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PREFACE

The U.S. Army Engineer Waterways Experiment Station (WES) was requested

by the Air Force Office of Scientific Research (AFOSR) to provide a complete

and consistent set of laboratory properties for two soils to be used in

support of AFOSR contract number F49620-80-C-008, "Fundamental Properties of

Soils for Complex Dynamic Loading," with Applied Research Associates, Inc.,

Albuquerque, New Mexico. The work reported herein was funded under AFOSR-

MIPR-82-00003, Project 2307/Cl FY 82; the technical contact was LTC John J.

Allen, AFOSR/NA.

The WES project engineer for this study was Mr. B. R. Phillips of the

Geomechanics Division (GD), Structures Laboratory (SL), working under the

general direction of Mr. J. Q. Ehrgott, Chief, Operations Group, GD, and

Dr. J. G. Jackson, Jr., Chief, GD. The laboratory composition and mechanical

property tests were conducted by personnel of GD and the Instrumentation

Services Division. The laboratory classification and index tests were

conducted by personnel of the Soils Testing Facility, Soil Mechanics Division,

Geotechnical Laboratory. This report was prepared by Mr. Phillips and was

transmitted to the sponsor in January 1982.

COL Tilford C. Creel, CE, and COL Robert C. Lee, CE, were the Commanders

and Directors of WES during this investigation. COL Allen F. Grum, USA, was

the previous Director and COL Dwayne G. Lee, CE, is the present Commander and

Director. Mr. F. R. Brown and Dr. Robert W. Whalin were the WES Technical

Directors. Mr. Bryant Mather was Chief, SL.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
degrees (angle) 0.01745329 radians

feet 0.3048 metres

gallons (US liquid) 3.785412 cubic decimetres

(litres)
inches 2.54 centimetres

kips (force) 4.448222 kilonewtons

kips (force) per 6.894757 megapascals
square Inch

megatons (nuclear 4.184 petajoules
equivalent of TNT)

pounds (force) per 6.894757 kilopascals
square Inch

pounds (mass) 0.4535924 kilograms
pounds (mass) per 16.01846 kilograms per
cubic foot cubic metre
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MECHANICAL RESPONSE OF DRY REID-BEDFORD MODEL SAND

AND SATURATED MISERS BLUFF SAND

INTRODUCTION.

Applied Research Associates, Inc. (ARA), has been funded by the Air

Force Office of Scientific Research (AFOSR) to evaluate the ability of

different mathematical constitutive models to simulate the behavior of soils

to complex dynamic loadings produced by both explosive- and earthquake-

induced ground shock. To accomplish this study, ARA requires a complete set

of laboratory test data on two sands. A complete set of properties includes

static and dynamic uniaxial strain and triaxial shear data on both dry and

fully saturated specimens for each soil. The U. S. Army Engineer Waterways

Experiment Station (WES) was requested by AFOSR to assemble data on two sands

from their files and to supplement the existing data with additional labora-

tory tests. The first task consisted of assembling the available data on dry

Reid-Bedford Model (RB) sand and back-pressure saturated MISERS BLUFF (MB)

sand and replotting them to common scales in convenient formats for con-

stitutive property analyses. The second and third tasks consist of conduct-

ing additional tests to define the response of dry MB sand and saturated RB

sand, respectively.

RB sand is a clean, fine-grained sand obtained from Campbell Swamp

along the Big Black River in Warren County, Mississippi. Air-dried specimens

of this sand have been remolded to a dry density of 1.65 g/cc and tested in a

variety of projects since FY 72. It has been used by the Geomechanics

Division (GD) at WES as a control sand to evaluate new laboratory test

devices.

MB sand is a medium- to coarse-grained sand which was sampled by

WES during the preshot geotechnical investigation to support the MISERS

BLUFF II test event at Planet Ranch, Arizona. The sand was obtained from a

9-meter-deep accessible shaft. The gravel-sized particles were removed by

screening and the remaining material was air-dried; laboratory tests were

conducted on back-pressure saturated specimens initially remolded at a dry

density of 1.72 g/cc to support a study into the effects of high effective

stresses on the shear strength behavior of sands. The work was performed for

the Defense Nuclear Agency in FY 80 and FY 81.
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PURPOSE AND SCOPE.

The purpose of this report is to document the available results of

laboratory tests conducted on dry RB sand remolded to a density of 1.65 g/cc

and saturated MB sand remolded to a density of 1.72 g/cc. The results of

laboratory classification tests are presented as well as the results of

mechanical property tests conducted on remolded specimens.

CLASSIFICATION AND INDEX TESTS.

Samples of each sand were tested to determine grain size distribu-

tion, Atterberg limits, and specific gravity (Reference 1). This information

was used to classify each sand according to the Unified Soil Classification

System (Reference 2); both classify as SP. Results of specific gravity GC

tests on the sands indicate a specific gravity of 2.65 for the RB sand and

2.69 for the MB sand. The Atterberg limit tests indicated that both sands

are nonplastic. The results of the grain size distribution tests are shown

for the RB sand and the MB sand in Figures I and 2, respectively.

COMPOSITION PROPERTY TESTS.

Prior to performing each mechanical property test., measurements

were made of the height, diameter, and weight of the remolded specimen. With

these measurements and the specific gravity of the sand, wet density y , dry

density y d 9degree of saturation S (percent of void volume filled with

water), percent volume of air V a, and void ratio (void volume to solid

volume) can be calculated. For specimens that were not saturated, posttest

water content measurements were made on the specimen. For back-pressure

saturated specimens, the water content was calculated based on the measured

density, the specific gravity, and the assumption that the specimen was fully

saturated.* These data are given for each test in Tables 1 through 4.

MECHANICAL PROPERTY TESTS.

The following types of mechanical property tests were conducted on

the sands in this study:

*Full saturation was assured by monitoring the B-factor (Reference 3)
during the back-pressure saturation process until a value of at least 0.95
was achieved.
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a. The isotropic compression (IQ) test subjects a cylindrically
shaped specimen to an equal all-around confining pressure while
measurements of the specimen's height and diameter changes are
made. The data are normally plotted as pressure versus
volumetric strain, the slope of which is the bulk modulus K

b. The triaxial shear (TX) test is conducted after a desired
confining pressure is applied during the IC test. While the
confining pressure is held constant, axial load is increased
and measurements of the specimen's height and diameter changes
are made. The data can be plotted as principal stress differ-

ence versus axial strain, the slope of which is Young's modulus

difference, the slope of which is twice the shear modulus oraGrnia tesdfeec esspicplsri
The maximum principal stress difference the specimen can
support or the principal stress difference at 15 percent axial
strain (whichever occurs first) is defined as failure and
describes one point on a failure surface. The failure surface
is depicted as a plot of principal stress difference versus
mean normal stress.

c. Three types of uniaxial strain (UX) tests were conducted:

(1) The first (designated UX) is conducted by applying an axial
(vertical) pressure to a wafer-shaped specimen that is physi-
cally constrained from deflecting radially. Measurements are
made of the applied axial stress and the specimen's height
change. The data are plotted as axial (vertical) stress versus
axial (vertical) strain, the slope of which is the constrained
modulus M.

(2) The second type of UX test (designated UX/YI%) is conducted by
applying radial pressure to a cylindrically shaped specimen
until a slight inward movement of the diameter is detected.
Axial load is then applied until the specimen returns to its
original radial position (zero radial strain). This process is
repeated throughout the loading and unloading. As in the UX
test, the data are plotted as axial stress versus axial strain,
the slope of which is the constrained modulus M . When the
data are plotted as principal stress difference versus mean
normal stress, the slope is 2G/K or, in terms of Poisson's
ratio v , is 3(l-2v)/(l+v).

(3) The third type of UX test (designated UX/Null) is similar to
the K% test in that both radial and vertical pressures are
controlled. A wafer-shaped specimen is remolded into a thin-
walled steel cylinder which is strain gaged on the outside. As
vertical pressure is applied, the circumferential strain
(measured by the strain gages) on the steel cylinder is kept at
zero by applying lateral pressure to the cylinder. This
process is continued throughout the test. The data are plotted
and properties deduced the same as those from the UX/K 0test.

6



DRY REID-BEDFORD MODEL SAND TESTS.

Selected tests on dry RB sand from the GD files consisted of

results from one static IC test, five static IC-TX tests, four static UX

tests, two static UX/Ko tests, and one static UX/Null test. All tests were

performed on remolded specimens at a density of approximately 1.65 g/cc under

unconsolidated-undrained conditions. UX and UX/Null specimens were prepared

by a raining technique, i.e., the air-dried RB sand fell through a number of

screens placed at a controlled height to form the test specimen. Trial

specimens were first prepared to select the height of fall required to obtain

the desired density. After a number of specimens with identical densities

were obtained, the densities were thereafter assumed to be the same although

occasional checks were made. A summary of the data is presented in Table 1.

During UX testing, measurements were made of applied vertical

stress and vertical deflection at the center of the specimen as measured by a

linear variable differential transformer (LVDT). Data were recorded on

magnetic tape and light beam oscillograph for processing into applicable

stresses and strains. The results of the UX tests are presented as plots of

axial stress versus axial strain in Plates 1 through 4. The UX/Null test is

presented as a plot of axial stress versus axial strain and a plot of

principal stress difference versus mean normal stress in Plate 5.

