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New schools in rural China often-time are driven by blind pursuit of
modernity and executed by methods that diminish human dignity, erode
human well-being, disconnect human with nature, local community
and cultural tradition. Those sub-standard learning environments
are neither climate nor culturally responsive. Buildings, particularly
learning environments, should be a pedagogy that acts as educational
tools for imagination, sense of place, ecological awareness, cultural
sensitivity... A healthy learning environment should facilitate comfort,
productivity and humanity. This thesis takes a pre-established model,
an existing multi-story school on ridge of Loess Plateau in Dongxiang,
Gansu province of China, as the site of the project, re-evaluating the

significance of ecological and vernacular aspects in architecture.



This document is best viewed as a two page spread

with this page on the left



L R Kigox) g0

A.%% | | | -










CONTENTS

Chapter 1: Statement

Chapter 2: Place
Location
Geography and Geology

Climate

Chapter 3: Culture and Community
People

Religion

Agriculture and Environment

History and Culture

Economy

10
12
16
22

28
30
36
38
44
46

Chapter 4: A Pre-established Model: the Existing Rural School 48

Site

The Existing Rural School

50
56



Chapter 5: Learning From the Rural
Precedents

Climate Responsive Patterns
Simulation Study

Local Building Materials

Local Green Building Strategy

Chapter 6: Proposal

Conclusion
Reference
Image Credits

Acknowledgement

70
72
80
86
90
94

96

124
126
128
130



Chapter 1:
Statement



BUILDING AS A PEDAGOGY

New schools in rural China often-time are driven by blind pursuit of
modernity and executed by methods that diminish human dignity,
erode human well-being, disconnect human with nature, local
community and cultural tradition. Those sub-standard learning

environments are neither climate nor culturally responsive.

This thesis takes a pre-established model, an existing multi-story
school on ridge of Loess Plateau in Dongxiang Autonomous County,
Gansu province of China, as a failure model of rural school. It
addresses these problems through the design of a high-performance
learning environment in rural China that is organized around two
themes:

i) Ecological and Vernacular Design

i) Building as Pedagogy

By emphasizing the significance in ecological and vernacular aspects
in architecture, this thesis re-proposes the rural school that fits its
place, climate and local community by using the principles of high
performance building design. The “high performance” goals for this
school are:
i) Resources:

Values of ecological design include conservation and

stewardship of resources; closing as many resource loops



as possible.
i) Social/Cultural:
Engagement from surroundings and be responsible for
passing down the culture value to the next generation.
i) Economical (Low Cost):
Considering the economy condition of the rural site, keep
cost as low as possible by using local material and low

techniques for construction.

Buildings, particularly learning environments, should facilitate
comfort, productivity and humanity, which is particularly meaningful
for the left behind children who are living in the rural area without
sufficient care given from their parents. The idea of building as a
pedagogy is that buildings have their own hidden curriculums that
teach as effectively as any course taught in them. Learning takes
place in buildings and also occurs as a result of how the buildings
are designed, constructed and from what materials, how they fit

their location, and how they are operated.

Buildings can be designed to recycle organic wastes and rainwater
through ecosystems which can be studied and maintained by the
children. Buildings can be designed to heat and cool themselves
by using solar energy and natural air flow. They can be designed
to inform occupants of energy and resource use. They can be

landscaped to provide shade, break winter winds, produce food



locally, and restore bits of vanished ecosystems. Buildings and
landscapes can extend ecological imagination. They can invite
children’s participation into its operation... All of those make building
as an pedagogy that help children acquire knowledge and establish
healthy social relationships, act as educational tools for imagination,

sense of place, ecological awareness, cultural sensitivity...




Chapter 2:
Place
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LOCATION

Dongxiang Autonomous County, Linxia Hui Autonomous Prefecture,

Gansu, China

Linxia Hui Autonomous Prefecture is located in southwestern of
Gansu province. It is south to Lanzhou, the capital and largest city of
Gansu Province in Northwest China, and borders Qinghai Province in
the west, Gannan Tibetan Autonomous Prefecture in the south, and
the Dingxi prefecture-level city in the east. Linxia Hui Autonomous
Prefecture is an autonomous prefecture for the Muslim Hui people,
a large Chinese ethnic group. The prefecture is subdivided into eight
county-level divisions: one county-level city, five counties and two
autonomous counties for Muslim groups, namely Dongxiang, Salar

and Bonan.

The study area called Dongxiang Autonomous County (Coordinates:
35°36'N 103°12'E ) which is an autonomous county in the Linxia Hui
Autonomous Prefecture, province of Gansu of the People’'s Republic
of China. With area of 583 mi2, more than half of the total population
of Dongxiang ethnic minority are living in Dongxiang Autonomous
County. It is located in eastern of Linxia Hui Autonomous Prefecture,
borders Yongjing County in the north, Linxia County in the west,
Hezheng County and Guanghe County in the south and the Dingxi

prefecture-level city in the east.



Light grey shows the
location of Gansu
province of China.

i

Yellow shows the
location of Linxia
Hui Autonomous
Prefecture in Gansu
province.



https://en.wikipedia.org/wiki/Linxia_Hui_Autonomous_Prefecture

Yongjing
County

Jishishan

County Dongxiang

. Taizishan National
temeeel ... Nature Reserve .
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Linxia Hui Autonomous
Prefecture is
subdivided into eight
county-level divisions:
one county-level city,
five counties and two
autonomous counties.
The one with red
outline is Dongxiang
Autonomous County.

