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ABSTRACT

The main disadvantages of adobe are its low mechanical properties and poor
water resistance. Phosphogypsum and fly ash used in this research, by-product
from phosphoric acid fertilizer industry and thermal power plants, to improve the
quality of earthen material in order to reduce its disadvantages at least partially.
Hydrated lime was used 10 % and fly ash 20%, respectively of total dry mixture
weight and phosphogypsum/soil ratios varied between 0.25 and 2.50 in the
mixtures. The compressive strength test, unit weight and water absorption by
capillarity values were determined on prepared 28-day specimens. Also the
compressive strength tests were performed on specimens which soaked in water
for 24 hours and these compressive strength values are satisfactory since they are
greater than the average value required for standards.
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ENDUSTRIYEL ATIKLARIN KERPIiC STABILIZASYONUNDA KULLANILMASI

OZET

Kerpicin zayif yonii basing dayaniminin ve suya kars: direncinin az olmasidir.
Bu calismada kerpicin dzelliklerini gelistirmek ve zayif yonlerini kismen de olsa
giderebilmek amaci ile katki olarak endiistriyel atik {iriin olan, giibre fabrikas1 atig1
fosfoal¢1 ve termik santral atigi ugucu kiil kullanilmigtir. Toplam kuru karigim
aguliginin %10°’u oraninda sénmiis toz kireg, %20’si oraninda ugucu kiil
kullanilmis ve fosfoalgi/toprak oranlart 0.25 ile 2.50 arasinda segilmistir.
Hazirlanan numunelerin basing dayanimlari, kuru birim agirlik ve kilcallikla su
emme degerleri tayin edilmistir. Ayrica 24 saat su icinde tutulan numuneler
iizerinde basing dayanimi deneyi uygulanmis ve her iki durumda da basing
dayanimu degerlerinin standartta 6n goriilen degerleri sagladigi goriilmiistiir.

Anahtar Kelimeler: kerpig, stabilizasyon, endiistriyel atiklar, ugucu kiil, fosfoalg1

1. GIRIS 1. INTRODUCTION

Kerpi¢ yapi, ¢ok eski bir gegmise sahip bir yap1
tiriidiir.  Tugla ve ¢imento endiistrisinin gelismesi ile
birlikte sehir yapilarinda kullanimidan vazgecildigi halde
kerpi¢, ekonomik nedenlerle kirsal kesimde hala
vazgegilmez bir yapt malzemesidir. Hammaddesinin kolay
ve hemen her yerde bulunabilmesi, uzman iscilik
gerektirmemesi, asgari iscilik ve maliyetle elde
edilebilmesi kerpicin baglica tercih edilme sebepleridir.
Diger yap1 malzemelerinin geri doniisiimii s6z konusu
olmadigr halde kerpi¢ ogiitiiliip, 1slatilarak yeniden
kullanilabilmekte zaman iginde topraga karisarak dogaya
zarar vermemektedir. Kerpicin 1s1 tutucu bir malzeme
olmasi kisin 1sitma yazin sogutma enerjisinden ve yakittan
tasarruf saglamakta, kerpi¢ yap1 uygun 1s1 ve nem dengesi
ile saglik acisindan da iyi bir biyoklimatik konfor
saglamaktadir (1,2,3,4).

Toprak, giiniimiiz sosyal, ekonomik ve ¢evre kirliligi
sorunlarinin ¢6ziimiine katkida bulunabilecek bir yapi
malzemesidir. Ozellikle arsa kisitlamas1 ve ¢ok katli yap1

