


ﬂ’]iﬁﬂl‘&’]{]ﬁ]{fﬁl?}@ﬁLﬂﬂ?]i]ﬂﬁ']ﬂﬁﬂﬁiﬂﬂ’ﬂuﬁ’m'ﬁﬂ
TunsFuusannunulng

A study of the opening factor for seismic resistance
of earthen buildings

F3UN3 Judqal’
Watcharin Jinwuth'

Received: 2020-05-01 Revised: 2020-06-20 Accepted: 2020-06-23

UNANED

thufuiiugnasrsiessuuntisfuimindgiuiu Wussuulassadailiedeniademns
NUTIHUAULA mﬂaﬁaﬁshumwv:i']mmiﬂizmmﬁdaiﬁl,ﬁmm'ﬁqmL?{'&Ju'mmsﬁgwia%iml,ag
ningau nslamzogrsdslulsemeiimdsian Wesnnneadade naliguazlidinuzann
Hagtunmsugnadetuiululssmelngldsumnuiionduosneg Tnsmzuinaiuimnamie
vosszina Suduiuiidssfouruiulmaungrnefimun q’1u%’eﬁ/ﬁi’mqﬂixmﬁﬁﬂmﬂﬁmm
ﬁdaaL%‘ﬁiﬁ'qwasiammmmmiuma%’uLmLwiuﬁuvl,msuaamﬂwimﬁa%’uﬁmﬁﬂSﬁﬁuauﬁqﬁﬂmaﬂau
Loy fagunsedwmdendnia Tasdudunsmagouruitaosufiuvesaosgunssasmnain 1:3
Fauuunisfivuasuuuivonda FeilfeiviuBesmmumguiusainiousit lnedmdnves
vuhaosgulanduusanszyhimnuihafieussidiuamanansalumsiuusasufiulmvesusiaz sunss
wansAnwInUIgUNTIeImswatesatuutinduddnyionnuannaalumafuususiuiulm
Yyas1AsfiaisiesrUuRTa UM agAuRy Tnsvudaesguninautudinnuansaluntsiu
ustusuRulmARnUnssEmEendna wornsivoulinvesiudaosiudmaironuaunsoly
ns¥uussusuAnlm e lidminlnesuvewusiaesiuuas dwalvinnuanansalunis
Suwsnsphduinsgegavedessadiedunnniy feitufufiasduiuiidestouiuiulmiens

! puganntnenssumans uninendeulsas

(Faculty of Architecture, Naresuan University)

éL‘iﬁuWé’ﬂ (corresponding author) E-mail: watcharinj@nu.ac.th

msanutatetesliavesinuiudeniuaunsalunissuusasuaulm
A study of the opening factor for seismic resistance of earthen buildings

27



fisanizeansanimiinesenns uarnmseenuuusUnseInsluisgunsnay disannrudeme
19491713 WarANNgadeaTinuarnindduniasiinnndendiwuaulmlusunan

1%

AdnARy: UuAy BgAuAy AusuuLELAuln FBadRsuw

Abstract

Unreinforced mud-brick (adobe) structures are extremely vulnerable when
subjected to seismic forces that can result in human casualties and asset damage.
The majority of unreinforced adobe structures are usually found in developing countries as
their construction is easy, cheap and requires little skill. There are many adobe buildings
located in the northern part of Thailand, an area classified by the Thai government as a
seismic hazard area. This research investigated the seismic performance between circular
and square construction of unreinforced adobe buildings, both with and without openings.
Static tilt tests were carried out to evaluate the seismic performance of square and circular
adobe models constructed at a scale of 1: 3. The models were subjected to an increasing
lateral load when tilted from the vertical on a tilting table. The lateral component of
model weight was used as a parameter to quantify the maximum seismic force for each
model and indicated that the shapes and the openings of unreinforced adobe buildings are
important factors in the seismic resistant performance. The circular shape indicated a better
seismic resistance than the square as did buildings with openings. The lighter weight of the
models with openings influenced the ability to resist the lateral forces. Adobe constructions
in seismic areas should be built in a circular shape and designed to minimize the overall
weight. This will assist in decreasing potential damage to the structures, reduce fatalities

and asset losses during any earthquake event.

