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E arthquakes are concentrated along 
two interrelated belts that divide the 

_planet's surface into a dozen crustal 
plates. The first belt, the Mid-Ocean Ridge, 
divides the Atlantic and Indian oceans and 
runs across the Pacific to the Gulf of Cali
fornia. This zone, where belts move away 
from each other, is marked by shallow 
earthquakes, underground hot springs and 
major lava flows that add new crust to the 
sea floor. 

The second belt encircles the Pacific 
Ocean, having a branch around Indonesia 
into Asia to the Himalayan range and onto 
the Alps. This band, with its deep ocean 
trenches and transform faults (such as in 
Turkey) , produces some of the world's 
most destructive quakes. 

In recent years the plate tectonic theory has 
been widely accepted in accounting for 
volcanoes and earthquakes and for the 
earth's varied epochs. Earthquake and grav
ity data show that the earth's rigid shell (the 
lithosphere) rests upon a more plastic region 
(the asthenosphere). The lithosphere ranges 
from a few to around 250 kilometres in 
thickness and is broken into plates. On 
these plates ride the continents, surrounded 
by the falsatic ocean crust. Magnetic and 
drilling data demonstrates that the plates 
move away from each other at the axis of 
the Mid-Ocean Ridge. Here rising lava 
produces a new lithosphere. An example of 
this is the rift valley of East Africa or in the 
Red Sea where a new ocean is being born 
between Arabia and Africa. In other places 
plates are converging, causing a compress
ion of the earth's surface. Stress and heat 
released from the earth's core sets off volca
noes and produces fold-mountain systems 
such as the Andes. Convergence also causes 
the clash oflandmasses. The impact ofIndia 
against Asia produced the Himalayas. 
Spreading in some areas and subsiding in 
others, the earth prornises to continue mov
ing - and thus earthquakes are a phe
nomenon we will always have to anticipate 
when creating new built environments. 

Earthquakes are most commonly mea
sured by the Richter Scale - a logarithmic 
scale ranging from 1 to 10, which expresses 
the magnitude or total energy of an earth
quake. In this scale an increase of 1 repre
sents a 60-fold increase in energy. 

Gediz earthquake, Turkey. 
Photograph: Suha Ozkan. 
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I t takes only a glance at the map of plates 
and earthquakes to realise that the worst 

_hit areas in the past twenty years have 
been Central Asia around Turkey, Iran and 
Tashkent; Southeast Asia in Indonesia, Phi
lippines and Japan; the Pacific Islands 
around New Guinea and Fiji; South Amer
ica and Mexico. In short it is the Third 
World which suffers most. 

In architectural and planning terms, dis
aster housing (shelter after the event), has 
become a concern of many governments 
and international relief agencies. There have 
been innumerable approaches, most of 
them proposing short-term solutions, to the 
physical rehabilitation of affected housing 
stock. The subject is vast, and the following 
articles present only three approaches to
ward post-earthquake and disaster-resistant 
structures. 

The People's Repubic of China has suf
fered a number of devastating earthquakes 
in the past two decades. The Chinese ex
perience is presented by Ye Yaoxian who 
draws some conclusions and guidelines for 
designers. His approach is pragmatic and 
practical. 

The second article looks at the importa
tion of "foam domes," a high-tech solution 
to temporary shelter. In Turkey, these 
"temporary" shelters were used for over 
seven years. It would appear that. for such a 
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country, where 91 % of its land is in the 
earthquake zone, long-term solutions for 
disaster-resistant housing is as important, or 
even more important than relief housing. 

The third article is of a very different and 
visionary nature - one man's dream of 
baking houses into impervious shells using 
local technology and labour. Nader Khalili's 
experiments in Iran after the revolution 
illustrate a possibly widely applicable solu
tion in countries which use earth as a 
building material. 

Whatever the solution, there has always 
been a disparity between proposed mea
sures for disaster mitigation and actual ap
plication - due to levels of technology, 
political, economic or, in some cases, socio
cultural considerations. Most countries have 
aseismic building codes, but in much of the 
Third World these codes are unrealisable 
and unrealistic. Whether it is through the 
application of technical solutions developed 
outside one's own country or indigenous to 
it, or through actual experience, there is no 
doubt that governments, architects and 
planners need to make greater efforts if 
appropriate solutions are going to have any 
meaning for the people who must be re
housed after a disaster. 

Hasan- Uddin Khan 



Article and photographs by 
Ye Yaoxian . 