Below: map of the
Dongxiang Aotonomous
County.

15
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GEOGRAPHY AND GEOLOGY

Loess Plateau

The elevation of Dongxiang Autonomous County averages 2000
meters above sea-level. The Loess Plateau covers almost all of

the area of Dongxiang Autonomous County with loess mountains
and ravines. The Loess Plateau was highly fertile and easy to farm
in ancient times, which contributed to the development of early
Chinese civilization around the that area. But after centuries of
deforestation and over-grazing, exacerbated by Chinese population
increase, have resulted in degenerated ecosystems, desertification,
and poor local economies. Land degradation results in canyons that
cuts the loess plateau in Linxia Hui Autonomous County. Reduced
moisture suction due to a degraded vegetation layer forms creeks
flowing into the major rivers. The Loess Plateau’s eroded silt is
responsible for the great fertility of the North China Plain, along with
the massively and repeated destructive floods of the Yellow River. Its

soil has been called ‘most highly erodible... on earth’.!

The Yellow River, the second biggest river of China, gets its muddy
yellow color from the loess, runs through the northwestern part
of the Dongxiang Autonomous County. It takes a sharp turn and
runs to the west from where the 147 meters high Liujiaxia Dam is.
The Taohe River runs the eastern of the county, forms the border

between Dingxi and Dongxiang Autonomous County. These two



rivers confluence at north to this county. The Liujiaxia Dam is a
hydroelectric dam constructed from 1955 to 1969, a few years after
the establishment of the People's Republic of China. The Liujiaxia
Reservoir was created in narrow, but fertile valleys of the Yellow
River and its tributaries displaced a large number of local farmers

who were living in the northwestern part of the county.

Due to the land erosion, plus located in Alpine-Himalayan seismic
zone, the loess plateau has witnessed the deadliest landslide ever
recorded, which usually triggered by earthquake, accounting for

million people killed in those event.

17
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The earth surface of
the Loess Plateau.

Land degradation
results in canyons
like this one that cuts
the loess plateau in
Linxia County, Gansu.
Reduced moisture
suction due to a
degraded vegetation
layer formed this creek
flowing into the lower
Daxia River.




Huang River and Taohe
River confluence at
Liujiaxia.

Photos of the Llujiaxia
Reservoir.

Photos of the Llujiaxia
Dam.
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CLIMATE

To study the climate of Dongxiang Autonomous County, this thesis
uses input weather data of Yuzhong, Gansu, China from EnergyPlus's
website and Climate Consultant 6.0 as the output visualization tool.
Yuzhong is an administrative district east to Dongxiang Autonomous
County, sharing very similar altitude, latitude/longitude, geographic
and geological conditions. So this thesis assumes Dongxiang and
Yuzhong has similar climate condition. The input weather data are

arranged by World Meteorological Organization region and Country.

By putting the weather data into the Climate Consultant 6.0, a
series of climate chart are visualized, including annual temperature
range, radiation range, wind velocity range, sun shading charts

and psychrometric chart. Also a two-hour temperature chart

spreadsheet is produced accordingly.

From the weather data outputs, the year’s temperature of Dongxiang
Autonomous County ranges from as low as -20°C(-3°F) to as high as
31°C(88 °F), with annual average temperature at 8 °C(46.4 °F). There
are only 155 frost-free days a year. Winters are long, cold and dry,

while summers are warm and mostly comfortable with breeze.

[t has a semi-arid climate with extensive monsoonal influence. There

is an old saying that “Northwest China has droughts nine years out



of ten.” Most of the limited precipitation is delivered in the summer

months: winters are so dry that snow cover is confined to very high

altitudes. Many places in this region face chronic water shortages.

Its annual precipitation has only 442 mm (17.4 in). Rainfall tends to

be heavily concentrated in summer, and the area receives extensive

amounts of solar radiation.

DESIGN STRATEGIES: JANUARY through DECEMBER

T Comfort
2 Sun Shading of Windows

3 High Thermal Mass

4 High Thermal Mass Night Flushed

5 Direct Evaporative Cooling

6 Two-Stage Evaporative Cooling

7 Natural Ventilation Cooling

8 Fan-Forced Ventilation Cooling

9 Internal Heat Gain
10 Passive Solar Direct Gain Low Mass
11 Passive Solar Direct Gain High Mass
12 Wind Protection of Outdoor Spaces

13 Humidification Only

14 Dehumidification Only
15 Cooling, add Dehumidfication if needed
16 Heating, add Humidification if needed

RELATIVE HUMIDITY 100%
028
WET-BULB 024
TEMPERATURE
DEG. F
15 89 80
020
4

16 y
-10 0 10

LEGEND
® JaN JuL
FEB ® AUG
MAR @ SEP
APR ® ocT
MAY @ NOV
JUN @ DEC

20

30 40 50
DRY-BULB TEMPERATURE, DEC. F

Psychrometric Chart,
Climate Consultant 6.0
ASHRAE Standard 55-
2004 using PMV
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PEOPLE

The Dongxiang Ethnic Minority

People of the Dongxiang ethnic minority has lived for eight
centuries in the dry, forbidding mountains that make the Dongxiang
Autonomous County in Gansu Province, one of the most isolated
places in China. More than half of their population dwell in the
Dongxiang Autonomous County. The rest lives in the surrounding
area of Gansu province. According to the 2010 census, their

population is 621,500.

