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PREFACE
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OZET

Diinya niifusunun 6nlenemez artisi-
na uygun olarak konut iiretimi ve arzi
ne kadar 6nemli ise, yasanan cevreye
verilen yiikiin en aza indirilmesi de o
kadar onem kazanmaktadir. Kerpic
yap1, sadece diinya iizerinde kolay bu-
lunan bir malzeme oldugu i¢in degil,
ayni zamanda insan sagligmma uygun
ortam sartlarim1 gergeklestirdigi ve
ekolojik dengeyi korudugu icin diinya
niifusunun 1/3’1 tarafindan kullanil-
makta ve bir¢cok sanayi lilkesinde de
arastirmalar1 siirdiiriilmektedir.

1978’den bu yana ITU Mimarlik
Fakiiltesi’nde kerpi¢ arastirmalar1 ke-
sintisiz devam etmektedir. Alc1 ve top-
ragin karistirilmasi sonucu elde edilen
priz yapan yap1 malzemesi (1980 TU-
BITAK MAG 505) kullanilara, 1983
yilinda sanayi destegi ile “1. Kerpic
Deneme Yapis1” insa edilmis ve ayni
zamanda bir yliksek lisans tezine esas
olusturmustur.

On ¢alisma ve bulgularin 15181 altin-
da kerpi¢ yapinin toplu konuta kazan-
dirilmasi istenmis ve mekanize ingaat
teknolojisinin arastirilmasi geregi be-
lirlenmistir.

Al¢1 katkili kerpi¢ yapi malzeme-
sine uygun mekanize insaat teknolo-
jisi ve standartlarinin belirlenmesinde
amacg; yoresel yapt malzemesi ve is
giiciiniin, toplu konut sektoriinde kul-
lanilacak rasyonalizasyona yiikseltil-
mesi, lilkenin 1sinma enerjisi ve biitge-
sinden tasarruf edilmesi, lilkenin dogal
kaynaklarinin korunmasi ve insanlara
yasanacak kalitede konut saglanmasi-
dir.



Calisma bes ana bdliimden mey-
dana gelmektedir. Giris boliimiinde,
kerpig yapi i¢in teknoloji gelistirmenin
amaci, konut sektoriiniin hedefi, konut
icin kerpi¢ yapinin uygunlugu, kerpic
yapinin konut sektoriine kazandiril-
mas1 asamalar1 anlatilmaktadir. Ay-
rica iyilestirilmesi diisiiniilen alanlar
teknolojik, sosyolojik, idari ve kiiltiir
miras1 olarak tanimlanmistir. Calisma,
izlenecek yontemi agiklayarak tekno-
lojik gelismeyi kapsamaktadir.

Ikinci boliimde, dnce al¢ili kerpici
meydana getiren toprak, kire¢ ve al-
¢inin malzeme ozellikleri, karisimin
mekanik ve fiziksel Ozelliklerine ait
bilgiler daha once yapilmis ¢alismalar-
dan derlenmistir.Bu bilgiler yardimiyla
laboratuar deneyleri yapilmistir. Labo-
ratuarda hazirlanan numuneler iizerin-
de, kullanilacak karisimin fiziksel ve
mekanik deneyleri yapilmis, santiye-
de mekanizasyona uygun islenebilirlik
seviyesi tespit edilmistir.

Uciincii boliimde, algili kerpice uy-
gun mekanize insaat teknolojisini ge-
listirmek amaci ile diinyadan (Fransa,
Isvigre) gelismis, Tirkiye’den gele-
neksel kerpig tiretim siirect ornekleri
verilmistir. Insaat baslamadan Once
malzemenin hazirlanmasi, karistiril-
masi1, kaliplanmasi, kiirlenmesi gibi
islemler dizisi santiye c¢alismalanna
uygun hale getirilmistir.

Yapidan genel olarak beklenenler
tanimlandiktan sonra hazirlanan pilot
yap1 i¢in proje ¢izilmistir. Duvarlarin-
da kerpi¢ yapi malzemesi kullanilan
arastirma binasi, toplu konut standart-
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larinda , 100m? olarak insa edilmistir.
Kerpi¢ malzeme, insaat siirecine ozel
bir sinirlama (Orn. geleneksel kerpic
liretimin sadece yagmursuz yaz ayla-
rinda yapilabilirligi) getirmeyecek se-
kilde uyarlanmustir.

Dordiincii boliim arastirmadaki bul-
gular, tablolastirilmistir. arastirmanin
standartlasmaya katkisini agiklamak-
tadir. standarttaki (TS 2514) maddeler
ile ilgilerine gdre tablolastirilmstir.

Besinci boliimde, arastirma asa-
malarindaki sonuglar derlenmis ve
oneriler agiklanmigstir. Bilindigi gibi
geleneksel kerpig diisitk mukavemetli,
su ve nemli ortamlara dayaniksiz du-
var malzemesidir. Arastirmanin dnceki
asamasinda, al¢ili kerpice suya daya-
nikh, yeterince yiiksek mukavemetli
malzeme 6zelligi kazandirilmistir. TU-
BITAK INTAG TOKI 622 No.’lu bu
arastirmada ise toplu konut diizeyinde
kerpi¢ iiretimi i¢in makina kullanimi
ve malzemenin islenebilirligi gelisti-
rilmistir. Bir sonraki arastirma asamasi
olarak, prototip iiretimden kitle tiretimi
asamasina gecisin planlanmasi oneril-
mektedir.
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ABSTRACT

The certain increase in the world
population has caused the importance
of the housing requirement as well as
the minimization of the problems relat-
ed to the environment. 1/3 of the world
population lives in earthern construc-
tions not only because the material is
locally available on the world but also
it can provide healthy settlements for
human, respecting the ecological bal-
ance. That's why many industrialized
countries promote the greater use and
researches on earthern construction.

Architectural Faculty of Istanbul
Technical University is researching
earthern construction constantly since
1978. The property of the earthern
construction material stabilized by
gypsum was improved at 1980 (TUBI-
TAK MAG 505). At 1983, supported by
the industry the “1. Adobe Research
Building “was constructed to promote
a post-graduate thesis at 1.T.U. This
reference building had been used as
the I.T.U. kinder-garden for 9 years.

Based on the preliminary studies,
it was intended to promote the eartern
construction for the use of mass hous-
ing and the need for research for the
mechanized construction technology
was decided. The purpose of deter-
mining the mechanized construction
technology and the standards for the
gypsum stabilized earthern construc-
tion material, is to rationalize the local
construction material and local man
power to be utilized in mass housing.
To preserve natural resources, to save
funds of the country and to improve
housing that fulfill the human demands
are also important for rationalization.



The study consists of five main sec-
tions. in the introductory section, the
purpose of developing technology for
earthern construction, the aim of hous-
ing sector, adobe construction’s being
appropriate far housing, the possibil-
ities of using adobe in housing sector
steps are explained. Also, the fields
that are aimed to be developed are de-
scribed as technological, sociological,
administrative and cultural heritage.
The concept and methods of the study
are described.

In the second section, before the
laboratory experiments, the proper-
ties of the materials (earth, lime and
gypsum) for adobe and the information
about mechanical and physical speci-
fications of the mixture have been col-
lected from previous studies.

Physical and mechanical experi-
ments have been made on the sample
mixtures prepared in the laboratory
and the level of workability according
to the mechanization in the construc-
tion site is determined .

In the third section, the traditional
adobe production processes from Tur-
key and the developed examples from
the world (France, Switzerland) have
been studied in order to improve the
mechanized construction technology
for gypsum stabilized adobe.

Proportioning the stabiliser ( gyp-
sum and lime), application of the ad-
equate mixer, application of the in-
dustrial moulds and application of
the adequate compaction have been
made appropriate to site working. Af-
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ter naming general expectations from
the building , a project of the reference
building has been drawn. 100 m? ref-
erence building has been constructed
according to the mass housing stan-
dards . As known, traditional adobe is
vulnerable to weather conditions, the
new adobe material has been adopted
not to bring any specific limitation far
the construction process .

In the fourth section, far the help of
the research in the standardization, the

results of this research are classified in
terms of the standard (TS 2514).

In the fifth section, the results of dif-
ferent levels in the research have been
accumulated. In TUBITAK INTAG
TOKI 622, workability of the adobe
material using machines is determined
to be suitable far mass housing. The
next level of the adobe researches is
suggested to step from prototype pro-
duction into mass production level.
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1.1 KERPIG TEKNOLOJiSi
ARASTIRMASININ
AMACI VE KAPSAMI

Insan belirli ¢evre sartlar1 icinde rahat
yasayabilir. Kerpi¢ yapt 9000 yildan
daha fazla siiredir i¢ mekan konforunu
saglamistir [1].

Yapilar, endiistrilesme devriminden bu
yana endiistriyel yap1 malzemeleri ile
insa edilmeye baglamistir. Ancak bu
yap1 malzemeleri, ihtiyaci bir sefer-
de karsilayamaz. Isi, nem dengeleri,
yangin, su, ses korunmalari i¢in gesitli
malzemelerin birbirini tamamlamasi
gerekir.

Endiistriyel iiretim (¢imento, demir
vb.) kati, sivi ve gaz atiklar ile ¢ev-
reyi kirletmekte, proses i¢in kullandigi
enerji ile diinyanin geriye doniisi ol-
mayan dogal kaynaklarini tliketmek-
tedir. 1976’da 1.6 milyon ton kar-
bondioksit atmosfere atildi. 6000 kisi
hava kirliliginden 6ldi. 1977/80 arasi
A.B.D. 1s1nma enerjisini %28 diistirdi,
aydinlatma enerjisinde ampul tipi de-
gistirilerek giinde 500.000 varil petrol
tasarrufu saglamayr diistinmektedir.
Cevreye verilen zararin dengelenmesi
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1.1 THE AIM AND THE SCOPE
OF THE RESEARCH OF
ADOBE TECHNOLOGY

People can live healthy in specific envi-
ronmental conditions. Adobe construc-
tion has been providing inner space
comfort for more than 9000 years [1].

Structures have been built with indus-
trial structural materials since indus-
trial revolution. However, these mate-
rials can not meet the demand alone.
It is necessary that various materials
complete one another to avoid effects
of heat, moisture balance, fire, water
and sound isolations.

Industrial production (conrete, iron
etc.) pollutes the environment with sol-
id, liquid and gas wastes and consumes
non-recyclable natural resources of
the world with the energy it uses in
the process. 1.6 million tones carbon-
dioxide is released to the atmosphere
in 1976. 6000 people died due to air
pollution. It reduced heat energy of the
USA by 28% between 1977-1980. It is
planned to provide 500.000 barrel oil
savings daily by changing type of the
lamp in illumination energy. It is esti-
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ve insan hayatinin bir siire daha siirdii-
riilebilmesi i¢in yilda 700 milyar dolar
harcama yapildigr tahmin edilmekte-
dir. [2]

Cok katli yapida yasama 0n sartt yok-
sa, yaygin yerlesme sansi veya geregi
varsa “al¢1 katkili kerpi¢c yap1” yeri
doldurulamayacak bir yap1 tarzidir.
Yoresel malzeme ve is giicli kaynak-
larin1 degerlendirir. Stabilizasyon so-
nucu mekanik ve fiziksel ozellikleri
iyilesmistir. i¢ mekan konforu yiiksek,
bakimi onarim masraflar1 azaltilmais,
giivenilir yapilar insa edilebilmektedir.

Bu aragtirmanin kapsamu icerisinde ise
aleili kerpi¢c karisimin islenebilirligi
degistirilerek, ¢agdas insaat metod ve
ekipman ile rasyonel ingaat yapilabil-
mesi saglanmistir. Al¢ili kerpi¢ malze-
me ve teknolojisinden yararlananlar;

a. Kendi konutunu yapanlar veya toplu
konut yapimcilar olabilir.

Toplu konut yapilmas1 halinde ise,
ya,

b. emek yogun insaat olarak planlana-
bilir veya,

c. endiistriyel kaliplara dokiilerek kitle
iiretimi sistemine uyarlanabilir.
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mated that 8700 billion is spent annu-
ally for balancing damage given to the
environment and maintaining human
life for some more time [2].

If there is no precondition to live in
a multi-storied building and there is
chance or need of widespread settle-
ment, ‘“‘gypsum stabilized adobe” is
an irreplaceable construction type. It
makes use of the local materials and
productive power supplies. As a result
of stabilization, its mechanical and
physical qualities have been improved.
Trustworthy buildings, whose inner
space comfort is high and whose resto-
ration expenses are reduced, are being
built.

In this study, the workability of gyp-
sum-stabilized adobe has been revised
to ensure rational constructions with
contemporary construction methods
and equipment. The ones who benefit
from gypsum stabilized adobe materi-
als and technology may be:

a. The ones who make their own build-
ings or the ones who build housing es-
tates.

In the possibility of housing estates
either;

b. It may be planned as a labor inten-
sive work or

c¢. Industrialized construction process
for mass production.



Biiyiik yerlesmelerin ¢evre yiikiinii
aza indirebilen, yoresel yasama ve
yap1 kiiltiiriniin korunmasi agisindan
biiyiik katkis1 olan arastirmanin amact,

1) Kullaniciya saglikli ve 6denebilir
konut

2) Planci, uygulayictya ve yatirimci-
ya gilivenilir kerpi¢ yapt teknolojisi

3) Devlet yoneticilerine enerji biit¢esi-
ni, ¢evre kaynaklarini ve kiiltlir mirasi-
n1 koruyan iskan imkanini saglamaktir.

1.2 KONUT SEKTORUNUN
HEDEFLERI

Artan niifusun konut ihtiyaci yanin-
da, savas, deprem, sel, siyasi go¢ vb.
sebeplerle “topluca iskan” s6z konu-
sudur. 2. Diinya savast sonunda Avru-
pada konut arastirmalar1 konut sektorii
icin “rasyonellesme” yi hedef olarak
belirlemistir. “Rasyonellesme, eldeki
imkanlarla en iyi, en ¢ok iiretimi en
kisa zamanda yapmak” olarak tanim-
lanabilir [3]. Boylelikle kisa zamanda
yap1 Uretimi sektoriinde fabrikasyon
ve montaj teknikleri gelistirilmistir.
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The aim of this study, which can reduce
the environmental impact of large set-
tlements and which has an important
contribution to the preservation of lo-
cal life and building culture, is to pro-
vide;

1) Wealthy and affordable houses for

the user

2) Reliable adobe construction tech-
nology for the planner, applicator and
investor

3) Settlings that preserve energy, bud-
get, natural sources and cultural he-
redity for the authorized.

1.2 THE AIMS OF THE HOUSING
SECTOR

Together with the housing demands
of the growing population a “group
settling” because of war, earthquakes,
flood, and political migration, is the
point of discussion. At the end of 2nd
World War, Europe set ‘rationaliza-
tion’ as a target for housing sector.
Rationalization can be defined as mak-
ing the best production in the largest
amount but in the shortest time with
the existing opportunities” [3]. In this
way, within a short time fabrication
and mounting techniques in the con-
struction and production sector have
been developed.



28

Bir sonraki 6nemli hedef kusag:
“Akillr yapilar™ olarak tanimlanabilir.
1930’dan bu yana c¢ok katli biiro bina-
larinda kullanilan ve insan konforunu
mekanik olarak saglayan donatinin
giiniimiizde otomasyonla kontrol edil-
mesi “akilli yapilar” terimini olusturur.
Otomasyon daha sonra konutlarda da
kullanilma sansim1 bulmustur ve ko-
nutlarda “akilli yapilar” donemi bas-
lamuastar.

Cok sanayilesmis iilkelerde ¢evreye
verilen zararin giderek “insan hayati”-
ni1 tehlikeye attig1 gortilmektedir. Cev-
re kirliligi tehlikesi konut sektoriinde
“cimento”, “tugla”, “aliminyum” vb.
yap1 malzemesi Uretimi sirasinda da
ayni boyutta devam etmektedir. Boy-
lelikle konut sektoriinde ulasilmasi
istenen 3. hedef kusagi ise bu rahat-
sizliklar iyilestiren, ¢evre yiikiinii en
aza indiren “saglikli yapilar” olarak
belirlenmistir.

Saglikli yapilarin hedefleri [4] :

A) Kullanict saghig:
B) Ekoloji
C) Yapilabilirlik

bagliklar1 altinda toplanabilir.
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The next important target gener-
ation can be defined as intelligent
buildings. The automation control of
services that has been used since 1930
in multistoried office buildings and
that provides human comfort mechan-
ically leads to the term “intelligent
buildings”. Automation is later given
a chance to be used in houses and the
“intelligent buildings” period has thus
started in houses.

In greatly industrialized countries,
it has been seen that the damage given
to the environment has started to en-
danger ‘human life’. The threat of en-
vironmental pollution also continues
in the production of construction ma-
terials like “cement”, “brick”, “alu-
minum”, etc., at the same dimensions.
Thus, the 3rd target-generation aimed
to be reached in the housing sector
is determined as ‘“‘healthy buildings”
which reduce environmental impacts
at most.

The aims of the healthy buildings
can be summarized as [4]:

A) Occupant health
B) Ecology
C) Affordability



KONUTLASMANIN HEDEFLERI

THE AIM OF HOUSING
(Anahtar kelimeler)
1. KUSAK (1945- ) 2.KUSAK (1980- ) 3.KUSAK (1990- )
1rdGENERATION 2rdGENERATION 3rdGENERATION
Rasyonellesme Alkalh Yapilar Saghkh Yapilar
Rationalization Intelligent Buildings Healty Building
Rasyonellesme Otomasyon A .Kullanict Saghg:
Rationalization Automation A.Occupant Health —_—
Endiistrilesme B.Ekoloji
Industrialization B.Ecology b—
P;i:;:;:llizstz’;: EElj(onomi.k anlamll.llk C.Yapilabilirlik
" conomical meaningfulness C.Affordability
Yogun Yerlesme Teknolojik Yapilabilirlik
Large Settlement Technological applicability
DLiisiikCMaliyet Kullaniciya uygunluk
St ” i "
ow Cos KApp; opriateness for the user Yapilabilirlik I
ullanma, bakim,onarim o C
Using, attention, repair Affordability
Tasarruf Enerji
Saving Energy
Geri kazanilmasi
Recycle
Alternatif enerji
Alternative Energy
Malzeme Secimi Zararllar Azaltmak
Material Selection Minimizing harmful
Kaynak Tasarrufu materials
Resource Efficiency
Su az kullanan —
Water Less Using Ekoloji l
Yapi durabilitesi Ecology
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Structural durability
Zehirli ve Zararhlar
Toxic and harmful

Bitki Ortiisii Cevreye Saygi
Flora Environmental
Suyu az kirleten Responsibility

Little water pollution
Kati, sivi, gaz atik

Solid, liquid, gas
Diizensiz Yerlesim

Disorderly settlements

Kullanici Saghg
Occupant Health

Tablo 1.1. Konutlasmanin Hedefleri
Table 1.1. The Aim of Housing
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TABLO 1.1.A. KULLANICI SAGLIGI

Mekani ¢evreleyen duvar, doseme,
dograma v.b. yap1 dis kabuk elemanla-
r1 detay, malzeme, 1s1 yalitimi degerleri
acisindan yetersiz ise a) dis ylizeyde b)
eleman kesitinde c¢) eleman i¢ yiize-
yinde, yani mekan tarafinda, yogusma
meydana gelir. Ylzeyde mantar, kiif
gibi mikro organizmalar mekanin ya-
sama sartlarin1 kotiilestirir. Dis yapi
elemanlarinin i¢ yiizindeki sicaklik,
mekandaki sicakliktan en fazla 3°C
daha diisiik olabilir. Daha fazla fark
varsa eleman yiizeyindeki hava akimi
ve 1s1 radyasyonu etkisi ile i¢ mekanin
yasama kosullarmi koétiilestirir. Diger
yandan mekandaki bagil nem, mutfak-
ta pisirilen yemek, banyo yapilmasi,
spor yapilmasi gibi faaliyetlerle kisa
zamanda hizla artar. Insan1 rahatsiz
eden asirt nem her zaman havalandir-
ma ile uzaklastirilamaz. Bu 1sitilmig
mekanin enerji kaybetmesine sebep
olur. Boyle durumlarda betonarme per-
de gibi buhar difuzyonu az olan yap1
elemanlar1 mekan sartlarini kotiiles-
tirir. Nemin duvar tarafindan kismen
emilmesi ve zaman i¢inde iade edilme-
si rahatlik saglar (Bkz.Sekil 3.9).

Romatizma, alerji, cilt mantarla-
r1, kanser, verem, astim, yorgunluk
gibi bir¢ok rahatsizlik yasanan me-
kanin etkisiyle ya baslar ya gelisirler.
Uzun siire i¢cinde yasanan mekanlarin
malzeme O&zellikleri, 1s1-nem dengesi
(B61.3.4 Tablo 3.7.B) temiz hava gi-
risi gibi faktorler insanin sagligi igin
onemlidir.
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TABLE 1.1.A. OCCUPANT HEALTH

If structural exterior materials such
as walls surrounding the space, floor,
woodwork are insufficient in terms of
detail, material, heat insulation values,
condensation occurs at (a) exterior sur-
face, (b) cross-section of element and (c)
interior of element, namely the part fac-
ing the space. Microorganisms such as
fungi, mould on the surface deteriorate
living conditions of the space. Tempera-
ture at interior surface of exterior struc-
tural materials may be maximum 3° C
less than the temperature at the space.
If there is a greater variance, element
deteriorates living conditions of inner
space with air flow and heat radiation
at its surface. On the other hand, rela-
tive moisture increase rapidly within a
short period with activities such as meal
cooked in the kitchen, having a bath,
making sport. Heavy moisture, which
discomforts people, cannot always be re-
moved by air circulation. This results in
energy loss of heated space. In such cas-
es, structural materials, whose vapour
diffusion is low such as reinforced cur-
tain wall, deteriorate space conditions.
Partial absorption of moisture from wall
and its return within time provides com-
fort (See, Figure 3.9).

Many diseases such as rheumatism,
allergy, skin fungus, cancer, tuberculosis
and fatigue either start or develop with
the effect of space. Factors such as prop-
erties of materials, temperature-mois-
ture balance (Sec. 3.4, Table 3.7.B) are
significant for human health.



Pek cok endiistriyel yap1 malzemesi
kisa zaman Once piyasaya sunulmus-
tur. Bunlarin iiretiminde veya korun-
masinda kullanilan kimyasallarin in-
san sagligina zararlari tartisilmaktadir.
Asbest lifleri, radon gazi, sentetik reci-
neler, solventler, radyoaktif malzeme-
ler vb. “Yap1 Biyolojisi”nin arastirma
konular1 arasindadir.

TABLO 1.1.B. EKOLOJI
Cevreye Saygl

Cevre; bitki ortiisii, atmosfer, su kay-
naklari ile bir biitiindiir. insan bir yan-
dan bu dogal ¢evrenin, diger yandan
da diinyanin merkezinden ve uzaydan
gelen mikro dalgalarin olusturdugu
¢evrenin bir parcasi olarak yasar. Cev-
redeki degisimler (6rn.:mikro dalga
degisimi-kanser) insan sagligini tehdit
etmektedir. Insanlarm hayatlarini siir-
diirebilmeleri i¢in ¢evrenin korunmasi
gerekir.Sehir ve bolge diizeyinde tabi-
atin degistirilip iskan edilmesi kontrol
edilmeli, yeralt1 ve yeriistii su kaynak-
larinin tiiketilmesi veya yanlis kullanil-
masi, bitki Ortiisii ve i¢indeki canlilarin
tahrip edilmesi, kati ve sivi atiklarla
cevrenin kullanilamaz hale gelmesi 6n-
lenmelidir.

Enerji

Konut yapiminda kullanilan her
malzeme, ham maddeden yap1 malze-
mesine doniislirken, ayr1 miktarlarda
enerji kullanilir(6rn.: alg1 120°C’da, ¢i-
mento 1200°C’da firmlanir). Ham mal-
zemenin fabrikaya taginmasi, santiyeye
taginmast, binay1 olusturmasi i¢in ener-

Introduction

31

Many industrial structural materials
have been introduced to the market re-
cently. Chemicals used for the produc-
tion or for the protection of these mate-
rials have been long discussed in terms
of their effect on human health. Asbes-
tos fibres, radon gas, synthetic resins,
solvents, radioactive materials etc. are
among the research fields of “Structure
Biology ™.

TABLE 1.1.B. ECOLOGY
Respect for Environment

Environment is an integral with flo-
ra, atmosphere and water resources.
People live as a part of both this natural
environment and environment created
by microwaves coming from the centre
of Earth and Airspace. Changes in the
environment (such as changes in micro
waves- cancer) threaten human health.
1t is necessary that environment be pro-
tected for survival of humans. Change
and settlement in nature should be
controlled and consumption and mis-
use of underground and surface water,
demolition of flora and living creatures
within it and the process in which envi-
ronment becomes unusable due to solid
and liquid wastes should be prevented.

Energy

When each material used in build-
ings is transformed from raw material
into structural material, it uses different
amount of energy (for example, gypsum
is baked at 120°C and cement is baked
at 1200°C). Energy is required for
transport of raw material to factory and
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ji gereklidir. Yapi, kullanim sirasinda
konfor sartlarin1 saglamak i¢in 1sinma
enerjisi kullanan sektoriidiir. Konut sek-
torli; malzeme tiretimi, yap liretimi ve
kullanim1 asamalar1 ile en fazla enerji
kullanicidir. Sistemde yapilacak en kii-
ciik tasarruf, bireylerin ve tilkenin enerji
biit¢esini kiigiiltecek, tilkenin geriye do-
niigii olmayan kaynaklarinin (6rn.: fosil
yakitlar) korunmasini saglayacaktir.

Enerji konusunda, tasarrufun yanisi-
ra en biiyiik kazang “geri kazanilma“ ile
saglanabilir. Geri kazanilma, “lretim
prosesleri® veya “yap1 kullanim1” sira-
sinda atiklardaki enerjiden (6rn.: kulla-
nilmis su, kullanilmig hava) yararlanil-
masl1 anlamina gelir. Enerjiye doniik bir
diger calismalar, giines enerjisi gibi al-
ternatif enerji kaynaklarinin konut sek-
tortinde cesaretlendirilmesidir.

Zararhlan Azaltmak

Konut sektorii, yapilar i¢in ¢ok faz-
la diinya kaynag1 kullanir. Bir bina i¢in
tonlarca dogal malzeme islem goriip
yap1 malzemesine doniigiir. Doniistim
sirasinda her malzeme ayri miktarda
enerji kullanir.Proses sirasinda dogayz,
atmosferi, su kaynaklarin kirletir.

Ayrica ham malzeme temini, proses
ve kullanim sirasinda insan sagligini
etkileyen “zararli veya zehirli” (6rn.:
radyoaktif hammaddeler) islem veya
malzeme bulunmamasina dikkat edil-
melidir.
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to site and for constructing the building.
Construction is the sector, which uses
heat energy for providing comfort con-
ditions during usage. Housing sector
uses energy most with its phases such
as material production, building pro-
duction and usage. The least savings
to be realized in the system will reduce
energy budget of both individual and
country and protect non-recyclable re-
sources of the country (such as fossil

fuels).

In addition to savings, the greatest
profit can be obtained through ‘recy-
cle”. Recycle means benefiting from
energy in wastes emerging during
“production processes” and “building
usage”. Other researches on energy
encourage alternative energies such as
solar energy in housing sector.

Minimizing Harmful Materials

Housing sector consumes world’s
resources for buildings at a high lev-
el. Tones of natural resources are pro-
cessed and transformed into structural
materials for each building. Each ma-
terial uses separate amounts of energy
during the transformation.lt contami-
nates nature, atmosphere and water re-
sources during the process.

It should be paid attention to that
“harmful or toxic” (such as radioactive
raw materials) processes or materials,
which affect human health, are not in-
volved in the process or usage.



TABLO 1.1.C. YAPILABILIRLIK

Toplu konut i¢in yapilabilirlik; eko-
nomik anlamlilik, teknolojik yapabilir-
lik, kullanicinin sosyo-kiiltiirel ihtiyact
ve kullanim doénemi gereklilikleri ola-
rak belirlenebilir. Buradaki kavramlarin
onemleri ve agirliklan esdegerdir. Tek-
nik olarak yapilabilen ama yiiksek ma-
liyeti olan bir iiretim, toplu konut icin
anlamliligin1 kaybeder. Diger yandan
konutun kullanim donemindeki bakim
onarim periyodu, giderleri ve gerektir-
digi teknik en aza indirilmelidir.

1.3 KONUT iGiN KERPIC
YAPININ UYGUNLUGUNUN
DEGERLENDIRILMESI

Her tiirlii konut yapisinin 6mrii; “ham
malzeme temini, malzeme iretimi, ele-
man Uretimi, ingaat, kullanim, bakim-
onarim, atik olusturma, baslangica
doniis” evrelerinden meydana gelir.

Diinyada meydana gelen cevre kirlil-
igi, bunun insan gelecegini tehlikeye
sokmasi, bilingsiz yapilasma sonucu
son derece sagliksiz i¢ mekan sartlarinin
olusmas1 konut sektoriinde “yeni yapilas-
ma hedefi’ni “saglikli yapilar” olmasi
yoniinde zorladigi yukarida belirtilm-
istir. Yine yukarida saglikli yapilar de-
nildigi zaman; “kullanict saghiginin ko-
runmasli, enerjinin korunmasi, ¢evrenin
korunmasi, zehirlilerin aza indirilmesi,
yapilabilirlik” kavramlarinin tanimlari
yapilmistir. Kullanilacak herhangi bir
yapi tiiriiniin toplu konuta uygunlugunu
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TABLE 1.1.C. AFFORDABILITY

Affordability for housing sector can
be defined as economy, technological
affordability, socio-cultural require-
ments as well as usage requirements of
user. The importance and stress of these
concepts are equal. A production which
can be technologically constructed but
is expensive loses its meaning for mass
housing. On the other hand, mainte-
nance-renovation period of building in
usage period, expenses and the required
technique should be minimized.

1.3 EVALUATION OF CONFOR-
MITY OF ADOBE CONSTRUC-
TION FOR BUILDING

Lifecycle of all sorts of building is
composed of “procurement of raw mate-
rial, production of material, production
of element, construction, usage, main-
tenance-restoration, composing wastes,
returning to the beginning”.

Environmental pollution occurring in
the world, the fact that it endangers hu-
man future, creation of highly unhealthy
inner space conditions as a result of un-
conscious construction urged “new con-
struction target” in the housing sector to
be “healthy buildings”, which has been
stated above.When healthy buildings are
mentioned, concepts such as “protection
of occupant health, protection of energy,
minimizing harmful materials, afford-
ability” have been defined. Evaluation
methodology is used for determining
conformity of any building type to mass
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belirlemek amaciyla degerlendirme met-
odolojiisnden yararlanilir [5]. Yapinin
“saglikli yapilar” felsefesine uygun-
lugunu degerlendirmek amaciyla “ ko-
nut yapist omiir - stireci ” ile ““ saglikh
yapilar gereklilikleri ” nden olusan bir
matris hazirlanmustir (Tablo 1.2).

Bu matrise gore konut yapisi asama-
larinm saglikli yapilar gerekliliklerine
uygunlugu zararl (-) ve yararli (+) olarak
degerlendirilecektir. Matrisi kullanma
ornegi olarak, betonarme perdelerden
olusan bir yap1 secilirse;

A satir1 ve 2 kolonu asamasinda uy-
gunlugun degerlendirilmesi:

A2 - Ham malzeme temini / Enerjinin
korunmasi.

Yapida ¢ok miktarda ¢imento ve in-
saat demiri kullanilir. Cimento ve demi-
rin, Uretilmesi sirasinda diger malzeme
iiretimlerine kiyasla ¢ok enerji tiikketmesi
sebebiyle (-) puan alacaktir.

A satirt1 ve 3 kolonu asamasinda uy-
gunlugun degerlendirilmesi:

A3 - Ham malzeme temininin / gevre
iliskisi.

Cimento ve ¢eligin tiretilmesi sirasin-
da, geriye doniisii olmayan kaynaklar
tiiketmesi, kat1 ve gaz atiklari ile ¢evreyi
kirletmesi sebebiyle ( - ) puan alacaktir.

Matrisi kullanarak kerpi¢c yapinin

insan ve g¢evre yiikii acisindan deger-
lendirmesini yapacak olursak:
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housing [5]. The following matrix com-
posed of “building life- process” and
“requirements of healthy buildings” is
prepared to evaluate conformity of the
building to “* healthy buildings ” princi-
ple (Table 1.2).

According to matrix, conformity of
building phases with the requirements
of healthy buildings will be evaluated as
harmful (-) and beneficial (+). If a build-
ing composed of reinforced curtain walls
is selected as an example for matrix,

Evaluation of its conformity at the
phase of Line A and 2nd column:

A2- Procurement of raw material/
Protection of Energy.

Cement and construction irons have
been heavily used in the building. It will
get (-) point since cement and iron con-
sume more energy than other material
productions during their productions.

Evaluation of its conformity at the
phase of Line A and 3rd column:

A3- Procurement of raw material and
environment relation.

1t will get (-) point since cement and
steel consume non-recyclable resources
during their production and contaminate
environment with solid and gas wastes.

If conformity of adobe building is
evaluated in relation to humans and en-
vironmental load by using the matrix:
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DEGERLENDIRME MATRIiSi
EVALUATION MATRIX
Kul- Enerjinin | Cevrenin Zehirlileri Yapilabil-
Hedefler | lanic Korun- Korunmasi | Aza indirme- | irlik
Targets Saghgr | masi Protection | si Affordabil-
Konut Occu- Protection | of Environ- | Minimizing ity
Omrii-Siirsgi pant of Energy | ment Harmful Ma-
Building Health terials
Life-Process
1 2 3 4 5

Ham malz. Temini
Procurement of A
Raw Material

Malzeme Uretimi
Material Produc- B
tion

Eleman Uretimi
Element Produc- C
tion

insaat

Construction D
Kullamim E
Usage

Bakim + onarim
Maintenance + F

Renovation

Tablo 1.2 Kerpi¢ Yapinin insan ve Cevre Yiikii Acisindan Degerlendirilmesi
Table. 1.2 Evaluation of Adobe Building in relation to Humans and Environmental
Load

TABLO 1.2. A. HAM MADDE
MALZEME TEMINI

A1 - Ham malzeme temini /
Insan saghg

Ham malzeme iiretimi ingaata yakin
bir yerden uygun topragin kazilmasi ve
santiyeye tasinmasindan ibarettir. Top-
rak hazirlama faaliyetleri, al¢1 ve kireg
fabrika iglemleri, insan saghigmna zarar
vermez. Firinlama atiklar1 azdir (+).

Introduction

TABLE 1.2. A. PROCUREMENT

OF RAW MATERIAL

A1 - Procurement of raw
material / Human health

Procurement of raw material only
consists of excavation of appropriate
soil from a place near the construction
and its transport to construction site.
Soil preparation activities as well as
factory processes of gypsum and lime
do not endanger human health. Wastes
from burning are scarce (+).
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A2 - Ham malzeme temini /
Enerjinin korunmasi

Ham malzeme olan toprak i¢in sa-
dece kazi enerjisi, al¢1 ve kireg icin di-
ger malzemelerden diisiik pisirme ener-
jisi yeterlidir. Insaata tagman en biiyiik
hacimli malzeme, duvar malzemesidir.
Toprak ¢ok yakindan santiyeye tasindi-
&1 icin nakliye enerjisi en azdir (+).

A3 - Ham malzeme temini /
Cevrenin korunmasi

Pisirme enerjisi az oldugundan atik
ile kirletmesi diger tasiyici yap1 malze-
melerine gore en diisiiktiir (+).

A4 - Ham malzeme temini /
Zehirli ve zararhlarin aza
indirilimesi

Baz1 yap1 malzemelerinde solvent,
aspest lifi v.b. insana zehirli veya zarar-
I maddeler bulunabilir. Kerpi¢ dogal
ve insan sagligima uygundur (+).

A5 - Ham malzeme temini /
Yapabilirlik

Malzeme yakin cevreden para
O0demeden temin edilir. Ayrica dokme
malzeme oldugu i¢in yiiklerken ve bo-
saltirken istifleme is¢iligi gerektirmez.
Damperli kamyonla bosaltilir (+).

Giris

A2 - Procurement of raw ma-
terial / Protection of energy

Only excavation energy for soil, a
raw material, and lower drying ener-
gy for gypsum and lime are sufficient.
The greatest voluminous material in
the construction is wall material. Since
soil is transported from a near neigh-
bourhood to construction site, trans-
portation energy is very low (+).

A3 - Procurement of raw ma-
terial / Protection of envi-
ronment

Since its drying energy is low, the
value obtained from pollution due
to wastes is lower compared to other
load-bearing construction materials.

A4 - Procurement of raw
material / Minimizing tox-
ic and harmful materials

Materials such as solvents, as-
bestos fibres etc., which are toxic or
harmful for human, may exist in some
construction materials. Adobe is natu-
ral and appropriate for human health

().

A5 - Procurement of raw ma-
terial / Affordability

Material can be obtained from near
neighbourhood without spending mon-
ey. Besides, it does not require stacking
workmanship during loading and off-
loading since it is bulk material. It is
discharged through dumper truck (+).



TABLO1.2.
B. MALZEME URETIMI

(KARISIMIN HAZIRLANMASI)

B1 - Malzeme uretimi /
Insan saghg

Tastyict duvar ingaatinda kullanilan
alg1 katkili kerpi¢ yapr malzemesinin
hazirlanmasi, ham malzemelerin san-
tiye mikserinde karistirilmasindan iba-
rettir. Bu iglem sirasinda insan sagligini
etkileyecek is veya malzeme yoktur

().

B2 - Malzeme uretimi /
Enerjinin korunmasi
Har¢ hazirlama asamasinda betoni-
yer isi dakikalar mertebesinde oldugu
icin son derecede az enerji kullanilir

().

B3 - Malzeme uretimi /
Cevrenin korunmasi
Harcin hazirlanmasi asamasinda
cevreye zararli malzeme veya iscilik
yoktur (+).

B4 - Malzeme uretimi/ Zehirlilerin
ve Zararlilann aza indirilmesi
Karisimin hazirlanmasi asamasinda
herhangi bir zehir veya zarar bulun-
maz (+).

B5 - Malzeme uretimi /
Yapilabilirlik
Kerpi¢ yap1 malzemesi , malzeme
temini yoresel kaynaklara dayanan, is-
ciligi kolay anlagilan, ham malzeme ve
iscilik maliyetleri diisiik olan bir mal-
zemedir (+).
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TABLE 1.2.
B. MATERIAL PRODUCTION
(PREPARATION OF THE MIXTURE)

B1 - Material Production /
Human Health

Preparation of gypsum stabilized
adobe material used in the construction
of load-bearing wall involves only mix-
ing raw materials in site mixer. During
this process, works or materials,which
may affect human health negatively,
are not involved(+).

B2 - Material Production /
Protection of Energy
Since concrete mixing process is
completed within minutes during mor-
tar preparation phase, hardly any ener-
gy is used (+).

B3 - Material Production /
Protection of Environment
Environmentally hazardous mate-
rials or workmanship do not exist in
mortar preparation phase (+).

B4 - Material Production / Mini-
mizing Toxic and harmful materials
Any toxic or harmful material does
not exist in mixture preparation phase

(+).

BS5 - Material Production /
Affordability
Adobe material is a material whose
procurement is based on local resourc-
es, workmanship can be easily con-
veyed and raw material and workman-
ship costs are low (+).
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TABLO1.2.
C.ELEMAN URETIMi
(DUVARIN DOKULMESI)

C1 - Eleman iliretimi /
Kullanici saghgi

Eleman tiretimi asamasinda mikser-
de hazirlanan harcin endiistriyel duvar
kalibina dokiilmesi ve tokmaklanma-
sindan ibarettir. Islem makina veya
insan eliyle yapilabilir. insan saghigma
zararlt malzeme veya islemi yoktur (+).

