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ABSTRACT

Hhe city of Shibam sitwated in the middle of the valley of Wadi Hadraniawa | is one of the superme and
ingpee examples  of Yemen: ant and architecture . All houses in Shobam are constructed out of mud brick
e preseal paper discussed the types of buillding materals | building clements and construction slages
pwsical comfort by day depends mainly on a reduction of the intense radiation from the sun , ground and
surrounding building  through a proper orientation of the building . The present paper also imvestigated on
laastent  heal transfor thiough surfaces exposed 1o 1e sun , the results show that the elevation receive the
lrwest heat loads anncd al reducing energy consumption m housig sector in Shibam
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INTRODUCTION

Mod has been well Lnows as a building matenals used i the construction of housing for millenna . The
witness of mud consiruction * Babel Tower ™ up to 90 m high constructed m the 700 BC in Baghded
(Samea , 1991 ) Shibam city considered one of the integrated historical events in the soath of the Arabian
Penansula in Yemen . The city of Shibam situated i the middle of the valicy of Wadi Hadramawt 15
= vie of the supreme and unigue cxamples of Yemeni art and architecture , which kept its architectural
critéria througloul the listory (started from 700 AC 1l know) wire Shibamies builders neaintain their
louses till to day (lbrahim , 1991) Shibamics understood the physical and engineering propertics of mud
¢ casy moulding, sastabifity eovironment todesert climate and its resstance to thermal (Remeoda o al,
1988)  Shabam city consists af 500 houses and B mosques surrounded by a mud wall 7 - 8 m high wath one
wate Al buildings i Shibam are constructed of mud brick up to 8 storey (30 m) . The present paper high
lights on the types of traditional building materials locally available which have specific and distiminush
propertics 1o natural thermal system and thermal balance due 1o weather changes The paper focused on
the construction technwpue | bullding elements and construction stages The physcal comfort by day
depends mainly on a reduction of intense radiation from the sun |, ground snd surrounding balkhings
rough the proper vacntation |, The present sludy investigate on ranseenl heal fransfer througth surfaces
exposed to the sun .
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MATERIALS

The source of building matenals used in the construction of houses m Shibam is locally evadpble matenals
which Is of esrth (clay soil / mod ) as a major matesial | timber straw | tree branches ( palm tree ), tree
trunk { palm trunk ) . lime | ash ( Ramad ) oot product of the burning of white lime | wadi stones and etc
The briel deseription about the major materials used are

Clay So0il ¢ It is an earth material consisting of elay soil or mud is availnble in the Wadi of Hadramawi
consist of differente clements as tested in the laboratory and the results are given in Table 1,

Straw ¢ It is known ns (iibn) brought from the land around the roots of palm tree , the straw is sieved | the
chopper straw of approximated sizes 30 - 50 mm s used in the manufcturing of the mod brick . The finer
straw 15 rixed with mud and water where used in the process of the flooring and plastering -

Mud brick { Madar ) : Manufacturing of mud bricks isa fundamental stage in the traditional method of
the Shibamies habits 1o construct their bouses . The stages of the manufacturing the mud bnck staried with
. the clay soil is pulverised and mixed with 15 - 20 percent by weight of straw { tibn ) thoroughly mixed dry
. then adequate waler s added 1o make it casy to mould { Malleable ) , then the paste ts placed in the
wooden mould { Milol 3 laid on the ground , manually compacted and demoulded | kept for sun dried
After the sun drying the mud bricks were erranged in 10 rows near the site ready to used . The fimad size of
the mud brick is abow 30 x 50 x7.5 amn . The study found that the air dry nuwd brick 15 shrink at a rate of 10
% of its volume { wet volume ) . Atternpts has been made 1o study the crushing strength of the mud bricks
and results found between 1 1-1.32 N fmm®

Table | . Components analyses of clay soil sample

Components Symbol Percentages ( % )
Alumamim Al F4.0
Silicon 5i 0.0
Lime and Magnesium CaCO; & Mg 6.0
Ferrous Oxide FeO) B0
Cirganic maierinl — 2.0
100

