
SHAKE 
AND 
Witnessing a Seismic and Fire Test Up Close

Growing up in Northern California, I 
have had my share of seismic expe-
riences. As a child, I remember my 
parents and I waiting out the tremors 
and then comparing notes on what 
we each thought the magnitude level 
was and how close the epicenter was 
to our location. Most of the time 
they were mild and lasted just a few 
seconds. Not a big deal for the most 
part. However, I will never forget two 
earthquakes that peaked my interest 
in our recent seismic test opportunity. 
The first one that left an impression 
on me was in the early 1980s. I was 
a young carpenter working in the 
city of Walnut Creek just east of San 
Francisco. I was on the second floor of 
an occupied tilt-up office building, in a 
closet, on a ladder hanging a nine-foot 
solid core wood door, when I started 
feeling dizzy. I jumped down off the 
ladder to collect myself and look for a 
restroom when I noticed the vertical 
blinds on the exterior windows sway-
ing back and forth wildly. Then I no-
ticed people coming from everywhere, 
running around heading for the stairs 
to get out of the building. 
I quickly followed them out, where to 
our amazement we all witnessed the 
asphalt parking lot moving up and 
down similar to flowing ocean waves. 
All we could hear were car alarms 

going off everywhere as vehicles in 
the parking lot were being bounced 
around. Everyone froze, not know-
ing where to run. It was probably 20, 
maybe 30 seconds in all, but it felt like 
much longer. 
After it had gone quiet, we all looked 
at each other, and then around the 
area for any major damage. We 
checked our vehicles and, noting noth-
ing major, went back inside to go back 
to work, a little shaken, but quickly 
back to normal as the lights were 
still on and we had electricity. That’s 
what people from California do. I do 
remember the margins on my doors 
not being quite the same as I had left 
them. I had to go back and readjust. 

Loma Pietra Earthquake
The second one was much larger, and 
I remember it like it was yesterday. 
It was the Loma Prieta earthquake 
in 1989. It was remembered as the 
World Series Quake, and I was there at 
Candlestick Park waiting to watch the 
Giants and As play. I was an A’s fan, 
and back then they had an incredible 
team, with Ricky Henderson, the bash 
brothers in Jose Canseco and Mark 
McGuire (including their performance 
enhancers), and an awesome pitch-
ing staff headed by Dave Stewart; as 
well as an ultimate closer in Dennis 

Eckersley and Tony La Russa, their 
manager. They ended up sweeping the 
Giants in that series.   
I was sitting in left field, first level, 
under the overhang, awaiting the start 
of the game. My nephew and I were 
drinking our beers, eating our pea-
nuts, and watching the players warm 
up. We suddenly heard and felt a 
rumble, which at the time we thought 
was the crowd stomping their feet. So 
our section all joined in and started 
stomping ourselves. We then noticed 
the large light poles swaying and the 
lights going out.  
Luckily, it was still light out, or it 
would have been mass hysteria. I still 
think about how different and scary 
it would have been had it been dark 
at that time. There was little to no 
cell phone use then, so information 
about what was happening was slow 
to come. I remember a group of us 
surrounding a guy who had a very 
small, battery-operated hand held tele-
vision. We were stunned as we viewed 
the coverage of the Bay Bridge and 
Oakland highway collapse, along with 
the San Francisco fires. We all then 
instantly looked up to see if there were 
any fractures in the tons of concrete 
above our heads. We quickly moved 
down from under the overhang just to 
be sure. 

