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O
1. INTRODUCTION

During the period 13 March through 7 July 1981, Woodward-Clyde Consultants
(WCC) conducted a Soil Borir:g and Testing Program on the fill materials and
natural foundation soils in various areas at the Consumers Power Company (CPCo)
Midland plant - Units 1 and 2. This report describes the scope of the boring andi

sampling program and the subsequent laboratory testing program for the fill
materials at the Diesel Generator Building (DGB). In addition, the results of

these programs are presented in the form of logs of borings and both tabular and
graphical data summaries of index property, strength, and cogressibility test-
ing.

-

All strength and compressibility testing have been completed. Tests have
_ been performed on test specimens considered to be representative of the range of

material types and material properties encountered in the DGB borings. The test
results presented herein supercede a similar presentation of results given in our
draft report of 17 June 1981 entitled " Preliminary Test Results, Soil Boring and

\ Testing Program, Diesel Generator Building, Midland Plant - Units 1 and 2".

Corps of Engineer (C0E) personnel continually observed the drilling and
sagling operations in the field. COE and CPCo personnel also visited our

_ Clifton, NJ laboratory and observed laboratory operations, including extrusion
i of tubes, preparation of triaxial and consolidation test specimens, and per-

formance of index and engineering property testing.

2. FIELD INVESTIGATION

Two borings were originally scheduled to bc drilled and samled at each ofr
k- six locations in close proximity to the DGB, as shown on Fig.1. The first of;

{ each pair of borings was designated a " stratigraphy" boring and was to be con-
_ tinuously sampled. These samples were to be processed in a field laboratory and

%
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the data used to help establish the sampling interval of cohesive fill materials
in the second boring, which was designated an " engineering property" boring.

Stratigraphy borings COE-8, 951),10,11,12, and 13 (13R)(2) were drilled,
logged, and continuously sampled through the fill materials (below a depth of 5
to 6 ft) using " undisturbed" sampling techniques. Typically, undisturbed sam-
ples were obtained (and retained) in 3-in.-dia thin-walled tubes using Oster-
berg, Hvorslev, and Pitcher samplers. Stratigraphy borings were advanced a
minimum distance of 5 f t into foundation soils underlying fill materials, and
Standard Penetration Tests (SPT) using a split-barrel sampler were performed in
the bottom 5 ft of the borings.

Following processing of the stratigraphy boring tubes in the field labor-
-

atory, the sanpling intervals in the en were selected.
Engineering property borings COE-9A(3) gineering property boring:,10A,11A,12A (128)I4), and 13A (13B)(4)
were typically drilled within about 3 ft of their counterpart stratigraphy bor-

,

ings. These ~ borings were logged and the cohesive fill materials were contin-
!

uously sampled in 3-in.-dia thin-walled tubes using Osterberg and Pitcher sam-
plers. Scheduled engineering property boring COE-8A was not drilled because
cohesive fill materials were not encountered in ctratigraphy boring COE-8.

Several borings (COE-9,12B,13, and 13B) encountered obstructions (e.g.,
- concrete footings) and were relocated and redrilled. -All stratigraphy and engin-

eering property borings were properly closed, either by installation of an obser-
_ vation well or by grouting the borehole from the bottom to the ground surface

with a bentonite-cement grout.

W
| Boring COE-9 was drilled as a stratigraphy boring, but the resulting samples
. . were processed as if the boring were an engineering proparty boring (see

footnote 5).
(2) Boring COE-13R was a redrill of boring COE-13 which encountered an obstruc-

- tion.
.

(3) Boring COE-9A was drilled and sampled as described for stratigraphy bor-
ings.

~ (4)
Borings COE-12B and COE-13B were the initial attempts to drill borings COE-
12A and COE-13A, respectively.

O
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Pertinent details of the drilling, sampling, and closing of the strati-
graphy and engineering property borings at the DGB are summarized in Table 1.

~
Synthesized logs of borings COE-8 through COE-13B are presented in Figs. A-1
through A-14 in Appendix A in the boring-nu@er order listed in Table 1. These

synthesized logs are based on the WCC drilling inspectors' original field boring
logs. As such, the logs present descriptions of soil strata encountered in the
boreholes and pertinent details of the drilling and sampling operations. Results
from subsequent laboratory testing have been used only to refine the locations of
strata changes that occurred within the intervals samled. Abbreviations used on

,
the logs are listed in Table A-1 in Appendix A.

3. LABORATORY INVESTIGATION
.

Index property testing included processing of tube samples and deter-
-

minations of density, water content, consistency (pocket penetrometer), liquid
and plastic limits, particle-size distribution, and specific gravity. 5trength
testing included isotropically consolidated-und ained triaxial cogression tests.

with pore water pressure measurements (G) and anisotropically consolidated-+

s

undrained triaxial cog ression tests with pore water pressure measurements
( N ). Compressibility testing consisted of one-dimensional consolidation tests
with an unload-reload cycle.

.

Index property, strength, and comressibility testing were performed as
described in a memorandum dated 11 April 1981 from Mr. D. M. Hendron (WCC) to the

attendees of the 1 April laboratory work plan meeting in Savoy, IL, and in our
letter to CPCo dated 14 May 1981 from Dr. H. M. Horn (WCC).

Index property testing was performed on samples of granular and cohesive
fill materials from both stratigraphy and engineering property borings.

_

Strength and compressibility testing, however, were performed only on high-
quality samples of cohesive fill materials from the engineering property borings

u
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andfromstratigraphyboringCOE-9(5) Samples from damaged tubes, or those that.

were otherwise obviously disturbed, were not used for engineering property test-
ing.

- Samples from stratigraphy borings COE-8, 10, 11, 12, 13, and 13R were
- processed in the field laboratory for stratigraphy data, photographs, and some'

index property tests (density, consistency by pocket penetrometer, and wat6r
, content). Additional index property testing (liquid and plastic limits and

particle-size distribution) was later completed in the Clifton laboratory.
.

Laboratory test results from both the field and Clifton laboratories are
presented by boring and by test type in both tabular and gra-hical forms as

- subsequently described.

3.1 Index Property Testing.

.

Index property test results and other pertinent data are listed for borings
COE-8 through COE-13B in boring-numoer order in Tables B-1 through B-13 in

d Appendix B. The tube densities reported in these tables were calculated assuming
'

the sample diameter was equal to that of the inside diameter of the sampling
tube. Where two densities are reported, the larger value was calculated assuming

'

the sample diameter was equal to that of the inside diameter of the cutting edge
- of the tube. A list of abbreviations and symbols applicable to the laboratory

testing data is included in Table B-0.
.

. The index property data are plotted by boring to create index property
profiles as presented on Figs. B-1 through B-13. Classifications of soil strata

N
Because of the possibility that engineerir,g property boring COE-9A might
not be drilled due to space limitations, tube samples from stratigraphy-

boring COE-9 were not extruded in the field laboratory, but were transported
i

L
to the Clifton laboratory for processing and subsequent testing. Boring
COE-9A, however, was later drilled and sampled. Both borings COE-9 and COE-
9A, therefore, have been considered as engineering property borings, and

_ engineering property testing was performed on samples from both borings.

Woodward Clyde Consultants
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3
(Q are based on pertinent index property testing unless noted otherwise. The

locations at which triaxial and consolidation test specimens were selected are
noted at the right margin of these figures. A legend illustrating soil symbols
and test designations is presented in Fig. B-0.

All tube samples have not been extruded and processed for stratigraphy and,

index property testing. Accordingly, gaps exist in the Index property profiles
and in the locations of some strata changes. Tubes that have been extruded and

processed are noted by a solid vertical bar at the right margin of the profile
,

figures. Gaps where no sampling was attempted or where a sample was not re-
covered are indicated, respectively, as "no sample" and "no rec.".

"

Particle-size distribution data for selected sieve sizes are summarized in
Tables B-1 through B-13; complete particle-size distribution curves and des-

-

criptions for 97 fill specimens from the DGB borings are presented in boring-
nurrber sequence on Figs. C-1 through C-12 in Appendix C.

--

0 3.2 Strength Testing

Strength testing included one series each of G and N triaxial compres-
sion tests performed on specimens of cohesive fill from the DGB borings. In all
but one case, test specimens were selected from high-quality samples within the
elevation range (el. 628 to el. 618) requested by Dr. A. J. Hendron, Jr. (see our

i letter of 14 May 1981 from Dr. H. M. Horn); one M test, however, was pr.rformed
-

on a test specimen from el. 617.2.