The remaining tests were performed in the WES high-pressure triaxial

test device. A steel remolding jacket containing a thin rubber membrane was

placed around the specimen base. A vacuum was applied through the jacket to

pull the membrane against the sides. A measured weight of air-dried RB sand

was rained into the membrane through a funnel at a controlled height to

obtain the desired density. All specimens for IC-TX testing were 5.4

centimeters in diameter and 12.7 centimeters tall. The UX/K and IC
0

specimens were 5.4 centimeters in diameter and 7.6 centimeters tall. The

membrane was attached to the top cap and base with rubber bands. A slight

vacuum was applied to the inside of the specimen to support it until the

confining pressure was applied. The specimen was instrumented with two

vertically mounted LVDT's positioned 180 degrees apart on top of the specimen.

The radial measurement system for the IC-TX tests was a lateral deformeter

which consisted of four strain-gaged steel arms positioned equidistant around

the specimen's periphery at the center of the specimen. The radial measure-

ment system for the IC test and the UX/K tests was a single lateral deformeter

7



consisting of four horizontally-mounted LVDT's positioned at quarter points

around the specimen. During the conduct of the UX/Ko teoz. the lateral

deformeter was continuously monitored to maintain the lateral deflection at

zero. The chamber was assembled and the desired test was conducted. All

data were continuously recorded with a light beam oscillograph. The data

were later reduced by hand and processed by computer to obtain applicable

stresses and strains.

The results of the IC-TX tests discussed above are shown in

Plates 6 through 10. These data are plots of (a) mean normal stress versus

principal stress difference, (b) mean normal stress versus volumetric strain,

and (c) principal stress difference versus principal strain difference and

axial strain. The values of volumetric strain shown in plot (b) are calcu-

lated based on the assumption that the specimen deforms as a right circular

cylinder during the IC test. This calculation, based on the vertical and

lateral measurements, is discussed in Reference 4. Plate 11 shows the

failure data obtained from the TX tests as plots of maximum principal stress

difference versus mean normal stress.

Specimen TH.l was the only specimen tested in isotropic compression

which was not immediately followed by a TX test. The results are plotted as

mean normal pressure versus volumetric strain and are shown in Plate 12.

The results of the UX/K tests are shown in Plates 13 and 14 as

plots of (a) axial stress versus axial strain and (b) principal stress

difference versus mean normal stress.

SATURATED MISERS BLUFF SAND TESTS.

The tests on saturated MB sand consisted of 8 static undrained UX

tests, 3 static drained UX tests, 6 dynamic drained UX tests, 23 consolidated-

undrained IC-TX tests, 11 static consolidated-drained IC-TX tests, 6 static

consolidated-undrained UX/K tests, and 4 consolidated-drained UX/K tests.

All IC-TX tests and undrained UX/K tests were performed at one of three

effective stresses: 0.15 MPa, 1.75 MPa, or 3.5 MPa. Each specimen was back-

pressure saturated prior to application of the effective stress. A summary

of the data is given in Tables 2, 3, and 4.

To prepare the UX test specimens, a known weight of air-dried soil

was measured in order to obtain a desired air-dried density of 1.72 g/cc.

The soil was then "spooned" directly into the specimen chamber which was

8



filled three-fourths of the way to the top with tap water. As the sand was

placed into the chamber, the water was displaced and the resulting specimen

was almost saturated. After assembling the test device, the specimen was

saturated by concurrently applying both axial stress and back pressure. Once

the specimen was saturated, a static effective axial stress was applied with

the drainage line open but with the back pressure applied. The drainage line

was then closed for an undrained test or left open for a drained test. Axial

stress was increased either statically or dynamically to the desired pressure

as measurements were made of axial stress and axial deflection. During an

undrained test, measurements were also made of pore pressures by measuring

the pressure through the hypodermic needle which extended into the specimen.

Dynamic tests were only performed under undrained conditions. Measurements

were stored on both magnetic tape and light beam oscillogram. These data

were processed and plotted as axial (vertical) stress versus axial (vertical)

strain and are shown in Plates 15 through 31 and summarized in Table 2. The

dynamic tests are shown with a static portion and a dynamic portion. The

static portion includes the back-pressure saturation phase and application of

the initial effective stress; the dynamic portion is the remainder of the

test.

The preparation of specimens for IC-TX tests and UX/K 0tests was

similar to that used to prepare the RB sand specimens. A known weight of

air-dried MB sand was measured and "spooned" into the remolding jacket and

membrane to achieve the target density. All specimens were prepared at a

diameter of 5.1 centimeters and a height of 11.4 centimeters. Prior to

placing the top cap, the specimen was "flooded" with de-aired water from the

base until water was visible at the cop. A slight vacuum was applied to the

specimen while the top cap was placed and the membrane was secured to the top

cap and base. The measurement system for the MB IC-TX tests was the same as

that previously described for the RB IC-TX and UX/K 0tests.

After the specimen and its instrumentation were placed, the test

device was assembled and the specimen was then back-pressure saturated and

one of three effective stresses (0.15, 1.75, or 3.5 M4Pa) was applied to the

specimen with the drainage line open, If the specimen was to be tested in a

drained condition, the TX test was performed immediately after the applica-

tion of the effective stress. If an undrained test was desired, the drainage

line was closed and an additional confining pressure or live IC loading was

9
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applied to the specimen. Axial load was then applied to the Specimen until

failure occurred, with failure being defined as the point at which there was

a definite decrease in the applied axial load or when the specimen exhibited

15 percent axial strain during shear, whichever occurred first. During the

test, measurements were made of axial load, confining pressure, movement of

the piston, and internal measurements of axial and radial deflection of the

specimen. During the undrained tests, pore pressure measurements were made

in addition to those mentioned above. Data were recorded by a Hewlett

Packard 3052A D~ata Acquisition System (HP3052A) which samples the data

channels at designated intervals and records the data on a minicassette tape.

The data are subsequently processed and plotted. A data summary for the

IC-TX tests is given in Table 3. Multiple plots are shown for the drained

and undrained IC-TX tests in Plates 32 through 42 and 43 through 65, respec-

tively and contain (a) total mean normal stress versus volumetric strain, (b)

principal stress difference versus total mean normal stress, (c) principal

stress difference versus principal strain difference and axial strain, (d)

principal stress difference versus effective mean normal stress, and (e) pore

pressure versus axial strain. Volumetric strain was calculated as outlined

in Reference 4 using the deformed shape assumption of a right circular

cylinder and the internal vertical and lateral deformation measurements.

The UX/K 0specimens were prepared identically to those prepared for

the IC-TX tests. Each specimen was back-pressure saturated and one of the

three effective stresses was applied with the drainage line open. If the

test was to be performed drained, the diameter of the specimen at the end of

application of effective stress was assumed to be the zero or "null" position.

As axial load was applied, the radial deflection was constantly monitored and

corrected by changing the confining stress until the radial change was zero.

This process was repeated throughout the test. Measurements were made of

vertical deflection, applied axial load, and confining stress. If the

specimen was to be tested in an undrained condition, the drainage line was

closed prior to application of the axial load. Pore pressure measurements

were made during undrained tests. Data were recorded on the HP3052A as

described during discussion of the IC-TX tests. The results of the drained

and undrained UX/K 0tests are shown in Plates 66 through 69 and Plates 70

through 75, respectively, as plots of (a) total mean normal stress versus

volumetric strain, (b) principal stress difference versus mean normal stress,

10



(c) total axial stress versus axial strain, (d) principal stress difference

versus effective mean normal stress, and (e) pore pressure versus axial

strain. All plots represent the states of stress through the entire back-

pressure saturation, application of effective stress, and UX/K 0loading. The

results of the UX/K 0tests are summarized in Table 4.

Plate 76 shows a plot of the failure data from the IC-TX tests.
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Table 3. Sinry of tstatic tliaxsil cOmpresion tests on Mlerl Sluff seed.

Principal Stress

Live Difference at Effective Mean Axial Strain

Air-DrIed water Specfitc Degre of Effective iC Fallure Nore~l Stress During TXPAat-Dk n et a te r G v t y h 'e o E ex c t - o S t a tl l r . t ir.~
?Late Danr ty Colten s Saturaetlon Void Stress Loading a * a

