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Abstract

Sustainable development is a theory and stra
environment, economy, societyradndi oonhtuceur Tk
house, one of the most prevalent types of trad

and c-hdmpted sustainable devel opment solution
Traditional courtyard bbaped bAyethermedal ecbli n
soci al and cultural influences. They are a v
witnessetdentrheadamtgati on of working people to ne
I n order to éxpldevel apmest aiapgplb oach to modern

courtyard house that is adapted to the | ocal C
this dissertation's investigation. Both the hi
ae crucial for the sustainability of modern c

di ssertation.

The focus of this dissertation is on Yan's c
China. A qualitative analnygsifs ebaseasdudmelit ar ats
the history and culture and climate adaptati on
temperature and humidity of Yan's courtyard c
monitored in tbhétiwanekdsamd|l B¢tobeascst ase empl oyed
l'ighting, and wind environments of Yan's court
the effectiveness of climate adaptagdulothurser at e

and nalt e adaptat itomadittriadteali esourtyard houses,
the sustainable devel opment patterns of courty

i mprove the living environmentl, naantcuireanlt ccornadfittsi
to build courtyard houses that were tailored t
sought to unite man and nature, and as a resul
the goal of fostemchgevhng aehatmonsbup andxi
t wo. I n the process of adapting to | ocal natur
have developed |living space solutions that al/
to reiofhhontbherea The idea of unity with man an
courtyar darmd uclei mate adaptation strategies enheée
usef ul experiences and solutions fretm omrsadi t i ¢
for the conservation of traditional courtyard
a

rchitecture.

KeywscHdHi mate adapt attriaodni tsitornaatle gcioeusr t yard house
of the building; simul ati on
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1. Introduction and background

l1.Research I ntroducti on

On a gl obal scale, sustainable devel opment h
ociety. Sustainable devel opment is a theory e
nvironment, economy, society, and culture.
Energy consumptideavednd memst aairnea brl el at ed, an
industry contributes significantly to energy c
save energy is a key focus in the industry tod
Consumption Résd&himaR&B8pod ding Energy Efficiel
energy consumption or carbon emissions during
to the sum of the energy consumption or <carbon
mat esi @aroducti on, building construction, and |
di ssertation is building operation energy cons:¢
used when a building is being usyedcoors wmppetriaadre d
in heating, air conditioning, ventilation, h ¢
appliances, i fts, and so on. In 2019, t he to
procedure in China was 2.i2881 é&nt | (boe) onsolodi s
of the total nati onal energy consumpti on, of
operation phase, holding for 46.2% of the tot
process (China BuiAlsdiomg aEnemgy 2Bf2fli)ci aMhé y e it
2010 to 2019, the average annual growth rate c
continued to rise. This demonstrates that the
is high,eraemmdi stda lHuyugd hpotential for energy eff
foreseeabl e question is how to decrease the am
The primary reason for the currenthighui | di ng oper ati agsnheenergy ¢

usage of a large number of technological means and mechanical equipment to accomplish
buildingc o mf. In thetpast few decades, as people's material living standards have enhanced,
their demand for buildings is slowly moving from survival to health and adjrédnd the
objective of today's architectural design is to fulfil the comfort and health requirements of
users(Borowskiet al, 2022) The environment inside a building has a significant impact on

its canfort. The term "comfort of a building" in this dissertation primarily refers to the comfort

of the building's thermal, wind, and ligig environments. It also means that the building must
provide people with a healthy, safe, and comfortable indoor emaiat, including good
thermal comfort, lighting, and ventilation. Given that building occupants are comfortable and
healthy in an indoor environment is import@atanssoret al, 2007) as people spend around

90% of their time in buildingéShaikhet al, 2013) A poor indoor environment can have an
1



adverse effect on a personb6és health as wel

school.Technological developments havehanced building technology, enabling people to
create a more comfortable living and working environment through updated technical means.
On the other hand, this increase in building technology has also brought the issue of over
reliance on technological eans. Technology and mechanical equipment are frequently
employed to improve living comfort when structures are used in hostile outdoor situations. Xu
et al.(2020)focus on the widespread aaillity of heating, ventilation, and air conditioning
(HVAC) systems brought on by improved building comfort as the major reason for the rapid
riseinbui l ding oper at i oWhileemamtaiging a comnforsablenipdioar o n .
environment, these devicesise the energy consumption of building operations, contributing

to a growing environmental issue and may even impact people's health, which does not fulfil
the wishes and requirements of our society today for sustainable buildings. As people's
material pssessions keep on improving, their requirements for living conditions are slowly
going up, but, in general, better building comfort plays an important role in building energy
consumptionThereforethe question of how to keep balance the occupantsteeugts for
building comfort with building energy efficiency becomes a significant issue, and a way to
solve the contradiction between building comfort and sustainability is required.

One of the key reasons for the contradiction between attaining buddimgprt and
loweringbui | ding oper at i omtheamegkeat gf yadaptatiom $outhra gocal o n
environment. A climate adaptation strategy permits the usage of free renewable natural energy
r e s o,unaiatans the comfort of the building interiorain appropriate range, decreases the
requirement for mechanical equipment, and ultimately results in a reductionbnuhiel di n g
operati on endgrGgeu ,cah(Elntaipadapm@tion strategies are frequently
used in traditional architectural design throughout the world due to thégcpadaptation to
climate and environmerft J ueat n, a P OTfa8itoral Chinese architecture was made and
designed based on the social and climatic conditions at that time and includes a significant
deal of experience and wisdom, with the benefit of being adjusted to the local environment
and climate. Most modern structuredy on energyintensive technical equipment to provide
a comfortable inside environment while providing resistance to hostile external temperatures
(Yaapg , al2.0Cpared to modern architecture, traditional architecture has been
practiced and developed to get harmony with the local environment and climate. Traditional
Chinese architecture has always required harmony between man and nature. Looking back at
the higory of architecture, from the cave dwellings of the primitive period to the later
development of a variety of buildings with regional characteristics, all symbolize the
traditional Chinese concept of the unity of man with nature in the environment) eegpatt
and adapt to the local environment. To improve the living environment and promote harmony
between architecture and the environment, traditional architecture is relied on the natural
conditions of the area with minimal energy consumpiibiu et al, 2019) Traditional
architecture has developed over hundreds of years in response to the local environment,

climate, topography, and cultui¢ has also become the most suitable sort of building for the
2
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local climate and living requirements, leading to a wide range of representative traditional
regional and cultural buildings, which will offer a comfortable environment with minimal
energy consmption. Several studigslatamipour and Abedi, 2008; Dat al, 2014; Gouwet

al., 2015; Chiou and Elizalde, 201Bave reflected that traditional and historical buildings
have considered and buihany climate adaptation techniques to adjust into the local climate,
and such strategies can be considered by modern architectural designs to get sustainable
concepts. It is evident from this that the solution to the conflict between energy consumption
and comfort in modern buildings is to decrease the reliance on mechanical equipment and
learn from the flexible usage of natural resources, such as solar radiation, natural ventilation,
and natural light, in traditional buildings. A precious resource ®stlstainable development

of modern buildings is traditional architecture, with its practical and adaptable tactics and
approaches to the local climate and environment, adhering to the principle of harmony with
nature( Xeit , aR.016)

The concept iosf rdiecvhe liomp meanltues, cul(tSwresd, cont
and Desseibevelodpment and culture are inextric
cornerstone for ensur ifmeg maitsitcan nafb | =u dteavied avlplmee
increasingly tending to be separated into var.i
and culture. This acknowledgesevhbbopmeotrtahte,
evident from this that the significance of cul
focusEdadinti onal buildings safeguard the histo
are a significant medi unm Waot ,parRaOnicbthe a@u lcthu rt &lc t au
of different regions is affected by the | ocal
clear cul t urSahlans.p esi2f2i)ovalyuabl e tool for i Nve
adaptation and cultural sustdinabinldivtedgwef | buwigls
al .202®naditional dwel lings are one of the wide

ot r adibtuiidada IrKpetkaitjhdadt nmahj or cri tical witness to
city's historical s(iKpeskankeonhea®da)t denatihos €s i tp

foronf€hi ndkewesl,tirmgi ti onal icouar tsyiag i fhi ocuasnet aspec
hi storical and cultural heritage Tanadi tainonianipor
Chinese architecture has changed, evolved, and
reflect the featur esTroadditthieorealabod dmttysdomai i s
hi storical i nf ormat ia nbuiwhdeitnhge rc amp liesx ,t hteh d afyool
l ayout, or the technigdwsl Ilciomgsstdreurced oinn takhé to
have a specific hisTmoadictail onaanld ccouul rttuyraarld vhao uus
significant apmemgte sofanhkdi dteavrey in sever al regi o
and culture of the ancient Chinese nation and
and precious historical and cultur al resour ce
cortyard house and the inheritance of their co

of history and culture and can offer solutions
(Qshat, a2020)



Ni ngbo, Zhejiang Province, with its hot sum

research on exploring the traditional dwelling
are majorly traditionadli scaurstsyeanrdthomsdeaketshearnr
houses in Ningbo as a study object. This di ss¢
basis of |l iterature and field research to as
techni gues Cthametsreadirtaidartadlonal courtyard house:c
Ni ngbo; the temperature and humidity of Yan's
seasons are monitored in thartifedred dasnsde sExion ¢ ctt!
therlm | ighting, and wind environments of Yan's
effectiveness of climate adaptation techniques

I n addition to highlighting architectural de
to the | ocailmactuel,t urreeviasnid imlg traditional home:
relationship between social, boulduhgkscaandl sb
highlight the shocboomyagwdi tthb urdeegsad idt itoon ad o mf o
directions for enhancing the existing probl ems
the inheritance of soci al culture. As a whol e,
of traditional pbambtdingsthehsusthbhushbldl aggr owth

l2Research questions and aim

This dissertation places a grean empglkasit o
di scover sustainable Wayadi of onaladcbuobhghr duhl

i mportant historical and cul tur al heritage tha
and cul tur al symbol s. Being a key component o]
tangible and intangible valdetshe omdradtnrewdctiinon r
identities is a significant part of achievin
courtyard houses are vital hi stortihceasle arnydicuwllt
traditionias benédideigaslt and and inherit Chinese
Studying the impact of <climate adaptation stre
on the comfort of buildings is wuseful in incre
and i s iimpmmrdrmatti ng the sustainabl e devel opmen

