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Foreword 1

On May 12, 2008, a tremendous earthquake with Magnitude 8.0 happened in Wenchuan
county, Sichuan province. The earthquake’s epicenter locates in Yingxiu town (31.0N, 103.4E)
of Wenchuan County, 13-14m below ground. 10 provinces like Sichuan, Gansu, Shanxi,
Chonggqing, Yunnan, with totally 417 counties, 4667 towns and 48810 villages, are influence
by the earthquake. The earthquake hit area reaches 500000 km?, with heavy and catastrophic
destroyed area 132000 km’. 46.257 million people suffer in this earthquake, half of them lost
their home and 15.106 million people are evacuated. Until October 10, 2008, official statistics
shows 69227 persons lost, 17923 persons missing, 374600 persons hurt and total economic lost
reaches 800 billion RMB. This earthquake causes astonishing lost in the contemporary history
of China. The whole country moans and attentions from the whole world converge to China at
this moment.

Earthquake is an uncontrollable natural phenomenon, but it doesn’'t mean the damage and
lost caused by earthquake are uncontrollable. In order to eliminate the damage caused by
earthquake, we firstly should make clear the mechanism of it. Earthquake disaster in nature is
a kind of civil engineering disaster, which is caused by the following reason. A civil engineering
structures, from a city to a small cottage, may use improper knowledge and technologies in
designing, constructing and operating stage, such as bad site selection, unqualified earthquake
resistance design and construction, mal-operating and maintaining and etc. All these factors will
make the civil engineering projects, including buildings, vulnerable to sudden earthquakes and
then result in failure of engineering structures, lost of human lives and impediment of economic
development. Then an earthquake becomes an earthquake disaster. Here the civil engineering
structures we mentioned include buildings, on-ground and underground structures, important
and average civil engineering structures, such as dams, railways, motorways, bridges, tunnels,
harbors, mines, factories and etc. In order to relief earthquake disasters, the most important and
effective measure should be promising the safety of civil engineering structures in earthquakes,
which means insisting scientific methods in earthquake resistance, including selecting correct
earthquake fortification level, choosing proper earthquake fortification objectives and employing
scientific fortification technologies. In practical saying, we should emphasize the correction on
site selection, design, construction, operating, reparation, consolidation and maintenance of civil
engineering structures.

The scientific earthquake resistance technologies mainly come from experiences, which
are summarized from disastrous earthquakes. These technologies are obtained through
a longtime procedure of observation, analysis, summarization, re-applying, re-observation
and re-summarization of earthquakes. Since the 1906 San Francisco earthquake in United
States, by a hundred years’ hard work of international engineering industry, a scientific
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discipline earthquake engineering, which studies and solves earthquake resistance problems
of engineering structures, has been established. Based on experiences and lessons instantly
got from earthquake disasters in last one hundred years, this discipline develops a set of
practical earthquake resisting codes which is suitable for engineering usage, and also it
becomes a technical protection for human beings surviving and developing under earthquake
circumstances. Because of this, recording documents about civil engineering structures
damaged in earthquakes are always expected by earthquake engineering industry.

China Southwest Architectural Design & Research Institute Co. Ltd. (CSWADI) is an important
and reputational building design and research company in China. As located in southwest
earthquake district of China, it always pays attentions to earthquakes and so accumulates
abundant experiences in earthquake resistance design of buildings. After the happening of
Wenchuan Earthquake, it organized professionals and experts getting into the earthquake
area to investigate and assess seismic damage on buildings and collect relative information.
In order to share the precious information with domestic and international colleagues, they
conscientiously analyzed the information, sorted them out and planned to publish this book
Experience the Wenchuan Earthquake——structural engineers’ point and view. This act will not
only direct the reconstruction of earthquake area but also influence passively the earthquake
resistance research, strengthening earthquake resistance design and improve the standard of
Chinese earthquake resistance code.