No. Test No. Y , .I W, 2 GWe Sta Rai Mpg____a __Pf. ___ ___

DAINED LC-TX TESTS

32 MXLDI 1.738 20.0 2.69 100.0 0.54 0.15 --- 0.47 0.32 2.7

33 OXLDZ 1.722 20.5 2.69 100.0 0.55 0.13 --- 0.52 0.37 6.3

34 DM621 1.709 20.0 2.69 100.0 0.54 0.12 --- 1.03 0.53 9.8

35 OA22 1.707 20.0 2.69 LOO.0 0.53 0.17 --- L.O 0.53 6.8

36 DNA27 1.719 19.6 2.69 100.0 0.$2 0.1 --- 1.10 0.53 4.0

37 DNA3 1.743 19.4 2.69 100.0 0.52 1.75 --- 4.70 3.25 11.2

38 KXLD.4 1.722 20.5 2.69 100.0 0.55 1.74 --- 4.46 3.22 15.0

39 0111 L.712 20.6 2.69 100.0 0.56 3.52 --- 8.59 6.38 15.0

40 DNM42 1.725 19.6 2.69 100.0 0.52 3.50 --- 6.60 6.36 15.0

41 445LD.7 1.714 20.7 2.69 100.0 0.56 3.64 --- 8.25 6.24 15.0

42 KXJ.D. 7A 1.730 20.3 2.69 100.0 0.54 3.48 --- 7.98 6.17 S.0

123RAL10JP IC-TX TESTS

43 4"88A 1.738 20.2 2.69 100.0 0.54 0.09 0.0 1.16 0.89 15.0

44 745 9 1.719 21.0 2.69 100.0 0.57 0.07 3.05 1.13 0.69 15.0

46 .41LOA 1.735 20.1 2.69 100.0 0.56 0.14 2.07 1.05 0.81 15.0

46 MBI O. 1.731 20.1 2.69 100.0 0.34 0.14 2.07 1.05 0.81 15.0

47 .IOB 1.740 19.9 2.69 100.0 0.53 0.14 2.07 1.11 0.84 15.0

48 DKA.9 1.738 19.2 2.69 100.0 0.51 0.08 0.0 1.49 0.88 15.0

49 DA20 1.716 19.7 2.69 100.0 0.53 0.09 3.45 1.28 0.73 14.2

50 ONAI 1.756 18.9 2.69 100.0 0.51 1.65 3..5 2.76 1.60 13.8

51 D.A2 1.778 18.3 2.69 100.0 0.49 1.83 3.:5 2.73 1.85 12.9

52 OMA6 1.693 20.7 2.69 100.0 0.53 1.86 3.45 1.83 1.34 12.0

53 RV3 1.720 20.6 2.69 100.0 0.55 1.93 1.72 1.84 1.37 11.

54 RV38 1.719 20.7 Z.69 100.0 0.56 1.69 1.7Z 1.86 1.30 11.1

55 3493A 1.717 20.6 2.69 100.0 0.55 1.78 4.90 1.81 1.28 121.3

56 .454A 1.720 20.6 2.69 100.0 0.55 1.76 0.0 1.83 1.32 11.6

57 MSA 1.722 20.5 2.69 100.0 0.55 1.77 3.5 L.77 1.28 11.8

58 456A 1.688 21.6 2.69 100.0 0.58 i.64 0.0 1.6 1.21 10.7

59 9B13 1.714 20.7 2.69 100.0 0.56 3.46 0.0 2.21 1.55 11.3

60 74SL4 1.716 20.6 2.69 100.0 0.55 3.44 3.45 2.24 1.61 9.8

hL ONA4 1.733 19.4 2.69 100.0 0.52 3.47 0.0 3.00 1.94 10.1

62 0NA7 1.706 20.3 2.69 100.0 0.54 3.46 0.0 2.92 1.90 0.
r

3

63 59A8 1.695 20.6 2.69 100.0 0.53 3.32Z 0.J 2.63 1.7 4.0

4 0NA9 1.716 20.3 2.69 100.0 0.54 3.70 3.45 2.74 1.87 12,

65 D7AO 1.738 19.3 2.69 100.0 0.52 ).66 t,90 Z.87 1.90 0.2
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STATIC AND DYNAMIC UX TESTS
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.6 MB SAND TEST MXLD 1
Density oa desodods 1.726 gowoo

COMPOSITION PROPERTIES AT END OF" BPS* 
We% donettys 2.409 ON/cc4.Wter ontofnt, o 26.6 Pt
Dary denoity, 1.756 go/ccA3. Void ratios 6.54

PRESSURES AT END OF BPS, MP%
2.1 Confining pPsseuue 3.21

Pon e pressures 3.21

1.8

U 1.. I I "1 I

6.6 8.2 8.4 8.6 6.8 1.8 1.2
VOLLMTRIC STrAIN, PC

5 i!
1.2 1.2

1. -.

--,s-s--

6.6 1.6 2. 3. 4.6 5.6 6.6 " * 5.6 16.6 25.6 26.6 25.6 36.6

MEA NtiL lECS,1P , S'rnXN SVn1~N flIF'FEOiC:

STRAIN, PCT

-. 26.3-

1.S 4.6

cc
8.40.

a LI .- I :.0

8.8 .0 2.8 3.8 41.6 3.l 6.8 .05. 0 11.1 1.0 2. 25.6 3.TXIRL STRAIN, PCT

PLATE 32

6 .
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6.5 F  M8 SAND TEST MXLD 2
.Density eo romoldede 1.722 gm/co

5 COMPOSITION PROPERTIES RT END OF BPS
Not donsity 2. No gm/CC

4.8 Water aontento 25.5 Pet
Dry donsitys 1. 734 gmvee

A 3Void ratiot 8.55

PRESSlRES AT END OF BPS, MPm
Confining pressures 3.17Pore proeeureu 2.99

1.t

L. |i I

6. 8.2 0.4 9.6 6.9 1.9 1.2
VOLUMETRIC STIRAIN, PICT

a C
1.2 1.2

3.5 12.6

I1

.636.6

8.4

6.2

6.6 1.5 2.8 3.8 4.0 5.6 6.8 .0.0 5.8 19.0 13.$29.025.8 30.0

MESH NORMIAL STRESS, APXIA STWIN STIN D!VrCNICc

STRAIN, PCT

L 1.2 6.

o 2.6- 5.6
"5.

0.9 - 4.06a .6 
4 .8

k A.4 - 2.0

6 .4 

'
L .2 1.6

.6 6.1 8.2 6.3 2.4 ..5 6. 0.8 5.9 1@.@ 15.6 28.8 25.8 30.0

Effeotive MErN NORMAL STRESS, Ps AXIAL STRAIN, PCT

PLATE 3J

Ll l



6.6 MB SAND TEST DNR 21
Density as rem !deds 1.7010 go/co

COMPOSITION PROPERTIES AT END OF BPS
Nt doneity$ 2.008 go/cc

4.0 Wter nontonts 26.6 Pat
Dry done tys 1.739 gw/cc

I- 3.8 Void ratios 8.54

PRESSURES AT END OF BPS. N

2.6 Confining pressures 3.00!Pope parowoure t 3.03

O.I . t I
I.66.6 6.5 1.3 1.5 2.6 2.5 3.8

VOLUMETRIC STRAIN, PCT

1.2 1.2

91.6 [.6
a a

8.-1 8.4
U6P

62 0.2i

6.6 1.8 2.8 3.6 4.6 5.6 6.6 G. 6 5.6 16.8 15.6 26.6 25.6 36.6
MEAN NORMAL STRESS, Pa XIM. SmIN STRIN DIFFERNCE

STRAIN. PCT

1.2 6.6

1.0 a5.6

8.9 - 4.0 - -'- -

14 0.6 - 4.a

Le

.4

. . . . .3 3.



6- MB SAND TEST DNA 22
5.- Density me romoldedi 1.77 go/aoc

COMPOSITION PROPERTIES AT END OF' BPS
Nst density 2.6 go/oc

4.8 - Water contents 20.0 pot
Dry denslty: 1.746 gi/c

0 3.0 - Void ratios 0.53

PRESSURES RT END OF BPS. MPa

2.89 Confining pressures 3.64
Ponn pressure: 3.14

I. I A- I

6.8 .5 1.8 1.5 2.6 2.5 3.0
VOLUMTRIC STRAIN, PCT

1.2 1.2

e p a a a

O. 4IM 3 i S°AN IFCR4

STRAIN, PCT

1.2 1.6

8t.9 5.6

e.6 3.6

6.4 2.6

6.2 1.6

6. I
6. 1. 6 2 6.3 6. 4 65 6.6 6. C 5.6 16.6 15.6 26.0 25.6 36.6

(Cfo~tlM EAN INIIL STRESS, Mine AXTIL STRAIN, PCT

PLATE 35



s6. MB SAND TEST DNA 27
.Density an renIdeds 1.715 @woo

COMPOSITION PROPERTIES AT END OF BPS

4.8 water contenti 19.6 pot
Dry density# 1.752 govea

3.8 -Vold ratit, 8.52

PRESSURES AT END OF BPS. mPm
2.0 Connng pressure% 3.14

Pre pressures 3.1

8.3 3.5 1.8 1.5 2.8 2.5 3.8
VOLUmITRIC STNAIN, PCT

12 1:::S1.2 - 1.2
1.6

8.4 0.4

a.2 -3.2

8. . . 3.3 4.835.1 S.0 3.3 5.8 13.3 15.3 26.3 25.8 33.6

h N4OMAL STRESS. We It smi m STIMIN bIfltNCE

STRRN, PCT

1.2 6.31.,f  {S.,
1.80 5.9

0.9 i4.0

re3.4 -2.3

0.3 3.1 3.2 8.3 8.4 0.S ..8 5.3 13.3 15.8 23.0 25.0 30.3
Effectiv MEP NORA SIRE We AXIAL STRAIN, PCT

PLATE 36



lu MB SAND TEST DNR 3
+DUesn ty as vololdodl 1.743 goI/OO

COMPOSITION PROPERTIES AT END Or BPS
Wet doelty: 2.899 grnvoI .I -Meter conteonti 19.4 pot
Dry dOn t tyl 1.759 weo.
Void atios 8.52

5.9
PRESSURES FT END Or BPS. lP

4.6 Confining pressures 3.19
Pope prese ves 3.91

S2.9

9.9 1.9 2.8 3.8 4.6 5.8 6.9
VOLL3ETRIC STRIN, PCT

5.8 - 5.0

4.9 -4.9

3.8 3. f
2.8 2.