By Rick Calhoun
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We knew this was not your “normal” 
quake, and realized we were not going 
to watch a game that night when we 
saw the players motioning for their 
families to come down to the field 
where they were grabbing their chil-
dren, helping their wives and parents 
onto the field, and walking out of the 
stadium. I do not remember any offi-
cial announcement; I don’t think the 
public address system was working, 
but it was obvious that if the players 
were leaving, there would be no game. 
The crowd started moving outside, 
all the while looking around for any 
evidence of any structural damage. 
I could not wait to get out of that 
stadium. Walking/running out to our 
vehicle, I remember seeing the odd 
sight of some players in the parking lot 
still in their uniforms getting in their 
cars and leaving very quickly. By the 
time we got to our vehicle, the parking 
lot was gridlocked. It took us more 
than three hours to just get to the free-
way which was less than a mile away. 
By that time, it was dark, but we could 
see a glow coming from over the hill 
north toward San Francisco. 
Candlestick Park is just south of San 
Francisco, and we wanted to get on 
Highway 101 south to get back home 
to Livermore, just 40 miles southeast 
of where we were. The problem was 
that no one wanted to go north toward 
San Francisco as the Bay Bridge had 
collapsed and was closed, and we 
heard on the radio that San Francisco 
was burning. After sitting a very long 
time in the southbound lane on-ramp, 
we had the bright idea to head north 

and find a way to turn around at the 
next exit. We had made it just over the 
hill when we saw the incredible land-
scape of fire and smoke of the shaken 
San Francisco skyline. My nephew and 
I looked at each other, and both said 
“no way.” 
We quickly made an illegal U-turn 
right in the middle of the freeway 

and started heading south down 
the peninsula. Luckily I had a lifted 
four-wheel-drive truck at the time, 
so I was able to get through the ditch 
and brush divider easily. There was 
no sign of power or lights anywhere 
in sight. It was an eerie feeling to have 
the whole peninsula so dark. I remem-
ber thanking myself for filling up my 

We knew this was not your “normal” quake, and realized we 
were not going to watch a game that night when we saw the 

players motioning for their families to come down to the field 
where they were grabbing their children, helping their wives 

and parents onto the field, and walking out of the stadium.

“I was surprised how well the steel doors
performed in containing the fire, and also how 
well the hardware kept the door latched. There will 
certainly be reviews by our industry partners on 
the performance of the door, frames and hardware 
from this severe testing. This shake and burn 
test will provide insight as to what our industry 
should review that may lead to improvements 
to both the products and installation methods 
used in constructing fire-rated door assemblies. 
The Foundation is proud to have participated as 
a supporting partner in this continuing effort 
to review, test and upgrade products which are 
required to maintain public safety.”

 —Paul Baillargeon, Vice President, 
Technical Consultant, Door Security & Safety Foundation
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tank before we left, as I knew we were 
going to have a long trip back home. 
Traveling slowly south on 101, we 
passed the city of San Mateo. Intently 
listening to the radio, we found that 
bridge was closed due to structure 
evaluation. Moving on down to 
the city of Palo Alto, we found the 
Dumbarton bridge was also closed 
due to structural evaluation. We had 
to go all the way down to the city of 
Mountain View to cross over Route 
237, just south of the bay. 
As we crossed the peninsula, we start-
ed to see lights in areas. At that time, 
it would have been hard to believe we 
would return to that stadium just a 
week or two later to continue watch-
ing that series. Good thing I saved my 
ticket stub!
The quake hit around 5 p.m. PST, and 
I remember pulling up to my house 
around 1 a.m. My wife and my two-
month-old son were at the door wait-
ing for me. I had no phone, so I was 
not able to let her know I was alright. 
The first thing my wife did was scold 
me for not being there for her and my 
son, and then she gave me a hug and 
started sobbing. As I wiped her tears 
away, she began to tell me about her 
experience with the rumble she felt, 
along with the short loss of power. 
What most hit her was the three to 
four feet of water we lost from our 
swimming pool that splashed up 
against the house. She said it was like 
taking a full bowl of water and shak-
ing it until half of it was empty. I was 
surprised our single pane plate glass 
windows held up to the impact of all 
that water. 

