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Abstract

Earthen materials have been an integral part of the growth of rural dwellings for thousands of years. However,
with the homogenization of architectural styles and the lack of cultural atmosphere in the construction of beautiful
countryside, the development and application of modern earthen materials have become increasingly important for
the future construction of rural communities. This research paper focuses on mud dwelling houses in rural areas
of Punjab and constructs a liveability evaluation system to analyse the residents' satisfaction and optimize modern
earthen dwelling houses. From the theoretical perspective of "Ternary mutualism", this paper proposes that the
relationship between modern earthen materials and rural communities is mutually benefcial. Modern earthen
materials serve as the natural foundation, charm display window, and practice platform of rural communities, while
rural communities embody the value of modern rammed earth materials, protect their continuation, and promote
multiple innovations. Based on this, the paper proposes a construction path of modern earthen materials in rural
communities to provide reference for future construction. The research results show that modern earthen materials
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inthe vlllar, e m eval uated \s“l‘ ‘de evelS and rec? n.n.eru]ah)us fay
imfrdve neat xre identi ‘E’J ba, eJ 2o the cdm n.wrufy fler}. fh and
pakae e [4].

Results and Analysis

T2 evaluate the livability Af earthen c® mmunitie in Multan,

a fec‘ et Af evaluatidn indice, are develdPed. Unlike , eneral
c) mm \nmes the evaluatidn index {1 the livability #f ra med earth
c?mm \nmes needed t9 C)llleel the i mfact #f ra mned earth ele ment
dathe c® mmuaity. After cnd: sctig, aliterat ureanaly i, exfert revie 3
and 1esuien'r intervie j, ‘de  t-level indicatdr_ and 28 Sec)mvl level
indicatdr . xre elected. The celected indicatdr  xre baed 2n the
{unofles of [cience, ytem, 2Perability, Jynanuc, and typicality
[5]. Uig, the analy‘mc hlelalchy J.’liceSS e an'nyn.) | j.’eelS xre
mwteJ td (CAre the i mf2rtance #f each index accordig, t the 9-#iat
cale methdd. The a4, bt value #f each indicatdr ;aSJe'rel mined ‘\Su}.
the “yaahf V10.3” )ft wre, a h) ¥ in (Table 1). Re wlt indicated
that the ho . ug«, c‘n..h'n)nsha.l 'rhe hj, hesf Vl- Rtval \ea fhe Pri nary
indicatdr, fA119" xd by infra Sructure, ecJJ/_ ical land cafe c? mmuaity
cultural eavirda ment, auJ S’oal ecdnd ny. lhe JW: At valie ”f
the Sec)u.rlaly uuhcaf)ls varied _j, ru‘!,’an'rly In c2acl \SJM the
con 'r1 uctidn Af the ra mmed earth c® mm! «nity habitability evaluatidan
Sysfen. » baSeJ 20 Soeun‘l’ Qrincifle ¢ and the x/. At val e o
each indicatdr are decided wsujz: a 11-)1)‘ fl‘ce The re wlfu,_

Table 1: Determination of weight value of each indicator.

Index Weight Questionnaire

Social economy 0.1219 Q1-Q3
Cultural level 0.0166 Q4-Q5
Per capita income 0.0586 Q6-Q7
Household consumption level 0.0113 Q8-Q9
Industrial development 0.0354 Q10-Q15
Ecological landscape 0.1802 Q16-Q18
Greening level 0.0451 Q19-Q21
Local landscape 0.0451 Q22-Q25
Sustainability 0.0901 Q26-Q27
Housing conditions 0.3389 Q28-Q31
Planning layout 0.0255 Q32-Q33
Living area 0.0077 Q34-Q37
Structural safety 0.0991 Q38-Q41
Material use 0.0368 Q42-Q47
Auxiliary housing 0.0091 Q48-Q50
Livestock breeding 0.0151 Q51-Q52
Room temperature control 0.0087 Q53-Q57
Ventilation and lighting 0.0424 Q58-Q60
Seismic performance 0.0944 Q61-Q63
Infrastructure 0.2356 Q65-Q67
Road facilities 0.1009 Q68-Q71
Water supply facilities 0.0601 Q72-Q75
Drainage facilities 0.0404 Q76-Q78
Power telecommunications 0.0194 Q79-Q82
Sanitation facilities 0.0148 Q83-Q85
Community cultural environment 0.1233 Q86-Q88
Supporting service facilities 0.0117 Q89-Q91
Public security conditions 0.006 Q92-Q95
Neighbourhood relations 0.0415 Q96-Q100
Public space 0.0117 Q101-Q103
Cultural atmosphere 0.0123 Q104-Q106
Mental belonging 0.0171 Q107-Q108
Cultural heritage 0.0229 Q109-Q110

evaluatidn Jfem ].‘r)vlles ac? n.freheﬂslve frame rk ace the
livability #f ra mmed eairth c? n.n.m]ries in Multan, ath a foc i o
e lrj c)ru]m)ns, infra_tructure, ec)J/. ical Jaancafe, c® mmuaity

cult ual envirda ment, and )clal ecdnd ny [6]
Analysis of resident satisfaction evaluation