Adobe brick construction is one of the oldest
technology known to the constructor. Although the use
changed significantly in urban construction with
development of modern construction industry which made
increasing use of brick and Portland cement, adobe is still
an indispensable building materials in rural regions due to
economic shortcomings and financial problems. Adobe
has been preferred materials with earth universal and
easily available, almost no requiring energy and its
easiness in production and construction with low cost and
least skilled people. In contrast, many commonly used
building materials can not be re-cycled at the end of a
building life, adobe can easily be re-used by grinding and
wetting or returned to the ground so, it does not harm to
the environment. Dense forms of adobe construction have
high thermal mass and able to store heat and provide long
term energy savings for cooling in summer and heating in
winter so, provide bioclimatic comfort for health with a
suitable humidity and thereby balance indoor climate (1,
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yapma zorunlulugu bulunmayan bélgelerde kerpi¢ yapi
konut sorununun ¢6ziimiinde uygun bir secim olabilir.
Ancak geleneksel kerpi¢ yap1 giiniimiiz gereksinimlerine
cevap verebilecek nitelikte degildir. Toprak malzemenin
en belirgin iki sakincasi basing dayaniminin az, rutubete
kars1 duyarliliginin fazla olmasidir. Bugiine kadar kerpic
topraginin 6zelliklerini gelistirmek i¢in yapilan ¢aligmalar
maliyetlerin yiiksekligi, yoresel kosullara uyumsuzluk ve
ileri teknoloji gerektirmesi gibi nedenlerle kismen basarili
olmustur. Bu nedenlerden dolay1 kerpi¢c malzemesinin
ozelliklerinin iyilestirilmesi ile ilgili g¢alismalar halen
stirmektedir.

Kerpicin mekanik &zelliklerini iyilestirmek ve suya
kars1 direncini arttirmak i¢in iki yontem uygulanmaktadir.
Bunlardan birincisi katki malzemesi ile kerpi¢ topragini
stabilize etmek, digeri de duvar yiizlerine siva, badana ve
boya tatbik ederek dis tesirlerden koruma saglamaktir.
iklim kosullar1 kerpi¢ yapilarin koruma tekniklerinden
hangisinin tercih edileceginde etkili olmaktadir. Ciinkii bu
koruma tekniklerinin basaris1 kerpi¢ topraginin mineral
yapisina ve fiziksel Ozelliklerine baghdir (5). Kerpicin
ozelliklerini iyilestirmek amact ile en ¢ok uygulanan
yontem kerpi¢ topragina baglayici madde ilave edilerek
yapilan stabilizasyon ¢alismalaridir. Kerpicin mekanik
ozelliklerinin iyilestirilmesi ve suya karst direncin
korunmasinda genellikle c¢imento, kireg, alg1, asfalt gibi
pahali endiistriyel malzemeler kullanilmaktadir (6). Kerpic
stabilizasyonunda yaygin olarak kullanilan baglayici
madde kirectir. Kerpi¢ topragina kireg ilave edildiginde ii¢
tir kimyasal reaksiyon olusmaktadir. Bunlar; iyon
degisimi, kirecin  karbonatlasmast ve  puzolanik
reaksiyonlardir. Kerpice diisiik oranlarda kireg ilavesinin
basing dayanimini diigiirdiigi buna karsin suya karsi
direnci arttirdigt bilinmektedir (7,8). Kirecin topragin
ozelliklerine etkisi ¢esitli faktorlere baghdir; kil
minerallerinin  cinsi, topragin granillometrisi, pH’1,
absorbe iyonlarmin cinsi gibi ¢esitli fiziksel ve kimyasal
ozellikler etkili olmaktadir (9,10). Kireg¢ katkisi diisiik
plastisiteli killerin islenebilmelerini kolaylastirmakta,
yiiksek plastisiteli  killerde ise rétreyi olumsuz
etkilemektedir (11,12). Kire¢ katkili kerpi¢ topragmnin
preslenerek  iiretimi  halinde basing  dayaniminin
iyilestirilmesinde daha iyi sonuglar alinmakta ancak bu,
maliyeti de arttirmaktadir.