China: Learning 
Through Experience 
In China) earthquakes have taken a heavy toll rif 
urban life) caused mainly by the collapse rif 
buildings. Till now) architects and urban plan
ners tend to ignore aseismic design. The author) 
whose on the spot experience and prrifessional 
training have involved him in disaster relief 
building for over fifteen years) outlines some 
suggestions for design and planning. 

Building safety during an earth
quake, economic effective
ness, function and the structu
ral system are critical in earth
quake resistant design. In this 
respect it is necessary to have 

~iiiiiiiiiiiiiiiiiii architect and structural en
gmeer cooperate with each other. We 
should pay attention to the vulnerable 
building systems according to the lessons 
learned from recent earthquakes in China. 

The longitudinal load-bearing wall sys
tem is convenient in construction, is flexible 
and economic; but such buildings have 
repeatedly suffered heavy damages in past 
earthquakes due to insufficient transversal 
load-bearing walls. During the 1975 
Haicheng Earthquake, which had an in
tensity of eight and nine, around 70% of 
these buildings collapsed. In striking con
trast buildings with transversal load-bearing 
walls, for one to three bays, did not col
lapse. This type of building also survived 
in the 1976 Tangshan Earthquake. 

The transversal load-bearing wall sys
tem should be used for multi-storey build
ings in seismic regions, and reinforced con
crete columns for upgrading when neces
sary. 

The brick column load-bearing system 
is a good solution in non-seismic areas, but 
since such buildings always collapsed in 
earthquakes with an intensity of over eight, 
the Chinese Aseismic Design Code specifies 
that vertical reinforcements should be 
placed in brick columns. 

If we design for mild earthquakes only, a 
flat slob system is adequate, but shear walls 
should be added in areas with high intensity 
of tremors. 

Frame structure buildings, called "build
ing supported by chicken legs" in China, 
when damaged are very difficult to repair. 
This building system should be avoided. 

Tall slender buildings, such as brick 
chimneys, are vulnerable to earthquakes, 
and the damage usually occurs in the upper 
part of the chimney shaft. Even reinforcing 
such structures is not of great help. During 
the 1976 Tangshan main shock, a reinforced 
concrete chimney, 180 metres high, cracked 
in the upper part and fell to the ground. 

For any earthquake resistant building 
system, the following are essential: 
• to have adequate vertical structural ele

ments that can transmit lateral forces to 
the ground and can ensure stability to the 
building during an earthquake by their 
strength and ductility. 
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• to have adequate horizontal bracing or ties 
to distribute earthquake loads to the ver
tical structural elements. 

• to have stable foundations, preferably tied 
together in design for strong earthquakes. 

• to have some structurally redundant ele
ments as the second line of resistance. 

• to avoid irregular shapes or abrupt 
changes in elevation. 

• and to match well characteristics of strong 
ground motions and site soil conditions 
with seismic intensity. 

It is said that building shape in plan 
should be as simple as possible. Many 
Aseismic Design Codes, including the 
Chinese code, specify that irregular plan 
buildings should be separated into several 
independent regular units by aseismic joints. 
However, this increases considerably con
struction costs and for some buildings the 
irregular plan is a functional requirement. 
Whether the plan requirements specified in 
the codes are true remains to be studied. 

Concrete frame structures are liable to collapse - this 
one was damaged in the 1976 Tangshan Earthquake. 

Soon after the Tonghai Earthquake on 
5th January 1970 in Y urman Province, I was 
sent with a team, to observe and report on 
the structural damage. Several interesting 
points came to light. The single storey 
'U'-shaped house, at Xiaojie Commune, 
withstood the nine intensity earthquake. In 
contrast, all the nearby rectangular build
ings made of the same materials, collapsed. 
The single-storey brick column 'L'-shaped 
candy factory was slightly damaged. The 
other building that remained intact was a 
round brick silo used for grain storage. 

Shortly after the Tangshan Earthquake 
on 28th July 1976 in Hebei Province we 
studied 55 brick buildings (21 in Tangshan 
city and 34 in Tianjin' city). Of these the 
irregular plan and lower buildings survived 
better than the regular plan ones. Also 
buildings with front and/or rear halls or 
verandas survived better. 

The above examples indicate that: 
• round plan structures behave well during 

earthquakes . 
• and that the irregular plan building, with 

good design and construction, may not be 
lower resistant than with a regular plan. 



Earthquakes repeatedly demonstrate that 
structures with simple elevations have a 
greater chance of survival and that elevation 
shape is more important than plan shape in 
determining its earthquake performance. 
Facade protusions, penthouses, etc. are 
more vulnerably in an earthquake than a 
straight or regular elevation. 