The Dongxiang ethnic minority received its name from the place
they have been living for hundreds of years — Dongxiang. Historians
are divided in their opinions on the origin of the Dongxiang ethnic
minority. Some hold that they were descendants of Mongolian
troops during Genghis Khan's marching to the west. As far back as
the 13th century, Mongolian garrison units were stationed in the
Dongxiang area. In these units were Mongols and military scouts and
artisans that Genghis Khan brought from West Asia.? In time of war,
the military scouts would fight as soldiers on the battlefield. While
in time of peace, They farmed and raised sheep and cattle. These
troops later took local women as their wives, their offsprings later
became Dongxiangs. Other historians say they are mixture of many

races including Hui, Mongolian, Han and Tibetan groups.

The Dongxiang people had been groaning under national and class



Photo of Dongxiang
people.

Chinese president
Jinping Xi was visiting
Dongxiang Autonomous
County.

Some of the Dongxiang
people have to walk
miles to get fresh
water transporting by a
donkey.
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oppression throughout the ages. This had driven them to take up
arms against their oppressors many times. For several decades
before the founding of the People’'s Republic in 1949, the Dongxiang
people were suffering under the oppressive rule of the feudal Hui

warlords.®

The Dongxiang language is basically similar to Mongolian, both
belonging to the Mongolian branch of the Altaic language family. It
contains quite a number of words borrowed from the Han Chinese
language.* Most of the Dongxiang people also speak mandarin, which
is accepted as their common written language too. Quite a few of
them can use Arabic alphabet to spell out and write Dongxiang or

Chinese words.



Dongxiang people.in a
market.

Dongxiang people are
eating lunch with their
family.




CHINA

198911

A China Post stamp
has the figures of
Dongxiang.
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A group of Dongxiang
elderlys.

The cuisine of Gansu %
is based on the staple
crops grown there:
wheat, barley, millet,
beans, and sweet
potatoes.
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RELIGION

Muslims

Dongxiang Autonomous County is one of the predominantly Muslim
parts of China. The Dongxiangs are Muslims, and at one time there
were 595 mosques and 79 other places of worship in the Dongxiang
area. This gave every 30 Dongxiang households a place of worship.
Apart from the 12 imams, there were more than 2,000 full-time
religious workers. That means every 18 households had to provide
for one religious worker. And there were 34 different kinds of

religious expenses which had to be borne by the ordinary people.®

The Muslims in the Dongxiang area were divided into three sects --
the old, the new and the emerging sects. Carrying out a “divide and
rule” policy from the Chinese government, the ruling class sowed
dissension among these sects. As a result, the Moslems were at
feud among themselves. At times there were armed clashes. Since
the early days of 1950s, the Chinese government has pursued a
policy of freedom of religious beliefs and taken measures to restore
unity among the Moslem people. In 1958, the Dongxiang people
carried out the struggle against religious and feudal privileges and
the system of oppression and exploitation. This resulted in a further

liberation of the productive forces.®



A young generation of
Dongxiang Muslim.

Dongxiang people are
doing the worship.
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AGRICULTURE AND ENVIRONMENT

The base of the economy of Dongxiang is agriculture. The main
products are potatoes, wheat, maize and broad beans as well as
hemp, rapeseed and other industrial crops. They are also recognized
craftsmen, specializing in the elaboration of traditional carpets from

wool.

Trees and grass were planted on barren hills to mitigate land
erosions which had plagued the Dongxiang area for long time. Large
tracts of farmland on hill slopes have been transformed into terraced
plots. All this, coupled with the construction of irrigation facilities,
has greatly raised annual grain production. But still at many places
of Dongxiang are suffering from poverty, since quite amount of
agricultural productions and the farmers livelihoods depends on the
weather. If it is rain, they will have a harvest. If it doesn't rain, then
they won't harvest anything. Or if there is heavy hailstorm before the

wheat harvest, the farmers will end up with getting nothing.

In 1994 an effort known as the Loess Plateau Watershed
Rehabilitation Project was launched to mitigate desertification where
now trees and grass have turned green. A major focus of this project
was to try to guide the people to use more sustainable ways of living
such as keeping goats in pens, not allowed them to roam freely and

erode the soft silty soil in the plateau. Many trees were planted and



nature is now reclaiming a portion of the Loess Plateau. Restoration
has occurred over an area of about 35,000 square kilometers (about
5% of the plateau's total area).” Results have reduced the massive

silt loads to the Yellow River by about one percent.®

The farmers are
harvesting potatoes.
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Dongxiangs are also
recognized craftsmen,
specializing in

the elaboration of
traditional carpets
from wool.
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The aerial views of the
agriculture terraces
and Loess Plateau.
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HISTORY AND CULTURE

In prehistoric times, Gansu was host to Neolithic cultures. In
imperial times, Gansu was an important strategic outpost and
communications link for the Chinese empire, as the Hexi Corridor
runs along the ‘neck” of the province. The Han dynasty extended
the Great Wall across the Gansu corridor, building the strategic
Yumenguan (Jade Gate Pass, near Dunhuang) and Yangguan fort
towns along with it. Remains of the towns can be found there.
On the Silk Road, Gansu was an economically important place in

human'’s history, as well as a cultural transmission path.