I A series of five M triaxial tests was performed on cohesive fill specimens
consolidated to pressures ranging from 0.7 to 8.2 ksf. In addition, a series of,

; six M triaxial tests was performed on similar cohesive fill specimens. These
N tests were anisotropically consolidated at an effective principal stress

j ratio (ke" Ic/ 3c) f approximately 1.9 and at maximum effective principal
"

consolidation stresses (E ) f about 1, 2, 4, 8, 12, and 16 ksf. Strength testlc
results are presented in both tabular and graphical forras in Appendix D.

^

L
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Results of EIU and CAU triaxial testing are summarized, respectively, in
Tables D-1 and D-2, and are presented graphically in Figs. D-1 and D-2. The

graphical presentation includes a series of four plots (a, b, c, d) for each test
type. Stress-strain characteristics are presented in the first figure (a) of
each series, and include deviator stress, obliquity (principal stress ratio),

'

and A-factor plotted vs axial strain. A sketch of the specimen at test com-
pletion is also included. Stress paths are presented in p-q diagrams in the
second figure (b) of each series. In the third figure (c), Mohr circles are
plotted on a Mohe-Coulomb diagram of shear stress vs effective normhl stress. In

, the fourth figure (d), the shear stress on an assumed failure plane is plotted vs
the effective normal consolidation stress on the assumed failure plane; assumed

0materialpropertiesareI=30 and c = 0.
v

As shown in Tables D-1 and D-2, fai' lure characteristics have been sunnarized
' '

for conditions of both peak deviator stress and peak obliquity. These conditions
are noted by small arrows on the sDess-strain characteristics plots ("a" fig-'

ures). The condition of peak obliquity is noted by a solid (filled in) symbol on-

] the p-q diagrams ("b" figures). Mohr circles are plotted in the "c" figures only
for the condition of peak obliquity. The undrained strength data in the "d"
figures are presented for the conditions of peak deviator stress or the deviator
stress at approximately 20 percent axial strain, as applicable.

'

The strength envelope plotted in the p-q diagram ("b" figure) is that
~

determined by a linear regression analysis using all data points for the condi-
- tion of peak obliquity (i.e., solid symbols). The slope and intercept (i and a)

of the regression line on the p-q diagram were then mathematically converted to
the slope and intercept (i and c) of the strength envelope of the Mohr-Coulomb
diagram ("c" figure). For the condition of peak obliquity, the CW test results

0
; ;_ indicate I = 32.5 and c = 0.06 ksf, whereas the TA[I test results indicate

0
,

T = 31.3 and c = 0.15 ksf.

L

L
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Detailed supporting data for the G and M triaxial tests are presented in 1
,

boring / sample-number order in Appendices F and G, respectively. Tnese sup-
'

porting data include copies of the original laboratory data sheet used for set up
and take down of triaxial tests (front of form WCC L-202) and the sumary
calculation sheet for triaxial tests (back of form WCC L-202). Also included are
copies of the computer listing of the recorded test data (piston displacement,
piston load, and pore water pressure), followed by the printout of computed test
results.

I

3.3 Comoressibility Testing

Compressibility testing consisted of performing 27 one-dimensional consol-
idation tests on specimens of cohesive fill from the DGB borings. Test specimens
were selected to be representative of the types and ranges of cohesive fill
materials recovered from the borings, es well as to be spatially distributed
among the DGB borings and throughout the depth of the cohesive fill. In general,-

at least one consolidation test was performed for each tube that contained high--

quality sam les of cohesive material. Sagles from damaged tubes, or those that
were otherwise obviously disturbed, were not selected for testing.

Consolidation testing included nominal 8-hr loading increments, an unload-
reload cycle, and maximum loading to 64 tsf (128 ksf). Compression ratios and,

other pertinent results of the consolidation tests are summarized in boring-
number order in Tables E-1 through E-7 in Appendix E. Consolidation character-

"

istics are presented by boring in Figs. E-1 through E-7, and include volumetric
strain (c ), coefficient of secondary cogression (c ), and coefficient of con-y a
solidation (c ) plotted vs log of applied pressure (in tsf).y

t Detailed supporting data (form WCC L-302) for each consolidation test are

presented in Appendix H in boring / sample-number order. In addition to the para-
meters tabulated and plottea in the tables and figures of Appendix E, the sup-

~

porting data in Appendix H include calculated coefficients of permeability (k)
and void ratios (e).

O
._,_ .ci-. c_,t.
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TABLE 1
Soil Boring Details

Diesel Generator Building

Surface Bottom No. of
Boring Date Date Depth Elev. Elev. Drill Samples
Number Started Finished (ft) (ft) (ft) Rio U/D* Notes

_

COE-8 20 April 21 April 40.4 634.2 593.8 CME-55 18/2 a, d

COE-8A j- - - - - - -

COE-9 22 April 23 April 23.4 634.0 610.6 CME-55 8/1 a, c, d, f,

COE-9A 5 May 6 May 41.4 634.0 592.6 CME-55 17/3 a,e,f
i COE-10 15 April 16 April 42.5 633.9 591.4 B-56 13/3 s, e

COE-10A 27 April 27 April 23.0 634.0 611.0 B-61 5/0 b, d

COE-11 13 April 14 April 38.0 633.5 595.5 B-56 15/2 a, d,

COE-11A 4 May 4 May 29.1 633.4 604.3 B-61 8/0 b, e

COE-12 14 April 15 April 40.0 633.6 593.6 B-61 12/5 a, d

COE-12A 23 April 24 April 39.0 633.6 594.6 B-61 10/0 b,e,g
COE-12B 23 April 23 April 8.3 633.6 625.3 B-61 1/0 b,c,d,g
COE-13 21 April 22 April 11.9 633.6 621.7 B-61 4/2 a,c,d,h
COE-13R 22 April 23 April 47.6 633.6 586.0 B-61 16 /3 a,d,h
COE-13A 2 May 1 May 47.5 633.5 586.1 B-61 12/0 b, e, i

COE-13B 30 April 1 May 17.2 633.5 616.3 B-61 4/0 b,c,d,i

U/D = Undisturbed sampler (thin-walled tube)*

Disturbed sampler (auger, split-barrel)
'

NOTES:

a) Continuous sampling through fill; advance Sr ^ ole minimum 5 ft into founda-
tion soils

b) Continuous sampling of cohesive fill materials only-

c) Hit obstruction before completed; boring was redrilled
d) Borehole closed by grouting
e) Observation well installed
f) COE-9A was considered redrill and continuation (below 23.4-ft depth) of COE-9

"

(
g) COE-128 was first attegt to drill COE-12A
h) COE-13R was redrill of COE-13
i) COE-13B was first attempt to drill COE-13A
j) COE-8A was not drilled because cohesive fill materials were not encountered

in COE-8

.
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'2hBLE A-1

BORING LOG ABBfCVIATIONS
|

Samplers

HR High Recovery Core Barrel, 4" (ID) X 5 1/2" (OD)
,

ES Hvorsley-Type Sampler
OS Osterberg Sampler

PQ3 PQ-size Triple-Tube Core Barrel, 3 1/4" (ID) X 4 3/4" (OD)
PS Pitcher Sampler

-

SS Split Spoon (Barrel) Sampler
TW Thin-walled (Shelby-type) Tube

bbl Barrel
CFA Contint9us Flight Auger

cont Continued
dia, $ Diameter
dk Dark
in., " inch
ft, feet'

ID Inside Diameter
lb Pounds
it Light
min Minutes
N Standard Penetration Test Resistance

On
N/A Not Applicable
NX Drill Rod Size--Outside Diameter 2-3/8 in.
CD OutsiSe Diameter
OK Acceptable
P.P. Pocket Penetrometer
PSI Pounds Per Square Inch

! 5 Sample (such as S-4)
See Seconds

'

Temp Temperature
Thenn Thermometer
tr Trace
TSF Tons Per Square Foot
USGS United States Geological Survey (elevation datum)
V. Very

w/ With
F-C Fine-Coarse
MED. Medium
F-M Pine-Medium
N North
S South
w West

'

"J East

> Greater Than
< Iess Than
~ Approximate

.
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l

1.2 STRENGTH TESTS |

'

l.2.1 UNCONSOLIDATED

PP Pocket Penetrometer

TV Torvane
.