Keywords: adobe construction, mud-brick, earthquake resistance, static analysis
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1. Vertical corner cracks é’ﬂ‘lﬂmzmﬂmﬂ%’l’gLLuUﬁdU%LﬁmﬁﬁuguNﬁ\i
2. Diagonal shear cracking an®aznISLANS MLUIMELESULITDWNINLTDU

3. Horizontal upper-wall cracks an®aENITUANS1ILUITOUNTIAIUUY

Cracks at openings

Vertical comer crack

Cross cracks at comars
Diagonal comer crack

Local section instability

In-place shear cracks
Separation at intersections
Horizontal upper-wall cracks

Gable-end wall

Damage at intersection of
perpandicular walls

Out-of-plane rocking of
load-bearing walls

o

RgAuAU

A 3 wansanwalzANdemeanusauiuRulviveseAsneas e
7117: Ginell & Tolles (2013)
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A0 TER b1
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Tumsussidiumnuannsalunsiumuussuiuinlmvedassedeiu Tneluanse
putiunmageula 2 35 Ao Jawamans (dynamic analysis) wagIdussataiieuin (static analysis)
(Boonyachut, 2006) dwisuismawamansiu iumsmageunginssummamansvedaseadns
Adntuasduvaziauuiuln faduisildtunseensusasrlonldlulssdiuauannsaluns
AunuLs R uAulvealasIase (Arros, 2003) Lwﬁ%'mimaauﬁﬁﬁﬂ%ahEﬂ,umsﬁwLﬁumiﬁqa
uazdunaumsnagouiigeen shlmAndutesifndmiurimuideduusiuiuln dmiuitus
afnfioui lassaaezgnusuifiuanidesunssaiinginszsilunuaueu (horizontal forces) Wi
yhmsSeuiuiuadfuiuiulmiidetuluiuiidug §asEaalisslunsdidunmeansiign
i uartunounaaesiilsigienn nalesiSnsuawiadies (Department of Public Works and Town
& Country Planning, 2018) nanvinigussadaisuin Wunsiwauaussaindieumiilugy
vosusndoufiginerans (seismic base shear, V) 9nniudanszaneussludadiusing 4 vesems use
fiantumelussfornsing 4 lesmnussadmiieusi ﬁﬂiw?ﬂ'ﬁ'qmﬁ’uﬁmﬁfﬂuiivgﬂiuLLuaaamaa
anensanfunssiimnzandnsunailulesnuuuidsinunureteseins nsuszdiuay
annsolumsiuusasiuivlmueddasad e tusainieushi awnsoulsdoseenls 2 33
fim AAIIINANNTLIERAEUYN (equivalent-static-force analysis) kag A9N15NARDUAIY
TRe7iusuiBos (static tilt-table testing) dm3UdSAwIMaNaNNsUsERATe Ui Hswylily
AATFIUNITONKUVIANTAMS U ULTLHUAL T sUTEIMARNSY Wy nnsenTisadiufl 49
W.7.2540 vsUszmAlvy nsgIueeansEs AS 1170.4 [Judu e ildauiguiiiusadoud
guvedlassadng (v) annsaduanldnniulsig smuaunisiuansil

V=k,xZxC,(T))xS,/ uxW, (Standards Australia, 2007) (1)
ng
kp = Probability factor for the annual probability of exceedance

=1 (for an annual probability of exceedance 1/500)

Z = Hazard factor (ground acceleration) for specific locations
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Ci(T)) = Spectral shape factor dependent on sub soil and period

