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Comparison of Youngs et al. (1997) subduction model and Campbell-Bozorgnia (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).

Chileôs Bridge Seismic Code is similar 

to ATC-6 that Caltrans wrote after the 

1971 San Fernando Earthquake.

Because most of the bridge damage during 

the Maule, Chile Earthquake was caused by 

unseating, we will compare this part of the 

two codes.



Reconnaissance Observations
Each bridge type exhibited characteristic behavior

ÅHighway Overcrossings along Route 5

ÅConception River Crossings

ÅPuente Tubul

ÅRoute 5 Undercrossings and River Crossings

ÅSantiago Expressway Bridges

ÅOther Observations

ÅConcluding Remarks



Overcrossings along Route 5
Typically two I-girder spans

Å aƻǎǘ hκ/Ωǎ ǿŜǊŜ ŎƻƳǇƭŜǘŜƭȅ ǳƴŘŀƳŀƎŜŘΣ ŀƴŘ ŘŀƳŀƎŜ ŀǇǇŜŀǊŜŘ ǾŜǊȅ ƭƻŎŀƭƛȊŜŘ ŀƴŘ 
suggests influence on local site or directivity effects.

Å Lƴ Ƴƻǎǘ ƻŦ ǘƘŜ ŘŀƳŀƎŜŘ hκ/Ωǎ ǘƘŜ ŜƴǘƛǊŜ ŘŜŎƪ ǘǿƛǎǘŜŘ ƻǊ ǊƻǘŀǘŜŘ ŀōƻǳǘ ŀ ǾŜǊǘƛŎŀƭ 
ŀȄƛǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ŎŜƴǘŜǊ ƻŦ ǎǘƛŦŦƴŜǎǎΦ Lƴ ǘƘŜǎŜ hκ/Ωǎ  ǎƘŜŀǊ ƪŜȅǎ ǿŜǊŜ ŦŜǿ ƛƴ ƴǳƳōŜǊ 
(exterior girders only), weak, flexible and heavily damaged

Å The I-ōŜŀƳǎ ǿŜǊŜ ƘŜŀǾƛƭȅ ŘŀƳŀƎŜŘ ƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ŘŀƳŀƎŜŘ hκ/Ωǎ ǿƛǘƘ ǎǘǊƻƴƎŜǊ 
and stiffer shear keys and without end diagraphs.

Å Structures with diaphragms and/or continuous decks, appeared to perform better.

Å ¢ƘŜ ǳǎŜ ƻŦ άǎŜƛǎƳƛŎ ōŀǊǎέ ŎƻƴƴŜŎǘƛƴƎ ǘƘŜ ŘŜŎƪ ǘƻ ǘƘŜ ŀōǳǘƳŜƴǘǎ ƻǊ ŎŀǇ ōŜŀƳ 
ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ƭƛǘǘƭŜ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ h/ΩǎΦ

Å No column damaged was observed

ï 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.

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



Weak/flexible 

shear keys
(exterior face of the 

exterior girder)

In most of the damaged OCôs the entire deck twisted or rotated about a vertical axis 

representing center of stiffness (see next slide). In these OCôs shear keys were weak, 

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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stronger/stiffer 

shear key

Beam severely damaged. 

(twisting of the web about the 

longitudinal axis)

Exterior beams were heavily damaged in some O/Côs with stronger and stiffer 

shear keys and without end diaphragms

Temporary shoring 

of the beam



Seismic bars (commonly observed in Chilean bridges)
(usually #  6 or 7 bars protected by a steel pipe)





Concepcion River Crossings
All Rio Biobio bridges closed after earthquake

PuenteViejo Bio Bio wasalreadycloseddueto maintenanceissuesbeforethe earthquakebutcouldnôtbe

usedasan alternateroutebecauseit hadcollapsedduring the earthquake. It wasa steelstringerbridgeon

big pierwalls.

Puente Llacolén carries traffic from adjacentstreetsand highwaysacrossthe river and so it had stiff

structuresat both endsto accommodaterampsandconnectors. It is likely that the moreflexible rampshad

largedisplacementsandmovedout of phasewith the stiff, easternendof the bridge. Also, therewassome

indication that lateral spreadingmay havemovedthe endstructuretowardsthe river. As a result of these

problemsseveralof therampsbecameunseatedduringtheearthquake.

Puente del Ferrocarril sobre el Bio Bio is a Warrentrusssupportedon short,wide-leggedtowers

going acrossthe Rio Bio Bio had lessdamage. In generalrailroadbridgesperformedbetterthanhighway

bridgesperhapsdueto thesteeldesignandbecauserailroadbridgesaredesignedfor a biggerlive load. The

easternapproachpier movedtowardsthe river, howeverwithout droppingthe trusssuperstructurewhich

wasshoredup with stacksof railroadtiesaftertheearthquake.

PuenteJuan Pablo II is anolderbridgeandit is oneof thefew examplesof bridgecolumndamagethatwe

sawduring the earthquake. The easternendof this long bridgemovedtowardsthe river, breakinga short

stiff two-columnbentat thewaterôsedgefrom a combinationof lateralspreadingof the bankandground

shakingto fail the columnsin shear. The deckwasextremelyuneven,suggestingthat the precastI girder

superstructurehadmovedoff itôselastomericbearingsandthebridgewasclosedto vehiculartraffic.



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 

unseating of the beams 





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.