62.

. 2.8 4.8 6.6 9.6 18. 12.8 0.0 5.0 19.6 15.0 23.6 25.0 36.6

MEAtN NOUMM STIM W FIf. M H, STIMN OEIE

STRRIN, PCT

6.9 .

5. 80 5.0

4.9 .4.0

h. h
3.8 3.8

t 2.8 2.8

I 9.9 1.9 1.9 3.9 4.0 9.I 6-. 0.6 3.6 109 15.9 26.9 25.9 39.9
EffeOtive M NOCHL SYTN=. MPG AXIFtL S1MAIN PCT

PLATE 37



12.8 MB SAND TEST MXLIJ 4
* Donefty no reasideds 1.722 gwoo

COMPOSITION PROPERTIES AT END OF BPSI Not does' 2.8099 @woo
9. -matep contents 26.5 Pat

Dey denettyl 1. 735 @oo
rfi6.6Void Patles 8.55

-~PRESSURES AT END OF BPS, MPa

4.8 -Confining proesure: 3.24

2.8

8.8 1.8 2.0 3.8 4.8 5.6 So@
VOLUMETRhC ST1RZN, PCT

6.8 6.8

~5.0 5.6

.4.8 s.4.0

p3.8 7.

1.8 - C. 1.0

111.11 1 OCR. 5. 1. 1I82.1 3.
.2.8 4.8 8. . 891.8 6.85. 18.8 12.828. 25.8 0.

Mini NOHM. STW= nPO Xil. STMIN ITNAI aIfTelli~

STNAZN, PCT

8.8 6.6

I5.8 5.

S.4.6 .4.8

PLTE3

------------.- 4 6 5.-----8 5.--. 1 .8 288 5. 3 .



12.3 MB SAND TEST DNA 1I
llonelty eo reosideds 1.712 g.#oo

l3.3 COMPOSITION PROPERTIES T END OF BPS
Met X den.,ty, 2 .831 .
Wry density . N.?IUGaveo.9 motoer Gententa 20.4 potary donelt yi 1.729 oneaO

8. Vold ratio , 0.54

PRESSUR ES RTEND OFUPS. ,
4.8 Confrenn pressures 3.1

Poei pressures 3.11

3.3

8.3 2.3 4.8 6.3 3.6 13.0 12.8
VOLPWTRIC STPRIN, PCT

;2.8 1. -

a ca

i i
4.8 4.i8

2.I ~2.:

,2.8 4. .0 0.0 . . 1 3..10
WAPN NHallgm STRCWS, pg~ IXlM mi" STIN I0IFWEREN:CE

STRRIN, PCT

12.3 .. 6

5.3

9. 4.6

°. - 3.0

S4.6 

''2.6 .

0.0 2.3 4.461.8 3.3 13.3 12.3 3.@ @.@ 135.3 23.9 25.1 33.3
Effotive MCM3 HOWL STRESS . pg AXIpL STRAIN, PCT

PLATE 39
- A..



MB SAND TEST' DlNA 12
* Dsnetty go rooolIds I.728 gave*

COIIOSZTZON PROPERTIES RT END OF BPS
* ** t density$ 2.56 gas s.o

weat oefsefits 13.6 pot
Dry' d4eltys 1.752 smo*

Voed 1a6tol 3.52
PRESSURES AT END OF WPS, MPu

4.8Coalning prossuuog 3.10

6.6 2.6 4.1j 6.0 6.3 13.3 12.3
VOLWIETRIC S PRIN. PCT

9.4 I9.8

4.3 143.0
6.82.86 6.6 6.6 16.6 12.3198S 1 . 153 26.6 25.6 30. 0

STIMIN, PCT

*12.8 6.8

its.* 5.3

.4.

14.0

Cffetiv MA NOML YNC MPAKZFL SimhI, PC?

PLATE 40
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12.6 MB SAND TEST MXLD 7
* Density as romoldode 1.714 govii

COMPOSITION PROPERTIES AT END OF BPS

Wet densitys 2. 05 gov'ae
0.0 Water ontento 26.7 Pot

Cry density: .:726 guavc
* .0 Void ratio s .51
S..

PRESSURES RT END OF BPS, MPu
4.0 Confining pressures 3.19

Pare pressures 3.63

I26

6.8
0.I 2.0 4.6 6. 6.6 10.6 12.6

VOLUMETRIC STR IN, PCT

i12.1 - t2.6

t k, 
0.0

€4.0 4.0

0.2.6 IL2.8
U

8.0 2.8 4.8 6.° 0.6 19.8 12.0 0.0 5.6 16.8 15.6 26.0 25.0 30.0
MEAN4 NONHAI. 9AES. MPXIML S'.UIN STPRIN DIFFEN NCE

STRAIN. PCT

12.6 -6.0

91.6 5.13

* 6.8 3.6

4.6 2.6

12.6 1.6

0.8 I I I 0.0J

6.9 2.0 4.9 9.o 9.8! 19.9 12.0 6.8 5.0 16.6 15.0 20.0 25.6 30.0
Effective WMC NOMAL STiRCU, MIP. AXIAL STRAIN. PCT

PLATE 41



rii * MB SAND TEST MXLD 7R
* Density as pommoldeds 1.736 gm'oo

~ II..COMPOSITION PROPERTIES AT END OF BPS

Wlet density$ 2.804 go/co
O. Weter oontents 26.3 pot

Dry donsitys 1.741 gm/c
Void ratio$ 8.54

PRESSUES AT END OF BPS, MPa
4.9 Confining preesures 3.17

Pore pressures 3.61

U- .S S i * i I

6.8 2.6 4.8 6.6 6.8 18.8 12.8
VOLUPETRIC STRAIN, PCT

*12.0 1.

-o.0 -

5636.6

STRA IN. PCT

* 12.01 62.6

a

8.0 3.0

MERA~l  NO~ N, i NXIR. ST1 S i1N DIT

12.6 1.6

97 .6 41 6. .9 .I ll.@ 12.8 0.9 5. 10. 5.8 0.9 3.6 .6
Effective M'EA~N NOMA SiTREn MPG RXIlqL STRAIN PCT

PLATE 42



3.9 -MB SAND TEST MB BR
2 -ensity as romeidodi 1.730 go/co

COMPOSITION PROPERTIES RT END OF BPS
We%, dono tty8 2. ns go/Go

2. -at or ontents 29.2 Pat
Dry doneity 1.743 g*'oo

. Void ratios 8.54

PRESSURES AT END OF BPS, HPa
1.8 Confining pressures 2.25

Pope pressue$ 2.19

U.S

I.8 6.2 6.4 6.6 3.6 1.6 1.2
vlaUJE.RmC STRAIN, PCT

3.8 -
3 .8r

2.5 -2.5 -

2.6 2 .

96 6. 2..

/-/
1.6 /,1.5

I.S- IU.S
p i pi I 0 

r  
I I I I IIt

. . . 1.0 1.5 2.0 2.5 3.0 ,.0 5.8 18.8 15.9 23.6 25.9 30.8
MEAN NORMAL TRE W. C a AXIlL STI N STMIU N DnFVE 1NOCr

STRAIN, PCT

!a

3.8 3.3

2.5 - 2.5

2.6 . 2.1

-I-81.5 1.5

1.8 
a

u~s 6.5

".1 8.2 6.4 8.8 U. 1.6 1.2 6.@ 5.@ in.@ 15.0 21.1 25.0 36.0
Effeotive MEAN NOUHR STRESS, MPs AXIAL STRAIN, PCT

PLATE 43



MB SAND TEST MB 9
Density as omlded8 1.711 v/o

, lCOMPOSITION PROPERTIES RT END OF BPS
Not dsnsitys 2.679 gio/co

9.11 atep cOnt1 it 21.0 pot
Dry dOnsity, 2.716 g/cc

S 'Void ratio$ 6.57

PRESSURES AT EN OF BPS. liP
Confining pressures 2.45

4.8 Pore pressures 2.43

6. 8.5 1.8 1.5 2.6 2.5 3.6
VOL.DI1RIC STRAIN, PCT

S3 .0r 3.6

2.5 2.5

i .i

C.0s 2.6

1, .5 - 1 .5l
.9

U
.9

6.1 2.6 4.8 6.6 6.8 1.6 12.6 6.6 5.8 16.a 15.8 20.6 25.6 3a.0

MEAN NOP STRES. Pa " STRIN STRIN Glr'CuOIC

STRAIN. PCT

3.6 12.6

2.5 1.

