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Introduction to EarthenBuildings

Althoughthe technologicaldevelopmentsof our time and socialchanges
suchasmigrationto cities haveceizedthe relationshipbetweenman andthe
land, experts in various fields emphasizethe importance of soil for the
physicaland mentalhealthof humanbeings

Earthbuildingsmeet all current needsof the societiesfrom the poorestto
the wealthiestat the highestlevel by usinglessenergy and without polluting
the environment



Why EarthenBuildings;
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Providelivingcomfort at its bestwith its ability
of thermalinsulation
Providesufficientstrengthandreliability,

It is a building material that can be produced in
any size of construction site without requiring
the establishment of a facility

Providethe opportunity to build hisown house
As the largest and heaviest element of the
structure, thenaturallydried soil walk provide
significant fuel savings during production,
construction and use of the structure.
Providethe opportunity to developthe
traditional buildingtecniquesandusingthe
locallaborin rural areas
Developedeadysoilmixturescan beproduced
in massesandsoldin bagsin the marketand
carriedto constructionsites Thisprovidesa
greatdiscountin buildingcost
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House inScottsdale Arizona,JonesStudio, House in Nap&alley California, 2003, Cuttler
Raew® a9! we¢l ! w/ I L¢C9/ ¢! AchitectutdRaewed2 d@tppe !l ! w/ I LC9
p. 29, 1997
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Rammecdearth house Arizona, USA
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Earthenbuildingwall examplegrotected from atmosphericeffectsby eaves or socles
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1st Alker House, Rindergarten Ayazag&CampusITU, 1983
plan



2nd Alker House, ITWyazagaampus,1995
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Alkerwalls

A group of people with low income have realized a community of 20 houses with the
organisation of a journalist, traveler with the participation of the local municipality in
Viranke,0lY , Ur f a
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Themixtureis preparedin the
groundandplacedin the mold by
shovel
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Plywood and planks were used as
the molds
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2. SOIL, ITS
FORMATION AN
PROPERTIES
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ABarth is the top and loose layer of the earth's crust In the earliest
geologicaperiods,the rockswhichwere shatteredby varioustectonic
eventscrumbledovertime andformed pebbles sandsandsoils

AAfterwards, they were crumbled and mixed with each other,
sediments collected in the pits being carried by floods formed
sedimentary masses with various effects such as marble masses
Someof them, suchas marble masseshave survivedand somehave
been re-broken, and combined with shredded natural cements,
forming agglomeratesand conglomerates Someof them crumbled
Into sandsand fine sands,and more crumbled onesturned into silts.
In the later periods some of the silts underwent chemical
decompositiorto form clays




Clays and Clay Soils

At the end of the developmentprocess
under various conditions and natural
conditions in geologicalperiods, clays
of different qualitieswere formed even
from those of the same origin.

Therefore, instead of clay types, clay
groupsare mentionedin the literature.

Pebbles and sands in the solil are

defined as coarsegrains,silt and clays
are definedasfine grains Claysare the

smallestof the grainscontainedin the

soil, they are smallerthan 2 microns
(0.002 mm). A small mass of clay
contains a very large number of clay
particles They form a very specific
surfacearea
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ClayParticlesattract water particlesin humid environment,their surfaces
are coveredwith water film and they gain cohesionquality. Clayparticles
attract andadhereto eachother.

The resulting clay mass adheres to solid objects, gravel and sand and
Integratesthe mass

The soil which has 1520% or more clay in its structure gains the
characteristicof clay soil. Theamount of water in the body increasesthe
volumegrows Thisis calledthe ratio of water contentin the soil.
Theintegratedsoil masshavinga certainamount of claygainsthe ability of
plasticity and forming. The desiredshapecan easilybe givento the mass,
andthe massremainsthat way:



Plasticity(Formingabllity):

Soil water mixture containinga lot of water loseswater duringdrying processandits volume
decreasesand dependingon the type and amount of the clayit contains,it turns into soft
doughat a certain water content and gainsshapingability. Thecurrent water content ratio is
definedasthe plasticlimit. Asthe drying processcontinues,the volumebecomessmaller,the
doughsolidifies,and it is necessanto use force to shapeit. When the water content ratio
decreasedo a certain level, the grainscome into contact with eachother and the volume
shrinks,the doughbecomessemtsolidandlosesits shapingability. Thecurrent water content
ratio is defined asthe shrinkagelimit. The status between plasticand shrinkagelimits is the
plastic consistencynterval and soil canbe shapedin the water content ratios betweenthese

two limits.