The rammed earth
building remains on the
Silk Route.
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ECONOMY

The geographic isolation has helped preserve an Islamic culture, as
well as its ancient language, but it has also separated the Dongxiang
people from the prosperity lifting other parts of China. In addition to
frequent earthquakes, droughts and famines, The Dongxiang, one

of China's 56 officially recognized ethnic minorities, are now among

China's poorest and most illiterate people.

Not only Dongxiang, the economic progress of Gansu province was
significantly slower than other provinces of China until recently.
Because of the area’s abundant mineral resources, it has begun
developing into a vital industrial center. However, pollution by heavy
metals, such as cadmium in irrigation water, has resulted in the

poisaoning of many of the agricultural lands.

To conserve the natural resource and get a healthier economic
development, Chinese government recently has closed off many
mining industries of Gansu province. Industries other than mining
include tourist, electricity generation, petrochemicals, oil exploration
machinery, and building materials. Despite recent growth in Gansu,
it is still considered to be one of the poorest provinces and the most

under-developed localities in China.



Mining industry.

Tourist has contributed
to the economy.
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SITE

The site | have visited for this thesis is a rural school named

Wangji school in Wangjixiang Village of Dongxiang Autonomous

County, Gansu, China. Wangjixiang Village is a village built along the

mountain ridge with population of 9,000 Dongxiang ethnic minority.
It is located in the southeastern of Dongxiang Autonomous County
which is 16 kilometers(10 miles) from the capita of the county.
There is only one county-level road X372 connects Wangjixiang
Village to many other villages in similar scale and all the other

townships throughout Gansu province.

The site is accessible from the road to its east. Along with the
road, there are one or two stories small retails, restaurants and
storefronts facing the main road, where all of the commercial
activities happen around. Most of the residential dwellings of the
village are scattered on the ridge of the mountain along with the
road and commercial activities. There are families living in the

courtyards north to the site. Agricultural terraces are created on

the slope of the mountain which is west to the site. Down from the
terraced valley is a creek running through. A four stories government
building is located south to the site. From the street east to the site,

it experiences a steep topography changing which goes up to 20 feet

higher and then gradually goes down becoming the terraced valley.






Photo of a physical
model that study the
topograph of the site.

View from the existing
school.




View from the existing
school.
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View from the existing
school.




The main road of
Wangjixiang Village.

The main road of
Wangjixiang Village.
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The main road of
Wangjixiang Village.

The public market of
Wangjixiang Village.
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THE EXISTING RURAL SCHOOL

The existing elementary school, the Wangji School, has six grades
with 12 regular classrooms, and three multi-purpose classrooms
including labs and digital commons. The school serves for 540
children who live locally and regionally. Some children live miles
away from the school who will only go home on weekends or
between terms. Among those students, some chridren are left-
behind from their parents who have left their hometown for working
at cities. So the school also provide dormitories for student’s living.
There are 45 teachers and about 15 volunteers who temporarily visit

this school assisting its education.

Sponsored by the government, the existing school was built in the
most “efficient” way one can imagine: three multi-stories concrete
buildings on site. The site was divided in two parts, one is leveled
with the street, the other part is raised up to 20 feet above with

a huge retaining wall. That is how the existing school deals with
the steep topography change. One of the main building is located
at the lower level, the other two are located on the 20 feet raised
platform, where the playground and the dining hall are also located.
Considering what the ancestors of the local have done to make the
terraced fields, the decision to abruptly cut the site making a cliff
is far away from wisdom. It is the result of a government officer

wishing to enhance a reputation for getting things efficiently done,



The left behind
students.

The site was divided

in two parts, one is
leveled with the street,
the other part is raised
up to 20 feet above
with a huge retaining
wall.
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and a financial officer whose job it is to economize on beauty and

humanity in the name of fiscal integrity.

This thesis considers the existing building to be the most evil
example of what can be done for a rural elementary school building
design. Starting from the parti, the three isolated building blocks
don't talk to each other in terms of circulation, program, and
function. The two main classroom buildings have 20 feet height
change, making room move a painful exercise especially in a snowy
day. Classrooms spread across both buildings merely because

one did not fit all that were needed. Dormitories are mixed with
classrooms showing no hierarchy in the program arrangement. What
is worse, student dorms are all under comfort sizes and amounts,

sometimes even two kids squeeze into one bed during nights.

There is no effort making the school fit within its landscape nor the
community. A 8 feet tall brick wall on the west edge of the school
blocks all of the view to the local community and landscape. The
three buildings are out of scale comparing with its one or two
stories neighbors. The building material, concrete, is alien to the
environment, culture, and climate. What was driving the choice is
the mindless simplicity of copying what was done in a city such

as Beijing and Shanghai, where climate is milder, electricity is
abundant, and construction technology is more matured. Whereas in

Wangjixiang, the contractor might have never worked on a concrete



The playground and
two main buildings
are located on the
platform 20 feet above
the street level.

The huge retaining
wall.
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building, nor understanding what the physical properties of concrete
is (low in R-Value), that their poor choice of not using any insulation
for the plumbing pipes is causing all bathrooms to be entirely

useless during cold season.

What's left functional are the dry pit trench bathrooms built at
the farthest remote of the site as backups, which is the type of
bathroom the local people have in their house, that have been

proven to function through the last thousand years.



