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September 4, 1997

Ms. Hillary E. Gitelman
Environmental Review Officer
Planning Department
1660 Mission Street, 5th Floor
San Francisco, CA 94103-2414

... "'t.

Dear Ms. Gitelman:

Re: Addition of DTV transmitters to Sutro Tower.

j
.~.."""

I ~1
.~ ) ~~\'i

,.J.J

It is with great disappointment that I find myself obliged to write this letter to strongly oppose the ~dilion

of [)TV to Sutro tower. The disappointment is not the letter itself but the fact that certain 8ntities ~ "
(individuals and businesses) intentionally plan to harm a complete society, including childt'en, infants, even
yet-to-be-born II1fants, for some financial return: and the law protects them! 100

The danger 1am referring to has several shapes and forms. The health negative impact of Radio Frequency
Radiation (RFR) has been well documented Although not proven 'beyond the shadow of the doubt', I am
sure that everyone IS aware of such danger. One thing I am certain of is that no one (including yourself)
accepts to use his or her own family to tesl the RFI{ theories With all due respect to all studies done in this
domain, let's look at the tobacco scandal (ane! their 'health reports') and learn: let's not wait on this issue as
1l1l1g as we did in the tobacco case.

:\nother risk source is the structure of the tower itself I don't think this needs much explanation: a 980-foOl
steel tower. on a hill, In an earthquake area, next to a huge water reservoir, and surrounded by houses,
schools. da\Tare centers. pla\ grounds. and fire 'lations. rhe long term survival in this area seems less
rrllbable than winning the Illttery

Please. please, pleas,' reject the Sutro Tower Plan

1greatly thank YllU for taking the time to read this letter and hope that you'll do the humanly right thing.

Sincerely,

t ~(/l( i Li /~ Itt;) /
i\louJn I\boul-Ilosn

cc Steve Nahm, Nancy Hogan
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Lloyd S. Cluff
33 Mountain Spring Avenue

San Francisco, California 94114
Fax (415) 564-6697
Tel. (415) 564-9371

September 10, 1997

Hillary E. Gitelman
Environmental Review Officer
Planning Department
1660 Mission Street, 5th Floor
San Francisco, CA 94103-2414

Dear Ms Gitelman:

Subject: Earthquake Safety of Sutro Tower (in response to the Sutro Tower
Digital Television (DTV) Draft Environmental Impact Report)

I am writing this letter to express my concern about the stability of the Sutro
Tower during a large earthquake, and the safety of residents who live in the
vicinity of the tower. I am concerned for two reasons: (1) the Sutro Tower is
5 miles from the San Andreas fault and about 14 miles from the Hayward fault.
A 1990 US Geological Survey report concluded there is a 70 percent chance of a
magnitude 7 or greater earthquake from these two faults in the next two
decades, and (2) I am an earthquake expert who has considerable knowledge
and experience regarding seismic safety, and I live in the proximity of the Sutro
Tower.

My Professional Credentials

I have been a practicing professional in San Francisco in the earthquake field
for more than 35 years. My experience includes work in geology, seismology,
earthquake engineering, seismic safety, and public policy in California and
elsewhere worldwide. I have investigated most major earthquakes around the
world to learn first-hand of the performance of engineered structures during
destructive earthquakes. I also have been involved in the technical evaluation
of the siting, design, construction, and earthquake performance of numerous
critical and essential facilities (the Sutro Tower is in these categories).

I have had the honor of serving as a Commissioner on the California Seismic
Safety Commission for the past 12 years, and served as Commission Chairman
from 1988 to 1990 and from 1995 to 1997. I was a member of the California
Telecommunications Seismic Risk Task Force from 1991 to 1992, wherein we
considered the safety and performance of telecommunications facilities during
earthquakes. The National Academy of Sciences appointed me Chairman of
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the National Research Council's Committee for the Symposium on Practical
Lessons from the Lorna Prieta Earthquake.

I was inducted into the National Academy of Engineering in 1978, and named
a Fellow of the California Academy of Sciences in 1992. I have served as the
President of the Earthquake Engineering Research Institute (1993 to 1995) and
the President of the Seismological Society of America (1982 to 1984). I would be
pleased to furnish a complete professional resume on request.