VisualTestesUsedto Determine Soils With CohesiorQuality

Amongthe soil samples separated Hiildingsoikwith plasticity and cohesionabilitiesbehave
positively to the preliminary visual experiments expé&dielow.

Soilsamplesare sieved through a 6 mm sieve, the pebbles are separated and the soft adough
kneaded until it becomes consistently smooth. A piece of the prepared sludge is kneaded in the

palm and a few balls of-6 cm diameter are made and samples are formed for the experiments
listed below.

The clay soil easily rolls and the balls remain intact where they are placed. -



Clay soil contaminated hand is not easily cleaned

26



Claysoilsthe knife while cutting
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Balls made of clay soil spread to the ground without falling apart and stick to the ground
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Balls made of clay soil remamonolith whenleft to dry in the shade
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Thecylindermadeof claysoilcanstayas awhole whenheld

30
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Sedimentation Test

Thesollintendedto be usedis passedthrougha 20 mm sieve
Half a jar of soil put in a jar and filled with water, shakedwell
and left still for 1 hour. Gravel,sandandtotal fine grains(silt +
clay)in the soil precipitateto form distinct layers Theratio of
the thickness of the layers to the total of the sediment
determinesthe distribution rates of the elementsin the soil. In
this experiment, some sand may remain between the gravel
and the sand- gravelseparationline may not be clear Fora
better result, a certainamountof soil is sievedthrougha 6 mm
hole diametersieveandthe pebblesare separated

Sandand total fine grainlayersremainin the sedimentin the
jar. Thevalues 2 0 shbuldifeSeckedagainstthe results
of the WashWeightest.

If the observationof the precipitatecanbe continuedfor 4to 5
days,the layersbecomeclearer The color and contamination
of the water above the jar indicatesthat the soil contains
water-solubleorganicsubstance@nd minerals



Shrinkage Test

Thesoilis sievedin a 6 mm sieveand then kneaded
into a soft dough consistencyA cylinder of about 3
cmin diameterand 25 cmin lengthis prepared Two
needlesare immersedin 20 cmintervals Thesample
Is dried in a shadyplace The samplemust remain
intact during drying It is understood that the
amount of clay is less than necessaryin the soll
where the fragmentedsamplesare taken After the
samplehasdried, the needlesare measured

Theratio of the shrinkageto the previousmeasure
givesthe linear shrink as a percentage This ratio
should not exceed 10% in suitable soils If the
shrinkagerate is large, it is understood that the
amount of clayin the soil is more than necessaryBy
comparingshrinkagequantities, information on clay
contentin soilscanbe obtained



Plasticity Test

The soll, which is sieved through a 6 mm sieve diameter, is
kneaded to a soft dough consistency. Rollers with a diameter of
about 3 cm and a length of Z&Z6 cm are made. It is placed on a
hard and smooth tableegon a glass). It is pressed with a hard
plate on the same side until the thickness 16 Bm.

j/ \ | Examples which can remain in the form of a whole strip
/

without disintegration are soils having a formable level of

\/zC \)) plasticity, containing sufficient or more fine grains. Specimens
/ that do not contain enough clay cannot maintain their integrity
— and disintegrate.
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3. ALKER




WHAT IS ALKER ?

Alker is an ecological soil, building material that provideseaseof use in variousfields,
production, application and technology in order to improve the poor quality, non-
earthquakeresistant building stock in the rural area, to ensurethe harmony of human
beingswith nature. It is a physicallyand mechanicallydevelopednaturally dried soil based
material which is produced by adding gypsum lime to stabilize,water and sometimesa
retarding agentto the clayedsolil. Theratios of the componentsvary accordingto the the
type of soilandaim of the building

Thefirst test for the ability of the soilto be usedcanbe determinedby basictry-outs on site

asexplainedabove Thesoilin an areawhichis traditionaly usedfor adobeblockso { S NLJA ceU F
Is generallysuitablefor Alker

ALKERvasdevelopedby ProfessoRuhiY | ¥ S & i® 2980n(T éz (i I T¢ahndeaUniversity
(ITY asaresearchprojectsupportedoy TUBITAK

*. - o - - . . .
1 S N@[Uukkisd) isthe specificname ofthe buildingblocknaturallydried mixture of soiland straw.
adobe(English) isisedto explainboth | S Ndnthaageneral naméor earth buildings