C2 - Eleman liretimi /
Enerjinin korunmasi

Kaliba yerlesen harcin sikistirilma
isleri mekanik yapildiginda cok kisa
stirede tamamlanir. Bir mikser hazir-
lanmas1 2 dakikadir. Elektrik enerjisi
ihtiyaci ¢ok diistiktiir (+).

C3 - Eleman tliretimi /
Cevrenin korunmasi

Kalipta sekil verilen harcin dokiil-
me ve sikistirma asamalarinda g¢evre
kirliligi yaratan malzeme veya islem
yoktur (+).

C4 - Eleman uiretimi / Zehirlilerin
ve Zararlilarnn aza indirilmesi
Harcin kaliba dokiilmesi ve yerles-

tirilmesi sirasinda zehirli veya zararh
malzeme veya iglem yoktur (+).

Giris

TABLE 1.2.
C.ELEMENT PRODUCTION
(WALL CASTING)

C1 - Element Production /
Human Health

1t is composed of casting mortar,
which has been prepared in the mixture
during element production, into wall
mould and ramming. This process can
be performed either manually or by
machine. Materials or works that are
harmful for human health do not exist

().

C2 - Element Production /
Protection of energy

When compression of mortar,
which has been placed into the mould,
is performed mechanically, it is com-
pleted within a short time. Preparation
of mixture lasts 2 minutes. Electrical
energy requirement is very low (+).

C3 - Element Production /
Protection of environment

Materials or works contaminating
the environment do not exist during
casting and compression of mortar,
which is given a shape in the mould

().

C4 - Element Production / Mini-
mizing Toxic and Harmful Materials

Materials or works that are toxic or
harmful do not exist in casting or plac-
ing mortar in the mould.



C5 - Eleman liretimi /
Yapabilirlik

Eleman iiretimi endiistriyel kalip,
mekanik veya manuel sikigtirma iglem-
leri teknoloji ve fiat agisindan uygun-
dur (+).

TABLO 1.2.
D.INSAAT ASAMASI

D1 - ingaat agamasi /
Kullanici saghg:
(Insan Faktoru)

Kerpi¢ santiyesi, tamami insan
giicii ile ytiriitiilecek teknolojii sevi-
yesindedir. Ancak emekten tasarruf
kisa zamanda ¢ok is tiretilmesi veya
isin hizlandirilmas1 gibi gereklilikler
varsa mikser, bant konveyor, mekanik
kompaktor gibi araclar santiyede kul-
lanilabilir. Diger gelistirilmis kerpi¢
santiyelerinde bu tiir araglar, toprak
isleyebilecek, yani topragm yapisina,
ozelligine uyarlanmis patentli araclar
iken, bu calismada harcin 6zelligi ge-
listirilerek tiniversal insaat makinalari-
nin kullanilabilirligi saglanmistir. Ma-
kinalarla yiiriitiilen kerpi¢ santiyesinde
insan saglhigl ve insan enerjisi korun-
mustur (+).

D2 - ingaat asamasi /
Enerjinin korunmasi
Mekanizasyon ile yliriitiilen kerpi¢

santiyesinde islem siireleri kisa oldu-
gundan enerji titketimi de ¢cok azdir (+).
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C5 - Element Production /
Affordability

Element production, industrial
mould, compression processes either
manually or by machine are suitable in
terms of technology and costs (+).

TABLE 1.2.
D.CONSTRUCTION PHASE

D1-Construction Phase /
Occupant Health
(Human Factor)

Adobe construction site can be com-
pletely carried out by manpower. How-
ever, if there are requirements such as
reduction in workmanship, overwork
within a short period and acceleration
of work, instruments such as mixer, belt
conveyor and mechanical compressor
can be used in site. While such instru-
ments are proprietary tools, which can
process soil (namely, are adapted to
structure of soil), universal construc-
tion machines could be used in this re-
search since properties of mortar have
been developed. Adobe construction
site together with machines have pro-
tected human health and human ener-

(+).

D2-Construction phase /
Protection of energy

Since process periods are short in
adobe construction sites, which are
performed with mechanization, energy
consumption is very low (+).
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D3 - ingaat agsamasi /
Cevrenin korunmasi

Insaat asamasinda cevreye zararh
ve kirletici atiklar bulunamaz (+).

D4 - insaat asamasi / Zehirlilerin
ve Zararllann aza indirilmesi

Insaat yiiriitiiliirken, isciler ve cev-
re icin zararl veya zehirli bir malzeme
veya islem yoktur (+).

D5 - ingaat agamasi /
Yapilabilirlik

Kerpi¢ santiyesindeki teknoloji ve
giderler diger yap tiirlerine gore daha
azdir (+).

TABLO 1.2. E.KULLANIM

E1 - Kullanim agamasi /
Kullanici saghgi

Kerpi¢ yapmin kullanimi agamasin-
da 1s1-nem dengesi, ses diizeyi, yangin
korunumu, zararli ve zehirli maddele-
rin bulunmayisi ile insan sagligina en
uygun yapidir (+). (Baz1 ¢cagdas mal-
zemelerin sagliga zarar goriilmekte ve
piyasadan kaldirilmaktadir.)

Giris

D3 - Construction phase /
Protection of energy

There are no environmentally haz-
ardous or contaminating wastes in
construction phase(+).

D4 - Construction phase / Mini-
mizing toxic and harmful materials

Materials or works that are harmful
or toxic for workers and environment
do not exist in construction (+).

D5 - Construction phase /
Affordability

Technology and costs are lower
than other construction materials in
adobe site (+).

TABLE 1.2. E.USAGE

E1 - Usage Phase /
Occupant Health

Adobe construction is the most
suitable building for human health
with its temperature-moisture bal-
ance,sound level, fire-resistance and
non-existence of toxic and harmful
materials (+).(Some modern materi-
als are found to be harmful for hu-
man health and are removed from the
market).



E2 - Kullanim agsamasi /
Enerjinin korunmasi

Kerpi¢ yapt malzemesinin 1s1 ilet-
kenligi az oldugundan duvarlardan har-
canan 1s1 kaybr da azdir. Bu ise yapi-
nin kullanim siirecinde enerji tasarrufu
saglamaktir (+).

E3 - Kullanim agamasi /
Cevrenin korunmasi

Kullanim sirasinda az enerji kaybe-
den yapida dogal olarak daha az yakat
yakilacaktir. Boylelikle bir yandan ker-
pic yapilarda 1simnma yakitina bagli ola-
rak kat1 ve gaz atiklar azalmis olacak,
diger yandan orman bolgesi yerlesme-
lerde kagak orman kesimleri de Onle-
nebilecektir. Diinyanin geriye doniisii
olmayan fosil yakitlarmin kullanimi
azalacaktir (+).

E4 - Kullanim agamasi / Zehirlile
rin ve zararlilann aza indirilmesi

Kullanim sirasinda insan sagligi
olumsuz etkileyen zehirli ve zararl
yoktur (+).

E5 - Kullanim agamasi /
Yapilabilirlik
Kullanma siireci igerisinde , kulla-

nictya uygun, bakim onarim agisindan
kolay ve ekonomiktir (+).
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E2 - Usage Phase /
Protection of energy

Since thermal conductivity of ado-
be material is low, thermal loss in
walls is also low. This provides ener-
gy conservation during usage phase
of the building (+).

E3 - Usage Phase /
Protection of environment

Naturally, lower amounts of fuel
will be consumed in a building,
which loses lower energy during us-
age. Thus, on the one hand, solid and
gas wastes will be reduced depend-
ing on fuel in adobe buildings and on
the other hand, illegal tree cuttings in
forestry settlements will be prevent-
ed. Use of non-recyclable resources
of the world will reduce(+).

E4 - Usage Phase / Minimizing
toxic and harmful materials

Toxic and harmful materials,
which may affect human health nega-
tively, are not used during usage (+).

E5 - Usage Phase /
Affordability

1t is appropriate for occupant and
easy and economic in terms of main-
tenance and renovation during usage

(+).
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TABLO 1.2. F.BAKIM

+ ONARIM

Kerpi¢ duvar boya ve kaplamala-
rinda veya duvar bilinyesinde meydana
gelebilecek hasar konular1 1. Deneme
yapisinda 1983’ten bu yana gozlen-
mektedir. Dis duvar sivasi 8 sene ha-
sarsiz dayanmig, banyodaki su tesisati
kacagindan duvar nemlenmis, fakat
dokiilmemistir. I¢ sivalarda hicbir bo-
zulma yoktur.

F1 - Bakim + Onarim /
Kullanici saghgi
Bu belirlemelere gore kullanici
sagligina olumsuz bir etki yoktur (+).

F2 - Bakim + Onarim /
Enerjinin korunmasi
Duvar kaplama ve biinyede enetji
korunumunu degistiren bir etken yok-
tur(+).

F3 - Bakim + Onarim /
Cevrenin korunmasi
Duvar biinyesi veya kaplamalarin-
da yapilacak bakim veya onarim g¢evre

yiikii vermez (+).

F4 - Bakim + Onan / Zehirlilerin
ve zararlilarn aza indirilmesi
Duvar biinyesi ve kaplamalar1 mal-
zemesi ve uygulamasinda zehirli ve za-
rarlt yoktur.

Giris

TABLE 1.2. FMAINTENANCE
+ ENOVATION

Damages, which may occur in ado-
be wall paintings and coverings or
wall itself, “have been observed in Ist
case-research building since 1983. Ex-
terior wall plaster has survived for 8
vears and wall has absorbed moisture
from plumbing in the bathroom but has
not fallen off. Interior plasters are not
damaged.

F1 - Maintenance + Renovation
/ Occupant Health
According to these determinations,

it does not have a negative effect on
health (+).

F2 - Maintenance + Renovation
/ Protection of energy
There is not any factor changing en-
ergy protection in wall texture or plas-
ters (+).

F3 - Maintenance + Renovation

/ Protection of environment
Maintenance and renovation to be
performed in wall and its coverings
will not generate environmental load

().

F4- Maintenance + Renovation/
Minimizing toxic and harmful materials

Toxic and harmful materials or ap-
plications are not carried out in wall
and its coverings.



F5 - Bakim + Onarim /
Yapilabilirlik
Duvar biinyesi ve kaplamalarinda ,
bakim ve onarim geregi, stabilizasyon-
dan sonra aza indirilmistir. Teknoloji
ve maliyet agisindan da minimumdur

().

TABLO 1.2. o
G.BASLANGICA DONUS
VEYA ATIK OLUSUMU

PR

Yapilar fonksiyonlar1 degistigi za-
man, servis Omiirleri bittiginde, rant
saglamak amaciyla veya dogal afet-
lerle yikilirlar. Yapilarin yikilmasi ile
yok edilemeyen ¢ok miktarda kat1 atik
meydana gelir. Baz1 yap1 malzemeleri
ise rejeneri edilebilirler, yani kullanilir
malzemeye doniistiiriilebilirler. Kerpig¢
duvar malzemesi diger duvar malze-
melerinde rastlanmayacak sekilde tabi-
ata geri doner veya yine duvar malze-
mesi olarak kullanilabilir.

G1-Baslangica donius /
Kullanici saghgi

Kerpi¢ duvar, yikim sirasinda islemi
yapanlara zarar vermez, asbestli insaat-
larda oldugu gibi sokiim sirasinda sag-
lik 6nlemi alinmasi gerekmez (+).

G2-Baslangica donus /

Enerjinin korunmasi
Kerpi¢ duvarin yikilmasi bu giinkii
ingaat makinalar1 kullanildiginda ¢ok

az enerji gerektirir (+).
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F5- Maintenance + Renova-
tion / Affordability
1t is reduced after stabilization due
fo maintenance and renovation in wall
and its coverings. It is minimum in
terms of technology and costs (+).

TABLE 1.2.
G.RETURNING TO THE
BEGINNING OR WASTE

Buildings are demolished when
their functions change and their service
life is over or to provide profit or due
to natural disasters. Large amounts
of nonperishable solid wastes emerge
with the demolition of buildings. Some
construction materials can be regen-
erated; in other words, can be trans-
formed into usable materials. Adobe
material returns to nature more than
other wall materials and can be used
as wall material once again.

G1-Returning to the Beginning
/ Occupant Health

Adobe wall does not give damage
to person performing demolition trans-
action. It is not necessary that health
measures be taken during disassembly
as in asbestos construction (+).

G2-Returning to the Beginning
/ Protection of energy

Demolition of adobe wall requires
hardly any energy when current con-
struction machines are used (+).
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G3-Baslangica donus
| Cevrenin korunmasi

Kerpi¢ duvar malzemesi yikildiktan
sonra tamamen dogaya doner veya is-
tenirse yapt malzemesi yapilabilir (+).

G4-Baslangica doniis / Zehirli-
lerin ve zararlilarin aza indirilmesi

Yapinin yikim asamasinda zehirli
veya zararl yoktur (+).

G5-Baslangica donus
| Yapilabilirlik

Kerpi¢ duvarin baslangica doniis-
tiirtilmesi karmagik teknoloji gerektir-
mez, maliyeti diisiiktiir (+).

Matris incelemesinde goriilmekte-
dir ki, kerpi¢ yap1 bugiin ve gelecek-
teki konutlasma beklentilerine uygun
bir yap1 malzemesi ve sistemidir. Bu
degerlendirmeyi  tasiyicis1  betonar-
me, tugla, ahsap, ¢elik olan konut ya-
pilart icin tekrarlayacak olursak bu
kadar olumlu sonucglara ulasamayiz.

Gilintimiizde konut yapma hedefleri
insan ve cevre kriterlerine agirlik ver-
mistir. Kerpi¢ yapinin insan saghigi ve
cevreye yararlar1 g6z 6niinde bulundu-
rularak 622 no’lu aragtirma ile kerpicin
islenebilirligi iyilestirilmis, toplu konut
sektoriiniin yararlanmasina sunulmus-
tur.

Giris

G3-Returning to the Beginning
/ Protection of environment

Adobe material returns completely
to nature after demolition or can be
transformed into construction materi-

al, if preferred (+).

G4-Retuming to the Beginning/
Minimizing toxic and harmful materials

There are no toxic or harmful ma-
terials during the demolition of adobe
wall (+).

G5-Returning to the Beginning
/ Affordability

Returning adobe wall to the begin-
ning does not require complex technol-
ogies and its cost is low (+).

It can be seen in the matrix exam-
ination that adobe building is an ap-
propriate construction material and
system for current and future housing
expectations. If this evaluation is to be
conducted for buildings whose load
bearing material is reinforced con-
crete, brick, timber or steel, such pos-
itive results cannot be obtained.

Current housing targets attach im-
portance to human and environment.
Considering benefits of adobe building
for human health and environment, the
research number 622 has improved
workability of adobe and it is offered to
the utilization of mass housing.



1.4 KERPIG YAPILARIN
iYILESTIRME ALANLARI

Kerpic yap1 teknolojisini toplu konu-
ta yararli hale getirebilmek i¢in, diinyada
en ¢ok kullanilan bu yap1 malzemesinin
neden diinyada ve yurdumuzda yerini
endiistriyel yap1 malzemelerine terk et-
tigi konusunda gerekgeleri teshis etme-
lidir.

Insanlar endiistriyel yapt malzemeleri
ile inga edilen yapilarda daha iyi yasana-
cagmi zannetmektedirler [6].

Ancak biliyoruz ki yiiksek teknoloji
ile tretilen yap1 malzemeleri dahi ele-
mana dontistiikleri zaman elemanin yiik-
lenmesi gereken biitiin gorevleri yerine
getiremezler.

Bir ¢ok malzemeden olusan katman-
larin detaylanmasi gerekmektedir. Me-
sala betonarme perde ile olusturulmus
bir mekanda, mekan 1sisinin korunmast;
ayrica duvar i¢ ylizey sicakliginin yeterli
ve gerekli diizeyde olmasi i¢in duvar izo-
lasyonu ilave edilmelidir.

Bu ise ayr1 bir malzeme ve isgilik
maliyetini beraberinde getirir. Bu ilave-
lerden sonra mekanda bagil nem dengesi
bozulur. Ciinkii 1s1 izolasyonu, yalitim
degerini kaybetmemesi i¢in, buhar ge-
¢irimsiz bir katman ile mekan yoniinde
korunmalidir.

Bu durumda “tastyici betonarme du-
var + 151 izolasyon malzemesi ve is¢iligi
+ buhar gecirimsiz katman ve isciligi”
yan yana kullanilmis olmakla beraber
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1.4 THE IMPROVEMENT FIELDS
OF ADOBE BUILDINGS

In order to make adobe building tech-
nology applicable for the mass housing,
it must be determined why this most used
construction material was replaced by
industrial construction materials in the
world and in our country.

It is assumed that people live more
comfortably in buildings constructed by
industrial materials[6].

But we know that, even construction
elements produced by appropriate tech-
nology cannot fulfill all duties that ele-
ments should undertake.

Layers, which are composed of many
materials, must be detailed. For in-
stance, in a space formed by reinforced
concrete wall, in order to maintain ther-
mal value of the space and to keep tem-
perature of interior surface of the wall
at an adequate and required level, wall
isolation must be added.

This brings together an extra cost of
material and labor. After these additions,
relative humidity balance in the space
is spoiled. Since heat isolation must be
maintained in the direction of the space,
together with a vapor barrier layer so as
not to lose its isolation value.

In this case, although “load bearing
reinforced concrete wall + heat isolation
material and workmanship + vapor im-
permeable layer and workmanship” will
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mekandaki bagil nemin konfor diizeyin-
de tutulamayacag gorilmektedir. Ker-
pic duvar ise “tastyicilik + 1s1 yalitimi +
1s1 depolama + buhar diflizyon degeri”
ile yapmm tasiyicilik ve koruyuculuk
gorevlerini, konfor sartlarin1 dahi sagla-
yarak, tek basina yerine getirir.

Ancak geleneksel kerpicin zayif ol-
dugu noktalar bu malzemenin gdzden
diismesine sebep olmaktadir. Tablo
1.3 da kerpicin zayif oldugu “sinirlayi-
c1 oOzellikler”, arastirmalar (MAGS505
ve TEZ’84) ile saglanan “iyilestirilmis
ozellikler” ile karsilastirilmistir.

Yap1 performanst boliimiinde (say-
fa.130) kerpi¢c yapmin ozellikleri daha
genis incelenmistir. Kerpi¢ yapmin bu-
giin kisith kullanilmasmin nedenleri ve
tyilestirme yonleri asagidaki basliklar
altinda derlenebilir:

Giris

be used altogether; it is seen that the rel-
ative humidity in the space will rise over
the comfort level. However, adobe wall
with “load-bearing + heat insulation
+ heat conservation + vapor diffusion
value”, provides the load-bearing and
protection tasks and even comfort condi-
tions of the building alone.

Still, inadequate aspects of tradition-
al adobe have resulted in disfavor of this
material. “Limiting characteristics” and
“improved characteristics” of adobe,
which have been obtained as a result of
researches (MAG505 and TEZ’84), are
compared in Table 1.

Characteristics of adobe construc-
tion have been examined in further detail
in the section regarding building perfor-
mance (see page.130). The reasons why
adobe construction is used limitedly and
improvement methods can be compiled
under the following headings:
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SINIRLAYICI OZELLIiKLER
LIMITING CHARACTERISTICS

Geleneksel Kerpi¢ Yapi
Traditional Adobe Building

Alker-MAG 505 ; TEZ’84 ve 622°95
Gypsum MAG 505 ; TEZ 84 and 622795

Mud preparing broad area

1 | Suile karsilaginca sisme,dagilma Servis omrii icinde tesisat kacagindan
Swelling and dispersing when meets dahi dagilmamistir
water It hasn 't dispersed within the service life
even from the installation leakage.
2 | Diisiik mukavemet 2,8-4,5 N/mm? (simir 2 N/mm?)
Low Resistance 2,8-4,5 N/mm2 (Standards 2 N/mm2)
3 | Yiizey tozlanmasi,bozulma Tozlanmayan, dayamikh yiizey
Surface dusting, spoiling No dusting, enduring surface
4 | Omriiniin kisa olmasi,bakim istemesi | 8 sene sonra 1 cephe siva istedi
Short duration,needs maintenance 8 years of plaster duration
5 | Rotre problemi %1,5’e indirilmistir
Shrinkage problem Reduced to %1,5
6 | Kerpic kesme :yagissiz-yaz 4 mevsim iiretim
Adobe production :not in rainy seasons Not limited by the seasons
7 | Kerpic¢ kurutma :yagissiz-yaz yok
Adobe drying :No rain-early in summer | No drying process
8 |insaat donemi :yagissiz-yaz 4 mevsim iiretim
Construction period :No rain-summer Not limited by the seasons
9 | Kerpic kesme : uzun is¢ilik Tokmaklama veya kesme
Adobe production : long term workman-
ship Tamping or feathering processes
Kerpi¢ kurutma : uzun iscilik yok
Adobe drying : long term workmanship No drying process
11 | Duvar érme : uzun iscilik isi yok
Masonry : long term workmanship No work
Camur hazirlama genis alan yok

No mud preparing process

Kerpi¢ kesme genis alan
Adobe production broad area

Duvara dokiim
Casting on the wall

Kurutma isleri icin genis alan
For drying process broad area

yok
No drying process

Ozel killi toprak bulunmasi
Special clayey earth

ozel killi toprak gerekmez
No clayey earth requirred

Blok yapiminda geometrik kararsizhk
Geometric instability in block production

Geometrik kararhhk
Geometric stability

Duvarin dis1 yagistan korunmah
Exterior wall must be protected from rain

Acik birakilabilir
May be left open

Tablo 1.3 Kerpic Yapinin Insan ve Cevre Yiikii Acisindan Uygunlugunun
Degerlendirilmesi
Table. 1.3 Evaluation of Adobe Building in relation to Humans and Environmental Load

Introduction



48

1.4.1 TEKNOLOJIK

Yapi teknolojisi malzeme, iscilik, arag -
gerec ve ayrica yapinin ingaatini saglayan
bilgi ve diger katkilar igerir. Yapinmn iki ana
gorevi vardr; tastyicilik ve koruyuculuk.
Bu iki gorev kendi iclerinde ikiye ayrilirlar.
L.cisi, kendini ve insan ihtiyaglarindan do-
gan seyleri giivenilir sekilde tasimak, 2.cisi
ise yap1 saglig1 ve insan faktorii ile ilgili sag-
likh mekanlar yaratmaktir. Teknolojinin ya-
piya katkisi ise, giiniin imkanlar ile yapmm
bu iki gbrevi basartyla yerine getirmesini
saglamakti. Mimarhk Fakiiltesi’nde yapi-
lan kerpic teknolojisi ¢aligmalarinin amact,
kerpi¢c yapmmn tastyicilik ve koruyuculuk
gorevlerini, gliniin ihtiyaglarm karsilayacak
seviyede ¢ozmesine katkida bulunmaktadir.

1.4.1 SOSYOLOJIK

Kerpic yap1 bir yandan avantajli olmasi,
diger yandan teknolojik gelismelerine rag-
men, konut sektoriindeki yerini alamamak-
tadi. Bunu toplumdaki sosyo-ekonomik
gelismelere baglayabiliriz.

Yapi kurallarinin unutulmasi

Para kazanmak i¢in kirsal kesimden se-
hire gelenler ingaatlarda gahsirlar. Memle-
ketlerine geri dondiikleri zaman calistiklart
ingaatm bilgisi ile, yani betonarme iskelet ve
ince tugla duvarh evler yaparlar. Boylelik-
le kendi kiiltiirlerinin saglikli yapilarma ait
yap1 kurallar1 yeni nesillere aktariimaz.

Giris

1.4.1 TECHNOLOGICAL

Construction technology covers in-
formation about material, workmanship,
tools and instruments as well as and other
aspects that provide construction of a build-
ing. The building has two main functions:
carrying and protection. These two func-
tions also divide into two groups. The first
is to carry reliably itself and things resulting
from human requirements and the second is
to create spaces for building health and hu-
man factor: Technology s contribution to the
building is to ensure that the building fulfils
these functions successfully with current op-
portunities. The aim of researches conduct-
ed in Faculty of Architecture is to contribute
to adobe building to overcome carrying and
protection functions at a level where current
requirements are met.

1.4.2 SOCIOLOGICAL

Despite adobe construction’s advantag-
es and its technological developments, it
does not hold a place in housing sector that
it deserves. This can be associated with so-
cio-economic developments in society.

Forgetting construction rules

Those coming from rural areas to urban
areas in order to earn money usually work in
constructions. When they return to their home-
town, they build houses by using information
they have obtained from construction; in other
words, they build houses with reinforced con-
crete framework and walls made of thin brick.
Thus, construction rules of healthy buildings
pertaining to their own culture cannot be con-
veyed to new generations.



Yapi modasi

Kirsal kesim mnsani, sehirde endiistriyel
malzemelerle yapilan yapilarm i¢inde daha
iy1 yasandigini zannederler; sehir modasma
uymak veya diger komsularna iistiinliik
saglamak amaciyla binalarini kolon kirig
sisteminde yaparlar. Ancak binalarin tagima
ve koruma gorevleri kurallara uygun olma-
digr gibi yeterli de degildir.

Kerpigin sanayi Grunt
olmayisi

Kerpi¢ yap1 malzemesi piyasa sartlarin
saglayamadigr i¢in “talep” konusu olma-
maktadir. Bilindigi gibi sanayi tirliniiniin
“piyasa tutmast’, onun ihtiya¢ sahiplerine
tanittlmasi ile baglar. Tanitim giiniimiizde
biitcesi saglanmig reklam kampanyasi ile
yapilabilir. Bu biitgenin reklamdan rant ya-
pacak bir yatirimcist olmahdir. Biitiin bu
mekanizma, kerpi¢ yap1 malzemesi sanayi
tiriinii ve yatirmcist olmadigi i¢in gergekle-
sememektedir. Toplumun bireylerine, iilke
ekonomisine ve diinya ekolojisine katkisi
diistiniilerek kerpi¢ yapmin tanitma gérevini
arastrmacilar yiiklenmislerdir. Bu davrams
esasen “teknolojik gelismeler” siirecinin bir
halkasidir. Calisma, birgok dis tilkede temsil
edilmis ve yaymlara almmustir. Ulkemizde
de uygulayicilar i¢in tamtma toplantis1 ve
egitim seminerleri yapilacaktir.
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Construction fashion

Rural people think that they can live
move comfortably in buildings made of in-
dustrial materials in cities. They build their
houses in pillar-joist system so as to keep
pace with urban fashion and to provide su-
periority over their neighbours. However,
carrying and protection functions of build-
ings are not in compliance with rules and
are inadequate.

Since adobe is not an
industrial material

Adobe construction material is not in
brisk “demand” since it cannot satisfy mar-
ket conditions. As known, industrial materi-
al can “be in demand in the market” when
it is introduced to those who need it. Intro-
duction can be realized with advertising
campaigns whose budget is provided. This
budget should have an investor who will get
profit from this advertising campaign. All
of this mechanism cannot be materialized
since adobe construction material is not
an industrial material and does not have
an investor. The duty of introducing adobe
construction is assumed by researchers who
consider the contribution of adobe to indi-
viduals of society, national economy and
world ecology. This behavior is basically
is a part of “technological developments”
process. The research has been represented
and published in many countries. Introduc-
tory meeting and education seminars will be
held for applicators in our country.
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1.4.3 IDARI

Kerpi¢ yapt uzun donem “yoresel
yapi kiiltiiriiniin tekniginden” ve “cag-
dag arastirmalarin  giivencesinden”
yararlanamamustir. Boylelikle rastge-
le yapilan binalar bir yandan senele-
rin tahribatma diger yandan, (alaninin
%92’sinde deprem riski olan tilkemiz-
de) deprem tahribati ile giivenirligini
kaybetmistir. Universitemizde ulasilan
teknolojik diizeyde, kerpi¢ yapinin iire-
tilebilmesi i¢in resmi makamlar tara-
findan ihtiya¢ duyulan;

Yonetmelik

Alcili kerpi¢ malzeme ile bireysel ve
toplu konut yapilmak istendiginde,
kontrol ve onaylar ile ilgili yonetme-
liklerin hazirlanmis olmasi gerekir.

Standart

Kerpi¢ yap1 teknolojisi alaninda ham
madde temini, malzeme ve eleman tire-
timi, yapimin insaati, is¢ilikleri, ayrica
ara¢ ve gereclerini degistiren INTAG
TOKI 622, igin uygun standartin olus-
turulmalidir. Bu ¢alismanin dordiincii
boliimiinde standartlagsmaya katki ifade
edilmistir.

Topluma 6rnek sunmak

Tanimlanan sebeplerle itibarini kaybe-
den kerpi¢ yapt malzemesinin tekrar
konut sektoriine kazandirilmasi igin
kerpi¢ yapinin tastyicilik ve koruyucu-
luk gbrevlerini yerine getirdigini toplu-
ma kanitlamak gerekir [6]. Bu amagla

Giris

1.4.3 ADMINISTRATIVE

Adobe construction has not ben-
efited from “technique of regional
building culture” and “assurance of
contemporary researches” for a long
time. Thus, buildings constructed ran-
domly have lost their reliability due to
damage of years as well as destruction
caused by earthquake (92% of the total
area of our country is under the risk of
earthquake).

Regulation

When individual and mass housings
are to be built with gypsum stabilized
adobe material, it is necessary that
regulations regarding its control and
approval be prepared.

Standard

Proper standards must be established
for INTAG TOKI 622, which has
changed raw material procurement,
material and element productions,
building construction and tools and
instruments. In the 4th section of this
research, the contribution to standard-
ization will be mentioned.

Setting an example for the society

It is necessary to prove to society
that adobe construction fulfils carrying
and protection functions so as to bring
adobe construction material back to
housing sector, which has lost its re-
liability due to the abovementioned



arastirma grubu TEZ’84 ile 1.Deneme
Yapisini INTAG TOKI 62295 ile 2.
Deneme Yapisii hayata kazandirmis-
tir. 1.Deneme Yapist 9 sene siire ile
ITU. Rektorliigii Ayazaga kampiisiiniin
Ana Okulu olarak kullanilmastir.
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reasons [6]. To this end, the research
group materialized st Case-Research
Building together with TEZ’84 and
2nd Case-Research Building with IN-
TAG TOKI 622°95. Ist Case-Research
Building was used as Kindergarten of
Ayazaga Campus of ITU for 9 years.

Resim 1.1.0smaneli Yoresi Kerpi¢c Konut (Kiiltiir Mirasi)
Picture 1.1. Adobe Houses in Osmaneli District (Cultural Heritage)

1.4.4 KULTUR MiRASI

Yoresel yapi kiilttri

Tarihteki kilometre taslar1 “mima-
r1” veya “anonim mimari” eserlerdir.
Bu eserler, donemlerine ait geligmele-
ri agik kiitiiphane gibi topluma akta-
rirlar; bolgesel 6zellikleri ile bolgenin
kisiligini yasatirlar. Bolgelerin yapisal
ozelliklerini korumak kiltiir mirasinin,
bolge kimliginin korunmasi demektir.

1.4.4 CULTURAL HERITAGE

Regional building culture

Milestones of the history are “ar-
chitectural” and “anonymous archi-
tectural” works. These works convey
the developments in their era (such
as open library) to society and keep
regions identity alive thanks to their
regional characteristics. Protecting
structural characteristics of regions
means protecting cultural heritage and
regional identity.

Introduction
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“Globallesme” veya “Avrupa Top-
lulugu” felsefesi icerisinde bu giin
insanlar daha ¢ok birbirlerine benze-
yeceklerini zannederken, yiiriitiilen en
biiyiik savas “kimlik savas1”dir. Kimlik
savasi kiiltiir parametrelerinin {istiinlii-
giinii kapsar; mesela bir {ilkenin lisan
veya miizigi veya para biriminin diger-
lerine {istiin gelmesini planlar.

Her {ilkenin kiiltiir kimligine ihti-
yact vardir. ABD'liler kizilderililerden
kendilerine miras kalan kerpi¢ yapilari,
tilkenin baslangi¢ kiiltiirii olarak ka-
bul etmisler ve korumak i¢in arastirma
merkezlerini kurmuslardir [7]. Yeni
kerpi¢ yapilar igin ise, gilincel (1982)
kerpi¢ yap1 yonetmelikleri vardir. Kiil-
tiir kimligimiz ve kiiltiir mirasimiz olan
“zengin kerpi¢ yapt varligimiz’in ko-
runmast bir gorevdir. (Resim 1.1-1.2).

Yoresel yagama kiilturu

Ulkemizde bélgelere, sehir ve kirsal
kesimlere gore degisik yasama kiiltiirii
vardir. Yasama kiiltiirti, 6zellikle insan-
larin hayatlarin1 kazandiklar1 faaliyet-
ten etkilenirler. Sehirde masa basi ¢a-
lismasi yapan insan ile kirsal kesimde
sulamal1 ziraat yapan ¢ift¢inin konut-
tan bekledikleri birbirinden farklidir.
Konut projelendirilecegi zaman kesin-
likle kullanici ihtiyaglarinin anketinden
ve analizinden hareket edilmelidir. Kir-
sal kesim insanmnim oncelikli ihtiyaci
diiz-ayak bir yapi, giinliik kullandig1
ara¢c gerec deposu, kislik erzak icin

Giris

While people assume that they will
resemble each other more within the
framework of “Globalization” and

“European Community”, the greatest
war is actually “identity war”. Identity
war involves superiority of cultural pa-
rameters. For example, it arranges that
language or music or currency unit of
a country becomes superior to others.

Each country requires cultural
identity. Americans acknowledged
adobe buildings, which are inherited
from Indians, as initial culture of the
country and established research cen-
tres to protect them [7]. Contemporary
adobe construction regulations exist
for new adobe buildings (1982). It is a
responsibility to protect “our rich ado-
be construction entities” which is our
cultural identity and cultural heritage
(Figure 1.1, Figure 1.2).

Regional living culture

Different living cultures exist in our
country according to regions, urban
and rural areas. Living culture is af-
fected especially from the activity from
which people earn their incomes. The
expectations of a person who does desk
work are different from the expecta-
tions of a farmer who performs irrigat-
ed agricultural labour in rural areas.
When a house is to be designed, survey
and analysis of occupant requirements
should certainly be considered. Prima-
ry requirements of people in rural area
are houses with plain foundations and



kiler, hayvan i¢in ahir gibi fonksiyon
alanlaridir. Biitiin bu fonksiyonlar1 yur-
dumuzun her kosesinde gordiiglimiiz
4 kath betonarme, toplu konutlara yer-
lestirmemiz akilli bir davranis olmaz
(Resim 1.5).
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which also include a storage room for
tools and instruments that they use,
a cellar for dry food for winter and a
barn for animals. Adding all of these
functions to 4-storey reinforced mass
housings, which we encounter in every
corner of our country, will not be ratio-
nal (Figurel.5).

Resim 1.2. Ege Yoresi Konut
Picture 1.2. Houses in Aegean Region

Introduction



Resim 1.3. Toplumun Konut Thtiyac1 (Ankara Yoresi )
Picture 1.3. Housing Requirement of Society (AnkaraRegion)

Resim 1.4. Topluma Sunulan Konut Resim 1.5. Toplu Konut Ornegi
Picturel.4. Housing PresentedtotheSociety ~ Picture 1.5. Mass Housing Example

Giris



1.5 GALISMANIN YONTEMI

Teknoloji, kuramsal yonden gelisme
yerine, ilkelerin uygulanmasina &nem
vermek anlamimna gelir [9]. Teknoloji
arastirmalar1 su agamalardan ge¢melidir
[10]:

1)Temel arastirma

2) Deneylerle arastirma

3) Uygulanarak arastirma

4) Deneylerle gelistirme

5) Demo, pilot, referans veya model
yapilmasi

6) Uretim sartlar1 arastirmast

7)Piyasa, maliyet, kalite,
standartlastirmanin arastirmasi

8) Alic1 ve uygulayici sartlarinin
arastirilmasi

Resim 1.6. Frank Llyod Wright ,Santa
Fe, 1959, “Pottery House” Pueblo Revival
Architecture donemi [8]

Resim 1.7. A.B.D. de Kizilderili Yap1
Kiiltiiriine Dayanan Pueblo,Kerpi¢ Yapi [8]
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1.5 METHODOLOGY

Technology means attaching impor-
tance to the application of principles
instead of theoretical development [9].
Technology researches should follow
these stages [10]:

1) Basic research

2) Research through experiments

3) Research by application

4) Development through experiments

5) Creation of demo, pilot, reference
or models

6) Determination of production
conditions

7) Researching the market, costs,
quality and standardization

8) Researching conditions of

purchaser and applicator

i -l 8 Y

Picture 1.6. Frank Llyod Wright, Santa Fe,
1959, “Pottery House” Pueblo Revival
Architecture Era

Picture 1.7.Pueblo Adobe Building based on
Red Indian Construction Culture in the USA

Introduction



Resim 1.8.1.Deneme Yapisi ( Dis )
Picture 1.8.1st Case-Study Building (Exterior)

Picture 1.9.1st Case-Study Building (Interior)

Giris



ITU Mimarhk Fakiiltesi’ndeki ker-
pic teknolojisi arastirmasi 1978’den
bu yana kesintisiz devam etmektedir
[Ek1]. Temel arastirma asamasinda,
1980°‘de TUBITAK MAG 505 [11]
ile alcili kerpi¢ yapt malzemesinin
Ozellikleri tamamlanmustir. “Referans
caligmalar’” asamasinda 1983’te yiik-
sek lisans tez konusu olarak 1.Deneme
yapisi insa edilmistir [12] (Resim 1.8-
1.9). “Teknoloji arastirmalar1” sistemi
icerisinde INTAG TOKI 622 ‘nin yeri
“Uretim sartlarimin belirlenmesi” asa-
masidir.Calismanin yontemi kisaca;

1) Onceki calismalarm incelenmesi ve
sunulmasi,

2) Laboratuvar deneyleri ile
malzemelerin islenebilirliklerinin
diizeltilmesi,

3) Santiyede mekanizasyona uygun

denemelerin yapilmasi ve aragtirma
yapisinin ingaatinin yapilmasidir.
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Adobe technology research has con-
tinued uninterruptedly in Faculty of Ar-
chitecture, ITU since 1978 [Annex-1].
At basic research stage, properties of
gypsum stabilized construction material
are defined in 1980 through TUBITAK
MAG 505 [11]. At the stage of “refer-
ence researches”, 1st Case-Research
Building was constructed in 1983 as the
subject of postgraduate thesis [12] (Fig-
ure 1.8-1.9). The place of INTAG TOKI
622 within “technological researches”
is “determination of production condi-
tions” stage.In brief, methodology of the
research is as follows:

1) Examination and presentation of
previous studies,

2) Modification of workability
of materials through laboratory
experiments,

3) Conducting experiments appro-
priate for mechanization in site and
construction of case-research build-

ing.
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1.6 SONUC

Konut sektorii giintimiizde “saglikl
yapr” tiretimini hedef olarak kabul et-
mistir. Saglikli yapilar donemi bir yan-
dan giinlimiiziin gercegi olan insan ve
cevre sagligini gozetmeli, diger yandan
rasyonalizasyondan vazge¢memelidir.
Kerpig yap1 saglikli ortam sartlar1 yarat-
t181 i¢in konut olarak kullanilmaya elve-
rislidir. Yap1 malzemesi liretimi ve yap1
kullanimi asamalarinda, diinyanin eko-
lojik dengesini koruyan ve iilkenin ener-
ji biitgesine katkisi olan yap tiirtidiir.