It could have been really bad as she 
held my son and stood next to the 
window frozen in amazement at the 
water movement, before she realized 
she better get out of the house in case 
the window broke or the ceiling came 
down on them. Structurally, we had a 
few cracks in our drywall, but surpris-
ingly, my pool did not have one crack 
in it--just needed a fill up.
At the time of the quake, my boss, Jim 
Gross, lived on Loma Prieta Avenue 
in the Santa Cruz mountains—right at 
the epicenter. He later told us he and 
his wife were getting ready to watch 
the game on TV when his house, which 
was built on a slope, lost its under-
pinning (structural posts) during the 
tremor, causing the back of the house 
to drop 10 feet, separating itself from 
the garage, which remained on top of 
the hill. He and his wife had seconds 
to grab their cats and jump from the 
house to the garage. His house was a 
total loss. A nationally televised doc-
umentary later included his story and 
the devastation in his area. He rebuilt 
a new home in the same location, this 
one with the latest and greatest struc-
tural seismic bracing and tie downs 
available at the time. Jim was a great 
guy, and I owe a lot to him for giving 
me my first opportunity to come into 
the office from the field.

Seismic Test Provides 
Opportunity 
I started my article with my personal 
experiences because they demonstrate 
the need for people who experience 
these seismic events to exit a structure 
safely; some very quickly. That exit in-
cluded getting through door openings 

that would allow them safe egress. 
It got me thinking— there must be 
something we could do as an industry 
to look into a way of improving the 
odds of this happening. For those of 
us in California, it is not if the next big 
quake will hit, but when.    
So when I was approached by Cemco, 
a company that provides steel framing 
products, structural load bearing wall 
panels and fire-rated wall systems, to 
be involved in some seismic testing, I 
was intrigued. Once I saw what was 
being tested and how it was done, 
I was sold on participation. They 
were looking for a door contractor 
to donate some material and labor to 
install some interior door openings 
in a six-story structure they planned 
to seismic test and then set on fire. I 
was warned early on to be prepared to 
get my feelings hurt, as the professors 
planned to push our products and 
installations until they failed. They 
guaranteed it was going to happen. 
As far as I knew, our industry had 
not tested for seismic and fire testing 
before. Shake it and burn it—sounded 
like fun to me.  

A Team Effort
I looked to some of the manufacturers 
we partnered with to ask for material 
and a financial donation to help with 
the test, which I was told was going 
to cost approximately $1.5 million. I 
quickly received the go-ahead from 
each, and we were off. 
Our company, Walters & Wolf 
Interiors, provided the labor, along 
with our partners Allegion, Door 
Components, Marshfield Door 
Systems, and Wilson Partitions, who 

When I was approached by Cemco,  
a company that provides steel framing 

products, structural load bearing wall panels 
and fire-rated wall systems, to be involved in 

some seismic testing, I was intrigued.
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participated in furnishing whatev-
er material I asked for along with 
helping us with the donation. The 
Door Security & Safety Foundation 
also participated in the donation, 
and together, they all stepped up to 
help make this happen. Without their 
support, we would not have been able 
to participate. I had a group of quality 
organizations with quality individuals 
involved. I thank them all for their 
effort and interest in this venture.     
The six-story steel structure was built 
at the NHERI facility at the University 
of San Diego, where more than 100 
seismic tests had already been per-
formed. Government sponsorship 
was provided by the Department of 
Housing and Urban Development 
and the California Seismic Safety 
Commission. 
The test site consisted of a shaker table 
measuring 25 ft. x 40 ft. that was hy-
draulically powered to move a 2,000-
ton payload capacity up to 30 inches 
in one direction. This is currently the 
largest shaker table in the world. They 
are looking for additional funding to 
go multi-directional. 
The building was fitted with 250 
sensors, 40 cameras and a GPS system 
to help gather data. A 24/7 live camera 
feed during the construction process 
would allow all involved see the 
building go up. The website— 
cfs-research.uscd.edu—highlights our 
test, along with some general infor-
mation showing some of the tests, 
including some structure collapses. 
Check out the media section and the 
article, Could This Building Protect You 
from the Big One?, along with click-
ing on the NHERI tab and checking 
out the virtual tour. We had a six to 
eight-week window to construct and 
remove our test building. My project 
manager, Nate Marshall, and I flew 
down to San Diego to meet with the 
team and discuss logistics and the 
tight schedule. 

