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Drained vs. Undrained Behavior

USACE Photos
IPET (2006)
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Hurricane Storm Surge

USACE Photo
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Drained v. Undrained Factors of Safety

• Drained/Effective Stress

• Undrained/Total Stress
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Drained v. Undrained Analyses

• Time required for Drainage (99% dissipation of excess pore-water 
pressure) pressures (from Duncan and Wright, 2005)

Figure from 
Duncan and 
Wright 
(2005)
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Rainfill-Induced Landslide

Images from Jibson (2006)
volume ~1,300,000 m3
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LaConchita, California - 1995
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• INTACT OVERCONSOLIDATED PEAK STRENGTH
Rare

• JOINTED OVERCONSOLIDATED PEAK STRENGTH
• FULLY SOFTENED STRENGTH 
• RESIDUAL STRENGTH 

Types of Drained Strengths
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• INTACT OVERCONSOLIDATED PEAK STRENGTH
• JOINTED OVERCONSOLIDATED PEAK STRENGTH

Brittle with Jointing or Fracturing & NO Softening
• FULLY SOFTENED STRENGTH 
• RESIDUAL STRENGTH 
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Types of Drained Strengths
10/54



• INTACT OVERCONSOLIDATED PEAK STRENGTH
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• No Shear Displacement (First-Time Slide) - Skempton, 1977
• Fissured or Fractured Overconsolidated Clays
• Compacted Fills
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Fully Softened Strength

After Skempton (1977)
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• INTACT OVERCONSOLIDATED PEAK STRENGTH
• JOINTED OVERCONSOLIDATED PEAK STRENGTH
• FULLY SOFTENED STRENGTH 
• RESIDUAL STRENGTH 
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Types of Drained Strengths
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Summary of Drained Strengths
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After Skempton, 1977
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Fully Softened Strength Applications
• Overconsolidated Materials

- Compaction
- Mechanically Overconsolidated
- Desiccation

• Subjected to Softening
- Applied Shear Stress
- Shallow Depth
- Cycles of Wetting and Drying
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Compaction
• Levees
• Highway Embankments
• Compacted Fill Slopes

Photos from D. Steussey
T.D. Stark © 2017
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Mechanically Overconsolidated
• Natural or Cut Slopes
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Desiccation

• Stark and Duncan (1991)
• Stark (1987)

California DWR Photos
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FSS Applications

• “First-Time Slides”
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FSS v. Residual
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FSS v. Residual

• Prior shear displacement = ?
• Greater potential for progressive failure
• FS (FSS) >1.5
• FS (Residual) > 1.0

• Stark and Eid (1997)
• Stark et al. (2015)
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• Liquid Limit
• Clay-Size Fraction
• Stress Dependent

Stark and Eid (1994)

Empirical Correlations
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Residual Strength Correlation

• Stark et al. (2018)
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Stress Dependent Strength Envelope
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FSS Correlation

• Stark et al. (2018)
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Empirical Correlation Spreadsheet
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Effect of Cohesion
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Cohesion

Figure from 
Skempton (1985)

• FULLY SOFTENED STRENGTH 
- Normally Consolidated Clay (c´FSS ~ 0) 

• RESIDUAL STRENGTH
- Sheared
- Face-to-Face Orientation 
- cR´ ≈ 0

• Use stress dependent envelope
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• Effect of Cyclic Loading
• Effect of Shear Displacement

Seismic Shear Strengths
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• Makdisi and Seed (1978)
• Strength to estimate yield coefficient
• NO permanent deformation – elastic range
• Clayey soils > 80% static undrained peak strength

Effect of Cyclic Loading
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• Effect of Cyclic Loading
• Effect of Shear Displacement

Seismic Shear Strengths
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1964 Alaska Earthquake

(Mw= 9.2) 

after Idriss, 1985 
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Photos from 
R.B. Peck

Government Hill Landslide
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• Movement of Slide Blocks
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Photos from 
R.B. Peck

Fourth Avenue Landslide
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Stark and Contreras 
(Feb., 1998, ASCE JGGE)

Fourth Avenue Landslide
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Stark and Contreras 
(Feb., 1998, ASCE JGGE)

Fourth Avenue Landslide
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Stark and Contreras (Feb., 1998, ASCE JGGE)

Fourth Avenue Landslide
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0.23

0.06
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Stark and Contreras (Feb., 1998, 
ASCE JGGE)

Fourth Avenue Landslide
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> 0.8

~0.3
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Constant Volume Ring Shear Test
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Stark and Contreras 
(Feb., 1998, 

ASCE JGGE)

Bootlegger Cove Clay
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Stark and Contreras (Feb., 1998, ASCE JGGE)

Field v. Lab Strengths
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Other Bootlegger Cove Clay
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Undrained Peak Strength
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Wille Geotechnik

Different CVRS Devices 
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GDS Instruments
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Rafig Azzam (2016) - Germany

Different CVRS Test 
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Tuffitic Sediments

• Tuffitic Sediments Rafig 
Azzam (2016) - Germany
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Undrained Residual Strength

Stark and 
Fernandez (2018)
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Field Vane Shear Test

Stark and Contreras 
(Feb., 1998, ASCE JGGE)
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0.23

0.06
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Field Vane Shear Test
Stark and Contreras (Feb., 
1998, ASCE JGGE)
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residual
τremolded
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Stark and Contreras (Feb., 1998, ASCE JGGE)

Design Recommendations

4”
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> 0.8
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SUMMARY
• STATIC/DRAINED STRENGTHS

- Jointed Peak, FSS, or Residual
- look for shear displacement  
- check difference of φ´FSS and φ´R- use φ´r if small difference

• DRAINED STABILITY ANALYSES -
- model stress-dependent strength envelope
- c´FSS ~ 0
- c´R = 0

T.D. Stark © 2017

• SEISMIC/UNDRAINED STRENGTHS
- Cyclic Loading - 80% of static undrained peak

strength or DSS testing
- Permanent Displacements – residual strength 

- CVRS or FV
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