MyConcems

Based on investigations of more than 25 destructive earthquakes from 1957
through 1987, it was thought in the scientific and engineering community that
well-designed and well-constructed steel structures, such as the Sutro Tower,
always performed well; our confidence in the safety and resiliency of steel
structures during earthquakes was very high. Since 1988, this confidence has
deteriorated to an all-time low; presently, there is great debate about the
adequacy and safety of many existing steel structures during large nearby
earthquakes. The confidence in the seismic safety of steel structures (including
structures such as the Sutro Tower) began to erode after our investigations of
the earthquake in Armenia in 1988.

I was one of the experts invited by the Academy of Sciences of the Soviet
Socialist Republics of Armenia and Georgia to assist them in their evaluation
of the devastating Armenian earthquake. Although at magnitude 6.7 it was
considered a moderate earthquake, it killed more than 25,000 people and
destroyed many of the engineered structures within about 15 miles of the
energy release. Attachment 1 is a photograph of a destroyed
telecommunications (military, microwave, television, and telephone) tower
similar to but smaller than the Sutro Tower. It snapped off about 20 feet above
its base during the earthquake. Nearby, there was another such tower that had
sustained similar damage. Our first rationalization of much of the earthquake
damage from the Armenian earthquake was the inferior design and
construction practices throughout the Soviet Union. Therefore, \\'hile
surprising, the photographs I took of the toppled telecommunications towers
did not attract much attention; we still had confidence in the earthquake
performance of steel structures built in this country. The towers were about 10
km from the earthquake energy release, at the edge of what has become known
as the "near source" or "near-field" zone; a zone where, depending on the
circumstances, earthquake ground motion acceleration and velocity can be
very severe. These forces are so severe in fact, that surprising damage recently
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has been documented where none was expected by even the most competent
structural engineers, including damage to moderate-to-tall steel structures and
steel-reinforced concrete structures.

Less than a year after the Armenian, on October 17, 1989, the magnitude 7.0
Lorna Prieta earthquake struck the San Francisco Bay Area. The earthquake
was centered 60 miles from San Francisco and Oakland, therefore, it cannot be
considered a test of our modern earthquake design and construction codes and
standards, even though we were surprised at the damage to freeways, the Bay
Bridge, and some of our modem steel-framed buildings. Attachment 2 i.s a
photograph of a toppled KGO radio tower (for the emergency radio broadcast
system) that I took during a helicopter reconnaissance after the Lorna Prieta
earthquake. The damage to the tower was a surprise and an embarrassment to
KGO, because the emergency broadcast system was lost when it was needed
most. It also surprised designers of steel towers, because steel-frame structures
were expected to perform well during earthquakes. What we know now (but
was not at first revealed by some steel-frame building owners), is that a
number of Bay Area steel-frame buildings suffered serious damage during
Lorna Prieta.

On January 17, 1994, the moderate, magnitude 6.7 Northridge earthquake
struck southern California. Not only did more freeway structures collapse, but
investigations revealed that many steel-frame buildings suffered serious
damage. Hundreds of millions of dollars have been spent by building owners
in an attempt to correct the fractured steel buildings and bring them back to an
acceptable level of safety. So far, the best structural engineers in the world do
not understand why more than 200 steel-frame buildings were seriously
damaged in the Los Angeles area. The City of Los ..<\ngeles requires steel frame
structures to be inspected and repaired; however, they are in a quandary
because the structural engineering profession has yet to reach consensus as to
what to do about the steel-frame earthquake stability problem.

Exactly one year later, on January 17, 1995, a magnitude 6.9 earthquake struck
Kobe, Japan, resulting in the loss of more than 5000 lives and the destruction of
thousands of modern buildings. Some of the seriously damaged buildings
experienced the same types of steel-frame damage as observed followi.ng the
Northridge earthquake. Out of twelve recently built steel bridges along Osaka
Bay, nine were damaged and could not be used during the emergency response
phase following the earthquake, and several of the bridges experienced such
severe damage that they took almost a year to repair at a cost of hundreds of
millions of dollars. The failure of modem steel-frame structures during the
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Northridge and Kobe earthquakes sent a shock wave through the steel
industry.

