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By Douglas Sarkkinen, PE., S.E.

The $19 million Kearney Plaza is a 5-
story multi-family residential, retail and
parking facility in the Pearl District just
north of downtown Portland, Oregon. As
is typical for many of the 5-story or less
mixed-use buildings, residential units

a plaza area conraining landsc
courtyard. In keeping with the building
overall fire safety, concrete walls also sur-
round the parking ramp, which had a 12-
inch post-tensioned concrete slab cover.
In the early hours of August 19, 1999,
a four-alarm fire raged through the Plaza
while it was still under construction. Start-
ing at approximately 4 A.M. and burning
all day, the fire turned the wood frame
into a heap of ash just three months
shy of Kearney Plaza’s originally sched-
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y that fire inves ofg with the
begantto_clear debris on the
Msearch for the cause.

tructural Engineer of Re-
cord for the original building design, was
notified immediately of the catastrophic
fire. Although present at the site shortly
thereafter, KGA could not gain access to
the structure because of hazards present-
ed by smoldering contents on the slab
and life safety concerns from precari-
ously hanging debris. In fact, for first
week immediately following the fire, in-
vestigators took control of the site and
allowed no one access without proper
authorization. Shortly after the fire, the
Owner, Contractor and their insurance
company decided to re-build as quickly
as possible following de-
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bris removal. However,
fire investigation had to
be complete before any
type of clean up or res-
toration could begin.
KGA was retained
to help guide the Con-
tractor during cleanup
and demolition, assess
the structural iu'u:gliiy
of the components re-
maining after the fire
and provide engineered
options for repair of
structural elements that,
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although damaged, might be salvageable.
With the majority of the upper floors an
ash heap on top of the post-tensioned
plaza slab, the wood framing was clearly
an economic loss. Similarly, the structural
steel framing located above the plaza lev-
el, within the retail area, was effectively
destroyed and needed replacement. There
were some concrete walls above the pla-
za level at the retail areas that remained
standing, although they appeared severely
damaged. The post-tensioned plaza slab
could not be seen, since it was buried un-
der several feet of debris. Basement access
was not allowed until investigators had
cleared the area and determined there
were no collapse hazards present.

Fire investigators required their pres-
ence during initial debris removal to
observe and inspect all aspects of the
scene. They soon focused on the south-
west corner, since evidence was develop-
ing that was the probable location of the
start of the fire.

To expedite debris removal, the Con-
tractor asked to place large excavation
equipment on the plaza slab. Evaluat-
ing whether the potentially fire-damaged
post-tensioned concrete slab had suf-
ficient capacity to support large equip-
ment proved to be one of the first chal-
1cugca wquilcd for reconstruction of this
building. To adequately assess damage,
KGA needed to visually inspect the slab;
however, the Contractor needed to get
equipment on the slab to clear debris so
visual assessment could occur.



A systematic method was developed where
small portions of the slab immediately in
front of the excavation equipment were
cleared, allowing structural engineers to
verify the extent of damage for that portion
of slab before proceeding. In addition, base-
ment access was eventually granted. No signs
of distortion, sagging, or adverse cracking on
the slab underside were evident, except for
some localized areas around stair and eleva-
tor penetrations. Additionally, concrete cores
were taken at areas that spalled and appeare
damaged to determine if slab delamination

After removal of a majority of debris, in-
vestigators determined arson was the most
probable cause. The investigators collected as
much evidence as possible, eventually return-
ing site authority to the Contractor. With
most debris removed, the most difficult aspect
of reconstruction was to determine how much
structure could be saved and how much need-
ed removal and replacement. This issue had
significant ramifications in terms of recon-
struction time and costs.

The first assessment dealt with concrete
elements above the plaza level, including ex-
terior walls at the retail area, and the walls
and post-tensioned concrete slab over the
parking ramp. Several of the walls were
specified to be architecturally exposed con-
crete and, though they appeared structurally
sound, they could not be repaired to achieve
the necessary architectural aesthetics. Ad-
ditionally, walls along the parking garage
ramp experienced significant spalling. It was
believed these walls could be repaired by
adding shotcrete to the wall surface, but esti-
mates indicated repair costs would be nearly
as much as the costs of removal and replac
ment. Therefor J{t was determined that a
concrete el e&\ remaining ¢ the plaza

level wduldtbe demolished 3 built.

peritical element that could have been
irreparably damaged. Because of potential im-
pact to scheduling and costs, there was a strong
desire from both the Owner and Contractor
to save the slab. The main concern was de-
termining the temperature level experienced
during a fire that burned all day. At extremely
high temperatures, concrete can be damaged
and steel reinforcing and post-tensioning
tendons can experience strength and stiffness
loss. The table below indicates damage that
might be expected as structural materials are
exposed to the respective temperatures. This
table is a compilation of information from
Construction Technologies Laboratory (CTL),
ACI, miscellaneous articles on fire damage and
some testing by a local testing agency.
Spalling occurred throughout the top sur-
face of the plaza slab, with some areas being
heavily damaged while in other areas the
damage was sparse. It was believed that con-

TEMPERATURE EFFECT ON POST-TENSIONED SLABS

Temperature | Observed Damage

200 — 300°F | Spalling of dense concrete.

400°F Melting of the plastic sheathing around tendons.