BUILDING ELEMENTS AND CONSTRUCTION STAGES

Most of the buildings in Shibam  consist of different elements which are | excavation, foundation , load
bearng walls |, siabs | siairs , pantition walls, colunms eic. . The description of these cdlements with theu
constiection stages are as follows
Excavation : when the site is selected , loveling work is started a5 well as excavation work take place ,
where the depth of the foundation and its base should be rested on a hard soil or strong sofl strata, with
depth of excavation about 1.6 - 2.0 m amdd with a wadth of 1.6 m.
Foundation : Masonry stone fcoting 15 usually used with o width of footing of 1.5 m or twice thickness of
the base wall with a depth of Tooting 1.6 - 2.0 m . The construction stages were stirted al the cxcavation
beved were animal waste (droppings) s spread equally inall the excavated trench upto thickngss of 30 mm ,
s layer of rock salt w placed on the pmmal waste with 50 mm thickness | the function of this sali 5 io
absorb  the water amd deters any under ground insects coimng uplo the floor . Ther a wooden loys (1daan)
[0 - 200 mm dismeter were lod poarallel to the lengih of the wall placed on the kaver of rock =ali
Another layer of white kme and ash ( Ramaad ) of about 20 - 30 mm thick is placed and mixed watly
wooden fogs until it leveled . A luyer of broken stones { 50 - 150 mm diameter ) is placed upie 400 - 500
e thick as alard core . Then the construction of rubble musanry stip footing is started upto a height of
.5 - 1.0 m above U ground level (GL) as shown in Fig 1 .
It can be seen from thi figure that the lower layers of the constrection of the footing contain antmal waste |
ock salt | wooden logs and ( lime + ash ) respectively of total thickness 340 nim which are a natural
HANSHOORMals acting a5 a cushion below the stone footing which can be absarb any impact load |, in addition to
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thes function , ot can be prevend capiliary action and minimize transfer of the thermal due to canth .
Wall Foundation : Tihe masonry stnp fooung ended a1 the GL tlign |, the wall foundation constructed with
the same thickness of the footing { 1600 mm ) with reduction slope from external sade of the wall
foundation [ LHS Fig 1 ) up (o the wall thickness 860 mm
Load bearing walls : These walls are constructed afler the wall foundation with thickness of 860 mm
upto the height of the ground foor ( 3.5 m -4.0m ), then the wall continue 15l the roof hetgll - The
techigque used here that the gradusl decrease in the thickness of the wall till the roof reached 10 300 mm
ihick . The reduction of the thickness from the extemal side of the wall , where a5 from the mternal side
semuain straight or vesticil as showa In Fig, ©
Sinbs @ After fimishing the consiruction of the all walls | the joists { ud ) ane aranged in equal distances of
SO0 mm ( browght from Clrst's = tleorn tree known lib ) Tlre branches of palm tree is used 10 covered the
uaps belween joisls ond then carpet { hond made from leaves of palm tree ) is spread on the area . On the
fop & muxture of mud straw with adequate water 5 placed and beveled  ( 150 = 200 mm thick ) Gl it dned a
Liyer of slaked lime o spread  on the misd Noor as & finishing naatersal . 10 is olserved 1wt the nud Ooor
constructed with 3 steady shope

Stoirs 1 As i is mentioned that Slabam buildings are a rnilti - storey buildings | the stairs are of the
mnportant elements | all the stairs are constracted wilh a central column butly from mud bricks | the steps
are constructed by wooden beams logs and coversd with mud straw
Openings 1 All the opemangs and windows are concentrated in the main facade of the buildings providisg
overlooking the stre¢t amd squares wvard of the town |, Inorder (o recerve enough lighting it day teme and
aiso. prevent neighbours louse overlooked . From ihe field study it is observed that the exterior and
mieror position of the openings determines the smount of the lighting required by wadenced or narrowed
the openings size foi ke purposes of ventilntion and visshifity . Beside the windows there ane openings
used for ventilation purposes placed a1 shallow height
Hools = Similar technbque has been uaed as shabs comstruction | In addition a finishing matenal (o the
surface 15 used , where ash and fime are mixed and spread onthe surface of the roal . 1t 15 observed that
Uiis fimishing malesials had sullicient resistance to the weathering condition e.g rain , wind and reflection of
Ihe sun Tays
Mlastering and Finishing ; From the field observation it is found that there is two methods are used lor
plastering . (1)External plastering ; all the walls are plastered by a miodure of mud aml sieved siraw ( fine
sraw jwith water |, kept until ot dry-, then next layer of mixire 30 % of fine sand and mud s placed | thes
Meisham take placed cither by slaked Hme or by ash . [t has been found that in the back walls & mixture of
tane + ash} s appled to resian waber amd mosture - (2)lntcrial plastering - 1015 done by maxture of fing
straw with maud | then linsshed by staked lime which is polished by special stone to give safsce shinnng
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ORIENTATION

The thermal comfort m a building is depends 1o o great exient on ils orientation characterisiic , niateraks
wsed and type of construction adopted . In Shibam buildings there i practicaily very little choice of
matesals were ail the malerials are locally mvailable , n simple method of construction echmique were
adopted . The only way to ensure maximuim possible thermal comfort is correct oricntation of Ue buildmy
Shibam situated i the middle of the valley of Wadi Hadramawt, Shibam ¢ity conststiol 500
houses and 8 mosques surrounded by a mud wall 8 m high with one gate. The traditional
irchitectural hertape of mud construction had been practiced for cepturies in Yemen  The perfect
bioclimatic architectiural design of buildings have stood , the test of time &5 some buildings are 300 year old
‘Fhese houses were planned and designed to interact with climatic condilions as well as social waditions 1o
mininkze costly needs for comfort cooling and  heating  The mcthods and principles of city design and
plansed used, reveal an advanced functionalism , which rellected in the adoplition of wrchisteciure in its
desails | to public and private needs , secunly and delence requirements  Amonp that also specific
crwiranmentnl conditions detailed that the city bad been planncd nround warrow. and shady strecis