Kerpi¢  stabilizasyonunda  hidrolik  baglanmay1
saglamak amaciyla kirecin bir puzolan ile birlikte
kullanilmasi diisiiniilebilir ve bu nedenle bu ¢alismada
kireg ile birlikte puzolan olarak ugucu kiil kullanilmustir.
Ugucu kiil ile birlikte az miktarda kireg¢ ilavesinin uygun
bir kiir sonunda dayanimi ve dona dayanikliligi artirdigi
bilinmektedir. Kire¢ puzolan olarak pigmis boksit ile
kullanilmis ve olumlu sonuglar elde edilmistir (13). Ugucu
kiiller incelikleri iyi ve karbon miktarlar1 az olmak
kosuluyla puzolan olarak kullanilabilmektedir (14). Ugucu
kiiliin katki maddesi olarak kerpi¢ topraginda kullanilmasi
kerpic  numunelerinin  6zelliklerini  6nemli  dlgiide
iyilestirdigi belirtilmistir. Basing dayanimi degerlerindeki
azalma kire¢ yiizdesi ile degismektedir. Kire¢ oranmnin
%5-%10 arasinda alinmasi Onerilmektedir (15). Buna
karsilik ugucu kiil oran1 arttiginda basing dayaniminda da
artma gorilmektedir. Ucgucu kiil kullanildiginda elde
edilen basing dayanimi degerleri kire¢ kullanildiginda elde
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2,3, 4).

Today, earth materials have the potential to make a
significant contribution for social, economic and
environmental pollution problems. In particular, adobe
construction can be a proper choice to solve the housing
shortage problem if there is no restriction of building land
and necessity of the multi-story buildings. However,
traditional adobe construction does not answer our actual
needs. Two main disadvantages of earth materials are less
compressive strength and more sensitivity to moisture. Up
to recently, the researches carried out on the improvement
of adobe soil had limited success because of the high cost,
no adaptation of local conditions and the requirement of
high technology. For these reasons, the researches to
improve the engineering properties of adobe still continue.

In order to improve the mechanical properties and
resistance to water, two methods are commonly used. First
of these methods is to stabilize the adobe soil by using
additive materials and the other method is the protection
with coating of wall surface by using paint, plaster and
whitewash. The climate plays a large role in dictating is
acceptable which preservation techniques. Since the
performance of the preservation techniques depends on the
composition of mineral and physical properties of adobe
soil (5). The most used method to improve the properties
of adobe is stabilization trials by addition binder materials
to adobe soil. Usually expensive industrial materials such
as cement, lime, gypsum and asphalt are used to improve
the mechanical properties and resistant to water of adobe
(6). Lime is the one of the oldest substance used to
stabilize of adobe. Three kinds of chemical reactions take
place within the soil upon addition of lime. They are; ion
exchange, carbonation of lime and pozzolanic reaction. It
is known that the addition of low percentage of lime
causes a slight decrease the strength while water resistance
increases (7, 8). Several chemical and physical properties
such as the variation clay mineralogy, grain size
distribution, pH and absorbent ions of soil play significant
role in the success or failure of lime stabilization (9, 10).
The addition of lime improves the workability for low-
plasticity soils but it effects negatively in shrinkage for
high-plasticity soils (11, 12). The production of adobe by
compacting with a block press machine gives the best
results in improving of the compressive strength but this
method also increases the production cost.

In adobe stabilization, lime can be used with a
pozzolan to provide binding characteristics and for this
reason fly ash was used in this research as a pozzolanic
material with lime. It is well known that the addition of
small amount of lime with fly ash increases the strength
and freeze-thaw resistance at the end of the adequate
curing period. Lime successfully had been used with a
pozzolan made by burning bauxite and the reasonable test
results were obtained (13). Fly ash can be used as a
pozzolan on condition that its fineness is good and the
contents carbon is less too. It is indicated that the use of
fly ash as additive in adobe stabilization significantly
improves the engineering properties of adobe specimens.
The reduction in compressive strength values varies with
the percentage of lime. Usually 5-10% by weight of lime
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edilen degerlerin yaklagik 5 kati oldugu kaydedilmistir
(16). Anadolu’da yiizyillardan beri pismis toprak, kireg ve
sudan olusan tarihi bir baglayici olan “Horasan * harci
kullanilmigtir. Bu tarihi hargtan esinlenerek, ogiitiilmiis
tugla ve kiremit atiklar1 kire¢ ve ugucu kil ile birlikte
kerpi¢ topragina katilmig ve kerpi¢ icin standartta
ongoriilen degerlerin iizerinde basing dayanimi degerleri
elde edilmistir (17,18).