In the® ue tidanaite _rvey cdaducted in Duaiyad v vill %e
4 e n)ns xre Jesy ned baSeJ 2: the evaluatidn u’uhcafhs f flye
earthen c? mm \fu'ry livability [7]. The re uien'r ¥le a keJ t9 rate
thheir level #f ati fach)u QR alatu}. Scale'rlqa'rmcl nded ve1y atig d,
nlre a'n SR ba 1caly ati .‘E’J leg ‘E’J and di Sa'n ‘E‘J A'r)fal
2f 120 validd e tidana) 1eS xre cillecte.ﬂ and analyze.ﬂ td evaluate
the re uien'r ati fach)u Ath the villg, e hvabuﬂry In the Vulaz. »”
uuyaf ur, n?le thaﬂ 50% 2f the 1eSAJentS are ndt Sahs‘E’J Nth their
incd me, indicatig, {991 S)Cl)-ecaﬂ)mlc C)uaim)us[ ]. lht i likely
due t the lack f icd ‘\Smal develd® nent and cultural )h’)lf \nmes,
leadig, to §a, nant ecdnd n.ACI.l) *h H2 sver, ndre than 70% 2f
re_ident a1e Sahs A yth the area A 1een land cafe, by, Blj, Btig,
the ec?!, ical beauty of the villg, e. AJJl'm'naHy, re uieuf wh”lf
1 'ramable land cafe hafu/. and ecdld, ical fl‘fecfl)ll ef'f"nS At
the RA s % Jevel re denf ex?leS c"nceluS abd .t the 991 f1 uctural
afe'ry, e4 n.tc felf)l mance, veatilatida, and |y, ktig, f eal'rheu pre
h)w e [9] lhey et that attentidn _Rduld be Paid t buildig,
f1wct \le Safety, n.afeual 48 eJSn.Ac erfdr mance, and hves'r)clf
bleeligf,.Whueab)thLO% fre ideat ddadt PPt cdatiaed e df
ra thed earth n.a'renal afProxi nately 20% fee! ahs‘E’J and Swf dt
their 18 believig, fhaf there i iq till value in tJm buildig, techd e
[10]. Rg. ardig, mﬁasfl ucture, 1e54.:ien'rS e)cj.’leSS di 2T factidn  xth
1)aJ wel fj.‘ly, and .hau’naw_ e facil itie, u’IJJCan}. a lack of baslc
c)uvemence anJ anitatidn, HA " xver, they arey, enelally an ‘E’J Afth
the c2n 'r1 (ctidn f PO ¥t telecd mm \mcah)nsan.ﬂ Samfah)u facdmeS
At the c) mmunity cultural level, 1esuleut refdrt by, i a'm fach)u Nth
ue} hbA1rhddd relatidn hq‘ and Public security, uuhca'ru}. a f) itive
livig, atne fhelea h) \@ in (F, wre 1). H? sver, ndre fhan 50% f
re Jentsex?le i ah Jfactioa ath £ blic J.’aceS calligy farincrea ed
Id \bhc activity faceS anJ 212 netiy, Sloal exchag, e. Overall, the
Survey by, Blj, h'r area fr imfrdve neat in the "cﬁ-ec)m’ mic,
h"t s mﬁastmct \1e, and c® mmunity cultural envuln meat in
uuyaf ur villg, e. AJJleSSu}, the e c)uceluS c?uld el imfrdve the
dveralfl uality oF life fAr it 1esuleufs [11].

Development of a habitable earthen community evaluation
system

Ramned earth ha been ed far thduand f year  and i an
essem:al c? mflPcent in the/:H ¥h #f rural area . Today, nedern
ramned earth naterial_ can aid the future develdf neat f riural
area_ [12]. H? spver, a_ rural c® mmunity ca tructidn becd me
nfre 4P ne, enized, it i crucial t9 reflect 40 ppether abanddnig,
1 ural elenueflfs Nl lead t9 s)clefy a-Jvanch}: t? nedernizatidn, A1
if uwig, rural element_ Al create di_tinctive culture_ and enkance
re A-Jeuts life ati factidn. Thi Pafer fl’f‘ses the cdaceft Af "teraary

xf‘\ahsm aualyzu}. the C)wflujl 1elah)ush1f bet pen three main
fact®r : natural c@nditidn | hunpani tic fac‘rhs, and technical mean .
Natural cdaditida_ include [dcal 1es‘wrce5, clinate, hydi29,y,