1.5 . .a

1.6 4.8

U.S 2.6

0 .. 2 .. 4 8.6 o. 1.8 1. 2 o.9 .9 IS.@ 13.0 26. 25:. 3.:
Effective NERN 1Pm STllS Mpg AIlL STRAIN, PCT

PLATE 44



6.e M SAND TEST MB 10
*Dnelty so eeldeds 1.713 °Wioo

COMPOSITION PROPERTIES RT END OF BPS3Nt donetty 2.0M gwoo
4. -Nater ontent: 23.7 pot

Dry donitmv 1.723 s/oo
Void rotlus 8.56

31

PRESSURES AT END OF UPS, IPa

2.8- Co ninng, proseures .44
Pope preoure 2.44

3.3-

19.9 iI t L I

8.8 9.2 6.4 3.6 U.8 1.3 1.2
VOLUMETRIC STRAIN. PCT

S2.59 - 2.0

.,

1.3 1.5

.. - .. ,
8. 1.8 2.8 3.8 4.10 3.1 6.19 8 5.09 18.A 15.0 20.10 25.8 38.0

M NORIAL STRESS. Wit s** TRV STW: * al
ICZ9m STRAIN IFT NCC

STRAIN, PCT

3.83 6.3

2.5 -5.0

2.8 - 4.0

*1.5 1 3.85
.8 2.3'

3.5 1.3

19. 5 19.1pI I I I

9.U 8.2 0.4 6.6 .8 1. 1.2 3.O 5.3 10.0 15.0 2.03 25.0 30.3

EffOotivo W NERA M STRESS, WeP. AXIAL STRRIN, PCT

PLATE 45



u.s MB SAND TEST MB IOR
* Density a romldodi 1.733 go/oo

COIPOSITION PROPERTIES aT END OF BPS
wet denltyl 2. 38 gmoo

4.0 -w;ater ontents 20.1 pot
Dry do Ity: 1.747 gmao

3.P Vold po6l 8.54
SPRESSURES 

iT ED0 OF BPS, tiP.
Confining pressurs 2.74r .8 P toe pressuroes 2.59

:-: L t - I I
6.6 0.2 8.4 6.6 6.6 1.6 1.2

VOLUMEITRIC STRAIN, PCT

1.2 -1.2

1.8 i*1.86--

a0' 0.6

6.6 6.6

6.4 8.4

6.2 1 6.2

.8 1.6 2.8 3.8 4.6 5.0 6.6 0.9 5.6 16.6 15.6 26.8 25.1 38.8
M A N N O R M A L S T R E S S .A .W elAL N Sgy m "N D i r v a le m

STRAIN. PCT

1.2 6.6

1.8I 5.11

ca 9.6 3.60 . 4 ' 4 .|,..

6l.6 6.I04l.6 6.6 t.6 1.2 6.6 5.6 16.6 15.6 26.6 25.6 36.3

Effeotive NEc4 NORm.mL STIlES I P 0XIFL STRAIN, PCT

PLATE 46



.2 MB SAND TEST MB 1B
Density as roem ldeds 1.740 @Wo

.8 COMPOSITION PROPERTIES RT END OF BPS
We% deneityi 2.11 t *m @we

4.81 Wator oontnts 1s.3 pot:Dry donelty 1. 733 *.'as

Void retesn 5.53

3,8 PRESSURES AT END OF BPS, MPa

Confining pressures 2.74

o.8re pressurs 2.61

[.3

. 1. 1.5 2.3 2.S 3.6
VOLIIiTRIC Sa.IN, PCr

1.2 1.2

1.6 ~1.6

.4.

3.6 9.6

8.4 .4~

3. .2 3 .2

a I I *Jl--

. 2.8 . 3.63 4.6 5.1 6.6 . . 1. 5. 26.6 25.6 38.6

"ERN NORL. STRESS, Wem FOCIR 9MI1z SmmzIN 131 i

STRAIN, PCT

1.2 6.3

1.3 *5.0

lb0.6 
3 .0

.4

6.2 1.3

6.8.2 8.4 6.6 0.0 1.0 1.2 3.3 5.6 £6.6 15.6 23.6 25. 3.6
E M AN NORM L STIl s Mrs M.ITI ST4RIN7 PCT

PLATEZN 47



3.3- 1MB SAND TEST DNR 19
Density so eol.ldeds 1.736 veo

5.O POSITION PROPERTIES AT END OF' BPS
et d n sty $ 2. 14 Wn oo

4.1 - owater contenti 16.2 pot
Dry donoitys t.765 ganvo

Void ratio# 6.51

PRESSURES RT END OF BPS, MP&::: Confining ppeues 2.16
Pore ppeoupol 3.83

)1.

6.8 8.5 1.6 1.5 2.6 2.5 3.6
VOLL"TRIC STRAIN, PCT

3.6 - 3.3-

2.5 - .5

2.8 - 2.0

1.5 1 7

8.8 1.8 2.3 3.3 4.6 5.0 6.9 3.3 5.3 16.3 15.3 23.3 25.6 388

MENNRML STRESS. PlPm nxZpM. 1TIN SruWIN DIITENCL

STRAIN, pCT

3.3 12.6

1.5 116.3

t.6 4,.

60.5 2.6

n I ,I I

9. .2 8.4 3.63 9. 1.g 1. 6.6 S.6 11.8 15.6 26.6 25.6 33.3

E tvo M'EAqN NORMAL oll $13.We AdXIAL,. STRAIN, PC"

PLATE 48
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12.3 MB SAND TEST DNA 20
* Density s reomildeds 1.716 8m.ec

COMPOSITION PROPERTIES RT END OF BPS
*Wbt density: 2.084 gecc

.8 Eater Content 23.7 pot
Dry d nltyl 1.743 gmece

PRELSSURES RT END OF BPS. M~a
4.0 Confing f Pressures 3.22

Pope pressures 3.18

8.0 0.5 1.0 1.s 2.8 2.5 3.6

VoLLETRIC STIRIN, PCT

3.3 3.3

U2.5 2.5

2.0 -2.0

Qi
1.5 1.5

I.9 - l.9
zz

.5

8.b 2. 4. 8.8. 8 1..0 3.0 18.9 15.0 28.9 25.0 30.
Eff JWN NOMA STRESb. P*13.5 1.5

Ab

l.S L U. -

3. 12s.8

1.0 I4.3

p .a i * p a I I _J

CfeOtive Iiqft4l NO. STRIS.IB nP. AIAL STRAIN, PCT

PLATE 49



,i

12.6- MB SAND TEST DNA 1
• 2.6Density as remoldedo 1.75 goecc

COMPOSITION PROPERTIES :T END OF BPS
met density$ 2. 18 gm'oc

9.2 Water contents 13.9 Pot
Dry donettys 1.773 gom/cc
Vold rat io .51

PRESSURES RT END OF PS, IPe
4:8 Confining pressures 3.17

POre pressures 3.16

2.o

8.6 6.5 1.6 1.5 2.0 2.5 3.8
VOLLICTRIC STRRIN, PCT

3.6 3.6

2.5 u2.5 -

z -

.0

( 1.5 1.5

-. 1.

9..5 9.5
Uz

.9 ! , , ! 0.8 L ! , J

6 2.6 4.1 6.6 I.E 16.8 12.6 0. 8.6 5.6 10.6 15.9 26.6 25.9 30.9

MERN NORMAL STRESS, MP IxlI.L ITIIN STRIN DIFFRNCE

STRRIN, PCT

3.63 12.89

2.5- ,18.

9.

1.0 4.8

6.5 2.6

6.66.
0.6 6.5 1.6 1.5 2.6 2.5 3.6 8.8 5.6 12.8 15.6 26.6 25.6 3e.9

Effecti ve MEAN NORML STRESS, MPs RXIAL STRAIN, PCT

PLATE 50



it.. i SANO TEST DNR 2
Density s remoldods 1.770 gono

COMPOSITION PROPERTIES RT END OF BPS
SNMet doneitys 2.122 go/oo
6.6 Water oontents 16.3 pat

Dry donsity 1.795 gm/oe
Vold ratio 0.49

PRESSURES RT END OF BPS. MPg
4.8 Confining pressures 3.22

Pore pressures 3.22

6.6

*.i 1.6 2.0 3.0 4.6 5.9 6.6
VOLL3TRIC STRAIN, PCT

3.8 .

U 2.5 U 2.5zz-

2.6 2.6 -

1.5 1.5

1.3 1.6

8p.5 6.5
ma 2p.6 . 4.6p 6.9p 6.9p 16.9 12.6p / pi

IL . 2 4 . .. 8 5. 8 19.9 15.0 20.9 25.6 3 .9

MEA W SIL IM1IRZN STRAIN DIFFERENCE

STRAIN. PCT

3.6 12.6

S2.5 a 16.6

2.3 . 6.6h ( i
31.5i -6.i6

1.6 4.0

6.5 2.6

. 0.5 1.6 1.5 2.6 2.5 3.6 9.6 5.6 16.0 15.6 26.6 25.6 36.9
Effecti ve MEN NOMl STKIi. Me RXIAL STRAIN, PCT

PLATE 51



2.6- MB SAND TEST DNA 6

Dsi"aty to romoldeds 1.693 *Vioo

*COMPOSITION PROPERTIES AT END OF BPS3.0 
Net deneltys 2.75 *aoo.ater oontente 26.7 pot
Dry denltyl 1. 72 gwooeI 
Void ratig 3.5

PRESSUJRES AT END OF BPS, MiP%4. C n-C ntng pressures .16 i
Pope prooeurl 2.37

S2.6

1.8 P I "A I

G.@ 1.6 2.6 3.8 4.6 5.6 6.6
VOLUMETRIC STRAIN, PCT

,.41- .1 3.6

.5 2.- 2.5

1.5 1.5

S1.6 1.6

6.5 .

. .9 4.8 9 8. 0 STE 12. 8 B..8 5.6 911 e.1 15.6 23.6 25.0 3.6

MEDM NORMAL , I Mpg
NImU. TmmIN al N DIFTFENCE

STRAIN, PCT

3. 12.0

2.6 9 .6

= "3.6 4.61
6.5 

2.6

6."6 "61.6 * I I I I
0.3 6.9 1.6 1.5 &.6 2.5 3.6 6.6 5.6 16.6 15.6 26 . 25.6 36.6Effectlve HEON ORMp sre, MPg AXIAL STRAIN, PCiT

PLATE 52



MB SAND TEST RV 38
Doneity ae remoded8 1.72@ gon/cc!.