Components of ALKER

Saoil Gypsum Slaked lime Water

The soil used in the The gypsumaddedto the When lime City water suppliesand streams
preparation of  Alker structure, forms a network combineswith clay  in nature, which are usedin our
mixture hasto be claysoil. .  of crystal needlesthat are minerals, it daily lives without any pollution,

Theclayin the soil provides
the integrity of the massby
combining the soil grains
with its cohesion and
adhesion qualities The
grain distribution hasto be
corrected as needed in
most of the other soil
basedbuildingmaterials

strong enough to prevent
the shrinkage of the clay
The homogenous mixture
of gypsumto the mixture is
very important. The setting
time of natural gypsum
beginsin 8-10 minutes but
it increasesto 20 minutes
when mixed with soil. The
plaster gypsum with 60
minutes of initial setting
canbe found in the market
Preparation,
transportation, placinginto
the mold and compaction
of soil mixture hasto be
finished during this time
interval.

undergoes a
structural change
and transforms into
an insoluble,
permanent new
structurein time.

canbe usedin Alkermixture. The
dry clay soil with water becomes
cohesive by first adhering the

clay particlesto eachother, and
then adheringthe clay grainsto

the sand and gravelswithin the

structure, providing the integrity

of the mass Using more water

than necessarnamountadversely
effects the consistencyof the

structure.



PhysicaPropertiesof ALKER

Unit VolumeWeight and SpecificGravity

Thechangesan the graindistribution ratios of the soil are effective

in changinghe unit volumeweight

unit volume weight
fine grain (clay + siltatio in the mixture

Asthe fine grain(clay+ silt) ratio in the soilincreases,
the unit volume weight also increasesfor the fine
grainsfill the gapsbetweengravelandsandgrains

clayratio in the mixture
Shrinkage

Asthe amountof clayin the soilincreasesit is seenthat
unit volumeweightandshrinkageincrease

unit volume weight and shrinkage

gypsum and lime ration the mixture

As the gypsum and lime ratio in the soil
increasesthe unit volume and shrinkageweight
decreases




Determinationof GrainDistributionRatios
In the LaboratoryEnvironment

During the preparation of Alker mixture the first stage must be the determination of the

existinggrain distribution ratios of the soil to be used by laboratory analysis sieve analysis
and hydrometry tests. It is checkedwhether the grain distribution ratio of the soil remains
within the limits shownin Scheme 1. The soil remainingwithin these limits hasapproached
the ideal granulometry curve givingthe bestcompressivestrength. Themixture is now called

structural soil.



Thelimits of the soil
with ideal
granulometry curve
where maximum
compressive strength
IS obtained
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Testsfor the Measuremenif the PhysicaPropertiesof Alker

SHRINKAGE AND MEASUREMENT OF SHRI?

Shrinkage is generally defined as the contracting of a
hardened mixture due to the loss of capillary water.
Thisshrinkagecausesan increasen tensile stress,which
may lead to cracking,internal warping, and external
deflection,before the mixture is subjectedto anykind of
loading

Sampleswith different ratios of additives must be
tested during the preparations for producing Alker
accordingo the soilused

The amount of shrinkage is determined by
experimentingwith shrinkagedevice Theaim is to get
the mixturewith lowestshrinkage

40



CAPILLARYATERABSORPTION

In the Alker mixtures producedby adding8-10 % gypsumand 2.5 - 5% lime to the soil
water-resistant channelsare formed within the structuresin which no loss occurs

althoughthe bodyisfilled with water.

Sampleof water absorptionexperiment Water rise in capillary water absorption test samples

41



Samples  without
additives and with
different ratios are
seen on the
photograph

On top: The sample
without additive
Thesecondfrom top
with only gypsum
added

The third from top
10% gypsum 2.5%
lime,

At the bottom 10%
gypsum 5% lime
samples in the
capillary water
absorption test as
seen on the
photograph




EROSIORESISTANEEPRINKLEREST

Thesoil containinga certainamountof clayis very sensitiveto water. Swellingand disintegrationoccurswith
the effect of water. It is seenthat dispersionis minimizedin Alker mixture and almostdisappearsvhen the
lime ratio isincreased

While the sampleswith no additivesare completely devastated,the wear on the samplesproducedwith
Alkermixtureisverylow as seenin the figure.

Beforethe sprinklertest After the sprinklertest
43
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While samples produced from plain soil are completely dispersed
and disappeared, losses in samples produced with Alker mixture are
very small and can be reduced to zero if desired.