Existing master plan.
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A 8 feet tall brick wall
on the west edge of
the school blocks all
of the view to the
local community and
landscape.



the three isolated
building blocks don't
talk to each other in
terms of circulation,
program, and function.

Abig stair connects the
lower level with the
raised platform.
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The toilet doesn't work
because the pipes
cracked due to the
coldness.




Under-sized dining hall.

Climate damaged the
building construction.
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Students’ dorm with
under-sized beds.
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Dry pit toilet.

The huge retaining
wall.
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No room to day
clothes.

Playground.
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PRECEDENTS

The following are projects of sensitive government schools located
in different places and climate. These are good examples of climate,
place and culturally responsive learning environments that address

natural resources and cultural needs and traditions of the children.

DRUK WHITE LOTUS SCHOOL, LADAKH, INDIA

72



GOHAR KHATOON GIRLS™ SCHOOL, MAZAR-I-SHARIF, AFGHANISTAN

MAOSI ECOLOGICAL DEMONSTRATION SCHOOL, GANSU, CHINA

73
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DRUK WHITE LOTUS SCHOOL
ARUP ASSOCIATES

The school has been designed to optimize use of natural resources

such as solar radiation and natural ventilation. The facility generates
its own energy and reduces local emissions by using PV panels that
take maximum advantage of Ladakh’s high and consistent exposure

to direct sunlight.

Water is a limited resource in this region with very little rainfall.
The main source of water is snowmelt from the surrounding
Himalayas. The water distribution system reuses water for irrigation
and directs any rainfall to planted areas. Groundwater from the
105-foot (32-meter) deep water table is pumped by solar energy
to a 16,000-gallon (60,000 liter) tank at the surface.” Drinking and
irrigation water is then gravity fed to gardens and water faucets.
When not driving the water pump, the PV panels feed batteries

to power the school's computers. The school’s toilets use the
“ventilated improved pit” system, considering an important and
affordable breakthrough for improving sanitation in developing
countries. Without using any water, the toilets have a solar-driven

flue to eliminate smells and insects.

The school's buildings use local materials and building techniques.

Solid granite blocks that are used for the outer wall come from



stone found on or adjacent to the site. Inner walls are made

from local mud brick which significantly improved insulation and
high durability. The roof is made out of a traditional Ladakhi mud
construction, including poplar and willow from local plantations,
and minimize heat transfer in both winter and summer. Rock wool
and felt are used for insulation. On top of this they have added
corrugated aluminum sheets and sand to cover the felt to prevent it

from melting under the strong solar radiation.?

Solid granite blocks used
for the outer wall come
from stone found on or
adjacent to the site. Inner
walls are made from
local mud brick,
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GOHAR KHATOON GIRLS’ SCHOOL
MILLER HULL PARTNERSHIP AND THE UNIVERSITY OF
WASHINGTON

Schools in Afghanistan are often connected to a limited, or unstable
power supply, and these institutions operate on almost no budget,
often having insufficient fund for heating fuel. In order to overcome
these problems, the buildings of Gohar Khatoon School are
positioned to maximize solar heat gain in winter months and natural

ventilation during the summer.

The school's thick masonry walls provide high thermal mass for
absorbing and retaining the heat from the sun. A central stairwell

in each classroom units forms a sunspace that captures heat

for warming the building in winter. Operable wall vents and door
transoms allow warm air to circulate through the north-facing
classrooms. Cooling is achieved with combination of cross and stack

ventilation.

The facades design balances daylight with solar heat gain by using
wall depth, opening size. It optimize solar gain in winter and shades
glass surfaces in summer. Light colored ceilings also help diffuse

light for the classrooms.

Educational gardening has a long tradition in Persian culture and



several areas on the school grounds have been designated as
vegetable and flower garden. Water is in shortage over that area.
In this school all of the landscaping is irrigated using biologically

treated wastewater.?®

The Gohar Khatoon
Girl's school during
construction.

In this school all of the
landscaping is irrigated
using biologically treated
wastewater.
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MAOSI ECOLOGICAL DEMONSTRATION PRIMARY SCHOOL
HONG KONG UNIVERSITY

Under the poor conditions of China's Loess Plateau region, the
feasibility is limited by low budget and low construction technigues.
Considering the economy and resource conditions, the school use
ecological and vernacular method to achieve cost-effectiveness,
minimum embodied energy in buildings and during construction. It is
found that the most basic technique of construction, thermal mass
and insulation based on earth and other natural material, are the
most effective solution in sustainability and practical feasibility, and

hence should be employed as the key strategy in classroom design.

Following original topography, 10 proposed classrooms are planed
into 5 units at two levels for maximum exposure to daylight and
natural ventilation in summer. Tree-based landscape helps to create
a desirable campus ambience for children. The classrooms are
derived from local tradition house with timber structure so as to be
constructed easily by villagers. Thermal mass and insulations are
employed in form of mud-brick walls, the insulated tradition roof,
double-glazed window, etc. Construction is implemented by the
villagers themselves with simple tools. Most building materials, such
as mud bricks, straw and reed, are sourced inside or around the site

with minimum embodied energy.



The classrooms are
designed to maximum
exposure to daylight and
natural ventilation.