COMPOSITION PROPERTIES RT END OF BPS
Wet donetty 8 2 ,Ma as rn#

Water ontents 26.6 pot
Dy deostys 1.732 o.'.
Vold ratios 6.55

PRESSURES RT END OF BPS. MP&
Pore pressures 2.39

o!1i pressures 2.3

U..
6.8 1.8 2.8 3.6 4.6 5.8 6.8

VOLLqETRIC STRAIN, PCT

3.6 3.6

2.5 2.5 -

2.11 2.8

1.5.

1.s 1.8

IL 2.3 4.6 .6. 16.3 12.6 3.8 5.6 16.8 15.8 20.0 25.8 36.8
MEAN NOM STRESS. Wi M sr1:a STRIN DIFrc

STRAIN, PCT

3.8 6..

~2.3 *5.8

.4.0

ca
3 . " 3.

'41.01 414 1.8 1.5 2.8 2.5 3.1 g.6 5.6 i1.6 15.6 20.8 25.1 30.1
Effot ive Hi OIL STRESS, PIP* AXIAL STRAIN, PCT

PLATE 53



lI.S MB SAND TEST RV 3B
* Dnesity so remoldeds 1.719 go/oo

COIPOSZTION PROPERTIES AT END OF BPS
Nt dneitty8 2.66 go/co

.8 wMater oontents 86.7 pot
Dry donsity 1.727 gm'oo

0 IA Vold ratios 1.56

PRESSURES AT END OF UPS, MPm
4.8 Cofinong pressures 2.56

Pope pressures 2.48

2.8

6.6 1.6 2.6 3.9 4.6 5.6 6.6
VOLULDTWIC So I'N, PCT

3.6 3.6

I2.S -2.5

b2.6 -. 2.6

Q ca

*1.5 1.5

2.5 5

6.5 6.6

6.6 2.1 4. 1.6 2.6 1.6 12.6 8.6 5.6 16.6 15.6 21.6 25.8 38.0
Pi~f4 NO IqEUS q1. SimlN tTNI]N UND4C

STRRN, PCT

L3.6- 6.6

2.6 - 4.6

6.5- 1.6

6.665. 1.6 1.52.628.5 2.6 0. .8 18. 1 * *ZS2. 38.

PLATE 54



24.86 MB SAND TEST MB 3R
i . Density as eeldeds 1.717 gm/oo
a2O. 3 COMPOSITION PROPERTIES AT END OF BPS

Not density$ 2.N7 gm,o
-" Nate contents 26.6 potDry doneltys 1.73t 88t'o0

12.8 Void ratio$ 3.55

PRESSUIRES AT END OF BPS, MPa
Confining pressures 2.709.8Pope pressues 2.66

.1:

3.8 1.3 2.8 3.3 4.8 5.0 1.8
VOLULTRIC STRAIN, PCT

3.6 3.3

2.5 2.5

2.6 . 2.8

1.5 1.5
1.8- 1.0

(n

3.5 3.5

8.8 4.3 U.6 12.8 16.6 20.3 24.0 .8 5.3 18.8 15.3 23.8 2".8 33.8
MIN NORMAL STREW. We INK l0. ITNIN 9TrAIN DIMMOCE

STRAIN, PCT

S3.3 12.3

2.5 0.3

1.5.

.2.2.8

.0
B .

2. t.. 6. 2.8 2.6 31 0.0 5.s 19.8 1.8 20.6 25.8 30.0
Efcive MEAN NORA UE3SAL ISe m 'sAXIAL STRIN, PCT

PLATE 55
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MB SAND TEST MB 4R

Donogty as posoldo-l 1.72i anoo

COM POSITION PROPERTIES RT END OF BPS
Not deneityl 2. as IInoo

4.8 - waerP content 21.1 PttDry domitty 1. 731 @w~oo

3.6 Vold Pattol 9.53

PRESSURES RT END OF BPS, MP
2.6 Confining peOOeures 2.73

Pars prooouol 2.57

6.6 1.6 2.8 3.0 4.6 5.0 6.3
VOLUMETRZC STPRIN, PCT

3., 3.6-

2.5 2.5 -

1.69- 2.9

6.5 1.5

z

6.6 1.6 2.9 3.8 4.6 5.6 6.6* .6 5.8 16.0 15.820.025.6 38.6
SEN N01MFL TRESS, P eI. S I N SRAIN DIFVN4CE

STRAIN, PCT

*,3.6 - 6.6

2.5 - 5.0

2.6 . 4.0

1.5 3.

.8 10.5 1.6 1.5 2.0 6.5 3.6 8. 8 .0 18. I1. 8iO. a 25. 8 309. i

Effective IN NORqL StTRESS. P%~ RXIL Sl INP PCT
PLATE 56



lzii MB SAND TEST MB 5R
Density as p'emldeda 1.721 go.'.oo

n 18.8 COMPOSITION PROPERTIES RT END OF BPS
Net doneltyl 2.m80 9 i,/oo

WIter oontents 28.5 pat
Dry deo ityI 1.734 giIeo

S.Void ratits 8.55

PRESSURES RT END OF UPS, MPg

4.0 Confining poIesuPes 2.77Par@ pressues 2 .66

2.u

8.8 1.8 2.8 3.8 4.8 5.8 6.8
VOLUMETRIC STMIN, PCT

3.8 3.8

2.5 ~2.5

2.8 L,2. -I,.
V4 "

u 1.5 1.5

U1.8 1.8
(A

0.8.5 Q.8.5

-44 -.

8.8 2.8 4.8 8.8 8.8 18.8 12.8 8.8 5.8 18.8 15.0 28.0 25.0 38.8
MEAN NORMAL STRES, We ARU. IN STMIN 81

STRAIN, PCT

L 3. 12.8z

2.5 a1.8

a. 2.8 0 .8

1.5 6.8

1.8 4..

8.5 2.I

*I.I 0.5 1.4 1.5 2. a 2.5 3.6 I.I 5.8 10.8 15.82 818 25.8 38.8

Effective MAN NOA TRl'Ie AXIAL STRAIN. PCT

PLATE 37



s.8 MB SAND TEST MB GA
Density as reoldOd 1.693 gime

5.0 COMPOSITION PROPERTIES AT END OF BPSi iwet doneltyl 2.tl as ,Oe

4.1 Water oontents 21.6 Pat
Dry deneityl 1.761 aoe

3.0 Void aotl 0.530

PRESSLJUES AT END OF BPS, MPa
Conrnin pressures 2.362oFnie pressures 2.3

1.3

3.8 1.3 2.8 3.8 4.3 5.3 6.3
VOUMETRZC STRN, ICT

3.0- 3.

~2.5 - 2.5

2.8 - 2.6
ca

o . .. 0 . ,
w 1.5 1.5 -

as * .

83.5 8.5

S . .6

0 6.3 1.3 2.8 3.0 4.3 5.3 .3. S. 5.3 13.3 15.3 23.3 25.3 33.a
MEAN NRM. 3T3, Pipe PIMe $ SMIN. 9 INq DI

STRIN, PCT

IU3.3 6.3

S2.5 -5.3

S2.6 - 4.03

1.5 -13.3

1.3 
2.3

8.5 1.3

"9895J1. .2.3 2.5 3.38. 5.@ i3.@ 15.8 23:3 25. 3.

Effetiv MtMNORL ST . Ma FXIAL STIMIN, PCT

PLATE 58



MB SAND TEST MB 13
I Denlty as posodedl 1.714 gmv-a

COMPOSITION PROPERTIES RT END OF BPS.. We% density$t d2"y S N lv

~Dry donelOtyt 1. 726 euvec
Ii. Void rati|o# 8.59

PRESSURES AT END OF BPS, P

4.8 co .enfining proo.reI 3.25v ,,LPope peosues 3.W9

8.3 1.3 2.0 3.8 4.3 5.0 6.8
VOLIUETRIC STRAIN, PCT

"b 2.2.5-

2.9- 2.0

8.5 a.3

8.3 4..1 L

IL 88 28 40 60 9. 188 1.8 .0 5.0 10.0 15.0 20.0 25.0 3a.0

N S SRa. SRAIN STRAN 9.5remta

STRRIN, PCT

3 12.8

IU2.5- 616.0

.8 .e o .0 3.9 4.0 . oo a.31. .8 2.0 s-,R 3.e

Effeottve ERAN NORAL STNES. S AXIN.L STRAIN, PC

PLATE i9

d b., ,.-.... _ _ ,,b Ask



MB SAND TEST MB 14
Density s roweldod 1.711 gm/oo

its.@ - COMPOSITION PROPERTIES FT END OF UPS

Net donsitys 2.W67 gm/co
0.8 iWater oontents 25.6 pot

Dry donoitys 1.731 m/oo
Void PatfOl 6.556.U

PRESSURES RT END OF BPS. MPa

4.8 Confining proesures 2.77

Pore pressures 2.53

2.8

6.3 1.0 2.5 3.8 4.3 5.3 1.8
VOLLIMTRIC STRAIN, PCT

3.0 3.3

52.5

S2.Q 2.

0 2.5 -

0. 3.