H = Ductility factor = 1.25 (fwm5uniladgaunu)
S, = Structural performance factor = 0.77 (f3uUnTisdgausiv)
W = UwinlaeTiuvedlasasng

atinsAumeTsunuAluaunisana Idedrianiluldlmanzenmsniisunse
Uniuag Jannoaseunmsg Iyt e IS UMM AIANLASITHYIATRIRIANS (C, (7)) &MU
JUNTI01AsRAUNG wieldianneasenluiininsgiuniuay wu SgAuau 1Wusu dunauiuim
mArAuRIATNgEnLazI YA g

dmiultvegeumelfziuuBeeiu InseasnevesjudnaesasgnnseyinanLsnseiey

414 (Horizontal force, HF) MfAnnumtinvedlaseasne (w,) Aoy sind vedlfsusuidesmy
aun1s Uinwuth, et al,, 2010) fisil

HF =sinOxW, 2)

Tuguamd 4 wandliiutanisudasimiinvesiudiass ) lUiluussnseyidudig
(HF) dlelfienusudesgnentuiiyuesmwiniu 0 duiteuldtuusinsgyihiudisanuauaulg
Wnduiulaseasisluaniuniselass

=

2 Yy ‘ 2

V = HF

= a v 1 a Y aage & o oo
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Tudsziiumnuaunsalunmssuusswiuaulmvesiudiasald Jinwuth (2017) narvinmsmegeu
sudnaesthuiu snasdau 1:3 feBlieiusuiBesiy Irnamamnasuilndifesiunisvaaeudae
Treidulm (shake table-testing) sauanenmlunnd 5 feunsuszifiumnuannsalunsiuuse
wiuAulmeisussadaisusianunsailuldlunmegeuniadgiuaula (Varsas & Ottazzi,
1981)

29 5 uansnsmeaealSeufisuanuaansalunsussdiuunsauruaulm

serinalfAdulmiuldsnusudes

fun: Jinwuth (2017)
35N iun1sIe

1. nMan3vaiuInaasiudghuay

=1

Tunsaiiuns@inynided Idevihnisasisiudiaesdufudnuim 4 nds vnaunsan
1:3 91NBFAUMNUAIIILINUTEZNIN 400 NOURBNAS (ﬁwmuﬁgucﬁiawé’ﬂajLﬂﬂﬁ’u%uQQﬁUﬁmﬁau)
Tnevudaoagnasnsauuuiidendn aum 0.60 x 0.24 1wns (FodmuanUszgily vuin 1.80 x
0.70 wms) wazuuuliifivonda wevinsiIsuiisunaruannsolunsiuusausuiulnly
uriazgUNse Usznaudie 1. siudaesissuduuudnFauuulifivoanda s1uau 1 mds 2. sjudrassds
sUrsnauuuulsifideada $1ua 1 vds 3. siudraesdssUAuuudndanuuiiveadn S1uau 1 nds 4,
vudhaesfigirsnaunuuiiveadn S1uu 1 uds Tasvnavesdgedusnanuuindgauiuiide
Tludlesine au1m 0.30 x 0.20 x 0.10 Lums (Uthaipattrakoon, 2004) SgLLﬁasﬁauﬁfﬂwﬁﬂUszmm
375 n3u dunanveIdgAuRuUsznaulUme Au 2 du N91e 2 @ uasunaut 1 du 9NKa

NINAABUAILAINNIOLUNTTULSITATDIBFAUAUAINGTY WuddiARdewintu 667 kPa 1d391N
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fidgRuumauisainanmamnuen Suhinnedusiviudaes dmsuaureflilunisszan
syrnadgusiasfiou Waunaudeafumahdghufvudiiaimaint falnnumuvesfunewiniy
10-12 fadiuns Inesoazdonunnavesiuiiaosandtinumei 1 lenentiedgiunulinu
AugeiiFiesnts viushaesasgnunuan idlaundndazuiiainUszana 28 Yu Suhly
G0N

o

BgAuAy

M99 1 S1888IBLATUIAVDIUTIARIN

roof
wall plan .
. . . load opening
thickness dimension
() () pressure (m)
m m
(kN/m?)
circular 0.031 1.2 0.82 2 2.25 1.56 NO
(Diameter)
square 0.031 1.2x1.2 0.82 2 2.25 1.98 NO
circular 0.031 1.2 0.82 2 2.25 1.56 YES
(Diameter) (0.6 x0.26)
square 0.031 1.2x1.2 0.82 2 2.25 1.98 YES
(0.6 x0.26)

waaInksudaeiiain duitnensgninsmdinunulisn uagnmamsgliviou
AuuY iieirinemaIn LAty 2 kN/m? Msiliiednassgukuumssudminueanieu