600°F Relaxation of post-tensioning strands begins. Discoloration of concrete.
1,200°F Yielding of mild steel reinforcing.
Table 1
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tact between the cold water used to extinguish
the fire and the heated slab contributed to the
concrete spalling. The depth of a majority of
spalling was in the %2-inch to %-inch range.
Since the majority of tendons in the slab had a
minimum 2 inches of cover, it was determined
the spalling probably did not compromise slab
structural integrity. Spalling was refiaired by
removing loose concrete and i
cementitous leveling compou
As shown in 7able 1

00 degree Fahrenheit. However, to
the type of structural damage or
oss that may have occurred, a more

accurate temperature assessment was desired.
Thus, sever, items were considered to

det e ible temperature levels:
iscuksions with fire investigators,
* Concrete core samples taken and

observed for discoloration,

* At 6 locations the concrete was chipped
down to expose PT tendons, and

* Steel deformed bars were exposed at the
same 6 locations.

In review of all tests performed, experience
of fire investigators and the extent of slab
damage observed, the temperature attained
was likely in the 500 degree Fahrenheit range.
This conclusion was based on:

Discussions with Fire Investigators indicating
that, although the fire was catastrophic, the
majority of heat and energy went straight up
as flames reached over 100 feet. The fire was
described as being similar to a furnace, pulling
cool air low into the fire along the slab and
feeding from the base. This effect probably
did not create intense heat at the slab surface.
Subsequently however, as the fire progressed
and the wood-framed components continued
to burn, the building collapsed within itself
and created 2 to 3 foot layers of charcoal on

top of the slab. This possibly “baked” the slab;



Along with investigation and repair of slab
concrete portions, there was a substantial
number of steel anchor bolts and hold-down
anchors protruding through the slab surface.
A large percentage of these were bent or dam-
aged during the fire or subsequent cleanup
operations. All bent or damaged anchor bolts
and all hold down anchors were loalftested in
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State of the Art Integrated Analysis & Design Software.

to the extent
structural
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ROBOT Maﬂenmum v19 features: geometrical & material
nonlinearity capabilities [cable analysis, plastic & elasto-plastic],
buckling, push-over analysis, modal, spectral analysis including P-
delta, seismic, time-history, automatic mesh generator, ACIS 3D
modeller, 5 different solvers. ROBOT performs steel design &
optimisation per AISC - ASD 89 / LRFD 2000, C5A-516.1-94 / 01, BS
5950, AP, NORSOK, TIA/EIA-222F; concrete design & detailing per
ACI-318-99/02, C5A A23.1-94, B5 8110, EUROCODES. ROBOT is
integrated with the Autodesk® Revit® Structures: bidirectiona
transfer of structure incl. curved walls and floors, shear walls & cores
with opening of any shape.
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aintain structural integrity. Repair was
required at localized areas; however, saving
the struct eﬁ proved to be critical to

j pletion. The Contractor indicated
, by “reusing the podium slab, clean-up
rebuilding costs were slightly below the
Owner’s Builder’s Risk limits. Since policy
limits were not exceeded, there was no reason
to identify who was responsible for the fire,
avoiding lengthy and costly litigation. This
allowed the Contractor to finish work without
trying to recover expenses.®

ening of cement paste. This affected layer,

= owever, was only 0.02 to 0.04 inches thick. Douglas Sarkkinen, PE., S.E. is a principal

£ pwerful FEM Software (powered by the | CTL al i d th f h i . 4 ’ .

3 ) for the Bridge, Civi, Gegteghical, Offshore also indicated that, for these cores, the with Kramer Geblen and Associates, Inc. He

< 1 .

2 concrete surface layer temperature did not | 5 gper 20 years experience as a structural
remain high long enough for desiccation mi- engineer and has extensive experience in post-
crocracks to form. CTL concluded that pe- | ,si0med concrete structures.
trographic findings suggested the concrete

layer was subjected to temperatures
of approximately 400 to 550 degrees
Fahrenheit.

Post-tensioning Tendons and De-
formed Bar Reinforcement were ex-

ANSYS/CivilFEM v10 features: advanced solid modelling features d d . o d I
with boolean operations, time dependent non-linear material posed and investigated at severa

properties smart load combination, prestressed & damped lOC?ltiOIlS In Ol’lly one Of the 6 cases
modal analysis, non linear construction sequence analysis (Birth :

and Death of elements), real non-linear buckling analysis, of CXpOSCd tendons, the protective

automatic contact surface elements, SOLID 65 element (non- . . B .
linear solid RC element), plastic const models: 20/3D Drucker- Plasuc sheathlng CXhlblth signs Of

Prager & 2D Mohr Coulomb, Hoek & Brown failure criteria, slope melting but the strands and grease
stability: Classic, Fellenius, Bishop, Janbu, Morgenstern Price, US

Corps of Engineers, FEM results. appeared to be still intact. The ex- |

posed reinforcing bars did not show
signs of heat scarring, and there |
was no indication of concrete de- .
laminating or spalling around the ;. of embedded anchors
deformed bars.

SDSS provides a variety of structural design support services Based on thC above, 1t was determlned thC
such as but not limited to FEM-modeling, customized/iask [ post-tensioned slab did not lose structural ca-

e

specific software applica:ions for pre- & post-processing, as well . .
as structural drafting. Please call for quotes and details. paclty CXCCpt for a fCW lSOlath damaged areas
www.sdss.biz | by stair and elevator openings. These were Photographs of the fire damage are
S SS info@sdss.biz | subsequently repaired, along with other por- courtesy of the contractor.
905 681-2166 | tions of the structure; however, the majority
Structural Design Software Solutions of the plaza slab remained intact without re-

pair and functions satisfactorily today.
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