3.6 2.6 4.861.8 3.3 16.6 12.6 3.0 5.5 13.5 15.6 23.0 25.3 36.a
ESH HON9IL STRES .W, .e 3?MiN STIN DIFF

STRTIN. PCT

S3.*jr 12.3

2.8 .o.6

Q .5

1.6 4.8

3.5 2.3

'6.3 1.6 2.6 3.3 4.0 5.3 6.6 5.6 5.3 16.6 15.1 23.3 25.0 30.6

Cffectiv MEW HNOIL STMM, MiP% AXIFL STRAIN, PCT

PLATE 60
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12.- M8 SAND TEST DNA 4
Density go rmealdeda 1.733 gn'.o

COMPOSITION PROPERTIES AT END OF BPS
SNWet denettyi 2. lot maoo

6.6 Water oW'teflti 19.4 pat
Dry densItyl 1.760 glo/o
Vold ratios ..52

6..
PRESSURES AT END OF BPS, tPa

Confining preesures 3.28
4. Pope pressures 3.87

2.8

8.8 1.9 2.8 3.9 4.8 5.6 6.

VOURIETRIC STRAIN, PCT

6.66.

w 5.85

4.4.6

.2

2.0 12.0

1.6/ 1.5

8 1"*. 8 2. 4.6 6 . 0 .. 12.6 .0 5.6 15.0 15.5 28.6 25.5 3.0

ME~qN ' 6 , R~ XIM. STRIN S1'IPIN O1FENO4

STRAIN, PCT

P.A 2E.

~5.61 *1".6

s4.6 .6.

1 *~.6 . . . . . . .6 661. 2. 563.

Effeottve I NONIf. UTRIS, P.uRILB~qN

PLATE 61



12 * MB SAND TEST DNR 7
SDensity *a reIooldeds 1.766 gva0

COMPOSITION PROPERTIES RT END OF BPS
hot de"etty8 2.NW2 go/cc

__eoWater oontents &@.a pot
1- Dry dotlntyI 1.72 " #w.oo

. -Void rfttot 5.54

PRESSLURES AT END OF BPS, MP%
4.6 Canfiisel pressure$ 3.14

pore pessoures 3.24

2.el r

SI-, , I . " .3 5

5.3
6.8 1.0 2.6 3.6 4.8 5.3 6.6

VQLLWM C ST1IN, PCT

3.8 3.3

p2.5 2.5 ,

2 .6 2.0

t .5 1.5

. 1.6

6.5 8.5

0.6 2.6 4.6 6.6 ,.6 16.6 12.9 0.8 5.5 16.6 15.6 25.5 25.3 36.3
PWW N004F STNSMiB WeNENNN5 Iqxft. 911N u'lliIN DIEfU1md]

STRRIN, PCT

2.9 12.6

2.5 016.9

l 2.6 - U.-
C3

1 ". 
6 .6

el. it~~.e 4

1.6 4.91

"M E NOWV& STMMl He RfL S3{t", PT

PLATE 62



12.3 M SAND TEST DNA 8
Denslty as remoldede 1.695 gm/ac

COMPOSITION PROPERTIES AT END OF BPS

Not densitym .7 mc
3.8 Water ontent: 23.6 pot

Dry dnetty# 1.72Z gm'o
A -Void ratlol 3.55

PRESSURES RT END OF BPS, HP.

Confining prIsure 3.17
3.Poem preures 3.J

8.O 1.0 2.0 3.0 4.9 5.8 6.8
VOLTRI C STIRRIN, PCT"

3.3 3.3

2.52.

C 2.3 . 2.8

1.5 1.s

1.3 1.3

3.5 3.5

3.3 2.8 4.8 6.3 3.3 13.8 12.8 3.0 5.3 10.3 15.0 23.0 25.9 38.0
M4 NOPIXL STRESS. W AXIAL STRIZN S1R"ZN DnZFERTNCE

STRRIN, PCT

3.3 12.3

2. 10.

2.3 .

1.

4.3

3.3 1.3 2.8 3.3 4.8 5.3 3.3 3.3 5. I.3 15.3 23.3 25.3 33.3
Effeotive MER NOIMlL STRESS. eP MXIAL STRAIN, PCT

PLATE 53



12.6 N SAND TEST DNR 9
. Donetty as remoldsda 1.?1s maoo

COMPOSITION PROPERTIES AT END OF BPS
*We% donsItys 2.W4 Sm/ao
9.8 iter ontents 20.3 pot

Dry denotty 1.733 goc
m .Void ratio$ 8.54

PRESSURES RT END OF DPS, MPs

4.6 Confining pressure 3.26
Pore preesuro 3.83

2.8

8.6
6.6 1.8 2.8 3.0 4.6 5.6 6.6

VOLUIIETRIC STRAIN, PCT

aI
3.6 - 3.6 

2. 2.5 - •

a C

O. I t I 4 O
1.56 1 5.61. 592. 593.

. 2.8 4.6 6.8 0.0 16.6 12.6 .. 9 0.8 15.0 20.025.0 30.0

MEFLN NOIN9 STRESS. lPa UCIL STWIN STRAZN DnFi rERCE

STRAIN, PCT

3.8 - 12. -

2.8 - 9.8.6.6

2..8

3.5 U 6.6

C 0 1.4 2.8 3.1 4.8 5.0 6.6 6.6 5.0 16.6 15.6 26.6 25.6 30.0
Effective MEAqN NORMAL STREW8, We AXIAL STRAIN, PCT

PLATE 64
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24.8 MB SAND TEST DNA 10
Deneity a. remoldeds 1.73 @wee

COMPOSITION PROPERTIES RT END OF BPS
Wet deneltyl 2.182 gnoo

water oontents 19.3 pat
Dry deneitys 1.762 gm'oo
Vold ratios 5.52

PRESSU"RES RT END OF BPS, WPe
8.0 Conf in ing pressures 3.1

Pore preessures 3.00

4.:
0.5

0.5 1.5 2.8 3.5 4.8 5.8 6.5
VOLUMETRIC STRAIN, PCT

5i

2.5 -2.5

2.6 2.5

Q a
a 1.5 - 1.5

1.8 1.5

5.5 5.5
z

Z8.8 8.8
• 8 4.5 5.8 12.5 16.5 25.0 24. a.@ 5.a 16.5 15.5 20.5 25.8 30.5

MEAN STRESS. WZ. STRIN STPRIN lIF

STRAIN. PCT

3.6 24.5

0. F

2.5-42.

S2.5 .16.5

1.5

1.58 

9.
4..

l U.S 1.6 2.8 3.5 4.5 5.0 8.6 0.5 5.8 1.@ 15.8 25.8 25.5 30.0
ECffetive mm NORM STREWS P41 RXIRL. STRAIN, PCT

PLATE 65
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U

MB SAND TEST DNA 25
Denelty au resmoldeds 1.731 go/oc

16.8 COMPOSITION PROPERTIES RT END OF BPS

oat donetty 2.096 g/ac

- * *wat er ont enlt s 11.6 po t
0 - Dry density$ . 1.753 gm/cc

Void rattis .52

6.9 - PRESSURES RT END OF BPS. MPiM

4Confining pressures 3.20

4. -Pope ppoleupeI 3.04

2.6 -

9.6
g. !.g 2.8 3.8 4.0 5.6 6.8

VOLUI4EjL C STRAIN. PCT

6.6

5.6 ~16.0

4.6 6
S4.94.

.2.6

1.3 ~2.6
1..,

.6 . 4 8.9 1.8 2.0 3.0 4.0 5.0 6.0. 2 . 0 4 . 8 8 . 8 0. 8 1 9. 8 1 2 . 9 q l.8T R R N C

MCIN FIN STrl . X1R- STRPS', PCT

5.6 
5.9

4.6 4.9

Sb 4.6I... r "

2.*9

,.," 
3.0 4.a 5." 6..

I **.U i1.6 2.6 3.6 4.6 5.8 

5.

e#.oatfv@ MEAN NOML ST ,SS. We AXISL STR IN, PCI

PLATE 66



MB SAND TEST DNA 26
Density as reosldods 1.698 *m/oO

i1t.6 COMPOSITION PROPERTIES RT END OF BPS

Net donsitys 2.176 6.'oo
0.11 Water contents 20.7 pot

Dry deneitys 1.726 gavoe
Void ratios 6.55

6.3l

PRESSURES RT END OF BPS, MPa
Confining pressures 3.19

4.8 Pore pressures 3.83

02.6

6.6 1.8 2.6 3.8 4.0 5.0 6.8
VOLLILTRIC STRAIN, PCT

u.s 12.6

3.8 16.6

aa
* 3.-, -66 .6-

2. - 4.6

1.6 ~2.6! " ..o

8.O 2.6 4.8 6.6 6.6 16.6 12.0 6.6 1.6 2.0 3.0 4.0 5.9 6.9
MfN NORMAL SIE, PPa AXIRL STRAIN, PCT

4.4

3.6 3.6

2.0 2.6

O. * 1.9 2.8 3.8 4.6 5.8 4.8 0. 1.2 3.0 4.8 5.3 ..6

Cffeetve MM NOUR. STAU P, a AXIAL STRAIN. PCT

PLATE 67
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8430 MB SAND TEST DNA 17
DenOtty s eomoldods 1.731 govoe

be.. COMPOSITION PROPERTIES AT END OF BPS

18.6 Not donottys 2.=7 govels
Nater ontonts 19.6 potDry done I tys 1. 754 gaoc

12.6 Vol rato$6.52

PRE SSURES AT END OF PS. Pe

8.1 - Confining peooouros 3.11Poe prooupot 2.99

4.6
11.0 -"

