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MEMORANDUM

DATE: August 13, 1998

TO: Michael Bailey,Hart Crowser,Inc.

FROM: Jamie Beaver and Allen Jones,Hart Crowser, Inc.

RE: BasePreparation Stability Analysis (PhaseII)
J-4978-01

CC: Pete Douglass, Peter M. Douglass, Inc.

This memo presents the results of our search for soil strength parameters we intend to use in our
stability analyses.This memo is focusedtowards evaluating stability of the PhaseII embankment
from a subgrade preparation standpoint. Stability analysesfor design of the Phase11and III

embankments will be performed under separate scopes of work.

Approach to Soil Strength Assignments Assessment

We will be analyzing the stability of the Phase II embankment using the program UTEXAS3to
provide base preparation recommendations. Our approach to assigning soil strengths will be to use

relationships that have been established for soil strength in the geotechnical literature, while
considering previous projects at similar sites in the Seattle area as a general guide (Attachment 1).
The relationships presented on Figures1 and 2 are strength parameters that have been correlated
with standard penetration resistance (SPT)N-values in the literature, and will be used to establish

the baseline values for the stability analysis.

In general, friction angleswill be assignedto cohesionless soils (sands,sandygravel, etc.). Both
shearstrengths and cohesion/friction angle values will be used for both plastic and non-plastic

silt/clays. We will use shear strength (undrained) based on SPTN.value to assignthe initial strengths
to the fine-grained soil units or embankment fill zones. Friction angle and cohesion will also be

used, primarily to test the sensitivity of the model to the strengths of the fine-grained soil units. Our
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experience has shown that cohesion is a difficult parameter to provide a representative value to
without running the risk of being non-conservative. We will vary this parameter to assess the

sensitivity of the results (discussed below), rather than attempting to assign a single value. Friction

angle and cohesion will also be used to represent strength of silty to very silty materials within the
embankment.

Soil Strength and Unit Weiqht Parameters

Shear Strength. As discussed above, shear strengths based on SPT N-value will be used for silt/clay

soils, primarily those underlying the embankment. Figure 1 shows the recommended relationship

that we will be using in the stability assessment.

Friction Angle. Figure 2 shows the relationships we will be using to assign strengths to individual
cohesiontess soil units based on average SPT N-value for the given layer. Information provided in

Attachment 1 will be used in conjunction with the results of these relationships.

Cohesion. Cohesion will be varied from 0, 100, 250, 500, and 750 psf to the degree appropriate

for both silty to very silty embankment fill and native silt/clay units underlying the embankment.

The degree of slickensides of the native glacial soils reported in boring logs will be considered (i.e.,

the greater degree of slickensides, the lower the cohesion). Silty to very silty soils within the

embankment will be assigned cohesion values at the lower end of this range, if appropriate.

Residual Friction Angle. This condition occurs when certain soils undergo strain deformation in

excess of a characteristic yield strength which may occur within the embankment. This condition

may presently exist within the slickensided finer-grained glacial units underlying the proposed

embankment and/or may be mobilized during construction. Native glacial and/or interglacial

silt/clay soils often exhibit strain softening behavior during shearing, which supports an approach of

residual strength analysis. Some areas within the embankment fill may experience lossof strength

due to excessive differential settlement. Residual friction angles will be used to test residual

strengths for only the fine-grained silty to very silty and silt/clay soils in the embankment and the

native silt/clay glacial soils. This parameter has been related to the Atterberg limits value of

plasticity index in the literature and has been used to establish the relationship shown on Figure 3
for local soils. Attachment 2 provides sample results based on laboratory resultsfrom samples
taken from the site.

Unit Weight. We used AGI Technologies results for dry unit weight reported on boring logs within

the Phase II area to determine appropriate values for total unit weight. AGI Technologies used a

Dames and Moore sampling device in explorations to obtain relatively undisturbed samples in situ.

AR 041702
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We averaged reported dry unit weights for given soil types after incorporating the moisture content

to obtain the recommended total unit weights shown in Table 1.

Sensitivity Analysis

Sensitivity of the stability model to the soil layer strength values chosen is an important

consideration in the stability assessment. We will vary soil strengths to determine the sensitivity of

the model to changes in a given strength parameter. Individual layers that exhibit significant

changes in Factor of Safety with small changes of soil strength will be given special consideration.

Test Reasonable "Catastrophic" Modes of Failure

In addition to both circular and wedge-type failure surfaces through the embankment into the base

preparation zone, the following conditions would be analyzed to qualitatively ascertain their

impacts to embankment stability:

• "Drainage blanket failure" by adding groundwater mounding conditions to the stability cross

section. Pore pressure coefficients will also be used to represent a condition in which

groundwater flow through springs/seeps into the toe drain, or the drainage blanket below the
embankment are cut off, causing pressurization.

• Fine-grained soil strengths to residual values within and underlying the embankment fill (see

above).

Pore Pressure Considerations

Pore pressures may develop both within the native glacial soils underlying the embankment and the

embankment fill itself. For significant pore pressures to develop in native glacial soil deposits

underlying the embankment fill, the given soil unit must be fully saturated or the soil unit must

compress/consolidate to the point of saturation. As this occurs, the load from the overlying soil will

be transferred to the pore water and begin to represent a condition of instability. The groundwater

conditions within the upper Recessional Soils and the Advance Outwash soils underlying the Glacial

Till cap are likely directly related to recharge from precipitation. However, we will test the scenario

discussed above in which groundwater becomes pressurized due to drainage blanket failure.

Conditions such as static pore pressures within the embankment during construction, and dynamic

pore pressures due to ground shaking from an earthquake will be analyzed in the embankment

design phase.
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Pore pressures can be modeled in UTEXAS3 using the ro coefficient by Bishop and Morgenstern

(1960) or by using a piezometric line to represent static and/or mounded groundwater levels. We

will vary the pore pressure parameter to assess the sensitivity of the stability of the model to

changes in pore pressure. Under dynamic conditions in the embankment fill, we will test the

condition in which the cyclic pore pressures increase and/or surpass the soil weight to ascertain the

implications to global stability. This could be a consideration for the base preparation, but will likely

be a topic of discussion among the geotechnical team for interpretation, and ultimately a base

preparation cost versus degree of risk decision for the owner.

49780 l\prepstability.doc

Attachments:

Table 1 - Recommended Total and Submerged Unit Weights for Stability Analyses

Figure 1 - Relationships for Undrained Shear Strength

Figure 2 - Relationships for Total Friction Angle

Figure 3 - Residual Friction Angle for Seattle Silts Based on Direct Shear Tests

Attachment 1 - Supporting Information for Strength Parameters

Attachment 2 - Sample Results for Residual Friction Angle and Supporting Laboratory Results
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ATTACHMENT 1
SUPPORTING INFORMATION FOR STRENGTH PARAMETERS
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ATTACHMENT 2
SAMPLE RESULTS FOR RESIDUAL FRICTION ANGLE AND

SUPPORTING LABORATORY RESULTS

Hart Crowser

J-4978-01
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LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT

PL I Pl I -200 ASTM D 2487-90Location Description+ LL

I
II TP-2, S-3 I

Depth 3.5 to 4.5 feet 36 I 25 I 11

L P I

• TP-9, S-7
Depth 15 to 16 feet 47 23 I 24

i I

TP-12, S--

Depth 4 to 4.5 feet 49 29 [ 20

i

Remarks: Project: 3rd Runway

Client:

Locat ion: Seo<t Ie. ,'Jasnington
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