Konut yapiminda kerpicin tekrardan
kullanilabilmesi i¢in sosyolojik, idari,
teknolojik iyilestirmelere ihtiyag vardir.
INTAG TOKI 622 no’lu ¢alisma, yapi-
nin teknolojisi alaninda,

a) Kendi konutunu yapan

b) Toplu konut sektorii

¢) Kerpic yap1 projelendiren

d) Kerpi¢ yap1 onaylayan

e)Ulke biitgesini, kiiltiir mirasim,
ekolojisini korumakla gorevli yone-
ticiler igin alcili kerpi¢ yapiya uygun
mekanizasyon sartlarini aragtirmsgtir.

Giris

1.6 CONCLUSION

Today, housing sector aims at con-
struction of “‘healthy buildings . Healthy
buildings should not only consider hu-
man health and environment but also do
not give up rationalization. Since adobe
building creates healthy conditions, it is
suitable for housing. At stages of con-
struction material production and build-
ing occupancy, it is the construction type
that protects ecology balance of world
and makes contributions to national en-
ergy budget.

Sociological, administrative, tech-
nological improvements are required
for reuse of adobe in housing construc-
tion. INTAG TOKI 622 research has
researched mechanization conditions
suitable for gypsum stabilized adobe
construction for;

a) Those building their own houses,

b) Mass housing sector;

¢) Those designing adobe construction,

d) Those approving adobe construction,

e) Managers who are responsible for
protecting national budget, cultural heri-
tage, national ecology.
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Resim 1.10. Emlak Bankasi istanbul 1. Levent Evi
Picture 1.10. Emlak Bankasi Istanbul 1. Levent House

Resim 1.11. INTAG TOKI 622 Kerpi¢ Yap:
Picture 1.11. INTAG TOKI 622 Adobe Building

Introduction
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2.1 GIRiS

Bu boliimde, algi ile stabilize edilmis
toprak yapr malzemesinin mekanizas-
yona uygun islenebilirligi incelenmis-
tir. Alci ile stabilize edilmis toprak yapi
malzemesinin (Alker) “karisim tiirii”
ITU Mimarlik Fakiiltesi kerpi¢ arastir-
macilarinin [Ek1] 6nceki ¢alismalarin-
dan alinmustir [11] [12].

Onceki c¢alismalarda al¢1 oraninda
degisiklik yapilarak mekanik ve fiziksel
ozellikler genis bir sekilde incelenmis,
bunlarin arasinda %10 alg1 katkisinin iyi
sonug verdigi goriilmiistiir. Bu ¢calismada
da yeni toprak, al¢1 ve kire¢ kullanildig
g6zoniinde bulundurularak alg1 orani in-
celemesi, daraltilmis 6rnekleme yoluyla
tekrar yapilmis ve sonuglarin paralelligi
gozlenmistir. Dolayistyla laboratuvar ve
alan caligmalarinda kullanilan topragin
kuru agirhigini %10’u kadar alg1 katkill
stabilizasyon esas alinmuistir.
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2.1 INTRODUCTION

In this section, workability of gypsum
stabilized adobe construction material in
relation to mechanization is examined.
“Mixture type” of gypsum stabilized
adobe construction material (Alker) has
been obtained from previous studies of
ITU Faculty of Architecture [Annex-1]
[11, 12].

Mechanical and physical properties
have been comprehensively examined by
changing gypsum rate in previous stud-
ies and it has been observed that 10%
gypsum admixture gives the best result.
In this research, analysis of gypsum rate
of new soil is performed through limit-
ed sampling by considering that gypsum
and lime are used and similarity between
the results is observed. Thus, gypsum
added stabilization, which is 10% of the
dry weight of soil used in laboratory and
field researches, is taken as the basis.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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[k asamada; arastirmada kullanlacak
olan al¢1 katkili kerpi¢ yapt malzemesini
olusturan toprak, al¢1 ve kirecin 6zellik-
leri, hem daha 6nceki ¢alismalarda hem
de bu arastirmadaki saptamalar1 verecek
sekilde 6zetlenmistir.

Ikinci asamada; toprak, al¢1 ve kire-
cin olusturdugu karisimin o6zelliklerine
iliskin saptamalar, gene onceki ¢alisma-
lar ve arastirma bulgulart ile birarada ve-
rilmistir. Ayrica, nasil bir teknoloji ile bu
malzemeden en verimli sonug almabile-
cegine iliskin belirlemeler yapilmustir.

Sonug boliimiinde ise; deneysel ¢alig-
malar sonucunda gerek malzemeye ge-
rekse ingaat teknolojisine iliskin bulgular
birarada degerlendirilerek, uygulamaya
yonelik baz1 belirlemeler yapilmistir.

2.2 HAM MALZEME DENEYLERI

Alg katkili kerpig tiretiminde, kulla-
nilan malzemelere iliskin 6zelliklerin be-
lirlenmesi yapidan beklenen performan-
sin arttirilabilmesi agisindan 6nem tasir.
Bu nedenle; caligmanin asamalarinda
kullanilan toprak, al¢1 ve kirece iligkin
Ozellikler, malzemeden olumlu sonug
elde etmek amaciyla arastirilmistir. Daha
once bu alanda yapilmis olan ¢alismalar-
da ve bu arastirmada elde edilen bulgular
asagida aciklanmaktadir.

At the first stage, properties of soil,
gypsum and lime, which compose gyp-
sum stabilized adobe construction mate-
rial to be used in the research are sum-
marized in a way to provide assignations
both in previous studies and in this re-
search.

At the second stage, assignations
regarding properties of the mixture
composed of soil; gypsum and lime are
presented together with the results of
previous studies and this research. Be-
sides, determinations to learn with what
kind of technology the best results will be
obtained are made.

In conclusion section, results re-
garding both material and construction
technology as a result of experimental
researches are evaluated together and
some determinations towards applica-
tion are made.

2.2 RAW MATERIAL EXPERIMENTS

Determination of properties of ma-
terials used in gypsum stabilized adobe
production are important for increasing
performance expected from building.
Thus, properties of soil, gypsum and lime
used in the research are examined in or-
der to obtain positive results from mate-
rial. The results obtained from previous
studies in this field and this research are
explained below.

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



221 DURUMUN BELIRLENMESI
(DAHA ONCEKIi CALISMALAR
VE BULGULARI)

Kerpig, pek ¢ok kaynakta, sekillen-
dirilmis killi topragin havada kurutul-
mas1 sonucu elde edilen zayif basing
dayanimma sahip, suya karst duyarh
bir malzeme olarak tanimlanir. Yapilan
aragtirmalarda ise; kerpicin gosterdigi
dayanikliligin sadece kilin kurumasi ile
saglanmadigi, topragin fiziksel ve kim-
yasal yapisimin da kerpicin 6zelliklerini
onemli 6l¢ilide etkiledigi goriilmiistiir.

Mineral ve organik maddelerle su
ve havadan olusan toprakta, degisik bii-
yiikliikteki daneler topragin kati kismini
olustururlar. Cakil, kum, kil ve siltten
meydana gelen bu kisim “Tekstiirel Par-
calar” olarak adlandirilir [11]. Bu par-
calar, dane biiylikliiklerine bagli olarak
1912 yilinda Isvegli toprak bilgini Atter-
berg tarafindan Tablo 2.1°de gortldiigi
gibi;
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2.2.1 DETERMINATION OF THE
SITUATION (PREVIOUS

STUDIES AND RESULTS)

Gypsum is generally defined as a wa-
ter sensitive material having low com-
pressive strength due to drying shaped
clayed soil in the air. It has been seen in
the researches conducted that strength of
adobe results not only from dehydration
of lime but also from physical and chem-
ical structure of soil.

Grains in various sizes within soil,
which is composed of mineral and or-
ganic materials as well as water and
air, form solid part of soil. This part is
composed of gravels, sand, clay and silt,
which are called “Structural Particles”
[11]. These particles are classified by
Swedish soil expert Atterberg in 1912
according to their particle sizes as in Ta-
ble 2.1:

Malzeme Cakil Simirlar1 (mm)
Material Diameter Limits (mm)
Cakil 20,00 - 2,00

Gravel

Kaba Kum | 2,00 -0,20

Coarse Sand

ince Kum | 0,20 - 0,02

Fine Sand

Silt 0,02 - 0,002

Silt

Tablo 2.1.Tekstiirel Parcalarin Simiflandirilmasi [11]
Table 2.1. Classification of Structural Particles [11]

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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Toprag: olusturan cakil, kum, silt ve
kil oranlarinin belirlenerek dane biiyiik-
likleri oraninin ayarlanmasi sonucu,
kerpi¢ kalitesi iyilestirilebilmektedir.
Bu amagla, Arizona Universitesi’nde H.
C.Schwalen’in yapmis oldugu [13] “ze-
min dokusunun kerpicin fiziksel ozel-
liklerine etkisi” adli ¢alisma ile; kerpi¢
tuglasinda kullanilabilir toprak tiirlerinin
alt ve st smirlarini belirleyen egriler ve
ideal graniilometri egrisi ortaya konul-
mustur (Sekil 2.1).

Herhangi bir toprak tiirliniin grani-
lometrik yap1 yoniinden blok kerpic
yapimmina uygun olup olmadigi, Sekil
2.1°deki ideal egriye olan yakinlik dere-
cesine gore degerlendirilebilir. Topragin
graniilometri egrisinin ideal egriye yak-
lagsmasi, o toprak tiirliniin kerpi¢ yap-
maya elverigli oldugunu gostermektedir.
Ancak yerinde tokmaklanmis kerpic
yapiminda, topragin graniilometrik ya-
pisinin ideale uygun hale getirilmesi sart
degildir. Nitekim, iilkenin kerpi¢ yap1
kiiltiirtinii inceleyen E. Komiirctioglu
(1962) [14], toprak yap1 malzemesinin
islem goérmeden, ocaktan ¢iktig1 sekilde
tokmaklama yontemi ile kullanilabildi-
gini belirtmistir. Ancak bu metodta; iti-
nali caligilmasinin gerekli olduguna, aksi
takdirde beklenmedik hasarlar olabilece-
gine dikkati cekmistir.

Tekstiirel parcalardan kil ve silt gibi
ince daneler ¢akil, kum boyutundaki iri
larlar, diger bir degisle kil betonu (geo-
beton [15]) olustururlar. Ayrica kimyasal
maddelerle reaksiyona girerek stabilize

Adobe quality can be improved by the
adjustment of particle sizes of gravel,
sand, silt and lime, which compose soil.
10 this end, curves and ideal size distri-
bution (granulometry) curve determin-
ing upper and lower limit of soil types,
which can be used in adobe brick, are
put forward with the research “effect of
ground fabric on physical properties of
adobe” by H.C. Schwalen from Arizona
University (Figure.2.1).

Whether any soil type is appropriate
for adobe block construction in terms of
its granulometric structure can be eval-
uated according to its proximity to ideal
curve in Figure.2.1. Proximity of granu-
lometric curve of soil to ideal curve in-
dicates that that soil type is suitable for
adobe production. However, it is not a
condition in rammed earth production
that granulometric structure of soil is
adapted to ideal state. E. Komiirciioglu
(1962) [14], who has examined adobe
construction culture of the country, has
stated that earth construction material
can be used without being processed;
namely, as it comes out of oven by ram-
ming technique. However, he points out
that this method requires due diligence
or unexpected damages may occur.

Fine grains such as clay and silt,
which are among structural particles,
can provide rigidity by attaching coarse
grains of sand size to each other, in other
words, they compose clay concrete (geo-
concrete [15]). Besides, materials being

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri
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Sekil 2.1.Dane Boyutuna Bagh Olarak Kullanilabilir Toprak Tiirlerinin Limitleri,
Arizona Universitesi, 1935 [13]
Figure2.1. Limits OfSoil Types UseableAccording To GrainSize, Arizona University, 1935 [13]

olan maddeler de yine kil ve silttir. Dola-
yisiyla, topraktaki killi malzemenin tiirii
ve bulunma oram1 yapi malzemesinin
Ozelliklerinin biiyiik 6l¢lide degismesine
neden olmaktadir.

stabilized by undergoing a reaction with
chemicals are clay and silt. Thus, type
of clay material and its rate within soil
cause properties of construction materi-
al to change considerably.
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Bunlarin yan sira, killer igerisindeki
inorganik maddelerin (kuvars, feldspat,
mika v.b.) renk verme ve rotre azaltma
gibi birtakim fiziksel ozelliklere, orga-
nik maddelerin ise kil zerreleri arasinda
organik molekiiller halinde tutunarak
kimyasal ozelliklere etki etmesi [11];
toprak icerisindeki bu maddelerin belir-
lenmesini gerektirir. Ozellikle, topragin
fazla miktarda organik madde igermesi,
kimyasal ozelliklere etkisi bakimindan
sakincalidir. Eriyici tuzlarin (kalsiyum
karbonat...)%?2’den fazla olmasi ise ya-
pinin dmriini kisaltir [16 ].

Calismada topragin stabilizasyonun-
da kullanilan al¢1 ve kirece iliskin 6zel-
liklerin de belirlenmesi gerekmektedir.
“Algmim ham maddesi olan algitasi, jips
minerallerinden olusan bir tortul tastir.
Algi, kimyasal bilesimi CaS04 2H-0 olan
jipsin, yaklagik olarak yarim molekiil
kristal suyu kalacak sekilde kizdirilarak
suyunun ugurulmasi ve ogiitiilmesi ile
elde edilen ve su ile karistirilinca, tekrar
hidratasyon sirasinda baglayicilik 6zelli-
g1 kazanan bir yap1 malzemesidir.” [17] .

Algmin su ile karsilasinca kisa za-
manda katilagmasi (5-8 dakika), al¢1 kat-
kil kerpi¢ yapt malzemesi ile ¢alisacak
stireyi kisaltir. Bu nedenle, priz siiresi
olarak adlandirilan bu katilasma stiresi-
nin kontrol altma alinmas1 gerekmekte-
dir. Al¢1 hamurunun suw/al¢1 orani ile de
ilgili olan bu siire, vicat ignesi yardimiy-
la Slgiilmektedir. Sekil 2.2 ‘de %80 su /
al¢1 orani i¢in priz stiresi egrisi gosteril-
mistir

In addition, since inorganic materials
within clay (such as quartz, feldspar, mica
etc.) affect certain physical properties
such as tingeing and reducing shrinkage
and since organic materials affect chemi-
cal properties by holding as organic mol-
ecules among clay particles, these ma-
terials within soil should be determined.
Especially, high amounts of organic ma-
terials within soil are disadvantageous in
terms of their effect on chemical proper-
ties. Solvable salts (such as calcium car-
bonate), whose rate is above 2%, shorten
building life [16].

Properties of gypsum and lime used in
soil stabilization in the research should
also be known. Gypsum stone, raw ma-
terial of gypsum, is a sedimentary stone
composed of gypsum minerals. “Gyp-
sum is obtained when water is removed
from gypsum, whose chemical compound
is CaSOs+ 2H:0, by heating until ap-
proximately half-molecule crystal water
remains and later is grinded. This con-
struction material attains binding charac-
teristics during hydration when it is mixed
with water” [17].

Since gypsum hardens in a short time
(53-8 min) when mixed with water, work-
ing period of gypsum stabilized construc-
tion material decreases. Thus, it is nec-
essary that this hardening period, which
is called as setting time, be taken under
control. This period, which is also related
to water/gypsum content of gypsum paste,
is calculated through vicat needle. Fig-
ure.2.2 demonstrate setting time curve for
80% water/ gypsum rate [11].

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



Ayni grafik {izerinde, algmin priz
stiresini geciktirmek amaciyla karigima
katilan degisik oranlardaki kireg katkisi-
nin etkisi de gdsterilmistir. Ornegin %10
kire¢ katilmasi halinde alg1 prizi 4 daki-
ka gecikmektedir. Boylece priz (12-13)
dakika sonra baslar.
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Effect of lime admixture added to
the mixture in various amounts to delay
setting time of gypsum is demonstrat-
ed on the same graphic. For example,
in cases where 10% lime is added, gyp-
sum setting time delays for 4 minutes.
Thus, setting starts 12-13 minutes later.

B
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B 1 2// i 2.%15 Sonmiis Kire¢/Algt
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zaman (t, dak)
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Sekil 2.2. Algiya Kire¢ Katmanin Priz Siiresi Uzerine Etkisi [11].
Figure 2.2. Effect Of Lime Addition To Gypsum On Setting Time [11]

2.2.2 ARASTIRMANIN
DENEYSEL KATKISI

Bitmis yapmin 6zelligi,  insaatta
kullanilan yap1 malzemesi ve onun uy-
gulanma metodu ile sinirlanir. Bu ¢alis-
mada kullanilan malzeme ve uygulama
metodu Onceki ¢alismalar Olgek kabul
edilerek irdelenmistir. Kire¢ ve alg1 sa-
nayi triinii olduklarindan, aragtirmanin
deneysel kisminda topraga ait fiziksel ve
mekanik 6zellikleri belirleyen deneylere
agirhik verilmistir.

2.2.2 EXPERIMENTAL CONTRI-
BUTION OF THE RESEARCH

Characteristic of finished building
is limited to construction material used
in the construction and its applica-
tion method. Materials and application
method used in this research are expli-
cated based on previous studies. Since
lime and gypsum are industrial materi-
als, experiments determining physical
and mechanical properties of soil are
focused on in experiments section of the
research.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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2.2.2.1 TOPRAK ILE iLGILi
ANALIZLER

Islenebilirlik ve mekanizasyonun in-
celenmesi amaciyla insa edilen aras-
tirma binas1 ITU Ayazaga Kampiisii'nde
yer almaktadir. Insaatta kullamilan top-
rakta aymt kampiis arazisinden temin
edilmistir. Arazinin birka¢ yd&resinden
saglanan ornekler iizerinde elek analizi,
kivam limiti, birim agulik, pH degeri,
minerolojik analiz, organik madde ana-
lizi gibi incelemeler yapilmustir.

22211 ELEK VE HIDROMETRE
ANALIZLERI

Topraktaki tekstiirel pargalarm oran-
larmin belirlendigi bu analizlerden elek
analizi kaba daneli malzeme dagilimi-
n1, hidrometre analizi ise ¢apt 0.074
mm’den kiiciik olan danelerin dagilim-
lariny, bir diger deyisle silt ve kil oranla-
rinin belirlenmesini saglar.

ITU Insaat Fakiiltesi Zemin Meka-
nigi Laboratuvari’nda yapilan analizler
sonucunda; arastirmada kullanilan Aya-
zaga topragi icin degerler %49 cakil,
%23 kum ,%20 silt ve %8 kil olarak bu-
lunmustur.

Sekil 2.3’deki grafikte; daha Once
bahsedilen ideal graniilometri egrisi ile
Ayazaga topragmin graniilometrik yapi-
sin1 belirleyen egri bir arada goriilmek-
tedir.

2.2.21 ANALYSES REGARDING
SOIL

The case-study building construct-
ed in order to examine workability and
mechanization is located at ITU Ayaza-
ga Campus. Soil used in the construction
is provided from the same campus area.
Examinations such as sieve analysis,
consistency limit, unit weight, pH value,
mineralogical analysis, organic material
analyses are performed upon samples
obtained from several parts of the area.

22211 SIEVEAND HYDROMETER
ANALYSES

Sieve analysis from these two anal-
yses, where rates of structural parti-
cles in soil are determined, is used for
determining coarse grained material
distribution and hydrometer analysis
determines distribution of grains whose
diameter is smaller than 0.074mm;
in other words, rates of silt and clay.

Values for Ayazaga soil used in the
research are determined to be as 49%
gravel, 32% sand, 20% silt and 8% clay
as result of analyses conducted in ITU
Faculty of Architecture Soil Mechanics
Laboratory.

The granulometry curve mentioned
before and the curve determining granu-
lometry structure of Ayazaga soil can be
seen together in Figure 2.3.
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Sekil 2.3. Arastirmada Kullanilan Ayazaga Topraginin Graniilometrik Egrisi
Figure 2.3. Granulometric Curve Of Ayazaga Soil Used In The

Graniilometrik yapist ocaktan alindigi Adobe construction material, whose

gibi kullarlan toprak yap: malzemesi; granulometrlc structure can be used as
it comes out of oven, provides the follow-
ing advantages:
a - iri taneli harcin daha az karistirma . .
suyu istemesi, a-Coarse grained mortar requires less
b - az su kullanilan hargta rotrenin az mixing water,
olmast, b-Shrinkage is less where less water is
¢ - az su kullanilan malzemede mukave- used in mortar, .
metin artmasi, c-Strength increases in materials where
d -insaat siirecinde malzemenin elek less water 1s us @’, .
islemi ve siiresinden tasarruf edilmesi d-Savings in sieving process and period
avantajlarini getirir. during construction.
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Algili kerpic ¢alismasinda ise baglayici-
lik, kilden bagka

a) tokmaklama ile yerlestirme
b) alg1 ile stabilizasyon
¢) kireg ile islenebilirlik

sistemi ile giliclendirilmis ve yap1 hasar
vermeyecek hale getirilmistir.

2.2.2.1.2 KIVAM LiMIiTLERI

Topragin su muhtevasindaki degisimi
ile kivami arasindaki iligkinin belirlen-
mesi, malzemenin islenebilirligi agisin-
dan O6nem tasir. Bu nedenle plastiklik
limit, likit limit ve r6tre limiti olarak
belirlenmis olan kivam limitleri, aras-
tirmada kullanilan Ayazaga topragi i¢in
belirlenmistir.

ITU Insaat Fakiiltesi Zemin Meka-
nigi Labarutuvari’nda yapilan deneyler
sonucunda; malzemenin islenebilmesi
icin gereken minimum su miktar1 olarak
tanimlanan plastiklik limit %20, mal-
zemenin sivi Ozelligi gosterdigi en az
su miktar1 olarak tanimlanan likit limit
%29, daha fazla su kaybinin hacimde bir
azalmaya neden olmadig1 andaki su mik-
tar1 olarak tanimlanabilecek olan rétre li-
miti ise %7 olarak bulunmustur.

Kivam limitlerinin belirlenmesi, ka-
risimin nasil bir yerlestirme yontemine
uygun olacag1 konusunda bilgi verir. Se-
kil 2.4°de Atterberg tarafindan [18] plas-

Binding in gypsum stabilized adobe re-
search is strengthened through

a) Placing by ramming,
b) Gypsum stabilization
¢) Workability with lime

And the building becomes to a point
where it will not cause damage.

2.2.21.2 CONSISTENCY LIMITS

Determination of the relation between
change in water content of soil and its
consistency is important for workabil-
ity of material. Thus, consistency limits
defined as plasticity limit, liquid limit
and shrinkage limit are determined for
Ayazaga soil.

As a result of experiments conduct-
ed in ITU Faculty of Architecture Soil
Mechanics Laboratory, plasticity limit,
defined as minimum water amount re-
quired for the workability of material, is
determined as 20%. Liquid limit, defined
as minimum water amount where mate-
rial exhibit liquid characteristic, is 29%.
Shrinkage limit, which can be defined as
water level, which will not result in fur-
ther decrease in volume, is 7%.

Determination of consistency limits
provides information about for which
placing method the mixture will be suit-
able. State of rammed earth [19, 20] and

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



tik indeksi ve likit limit iligkisinin goste-
rildigi grafikte [18]; tokmaklanan kerpig
[19], [20] ve blok kerpicin [19] durumu
ifade edilmistir.

Ayn1 grafik iizerinde, arastirmada
kullanilan Ayazaga topragina ait kivam
limitlerinin hangi siirlar igerisinde kal-
dig1 da goriilmektedir. Buna gore, aras-
tirmada kullanilan toprak tokmaklanmis
kerpi¢ yapimi i¢in uygundur.
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adobe blocks [21] is demonstrated in the
graph by Atterberg [18] where the re-
lation between plastic index and liquid
limit is presented in Figure 2.4.

In which intervals consistency limits
of Ayazaga soil used in the research are
located is also demonstrated in the same
graph. In line with this, soil used in the
research is suitable for rammed earth
production.
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Sekil 2.4. Plastisite Diyagrami [19]

Figure 2.4. Plasticity Diagram [19]
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2.2.2.1.3 BIRiM AGIRLIK

Topragin birim agirhiginin saptan-
mas1, katkili toprak malzemede birim
agirhgn ne sekilde degisim gosterdigi-
ni belirleyebilmek acisindan 6nemlidir.
Boylelikle, alc1 katkili kerpic malzeme
icin 1s1 iletkenlik katsayis1 degerlerinin
ve ses hizinin birim agirliga bagl olarak
degisimi incelenebilir.

ITU ingaat Fakiiltesi Zemin Mekanigi
Labaratuvar’inda yapilan Proctor deneyi
sirasinda, Ayazaga topragi icin %15 su
muhtevasina gore birim agirhk degeri
1850 kg/m? olarak bulunmustur.

2.50

2.2.2.1.3 UNIT WEIGHT

Determination of soil s unit weight is
important for determining in which way
unit weight in gypsum stabilized adobe
material changes. Thus, change in heat
conductance coefficient values and sound
speed depending on unit weight can be
examined for gypsum stabilized adobe
material.

During Proctor experiment conducted
in ITU Faculty of Construction Soil Me-
chanics Laboratory, unit weight value is
determined as 1850 kg/m3 according to
15% water content for Ayazaga soil.
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Sekil 2.5. Proctor Egrileri [21]
Figure 2.5. Proctor Curves [21]
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Sekil 2.5¢de Isvicre Karayollar1 Birli-
gi (VSS)‘nin, su muhtevasina bagl ola-
rak kuru birim hacim agirlik degerlerinin
degisimini farkli toprak tiirlerine gore
belirledigi proctor egrileri goriilmektedir
[21]. Bu egrilere gore; Ayazaga topragi,
2 rakam ile ifade edilmis olan “cakil,
kum, killi silt” tiirtindeki toprakla ben-
zerlik gostermektedir.

2.2.2.1.4 PH DENEYiI

Stabilizasyon i¢in harca katilan algi-
nin priz siiresi asit ortaminda yavaslar.
Bu tiir etkinin ortaya ¢ikma ihtimali-
ne karsilik kullanilacak topragin ortam
0zelligi incelenmistir.

Topragin  pH degerini belirlemek
amaciyla, TS 3263 [22]‘e gore; 200 gr
toprak etiivde kurutularak desilatére ko-
nulmustur. Yaklasik 24 saat kadar bekle-
tildikten sonra alimip 0.1 mg duyarlikli
METTLER aleti ile 30 gr tartilmis ve 75
mililitre su igersine konulmus, daha son-
ra SPIN-MASTER aleti ile bu karigim 1
dakika kadar karstirilmistir. Sonugta pH
degeri olarak 6.6 okunmustur. Bu deger
topragin hemen hemen notr ozellikte
oldugunu gostermektedir (Tablo2.2)[6].
Daha sonra karigim pH degeri 24 saat
sonra yeniden Ol¢iilmek tiizere tekrar
SPIN-MASTER aletine konulmustur.
Bu siire sonunda, toprak belli bir doy-
gunluga erismis durumdayken PH dege-
rinin 7.6 oldugu gozlenmistir. Bu deger,
topragin belli bir doygunluga eristikten
sonra bazik karakter kazandigin1 goste-
rir.

75

In Figure 2.5, proctor curves by
Swiss Highway Association (VSS), where
changes in dry unit weight volume val-
ues according to water content are de-
termined for different types of soil, can
be seen [21]. According to these curves,
Ayazaga soil shows resemblance to the
soil of “gravel, sand, clayey, silt” type,
which is defined with number 2.

2.2.2.1.4 PH TEST

Setting time of gypsum added to the
mortar for stabilization slows down in
acid. In case such effect, environmental
characteristics of the soil to be used are
examined.

200gr soil is dried in drying oven and
placed into desolator in accordance with
1S 3263 [22] in order to determine pH
value of soil. After waited approximately
for 24 hours, it is placed into 75mm wa-
ter and this mixture is mixed for about
Imin with 0.Img sensitive METTLER
tool. Finally pH value is determined to
be 6.6. This value indicates that soil is
almost neuter (Table 2.2) [6]. The mix-
ture is placed into SPIN-MASTER after
24 hours to measure its pH value once
again. At the end of this time, it is ob-
served that pH value is 7.6 when soil.
This value demonstrates that after soil
reaches a certain degree of saturation, it
gains alkaline characteristic.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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pH DEGERI | ORTAM OZELLIGi
pH Value Environment Characteristic
5.5 Yiiksek Asit
High acid
5,5-6,5 Diisiik Asit
Low acid
6,5-17,0 Notr
Neuter
7,0 -8,0 Diisiik Baz
Low Base

Tablo 2.2. Ayazaga Topraginin pH Ortam Ozelligi.
Table 2.2. pH Environment Characteristic of Ayazaga Soil

2.2.2.1.5 MINERAL BILESiMi

Topragin kat1 kismini olugturan gakil ,
kum, kil ve silt karisimindan kil ve siltin
daneler arasinda baglayicilik karakteri
tasimasi ve kimyasal maddelerle reaksi-
yona girmeleri nedeniyle, bu maddelerin
tiir ve miktarlarinin belirlenmesi gerekti-
ginden bahsedilmisti (Bkz. sayfa.39).

Bu amagla, arastirmada kullanilan
topragm mineral bilesimi iTU Maden
Fakiiltesi Optik Mineroloji Labaratu-
var’inda belirlenmistir. Once kesitleri
alinarak mineral bilesimi, tane boyutu
ile de doniisiim mineralleri saptanmustir.
Ayrica ayn1 Ana Bilim Dalindaki x-151n-
lar1 labaratuvarinda, kil minerallerinin
tayini i¢in “x- 1smlar1 toz yontemi” ile kil
mineral bilesimleri saptanmistir. Polari-
zan mikroskopla yapilan incelemelerde,

2.2.2.1.5 MINERAL COMPOSITION

Since clay and silt, which take place
in gravel, sand, clay and silt mixture
composing solid part of the soil, have
binding characteristic for grains and un-
dergo a reaction with chemicals, it has
been mentioned that amount and types
of these materials should be determined
(see page.39).

To this end, mineral composition of
soil used in this research is determined
in ITU Faculty of Mines Optic Mineral-
ogy Laboratory. Initially, by taking cross
section, its mineral composition is deter-
mined and its mineral transformation is
determined through grain size. Besides,
clay mineral composition is determined
through “x-ray dust scattering” in Main
Department x-ray laboratory to deter-
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MINERAL MINERAL DANE BOYU- | DOKU OZELLIGI

TURLERI BIiLESIMi % TU(mm) CHARACTERISTICS

MINERAL MINERAL GRAIN SIZE(mm) | OF TISSUE

TYPES COMPOSITION

%

Kuvars 22 0,06 - 0,09 iri-ince taneli,yuvarlak

Quartz sekilli,kirikli
Coarse-fine grains,
round and broken

Feldspat 14 0,3 Kenarlar opakh malz.

Feldspar ile ¢cevrelenmis
Its edges are surrounded
by opaque material

Plajioklas 7 0,3-0,6 Oz sekilli, kirikh,

Plajioclase polisentetik ikizli
Euhedral, broken,
polysynthetic double

Biotit 7 0,3 Yerel olarak opaklan-

(siyah mika) mis ince igne sekilli

Biotite Locally opaque,thin

(Black mica) prick shaped

Miiskovit 3 0,3 ince tanel, lifsel, igne

(beyaz mika) sekilli

Muscovite Fine-grained, fibrous,

(White mica) needle-shaped

Tablo 2.3. Ayazaga Toprag Icerisindeki Mineral Tiirleri ve Bilesimleri
Table 2.3.Mineral Types and Components of Ayazaga Soil

katt dogal kayag tanimi, buna ait mineral
bilesimleri ve modal oranlari ile tane bo-
yutlar1 belirlenmistir (Tablo 2.3). Ornek
kayaglarda detritik taneli minerallerin
oranlart %30-35 arasinda degisirken,
kil boyutlu mineraller basta mika olmak
iizere ayrisim cisimi olarak bol demirli
(demiroksit, hematit-limonit) kaolin-illit
tiirlindedir. Diger tarafta, eriyen tuz tiirii-
ne Ornegin karbonat (CACO3), kalsit’e
rastlanmamustir.

mine clay minerals. Solid natural rock
determination, its mineral composi-
tion, model rates as well as grain sizes
are determined in examinations carried
out with polarization microscope (1a-
ble.2.3). While rates of detritic-grained
minerals in sample rocks vary between
30-35%, clay sized minerals, such as
mica, are ferrous (iron oxide, hema-
tite-limonite) caoline- illite type. On the
other hand, solvable salts such as car-
bonate (CACO3), calcite are not found.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe



78

2.2.2.1.6 ORGANIK MADDE
ANALiZi

Killer igerisindeki organik maddeler
(kuvars, feldspat, mika v.b.) sadece fiziksel
ozelliklere (renk verme, rétre azaltma gibi)
etki ederler. Oysaki organik maddeler, kil
zerreleri arasinda organik molekiiller halin-
de tutunarak kimyasal 6zelliklere etki eder-
ler. Bu nedenle, yap1 malzemesi olarak kul-
lanilacak topragin fazlasi ile organik madde
icermesi sakincalidir, mukavemet ve dura-
biliteyi kotii yonde etkiler.

Kullanilan topragin organik madde ice-
rip igermedigini belirlemek amaciyla, TS
3673’e gore [23]; NaOH igersine toprak
konulmus ve karigimin sar1 renk aldigi, top-
ragin istiinde tortu olmadig goriilmiistiir.
Bu bulgu, toprakta organik madde miktar
yoniinden bir sakinca olmadigini goster-
mektedir.

2.2.2.2 ALCI

Aragtirmada kullamlmak iizere ABS
Alg1 Sanayi ve ENTEGRE Harg Sanayi ve
A.S.’den saglayan katkil (geciktirici olarak
monohidrat sitrik asit) ve katkisiz algilarmn
priz siiresi vicat ignesi yardimiyla olgiil-
mustiir.

Katkili algida %60 su/algt oranindaki
bir hamur i¢in priz baslangici 5 dakika, priz
sonu ise 12 dakika olarak belirlenmistir.

Katkil algida ise, bu degerler sirasiyla 25
dakika ve 8 dakikadir.

2.2.2.1.6 ORGANIC MATERIAL
ANALYSIS

Organic materials within clay (quartz,
feldspar, mica) affect only physical prop-
erties (such as colouring, reducing shrink-
age). However, organic materials affect
chemical properties by hanging on among
clay particles as organic molecules. Thus,
it is disadvantageous that soil to be used as
construction material includes organic ma-
terials abundantly since they affect strength
and durability negatively.

According to TS 3673 [23], soil is
placed into NaOH to determine whether
soil used includes organic materials and it
is observed that the mixture becomes yellow
and sediment does not occur upon the soil.
This finding indicates that there is not a dis-
advantage in relation to organic material in
soil.

2.2.2.2 GYPSUM

Setting times of gypsum with admix-
ture (monohydrate citric acid as retarder)
and without admixture, which are supplied
by ABS Al¢t Sanayi and ENTEGRE Harg
Sanayi ve A.S., are calculated through vicat
needle.

Start of setting for mortar with 60% wa-
ter/ gypsum content in gypsum with admix-
ture is determined as Smin and the end of
setting as 12min. These values in gypsum
without admixture are 2,5 min and 8 min,
respectively.

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



Goriildiigii gibi, katkili algida prizin bas-
langig ve bitis siireleri katkisiz al¢iya naza-
ran daha uzundur. Buna ragmen toprakla
karistirilmasi halinde her iki tiir al¢i da, isle-
nebilirlik siiresi tanimiyacak kadar hizh priz
yapmistir. Stirenin uzatilmasi amac 1yla bir
geciktirici ilave edilmesi giindeme gelince,
katkisiz (ham ya da baz) alginin kullanil-
mast tercih edilmistir. Ciinkii katkisiz algi,
fabrikada oldugu gibi bolgesel ocaklarda da
iiretilebilir. Uretim maliyeti ve ulasim ma-
liyeti diisiiktiir. Tiirkiye’nin her bdlgesinde
algitasi kolaylikla bulunmaktadir.

2.2.2.3 KIREG

Arastirmada ENTEGRE Har¢ Sanayi
ve A.S.’den saglanan sondiiriilmiis kalker
kireci, algmin priz siiresini geciktirmek
(Bkz. Sekil 2.2) amactyla kullanilmastir.

2.3 ALGILI KERPiIG DENEYLERI

Uygun graniilometrideki toprak icer-
sine belirli oranlarda alg1 ve 1 veya kireg
katilarak suyla yogrulmasi ile elde edilen
karisima al¢ih kerpi¢ ¢amuru, bu camur-
dan ¢esitli dokiim yontemleri ile elde edilen
malzemeye de ALCILI KERPIC (Alker)
denir [12].

Bu arastirmada yerinde tokmaklama
yontemi ile al¢ili kerpi¢ yap1 yapma tekno-
lojisine yonelik birtakim standartlarin belir-
lemesi amaglandig icin; kullanilacak mal-
zemenin mekanik ve fiziksel 6zelliklerinin
belirlenmesi  6ngoriilmiistii.  Oncelikle,
daha 6nce algil kerpi¢ konusunda yapilmis
olan ¢aligmalardan bahsedilecektir.
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As can be seen, start and end of setting
in gypsum with admixture are longer than
gypsum without admixture. However, both
gypsum types set so rapid if mixed with soil
that workability is not possible. When it is
considered to add retarder to extend the pe-
riod, gypsum without admixture (i.e. raw or
base) has been preferred. Production and
transportation costs are low. Gypsum stone
is easily available in every part of Turkey.

2.2.2.3 LIME

Hydra lime from chalk supplied by
ENTEGRE Har¢ Sanayi ve A.S. for the re-
search is used to retard setting time of gyp-
sum (Figure.2.2).

2.3 GYPSUM STABILIZED
EARTH EXPERIMENTS

The mixture obtained by adding certain
amount of gypsum and/ or lime to soil with
proper granulometry and by kneading with
water is called gypsum stabilized earth
mud and material obtained form this mud
through various casting methods is called
gypsum earth (Alker) [12].

Since certain standards are aimed to
be established in this research for gypsum
stabilized earth construction through in-si-
tu tamping method, it is provided for that
mechanical and physical properties of the
material to be used are determined. Initial-
by, previous studies conducted on gypsum
stabilized earth will be dwelled upon.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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2.3.1 DURUMUN BELiRLENMESi
(DAHA ONCEKI CALISMALAR
VE BULGULARI)

Algili kerpicin diger katkilara gore
maliyetinin daha az oldugu (alg1 iire-
timinin kirsal kesimlerde geleneksel
yontemlerle yapilabilmesi nedeniyle)
bilinmektedir. Bununla birlikte, kerpi¢
ozelliklerinin al¢1 katilmas1 yoluyla 1yi-
lestirilmesi konusunda bugtine kadar cok
fazla galisma yapilmamistir. Bu alanda
yapilmis en onemli ¢alismalardan biri
olan TUBITAK MAG 505 projesi ile;
blok bi¢iminde iiretilecek algili kerpig
malzemenin Ozellikleri belirlenmistir.

Bu calismanin deney sonuglarina
gore; topraga katilan alg1, karisim daha
kurumaya baglamadan, malzeme iger-
sinde bir iskelet olusturur. Bu iskelet,
kuruma sirasinda birbirine yaklagmaya
calisan kil zerreciklerinin hareketlerini
azaltir. Sonugta, malzeme biinyesinde
bir i¢ gerilme olusarak rotre azalir. Se-
kil 2.6’da farkli toprak tiirleri igin, alg1
katkis arttikga rotrenin nasil bir degisim
gosterdigi goriilmektedir.