Kerpig stabilizasyonunda al¢1 kullanilmasi hakkindaki
caligmalar olduk¢a azdir (19,20,21,22). Alg1 katkisi ile
basing dayanimi artmakta, karigima kire¢ ilavesi basing
dayanimmi olumsuz, suya karsi dayaniklilifi olumlu
etkilemektedir. Algili kerpicin ¢imentolu kerpice ve diger
katkilara gore maliyetinin daha az, kururken biiziilmesinin,
suda ¢oziilme ve dagilmasinin daha az, tasima giicliniin
daha fazla, yiizeyinin ¢ok daha diizgiin oldugu ve toz
tretmedigi belirtilmistir (23).

Bu c¢alismada, endiistriyel iki atik malzeme; fosforik
asit giibre fabrikasi atig1 fosfoalg1 ile termik santral atigi
ucucu kiil ve sonmiis toz kire¢ kullanarak kerpic
topraginin  6zelliklerinin iyilestirilmesine g¢aligilmustir.
Endiistride yan iiriin olarak dogal alg1 ile aymi bilesime
sahip atik al¢1 elde edilmektedir. Bunlarin iginde kimyasal
atik alg1 olarak fosfoalg1 (fosfojips) birinci sirada yer
almaktadir. Fosfoalg1 giibre fabrikasi yan firlinii olarak
fosforik asit tiretiminde fosfat tasi ile siilfiirik asidin
reaksiyona girmesi sonucu ortaya c¢ikan atik {rlindiir.
Fosfoalg1 ingaat sektoriinde; ¢imento iretiminde priz
geciktirici ve klinker hammaddesi olarak, ¢imento ve kireg
ile birlikte ikincil baglayict olarak, yapay agrega
iretiminde ve yol stabilizasyonunda kullanilmistir. Bu
atigin ¢ok az bir kismu toprak 1slahi ve yol
stabilizasyonunda kullanilmakta geri kalan kismui ise
genellikle acik arazide depolanmakta veya nehir ve
denizlere dokiilmektedir. Son yillarda fosfoalginin diger
atiklar ve geleneksel ingaat malzemeleri ile birlikte
kullanim olanaklarini arastiran caligmalar yapilmaktadir
(24,25,26,27,28,29).

Ucucu kiil ise elektrik enerjisi iiretiminde yakit olarak
pulverize komiiriin kullanildig1 termik santrallerde elde
edilen atik {irlindiir. Ugucu kiiller ¢imento {iretiminde
puzolanik katki malzemesi olarak, beton iginde ¢cimento ile
birlikte ikincil baglayici olarak, tugla, yap1 blogu ve yapay
agrega iretiminde, dolgu malzemesi olarak, yol ve zemin
stabilizasyonunda kullanilmaktadir (30,31,32). Bir ¢ok
ilke standardinda ugucu kiiller hakkinda kesin bir
siniflandirma bulunmamakla birlikte C 618 sayili ASTM
(33) standardma gére ugucu killer kimyasal
kompozisyonlarina ve iretildikleri komiir cinsine goére
“F” ve “C” olarak iki sinifa ayrilmaktadir. SiO, + Al,O; +
Fe,0; miktari en az %70 oldugunda “F” smufi, SiO,+
AlLO;3 + FeyO; miktart en az %50 oldugunda “C” sinifi
olarak kabul edilmektedir. F smifi killer bitiimli
komiirlerden, C smifi kiiller linyitli komiirlerden elde
edilmektedir TS 639 “Ugucu Kiil” standardinda da (34)
SiO, + Al,Os3 + Fe,O3 miktari en az %70 verilmistir. Ayni
zamanda igerisinde %10’dan fazla miktarda CaO bulunan
kiiller yiiksek-kirecli kiiller, %10°dan az miktarda CaO
bulunan kiiller ise digik-kire¢li  kiiller olarak
tanimlanmaktadir. Diislik kiregli ugucu kiillerin sadece
puzolanik &zellige sahip olduklari, yiiksek-kire¢li ugucu

is recommended (15). On the contrary, the compressive
strength increases with by increasing the percentage of fly
ash. It is reported that the compressive strength values of
the adobe with fly ash are about five times bigger than the
ones of the adobe with lime (16). In Anatolia, a historical
binder called as Horasan which composed of fired brick
powder, lime and water was used throughout the centuries.
Powdered fired brick wastes, lime and fly ash are added to
adobe soil by inspiring this historical binder and the
obtained compressive strength values are greater than the
value given in standards (17, 18).