This dissertation analyses this question by

culture and traditional courtyard houses in |
adaptati on rsatdriatieogniads cioourtyard houses and asse
adaptation strategies, ultimatfedry tdhreawd wnigt wrual
cl iemataptati on of tradi tDuoen atlo ctohuer tlyaacdkd tobf o iTketisi en
courtyard houses in Ningbo, Zhejiang Province
courtyard houses in Ningbo as a case to explor.



to the | ocal cl i mat e, et wiarradn rheoruts,e sa n ch  dNu Intglbroe

by the 1 ocal climate, culture, and historica
empl oyed as the greiamdrmyy ssttrrwettwrrel, Iwiadcd a cou
walls and narrown@as$l|l epsart Mardovempl|l ¥a shares
characteristics. Thi s di ssertation primarily

strategies through Yahne sa ncaol uyrstiysa nodf tapn ntpahseex psrtoucds
examine t hned sweraeknngetshsse sa of the comfort of hist
attempted to comprehensively evaluate the infl

Yan' s cour toynartdhec cempvliexonment al comfort of the
t menal , light, and wind environments, to presenrn
and to synthesise effective climate adaptati on
culture of traditional coeptlyyaidsa hamud eisn teenroprgén
so this dissertation concentrated not merely

traditional courtyard houses, but also on the
A focus on adapt attri adci tsitonaatle gd eewsr tuysaerdd ihnous es

culturally and environmentally sustainable sol
This dissertation rsaises the following quest

1. WHatmate adapweanas o tsa radae@mwmti etso the [ ocal cl
in Yan's courtyard compl ex?

2. Hoowl idwmat e adaprnealtatoen tsartabtegpleisl osophi cal
with nature?

3. By combining climatbheaddptaatbifon het uati @ i
nat,urwehat sustainable methods of adapting to |

133.Thesis structure

Thdsssecomsi ¥ ihs of sevenoldhoanst:e rcsh,a paregra n2i sreed
relevant |l iterature on climate adaptation stra
the research methodol ogy and specific researct
details theYam®rcsoruartcyharaa sceosmipH iexl dinatser adapobat i
obj edtni Wd sn ghbeo ,a nacnide ots cphmiceadthapt er 5 descri bes
of field monitoring and ther mal , wi nd and [0
providesahatybBées of the resumagmnChapgiens? sun
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of China have adjusted as per the | oesa)l cl i mat
l'i ke small size doors and windows, garret Sp
har mony between the dwelling and the climatic
for sustaina(lduwran eevte |l Dlp.enen20 A}t e of the Dong r
wel | adapted by theihodcalitrrdaodirmsonanateesiadeaesnc
small windows and door s, over head roofs and | a
l'iving in harniEdhmey gwailtOhthan) ad nirent ati on of struct
and shade are only a few examples of the man

architecture represents. These strategies enha

Asubstanti alr admawnti sofavlaiitteebl e on the <c¢cl i ma
buil dings. These studies recommend the signi
strategies to improve thebugioimdiong operbautiilodni n
consumptCiomrsfiadenrt agn ol d buil di ngsTaimas&ahd | r a
Esf ehamcka(ad.ad etstsee dl oc al climate and certain
t he hofuisred da wt the beneficial Climate adaptat]
comfort. The research findings reflect that hi
of biogtliataegices and fulfil the ctanfeomitpauwrqui r
and AROBIBal uated natural cooling methods for
and humid climane by comshéemi mg which peopl e
hot season without anBoradmng 20t Walc .k ®@ch i tngmeemua tpun
and wind speeds of four typical traditional r
determined s 0ome i ncorrect Chinesenas dwebhrdigsg
suggested some rdesigdi tpiromali pvesndoul ar resid:
where shading and insulation are i mportant t o
natur al ventilation only acts as a -ssteycloendary
buildings o0&, Jweheacoglksidered as(20,22wwmpl e stu
highlight-edyltehabuiWudi-andgasptu sye onleit haotdes f or hea
insulation, ventil athieonf,| eaxnidb | lei guhstei nagf, scloenntdad rr
and | arge eaves for internal and external spac
wind, t her mal , and lighting environments. Suc

traditionaé¢ tHhat di mgy were better adapted to t
and a directcli mkbtapetaweoem w©ohetraditional bui l
buil dings.

22.Current research on different regions

Studies on cl i mat et raaddai pttiaotniaol n bsutirladti enggise sh afvoer
many nations, includingr,&hSmai,n, FrMineten a nGr eaencde ,
coun{ Npegtnalk01l1; Oi konomou aeptl,BROJg#at Rautbii 0 2
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Bel leitd@PRO01e5t;, axtu0 1 6 ;etZamanli9; , Sand28A86h studies
reflected that traditi otnhadi rbulidaadlngen wierren meer tl
confirming the effectiveness of Climate adapta

Some s(tHiald.eaR019etZaBdmhi9r assessed traditior

houses to evaluate the variation in treadmperatur
and have demonstrated that courtyard building:
Zamani , et al . (2019) investigated the inner
traditional Il ranian courtyard lkhoe®e oiff n coudelw at
buildings. The study simulated indoor ther mal
compared microclimates inside and outside the
courtyards could offer da ccoomnod!| ud ecd oscd memactiei mant e
strategies were suitable for | ocal buildings.
Hi storic dwellings were the maNgugtpalus of t
2011; Oi konomou and -Belulgitddildtkisa)mi 2n0ldl ;t rRuwb itd o
dwellings in NMghyéemp(20 i) fmart mesdptam s$swrvey of
traditional hi storreghbhoinisdiofng¥i et hamt wdt hnhohr
and evaluated the physical environment of t h
si mul althheonsesear ch findings reflected t hat Vi
innovatively adaptnetd btyo utshien g-roecaa io ceansvv & | oisntmaeta ¢ e
containing natur al ventilation, buil ding orie
effectivenadapobifvel smadakeegi es was confirmed. I
response shtirsattoergiice shofuossri ng in C8di z, Spain, ir
RubBe®l | i d®0 Jefguadlitatively and quantitatively d
strategies applied to these historic building:
Cadi zcwassdfwlly adapted to the |l ocal #natural c
responsive measures, but that the coping mecha

Oi konomou an(d2 OBhokupgficartmeodt ir esearch on the forty
the 19th and early 20th cwestueli msGi@aedt¢ dewittolwna
wet winter and a warm andridalssuamdrcomlmbéeruygpe

of these buildings were assessed along with th
buildings. The study summarised the design pri
these are avaolbdabl i nhgsrenodatségn new buil din
Traditional dwellings have been researched 1in
evaluated traditional dwellings in regions wit

The indoorotheamdl ctomhte adaption techniqgue

di fferent parts of Chiné&dDatyvebkbbetén Zha) y2eti8an
et ,ak@d22)ng the Ibystiifedw daecadktegs and measurem
these researches have reflected that traditiol

strategies to adapandt ac ltimetleocal environment
8
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Various(dhw,di 2618,;alHBla%)e di scussed t his top
rspect i vZeh u2f0 aBigldl & dhees SrhgawixkB lnggeZhas a typi cal
investigate -d¢dlhiemetfifd cadaptodt isgppratfiradm t he vi
oup. The study analysed t hieespaosfs itvrea deintviiornoan m
Shaoxing at both settl ement and architectur
nfirmed some of such ehgategipsacusiogl thesei

Major réddearn alkdsd 4 ; Z h eaer g ,a 2001165 ; Séd , 2102 0 ; X u
20; eZdhak®B23ingle buildings ardeweflolDiunsgesd. on t
(2I0pé)y f ormed field investigations to study
i i@Yaar history of Yangdé€hbog@lkingaa HShuangas a

udy. The research reflects that creating con
mul ation can predict tlHieombPpefocmemateebfl t be
nine key traditional dwel l i ngbnshannet hbe Qin
reasonable design, two dwellings, one ol d
virdremdnthg in winter and summer for quantify
t the suitable ecol ogical Ifiancgsorvwer e hmo deecloll e
ree aspects: the courtyard space, the indiyv
rategy for the inheritance of the ecological
untains was deduc2d@aftedmisnedIZhtammated w@tirat e
nsidered in traditional Dong dwellings in N
ch straitretgemiso monméet and energy consumpti on
aditional Dong dwellings coufduetfdatcito vel yTI
aditional Dong dtdwéekeliongsalcahimatke wdaptregar
d structure; moreover, the study suggested a
apted to the | ocal Dong climate.

Few s Mati,essP016; Li hawve Uiscuzd®2d) public buil

ina. X20&kGpsmd .six typical ancient wooden bu!
mputed their ther mal environment during typi
vironmenthal c¢omae pt adapti on strategies. The
re more focused on reducing negative cli mat
sources. The findiraegpondenei iesedghhehoi ckbma

Few r eseaerxcahnreisnehdavaedapt ati on strategies for
e Zheji(amangegi2d®di 5 ; ZhZhgaugmbarChend, t22@2 G)had
rms of typical traditionalcodpe leleifnfgescMienofZhej

adisngfthware simul ations, giving suggestions
sign of shading of dwel lings in Zhejiang. T
sidenti al architecture in the Zhoushan |1|sl a

cd i matic change, Zheng and Chen (2020) wused th

Sh

andong Province. -Ahehisttadtyurues'e dt h'ecolriemaitcea |
9



| ayout, and morphol ogical anal ysals aroc haistseecstsu rt
to the surrounding environment. The study has
for traditional dwel lings on Zhoushan 1sl and.

These studies recommended that effective cli

for taladbuiilodhi ngs and that climate adaptation
comfort in buildings witheuwmtvimgecllpamipoaslesvertnivle
climate adaptation techniques usddtionsraditthb
construction of modern buildings in the respe
efficiency and s Cdti amadiaept &t iderv ed topanteendgi.es ar e
and a variety of climatesr semdcleinmatreo nancap tsa twii d
therefore the research on climate adaptation
regionally specific. Zhejiang Province in Chin
hot summer andteotdnwianhdrt hel pmablem of build
particular concern in this climate. A | arge nu
regi on, but only I imited research has been pe

tradidgiloshiamgd in this region.