LV Labvane

CP Cone Penetration
_

UC Unconfined-Compression Triaxial Test

UU or Q Unconsolidated-Undrained Triaxial Test

1.2.2 CONSOLIDATED-TRIAXIAL: INDIVIDU7.L SYMBOLS

C Consolidated

CI consolidated Isotropically

CA Consolidated Anisotropically along a given
,

stress path

CK Consolidated Anisotropically along a K
0 stress path

U Undrained loading
(}

D Drained loading

U-C Undrained loading in compression

U-E Undrained loading in axpension
'

With Bar or Undrained lofeling with pore water pressure
measurements

Cys Cyclic triaxial strength test

cyp Cyclic triaxial property (moduli and damping)<

test

O
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l.2.3 CONSOLIDATED-TRIAXIAL: COM3INED SYMBOLS

CIU-C Isotropically-consolidated undrained triaxial( compression test without pore water pressure
measurements

CIU-C or CIU -C Same as above but with pore water pressure
~ measurements

'

CE{U-EorCKU-E Anisotropically (Ko)-ce solidated undrainedg
triaxial extension tes with pore water
pressure measurements

'
CAU-C or CAU -C Anisotropically-consolidated undrained

triaxial compression test with pore water
pressure measurements

'

CAD-C or CAD -C Anisotropically-consolidated drained triaxial
compression test with volume change measurements

cyp-CIU Cyclic trinxial property test with isotropic-'

consolidation and pore water pressure measurements

Cys-CAU Cyclic triaxial strength test with anisotropic-
consolidation and pore water pressure measurements

cyp-CIU-C Cyclic triaxial property test with isotropic-
consolidation, pore water pressure measurements-

( and post cyclic undrained loading in compression
(post cyclic monotonic loading)

, i

r

i

1 's
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1.2.4 CONSOLIDATED-SIMPLE SHEAR (DIRECT SIMPLE SHEAR) :
INDIVIDUAL SYMBOLS

; DSS Undrained simple shear test with Ko consolidation
i

i S- or a- Shear stress applied during consolidation !

!

Cys- Cyclic undrained simple shear strength test
..

cyp- Cyclic undrained simple-shear property (moduli
.,

and damping) testj
.

-U Undrained Icading after undrained cyclic loading

1.2.5 CONSOLIDATED SIMPLE-SHEAR: COMBINED SYMBOLS

S-DSS or a-DSS Undrained simple shear test with Ko consolidation
and shear stress applied during consolidation

CyS-DSS Cyclic undrained simple shear strength test

cyp-DSS-U Cyclic undrained simple shear property test with
post cyclic undrained loading (post cyclic
monotonic loading)

1.2.6 CONSOLIDATED DIRECT-SHEAR

) DS Consolidated drained direct shear test,

DS-R Consolidated drained direct shear test with
loading to obtain residual shear strength

, .

.

W

I.
,

!

!
|

!

|
|

|

O
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2.3 JNDEX PROPERTIES
i

W Water Content

W or W Initial or " natural" water cnntent

w rW Water content after consolidation or test
e f

or W Water content at maximum induced consolidation
,, x c.m stress

Initial dry density (mass)
Ydo

Initial total density (mass)
Yto

Dry density (mass) after consolidation or
YdfYde or test

Total density (mass) after consolidation orY rYtc tf test

Dry density (mass) at maximum induced con-Yd'm solidation stress

Total density (mass) at maximum inducedYt'm censolidation stress
.

Y #T Saturated density
sat s

Submerged (buoyar.t) density"Ybysub

W or LL Liquid limit'

3

W or PL Plastic limit
P

I or PI Plasticity index
p

I or LI Liquidity index
g

t
W Optimum water content - compaction test
opt

Maxf mum or optimum dry density (mass) -

Y or Ymax opt compTetion test
| Minimum index density (mass) - relative

Ymin density test

Maximum index density (mass) - relativeY ,,x density test
_

|
D Relative density
r

'O,
-

|

Table B-0
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1.3 INDEX PROPERTIES (continued)

Percent compaction
Rg

Specific gravity of soil solids (particles)G, or G
Apparent specific gravity of soil solids

G, (particles)

Salt content or desolved solids contentSC
4

Void ratioe

Degree of saturationS

Porosityn

Gas contentNg
Volume of solidsV,

' Volume of waterV,
Volume of airV,
volume of voidsVy
Height of solids'

H,
Pocket penetrometer reading (undrained com-

PP pressive strength)
| Torvane reading (undrained shear strength)

TV

i Subscript notation associated with relative density,NOTES - (1)' void ratio, degree of saturation, etc.
a) subscript (0) indicates initial conditions
b) subscript (c or f) indicates conditions after

consolidation or test.

c) subscript (,m) indicates conditions at maximum
induced consolidation stress

A (-) or ( ) over or after these symbols indicates(2)
that the dats has been corrected for dissolved solids(such as salt) contained in the pore fluid.

O
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Page 7 of 18

-

-- .- .. __ _-_ _ _ _ __ ,____ __. _ ,. __ _ _ __



. _ . - - . . - _ _

| !
i

1.4 SPECIMEN DIMENSIONAL PROPERTIES |

IH or L Initial 1. tight / lengthg g

H or L Height /lenfth after consolidationg c

Ef,L, H rg Height / length after test
f T

A
~

Initial area
'

,

A Area after consolidationc

A, Area measured after test
f

V Initial volume

V Volume after consolidation

V Volume after test
f

AL Change in height / length during consolidation

AL # Ob Change in height / length at maximum inducedex c,m consolidation stress

I Change in height / length during loadingAh or AHT
AV Change in volume during consolidation. g

AV cr AV ""9" "* ""* * "" """ " #* "*
max c,m dation stress

f

AV Change in volume during drained loading
T

av Volume change measured

AV" Volume change calculated based on change in
height*

,

!

W or W T tal weight (mass)T.

W or W Initial total weight (mass)
To

W, Dry weight (mass)

W, Weight (mass) of water

W or W ,c Total weight (mass) after consolidation
c . or test

AW # 0 Change in total weight (mass) duringc Tc
consolidation

O
Table B-0
Page 8 of IB

_ _ _ _ _ _ _ . . _ _ _ _ _ _ . . _ _ , . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ - - _ - _ _ _ _ _ __ _ _ . _ _ _ _ _ _



.

1.5 STRESSES

Cell pressureo

Effective isotropic consolidation stressF or o'

Effective isotropic consolidation or minorF or o3o 3e principal consolidation stress if principal
stresses during consolidation are different,

. Effective major principal consolidationF # "Iclc stress ,

Vertical effective stresso or ay y

Horizontal effective stresso or a hg
Principal stress difference (deviator stress)# #o 3, v h d

~

y

H /6 # U /0 Principal stress ratio (obliquity)
y 3 I 3

Peak shear stress - (o - o )/2q

Average principal stress - (F + c )/2'
y 3p or p

Average principal stress after consolidation
P or oc p

P or F Average principal stress at maximum induce
max P,m consolidation stress

o, or 5, Jean principal stress - (F + 2 F ) /3h

o or P Mean principal stress at maximum induced
m,m m,m consolidation stress

Maximum induced vertical consolidation#max v,m stress

Consolidation principal stress. ratioyg/FK or o 3eg

Coefficient of earth pressure at reat orK reciprocal of consolidation principal
stress ratio| <

,

consolidation shear stress ratio - simple
e/3a or T vc shear test

[
'

y Backpressure

!

O
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1.5 STRESSES (continued)

Pore water pressureU

AU Change in pore water pressure

Over-consolidation Ratio
OCR_

'

.

