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The Kingdome Implosion

rH
A
>

B 71 2000 3€ 269 v AlelE A&A Kingdome HMSET A|AHE LA THE o) &
3lo] st Al#l2A The Journal of Explosives Engineering(v.17 n5, 2000)o] 7138t Dr.
Douglas A. Anderson (Senior Consultant, West Chester, PA office of Schnabel Engineering
Associates, Inc.)9] & &7 AHolth Kingdome TxE9 A 4 ¥ Seahawk Stadium
A9l YL T FALARE Tumer Construction 3jAte]ny atsia] APAFEH 2 AFE AP
o] 2] Aman EnvironmentAl, @3l dA 2 A& CDIAL 49 F9 F2E A% o
g7t @ A5 A =L Schnabel Engineering AssociatesAt7F 2ol £33kt o] A
oA 7 & R A E3YE F FRE Ho| glon, F9d Fo FFREE] 9

9ol BA GAYH o2 et FylEo] AukrlEd gt 3
e o Qloke 9 7hsAdol vl dRiste] #ale] =td sfAAb ot} o] fE
Agkel] 250002 8] FFo] FHOE ALY F JOEE FAHE HA
St uliel 248 w3o] AR O 5905702 Ha-o 47283 5(9F 2,145kg) o] Eof

i S olgot VIEAIZY. AMRE EEAM ol oF 379 kmoll &t W
AL 7IAte] YER o] Fol HE x| @i TR FHA

o K
1I
o
o
N

T
i_. \_Q_, :{0 o
r O 0

|

>

N

o

o

1
M

o

Introduction explosives community, the "impact" of the
Even though there is always a feeling of implosion was far less than many local residents
anticipation before a blast is detonated, most had feared. This outcome, of course, was not
blasts are part of a day's work. Once in a by chance, but the result of careful planning
while there is an and design. An
event that " urban implosion
impresses even the requires a mix of
most jaded blaster. engineering,
Few blasts logistics, and public
have had the relations. Unique
impact  of  the challenges on this
Kingdome project tested the
implosion in March resourcefulness  of
of this year, the entire team.

Fortunately for
both the Seattle
area and the
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The Team

Tumer Constructicn is the prime contractor
responsible  for the removal of the Kingdome
and the construction of the new Seahawk
Stadium on the Kingdome footprint. Aman
Environmental is responsible for the preparation
of the Kingdome for implosion and the
post-implosion  cleanup. Controlled Demolition,
Inc. (CDI) was responsible for the design and
execution of the  implosion.  Schnabel
Engineering Associates (Schnabel) and Skilling,
Ward, Magnuson, and Barkshire (Skilling)
teamed to conduct the pre- and post-implosion
surveys of surrounding structures, and vibration
monitoring at those  structures.  Schnabel
developed vibration prediction based upon
historical implosion vibration records.

The structure

Like a Coliseum with a lid, the Kingdome
was the world's largest thin-shell concrete dome
structure. Built in 1974 at a cost of $67M (a
slim budget for such a facility), it was designed
by Jack Christiansen of Skilling to last a
thousand years. The most notable feature was
the unsupported roof structure. This roof was
thin but strong, a hyperbolic paraboloid 660 feet
across, In place of vertical supports, it had a
tension ring at the outer perimeter, and a
compression ring at the top. The largest
remaining unsupported roof is that of the
Assembly Hall at the University of Illinois. A
smaller version sof the Kingdome, also designed
by Jak Christiansen, is the SunDome in Yakima,
Washington, which is going to remain standing.

Support of the Kingdome roof required
very strong supporting columns, which contained
Number 18 reinforcing rebar, the largest
available, This rebar, which as thick as a soda
can, bent like spaghetti during the implosion.
The building was plagued during its lifespan by
difficulties including falling of roof tiles, and a
city that hated how it looked. Repairs to the
building cost $74M, and though it is gone, it
won't be paid for until 2016!

