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Presenter
Presentation Notes
One principal focus of the conference was to raise awareness among the geologic consulting community of the variety of issues that must be addressed if mitigation by design is to be considered.  Uncertainties exist in fault location, complexity, age and slip potential.  These parameters may vary in both space and time.  A major issue is the lack of complete information in the geologic record and how we make reliable interpretations based on incomplete data.
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List of principal speakers at the February 19-20, 2009 AEG-Shlemon Specialty Conference



g Request for changes in regulations and practice to allow mitigation
by design ...
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Presentation Notes
Under current Alquist-Priolo regulations all one needs to do is identify the zone of faults and then setback with margin for error.  Setbacks cover a multitude of sins:  uncertainty in breadth and distribution of faults, uncertainty of hidden splays; uncertainty in near fault deformation.  But, if you want to  think about designing for rupture you become much more concerned with the width and complexity of the fault zone and the distribution of displacements. 


critical questions:

1. Where should fault rupture and
deformation be anticipated?

2. How much slip and in'what sense, should
be anticipated?

3. How do we anticipate the hazard based
on incomplete data?

4. What can be done about the hazard?


Presenter
Presentation Notes
For mitigation (by setback or design) one must address these questions.


critical questions:

1. Where should fault rupture and
deformation be anticipated?

... hot just the simple location, but
the geometry, style, distribution, and
complexity of faulting




@b Where should fault rupture and deformation be anticipated?

- strike:slip faulting
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Presentation Notes
Next few slides illustrate the basic styles of faulting.

-- simple strike-slip – easy to avoid


Where should fault rupture and deformation be anticipated?

-- normal faulting

Mormal fault
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Presentation Notes
simple normal fault also relatively easy to avoid


%) Where should fault rupture and deformation be anticipated?

-- reverse and thrust faulting photo by James Kahle

Chi Chi Earthquake -- 1999
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Reverse fault
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Presentation Notes
Thrust and reverse faults can offer a simple scarp, but don’t depend on it.


Single Fault Trace
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Presentation Notes
Complexity can accompany any style of faulting, but focusing on strike-slip examples illustrates many issues.


Complex Faulting
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Slightly more complex, but relatively well-constrained.
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In reality, rupture commonly is more complex.
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In reality, most rupture is more complex than those simple examples.  



Strike Slip -

integration of
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Presentation Notes
Strike-slip faults may evolve through time, beginning with an en echelon pattern that integrates, with increased slip, into a complex zone with one or more dominant strands.  In an immature fault zone one might anticipate continued fault extension and integration with each new event.
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Fault patterns at
different scales
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Figurc 11. Comparison of residual structure in shear zones of different magnitudes, (A) Dasht-¢ Bayaz earth-
quake fault (afier Tchalenko and Ambraseys, 1970, Fig. 5). (B) Riedel experiment. (C) entire shear box sample (see
also Fig. 8A). (D) detail of shear box sample. Total displacements are given in the text. Dotted lines indicate less
prominent shears. The structures plotted in the form of rose diagrams show Riedel, P shear and principal displace-
ment shear directions.
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Of value in anticipating rupture patterns is the realization that similar patterns repeat at a multitude of scales.
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Presentation Notes
Fault style and pattern can vary along strike, especially with changes in strike, and introduce vertical offsets.
-- transtension yields negative flower structure


@'ranspressi‘on Strike Slip

photo by Bill Bryant
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transpression yields positive flower structure
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1) Where should fault rupture and deformation be anticipated?

Normal faults
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Complications in normal faulting may also occur, often due to change in dip of the fault plane.
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Complexity can arise orthogonal to fault trace, especially in thrust and reverse faults.  Faulting and deformation in the hanging wall is commonly broader and more complex, often reflecting changes in dip of the fault plane.


Definition of Terms

— Primary fault- the trace where the majority of co-
seismic displacement occurs

— Secondary or Branch fault - a subordinate trace
that connect to the primary fault in either map view or
at depth, where minor co-seismic rupture occurs

— Bending moment fault
— Sympathetic fault rupture

— Shaking induced displacements
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Differentiation of primary and secondary faults.


Definition of Terms

Primary
Fault Secondary Faults

Sympathetic
Rupture

Bending
Moment Faults

Shaking
Induced
Displacement
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Presentation Notes
Illustration of relationship of various primary and secondary faults described in previous slide.


1) Fault rupture to fault deformation — what is a surface fault?
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Presentation Notes
Sequence of fault situations from extremely simple to more distributed, especially noting associated deformation.  Scale is intentionally left out to consider the same situations at various scales.  Note that vertical separation is the same in all cases.  Consider impacts on structural foundations.


®

Since much of our site information comes from trenches we may not
see the full expression of prior rupture at the site.



