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The Degenkolb

team members

who traveled to
L’Aquila, Italy, to con-
duct a seismic evalua-
tion following the April
6 earthquake included,
from left, Chris Poland,
Ricardo Hernandez, Holly

Razzano, and Andrew Scott.
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CHIEVING SEISMIC SAFETY has be-

come a lifelong passion. I grew up in
the mountains of Southern Califor-
nia, where earthquakes occur often.
My dad was a contractor and was
proud that he knew how
to build better than the
code. We were safe in the home he built for us. My simple
sense of security (good construction in accordance with the
code) began to be tested in 1964, when the images from the
great Alaska earthquake arrived. Landslides carried houses
toward the sea, the street disappeared in the middle of town,
and large buildings collapsed.

It was instances such as these and a variety of other rea-
sons that redirected my undergraduate work in mathemat-
ics and economics toward graduate work in structural engi-
neering at Stanford University. It was at the beginning of the
awakening that came with the earthquake that struck Cali-
fornia’s San Fernando Valley in 1971. Hundreds of strong-
motion records told a new story about the intensity and
variation of shaking. The distribution of building damage
demanded new thinking about how buildings resist earth-
quakes. The original, simple ideas were not totally wrong;
they were just not sufficiently refined to predict what would
happen. The earthquake professions were in
a race to figure out why things turned out
the way they did in the San Fernando Valley

A city with a history spanning
eight centuries, L'Aquila, Italy,

Henry Degenkolb, the founder of Degenkolb Engineers,
was the master of learning from earthquakes. He called it
earthquake chasing, and he had already been all over the
world looking, learning, and sharing his ideas by the time
I met him. When earthquakes occurred, he sent us out to
learn, a practice that continues at Degenkolb Engineers.
L Aquila, Italy, presented the latest call to learn, and we re-
sponded quickly, assembling our team and investing some of
our lifelong learning funds.

The Degenkolb team members were Holly Razzano, a
principal in our Oakland office; Andrew Scott, an associate
principal in our San Francisco office; Ricardo Hernandez, an
associate principal in our Los Angeles office; and me, Chris
Poland, the firm’s senior principal and chief executive officer,
based in our San Francisco office. We four were chosen from
among more than 100 highly qualified structural engineers
because of our work related to the seismic evaluation and re-
habilitation of existing buildings, many of which are of his-
torical importance. We learned together, learned about each
other, and came home with clear opinions about the effects
this earthquake had on the people and their community.

The months of earthquakes that were terrorizing L Aquila
gained worldwide attention when the largest shock—mea-
suring 6.3 on the Richter scale—caused nearly 300 deaths,
destroyed centuries-old construction, literally shut down the
city, and relocated its 70,000 inhabitants. We
arrived on-site about 10 days after the main
event. We thought it best to arrive after the

and what needed to be done to improve the  cascades into surrounding val-  rescue efforts were mostly complete and the

building code. I learned soon thereafter that

leys and is distinguished by a

recovery was beginning. We invited a very

earthquakes are our laboratory in which in-  rich collection of stone, mason-  talented colleague, Silvia Mazzoni, Ph.D., a

tuition is tested.
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ry, and concrete building types.  research engineer at the University of Cali-
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Armed with the data, we found that buildings in the

vicinity of the recordings showed surprisingly little damage,
leading us to believe that the actual shaking in the areas of
greatest damage was even stronger than the records showed.

nk

fornia at Berkeley, to join us as a guide and interpreter. We
stayed about 30 mi (48.3 km) from the epicenter in an area
that was unaffected, and we toured the affected areas for sev-
en days. We spent all of our time looking at damaged build-
ings and speculating on why they responded the way they did

Constructed in the 1960s or early 1970s, the five-story concrete
frame structure of the Hotel Duca degli Abruzzi, above, sustained
significant damage: the roof diaphragm, almost intact, rested on a

pile of rubble containing what used to be the underlying stories.

while noting, with some surprise, the areas that appeared to
have been shaken unusually hard.

The first step was to locate the four strong-motion instru-
ments that were known to exist in the area. We knew that the
recorded motion near the city was strong, possibly even the
“big one” for that region. We also knew that buildings erect-
ed in L Aquila in recent years had been designed to withstand
weaker earthquakes than had occurred. Armed with the data,
we found that buildings in the vicinity of the recordings
showed surprisingly little damage, leading us to believe that
the actual shaking in the areas of greatest damage was even
stronger than the records showed. Obtaining strong-motion
data early on was an important part of the investigation and
led to the conclusion that most of the buildings performed
much better than we would have expected in the face of an
earthquake of large magnitude.

Ricardo Hernandez

....................................