While the rate of wear is 100% and 62% in plain samples,t decreasego
2.57% and 2.24%in the samplespreparedwith Alker mixture, and we see
that the abrasionin the samplepreparedby adding 10% gypsumand 5%
lime to the higherclaycontentisincreasedo 8.50%

Excessamount of clay in the structure, as well as other physicaland
mechanicalproperties,adverselyeffect, decrease®rosionresistance
Duringthe formation processof Alker,the clayremainsin its natural state
without any structural changesand showsits natural behaviorin every
direction.

44



MechanicaPropertiesof ALKER

The mechanicalproperties of the soil block samplesproducedwith Alker mixture are improved significantly
comparedto soil blockswithout additivesby adding gypsumand lime and using soil of which the grain

distributionis corrected

Theproduct doesnot becomebrittle like other products,it gainsductility. Theybecomeproductswhich are

not affected by water and have sufficient mechanicalqualities In addition to compressivestrength, the

modulusof elasticityis reducedand the material becomesductile. On the other hand, the shearresistance
and stiffnessmodulusincreaseand gainimportant qualitiesfor earthquakeresistance

The compressivestrength of soils taken from nature is very low. In soils whose grain distribution ratio is
corrected,thesevalues  genddllyaround10kgf/ cm2 and gainthis strengthafter alongdryingperiod.

Thisproduct gainssufficientstiffnessfor its settingprocesss completedin a shorttime becauseof the gypsum
in the mixture preparedby the soilswith correctedgraindistribution. If block productionis made,the product
canbe put into the stackimmediatelywithout the needfor curingand drying processlike in other products

Thepressureincreasego 25-30kgf/ cm2 after 7 daysandthe material continuesto strengthenovertime.



o T

In the compressive strength test, it is seen that pure samples are completely
dispersed and Alker blended samples are broken in pyramid shape

46



If Alker isevaluatedby its technical aspectdueto the test results

Unit volume weightof Alkerisless tharthe plain soil material,

Shrinkageand swelling rates are very small,

It has a continuous capillary channel which is not affected by too much water,
Compressiveand shear strengths and elastic and stiffness modules at the required
@ t dzS & FT2NJ GKS adNUzOG dzNB =

erosion resistant,

It does not require curing and drying processes in production
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Accordingto our observationswe made after many earthquakesn our country the
traditional mudbrickstructureswith beamsproducedaccordingto the buildingrules
were not destroyedanddid not causeanylossof life. Thisfactis alsofoundin almost
all of the experts'damagereportsin earthquakezonesafter the earthquake

Therefore, the idea that adobe structures are not resistant to earthquakesand
causingdeathis not consistentwith the factsand needsto be corrected

Thebehaviorof Alker blockswith improved quality and ductile structure with 2-3
timesgreatercompressiveand shearstrengththan conventionalmudbrickstructures
will be muchbetter againstthe earthquake Theimageson the following pageshaave

photos supporing this phenomena Most of the collapsedstructureswere built with
round stones,not adobe
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Woodengirdersprovideearthguakesafetyin traditional buildings



Earthquake impact on walls with girder



Shaking Table Test

A test was carried out to see the behaviour of Alker against earthquake by using
shotcrete method for filling the molds. Alker mixture is repelled in 2.40 m high and 40
cm wide in 5/5 dimensions molds.

The compressive strength in the samples were 0.3MPa while it is 3.5 Mpa in rammed
earth applications. For the shotcrete is not a proper method for Alker production the
application resulted as a weak building.

——

Shakingablétest-_RepeIIingAIker inthe Thebuildingbefore the test
moldsby shotcretemethod.

e,



A plastic mesh texture was placed on the wall blocks on
every 50-60 cm height as girders. A concrete slab was
built as a ceiling. After 3 months of drying, the shaking test
was carried out according to the current procedures. After
the experiment, the building remained intact except for
some cracks. The mesh horizontally laid to serve as a
beam creating a horizontal sliding surface and provided

the building to survive although the building was a weak
one.




5. ALKERVALLTRIALJUNERO19

Samples of Alkgsreparedwith different ratios of additives




Alker wall trial-preparationfor the mixture and pouringin the mold.
Since a homogeneous mixture of gypsum and lime is desired, it is preferred to make a dry mixture before adding wa



Rammingstageof the ALKERnhixture in the mold



FINAL STAGE

ALKERvall after the mold
wasremovedafter an
hour the casting