S Undrained shear strength
u

Undrained compressive strength
Gu

Total stress cohesion intercept -c
Mohr envelope

e
Effective stress cohesion intercept --

c or c
Mohr envelope

,

Total stress angle of internal friction -
9 Mohr envelope

Effective stress angle of internalf

F or 9' friction - Mohr envelop:

Total stress cohesion intercept -' a
q - p envelope

Total stress angle of internal friction -
a

O q - p envelope
Effective stress cohesion intercept -a or a'

' q - p envelope;

Sffective stress angle of internal friction -a or o'
q - p envelope

I or d' Effective stress angle of external friction
(between soil and another material)

-

: r
' ' Mohr envelope

i

O
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1.6 STRAINS

-

:
Axial strainc,
Volumetric straincy

Radial straincr-
Axial strain at end of consolidationc # Cac a,c
Change in axial strain during consolidationoc or oc ,c incrementac a

Axial strain at maximum induced consolidationc # Ca max a,m stress

volumetric strain at end of consolidationc or cyc y,c
Change in volumetric strain during

Ac or oc
vc V,c consolidation increment

Shear strain
Y

Axial strain at end of test
c or c
f T

V lumetric strain during drained test
c or cg vT

Axial strain ratec a

h Shear strain rate
Total axial strain during testing

at (consolidation plus loading)c

Total volumetric strain during testing
c

I

i

i

'

O
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1.7 MODULI

E Young's modulus
i<

|

Young's secant modulus
| Es
,
, Y ung's tangent modulusE

t_
Young's modulus from cyclic triaxial test! E

PP and based on peak to peak measurements

Shear modulus - secantG

Shear m dulus - tangentG
t

Shear modulus from cyclic simple shear
G

PP test and based on peak to peak measurements

Poisson's ratioy

!

i i

i

f

i

i

t

e
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1.8 BY TYPE OF TEST

1.8.1 CONSOLIDATION

OC mpression index
c

Coefficient of consolidationcy

r -
Primary compression ratio
Coefficient of secondary compression

e# or c" or rate of secondary compression

Compression ratio - Ac /A log Fy y
CR

Recompression ratio
RR

Swelling ratio
SR

Maximum past consolidation pressure (stress)
E F or P or maximum induce consolidation stressmax, v,m e

Time for 90% primary consolidation (square
t90 root fitting method)

efr 0% priman consolidadon (log
t
SO fitting method)

Final dial reading
d
f Initial dial reading from fitting method,

d,
Initial dial reading corrected for

d' compressibility of stones and filter paper0

Dial reading at 100% primary consolidation
d100

Dial reading at 90% primary consolidation
d 90 D al reading at m priman consondadon
d50

O Table B-0
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1.8.2 TRIAXIAL

Actual load applied to test specimen
P,

Measured load applied to loading rod
P" (piston)

Load correction .

P[ ,

Load measured prior to starting triaxial
P test with piston not in contact withmo

specimen during consolidation

Load carried by filter strips
AP,g

Area of loading rod (piston)
Ap

Skempton's B parameterB or B
f

Skempton's A parameterA

Initial diameter of test specimen
Dos

IMal Mameter of der medraneD,g
Initial thickness of rubber membranet,
Axial membrane correction constantx,
Area correction factor during loading

C

Linear variable differential transformerLvDT

i

O
Table B-0
Page 14 of 18,
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1.8.3 CYCLIC TESTING

1.8.3.1 STRESSES / LOADS

1T Cyclic shear stress amplitude

Cyclic deviator stress amplitudeiod

SR or i d/ Cyclic stress ratio - cyclic triaxial test3c

6 or iT/c Cyclic stress ratio - cyclic simple shear test
-

yc

3 min or o'3 min
Minimum effective minor principal stress witho
a given loading cycle - cyclic triaxial test

F or o' *1" Minimum effective vertical stress within a
given loading cycle - cyclic simple shear"

test
,

CR or a Effective confining ratio - cyclic triaxial test
3 min 3c

CR Effective confining ratio after cyclic loading -
# cyclic triaxial test

VCR or Effective vertical confining ratio - cyclic
vmin vc simple shear test

!

VCR Effective vertical confining ratio after cyclic
# loading - cyclic simple shear test

Deviator stress in compression
de "d,co #

Deviator stress in extension
de "d,e#

OCR Overconsolidation ratio resulting from cyclic
cy- loading

OCR tr 00(
Maximum OCR resulting from induced OCR and cyclic

max loading - (OCR X OCR )

O
Table L-0
Page 15 of 18
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1.B.3 CYCLIC TESTING (continusd)

Effective vertical consolidation stressf) o
J V'"Y after cyclic loading

Average principal stress after cyclicpcy loading - cyclic triaxial test

+ P' Load amplitude - cyclic triaxial

P Measured peak load in compression -
c cyclic triaxial

P Measured peak load in extension - cyclic
* triaxial

Measured peak to peak load - cyclic triaxialP

+P Horizontal load amplitude - cyclic simple
h shear-

Peak forward horizontal load - cyclici P , or P3'f simple shear3'

P or P Peak backwards horizontal load - cyclic
hb h,b simple shear,

AU Peak positive change (increase) in pore
P pressure - cyclic triaxial test

AU Peak negative change (decrease) in pore
D pressure - cyclic triaxial test

AP Peak change in ver'ical load - cyclic
v simple shear

Percent deviation in measured compressionD load from programmed load - cyclic triaxiale
,

!
Percent deviation in measured extension

D* load from programmed load - cyclic triaxial

Percent deviation in measured forward loadD
I from programmed load - cyclic simple shear

Percent deviation in measured backwards loadDD from programmed load - cyclic simple shear'

t

-

,

Table B-0
Page 16 of 18
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1.8.3 CYCLIC TESTING (continund)

1.8.3.2 STRAINS / DEFORMATIONS

O Peak-to-peck (double amplitude) axialc
PP strain - cyclic triaxial test

Peak axial strain in extension -c
Pe cyclic triaxial test -

,,

c Peak axial strain in compression -
Pc cyclic triaxial test

pp/2 Median cyclic axial strain -+cc, or tPc cyclic triaxial test

+c, or cpp/2 Axial strain amplitude -
cyclic triaxial test

y Peak-to-peak (double amplitude) shear
PP strain - cyclic simple shear test

Peak shear strain forward -yfP cyclic simple shear tert

Peak shear -train backwards -ybP cyclic simple shear test

+y Shear strain amplitude - cyclic test

y, or y , + ypp/2 Median cyclic shear strain -
P' cyclic simple shear test

AL Peak-to-peak deformation within given
PP loading cycle

AL Peak-to-peak deformation of steel calibratio!
lCY * cylinder - cyclic triaxial test

,

1.8.3.3 MISCELLANEOUS

l N Number of loading cycles

CF Correction factor for equipment
compressibility

1 Damping ratio

|
LF Factor of safety cgainst applying a tensile

,

stress (liftoff of loading platens)

TSF Deformation trace scale factor

f MTS MTS Systems Corporation Loading System.

O
Table B-0
Page 17 of 18
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1.8.4 PERMEABILITY

k Coefficient of permeability or hydraulic
conductivity

k Vertical permeabilityy
_ .

k Horizontal permeabilityh
h Head

; h Initial heado

h Final headf

i Hydraulic gradient

k Permeability corrected to 20 C20 C

k '200C v# 9 20 C Vertical permeability corrected to 20 C,

v

k '20 C rk 9 20 C Horizontal permeability corrected to 20 Ch h

1.8.5 SONIC VELOCITY

() y Poisson's ratio

V velocity of compression wavep

V, velocity of shear wave

1.9 MIDLAND UNITS 1 AND 2 PROJECT SPECIFIC NOTATION /SY.MBOLS

HR High Recovery Core Barrel, 4" (ID) X 5 1/2" (OD)
HS Hvorsley-Type Sampler
OS Osterberg Sampler
PQ3 PQ-size Triple-Tube Core Barrel, 3 1/4" (ID) X 4 3/4" (OD)
PS Pitcher Sampler
SS Split Spoon (Barrel) Sampler
TW Thin-walled (Shelby-type) Tube

Con Consolidation
Spec Specimen
( ) Parentheses indicates an assumed value

-

O
Table B-0
Page 18 of 18
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.29165. 361.5. 9.443
.29962. 364.9. e.429

j A .31251. 372.4. 8.399 ,

I .32571. 379.7. 9.370
L 0.3392. 396.7. 9.342

'

