Introduction & Purpose

On May 22, 2017, the Greenwich (CT) Fire Department
responded to reports of a working structure firé Rerkley
Road, Old Greenwich. The first-arriving officer scene found a
2-1/2 story wood-frame dwelling with heavy fire shog from
two garage bays extending toward the second fl@othe
exterior of the building. [1]

After instructing crews to advance a large attaok, Ithe officer
conducted a 360° size-up of the fire building. Dgrhis
Investigation, a loud explosion was heard. It vadsrlidentified
that the cause of this explosion was the ruptutevofcolumns
supporting a W12x26 I-beam within the garage. Quuh £olumn
ruptured with enough force to penetrate an extevell, coming
to rest in the driveway of the residence. With@haining
supports, the I-beam fell to the ground and redufiea severely
weakened structure, unsafe for crews to enter.
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The purpose of thisresearch isto identify the mechanism by
which these columnsfailed and to develop mitigating
strategiesto prevent such an occurrencein the future.

M ethodology

To replicate the column rupture, an advanced eeging
simulation software (ANSYS) was utilized to examstieesses
resulting from loading, thermal conditions, ancenmmial pressure.
Through analysis of these resultant stresses eardetation can
be made as to whether or not failure has occuriedrder to
successfully model such a phenomenon in ANSYS  ispéata
was required:

* Fire Scenario Data:
e Fuel Load, Temperature, Duration

e Column Data:
e Material(s), Dimensions

« Material Propertiesat Elevated Temperatures

After the successful identification of a failure chanism for the
column, mitigating strategies and procedures caetveloped
and put in place: fire departments’ standard opeyairocedures,
contractor procedures, and building code requirésnen
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Equivalent Stresses (Top of Column)

« Based upon the applied thermal condition of 1200W6es not
seem plausible that thermal stresses alone cae calisnn
failure.

* The fixed boundary conditions utilized for this nebdhay not
be accurate in representing the boundary condifmmihe true
column.

Equivalent Stresses (Full Column)

Plastic Strain (Top of Column)

Conclusions

* |n addition to elevated temperatures, there ard hiesy
additional factors that precipitated column faiturgernal
pressure caused by vapor expansion, the preseaceonicrete
core, buckling behavior, and eccentric loading.

* Firefighters responding to similar incidents mustken an effort
to cool structural components to relieve thermalsses.

Future Research

As a solution has not yet been identified to miega similar
column failure in the future, additional researsmecessary:

 Due to the limitations of available information fore
conditions, a uniform thermal condition was applied
the column. Similar analysis must be conductedzurid
a non-uniform thermal condition similar to what viau
ne observed under actual fire loading.

 Recent investigation has identified that the colammay
nave been filled with concrete indicating the polesi
presence of moisture in the column. Future analysis
determine if rupture by vapor expansion is plaw@sibl

e All simulations to this point have separated thielicms
from all surroundings. Future analysis will be omare
macroscopic scale and include column connectiods an
loadings.

 For the previous simulations, a fixed boundary caorl
was applied to top and bottom plates. This does not
necessarily indicate real-world boundary conditiand
must be studied further.

Future analysis will include simulations to detarei
whether or not columns indicate a buckling failorede.

« If a simulation identifies plausible failure mecisns,
laboratory tests may help to replicate real-world
scenarios and confirm simulation results.
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