4 e rafhic [dcatidn, and th;y. eavirdn ment. Humani tic factdr
Tncl.\..lecwsr) mary Qer Jualmes Tultiraf alitie , efdchal factdr , and
ae_thetic c® ef‘r Techaical mean  invdlve material ,

ca abilmes and ‘rechnill,y level . The 2 uadati®n Af a characteri _tic
cultural ¢ mmunity i nPdera rammed carth material , yich are
abundant natural 1‘es" e found fhl‘y:h‘ur the cduatry [13].

cda tructidn
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Figure 1: Residents satisfaction with relationships and public security.
Table 2: Summary table of improvement methods for structures in the earthen houses.
Component Instructions
Foundation Set 300-500mm brick, stone, or concrete foundation. Set moisture barrier between foundation and rammed earth wall.

Wall structure

Building and roof structure

Set wood structure column at the junction of the four corners of the rammed earth house and the inner and outer walls. Set wood ring
beam horizontally in the top of the rammed earth wall to enhance the integrity of the rammed earth house. Connect the wooden ring
beams by lap joints or picks. Arrange long horizontally pulled bamboo strips inside the rammed earth wall, and make lashings at the
junction between the vertical and horizontal walls. Set up vertical pins such as short wooden sticks and bamboo strips with a spacing
of not more than 1 meter in the upper and lower seams of the rammed earth wall.

Place lamellar wooden beams on the cross walls and gables for the sandwich foor structure. Fix them seamlessly to each other and
connect them with horizontal wooden beams. Place a wooden pallet under the wooden purlins to reduce the local compressive stress
of the wooden truss for the roof purlin structure. Set the wood wall to resist earthquake. For the wooden slope roof structure, lay the
wooden rafters under the wood purlin with bamboo mat, grass mud, and green tiles.

Ramned earth n.a'rellalS Pravide a mrmand ec?ld, ical at n?sfhele,
aJJh}: t? the cdn tructida Af ¢ n.n.wn]f]es en.fhéslz]g;: ec‘l)/:]cal
C)ﬂsfl‘\Cﬂ)ﬂ and ws'ralﬂable develdf nent. MAdern rammed earth
naterial_ are the charm yod? 32f a ufl we cultural c® mme Lnity,
1~eﬂecr]1y: ns h‘swly’ time 1n.f1mtu/:, and cultural influence . lhe nge
Af ramned earth na'rerlals in c® mmuaity c)nsn- uctidn de ndn_trate
the re_ident 'cu td 1 and [dcal culfw1es, em’hasJZh,‘r: the i mfd1tance
Af cdntiauatidn and Prdtectidn Af traditidnal S)]J-b u]lJ]r/: Jtem.
lhe creatidn #f a Jdi tinctive cultural c® mmunity Jnv)lveS vari® .
c)ns’rlwcﬁ‘n n.efh).ﬂs, but ra n.n.h,‘y: the 5)11 i_a verb that reflect
the re ident ' Particifati®dn and interactidn, Prdvidig, a fedPle-
ceatered nedel 41 ¢® mmunity buildig, [14]. MAdern rammed earth
nuafellals 2rdvide a Practical Platfdr m A1 the characfellsﬂc cultural
c® mmunity, alld A/, 21 nlre j")s lblllfles and inndvatidn  at the
technical level. In cAhclu 90, the ternary mutuali n,bef ¥en natural
cAaditidn , unani tic facfhs, and technical n.eaus can create udl e
and beautiful cd watry ide characteri_tic cultural c® mm! waitieg uigy
nPdern ra mmed ealfh material_[15]. The u_e #f the e material cau
12 nPte the cdatinuatida and ?1)tech)u )fsna;imh?al s)u -b ulSJu/
Jlem ile h)vl.’luy_ a Practical and S fainable 2latfAr my fAr rural
c® mmunity develdf neat,

Creating a beautiful rural cultural community:
success

e path to

In c®a tructig, a rural c® mmuaity, it ]s imd2rtant t@ APti mize
the « e Af Pace and dp anize it in a ratidnal manner. 1hi can be
achieved by addig, 2 blic sfaces, fl')vIJh)r: Q ublic cervice facilitie,,
and s 192 migy, villg, e B?u e . The natural re ?urce_ available in the
v:Haw_'esuch a;cl)u.i', wter, fre tand dil hduld be incd1fdrated t9