23.Current research on traditional buil dings

I n the research of c¢limate adaptation and co
maj or di rRerewingam KRetrofitirig )Traditional Buildings with regards to Energy
Cormsumption and Indoor Comfort; 2) Experience of <c¢climatic adap
architecture and traditional climate concepts
adaptation strategies

(1) Renewing and Beithrofngsiwigt iradgarodonad En
and Indoor Comfort

This type of research evaluates the current

field research and monitoring, analyses the ex
comfortadi i dnal buil dings, samdngnwmeatiugate s al
considered to enhance and secure the traditio
changes their appearance and structure.

Orehouni g a(Mmao pMgthhdearveid data on the energy
environment of five historical hammams over ro
energy consumpenvoinr cannndesnathle r mai | di ngs, and cons
software toedenta¢r miemdé ormantce and energy consun
t hese hammams. The simulationsd findings de m
considers to reduce the energy consumption an
Burattini et al.(2015) performed research on h e i ndf fowr passive strategids o r

10



retrofittingomitshereéwrcebay lastiem guslimiptary sitmatecd f a n

in a town near Rome without any modification on the building structure to learn how to obtain

sustained energy savings on historic Italian buildings by simgpiedellinginterventions.

The findings reflect that four passive strategies credaurableinfluence onthd ui | di ng
operati on ene®ngcha andbDom@OBIPctamsni dered a dynamic s
techniagsehlteof | oénc¢eur nat ecradl vamdi machami met ho

i mprovement of comfort in a church in Barcel on
the summer comfort of( 2C&il haunlcaiteendt abnudi | adsi snegs. s eV
l ight, and thermal envi r onomennttasi noofu st raardei atsi oonfa |J
regard to street |l ayout , space combination, c
structure, in order to determine the probl ems
of the houses amdgeuggenftaed) adfj msnmeint, the i
environments have been enhanced.

Thi s research assesses the existing energy
tradibtuidndayilngs al uating the currenta ssgaaitfiiom o
region and saggeagtseemefgyting strategies to e
buildings in response to these issues. These
strategies for energy eflhuicli @inmygs ., anwdhiremeamnd¢
guidelines for the current conservation of anc
on the current state of conservation of tradit
strategi es iimrheelr elnui lidchi ngsa.di t

(2) Experience in climatic adaptive design
environmental concepts inherent

This research evaluates traditional architec
buil chebhegri al s, and ecol ogi cal concepts throu
investigation, with an aim to discover the e
traditional environmental concepts inherent in

Qualitatiovne trreasdeiatricohn a l climate adaptation ¢
environmental concepts and climate adaptation

Since the early 2000s, culture has also be

sustainabl € 2022Ad o@meinntg t(®R 0Rehneg vaanldu eXsi aaond b e |

of architectmagoculdttei si aeeelleements to preser.\
its original form. Any development is unsustai
sustainabl e dePolsammarctAt ap| TROAI®t)Ii on al buil di |
significant hi storical andh caurlet usiag nihfeirciatnatg e
sustainability of theamraipinitroes.c pMoiceepatyv er i thy ast
aspect of culture, more support can be given
architectuMel eAd mo doa@fC2bée&)aal . det er mine the

11



bet ween the formalisation of hi storical Chi nes

an empirical wisdom in historic Chinese buildi
always I|live in harmony within the natural env
traditional urban | ayout was subjected to env

proved t-dfhti einemtgyand sust afianvaddaeaviilrdoaamesno lalt i
values can be created by a harmoni oux010d)nk bet

explain the simplengr€&€bnnesacaptchi béctamrce, co
capital pl anning in imitation of the celestial
to | ocal conditions, the aesthetic appeal of 1
shui, laingdhthitghhe hi storical | imitations of the g
Chen amaoaMu) er mi"nreidt yt hcef m'acno nwci et Pppte,a athhueb £ 0 s s om
spriiirde el'wordilfmp dimodel , amdi Femgory principles &
Chinese |l andscape architecture and found out t
architecture growth. They recommend that such
gui delines for the sustainable development of |
Anot her mpas ¢naoénhltyhegi ves focuses on the cl i me
traditional buil dings, with an aim to summar.i ¢
ofeff useful sustainable strategies for modern wu
Field research and I iterature collection wer
these researches, evaluating the architectura
detea@i constru¢cD&8VAl HHat ed Bahe adaptation of bui
and frequent flooding in the Baiyangdian area
instance,i neerdd tchest eercnol ogi c al wi sdom of traditi
research di mension of architectural c¢limate ad
characteristics, plan |l ayout, fa-ade types, a
traditional residenti al buildings in the Baiya

fl ood a danytaradtZhuo 220 2ohsjdered the field investigation techniques and

literature review to summarise the characteristics of the architectural layout patterns, envelope

material formsand construction techniques of the traditional dwellings in northern Yangtze

Huaihe Region, Anhui Province and assessed thei naddptation strategies embodied in

such dwellings through the simulation of Ecotect software. This research summarises the
climate-adaptive ideas of local people by considering natural climatic resources and offering

new ideas for the design and construction of modern buildings for sustainable development.
Photographs and interviews witdhfmometmeods esVidetn
et (20tdhduacnt eadlbser vati on, and photographic ane
residents of 16 W™Meahad,ytswiedn ahlotl camglh cdwsm 1 icd i mat e
reflected that the design of traditional l ong
materials is beneficial in adapting to the 1|«

12



strategi es ciagn bmo diesrerd homedse,s whi ch are consi c
bioclimatic building design.

Based on these researches, traditional buildings do have some advantages in energy efficiency
and thermal comfort, and the design of traditional buildings is normalhg mesponsive to

the local environment and builds a more comfortable environment for users. Thus, traditional
buildingscontait | i mat e a d a pahdetological condeptsaftharmganyewdth nature,
which have value for the energyf f i desigeofntodern buildingsOn the other hand, these
studies only summarise a few strategies and do not evaluate the effectiveness of these
strategies and their influence on comfort. A qualitative summary of climate adaptation
strategies is not sufficient to conghend the influence of these strategies on the comfort of
buildings, as a specific climate adaptation option may have different impacts on the wind,
lighting, and thermal environment of a building. Therefore, it is only by assessing the
effectiveness ofhese strategies that feasible and effective adaptation solutions can be
determined and ultimately applied to the sustainable development of modern buildings.

(3) The effectiveness of <climate adaptati on

These studies r el yomnstar astuergriaersy fodr atdraapdiattii o |
evaluation of the effects of these strategies
studies including field monitoring-sawvdngomput e
potential boaf | di adisti onal

Inordertopr owseflle nvi ronment al afar enpdera drdhitecturak t r at e gi
designKu b ot d @dtmpaili t ored the temperature and humi
and adjacent Iliving hall of a Chiamewea hsehronpals i t i

environment ¢ hefrcrdadfusrets iamdl i ving hallt®atThey c
various courtyard configurations serve distinc
and advise earctl iols@tded ccosrst yards for contempor :
areas.

Gou et al(2015)s u mma thé clineatd responsiveness technique for a trawditibouse
in Xinye, China, and kept a check on indoor air temperature, relative humidity, wall
temperature, and wind velocity and simulated ventilation conditions and thermal environments
through EnergyPlus software. The results reflect that the climaptiad strategy is
effectively responsive to the building climate, mainly in hot weather conditions, based
primarily on natural ventilation, shading, and insulation of the building envelopet o u g h
field research and t e mpehri atuuraen da reEd i tzewarhidcei t(y2 OmMd®d
the indoor ther mal environments and climate ad
rur al hi storic houses in Taiwan in order to un
the hot and hemihle | otclady crldfmlaect s that there i
| osvner gy pl aceesnywiyr awrsmenrgt a@alhleyseadapti ve design ¢

13



Such a type of study suggests a number of b

climates, med efafcsetsisesness of such strategies
monitoring, or software simulations by using a

I n summary, such studieefsf imaiemlty rfedacwsdaed taomg:
buildingsiomatowveqanal ysis of traditional envir
strategies embodied in traditional buildings,
climate adaptation strategies for traditional

24Current resegasrichmlorentvia omment of traditional

I n order to comprehend the effectiveness of

physical environment of traditional buil dings

hysical envi rgenmmesntc aonfé dlw ueiielz gnoenj o r component s:
l'ighting, and wind environments. The ther mal
contributors to developing comfort and thus,
di scussed utid@dii mignegavi & gthtment i s also discussed
building comfort.

(1) Tebawmabnment

Sol ar radiation is the major direéncttersioowrr ce o
temperature. I'n the cromal sreadioat, i otnh ef osru nt hoef f &
increases the i nednchoarh titeesmpad r actoumfeorand i n the h
shading measures are taken to counteract the |
radiation wil Impgearuasteu rhe ,g hl @ anddiorog ttee di scomf ort
of the wusers. Buil dings should therefore shiel
gat her solar energy in the winter. Solar radia
and umt ywaord buildings, the courtyard, as an ou
solar radiation, therefore, shading is an i mpo
courtyard (Zamani et al ., 2018).

The building isvae fdgloaca Whemge tpenep!| evhliich can
on their health and work efficiency. I ndoor en
periods of time can directly decrease the prod
heal t hl n ssrueisndoor environment with poor therm
equi pment to regulate indoor temed¢ihatr mae and
environment, which also | eads to a rise in bui
s gnificant <criterion to assess the ther mal en

comfort model s are bDheebhesmdl toombort of buil
adaptive models. While adaptived motdedisesarand ea!
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suited for evalwuating buildings with natural v
| aboratory data and are more sui tcaolter oflor stru

Cantin(20#Q panhi.ned the ther mal environment of
period of one year on the basis of temperatur
buildings. This field survey reflected that th

howsseonsidered the | ocal climate and environme
in the absence of mechanical systems.

Mousl i angg2®&mpdi@d the i mpact of the build
ventilation techniques on the ther mal comfort
in Damascus in the hot and arid climate of 't he
temperature, humidity, and vretl olcevegl sast weylwea
to study the interidhéessthdymakefkbauvtedntmbatsig
structures and materi al s.