There are very limited studies on adobe stabilization
with gypsum (19, 20, 21, 22). The compressive strength
values increase with addition of gypsum but the addition
of lime has negative influence on compressive strength
and has positive influence on water resistance. It was
found that the production cost, drying shrinkage and water
sensitivity of gypsum stabilized adobe were less than that
of cement stabilized adobe and it had smooth appearance
with high mechanical properties and had no tendency to
dust (23).

In this research, two industrial products;
phosphogypsum procured from phosphoric acid fertilizer
factory and fly ash procured from thermal power plant and
hydrated lime were used to improve the engineering
properties of adobe. In industry the waste gypsum which
mineralogy is similar to natural gypsum is obtained as by-
product. Phosphogypsum has first importance place within
these wastes. Phosphogypsum is a by-product of chemical
reaction whereby sulfuric acid is reacted with phosphate
rock to produce the phosphoric acid needed fertilizer
production. Phosphogypsum was used as set controller in
the manufacture of Portland cement, as a raw material for
clinker, as a secondary binder with lime and cement and in
production of artificial aggregates and in road
stabilization. A small amount of this waste is used in soil
and road stabilization and the remaining of it usually is
deposited in open areas or dumped to river and sea.
Researches have been recently directed towards the use of
phosphogypsum with the other wastes and conventional
construction materials (24, 25, 26, 27, 28, 29).

Fly ash is a by-product material obtained by burning
pulverized coal in thermal power plants. Fly ash is used as
a pozzolanic material, secondary binder with lime in
concrete, in production of brick and block, in production
of artificial aggregates, as a filler and road and soil
stabilization (30, 31, 32). Although there is no certain
accepted classification in many countries standards, based
on chemical compositions and coal type used in
production fly ash is classified as “F” and “C” according
to ASTM C618. If the content of SiO2 + Al203 + Fe203
is minimum 70%, fly ash is defined as class F and is
minimum 50% is defined class C. F-type fly ashes are
obtained from bituminous coals and C-type fly ashes are
procured from lignite coals. The minimum content of
Si02 + Al203 + Fe203 is also given as 70% in Turkish
Standard for Fly Ash, TS 639 (34). Also fly ash contains
more than 10% lime is defined as a high-calcium fly ash
and less than 10% is a low calcium fly ash. It is known
that low-calcium fly ash is pozzolanic with little or no
cementing value alone and high-calcium fly ash has self-
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kiillerin ise hem puzolanik ozellige hem de igerdikleri
kire¢ nedeniyle bir miktar hidrolik baglayicilik 6zelligine
sahip olduklar1 bilinmektedir.

Ulkemizde ugucu kiil ve fosfoalginin ekonomik olarak
degerlendirilebilme olanaklarmin  bulunmamasi hem
ekonomik kayba hem de ¢evre kirliligine yol agmaktadir.
Boylece miktarlart giin gectikge azalan ve temininde
zorluklarla kargilagilan dogal stabilizasyon malzemesi
yerine atik malzeme olarak elde edilen ve fosforik asit
giibre fabrikalart ve termik santraller civarinda bol
miktarda bulunan fosfoal¢1 ve ucucu kiiller alternatif bir
stabilizasyon malzemesi olarak kullanilabilir. Bu iki
atigin; fosfoalg1 ve ugucu kiiliin kerpi¢ stabilizasyonunda
kullanilmas1 basing dayanimi, kilcallikla su emme gibi
6zellikler bakimmdan olumlu sonuglar vermektedir.

