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Opportunity Method
Background
Å In 1994the Northridgeearthquakecaused

57 fatalities and over $25 billion in
propertydamage.

Å TheCaliforniaStateUniversity/Northridge
parking garage(fig. 1) was one structure
that collapsed during Northridge,
exhibitingnon-ductilediaphragmfailure.

Å A subsequentshaketable test conducted
at UCSDdemonstratedmuch higher floor
diaphragmloadsthan expected.

Å Earthquakes impose dynamic lateral
forces on building structures, which are
resisted by the ǎǘǊǳŎǘǳǊŜΩǎlateral force
resistingsystem(LFRS).

Å The LFRSprovides a meansof collecting
the seismicinertial forcesand transferring
them safelyinto the ground.

Å Diaphragms, including the components
that comprise building floors and roofs,
representsan integral part of aōǳƛƭŘƛƴƎΩǎ
structural system as they transfer the
lateral forcesinto the LFRS.

Figure 3: Push-out Test Rig

Figure 1: CSU Parking Garage Collapse
(Hom, 2018)

Objective
Through this research we will develop an understanding of composite

steel/concretedeckdiaphragms(fig. 2) assystems,integrate that understandinginto
accuratebuildingmodels,utilize thoseadvancesto exploreandprototype novelsteel
deck diaphragm solutions by providing a means to create optimized structural
responseandincreasebuildingstructuralresilience.

Figure 4: Push-out Specimen 1 in Rig

Load

Figure 6: Finite Element Simulation of Push-out Test
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Yielding of studsCrushing of concrete

Table 1: Push-out Test Matrix

Figure 5: Push-out Test Set-up

Table 2: Diaphragm Test Matrix

Results Impact

Figure 10: P2, Stud 3

Figure 9: P2, Deck Deformation

Figure 8: P2, Concrete Cracking

Figure 13: Energy Dissipating Fuse �t Butterfly Fuse Concept

Figure 15: Self-Centering Mechanism Concept along SFRS Girder

Figure 14: Energy Dissipating Fuse �t Clamp From Below Concept

The unique feature about my
research is the energy dissipation
devicethat we are developingto that
improve the structural response of
buildingsduringearthquakes:
Å Through the dissipationof seismic

energyat the interfacebetweenthe
diaphragm and LFRS,the forces
experienced by the LFRScan be
decreasedgreatly.

Å With lower forces in the LFRS,the
probability that a primarystructural
element is damaged during an
earthquakeisdecreased.

Å The use of energy-dissipating
devices can protect the core
structural elements from failure;
failure cancausethe building to be
unusablefollowinga seismicevent.

This addresses the
problem of long and
costly rebuild periods
following seismic events,
thus making structures
moreresilient:
Å To limit the forces in

the LFRS,the energy
dissipationdevicemust
be designedto deform
inelastically.

Å To ensure that the
structure is inhabitable
shortly following a
seismic event, the
energy dissipation
device is designed to
be replaceable. This
replaceable design
allowsfor short rebuild
periods following
damage in an
earthquake.

Hom, Darrick. (2018). Cal State Northridge Parking Garage Collapse.Structural Engineers Association of Northern California. 
(Available from https://legacy.seaonc.org/event/northridge-earthquake/northridge-parking-garage/)

References

Figure 7: Diaphragm Test Set-up
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Figure 12: Cyclic Load-Slip Plot

Table 3: Push-out Specimen Test/Predicted Strength Values

Figure 11: Monotonic Load-Slip Plots

Figure 2: Composite Steel Deck Diaphragm
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