0.3526. 393.0. 8.313 ^j

0.3794. 407.5. 9.255
,

0.3929. 413.9. 9.230
f

<

1 0.4061. 420.1. 9.206 g
. 0.4196. 426.9. 9.177 9

! 0.4461. 439.4. 8.126 ,

6
g 0.4595. 445.7. 8.102 g

0.4729. 451.6. 8.078
0.4961. 457.6. 9.053
0.4994. 463.7e 9.029 n,

0.5127. 469.7. 8.006j

0.5261. 475.5. 7.992
0.5391. 498.1. 7.962 m; ,

' O.5524. 496.9. 7.937
0.5791. 497.9. 7.995
0.5921. 503.0. 7.972 %,
0.6053. 509.5. 7.955
0.6802. 513.9 7.e30
0.6311. 519.9. 7.911 m

#
0.6443. 524.6. 7.790
0.6574. 529.9. 7.772

| g 0.6702. 533.0. 7.753 %
0.6929. 539.6.. 7.734
0.7095. 549.2. 7.696
0.7209. 553.4. 7.678 %,
0.7334. 559.5. 7.660i

t 0.7460. 563.3. 7.641
0.7597. 568.2. 7.625

' * C.7712. 572.7. 7.600
0.7939. 577.1. 7.592

3 0.7966. 581.5. 7.5 7* O.9093. 596.1. 7.560
1 0.9343. 595.7. 7.529

0.9469. 600.0. 7.511
#

0.9597. 604.4. 7.494
| 0.9727. 609.8. 7.479

0.9959. 613.3. 7.464,,

0.9999. 618.1. 7.448
0.9119. 622.3. 7.435
0.9246. 626.9. 7.420 .

,
0.9379. 630.9. 7.404

! 0.9640. 639.9. 7.376
0.9774. 644.1. 7.362 y

|, 0.9907. 649.5. 7.347
1.0040. 653.3. 7.334
1.0177. 657.7. 7.316 0 5g
1.0312. 661.0. 7.299
1.0321. 661.7. 7.301>

1.0447. 665.2. 7.290 gg
a 1.0591. 669.0. 7.272 P

j t.0947. 677.9. 7.244 6

t.0990. 692.O. 7.229 g
I, 1.Ii15. 695.9. 7.216 -

t 1.1249 699.9. 7.203 j
| , 1.1390. 694.1. 7.199 g }

1.1513. 697.7. 7.176,

' t.1648. 702.0. 7.160
1.1729. 704.0. 7.154y y
1.1791. 705.4 7.150
1.1902. 710.5. 7.138

-999. 0.0.0.0
,

-
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THIS IS A CIU TEST. IT HAS BEF" m
. CALCLLATED FY CtWUTER PP iORA1 NO. C-T-1R.6 USING FILE NO. T-229 !
.

PROJ. NO. 91C40SST3 PEvlEWEDPys[- N n ;,
! 90RINO NO. COE-llA DATEe $/5/af 6

SAMPLE NO. S. 4 INPUT DATA CHECFED BYt 1
'

SPECIMEN NO. C n*
DEPTHtFT.) 14.6 TEST NO. ID-371

i ISOTROPIC TYPE OF %ONSOLIDATION
UNDRAINED DRAINAOE CONDITIONS DURINO LOADINO
COMPRESSION MODE OF LOADINO 3p
CONSTANT CELL PRESSURE DURING LOADING

6.0119 INITIAL HEROHT OF SPECIMEN IN INCHES 3p
2.9623 INITIAL DIAMETER OF SPECIMEN IN INCHES

i 633.92 INITIAL VOLLPE OF SPECIMEN IN CU.CM.
'

.3750 PISTON DIAMETER IN INCHES ,n

.5800 WEIGHT OF TOP CAP (NLY IN TONSet0ee-3
1.5000 WEIDHT OF YOP CAP * PISTON + DIAL IN TONSe10ee-3
l.3750 WEIOHT OF TOP CAP * PISTON + DIAL + LVDT IN TONSelose-3i

' p
NO WAS PISTON IN CONTACT WITH SPECIMEN DURING CfMOLIDATION7

.027S MENDRADE THICFMESS IN INCHES
2.7922 NEMleRANE DIAMETER IN INCHES
2.1290 FILTER STRIP CORRECTION CONSTANT AT ,,

2% ARIAL STRAIN IN TONS se 10-3
8.2290 RIGHT CYLINDER DISTORTION FACTOR

*J

PRE-S6 EAR CONDIT10NSB

*
9.9299 CELL PRESSURE IN TSF
7.1929 BACK PRESSURE IN TSr

! .0940 ARIAL DEFORMATION DURING CONSOL. IN !NCHES g,
i 20.57 VOLtn1E CHANOE DURINO CONSOL. IN CU. CM.
1 7.9960 MEASURED ARIAl. LOAD PRIOR TO STATIC LOADING .
' FROM FIRST LINE OF LOADINO DATA IN TONSelose-3 g,

EFFECTIVE STRESSES CORREL TD FOR MEMBRANE AND FILTER STRIPS. ETCs
AIIAL = S.3025 KSFO g

S. = '35 kSFLATERAL =

MEAN = 5.4449 FSF
PPAR = S.4390 FSF gg
LATERAL /AIIAL = 1.0831 ,

AIIAL/ LATERAL 9970=

OCR = 4,49+- gy

7.9960 PISTON DRAO CORRECTION IN TCNS el0ee-3 g. g
8 2000 FILE NUMPER FOR LOAD CELL OR PROVINO RINO

l@0 FILE NUMPER FOR PORE PRESSURE CONVFRSION CONSTANT f
2000 FILE NUMPER FOR CELL PRESSURE CONVER$10N CONSTANT , gg .

NONE FILE NUMPER FOR PISTON FRICTION CORRFCTIrN CONSTANT
YES IS DATA NOMAltlATION RFfMJ1REDT

g DATA NORMALIFFD TO PRFSHFAR STRESSFS Q
WITH HnpH p PAR gr M, q wn W
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A.TRIAX
'A

a THIS IS A Clu TEST. IT HAS BEEN '
'

CALCtLATED BY COMPUTER PROORAM NO. C-T-IR.6 USINO FILE NO. T-222 -

; g PROJ. NO. 9tC405573' REVIEWCD B,Vs
|

'

BnRING NO. COE-13A ' DATE: @'/ N
SAMPLE NO. S-1 ' INPUT DA A CHE FED BViY'
SPECINEN NO. B' ^g
DEPTHtFT.) 10.8- TEST NO. 10-354

#ISOTROPIC" TYPE OF CONSOLIDATION *

UNDRAINED' DRAINAOE CONDITIONS DURING LOADING
COMPRESSION' MODE OF LOADINO 9a
CONSTANT CELL PRESSURE DURINO LOADINO

6.0068* INITI AL, HEIOHT OF SPECINN IN INCHES
2.9578' INITIAL DIAMETER OF SPECIMEN IN INCHES
631.41' INITIAL VOLLME OF SPECIMEN IN CU.CM.
.3750 PISTON DIAMETER IN INCHESp
.5100 NEIOHT OF YOP CAP ONLY IN TONSelOoe-3

1.1000- HEIOHT OF TOP CAP + PISTON + DI AL IN TONSeloss-3
1.3750' 6"ElGHT OF TOP CAP + PISTON + DI AL * LVDT IN TONSe10ee-3g

NO- MS PISTON IN CONTACT HITH SPECIMEN DURING CONSOLIDATION 7

I .0275" MEMBRANE THICKNESS IN INCE S
2.8399* MEMBRANE DIAMETER IN INCHES
2.1280' FILTER STRIP CORRECTION CONSTANT AT *g

21 AX1AL STRAIN IN TONS ** 10-3
1.1130' RIOHT CVLINDER DISTORTION FACTOR

O O

PRE-SHEAR CONDITIONSt

8.5752' CELL PRESSLME IN TSF
7.2000' BACK PRESSLRE IN TSF
.0515' AXIAL DEFORMATION DURING CONSOL. IN INCHES J(' 17.19 " VOLLME CHANOE DURING CONSOL. IN CU. CM.