: s s
creafe ua1dundig, ?ubhc sj.‘aceS and enhance the sj.‘ahal 1'elah)nsh1f

Afthe c® mmunity. M2dera rammed earth A2 e hduld be frictured
in a Ry that eus‘ue nece_ary hvu}. and enfelfaul n.euf face
1he re_idential “Vu}. sface can be divided int® Public and fsuvafe
face [16]. 1he Jesj, I Sh)wu make i€ M anlle sfaces, e nall
face | utilize the {29 he}. at t& Jdivide 21 Averall Jesy a, n;alfe
;. ht difference_in the interidr Qace, and create a face §th ta Je
auJ Qlace atne fhele that cater 1@ the re ident ' ba ic hvu,v. auJ
c? mmunicatidn ueer A snal ndde s;’ace Sh’ uld be added t2 éarich
the level and functidn f the rammned earth mll, mich i a fea ible
ny 1 it_ effective e and clever 1e’y, anizatida [17]. Madern
techndld, e, have nade it ‘.)ss‘b]e t@ enrich the h)ce REA methdd
Af nPdern rammed earth »ll ,Ies‘\lfu]. in ufl ue 'rex'r e, _uch as
harizdatal _trati Fatidn, 1.1auuue An the urface, and o ered
exhessﬁu f different il .Chag, e_inca9r, ?affeln and fexfwle can
add natural intere t and i mfrove the PAteatial advantyg, e Af nddern
rammed earth naferlals [18]. 1he c?121 f the ra mmed earth sh) Jd be
elected baseJ 2 the ych‘ldf ical Perceftidn of the 1esuleuf and the
[9cal vdla«.e S'rye Table 2 Sh‘ wn.nausel infrdve nent methdd
oy Sfl uctire in the earthen @ e . The A1l mixture « ed can Pre ent
a c® nflex and c?1drful facade effect. CAd1 additive_can aJSJ be uSeJ
td char}:e the c?91 Af ra mmed earth. Texture treat ment can lncrease
the texture #f the rammed earth !l and forma c?acave and cdavex
effect, blh}«: h;v: abduta Sf1)17: er ene )fvlswal imfact and art [19]. The
ne aic freaf ment Af the ramned earth mll can be achieved by it
tdne, banb?9, tile, and brick t# achieve bea ti Fatida, lhe Pattern
nPld can aJSJ be 194 uced t9 J.’l‘vule/. idance fr c® mmunity di flay
and e ’rabhshn.enf f narker . Cultire i the @2t of cdn ty xcfuy
chalacfeushc c mmuaitie . Iti i mf2rtant t deelly J/. andy, 1a f the
dtural cAntext of the 19, 40 and reflect 19, inal feat ure auJ'nah)ual
fels)ualmes th1d " R n.afeual Syn.b }. ‘n yn.b) ¢ and c® mnddity
Syn.b) Traditidnal cn flwch)u n.efh J ‘\Ch ag rammed earth
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8 B2 ld be treated critically, takig, it e ence,s dig, tdit_Jd1d_ aad
cAatinuig, to fa s 20 the essence mile h)n.)hr}. Jevel)inem
thrd # i enc? g, € ment and recd, nitida, The cdatin uatidn Af external
culture defead 20 the effdrt Af architect td create a vi ible and
en ible culturalat n.Jsfhele The cAatin uatidn M culture 18 uire Sj2iat
eff)lts of re ident and c®a tructidn eg, ineer mfwth. ele n.eut
5 uch a_ cultural land cafe , f8lk cu tdny, and cultural Melacy, anJ
w'rfw'mr}. fecla cultural Product. t9 extend the cdntext f)/. ive
re uleut aseu e #f identity and belhy. Af:y. [20].

Conclusion

PedPle have a deef cPnnectidn Ath the M and the develd nent
of cience and fechn)l),y aldg, Ath 'rhe em‘haSJS 20 ec?ld, ical
Qidtectidn and traditidnal c1aftsn.an wif, haS/, iven 145e t4 pAdern
1a med earth naterial ¢ Jhese n.ateualsleheseufa Al le exhessﬁu
Af cultural cPn tructidn and can be samle ly intg, rated intd the

urr? undig, natural envirdn ment, Aleris, 4, 1ea'r Patential fr creatis,
a har n?m)us and c’usl teat rural land Scaj.’e. H2 sver, it S i mPArtaat
ndt td dyerly 212 note the develd® nent A nldern rammed earth
h)wses b \'rms'rea..i to 1 ethe e naterial a as | uide t9 creatigy, afea ible
and valuable Pathy to @1]5 buildig, beaufiful co \ﬂ'rly ide ¢ \lt ural
c?® mm waitie pile Pre elvufy, and fa Ar}_ 20 traditidnal culture.
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