Toe and( Xups®jitfaor med research on thersher mal

of two traditional Mal ay timber hbosessabg two
measuring temperature and relative humidity, i
techniqgues in Malaysia. plehsesciomeyidy e cshimimau é $ e § C
traditional Mal aysian buildings, containing n
window and wall shading, smal/l courtyard conce

(2) Lieghirogment

The ilnegnhivti ronmentnt ecd utdesoft hei ght and the d

brightness. Al t hough it does not directly i mp
peopl e' s c opmsfyocrhtoflammdi icrdesi.r Bei ng in a dark envi
can make pleloypl ke piteenstsaed and i nfluence their w
bright natural |ight can allow people to feel
room. Utilizing natur al l'ight to its maxi mum ¢
engey usage since sunlight is the primary sourc
' ighting can increasamptbhuwinl.ding's energy

Bel akeh(@a20@dtalailt.ati vely assesskidndshe sl tlgd
| i ghti ng oefnvusrtboaemme sh ui | di ngs in hot and arid r ¢
The study noted the significance of sunlight i
summari sed various suuwreldi gmt tehxep d guwarde tdtornatle d ioe

To eval uatlei ¢htei nnga tefirvailr @ ¢ imeind n a l courtyar
Beijing,(2Ya®ne¢attedalmodel s of typical Beijing co
in these modelbst iomasasdid t opke thmeyear, and perf
on the impacts of wi hdgWwt inatge.eilahies ot maltyh ed eitnetrem
t hat paper windows have the kesefiint sildfumideatr é

15



enhancing il lumination uniformity, and decr eas
chambers in contrast to glass windows.

(3) Wind Environment

Ventilation can enhance the qualihgalotfhi ndoo
Poorly ventilhRharlacmeéodoa ahmatcamn create heal't
materi alcs upeamitts i ndoor air pollutants, and go
pol |l ut anetpsi.d eDumcisnugs e s arac coduretn whaikleen denstiogni ng
and | ack of air circulation can also create v
di seases. Ventilation wil!/l al so enhance indoor
windows to | ower dundogr t hemperatsueraessons . Ni gh
considered to | ower the cooling | oad of the bt
occupants (I messad et al., 2014).

Chiou and2gkmphbhbhdesecdt st hoef itmMpeaepoonési mat desig
techni gues oomftobfret btuhdrdmanlgs and temperature ar
patterns and comfort percentages, the differen
the time | alg i mdtewd eonr d>etmgpreirart uare wer e t he

QD
=}
o

I n order to simulate the wind environment in
d Gr(220zeai@Nsi dered CFD tool s, including air-rf
cities, and aiwi tthéhmp druatl Wi emgdi Sthrei kedtfiexr i
ral ventil ati onctsiyosntse nwsa si ne nhsiusrteodr i acn dc osnosn e

S5 o5 <
Q ©®© d® >
~ o~ —
c © O

ral ventilation in modern buildings were a

Wang, (e2t0 2ain.si de-metd Eoft war ed tas sseisnsul talt e wainr
vironment of traditional vill ages; t hey al s
Vironmerctouaft ytaypli dauli | di ngs; and at | ast, t he

® d® oD
® S5 S5 S

vironment of well s and bliannaetsi onmsd e rT hae \a ruideyt'

—_

vealed a strong correlation between traditio
size, ventilation efficiency, and climatic ada

The above researches have only exmldai ned si

l ighting environments, with the ther mal envirc
more often. Fewer researches have explained tw
as a whole. Among these, ther matll yanax wli anidn eedch.v i

Kub etaa(2017)f ocused on the ther mal comfort of

Chinese snhoMaloayssi ai, with significant attenti
courtyard on temperature and humidity. Brief
environment, the outcomes of which reflected t
yaredr fpor med a variety of ther mal functions, bu

Hao é204®al uated the i mpact of courtyards on t
16



a
S i
co
so
Th
t h
an
su
in
hi

O O c — c S O

> O o o o

ar
ro
Wi
e X
bu

traditional vernacul ar house damd Cshoofntgvga rneg

mul ati ons. The measurements demonstrated th
mfort in summer, wrebB peakgsgmmeat | yemperatase
l ar radiation received beyd shuyr rtohuen dci onugr tryoaornds i
e simulation outcomes reflected that the nat:
rough suitable openi 6gedtdmsitdhengd ciulmalt i ®On adt
cient climatic strategies to enhance indoor
mmer by simulating the thermal and wind envi
the Al hambifaei ii @dangdarecommended that nat
storic buildings could enhance the comfort a

Fewer studies havei regaipliaobmé (82&namndelrieght

otect software to simulate the I|lighting envi
Gusheng Village, Yunnan Province, odand to gl
ch dwellings for evaluating the environment a
fered various pmpwadrdeadmprfe meln snigwse anmdder st and
stainabl ett adhhhoiugsniansg fboyr perf orming a compal
nfiguration and adaptation to the natur al en
usi ng.

Few studies have evaluated the thermal, winc
il dingsatéaeqr aatne d met hod. Tht2uB&)t f a etl edld rtelsee ¢
chitectural protdiypenadbf hGuaeshaomng ht regard
of, and exterior space. Moreover, computer s
nd, and |l ighting environments of -2dwi dgil din
peri emcda tofonal Guanzhong houses at three | ¢
ilding units and construction techniques, an

Jin and2BB&hguated the ther mal and wind env

traditionakr moonseg bgmpetature, humi di ty, wi nd
PM2.5 and CO2 and assessed satisfaction with
environments of the buildings through questior
traditlonadbuses have the ability to adapt to t
greateracddpt itg tomer mal comfort under natur al
Ventil ati on, t her mal comfort, ands stoheyr r adi
will impact and relate to each other by influel
affect the comfort of |iving, and satisfying
environmensj ghnhtucsscexiftl aiisemad | t dheteleert ht o ef f ec
properly use the ther mal environment of buil di
Research on traditional buildings has emphas
the wind environment, which are t hierowmenmpor:t
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sever al

af fec

environ
expl ain

t

ss disghisisngneBwiviterarhe mrtesear ches have e
ther mal , l'ighting, and wind environment
i scussing all threem aobuwi lvieinng,l adadylni g
urce for ther mall irgahdtiianng senncwiarpodir raebreth a h H
to each other by influencing the thern
r. While tdfe @®hlywsiilcail ngnivs rammemter conn
environment al factors can affect how ¢
the comfort of l'iving, and a single ¢
mentectdoeasbebterefiving environment, t h

ed together to effectively and correct]l

25.Conclusion of literature review

The <c¢climate adaptation of buil di ngd defi nes:c
buildings to adapt to the <climate. The issue
buildings can be resolved by reseafFrcmatient o t
adaptation strategies of traditioegiombma,l dndg:
such studies jointly reflect thadtrtataalditdasnal
wi sdom that can be considered to decrease eneil
construct of modern buin déInigmat eanald atphtaatt i tome si
traditional buildings is important to the sust

The previous study has explained climate ade
more qualitatively andwiftrhonh iaminoerde amaaclryos ivsi eowp
traditional buil dings, but an increasing numb
effectiveness of <c¢climate adaptation in certain
adaptation asdrategalsbt@iofrditmgs i s that more r
enhancement of traditional buildings and | ess
strategies, mainly for traditional buil dings i
qui serrieted. Moreover, sever al studies on the
buildings normally consider a single aspect or
physical environment of buil di ngosf wiheh trheegramadls,
l' ighting, and wind environments, but the therm
coll aborate with each other, and studying onl)
evaluate traditional b uci ol napi | negxs,. aA I stthrouucgthu rYea ni' rs
successfully preserved its original character,
particul ar, no research has bememsduonees.on i ts ¢
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26.Re s egarpc h

Based on Iteher easveaairlcahb on the <climate adaptat
residenti al buildings, this dissertation claim
studies on the effectiveness and cul tural con
techniques, which hold significance to the exi

of tradition¥ddn'bsuid adu mtgywa r Ml negobmop,| eXhej i ang pro
picked as a case study to closadaphatgap sol uhe

for traditional structures in the area, whi ch
strategies have not been researched in the p
adaptati onYaeptcbhncquesiyaafqdu aclompalteixve and quant.i
of ferdepinhiaval uati on of the thermal, wind, an
providing a more comprehensive =evaluation of
strategi es. Maotrieoonv eertv,la étuhnitise dd iosfs etrhtea wmidt y of m
explained their relationship with climate adap

that have explained the relationship between ¢
ta better understanding of the sustainable dev

3. Research methodology

31l ntroducti on

Tradidowmtay asr darheoukseey hi st ori cal and cultural
strategies for adapting to the climate; t hey @
modern architecawnrtey agTdriardo s e g h b have devel op
archi chatrwarcaleri stics during the process of ada

Yan's courtyard complex exhibits these charac!
instance, proposes climate adaptatfiiers gthreatregi
efficacy, providing cultural and climate adapt
of moder n Tahrec hliotceaclt inragc.ur al and cultural enviro
in climate adaptationdisdratatteée @ginesappAd ea neagnelt
framework that includes |iterature research, f
simulation. First, Il iterature research was ca
Ni ngtbhoe, phil osbphbioaltiyde& oablnonnwg twhi tnhattuhree t ypi
adaptation strategies of traditional architect
to collect architecturalomcharkeitladnii s¢g £ oafrayadrd
compl eBxesi des, temperature and humidity data we
of the traditional buil dings, which are Yanos

19



public granarya,n'isn cboble tigna sNdi InogbbmmIlde x i on, a com
model of the building was developed on the basi

lighting and wind environments of the building

various climate adaptyatainan Jatlryatfeogi eusn diemr sk amd i

of the Climate adaptation strategies of t he

adaptation strategies of traditional buil di ngs

suggestedheocomtoetasefttraditional buil dings.
Step 1: Identify main research problem: What effective experiences can be Literature Research

extracted from traditional courtyard houses that were adapted to the local
cultural and environment in order to achieve sustainable development of
modern houses?

Step 2: Qualitative analysis of the
The Unity of Man with Nature ’.,_ philosophical idea and climate

. . Field Investigation
adaptation strategies of Yan's courtyard ! SOEE
complex.

The Courtyard
The Orientation
The Roof Step 3: Quantitative analysis of thermal N - -
le—] environment, lighting and wind e Ecotect Simulation
The Envelope environment of Yan’s courtyard complex. ]

Thermal Simulation
Living Habits

Lighting Simulation
Land Saving

l L
Step 4: Combined analysis of culture and climate adaptation strategies in Yan's courtyard complex.