Changes Underway in Seismic Design Standards

On May 8, 1997, I chaired a public hearing on behalf of the Seismic Safety
Commission (SSC) in Sacramento to discuss the progress on the near-source
effects issue. There are major revisions in progress in the Uniform Building
Codes (see Attachment 3, Craig D. Comartin testimony, page 2). I have also
attached the testimony of Dr. Charles A. Kircher at the May 8 hearing
(Attachment 4). The last 13 pages of Dr. Kircher's testimony document the
building code changes that are in progress. I have also attached a paper by Dr.
Paul Sommerville (Attachment 5) on Forward Rupture Directivity in the Kobe
and Northridge Earthquakes, and Implications For Structural Engineering.
This paper was referenced in the testimony of some of the presenters during
the SSC hearing on May 8, 1997.

On July 10, 1997, the sse hearing on Near-Source Effects On Tall Structures
continued. I have attached three items from this part of the hearing:
Attachment 6, memo from Fred Turner dated June 30, 1997; Attachment 7,
Testimony of Farzad Naeim; and Attachment 8, Testimony presented by Gil
Davis entitled "Faulty Towers?" I suggest you review these attachments, as
~hey are very pertinent to the expansion and eventual safety of Sutro Tower.

Conclusions and Recommendations

It is clear we can expect a major earthquake in the Bay Area in the near future.
It also is clear that the state of practice of earthquake engineering is in the
process of major changes. The codes that were used when the Sutro Tower was
designed and built and the 1991 codes used in the most recent analysis are
outdated and are being replaced. It would be foolhardy to add a major new 125
foot beam to the tower without considering the new data from the Lorna
Prieta, Northridge, and Kobe earthquakes. There are many residents, a school,
and hoVO reservoirs within the fall zone of this tower.

The prudent course of action is to have a full dynamic analysis conducted by
structural engineers fully knowledgeable of the new data. Because the effects of
topographic ground-motion amplification and near-source directivity must be
included, the dynamic analysis likely will use a seismic demand input several
times larger than the demand ground motions used in the current analysis.
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The results of this dynamic analysis must be independently peer-reviewed by a
knowledgeable structural engineer, as well.

I would be pleased to discuss this further to assist in resolving the issue of the
seismic safety of the Sutro Tower.

Sincerely,

~i~
Lloyd S. Cluff

Attachments 1 through 8

cc: Gene Zastrow, Sutro Tower
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Attachment 3
CRAIG D. COMARTIN

Consulting Professional Engineer, Inc.

California Seismic Safety Commission May 8, 1997

For the past hventy five years I have been a Structural Engineer, primarily in
California. Currently my practice is small and specialized in seismic issues. I am
Stanford University's seismic consultant for their $250M program for evaluation
and mitigation. I have had primary responsibility for managing the development
and application of their performance based design standards including site specific
near-source ground motion. As Senior Structural Consultant to the Applied
Technology Council, I am involved in the formulation of performance based
standards for the seismic design, evaluation, retrofit, and repair of buildings. I am
also studying the effects of and recovery from the Kobe earthquake with the support
of the National Science Foundation. Finally, I am an officer and director of the
Earthquake Engineering Research Institute, a membership organization devoted to a
multidiscipline approach to seismic issues. From this perspective, I offer the
following observations:

Near-source effects are real.

Kobe is the definitive example. No other earthquake has struck so directly on such a
densely populated, modem, urban environment. The consequences are stunning 
over 5000 dead, 300,000 homeless, total loss now measured as exceeding a quarter of
a trillion dollars. Within 5 km of the fault rupture, 35% of all buildings collapsed or
had severe damage; and less than 10% of all collapsed or severely damaged buildings
were located outside this near-source zone.

Irregular, nonductile, and poor quality buildings are the worst risks.

None of the types of damage observed in Kobe is surprising. Soft stories, plan
irregularities, and set-backs are evident in most of the collapses. Nonductile
concrete and, regrettably now, nonductile steel details were major contributors. Lack
of design and construction quality, as always, greatly exacerbated some situations.
These risks are pervasive in the existing building stock, even if corrected eventually
for new construction.

An event similar to Kobe will occur in California.