Egrilerin incelenmesi ile goriilebile-
cegi gibi, %10’a kadar al¢1 katkisi rotre-
de biiyiik 6l¢ilide azalmaya neden olmak-
tadir. Katki oraninin %20’ye cikartilmasi
halinde ise; katki rotreye daha az etki et-
mektedir.

Bu konuda, New Mexico’da Eyre
tarafindan yapilmis bir arastirmada da;
%10 alg1 katkis1 halinde normal kerpice
oranla rétre azalmasmin yeniden arttigi
belirlenmistir [24].

2.3.1 DETERMINATION OF THE
SITUATION (PREVIOUS
STUDIES AND FINDINGS)

It is known that cost of gypsum sta-
bilized earth is lower than other admix-
tures (since gypsum production can be
made in rural areas through traditional
methods). However, there has not been
much research on improving properties
of earth by adding gypsum. One of the
most important researches conducted in
this field, TUBITAK MAG 505 project,
has determined properties of gypsum
stabilized earth material to be produced
in blocks.

According to the results of the proj-
ect, gypsum added to the soil forms a
framework within material before even
starts to dry. This framework reduces
movement of clay particles, which try to
get closer to each other during drying. In
conclusion, shrinkage reduces since an
inner tension occurs within the material.
What kind of change shrinkage displays
as gypsum admixture increases can be
seen in Figure 2.6 for different soil types.

As can be seen when the curves are
examined, gypsum admixture up to 10%
result in high decrease in shrinkage.
When admixture rate is increased to
20%, admixture affects shrinkage less.

1t has been determined in a research
conducted by Eyre in New Mexico that in
case of 10% gypsum admixture, shrink-
age reduction increases again compared
to normal earth [24].

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri
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Sekil 2.6. Farkh Toprak Tiirlerinin Al¢1-Kire¢ Oranlarina Bagh Olarak Rétre Degisimleri [11]
Figure 2.6. Shrinkage Changes of Different Soil Types According to Gypsum- Lime Rates [11]

Topraga katilan al¢1 rotreyi engelledi-
gi i¢in, kuruma sirasinda karigim icersin-
de bulunan suyun buharlagmasi sonucu
hava bosluklar1 olusur. Boylece, pordz
ve katkisiz kerpice nazaran birim agirhig
daha az, fakat su icersinde dagilmayan
yiizeyleri son derece diizgiin, toz {iret-
meyen bir malzeme elde edilmektedir.
Sekil 2.7°de al¢1 katki oraninin artmasi-
na baglh olarak birim agirhginin degisi-
mi goriilmektedir. Buna gore, katki orani
arttikca birim agirlik diigmektedir.

Since gypsum added to the soil pre-
vents shrinkage, air gaps occur in the
mixture due to evaporation during dry-
ing. Thus, a material whose unit weight
is lighter than porous and unadulterated
earth but which do not disperse in water
and whose surfaces are very smooth and
does not result in dust can be obtained.
In Figure 2.7, the change in unit weight
according to the increase in gypsum rate
can be seen. Accordingly, as admixture
rate increases, unit weight decreases.
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Sekil 2.7.Bahg¢e Topragindan Uretilmis Kerpiclerin Al¢1 ve Kire¢ Katkilara Bagh
Olarak Birim Agirhk Degisimi [11]
Figure 2.7.Unit Weight Change Of Adobes Produced From Garden Soil According To
Gypsum And Lime Additions [11]

Malzemenin birim agirliginin diigme-
si, 1s1l iletkenlik degerinin (L) kiiglilme-
sini (Tablo2.4[25]), dolayistyla soguk ve
sicak donemlerde enerjiden tasarruf edil-
mesini saglar.

Graniilometrisi uygun bir topraga
%10 alg¢1 katilarak tiretilmis algil kerpic
malzemenin basing dayanimi 4-5 N/mm?
olmaktadir. Geleneksel kerpicte ise, 0.8-
1 N/mm?’1ik bir dayanim [26] yeterlidir.

Decrease in material’s unit weight
leads to the decrease in thermal con-
ductance value (1) (Table 24 [25]) and
enables energy savings in cold and hot
seasons.

Compressive strength of gypsum sta-
bilized earth produced by adding 10%
gypsum to soil with proper granulometry
is 4-5. On the other hand, compressive
strength of 0.8-1 N/mm? [26] is sufficient
in traditional earth.
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Malzeme p (kg/ | £ (keal/
Material It) mbhc)
Kerpi¢ (Cimento,saman katkili) | >1,70 0,8
Adobe (cement, straw admixture)

Tugla 1.8 0,7
Brick

Bims beton 1,8 0,75
Bims concrete

Gaz beton 0,8 0,23
Aerated concrete

Kire¢ kum tasi 1,8 0,85
Lime sandstone

Tablo 2.4. Birim Agirhiga Gore Isi Iletkenlik Katsayilari [25]
Table 2.4. Thermal Conductance Coefficients According to Unit Weight [25]

E.Ozkan, M.S.Al-Herbish tarafindan
“cimento, kireg, al¢1 ve bitiim katkisi-
nin kerpi¢ tuglalarmn fiziksel ve mekanik
ozelliklere etkisi” nin incelendigi bir
aragtirmada ise; %10 alc1 katkili kerpic
tuglada 2.95 N/mm?’lik, %20 al¢1 kat-
kil kerpi¢ tuglada da 3.57 N/mm?**lik bir
basing dayanimi elde edilmistir [27].

Algi1 katki oranina bagli olarak basing
dayanimi degisiminin gosterildigi Sekil
2.8°deki grafikte, katki orami arttikca
dayanimin arttig1 goriilmektedir. Ancak
%10’dan fazla al¢i katilmasi halinde
basing dayanimi al¢1 miktarinin artma-
st oraninda artmamaktadir. Dolayisiyla
%10’dan fazla al¢1 katilmasiyla elde edi-
len dayanim, malzemeden beklenen de-
geri karsiladig icin (Bkz. sayfa.76), alct
oranini arttirmak sadece maliyet artisina
neden olacaktir. Buna karsilik %10’dan

In a research where “effects of ce-
ment, lime, gypsum and bitumen on
physical and mechanical properties of
adobe bricks” are examined by E.Oz-
kan and M.S.Al-Herbish, compressive
strength of 2.95 N/mm? is obtained in
adobe brick with 10% gypsum admixture
and compressive strength of 3.57 N/mm?
is obtained in adobe brick with 20% gyp-
sum admixture [27].

1t is seen in the graph in Figure 2.8,
where change in compressive strength
according to gypsum admixture amount
is presented, that compressive strength
increases as admixture amount increas-
es. However, in cases where gypsum is
added more than 10%, compressive
strength does not increase as much as
gypsum amount increases. Thus, since
strength obtained with gypsum above
10% satisfies the value expected from
material (see page.76), increasing
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Sekil 2.8.Bahce Topragindan Uretilmis
Numunelerin Al¢1 Katki Oranimna Bagh
Olarak Basin¢ Dayanimi Degisimi [11].

daha az al¢1 katilmasi halinde ise, alg1
kerpi¢ icersinde yeterli bir iskelet olus-
turamaz. Boylelikle rotre artar, mukave-
met diiser.

Al¢1 katki, malzemenin egilmede
¢cekme dayanimini arttirarak  duvarin
statik ve dinamik, ytiklere dayaniminda
rol oynar. Sekil 2.9°da al¢1 katki artigina
bagl olarak egilmede ¢ekme dayanimi-
nin arttig1 goriilmektedir.

Figure 2.8.Compressive Strength Change
of Samples Produced From Garden Soil
According to Gypsum Addition Rate [11].

gypsum rate will only result in higher
costs. However, in case gypsum below
10% is added to soil, gypsum cannot
form a sufficient framework within earth.
Thus, shrinkage increases and strength
decreases.

Gypsum admixture plays a role in
load (static and dynamic) resistance of
material by increasing tensile strength
during bending. In Figure 2.9, it is seen
that tensile strength in bending increases
due to the increase in gypsum additive.
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Sekil 2.9.Bahce Topragindan Uretilmis Numunelerin (A) Alg1 Katki Oranina
Bagh Egilmede Cekme Dayanim Degisimi (B) %10 Al¢1 Katkih Bah¢e Topragina
Katilan Kire¢ Oranina Bagh Olarak Basin¢ Dayamim Degisimi [12]

Figure 2.9.(4) Bending Tensile Strength Change of Samples Produced From Garden
Soil, (B) Compressive Strength Change of These Samples According to Lime Added to
10% Gypsum Added Garden Soil [12]

Algilh kerpig icerisine kire¢ katkisi;
alcinin priz siiresini geciktirmekte (Bkz.
sekil 2), rotreyi azaltmakta (Bkz. Sekil
2.6) , birim agirhiginin diismesine (Bkz.
Sekil 2.7) neden olmakta, nem ve yag-
mur etkisine dayaniklilig arttirmaktadir.
Bu olumlu 6zelliklerinin yani sira, ba-
sing dayanimu azaltic etkisi (Bkz. Sekil
2.8) nedeniyle karigima katki orani dii-
stk tutulmalidir. Kuru toprak agirhiginin
%?2.5-3’1i kadar katilmasi halinde, daya-
nim tagima smirinin iizerinde kalmakta-
dir [12].

Lime admixture to gypsum stabilized
earth retards setting time of gypsum
(Figure.2), decreases shrinkage (Fig-
ure.2.6.), results in unit weight decrease
and increase resistance against moisture
and rain. In addition to these positive
characteristics, the amount of admix-
ture within the mixture should be low
due to its effect on reducing compres-
sive strength (Figure.2.8). If it is added
as much as 2.5-3% of dry soil weight,
strength is above bearing level [12].
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Ayrica, Balasubramaniam ve Buen-
suceso (1989) tarafindan yapilan "yu-
musak killere kire¢ katkisi etkisi"nin
arastirildigi calismaya gore, kireg ilavesi
daneler arasi siirtiinme 6zelligini, dola-
yistyla uzun vadeli stabiliteyi ve tasima
kapasitesini arttirmaktadir [28].

2.3.2 ARASTIRMANIN KATKISI

Alc1 katkili kerpi¢ yapt malzemesine
uygun mekanize ingaat teknolojisinin
ve standartlarmin belirlenmesi ama-
ciyla yapilan bu aragtirmada; tiretimde
kullanilacak karigimin mekanizasyona
uygun hale getirilmesi gerekmektedir.
Bu amagla, oncelikle harcin karistirma,
tasinma, kaliba yerlestirme kivam ve
yontemine karar verilmis; daha sonra en
uygun bulunan sonuglara gére numune-
ler hazirlanip deneyler yapilmistir.

2.3.2.1 ISLENEBILIRLIK

Islenebilirlik, taze harcmn &zelliklerini
ve bu ozelliklere ne sebeple 6nem veril-
digini aciklar [29]. Harcin taginma, akma
ve yerlesme davraniglarini etkileyen me-
todlar ve malzeme degisikliklerini kap-
sar. Harcin davranislarimi asagidaki gibi
ozetleyebiliriz:

According to the study by Balasubra-
maniam and Buensuceso, where “effect
of lime admixture to soft clays” is exam-
ined, lime admixture increases friction
characteristic among grains and thus,
long-term stability and bearing capacity
increase [28].

2.3.2 THE CONTRIBUTION OF
THE RESEARCH

In this research conducted in order
to determine mechanized construction
technology suitable for and to establish
standards for gypsum stabilized adobe
construction material, it is necessary
that the mixture to be used in produc-
tion is made suitable for mechanization.
To this end, initially, consistency and
method for mixing, transporting, placing
mortar into mould are determined and
then samples are prepared and experi-
ments are performed in accordance with
the most suitable results.

2.3.2.1 WORKABILITY

Workability explains properties of
fresh mortar and why importance is at-
tached to these properties [29]. It covers
methods and material changes affecting
transportation, fluidity and placement
behaviors of mortar. Mortar behaviors
can be summarized as follow:

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



a)Tasima: Kova, kiirek, el araba-
s1, bant konvayor hortumlu tasima gibi
ekipman ve sistemlere uygunluk,

b)Akiskanlik: Mikserdeki hareketi |,
kalip i¢i hareketi gibi ekipman i¢i hare-
ketlerde uygunluk,

c¢)Yerlestirme: Mukavemet, su emme
ozelliklerini iyilestirmek amaciyla; vib-
rasyon, tokmaklama islerine uygunluk,

d)Bitirme kalitesi: Homojenligin bo-
zulmasi, segregasyon, ylizey goriiniisi,
rotre ile boyut degistirme ve ¢atlaklarin
olusmasi gibi olumsuzluklarm énlenme-
si.

Harcin performansi sertlestikten
sonra bigim, mukavemet, porozite, ge-
cirgenlik, omiir, geometrik dogruluk, yii-
zey kalitesi gibi 6zellikleri ile tanimlanar.
Bu performansi saglayabilmek amaciyla
a) uygulanan harcin kivamu ilgili b) uy-
gulanan yerlestirme yontemleri ile ilgili
¢) bunlarin standartlarin1 gosteren c¢alis-
malar yapilmalidir.

Bu arastirmada; harcin tagima, akis-
kanlik, yerlestirme, bitirme kalitesi 6zel-
liklerine dikkat edilerek kivam, priz sii-
resi ve yerlestirme yontemi gelistirilmis;
har¢ mekanizasyona uygun hale getiril-
mistir.
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a) Transportation: Suitability for
equipments and systems such as bucket,
spade, hand chart, band conveyor, trans-
port hose,

b) Fluidity: Suitability for movements
in equipment such as movement within
mixer, movement within mould,

¢) Placement: Suitability for vibra-
tion, tamping to improve strength, water
absorption characteristics,

d) Finishing Quality: Prevention of
homogeneity corruption, segregation,
surface view, and dimension change due
to shrinkage.

After hardens, mortar performance
is defined with characteristics such as
form, strength, porosity, permeability,
life, geometric accuracy, surface quali-
ty. To achieve this performance, studies
on a) mortar consistency, b) placement
methods and c) standards indicating
these should be conducted.

Considering transportation, fluidi-
ty and placement and finishing quality
characteristics of mortar, consistency,
setting time and placement methods are
developed in this research and mortar is
made suitable for mechanization.
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2.3.21.1 KARISIMIN KIVAMI
(KONSISTENS) VE ISLEME SUYU

Kerpi¢ malzeme iiretiminde; harca
katilan suyun oran1 malzemenin iglene-
bilirligini belirler. Bu arastirmada top-
rak, agirhiginca %10 al¢1 ve %2 kireg ile
stabilize edildiginden kii¢iik dane orani
artmaktadir. Bilindigi gibi, kiiglik dane-
lerin artmasi harcin su ihtiyacini arttirir.
Bu varsayimlara dayanarak, toplam kati
malzemeye oranla %16’dan %?25’e ka-
dar su katkis1 degisimleri denenmistir.

Sonugta, %16 oraninda su bulunan
har¢larin bu arastirmanin yontemleri
ile islenemeyecek kadar kuru olduklari,
%18-20 oraninda su bulunan harglarm
plastik kivamda ve tokmaklanabilir ol-
duklari, %20-22 oraninda su igerenle-
rin vibrasyon yoluyla yerlesebildikleri,
%25’den daha fazla su igermesi halinde
ise; iri danelerin karisim icersinde asili
kalamayarak, yercekimi ile dibe ¢oktiik-
leri (segregasyon) goriilmiistiir. Bulu-
nan bu degerler, kivam limitleri analizi
sonucu belirlenmis olan degerlerle pa-
ralellik gostermektedirler (Bkz. Bolim
22.2.1.2).

Karigima iglenebilirlik i¢in katilan su,
toprakta bulunan sudan da etkilenir. Top-
ragin ocak neminde oldugu varsayilma-
lidir. Daha kuru (yaz sicaginda) ve daha
nemli (yagmur sonrasi) ihzarattan kulla-
nilan topraklar i¢in; kivam denemesi ya-
pilarak yeni su oranlart belirlenmelidir.

2.3.2.1.1 MIXTURE CONSISTENCY
AND PROCESS WATER

Water amount added to the mortar
determines workability of material in
adobe production. Since soil is stabilized
with 10% gypsum and 2% lime accord-
ing to soil weight in this research, small
grain rate increases. As known, increase
in small grains also increases water
requirement of mortar. Based on these
assumption, 16-25% water admixture
changes according to total solid materi-
al are tested.

In conclusion, it is observed that mor-
tars with 16% water are too dry to be
processed with methods of this research,
mortars with 18-20% water have plastic
consistency and can be tamped, mortars
with 20-22% can be placed through vi-
bration and that in mortars with 25%
and above water, coarse grains do not
hang on in the mixture and subside due
to gravity (segregation). These obtained
values display resemblance to the values
determined as a result of consistency
limit analyses (Section 2.2.2.1.2.).

Water added to the mixture for work-
ability is also affected from water exist-
ing in soil. It should be assumed that soil
is at the level of oven moisture. New wa-
ter rates should be determined for soils
obtained in drier (in summer heat) and
wetter (after rain) areas by performing
consistency experiment.
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2.3.2.1.2 PRIz SURESI

Daha 6nce de aciklandigi gibi, alci-
nin priz siiresinin kisa olusu karigimin
islenebilirligini zorlastirmaktadir. Ancak
kire¢ katkis1 ile bu siire kontrol altina
alinabilmektedir. Sekil 2.2°deki grafikte
alginin priz siiresinin gecikmesinde kireg
katkisinin etkisi incelenmisti. Karigim
oncesi 3-8 dakika olan priz baslangici al-
c¢rya oranla %10 kire¢ katilmasi halinde
bu siireyi 4-5 dakika geciktirir. Boyle-
likle yeni priz baglama siiresi 12-13 da-
kikaya ulasir. Islenebilirlik siiresi ise 25
dakika kabul edilebilir. Bununla birlikte,
kire¢ malzemenin basing mukavemetini
diistirdiigii icin karisima katilma orani
diistik tutulmahdir. Boylelikle, hem ba-
sing dayanimi yoniinden hem de islene-
bilirlik yoniinden uygun bir karisim elde
edilmis olur.

2.3.2.1.3 YERLESTIRME YONTEMI

Kaliplanarak {iretilen yap1 eleman-
larina taze har¢ doneminde yerlestirme
isleminin uygulanmasinin amaci, eleman
kaliptan ¢iktiktan sonra eleman1 mey-
dana getiren malzeme Ozelliklerini 1y-
ilestirmektir; diger bir deyisle elemanin
deformasyona kars1 mukavemetini yiik-
seltmek, hava bosluklarini aza indirmek,
homojenlige katkida bulunmakti. Bu
gelismeler aym zamanda diizglin yiizey
ve goriiniis saglar.

Malzemenin beklenen performansa
ulagmasi i¢in agagidaki arag ve yontemle-
rden biri kullanilir.
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2.3.2.1.2 SETTING TIME

As explained before, since setting time
of gypsum is short, workability of the
mixture gets harder. However, this pro-
cess can be taken under control through
lime admixture. In the graph in Figure
2.2, effect of lime admixture on retard-
ing setting time of gypsum has been ex-
amined. Start of setting time prior to the
mixture, which is 3-8min, retards this pe-
riod 4-5min if 10% lime in proportion to
gypsum is added. Thus, new setting time
starts 12-13min later. Workability peri-
od can be accepted as 25min. However,
since lime reduces compressive strength
of the material, amount to be added to
the mixture should be low. In this way, a
suitable material in terms of both com-
pressive strength and workability is ob-
tained.

2.3.2.1.3 ADJUSTMENT METHOD

The aim of application of placement
process to construction materials pro-
duced by moulding during fresh mortar
period is to improve properties of materi-
al compromising the element after the el-
ement is removed from the mould, in oth-
er words, to increase its strength against
element deformation, minimize air gaps,
to contribute to homogeneity. These de-
velopments also provide smooth surfaces
and good view.

One of the following devices and meth-
ods is used to achieve the performance
expected from the material.
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1) Sisleme

2) Tokmaklama, kompaksiyon

3)Sarsma tablasi ile vibrasyon, masa
vibratorii

4) Sise vibrasyonu v.b.

Yerlestirme yoOntemlerinden birinin
segimi; yerlestirilecek malzemenin isle-
nebilirligi ve icindeki agrega biiyiikligii
gibi ozelliklere, ayrica kullanilacak ka-
libin boyut ve diger 6zelliklerine baghdir.

Toprak (zemin); su + dane + bogluktan
meydana gelir. Daneler arasi siirtiinme
zeminin mukavemetini meydana getirir.
Vibrasyon veya kompaksiyon ile daneler

aras1 stirtlinme gecici olarak kaldirilir ve
bosluklar dolar.

Yerlestirme sistemi olarak vibrasyo-
nun secilmesi halinde, g6zoniinde bulun-
durulacak husus; vibrasyonun frekansi ile
agrega biiyiikltigii arasindaki iliskidir. Ki-
saca 0zetlenecek olursa, iri daneli agrega-
st olan karisimlar diisiik frekansla, kiiciik
daneli agregasi olan karigimlar ise yiliksek
frekansla hareket ederler [30].

Aragtirmada ocak topragi dogal granii-
lometrisi ile kullanilmaktadir (Bkz. Sekil
2.3). Burada 2-7 cm. ¢apindaki cakil ve
taslar da bulunmaktadir. Karisim olustu-
rulurken; bazilarinda topragin kuru agir-
ligina %10 alg1 katilarak, bazilarinda ise
%10 al¢1 + %2 kireg katilarak har¢ mey-
dana getirilmistir.

Hem ince hem de iri daneleri olan ka-
risima, yerlestirme yontemlerinin hepsi
uygulanmugtir. Tokmaklama yonteminde

1) Skewering

2) Tamping, compacting

3)Vibration with shaking table, table
vibrator

4) Flask vibration etc.

Selection of one of the placement meth-
ods depends on workability of the materi-
al to be placed, aggregate size within it as
well as size of mould to be used and other

features.

Soil (ground) is composed of water
+ grains + gaps. Friction among grains
forms strength of the ground. Friction
among grains is temporarily removed
by vibration or compaction and gaps are

filled.

If vibration is selected as placement
system, the point to be considered is the
relation between vibration frequency and
aggregate size. In brief, mixtures having
coarse aggregates move with low fre-
quency and mixtures having small aggre-
gates move with high frequency [30)].

Oven soil is used with its natural gran-
ulometry in the research (Figure.2.3).
Here are gravels and stones with 2-7cm
diameter. While the mixture is being pre-
pared, by adding 10% gypsum according
to soil to some and 10% gypsum + 2%
lime to others mortars are prepared.

All placement methods are applied
to the mixture with both fine and coarse
grains. Consistency for tamping and for
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kivam kuru plastik, vibrasyonlarda ise
akic plastik olmalidir.

Sarsma tablas1 ile vibrasyon yonte-
minde, numune kalibina harg ( toprak +
%10 alg1) yerlestirilmistir. Karisima sars-
ma tablasi tizerinde 30 sn. siire ile 5000
frekansli vibrasyon uygulanmistir. Bu
yerlestirme yontemi ile karisimin kalip
icersine bosluk kalmayacak sekilde yer-
lesmesi miimkiin olmustur. Yiizeyler ise
cok diizgiin elde edilmistir. Labaratuvar
diizeni igerisinde karigtirma ve yerlestir-
me stireleri kisa oldugundan priz siiresi
icinde islem tamamlanamamaktadur. Isle-
me suyu arttirilarak akici kivamda uygu-
lanan bu yontemde, rétrenin biiyiik ¢ik-
masi kerpic tugla tiretimi ve drme yapilar
icin sakinca teskil etmez. Mukavemetin
yiikselmesi ise faydalidir.

Akict kivamda uygulanan sise vibrator
ile yerlestirmede de, islemler priz siiresi
icinde tamamlanamamustir. Sertlesmis
karigim {izerine sise vibrator uygulanmas,
baz1 6mek kaliplarinda harcin kristalleri
kirildigindan kimyasal bag bozulmus ve
malzeme sulanmustir.

Kati plastik kivamda ise; yeterli yer-
lesme kalip koselerinde, ylizeylerinde ve
biitiin kesit icinde saglanabilmistir.

Sonug olarak, toprak + al¢1 harct ile de-
nenmis olan tokmaklama, sarsma tablasi
ile vibrasyon, sigse vibrasyonu yontemleri
asamasinda; priz siiresinin yerlestirme sii
recine yeterli olamayacag goriilmiistiir.
Santiye siirecinde, yerlestirme islemlerinin
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vibration should be dry plastic and fluid
plastic, respectively.

Mortar (soil + 10% gypsum) is placed
into sample mould in vibration method
through shaking table. Vibration with
5000 frequencies is applied to the mixture
upon shaking table for 30sec. It is pos-
sible to place the mixture into the mould
through this placement method so that no
gaps remain. Surfaces are very smooth.
Since mixing and placement periods with-
in laboratory system are short, the pro-
cess cannot be completed within setting
time. In this method, which is applied at
fluid consistency by purifying process wa-
ter; shrinkage that may be found to be big,
does not constitute an obstacle for adobe
brick production and masonry construc-
tions. Increase in strength is beneficial.

In placing through spud vibrator ap-
plied at fluid consistency, process cannot
be completed within setting time. Spud vi-
brator is applied to hardened mixture and
since crystals of mortar are broken down
in some sample moulds, chemical bond is
disrupted and material becomes watery.

In solid plastic consistency, sufficient
placement can be materialized in mould
edges, surfaces and the whole cross-sec-
tion.

In conclusion, it is seen in tamping,
which is tested with soil + gypsum mortar,
vibration with flask table, flask vibration
methods that setting time is not sufficient
for placement period. During construc-
tion site phase, it is decided that lime is
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priz siiresi i¢inde kalmasi amaciyla kari-
sima kire¢ katilmasina karar verilmistir.
Mekanik ve fiziksel deneyler her iki ka-
nisim kullanilarak, tokmaklama ve masa
vibratorii yardimu ile kaliplara yerlestiri-
len numuneler {izerinde yapilmistir.

2.3.2.1.4 KARISIMIN
BELIRLENMESI

Alg1 katkili kerpig ile iiretilecek du-
var malzemesi i¢in, farkli al¢1 oranla-
rinin (%6.5, %8, %10) denenmesi ile
hazirlanan numune 6zelliklerine (islene-
bilirlik, fiziksel ve mekanik ozellikler)
bagli olarak en uygun alg1 oran1 agirlikga
%10 olarak kabul edilmistir (TUBITAK
MAG 505 galismasinda da uygulama
acisindan agirlikca al¢1 oran1 %10 olarak
belirlenmistir).

Karigima giren su oranmin belirlen-
mesi amaciyla yapilan kivam ¢aligmalari
sonucunda ise, % 20 oraninda su igeren
plastik kivamda bir karigim hazirlanma-
sina karar verilmistir.

Bunlarm yanisira, al¢1 katkisi ile ka-
risimin hizla katilasarak kaliba zorlukla
yerlestirilmesi, icersine kireg katilmasini
zorunlu kilmistir (Bkz. sayfa.63). Kireg
katkisinin belirlenen karisimin 6zellikle-
ri lizerindeki etkisini incelemek i¢in, de-
gisen oranlarda kire¢ katkisinin ( %0.5,
%1, %1.5, %2 ve %25 ) etkisi arastiril-
mustir.

added to the mixture so that placement
transactions can be performed within
setting time. Mechanical and physical
experiments are conducted upon samples
placed into the mould through tamping
and table vibrator by using both mortars.

2.3.2.1.4 DETERMINATION OF
THE MIXTURE

The most suitable gypsum rate is
accepted as 10% depending on sample
characteristics (workability, physical
and mechanic characteristics) prepared
through testing different gypsum rates
(6.5%, 8%, 10%) for wall material to be
produced with gypsum stabilized adobe.
(Gypsum rate in TUBITAK MAG 505
research has been determined as 10%
according to soil weight in relation to
application).

As a result of conmsistency studies
conducted to determine water rate to be
added to the mixture, a mixture at plastic
consistency with 20% water content is
decided to be determined.

In addition, since placement of the
mixture into the mould is difficult as it
hardens rapidly due to gypsum admix-
ture, lime addition is necessitated (see
page.63). To examine effect of lime ad-
mixture on characteristics of mixture,
effect of lime admixture in different rates
(0.5%, 1%, 1.5%, 2% and 2.5%) is ob-

served.
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2.3.2.2 SEGILEN KARISIMIN
OZELLIKLERININ
BELIRLENMESI

2.3.2.2.1 Deney Numunelerinin
Hazirlanmasi

Karisimin islenebilirligini belirleme
konusunda yapilan 6n ¢aligmalardan ve
TUBITAK MAG 505 calismalarindan
elde edilen bulgulara dayanilarak, %10
katkili al¢1 ile 6 farkli karisim hazirlan-
mus ve her karisimdan 6 adet olmak iize-
re toplam 36 adet numune {iretilmistir.
10x10x50°1ik celik kaliplarda hazirla-
nan bu numunelerde, karigima katilan
%10 alg1 ve %20 su oranlan sabit tutu-
larak %0.5, %1, %2, %?2.5 oranlarinda
kire¢ katmak yoluyla optimum kire¢
miktar1 arastirilmustir.

Numunelerin tiimiiniin hazirlanma-
sinda ayn1 yontem izlenmis, karigim ka-
liba dokiildiikten sonra 20 dakika i¢inde
kaliplar sokiilmiis ve 24 saatte bir rotre
degerleri Ol¢lilmiistiir. Rotre stiresi nu-
munelerin tiimiinde 15 giin olarak sabit
tutulmugtur. Daha sonra, rdtresini ta-
mamlayan numuneler {izerinde deneyler
yapilmustir.
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2.3.2.2 DETERMINATION OF
CHARACTERISTICS OF
THE SELECTED MIXTURE

2.3.2.2.1 Preparation of
Experiment Samples

Based on preliminary studies and
TUBITAK MAG 505 research conducted
on workability of the mixture, six differ-
ent mixtures are prepared with 10% gyp-
sum and six samples from each mixture,
i.e. totally 36 samples are produced. By
maintaining 10% gypsum and 20% wa-
ter rates added to the mixture constant
in these samples prepared in 10x10x50
steel moulds, optimum lime amount is
researched through adding lime at the
rates of 0.5%, 1%, 2%, 2.5%.

The same method is followed in prepa-
ration of all of the samples and 20 min
after the mixture is poured into moulds,
moulds are removed and shrinkage val-
ues are measured in every 24h. Shrink-
age period is determined as 15min for
all samples. Experiments are conducted
on samples, which have completed their
shrinkage.
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2.3.2.2.2 Fiziksel Deneyler

Numunelerin hazirlanmas: sirasinda,
topraga hem katkili (ham ya da baz) hem
de katkisiz al¢1 katilmis; boylelikle elde
edilen deney sonuglarina dayanilarak
hangi alg1 tiirtiniin kullanilacagina karar
verilmistir.

Bu amagla, 11 % 10 katkili alg1 + ki-
re¢ 11 ve 11 %10 katkisiz al¢1 + kireg 11
olmak tizere iki farkli tiirde karisim esas
alinarak hazirlanan numuneler tizerinde;

1) Rotre

2) Birim agirlik

3) Kilcallik (suyun zamana bagli ola-
rak yiikselmesi ) deneyleri yapilarak,
bulgular degerlendirilmistir.

2.3.2.2.2.1 Rotre

Numunelerin boyutlart 24 saat aralik-
larla kumpas ile olgiilerek (Resim 2.1),
ilk ve son 6l¢lim arasindaki farka baglh
olarak rétre yiizdeleri hesaplanmistir. Se-
kil 2.10°da; %10 alg1 oraninin sabit tutu-
larak kireg katkisi etkisinin arastirildig
numunelere ait rotre degisimi egrisi, SIA
standartlarinda [19] kil tiirlerine gore be-
lirlenmis olan rétre smirlart igersinde
gosterilmistir. Bu numunelerde kullani-
lan al¢1, katkili algidir. Egriden de anla-
silabilecegi gibi, kire¢ katkis1 nedeniyle
rotrede algi katkisinin etkisine benzer bir
durum (Bkz. Sekil 2.6) s6zkonusudur.

2.3.2.2.2 Physical Experiments

During preparation of samples, gyp-
sum with and without admixture (raw
or base) are added to soil and thereby,
which gypsum type will be used is deter-
mined based on the obtained experiment
results.

1o this end, the following experiments
are conducted on samples predicating on
two different mixtures, which are “with
10% gypsum and lime” and ‘“‘without
10% gypsum and lime”:

1) Shrinkage

2) Unit Weight

3) Capillarity (water increase within
time) and the findings are evaluated.

2.3.2.2.2.1 Shrinkage

Sample sizes are measured in every
24h with composing stick (Figure.2.1)
and shrinkage rates are calculated based
on the difference between first and last
measurement. In Figure 2.10, the shrink-
age change curve of samples on which
effect of lime admixture is examined by
maintaining 10% gypsum rate constant
is between shrinkage limits defined by
SIA Standards [19] for clay types. Gyp-
sum used in these samples is with ad-
mixture. As can be understood from the
curve, an effect similar to that of gypsum
admixture can be observed in shrinkage
due to lime admixture (Figure 2.6).
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Resim 2.1.0smaneli Yoresi Kerpi¢c Konut (Kiiltiir Mirasi)
Picture 2.1.Shrinkage Measurement
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Sekil 2.10. %10 Katkili Alg1 ile Hazirlanan Numunelerede Kire¢ Katkis1 Oranina
Bagh Olarak Rotre Degisimi.
Figure 2.10.Shrinkage Change According to Lime Addition to Samples Prepared with
10% Gypsum
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2.3.2.2.2.2 Birim Agirhik

Boyutlar1 6lgiilerek hacimleri hesap-
lanan tiim deney numuneleri maksimum
30 kg. kapasiteli OMEGA marka terazi
ile tartilarak agirliklart bulunmus ve bu
iki 6l¢lime dayal1 olarak birim agirliklar
hesaplanmistir. Sekil 2.11°de %10 katki-
l1 al¢1 ile hazirlanmis numunelerde, kireg
katkis1 oranina bagli olarak birim agirlik
degisimi goriilmektedir.

Egrinin incelenmesi ile, kire¢ katki-
sinin birim agirhgmnin azalmasina neden
oldugu sdylenebilir. Nitekim %2 kireg
etkisiyle birim agirhik %9 kadar diis-
mektedir. Bu grafik, kire¢ katkis1 orani-
na bagl olarak birim agirlik degisiminin
gosterildigi Sekil 2.7°deki grafikle para-
lellik gostermektedir.

%10 katkisiz (ham) al¢1 ile hazirla-
nan numunelerde ise, %0.5 kire¢ etki-
sinde 1.768 kg / it , %2 kireg etkisinde
ise 1.744 kg / it birim agirhik degerleri
bulunmustur.

2.3.2.2.2.2 Unit Weight

Experiment samples, whose dimen-
sions are measured and volumes are
calculated, are weighed by OMEGA bal-
ance with maximum 30kg capacity and
their unit weights are calculated basing
on these two measurements. In Figure
2.11, change in unit weight depending
on lime admixture rate in samples pre-
pared with 10% gypsum with admixture
can be seen.

When the curve is examined, it can
be said that lime admixture leads to de-
crease in unit weight. In fact, unit weight
decreases down to 9% with 2% lime ef-
fect. This graphic displays resemblance
to the graphic in Figure 2.7, where
change in unit weight depending on lime
admixture rate is demonstrated.

In samples prepared with 10% gyp-
sum without admixture (raw), in case of
0.5% lime, unit weight value is found to
be 1,768kg/lit and in case of 2% lime,
unit weight value is found to be 1,744kg/
lit.
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Sekil 2.11. %10 Katkil Alg1 ile Hazirlanan Numunelerde Kire¢ Katkis1 Oranina
Bagh Olarak Birim Agirhk Degisimi.
Figure 2.11. Unit Weight Change According to Lime Addition to Samples Prepared with
10% Gypsum
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2.3.2.2.2.3 Kilcallik Deneyi
(Suyun Zamana Bagh
Olarak Yiikselmesi)

Rotresini  tamamlamis numuneler,
yan ylizeyleri parafinlenerek cam c¢u-
buklar tizerinde su dolu bir kap igersine
sadece alt ylizeyleri suya temas edecek
sekilde yerlestirilmiglerdir (Resim 2.2).
Bu diizenekte 1 saat zaman araliklarty-
la suyun yiikselmesi izlenmistir. 24 sa-
atlik gbézlem sonunda %10 al¢1 katlili
numunede suyun 4cm. kadar yiikseldigi
(Resim 2.3), %10 alg1 + kireg katkili nu-
munede ise suyun yaklasik 17cm. kadar
yiikseldigi, ancak herhangi bir dagilma
olmadig1 gozlenmistir (Resim 2.4). Kireg
katkistyla suyu daha fazla yiikselmesi,
kirecin hidratasyonunun algiya nazaran
daha uzun siirede gergeklesmesi nede-
niyledir. Ancak uzun vadede hidratasyon
[31] gerceklestikten sonra, kireg katkisi-
nin neme ve suya dayanikliligi arttirdig
bilinmektedir.

2.3.2.2.2.3 Capillarity Experiment
(Water Increase Within Time)

Samples having completed their
shrinkage are placed into a container
with water above glass sticks and by
having their lateral surfaces covered
with paraffin in such a way that bottom
surface touches water (Figure.2.2). Wa-
ter increase is followed in every 1hour in
this mechanism. It is observed that after
24h, water increases approximately 4cm
in the sample with 10% gypsum (Figure
2.3) and approximately 17cm in the sam-
ple with 10% gypsum + lime, however,
scattering is not observed (Figure 2.4).
Increase in water due to lime admixture
results from the fact that hydration of
lime occurs in a longer time than gyp-
sum. It is known that lime admixture in-
creases resistance against moisture and
water after hydration occurs in long-
term [31].

Resim 2.2. Kilcallik Deneyi

SRR

Picture 2.2. Capillarity Experiment
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Resim 2.3. %10 Katkih Al¢ ile Hazirlanan Numunelerde 24 Saat Sonunda Suyun
Yiikselme Miktarlari
Picture 2.3. Water Increase Amount in Samples Prepared with 10% Gypsum Addition
after 24 hours
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Resim 2.4. %10 Katkil Al¢1 + %2 Kire¢ ile Hazirlanan Numunelerde 24 Saat
Sonunda Suyun Yiikselme Miktarlari
Picture 2.4. Water Increase Amount in Samples Prepared with 10% Gypsum + 2% Lime
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2.3.2.2.3 MEKANIK DENEYLER

2.3.2.2.3.1 Egilmede Cekme
Dayanimi

Genellikle egilmede ¢ekme dayanimi
al¢1 katki oraninin artmasina bagl olarak
artmaktadir (Bkz. Sekil 2.9). Bunun ya-
nisira, kireg katkis1 dayanimi diistirmek-
tedir. Bu diisme miktarinin hazirlanan
numunelerde ne sekilde gergeklestigini
belirlemek amaciyla, TS 3286’ya [32]
gore gerceklestirilen egilme deneyinde;
Amsler marka 2000 kg-f max kapasiteli
egilme aleti kullanilmistir (Resim?2.5).

%10 katkili al¢1 ile hazirlanan nu-
munelerde bulunan egilme dayanimi
sonuglarina gore (Sekil 2.12); kire¢ ka-
tilmadan once 0.96 N/mm? olan daya-
mm, %?2 kire¢ katkisi ile 0.63 N/mm?
‘ye diismektedir. % 10 katkisiz algi ile
hazirlanan numunelerde ise; %0.5 kirec
katkist ile 0.91 N/mm?, %2 kireg katkist
ile de 0.84 N/mm? egilme dayanimi elde
edilmektedir. Bulunan bu degerler; SIA
standartlart ile birim agirhigl.1.60-2.20
kg/it olan blok kerpigler icin belirlenmis
0.3 N/mm?lik minimum egilme dayani-
mi degerinden yiiksektir [19].