!

Step 5: Conclusion on the sustainable approach from traditional Chinese courtyard houses.

Wind Simulation

Fi g3l e Detailed methodology of the res

32Z2Resemethod

The research reviewed thesis, journals, | oca
main areas: (1) qualitative analysis based on
guantitati véam'ss ecsacumethya réd edicdmgroens tvwel | as sof

simul ati on.
321Literature research

The selection of the literature)wdddecdrotcrad d
climatic conditions in Ningbo; (2) traditional
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the unitynatfuman W3} ht he cl i mate adaptation str
particularly in areas with a hot summer and cc
Ni ngbo' s.

Traditional structures with dhetirrectuilve ouUl
conscious human design; rat her, they are the
cultur e, environment, andOrseftad ertiyg i aan dvhMathd a vhie
Ancient cradéesmewhandebdbpétted the | ocal cul tur
developed ancient and simple sustainable techr
Climate adaptation strategies, in order to enh
nat ur al conditions. The 1|l ocal physical surrounoc
ways of thinking i mpandigdgrlowtilanpefctsettribotactgek e st e n
ultimately getwhiyngnaepasti i iowteebdehivrmoel eong yc,u |atnudr eb uai
culturally and environmentally appropriate arc

I nformation on the | ocal climate, cul ture, a
construction strategies and mat eriiall st @« ogieasii M ea

preliminaryofulmeeclkit madé ngdaptati on techniques

A review of Iliterature and weather data gath
in Ningbo, including its geotgraphetatedotati oan
design (suempeaesat wmmadity, wind direction, rai
parameters). Such climatic parameters can S
characteristics and extvemefomntdhexpgksigngoke
climate adaptation technigues for Ningbo's cli

Thi s di ssertation mai nl vy gi ves focus t o t
phil osiopdacal mahendnmatyumwmé on climate adaptatic
of man and nature explains the Chineatupkil oso
defined aes hehtewebeanl anecav.enSueraram, i édema onfanl i vin
with nature is showcased in architecture that
which is aligned with climate adaptation techn

Ambi e natt ec laidbapt ati on techniqgues are the adapt

to enhance building comfort. There are a few
techni queasad datatfhewecommonal itiesal Uanldiematand,i
adaptation strategies wild/l support the explor
Ni ngbo.

322Fi el d investigation

Through f i eYadn ' rse sceoaurrctynadrfd tcso nspulrerxoundi ngs, a
under st anaxinsgtiibpnigabdre' s c our twasr d ecemp/leax cont &
21
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e geographical |l ocati on, buil ding plan | ayol
rrent use ard tthree bwiiddalnggerception of buil
al it anmavwedalzye dthe climate adapYan'ioncdwercthyna rqd
mp.| eNkor eover, data on the buildingrbancsurtyar
urtyardavecemple¢eer mi ned which was | ater ut il
ded.l i n

The information received by the materials re
mprehensive information on the studyés subje
sic comprehension of the exei ssttirmmg esgti aetse coofn sti
the building; these two methods only all owe
antitative analysis of the physical environ
chniqgues was needed.

323Fi el d monitoring
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Fi elndi tmoori ng, considering data to visually d:¢
il da ngi,deélsy considered research method where
n be researched qualitatively, but al so wi
vironmental factors, etc.

Monitoring of the tempeYarsurce ua rt ddalrndimmcgbimpy esx

e cold and hot seasons was considered to as
vironment in the courtyard and indoors. The
peri ment al monitoring hiery Jaruareygaardd dJ wlsy .t hl
rmest months of the year in Ningbo, respect
| dest month monitoring data were received be
nitoring data f orcetilve dh dotett evete nmdmt hJ uwer ea nrde
ns' prior home was not tested because air <co
urtyard in the back, which could have taint
mper at ur e awedr ehucnoindsiitdye rdeadt af r om c¢cl i mate dat a
Ni ngbo (Rastpi danppet PogodundYark' ms202d@&ur t yar d
mp. | e x

The measured parameters included contained a
e instrument used considered fowhthbhé maasure
accuracy of NO.S5AC for temperanwomplainegs N3 %
semvédd t he relevant rel ated Bas@gd | atthieons r
commendati ongBsofEnl SG o7 7727626 : 200 1 : Ergonomic
Vvironment . Instruments ,fo20MHasuriang Pekympieca
d humimgiatswra@ade computed at head | evel (1.1 m
mperature and humidity remaondegr posmatrbéagdour
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in the shade of the eaves to avoi daprawyent the

of the measured data, at a height of 1.5m. The
room of the three courtyard buildings were me
automatic data recording intereal odonehefindt
measuring spaces had the air candret.i todnurnign gr unn
measur ement period, no air conditioning was u
three buildings are equi ppsed ewittehd aw eamet ounndoi ctciuo
empty, in order to avoid prevent the influen
conditioning on experiment duesut he. fiThet fflteobr
is mainly primarily svpadecomsi deornesd aams | pf fuisc n
Throughout t his di 9% @5 kadntdi ooms, i da&begdeevsi eantti oher

represaeati eagy of spaces being tested, i.e., Cl1

5m 5m =

X

Ll

30 f %M R

aYands ancestr al hall
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cYan's public granary

Fig3#2leocati on of temperature and humidity
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324Software simul ati on

To further evaluate the Yamfotoende mmlodx setvieir a |
di ssertation considered a computer environment
and wind environments of the building for wvar
rapid analysis of wisndi,n hbewitl,dianmgds |tiog hgte tc ommadri et
data, building for the | ack of field monitorin
Research into computer environment GE$mad ati on
et,ak@aad) it is currently frequently applied to
Ecotect is a computer st moumabwpoAdtamdie sakn afl yrsi &
comprehensive analysis @arfd tdatehheral ,si dnigfhitd arngt,
environment s. Ecotect seff¢taovbhed a@mal gegs eghject
sized grids and conduct wuniform computations
analysis grid i nonditfhfeerseinzte coofl otuhres vbaalsueeds. | n c
software, it has the advantage of easy model | i
ral process of Ecotect simulations is to

mo et up the grid, conduct simulation analysi

z
a
f

gen
d
n researchers have wused Ecotect software

di ngs i(mMnpfhhheen +t aRDadietNaslk Okt L YahQ@l 4a)

r al studies have demornandgieendg atPDel 16f f ect i v

- < o o

bui
Sev

(0]

research wuses Ecotect software as a si mu

ware i s easy to operate, and for relativel

m o -
—~ ~ (N

ect software's caal lriedgucer ddessc,ompdv e amede

ease the editability of the model . Ecotect

—

enables a visual and quantitative assesst

T O O ™
—

researchcoasees Amal ySoilsa,r Lighting Anal ysi
ect to quantitatively visualise the shadir

—_

tyard compdleixmate ead api thhd oir@metrs ttroa taenqpil yss e t
ment of the Yands courtyard compimaxe and

® ®©o o m 4 —
o -5 0O 60 T; O 5 60 o &
-~ 0

» € < O

n
ptation strategies

his research considered the omomdegdt erands mul
estral hall, Yan's for meYamé&s i daeanmcpgelyeaxachd VYa
influences of several climate adaptation
ironments of the buildings were simulated,

—_

tyard widths, edh veen twii lda thisqgn opdtetndrartd .onT h ea

S ¢ < O O -

o o o - Q9
O O S5 T S
—

ain solar rdagi agiho,n hwii ffdagcundoln@mictey,, and wi n

I n order to examine the t herYwaanld,s Icioguhrtt,y aad
complex, we congi deanad f DMY Dd Inigrhaatii from Energy
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coll ected from the China Standard Weather Dat a

not have climate data for Ningbo and the weath
the weat herf parRimedgrai , which i sraardecurdut @ ylairldc
complex, were selected as climate dat a.

In this research, the former residence of Ya
Yan's public granary weéhe &ahlrmadelppled or makcoet
bearing structures of the buildings is not exa
a |l ow i mpact onbédéariisngs tsutdryyc ttihree sl olaidke col umns
not modell eduss$ncliroatretadaptsati on strategies
the front courtyard of Yan's public granary wa
typical courtyard form for traditionails buil din

not currentéegtangbepl et e

Thi s research perfotmecde anmat e naeapitqatiioonn sor
buil ding pl an wli aljadneta,v ecso uwitdytahrsdsand t he foll ow
design techniqgqgues were considered.

(1) Bgildyouts

Yan's public granary, Yan's former residence
buildings with different | ayouts. By building
three buildings wW8beleWw)] eaneddiitncBihnglbree refl e«
buil dings have clearly distantlifnlecaarp | plgaprust, wi

the formershapedepktana @andshhpednpkanr al hall

Fi g8&3RBuilding |l ayout sketch.
26



Simulation of the three buildings separately
building plan | ayout on the comfort of the bui

(2) Courtyard widths

I n order to cthve$tcogatéeybahd wffléehs on buil di
courtyards wittbhhe ngarhi auast iwisdtwher e carried out wi
the walls and buildings surrounding the court)
perf arsmead set of simulations varyingastheandmens
soutenst directions from 4m to 11.5 m at 1 m int
11m, while keeping the width of the building c

(3) Eaves widths

Il this dissertation, the di mensions of the e
described as the |l ength, and the dimensions o
building are referred to as the wnudtaht.e At hpeu bl i
i mpact of wvar i efulsoowi detahvse sb baont dh esaeficecsnsds e par at el y
comfort.

The eave width of Yanés public first floor o
width of t hTewos esceotnsd offl wsirmu leantpil @yed i n this st
involved varying the eave witdt Bnofatt W0e 5fm risntt ef
i.e., O0m, 0. 5m, 1m, 1. 5m, 2m, 2. 5m, 3m, with t
publ i c gr anoaurpy ;waasn ostihreurl agred by varying the wi
floor from O to 3 m at 0.5 m interval s, i . e.,

keeping the width of the eaves of the first fl
aTheremaMi rtonsnmemul at i on

To acquire indoor and court ywirtdh tdnhiefrfnearle ndta tfal
pl ans, courtyard widthles," Saehdaredceseswi Ahhbysi s’
software was employed for icmatenillan i agd theurstoy a
buil dings.

