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drain and consolidate. After consolidation, the drain valve was left open and
the axial load applied at a constant rate of approximately 0.1 percent per
minute, depending upon soil type. The test was conducted at this slow rate to
prevent the deve]qpﬁent of pore pressure. Failure was defined as the point of
max jmum deviatognstress. Results of the tests ars summarized on Plate D-75.
The effective strengths are plotted on a modified Mohr diameter as shown on
Plate IV-16 with-the data from TXCU tests. Results of the TXCU and TXCD tests
are in agreement and consistently yielded a fricition angle of approximately
40° with no cohesion intercept. Stresséstfain curves of individual tests
are presented on Plates D-111 through 0-115.

2. Birect Shear Tests

Direct éhear'{DS)'tests were performed to measure the consolidated-
drained shear strengths of fine-grained granular soils. For these'testé, a
~ 2.43-inch diameter by 0.8-inch-high cylindrical soil specimen was first placed
in split rigid rings. Next, the specimen was saturated and consolidéted under
a vertical (normal) stress. By using the time rates of consolidation, the
test rate was determined and the shear force was stowly applied so that pore
pressures did not develop.

Results of the tests are summarized on Plate D-116. Individual test
resulis are shown on Plates D-117 through D-119. The soil is strongly dila-
tant at Tow norﬁal stress which yie]dgd high friction angles as shown on Plate
D-114. These high friction angles are not unusual for an ang.ular', “medium
dense to dense s&nd or silt tested at very low normal bressures. The friction
angle decreases rapidly with increasing normal pressure. At the stress range
of interest in this project, the friction angle is approximately 40° as

measured from the TXCU and TXCD tests.

D-149
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' {Moisture Dry Normal | Maximum '
Depth | Test Content Density| Stress Shear Pa+
Boring [ (Ft) Number'| USCS (%) {pcf) | {pcf) (psf) {degrees
4 1.8 A sp 23.3 101 1000 as80 3¢9
- B SP 22.G 102 4000 3320 39
AR 0.5 A SP-SM .| 20.3 102 750 1040 54
B SP-SM 22.2 102 1500 1680 48
21 2.0 A SP-SM 20.7 104 {750 1260 58
. B SP-SM - 20.9 106 1500 1730 49
8

A9 =40°

SHEAR STRESS, Ksf
- 1
- \

Legend 0 2 4 6 8 10
. This Project NORMAL STRESS, Ksf

0O Duck Island Development Project
. O ARCO Waterflood Project
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Initial Conditions Compression Ratios Time Rate Permeability
Borin Depth USGS Specific - .
*No P Gravity W vd e Cec Cec. Cep Load ¢, x 107 k x 1077
(ft) 6s (%) {pcf) 0 average virgin (psf) (szlsec) (cm/sec)
2 0.1 SP 2.68 |1 23.4 100 0.668 0.017 0.017 - - _— _—
2 8.5 M | 2.68 26.3 100 - 0.680 0.022 0.055 | 0.007 4230 56.6 2.5
' 8470 83.1 2.6
2 14.1 ML 2.70 38.8 81 1.07¢ 0.066 0.134 0.022 1060 29.0 6.0
2120 25.1 5.7 $
4 3.0 SM 2.69 27.1 97 D.734 0.036 0.084 0.009 4230 153 11.8
8470 112 5.7 P = 1000 psf
4 13.0 oL 2.67 36.3 80 1.081 0.075 0.102 0.024 3200 51.4 12.5 ol = 5000 psf
6400 61.4 8.6 S
pi 1
4 14.4 ML 2.70 48.7 72 1.335 0.099 0.150 | 0.024 3200 15.4 7.5 = ! N¥irain. ¢,
. 6400 23.6 6.8 - .
- oy —— Rebaund, C
4 18.8 1z .CL 2.66 74.7 | 56 1.967 1 0.236 0.260 | 0.076 2120 1.06 1.7 = :L----__jf_h_q
' 4230 1.02 1.0 ' )
5 19.5 CL 2.72 ]36.6 87 0.964 -0.057 0.094 | .0.014 2120 37.5 8.0
" _ 4230 26.8 3.9 — -
) Iconsolidation Pressure, P {Log Scale)]
6 3.6 ML Z2.69 30.49 92 0.819 0.041 ¢g.114 0.012 4230 28.2 2.8
_ : _ 8470 27.0 1.7
6 21.7 ML 2.73 23.1 107 0.599 0.018 0.041 0.008 4230 39.0 1.4 Note:
8470 38.6 0.9 C C
Compression Ratio, C‘c =_C
8 12.8 ML 2.73 26.0 99 0.722 0.033 0.047 | 0.016 2120 28.8 2.7 e,
4230 38.7 3.0 c
R i i s _R
9 5.7 | sm 2.72 32.1 90 0.894 0.044 0.109 | 0.017 3200 69.6 6.5 ecompression Ratio, Cep2 =
' ’ 6400 68.0 5.8 o
9 9.7 ML 2.7 35.0 86 0.97 0.047 0.109 c.17 3200 25.1 3.6
| 6400 24.4 2.2
9 19.3 MH 2.66 80.4 53 2.134 0.212 0.212 0.029 800 0.397 1.1
' ’ ' 1600 0.724 1.4
9 41.2 ML 2.73 32.8 91 0.869 0.029 0.116 | 0.020 3200 39.2 2.6
6400 19.? 1.2
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F£. Consolidation Testing of Unfrozen Gffshore Materials

One-dimensional consolidation tests were performed on representative sam-
ples of fine-grained soil to evaluate the stress history, compressibility, and
permeability of the soil. Information from the consolidation tests can be
used to evaluate immediate and long-term settlements and to determine the
response of the soil due to loading.

