EQ Modulus Results

Lab Reislient Modulus

Test-Pit Average Equivalent Modulus after 10000 Cycles

Dry Optimum| Soaked 20 psi Plate Load w/o Limerock 50 psi Plate Load w/ Limerock
Soil
wroin | wrazin | wr24in || wr:oin | wroa2in | wr2ain | w.T.3ein. |Praw down tojDraw down to
Full Full Full W.T. 24 in. W.T.12in.
Lenath Lenath Lenath above above above above above above above above above
9 9 9 embankment| embankment | embankment|| embankment | embankment | embankment | embankment
embankment | embankment
Levy A-3 | MC, % 6.2 9.55 15.15 || 15.1—45 | 15.8--55 16.3--6.2 16.7--14.7
(%4) MR, psi|| 16957 | 15684 | 11868 20986 19082 38313 28479
SR70 A3 | MC, % 5.4 1.4 1355 || 17.2-67 | 20.6--68 20.4---8.0 21.6--17.1
(8%) MR, psi|| 17427 | 17231 | 13328 29545 25307 43469 32571
SR 70 MC, % || 8.41 10.6 1145 || 14.4-81 | 18.3-8.1 18.3--11.4 14.6---33.2
A-2-4 (14%) | MR, psi|| 44332 | 24165 | 14099 26534 22276 32860 15334
MC, % || 7.05 12.1 141 | 10.38--4.75 | 10.77--6.39 11.15---7.68 11.3--11.05
A-2-4 (12%)
MR, psif| 13996 | 13868 | 13175 18201 18201 34996 25253
MC, % 7.8 10 11.95 || 9.55--3.33 | 9.58--3.28 9.6---3.73 9.61---8.02
A-2-4 (20%)
MR, psi|| 20673 | 15862 | 14509 26468 25323 36204 30214
MC, % 7.7 10.7 1.7 || 7.22-5.25 | 7.33---5.66 7.39--6.05 7.58---13.05
A-2-4 (24%)
MR, psif| 15871 | 13350 | 9994 27106 19595 31001 24492
MC, % || 6.65 12.15 13.3 || 16.01--8.04 | 15.76---7.92 15.54---8.09 15.66---8.64
A-2-4 (30%)
MR, psif| 41360 | 10419 | 10392 26904 26534 37655 14356
MC, % 5 7.8 8.15 3.18--3.52 3.18--4.38
Oolite A-1
MR, psif| 18280 | 15575 | 11431 91326 35673
CSWTQ MC, % 9.25 12.5--4 13.3-46 | 14.3-68 || 13.1-43 | 13547 | 13.4-10 14127 | 13.7-12.9 | 13.4--5.9
emetery
A-2-4 (15%) | MR, psi 9719 16558 15796 11914 35796 28387 20896 15733 19527 26377
Branch | MC, % 8.8 10.3---5 10.2-96 | 105-3.3 || 10.1--56 10.3--6 10.5---8 10.5---9.6 10.5---8 10.3--7.9
A-2-4 (23%) | MR, psi 27024 45192 42778 29777 97295 88097 59913 22792 27814 60034
Iron Bridge | MC, % 10.35 10559 | 128106 | 11.9-79 || 11.9-85 | 12291 | 12.2--101 | 12.3-135 | 12.3—11.1 | 11.8--10.3
A-2-6 (31%) | MR, psi 9252 25751 28258 17227 85743 78621 48600 16263 31851 54841
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Table 9.6 Comparison of Lab MR Test Results to Layer Modulus Results