Thei mulateée omarried out-2dubDngnt BanpariypdtBbeO06

and Jul vy, the hottest month of a typical year
radiation vateéuegvser agewaall msmean solar radiati
the building courtyard and the interior of the

is the meaning of both of them:

Thaverdagd y sol ar radi at i ornadviadtuieon si nt hae cseurm
divided by the number of days the analysis was
daily mean solar radiation value is the sum of
calcul ated grids,nudnbewirded kywyltchué att @tda gri ds t o

27



bLi ghdrdwigronment simulati on

For the purpose bfigbbt agndkatgd tdfe memd otohrr ee b
with different floor plans, c¢ogrAnyaalryds iwsi"d tnmosd, u l
of Ecotect software was used to compute the i

interior of the three buildings in CIE standar
the rooms. The CIE stamddrad | gv airseeals ti ns ktye srha che
settings of buildings since it is simple and e
lighting in building interiors under the most |

factor does BbOftecéefbécbutl ding orientation and
t o Stheendard for DaylLigleB50@DBRENEiigins torfy Boufi | Hid unsg
and LRubraanl Devel opment of the,P&ompmlgb'osi RepulLl iac
|l ight climate zone, t hawoer trhat wWreasli glni gHtl uwd ;1 ane

c. Wind esvyimubameonhns

Due to the fact that Ecotect cannot direct]ly

pl4g in Ecotect was used in this study to si mu
anidn the building courtyard for different builc
The dominant wind directweosnt iann dNiinng s aitrme rwiinst e
hence the wind directions i Ave b b tshe metlahantt e r anc
respectively in the simulations. The effect C
environment is disregarded in the simulation b
cannot be set in Ecotect. Troe®wlstug eandcdhepraecvcanits
caused by chance results, the number of air it

4.TheYan's courtyard complex

411 ntroduction

I n addition to preserving |oacuwrdt yhasrsdi olr yu saen d
Ni ngbo seempleesasofexhow structures mMaynglhe dadaaspt e
a wekdvel oped water system with many rivers, an
water. The buildings in Ningbo arebemriindng of
srtuctur e, with brickhewatl deadiatsi otntaed amedll o mag. f «
predominanthuyi ladiicmhg rhti ygehred wal |l s or buil di ngs e
reasons for this form are cl ogelay arselwaetldd atso ttc

i mportance placed in China on family <connect]
preventing dampness and l owering summer t emp
relationship in ancient Chitmra dwaauatnada rfdnmid wys &
was primarily resided in by the occupants of
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adictoiuaon aylacame otucs er epr esent f amiulritesasr dT hheo ulscec
e mainly wooden setdr uccft utrlfees, c anmomed i yl acoarp ofsi r €
icks as the externatowmrt yasmdatrieo ucsléo.s eT ht eo gtert ahe
e |l anes betweemnttlse dirtemdsisneailolnailn spacing, wi i
rrow | aneasl befi ngopadipy aso diath oMiseg b o . These <co
chitectural el em¥ands aceunatl sar precsmemlitex n t he

Th¥anbés coamplyeax dwas constructed in the ear]|
nanci al MsYigpra@mn ¢ maoof,-k nao wwe lrlepr esent ati ve of

I 1 owvahniops" .coomphawd contains Yan's ancestral
sidence, Yan's public granary, and Yan's publ
ters amdta utcdti aln @o ea oYan20,s0 8c&.anpgdyqauar adme wmet

ts as office space and a park open to the pu

The Ningbo Fel(dWbajlippMuseumed research on

terior stylistic featur eso,uti mtferYmal sstfroucenteur
n''s public granary, and Yan's ancestral hall,
storical background (208ddmhruzeld cartai nGuooa

rategies for repairing Yan's copmplréeyatrd icosmmpl
i ginal condition and encompassing its age ||
nservation and repailrnolii d ob@adk tr@at hemwinadg 4

alth in MiedYearnn KNainnggtb@o® ¢ s puai ned t he construc
Yan's former residence, Yan's public granar
atures and their functions at whérYdame, and
ngmao, the builder of Yan'sFeeor mesenesheésnba
en performed on Yan's courtyard complex witdl
l ture behind them, and thestomdtuiadomnmoaf of he hi
resear ches chlaiviea tegvtad tuiadre ds tt haet egi es or t he

urtyard compl ex.

Th¥andesur cyampdi#ax selected abasa tcwpiec &t udgat ar

aditi onatle chri eitgebion ed cihtis ori gi nal architectur
e richness of its architectural plTadre f or ms,
ncdsur t yarhiag otmped emai n features of traditional
the water and consists of three typical colt
streets betTw&a ndduhret ybauriidlsdcimnagjpsh.lex a wooden b
th brick walls as the envelope. The courtyar
s the role of wventilation, moisture control
e building do not open t omntelre cowtrdiyde,d drsd dt
mai ntain the privacy &Mthhaddamatleg' 9l amnie
|l l ab¥Yamads omoompyaerd was conserved i n i ts or
storati Yanps oceeampilgaxakiegitnalt sf or m, made ext
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of materials from the past for rYestbherabuohyaad
complex holds a variety of plan forms within a
comparative efefseatr chf i ditfof ehent buil ding buil d:
are few studeeds evabmptyeard and previous resea
exami neldi mdtagpt ati on Yaedbnicoumplyatd As, there |
documenntavaiol able on the Yand courtyard compl
restoration information on the complex by int:
exi sting staYen'osf ctohuer tryeasitdorgeodmp t &x document at i

traditional buildings.

411 Reseabpgbcts

Yan's ancestral hall, Yan's former residence
primary study object s, reflecting the three d
architectureraThélaYdnos Angastdr asitgad yarb cioluditiyag
t hat faces east, with a |l ength of 10. 960 met e
courtyard, and a | ength of 10.960 meters and a

Then'Ya Residencesigrprbmiardiggat hawb takes t he s
with a length of 11.640 metres and a width of

east. The Yan's public granarwlysasdoihyigée co
building, with the |l ength of the first courtya
meters, and the | ength of the second courtyard
meters.
5m  5m %.)\
[ . |
SR ARN
- I:.
-.:"I E 5
.-"_i :'E "
4E 'é '.A,'_|,\i_|-|_'.l."'_;
. ‘J P : F
| |: il = | -I'I ¥l e
aFirst Ylaln@der amcestr al hal l
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|

bFirst Yfanoser foff mer residence

5m 5m <

X

1”2

|

cSecond Yfalnd ar fofr mer residence
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Y —

dFirst Yalnoser pafol i c granary

eSecond floor of. Yan's public gran:

Fi g4 e The YaIn®ds afhcYaant rsalf oradeidanéesi dabtec
granary
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42.The | ocation

Th¥anc'osurtyard complex is situated at the int
Tai kWdensgg Road in Yinzhou District, Ni ngbo, Zhej
rich waterway system. Z heegj sitaenrgn icso assitt uocaft e@h ionr
sout hern part of the YangtXkiea pRysgvoehruiDredRuj,i abnor
Jiangxi provinces. Ningbo is situated on the N
province of Zhejiang. Ningbo has a significant

ago to the Hemudu cultureChNhaghondi baa béegaméi
in the economic and cultural (Mael.@818)nce the

Zhejiang Province

ChmAa
Fi g#42leocati omndfs ttchertyard compl ex.

-~

I

Yan's Ancestral Hall/\ v

Fig#43 eLocation of Yanés courtyard com
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Fi g#44 e Pl an of Yanb6s courtyard compl e

43.The cli mate
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Ningbo is |l ocated in the eastern coast al re
oxXi mity t o t he East Chi naclSgma,tweitth hmeags i &1 me
aracteristics. The monsoon windsvaeitreriNiyngbo
nds prevailing in winter, and frequent alter
one to catastrophic weather-easgthkhrlay wianheées i
mmer and typhoons owing tohth®abi §hcsObenapi
iny weather in autumn because of the frequen
ur distinct seasons, l ong winters and summert

rt of China's hot summeThaea nalv erod gle wa mntweal ctld
ngbo, according to the Typical Met eorol ogi c
xi mum of 21AC and an average minimum of 13A
nt er (Meerccehmberanges f rwamr y3AiCs ttohel 1ACI delsath m
erage daily temperatures ranging from 2AC to
mmer-Sé Magmber) ranges from 24AC to 32AC. Jul
itleynperatures ofi maA€ ta REAGboThe wmbderate
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is abundant, primarily from May to September,
each year due to the abundance of water vapol

monsoons bl owifng famamltnlde ama®iceans. The cl i mat
abundant rainfaldl and an average annual rel ati
44Bui l ding climate el ement s

The climate adaptation strategies in traditd.@

whi ch nily maial uladieldd ibryg tdlei matei relteemaemersat usruec, h
humi dity, thermal |ddrefvcerlts,, ddlgart rcaockifdtiicaire,nt s,

441Air Temperature

I n meteorology, the physidalhoquamticoy dt mat i
to as air temperature. Temperature is an i mpor
intuitive perception of the climate is dominat
a temperature cpeoblae’es apei enppactomwmnof comfort

442Rel ative humidity

Humi dity is a measure that determines how d
vapour is contained in the air. The relative h
of humidity in the air, which is the ratio of
saturation waterprwvayadielmppg assuee Beophe are mo
hot in the summer and col deliant itvhee hwi mitdeirt yi;n dno
hand, in areas with |l ow relative air humidity,
high humidity.

443 Ther mal comfort

Ther mal comfort is an essenti al factor in de
Luci al Cas@gmnO@md)nted out that indoor ther mal co
factor affecttihregda dire & hmifardoo lbrmedftn.ce and adapti v
two popel anal comfort models that are often us.
buil dings. Heat balance models are developed u
buil dings with mechanical temperathasedconnrol,

field study data and are appropri a(aeftppr eval u
al . 2Q14b)

Thermal comfort is defithbkbd &haAh8HxBifrEarsbshedsn ti b a

satisfaction with ((mhiermmhedtnal) cobbbrogmealk pSgnd
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behaviour al influences as well as( Mihryrsd hoil migi c a
et , al20h&) adaptive model assumes that peopl e
environment through behaviour al adj uke ment s, |
conditions thé¥raneczaxkpoaerd Warcpupakit,s o0 tle)n r
comfort by adding and removing ¢I¥gkestieehagl .and o0
202IThe adaptive model attaches great emphasi s
aspecesusérthand the approach feels comfortabl
criteria suggested bywitthmd et lmenrdmaSiiah kes Inebn s 2e0rbra €

studi es ennattiuraatleldy cvonventi onal buil dings. Adap
mo d e | employed to investigate ther mal comfort
adaptive model is used in this dissertation f

buil.ding

Accordarhege adaptive thetmal i odmbor tt hmodal , ¢
temperature is determined based on the outdoor
Tecormt A o B- (4-1)
TconitS the comfort temperature (AC); To the m
(AC); and A, and B are constants. The constant
cul tur al context.