Most building materials,
such as mud bricks,
straw and reed, are
sourced inside or around
the site with minimum
embodied energy.
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CLIMATE RESPONSIVE PATTERNS

Learning from the rural, this thesis have studied the existing pattern
of local residential dwellings of Dongxiang, where they have live from
generation to generation. The value of studying their local dwellings
is getting to understand the scale of the physical environment they
are familiar with, their basic needs for living, as well as learning how

does the local architecture deal with its harsh climate.

The residential dwellings are always simple and practical. Dongxiang
people usually live in single family houses called “Zhuangke’

(/£ £ in Chinese) including a central room, side rooms and kitchen
which are in separated buildings adjacent to the central room, with
a courtyard. Zhuang is mostly built on the hillside with ten feet high
rammed earth walls to enclose an open space, the courtyard. The
buildings are about 25 feet wide with tiled shed roofs. The dimension
of the courtyards usually ranges from 30 feet to 50 feet wide.

Most of the houses face south to obtain more heat and daylight
from the sun. The compact dimension of the buildings are good for
natural ventilation when it is warm outside. Some houses face the
roads instead to get more accessibility from the road or become

commercial storefront.






The local dwellings are
courtyards typology.

Living within the Loess
Plateau.




Local dwelling.

Local dwelling.

83



The local dwellings are
courtyards typology.

Dongxiang people’s
home.




Dongxiang people's
home.

Living within the Loess
Plateau.




SIMULATION STUDY

The intention of using the simulation tool is to study how does the
proportion and spacing between building effect the sun path and
radiation map. The simulation began with a simple horizon bars
model which has 15 feet high building with spacing from 10 feet to
50 feet. The result of the simulation shows 30 feet spacing between
two buildings is the threshold that allows full direct sunlight and
energy from the sun to heat the south facing facade. If adding
vertical bars connecting those horizontal bars, they will block part
of the energy from sunlight, resulting in less radiation on the south
facing facade, which is not desirable if using the south walls as

passive heating strategy.

NIl

Dec,21th, Sun Path Jun,21th, Sun Path



Mar/Sep,21th, Sun Path

Annual Radiation Map
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Dec,21th, Sun Path

Annual Radiation Map



Annual Radiation Map

Annual Radiation Map
with shed roof.
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LOCAL BUILDING MATERIALS

Living in the Loess Plateau with very limited natural resources,
Dongxiang people make most use of what they can get from the
nature: the earth and plants grown from the soil. Their single family
home are usually made of timber structure, rammed earth or
masonry wall, and ceramic tile for the shed roofs. Dongxiang people
always leave the structure timber, wood door and window frames

unpainted to expose the natural color of the wood.

Rammed earth is considered as a affordable, sustainable and

high performed local building material. It works well to retain

the heat and stabilize the indoor room temperature. A 12" thick
rammed earth wall has effective R value as high as 24. A 18”

thick rammed earth wall will increase its R value by 36 which is
very well performed. After the 2014 earthquake flattened many
traditional rammed-earth buildings, villagers sought brick-concrete
construction as a safer alternative but found it cost-prohibitive. But
architects have proven rammed earth construction can be modern,
economical, and earthquake resistant when introducing new
construction components such as steel bars or concrete belts to

reinforce it.



Local building
materials and
low technique
construction.

Local building
materials.
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Straw Bulrush

Local building
materials and
low technique
construction.
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LOCAL GREEN BUILDING STRATEGIES

Gansu province has been tested as the ideal location for harvesting
solar energy because of its high annual radiation. The United Nations
Industrial Development Organization has established the Solar
Energy Center for Technology Promotion and Transfer in Lanzhou,
the capita of Gansu province. It is also very common to see some
local buildings have applied passive solar strategies such as trombe

wall, attached sunspace, solar water heater to save energy.
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The United

Nations Industrial
Development
Organization has
established the
Solar Energy Center
for Technology
Promotion and
Transfer in Lanzhou

Local building using
trombe wall.
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Chapter 6:
Proposal
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This thesis speculatively takes the interrupted site back to its
virginity, to think again from the scratch what could have been the
best practice for the student, community, and ecology using the
appropriate building parti, material choice, construction method,
and building technology to promote the health of its occupants, and

functionality of its programs, the high-performance of its buildings.

Starting from the campus masterplan parti by looking at what was
built in the existing building, and using the footprint of rooms as area

take-off. The programing can be divided into:

Storefront Retail,

School Offices 1,700 sft,

Laboratory 3x1,505 sft = 4,515 sft,

Library(propose shared with local community) 2,150 sft,
Dining Hall 3,500 sft,

Classrooms 13* 805 sft =14,490 sft, 3x1,075sft =3,225 sft,
Dormitory, Students 6,000 sft total

Teachers Dorm 1,200 sft total.

Toilets and Showers

These functions are sortable into that are more public, such as retail,
library; that are more demonstrative, such as the laboratory; that
are more private, such as the dormitory; and that are in between,

such as the classroom and canteen.
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These characteristics of each function can then be arranged on

site as its proximity to the public street outside. A row of retail is
located north of the school gate, and the library, which is shared
with the community is situated south of the school gate as a lantern
of knowledge that demonstrates the openness of education. In
between the school gate will welcome incoming students, and
their parent who wave good-bye to their child. Above the retail /
library bar, live the lab rooms, as they are the bigger classrooms
comparing to the regular classrooms for its need to store materials
and equipments. These labs are spread to receive sunlight that

will naturally illuminate the inside and save energy use. The
byproduct of this building separation creates the opportunity to
have a patio in between each labs for circulation, which will also
further strengthening the connection between the school and its

community.