Lab Reislient Modulus

Subgrade Layer Modulus Back Calculated from KENLAYER

Dry Optimum| Soaked 20 psi Plate Load w/o Limerock 50 psi Plate Load w/ Limerock
Soil
wroin, | wrazin | wr24in || wr:oin | wroa2in | wr24in. | w.T.36in. |Praw down tojDraw down to
Full Full Full W.T.24in. | W.T. 12in.
Lenath Lenath Lenath above above above above above above above above above
9 9 9 embankment| embankment | embankment|| embankment | embankment | embankment | embankment
embankment | embankment
Levy A-3 | MC, % 6.2 9.55 15.15 || 15.1—45 | 15.8-55 16.3--6.2 16.7--14.7
(%4) MR, psi|| 16957 | 15684 | 11868 33938 30312 23785 15228
SR70 A3 | MC, % 5.4 1.4 1355 || 17.2-67 | 20.6--68 20.4---8.0 21.6--17.1
(8%) MR, psi|| 17427 | 17231 | 13328 52357 43075 35243 22770
SR 70 MC, % || 8.41 10.6 1145 || 14.4-8.1 | 18.3--8.1 18.3--11.4 14.6---33.2
A-2-4 (14%) | MR, psi|| 44332 | 24165 | 14099 45685 36693 29442 10442
MC, % || 7.05 12.1 14.1 | 10.38--4.75 | 10.77--6.39 11.15--7.68 11.3--11.05
A-2-4 (12%)
MR, psif| 13996 | 13868 | 13175 28571 28861 21755 13488
MC, % 7.8 10 11.95 || 9.55--3.33 | 9.58--3.28 9.6---3.73 9.61---8.02
A-2-4 (20%)
MR, psi|| 20673 | 15862 | 14509 45540 43075 35388 26106
MC, % 7.7 10.7 1.7 || 7.22-5.25 | 7.33---5.66 7.39--6.05 7.58---13.05
A-2-4 (24%)
MR, psif| 15871 | 13350 | 9994 46846 31327 23350 16824
MC, % || 6.65 12.15 13.3 || 16.01--8.04 | 15.76---7.92 15.54---8.09 15.66---8.64
A-2-4 (30%)
MR, psif| 41360 | 10419 | 10392 46265 45250 31472 8992
MC, % 5 7.8 8.15 3.18--3.52 3.18--4.38
Oolite A-1
MR, psi|| 18280 | 15575 | 11431 193909 36838
CSWTQ MC, % 9.25 12.5--4 13.3-46 | 14.3-68 || 13.1-—43 | 13547 | 13.4-10 14--12.7 | 13.7-12.9 | 13.4--5.9
emetery
A-2-4 (15%) | MR, psi 9719 25526 24075 17404 18854 17259 11748 7687 10587 15664
Branch | MC, % 8.8 10.3---5 10.2-96 | 105-3.3 || 10.1--56 10.3--6 10.5---8 10.5---9.6 10.5---8 10.3--7.9
A-2-4 (23%) | MR, psi 27024 93500 84700 51342 108500 93500 44960 10520 15500 43500
Iron Bridge | MC, % 10.35 10.5--59 | 12.8-106 | 11.9-79 | 11.9-85 | 122-91 | 122101 | 12.3-135 | 12.3--11.1 | 11.8--10.3
A-2-6 (31%) | MR, psi 9252 42350 48441 26251 54242 57143 22335 3916 9427 19434
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Table 9.7 Comparison of Lab MR Reduction Rate to Test-Pit EQ Modulus Reduction Rate

Lab Reislient Modulus
Reduction Rate , R (%)

Test Pit Equivalent Modulus Reduction Rate, R (%)