Why did it go? In

modermn  sports,
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multipurpose  stadiums like the Kingdome are
now like dinosaurs. Skyboxes and moving
ramps, which were not part of the Kingdome
design, are now considered necessary. The new
Seattle ballpark, Safeco Field to the south of
the Kingdome footprint, fits the times better, as
will the Seahawk Stadium. Finally, as usually is
the case, a critical factor was money.

So it had to go. A dome isn't taken down
piece by piece, so it had to come down at
once. But what does "at once" mean, and what
impact does it have? Let's start with the city
around the dome.

The Surroundings

The Kingdome was less hemmed in than
some imploded buildings; however it was still
surrounded on all sides by urban structures. On
the south, support structures for the Seahawk
Stadium had been erected within 100 feet at the
time of the implosion. To the east, the busy
Amtrak Pacific Coast railroad tracks and station
were again within 100 feet. To the west, several
industrial buildings, including historic structures,
were also within 100 feet. Each of the
foundations is on fill including timber, bricks
and other poorly consolidated material. Elevated
highways to the west of the Kingdome site
were also of concem. A  high-priced
condominium complex to the northwest required
special attention because of the cost of the
units. North of the Kingdome site is the
southern edge of downtown Seattle, with historic
structures such as the King Street Station in full
view of the Kingdome. finally, as in most
urban areas, underground utilities, such as gas
lines and fiber optic cables, were buried within
100 feet of the footprint.

All of these structures were of concern to
the Seattle community. Furthermore, with the
Seattle area subject to earthquakes, the residents
were highly aware of the potential of ground
vibration to cause damage. Some people were
concerned that implosion vibrations might trigger
an earthquake or liquefaction would destabilize
building foundations. There were also concerns



about dust and debris that would be generated
by the implosion, the fate of pigeons and stray
cats, and mobilization of rats.

To allay these fears Schnabel generated
predictive vibration models, based upon the
results of previous implosions. These models,
using the weight and fall time of the
Kingdome, indicated that vibration would be
well below levels that could cause cosmetic
damage.

The Media

The media attention to this implosion was
intense. The local media featured the implosion
daily with stories about the implications of the
implosion. National coverage by MSNBC and
ESPN added to the spirit of camival. Websites
showed the progress of preparations and
"models" of the implosion.

Unfortunately, some negative press coverage
was generated by competitors. These actions
however, were not taken seriously enough to
interfere  with the positive media coverage
prompted by the event.

Preparation
Well before the implosion, preparations
were  underway An  environmental impact

statement was completed in early 1998, with
estimates of potential vibration magnitude and
other impacts to the Seattle area. Coordination
was made through the Seattle Fire Marshal's
office. Local agencies were contacted, as were
residents, to inform people of the possible
impact and measures to be taken to minimize
adverse effects.

Along  with organizational efforts, a
monitoring plan was developed, as well as
coordination of pre-implosion surveys. Interior
and exterior videotaping and other inspection
services were conducted on the buildings
surrounding the Kingdome. Secure areas were
defined. Plans for interrupting rail and vehicular
traffic were developed.
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Design

How do you take down a dome? Most
implosions fall into one of two categories: either
critical support is removed in a well-defined
sequence allowing a building to pancake and
crumble, or it is toppled like a tree (gas towers
and chimneys). Simply pancaking a dome would
create too much vibration, with 25,000 tons of
material impacting the ground at once.

CDI designed an implosion detonation
sequence that would allow the building to fall
in a manner similar to conventional building
implosions. The dome roof was divided into six
sectors - similar to the familiar radioactivity
symbol that would be imploded in two
sequential phases.

Envision six men standing in a circle, arms
on each other's shoulders, like a huddle. Three
of the men (non-adjacent) are knocked out, and
fall inward, still supported by the remaining
three. Then the last three are knocked out and
are dragged into the middle by the weight of
the first three. They all end up in a pile in the
middle. We won't carry the analogy too far, but
this is how the sequence proceeded, with
selective weakening of critical elements (precise
breaking of the structure's "legs"). This was to
prevent all material (but dust) from leaving the
footprint, and allowing the roof to crumple
rather than crash. Berms made of crushed
concrete of the lower stadium levels were also
placed on the floor of the Kingdome to help
absorb the impact.