The foll owehgt ib@n stlthiiem t he tmpematiurcomaomdt th

mont hly mean outdofgenhempbkjature in China
Tecomr 19. 70 + (4-2)
Accordi AGHRAE p&S,cethwaages of satisfaction ar e
for 80% acceptability and one for 90% accepta
applications and 90% can be utilised when a hi

is 7AC whitliesf®C%i on is 5AC amplitude range. 8
in this investigation.

444Sol ar radi ati on

The electromagnetic waves and particle strea
referred to as solar ghdiabi be. t8el amai nadioat ic
increasing the heat generated by human metabol
to the solar radiation they receive, buil di ng
temperature in the winter.
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445Dayliingghtf actor and il l uminance

The natur al lighting effect of a building 1is
daylight factors. I'l'luminance denotes the amou
the working plane.cTihlked agsighe fatcitorof st e sl
the | evel of outside Iight wunder a standard fu
that is wused i n t hwodadrdt exdtespfite bepihgal nekyt
cont ionbes ctruci al in modern architecture becaus

of the problems associated withgbhhengaéenvialohim
i mproves the efficiency of t het hoec cpurpiammatrsy  swoourrk
of l'ight in traditional buildings without me c
factor obtained by sunlightliignhtbuigl deimnvg sr oinsne |
traditional buildings meedaytl o gihavé akkitoher il |

446 Ai r velocity

The wind is the horizontal movement of t he
atmospheric pressure in nature.wiAiberspweltociot ya i
fixed | ocation on t hef feaacttihvuelGoomr oorentte |iand omonr
while improving &rwi rboun Méddi fthegr esnti naliororvel oci t i e
| evel s of comfort to the human; too high a vel
indoor air bei mawcloantfioon addre as wel |

45.Cl i mate adaptation objectives for traditiona

The principle of c¢climate adaptation in tradi
climate in terms of site selection, | ayout, an
adverse climatic conditions faonrd tchree autsienrgs ,a bcaosm

thorough wunderstanding of t h e( Waoncga, . 2@Rilgat e a
i mplies that there is a strongli enldaatpitoantsihoinp b

strategies of traditional buil di nggscl iTnmaetreef or
adaptation objectives depending on the |l ocal C
taking into account the regional aspects of tr
understand climate adaptation strategies.
451Heat pmoitmcgdummer and cold protection in win
The temperature has the biggest influence on

too high or too cold temperatures affect peopl
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Ni ngbo regi end by «clhdrdawtimties s and hot summer s,

to be ventilated and cooled in the summer and
main source from which buildings obtain heat f
twepaects, the direct transfer of heat from sol
radiant heat bet ween the internal surfaces of
primary technical met hods for wiftfrecuti nghea Wwue |
contemporary equipment are building orientatio
a southern orientation all ows (tYaentd wi2l0didrag t o |
I n the hot season, shading is wutilised to redu
cold season, shading is used to increase the a
The thermal iinlsdiilmg ieomvelfogeérei muwi nter and the
have a significant i mpact on improving the com

452Moi sture and rain protection

Ni ngbo, which is | ocated on theasteutwheé&st C
abundant precipitation in al/l seasons, a |l ong
which indicate that the region has more humidi
summer and cold winter climave mra&igmooan Anoéd«
foundations of buildings, increase summer humi

to people's health. Moi sture and rain protect

objectives for the radgiban.l dThme rpacefv emft sa rtan advi

the wall sleard opeweldlrai nage system with both op
that rainwater flowing down the roof and into
453Ventil ati on

I n additiremt ttheé maditfef adaptati on objectives i

ventilation wild.l i mprove the ther mal environm
summer and exhausting humid air. Ventilation i
be aken into account while building traditiona
building is mainly influenced by the way the I
ventilation met hodseasltnerNiyn gwisnudnsndiperreavnagi d o dihnt h
westerly winds predominate in the winter, buil
the |l ocal wind have superior ventilation. The
will create wind pr ewisludien gose,t weheinc b hiemm tawnrdn t enrel
Natural wventilation provides advantages over m
reducing pollution, and f aci(lWatnagt,i reipaltifleudiamni s
et (210dM4ai med that natural ventilation is consi:

to occupants.
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454Adequate daylighting

Building daylight conditions refer to how we
People's physical addbyegboatd hkebhUmhnasti ompr owh E
the indoor environment. I'n the past, traditior
l ighting thus, natwural |ight sources were the
being theemajforl igdur. Hence obtaining more sun
traditional building construction. The <choi ce
necessitates a combination of wvarious climate

The sel ectiaodaptfatai ocnl isnmarteet egy i s the end re
the 1 ocal environment and the | ocal climate. r
cold winters, and abundant rainfall in all sea:
andol d protection in winter, moisture and rain
key climate adaptation purposes.

46.The aphciileorsteapmicte@lt uni ty of man with nature

The Chinese have |l ong admireéadinat mrned, dssugthe

society in which ImanCaeamfduaiaga mirem,arlke awnen, eart
considered as trinity, since humans are unite:i
(Zhuang, ThOo B5)ienvpelriyetshitnhgati n t he wuniver se, i ncl
(heaveh, ead man) is a whole and there is a s

bet ween t hem.

I n contrast to Western anthropocentri sm, an
world had a different relationAhcipetoleit weems hu
believed that humans could | ive in tThhee natur al

ancient Chi nreasteurvale wd revfitroohmbmreianngd nat ur e togeth

than i mposing manés will osmprhayt, urae . makc d or d ionwg
the earth foll ows heaven, heaven follows the T
things hold their own | aws, and man must follo
of the naturall ieensvitrhobantmeman shodlmp foll ow t he
t heAhalcti on individuals take that disturbs the
an impact on their | ife. The transformation of
humamnslitve in harmony wi(tThuckrel, m ddt@hlerl worvd g,0n
goal of people changing the world is wultimate

bettering the envirof(BenasoVvahkcwh2redhiéngh ey raenscii
Chinese humanism, man i s (oMem i $1tgennyt2 Quibillt)ihc yt hoer c
practical decision must carefully caomdéider tr
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ecol ogi cal existence, as we(lBr asovaiiper0p6ppe
fundament al idea behind the ancient Chinese co
to understand and i nfl ueonw et hneat aily jeg ¢ thiuvnea nlsa wssh
devel opment and achieve harmony and unity betw
Thghi |l osdpteiacaolf "the wunity of man with natur
traditional Chinesendrmdilhteed.denae @ phiel anopglyy
nature reflects that in the practice of archit
should be respected in order to produce har mor
the envir omanemdtbiuwdddesdt scdr af t smen to design and
suited the | ocal climate and surroundings, gi
Climate adaptation strategies embodied in trad
continuedepuwuamuwietatned scrhaft smen of the natural
the unity of nature and man. The interaction v
process of building design and construction in
choosing a site for a building was very i mpol
environment had an i Mfashumnh Wakpbesohde deastidn
capital ciday,omadipmadrmagedwelrl ing, the first thin
better climatic and natur al environment. The Kk
times Wwede wbnd, coll ectis Qiy an,d rgeeftl ewcattienrg (t
prot ébaitiilmdg ngs from strong winds and being cl os
that the ancients bdéWeeva®k AWad3d dii mpyo rstt a rotn gf omi nlc
a way to reduce the danger ptroxtime tlyuitlodiwmag eand
all owed for simpl ewascciessf dot wat eummahy cbf pe
techniqgues to the climate, avoiding harm by f¢
selection is a reflection of the ancient Chin
nature, a nrmafclieati €mhi mfesteheé dea of the ecologic
and man are combined. I n short, the devel opme
hi ghly af pheicltoesde pbiyicoefghite he uni ty of nature and n
a selti nmaft e adaptation techniques.
47.Cl i mate adaptation strategies
471Buil ding site selection and | ayout

In ancient China, greater attention was paid to the choice of site for the buildings. The

Yan' s c our tisysarmouwhded by matdr @nxhree sides, satigfthe ancient vision

of people who wanted to live by the water and have easy access to it.
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The | ayout of traditional architecture embod

Buil dings and courtyards were falegquenal gest mak
axis by ancient buil der s. The courtyard and b
arranged along a longitudinal axi s. I n the <ca
through it, they will esx:petrhieenfcreo nat sceoruiretsy aorfd,s
the eave, the indoor I|living space, the space u
opportunity for people to communicate with na
through the coruaritny,aradndwidahy Iwignhdt, i n order to e
When the indoor and outdoor spaces alternate,
and their relationship with nature is more int

tdn ancient Chinese concept of the unity of man

472Courtyard

The courtyard is an enclosed space surrounde
believed that the courtyard is the medium thr
uni véhee.people stand in the courtyard, as in
air, the rain,Huand20&®™8)a tdeulgodst he courtyard
of aesingtraditional buildings.

The courtyard is the soul of ancient Chinese architectural layout. In traditional Chinese
courtyard buildings, the courtyard's atmosphere is improved by introducing natural landscapes.
On the one hand, it cano f theesquareace of the Chinese courtyard, and on the other hand,
can improve the environment of the entire building, giving people a satisfying visual and
spiritual experienceA courtyard can provide natural light, solar radiation, and ventilation for
the building'snternal environmenfApolonio Callejaset al, 2020) Regarding natural light
and solar radiation, the courtyard brings in more light and solar radiatioe, tbililtraviolet
light from the sun inhibits bacterial reproduction. Traditional Chinese buildings usually face
south so as to get more natural light and enhance people's living environment. Concerning
natural ventilation, improved ventilation can impraiequality as well as cooling capacity.
Courtyard buildings can generate wind through the layout of space, the air flow brought on by
wind pressure difference and heat pressure difference. To sum up, besides meeting people's
aesthetic and spiritual needie courtyard also has a critical part in improving the thermal,
wind, andlighting environmenbof the building.