Soil From' Dry From Optimum 20 psi Plate Load w/o Limerock 50 psi Plate Load w/ Limerock
to Optimum to Soaked
From 3 ft to 2 ft From 3 ft to 1 ft From 3 ft to 2 ft From 3 ft to 1 ft From 3 ft to O ft From 2 ft to O ft
Full Length Full Length
Base Clearance base Clearance Base Clearance Base Clearance Base Clearance Base Clearance
3 MC, % 6.2 ->9.56 9.55 ->15.16 | (15.1-4.5)-(15.8-5.5) (16.3--6.2)-(16.7-14.7)
Levy A-
R, % 8 24 9.1 25.7
SR70 A-3 | MC, % 54->115 11.4 -> 13.56 | (17.2-6.7)-(20.6-6.8) (20.4-8.0)-(21.6--7.1)
(8%) R, % 1 23 14.3 25.1
SR70 |MC,%| 841->10.7 | 10.6->11.46 | (14.4-8.1)-(18.3-8.1) (18.3-11.4 (4.6-33.2)
A-2-4 (14%)| R, % 45 42 16.0 53.3
A-2-4 (120/) MC, % 7.05->12.2 12.1->14.2 (10.4-4.8)-(10.8-6.4) (11.2-7.7)-(11.3-11.1)
A 0
R, % 1 5 0.0 27.8
A2 (20%) MC, % 7.8 ->11 11->11.95 (9.6-3.3)-(9.6-3.3) (9.6-3.7)-(9.6-8.0)
A 0
R, % 23 9 4.3 16.5
24 (24%) MC, % 7.7->108 10.7 -> 11.8 (7.2-5.4)-(7.3-5.7) (7.4-6.1)-(7.6-13.1)
L 0
R, % 16 25 27.7 21.0
A-2-4 (30%) MC, % || 6.65->12.16 12.15->13.4 ||(16.0-8.0)-(15.8-7.9) (15.5-8.1)-(15.7-8.6)
=L 0
R, % 75 0 1.4 61.9
Oolite A MC, % 6->7.8 7.8->8.16 (3.2-3.5)-(3.2-4.4)
olite A-
R, % 15 27 60.9
CSprift‘g MC, % (12.5-4)-(13.3-4.6) | (13.3-4.6)-(14.3-6.8) || (13.1-4.3)-(13.5-4.7) | (13.5-4.7)-(13.4-10) | (13.4-10)-(14-12.7) | (13.5-4.7)-(14-12.7)
emetery
A-2-4 (15%)| R, % 4.6 28.0 20.7 41.6 56.0 44.6
Branch | MC, % (10.3-5)-(10.2-9.6) | (10.2-9.6)-(10.5-3.3) || (10.1-5.6)-(10.3-6) (10.3-6)-(10.5-8) (10.5-8)-(10.5-9.6) (10.3-6)-(10.5-9.6)
A-2-4 (23%)| R, % 5.4 34.0 9.5 38.4 76.6 74.1
Iron ridge | MC, % (10.5-5.9)-(12.8-10.6) | (12.8-10.6)-(11.9-7.9) || (11.9-8.5)-(12.2-9.1) | (12.2-9.1)-(12.2-10.1) | (12.2-10.1)-(12.3-13.5)| (12.2-9.1)-(12.3-13.5)
A-2-6 (31%) o R
R, % 9.7 33.1 8.3 43.3 81.0 79.3
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Table 9.8 Comparison of Lab MR Reduction Rate to Layer Modulus Reduction Rate

Lab Reislient Modulus
Reduction Rate , R (%)

Subgrade Layer Modulus Reduction Rate, R (%)