This book compilated by CSWADI shows several highlights rather than the common
characteristics of other earthquake books:

First, Wenchuan Earthquake is a rarely happened catastrophic earthquake. It reaches
magnitude 8.0 and happens in a high population district inside a geographic plate. Information
about this kind of earthquake is precious and unique and can reflect the characteristics of this
kind of earthquake damage to civil engineering structures. As we all know, although land area
is much smaller than ocean area, human beings’ main living spaces and developing places
are on land. From global angle, many places encounter giant earthquakes with magnitude
8.0 or above, but most of them happen along the border of plates (like Chile earthquake in
1960, Alaska earthquake in 1964, Mexico earthquake in 1985 and etc.) These earthquakes
also produce astonishing damages to buildings, but what is the difference between in-plate
earthquake and those happened on the plate borders, what is the difference for the damage
mechanisms of these two kinds of earthquakes? These questions continuously puzzled the
engineering industry. So information and materials collected by this book will definitely attract
attentions from international civil engineering industry.

Second, this book shows information collected from heavily damaged area with Earthquake
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Intensity Xl to light damaged area. More important, it covers lots of buildings which have not
consider earthquake resistance and other correspondent buildings which belong to earthquake
resistance class VI, VII(-), VIl and VII(+) respectively. It also contains buildings located in the
same earthquake resistance district but designed to the national codes of different times. The
Wenchuan Earthquake provides us with abundant information of corruption patterns for buildings
located in different intensity districts, designed to different earthquake resistance classes and
different codes. Earthquake brings disasters to human beings, but meanwhile it works as a
natural lab providing so much scientific information which can’t be obtained by human beings
themselves. In one word, this book is priceless.

Third, the author of this book, Chinese Southwest Architectural Design & Research Institute
(CSWADI) situated in the southwest earthquake district of China and designed lots of buildings
there. All these buildings experienced influence in this earthquake, and some of them suffered
damages. Engineers from CSWADI not only collected earthquake information but also provided
the original design and construction information about the buildings damaged in this earthquake.
These materials provided us with reference to analyze different earthquake damages on
buildings. They sorted out earthquake damages according to buildings’ structural types as
frames, frame-shear wall structures, masonry buildings, masonry buildings with bottom-frame,
factories, lattice shells, high-rise structures and etc. They also reserved chapters for sub-
structures like stairs, masonry partitions, seismic joints and self-constructed houses in rural
areas. Besides, they used specific chapters to present damaged buildings in Chengdu and
damaged buildings they designed in the earthquake hit area.

Fourth, as a book to introduce building damages in earthquake, it should describe the
damages objectively and comprehensively and inspire engineers and professionals to find
out their own answers from the earthquake. Undoubtedly, authors of this book have reached
these goals, but they are not restricted by these goals. When objectively and comprehensively
analyzed the earthquake materials, they also drew their conclusions and considerations about
this earthquake. This act used their understanding of the buildings which designed by them
and might excavate the true facts hided behind the earthquake. For example, they investigated
lots of buildings in earthquake area as Wenchuan, Hanwang, Dujiangyan and Pengzhou and
observed these buildings with concerns and views from structural designers. We can find
signs of their reflection everywhere in this book, since all chapters from chapter3 to chapter
12 are ended with considerations and recommendations. They tried to promote perceptual
understanding to rational understanding, to summarize rules and principles, and they also

proposed many measures to realize the principles “strong columns — weak beams” and “high
shear capacity — low flexural capacity”, to improve the ultimate bearing capacity, deformability




and energy exhausting ability buildings. But here | should remind the readers when reading
these chapters, you can share the authors’ ideas and opinions, but more important you need
think independently and find out your own answers.

Besides, this book has many other important characteristics like abundant contents, detailed
descriptions and clear explanations, and it also tries to interpret the earthquake from different
angles. Take the stairs (Chapter 9) as an example, authors used 89 pictures showing the
damage to slab stairs (further sorted as slabs, stair platforms and platform beams), beam stairs
and damage to construction gaps. Another example was when authors introduced earthquake
damages to the main building of Bailu Primary School, they showed 78 pictures, from 12
classrooms located from ground floor to fourth floor, to present details of cracks on every wall,
corridor and stair. Although current technology can’t explain perfectly the earthquake damage,
this indispensible information about this earthquake can enlighten our descendants. Finally |
should remind this book is written in two languages, English and Chinese. This provides the
chance for the world to share these materials and meanwhile shows our appreciation for the
helps and attentions we received from overseas.