Buildings ere constructed from mud bricks were useid i the construction of walls | slabs . oors and rools
with different types of openings and ventilation which provide climatic comfort { Damlufi , 1987 ),

i nalysis :

I the south east of the Arabian Peninsuls in Yemen especiplly Hadramaw! and similar locations the air
temperature. during summer is very high . Wadi Hadramawt located at 16'latitude and 49 longitule has
exireme hot and dry condition in summer and low temperature in winler shows a typical desert climate 4
shown In Figs =% and ¢ with considerable difference between the seasons of 14° C and a rather wide
diumal temperature mnge { approx. 107 - 13° C ). The climate in Shibam is dry with very litthe riin

Mormally the prevailing wind is from south - west to cast . The west wind however ks
nol comforable and accordingly the location of the main rooms i Shibam buildings has been found oa the
caslem side ag for s possible to protect it from westerly sun in the after noon as well as from thi: high
wosterly wind  The field study investigated that most of buildings in Shibam face the directon of
geevailing wind so Ut they obtain the maximum benefit from air movement cven on days when (liere 15
vnly stight mevenvent of air out side
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Urentation with respect 10 wind is an important factor because of its cooling effect . The study found that
tive buildings in Shibam have been fu'lflled the consideration of selecting the ofemation and planning of
the houses where the two main factors are - (i) The inaident solar intensities which depends on the altiude
and mmmuth of the sun _ {it) The direction of prevailing winds during different momhs of the year . The
only way to ensure moximmum possitle thermal comfort is correct orientation of the buildings . The study
observed that in Shibam buildings maximum advantage of sup and wind liave been congidered 10 satisfy bin
cheatic  teeds of the occupants . The study also found that | fo minimize the beat gain nSummer and gam
the benefit heat in wanter the longer walis of buildings in Shibam foced norh - south and sharter walls

Meed east - west a5 in Fig % o that il is clearly obscrved that the minimtm wall area s exposesd to the
rays of U after noon swim

[ ] o]

I is important 10 ke in 1o account e difference in tempermiurc il the dilference in pressure which
casss pir movement | Hot air anises | and oir flows [rom areas of positive pressure Lo arcas of negative
pressite in dut openings close fo the ceiling belp the escape of foul air and are good from ventilation point
of view  The study found that in Shibam buildings the inlel openings is low enough Lo ensure maximum
vertilation at the nomal living level , where as the location of the outlet openings dose not noticealdy
affert  the imenor air low a5 shown in Fig € I is known that the opening on both the sides is more or less
equal | which is good for cross - ventilation  Wiale consideration take placed by origntation | wind
megvemensl  ond opening with air movenen | it should be pay sltention 1o Uw rool which 13 exposed 1o 1l
dirget sun radiation |, the more heat the roof reflects more leat peade the rooms  with msulation less heat
penetrate through the consiruction In the Shibam buildengs #t 15 observed that . the surface of the rool is
plaklered by a layer of white ime which is the best and cheapest trentinent, whicly is sheorb 21% of solar
radkation.
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ABSTRACT

in this papeér the influgnce ol some buillding materials which are mos! commonly buill in the
monolitisation of the solar house heal storages s beated from the Eco-quality aspect. The
ambianial ar Eco-gqualily of the solar house direclly depends on the building materiais buill in
the heat siorage. The special accenl 5 given o the indodr emwonment Eco—quality Trom the
radiation aspect. From ihis poinl of view, the gas radon (™An) tha main influence on the
ncOOr ermdnonment air quadity

in the design of the solar houses haal slorages Ihe most common buillding matenals are:
concrete, siona, sand and brck. These malenals were specially observed n this paper. The
contents of the nalural rackonuchides and the 1oltal equivalent radepacihvity in these matenals
The knowledge of conlenis of the natural radhonuchides and iotal equivalent rackoactivity in
lnese budding malenals are the relevand faciors for architecl's by decision on the “health®
matenals. Acconding thae ICRP and UNSCEAR recommendations, the Eco-quality of the solar
house indoor ar is delined @) 1998 Published by Elsevier Science Lud, All rights reserved.
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LOW TEMPERATURE SOLAR ENERGY HEAT STORAGES

Solar energy 5 a ime dependan! energy sowce, The succass of ils apphcalion 15 relected
through the effickency facior of ifs usehd accumulabon and is adequate comversion. The
designars decson on the location of the heat storage. which may be placed on the house,
in the house or out of it, &8 dependanl on the season sun rays amouni, heal demands ol the
house as well as appked system. In the passve made archeleciure, the allempt should be
mage o slore solar engrgy Dy 1he masswve alements of Ihe house, such as facade wall
panels, floor and nber lloor constructon, waler conlainers, slone storage eic

The Ihenmoaccumedalve mass should be drectly exposed o the sunfavs 5o that it can
mesemally accumulate incComing heat and = the same Eme presenl overteating of the indoot
emaronment. n the desgn phasa (he atempl should be made 1o make the accumulaine
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