Openings Details
We were given the opportunity to put 
together our own door schedule using 

the products, sizes and configurations 
we wanted to test out. Due to the wall 
layout, we put together 22 openings 
(two on the first floor and four on 
the second through sixth floors) that 
included:

• A combination of seven, eight
and nine-foot door heights.

• Aluminum, hollow met-
al-welded and KD frames,
including some sidelights.

• Aluminum, wood and hollow
metal doors, with and with-
out vision lights.

• Cylindrical, mortise, con-
cealed cable devices, closers
and miscellaneous hard-
ware components.

The second and sixth floors were 
also going to be also burned, so 
we put 20 min.-rated products 
on one floor and 60-minute on 

The building getting ready for the first shake test.
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Second floor corridor burn. The fire was set 
on the other end of the building, but most of 
the flames traveled down the corridor out this 
other side. 

the other. We wanted to see how the 
different product combinations per-
formed along with their installation 
methods. All the companies involved 
were on it, and my team, along with 
our suppliers, came through flawless-
ly to put this all together within a few 
short weeks. 
We were limited to the size and type 
of installation method based on the 
type of wall construction. The exte-
rior and center corridor walls were 
prefabricated and erected on site. The 
corridor openings could be no larger 
than 3’6” in width with the wall throat 
size at 4 7/8” and one-hour rated. This 
required us to use a three-piece type 
frame construction at these locations. 
Only the perpendicular walls were to 
be stick-framed on site, being also one-
hour rated walls. 
We were able to install two corridor 
openings—one on each side of the 
wall—and two door openings—one 
in each wall on either side of the cor-
ridor. There we used mostly one-piece 
welded hollow metal frames, but also 
included our own sliding aluminum 
and glass door system. There were no 
closed windows, stairs or elevators 

The test days were going to range a span of three weeks, 
starting with shaking at various levels, burning, and then 
more shaking.

All photos courtesy of Rick Calhoun
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in this test. Access was by an exterior 
scaffold and JLG-type lift. 

Time to Test
The test days were going to range a 
span of three weeks, starting with 
shaking at various levels, burning, 
and then more shaking. There would 
be media days involved with cover-
age by National Geographic and the 
Discovery Channel, among others. The 
fire test would come after the first two 
quakes and before the last big one. The 
idea was to replicate the Northridge 
Earthquake of Los Angeles in 1994 
(6.7 magnitude), and then the Cape 
Mendocino quake of 1992 at 7.2 magni-
tude; burn floors two and six, and then 
shake it again to replicate the Chile 
Earthquake of 2010 (8.8 magnitude). 
They wanted to see if the building 
would still stand. Past tests on other 
building construction types showed 
condemned conditions, including 
some collapses at this point. We were 
able to fit in two visits—one to witness 
the first shake test and one for the first 

fire test on the second floor. 
Witnessing the earlier shake test was 
not as dramatic as we had thought 
it would be, until we were able to go 
back inside the building to see the ef-
fects of what the movement did to our 
openings. The building moved back 
and forth with the length of the corri-
dor making those openings taking on 
the brunt of movement as they moved 
side to side. I was told that the open-
ings in the perpendicular walls only 
felt 10-20 percent of the movement as 
the corridor openings did. 
All of the time we spent making 
sure our openings were compliant 
with NFPA 80 standards drastically 
changed after the shakes, particularly 
the clearances and margins. After our 
installation, I sent my FDAI inspector 
Chris Banda to go over every door 
opening to make sure they were all 
compliant. After we saw what the 
movement did to our openings, we 
went into the fire test very nervous 
about how we were going to perform.  

The intumescent kicked in, sealing the door 
and smoke successfully.

This door was burned from both sides hours apart and still stayed latched. What is normally a 
very heavy door turned into a what felt like a piece of balsa wood in weight. 
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Firemen taking a look at the room before we 
were allowed to enter. Notice the veneer on 
the 60-minute-rated wood door gone on the 
fire side along with the door handle melted. 
This door stayed latched.