Presenter
Presentation Notes
Starts with hypothetical trenches and faults that may be exposed in them.  Next a possible fault interpretation is shown, based on trench data.  Right side reveals actual fault pattern from real situation.  [Trenches were hypothetical, but not the faults].


. the next rupture may be part
of the evolution of the fault zone.

photo by Jery Treiman


Presenter
Presentation Notes
Fault pattern in prior slide was from the Hector Mine earthquake, near Lavic Lake.  Oblique photo shows actual ground deformation.  Right-side image shows fault pattern on aerial photo.  Hypothetical future rupture trace, integrating the en echelon fault pattern, shows how inadequate the initial interpretation based on incomplete data may be.


2. How much slip, and in what sense, should be anticipated?
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Okay – we think we can tell where faults are going to rupture, but now we need to recommend how much displacement to expect, for avoidance or design purposes.  This can be difficult to establish based on limited evidence of past rupture.


We looked at two dimensions of variability in slip:

 temporal variation — from one earthquake to
the next

e spatial variation —along a fault zone in any
one event




Comparison of total slip for the
1966 and 2004 Parkfield earthquakes
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Presentation Notes
Shows different slip amounts at same locations, from one earthquake to the next, even though extent of rupture was nearly identical.


Distance (km)
300

<
<1600-
g
>1400
@

e
51200+
®

O



Presenter
Presentation Notes
Illustrates how different segments of a fault may rupture in different events.  Displacement may vary with length of rupture and location along the rupture.  A particular site may be mid-rupture, with maximum displacement, in one event.  Or it may be at the end of a segment, with minimal displacement in another event (perhaps the last one recorded in a trench exposure).


Slip will vary from one quake to the next based on:
e variabilty of short-term slip rate
o difference in interval/accumulated strain
since last event (strain rate x time since last

event)

% of strain release in an event

rupture of shorter/longer segment

where you are in a rupture segment

shift of slip distribution between strands

- | Temporal stip variation
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Presentation Notes
Illustrates slip variability along a fault in a single event.  Maximum envelope may capture potential rupture, but if this hadn’t ruptured historically, and the fault investigation is only at red arrow, the smaller rupture envelope might be constructed.


Characteristics of Surface Rupture Depend on:

e Tault type

e [nclination of-fault plane

- amount of fault displacement
 fault definition

o..geometry of overlying material
e nature of overlying.material
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Presentation Notes
Lists factors that affect surface displacement in a single event (list borrowed from John Bray).


»

3) How do we anticipate the hazard based on incomplete data?

Summary of limitations:

* incomplete knowledge of fault pattern
* incomplete knowledge of past behavior and slip rate
 non-repeatability of displacement amount

e most of our data comes from trenches
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We may want to design for maximum displacement, but the record may not be showing us the maximum or we may have difficulty interpreting it from available data.


Fault Activity

e |s a fault active?
e How do we define “active”?

o Somewhat arbitrary — there.can'be no absolute
assurance that a fault is “dead”.

« Commonly based on time frame (e.g. Holocene)

o Better approach may be based on slip-rate and
fault history, where you have the data.



Presenter
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Some uncertainties with respect to calling a fault “active” -- 


Understanding the style of faulting

Coronado bridge/tunnel — San Diego, CA
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Lifeline example from San Diego.  Proposed tunnel crosses the active Coronado Fault.


tunnel
site <«

Coronado bridge/tunnel — San Diego, CA


Presenter
Presentation Notes
Complexity of the faulting in the San Diego Bay region, and uncertainty as to what the larger model is for the faulting, results in uncertainty as to sense of displacement on the Coronado Fault.  Depending on the model, displacements may be dominated by right-lateral, left-lateral or normal faulting.


®
4) What can be done about the hazard?

Basically the only way to avoid damage from surface rupture and associated
deformation is through application of a buffer around those uncertainties.

« Spatial buffer -- physical
setback -- look beyond your
trench data to the big picture of
the mechanism/style of faulting
In order to avoid faults and
associated significant
deformation.

» Design buffer -- develop
realistic estimates of sense
and magnitude of
- displacement with generous
he , : . . margins of error. Requires
photo by KeithiKelson --=S L e good science, not guesswork.
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Presentation Notes
“deformation” includes distributed brittle faulting and folding
There will be many cases where, even though we do not have exact slip estimates, we can still place believable limits on future displacement.  This requires an appreciation of the uncertainties discussed and an understanding of the fault environment.




Presenter
Presentation Notes
Another lifeline example, from Bill Bryant’s talk, illustrates that current development practice, while keeping houses off of the faults, often pushes local lifelines (water, gas, sewer) into the fault rupture zone.


 AEG conference focused on engineering

projects that may have a choice of
avoidance.

 Lifelines do not have that luxury (although

you may have some choice in where to
cross faults).

 Proper characterization is key.
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