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1. INTRODUCTION

This seventh progress report describes the work accomplished
during December 1977. Table 1 lists the work tasks and presents
a revised version of the schedule. Task A (in Table 1) having
been completed, December was devoted to Task B and C as follows:

Task B: Design of earth pressure cells to measure in situ

horizontal stress

Task C: Interpretation of PAFSOR tests

1) Establishment of in situ soil parameters

2) Analysis of pressuremeter (PAFSOR) test data.

3) Literature review of pressuremeter test and
methods of interpretation.

2. WORK ACCOMPLISHED AND SUMMARY OF RESULTS

The principal activities during December 1977 are summarized
in Table 2 and described more fully below.

Task B: Measurement of In Situ Horizontal Stress

Detailed design of the three earth pressure cells was near
completion at the end of December 1977. There has been some
delays, both in design and machining of the equipment, and the
cells won't be ready for use until early February 1978. Field
measurements have therefore been scheduled for a later date.
The dotted lines in Table I show the new schedule for Task B.
It is now hoped that the field measurements originally expected to
last tnree months, will be completed within two months, (Large
equilibration times had been allowed for, but hopefully will not
be needed.)

Task C: Interpretation and Analysis of Pressuremeter Data

Establishment of In Situ Soil Parameters

The relatively large values of maximum past pressure and

virgin compression ratio are still under scrutiny and need to be
compared with CALDOT's conventional oedometer test results. These
were received by MIT at the end of December and are now being
analysed.



The CALDOT natural water contents and Atterberg limits were
compared to the values obtained by M.I.T. (see Figures 1 aad
2). M.I.T. ran one more limit on specimens from Sta. 263 (see
Figuré 2). Figures 3 and 4 give additional natural water contents
and Atterberg limits measured at Sta. 246 and 263 by
M.I.T. since 1966. These results compare well with the 1977
data, except for the somewhat higher liquidity indexes at
both stations in 1977. Further strength tests were planned
for January 1978 on remaining specimens from Sta. 246, (Graduate
research assistants were available to run these as part of
experimental course work). The program includes:

a) 1 specific gravity determination

b) 1 CKoUC test (Ko-consolidated undrained triaxial compression

test)

c) 1 CK,UE test (Ko-consolidated undrained triaxial extension

test)

d) 1 CK,UDSS test{K -consolidated constant volume direct simple

shear test)

e) 1 incremental Ky-oedometer test with lateral stress

measurement.

Regarding the stress history at Sta. 246, Figure 5 shows the
various pore pressures measured or calculated. Based on the
latest pore pressure measurements (with piezometers and piezometer
probe) and well readings, the pore pressure line for an artesian
pressure of +10 ft of water in the till layer (El. -147.4 f£ft)
and a groundwater table elevation of +2.0 ft is recommended for
future analyses (See Figure 5). Estimates of pore pressures at
Sta. 263 are shown in Figure 6. (groundwater table elevation was
recorded as +4.0 ft at time of 1977 field test) The pore pressures
in the figure are only approximate, because of the large uncer-

- tainty in pore pressures after the 1974 failure.

Finalization of the stress history profiles (maximum past
pressure and in situ vertical effective stress) will be presented
after evaluation of CALDOT's oedometer test results (to be
completed in January 1978).



Interpretation and Analysis of Pressuremeter Tests

Table II summarizes the activities carried on in December.
Besides improving the plotting routines and completing the graphical
representations of all PAFSOR test data, work conzentrated in

" three main areas: \

a) obtain limit pressure values
b) evaluate curve-fitting procedures

c) reduce Camkometer test data

a) Limit Pressure, P;

Table III lists the limit pressure values estimated for each
PAFSOR test. These are also plotted in Figure 7. The limit
pressure estimates varied according to the interpretation method
used and the initial contact volume considered. It may be possible
to obtain additional estimates of P; from P vs. 1/AV curves,‘but
this method has not yet been tried.

b) Curve-Fitting Procedures

Two methods were compared using a parametric approach: 1) the
Prevost and Hoeg (1975) equations for a strain-softening soil and
2) the subtangent fitting method described by Baguelin et al. (1972)
First, Prevost and Hoeg's equations were used to define stress-
strain curves as a function of two parameters, A and B (see Figure 8).
These curves then lead to the "pseudo-field" P vs. radial strain
curves in Figure 9. Using the subtangent fitting method to obtain
stress-strain curves based on these "pseudo-field" curves yielded
the curves in Figure 10. Comparison of Figure 8 and 10 indicates
major discrepancies in the stress-strain behavior described by
the two methods. At the present time, the best method of inter-
pretation is far from clear.

c) Camkometer Tests

Further effort was devoted to the Camkometer test results.
Figures 11 to 14 show data obtained from one test:

Fig. No. Curve
11 P vs AV
12 P vs log AV/V
13 T vs radial strain, egq
14 P vs 1/V
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Literature Review

Papers dealing with reduction of field data to stress-strain

curves were studied in depth (mainly curve-fitting techniques

for strain-softening and strain-hardening materials). Thesis by

J.M.O. Hughes (of Cambridge University, England) on the

Camkometer test was requested.