'
a

aedrimilouiuernsruluuiiuminmasAInTeyin JUN 6 LanstunouNIRRAmAIA

AT 6 LAASAARINAIATLAZMTIERBUINNTNATRY
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2. nswiseulfsiiusuides (tilt table testing)

Tunsussiduamuaansolunsiumiuusausuiulmessiuiuiu §iodonldituse
afmflsuin (static analysis) wuummageUselRzAvTuBes iodunamgAnssunsidh uas
Ussidiunnuanansalumsiuusasiuiulm InelfeiivubesdannsnsniBonihyuldgean 55
o9 Turiumdnuuuanumyn 2 fades ge 5 wuRmmsiuinuguudiass LLasz%amaﬂc??a
anfusiulfy etlesiunsithnnusadeutinuguresjuseedurnrenides Seansding
AasnalildiAnTutuemsUssamiluvmmsaiusufulmess

5 mm steel plate with checker
plate floor surface on top

~—Half circle roamer

[ 2 Ton steel floor jack

PLAN SECTION

a a o oo oo A y X o o
A A 7 easidunaunaedlfsNUSUR oo NLUULAL 59T UE RS UNITNAaDY

NINATIUYUIIADY

n¥nivusiaedldsunshedmdeanduiiGeuios THeiiusubensaony gnontuisu
203w 0 asen Tnsentudearuiiasiiaue wﬂswﬂgiﬁl,ﬁuiaﬁnLLiﬂU'%nmmﬁfwmﬁuﬁwaaa
(first shear crack) fadvanduiinyuosavadli ndrnilfivay aﬂaﬂimaaammu NI
$raeuinniThviewmaesimun (total failure) maammiuumuuaamaﬂma ¥ rntuii
yuesmildlusmunamusadeugageiign vieusinsevivinutnegsan awaunsi (2) luduves
hviinvudiaos W)ty TFnnsihdgiusasiudeflilunisioaiajusassimmuninadai
wifn uazthlusufuimdnuemden Wevntminguvetens
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NNHANINAFBUANLAINTUNSTULTELANIM vewudtaesluBgRuRulgUNse
Awdeudnsauaranauriswuuivoaliauaslaifidenda wuihufugunsanauinnuannsolunis
Suusawsuulmldningunssdimaondnia FauvuidesUnuaslifivondn uenantusmuiniu
$raesiidesdefiruanmnsalumssuususiumulmlifninvudaesiifindiiu lneuansoazidon
Tunssefl 2 uas 3

MW 2 KAMINARRIBIATIAATRE AR TIUAve MU ae gUNSIAmR LR A

Square without opening Square with opening

Square Shapes

. First sh First sh
Testing HEESHEEt Total failure HEESASEE Total failure
crack crack
Angle 20 25 29 29.5
Horizontal force (kN) 1.45 1.78 2.01 2.04

M3NA 3 weaMIVAReseImiinTeIuanINTITRveuTaesgUNTINaY

Circular without opening Circular with opening

Circular Shapes

q First sh First sh
Testing HSESASEl Total failure HSESASEl Total failure
crack crack
Angle 29 32 34 34.5
Horizontal force (kN) 1.73 2.02 2.08 2.11

uen iy nan1smasesiuandliifuguuuunSitRvesusesisaessunssfiuansng
fu AevudniassgunsidmasuindalidnuaznsivadunisuaninuuifsiiuTnasuygun
(vertical comer crack) Sadsmaliilafuiinsainfuusanserhmansasnn dmsudnuaemsids
vosjuitaosisgunsanaudunisuaninuumusaiiosanusadey (diagonal shear cracking)
Tneninsessndnuaruunidssdunniuuuesidy lUdhuswesdvnuiitmintuusnses
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Tunsfuussusiuiulnueseinstuiu Tnseesgunssnauduiinnuanunsalumafuus sy
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