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Focus of Presentation

• What Geologic Hazards Look Like
• How Engineers Address Specific Hazards
• Strict Regulations Govern New Projects
• LBNL Appropriately Mitigates Geologic Risks



Specific Hazards:

– Fault Rupture
– Ground Shaking
– Ground Failure (Liquefaction)
– Landsliding

Focus of Presentation



Fault Rupture

1906 San Francisco

1992 Landers



Fault Rupture 
1972 Alquist-Priolo Earthquake Fault Zoning Act

State Requirement: 

No structure for human occupancy 
defined as a “project” can be built 
on the trace of an active fault

Implementation/Mitigation:

The State defines Earthquake 
Fault Zones (A-P Zones) around 
known active faults.

Within the A-P Zones; geologic 
investigations must be conducted 
for new projects to check for active 
faults.



Fault Rupture 
1972 Alquist-Priolo Earthquake Fault Zoning Act

LBNL Boundary

A-P Zone



Fault Rupture 
1972 Alquist-Priolo Earthquake Fault Zoning Act

CRT



Fault Rupture 
1972 Alquist-Priolo Earthquake Fault Zoning Act

Geologic Trenching Study



Conclusions: 

1. Only one new LBNL project  is within the A-P Zone (the Computational 
Research and Theory Building). 

2. A trenching investigation was performed at the CRT site and no faults 
were found.

3. Other faults at LBNL that are outside of the A-P Zone are not 
considered active. 

4. New construction at LBNL fully complies with all State regulations and 
guidelines pertaining to fault rupture. 

5. New construction at LBNL appropriately mitigates fault rupture risks.

Fault Rupture 
1972 Alquist-Priolo Earthquake Fault Zoning Act



Structural Damage caused by 
Earthquake Shaking 

1906 San Francisco Earthquake 
Emergence of the Steel Frame

1868 Hayward Earthquake 
Unreinforced Masonry



Structural Damage caused by 
Earthquake Shaking 

San Francisco 
Soft Story Retrofit

1971 San Fernando Earthquake 
Soft Story

Images Copyright 1997, The Regents of the University of California. 
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Ground Shaking 
2007 California Building Code

State Requirement: 

Every structure be designed and 
constructed to resist the effects of 
earthquake motions.

Implementation/Mitigation:

All new structures at LBNL are 
designed and constructed in 
accordance with the stringent 
seismic requirements of the 
California Building Code.



1991 Loma Prieta

1932 Long Beach

1971 San Fernando

1994 Northridge

Current Version of the 
Code

Ground Shaking 
2007 California Building Code



Conclusions: 

1. Ground Shaking is a hazard that exists throughout much of California. 
Statewide, this hazard is addressed by the seismic provisions of the 
California Building Code. 

2. All new construction at LBNL fully complies with the current version of 
the California Building Code, which requires that buildings be designed 
to resist the anticipated level of ground shaking at the building’s 
location. 

3. Predicted levels or earthquake shaking at LBNL are no greater than 
other areas in Berkeley and may be less than areas close to the Bay 
where soft soils can amplify ground motions. 

4. New construction at LBNL appropriately mitigates ground shaking risks.

Ground Shaking 
2007 California Building Code



Liquefaction

1906 San Francisco  Earthquake

1971 San Fernando Earthquake



Liquefaction 
1990 Seismic Hazards Mapping Act 

State Requirement:  

Recommendations for appropriate 
mitigation be developed, where 
needed.

Implementation/Mitigation:

The State defines Zones of Required 
Investigations where there is a 
potential for liquefaction to occur.

Within these Zones; geologic 
investigations must be conducted for 
new projects to check for hazards and 
recommend appropriate mitigation.

Zone of Required 
Investigation for Liquefaction 
(Green)



Conclusions: 

1. There are no State-defined Zones of Required Investigation for 
liquefaction at LBNL.

2. Geotechnical and geologic investigations are performed for all new 
projects at LBNL in which the potential for liquefaction is investigated 
and assessed.  

3. All new construction at LBNL fully complies with the Seismic Hazard 
Mapping Act and the associated State guidelines that govern 
liquefaction hazards. 

4. New construction at LBNL appropriately mitigates liquefaction risks.

Liquefaction 
1990 Seismic Hazards Mapping Act 



Landslides triggered by 
Earthquake Shaking

1906 San Francisco Earthquake



Source: 2002 professional paper by 
Keefer (USGS), Harp (USGS), and Griggs (UCSC)

Landslides triggered by 
Earthquake Shaking

1989 Loma Prieta Earthquake



State Requirement:  

Recommendations for appropriate 
mitigation be developed, where 
needed.

Implementation/Mitigation:

The State defines Zones of Required 
Investigations where there is a 
potential for seismic landslides to 
occur.

Within these Zones; geologic 
investigations must be conducted for 
new projects to check for hazards and 
recommend appropriate mitigation.

Zone of Required 
Investigation for Seismic 
Landslides (Blue)

Landslides 
1990 Seismic Hazards Mapping Act 

Example 
Case



Landslides 
1990 Seismic Hazards Mapping Act 

1989 Loma Prieta Landslide

Example Landslide at LBNL

Analyze two ways: 

1. Using engineering methods

2. Comparing to actual behavior 
under similar conditions



Borings to 100+ feet - Continuous Core

Landslides 
1990 Seismic Hazards Mapping Act 



Base of Landslide Deposits:

101 feet

Landslides 
1990 Seismic Hazards Mapping Act 



Slope Stability Analyses:

Landslides 
1990 Seismic Hazards Mapping Act 

Key Parameters affecting Stability:

1. Strength of slide materials 
- weak is less stable - lab tests determine weakest (residual) strength

2. Groundwater level 
- high is less stable – high groundwater levels assumed in the analysis



High groundwater level

475-year return period 
earthquake

Landslides 
1990 Seismic Hazards Mapping Act 

Calculated Seismic Displacement =  4 to 15 feet

“Residual” strengths



Landslides 
1990 Seismic Hazards Mapping Act 

How does this compare with 
observed performance?

1. Loma Prieta = about 3 feet

2. LBNL = 4 to 15 feet

Both show limited and incremental downslope movement 
Conclusion: these are not “runaway” landslides



Landslide Hazard 
Mitigation at LBNL

Large Slides:

Avoidance   
(move to a different location)

Accommodate Movement 
(Stiff structure away from margins)

Small Slides:

Excavate and replace 
(engineered fill - grading)

Strengthen/Retain 
(walls, below-grade structures)

Lower groundwater 
(combined w/ other methods)



Conclusions: 

1. Landslides exist at LBNL at specific sites. The largest landslides at 
LBNL are less than 100 feet thick; most landslides are much smaller 
and many have been repaired.

2. Landslides at LBNL have limited displacement potential. There are no 
“runaway” landslides at LBNL that would affect buildings or people 
offsite.

3. Onsite, landslide hazards are mitigated using accepted mitigation 
methods in accordance with State regulations and guidelines. 

4. New construction at LBNL appropriately mitigates landslide risks.

Landslides 
1990 Seismic Hazards Mapping Act 
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