6.5100 , MEASURED AXIAL LOAD PRIOR TO STATIC LOADING
g FROM FIRST LINE OF LOADINO DATA IN TONSe10ee-3 J

EFFECTIVE STRESSES CORRECTED FOR MFM9RANE AND FILTER STRIPS. ETC8
AXIAL = 2.7141 KSF J

j LATERAL = 2.7443 KSF
e MEAN = 2.7342 KSF

PBAR = 2.7292 KSF O(
LATERAL /AtlAL * 1.0111

' AXIAL /LATERAt. .9890=

g OCR = te e'
I

#

g 6.5100 PISTON DRAO CORRECTION IN TONS *l0e*-3 ef
2000' FILE NLMPER FOR LOAD CELL OR PROVINO RINO

'. 1000* FILE NUMPER FOR PORE PRESSURE CONVERSION CONSTANT j
g 2000' FILE NLMPER FOR Cf'LL PRESSURE CONVERSION CONSTANT e

- NONE' FILE NLMPER FOR PISTON FRICTION CORRECTION EONSTANT
I i YES- IS DATA NnMALIZATION REOUIRED?

g DATA NORMALIZED TO PRFSHEAR STRESSES V
| HITH NORM = P-PAR OF 2.7202 VSF .

..- ~

|
..... _ -... .- . - . - - - . - . . . . . - .
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AXIAL DEVIATOR O9LIQUITY DE1.TA-U A-FACTOR Q P-PAR SECANT TANnENT CEVI ATOR MLTA-U Q P-PAR SECANT

STRAIN STRESS NCRLUS NODttt>S NORM HnRM NORM NORM NORM

Eb % NSF FSF KSF kSF VSF MSF n j

0.0000 .0475 .9661 0.0000 0.0000 .0237/ 1.3707 ' O.000 0.000 .0344 0.0000 .OI72 1.0000 0.0000
.0032 .0134 .9904 .0060 .1750 .0067 1.3099 1052.707 1777.538 .0097 .0044 .0040 1.0000 763.5502

Gb
.0065 .0679 1.0490 .0200 .1735 .0339 1.4163 1777.539 2579.684 .0492 .0145 .0246 1.0273 1209.2P50 rs
.0097 .1539 1.1129 .0300 .1897 .0769 1.4414 2069.970 2397.938 .3116 .0276 .0550 1.0455 1501.3994
.0130 .2226 1.1653 .0560 .2073 .3113 1.457e'2092.735 1665.047 .5615 .0406 .0007 1.0573 1510.6509

db .0162 .2618 1.1971 .0740 .2392 .1309 l.4594 1900.004 1698.999 .1999 .0537 .0950 1.0505 1393.9149 -s

.0195 .3109 1.2366 .08 . .2455 .1555 1.4699 1942.165 1536.702 .2255 .0639 .3128 1.0662 1409.6929

.0262 .3793 1.2953 .lleo .2764 .1997 1.4741 1629.906 1097.539 .2751 .0956 .5376 1.0692 ItP2.2052

et .0284 .4097 1.3222 .3340 .2937 .2044< t.4729'1604.695 1013.399 .2965 .0972 .3402 1.0603 1863.9891 3
.0359 4623 1.3727 .1620 .3177 .2312 1.4716 1419.599 903.070 .3353 .1175 .1677 1.0674 1029.6643
.0392 4069 1.3956 .3720 .3289 .2434 1.4739 1400.206 731.231 3531 .3249 .3765 1.0690 1015.59R5

gg .0414 4989 1.4101 .1960 .3404 .2494 1.4659 1319.726 490.PO4 .3610 .1349 .1009 1.0632 957.2249 s

.0514 .5596 1.4741 .2220 .3656 .2799 1.4603 1898.734 490.356 4059 .3680 .2030 1.0592 037.1362

.0579 .5837 1.5030 .2420 .3034/ .2919 1.4523 1090.948 406.150 4234 .5755 .2117 1.0534 791.2975
og .0633 .6079 1.5352 .2500 .3936 .3040' l.4404'5034.623 406.924 4409 .1971 .2205 1.0506 750.4?40 3

.0743 .6409 1.5933 .2900 .4164 .3244 1.4369 936.962 394.163 4706 .2103 .2353 1.0422 679.5904

.0796 .6706 1.6105 .3040 4233 .3353 1.4339 902.610 339.069 4964 .2205 .2432 1.03*9 654.6989

as .0850 .6049 1.6273 .3100 .4232 .3425 1.4349 e61.216 293.316 4960 .2248 .2404 1.0400 624.6382 3

.0960 .7185 1.6762 .3400 4439 .3592 1.4217 797.720 243.640 .5211 .2466 .2606 1.0312 579.6031

.3025 .7302 1.6952 .3520 .4526 .3651 1.4156 750.749 220.049 .5297 .2553 .2640 1.0260 550.3362

.1000 .7445 1.7169 .3640 4596 .3723 1.4107 733.409 229.556 .5400 .2640 .2700 1.0232 538.9572 3-

.1200 .7698 1.7571 .3900 4757 .3041 1.3905 679.909 217.759 .5571 .2914 .2786 1.0144 493.1373

.3309 .7943 8.7997 4000 .4947 .3975 1.3916 642.990 217.695 .5761 .2959 .2000 1.0094 466.3087

.1429 .8179 1.9359 4240 4899 .4099' 1.3974' 605.535 169.104 .5932 .3075 .2966 1.0063 439.2069 r)%

.1658 .9503 1.9022 4600 .5123 4251 1.3676 541.325 146.794 .6167 .3336 .3084 9920 392.6344

.5791 .9689 1.9378 4760 .5194 4344 1.3609 514.619 162.129 .6302 .3453 .3151 9975 373.2630

.1999 .9973 1.9746 4920 .5262 4437 1.3542 495.161 158.726 .6436 .3569 .3219 .9822 359.1510 r)-

.2117 .9175' 2.0349,f .5160* .5347s/ .4587 1.3452 455.740 125.417 .6655 .3743 .3327 .9757 330.5500
'

.2347 9449 2.0930 .5300 .5421 .4724 1.3370 422.963 119.426 .6854 .3902 .3427 .9697 306.7113

3 .2576 .9723 2.1513 .5500 .5471 4861 1.3307 395.035 05.491 .7052 4047 .3526 .9652 297.1076 gp
i .2696 .9795 2.1669 5640 .5497 .4892 1.2279 300.550 89.393 .7097 .4091 .3540 .9630 276.0206

.2915 1.0064 2.2325 .5960 .5560 .5032' t.3197/361.479 106.934 .7299 .4250 .3650 .9572 262.1972

gg .3374 1.0462 2.3334 .6100 .5650 .5231 1.3076 324.106 e7.129 .7509 4402 .3794 .9404 235.0009 gp

.3604 1.0662 2.3002 .6300 .5656 .5331 1.3057 309.047 B5.547 .7734 .4570 .3967 9470 224.1582

.3843 1.0962 2.4292 .6420 .5662 .5431 1.3037 294.997 66.779 .7879 .4657 .3939 .9456 213.9674

.4302 1.1092 2.5059 .6660 .5757 .5546 1.2912 269.069 53.421 .0045 .4831 4023 .9365 195.0160 gp .gp
4522 1.l217 2.5439 6760 .5701 .5609 1.2974 259.575 59.700 8136 .4903 .4060 9339 197.5499 4

## .5603 1.2949 240.720 64.130 .8244 4976 .4122 .9320 100.4057 :.4761 1.1367 2.5062 .6060 5772
gg .5220 1.1669 2.6654 .7020 .5700 .5834 1.2940 232.627 55.906 .e463 .5092 4231 .9313 168.7290 gp .

