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Soil Technology 
In soil building construction, the technology Jar 
walls ranges from rammed earth to mud brick and 
fired brick. For roofs, combinations of soil and 
timber flat roofs, thatch and mud pitched roofs, 
and brick vaults are common. Earth has been used 

Soil Building in China 
Soil building technology is of very ancient 
origin and is still widely used in the vast 
Loess regions of North-west China. Here, 
the unbaked clay adopted as building mate
rial, is as ancient as paleolithic tools. 
Archeological finds in China have clearly 
shown how after thousands of years our 
ancestors emerged from living in natural 
rock caves to soil-carved cave dwellings and 
in the process acquired knowledge of soil 
characteristics, so much so, that about four 
thousand years ago, they developed the 
technique of rammed-earth construction for 
building defense ramparts. The best man
ifestation of this is probably the famous 
Great Wall, first built of rammed earth. 
Stone masonry and kiln-burnt bricks were 
added during later dynasties for further 
strength. 

From the architectural remains of the 
Chin and Han dynasties, about two 
thousand years ago, rammed earth and 
adobe construction were extensively used in 
building platforms, podiums, adobe vault
ing and walling, for important structures 
such as pagodas and temples. Along the Silk 
Route, sites of ancient monuments and 
cities, still bear witness to the achievements 
of the glorious past, as with the sites of the 
Western Han (208 BC) in Guangzhou 

The change of dwelling from the natural 
rock cave to soil-carved cave marks a step in 
the development of soil building technolo
gy - Man now learnt to build his own 
dwelling. With experience, he discovered 
that by ramming in form-work and by 
compacting, the bearing strength of the 
material could be increased. And the mate
rial could be rendered into different forms. 
Trivial as that sounds it was important, as 
for the first time man knew how to im-
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Jor both domestic and monumental structures. We 
start with an introduction to soil building in 
China and then present three technologies in order 
of increasing cost and sophistication: from rammed 
earth to kiln-jired brick. 

prove the performance of a natural material 
by artificial means. During the next stage 
Man made houses of sun-dried bricks 
which enabled him to build on sites best 
suited to his purpose and in the way he 
most desired. 

In the light of modern technology it is 
easy to undermine such an ancient technol
ogy. However, even today, in the Loess 
belt, roughly 630,000 square kilometers in 
extent havIng nearly 200 million people, 
probably half of them live in cave-dwellings 
and adobe houses. This alone validates this 
technology in the present day context. 

With the emphasis today on energy 
conservation and environmental design, 
subterranean architecture has drawn much 
attention from architects and planners alike. 
Architects from several countries have 
already visited our country to study our 
traditional soil-building technology. 

Perhaps the raison d'etre is not technolo
gy. The architecture we experience, in this 
part of the country, is anonymous - the 
environment is the creation of the people 
without outside assistance. Here we may 
find clues in the search for a development 
theory. As amply demonstrated by the past, 
by adapting traditional technologies and the 
use of local materials, mass housing could 
be solved without government involve
ment. An "architecture without architects" 
has much merit. A number of improve
ments can be introduced to improve techni
ques and methods of construction by 
architects - only if they will forget them
selves as arbiters of 'taste'. 

Right: Ancient earth signalling rower. Photograph: I 
Oubo. 
Below: The Great Wall oj China much oj which is 
made of em1h. Photograph: P. Clement. 
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Rammed Earth 
The technique of building fonnwork into 
which earth is placed and then compacted is 
used in many parts of the world, but 
nowhere does it attain the sophistication of 
Chinese construction. This technology is 
most commonly used for boundary walls 
- either for fields or houses. 

This construction is an example of the 
mutual aid system based on reciprocal 
assistance between the owner and his hel
pers. The formal grouping, e.g. the bri
gade, plays no role in organising this 
activity. 
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Far left and below: The photographs illustrate the 
building of a typical rammed earth wall. The jorm
work consists of two V shaped sUP1{orts, approximately 
jour metres high, two metres apart and tapering 80 cm 
to 30 cm from base to tip. On either side of these 
supports, poles are tied together to jorm the sides oj the 
jonnwork. (Sometimes boards are used - as illustrated 
in the drawing.) The earth is shovelled into this space 
and then compacted using a pestle. The process is 
repeated until a whole section oj the wall, usually in 
two metres horizontal sections, is complete. Photo
graph: P. Clement. 
Left: A rammed earth boundary wall. 
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Wall pestle and wall board (formwork) jor 
earth ramming. 
1. Lion's head 4. Frog's leg 
2. Wall board (Fonnwork) 5. Earth bull 
3. Head band 

The jormwork has jonnal nomenclature which indi
cates relationships and attitudes toward building. For 
example the Lion's Head indicates the strongest gov
erning slat oj wood which ties the jormwork together. 
Instructions jor the construction have been recorded and 
handed down from generation to generation. For 
insiance in describing the compaction pestle, the jollow
ing description comes jor olle such book: "The wall 
pestle shall be oj suitable weight. It is inconvenient to 
use if it is too heavy. By putting weights on both sides 
oj the pestle, higher accuracy of use is achieved as the 
ramming jorce is along a constant axis." 