2.3.2.2.3 MECHANICAL
EXPERIMENTS

2.3.2.2.3.1 Bending Tensile
Strength

Generally, bending tensile strength
increases depending on the increase
in gypsum addition rate (Figure 2.9).
In addition, lime admixture decreases
strength. In bending experiment per-
formed according to TS 3286 [32] in or-
der to determine how this decrease will
occur in prepared samples, Amsler bend-
ing machine with maximum 2000kg-f ca-
pacity is used (Figure 2.5).

According to the bending strength
results obtained from samples prepared
with 10% gypsum with admixture (Fig-
ure 2.12), strength, which is 0.96 N/
mm? prior to lime admixture, decreases
to 0.63 N/mm? with 2% lime admixture.
In samples prepared with 10% gypsum
without admixture, 0.91 N/mm? bend-
ing strength is obtained with 0.5% lime
admixture, while 0.84 N/mm? bending
strength is obtained with 2% lime admix-
ture. These obtained values are higher
than 0.3 N/mm? bending strength defined
by SIA Standards for earthen blocks
whose unit weight is 1.60-2.20 kg/l [19].
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Resim 2.5. Egilmede Cekme Dayanimi Deneyi
Picture 2.5. Bending Tensile Strength Experiment

egilmede cekme dayanim (N/mm?2)
bening tensile strength (N/mm2)

0.51 1.52 2.5
kireg/al¢ittoprak (%)
lime/gypsum+soil(%)

Sekil 2.12. % 10 Katkih Al¢1 ile Hazirlanan Numunelerde Kire¢ Katkisi Oranmna
Bagh Olarak Egilmede Cekme Dayanimi Degisimi.

Figure 2.12. Bending Tensile Strength Change in Samples Prepared with 10% Gypsum
According to Lime Addition
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2.3.2.2.3.2 Basin¢g Dayanimi

Basing deneylerinde Amsler marka
10000kg-f max. kapasiteli basing presi
kullanilmistir (Resim 2.6). Egilme dene-
yi sonucu 2 pargaya ayrilmis olan numu-
nelerin her bir pargast 10x10 cm boyutlu
celik plakalar kullanmak suretiyle basing
deneyine tabi tutulmusglardir.

%10 katkil1 al¢1 ile hazirlanan numu-
neler i¢in elde edilen sonuglar Sekil 2.13
‘deki grafikte gosterilmislerdir. Ornegin,
kire¢ katilmadan once 3.14 N/mm? olan
basing dayanimi, %2 kire¢ katkisi ile
2.21 N/mm?‘ye diismektedir.

2.3.2.2.3.2 Compressive Strength

Amsler compressive press with max-
imum 10,000 kg-f capacities is used in
compressive experiments (Figure.2.6).
Each part of samples, which are divided
into two as a result of bendmg experi-
ment, is subject to compressive exper-
iment where 10x10cm steel plates are
used.

The results obtained for samples pre-
pared with 10% gypsum with admixture
are demonstrated in the graph in Fig-
ure 2.13. For example, compressive
strength, which is 3.14 N/mm? before
lime is added, decreases to 2.21 N/mm?
with 2% lime admixture.

Resim 2.6. Basin¢ Dayanimi Deneyi
Picture 2.6. Compressive Strength Experiment
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Sekil 2.13. % 10 Katkih Alci ile Hazirlanan Numunelerde Kire¢ Katkis1 Oranina
Bagh Olarak Egilmede Basin¢ Dayanimi Degisimi.
Figure 2.13. Bending Tensile Strength Change in Samples Prepared with 10% Gypsum
According to Lime Addition

%10 katkisiz al¢1 ile hazirlanan nu-
munelerde ise; %0.5 kireg katkisi ile
4.02 N/mm?’1ik ve %2 kireg¢ katkisi ile
3.63 N/mm?* ‘lik basing dayanimi elde
edilmistir. Bu degerler; SIA [19], CRA-
Terre [33] tarafindan blok kerpigler igin
onerilen 2.0 N/mm?*‘lik ve New Mexico
Kerpi¢ Yonetmeligi’'nde [16] belirtilmis
olan 250 pounds/ing® (1.75 N/mm?)‘lik
minimum basing dayanimi degerlerin-
den ytiksektir.

Gerek katkil gerekse katkisiz alg1 ile
hazirlanan bu numunelerin basing de-
neyi sonucunda kirllma kesitlerine ba-
kildiginda -betonda oldugu gibi- liggen
prizma seklinde olduklar1 goriiliir (Re-
sim 2.7 ve Resim 2.8). Buna dayanarak
malzemenin hemen hemen beton karak-
terinde oldugu sdylenebilir.

In samples prepared with 10% gyp-
sum without admixture, compressive
strength of 4.02 N/mm? is obtained with
0.5% lime admixture and compressive
strength of 3.63% N/mm? is obtained
with 2% lime admixture. These values
are higher than the minimum compres-
sive strength value suggested by SIA
[19], CRATerre [33] for adobe blocks,
which is 2.0 N/mm? and by New Mexi-
co Adobe Regulation [16], which is 250
pounds/inch? (1.75 N/mm?).

When fracture sections of these sam-
ples (as in concrete) prepared with gyp-
sum with and without admixture due to
compressive experiment are examined,
it is seen that they are triangular prism
(Figure.2.7 and Figure.2.8). It can be
said that material has almost concrete’s
characteristics.
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Resim 2.7. Basin¢ Presindeki Numune
Picture 2.7. The Sample in Compressive Press

Resim 2.8. Basin¢ Deneyi Sonras1 Numunenin Kirillma Kesiti.
Picture 2.8. Cross-Section of Fracture After Compressive Experiment
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2.4 SONUGC

Bu boliimde; deneysel caligmalar
sonucunda elde edilen bulgular 6zetle-
nerek mekanizasyona uygun malzeme
kararlarina vartilmusgtir.

Ocaktan alindig gibi tasli, ¢akilli ha-
liyle kullanilacak olan topragin mekanik
ve fiziksel Ozelliklerinin iyilestirilmesi
icin agirlikea %10 al¢1 ilave edilmistir.
Alcinin priz siiresinin santiyede calig-
mak i¢in yeterli olabilmesi amaciyla, ka-
risima %?2 kireg katilmstir. Priz siiresi ile
ilgili olan kire¢ katkis1 diisiik oranlarda
da yeterli olabilmektedir.

Deneyler sonucunda elde edilen bul-
gular 15181nda, uygulamaya yonelik ola-
rak asagidaki belirlemeler yapilmustir.

*Karigim igerisine girecek al¢i orani
hem mekanik dayanim hem de maliyet
yoniinden agirlikca %10 olarak kabul
edilmistir.

*Kanigima katillacak su oranmin
belirlenmesi amaciyla yapilan 6n ¢a-
lismalar sonucunda, agirlikca %18-20
oraninda su ilavesi ile elde edilen plas-
tik kivamdaki karigimin islenebilirlik
yoniinden en uygun karisim olduguna
karar verilmistir.

* Al¢min priz siiresini geciktirmek
amactyla kullanilan kireg, once harg
suyuna katilmahdir. Kire¢ + su kari-
simu1 icersine al¢1 katilarak elde edilen
kirecli al¢1, toprak + su karigimina ilave
edilerek homojen karigim saglanmustir.
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2.4 CONCLUSION

In this section, findings obtained as
a result of experimental studies are sum-
marized and material decisions suitable

for mechanization are made.

To improve mechanical and physical

properties of stony and pebbly soil to be

used as taken out of oven, 10% gypsum
is added. To extend setting time of gyp-
sum so that time is sufficient for working
in site, 2% lime is added to the mixture.
Lime admixture, which is related to set-
ting time, can also be sufficient at low
rates.

The following conclusions are made

for application in line with the findings

obtained as a result of experiments:

* The rate of lime to be added to the
mixture is accepted as 10% by weight
in terms of both mechanical strength
and cost.

* As a result of preliminary studies
conducted to determine water rate to
be added to the mixture, it is decided
that the mixture obtained at plastic
consistency due to water addition at
18-20% is the most suitable mixture in
terms of workability.

* Firstly, lime used to retard setting
time of gypsum should be added to
mortar water. Limed gypsum obtained
by adding gypsum to lime + water mix-
ture is added to soil + water mixture
and thus, homogenous mixture is ob-
tained.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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*Duvar yapimi i¢in enddistriyel ka-
liplara yerinde dokiim teknigi kabul
edilmis, karisimin tokmaklama yoluyla
yerlestirilmesine karar verilmistir.

* Duvar olusturulduktan sonra, ku-
rumaya baglamadan once, igindeki alg1
prizini tamamlamaktadir. Kuruma do-
neminde kilin biiziilme davranisi, al-
¢min priz sonucu olusturdugu iskelet
ile Onlenir. Boylelikle rotre kiigtilmek-
te, pordz bir biinye elde edilmektedir.
Birim agirligin azalmasi ise, 1s1 ilet-
kenlik degerinin kiigiilmesine neden
olur. Bunlarmn tiimii, bu malzeme ile
inga edilen yapilarda 1sinma enerjisinin
azalmasina katki saglayacaktir.

* Karigima katilan algt malzeme-
nin suya dayaniklihgini arttirmaktadir.
Boylelikle, malzeme bosluklu yapisty-
la su emmesine ragmen dagilmamakta-
dir.

* Alcinin malzeme igersinde olus-
turdugu iskelet egilme ve basing da-
yanimini arttirmaktadir. Basing deneyi
ile kirilan numunelerin beton ile ayni
karakteri gostererek ticgen prizma sek-
linde kirildiklar goriilmiistiir.

* Casting into industrial moulds
method is accepted for wall forma-
tion and the mixture is placed through
tamping method.

* After the wall is formed and be-
fore it dries, gypsum inside completes
its setting. The framework formed by
gypsum due to setting prevents shrink-
age behaviour of clay during drying.
Thus, shrinkage decreases and a po-
rous structure is obtained. Decrease
in unit weight results in decrease in
thermal conductance value. All of
these will contribute to the decrease in
heating energy in buildings construct-
ed with this material.

* Gypsum added to the mixture in-
creases material§ resistance against
water. Thus, material does not scatter
although it absorbs water due to its po-
rous Structure.

* The framework formed by gypsum
within the material increases bend-
ing and compressive strength. It is
observed that samples broken during
compressive test display the same
characteristic with concrete and when
they are broken, their shape is triangu-
lar prism.

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri
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3.1 GIRiS

Algili kerpi¢ malzemenin laboratuvar
diizeyinde fiziksel ve mekanik 6zellikle-
11 iyilestirilmis, deney bazinda islenebi-
lirligi arttirdmagtir.

Ozellikleri standart asamasina getiril-
mis malzemenin yapi iiretim asamasinda
uygulanabilirligi ve santiye mekanizas-
yonu i¢in arazide bir konut ingaat1 ger-
ceklestirilmistir. Briit alan1 yaklagik 100
m? olan her tiirlii konfor ihtiyacina cevap
veren tek kath miistakil bir konut insa
edilmistir. S6z konusu santiyenin orga-
nizasyonu ve mekanizasyonu agisindan
gerek Avrupa gerek iilkemizde uygulan-
mus Orneklerle kiyaslandiginda is giict,
slire, arazi kullanimi, gevre sartlart agi-
sindan insaat teknolojisi, kalip se¢imi
ve mekanizasyon konularinda olumlu
sonuclar alinmistr.
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3.1 INTRODUCTION

The physical and mechanical charac-
teristics of gypsum stabilized adobe ma-
terial have been improved in the labora-
tory level and its experimental treatment
has been increased.

A building construction has taken
place on the soil for the building site
mechanization and applicability of the
material whose characteristics have
been brought to a standard degree. A
single storied, detached house with 100
m? gross area, which meets all the com-
fort requirements, has been built. When
the organization and mechanization of
the building site in question are com-
pared with examples applied either in
Europe or in our country, positive results
are obtained in construction technology,
mould selection and mechanization in
terms of workmanship, period, land use
and environmental conditions.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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3.2 INSAAT TEKNOLOJISI

Kerpi¢ yapmm toplu konuta uygula-
nabilirligini inceleyen bu boliimde insa-
at teknolojisi gelistirmek i¢in beton tek-
nolojisinden yararlanilmistir. Diger bir
deyisle beton teknolojisinde har¢ hazir-
lanmasi, duvar boyutunda kalip kullanil-
mast, harcin kaliba yerlestirilmesi, maki-
na ile liretim yontemlerinin uygunluguna
bakilmistir. Bu amagla tiniversal yatay
eksenli betoniyer , “PERI Hand - Set”
endiistriyel kalip, vibrator, sarsma tabla-
s1, “WACKER” kompaktdr, balyoz (tok-
mak) kullanilmstir. Bu sekilde {iniversal
ingaat makinalar1 kullanilmasi uluslara-
rasi literatiir ve gozlemlerde (Almanya,
Fransa, ABD, Endonezya) daha Once
rastlanmamis bir uygulamadir. Boyle-
likle Birlesmis Milletler’in, iskan ¢alis-
malarinda dahi 6nerilen “6zel” ve kulla-
nilmasi “lisans” anlagsmas1 gerektirebilen
kerpig blok tiretme makinalar1 (Ek 1) ve
tekniklerine gerek kalmamaktadir.

Onceki arastirmalarda  (6rn.MAG
505) malzemenin al¢1 + kireg ile stabi-
lizasyonu saglanmistir [11]. Atilmasi
gereken ikinci adim ise beton teknoloji-
sinin mekanik 6zelliklerinden yararlana-
rak kerpi¢ yapt malzemesine uygun bir
ingaat teknolojisi gelistirmektir [12].

3.2 CONSTRUCTION TECHNOLOGY

In this section, which studies the ap-
plicability of adobe building to mass
housing, concrete technology has been
used in order to develop the construction
technology. In other words, appropriate-
ness of mortar preparation; use of cast
form in the wall dimensions; placing the
mortar into the mould and production
with the machine in concrete technol-
ogy have been studied. In this respect,
universal horizontal-axis concrete mix-
er, “PERI Hand-Set” industrial mould,
vibrator, shaking panel, “WACKER”
compactor and sledge-hammer (tamper)
are used. Such use of universal construc-
tion machines has never been applied in
international literature and researches
(German, France, U.S.A., Indonesia).
Thus, the “special” adobe block pro-
duction machines and techniques rec-
ommended by the United Nations even
for housing studies, for which “licensee
agreements” are required, are not need-
ed anymore.

In the previous studies (i.e. MAG
505), the gypsum -+lime stabilization
of the material has been obtained. The
second step is the development of a con-
struction technology suitable to the ado-
be construction material with the help of
the mechanic characteristics of the con-
crete technology.
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3.2.1 DURUMUN
BELIRLENMESI

Kerpi¢c yapi icin gelistirilen ingaat
teknolojileri her {ilke ve toplum i¢in de-
gisiklikler gostermektedir. Durumu be-
lirlemek i¢in uygulanan bazi teknolojile-
r1 incelemekte yarar goriilmiistiir.

A.GELENEKSEL (ANADOLU) [34]

Zaman segimi Ilkbahar - Yaz bas1

Topragin se¢imi

Elde sikilarak sekillendirilen toprak ha-
muru yaklasik 1.00 mt. yere birakilinca
dagilmali sadece sekil degistirilmelidir.

Katki malzemesi
Bitkisel atiklar..... lifli, aga¢ kokenli
Tas cinsinden katkilar ....... kum, ¢akil

Kazi
Uygun toprak olan yerde, bitki topragi
kaldirildiktan sonra ocak acilir.

Eleme
Dane c¢aplar1 2 cm’den biiyiik olan ag-
rega ve yabanci maddeler elenir.

Har¢ hazirlanmasi
Har¢ cukurlar acilir. Toprak islatilip
cignenerek plastik kivama getirilir.
Katki maddesi eklenir.

11

3.2.1 DETERMINATION OF
THE SITUATION

The construction technologies devel-
oped for the adobe buildings vary from
country to country and from community
to community. 1o determine the situa-
tion, it will be worthwhile to scan some
technologies.

A.TRADITIONAL (ANATOLIA) [34]

Time choice Beginning of
spring-summer

Soil choice

When the soil paste which is shaped
compressing in hand, is left from a
height of 1 m, it must not scatter but
only change shape.

The admixture
Plant remains... fibrous, tree originated
The admixture in stone species ... sand,

pebble

The Digging Process

In a place where there is suitable soil,
after lifting the plant soil, an excava-
tion is opened.

Elimination

The aggregates with diameters bigger
than 2 cm. and foreign materials are
eliminated.

Preparation of mortar

Mortar pits are opened. By wetting and
treading under soil becomes as dense
as plastic. Admixture is added.

Mechanical and Physical Propertied of Gypsum Stabilized Adobe
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Harcin dinlendirilmesi
Harg katki maddesi ile 1-2 giin maya-
lanmasi i¢in dinlendirilir.

Kaliplama
Harg ahsap kaliplara dokiiliirManuel
aletlerle yerlestirme yapulir.

Kurutma

Yagmurdan, sert giinesten korunur,
nemlendirmek amactyla 1slatilan kalip-
lar riizgar ve golgede kurutulur.

Koruma

Hemen kullanilmayacaksa giines ve
yagmurdan korumak i¢in Ortii altina
alinir.

Tasima

Uretim yerinin insaat yerine uzakligina
gore el arabasi, ahsap teskere ve traktor
kullanilir.

Orgii
Kirec katkil1 toprak harg ile orgii

B.FRANSA (MALI iCiN)

Zaman seg¢imi
Blok {iretimi i¢in fabrika kuruluyor.

Toprak secimi

I¢inde laboratuvar degerleri %40 kum
+ %35 silt + %20 kil olan toprak uy-
gundur.

Leaving the mortar to rest
The mortar with the admixture is left
1-2 days torest for yeasting.

Shuttering (casting)

The mortar is poured in timber mould.
The placement is made with manual in-
Struments

Drying

Protected from rain and sun. For
moistening, the wet moulds are left to
dry in wind and shade

Protection

If not used immediately, it is taken un-
der a cover to be protected from sun
and air.

Transportation

According to the distance between the
production site and the construction
site, a hand - cart, a timber stretcher
and a caterpillar are used.

Mesh

Meshing with lime-soil mortar.

B.FRANCE [20] (FIGURE 3.1 & 3.2)

Time choice
A factory is constructed for block
production.

Soil choice

Soil, which has lab values of 40% sand
+ 35% blue limestone + 20 clay is suit-
able.

Alg1 Katkili Kerpicin Mekanik ve Fiziksel Ozellikleri



Katki malzemesi
Cimento

Kazi
Kazma kiirek yardimiyla kazi yapilir.

Nakliye
Ocagm fabrikaya uzakligina gore arag
gerec kullanilir.

Ogiitme + eleme + depo
Istenen dane biiytikliigiinde elenir veya
mekanik ogiitme makinast ile ogiitiiliir.

Nakliyat+dozaj+yogurma

Basit santiye araglar1 ile nakliye yapulir.
Cimento + su dozaj1 ayarlanir. Yogurma
makinasi ile karisim hazirlanir.

Pres + nakliye
Motorlu presler kullanilir.

Ik kurutma

Plastik ortii altinda (3 giin) yiizey ¢at-
laklari1 6nlemek amaciyla 1slatilarak
kurutulur.

Nakliye + 21 guinliik stok
El arabalar1 veya at arabalar ile yapi
yerine tagima.

Orgii
Killi toprak harci ile 6rgii

113

The Admixture
Cement

The Digging Process
With the help of pickaxe and shovel.

Conveyance

According to the distance of the exca-
vation area to the factory it depends
which vehicle will be used.

Grinding +elimination +depot
1t is eliminated in the desired dimen-
sion or is grinded in the mechanical
grinding machine.

Conveyance +dosage +mixing
Conveyance is done with simple con-
struction site vehicles. The dosage of
cement + water is regulated. The mix-
ture is made with a machine.

Press +Conveyance
Motor presses are used.

Primary drying

Under a plastic cover (for 3 days), it is
kept moist and allowed to dry in order
to prevent surface cracks.

Conveyance +Stocking for 21 days
Transport in the construction site with
a hand-cart or horse-carriages.

Meshing
Meshing with clayey-earth mortar.

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe
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C. iISVICRE (GELENEKSEL) [35]
(SEKIL 3.3)

Zaman se¢imi Yaz ve bahar aylar

Toprak secimi
I¢inde labaratuvar degerleri %40 kum
+40 silt + %S5 kil bulunan toprak

Katki malzemesi Yok
Kazi
Basit ingaat aletleri ile kazi yapilir.

Nakliye
Uzakliga gore at kullanilir.

Toprak + Malz.stogu
Ocagin santiyeye olan uzakhigma gore
toprak stogu yapilir.

Eleme
Toprak manuel yontemlerle elenir.

Karigtirma
Topragi harg kivamina getirmek i¢in ka-
nistirtlir.

Dinlendirme
Karisim ¢ukurlarda dinlendirilir.

Sekil verme
Kaliplarda sekillendirilir.

Kurutma
Malzeme glines veya riizgarda kurutu-
lur.

C. SWITZERLAND (TRADITIONAL)
[35] (FIGURE 3.3)

Time choice Summer and spring
months.

Soil choice
Soil, which has lab values of 40% sand
+ 40 % blue limestone 5% clay.

The Admixture No admixture.

The Digging Process

It is made with simple construction
tools.

Conveyance
According to distance, done with horse
or hand-cart.

Soil +Material Stocking

According to the distance of the exca-
vation area to the construction site soil
stocking is made.

Elimination
Soil is eliminated with manual methods.

Mixing

Soil is mixed to become at mortar den-
Sity.

Leaving to rest

The mixture is left to rest at pits.

Giving a shape
1t is given shape at moulds.

Drying

The material is dried in sunlight or wind.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Stok
Uretim ve insaat zamam farkli ise blok-
lar stoklanir.

Nakliye
Yapi insaat yerine gereken miktar kadar
tasima.

Orme Hargla 6rme yapilir.

D. U.N. (BIRLESMiS MILLETLER) [6]

Zaman sec¢imi Yaz ve bahar aylar

Toprak se¢imi
Basit santiye yontemleri (koku , renk ,
stkma vb.)

Katki malzemesi

Cimento, kire¢ bitiim ve emiilsiyonlar,-
kimyasal stabilizanlar , tokmaklama,
tarimsal artiklar, dogal organik lifler ...

Kazi
Kuru , kurutulmus toprak, Basit el alet-
leri ve basit makina

Eleme + 6gitme
Yabanci1 maddelerve tas.cakil vb. igin

Har¢ hazirlama
Basit gereclerle oranlar olgiiliir.
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Stocking
If the production and construction peri-
ods are different, the blocks are stocked.

Conveyance
Carrying an essential amount to the
construction site.

Meshing Meshing with mort

D. UNITED NATIONS (UN) [6]

Time Choice Summer and spring
months.

Soil Choice
Simple construction site methods
(smell, colour, compression, etc.)

The Admixture

Cement, lime bitumen emulsions, chem-
ical stabilitors, tamping, agricultural
wastes, natural organic fibers...

The Digging Process
Dry and dried soil, simple hand-tools
and simple machines.

Elimination +Grinding
For foreign materials and stone, peb-
ble, etc.

Mortar Preparation
The proportions are measured with sim-
ple tools.

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe
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Dinlendirme

Eger stabilizan kireg ise topragin iyice
nemini almasi i¢in beklenir.Stabilizan
cimento ise hidratasyona hemen basla-
dig1 i¢in derhal iiretime gegilir.

Karigtirma
Betoniyer kullanigh bulunmadigi igin
basit aletlerle karigtirma yapilir.

Kaliplama
Kaliplarin i¢inde elle sekillendirme

Kurutma
Kaliptan ¢ikan blok plastik posetlerde
bekletilir.

ikincil kurutma
Stabilizan ¢imento ise 3 hafta kurutma
stiresi uygulanir.

Duvar
Harg ile 6rme islemi yapilir. kireg ise 4
haftalik

Algili Kerpice Uygun Mekanize Insaat Teknolojisi

Leaving to rest

If the stabilitor is lime, it is left to take
the moisture of the soil totally, If it is ce-
ment, as it starts immediately to hydra-
tion, production starts right away.

Mixing
As the cement-mixer is not found usefill,
mixing is made with simple tools.

Shuttering (casting)
Shaping with hands in the moulds.

Drying
Blocks taken out of the moulds are lefi
in plastic bags.

Secondary Drying

If the stabilitor is cement, a drying pe-
riod of 3 weeks; if lime, a period of 4
weeks.

The Wall

Meshing with mortar.
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3.2.2 ARASTIRMANIN KATKISI

Ulkemizde bugiine kadar kerpig yap1
icin ingaat teknolojisi gelistirme amach
cok kapsamli ve stirekli caligmalar ya-
pilmamustir. 1983 yilinda iTU biinyesin-
de insa edilen alcili kerpi¢ arastirma ve
deneme evi dogrultusunda 1984 yilinda
“Al¢ih Kerpigin Uretim Olanaklarmin
Aragtirilmas1”  baghikl bir yiiksek li-
sans tezi hazirlanmistir. Tez‘de malzeme
ozelliklerinin iyilestirilmesi 6n planda
tutulmustur.

A.TEZ 841iTU[12]

Zaman segimi ilkbahar - Sonbahar

Toprak se¢imi
Basit manuel yontemlere basvurulur.
Bitki toprag1 harig killi toprak uygundur.

Kazi
Nakliye agisindan ocagin santiyeye ya-
kinligs istenir.

Eleme
Dane ¢ap1 2 cm‘den biiyiik taglar mu-
kavemeti diisiirdiigii icin eleme yapilir.

Karigim

Camur (toprak+su) teskerede hazirla-
nir.Ortasina agilan ¢ukura alg1 +kireg +
su karisimi konur.

3.2.2 CONTRIBUTION OF THE

RESEARCH

Regular and comprehensive stud-

ies aiming at the improvement of adobe
construction technology have not been
conducted in our country up to day. In

1984, a high bachelor thesis with the title
“The Research on the Opportunities of
Gypsum Stabilized Adobe Production”

concerning the gypsum stabilized adobe
research and experimental house built

in 1983 by LT.U was completed. In the
thesis, the improvement of the character-
istics of the material was put in the fore-

ground.

A. THESIS’84/1ITU [12]

Time choice Spring - Autumn

Soil choice
With simple manual methods. Except
plant soil,clayey earth is suitable.

The Digging Process

Relevant to the conveyance, the exca-
vation area is preferred to be close to
the construction site.

Elimination
Stones with diameters bigger than
2cm are eliminated, as they reduce
the resistance.

Mixing

Mud (soil + water) is prepared. Gyp-
sum + lime +mixture is put into the
hole opened in the middle of the mud
mixture.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Kalip

1. Kerpig tuglas1 kalibi

2. Miinferit yerinde dokiim kaliplar
3. Siirekli yerinde dokiim kaliplar

Kaliplama
Kiireklerle kaliplara konur. Tokmakla-
nir. Mastar ile diizeltilir.

Duvar 6rme
Iki tiir kalipta duvar {izerine kurulur.

B. TUBITAK INTAG-TOKI 622/

Zaman segimi
4 mevsim (Universal santiye takvimi)

Toprak segimi

Santiyeye yakin ocaktan c¢ikan dogal
killi ve ¢akilli toprak kullanilir. On ha-
zirhk yoktur.

Katki Malzemesi
Topragin agirlikca %10 alg1 + %2 Ki-
re¢c +% 19 su

Kazi

Kepge ile ocaktan kazi yapilir. Santiye-
de duvar hacminin % fazlasi ile toprak
stogu hazirlanr.
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Mould

1. Adobe brick mould

2. Single in-situ moulds

3. Continuous in-situ moulds

Shuttering (Casting)

1t is put in moulds with shovels.
Tamping is made. It is smoothed with
screed board.

Walling
80th the two types of moulds are set
up on the wall.

B.TUBITAK INTAG-TOKI 622/

Time choice
4 seasons (universal construction site
calendar).

Soil choice

Natural clayey and graveled soil
extracted from the excavation area
close to the construction site is used.
There are no beginning preparations.

The Admixture Material
10% gypsum + 2% lime + 19% water
of soil weight.

The Digging Process

Digging is done from the excavation
area with a ship. In the construction
site, soil stock is prepared according
to X%+ wall volume.

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe
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Karisim

Toprak el arabast ile betoniyere konur.
Nemlendirilir. %10 Al¢1 + %2kire¢ +
%19 su oranlarinda hazirlanan karisim
eklenir.

Kalip

Duvar boyutunda celik konstriiksi-
yonlu endiistriyel kalip duvar yerinde
kurulur.

Kaliba tagima
Toprak el arabast ile betoniyere konur.
Nemlendirilir.

Sikistirma

Tokmak veya kompaktor ile sikistirlir.
Akici plastik kivamda vibrator kullani-
labilir.

Mixing

Soil is put into the cement mixer with
a hard cart. It is left to moisten. The
mixture is added with values of 10%
gypsum + 2% lime + 19% water.

Mould

An  industrial  steel  construction
mould in the wall dimensions is set up
in the place of the wall.

Conveyance to the

Suitable to carry with shovels,
conveyor, mould belts, scoops and
crane buckets.

Compression
With tamper and compactor. In plastic
fluid phase, a vibrator can be used.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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3.3 KERPIG YAPI SANTIYESI
3.3.1 DURUM BELIRLENMESI

Incelenen arastirmalarda da goriildii-
gii gibi kerpig liretimi igin her tlke ihti-
yaclar1 ve yapi kiiltiirleri dogrultusunda
ingaat teknolojileri gelistirmislerdir. Tab-
lo 3.1°de 4 ayn ingaat siirecinin islem
kriterine gore karsilastirmasi goriilmek-
tedir.

3.3.2 ARASTIRMANIN KATKISI

Bu boliimde, aragtirma biinyesinde
yapilan kerpi¢ yapi insaatinda, uygun
toprak se¢imi, harcin hazirlanmasi, ka-
liplama ve duvar olusturma asamalarin-
daki gelismeler gortilmektedir.

Arastirma i¢in, ITU Maslak Kampii-
sti'nde Rektorliik tarafindan ingaat alani
tahsis edilmistir. Bu alanda; arastirma
binasi alani, karisim hazirlama alani, de-
ney platformu, santiye yonetim biirosu,
isci yatakhane ve yemekhanesi, malze-
me stok birimlerini kapsayan bir ¢adir
bulunmaktadir (Sekil 3.4).

Uretim siirecinin diger 6rneklerden
daha kisa olmasmin yani sira, iklim sart-
larindan bagimsiz olarak uygulanan in-
saat teknolojisi ozellikle kitle tiretimine
rasyonellik kazandirmistir.

3.3 ADOBE CONSTRUCTION

3.3.1 DETERMINATION OF
THE SITUATION

As can be seen from the scanned re-
searches, each country has developed
different construction technologies for
adobe production according to their
needs and construction cultures. In Ta-
ble 3.1, comparison of four separate
construction processes according to
transaction criteria can be seen.

3.3.2 CONTRIBUTION OF
THE RESEARCH

In this section, the developments at
the phases of suitable soil choice, mortar
preparation, casting, and wall formation
in adobe construction, which has been
built within the scope of the research
studies, can be examined.

The construction area in I.T.U Maslak
Campus was assigned by the rectorate
for the research. This site consists of a
research building area, mixture prepara-
tion area, experiment platform, building
site administration office, a dormitory
and a dining hall for the workers, and
a tent that contains the material stock
units (Figure 3.4).

In addition to its production period,
which is shorter than the other exam-
ples, this construction technology hav-
ing been applied regardless of the cli-
mate conditions has given rationalism
especially to the mass production.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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3.3.2.1 UYGUN TOPRAK SEGIMi

Biiyiik kerpi¢ yap1 santiyelerinde uy-
gun toprak laboratuvar deneyleri ile segi-
lebilir.Laboratuvar deneyleri hem zaman
alicidir, hem de teknisyen ve ekipman
ithtiyac1 nedeniyle maliyeti arttirir.Miin-
ferit yap1 ingaatinda basit deneylerle sag-
likl1 sonuglar alinmaktadir.

Kerpi¢ yapimmna en uygun topragin
acik renkli kaolinit grubu killeri muhteva
eden toprak oldugu bilinmektedir [12].

3.3.21 SELECTION OF SUITABLE
SOIL

In large scaled adobe construction
sites, the suitable soil can be chosen by
lab experiments. Lab experiments are
both time-consuming and increase the
costs due to the technician and equip-
ment requirements. In single construc-
tions, positive results can be achieved
with simple experiments.

The most suitable soil is known to be
the one including light colored chine-
clay. This soil which is thought to be suit

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe
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Renginden uygun oldugu diisiiniilen top-
ragin avug igerisinde sikilip serbest bira-
kildiginda dagilmamasi ya da kuruduk-
tan sonra yaklasik 1.00 mt. yiikseklikten
yere birakilmasi halinde parcalanmayip,
sadece biiyiik parcalara ayrilmasi malze-
menin al¢il kerpi¢ yapiminda kullanila-
bilirligini gostermektedir.

Topragin uygunluguna karar vermek
icin kullanilan bir metod da 6rnek blok
yapmak ve sudan koruyacak sekilde acik
havada kurutmaktir. Ideal toprak karisi-
mu, yapilan bloklarda biiyiik ve tehlikeli
catlak vermeyenidir [16]. Uygun kerpic
karigiminda kullanilacak kil ve kumun
icinde suda ¢oziilebilen tuzlar %2 ora-
nindan fazla olmamalidir [19].

Aragtirmada kullanilan toprak bir
yandan laboratuvarda denenmis, diger
yandan ise santiyede blok dokiillip goz-
lenerek uygunluk belirlenmistir (Resim

able due to its color proves to be useable
in gypsum stabilized constructions since
it does not scatter when pressed in hand
and later released or is not broken into
pieces but divides into large particles
when it is released from 1 meter height
after it has dried.

Another method used to decide the
suitability of the soil is making sample
block and drying it in open air in such
a way that it is also protected from wa-
ter. The ideal soil mixture is the one that
does not result in severe and dangerous
cracks in the blocks. The salts that dis-
solve in water and are going to be used
in the suitable adobe mixture of clay and
sand should not exceed 2%.

The soil used in the research has been
examined in tab, and besides, casting
and observing the block in the building
site have determined the suitability (Fig-

g

Resim 3.1. Santiyede Dokiilen Numune Blok

Picture 3.1. Sample Block Casted in Construction Site

Algili Kerpice Uygun Mekanize insaat Teknolojisi



3.3.2.2 HARGC

3.3.2.21 TOPRAGIN
HAZIRLANMASI

Daha onceki deney ve arastirmalar-
da kullanilacak toprak icerisinde dane
caplart 2 cm’den biiyiik olan taslarm
kerpicin mukavemetini disiiriicii rol
oynadiklart ifade edilmistir [12]. Ancak
%10 al¢1 orani ile stabilize edilen kerpic
iretiminde topragin elemesine gerek go-
riilmemistir. Yapilan laboratuvar deney-
lerinde (Bkz. B6l.2) biiyiik boylu agrega
ile tiretilen numunelerde basing mukave-
meti ortalama 2.2 N/mm?’dir.

6 cm capindaki taslarin kullanilabi-
lecegi gortildiikten sonra santiyede top-
ragin elenmesi islemi tiretim siirecinden
cikarilmigtir. Malzemenin 2 c¢cm c¢apin-
da kalabilmesi i¢in yapilacak elek veya
Ogiitme isinde harcanan zaman ve is¢ilik
maliyetlerinden de tasarruf edilmistir.
Dolayistyla bu iglem igin bir¢ok iilkede
degisik orneklerine rastlanan 6zel arac,
gerecler de santiye organizasyonu i¢inde
yer almamustir.

3.3.2.2.2 KARISIM
HAZIRLANMASI

Yapilan deneylerin sonuglarina da-
yanarak al¢ili kerpi¢ karigiminin hazir-
lanmas1 olduk¢a basite indirgenmistir.
Uretim siiresi, is¢ilik ve maliyet birimleri
azaltilmistir. Santiyede yapilan ALKER
duvar tiretimi boyunca ¢aligma kolaylig
ve malzemenin rasyonel kullanimi agisin-
dan toprak miktar1 50 kg (yaklasik 1 dolu
el arabasi) olarak belirlenmigstir. 50 kg
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3.3.2.2 MORTAR

3.3.2.21 PREPARATION
OF THE SOIL

1t has been stated in the previous re-
searches and experiments that the stones
with diameters bigger than 2 cm play a
resistance reducing role in the soil [12].
But in the adobe production, which has
been stabilized with 10% gypsum, elimi-
nation of the soil is not necessary. It has
been found in the lab experiment (see
Sec.2) that the compressive strength is
2,2 N/mm? in average in the samples
produced with coarse aggregate.

After it has seen that stones with di-
ameters of 6 cm. can be used, the stage
involving the elimination of the soil in
the building site is removed from the
production period. The costs for the time
and workmanship spent in the elimina-
tion and grinding stages to keep all the
material in a diameter of 2 cm are also
saved. Thus, special samples of tools and
instruments used in various countries
did not take place in this building site
organization.

3.3.2.2.2 PREPARATION OF
THE MIXTURE

Due to the results of the experiments,
the preparation of gypsum adobe mixture
has rather been simplified. The produc-
tion period, labor and cost units have been
reduced. As regards the working comfort
during ALKER wall production in the
building site and the rational usage of the
material, the soil amount is determined to
be 50 kg (approximately 1 full handcart).
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toprak 1 is¢i tarafindan en fazla 3 dakika
icinde stoktan ¢ikarilip betoniyere bosal-
timistir. 250 litlik betoniyer iiretim igin
yeterli goriilmiistiir (Resim 3.2).

Topragin kuruluk oranina, hava sartla-
rina gore betoniyerdeki topragi nemlen-
dirmek gerekebilir. Topragin en kuru oldu-
gu zamanda toplam su miktarmdan max.
2 kg su ilave edilmistir. % 19 su ile elde
edilen plastik kivam i¢in topragin nemli-
liginin yeterli oldugu giinlerde bu isleme
gerek kalmamigtir. Suyun toprak icinde
homojen dagilmasina yetecek kadar siire
-yaklasik 1/2dk- betoniyer ¢alistirilmistir.
2. 15¢1 bu sirada 50 kg toprak i¢in gereken
kuru topragin agirlik¢a %10’u oranindaki
5 kg baz al¢1,%2’s1 oranindaki 1 kg kireg
ve % 19 oramindaki 9kg su karigimini, 3
dakika icinde karisima baslamak icin ha-
zir hale getirebilmektedir (Resim 3.3 ).

Karigimda al¢inin priz siiresini gecik-
tirmek icin kullanilan kireg, suya al¢idan
once katilmis ve al¢inin prizinin baglan-
gicim geciktirmistir. Uzatilan priz siiresi
nedeniyle islenebilirlik siiresi uzatilmstir.

Betoniyerdeki topraga eklenen kari-
simin topragmn biitiiniinde dagilim gozle
izlenmektedir. Yeterli siire sonra -ortala-
ma 1 dk- betoniyer durdurulur ve karigim
el arabalarina bosaltilir (Resim 3.4).

50 kg of soil was taken out of the stock
and emptied into the cement-mixer in ut-
most 3 minutes. A cement-mixer of 250 lit
is accepted to be sufficient for the produc-
tion (Picture 3.2).

According to the dryness of the soil
and the weather conditions, the soil in
the cement-mixer may need to be moist-
ened. When the soil is in the most dry
form, a maximum amount of 2 kg has
been added from the total water reserve.
This process is not required when the soil
moisture is sufficient for the plastic con-
sistency achieved with 19% water. The
cement-mixer is worked for approximate-
by 1-2 minutes, that is the time required
for the dissolving of water homogenously
in the soil. During this time, the second
worker can prepare 5 kg base gypsum
(that is 10% of the weight of the dry soil),
1 kg lime (that is 2% of the weight) and
9 kg water mixture (that is 19% of the
weight) in 3 minutes for the mixing pro-
cess (Figure3.3).