T’'S BEEN ALMOST SEVEN YEARS since I began at De-
genkolb Engineers. In that time, we have sent recon-
naissance teams to various earthquake sites worldwide
in such countries as Turkey, Peru, and China. I eagerly await-
ed an opportunity to be placed on a reconnaissance team.
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Less than 24 hours after the news reports of the earthquake
in central Italy, I distinctly remember sitting at my desk in
the office and receiving an e-mail asking me to be a part of
the reconnaissance team. Completing several seismic retrofits
of historically important structures and being semifluent in
Spanish must have had something to do with my selection.

On the third day of our reconnaissance trip, we received ap-
proval to enter the historic core with an escort. As we walked
along the top of the city’s bluff on the Viale Giovanni XXIII,
we noticed that the damage to all the buildings seemed to be
more intense there. At one point we could see a portion of the
Hotel Duca degli Abruzzi standing tall above the tree-lined
street on the western edge of L Aquila’s historic center. The four-
star hotel, with 133 rooms, happened to be closed for renova-
tion when the earthquake struck. Constructed in the 1960s or
early 1970s, the five-story concrete frame structure has a terrac-
ing diaphragm in the longitudinal direction and a single mo-
ment frame bay in the transverse direction. The lowest story was
completely open to allow for vehicle parking. The upper stories
consisted of perforated hollow clay tile infill panels between the
concrete columns and beams. As we continued along the Viale
Giovanni XXIII, however, we encountered a crowd of observers
in front of the formerly majestic hotel. The roof diaphragm, al-
most intact, satona 15 ft (4.6 m) pile of rubble containing what
used to be the underlying stories.
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The extensive damage to such centuries-
old places of worship as the Chiesa di San-
ta Maria del Suffragio, leff, and the Catte-
drale di Santi Massimo e Giorgio, opposite,
also known as the Duomo dell’Aquila, was dis-
tressing and underscored the importance of
historic preservation in preventing the loss
of significant icons of a cultural heritage.

As Iapproached the collapsed structure,
I noted the 180-degree hooks of the smooth
vertical reinforcements protruding from one
of the columns. The columns were lightly
reinforced, which is typical of this vintage
of concrete frame construction. Although
the Hotel Duca degli Abruzzi had stood for
decades unscathed, the 10 seconds of strong
ground motions were such that the build-
ing—handicapped by its weak story, terrac-
ing diaphragm, and discontinuous column
sections—could not resist the imposed duc-
tility demands, leading to its collapse.

We eventually discovered that the ho-
tel was one of just a handful of the very
common concrete frame infill buildings
to have experienced a full-story collapse.
Thousands of them suffered less severe
damage, and most of them adequately pro-
tected their occupants. This building type
performed extraordinarily well consider-
ing that many of the buildings were not
designed in accordance with the modern
standards. Typically, the hollow clay tile in-
fill walls did the unintended job of protecting the poorly con-
fined concrete joints and columns in lightly reinforced con-
crete frame structures. The lesson of the soft-story collapses
when the hollow clay tile infill was not present or not strong
enough will help us refine our understanding of their potential
performance and determine when they are not adequately safe.

On our last day of the reconnaissance trip, we were driv-
ing in the western edge of L Aquila looking for building dam-
age in this more modern section of the city. We stopped at a
two-story building with a construction screen covering most
of its first story. Constructed in 2005, this two-story triangu-
lar building was of reinforced concrete and had hollow clay
infill panels on two elevations. Along the building elevation
facing the street was an open show window wall with two
28 in. (71.1 cm) diameter columns and a stair tower with a
reinforced-concrete frame with infill panels. We stopped in
our tracks when we saw the building damage hidden behind
the construction screen. At the first story, the two round col-
umns—with their >/ 16 in. (7.9 mm) diameter deformed cir-
cular ties at 8 in. (20.3 cm) on center—had undergone shear
failure mechanisms in response to torsion. Upon close obser-
vation of the columns, it was noted that the circular ties had
undergone tensile fracture, leaving the columns shorter and
without confinement to resist shear failure. We were able to
retrieve drawings of the building from the owner, and that

COURTESY OF DEGENKOLB ENGINEERS, BOTH

After seeing these partial collapses of the two- and
three-story masonry buildings, I started paying more attention
to the subtle, external clues indicating the internal damage.

information became very helpful as we analyzed the building
with computer simulations to better understand what we saw.

Sitting at dinner with Giorgio Monti, a professor at the
Universita degli Studi di Roma, on our last night in Italy, it
was clear to us that the Italians are well aware of their respon-
sibility to restore and protect their historic treasures, not only
for their national identity but also for the entire world. It was
then that I realized earthquake chasing is about learning from
our common experiences and collaborating with one anoth-
er—regardless of cultural or language barriers—to achieve a
common purpose: earthquake safety worldwide.

..........................