The consolidation tests were performed on 2.43-inch diameter by 0.8-inch-
high samples. However, in both seﬁuences each load increment was double the
previous load. Different loading sequences were used for mechanical and pneu-
matic consolidometers. For mechanical consnlidﬁmeters, the initial applied
load was 130 psf and the maximum Tlead was 33,870 psf. For pneumatic cansoli-
dometers, the initial load was 100 psf and the maximum load was 51,200 psf. A
short loading period of 100 minutes was used in both cases because of the high
permeability of the soils tested (Hsuan-Loh Su, 1958). In general, the end of
primary conselidation occurred at approximately 5 minutes, and the soil sam-
ples experienced more than 200 minutes of secondary compression. Two time
rate of compression readings were taken for each test to approximate the
existing and anticipated overburden pressures. These data were then used to
analyze the coefficient of consolidation.

The consolidation data show that ‘the transition from the recompression to
the virgin portions of the consolidation curves is not well defined. There-
fore, preconsolidation pressures are very difficult to determine from these
curves. However, these non-linear plots of void ratio versus the log of pres-
sure are a characteristic of the silty soils found 1in the Beaufort Sea

(HLA/USGS, 1979).
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Although the fine-grained sediments within the project area appear to be
overconsolidated, the amount of overconsolidation varies cqnsiderably. Over-
consolidated fine-grained soils are commonly encuunfered in the Prudhoe Bay
region; the overconsolidation was probably caused by freezing and thawing
~ (Selmann, 1979). Physico-chemical effects resulting from the interaction of
-'organic and inorganic compounds in a marine environment could also be par-
tially responsible for the high over-consolidation ratios (More, 1977).

Three compression indexes have been determined for this - project: 1)
average compression ratio, 2) virgin compression ratjo, and 3} recompression
index. These indexes are defined on Plate D-120. Only the average compres-
sion ratio was used in the settlement analyses. It was calculated for the

range of pressures between -1000 psf and 5000 bsf, and reflects the current

average effective overburden pressure and the estimated effective pressure

that may result from construction and development.

In predicting the rate of sett]emeni, it is necessary to know the coeffic-
jent of consolidation, Cv‘ This parameter relates the decrease in volume of
the soil with préssure and time. The coefficients of consolidation were
determined by the square root of time curve fitting technique (Taylor, 1948}.
Because the first three points on the square root versus deformation plots
were generally nonlinear, interpretation was required to determine Cv; this
generally yields smaller values of Cv' Some of the samples tested were
still in the rebound portion of the cﬁrve at the design stresses; hence, the

settlement is not completely time dependent, and larger values of Cv

resuylt. We believe these factors tend to offset each other.
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A summary of the test results is presented on Plates D-120 and D-121. A
reasonable correlation between the compression and recompressioh ratios with
the dry density is established as shown on Plate IV-20. A similar correlation
between the coefficient 6f consclidation and dry density is presented on
Plate IV-21. Results of the individual tests are presented on Plates D-122
through D-144,

Coefficients of secondary compression were also determined from the
consolidation tests. Typical plots of deforﬁation versus log of time are
presented on Plate D-145. The values shown on these graphs are representative

of those obtained throughout the testing program.

F. Oredged Fill Properties of Offshore Materials

The settling rate of gravel specimen was éonducted to determine the -
settling rate of potential gravel fi]1 material.that is dumped into sea water.

Salt water was prepared by mixing distilled water and salt to a salinity
of 35 parts per thousand (Weast, 1977). The soil was then mixed with the salt
water at a ratio of four parts salt water to one parf soil. After mixing, the
slurry was poured into a glass cylinder that was partially filled with salt
water and the cylinder was agitated for one minute to mix the solution.

The sand/gravel particles settled within 30.seconds of the beginning of
the test. The silt continued to ﬁett]e for about 120 minutes; at the end of

the test, less than 0.1 inch of sediments had accumulated.
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PRESSURE, {psf x1000)
TYPE OF SPECIMEN Undisturbed(trimmed) | BEFORE TEST 1 .AF.TEFI TEST
DIAMETER{In) 2 43 | HEIGHT(in.) 0_80 MOISTURE CONTENT |} wo 32.8 % jwf 7.7 %
OVERBURDEN PRESS, Oy 2270 est | VOID RATIO e '0.869 | e 0.754
PRECONSOL PRESS. (Oyl) max  --—- pst| SATURATION S 103 % | s 100 %
COMPRESSION INDEX.C.  0.218 DAY DENSITY 14 91  pet| ¥d 97 pof
AL --- PL — Pl _— G 2.73
_ELASSIFICATION. - CLAYEY SILT (ML) _ SOURCE Boring 9 at 41.2°
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