The pedagogy of building comes into play here as on top of the roofs
of the lab rooms lay the PV panels. As shown in previous chapter
that Gansu province is the demonstration area that deemed by the
United nation's development and technology to be the ideal location
for harvesting solar energy. This thesis assumes the design EUI of
this ecological school is 40 kBTU/sf-yr based on the online tool PV
Watts calculator. By using the SunPower high efficiency 61.3 inches
by 41.2 inches PV panels, it need about 225 panels to get the school

net zero energy. And all of the panels could be located on the roof of



strategies on roof.
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the labs. The visual clue of solar energy use is demonstrated to the

community.

Stepping further to the mid section of the campus, 20 feet above
the street level sit all of the classrooms. Different from the existing
buildings that have classrooms in both concrete bars, this thesis
proposes a little school of classrooms that lives next to each other,
creating courtyards that are typical in the local building geometry.
Similar to the logic used in determine the lab room separation, the
same amount of separation is used for rows of classrooms here to
ensure natural light can saturate 100% the height of the wall in the
lowest winter sun. This is to make full use of the proposed trombe
wall system to passively heat the building. As high-performance
building in a low-tech construction is one of the most important
goals in this project, the trombe wall plays a huge role in saving

energy and providing comfortable building experience.

This project will be using rammed earth as the main material for
the wall construction. This material is what has been used in this
climate since ancient time, and has been able to withstand the

test of time and climate. Secondary material will be local wood.
Though relatively small in dimension, the lightness of them works
perfectly with rammed earth by not adding too much weight to this
structural system. On top of the wood truss, lays a layer of reed lied

tightly together as sheathing and waterproofing underlayment. And
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Trombe wall for the
classrooms.

of course on top of it, sits the ceramic roof tiles. The roof overhang
5 feet over the trombe wall. This is to prevent bulk water from
washing the face of glass, which is leaked will cause structural
damage to the rammed earth thermal mass wall behind. The
overhang also creates a circulation space where students come to

classroom each day from their dormitory.
106



Attached sunspace for
the dorms.
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Perspective of the
classroom.
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Another low-tech building technology and pedagogy is water
collection through the roof tiles and open trench on the ground. As
stated in previous chapter, that the water is a scarce resource in this
climate, capturing any precipitation is probably the most important
task from the building function standpoint. Local vernacular building
always uses ceramic roof tiles that is concave and convex in shape
for better navigating the water flow off the roof, this project takes it
one step further by intentionally create water channel that lead rain
water into the trench created directly below the roof on the ground.
This trench will also capture snow melts. By making the trench
visible, it creates a signal for the students to see the water that they
are using to know the scarcity of resources, and the necessity of
trying to save them.

The dormitory buildings are the extension of the classroom building
bar, but rotated to spread out more for extra sun exposure and view.

The low-tech high-performance strategy is to use attached sun




space that collects solar heat by the rammed earth wall behind,
and the floor. The difference between a trombe wall system and

an attached sun space system is the distance between glass and
the thermal mass wall. The former is several inches, the latter is 4
feet in this case to create a corridor space. Sitting pods are created
similar to that in the classroom buildings, where kids can hang

out and keep warm. The dormitory buildings have the same roof
elevation with the classroom buildings with the idea that they will
not create shadow onto each other, so that the most solar radiation

can be obtained.

For the dormitory building, three sets of solar water heater will
be installed on top of the roof towards the classroom side, as a
pedagogy of showing where the heated shower water is from, and
that students should learn to save it by not wasting water in the

shower and sink. The roof line of the dormitory is kept flush with the

W-E Section ——1°

20’

50’

/]
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classroom, but because the topography tops at the classrooms, and
descends along the dormitory building, the dormitory room are two

stories, and a further lower floor hosts laundry room and cistern

room that collects the water run from the roof of classroom through

114



the trench. The water is filtered and then sent to the roof solar water
heater for used in the shower, or used to irrigate the school farm

terrace in between each dormitory buildings.

Lastly, the canteen building takes a quite opposite strategy from the
other buildings by flipping the direction of roof slope and openings

to capture the noon sun for a more pleasant dinning experience for
the students. The building is also made of rammed earth as all other
buildings do, but kept fairly low in height along the slope of the site
to create less shadow on the play ground to the east. Then the entire
campus is stitched together through a oval shaped running track that
unite all the buildings at the same time creating zone for small group
gathering and activities. The flag pole to the far south conclude the
campus planning by adding the center of attention, at where all

students will gather together for the Monday morning flag raise and

national anthem singing.
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Perspective of the
dorms and agriculture
terraces.
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Perspective of the
playground.




Perspective from the
street.
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Perspective from the
remote.
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CONCLUSION

The value embedded in rural area is often-time overlooked. That
might be a part of why more and more people from rural places
are moving to the city for work. However the essential skill and
know-how that was established through the test of time surviving
its environment and climate from history is nothing but deep level
of intelligence, and should never be overlooked. Indeed, these
vernacular is the root for the human culture and the root where a
civilization should look back to as a reminder of their background.
Learning from rural, one can get the most basic needs for surviving
skills, the most efficient way to utilize and balance with the natural
resources. What is more important, each village, local community,
and ethnic groups has its unique culture which is important for

the diversity in civilization. “Chinese culture in the city, after it is
destroyed, we all need to go to the countryside to recover our
traditions, reflect on our inner experiences in relation to nature,”*
says Wang Shu. Take this thesis for example, the existing school
that neglected the vernacularity of local, that ignored the know-
how with the climate and environment, that blindly adopted what is
inappropriate building style and material choice for the culture, had
no other way than being humiliated by that culture, environment,
and climate, resulting in the leaky pipes, fast deteriorating building,

and much more significant potential hazard.