Soil From Dry | From Optimum|l 54 i byt | oad wio Limerock 50 psi Plate Load w/ Limerock
to Optimum to Soaked
Full Lenath Full Lenath From 3 ft to 2 ft From 3 ft to 1 ft From 3 ft to 2 ft From 3 ft to 1 ft From 3 ft to O ft From 2 ft to O ft
9 9 Base Clearance base Clearance Base Clearance Base Clearance Base Clearance Base Clearance
MC, % 6.2 ->9.56 9.55 -> 15.16 || (15.1-4.5)-(15.8-5.5) (16.3--6.2)-(16.7-14.7)
Levy A-3
R, % 7.5 24.3 10.7 36.0
SR70A-3 | MC, % 54->115 11.4 -> 13.56 || (17.2-6.7)-(20.6-6.8) (20.4-8.0)-(21.6--7.1)
(8%) R, % 1.1 22.7 17.7 35.4
SR 70 MC, % || 8.41->10.7 10.6 -> 11.46 || (14.4-8.1)-(18.3-8.1) (18.3-11.4)-(4.6-33.2)
A2-4(14%) | R, % 45.5 41.7 19.7 64.5
MC, % || 7.05->12.2 12.1->14.2 || (10.4-4.8)-(10.8-6.4) (11.2-7.7)-(11.3-11.1)
A-2-4 (12%)
R, % 0.9 5.0 -1.0 38.0
MC, % 7.8 ->11 11->11.95 (9.6-3.3)-(9.6-3.3) (9.6-3.7)-(9.6-8.0)
A-2-4 (20%)
R, % 23.3 8.5 5.4 26.2
MC, % 7.7->10.8 10.7 -> 11.8 (7.2-5.6)-(7.3-5.7) (7.4-6.1)-(7.6-13.1)
A-2-4 (24%)
R, % 15.9 25.1 33.1 28.0
MC, % || 6.65->12.16 | 12.15-> 13.4 ||(16.0-8.0)-(15.8-7.9) (15.5-8.1)-(15.7-8.6)
A-2-4 (30%)
R, % 74.8 0.3 2.2 714
MC, % 6->7.8 7.8->8.16 (3.2-3.5)-(3.2-4.4)
Oolite A-1
R, % 14.8 26.6 81.0
Spring MC, % (12.5-4)-(13.3-4.6) | (13.3-4.6)-(14.3-6.8) || (13.1-4.3)-(13.5-4.7) | (13.5-4.7)-(13.4-10) | (13.4-10)-(14-12.7) | (13.5-4.7)-(14-12.7)
Cemetery
A-2-4 (15%) | R, % 5.7 31.8 8.5 37.7 59.2 55.5
Branch MC, % (10.3-5)-(10.2-9.6) | (10.2-9.6)-(10.5-3.3) || (10.1-5.6)-(10.3-6) (10.3-6)-(10.5-8) (10.5-8)-(10.5-9.6) | (10.3-6)-(10.5-9.6)
AZ4(23%) [ R, % 9.3 45.0 13.8 58.6 90.2 88.7
Iron Bridge MC, % (10.5-5.9)-(12.8-10.6) | (12.8-10.6)~(11.9-7.9)|| (11.9-8.5)-(12.2-9.1) | (12.2-9.1)-(12.2-10.1) | (12.2-10.1)-(12.3-13.5)} (12.2-9.1)-(12.3-13.5)
A26(31%) | R, % -14.4 38.0 5.3 58.8 92.8 93.1

475




Relationship Between Drainage Rate, Permeability, and % Fines
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Figure 9.1 Relationship between Drainage Rate, Permeability,
and Percent of Fines for Phase I and II soils
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CHAPTER 10
CONCLUSIONS AND RECOMMENDATIONS

10.1 CONCLUSIONS

Based upon the analyses and findings of this experimental

study, the conclusions are summarized as follows:

Laboratory Experimental Program

1. Based on laboratory resilient modulus test, the resilient
modulus value of each subgrade soil decreased with an increase
in moisture content. However, the rates of reduction for these
soils were not at the same level. The SR70 A-2-4 (14%) and
Oolite A-1 soils were very sensitive to the change of moisture
content from the optimum to soaked conditions. These two soils
had the reduction rates of 26% and 31%. The other soil types
were not as sensitive to the moisture content change (with
reduction rates lower than 20%) as those two soils.

2. The moisture content in subgrade soil was a major factor
affecting the resilient modulus. In addition, the test results
showed that other factors including dry unit weight, LBR,
percent of clay, coefficient of wuniformity (C;) and
coefficient of curvature (C.) also significantly affected the

resilient modulus. The C, and C. were considered as two good
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indicators for correlating the moisture sensitivity of
granular soils.

3. No relationship existed between the reduction rate and the
percentage of fines in soil. The percentage of fines was not
a good indicator for categorizing the soils in terms of the
sensitivity of resilient modulus to moisture effect. However,
the percentage of fines was a good indicator to predict the
permeability properties of soil. The permeability value under
saturated condition decreased with an increase in percentage

of fines.