The lime used to retard the setting time
of gypsum in the mixture is added to the
water before gypsum and it retards the
initial set of gypsum. Due to the delayed
setting time, the treatment period is ex-
tended.

The dissolution of the mixture added
to the soil in the cement-mixer through-
out the whole soil can be seen with naked
eyes. Afier the adequate time - 1 minute
in average- the cement mixer is stopped
and the mixture is emptied into handcarts
(Picture 3.4).

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Resim 3.2. Topragin Kiireklerle BetoniyereYerlestirilmesi
Picture 3.2. Shoveling Soil into Concrete Mixer

Resim 3.3. Ol¢eklendirilmis Kovalarda Al¢1 + Kirecli Su Karisiminin Hazirlanmasi
Picture 3.3. Preparation of Gypsum + Lime + Water Mixture in Scale Buckets
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Resim 3.4.Betoniyerin Bosaltilmasi
Picture 3.4.Discharge from Concrete Mixer

Karigimdaki oranlar ve 6lgekler asagida-
ki sekillerde bir diiz is¢inin kolayca kav-
rayabilecegi normlara dontistliriilmiistiir.

50 kg toprak = 1 dolu el arabasi (0.06 m?)

Skgalgt =4 dolu kiirek

1 kgkireg =2 silme kiirek

Max 2 kg su = Toprak nemlendirilecekse.
17kgsu = Caligmayi kolaylasgtirmak

icin 2 ayn dlgekli kap kullantdlmistir (9 ve
8 kg. lik kap). Dolayistyla al¢1 ve kire¢ de
bu dl¢eklere gore oranlanarak karistirtlir
(Resim 3.5).

The proportions and the scales in the mix-
ture are turned into norms that a worker
can understand easily:

Figure 3.7. Discharge from Concrete Mixer

50 kg soil = 1 full hand-cart (0,06m°)
Skggypsum =4 full shovels
1 kg lime = 2 shovels full to the brim.

Max. 2kg water = If the soil is to be moist-
ened.

17 kgwater = To ease the work, 2
different scaled containers are used (con-
tainers of 8 kg and 9 kg). Thus, gypsum and
lime are mixed according to these scales
(Picture 3.5).

Algili Kerpice Uygun Mekanize Ingaat Teknolojisi
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3.3.2.3 KALIP

Diinya tizerinde kerpi¢ yapi olarak
degisik insaat teknikleri ve kalip ¢esitleri
vardir. Ulkemizde ise kerpi¢ drme duvar
ve kerpi¢ blok iiretimi ile insaat teknigi
en ¢ok goriilendir. Tokmaklama meto-
duna genellikle bah¢e duvart yapiminda
rastlanir. Bu metot ile yapilan iretimin
dayanimi konusunda kullanicilarin bazi
sorunlar1 olmustur. Baglayicilarin sade-
ce kil ve toprakla oldugu kerpi¢ duvar-
da, tokmaklama iyi yapilmadig takdirde
duvarda bozulmalar goriinmektedir [ 14].

Bu calismada ise stabilizasyon al¢1 ve
kiregle yapildigi i¢in s6z konusu sakinca
ortadan kaldirllmugtr.
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Resim 3.5. Al¢1 +Kirec+Su Oranlari El Arabasi ve Kiirek Birimlerine indirgenmesi
Picture 3.5. Turning Gypsum + Lime + Water Rates into Hand Chart and Shovel Units

3.3.2.3 MOULD

There are different construction tech-
niques and mould types for adobe con-
struction in the world. In our country,
the construction technique of adobe ma-
sonry and adobe block: production is the
most available. The tamping method is
generally used in garden wall construc-
tion. But the users have had some prob-
lems with the durability of this kind of
production. If the tamping process is not
applied successfully in the adobe wall,
which has only binders of clay and soil,
deformations are seen [14].

In this study, since the stabilization
is performed with gypsum and lime, the
drawback in question disappears.

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe



132

3.3.2.3.1 KERPIC URETIMI iGiN
ULKEMIZDE KULLANILAN
KALIP TIPLERI

A. GELENEKSEL KERPIiC¢
TUGLASI DOKUM KALIBI

Kalip tahtalarinin birbirine gegmesi
eski kalip tipidir. Bir defada max. 4 blok
uiretilen kalip tipine, elde edilen blok sa-
yisini arttirict yonde yapilan bir model
degisikligi ile kullanim kolaylig1 getiril-
mistir [12] (Sekil3.5). Ancak blok {ire-
timindeki agamalar (kurutma, santiyede
stok, nakliye, oriilme isciligi, Oriilme
malzemesi vb.) nedeniyle kerpi¢ tuglasi
iiretim ve ingaat asamalari arasinda za-
man kaybi olmustur. Ayrica maliyet ve
iscilik agisindan tiretim sartlarinin iyiles-
tirilmesi de miimkiin olamamustir.

3.3.2.3.1 MOULD TYPES TO BE
USED FOR ADOBE PRODUCTION
IN OUR COUNTRY

A. TRADITIONAL ADOBE BRICK
CASTING MOULD

Rigidity is obtained through fitting
wood pieces of mould to each other. It
is the oldest mould type. For this mould
type, where maximum 4 blocks can be
produced at a time, ease of use can be
provided through a model change so
that more blocks can be produced [12]
(Figure 3.5). However; due to the phases
of block production (drying, stocking in
site, transportation, masonry workman-
ship, masonry material etc.), time is lost
between adobe brick production and
construction phases. Besides, it is not
possible to improve production condi-
tions in terms of costs and workmanship.
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Sekil 3.5. Geleneksel Kerpi¢ Tuglas1 Dokiim Kaliplar:
Figure 3.5. Traditional Adobe Brick Casting Moulds
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B.YERINDE DOKUM KALIPLARI

B1. MUNFERIT YERINDE DOKUM
KALIPLARI

Duvar yerinde kurulan kaliplara harg
dokiilerek duvar elde edilir ( Sekil 3.6).
Giinliik dokiimlerde goriilebilecek rot-
renin duvara etkisini azaltmak i¢in kalip
bosluk birakarak ileriye yerlestirilir. Bu
sistemde kalip aktarma yerlerinde diiz-
lem farkliliklar1 olusmaktadir. Diizlem
farki fazla siva malzemesi gerektirmek-
tedir. Esit yiizey tstline esit kalinliktaki
stva daha omiirlii olur [36].

94
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B.IN-SIUT CASTING MOULDS

B1. INDIVIDUAL IN-SIUT

CASTING MOULDS

Wall is obtained by pouring mortar
into moulds mounted in the place of
wall (Figure 3.6). By leaving a certain
distance in order to reduce the effect of
shrinkage on wall, which may be en-
countered in daily castings, the mould
is placed forward. In this system, level
differences emerge in places where the
mould is transferred. Plaster with equal
thickness on equal surfaces will be more
durable [36].
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Sekil 3.6. Miinferit Yerinde Dokiim Kalib1
Figure 3.6. Individual In-Situ Casting Mould
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Kalibin zay1f oldugu ve tokmaklama
sirasinda rijitligini ve basinca dayanik-
liligim  kaybettigi gortilmiistiir. Kalibin
tokmaklama sirasinda acilabilecek tah-
talarina icin gergi cubuklar1 eklenerek
kalip modelinde degisiklik yapilmistir
[12]. Ancak kurma, sokme ve temizleme
icin harcanan siire ve is¢i sayist arttig
i¢in tiretimi olumsuz yonde etkilemistir.

B2. SUREKLI YERINDE
DOKUM KALIPLARI

Tiim duvarlar boyunca devam eden
kalip sistemidir (Sekil 3.7). Kurma, sok-
me, problemleri kismen halledilmis olsa
bile kalip tahtalarinin en az 2 cm olusu
birkag¢ dokiim sonrasinda deforme olma-
larina neden olmaktadir [12]. Istenen du-
var ylizeyi elde edilememektedir.

Ayrica karigim oranlari rétre riskini
azaltic1 degilse dokiimiin stirekli olmasi
halinde biiytik ve tehlikeli rotre gatlakla-
11 olusabilir (Resim3.6).

1t is observed that the mould is weak
and it loses rigidity and compressive
strength during tamping. The mould
model is modified by adding stretcher
bars in order to prevent wood pieces of
the mould from separating from each
other during tamping [12]. However,
since time and the number workers spent
for mounting, demounting and cleaning
increase, it affects production negatively.

B2. PERMANENT IN-SIUT
CASTING MOULDS

It is the mould type that continues
throughout all walls (Figure 3.7). Al-
though mounting, demounting problems
can be partially overcome and since
wood pieces of mould are at least 2cm,
they become deformed after several
castings [12]. The desired wall surface
cannot be obtained.

Besides, if mixture rates are not suf-
ficient to reduce shrinkage and castings
are continuous, severe and dangerous
shrinkage cracks may occur (Figure3.6).

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Sekil 3.7.Siirekli Yerinde Dokiim Kalib1
Figure 3.7.Individual In-Situ Casting Mould
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Picture 3.6. Shrinkage Fracture of the Mixture in Liquid Consistency
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C. GELiISMiS YERINDE
DOKUM KALIPLARI

Arastirma santiyesindeki duvar {ire-
timinde kullanilan kaliplar PERI firma-
smin HAND-SET sistem kaliplaridir.
Bu tiir kaliplar daha ¢ok beton teknolo-
jilerinde kullanilan kaliplardir. Her tiirlii
yaptya uyum saglayabilmesi, is¢ilik ma-
liyetlerini en alt seviyede tutmasi, is ve
isci giivenligini saglamasi, hizli montaj
devir ve sokiim olanaklari, yenilenebil-
me ve tiim teknik sorunlara ¢éziim geti-
rebilmesi, Omriiniin uzun olmasi bu tiir
kaliplarin ekonomik oldugunu gosterir
ozellikleridir.

Bu tiip kaliplar vingten bagimsiz,
pano boylart 30 cm’nin katlar1 seklinde-
ki modiiler kaliplardir. En biiyiik panel
olan 150x90 cm boyutundaki panelin
agirhigr 39.4 kg’dir. Panellerin hafifligi
iscinin ¢aligma siiresini daha verimli hale
getirmektir. Diger bir avantaj da nakliye
masraflarindaki azalmadir.

Beton teknolojisi i¢in dizayn edilen
bu kaliplar 50 KN/m? basinca dayanikli
olup panolara gelen hidrostatik harg ba-
sinct kaliplar1 karsilikli baglayan her biri
9 ton ¢cekmeye dayaniml ¢elik baglanti
cubuklart (tie-rod) tarafindan karsilan-
matadir. Bu ¢ubuk gegisleri i¢in panolar
lizerinde standart delikler mevcuttur. Pa-
nellerin birbirine baglanmasi herhangi
bir arag-gere¢ gerektirmeden elle kolay-
ca takilan klipsler yapulir.

Kalipta kullanilan 12 mm kalinligin-
daki (fin-ply) kontraplagin temas ylize-
yi 240g/m? fenol tabakasiyla kaplhdir.
Plywood 30x30 cm’lik kafesler olustu-

C. DEVELOPED IN-SIUT
CASTING MOULDS

Moulds used in wall construction in
research site are HAND- SET system
moulds of PERI company. These moulds
are rather used in concrete technologies.
These moulds have conformity with all
building types, minimize workmanship
costs, provide labor and worker safety as
well as rapid mounting and demounting
opportunities, can be renewed and pro-
vide solutions to all technical problems
and are durable and all of these prove
that they are economic.

Such moulds are independent from
cranes and are modular moulds whose
board length is 30cm and its multiples.
The weight of the largest board, whose
dimensions are 150x90cm, is 39.4kg.
Lightness of boards makes working pe-
riod of worker more efficient. Another
advantage is that transportation costs
are reduced.

These moulds designed for concrete
technology are durable against 50 KN/
m? compression and hydrostatic mortar
pressure on boards are balanced by tie
rods, which connect moulds to each oth-
er and are resistant to 9 tones shrinkage.
There are standard holes above boards
for these bar transitions. Connection of
boards to each other can be easily real-
ized with clips put manually without re-
quiring any tools or instruments.

Contact surface of fin-ply in 12 m
thickness, which is used in the mould,
is covered by 240g/m? phenol plate.
30x30cm plywood cells are fixed to steel

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



rulan ¢elik iskelete perginlerle baglan-
mustir. Celik iskeletin genigligi 8 cm’dir.
Bu genislik kaliplarinbaglantilarini ko-
laylastirmistir. Terazi ve sakdil islemle-
rine rasyonellik getirilmistir. Kalip diiz-
lemleri her yerde aym1 oldugundan siva
icin kullanilacak malzeme sarfiyati da az
olacaktir. Plywood malzemenin bir yiizii
eskirse sokiilerek obiir yiizii takilabilir
veya gerekirse yenisiyle degistirilebilir.
Boylelikle kaliplar sinirsiz sayida kulla-
nilabilir [37] (Resim 3.7) .

3.3.2.3.2 KALIPLAMA -
SEKIL VERME

Betoniyerde karigim hazirlanirken 2
isci duvar yerine kalip montaj1 yapmustir.
Kaliplarin her kullanigta temizlenmesi
ve iyice yaglanmasi, temiz, diizgiin siva
yiizeyi elde edilmesini saglamistir (Re-
sim3.8).

Betoniyerden el arabalari ile getirilen
karisim kiireklerle kalibin igine bosaltil-
mistir.

Her 20 cm sikistirilmamis yiikseklik
elde edildik¢e tokmaklama iglemi ya-
pilmistir. Yerlestirme ve sikistirma icin
once basit ahsap tokmaklar denenmistir.
Ancak malzeme tokmaga yapisip, tok-
mag agirlastirdigi icin kisa siirede ahsap
tokmaktan vazgecilmistir. Daha sonra en
basit sekilde sikistirma islemi i¢in yak-
lasik 6 kg agirligindaki tahta sapl demir
balyoz kullanilmustir (Resim 3.10).
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framework with fasteners. The width of
steel framework is 8cm. This width fa-
cilitates mould connections. Scale and
plumb line works are rationalized. Since
mould levels are equal in all parts, ma-
terial to be used for plaster is reduced. If
one face of plywood material gets old, it
can be removed and the other face can
be placed instead or it can be completely
replaced with a new one. Thus, moulds
can be used countless times (Figure3.7).

3.3.2.3.2 CASTING - SHAPING

While the mixture is prepared in the
cement-mixer, 2 workers make mould
montage in the place of the wall. The
cleaning and thoroughly lubrication of
the moulds after each use have ensured
to get a clean, smooth plaster surface
(Picture.3.8).

The mixture brought from the ce-
ment-mixer by the hand-carts is emp-
tied into the moulds with shovels (Pic-
ture.3.9).

The tamping process is performed for

each uncompressed height of 20 cm. For
adjustment and compression processes,
first, simple wooden tamps have been
used. Since the material sticks to the
wood and makes tamp heavier, the wood-
en tamp has been abandoned. Later on,
for the simplest compression process, a 6
kg wooden handled iron hammer is used
(Picture.3.10).
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Resim 3.7. Kerpi¢ Duvar Dékiimii i¢in Kullanilan PERi Hand-set Sistem Kahiplar:
Picture 3.7. PERI Handset System Moulds Used for Adobe Wall Casting

Resim 3.8. Kaliplarin Temizlenip Yanahméfsi
Picture 3.8. Cleaning and Lubrication of Moulds
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Resim 3.9. Karisimin El Arabasindan Kaliplara Bosaltilmasi
Picture 3.9. Discharge of the Mixture from Handcarts into Moulds

Algili kerpi¢ duvar iiretiminde sikis-
tirma ve yerlestirme islemi i¢in en iyi so-
nu¢ kompaktor kullanimindan alinmastir.
53kg BS 45 Y tipi benzin motorlu WA-
CKER vibrasyonlu kompaktor kullanil-
mistir (Resim 3.11).

Tek kisinin kullanabildigi bu kom-
paktor oOzellikle diizgiin yiizeyler elde
edilmesine yardimci olmustur. Pabug
formu nedeniyle, koseler yan duvar yii-
zeyleri kadar diizgiin sikigtirilamamustir.
Kalip i¢inde daha kiiciik kompaktor de-
nenmesinde yarar gorilmiistiir.

For the adjustment and compression
processes in the production of gypsum
stabilized adobe wall, the best results are
achieved with the use of compactor. BS
45 Y type gasoline powered WACKER
vibration compactor weighing 53 kg is
used in the construction. (Picture.3.11).

This compactor, which can be used
even by single person, has especially
succeeded in attaining smooth surface.
Due to it is shoe-form, the edges could
not be compressed as neat as the later-
al wall surfaces. It is decided to use a
smaller compactor within the mould.
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Resim 3.11. BS 45Y Tipi Benzin Motorlu WACKER Vibrasyonlu Kompaktor
Picture 3.11. BS 45 Y Type Gasoline-Powered WACKER Vibration Compactor
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Resim 3.12. HILTI Ve Sikistirma islemi i¢in imal Edilmis Ozel Ucu
Picture 3.12. HILTI and Its Special Top Produced for Compression

Bu tip yerlerde sikistirma islemi balyozla
tokmaklama suretiyle takviye edilmistir.
Tokmaklamadan dolay1 olusan kavernli
yiizey siva tutunmasina yardimei olmak-
tadr.

Uretimde mekanizasyon yoluyla zaman
ve emekten tasarruf edilmek amaciyla
HILTI darbeli kirici, kompaktor olarak
denenmistir. Kiriciya ait uca mafsalli
Ozel ayak tasarlanmis ve imal edilmistir.
Ancak yanlis kullanim sonucu fazla kul-
lanilamadan kirllmigtir (Resim 3.12).

Malzemenin akici plastik durumda iken
malzeme deneylerinde yerlestirme igin
sise vibrator kullanilmistir (Resim 3.13).

In edges, compression process is rein-
forced by tamping with a hammer. The
cavernous surface formed by the tamp-
ing helps the mortar to hold on to.

In order to save time and workmanship
through mechanization in the production
stages, HILTI impact splitter is used as a
compactor. A special, pin-jointed end is
designed and produced for the tool. But
as a result of misuse, it is broken without
being used much (Figure.3.12).

In the mixtures applied without lime ad-
mixture that acts as a retarder for the
gypsum, when the gypsum is emptied
into the mould, it starts to set.
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Resim 3.13. Akici Plastik Kivamh Karisimlarda Sise Vibrator Kullanilmasi
Picture 3.13. Use of Spud Vibrator in Mixtures at Fluid Plastic Consistency

Resim 3.14. Alc¢imin Priz Siiresi Disinda Uygulanan Révibrasyon Metodunun
Sonucu

Algili Kerpice Uygun Mekanize insaat Teknolojisi



Al¢min prizini geciktirecek kire¢ katki-
st olmadan uygulanan karisimlarda, alg1
kaliba dokiildiigiinde prizini yapmaya
baslamis olur. Vibrator ilk bu asamada
kullanildiginda olumlu sonug alinabil-
mektedir. Ancak beton teknolojisinde
mukavemeti arttirmak i¢in bagvurulan
rovibrasyon, al¢inin priz siiresi iginde
ve teknigine uygun yapilamadigi i¢in bu
islemden yararlanilamamistir. Algiin
prizinin kirilldigi, sekillendirmenin artik
miimkiin olmadig1 goriilmiistiir.

(Resim 3.14)

3.3.24 KURLEME - BEKLEME -
STOKLAMA - NAKLIYE

Gerek kerpig tiretiminde 6rnek ¢alis-
malar yapilan Avrupa tilkerinde, gerekse
tilkemizdeki geleneksel uygulamalar-
da karigimimn kaliplama ve yapi iiretimi
arasindaki siirecinin biiyiik bir kismini
kiirleme, bekleme, stok, nakliye asama-
larinim aldig1 goriilmektedir.

(Tablo3.1)

Bu asamalardan o6zellikle kiirleme
ve bekletme donemleri igin iiretim te-
sislerinde ¢ok genis alanlara ihtiya¢ du-
yulmaktadir (Sekil3.2). Kaliplarin kiir-
lenmesi veya dinlendirilme amaciyla
bekletilmeleri 6zellikle kitle liretim s6z
konusu oldugunda genis bulunmalidir.
Fransa orneginde yapinin iiretim 6ncesi
On hazirlik asamalar i¢in yaklagik 2400
m?’lik bir arazi ayrilmustir (Sekil 3.2).
Bir yandan biiytik 6n hazirlik alani, diger
yandan ilk yatirim ve tesis kurma mali-
yeti, toplam tiretim maliyetini arttirir.
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When the vibrator is used firstly in this
stage, good results are achieved. But as
the rovibration, which is applied for in-
creasing the resistance in the concrete
technology, cannot be performed in the
setting time and since it is not performed
according to the methods, this procedure
could not utilized. It is observed that
the set of the gypsum breaks down and
giving shape becomes impossible (Pic-
ture.3.14).

3.3.24 CURING-LEAVING TO REST-
STOCKING-CONVEYANCE

Both in European countries that
make studies on adobe production and in
the traditional applications in our coun-
try, it is observed that most of the time
between the casting of the mixture and
construction is spent for curing, leaving
to rest, stocking, and conveyance stages
(Table.3.1).

Especially for the curing and leaving
to rest stages among all, a very broad
area is required in the production plants
(Table.3.2). Especially when mass pro-
duction is in question, very large area
is needed for the curing of the moulds
and for leaving them to rest. In the
‘France’ example, the area assigned for
the preparations of the construction be-
fore production stage was approximately
2400m? (Figure.3.2). Both the large pre-
liminary preparation area and the initial
costs for investment and plant increase
the total production cost.
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3.3.2.5 ORME DUVAR SiSTEMI

Kerpi¢ duvar tiretimi i¢in bugiine ka-
dar kullanilan teknolojilerde toprak ve
kire¢ harci ile duvar 6rme agamasi duvar
Orlilmesi y1igma yapi siirecinde uzun bir
zaman ister. Bu asama hem hazirlik, hem
de uygulama agamasinda is¢ilik miktari-
n1 ve toplam siireyi arttirmaktadir.

Oriilerek olusturulan duvar yiizeyinin
homojen olmamasi farkli asinma yiizeyi
olusturur. Buna bagli olarak siva hasarla-
r1 goriilebilmektedir.

Ozellikle endiistriyel ve rasyonel ka-
liplar kullanilarak yerinde tokmaklama
sistemi ile yapilan duvarlar, diizgiin siva
yiizeyleri vermektedir. Bu da sivanin esit
kalinlikta uygulanmasimi ve Omriiniin
artmasini saglar. Bu nedenle arastirma
santiyesinde 6rme islemi liretim agama-
larindan ¢ikarilmis ve ¢ok yonlii tasarruf
edilmigtir.

3.3.2.6 DOKME DUVAR
SISTEMI

Bu boliimde, dokme duvar i¢in san-
tiyede mekanizasyon i¢in karisim ve
yerlestirme asamalarinda denenmis olan
alternatifler ve sonuclar1 karsilastiril-
maktadir.

3.3.2.5 MASONRY WALL

In the technologies having been used
for adobe wall production until today, the
wall masonry with soil and lime mortar
in block construction process requires a
long time. This stage increases the labor
amount and the total period during both
preparation and application stages.

When the wall surface formed by
masonry is not homogenous, different
wearing surfaces emerge. Accordingly,
plaster damages can be seen.

Especially the walls constructed by
using industrial and rational moulds
with in-situ tamping system provide
smooth plaster surfaces. This enables
the mortar to be applied in equal thick-
ness and thus a longer duration. Hence,
in the research site, the wall masonry
process is removed from the production
stages and multi-dimensional savings
are made.

3.3.2.6 CAST WALL SYSTEM

In this section, the applied alterna-
tives and results of mixing and adjusting
processes in the building site for cast
walling are compared.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Resim 3.15. Kuru Al¢inin Kuru Toprakla Karisimi Sirasinda Yasanan Problemler
Picture 3.15. Problems Encountered While Mixing Dry Gypsum with Dry Soil

Resim 3.16. Kuru Kivamdaki Karisimin Sikistirilmasinin Zorlugu
Picture 3.16. Difficulty in Compressing The Mixture at Dry Consistency
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Resim 3.17. Kuru Kivamdaki Karisim ile Elde Edilen Kerpic Numunesi
Picture 3.17. Adobe Sample Obtained with The Mixture at Dry Consistency

Resim 3.18. Likit Kivvamli Harcin Kaliba Bosaltilmasi
Picture 3.18. Discharge of Mortar at Liquid Consistency into the Mould

Algili Kerpice Uygun Mekanize Ingaat Teknolojisi
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Resim 3.19. Likit Kivamh Karisimlarda Gériilen Segregasyon

Picture 3.19. Segregation Observed In Mixtures At Liquid Consistency

A. KARISIM HAZIRLANMASI
ASAMASI

Uygun karigim hazirlama yontemini
bulmak icin 4 adet degisik deney yapil-
mistir.

1.Kirecsiz uygulamalarda toprak
kuru, al¢1 toz halde iken betoniyere kon-
mustur.Belirli siire karigtirilan malzeme
cikarildiktan sonra su ile karistirilmistir.
Bu islem sirasi, alginin kisa stirede priz
yapmasi nedeniyle malzemenin islenebi-
lirlik siiresinden daha fazla yararlanmak
icin denenmis ancak toz algmin kuru
toprakla karigmasinin rasyonel olmadigi
gorilmistiir (Resim3.15).

Ayrica bu yontemle dokiilen numu-
nelerde istenilen plastik kivam elde edi-
lememis ve sikistirma islemi saglikli ya-
pilamamistir (Resim 3.16 .

A. PREPARATION OF MIXTURE

Four different experiments are con-
ducted to find the most suitable mixture
preparation method.

1.In the applications without lime, the
dry soil, and the powdered gypsum was
put into the cement mixer. The material
was mixed for some time, taken out and
mixed with water. This procedure was
tested to make more use of the materi-
als treatment period, for gypsum sets in
short time, but it was observed that the
mixture of powdered gypsum with dry
soil is not rational (Figure3.15).

Also, in the samples formed by this
method, the desired plastic density could
not be achieved and the compressing
process was not done successfully (Pic-
ture.3.16 & 3.17).
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2.Bu karigim alternatifinde % 25 su
orant ile likit kivam elde edilmistir. Harg
betoniyerden kendi akiskanligiyla direkt
kaliba bosaltilmistr.

Ancak iri tanelerin har¢ iginde asili
kalamamasi ve yercekimi ile ¢okmesi
sonucu segregasyon gozlenmistir (Re-
sim3.19).

Bu alternatif deney bazinda yapilmus-
tir. Yapr insaatinda betoniyerin bu se-
kilde kullanilmasi da bir diger problem
olacagmdan bu karisim insaat teknoloji-
sinde kullanilmamustir.

3. %22 su orani ile hazirlanan kari-
simda daha once de belirtildigi gibi la-
boratuvarda sarsma tablasi ve santiyede
sise vibrator kullanilmistir. Vibrasyon
priz siiresi i¢inde yapilmalidir. Priz sii-
resi diginda uygulanan vibrasyon algi-
nin prizini kirmakta, malzeme sulan-
makta ve seklini koruyamamaktadir.
Resim3.20°de de acikca goriilecegi gibi
vibrasyon, numunenin alt yarisinda priz
stiresi icinde uygulanmis ve olumlu so-
nu¢ alinmistir. Ancak {ist yarisinda priz
stiresi diginda uygulanan vibrasyon so-
nucu kalip alindiktan sonra sertlesmeyen
malzemenin sekil degistirdigi izlenmis-
tir.

4. %22 su orani ile hazirlanan karigima
priz siiresini geciktirmesi i¢in kireg katil-
madan 6nce harcin kohesif davranis

2. In this alternative mixture, a lig-
uid density with 25% of water had been
achieved. The mortar was directly emp-
tied from the cement-mixer to the mould
with it is own fluidity (Picture.3.18).

But segregation was observed as a
result of the big particles being unable
to suspend in the mortar and collapsing
with gravitational force (Picture.3.19).

This alternative has been done in the
experimental base. As it will be another
problem to use the cement-mixer in this
way in the construction, this mixture has
never been used in the construction tech-
nology.

3. In the mixture prepared with 22%
water, as stated before, in the lab, a jolt
panel and in the construction site, a spud
vibrator are used. Vibration must be
made within the setting period. When the
vibration is not applied within the setting
period, it breaks the binding of the gyp-
sum, the materials get wet and cannot
maintain their form. As can be seen in
Figure3.20, vibration has been applied
within the setting period in the sub-half
of the sample and positive result has been
achieved. But as a result of the vibration,
which has not been applied within the
setting period in the upper half, it has
been observed that the material, which
has not hardened after dismantling, has
changed its shape.

4. It is observed that before lime is
added to the mixture prepared by 22%
water in order to delay the setting time,

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Resim 3.20. Bir Numune Uzerinde Farklhh Zamanlarda Uygulanan Vibrasyon
Sonucu

gosterdigi izlenmistir. Arag ve gereclere
yapigmasi islem siirekliligini aksatmistir
(Resim 3.21). Bu davranis kireg katil-
diktan sonra diizeltilmis, harg¢ kiirek, el
arabasi, betoniyer gibi ara¢ ve gerece ya-
pismamistir.

the mortar has shown cohesive charac-
teristics. Since it sticks to the tools and
instruments, the continuity of the proce-
dure is disrupted (Figure3.21). This be-
havior changes after lime is added and
the mortar does not stick to the shovel,
handcart, cement-mixer; etc.

Resim 3.21. Kohesiv Karisimin Islenebllme Gug:lugu
Picture 3.21. Workability Difficulty of Cohesive Mixture
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B. KARISIMIN KALIPLARA
YERLESTIRILMESi ASAMASI

Aragtirma santiyesinde duvar olus-
turma asamasinda da hem tehlikeli rotre
catlaklarinin olugma riskini azaltmak,
hem de iiretimde mekanizasyonu gelis-
tirmek i¢in 6 degisik yontem denenmis-
tir.

Betoniyerden el arabalart ile dokiim
yapilacak yere taginan karisim kiirek-
lerle kalip icine atilmistir. Sikigtirilma-
mis yiiksekligi 20-25 cm olduktan sonra
tokmaklanmaya baglanmistir. Kaliplarin
rasyonel kullanimi ve islemlerin siirekli-
ligi 6n planda tutulmustur.

1.Yaklagik 1m. uzunlugunda bir ol-
mak {izere 30 - 35 cm ‘lik bosluklar bira-
kilarak kesintili olarak duvar dokiilmiis
(Resim 3.22). Dokiilen kerpicin rétresini
yapmasi i¢in bir giin beklenmis ve ertesi
giin bosluklar doldurulmustur. Kullani-
lan kalip miktarinin fazla olmasi, {ireti-
min siirekliligini aksatmasi ve diisey is
derzleri olugmasi nedeniyle bu yontem-
den vazgeg¢ilmistir.

2. Bir giinliik caligma igerisinde ka-
lip modiillerinin rasyonel kullanimi i¢in
3-4 m uzunlugunda biiyiik duvar parga-
lar1 kat ytiksekligine kadar dokiilmiistiir.
Ertesi giin kesilen noktadan ayn sekilde
dokiime devam edilmistir. Yeni dokiime
baslarken 6nce dokiilen boliimiin temas
yiizeyi sulanarak birlesimi kolaylastir-
mak i¢in 1slatilmgtir.

B. PLACING THE MIXTURE
IN THE MOULDS

In the walling stage in the research
site, both to reduce the risks of danger-
ous cracks appearing due to contraction,
as well as to improve the mechanization
at the production, 6 different methods
have also been tested.

The mixture carried from the ce-
ment-mixer to the casting area with the
hand-carts is thrown into the moulds
with the shovels. When the uncom-
pressed height is 20-25 cm, tamping
starts. The rational usage of the moulds
and the continuity of the procedure are
considered to be the most important fac-
tors.

1. In every I meter, 30-35cm holes
are opened and wall casting is per-
formed interruptedly (Figure3.22). It is
waited for 1 day for the casted adobe to
set and the next day the holes are filled.
This method is abandoned because the
mould amount is so much; it disturbs the
continuity of the production and vertical
construction joints are formed.

2. In a daily work, 3.00-4.00 m of
wall pieces are casted at storey height
for the rational usage of mould modules.
The next day, casting continued from the
point it is left. Before new casting, the
contact surface of the previously casted
part is irrigated and made wet to ease
the combination.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Resim 3.22. Kesintili Dokiilen Duvar Ornegi
Picture 3.22. Example of Interruptedly Casted Wall

Ancak tiim yiikseklik boyunca olu-

But the vertical construction joint

san diisey is derzi, devamindaki duvarin  formed through the whole height caus-

dokiilmesinden sonra istenmeyen rotre
aralig1 vermistir (Resim 3.23).

Bu aksaklik nedeniyle bu yontemden
vazgecilmis, olusan rotre araligr yikilip,
basamakli birlestirme metodu ile yeni-
den dokiim yapilmistir (Resim 3.24) .

3. En rasyonel yontem, tiim duvar-
lar i¢in siirekli olarak kurulan kaliplarin
icinde duvarlarin esit oranlarda yiikselti-
lerek sikistirilmasi oldugu goriilmiistiir.
Biitlin yapida olusabilecek rotre ¢atlak-
larmni ise her 60 cm yiikseklikte yerles-
tirilen galvanizli hasir ¢elik hatillar den-
gelemis ve Onlemistir .

es an undesired gap due to shrinkage
after the next wall casting height (Pic-
ture.3.23).

Because of this defect, this method
has been abandoned, the construction
gap is demolished and another casting

is made by degreed combining method
(Picture.3.24).

3. The most rational method is
considered to be the compression of the
walls ascended in equal proportions in
the continuously set moulds. The galva-
nized welded-wire tie beams, which are
adjusted in every 60 cm height, balances
and prevents the gaps due to contraction
throughout the building.
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Resim 3.23. Farkli Zamanlarda Dokiilen Duvarlardaki is Derzi Problemi
Picture 3.23. Problem regarding Construction Joint in Walls Casted at Different Times

Resim 3.24. Hatali is Derzinin Onarilmasi
Picture 3.24. Repair of Defected Construction Joint
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4.Yatay dogrultuda uzunlugu artan
duvarlarda diisey is derzi olusacak bol-
gede duvar basamaklar seklinde bitiril-
mistir (Resim3.25). Farkli zamanlardaki
dokiimlerde bu tiir is derzlerinde rotre
catlagi goriilmemistir.

Bu uygulamada kompaktor kullani-
mi1 agisindan basamak genisliginin 50
cm’den kiiciik olmamasi gerektigi go-
rilmiistiir.

5. Basamaklama uygulamasina al-
ternatif olarak denenmis olan egik yii-
zeyli is derzi olusturma cabasi anlam-
s1iz kalmistir. Cilinkii egik yiizeye vuran
kompaktor veya tokmak harci sikistira-
cagina yerinden kopartmustir.
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4. In certain parts of the walls that
increase horizontally in length, where
construction joints will be formed, the
walls are finished in stair forms (Picture
3.25). At different casting times, cracks
due to shrinkage are not observed in
such construction joints.

It is seen in this application that the
wideness of steps must not be lower than
50 cm in order to allow compactor us-
age.

5. The effort of forming ramped con-
struction joint tested as an alternative to
the degreed combining method got to be
meaningless. Because, the compactor or
the tamper that stroke the ramped sur-
face had broken off the mortar rather
than compressing.
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Resim 3.25. Basamaklarin Min.50 cm Olmasi Halindeki Calisma Giicliigii
Picture 3.2. Working Difficulty when Stairs are 50cm

3.4 YAPI PERFORMANSI VE
KERPIC YAPI DAVRANISI

Varolan kaynaklarin konuta doniistii-
riilmesi agamasinda yap1 performansinin
yeterliligini tespit etmek iizere referans
degerlere ihtiyag vardir. Referans deger-
ler tespit edildikten sonra al¢ili kerpig
yapmin Onceki calismalarindan alinan
degerleri ile karsilastirilmalidir.

Geleneksel kerpi¢ santiyelerinde ve
yap1 uygulamalarinda, malzemenin suya
ve neme olan duyarlilig1 projeye kisitla-
malar getirmektedir. Geleneksel kerpicin
fiziksel performansi al¢ili kerpi¢ calis-
malart ile iyilestirilmis, proje veya uygu-
lama kisitlamasina gerek kalmamustir.

3.4 CONSTRUCTION PERFOR-
MANCE AND ADOBE
CONSTRUCTION BEHAVIOR

Reference values are required to de-
termine efficiency of construction per-
formance at the stage of transforming
existing resources into housing. After
reference values are determined, they
should be compared with the values ob-
tained from previous studies on gypsum
stabilized adobe construction.

In traditional adobe construction
sites and construction applications,
sensitivity of the material against water
and moisture imposes restrictions to the
project. Physical performance of tradi-
tional adobe is improved with gypsum
stabilized adobe studies and project and
application restrictions are not required
any more.
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Yapinin iki ana gorevini tastyicilik ve
koruyuculuk terimleri altinda toplamis-
tik. Esasen yapida tastyicilik denildigi za-
man sadece yiikleri zemine aktaran sis-
tem degil, fakat genis anlamiyla yapida
“tasima-taginma” iliskisi i¢cinde olmak
kastedilmektedir (6rn:kasanin kanadi ta-
simasi, duvarm kasay1 tagimasi, iskelet
sistemde kolon kirisin duvari tasimasi
vb.). Bu durumda “tastyicihk™ yapimin
sistem ve eleman diizeyindeki tastyicilik
fonksiyonu ile iligkili biitiin gereklilik-
lerini kapsamaktadir. Bu anlam, bazen
kisaca “yapi terimi” ile de ifade edil-
mektedir. Diger bir deyisle “yap1”  bii-
tlin tastyiciliklar kapsar.

“Koruyuculuk™ terimi de genis an-
lamryla bir yandan yap1 sisteminde veya
eleman biinyesindeki koruyuculuk gore-
vini, diger yandan insan hayati i¢in ge-
rekli olan koruyuculugu birlikte kapsar.

Yap1 performanst ise, yapinin gorev-
lerini gerektirdigi gibi yerine getirmesi
olarak 6zetlenebilir. Bu durumda perfor-
mans degerlendirmesi yapabilmek icin
yapabilmek i¢in gereklilikler;

a. Yapi sistemleri
b. Koruyucu sistemler
basliklar1 altinda toplanabilir.

a. Yapa sistemlerinin gereklilikleri
*Tastyici sistem tiplerinin belirlenmesi

* Proje 6zelliginin belirlenmesi
*Yapim teknolojisinin belirlenmesi [5]
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The two main functions of the
construction have been defined as
load-bearing and protection. When
load-bearing in construction is referred,
not only the system that conveys loads to
the ground but also “load-bearing and
being born” relation is implied (such as
bearing wings, wall’s bearing of struc-
ture, column and tie beams’ bearing of
wall etc). In such case, “load-bearing”
covers all requirements in relation to
bearing function of the construction at
system and element level. This meaning
is defined with “construction” term. In
other words, “construction” covers all

types of bearing.

On the other hand, ““Protection’ term
covers not only protection function with-
in construction system and element but
also protection required for human life.

