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Fault Displacement Model
(Finite Fault Model)
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FINITE FAULT MODEL (Chen Ji, University of California at Santa Barbara and Gavin Hayes, USGS)



Comparison of Youngs et al. (1997) subduction model and Canjizignia (2008)
shallow crustal model as applied to Cascadia subduction zone.
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Subduction is blue

Crustal (on a reverse fault with the geometry of Cascadia dip 15 deg east,
top of rupture is 5 km, Mmax=8.3) is red



Caltrans Seismic Design Criteria and the
AASHTO Guide Specifications For LRFD
Seismic Bridge Design (used by the other
states) are very similar and are based on
designing the bridge for the displacement
capacity of columns (or other fuse elements).

Enough hinge seat width shall be available to accommodate the anticipated thermal movement, prestress shortening,
creep, shrinkage, and the relative longitudinal earthquake displacement demand between the two frames calculated
by equation 7.6. The seat width normal to the centerline of bearing shall be calculated by equation 7.5 but not less
than 24 inches (600 mm).

N> (Apr’s + A(’rﬂh + Atemp + Aeq + 4) (111) (7 5)
(A, + Ay + Ay + Ay +100)  (mm)
N = Minimum seat width normal to the centerline of bearing
AP’,S = Displacement attributed to pre-stress shortening
Ag = Displacement attributed to creep and shrinkage
AMHP = Displacement attributed to thermal expansion and contraction
A, = Relative earthquake displacement demand
1\ 2 )
Ay =) +(a3) (7.6)
A(g = The larger earthquake displacement demand for each frame calculated by the global

or stand-alone analysis

N
o] |e2ea | |«—4" (100mm)

‘ ——

Apsst Borksh+ Ay

e

Seat > 24in. (600 mm)

Because most of the bridge damage during
the Maule, Chile Earthquake was caused by
unseating, we will compare this part of the
two codes.

Chil ebdbs Bridge Sei
to ATC-6 that Caltrans wrote after the
1971 San Fernando Earthquake.

.1004.314 — Largo de-Apoyo-Minimo. Todos-los- puentes - independientes - de -su-categoria - de comportamiento - sismica
CCS), -deberan - cumplir - con -los - requerimientos - de - largo -de -apoyo- minimo - de-los -extremos - de - todas - las -vigas. - Los
alores- minimos - de los largos-de-apoyos -son -segln. la-categoria - de -comportamiento - sismico -las-siguientes:

.Para-categorias -de comportamiento - sismico-a o .
-+ +N = (203+167-L+666-H)-(1+0,000125 vuz} mm “H
il
b. Para- categorias -de comportamiento - sismico -¢-od:
-+ N = (305+2,5-L+1D-H)~(1+0,000125~u2} mm ¥
il
|donde: T
il
| —+= -+ longitud-en -metros-del-tablero -del puente - a-la-proxima junta -de-expansion - o-al-extremo - del tablero - del - puente
Para rdtulas -dentro- de-un-tramo, -L serd -la-suma-de Ly Lz, las- longitudes - de-los tramos -de - tablero - - cada . lade
de-la-rétula. -Para puentes -de-un-vano, L-es - igual al largo -del - tablero - del puente. - Estos - largos - se -muestran
esquematicamente - en-la-Fig. 3.1004.314A.5
il
oe+= —» angulo-de -esviaje de los apoyos medidos - en-grados-a partir de una-linea - perpendicular -a-la-luz, -y
il
H-»= - Para estribos: +H= — (-+para-puentes-de-un vano.
H-= - altura: promedio - en- metros, - de-las columnas - soportantes - del - tramo - de - tablero - hasta - l&
proxima-junta de expansion.
—+ -+ Paracepas: —+ H= — altura-de la cepa en metros
— - Pararétulas: —» H-= — altura promedio -en-metros, -de las dos cepas adyacentes. T
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Reconnaissance Observations

Each bridge type exhibited characteristic behavior

A Highway Overcrossings along Route 5

A Conception River Crossings

A Puente Tubul

A Route 5 Undercrossings and River Crossings
A Santiago Expressway Bridges

A Other Observations

A Concluding Remarks
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Overcrossings along Route 5
Typically two-girder spans

az2zal hk/ Qa GSNB O2YLX SGSfteée dzyRI YI ASR.:
suggests influence on local site or directivity effects.

Ly Y2&ad 2F¥ 0KS RFYF3ISR hk/ Qa 0KS y i
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(exterior girders only), weak, flexible and heavily damaged

Thelo S Ya oSNB KSIgAfteé RFYIFTISR Ay az2yYys
and stiffer shear keys and without end diagraphs.

Structures with diaphragms and/or continuous decks, appeared to perform better.
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No column damaged was observed

I Failure of the shear keys or stoppers at a possible early stage of shaking may

suggests that little shear force was transmitted between the deck and the
interior bent.

Collapse can be often associated with seat widths less than N, which is related to
displacement of adjacent frames or girders.
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Weak/flexible

shear keys
(exterior face of the
exterior girder)

|l n most of the damaged OCOGs the entire de

representisngecenter of. st ™ fness (see next

flexible and heavily damaged. They were constructed at the exterior face of the exterior
girders over the abutments and interior bent (6 shear keys n total).
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Concepcion River Crossings
All Rio Biobio bridges closed after earthquake

PuenteViejo Bio Bio wasalreadycloseddueto maintenancessuesbeforethe earthquakeéoutc o u | ek r
usedasan alternateroute becauset had collapsedduring the earthquakelt was a steelstringerbridge on
big pierwalls

Puente Llacolén carriestraffic from adjacentstreetsand highways acrossthe river and so it had stiff
structuresat both endsto accommodateampsand connectorsilt is likely thatthe moreflexible rampshad
large displacementand movedout of phasewith the stiff, easterrendof the bridge Also, therewassome
indication that lateral spreadingmay have movedthe end structuretowardsthe river. As a resultof these
problemsseveralof therampsbecameaunseatediuringthe earthquake

Puente del Ferrocarrii  sobre el Bio Bio is a Warrentrusssupportedon short,wide-leggedtowers
going acrossthe Rio Bio Bio hadlessdamage In generalrailroad bridgesperformedbetterthan highway
bridgesperhapgueto the steeldesignandbecauseailroadbridgesaredesignedor a biggerlive load The
easternapproachpier movedtowardsthe river, howeverwithout droppingthe truss superstructurevhich
wasshoredup with stacksof railroadties afterthe earthquake

PuenteJuan Pablo Il is anolderbridgeandit is oneof thefew examplesf bridgecolumndamagehatwe
saw during the earthquakeThe easternend of this long bridge movedtowardsthe river, breakinga short
stiff two-columnbentatthew a t esdgéfr®m a combinationof lateral spreadingof the bankand ground
shakingto fail the columnsin shear The deck was extremelyuneven,suggestinghat the precastl girder
superstructur@admovedoff i tefastomeridbearingsandthe bridgewasclosedto vehiculartraffic.
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Old Bridge over the Bio-Bio River

The Bridge had been closed before the EQ. It
consists of several short span simply supported >
steel girders resting on pier walls with short a » :
seating width. Collapsed can be attributed to 08/17/2010 10:46
Eas unseating of the beams
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Llacolen Bridge

This bridge was poorly balanced. It had a
variety of structures with different stiffness
all coming together at a huge super-bent.
All the different elements needed to be
designed with similar stiffness to prevent
catastrophic damage.