EING OF ITALIAN HERITAGE, when I heard there

was a significant earthquake in LAquila, I thought,

“This is my chance to be part of a Degenkolb recon-
naissance team.” I have traveled around Italy on three vaca-
tions but never to the Abruzzi region. I didn’t know what to
expect from this trip and was anxious about the emotions that
might be stirred seeing collapsed buildings and their devas-
tating effects on the people.

When I started my career, in 1991 after at-
tending graduate school at the University of Cal-
ifornia at Berkeley, I was hired to work on the
seismic retrofit and renovation of the historically
important building—the first skyscraper built
west of the Mississippi—housing the city hall
of Oakland, California. Being near the Hayward
Fault, Oakland wanted to preserve a bit of histo-
ry. This was my introduction to historic preserva-
tion, and I developed a passion for taking care of
our old structures. In great contrast to the histori-
cally important buildings in Oakland, the struc-
tures in L Aquila are not 100 years old but several
hundred years old. During our trip we learned
from Monti that historic preservation takes on a
whole new meaning in Italy. The historic struc-
tures in Italy are of such importance that most
often they are rebuilt in the same manner as the
originals using similar materials.

Three of the seven days of our reconnaissance
were spent in the “red zone,” the heart of the
old part of LAquila. We traversed the city, see-
ing hundreds of old masonry buildings lining
the narrow streets. The churches, basilicas, and
cathedrals were breathtaking and the damage
quite dramatic, but it was the two- and three-
story buildings in which the residents lived that
captured my attention. As we walked the hilly
streets, it seemed to us that many of these build-

ings performed well; they exhibited cracking in the plaster fin-
ish and dislodged stones at the cornices. It wasn’t until we ven-
tured inside some of these apartments—leaving our firemen
escorts wary—that we discovered the devastation: partially col-
lapsed floors, collapsed stairways, piles of stone rubble, and such
scattered building contents as mattresses, bed frames, clothing,
and toys. It was seeing these personal items that made me realize
why the Italians were so fearful after experiencing the shaking
in LAquila. They felt safer in canvas tents that the government
had erected throughout the area than in their homes.

After seeing these partial collapses of the two- and three-
story masonry buildings, I started paying more attention to the
subtle, external clues indicating the internal damage. I started
noticing bowed walls and steel bars or round and oval reinforced
plates with rod ties that were added as interventions to hold the
stone walls together. The rod ties often seemed to be placed in
a somewhat haphazard pattern. Indeed, they were not at ev-
ery floor, not at the same elevation near a floor, and not evenly
spaced. In many cases, the less predictable the layout of the ties
the poorer the performance. In several buildings the ties were
still intact between pieces of stone walls that remained standing
while the remainder had collapsed, perhaps an indication that

NOVEMBER 2009 Civil Engineering [51]



As we spent more time in the region, however, we started to realize
that science alone had not given this community what it needed.

the spacing was too large or that the mortar had deteriorated.

In our treks through the red zone I focused on the buildings
and the damage, but I was equally fascinated with the entire re-
covery operation orchestrated by Italy’s civil defense personnel
(from the Dipartimento della Protezione Civile). Not only had
they secured the historic center and escorted countless families
to their homes to retrieve personal documents and sentimen-
tal items; they were also rescuing the precious artifacts of Ital-
ian history. Firemen were pulling painted wood crosses out of
churches; we saw sculpted marble busts strapped to the deck of
a fire truck; and the remains of Pope Celestine V were retrieved
from the Basilica di Santa Maria di Collemaggio. Italy prizes its
historical artifacts and buildings, some of which predate the Ro-
man Empire, and supports the commonly held view that time
and money take a back seat to history.

The challenge remains for structural engineers to preserve
these buildings and, in the process, to preserve a bit of history.

........................

HEN I LEFT GRADUATE school at the Universi-
ty of California at San Diego in 1999, I strongly
believed that structural engineering was a pure-
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ly scientific pursuit. My laboratory experiences—working on
large-scale structural models—focused on refined calculations
of strength, stiffness, ductility, and failure. These were quantifi-
able properties gleaned from mounds of carefully collected data.
After 10 years in practice at Degenkolb Engineers, I had begun
to think that structural engineering, especially seismic structur-
al engineering, is a unique and fascinating blend of art and sci-
ence. After visiting L Aquila in the aftermath of the earthquake
that struck in April of this year, I am convinced that this is true.
There can be no other explanation for the canvas of structural
behavior we observed.

This lesson was not readily apparent in the standard build-
ings in LAquila, primarily concrete frames with hollow clay
tile infill. These buildings performed with a regularity that
could be understood by means of simple scientific principles.
The flexible structural frames, whether well reinforced or not,
were generally protected by the stiff nonstructural infills. The
infills were damaged, while the frames were relatively un-
damaged. This resulted in buildings that were stable and that
probably allowed their occupants to exit safely. We would
consider this protective performance on a par with what we
would expect of our code-compliant buildings at home.