6.1 2.8 4.0 6.6 .6 16.6 12.6
VOLUCTRIC STRAIN, PCT

11.6.24.6

*112.9 - 24.8-

h. .3,.°

0.801.8

6.6 4.8 9.6 12.8 16. 2 04.9 8.6 2.6 4.8 6.0 .0 10.0 12.0MENM0F STRrl9S8, P% AXIL STRIqN, PCT

18.9 6.6

S.. * 4.83

9.0 - .I6

2.6 L 1.9

2.8. 
2. 4.8 6.8 4.e 18.4 12.e e.e 2.8 4.6 6.6 e.9 10.6 12.6

tffottvO MM INCf 91 0rlt mpa IxFiL STRIIN, PCT

PLATE 68
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2.3 MB SAND TEST DNR 18
Density e romoldeds 1.717 gin.OO

11.3. COMPOSITZON PROPERTIES RT END OF BPS
Nt density$ 2,=S gmoc

8.6 Wter contents 23 Pot
Dry doneiys 1.732 @noo

o .9 Void Pasto 3.54SPRESSURES AT END OF BPS, iP

4.8 -Confining pressures 3.15
.P3r pressure 8 3

3.3 2.8 4.1 U.S 6.3 13.8 12.0
VOLUMETRIC STPRIN, FOCT

, 3.8- 12.11-

2.5 ;18.8-

S2.3 .

1.* 6.8

I.E 4.8

83.5 2.0

IitA I ___________ -.
9.O 2.0 4. 6.3 3. 13.3 12.8 * 8.8 5.5 1.0 1.5 2.8 2.5 3.0

MER NOU. q 0TRE PG AXIAL STRRIN, PCT

5..

2.5.

3 ..

.8

0.9 4.8

O~ J I It al I £ I I I

8L t -0 .8 3.0 4.8 3.8 6.8 6.6 8.3 l.8 t.3 2.8 2.5 3.8
effetive PwjwNomf 97'rl, Mpg FIXI. SIMIN, PCT

PLATE 69
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MB SAND TEST DNA 23

Denofty so Posoldodl 1.66 iso

COMPOSITZON PROPERTIES AT END OF BPS
Net donsityl 2.0O7 gwoo

48.6 .aMter contents 26.5 pot
Dry deonityl 1.724 ga/o
Vold rostl 6.55

PRESSURES RT ENi Of" PS. liPo
12..: Pore pressurs 2.622. Confining pressures 3.17

.6638 1 .6 I

8.6 6.5 1.8 1.5 2.6 2.5 3.8
VOLUMETRIC STRAIN. PCT

0.6348.8

8.8~ 1 -

6.6 16.6 26.8 3.6 46.6 56.6 66.8 6.6 3.2 6.4 8.6 6.6 1.8 1.2
MEAN NORMAL STRESS. W a STIN, PCT

G5

.6 6.0

1.1.4 .46.6

9.3.
6.2

126.9
6.1 I .

6.6 6.1 0.2 3 6.4 6.5 6.6 6.3 6.2 8.4 0.6 I. 1-0 1.2
Effetive AN NORMAL STREM, MPG AXIAL STRAIN PC?

PLATE 70
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63.6- M SAND TEST DNA 24
Denstty as eeoldods 1.715 oweso

COMPOSITION PROPERTIES AT END OF BPS
Not density$ a.3=@ @weoo

46.8 - Water ontents 29.9 PatDry done I ty 1. 748 gmoo

38.8 - Void ratio$ 9.53

PRESSURES RT END OF BPS, NPa
Confining prleeurae 3.13

Po3. pressure 3

8.6 8.5 1.3 1.5 2.3 2.5 3.3
VOL.LIETRZC SrRIN PCI

. "63.6 r
83.5 !,.,-

6.3- 30.8

*8.2

3.1 o01
I-

* 3.3 t ,1.1

. 13. 2. 36.8 43.8 50.8 .3 3.3 3.2 3.4 3.6 3.0 1.6 1.2
MEAM N UL SrlEUS, ile XIRIL STRAZN, PCT

19.19 69.9

G, 6.4 .4,.,
.

36

ra. al...
ii

.0 I. 1 .2 6.3 1.4 6.3 6.6 3.6 .2 3.4 0.6 8.0 1.3 .2
Cfeaf eve MM NOWL 3TIP33, f MPG Ml. TRMIN, PCT

PLATE 71



33.6 MB SAND TEST DNA 28

* DenOtty a. .moldods 1.735 go'c

COMPOSITION PROPERTIES AT END OF BPS
Not dofttyl 2. 3IN poos80Wate Hocoonteonts 19.4 Pat

Dry donoty 1.759 ,o
I5.13 Vold ratio: 9.152

PRESSURES AT ED0 OF BPS, Pi
Confining peooouees 3.14

Po pressure 3..0

6.3 1.8 2.3 3.8 4.3 5.3 6S.
VOLWMTRIC STRIN, PC?

1.2 33.3

1.0 85.0

.6 15.8

3.4 1

3.2 -o

• .0 l-- ---' o:., : _-
0. 5., ,1 15.3 8 2, 25.0 38.3 3.3 3.5 1. 1.5 2., 2.5 3.0

MEAN NORM STIRISS. Pm AXRL STRAIN, PCT

ca

0.4

1.2 3.

I A
8 .4-,1.

8.8 9.9 1.8 1.S 2.3 8.9 3.8 .3.5 1. 1.5 8 2.S 3.9

effective HN4 NORMAL. SU1R , mPa AIF. STRIIN, PCT

PLATE 72
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** * MB SAND TEST DNR 29

SDensity as romldeds 1.727 @weeoo

CONPOSIT ION PROPERTIES RT END OF BPS
Not doe I ty 2.0O @wee48.8 Wate oonont: 19l.5 Pot

Dry density. 1.755 Go.OO
Vold ratios 1.51

PRESSUJRES AT END OF BPS. lP
Confining proeeuri 3.21

Par. pOeOurOI 3.8

"U.
3.3 1.3 2.3 3.3 4.8 5.8 1.3

VOLUIMETRIC STRAIN, PCT

3.83 63.3

{ ... ~..°

2.3 -4;1.0

1. 

39.51.3 - L'S28.
m~~ I. !.

. 1. 2 3.4.88. 8.2 0.4 3.6 3.8 1.8 1.2

MN NOMM STREW MP% AXIAIL STRAIN, PCT

2.5 a4O.4 3

.. -. 8"

..5 138.0

" .:. 1.8 1.5 2.8 2.5 3. 1 .: 0. 4.4 0.8 *.0 1 1.2

'Effeot olo MN INmNP SES NS, NPe AXIAL STIN, PCT

PLATE 73
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V

1.1 MB SAND TEST DNA 15
Deneity as remoldeds 1.719 emIoo

COMPOSITION PROPERTIES RT END OF BPS3,Wet donsitys 2.O69 as/Go
411.8- Nter contents 26.6 pot

Dry donaltyi 1.746 go/o
Vold ratios 6.53

1310*0 - PRESSURES RT END OF BPS, MP&

12._ Confining pressures 3.t1
Pate rprssurs 3.64

8 1.9 2.8 3.8 4.8 5.O 4.8

VOLL"ETRIC STRAIN, PCT

2.5 i5 L

,~2.6

aa

1.0 x2 t8.0 •  ! ! , , 1 --

0. 1 •. •. 3 .9 4.9 $8. 68i.11 0.0 0.5 1 .8 1.5 2.0 2.5 3.0
MEAN NORM'AL o MlPs RXIRL STRRIN, PCT

3.0 3o.6
2.5 .25.0 !

2.6 .26.60

1.5 115.8
1.0

k el a OLi I : I9.6 1.8 2.9 3.6 4.6 5. 6.6 9.9 4.5 1.8 1.5 2.0 2.5 3.8

Effective MEAN NORAL STREM, MP% AXIAL STRRIN, PCT

PLATE 74
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61.f- M SAND TEST DNA 16
•* Density ae poolded8 1.721 Saes
;5.9 COMPOSITION PROPERTIES AT END OF BPS

Wt dineltys 1.23 @woo
46.8 -Nater ontent, 20.3 pot

Dry doneltys 1.731 goec
3.8 - Votd ratio$ 6.54

PRESSURES AT END OF PS, MPa
-g. Confining pressurel 3.67

Pare pressures 3.64

~1 .6 
'

6.6 1 1 . *I - I-

8.6 1.6 2.6 3.6 4.0 5.8 6.8
VOLUMETRIC STRRIN, PCT

3.8- 68.8

2.5 *54.8

1.5 30.L

l1.6 8.

I.G :~ ,1i28 & 6. 48. 5. :. 0. .2 0.4 0. aI.6 1.0 1.2
MEAN NORUIL SRS.HRILSFR C

3.6 -36.86

2.5 -- 0250 •

2.6 .28.8

I..

'G. 1. 2.8 3.6 4.0 5. 6.9 9.8 4.2 8.4 4.6 0.O 1.0 1.2
Effeative MCAN NOR. IOTLIR HPe AXIAL STRrIN, PCT

PLATE 75
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