.5579 1.1934 2.7139 7120 .5703 .5917 1.2023 220.623 55.915 .eSe3 .5164 .4292 .9308 160.0225 *

#.5941 1.2071 2.7735' .7220 .5753 .6036< t.2942' 211.191 54.300 .8755 .5237 .4379 9314 153.1812
gp .6639 1.2372 2.w ** .7360 .5727 .6196 1.2853 193.510 45.499 .9974 .5339 .4407 .9322 140.3572 (p

.6979 1.25 35 2.9915 .7400 .5696 .6267 1.2994 106.433 43.839 .9092 .5367 .4546 .9352 135.2236

.7327 1.2673 2.9241 .7440 .5657 .6397 1.2923 179.445 40.108 .9192 .5396 .4596 .9374 130.1549
ap .0016 1.2952 3.0029 .7560 .5629 .6476 1.2943 167.507 49.621 9394 .5403 .4697 .9309 121.4966 gp

.0462 1.3207 3.0405 .750n .5539 .6604 1.3051 165.699 42.901 .9579 .5490 .4790 .9466 117.2759

f'
.9043 1.3373 3.0937 7640 .5515 .6687 1.3074 153.136 33.109 .9700 .5541 .4850 9483 111.0729

| | gn 1.0001 1.4035' 3.2250' .7720 .5319' 7017< t.3325*#134.333 41.143 1.0100 .5599 .5090 .9665 97.4342 gp
' 1.1390 1.4299 3.2010 7760 .5250 .7849 1.3457 129.699 34.931 1.0370 .5629 .5t85 .9732 94.0733

1.2579 1.4597 3.3213 .7740 .5133 .7299 1.3597 119.817 27.963 1.0509 .5614 .5294 .9855 96.9055

ep 1.3191 1.4702 3.3732 .7900 .5110 .7391 1.3620 115.754 27.623 1.0722 .5658 .5361 9979 93.9509 gp '

;

i 1.3759 1.4924 3.3655 .7720 .5010 .7462 1.3771 lit.917 27.735 1.0925 .5599 .5412 .9999 91.1760
1 1.4951 1.5293/ 3.4239' .7720 4993' .7646 1.3956 105.462 32.291 1.1092 .5599 .3546 1.0122 76.4936

1.5540 1.5491 3.4552 7720 4032 .7745 1.4055 102.741 31.992 1.5236 .5599 .5619 1.0t*4 74.5203 gp| gg
l 1.6141 1.5672 3.4604 .7660 .4741 .7036 1.4206 100.030 29.109 1.1367 .5556 .5604 1.0304 72.5599
' t.7320 1.6003 3.4909 .7600 4609 .9002e 1.4432' 95.136 31.591 1.1607 .5512 .5004 1.0468 69.0043

gp 1.7999 1.6206 3.4970 .7540 4516 .9103 1.4594 93.196 32.509 1.1755 .5469 .5077 1.0505 67.5*71 gb

1.e490 1.6392 3.5319 .7560 4401 .9191 1.4662 91.let 23.006 1.1983 .5403 .5941 1.0635 66.1355
1.9600 1.6596 3.5499 .7520 .4408 .9299 1.4A09 es.742 27.552 i.2037 .5454 .60i9 i.074: 62.9i 5

LJ 2.0291 1.6019' 3.5752/ .7500 .4333/ .9410 1.4948 e5.274 25.713 3.2to9 .5440 .6100 1.0037 61.8500 dD

, _ ,

2.n95* 1.6on2 3.57?n 74An .4709 .p4ml 1.mo?? p1.3na 27.2?R l.2?"* 9411 .[190 1.0"*A 8 0. d ? l l . , , , __ _,, , , ._ _ _
,
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I DATA FILE IDENT, NO. T-227
2 PROJECT NO. 9tC4035T3 -

-

3 BORINO NO. COE-139
4 SAMPLE NO. 5-1

s
a. 5 SPECIMEN NO. C

6 DEPTH 9.6
7 TEST NO. ID-351
9 FILE 9 FOR LOAD CELL OR PROVINO RINO 2000 g
9 FILE e FOR PORE PRES $URE CONST. 1000
10 FILE O FOR CELL PRESSURE CONST 2000
Il FILE 9 FOR PISTON FRICTION CORRECTION NONE g
12 TYPE OF CONSOLIDATION I
13 DRAINAOE CONDITIONS DURINO LOADINO U

-

14 MODE OF LOADINO C

15 CELL PRESSURE DURINO LOADING C

16 INITIAL HEIOHT OF SPECIMEN IN INCHES 6.0002
17 INITIAL DIAMETER OF SPECIMEN IN INCHES 2.9399
IS INITIAL VOLUME OF SPECIMEN IN CU. (M. 622.796
19 Pl! TON DIAMETER IN INCHES 0.5
20 WEIOHT OF TOP CAP ONLY IN TONSet0**-3 0.51

28 WEIGHT OF TOP CAP + PISTON + DIAL IN TONSel0*e-3 1.27
22 WEIDHT OF TOP CAP + PISTON * DIAL + LVDT IN TONSeI0ee-3 1.595
23 WAS PISTON INTACT DURING CONSOL NO

24 IEMBRANE THICKNESS IN INCHES 0.0275
25 MEMPRANE DIAMETER IN INCtES 2.7793
26 FILTER STRIP CORRECTION CONSTANT 2.129
27 RIOHT CYLsNDER DISTORTION FACTOR 1.291
29 DOES SPECIMEN HAVE AN INDUCED OCR NO

29 CELL PRESSURE IN TSF 0.0
30 BACK PRESSURE IN TSF O.0
31 ARIAL DEFORMATION DURING CONSOL. IN INCHES 0.0
32 VOLUME CHANGE DURING CONSOL. IN CU. CM. 0.0

j 33 APPLIED AXIAL LOAD IN TONSet0ee-3 0.0
34 PRE SHEAR CONDITION - CELL PRESSURE IN TSF 7.5429
35 BACK PRESSURE IN TSF 1.200
36 AXIAL DEFORMATION IN INCHES 0.0175

I 37 VOLUME CHANOC IN CU. CM. 7.995

} 39 PISTON DRAO CORRECTION IN TONSet0**-3 10.365
# 39 SPECIMEN CYCLICLY LOADED BEFORE SHEARING NO

40 SPECIMEN RECONSOLIDATED DURINO CYCLIC LOADING NO
41 SUN (W VOLUME CHANGES DURING RECONSOLIDATION IN CU. CM. 0.0
42 PORE PRESSURE IN TSF 0.0

4

43 TOTAL CHANOE IN HT DURING CYCLIC LOADINO IN INCHES 0.0*

44 OUTPUT UNITS REQU1 RED kSF
45 DATA NORMALIZATION SELECTION 2.0
46 RESULT FILE DESIRED 0.0

DIS LOAD PORE PRESSURE
*

lin.) !!bs) Itsfl

0.01040.20.73.7.233
* .01054. 21.976. 7.234

.01072 24.227. 7.236

.0l091 26.415 7.242 .,

* .01105 29.274. 7.247
.01133. 30.462. 7.254
.01147. 31.202. 7.259 w* .01166. 32.157. 7.262
.01219. 34.34. 7.273
.08255. 35.39. 7.279 v

V
4 .01299. 36.36. 7.296

.01350. 37.79. 7.297

.01396. 39.39. 7.303
g,,, .08433. 39.93. 7.307

* 8 l''' * '
*

,

*.olmon. 39.92. 7.386

i

w
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.34925. 562.9 9.632
#9 .35587. 569.6. 8.626 d'4

1 .16209. 573.2. 9.616
' .16986. 579.4. 9.607
i 8% .19277. 599.O. 9.582 d* '

I .19977. 593.2. 9.570
.19672. 597.6. 9.554,

8h .20050. 607.6. 8.527 88.

.23914 626.2. 8.461
* '.25201. 635.4. 9.425

d4 .26527. 644.5. 9.391 d5

.27900. 653.6. 8.354

.30691. 670.6. 9.291 *

8h O.3346. 686.5. 8.212 db

; O.3493. 692.7. 8.177
0.3622. 700.1. 8.141

ph 0.3996. 714.1. 9.077 84

0.4029. 721.1. 8.046
0.4165. 729.2. 8.013

P' O.4302. 734.9. 7.994 "E'

I O.4575. 749.3. 7.922
1 0.4713. 754.6. 7.995
i 8' O.4951. 760.9. 7.965 89
j O.4990. 767.1. 7.936

0.5264. 779.4. 7.797
j P4 0.5400. 793.9. 7.762 8%
< 0.5535. 799.4. 7.740
I O.5669. 795.0. 7.717

#% 0.5939 906.0. 7.674 P4

0.6072. 841.7. 7.649
0.6205. Steel. 7.631

r 0.6336. 921.5. 7.611 /'

i O.6602, 832.1. 7.570
i O.6731. 936.7. 7.552
'

( O.6961. 942.4. 7.534 '

! O.6990, e47.2. 7.515
0.7251. 956.6. 7.481
0.7394. 860.9e 7.462 *

O.7515. 865.2. 7.446
0.7646. 869.O. 7.427
0.7909. 979.2. 7.396

i O.9041. 992.6. 7.391
0.9171. 986.9. 7.366
0.9303. 990.7. 7.351 '