Nowadays, people tend to advocate modernity as the symbol of rapid
social development, regardless of the nature of site nor the tradition
from its culture. Rural is our hope to refuse to yield to the powerful
grinder of globalized generic productions and hypermodernity. This
thesis is a version of interpretation to what we can do to rethink

the education building that roots in the culture, tailored to the
environment and climate, serves the people of local, and essentially
becomes the tool of pedagogy presenting the know-how, the genius-
loci of the rural culture the school resides in. Through basic building
planning and parti, relationship of public and private, and multiple
environmental devices such as trombe walls and solar utilization
tools, students and locals will be able to truly live with the building,
and learn from the building, while a broader knowledge will be
taught here. Building as a pedagogy is the ultimate goal that will
need further pursuit, and endeavor from more people sharing this

ideology. Hopefully this thesis could be a part of it.

125



REFERENCE

1. John M. Laflen, Soil Erosion and Dryland Farming, 2000, CRC
Press, 736 pages ISBN 0-8493-2349-5

2. The Dongxiang ethnic minority, Ministry of Foreign Affairs of the
People’'s Republic of China.

3. Ibid.

4. Ibid.

5. Ibid.

6. Ibid.

7. Hope in a Changing Climate, documentary film by John D. Liu,
(9:39)

8. World Bank, Reengaging in Agricultural Water Management:
Challenges and Options, 2006, 218 pages ISBN 0-8213-6498-7

9. https://www.arup.com/projects/druk-white-lotus-school

10. https://www.archdaily.com/774074/gohar-khatoon-girls-school-
robert-hull-plus-university-of-washington

11. Wangshu TED Talk

126



127



128

IMAGE CREDITS

http://www.g-photography.net/travel/related/news_12156.html: 9,
31 bottom, 33

Wikimedia Commmons, the free media repository: 13
https://en.wikipedia.org/wiki/Linxia_Hui_Autonomous_Prefecture: 14
Google Map: 18,19
http://www.sxtour.com/html_app/aboutSx.html#lyzy: 20 top
https://pahttps://en.wikipedia.org/wiki/Loess_Plateau: 20 bottom
http://www.mafengwo.cn/poi/16807.html: 21 top, 47 bottom
http://hk.crntt.com/crn-webapp/touch/detail: 21 middle
http://www.dxbei.com/x/20140516/125690.html: 21 bottom
http://www.fengsuwang.com/minzu/dongxiangzuganzhan.asp: 31
top
http://news.ifeng.com/photo/dashijian/detail_2013_02/07/22051477
_2.shtml#p=10: 31 middle
http://www.sohu.com/a/214698973_803374: 34, 35 bottom, 40
bottom

http://dongxiangzu.baike.com: 35 top, 37 bottom, 39 bottom, 40
middel, 41

https://jv.wikipedia.org/wiki/Wong_Dongxiang: 37 top
http://www.56cunzhai.com/news/view.php?id=1209&type=1: 39 top
http://www.shixunwang.net/article/i439728907136/: 40 top
http://dp.pconline.com.cn/photo/3633958_9.html: 43 bottom
http://guopu.cc/Baike/Detail/71987ec8-f472-4946-a35a-



d198e0ch76e3: 43 top

http://www.xiazaizhijia.com/bizhi/1562.html: 43 middle
http://blog.sina.com.cn/s/blog_5cdb7b5d0101kwxo.html; 42
top,middle, 82

http://vidaverde.info/whats-new-2/: 42 bottom
http://cf.cdn.unwto.org/sites/all/files/pdf/turkey_and_the_silk_road_
umut_ozdemir.pdf: 45

https://plus.google.com/collection/0GjaHE:44
http://www.gsigem.com/wygken_ShowArticle.asp?Wygken_
ArticlelD=124: 47 top
https://www.architecturalrecord.com/articles/11393-gohar-
khatoon-girls-school: 73 top, 77
http://drukpavietnam.org/druk-padma-karpo-ngoi-truong-cua-tinh-
yeu-thuong-va-cac-giai-thuong: 72
https://www.cpr.cuhk.edu.hk/en/press_print.php?id=197: 79, 91 top,
93
https://www.designboom.com/architecture/hypersity-cave-house-

in-loess-plateau-china-02-11-2017/: 92

All other images are created by authors.

129



130

ACKNOWLEDGMENTS

This thesis would not exist without support from:

The Department of Architecture at University of Washington, where
my exploration in architecture was backed with dedicated faculties
and comprehensive education. The rich offering of courses, including
study abroad programs, gave us stages to learn from many brilliant
minds about architecture and about the mentalities an architect

should have.

Robert Pefa, for your support as my thesis chair, innovative and

decisive suggestions throughout the thesis process.
David Strauss, for your insightful comments which expanding my

views from architecture to broader perspective.

Xiaoxi Jiao

June 2018



131