Close up of what a cylindrical lock 
handle looks like after 15 minutes of 
2,000 F. Still latched.

The fire tests were much more impres-
sive to witness. We had to wait for the 
San Diego fire department to show 
up each morning before we tested, 
and were alerted that the test permit 
could be pulled any minute up to test 
time due to the heat, wind and cur-
rent fires in southern California. As it 
turned out, we lucked out and all the 
tests were performed on schedule. The 
second floor was burned four times in 
different rooms over two days. This 
floor had 60-minute-rated openings 
installed. 
On the third day, the sixth floor had 
two burns in two different rooms. 
This floor was installed with 20-min-
ute-rated openings. The fires were 
started by igniting pans of heptane 
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liquid fuel that were on the floor. The 
typical burn lasted only 10 to 15 min-
utes, but reached more than 2,000 de-
grees Fahrenheit within seconds. We 
were told they were calling it “flash 
burns” which are much different than 
our industry’s controlled time, tem-
perature curves and chamber environ-
ment fire tests. 
In the real world, the amount of 
oxygen getting to the flames greatly 
affected the heat and duration of the 
burn. At times we saw flames up to 
three-feet-high go right under the 3/8” 
undercut of our doors to the non-fire 
side for short 10 second bursts to back 
off, and then come back a few sec-
onds later. The amount of smoke that 
moved from one side of the room to 
the other during the fire was also very 
surprising, even with all our listed 
gasketing installed and adjusted.     
We were very impressed with the per-
formance of our openings, considering 
what they went through with the 
shake and burn. The state of California 
needs our industry to include move-
ment in our fire testing and code 
requirements, acknowledging that 
tolerances are not going to be held, af-
ter even a small quake. We witnessed 
some large gaps in doors and frames, 
anchoring methods particularly on 
three-piece frames that are approved 
but not really effective; latch bolt 
failure due to the stress put on them 
from the massive up and down, in and 
out movement; and excessive smoke 
movement when the heat melted away 
our smoke gasketing very quickly. 
We plan to discuss and address all of 
these items with our partners.  
The photos included with this article 
do not give justice to the experience of 
feeling the movement, watching the 
flames, feeling the heat, smelling the af-
termath, and seeing the devastation af-
terward. The combination of movement 
before a fire adds much more complex-
ity and presents a real challenge to our 
industry to make our openings safe to 
egress out of a building. 
As I was writing this article, I was 
notified that the last “big” shake test 
went well, and the building still stood, 

along with our door openings. UCSD 
is applying for more funding to per-
form additional tests over the next few 
years, and would like our industry’s 
participation. I am excited about the 
opportunity to get in front of this, and 
make a difference for all those people 
who may need to use our products 
and installations to save their lives 
when that day does come. 

RICK CALHOUN is the 
President of Walters & 
Wolf Interiors. He can be 
reached at  
rcalhoun@waltersand-
wolf.com.

Some Doors
Are Meant To
Stay Closed

Door Prop Alarms
Improve security with a cost-effective 

door prop alarm. All SDC door prop 
alarms feature audible sirens with 

adjustable timer settings, two outputs, 
bypass status indicator light, and vandal-

resistant aluminum construction. Stop 
door propping, “tailgating,” and start 

securing your campus or facility today.

• Adjustable Timed Delay • Exit Alarm on Door Opening
• Automatic or Manual Alarm Reset • Output Relays
• LED Indicator • Optional Key Reset/Bypass Switch

• Optional REX Push Button • Compact Universal Mounting
For details and specifications: http://sdcsecurity.com/DoorPropAlarm

SDCSecurity.com  •  800.413.8783 • service@sdcsecurity.com
the lock behind the system

A v a i l a b l e  a t

See Us at 
ASIS

Booth # 
3167

DOORS + HARDWARE      SEPTEMBER 2016      25