EERl recently published Scenario for a Magnitude 7.0 Earthquake on the Hayward
Fault in which experts from California frankly present their opinions on the
consequences of such an event. The parallel with Kobe, particularly with respect to

7683 Andrea Avenue, Stockton, California 95207
Email: comartin@leland.stanford.edu

(209)472·12"
FAX: (209)472-72~



Kobe Building Damage Statistics
as a Function of Building Height
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Attachment 4

ASCE Structures Congress '96
Apri115-19,1996
Chicago, nJinois

The Kobe Earthquake:
Ground Shaking, Damage and Loss

Charles A Kircher, Ph.D, P.E. 1

Abstract

In the early morning ofJanuary 17, 1995, violent shaking of the earth below
Kobe, Japan tragically altered the lives of millions of people and caused destruction
on a massive scale. Over 5,000 people were killed, 35,000 injured and 300,000 left
homeless. More than 150,000 buildings were destroyed by the earthquake and
ensuing fire. Damage to highway and railway structures closed all major
transportation arteries through the Kobe corridor, and severe ground failure crippled
the Port ofKobe which handles 300-!o ofJapan's foreign trade. The Hyogo prefectural
government has estimated approximately (US) $100 billion in direct damage to
buildings and infra..stTUcture.

JntroductiQn

Japan is divided into nine political regions and 47 prefectures. Kobe is located
in the Kansai region in the southern part ofthe Hyogo Prefecture, just west ofOsaka.
Kobe is subdivided into 9 wards, 7 ofwhich are densely populated and lie on a narrow
strip of land (Kobe corridor) bordered on the northwest by mountains and on the
southeast by Osaka Bay. Two large man-made islands (port and Rokko) provide
Kobe with additional land and harbor space. Neighboring towns are continuous along
the bay between Kobe and Osaka The northern tip of sparsely-populated Awaji
Island is located just southwest ofKobe.

At the time of the earthquake, the population ofKobe was about 1.5 million
people (about 580,000 households), and the combined population of other cities
located in the southern portion of the Hyogo Prefecture was about 2.0 million. The
total population living in areas exposed to strong ground shaking was about 4.0
million (mcluding an additional 0.5 million people from the western edge of Osaka).
The number of buildings exposed to strong ground shaking may be estimated by
assuming that there is about I building per 5 people (i.e., about 700,000 buildings felt

lPrincipal, Kircher & Associates, Mountain View, California

1 Kircher
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strong ground shaking in the Hyogo PrefectUre). Table 1 summarizes population and
building data for Kobe and vicinity [EERI, 1995].

Table 1. Population and Bnllding Dan (EERI, 1995]

Areas Affected Population Number of
by Earthquake (x 1 Million) Buildings

Hyogo Prefecture

Kobe 1.5 300,000

Other Cities 2.0 400,000

Total 3.5 700,000

Osaka Prefecture 0.5 100,000

Total (All Areas) 4.0 800,000

Ground Shakine and Failure

Japanese seismological reports describe the earthquake magnitude as Richter
magnitude M 7.2 (M.. = 6.9), with the hypocenter ofthe main shock occurring at a
depth ofabout 15 to 20 kilometers [AU, 1995]. Based on aftershock data., the length
of fault rupture is estimated to be about 50 km., extending from the northern tip of
Awaji Island, directly through the Kobe cOrridor, to within about 15 km of Osaka.
SuIfuce expression offault rupture was observed prominently on Awaji Island, but did
not appear to occur in Kobe. Figure I identifies areas affected by the earthquake and
shows a "near-fault zonet! boundary that encloses all areas within 5 Ian of the surface
projection of fault rupture.

Soil conditions contnbuted significantly to the effects of ground shaking (and
ground failure). Soil depth across Kobe varies rapidly from the mountains on the
northwest side of the Kobe corridor to the coastline approximately 3 km to the
southeast. The soil profile changes from rock at the edge of the mountains to deep
alluvium and fill at the coastline. The area of strongest .shaking intensity, Japanese
Shindo 7 (MMI X-XlI), was found to be concentrated in a 20 Ion long by 1 k:m wide
band running directly through the center of the Kobe corridor, where the soil depth
is neither shallow nor deep_

Soil failure due to liquefaction W3S a major feature of this earthquake, causing
large pennanent ground dIsplacements lPG!Js) along the coastline and on the two
man-made islands. PGDs of0.5 meter were typical on these islands. Lateral spreads
also occurred. often as part of the failure of an earth-retaining structure along the
waterfront. Distortion and settlement oftbe ground was also observed in the center

2 Kircher



ofKobe (m the areas of strongest shaking), although ground settlement in these areas
usually appeared to be the result of soil consolidation. rather than liquefaction.