473Bui l ding orientation

A favourable orientation affects the buildin
ot her Tradittohadyythee.majority of buildings are facing north to south, which is a
choice made by people to adapt to the surroundingdrdtigonal buildingbenefit from this
since it allows for full access to light and solar radiation as well as avoiding the cdid nort
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west winds in the winter and welcoming the warm seaaht winds in the summesitting

north to south is therefore a way of grasping the laws of nature, and is all about the following

nature.TheY a n

s c o ur tmaanotde facingngolittedue to site constraivitg;n ' s

f or mer nedi ¥amdes anc e sebst, howevdr,ahe imainf osentationsodb u t h

the buildings stilfacesnorth-south.

474The roof and the eave

t h
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Ni
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co
co
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ra
we

Three parts make umpet padietsit@anhal tdrecihiodgect and

e
e
n
e

e
S

se three parts corresponds to heaven, wearth
comcemt i et tiwnr ef acrteat ehdumami verse in the tr
cept. Tha soghibccapteposition in the struc
heaven in the building, corresponding to h

n order to cope with the hot summers and tl!

gbo, t r aandgist iionnatthibsuirlelgi on frequently have
rtyard. The sloping roof allows rainwater t
the building's body. Furthermore, the roof
aan eave, which further protects the wal/l C
0 decreasing the amountntafni ssaulmanre rr aadnida ttihoen i

mper atur e.

Thevesa of Yan's ftemmdermunteoifddrmee baux | di ng, p a

u
u

rtyard and connecting the courtyard, which
rtyar d hremiemmevieise enegati ve effects of adverse

cupanssandcder by nprfowviniréangn somelrteeirny days and
diation in hot seasons. The space under the
ather. On rainy or snowy days, peopelse can | il

NE ¢ sw

N~
~

Courtyard Courtyard

Fi g4 e Shading diagr am.
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The
amoun

Fi g#46 e The Ymanwe dfor mer residence.

requirement for a thermally comfortabl e
t of energy consumpti esmvimgt tperbbpildi ve.

ordeaeredtudc e -tleornng operating costs of itshe ebqwiilrdeidng .

to have good thermal stability, so that the in
stable despite changes in the external ambi ent
conditioning and heating equi pment.

Ther mal segihet prhyeiic al guantity of the enve
within i heahansfesi stTlsermal resistance is rela
thickness of the material. The greheer itdhe th
transferred through the wunit area of t he mat e
conductivity results in |l ess heat di ssipation
stability,; | ess heat f | owsl efsrsonh eiantd ofol roswst of rooum
to indoors in summer.

lEquatomomncal culating the ther mal resistance

R &/ & (4-3)

where R is the tmatenil alkebMjgée motms of hée hehi ck
of the matereplebapes (Mmg; t her mal Kognqductivity

2. The following is the equation -Ifaoyercal cul i
envel ope.
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R=R Rt B+ . R=ldoyt dopt Eost .

wh e rieR+R+ .
t he
nductivity

ul 2 3.fﬂni. 8l

The acaomdt med hioadnYasne &

r the roof

.na ¥ R

of

t he
thickness

t her mal

n/én

resi

of

icour tcyaddd domplleaying

materi al

(4-4)

stiHiWr e of each

of oe a eshand eanyoetre so ft hneart near | i
ealkKh ]l ayer

[ W/ ( m

tf

o] onetep Ohi sheswoedenredfto be | ai
too much space so as to avoid excessive gaps b
| eakage and moi sture eresdiydre, tallen@nwittolp pudt ttih
roofbriTbks for the roof perform the function o
interior and are wuseful i preventing draughts
roof appearamdeg.l eThae | @i eddeamitvled yr adaofaiand,aiw
arranged in an overlapping pattern, create an
from reaching the intericorurduwrarngrhohed ed@ yb u iSlotm
ash and cl ay on 120 pl aoyfe rsst roafw tnhaitss ,maatnedr i al ar e
for roofssagtdieChihese These materials are tan
increasing the heat insulation and waterproofi
and heiapatdien properties n comparison to mode
building's ther mal and ventilation performance
The.rm Therm
. Thermigresi si .
Type Thi ckr resi si
Mat er conduc ot he
roof m of rtda
W/ (mLK mater m| LK/
m] LK/
Chine
The odf styl e 0.02 0.84 0.02
van 0.05
court brick
compl roof 0. 01! 0.65 0.02
Chimes 4 02 0.84 0.02
styl e
Thrme oof
ot he|straw
tradi|with 0. 06 0.58 0.10 0.15
courtjand cl
hou;seb . ”
rhe 0.01! 0.65 0.02
roof
NotTeer mal coadecfri ommttilees Ther mal Design Code f
20 1labnNuet ( 2D.21)
TabdleTher malstraence.obf t he
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wal |l s
holl owiwal |l s
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t he i
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Type 0]
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m| L K/

Wo o d
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Tabd2eTher mal resi stance of the wall

Tabd2e!l | ustrates that t hfer drhelramad e ste sti s tsameclel «
brick wal/l filled with yellow mud > solid bric
As can be seen form this, the hollow brick wal
insul ation. On trheel owahlelr hhaasn dp o omo otdh egoprama | i nsu
performance. A comparison of the ther mal resis
mud is much greater than that of ordinary holl
the matéaei dalolilow brick wall cavity has a stro
The walls in the different |l ocations of Yan's
materials for the function and use aretqiutiirerd. W
wal | s i n buil dings due to their mai n benefit
mai nt enance. Both hollow and solid brick wall s
to external streets due to Bhd 6factvethat i sbhkewg
external street and protect the living space.
hot summer and warm winter <climate, and the b
moi stur e, maki ng t htehme elxocced Il emu mifdo rc luisnaagtee .i nMo
good sound insulation, avoiding noise penetr at
transition between indoor and outdoor temperat
too great, theidatehevapoutayer condenses and

air and keeps the room dry.

476 The window and door

The enclosed and cohesive courtyard building
The ancient Chinese heddbéha eprncondibatnechi
courtyaamnd htolueseext ernal street to isolate occu
a result, the external walls towards the str

courtyasr donhloyustead windows that opened towards
bel onging and greater family cohesion result
perceive strangers as being separated from th
gattdeaprd protected within.

The significance of courtyard becomes appar
windows to the out si dneat uprrae.v enatli hnhgg nvgehnet inboastti ocne
l ayout of a single builtdioongaulat 9 8sg chveh tathns @ nsd wamte)
the comfort of the living environment is impr
courtyard and bringing lightThsolgh thei adtuony
a balance betweamdcaullitmatae adaptrasbiyi bhg Yas' De
former ré&sandenc®ur baysaradn ceoxnmapnhpelxe , the | ayout
further improved by adding baSlkpaoatingrdset dr
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and back aedaestyarposmi ble to more ¢l emartlhy def |
the dowmtbedmd uvused mainly for daily reception
courtyards being used primarily for the drying
ceation of the back courtyards, the building i ¢
thereby increasing the amomimtd afhalti ghte, bsuall ari
Mor eover, indoor ther mal comfioom of &durtbhetrwee
front and back courtyards.

477The Ground

The main function of Yan's public granary w.
amount of the stored grain(Ban20tlbhesedi $§our ¢ |
protection of the public granary was given con

function of storing grain and Tle aiviod do rd awmagdce r
first floor wherraiteddngrdiovei $ het aukedoirs f |l oor

of preventing moisture. The floor cage is not
designed vents towards the courtyard and towar
t owar dtsertihcer ionf the building for increasing ail
ventilation to prevent moisture.
Wind
NE ¢{—> sSwW
[~
\ Wind
Courtyard Courtyard
. Al Layer
Fi g#4#% e Ventil ation diagr am.
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Fig#8¥an's public granary

478The I|hiawiing

> —+ T O

t

The climate adaptability of traditional bui
nstruction process, but also in theeprocess
tive use of the environment through their ow
r instance, i wattreeg dummert hevereilngs,s used to
the courtyard, and aftemwedisenam,Whtered afthaemi |
door temperature is too high or too | ow, peo
e thermal comfort of the room. The windows i
ter wooden panel wwinmddoow. aThhde tthweo ilnanyeerr sg | cafs s

® ¢ T S S O O O

ople to move to choose the best possible way
he glass window or the wooden panel wi ndow d
oll ow spaces iinnddbw sootdeat pawnail rivfl otwh & hpaorueglh
he room and air ci.rculation is stil!/l mai nt ain

Fi g49. e The window with two | ayers.
48



479Wat er saving
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nce water is al nat ogeatnr eeatydthe edee ptemadt oanl,| s a
ne of the most ocmustciaahadi epdbui dbdandgscr ¢aer
e basic ways (tlo owantseer veee msaatrevcaytcilam,g, ( 2)nd
water collection and wutilisation. Despite
nology to collect and utilise rainwater, t|
erts along wiahdouhieki meanai hwatet | ect

wel | as being key for human survival, wa
ur e. Consequentl vy, traditional buil dings
tyard, where rainwaft eretwailni id otwhe wive al t he
ver, Ningbo is a city of abundant rainfaldl
e rainwater to WHemw ibtackaiimegad ddhretTiomuccus loy
this pr ébianr estfihdee nicnet ewaiso r ai sed by O0.

—

rd fl oowanatnscee sitnrtaelr ihoarl If Iwaosr roafi sed by O

_‘
o o

f Yan's public granary was raised by O0.
td for rainwater <collection and the water
s and al sPhifoardemenx pera ireea i ifwletr ats .atl hseo

bl e of proposing ways of admettwenegn tcou ltthuer ael

0Ss

(0]

uits and the environment. I n addition, the
courtyard floor, allowing the rainwater to
r from accumul atsiunggg eisnt st hteh ad o wrattyearr dc.o nTsheir
been taken indesiafamafhtcodour taymar di f@d rmpltesx

si yan'o$ cour thyassr db eceonmpaldejxuist edclt iomathiec rad md i

Ni ngbo.

1 Rain

NE (— sw

Courtyard Courtyard

Water tank

Drainage holes

Fi ga4XC® Drainage diagram.
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