Any building consists of two types of 
elements: structural, which carry live, dead 
and environmental loads, and non
structural, which join or attach to structural 
elements to satisfy functional requirements. 
The interaction structural and non
structural elements, which move different
ly, damages buildings during tremors. The 
aseismic design of non-structural elements is 
an important consideration in design. L essons learned and relearned 

from past earthquakes in Chi
na and abroad show that mo
dem cities are the most vulne
rable in destructive earth
quakes. This is true of China 

~~~~~ in the past 30 years where 11 
destructive earthquakes took their economic 
and life toll mainly in cities. Of the 1,600 
people killed by earthquakes in the United 
States since 1900, over half lived in cities. 

The Tangshan Earthquake of July 1976 
brought great disaster to the city with a 
population of 600,000. It took the lives of 
242,000 people and caused 164,000 injuries. 
A number of lessons can be learned from 
this disaster. 

In the Lunan District of the city the 
density was around 15,000 people to a 
square kilometre. The death rate in this 
sector was over 45%. In other areas the 
death rate was around 21 %, while in Tang
shan suburbs it was 14%. The reduction of 
the building density is an effective measure 
for mitigation of urban earthquake disasters. 

In China a seismic hazard analysis study, 
i. e. basic intensity estimates, is required as 
an initial step. The Tangshan experience 
revealed that the main cause of disaster was 
that the basic intensity of the region had 
been assessed too low. (The structures were 
required to be designed for a six intensity, 
while the earthquake reached nine.) The 
same situation was fOlmd in the 1966 Xian
tai Earthquake, the 1970 Tonghai Earth
quake and the 1975 Haicheng Earthquake. 

After the Tangshan Earthquake, the 
power supply was completely interrupted 
- it took six months for the power plant to 
totally recover. Water-works and pipelines 
were difficult to repair. Potable water supp
ly was resumed a month after the quake. 
Traffic was blocked in the city and the 
collapse of bridges paralysed movement. 
This also had a severe effect on rescue 
work. These facts illustrate that safeguard
ing the security of lifeline systems, especial
ly power supply. systems, is very important 
to mitigate disaster, recover production and 
aid rescue operations. 

In the area which had an intensity of ten 
and eleven, underground constructions 
were only slightly damaged while nearly all 
the buildings on the earth's surface were 
levelled to the ground. It was important to 
note that the nearly 30,000 people working 
underground (in the mines, etc) returned 
safely to the ground after the main shock. 
Underground structures depend greatly on 
the behaviour of surrounding soils. 

After the earthquake, parks and green 
areas were very useful for taking refuge and 
rescue. The open space in Tangshan Airport 
was used as the medical centre. 

The earthquake resistant requirements 
should be considered in urban planning. 
The principal requirements can be listed as 
follows: 
o keep size and population of a city under 

control, and construct more small cities 
and towns. 

o keep building density down, and keep the 
distance between two buildings greater 
than the sum of their height. 

o if possible adopt underground structures, 
and install critical facilities for urban com
munication, water and power supply in 
them. Underground structures should not 
be constructed in soft soil and their entr
ances should be situated in open fields to 
prevent clogging. 

o circular networks, standby systems should · 
be planned. 

o rational land use planning should be made 
based on the seismic risk analysis. Riskful 
areas should be used as parks or open 
spaces. 

o factories and storage areas which are 
vulnerable to fire, explosion, or poisonous 
gasses, should be built away from the city. 

o water reservoirs should be situated away 
down river and the water areas, either 
rivers or lakes, should be preserved. 
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Leji: Brick chimlleys are 
always vulllerable to 
earthquakes alld oftell crack in 
the upper part oftheil' sln/auI·e. 
The chill1l1ey showI' was 
damaged ill the 1975 Haichellg 
Earthquake alld was impossible 
to repair. It had to be 
completely rebuilt. 
Leji, below: Even whe" the 
struclure itself is sound, a 
buildillg may be relldered 
useless by 0.11 earthquake which 
damages 1101I-sln/ctural 
elemellts. Hae a brick c1addillg 
wall collapsed dllrillg the 1975 
Haichmg Earthquake. 

Ye Yaoxiall is a structural 
engineer by training. He has 
been involved in the 
rehabilitation of many urban 
centres in China ova many 
years and has written and 
lectured widely on the su~ect. 
He is the Vice Director, Office 
ofEmthquake Resistance, State 
Capital Constn/ctiol1 
Commission in Beijing. 