Ground shaking felt in Kobe was intense, but typical of ground motion
recorded near fault rupture. Soil effects contributed to the intense shaking in cen:ain
areas, but the primary cause ofstrong shaking felt throughout Kobe was the proximity
of the city to fault rupture. Near·source ground shaking records from Kobe contain
a few very strong long-period pulses, similar to near-source records from other
earthquakes (e.g., 1994 Northridge earthquake). These pulses caused large
displacements in the ground (and large displacements ofweak or flexible structures).
The duration ofground shaking was relatively short, with very strong shaking lasting
not more than about 5 to ] 0 seconds.

Osaka

City

Figure 1. Areas Affected by the Kobe Earthquake
(courtesy ofRMS, Inc., Menlo Park., California)

Building Construction

Allied bombing destroyed Kobe during World War II, so most buildings in
Kobe were constructed since the v:ar. Although these buildings may be considered
"modern, If design practices, codes., and construction methods have changed
significantly in the last 50 years. Changes in design practices and the seismic codes

3 Kircher



ofJapan are similar in many ways to changes in the seismic codes and practices ofthe
United States. For example, Japanese seismic codes were significantly improved in
the early 19705 and again in the early 1980s, about the same time that United States
seismic codes were revised.

Residential and commercial constrUction may be grouped roughly into three
simple categories based on size: low-rise (I-story and 2-story houses), smaIler
commercial and residential buildings (up to about 3 stories in height) and larger
commercial and residential buildings (from 3-stories to 60 meters in height). These
three groups do not include industrial structures (which are important to Kobe's
maIl1.lfucturing economy) and very tall (greater than 60 meters) commercial buildings
which are typically newer structures built to special seismic provisions.

The majority oflow-rise residemial buildings are built of either Shinkabe or
Okabe construction (i.e., traditional Japanese house construction). More recent
residences also include some stud-wall wood bwldings and prefabricated units, The
traditional Japanese house has a heavy clay tile roof; often set in a thick layer ofmud,
timber framing, and walls ofeither tied bamboo and mud (Shinkabe) or loosely-spaced
wood slats (Okabe) with stucco or other cover. Smaller commercial and residential
buildings are often used for mixed occupancy (businesses on the first-floor, residences
above). Typically, these buildings are built with Okabe construction, but may use
steel (bar joist) framing in place oftirnber.

Ofthe t1rree categories ofconstruction" the larger commercial and residential
(mid-rise apartmem) buildings are the most similar to buildings found in the United
States. Post-W3r construction oflarger buildings in Japan was dominated by the use
of concrete, which include both reinforced-concrete (Re) and steel reinforced
concrete (SRC) buildings. SRC buildings have a light steel frame encased in concrete
that typically extends over only panial height ofthe building, with reinforced--concrete
framing !.hove thAt clcvuion. Sted building~ inclUUl; uut11 Ul wx:d flume, often with
relatively light bracing in the older designs, and moment frame construction. Steel
moment frames often have shop-welded beam stubs (so-called column trees) that are
spliced to beams in the field with bolted connections.

Bui1din~Damsw;e

The Kobe earthquake conapsed or severely damaged more than 150,000
buildings. While fire destroyed whole neighborhoods in some areas ofKobe, ground
shaking was the primary cause ofbuilding damage. Ground fuilure due to liquefaction
also contributed to building damage, panicularly near the harbor and on Rocco and
Port Islands. However, engineered buildings were typically constructed on deep
foundations whi<:h in mos:t ca~e-s pro'"'''''''' :;ldP'lI1~tP ~llppnrt ~e~ln~ f~illlre cine to
ground settlement.

Table 2 summarizes building damage based on a report prepared by the
Architectural Institute of Japan [AU, 1995]. AU data are based on extensive
building-by building surveys of the hardest hit areas of Kobe, grouping observed

Kircher



damage into one ofsix damage states: collapse, severe, moderate, minor, slight and
none. Collapse indicates fuilure or overturning of the entire strUctUre or complete
failure of a single story; severe damage indicates extensive structural damage,
permanent deformation and possible collapse during an aftershock. Damage states
focus on structural damage, since detailed swveys of nonstruetura1 components and
contents were not performed. It is important to note in Table 2 that collapsed
buildings in Osaka account for only 1% of all buildings that collapsed during the
earthquake, even though Osaka is located within 15 km to 30 Ian offault rupture and
contains a greater number ofthe same type ofbuildings as those destroyed in Kobe,