O.9569. 899.2. 7.323
0.9700, 903.9. 7.308

. ( O.9932. 906.4. 7.296 'I
O.996" . 910.6. 7.292
0.923.. 919.5. 7.255

' C O f3,3. 922.6. 7.243 LJ
0.9511. 926.0. 7.230
0.9646. 929.7. 7.210

i () 0.9921. 936.4. 7.197 kJ
;

1.0061. 940.1. 7.175
I 1.0207. 943.2. 7.161
'

ED 1.0349. 946.6. 7.151 68
! 1.0493. 950.5. 7.140

1.0636. 953.2. 7.1284

Ep 1.0777. 956.0. 7.124 88'

; 8.0919. 959.8. 7.112
'

t.1057, 963.9. 7.102
6# 1.1197. 969.2. 7.094 UD

1.1340 973.5. 7.091i

1.1494. 975.7. 7.076
i (/ 1.1629. 992.2. 7.062 **
j t.3644. 9A2.6. 7.058
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O A.TRIAN

h.n
THIS IS A CAU TEST. IT HAS PEEN A

CALCULATED BY CONPUTER PRonRAM NO. C-T-IR.6 USING FILE" NO. T-207r
PROJ. NO. 91C4055T3 REVIEWED bye FA A
BORINO NO. COE-9 DATEe gJJf81.P SAMPLE NO. S-6 INPUT DATA CHECFED bye Qv p

SPECIMI'N NO. D A
jDEPTHtFT.) 16.9 TEST NO. ID-297r 5

4 [i
ANISOTROPIC TYPE OF CONSOLIDATION USING 45 STRESS PATH i^
UNDRAINED CRAINA0E CONDITIONS DURINO LOADING I

COMPRESSION MODE OF LOADING A
CONSTANT Cell. PRESSURE DURING LOADINO

5.9504 INITIAL HEIGHT OF SPECIMEN IN INCHES 4
2.9509 INITIAL DIAMETER OF SPECIMEN IN INCHES -

e 625.91 IteITIAL VOLUME OF SPECIMEN IN CU.EM. !
.5000 PISTON DIAMETER IN INCHES 4 |
.5100 WE!OHT OF TOP CAP DNLY IN TONSet0*e-3

'

9 1.0503 WEIGHT OF TOP CAP + PISTON + DIAL IN TONSet0ee-31.3735 WEIGHT OF TOP CAP + PISTON + DIAL + LVDT IN TONSet0*e-3 $
VES

WAS PISTON IN CONTACT WITH SPECIMEN DURING CONSOLIDATION 7 ,
4

- 8
.0256 MEMBRANE THICFNESS IN INCHESA 2.7964 MEMBRANE DIAMETER IN INCHES

2.I200 FILTER STRIP CORRECTION CON 3 TANT AT S
2% AXIAa. STRAIN IN TONS ** 10-3

6 8.3300 Rt3HT CYLINDER DISTORTION FACTOR
g

O PRE-SHEAR CONDITIONS 8
9 .

11.4048 CELL PRESSURE IN TSF .

p 7.1856 BACK PRESSURE IN TSF
.I829 ARIAL DEFORMATIOM DURING CONSOL. s1 INCHES G
33.14 VOLUME CHANOE DURING CONSOL. IN CU. CM.

'

g eeFWee
9

18 p e0 MEASURED AtlAL LOAD DURING CONSOL. IN IN TONS el0ee-3O !

EFFECTIVE STRESSES CORMCTEC FOR NEMBRANE AND FILTER STRIPS. ETCe G 1
ARIAL 16.0004 kSF=

g
s. LATERAL. e 9.43I8 FSF

MEAN = 10.9573 K5F G
PPAR = 12.2208 KSF ,

i U LATERAL /AIIAL = .5267 l
j AIIAt./ LATERAL = 1.9906 9 !
g OCR = 1.000 -

s U i
O{

14.1774 PISTnN DRAO CORRECTION IN TONS elose-3 lU 2000 FILE NUMBER FOR LOAD CELL OR PROVINO RINO ,

lon0
FILE NUMPER FOR PORE PRESSUPE CONVERSION CONSTANT O|2000 FILE HUMPER FOR CELL PRESSURE CONVERSION CONSTANTv NOME FILE NUMPER FOR PISTON FRICTION CORRECTIM4 CONSTANT ,

YES IS DATA NOMALIZATION REOUIRED7 O
DATA HnRMALIIED TO PRESHEAR STRESSES

_

g WlT00 (TKQ = 00-rya r7 17,??rt ver _ _
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.26103 299.16. 7.979 .

.27057, 301.79 7.949
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.29991. 314.07. 7.965

.30910. 317.99. 7.936
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O.3444 332.6. 7.729 *p
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0.4059. 356.7. 7.550g 4
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0.4316. 366.5. 7.490 4p
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THIS IS A CAU TEST. IT HAS PFEN '

g'

a
CALCULATED BY COMPUTFR PRNttAM NO. C-T-lR.6 USINO FILE NO. T-223

W ePROJ. NO. 91C4055T3 REVIEWED Vea
,i PORING NO. COE-9A DATES 'h f/

| SAMPLE NO. S-4 INPUT DATA CHECFED BYf M
SPECIMEN NO. 9 mg
DEPTHtFT.) 14.2 TEST NO. ID-390

i

ANISOTRO*1C ' TYPE OF CONSOLIDAtl0N USIMO 45 STRESS PATH
- WORAINED' DRAINAOE CONDITIONS DURING LOADING

W SSION' MODE OF LOADINO %
g

t?s'MTANT ' CELL PRESSURE DURING LOADING

} e67 Y INITIAL HEIGHT OF SPECIMEN IN INCHES m
g

i *@- INITIAL DIAMETER OF SPECIMEN IN INCHES
- T INITIAL VCt.UME OF SPECIMEN IN CU.CM.

a.YW PISTON DIAMETER IN INCHESe
. t *5C WEIOHT OF TOP CAP ONLY IN TONSet0**-3
MJ WEIGHT CF TOP CAP + PISTON * DIAL IN TONSe10**-3

# -
1.4053 WEIOHT OF TOP CAP + PISTON + DIAL + LVDT IN TONSe10ee-3e

YEF WAS PISTON IN CONTACT WITH SPECIMEN DURINO CONSOLIDATION?

#.0265 MEM9RANE THICFNESS IN INCHES
1.9366# MEMBRANE DIAMETER IN INCHES

g 1.5960/ FILTER STRIP CORRECTION CONSTANT AT sy

2% AtlAL STRAIN IN TONS es 10-2
1.1390' RIGHT CYLINDER DISTORTION FACTOR

O
s

PRE-SHEAR CONDITIONSI
O

' 10.3392' CELL PRESSURE IN TSF4

7.2000* BACK PRESSURE IN TSF
'

.0936 AXtAL DEFORMATION DURIN0 CONSOL. IN INCHES g#
o

11.04' VOLUME CHANOE DURING CONSOL. IN CU. CM.
78.9750 MEASURED AX1AL LOAD DURING CONSOL. IN IN TONS #10ee-3#

EFFECTIVE STRESSES CORRECTED FOR MEMBRANE AND FILTER STRIPS. ETCe
AtlAL * 12.1262 KSF

6.3239 KSF gg LATERAL =

9.2590 kSF ,MEAN =

PBAR * 9.2250 KSF
g LATERAL /AIIAL = .5215 g

AIIAL/ LATERAL = 1.9175
OCR = 6,400-

0|9> '
*

4

| 12.6126 PISTON DRAO CORRECTION IN TONS et0*e-3
2000 FILE NUMBER FOR LOAD CELL OR PROVINO RING gg
1000 FILE NUMPER FOR PORE PRESSURE CONVERSION CONSTANT
2000 FILE NUMPER FOR CELL PRESSURE CONVERSION CONSTANT

| g NONE FILE NUMPER FOR PISTON FRICTION CORRECTION CONSTANT g
' VE3 IS DATA NOMAll!ATION PEOUIRED7

DATA NORMALIZED TO PREe. HEAR STRESSES'

WITH HnPM = P-PAR (S 9.22%o VSF g
Q VFRT STPFet OF 12.17A2 FeF , ,,AND HnPMe e
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