Test Blast

As is usually the case with substantial
implosion projects, a test blast was detonated
about a week before the implosion. Columns
could be weakened with smaller quantities of
explosives than originally estimated. This would
help in scattering less debris and lowering the
resultant air overpressure.

Loading

Drilling of the 5,905 holes in the structure
for explosive charges took fine weeks. These
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holes were loaded with a total of 4728 pounds
of explosive, wrapped with mesh, and hooked
up with 21.6 miles of detonating cord. The
loaded areas were covered with geotextile
material to contain the debris from the
detonation.

Monitoring

The implosion was monitored with 17
Instanter seismographs provided by Schnabel
Engineering. These were placed at Locations of
concern for liability protection, as shown in the
Location Plan. They were coupled to the
pavement with bolted metal plates where
coupling directly to the soil was not available
Since the fall time of the Kingdome was
estimated to be about 17 seconds, the
seismographs were programmed to record for 30

seconds when triggered. Because of the
possibility of false triggers filling the memory,
the seismographs were set ¢ tun on

automatically 30 minutes before the implosion.

In addition, a 25-person team frorn the US
Geological Survey and the ‘University of
Washington depioyed 200 seismographe
throughout the city to determinz the wavz
propagation characte-istics in thz Seattie arec.
The vibraticr generated by the impact could aic
the geoonysica: community in wrediciing :oce
response (S ground vibratior. Tness sucize =ro
part of the Seismic Hazaras In Puge’ Sounc o
“SHIPE"  oprogram ¢ estimaic  earthguaxc
response potentiai in the Seattie area.

The Implosior

The moming of March 26 was atypical for
Seattle - only a few clouds were scattered in a
bright sky, and fog bumed off carly. While it
was still dark, at 5 AM, seismographs were set
up, and final detonator hookup was finished.
The area around the Kingdome was cleared of
all but those with the appropriate badges.
Coordination activities were in a large tent
"Command Post" filled with people from various
city agencies and the demolition team.

Outside, helicopters circled overhead. The
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crowds gathered at the barriers, many prepared
with masks for the expected dust. Ships filled
the harbor, and high-rise breakfast parties waited
in anticipation. Vendors hawked T-shirts and
other souvenirs, but the souvenirs in most
demand would be pieces of the Kingdome. With
over 100,000 tons of material, there would be
plenty to go around!

At 8:30 AM the f{inal siren sounded, and at
8:32 the detonation sequence began. The
rapid-fire concussion from the detonating cord
could be felt at the command post as the
building began to crumple. Shortly into the
17-second sequence, the billowing dust began to
rise above the falling building.

The dust cloud tumed the clear day into
twilight. Just as the last of the Kingdome
crumpled, the commard post became a bustle of
activity to assess the conditions foliowing the
implosior. Before anyone could retum o the
site, seismograph readings had to be taker tc
determine how much wvibration had been
generated. Two seismic records with peak
particle velocities of 024 and 025 at tne
northern edge of the Kingdome site indicated
that all was safe for people to retum to the
site.

Results

Five windows braker, & io! 0
thousanas of cneering peopis. Oh, yes.
Kingdome fiattened like a pressed fiowe
planned szquence had worked like & chanm.
anticipated height of the final rubble pile was
{by contract) supposed tc be less than 70 fzet,
but ended up only 23 feet high. The flagpole
on the center of the compression ring remained
more or less vertical. The vibration predictions
were right on.

High-five were exchanged quickly, and the
work of assessing the impact began almost
immediately. The seismographs were collected,
and post-implosion inspections began. As the
dust cleared, it was evident that the several
approaches - engineering, logistical, and public
relations - had all worked in concert to provide
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a valuable service to the clients and the
community. The dismantling of what remained
began while there was still dust in the air. The
new stadium is now under construction.

After all, with the excitement over, Mark
Loizeaux of CDI probably summed up the
feelings of an explosives professional best.
Referring to the attitude of a football player in
the endzone after a critical touchdown he said
"Act like you've been there before.
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