Construction performance can be
summarized as construction’s fulfillment
of its functions. Thus, requirements for
evaluating performance are as follows:

a. Construction systems
b. Protective systems.

a. Requirements for construction systems

* Determination of load-bearing
system types,

* Determination of project
characteristics,

* Determination of production
technologies,
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*Yapim siirecinin, organizasyonunun
belirlenmesi

*Dogal cevre sartlarinin belirlenmesi
«Uretim biiytikliigii

Bu calismada yap1 sistemlerinin alt
grubu olan yap1 ve yapim ile ilgili gerek-
lilikler arastirilmis ve tespitler yapilmis-
tir. Ancak kerpig yapiy1 digerlerinden {is-
tiin kilan,fiziksel ozellikleri ile sagladig
koruyucu sistemlerde gosterdigi perfor-
manstir.

b. Koruyucu sistemlerin gereklilikleri

Toplu konut i¢in yapilan ¢aligma-
da alc¢ili kerpi¢ yapinin performansini
degerlendirebilmek igin literatiirden
yararlanilmistir. Bir yandan koruyucu
sistemlerden beklenen performans bii-
yiikliikleri, diger yandan kerpi¢ yapimin
gosterdigi performans 6nce yapilmis ¢a-
ligmalardan yararlanilarak;

eyangin
*ses

*1S1 - nem

diizeni igerisinde agiklanmuistir.

* Yangin performansi

Yapinin yanginda gosterdigi davranig
malzeme 6zelligi ve boyutlari ile dogru-
dan ilgilidir; alinacak tedbirler ise yap1
ve isletme agisindan ayrilirlar.

*Determination of production
process and organization
Determination of natural
environmental conditions

* Production capacity

In this research, requirements for
construction and production, which are
subcategories of construction systems,
are researched and determinations are
made. What distinguishes adobe con-
struction from others is the performance
it displays in protective systems due to its
physical properties.

b. Requirements for protective systems

In the research conducted for mass
housing, the literature is utilized to eval-
uate performance of gypsum stabilized
adobe construction. Performance de-
gree expected from protective systems
as well as the performance displayed by
adobe construction are explained within

* Fire,

* Sound,

» Heat — moisture system by benefit-
ing from previous studies in this field.

* Fire performance

Construction's behavior during fire is
directly related to its material properties
and size. Measures to be taken are divid-
ed into two groups as construction and
operation.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Yapida yangina kars1 alinacak dnlem-
ler;

- yapt malzemesi davranigini,

- yap1 elemani davranisini,

- yapi sistemi davranigini kapsar.

Duvarlarda yangin 6nlemleri ;

- tastyan duvar davranist,

- tastyic1 olmayan duvar davranist,

- tastyict duvara tagitilmis diger ele-
manlar giydirme cepheler,

-yalitimlar bagliklar altinda incelen-
melidir.

Yapr malzemeleri yangindaki dav-
raniglarina gore A ve B olarak iki smifa
ayrilmislardir. Tablo 3.2°de yanma dav-
ramigina gore simniflarin kodlart gortil-
mektedir [38].
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Measures to be taken in the construc-
tion against fire involve;

- Behavior of construction material,

- Behavior of construction element,

- Behavior of construction system.

Measures against fire for walls can be
examined under;

- Behavior of load-bearing wall

- Behavior of non-load-bearing wall

- Other elements carried by
load-bearing wall (cladding facades)
- Insulations.

Construction materials are divided
into two groups as A and B according to
their behavior during fire. In Table 3.2,
class codes of construction materials ac-
cording to combustion behavior can be
seen [38].

Malzeme Sinifi Davrams Malzeme Tiirii
Material Class Behavior Material Type
A
Al Yanmaz Beton
: Concrete
Inflammable —
A2 Tas yiinii
Rock wool
B Yanar
Flammable
Bl Zor alev alan Ahsap
Hardly flammable Timber
B2 Normal alev alan | Sert kopiik izolasyon malz.
Normally flammable | Hard foam insulation mat.
B3 Kolay alev alan Pamuklar
Easily flammable With cotton

Tablo 3.2. Malzemenin Yanginda Davranms Sinifi [38]
Table 3.2. Behavior Class of the Material During Fire [38]
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Sekil 3.8. Malzemenin Yanginda Davranis Sinifi [38]
Figure 3.8. Behavior Class of the Material During Fire [38]

Duvarin yangindaki performansi tasi-
yic1 ve koruyucu katmanlarin malzemesi
ve tespit sekillerine gore degisir[39]. 1s1
ve nem dengesini diizenleyebilmek i¢in
betonarme dis duvarda, Sekil 3.8’de go-
riildiigii gibi ¢esitli katmanlar kullanilir.

Is1 izolasyonu disarida veya igeride
olsun, yangin halinde alev alan bir mal-
zeme ise veya yangina dayanma siiresi
kisa ise biiylik risk yaratir.

Yangina dayanma siiresi, F harfinin
yanindaki 30,..,120 dakika siire ve mal-
zeme sinifi A, B ile ifade edilir.” Istan-
bul Biiyiiksehir Belediyesi Yangmdan
Korunma Yonetmeligi” [40], 2 kattan
fazla olmasi halinde tastyict duvarlara
simirlama getirmektedir: ““..binalarda ta-
styict duvarlar.... en az F90-A simifinda
olarak insa edilirler.” Bu smirlamaya
gore duvar malzemesi yanmaz sinifinda
(A) olmali ve yanginda 90 dakika siire
ile insan1 koruyabilmelidir.

Fire performance of wall changes
according to material and determined
shape of load-bearing and protective
layers [39]. As can be seen in Figure 3.8,
various layers are used in reinforced ex-
terior wall to provide thermal and mois-
ture balance.

Thermal insulation either interior or
exterior poses a big threat if it is made
of a flammable material or its fire resis-
tance is low.

Fire resistance period is expressed
with 30,...,120min that take place near
F letter and material class with A, B.
“Istanbul  Metropolitan ~Municipality
Regulation for Protection Against Fire”
[40] imposes restrictions on load-bear-
ing walls where buildings have 2 or
more stories: ‘... load-bearing walls
in buildings are constructed as at least
F90- A class.” According to these re-
strictions, wall material should be within
inflammable class (A) and protect people
during fire for 90 minutes.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Kerpi¢ yap1 malzemelerinin yangin-
daki davranisi Isvigre Kantonlar1 Yangin
Sigortasi Birligi’nin ¢alismasina (1993)
dayanarak Tablo 3.3’ de gortilmektedir.

Bu durumda 25 cm'lik kerpi¢ duvar
yangin yonetmeliginde yeterli goriilen
F90-A dan daha uzun siire yangima da-
yanmaktadir. Kerpi¢ yapt malzemesi
DiN 4102 ve DiN 18951°e gore (Ek3)
icinde yanict bir katki bulunmadig: tak-
dirde; yanmaz, alev almaz, duman ve
koku ¢ikartmaz.
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Behavior of adobe construction ma-
terial during fire based on Swiss Can-
tonal Fire Insurance Association (1993)
can be seen in Table 3.3 [41].

In this case, 25 cm adobe wall resists
against fire longer than the F90-A class
accepted in fire regulation. According to
DIN 4102 and DIN 18951 (Annex 3), if
adobe construction material does not in-
clude any flammable admixture, it does
not burn, deflagrate and result in smoke
or odor.

Kahnhk d(cm) Alev alma/ Elemanda yangina
. duman ..
Malzeme (kg/m3) Thickness Flammability/ dayanim siiresi
Material p ke d (cm) by Fire resistance
smoke .o
duration in element
Masif kerpi¢ 2000 25 - F 180
Massive adobe 15 F 120
Hafif kerpic
Light adobe 200 25 . F180
Beton
2300 20 - F 180A
Concrete

Tablo 3.3. Kerpic¢ Yapinin Ve Malzemesinin Yangindaki Davranisi [41]
Table 3.3. Behavior of Adobe Building and Material During Fire [41]

* Ses performansi

Istenmeyen seslere giiriiltii denil-
mektedir.Sesin siddeti dB ile gosterilir.
65 dB’e kadar olan ses siddeti insanda
psikolojik rahatsizliklara, 70 dB’den
yiikksek olan ses ndrovejetatif sistem
bozukluguna sebep olur. Bu durumda
istahsizlik, huzursuzluk durumu basgla-
yabilir. 90dB‘den yliksek ses ise duyma
hasarlart meydana getirebilir.Kullanilan
mekanlarda uygun ortam sesi siddeti
Tablo 3.4 ‘de goriilmektedir.

* Sound performance

Undesired sounds are called noise.
Sound level is demonstrated with dB.
Sound level up to 65 dB causes psycho-
logical disturbances in people and sound
level above 70 dB results in neurovege-
tative system disorder. In this case an-
orexia and anxiety may emerge. Sound
levels above 90 dB may lead to hearing
disturbances. Appropriate environmen-
tal sound level for places used can be
seen in Table 3.4.
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ORTAM (;i B C:i B
ENVIRONMENT un| tece
Day | Night
Ticari
Commercial 70 70
is-iskan
Workplace-settlement 55 40
iskan
Settlement 50 35
Dinlenme-hastane
Resting-hospital 45135

Tablo 3.4. Degisik Ortamlara Uygun Ses Siddetleri [42]
Table 3.4. Sound Level Appropriate for Different Environments [42]

Kerpig, malzeme 6zelligine gore ses
yutucudur. SIA - Norm 181 [43] deger-
lerinden yapilmus hesaplar sonucu kerpi-
cin kullanilma kalmligia gore ses yutu-
culugu Tablo 3.5 ‘da gosterilmistir.

Adobe is sound absorber due to its
material properties. As a result of cal-
culations obtained from SIA- Norm 181
[43] values, it is proved in Table 3.5 that
adobe is sound absorber according to its
thickness used.

Hava sesi

Air sound | P (g/m3) | 30dB | 40dB | 50dB | 55dB
Masif kerpic
Massive adobe 2000 0,03 { 0,07 | 0,2 | 04
Hafif kerpic

Light adobe | 1200 | 0:04 | 0,121 0.33 | 0,73

Tablo 3.5. Kerpic Yap1 Malzemesinin Kullanilma Kalinhgina Gére Ses Yutuculuk
Degerleri ( kalinhik m olarak ) [43]
Table 3.5. Sound Absorption Values of Adobe Construction Material According to
Thickness Used (thickness as meter) [43]

Alcili kerpi¢ deneme yapisi’nda 1800
kg/m* birim agurhgindaki malzeme,
45cm kalinhiginda duvar olarak kullanil-
digina gore, havada yayilan 55dB’den
fazla giiriiltii duvar tarafindan yutulacak-
tir.

Since the material in gypsum stabi-
lized adobe case-study building, whose
unit weight is 1800kg/m’, is used as a
wall with 45cm thickness, sounds above
55dB spreading in the air will be ab-
sorbed by the wall.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



* Isi-Nem performansi

Insamin sagliginin, yasadig1 ortam ile
dogrudan iliskili oldugu, saglikli yapi-
larm tanmitildigr Bolim 1.2.A‘da anlatil-
mist1. Ortam sartlarinin, insan sagligina
uygun olarak 1sitilmasit veya sogutul-
masinda enerji ile olan iligki ise Boliim
1.2.B‘de agiklandi. Ortam sartlariin
yap1 sagligina yapacagl olumsuz etki
ise duvar kesitinde ve duvar ylizeyle-
rinde meydana gelecek yogusma ola-
rak belirlenmisti. Bu yogusma sonucu
duvar kesiti i¢cinde veya yiizeyinde bir
yandan tuzlarin erimesiyle bozulmalar,
diger yandan nem etkisiyle mantarlar ve
mikro organizmalar olugsmaktadir. Biitliin
bunlar i¢in ortam ve duvar sartlari tanim-
lanmalidur.

Ortamdan beklenen performans, her-
hangi bir yapma cevredeki insanin ik-
limsel agidan konforda olabilmesi igin o
cevrede etkili olan iklimsel eleman belir-
li degerlerde olmalidir [44]. Bu degerler
kisaca;

* bagil nem % 50

* ortam sicakligi 21 - 25,4 °C

* eleman yiizey sicakligimm ortamdan
fark1 +3°C

olarak tanimlanmistir[45]. Ancak bu-
rada tek degerlerden bagka alt, tist sir-
lar1 gbsteren tablolara da yer verilecektir.

161

* Thermal-Moisture Performance

The fact that human health is direct-
ly related to the environment, in which
he lives, has been mentioned in Section
1.2.4, where healthy buildings are in-
troduced. The relation between envi-
ronmental conditions and energy, which
is required for heating and cooling the
environment in conformity with human
health has been explained in Section
1.2.B. The negative effect of environ-
mental conditions on building health is
determined as condensation to occur in
wall cross-section and wall surfaces. As
a result of this condensation, deforma-
tions occur due to dissolution of salts as
well as fungi and microorganisms due to
moisture in the cross-section and on the
surface of wall. Thus, environmental and
wall conditions should be defined.

Performance expected from the envi-
ronment should be at the values suitable
for climatic conditions affecting the re-
gion so that people can live in comfort in
any built environment [44]. These values
are determined to be

* Relative humidity 50%

* Environmental temperature 21-25,4°C

*The difference between element sur-
face temperature and environment +3°C

[45].

Apart from single values, tables
demonstrating lower and upper limits
will also be presented here.
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A) vi , duvar yiizey sicakhgi (°C)

A) vi, wall surface temperature (°C)

Z1B) ¢, ortam bagil nem (%)

B) @ , ambient relative humidity (%)

C) v, duvar yiizeyinde hava hiz1 (cm/s)

C) v, air velocity at the wall surface(cm/s)

30 100 50
28 90
26 80 40
24 £ 70 RS
2 60 55 30
20 s sl
18 : 40 5 20
16 % 30
14 2 20 10
12 10 :
0 0 B
18 20 22°C 18 20 22 °C 18 20

22 °C

Tablo 3.6. Ortam Sicakliginin 18 - 22 °C Olmasi Halinde Konforlu Bolgeler
Table 3.6. Comfort Zones When Environmental Temperature is between 18-22 °C

vi +10 C +15 C +20 C
val o [50%[60% [80% | 50% |60% | 80% |50% | 60% | 80%
vs[ 012667 47 [73]11,6] 93] 12 [164
10 |297]2,19]099 2,71 [1,85]082]2,14] 1,6 | 0,72
5 [396]292]1,32] 3,39 |231]1,02]257]1,92]0,86
0 |[594]438[1,98] 4,52 [3,08] 1,36 3,21 2,4 | 1,08
5 [11,98,76 [3,96 | 6,78 | 4,62 2,04 [ 4,28 3,2 | 1,44
10 [ - | - - 13,56 | 9,24 | 4,08 | 6,42 | 4,8 | 2,16

Tablo3.7.DisDuvarlardaOrtamSartlarinaGorelsiGecirmeKatsayisi, kDegerleri[39]
Table 3.7. Thermal Conductance Coefficients, k Values, According to Environmental
Conditions in Exterior Walls [39]

Ortamdan beklenen performansin
siir sartlarin1 Tablo 3.6°da gordiikten
sonra yapi bileseninin performansi Tablo
3.7¢de [39] goriilmektedir. Tablo, 1s1 ge-
cirme katsayis1 k (W/m? K ) degerlerini,
dis ortam sicakligi, i¢ ortam sicakligi, re-
latif ortam nemi, bagntisi igerisinde ver-
mektedir. Tabloda ¢iglenme sicakligidr.

After limit boundaries of the perfor-
mance expected from the environment
is seen in Table 3.6, the performance of
building component will be presented in
Table 3.7 [39]. The Table indicates ther-
mal conductance coefficient k (W/m’K)
values, exterior temperature ga, interior
temperature gl and relative moisture .
Gs in Table is dew temperature.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Is1 ge¢irme katsayisi, herhangi bir d
(m) kalmlhigindaki bilesenin (duvar, do-
seme vb.) her iki tarafinda bulunan hava
sicakliklar arsindaki fark 1°C (1K) oldu-
gunda, bilesenin birim alanindan (1m?)
birim zamanda (1 saat) gecen 1s1 mikta-
ridir [25]. K degerinin kiigiik olmasi ya-
pinin toplam 1s1 kaybinm kii¢iik oldugu
anlamina gelir. Konutlarin 1s1 kaybinin
az olmasi halinde bireylerin ve {ilkele-
rin 1s:ma enejisi de azalmis olacaktir.
Ulkeler bunu g6z 6niinde bulundurarak
yonetmeliklerdeki bu degerleri asama
asama kiigliltmektedirler. Avrupa toplu-
lugu tilkelerinden Almanya’ da k-degeri
1993’te:

Orme duvar icin k,,<0,5W/m’
Beton duvar i¢in <0,4AW/m’K
Pencere i¢in k. <1.8W/m’K
Catiigin k <0,3W/m’K
Bodrum dogemesi  k .<0,5W/m’K
olarak belirlenmistir.

Tiirkiye’de TS 825 ‘e gore [25] k, si-
nir degeri pencere ve dis kapilarla bina
dis duvarlarmi ortalama 1s1 gegirme
katsayisi kort ( D + P) olarak verilmistir.

1. Iklim Bélgesi
2. Iklim Bolgesi
3. Iklim Bolgesi

< 1,9kcal/m*h°C
< 1,6kcal/m*h°C
< 1,3kcal/m*h°C

Algili kerpi¢ duvarin 1. Deneme Ya-
pisinda elde edilen 1s1 gegirme katsayi-
st k=0,7W/m?’K dir. Bu deger bir sene-
lik Olctimlerden elde edilen degerlerle
hesaplanmistir. Arastirmanin  sonuglari
[46] 1987°de Amman‘daki Birlesmis
Milletler toplantisina gotiiriilmustiir.
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When the temperature difference be-
tween two faces of a component (wall,
floor etc.) in any d (m) thickness is 1°C,
thermal conductance coefficient is ther-
mal amount conducted through unit area
of component (Im? in unit time (1h)
[25]. If k value is small, this means that
total heat loss of the building is low. In
case thermal loss of housings is low,
thermal energy consumption of individ-
uals and countries will also be reduced.
Considering this, countries gradually
decrease these values in regulations. K
value in Germany, a member of Europe-
an Community, was determined to be for

Masonry wall kw <05 W/ mK
Concrete wall <0,4 W/m’K
Windows kr <1,8 W/m’K
Roof kp <0,32 W/ m’K
Basement floor kG <0,5 W/m?

According to TS 825 in Turkey [25],
k value is determined to be k average
(D+P) for average thermal conductance
coefficient of windows, exterior doors
and exterior walls.

1st Climatic Zone < 1,9 kcal/ m? h°C
2nd Climatic Zone < 1,6 kcal/m?h°C
3rd Climatic Zone < 1,3 kcal/ m? h°C

Thermal conductance coefficient of
gypsum stabilized adobe wall obtained
in Ist Case-Study Building is k= 0,4 W/
m?K.  This value has been calculated
in accordance with the values obtained
from measurements having been per-
formed throughout a year. The findings
of the research [46] are presented in
United Nations Meeting held in Amman
in 1987.
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(Malzeme
WMaterial

1t (20°C/%60)

Tugla
Brick

1100

0,37 0,9 4,0-6,0

Kire¢, Kum tas1
ILime, Sandstone

1600

0,8 0,9 10-25

[STA]
381/1

Gazbeton
Gas Concrete

400

0,18 1,1 3,0-5,0

lAhsap (¢cam)
Timber (glass)

450-500

0,14 | 2,024 20-40

|Ahsap elyaf levha
Timber fiber board

350-500

0,09 1,6 2,0-5,0

Masif kerpic
Massive adobe

2000

0,46-0,81 1 10,0-11,0

Cimentolu kerpic¢ (%8)
Cement stabilized adobe
(8%)

CRA
Terre

0,65-0,85

Hafif kerpic
\Light adobe

1200

0,47 1 8,0-10,0

Tablo3.8.DisDuvarlardaOrtamSartlarinaGorelsiGecirmeKatsayisi,kDegerleri[39]
Table 3.8. Physical Properties of Some Construction Materials

Yapimnimn ortam sartlarini malzemenin
fiziksel Ozellikleri belirler. Incelenecek
ozelliklerin sembol ve birimleri sdyledir:

Birim Agirlik, p (kg/m®)

Is1 Iletkenlik, A ( W/mK)

Ozgiil Is1, ¢ (kJ/kg K)

Buhar difiizyon direnci, p (boyutsuz)

Tablo 3.8‘da baz1 yap1 malzemeleri-
nin 1sisal davramgini etkileyen fiziksel
ozellikleri, kerpi¢ yapinin fiziksel 6zel-
likleri ile karsilastirilmak tizere verilmis-
tir.

Atmospheric conditions of the build-
ing are determined by physical prop-
erties of the material. Symbol and unit
of the properties to be examined are as
follows:

Unit Weight, p (kg/m’)

Thermal Conductance, . ( W/mK)

Specific Heat, ¢ (kJ kg K)

Vapor Diffusion Resistance, p (di-
mensionless)

In Table 3.8, physical properties of
some construction materials, which af-
fect their thermal behavior,are presented
so as to allow comparison with physical
properties of adobe building.
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Mekan1 cevreleyen yapmin buhar
emme 0zelligi d (10 kg/m*h) buharin cok
iiretildigi mekanlarda 6nem kazanir. Cok
buhar iiretilen mekanlarin arasinda ban-
yo, mutfak, spor salonu, siif sayilabilir.
Bu tiirlii mekanlarda, yap1 eleman i¢ yii-
zeylerinin buhar emmesi mekanin daha
yasanir olmasini saglar.

%50 relatif nem bulunan 4x4 x 2.5
m biiytikliiglinde odaya 1/2 saat siire ile
200gr. su buhart verilmistir. Sekil 3.9.’te

[39] duvarlarin kire¢ boya A ve yagh
boya B olmasi halinde odada zamana
bagli relatif nem degisimi goriilmekte-
dir.
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Vapor absorption property of the
building surrounding the environment, d
(10 kg/ m?h), gains importance in plac-
es where vapor is considerably gener-
ated. Bathroom, kitchen, fitness center,
class are among the places where vapor
is generated very much. In such plac-
es, vapor absorption of interior surfaces
of construction element makes the place
more comfortable.

200 gr water vapor is supplied to a
4x4x2,5m room, where 50% relative
moisture exists, for half an hour. In Fig-

ure 3.9 [39], relative moisture change
within time in the room can be seen if
the room is painted with lime paint A or
oil paint B.

3 80
X
-
3 N B kapali|gozenek
% § 70 \ B closed pore
E -g \
g § I ——
<2 60 A"acIK pozenek
&~ A clospd pore
50
40
0 4 56
Zaman (s)
Time (s)

Sekil 3.9. Bagil Nemin Duvar Yiizey Ozelligine Gore Degismesi [39]
Figure 3.9. Change in Relative Moisture According to Wall Surface Characteristic [39]
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1.Deneme Yapisi’'nda bir sene siire ile
i¢c-dis nem, i¢-d1s 1s1 farklar1 Slgiimleri
sonucu elde edilen termal performans
degerleri (46)no’lu kaynakta incelene-
bilir.

3.5 INTAG TOKi 622 KERPIG
YAPI INSAAT ASAMALARI

Arastirma i¢in hazirlanan proje ileride
arastirma binasi olarak kullanilacak se-
kilde planlanmistir. Proje, 2 yatak odast,
1 salon, banyo ve mutfagi olan bir toplu
konut birimi olarak da diistiniilmiistiir

(Sekil 3.10).

Bu projenin ingaat siirecinde, duvar
yapim agamasi harig, tiim asamalar gii-
niimiiziin ingaat siireci ile esdegerdir.

3.5.1 TEMEL HATILI

Projenin temel aplikasyon planina
uygun olarak bir ip iskelesi kurulmustur.
Daha sonra bir kepge ile 70cm derinli-
ginde, 45cm genisliginde toprak kazisi
yapilmustir. Hatil kalibr yapilmis, dona-
tilar yerlestirilmis ve 12m3 hazir beton
dokiilerek temel hatili tamamlanmistir
(Resim 3.28).

Thermal performance values obtained
as a result of measurements of interi-
or-exterior moisture as well as interi-
or-exterior temperature differences in
the Ist case-study building performed
during a year can be examined in re-
source number 46.

3.5 INTAG TOKI 622 ADOBE
CONSTRUCTION STAGES

The project prepared for the research
is designed to be used as the research
building in the future. The project is
planned to be a mass-housing unit con-
sisting of 2 bedrooms, a living room,
bathroom and kitchen (Figure 3.10).

All the stages in the construction pe-
riod of this project, except the wall con-
Struction stage, are equivalent to current
construction period.

3.5.1 FOOTING TIE BEAMS

In accordance with the footing appli-
cation plan of the project, a rope scaffold
is set up. Later on, with a skip, an exca-
vation of 70 cm of depth and 45 cm of
width is performed. Afier a mould for the
tie beam is prepared, the reinforcement
is set and footing tie beams are complet-
ed by casting 12 m? of ready-mixed con-
crete (Figure3.28).

Algili Kerpice Uygun Mekanize Insaat Teknolojisi
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Sekil 3.10 INTAG TOKI 622 Al¢ih Kerpi¢ Yapi Projesi
Figure 3.10 INTAG TOKI 622 Gypsum Stabilized Adobe Building Project
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Resim 3.26. INTAG TOKI 622 Arastirma Binas1 Goriiniisii
Picture 3.26. INTAG TOKI 622View of Case-Study Building

Resim 3.27. INTAG TOKI 622 Arastirma Binasi
Picture 3.27. INTAG TOKI 622 Case-Study Building
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Resim 3.28. Temel Hatih i¢cin Kurulan ip iskelesi Ve Yapilan Kazi
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Picture 3.28. Rope Scaffold Set Up for Footing Tie Beam and The Excavation

3.5.2 DOSEME DOLGUSU
VE SIKISTIRILMASI

Temel hatilinin dokiilmesinden sonra
doseme altindaki zemin vibrasyonlu si-
lindir ile sikistirilmis ve 5 cm yiiksekli-
ginde micir serilmistir. (Resim3.29).

3.5.3 DOSEME BETONU

Sikistirilan toprak zemin {izerine seri-
len micirdan sonra 10 cm yiiksekliginde
olmak iizere 7.5 m* grobeton dokiilmiis-
tiir (Resim3.30).

3.5.4 SUIZOLASYONU

Temel hatilinin dokiilmesinden sonra
doseme altindaki zemin vibrasyonlu si-
lindir ile sikigtirilmis ve 5 cm yiiksekli-
ginde micir serilmistir (Resim 3.29).

3.5.2 FLOOR EMBANKMENT
AND ITS COMPRESSION
Afier the casting of the footing tie
beams, the ground below the floor is
compressed with a vibration cylinder

and crushed stones are spread until 5cm
height is achieved (Picture3.29).

3.5.3 FLOOR CONCRETE

After crushed stones are spread on
the compressed soil ground, 7,5 m? plain
concrete is poured until 10cm height is
achieved (Figure3.30).

3.5.4 WATER INSULATION

After the casting of the footing tie
beams, the ground below the floor is
compressed with a vibration cylinder

and crushed stones are spread until 5cm
height is achieved (Picture3.29).

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe



170

A B ;),.' b _’jt,’ ‘?.‘?E'-?u 7
Resim 3.30. Zeminin Sikistirilmasi
Picture 3.30. Compression of the Ground
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Resim 3.31. Duvar Alt Yiizeylerine Su Yaltim Siiriilmesi

Picture 3.31. Water Insulation Applied to Lower Surfaces of Wall

3.5.5 DUVAR KALIBI VE DUVAR
DOKUMU

Duvar kalib1, hazirlanmasi ve kerpi¢
duvar dokiimii icin Bkz ( sayfa.100)

3.5.6 DEPREM HATILI

Aragtirma santiyesinde dokiilen ker-
pi¢c duvar biinyesinde, depreme karsi
dayanimim arttiran hatil gorevi goren
galvanizli (2,5x8cm aralikli) hasir ¢elik
kullanilmigtir. Deprem sirasinda olusa-
cak diagonal yiiklere karsi, her 60 cm
yiikseklikte olmak iizere 2.40 m yiiksek-
ligindeki duvar i¢inde 3 kotta yerlestiril-
mistir. 45 cm lik dis duvarlarda 40 cm
genisliginde, 30 cm lik i¢ duvarlarda 20
cm. genigliginde siirekli olarak yerlesti-
rilmistir (Resim3.32).

3.5.5 MOULDS FOR THE
WALLS AND CASTING

1t has been explained in page 100

3.5.6 EARTHQUAKE BEAMS

In the adobe wall structure that is
casted in the research site, galvanized
welded-wire is used (at intervals of:
2,5x8 c¢m), which functions as tie beam
that increases the resistance against an
earthquake. Against the diagonal loads
that may occur during earthquake, these
tie beams are placed in every 60 cm
height as 3 levels in the wall with 2.40 m
height. They are placed regularly in 40
cm wideness in 45 cm exterior walls and
in 20cm wideness in 30 cm interior walls
(Figure.3.32).
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Resim 3.32. Duvar icine Yerlestirilen Deprem Hatih
Picture 3.32. Tie Beam for Earthquake Placed into the Wall

3.5.7 DUVAR USTU HATIL

Yapmin duvarlart kapi ve pencere
bosluklar1 da dahil olmak iizere 2.40 mt.
kotuna kadar yiikseltilmistir. Biitiin du-
varlarin istiinden bu yiikseklikte beto-
narme hatil dolagsmaktadir. Hatil Moyap
firmasinin hazir déseme elemanlari ile
beraber dokiilmiistiir (Sekil 3.8).

Dis duvar hatili i¢in duvarlarin i¢ yii-
zeyinden itibaren disa dogru 30 x 16 bo-
yutlarinda hazir betonarme hatil eleman
kullanilmistir.

Dis duvarlarda hatil elemanlar1 yer-
lestirildikten sonra kerpi¢ duvar iizerinde
kalan 15 cm lik bosluk tekrar kerpi¢ mal-
zeme ile doldurularak tokmaklanmustir.
Boylelikle hem betonarme elemanlarda

3.5.7 OVER-WALL TIE BEAMS

The walls of the building are elevat-
ed up to 2.4m including the door and
window openings. At this height, a rein-
forced concrete tie beam is passed over
all of the walls. The tie beam is casted to-
gether with the floor elements of Moyap
firm (Figure.3.11).

For the exterior wall tie beam, a
ready-mixed reinforced concrete tie
beam with dimensions of 30x16 is used
beginning from the inner wall surfaces
towards outside.

After the tie beam elements had been
set in the exterior walls, the gap of 15 cm
that is lefi on the adobe wall is filled again
have formed in the reinforced concrete
elements will be prevented, and also the

Algili Kerpice Uygun Mekanize insaat Teknolojisi
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olusabilecek 1s1 kopriileri engellenmis, entirely and aesthetics of the adobe con-
hem de binanin dig goriiniisii agisindan  struction, concerning the outside view of
kerpi¢ yapi biitiinliigii ve estetigi korun-  the building, will be protected.

mustur.

— BETON 4cm
CONCRETE 4cm

HAZIR KiRiS+
ASMOLEN 12cm

__(MOYAP) HATIL 30/26

READY-MADE TIE BEAM 30/26
GIRDERS+FLOOR

UNITS 12c¢m
(MOYAP)

ALCILI KERPiC DUVAR
GYPSUM STABILIZED ADOBE
WALL INTERIOR WALL
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Sekil 3.11 Sistem Kesiti
Figure 3.11. Cross-Section of the System

/
/
/
/
/
/
/

Mechanized Construction Technolohy Suitable for Gypsum Stabilized Adobe



174

3.5.8 UST DOSEME

Hatil elemanlar yerlestirildikten son-
ra list dosemeyi olusturmak icin gerekli
goriilen acikliklarda dikmeler yerlesti-
rilmistir. Yerlestirilen dikmeler {izerine
12°lik ¢iplak hazir doseme kirisleri mon-
te edilmistir. Doseme kirigleri arasina
asmolen bloklar1 dosendikten sonra do-
seme alt kotundan itibaren 16 cm (12 +
4) yiikseklikte olmak {izere 11m?’ beton
dokiilerek {ist doseme tamamlanmustir.

3.6 SANTIYE DUZEYINDEKI
URETIMLERDE iSCILIKLERIN
DEGERLENDIRILMESI

3.6.1 TOPRAK HAZIRLANMASI

Aragtirma santiyesine, kerpic tiretimi
icin kampiis i¢indei cesitli ingaat sahala-
rindan toplam 60 m* ( 108 ton ) toprak
getirilmis ve stoklanmustir. Siire¢ iginde
eleme ve 6giitme islemleri olmadig igin
iiretime baslarken herhangi bir hacim
azalmas1 olmamustir. Oysa Birinci De-
neme Evi santiyesine kerpig tiretimi i¢in
getirilen 90 m?® olarak getirilen toprak,
eleme sonucu % 30’ luk bir azalma ile 60
m? kalmigtir [12]. % 30 artik malzeme-
nin sonradan santiyeden uzaklastirilmasi
gerekmigtir.

3.5.8 TOP FLOORING

After setting the tie beam elements,
masts are set at the needed interval to
form the upper floor. Over the set masts,
ready-made girders of 12 cm are mount-
ed. Between the girders, floor units are
furnished. Later on beginning from the
lower floor level, at a height of 16 cm.
(12+4), 11 m* of concrete is casted and
the upper floor is completed.

3.6 THE EVALUATION OF THE
WORKMANSHIP FOR THE
PRODUCTIONS AT CONS-
TRUCTION SITE LEVEL

3.6.1 PREPARATION OF
THE SOIL

For the adobe production, a total of
60 m*(108 tons) of soil had been brought
from various construction areas in the
campus to the research site and they had
been stocked. As there are no elimination
and grinding processes in the procedure,
there has been no question of the loss of
volume whereas the 90 m? of soil having
been brought to the first Experimental
House for adobe production is eliminat-
ed and after a loss of 30 % it is left with
a volume of 60 m>. The 30 % of the mate-
rial had to be removed from the building
site.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



3.6.2 KARISIM HAZIRLANMASI

Kerpig iiretimi i¢in gereken topragin
hazirlanmasinda 1 is¢i calistirilmistir.1
is¢i toprak stogundan 1 el arabasi (50 kg
= 0.06 m?®) kuru toprag1 3 dakika i¢inde
betoniyere aktarmaktadir.

Alg1 + kireg + su karisiminin hazir-
lanmasinda toprak miktar1 100 kg iken 2
isci calistirlmistir. Ancak 100 kg topragin
yerlestirilmesi zaman aldigindan toprak
miktar1 50 kg diistiriilmiis ve toprak ha-
zirlama isinde 1 is¢i ¢alistirilmustr.

50 kg toprak i¢in gereken 9.5 kg su
ile 5 kg al¢1 vel kg kire¢ karigimi 1 isci
tarfindan 3 dakika i¢inde betoniyere ka-
tilmaya hazir hale getirilmistir. Bu kari-
simin kolay ve hizli tagmabilmesi igin 2
ayr1 0lgek hazirlanmistir.

Topragin nemlendirilmesi i¢in gere-
kirse kullanilacak max 2 kg su belirtilen
%19’ 1uk su orani iginden kullanilmakta-
dir.

Hazirlanan karisim 1 is¢i tarafindan
betoniyerdeki topraga karistirilip 2 dakika
icinde dokiime hazir hale getirilmektedir.

Her iki dokiimde bir betoniyere yapi-
sarak performansi etkileyebilecek harci
temizlemekte yarar goriilmiistiir. Bu isle-
mi, 1 is¢i 3 dakika iginde tamamlayabil-
mektedir.
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3.6.2 PREPARATION OF
THE MIXTURE

During the preparation of the soil re-
quired for adobe production, 1 worker is
employed. 1 worker can reload 1 hand-
cart of (50 kg=0,06 m?) dry soil from the
soil stock into the cement-mixer in 3 min-
utes.

When the soil amount is 100 kg during
the preparation of gypsum+ lime+ water
mixture, only 2 workers are employed.
But as the replacement of 100 kg soil
takes time, the soil amount is reduced to
50 kg and only 1 worker is employed for
the soil preparation process.

The mixture composed of 9,5 kg water,
5 kg gypsum and 1 kg lime, which is re-
quired for 50 kg soil, can be made ready
by 1 worker in 3 minutes to be emptied
into the cement-mixer. For the conveyance
of this mixture more easily and quickly, 2
different scales are prepared.

Maximum 2 kg water, which will be
used if soil is required to be moistened, is
used from the defined 19% water propor-
tion.

The prepared mixture is mixed with
the soil in the cement-mixer and is made
ready for casting in 2 minutes by only 1
worker:

In every 2 casts, the mortar, which will
stick to the cement-mixer and affect the
performance, is thought to be advanta-
geous to be cleaned. This process will be
carried out by one worker in 3 minutes.
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Betoniyerden el arabalari ile alman
kerpi¢ malzeme 1 is¢i tarafindan kalip ye-
rine tagmir. Aym is¢i karisimi kiireklerle
kaliba bosaltirken tokmak kullanilacaksa
2 is¢i, kompaktor kullanilacaksa 1 is¢i s1-
kistirma ve yerlestirme isini yapmaktadir.

Aragtirma santiyesinde kerpic (iireti-
mi igin 55 m? kuru toprak kullanilmistir.
Kuru toprak miktarinda, iiretim sonrasi
ara¢ ve gereclere yapigmak, dokiilmek,
betoniyerden temizlenmek suretiyle % 8
oraninda zayi edilmis ve sonugta 50.6 m?
kerpi¢ tiretilmistir. Tokmaklama sonucu
% 11 lik hacim azalmasi ile 45 m® duvar
hacmi elde edilmistir.

Birinci Deneme Evi yapiminda ise
ana-kuzu alker iiretiminde % 40, miinfe-
rit yerinde dokiim kalib1 uygulamasinda
%22, siirekli yerinde dokiim kalib1 uygu-
lamasinda ise %40 hacim azalmalar1 g6-
rillmistiir [12].

3.6.3 KALIP TEMIZLENMESI
VE KURULMASI

Dokiim i¢in malzeme hazirlanirken
1 isci en biiyiik boy paneli (150 x 90) 1
dakika i¢inde temizleyip yaglamaktadir.
Bu siire i¢inde 2 is¢i 1 m? duvar olus-
turmak igin gereken kalip montajini 9
dakika i¢inde yapabilmektedir. Bu siire
icinde kalibin yatay ve diisey ayarlama-
lar1 da yapilmaktadir.

The adobe material having been taken
from the cement-mixer by the hand-cart,
is carried to the casting place by 1 work-
er. While the same worker will empty the
mixture with the shovels to the moulds,
2 workers will do the compression and
adjustment processes if tamp will be
used. But if a compactor will be used,
then 1 worker could carry the work out.

55m? of dry soil had been used in the
research site, for adobe production. In
the dry soil amount, a loss of 8% is made
because of sticking to the tools after the
production, spilling, being cleaned from
the cement-mixer. As a result, 50.6m> of
adobe is produced. As a result of tamping
process with a volume loss of 11%, 45 m?
of wall volume had been achieved.

During the construction of first Ex-
perimental House, 40% of volume loss is
seen in the ALKER (a term used for gyp-
sum +adobe) production; 22% of volume
loss is seen in the single in-situ casting
application, and 40% of volume loss is
observed in the continuous in-situ casting
application.

3.6.3 CLEANING AND SETTING
UP OF THE MOULDS

During the preparation of the materi-
als for casting, 1 worker could clean and
grease the biggest panel (150+90) in 1
minute. In this period, 2 workers could
do the mould montage needed to con-
struct 1 m3 of wall, in 9 minutes. Also,
in this period, the vertical and horizontal
adjustments of the moulds are made.

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



Bu deger, Birinci Deneme Evi inga-
atinda kullanilan kaliplarm temizlenme
ve kurulma islem siireleri ile birim ha-
cim i¢in karsilagtirldiginda [12] asagi-
daki sonugclar alinmistir.