As we spent more time in the region, however, we started
to realize that science alone had not given this
community what it needed. The city residents
were completely displaced and were living in
tent camps in parking lots and open fields; they
were afraid of their buildings, separated from
their belongings, and searching for a new under-
standing of their reality. The stability that had
enabled building occupants to exit safely, which
so delighted us upon our arrival in the region,
started to mean less and less over time. We grav-
itated instead to the concept of “reoccupiable”
and considered this a goal more consistent with
the needs of the community.

Nowhere is this more evident than in the
performance of LAquila’s historic and iconic
churches and cathedrals. L' Aquila is referred to
as the city of 99 churches. These structures gen-
erate a unique sense of identity that is strongly
rooted in historic architecture. It is important
to note that this earthquake was not L Aquila’s
first. In 1703, for example, the city experienced
a devastating temblor that damaged many
iconic religious structures. The city persevered
and rebuilt the structures, maintaining what
could be saved and replacing what could not.

Stone masonry residences in the center of L'Aquila exhib-
ited little damage on their exteriors. However, if the wall
“bulging” was sufficient, the interiors imploded, opposite.

COURTESY OF DEGENKOLB ENGINEERS, BOTH

After the April 2009 earthquake, these
iconic structures became a sad and sober-
ing reminder of the fragility of our archi-
tecture, especially of those grand structures
that we hold in such high regard as to de-
rive our identity from them. In San Fran-
cisco they are the Golden Gate Bridge, the
Transamerica Pyramid, and the cable cars.
In L Aquila, they are the Cattedrale di Santi
Massimo e Giorgio (also known at the Duo-
mo dell’Aquila), the Basilica di Santa Maria
di Collemaggio, and the Chiesa di Santa Ma-
ria del Suffragio.

Sadly, these three structures experienced
significant damage, including large sec-
tions of roof collapse that destroyed mag-
nificent interior works of art and scarred the
L Aquila skyline. As engineers we were sad-
dened when we realized that the collapsed
roof structures were made of modern rein-
forced-concrete elements, possibly as part of
selsmic improvements.

While the true causes of the collapses will,
it is hoped, be shared with the engineering
community after they are identified, it ap-
pears that an incompatibility between the
concrete roof diaphragms and the supporting
brick walls caused unseating of the roofs. Re-
gardless, the diaphragms were designed and
constructed using modern engineering prin-
ciples and modern engineered materials, but
they failed to protect the historically impot-
tant fabric. Their designers perhaps relied too
heavily on science and didn'’t fully appreciate
the “art” of seismic engineering.

Returning home I have a new appreciation of the impor-
tance of blending art with science in seismic engineering.
My experience in L Aquila vastly improved my understand-
ing of seismic performance and will exert a strong influence
as I continue to develop as an engineer, an artist, and a resi-
dent of San Francisco.

.......................

IME WILL TELL WHAT IMPACT and contribution the

L Aquila earthquake will have on achieving seismic re-

silience worldwide. Without a doubt, anyone who visits
the area, whether an earthquake professional, a maker of pub-
lic policy, or a governing official, will return with a new per-
spective on the impact of major earthquakes and the need to
build resilience into our cities. Cities need their hospitals to
stay open, and they need to know how to inspect them with
confidence. Cities need to know when to let people stay in
their homes while they are being repaired, and people need to
understand and believe that it is safe enough to return. Cities
need to know not only how to respond but also where to fo-
cus their mitigation efforts to control the extent of damage.
They also need to formulate plans for rebuilding that include

rapid damage assessment, specific rebuilding criteria, plan
reviews, and permitting.

For our team, the experience will have a direct, positive,
and lasting impact on our intuition and the way we use it to
direct our work. We will be more careful to make sure our
clients understand what earthquake damage they are fac-
ing. We will be more cognizant of the history that will be
lost if we don’t take steps to intervene. We will share our ex-
periences widely, monitor reconstruction efforts, and do our
part to incorporate what we have learned into the guidelines,
codes, and standards used for seismic design and mitigation.
For the earthquake profession as a whole, we anticipate that
L' Aquila’s experiences will prompt us to refine our policies
and processes. We imagine that we will discover how to bet-
ter predict the expected level of ground shaking in localized
areas—especially along bluffs—how to better evaluate and
rehabilitate existing buildings so that they can contribute to
resilience, how to better communicate the hazards and risks
posed by seismic events, and how to better carry out response,
recovery, and rebuilding efforts. Reconnaissance trips such as
this one definitely accelerate the learning process. In the spirit
of Henry Degenkolb, as long as there are earcthquakes there
will always be the potential to learn and to advance the goal
of building earthquake-safe buildings worldwide. CE
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