Table 2. Collapse, Severe Damage and Fire Damage IAIJ, 1995]

Area Affected Nwnber ofBuildings

by Earthquake
Collapse Severe Damage Fire Damage

Hyogo Prefecture
Kobe 54,949 31,783 7,377
Other Cities 26,257 31,043 79

Total 81,206 62,826 7,456

Other Prefectures 885 5,217 0

Total (All Areas) 82,091 68,043 7,456

Table 3 summarizes collapse and ~ere damage of buildings in the Hyogo
Prefecture, distinguishing between buildings located very close to fault rupture (i.e.,
buildings located within the 5 Jan "near·fault zone" shown in Figure 1) and all
buildings located in the region It is important to Dote in Table 3 that more than 90%
ofthe 144,032 buildings with either collapse or severe damage were located within
5 Ian offmlt rupture and that these buildings account for about 35% of all buildings
located in the "near-fault zone."

Table 4 crudely subdivides buildings with collapse and severe damage by
occupancy type: low-rise residential, smaller commercial/residential and larger
commerciaL'residential. Low-rise residential occupancy dominates the number of
buildings destroyed, estimated to be over 11 0,000 residences (out of an estimated
total population ofabout 300,000 residences). The population of smaller commercial
and residential buildings with collapse or severe damage is estimated to be between
9,000 and 18,000 buildings (out ofan estimated total population of 60,000 buildings)
and the population of larger commercial and residential buildings with collapse or
severe damage is estimated to be betWeen 1,000 and 2,000 buildings (out of an
estimated total population of about 10,000 buildings). The latter estimate is

5 Kircher



consistent with the AU survey results which found 1,067 buildings with collapse or
severe damage out of a total of 4,530 steel., RC or SRC buildings surveyed [AU,
19951

Table 3. Building Damage by Proximity to Fault [AD. 1995]

Area Affected Number Of Fraction ofBuildings

by Earthquake Total Collapse Severe Collpase or
Damage Severe Damage

All Wards/Cities 700,000 81,206 62,826 144,032
ofHyogo Prefecture (- 20% of All)

Wards/Cities 375.000 77.259 54,096 131,355
Within 5 kIn ofFault (- 35%< 5 km)

Fraction of Buildings -55% -95% -85% -90%
Within 5 Ian ofFault

Table 4. Building Damage by Occupancy (Areas Within 5 Ian of Fault)

Occupancy Class Total Number Number ofBuildings with
ofBuildings Collapse or Severe Damage

Low-Rise > 300,000 > 110,000
Residential (> gO%) (- 35% ofClass)

Smaller Commercial - 60,000 9,000 - 18,000
and Residential (- 15%) (15% to 30% of Class)

Larger Conunercial -10,000 1,000 - 2,000
and Residential «5%) (10'% to 20% ofClass)

All Occupancy Classes 375,000 131,355

The AU survey also provides information on the distribution of damage by
structure type. For each of three levels of damage, Figure 2 shows that building
damage was distributed almost evenly between steel structures and reinforced
concrete (RC)/steel reinforced concrete (SRC) structures.
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Figure 2. Building Damage by Structure Type [ALl, 1995}

Information on the distribution ofbuilding damage by age of construction is
available from Obayashi Corporation [Obayasbi, 1995]. Obayashi is one of Japan's
major engineering and construction companies that has designed and built many of the
larger buildings in Kobe. After the earthquake. teams of engineers from Obayashi
performed detailed surveys ofbuildings which included "tagging" buildings as either
green (safe for use), yellow (limited entry) or red (unsafe/closed). Since these
buildings were buili by Obayashi, their age and other properties were known to them.
A total of 332 bwldings were surveyed as of March 1995, of which 112 were
designed before 1972, 66 were designed between 1972 and I 980, and 154 were
designed after 1980.

Figure 3 illustrates the distribution ofgreen-, yellow- and red-tag buildings by
period of design: pre-1972, 1972-1980 and post-1980. As Figure 3 shows, red
tagged buildings represented about 30% of the sample population of pre-1972
buildings, about 15% of 1972-1980 buildings and about 5% of post-1980 buildings.
Overall, about 15% of all buildings surveyed were given red tags by Obayasro, a
fraction consistent with the 10% to 20% range ofTable 4 that represents the fraction
oflarger commercial/residential buildings with collapse or severe damage.