Test-Pit Experimental Program

4. The A-2-4 (24%) soil was very sensitive to the change of high
groundwater level from +0.0 in. to +12.0 in. above the
embankment (i.e., lowering base clearance from3 ft. to2 ft.),
the plate load equivalent modulus values were reduced 28%.

5. The SR70 A-2-4 (14%), A-2-4 (30%), Oolite A-1, Branch A-2-4
(23%), and Iron Bridge A-2-6 (31%) soils were extremely
sensitive to the change of high groundwater level from +12.0
in. to +36.0 in. above the embankment (i.e., lowering base
clearance from 2 ft. to 0 ft.). The plate load equivalent
modulus reduction rates were more than 50%. For the Levy A-3
(4%), SR70 A-3 (8%), A-2-4 (12%,) A-2-4 (24%), and Spring

Cemetery A-2-4 (15%) soils, the reduction rates were also
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6.

significant for the base clearance from 2 ft. to 0 ft. with
the plate load equivalent modulus reduction rates in the range
of 21% to 45%. The A-2-4 (20%) soil was the least sensitive
soil in response to the change of high groundwater level with
the plate load equivalent modulus reduction rate about 17%.
Adding a 5-in. limerock base layer was very beneficial to the
pavement resistance, and the equivalent modulus values were
almost doubled. The added limerock base layer certainly

improved the dynamic performance of the pavement.

. Comparing the laboratory resilient modulus results with the

subgrade layer modulus values from test-pit, the modulus
values were generally within the same range from the same type
of soil. The laboratory resilient modulus value at optimum
condition was lower than the layer modulus (about 50% to 70%)
for the same type of soil tested in the test-pit with a base
clearance of two feet (24 in.), except that the SR70 A-2-4

(14%) soil had about the same modulus for both tests.

. When a pavement design is prepared, pavement designers and

geotechnical engineers typically do not know the exact soil
that will be used for the embankment. Due to the lack of a
direct relationship Dbetween percent fines and modulus
reduction and the high variability of the moduli reductions,
cautions should be exercised when reducing base clearance

below three feet. It was evident in this research that when
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base clearances were reduced to two feet, the plate load
equivalent modulus reductions were up to 28%. When base
clearances were further reduced to one foot, the plate load
equivalent modulus reductions were up to 43%. Furthermore,
with base clearances at zero foot, the modulus reductions were

up to 81%.

Case Study for High Groundwater Effect

9.

10.

The results of the case study indicated that for some sensitive
soils, such as SR70 A-2-4 (14%) and A-2-4 (30%) soils, an
increase of high groundwater table would demand a significant
increase of the required thickness of asphalt concrete layer
in order to have the same quality of pavement performance.
The most severe condition was for base clearance reduced from
two feet to zero foot. The other subgrade soils also required
some increase of asphalt concrete layer thickness.

In areas with high groundwater levels, adequate base
clearance should be maintained tominimize the moisture damage

and to achieve quality performance of the pavement.

10.2 RECOMMENDATIONS
In future test-pit tests, TDR sensors should be calibrated
against each soil type to have more accurate measurements of
moisture content along pavement profile. More TDRs should be

placed at different locations to avoid the errors from
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3.

4.

malfunctions of the TDRs, such as the damage from installation
and compaction or during plate load tests, disturbed soil

around the TDR, etc.

. Tests should be performed at the identical water and stress

condition for each soil. The wetting and drying process should
be the same too. To have more precise comparison between
laboratory and test-pit modulus tests, the water content of
the subgrade soils at each water table level in the test pit
plate load tests should be well quantified to the same water
conditions as those in the laboratory resilient modulus
tests.

Limerock base should be compacted on the top of the stabilized
subgrade prior the plate load test so as to have a direct
comparison of the effect of the groundwater level on the
subgrade modulus under an identical pavement profile.
Upon excavation of the test-pit, the density of the embankment
layer should be re-evaluated to identify any possible
consolidation or densification of the embankment layer due

to the plate loading and compaction.
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