2. DENEYSEL CALISMALAR
2.1. Malzemeler

Bu calismada fosfoalgi,kireg ve ugucu kiil katkisi ile
kerpi¢c topraginin basing dayanimmin ve suya Kkarsi
direncinin arttirilmast amaglanmigtir. Ugucu kiil Soma-B
Termik Santralinden temin edilmistir. Arastirmada
kullanilan ugucu kil ASTM C 618 standardina gore C
smift ugucu kiil olup ayni zamanda yiiksek-kiregli bir
kiildiir. Fosfoalg1 olarak Bandirma-Bagfas Giibre Fabrikasi
atiklart kullanilmistir.  Laboratuvara getirilen fosfoalgi
numuneleri serilerek bir ka¢ giin kurumalari saglanmis ve
daha sonra 2 mm’lik elekten elenerek kullanilmustir.
Kerpig iiretiminde Balikesir Universitesi Kampiis topragi
kullanilmigtir. Deneysel ¢alismada kullanilan topragin
ozellikleri TS 1900 (35) standardi dikkate alinarak tayin
edilmis ve ¢izelge 1’de verilmistir. Ugucu kil ve
fosfoalgiin kimyasal ve fiziksel ozellikleri ise gizelge 2
ve gizelge 3 'de verilmistir.

Tablel. The properties of adobe soil
Cizelge 1. Kerpic topraginin 6zellikleri
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cementing properties as well as pozzolanic properties.

In our country, the lack of utilization possibility of
phosphogypsum and fly ash causes the economic loss and
also environmental pollution. Considering the difficulties
of obtaining and considering their amount of which
decreases day by day, instead of natural stabilization
materials, phosphogysum and fly ash as by-product which
can be easily obtained in abundance from the around of
fertilizer and thermal power plant respectively can be used
as alternative stabilization material. The use of this two
wastes; phosphogypsum and fly ash in adobe stabilization
gives the reasonable test results in determining of
compressive strength and capillarity.

2. EXPERIMENTAL PROGRAM
2.1. Materials

The main objective of this study is to improve the
compressive strength and resistance to water by addition
phosphogypsum, lime and fly ash to adobe soil. Fly ash
was procured from Soma Power Plant. Fly ash used in this
research is C-type fly ash and also high-calcium fly ash
according to ASTM specification C 618. Phosphogysum is
by-product of Bagfas Fertilizer Factory in Bandirma.
Phosphogypsum samples were used after drying by
spreading out in fairly thin layers for a few days and
sieving by 2-mm sieve. The soil obtained from Balikesir
University campus was used in production adobe
specimens. The properties of soil used in production of
adobe was determined in accordance with TS 1900
procedure and is given in Table 1.The chemical and
physical properties of fly ash and phosphogypsum is
presented in Table 2 and 3 respectively.

Kerpig topragi /Adobe soil Kampiis /Campus
AASHTO simiflamast /AASHTO classification A-7-5
Ozgiil agirlik / specific gravity 2.44
Likit limit /Liquid limit ,LL 56,41
Plastik limit/Plastic limit, PL 35,71
Plastisite indisi/Plasticity index, PI 20.7
Su icerigi / Moisture content(%) 37.7
200 nolu elek iistiinde kalan /Retained on no. 200 sieve % 18.09
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Table 2. The chemical and physical properties of fly ash
Cizelge 2. Ugucu kiiliin kimyasal ve fiziksel 6zellikleri

Fiziksel Ozellikler /Physical properties %
30 nolu elek iistiinde kalan/ Retained on no. 30 sieve 0,00
200 nolu elek iistiinde kalan / Retained on n0.200 sieve 16,00
325 nolu elek tistiinde kalan / Retained on no.325 sieve 31,20
Ozgiil agirlik/ Specific gravity 2,24
Nem/Moisture 0,63
Kimyasal Ozellikler/Chemical composition %
SiO, 45,98
AlLOs 23,75
F6203 4,59
Mgo 2,10
Ca0O 15,34
K,0 1,19
Na,O 0,21
S0O; 0,99
Kizdirma kaybi/ Loss on ignition, LOI 1,62
Coziinmez kalinti/ Insoluble residue 0,57

Table 3. The chemical and physical properties of fly ash
Cizelge 3. Fosfoalginin kimyasal ve fiziksel dzellikleri

Kimyasal 6zellikler/ Chemical composition Fiziksel 6zellikler/Physical properties
Eleman/ Constituent % Elek iistiinde kalan/ Retained %
CaO 32.04 10 no’lu/on sieve # 10 0.00
SO, 53.47 40 1no’lu /on sieve # 40 9.00
P,0s (toplany/ total) 0.50 60 no’lu/on sieve/#60 16.00
P,0s (¢6ziinen/soluble) 0.11 200 no’lu /on sieve # 200 49.04
F(toplam/total) 1.30 Ozgiil agirlik /specific gravity 2.39