Ana-kuzu Alker kalib1 67,5 birim zaman
Miinferit yerinde dokiim kalib1
10,9 birim zaman
Siirekli yerinde dokiim kalib1
2,3 birim zaman
Endiistriyel kalip ( 622 ) 1,0 birim zaman

3.6.4 GUNLUK URETiIM MIKTAR-
LARININ KARSILASTIRILMASI

Arastirma santiyesinde 1giinde 4isci
calistirlarak 2,8 m? kerpi¢ duvar dokii-
lebilmektedir.

Bu deger, Birinci Deneme Evi insaa-
t1’ndaki giinliik tiretim miktarlar1 [12] ile
karsilastirildiginda birim zamanda, ayni
sayida is¢i caligtirllarak en fazla iireti-
min bu modern kaliplarla yapildigim
gostermektedir.

Ana -kuzu Alker dokiimii 1 birim hacim
+Orme islemi
1,8 birim hacim
+Orme islemi
Siirekli kalipla dokiim 2.5 birim hacim
+Orme islemi

Endiistriyel kalip ( 622 )2 ,8 birim hacim

Blok dokim
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When this value is compared with
the cleaning and setting periods of the
moulds used in the construction of the
first Experimental House, in terms of unit
volume, the following results are gotten,;

1-1/2 ALKER mould
Single in-situ casting mould
10,9 unit time

67,5 unit tim

Continuous  in-situ  casting mould
2,3 unit time
Industrial mould (622) 1,0 unit time

3.6.4 COMPARISON OF DAILY
PRODUCTION QUANTITY

In the research site, in 1 day, 4 work-
ers can carry out the casting of 2,8 m’ of
adobe walling.

When this value is compared with
the daily production amounts of the first
Experimental House, in unit time, using
the same number of workers, it can be
observed that most of the production is
done by using these modern moulds.

1-1/2 ALKER casting 1 wunit volume

+Wall Construction Process-

Block casting 1,8 unit volume

+Wall Construction Process

Continuous casting 2,5 unitvolume

+Wall Construction

Process Industrial Mould (622) 2,8 unit
volume
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3.7 SONUG

Bu boliimde, algili kerpige uygun
mekanize insaat teknolojisinin gelisimi
ve santiye rasyonalizasyonu i¢in izlene-
cek yontemler agiklanmistir. Betonarme
stirecindeki kalip, karistirma teknikleri,
kaliba aktarma, kalipta sikistirma evrele-
ri deneylerle 6zellikleri gelistirilmig mal-
zemeye uyarlanarak kullanilmistir.

Arastirma santiyesinde yapilan algil
kerpi¢ yapt uygulamasinda dikkat edil-
mesi gereken hususlar asagidaki gibi
Ozetlenebilir.

*Aleilt kerpig tiretimi i¢in topragin
elenmesine ve Oglitiilmesine gerek go-
riilmemistir. Dolayistyla arazi kullani-
mi, is¢ilik, maliyet acisindan tasarruf
edilmistir.

*Karigimin hazirlanmasi asamasin-
da oranlar basit dl¢eklere indirgenmis-
tir.

*Karigim i¢in kullanilan universal
yatay eksenli betoniyerden belirli ara-
liklarla temizlenmek suretiyle ¢ikarilan
artik kerpi¢ harci kullanilmamali, tire-
tim alanindan uzaklastirilmalidir.

*Endstriyel kalip kullanimi, ka-
liplama asamasina rasyonellik kazan-
dirmistir.Kalip kullanimmi proje iize-

3.7 CONCLUSION

In this section, the development in
the mechanized construction technology

suitable to the gypsum stabilized adobe

and the methods applied for the ratio-
nalization in the building site have been
declared. The casting, mixing techniques
and the transfer to the mould and com-

pression stages in the concrete proce-

dure, have been used being adapted to
experimentally improved materials.

The factors to be taken care of in the

gypsum stabilized adobe production in

the research site can be briefly summa-
rized as follows:

*For the gypsum stabilized adobe
production, there seemed no need for
elimination and grinding stages of soil.
Thus, many savings have been made
concerning use of land, labor and
casts.

*In the preparation of the mixture
stage, the measures are reduced to sim-
ple scales.

*The excess adobe mortar which
has taken from the universal horizon-
tal-axis cement-mixer, at certain inter-
vals, with a cleaning purpose must not
be used, and must be removed from the
production area.

*By the use of industrial moulds
rationalizm has been acquired in the
casting stages. By the application of

Algili Kerpice Uygun Mekanize Insaat Teknolojisi



rinden etiid ederek uygulamakta hem
kalip miktar1 ,hem tiretim stirekliligi
acisindan yarar goriilmektedir.

*Sekil verme asamasinda mekanik
sikistiricilar kullanilmasi ile siva igin
homojen duvar yiizeyleri elde edilmek-
tedir.

*Farkli zaman dilimlerinde yapilan
duvar dokiimlerinde goriilecek rotre
icin basamakli is derzleri olusturul-
mustur.

* Miinferit kerpi¢ yap1 tiretimi i¢in
4-5 isci tiim evreler i¢in yeterli olmak-
tadir.Bircok islem ayni zamanda yapi-
labildigi icin fazla is¢i sayis1 santiye
mekanizasyonunu kotii yonde etkile-
mektedir.
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casting by testing on the design, both in
mould amount, and also in production
continuity, so much has been benefited.

* By the use of mechanic compres-
sors in the shaping stage, homoge-
nous wall surfaces for mortar can be
achieved.

* Degreed construction joints are
formed due to shrinkage observed in
wall castings performed at different
time intervals.

* 4 or 5 workers will be enough for
the production of single adobe con-
struction. Since a few processes can be
done at the same time, excess number
of workers will affect the site mechani-
zation negatively.
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Arastirmanin Standartlagsmaya Katkisi



Teknoloji Aragtirmalar1 Boliim 1.5°te
aciklandig1 gibi asamalardan meydana
gelmektedir. Kerpi¢ yapt teknolojisini
gelistirmeyi amaglayan ve 1978°den bu
yana siiren arastirmalar dizisinde “Te-
mel Arastirma”, “Deneylerle Gelistir-
me”, “Pilot Calisma” tamamlanmustir.
Bir sonraki agama ise “‘Standartlagma y1
saglamak, boylelikle bu malzeme ile ¢a-
lismak isteyen ;

1. Proje yapimcisi

2. Kullanict

3. Onaylayan kurum

4 Yatirimei, 6zel ve resmi makamla-
rin kullanabilecegi bir kaynak olus-
turmaktir.

Ulkemizde kerpi¢ yapmmi hakkinda
TS 2514/ Subat 1977; “Kerpi¢ Bloklar
Ve Yapim Kurallar1” ve TS 2515 / Subat
1977; “Kerpi¢ Yapilar Ve Yapim Kural-
lar1” bagliklar1 altinda kerpic ile insaat
yapmak veya kerpi¢ yapiy1 kontrol et-
mek isteyenlere referans olusturmakta-
dir.

Contribution of the Research to Standardization
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Technological Researches are com-
posed of the phases explained in Section
1.5. Among a wide range of researches
carried out since 1978 in order to devel-
op adobe construction technology, “Ba-
sic Research”, ‘“Development through
Experiments”, and “Pilot Study” have
been completed. The next step is to
provide “Standardization” so that a re-
source will be provided for those who
are interested in this material such as;

1.Project producer

2.Occupant

3.The institution granting approval
4.Investor, private and official au-
thorities.

TS 2514 / February 1977 “Adobe
Blocks and Construction Rules” and TS
2515/ February 1977 “Adobe Blocks
and Construction Rules” are the refer-
ences for those who would like to con-
struct with adobe and to control adobe
buildings.
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Almanya’da duvar i¢in toprak harg-
lar; kerpi¢ yap1 yapim kurallar1; yapi top-
rag1 tanmimlari, deney metodlari, toprak
yap1 elemanlari; kerpi¢ yap1 uygulama-
lar1; kerpi¢ yapilarin nemden korunma-
s1; kerpig yapi iistiine siva gibi alanlarda
standartlar1 vardir (Ek3).

Isvicre’de Miihendisler ve Mimarlar
Birligi SIA (Schweizerische Ingenieur
Und Architekten-Verein) tarafindan ker-
pi¢ yapt kurallar1 hakkinda standartlar
tiretilmistir [19].

Amerika Birlesik Devletlerinin halen
biitiin giliney eyaletlerinde kerpi¢ yap1
giindelik olarak kullanilmaktadir. New
Mexico eyaletinin Kerpi¢ yonetmeligi,
1982 “Unbumed Clay Masonry, Section
2405” [16] toprak se¢iminden baslayip
yapim kurallarma kadar kerpig ile insaati
kolaylastiran tanimlar1 vermistir.

Bu boliimde TS 2514 / Subat 1977
ile tammlanan “Kerpi¢ Bloklar Yapim
Ve Kullanma” standart1 gozden gegiril-
mistir. Standartin  gerektirdigi bilgiler
ile aragtirmanin bulgular ayri iki kolon
halinde tablolastirilmistir. Arastirmanin
bulgular, islendigi paragraflarin numa-
ralar1 halinde standartin paragraf baglik-
lar1 kargisina yerlestirilmistir.

Arastirmanin Standartlagsmaya Katkisi

In Germany, standards for soil mor-
tars for walls, adobe buildings construc-
tion rules, definitions for construction
soil, methods for experiment; soil con-
struction materials; protection of adobe
buildings against moisture; plaster upon
adobe building exist (Annex 3).

Standards for adobe construction
rules have been established by Union of
Chambers of Swiss Engineers and Ar-
chitects (Schweizerische Ingenieur Und
Architekten-Verein) [19].

Adobe buildings are still used in
southern states of the United States. Ado-
be regulation’82 of New Mexico State
provides in “Unburned Clay Masonry,
Section 2405 [16] definitions that fa-
cilitate construction with adobe starting
from soil selection and extending to con-
Struction rules.

This section reviews the “Construc-
tion and Use of Adobe Blocks” standard
defined by TS 2514 / February 1977.
The information required by the stan-
dard and the findings of the research are
presented in two separate columns. The
research findings are placed opposite
the paragraph headings of the standard,
numbered according to the paragraphs
in which they are discussed.
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TS 2514 /SUBAT 1977 TUBITAK INTAG TOKI 622
KERPIC BLOKLAR YAPIM VE
KULLANMA Aragltirmadaki Béliim No.
0. KONU,TANIM,KAPSAM
0.1.Konu
0.2. Tanimlar
0.2.1. Kerpig Blok. . ... 2.3.Al¢ih Kerpig
0.2.2. Kerpig Adlar1
0.2.3. Kerpig TOpragi. . ... ..voeeveaiieeeieeeenn. 2.2.2.1.Toprak ile Ilgili Analizler
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Sonuglarin Birlestirilmesi ve Oneriler



Bilindigi gibi geleneksel kerpic sudan
zarar goren diisiik mukavemetli bir yap1
malzemesi olmakla beraber insan sagli-
gina uygun ortam sartlar1 yaratmaktadir.
Bu avantajlarindan dolay1 sadece az ge-
lirliler i¢in degil, ayn1 zamanda varlikl
iilkelerde de kullanilmak {izere arastir-
malar1 yapilmaktadir.

Arastirma amacin belirlenmesi de-
neyler ve ingaat donemlerine ayrilmastir.
Raporun boliimleri de bu agsamalara gore
diizenlenip, bdliimlerden elde edilen so-
nuglar sunulmustur.

BOLUM 1: AMAG

Bilindigi gibi geleneksel kerpic sudan
zarar goren diisiik mukavemetli bir yap1
malzemesi olmakla beraber insan sagli-
gina uygun ortam sartlar1 yaratmaktadir.
Bu avantajlarindan dolay1 sadece az ge-
lirliler i¢in degil, ayn1 zamanda varlikl
iilkelerde de kullanilmak {izere arastir-
malar1 yapilmaktadir.

Arastirma amacin belirlenmesi de-
neyler ve ingaat donemlerine ayrilmastir.
Raporun boliimleri de bu agsamalara goére
diizenlenip, bdliimlerden elde edilen so-
nuglar sunulmustur.

Combination of Results & Suggestions

189

As it has known, although the tradi-
tional adobe is a low resistant building
material that has damaged by water; it
creates suitable environmental condi-
tions for human health. Because of these
advantages, there has been researches
going in, to use it not only in low budget-
ed but also in wealthy countries.

The research consists of; defining the
aim, experiments and construction stag-
es. The sections of the report has been
accordingly arranged and the results out
of the sections are presented as follows:

CHAPTER 1: AIM

The aim on the research of gypsum
stabilized adobe technology and stan-
dards, is the improvement and transfor-
mation of local building materials and
labor, into mechanized technology that
is to be used in mass housing sector, and
the saving up of the countries budget and
energy sources.

The managers who build their own
dwellings, who can design adobe build-
ings in mass housing sector, who ap-
prove adobe buildings and who aim to
protect country’s budget, cultural heri-
tage and ecology will be able to use this
technology.
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BOLUM 2: MALZEME

Bu boliimde deneysel galismalar so-
nucunda elde edilen bulgular, 6nce ya-
pilan caligmalarla karsilagtirilarak, me-
kanizasyona uygun malzeme kararlarina
varilmustir.

Toprak

Toprak ocaktan alindig1 gibi (6-7 cm.
tas dahil) elenmeden kullanilmaktadir.
Bitkisel toprak, kirlenme gibi faktorler
harig, ytiksek kil orani, uygun grantilo-
metri gibi sartlara bagl kalinmamakta-
dir.

Bulgular

Ozel toprak arama sart1 yoktur. Yakin
malzeme ocag1 sonucu nakliye maliye-
ti diisiiktiir. Eleme veya 6glitme siiresi,
isciligi, enerjisi, makina yatirimindan
tasarruf saglanir.

Stabilizasyon

Stabilizasyon %10 al¢1 + % 2 kireg ile
saglanmstir (al-ker). Kullanilan top-
rakta baglayici gorevi yapan ince dane
oran1 % 8 iken (kil) % 12 ince dane
ilave edilerek % 20 baglayic1 oranina
ulagilmustir.

Bulgular : Dolaysiyla diger toprak
yapt malzemesi ¢aligmalarinda 6ngo-
riilen yiiksek kil oranina ihtiya¢ kalma-
mugtir.

Sonuglarin Birlestirilmesi ve Oneriler

CHAPTER 2: MATERIALS

In this section, the findings achieved
as a result of experimental studies are
compared with the previous studies, and
materials suitable to mechanization are
decided.

Soil

The soil is used without elimination as
soon as it has taken from the excava-
tion area (including 6-7 cm stones).
The procedure is not bound to condi-
tions such as high clay value, or suit-
able granulometry, but to the factors
such as plant soil or pollution.

The Findings

There is no condition for searching for
special soil type. Since furnace of the
material is close to the site, the con-
veyance costs are low. Many savings
are achieved from the elimination and
grinding periods, labor, energy and
machine engagement.

Stabilization

Stabilization is obtained by 10% gyp-
sum~+2% lime (AL-KER). The propor-
tion of the fine-grained binding mate-
rial in the soil has initially been 8%
(clay), afterwards, 12% is added, and
20% fine grained binding material has
been achieved.

The Findings: Thus, the high clay
proportion provided for in the previous
building material studies on soil is not
required any more.



Alg1 priz yaptiktan sonra kil kuru-
maya devam ettiginden.kuruma sonu-
cu olusacak rotre algi tarafindan kis-
men Onlenir. Rotre daha azdir (%1.07).
Priz yapan bir malzeme elde edildigin-
den, geleneksel kerpic siirecindeki ge-
nis arazide kurutmaya bagl yer, iscilik,
zaman ihtiyaci ortadan kalkmustir.

Duvar i¢in tretilecek ve tasinacak
endiistriyel malzeme duvarin % 12 si
kadardir; endiistriyel {iretim enerji-
si ¢ok diisiiktiir. Fabrikadan gelecek
malzeme miktar azdir. Bu malzemeler
yoresel ocaklarda da pisirilebilir dola-
yistyla nakliye maliyeti diistiktiir. Ure-
timin ilk yatirirm maliyeti diisiiktiir.

Duvar malzemesinin fiziksel ve
mekanik ozellikleri iyidir: Karigimda
bulunan kireg, kire¢siz karisima gore
mekanik ve fiziksel 6zellikleri bir mik-
tar geriye cekmektedir. Bu yeni deger-
ler dahi standartlarda belirlenen sinir
degerlerden biiyliktiir. Basing mukave-
meti 2,21 N/mm? olup standart degeri
2 N/mm?den yiiksektir; egme mukave-
meti 0,63 N/ mm? olup standart degeri
0,3 N/mm? den yiiksektir. Ayrca kirecin
zaman i¢indeki hidratasyonu sonucu
yapinin mekanik ve fiziksel 6zellikleri,
kullanma stiresi iginde artar (1.Deneme
Yapisi sonucu).

Karisima iki gerekee ile kireg katil-
mustir.Birincisi; toprak + % 10 al¢1 san-
tiyede islenebilirlige siire tanimayacak
kadar kisa zamanda (3-5 dakika) priz

Combination of Results & Suggestions
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After the setting of the gypsum, as
the clay continues to dry, the contrac-
tion, which will form as a result of dry-
ing, is partially prevented by the gyp-
sum. The contraction is lesser (%61,07).
As a setting material is achieved, the
need for place, labor, and time due to
drying in the broad site during the tra-
ditional adobe production disappears.

The industrial material produced
and conveyed for walling is 12% of
wall volume; the industrial production
energy is very low. The material amount
coming from the fabric is small. These
materials can also be burned in the lo-
cal hearths-thus the conveyance cost is
less. The initial investment cost of the
production is low.

The physical and mechanical prop-
erties of the wall material are good:
The lime in the mixture when com-
pared to a mixture without lime, recede
the physical and chemical properties a
little. Even these new values are high-
er than the limit values declared in the
standard. The compressive strength is
2,21 N/mm? and it is higher than the
standard value 2 N/mm? the bending
strength is 0,63 N/mm? and it is high-
er than the standard value 0,3 N/mm?.
Also, as a result of the hydration of
lime in time, the physical and mechan-
ical properties of the building increase
in the usage time (as a result of the Ist
Experimental Building).

Lime is added to the mixture due
to two primary reasons. The first is;
soil+10% gypsum set in a very short
time (3-5 minutes) that makes it impos-
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yapmaktadir.Bu siire kire¢ katildik-
tan sonra santiyede calisilacak kadar
uzamustir. Ikincisi; toprak + % 10 algi
karisimi insaat makinasi, ara¢ ve ge-
reglerine yapismaktadir. Kireg katilma-
st halinde islenebilirlik iyilesmis, yani
har¢ araglara isi engelleyecek kadar
yapismamistir.

Hargta kire¢ priz siiresini diizen-
leyeceginden karisim sirasi sdyle ol-
malidir. %18-20 har¢ suyu karisim
icin belirlendikten sonra yaklagik 1/3ii
topraga tav vermek amaciyla, univer-
sal yatay eksenli mikserdeki topragin
istiine atilir. Kisa siire karistirtlirken
diger yandan kalan suya sirasiyla 6nce
Olgeklendirilmis %2 kire¢ sonra %10
al¢1 katilir ve karistirilir. Bu islem 1/2
dakika stirmektedir. Sutkire¢+alc1 ka-
ristm1 mikserdeki topragin iistiine ati-
lip 2 dakika karistirilir. El arabalari ile
( veya bant konveyor; loder ) ile kaliba
dokdiliir.

islenebilirlik

Algilh kerpi¢ (Al-ker)‘in toplu ko-
nutta kullanilabilmesi i¢in iiniversal
santiye makinalari, arag ve gerecleri ile
kullanilabilirligi incelenmistir.

Bulgular
% 18 -20 oraninda su bulunan harg-
lar plastik kivamda olup, mekanik

veya manuel kompaksiyona uygundur.
% 20-22 oraninda su bulunan harglar

Sonuglarin Birlestirilmesi ve Oneriler

sible for treatment in the construction
site. This period lengthens after the
addition of the lime so that it is possi-
ble to work in the site. The second is;
soil+10% gypsum mixture sticks on the
construction machines and tools. At the
condition of adding lime, treatment has
been improved, that is, the mortar does
not stick to the tools as much as to hin-
der the work.

As the lime arranges the setting time
in the mortar, the sequence of the mix-
ture should be as; 18-20% of mortar
liquid is clarified. Then 1/3 of this is
spread on the soil in the universal hor-
izontal-axis mixer to dampen the soil,
and is mixed for a short time. Then first
2% of lime and then 10% of gypsum,
which are both scaled, are added to the
left over water, and mixed. This pro-
cess lasts for 1/2 minute. The mixture
of water+ lime +gypsum is poured on
the soil in the mixer and mixed for 2
minutes. With the handcarts (or con-
veyor belt,; loader) it has emptied into
the mould.

Workability

The usability of the gypsum stabi-
lized adobe (AL-KER) together with
universal building site machines, tools
and vehicles, to be used in mass hous-
ing, is scanned.

The Findings

The mortars in which there’s 18-
20% of water, are in plastic density and
are suitable to mechanical or manual
compaction. The mortars with 20-22%



akici plastik kivamda olup, vibrasyon-
la yerlestirmeye uygundur. % 25 ‘ten
fazla su bulunan harglarda segregasyon
vardir.

Karisima islenebilirlik i¢in katilan
su, topraktaki sudan etkilenir. Topragin
ocak neminde oldugu varsayilmalidir.
Daha kuru (yaz sicaginda) ve daha
nemli (yagmur sonrasi) ihrazattan kul-
lanilan topraklar i¢in kivam denemeleri
yapilarak su oran1 yeniden belirlenme-
lidir.

BOLUM 3: MEKANIZE INSAAT
TEKNOLOJiSi

Alcili kerpi¢ yap1 ingaatinin evrele-
ri; ham malzemenin ocaktan santiyeye
tasinmast.algt ve kireglerin ihzarati,
dozajin ayarlanmasi, makina ile ka-
nistirilmasi, duvar yerinde hazirlanmig
kaliplara tasmnmasi ve sikistirllmasi
seklindedir. Bu boliimde al¢ili kerpige
uygun mekanize insaat teknolojisinin
gelisimi ve santiye rasyonalizasyonu
icin izlenecek yontemler incelenmistir.
Inceleme sonucu ham malzeme ha-
zirlanmasi, kalip, har¢ karistirllmasi,
harcin kaliba taginmasi, harcin kaliba
yerlestirilmesi, yap1 sisteminin stabil-
zasyonu agamalari ve is¢ilikler i¢in ka-
rarlar alinmistir.

Combination of Results & Suggestions

193

of water are in fluid plastic density, and
are suitable to placement by vibration.

The mortars with more than 25% of
water have segregation.

Water having been added to the
mixture for treatment is affected from
the water in the soil. The soil must be
considered to be in hearth moisture.
For the soils obtained from drier (sum-
mer heat) or damper (after rain) sur-
roundings, density experiments must
be made and water proportion must
accordingly be determined.

CHAPTER 3: MECHANIZED
CONSTRUCTION TECHNOLOGY

The phases of gypsum stabilized
adobe construction, the transport of the
raw material from the excavation area
to the site, obtaining of gypsum and lime
arranging of the dosage mixing of them
with a machine, conveyance of them to
the moulds made ready in wall places,
and the compression. In this section,
the development of the mechanized
construction technology suitable to the
gypsum stabilized adobe and the meth-
ods to be carried out for the building site
rationalization are scanned. As a result
of this examination; many decisions are
made concerning the preparation of the
raw material, the mould mixing of mor-
tar, transport of the mortar to the mould,
placing the mortar into the mould, the
stabilization of the construction system
and related stages and labor:



194

Ham malzemenin hazirlanmasi

Alcil kerpi¢ iiretimi i¢in topragin
elenmesine ve Ogiitiilmesine gerek
goriilmemistir. Dolayisiyla malzeme
miktar1, arazi kullanimu, is¢ilik, siire,
maliyet agisindan tasarruf edilmistir.

Kalip
Kerpi¢ santiyesinde PERI endiistri-
yel kalib1 kullanilmastir.

Bulgular: Bu kaliplar celik cerge-
ve, fin kontraplag: ile imal edilmistir.
Bir is¢inin tastyacagi agirlik ve boyut-
tadir. Standart botulu kaliplarin mon-
taj edilmesi ve sokiilmesi kisa siirede
yapilmaktadir. Yatay ve diisey ayarla-
11 kolay ve kisa siirede yapilmaktadir.
Yiizey diizgilin elde edilmektedir. Du-
var diizlemi diizgiin ve pegsiz elde edil-
mektedir. Diizgiin ylizey ve pegsiz du-
var siva sarfiyatin1 aza indirir. Biiyiik
yerlesmelerde kalip kullanma sayisi
yiiksektir. Bireysel yapilarda konut ih-
tiyacina gore kiralanma imkan1 vardir.
Makinali sikistirmalarda ytliksek muka-
vemet gosterir.

Harg karistinimasi; islenebilirlik

Harcin hazirlanmasi ve islenebilir-
ligini iyilestiren kire¢ ilavesinden ve
uygun su karisimi hazirlandiktan sonra
yatay eksenli universal beton mikseri
kullanimugtir.

Sonuglarin Birlestirilmesi ve Oneriler

The Preparation of the Raw Material

For the gypsum stabilized adobe
production, there has accepted to be
no need for elimination and grinding
processes. Thus, the material amount,
land use, labor, time and costs have
been economized.

Mould
PERI industrial mould is used in the
adobe construction site.

The Findings: These moulds are
produced with steel frames and fin ply-
wood. This has a weight and dimension
that can be carried by only 1 worker.
The casting and releasing from the
standard dimensioned moulds, takes
less time. The vertical and horizontal
adjustments are done easily and in less
time smooth surfaces are obtained.
The wall surface is obtained smooth
and without warping. Smooth surfaces
and walls without warping reduce the
coat wastage in great amounts. In big
dwellings, the amount of moulds in-
creases. In individual buildings, there
is an opportunity to hire according to
the need. It shows high resistance in the
compressions with machines.

The Mixing of the Mortar; Treatment

After the addition of the lime that
improves the preparation and the treat-
ment of the mortar and after the prepa-
ration of the suitable water mixture, a
universal horizontal-axis cement-mix-
er has been used.



Bulgular

Mikserden iyi sonug¢ alinabilmesi
icin ¢ok doldurulmamasi gerekir.Bii-
tiin karigtirma isi bir sefer icin 2-3 dk
stirmektedir. Bosaltma kolydir.Kismen
yapisan artiklar zaman zaman temiz-
lenmelidir. Bunlar tekrar harca karisti-
rilmamalidir.

Harcin kaliba taginmasi

Harcin mikserden kaliba tasimmasi
icin el arabasi kullanilmustir.

Bulgular

Bireysel konut kapasitesinde 2tane
el arabasi harcin taginmasina yeterli ol-
maktadir. Malzeme kiirek, el arabasi ve
betoniyerden rahatlikla ayrilmaktadir.
Biiyiik kapasiteli tiretimlerde 6zellikle
kat yiiksekliginde harcin kaldirilabil-
mesi i¢in mobil + bant konveydr veya
kiiciik loder kullanilabilir.

Yerlestirme

Kaliba dokiilen harcin duvari olusturdu-
gunda mukavemetinin yiiksek, geometrisi-
nin ve yiizeyinin diizgiin, durabilitesinin iyi
olmasi i¢in homojen yerlestirilme deneme-
leri yapilmustir. El ile tokmakh kompaksi-
yon, mekanik kompaktdr ile kompaksiyon,
elektrikli el kiricisma 6zel ug takilarak sikis-
tirma uygulanmustir.

Combination of Results & Suggestions
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The Findings

The mixer must not be full-filled to
get a satisfying result. All the mixing
process lasts for 2-3 minutes for one
circle. The emptying process is simple.
The leftovers that partly stick must be
cleaned at regular times. These must
not be added to the mixture again.

Transport of the mortar to the mould

For the transportation of the mortar
from the mixer to the mould, handcarts
are used.

The Findings

In the individual building capacity,
2 handcarts are sufficient to carry the
mortar. The material can easily be re-
moved from shovels, handcarts and ce-
ment-mixer. In the productions with big
capacity, for the lifting of the mortar
especially in storey height, a mobile+
conveyor belt or small loaders can be
used.

Adjustment

For the mortar that has been emptied
into the mould to have high resistance, a
smooth geometry and surface, and a good
durability when it forms the wall, a few ex-
periments on homogenous placements have
been performed. Tamping compactions
with hand compactions with mechanical
compactors and compressions with special
tips adjusted to electrical hand-breakers
are a few which have been applied.
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Bulgular

Her ii¢ uygulamadan da uygun so-
nu¢ almmustir. El ile kompaksiyon
uzun siirmektedir. Ozel mekanik kom-
paktor hiz1 arttirmaktadir. El ile sikis-
tirmada 20 cm lik katmanlar, mekanik
sikistirmalarda 30 cm lik katmanlar
sikistirilabilmektedir.Diisey is derzleri
rotre araligl verdiginden duvarin boy-
dan dokiilmesi tercih edilmelidir. Boy-
dan dokiilen duvarlarda rotre gatlagini
galvanizli hasir ¢elik onler.

Yapi sisteminin stabilizasyonu

Yapi sisteminin stabilizasyonu i¢in du-
varin igerisine ylikselirken her 60 cm
de bir sira galvanizli hasir ¢elik yerles-
tirilmistir.Bu hatil donatisinin amaci,
ozellikle yigma yap1 duvarlarinda dep-
rem etkisi ile meydana gelen, diyago-
nal ¢atlaklar1 olusturan kuvvetleri kar-
stlamaktir.

Bulgular

Toprak yapilarin en biiyiik problemi
olan % 4-5 civarindaki rétre bir yandan
dogal - iri graniilometri kullanilmast ile
diger yandan alc¢1 katkisi ile % 1,07’ye
inmistir. Bu biiyiikliik dahi her Im'de
lem rétre gatlagi olusturur. Is derzle-
rinin olugsmamasi i¢in biitlin binanin
stirekli ve kesintisiz dokiilmesi halinde
kullanilmig olan galvanizli hasir ¢elik

Sonuglarin Birlestirilmesi ve Oneriler

The Findings

All of the three applications have
resulted the same. Compaction with
hand lasts long. A special mechani-
cal compactor increases the speed. In
compressions with hand, 20 cm layers,
and in mechanical compressions 30 cm
layers are compressed. As the vertical
construction joints form cracks due to
contraction, the wall is preferred to be
casted lengthwise. In the wall casted
lengthwise, the galvanized welded-wire
prevents the cracks due to contraction.

The Stabilization of the
Building System

For the stabilization of the building
system, in every 60 cm, a row of galva-
nized welded-wire is placed in different
layers in the wall. The reason of this tie
beam reinforcement is to confront with
the forces due to earthquake, that form
diagonal cracks, especially in block
buildings.

The Findings

The 4-5% of contraction problem that
especially arises in soil dwellings, has
been reduced to 1,07% both by the use of
natural-large grained granulometry and
also with the contribution of the gypsum.
Even this value causes 1 cm cracks due
to shrinkage in every 1 m. The galvanized
welded-wire reinforcement, which can be
used provided that all the building will



donat1 rotre kuvvetlerini dengelemis ve
yapida stabilite veya nefaset diizeyinde
rotre catlagi olusmamustir.

iscilik & santiye

Alcih kerpi¢ yapi santiyesi, geleneksel
kerpi¢ yap1 ve dis tilkelerde goriilen ge-
listirilmis kerpi¢ santiyelere gore ¢ok
az sayida islem agamasina indirilmistir.

Bulgular

Bireysel yap1 liretiminde 4 kisilik
ekip bir giinde 2,5 m* duvar dokiilebil-
mektedir. 100 m? bir evin 45 m? duvar
hacmi yaklagik 18 glinde tamamlana-
bilmektedir.

ONERILER
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be casted continuously, has balanced the
shrinkage forces and no cracks due to
shrinkage occurred in the building at the
level of stability and exquisiteness.

Workmanship & Construction Site

The gypsum stabilized adobe construc-
tion site has been reduced to a less
number of processes when compared
with the traditional adobe construction
and the developed adobe construction
sites in foreign countries.

The Findings

In individual building production,
a team of 4 persons cast 2,5m> wall in
one day. 45m’ wall volume of a house,
which is totally 100 m? can be com-
pleted in approximately 18 days.

SUGGESTIONS

Bu calisma teknoloji aragtirmalari
slirecinde “prototip” diizeyidir. Mal-
zemenin mekanizasyona uyarlanabile-
cegi ve toplu konutta uygulanabilecegi
gOriilmiistiir. Bundan sonraki asama *
kitle {iretimi ” asamasi olmalidir. Kit-
le {iretimi asamasi prototip liretimden
farkl olarak baska ortam sartlarini ge-
rektirir. Dolayisiyla kitle tiretimi asa-
masina gecgecek ilk santiyeye arastirma
calismasi diizeyinde bilimsel destek
verilmelidir.

Combination of Results & Suggestions

This research is in the “prototype”
level among the technologic studies.
1t is observed that the material can be
mechanized and applied to mass hous-
ing. The next phase should be “mass
production”. Mass production requires
different  environmental conditions
than the prototype production. Thus,
scientific support must be provided to
the first building site, which will skip to
mass production, at the research study
level.
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TANIMLAR VE KISALTMALAR

blok

durabilite

kerpi¢

kerpi¢ kesme

kil

kil betonu / geobeton [15]

kohesiv

kompaksiyon

Kiir

permeabilite

plastik limit

Modiiler duvar 6rme pargas, iki el ile
kaldirilabilir biiyiikliik veya agirlikta

Malzemenin, servis siiresinin sartlarina
dayanabilmesi

Topraga saman vb. katki karistirilarak
kaliplara dokiiliip

kurutulan blok veya tuglalar, bu aras-
tirmada kerpi¢ toprak duvar malzemesi
olarak katki cinsi veya liretim teknigine
bagli olmadan genis anlamda kullanil-
mistir.

Kerpi¢ hamurunu kaliplara dokerek tug-
la veya blok yapmak

0,002 mm’den kiiciik zemin daneleri,
dane kiiciik oldugundan kohesiv (yapis-
kan) dirlar. Kuvvet altinda yer degistirse-
lerde birbirlerinden ayrilmazlar, plastik
davranig gosterirler.

Zeminin ¢akil, kum gibi iri tanelerinin
birbirine kil (ve diger ince tane) ile bag-

lanmasi

Nemli kilde oldugu gibi zemin partikiil-
lerinin birbirine tutunmasi

Zemin tanelerinin sikistirilmasi

Bir islem sirasinda gerekli olan g¢evre
sartlarmi siirdiirme

Hava veya suyun biinye i¢inden ge¢mesi

Zeminin kat1 olma ile plastik olma ara-
sindaki su muhtevasi siniri



TANIMLAR VE KISALTMALAR

plastisite indeksi

priz

rotre

tokmaklanms kerpic

tugla

MAG 505
TEZ’ 84

SIVA’ 91
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Likit limit ile plastik limit arasindaki su
muhtevast farki

Baglayicilarin hidratasyon sonucu sert-
lesmesi

Kuruyan malzemenin kiigiilmesi

Duvar yapmak iizere yerinde yapilmis

kaliba topragin tokmaklanarak yerlesti-
rilmesi

Modiiler duvar 6rme pargasi; tek el ile
kaldirlabilir boyutta; beton, kil, pigmis
kil vb. olabilir.

TUBITAK MAG 505 ( 1980) [11]
1.Deneme Yapisi ( 1984) [12]

1.Deneme Yapisinda Siva Arastirmast
(1991-1996) [36]
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DEFINITIONS,

block

durability

adobe

adobe cutting

Clay

clay concrete / geobeton [15]

cohesive

compaction

exchange rate

Modular walling piece, size or weight
that can be lifted with two hands

Ability of the material to withstand the
conditions of the service period

Additives such as straw etc. are mixed
into the soil and poured into molds.
Dried blocks or bricks were widely used
as adobe soil wall material in this re-
search, regardless of the additive type or
production technique.

Making bricks or blocks by pouring ado-
be dough into molds

Soil particles smaller than 0.002 mm are
cohesive (sticky) because the grains are
small. Even if they are displaced under
force, they do not separate from each
other and show plastic behavior.

Binding of large grains of the soil such
as gravel and sand to each other with

clay (and other fine grains)

As in moist clay, soil particles are inter-
connected to hold on

Compression of soil grains

Maintaining the environmental condi-
tions required during a process

the state or quality of being permeable.
The water content limit between being



DEFINITIONS,

permeability

plastic limit

plasticity index

setting time

shrinking rammed adobe

brick

MAG 505
TEZ’ 84

SIVA’ 91
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solid and being plastic in the soil
Water content difference between liquid
limit and plastic limit

Hardening of binders as a result of hy-
dration

Shrinking of dried material
Placing the soil by tamping into the mold

made on site to build a wall

Modular walling piece ; Size that can be
lifted with one hand; It can be concrete,
clay, baked clay, etc.

TUBITAK MAG 505 ( 1980) [11]
the Ist Trial (1984) [12]

Plaster Research in the Ist Trial( 1991-
199¢6) [36]
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EK2 / APPENDIX 2

KERPIGC BLOK URETIM

ADOBE BLOCK PRODUCTION

1 CINVA - Tokmak presi (CINVA -
Ram press)

2 CETA - Ram press

3 Landerete Press / Presse terstaram
4 Tek - Block press

5 Winget blok making machine

6 Ellson Blockmaster stabilised soil
block press

7 Consolid AG

8 Supertor block making machine
9 Maquina block making machine
10 Brepak block making machine
11 Zora hydraulic block press

12 Latorex system

13 Astram block making machine
14 Tecmor eqipment

15 Meili 60 manual soil block press

Terrablok Duplex Machine
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EK3 / APPENDIX 3

ALMANYA KERPIC

GERMANY ADOBE

DIN 1169 Juni 1947 Lehmmortel fiir Mauerwerk und Putz

DIN 18951 Jan.1951 Lehmbauten , Vorschriften fiir die Ausfiihrung
DIN 18952 Mai 1956 Baulehm , Begriffe , Arten und Priifung

DIN 18953 Mai 1956 Baulehm ,Lehmbauteile

DIN 18954 Mai 1956 Ausfiihrung von Lehmbauten

DIN 18955 Aug.1956 Lehmbauteile , Feuchtigkeitsschutz

DIN 18956 Aug.1956 Putz Auf Lehmbauteilen

DIN 4102 und DIN 18951 Normen Uber Brandschutzmassnahmen
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teknolojileri iizerine ¢alisan mimar
ve akademisyendir. Giizel Sanatlar
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ne arastirmalar ytiriitmekte; malze-
me teknolojisi, deprem giivenligi ve
stirdiiriilebilir yapr sistemleri alan-

larinda calismalar = yapmaktadir.
Kerpic.org’un kurucusu olan Isik,
diizenledigi ulusal ve uluslararasi
Kerpi¢ Konferanslari ile bu alanda-
ki bilimsel paylasimin gelismesine
katki saglamaktadir. Ayrica UNES-
CO-ICOMOS ISCEAH Tiirkiye bi-
limsel komisyonunda gorev almak-
tadir.

Prof. Dr. Bilge ISIK

TUBITAK INTAG TOKI 622 1995
Proje Yuruticusu/Project Manager
Kerpic.org kurucusu/Founder

Prof. Dr. Bilge Isik is an architect
and academic specializing in sus-
tainable and earthquake-resistant
earthen building technologies. He
graduated from the Academy of
Fine Arts, Department of Architec-
ture, and completed his doctoral
studies on prefabricated building
elements at Istanbul Technical Uni-
versity and in Hannover, Germany.
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search on adobe and earthen archi-
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on material technology, earthquake
safety, and sustainable building sys-
tems. As the founder of Kerpic.org,
he organizes national and interna-
tional Adobe Conferences, contrib-
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knowledge in this field. He also
serves on the UNESCO-ICOMOS
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