Time flies away! Although it almost has been a year from Wenchuan Eartghuake, the pain it
brings to us is still clear. As pointed out by Chinese Prime Minister Wen Jiabao, “a catastrophic
disaster can only make a nation progress another step”. The publication of this book also
symbolizes my peers from China Southwest Architectural Design & Research Institute Co. Ltd.
stride ahead to this objective.

y /7 ;
YU %
Professor Xie Lili

Member of Chinese Academy of Engineering
February 1, 2009
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Foreword 2

---------------------------------------------------------------------------------------------

1

When | learned the devastating earthquake of magnitude 7.8 ' occurred in Sichuan
province on May 12, 2008, | was astonished by the severe human lives and property losses.
The news brought my thoughts back to the grieving scenes of Taiwan Chi-Chi Earthquake
occurred on September 21 in 1999. Although these two major earthquakes took place in
different times and locations, they both caused tremendous amount of damages on built-
environment and made human beings suffer huge losses. This reveals that we human beings
. have not gained enough abilities from historical experiences to prevent this kind of tragedy
from happening again.

After the Taiwan Chi-Chi Earthquake, we have conducted earthquake damage investigations
. and analyses in order to gain insight into the key works for earthquake disaster mitigation.
| am very pleased to see Professor Feng Yuan and her colleagues in China Southwest
" Architectural Design and Research Institute Crop. Ltd completed this book — experience the
: Wenchuan Earthquake — from structural engineers point and view — in such a short time. This
book has collected many pictures about the damaged buildings in the earthquake severely
damaged area. It is an ideal reference for the study of earthquake engineering. It is my wish,
. through the publishing of this book, more lessons can be learned and experiences can be
shared. Thus, earthquake engineering can be advanced thereby reducing future earthquake
. disasters.

-

Clenn

Professor Tsai, Keh-Chyuan
Department of Civil Engineering
National Taiwan University
February 1, 2009

I Corrected it to Ms 8.0 later.
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Foreword 3

. The Wenchuan Earthquake happened in May 12, 2008, and took 90,000 lives away. The
Chinese people and their government tried their best to rescue persons suffered in this disaster.
In order to accumulate the experience for the goodness of our descendants, recording all the
facts and details of Wenchuan Earthquake to enhance our understanding of this earthquake is
a very important thing. In this meaning, the publishing of this documentary book, compiled by
; Chinese Southwest Architectural Design & Research Institute (CSWADI), will be an invaluable
: and memorial event.

I visited the earthquake-hit district with the assistance of the China-Japan Structural
Communication Committee founded in 1993. This committee organized formal conferences
every two years and totally eight conferences were held until now. Every time, earthquake
resistance design remained a main topic in the conferences, as well as topics on all other
branches in structural technology. From the beginning of the committee, we already experienced
the South Hyogo-ken Earthquake (Kobe Earthquake, 1995), the Jiji Earthquake (1999) and
the Wenchuan Earthquake (2008). In July, 2008, the third session of the 7th conference of the
committee was urgently held in Chengdu, China. Experts and engineers from China and Japan
visited the earthquake hit district in Dujiangyan City and exchanged their opinions about this
disaster. In September, 2008, a reporting conference was also held in Tokyo and attendees
showed great intentions for the earthquake happened in their neighbor - China.

Although the details of the Wenchuan Earthquake haven't been officially unveiled, the
estimated damages and the affected area will be no smaller than those of the Kobe Earthquake
and the Jiji Earthquake.

Building design generally considers structure’s safety under vertical gravity. Because the
gravity acceleration is a constant, we can take it as a simple vertical force exerting on buildings.
But earthquake effect is more complicated than gravity; it contains horizontal and vertical
vibrations. In the initial design of buildings, we already consider the gravity. When considering
earthquake effect, horizontal vibrations are more important than vertical vibrations. The
accelerations of horizontal vibrations are changing time by time and thus cause the vibrations
of buildings. So the earthquake forces coordinating with the changing accelerations and the
earthquake energy causing vibrations of buildings become two key parameters to evaluate
earthquake effects. For the earthquake resisting buildings, the ability to resist horizontal forces
and the ability to absorb energy (ductility) are both indispensable. A building is already designed
to gravity and owns potential energy, so under the horizontal vibrations, its gravity center will
descend and release part of the potential energy. In another word, in earthquakes, buildings
will bear additional potential energy released by themselves (called P-5 effect), as well as the
earthquake energy. If the additional energy can not be absorbed, the P-6 effect will collapse




