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9.2.3.1 Safety Factors

Embankments that support structure foundations or walls or that could potentially impact such structures
should be designed in accordance with the AASHTO LRFD Bridge Design Specifcations and WSDOT
GDM chapters 8 and 15. If an LRFD design is required, a resistance factor is used in lieu of a safety
factor. However, since slope stability in the AASHTO LRFD Bridge Design Specifcations is assessed
only for the service and extreme event (seismic) limit states, the load factors are equal to 1.0, and the
resistance factor is simply the inverse of the factor of safety (i.e., 1/FS) that is calculated in most slope
stability analysis procedures and computer programs. The resistance factors and safety factors for overall
stability under static conditions are as follows:

e All embankments not supporting or potentially impacting structures shall have a minimum safety
factor of 1.25.

e Embankments supporting or potentially impacting non-critical structures shall have a resistance factor
for overall stability of 0.75 (i.e., a safety factor of 1.3).

o All Bridge Approach Embankments and embankments supporting critical structures shall have a
resistance factor of 0.65 (i.e., a safety factor of 1.5). Critical structures are those for which failure
would result in a life threatening safety hazard for the public, or for which failure and subsequent
replacement or repair would be an intolerable ¥nancial burden to the citizens of Washington State.

Under seismic conditions, only those portions of the new embankment that could impact an adjacent
structure such as bridge abutments and foundations or nearby buildings require seismic analyses and an
adequate overall stability resistance factor (i.e., a maximum resistance factor of 0.9 or a minimum factor
of safety of 1.1). See WSDOT GDM Chapter 6 for specifc requirements regarding seismic design of
embankments.

9.2.3.2 Strength Parameters

Strength parameters are required for any stability analysis. Strength parameters appropriate for the
different types of stability analyses shall be determined based on WSDOT GDM Chapter 5 and by
reference to FHWA Geotechnical Engineering Circular No. 5 (Sabatini, et al., 2002).

If the critical stability is under drained conditions, such as in sand or gravel, then effective stress analysis
using a peak friction angle is appropriate and should be used for stability assessment. In the case of
over-consolidated fne grained soils, a friction angle based on residual strength may be appropriate. This
is especially true for soils that exhibit strain softening or are particularly sensitive to shear strain such as
Seattle Clay.

If the critical stability is under undrained conditions, such as in most clays and silts, a total stress analysis
using the undrained cohesion value with no friction is appropriate and should be used for stability
assessment.

For staged construction, both short (undrained) and long term (drained) stability need to be assessed.
At the start of a stage the input strength parameter is the undrained cohesion. The total shear strength
of the fne-grained soil increases with time as the excessive pore water dissipates, and friction starts to
contribute to the strength. A more detailed discussion regarding strength gain is presented in WSDOT
GDM Section 9.3.1.
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