2.2. Numunelerin Hazirlanmasi

Kireg kullanilarak yapilan kerpi¢ stabilizasyonu
denemelerinde kire¢ oranmnin %5 ile %10 arasinda
alinmasi tavsiye edilmistir (9,12,15,21,37,38). Bazi
aragtirmalarda kire¢ oran1 %15’¢ ve hatta %25’¢ (16,
17,39) kadar arttinlmistir. Genelde ucucu kil katki
oranlar1 ise kuru agirhigm %12-15" i kadardir (16,36).
Ancak %20-25 oranlarinda da ugucu kiil kullanildig:
goriilmektedir  (17). Daha 06nce yapilan kerpig
stabilizasyonu c¢aligmalarina dayanarak bu ¢alismada
toplam karisim agirliginin % 10'u kadar sénmiis toz kireg
ve % 20°si oraninda wugucu kiil kullanilmistir.
Fosfoalgi/toprak oranlar1 ise 0.25 ile 2.50 arasinda
degismektedir.

2.3. Deneyler

Basing dayanimi ve kuru birim agirlik ve kilcal su
emme deneyleri i¢in kiip numuneler hazirlanmistir.
Karisimlarin hazirlanmasinda Hobart Mixer kullanilmus,
karistiriciya 6nce kati haldeki malzemeler konulmus daha
sonra su ilave edilmistir. Karma suyu miktar1 sarsma
tablasinda % 110 £ 5 civarinda yayilma saglayacak sekilde
tayin edilmistir. Taze karisimda yayilma orani 6lgiildiikten
sonra hazirlanan harg iki tabaka halinde 50 mm ayrith kiip
kaliplara doldurulmus ve titresim hizi 6000-10000 d/d
olan vibratorli kalip masasinda 60 saniye siire ile
sikistirilmigtir. Biitiin numuneler 24 saat sonunda kaliptan
alinarak deney giiniine kadar laboratuvar ortaminda
muhafaza edilmistir. Numunelerin t¢er tanesi kuru olarak

2.2. Preparation of Specimens

The percentage of lime was recommended as 5-10% in
lime stabilization test (9, 12, 15, 21, 37, 38). Lime
percentage increased to 15% and also 25% in some
researches (16, 17 ,39). Usually the percentage of fly ash
is 12-15% by dry weight (16, 36). But the 20-25% of fly
ash was also used. Based on the previous adobe
stabilization tests, 10% hydrated lime and 20% fly ash of
total dry mixture weight was used in this study.
Phosphogypsum/fly ash ratios varied between 0.25 and
2.50 in the mixtures.