The statistics on building damage by the period of design illustrate the benefits
ofimproved seismic codes and design practices, but also contain implicit infonnation
on struetural features that influence bt.nlding performance. In general, larger buildings
with partial or :full collapse could be characterized as having: (1) large inelastic
displacement demand due to inadequate strength, (2) soft-story or torsional response
due to structural irregularity and (3) key element failure due to lack of ductility. The
improved perfonnance ofnewer designs is the result of Japanese seismic: codes (and
design practices) that have, in general, increased design strength, reduced structural
irregularity and improved ductile detailing of elements

7 Kircher
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Loss Due to Bwlding Damage

Building damage is ofinterest to engineers and researchers, but loss in terms
ofcasualties (deaths and injuries), loss offunction (e.g., loss of shelter) and direct and
indirect financial loss are of greater interest to society [UNCRD, 1995].

In terms of casualties, this earthquake killed about 5,400 people, more than
900.10 ofwbom died as a resuh ofbeing crushed or trapped under collapsed buildings.
Over one-half of those killed were over age 60 and about two-thirds were women,
typically victims ofthe first-floor collapse ofthe traditional Japanese residence. Non
fatal injuries are estimated at about 35,000. Although these numbers are high, they
represent only a fraction ofthe 250,000 people exposed to building collapse (80,000
collapsed buildings with about 3 people per building). On the average, there were
about 2 deaths and 10 injuries per 100 people exposed to building collapse.

Building collapse or severe damage forced large numbers of people out of
their homes. About 70% ofthe earthquake victims that were evacuated from their
homes and apartments could not return due to the extent ofdamage to the buildings.
Some victims found temporary shelter with neighbors, friends or relatives, or at hotels
in other cities. Schools., connnunity centers., city halls and other public facilities (not
too severely damaged) were used for temporary shelter in Kobe immediately
following the earthquake. Homeless refugees seeking shelter reached 310,000 during
the week after the earthquake [UNCRD, 1995]. This demand on temporary shelter
is likely much less than the number ofpeople who lost shelter. Considering that there
were more than 150,000 buildings collapsed or severely damaged, loss of shelter
likely affected more than 500,000 people.
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Direct economic loss is estimated to be at least (US) $100 billion, otwhlch
(uS) $60 billion is attnbuted to bUlldmg damage lUNCW, 199~]. nl~ tUtal
replacement value ofthe 800,000 buildings located in the area of strong shaking may
be estimated to be about (US) $200 billion, assuming an average building cost of
Mn\lll~'J I~:"I'.';·;·-'I 11llll1l1ltJ" IILII.lny Ulull" , ill ..i", T"lulIlI,ll.lnnncl.'l t.;rpioalh- ooot
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building loss of(US) $60 billion represents about 25% ofthe total replacement value
of buildings in the area of strongest shaking, consistent with the 20% fraction of all
buildings that collapsed or were severely damaged (Table 2). In fact, building loss of
(US) $60 billion may be low, considering that this number likely does not fully include
financial loss incurred in buildings with moderate, minor or slight damage (damage
that is widespread throughout the region and includes costly nonstruetural repairs).

Conclusion

The Kobe eanhquake caused more building damage and related loss than any
other earthquake to date. The primary reason for extensive building damage and
related loss was the unfortunate location of a densely populated urban region very
close to £wlt rupture.

~~hherme \evel Oilground ~haluJ1g lIUI Llt~ dl~l! I!Jl !uePl ~!\ eUi!am~ ynUUlU
be a surprise to earthquake engineers. Although locally intense, the ground shaking
is similar to ground shaking that has been recorded during othet' earthqtt;tlc~ at !\ites
near fiwlt rupture.

Th!l l~glt! 1lU,~.iUl.Io'IioJ \;OWl.,;1lny in F:o;:>l:-<;" rr.rf"nT'TT'lncl nn .......n~ld hit ~~Qd
UWllll. JllUll" UUWIU LO..IU1Ll.Illt III IUIII••, 1111.111111 ",' • I ' .._---((1.. J --0--1

_

configuration and sufficient ductility protected. life safety, wbi1~ Sll uctures with
inadequate strength, irregular configurations and/or nonductile construction often
collapsed or suffered severe damage. Estimated dollar loss of (US) $60 billion
(about 25% of total building replacement cost) suggests generally peor building
performance in tenns of damage controL
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