Mud-brick Construction 
Mud-brick tedmology in northern China is 
typical of mud-brick construction the world 
over: the sun dried brick is made of a clay 
and straw mix and is held together with a 
mud mortar. The bricks are made using a 
two-brick hand mould. 

The example illustrated here is from 
Ximen Commune outside Kashi. The 
house under construction has between nine 
to fifteen persons working, depending on 
the stage of construction. In this instance, 
the group included four skilled labourers. 
The 30 square metre house takes the team 
about eight days to build. 

The skilled workers are paid 5 Yuan 
(US$3) a day and unskilled labourers earn 
2.5 Yuan. Thus the labour costs for such a 
unit come to 320 Yuan (US$l88). The cost 
of materials is hard to determine, as the 
earth, straw and water are freely available. 
The timber for doors, windows and roof 
beams are purchased from the brigade 
shops. At this commune, a relatively dis
tinctive and local touch, is the use of mud
bricks whose mix includes coal powder and 
peat. The coal powder apparently increases 
the bricks' moisture resistance. Such bricks 
are used at the base of walls as a vapour 
barrier to protect the upper portions of the 
wall from rising damp. Peat and coal clods 
are also used for internal floors. 

Right, top: The clay is dug on site, mixed with straw, 
water and coal dust and moulded into bricks which are 
then sun-dried. 
Right: The house under construction uses skilled brick 
layers who are regular members of the brigade's 
construction gang but working here on a direct private 
contract for the house owner. 
Below and below right: The mud brick vaulted 
buildings use the same construction processes as those of 
the Middle-East. 
The vaults illustrated here are in Tuifan. Photograph: 
P. Collard. 
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Fired Brick Production 
The Pa Chao Peoples Production Brigade is 
located outside Xi'an. The brigade has a 
population of 2,000 persons divided into 
five roughly equal production units. This 
brigade is relatively poor, with a per-capita 
income of80 Yuan (US$47). Its agricultural 
lands are limited and it has only two small 
industries to supplement its income: the 
brick kiln and a noodle factory. 

The kiln employs around thirty persons 
at a wage of 1.7 Yuan (US$1) per day, and 
annually grosses 60,000 Yuan (US$35,300). 
The total income of the brigade is 160,000 
Yuan (US$94,000), so the income from the 
kiln makes a substantial contribution to the 
community. 

Although the kiln's economic viability 
depends on external demand for its pro
duct, its proximity, pricing and rationing 
policy ensures availability for brigade mem
bers. Brick prices are fixed at county level at 
30 Yuan (US$17.60) per 1000 bricks and 
brigade members are charged 1 Yuan less. 
The kiln management first meets members' 
needs (25 per cent of total production) 
before selling to others. In a free market 
situation the price of bricks would have 
been higher, as the present demand is great, 

A mobile conveyor belt is used for transporting earth. 

and brigade members would not have been 
able to afford bricks. 

The brick making and firing operations 
impart on-the-job training and also creates 
jobs for the villagers. Particularly striking at 
Pao Chao is the large number of women 
running the kiln. Workers are paid twice a 
year - after the two accounting periods in 
spring and autumn, which mark the end of 
the harvest seasons. Wage rates vary 
according to the level of skill and discom
fort of the job. The bi-annual payments are 
based on the number of work points 
earned: an aggregate of the job and the 
number of hours worked. The wages 
fluctuate according to the brigade's total 
mcome. 

Unlike the hand moulded sun dried 
brick, the kiln uses a motorised conveyor 
belt system. Nevertheless, the production 
process (illustrated opposite) is labour inten
SlVe. 

The 30 people working 8 hours a day, 
on brick production, produce approximate
ly 23,000 bricks a day. Each firing produces 
160,000 bricks and lasts a week. After firing 
the bricks are cooled and then removed for 
a new batch to be stacked. This process runs 
continuously for about seven months dur
ing the dry period. The kiln produces some 
2 million bricks a year. 
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