3. WORK PLANNED FOR NEXT THREE MONTHS

The most immediate work items for the coming months are:

1)

2)

3)

4)

5)

6)

Compare CALDOT's conventional ocedometer test results to
M.I.T.'s CRSC test results. Then decide if additional
incremental tests are required along with desirability of
running some tests on "horizontal" samples.

Prepare a summary internal report of all test results on
1977 specimens of Boston Blue Clay. Table IV presents a
preliminary outline of the report.

Continue evaluation of stress changes due to prior construc-
tion and finalize stress history computation at location

of PAFSOR tests.

Follow progress of machining of new earth pressure cells.
Continue evaluation of the pressuremeter test data and
literature review. ,

Continue plots of stress-strain curves from Camkometer tests
at Sta. 263.

4. COSTS INCURRED

The costs incurred during December were approximately equal

to those predicted in Table 5 of Progress Report No. 2.
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Task B:

Task C:

TABLE II: PRINCIPAL ACTIVITIES DURING DECEMBER 1977

Measurement of In Situ Horizontal Stress

1) Design of three earth pressure cells almost completed.

Interpretation of PAFSOR Tests

1)

2)

3)

4)

Establishment of In Situ Parameters

Index properties: ran 1 more Atterberg limit on
specimens next to selected CRSC samples.

Plan strength tests on Boston Blue Clay at Sta.246
(as part of course work for selected students)

CALDOT Testing Program

a) Compare CALDOT test results with MIT results.
Start summary of results.

Stress History at Sta. 246 and 263

a) Summarize water table observations since 1967.

b) Summarize pore pressure measurements taken during
1977 and past measurements made in till and shale
strata (to elucidate artesian pressure question)

c) Present effective stress profiles at both Sta.

Interpretation and Analysis of Pressuremeter Data

1)

2)

3)

4)

5)

6)

1)

Continue improving plotting program by simplifying data
input.

Complete plotting of P vs. log (AV/V) and P vs. 1/V
for all PAFSOR tests.

Obtain limit pressure value by two methods: 1) by
inspection by P vs AV curve, 2) by extrapolation of
P vs 1n (AV/V) curve to AV/V=1.0 (see Table III)

Evaluate curve-fitting procedure and examine "strain
softening" equation (see Figures 8-10). Try to relate
to field test resutls.

Write interfacing program to handle digitized Camkometer
data; use program to ready data from 14 tests.

Start plotting stress-strain curves from 1973 Camkometer
tests at Sta. 263.

Literature Review

Continue synthesis of papers, reports and theses on
pressuremeter testing.



Table III:

Evaluation of Limit Pressure from

PAFSOR tests on I-95 Boston Blue Clay

LIMIT PRESSURE, P1 (kg/cm?)
PAFSOR Elev. P vs AV Curve P vs 1ln AV/V curve Extrapolated
Test No. (£t.) Inspection to AV/V = 1.0
For Vo=initial For V_=corres-
volume ponding to
"corrected" P,
1 -20.0 5.0 6.65 -
2 -29.0 5.3 6.30 -
3 -34.0 5.3 6.85 6.50(AVy=146cc)
4 -40.0 6.0 7.30 -
5 -45.0 6.75 - 8.00({AV,y=206cc)
6 -50.0 7.75 9.16 -
7 -55.5 8.2 9.50-9.75 -
8 -60.0 8.5 - 10.10(AVy=64cc)
9 -71.0 8.25 10.15 -
10 -77.0 8.6 9.85 9.80(AV,=161cc)
11 -82.0 9.0 10.40 10.35-10.75(AVp=
. 216cc)
12 -87.0 9.7 10.75 -
13 -92.0 9.8 10.60 11.42(AVo=208cc)
14 -97.0 10.5 13.20 11.85(Avg=228cc)
15 -102.0 10.4 - 12.10(AVe=259cc)
le6 -54.3 5.6 6.67 -
17 -64.3 5.75 6.60-6.80 -
18 -69.3 6.2 6.87-7.17 -
19 -74.3 7.0 7.78 -
20 -79.3 7.2 7.92 -




IT.

III.

IV.

VI.

VII.

Table IV. Outline of Internal Report On
Laboratory Investigation on 1977 Specimens of
Boston Blue Clay

Introduction

-Site location
-Undisturbed program
~-MIT test program
-CALDOT test program

Results of Index Tests

-Atterberg limits and natural water contents
-Specific Gravity

Results of Consolidometer Tests

-Incremented Oedometer (14)
-CRSC (13)
-Oedometer with lateral stress measurements (1)

Results of Triaxial Tests

-UUC tests
-CKoUC test
-CKoUE test

Results of Direct Simple Shear Tests

-(4 tests)

Discussion of Results

-Stress History
-KO
-Undrained Shear Strength

Conclusions
References

Appendix A List of Symbols
Oedometer tests

CRSC tests

UUC tests

CKoUC and CK,UE tests

CKoUDSS tests

HEHOOW
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