2.3. Tests

The cube specimens were prepared for dry unit weight
and compressive strength tests. Hobart mixer was used for
preparing of the mixtures and at first dry materials put in
the mixer and then water was added to the mixture. The
amount of water was determined to obtain a flow of 110 +
5 % of the flow table. After measuring of flow the
mortars were cast in the 50-mm cube molds by tamping in
two layers and placing on a vibration table which has the
speed of 6000-10000 cycles/ minute with a period of 60
sec. After 24 hours the specimens were remolded and
stored under laboratory conditions until the testing date.
The compressive strength was performed on three dry
specimens and the other three specimens were kept in
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yirmi sekizinci giinde serbest basing dayanimimna tabi
tutulurken diger ticer tanesi ise 24 saat su icinde
bekletildikten sonra 1slak olarak basing deneyi
uygulanmigtir. Basing dayanmimi deneyi 28 giinliik
numuneler {izerinde uygulanmig ve basing dayanimi
degerleri ii¢ deney numunenin ortalamasi alinarak
hesaplanmistir. Deneyde 0.9 KN/s yiikleme hiz1 ile 3000
KN’luk basmng deney cihazi kullanilmistir. Deney
sirasinda olusabilecek etkileri 6nlemek i¢in deneyden dnce
numunelerin  alt ve st yiizlerine metal plakalar
yerlestirilmistir. Bu karigimlara ait 28 giinliik basing
dayanimi degerleri Sekil 1' de verilmistir. Ayrica su iginde
24 saat tutulan numunelerin basing dayanimlarindaki
degisim Sekil 2’de gosterilmistir. Kiip numuneler
agirliklar: sabit kalincaya kadar 105 °C’de kurutulduktan
sonra, agirliklart 0.1 g duyarlikli terazi ile tartilarak kuru
birim agirliklar1 hesaplanmis ve katki oranlarina bagh
olarak bu degerler Sekil 3’de gosterilmistir. Ayrica her
karigima ait numunelerden tiger tanesi {iizerinde kilcal
gecirimlilik deneyi uygulanmigtir. 28 giin normal
laboratuvar kosullarinda bekletilen numuneler 105 °C’de
24 saat kurutulduktan sonra alt yilizeylerinden su ile temas
ettirilerek kilcal gecirimlilik deneyi uygulanmis ve 24 saat
sonunda emilen su miktarma gore kilcal gegirimlilik
katsayis;;  (Q/A)* = kxt  bagmtisiyla hesaplanmistir.
Burada; Q: 24 saatte emilen su (cm®), A: Kesit alan1 (cm?),
t: Zaman (sn) k: Kilcal Gegirimlilik katsayis1 (cm*/sn).
Fosfoalgi/toprak oranlarina gére numunelerin kilcal
gecirimlilik katsayilar1 Sekil 4’de verilmistir.

4,0
3,0
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water for 24 hours and then the compressive strength was
performed on these specimens after 24 hours. The
compressive strength tests were performed at 28 days and
the compressive strength values were determined by
taking the average of three specimens. A 3000 KN press
was used in the tests with a loading rate of 0.9 KN/sec.
Before testing in compression smooth metal sheets were
placed to the bottom and top of the specimens during the
test to minimize the end effects. The results of this test are
shown in figure 1. Also the change of compressive
strength values of specimens which kept in water for 24
hours is presented in figure 2. After specimens were dried
to constant weight at 105 °C, the dry unit weight of test
specimens was measured with 0.1 g sensitivity and these
values depending on the percentage of additive are given
in figure 3. Also capillarity test was performed on three
specimens for each mixture. At the end of 28 days test
specimens were dried in the oven at 105°C for 24 hours
and were placed vertically in a container with the bottom
contacted by water and the coefficient of capillarity was
calculated by formula; (Q/A)* = kxt according as the
amount of water absorbed during 24 hours.

Where, Q: water absorption at 24 hours (cm®), A: cross
sectional area (cm?), t: time (second), k: coefficient of
capillarity (cm?s). The coefficient of capillarity of
specimens is given in fig. 4 with phosphogypsum/fly ash
ratios.

./.’-’.’-.

Basing dayanimi
Compressive strength
(MPa)

2,0
1,0
0,0 T T .
0 0,25 05 0,75 1,25 25
Fosfoalgi/toprak
Phosphogypsum/soil

—&—kuru/dry —-B-—slak/wet

Figure 1.The compressive strength values versus phosphogypsum/soil ratios
Sekil 1. Fosfoalgi/toprak oranlarina gore 28 giinliik basing dayanimi degerleri
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Figure 2. The loss of compressive strength of specimens kept in water for 24 h
Sekil 2. 24 saat suda tutulan numunelerin basing dayanimilarinda azalma
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Figure 3.The dry unit weight versus phosphogypsum/soil ratios

0,5 0,75 1,25 25
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Sekil 3. Fosfoalgi/toprak oranlarina gore kuru birim agirligin degisimi

4,0

3,0

2,0

(cm2/sn)*(10-5)

1,0 +
0,25

Kilcal gegirimlilik katsayist
The coefficient of capillarity

0,75 1,25 2,50

Fosfoalgi/toprak
phosphogypsum/soil

Figure 4. The coefficient of capillarity values versus phosphogypsum/soil ratios
Sekil 4. Fosfoalgi/toprak oranlarina gore numunelerin kilcal su emmeleri

3. DENEY SONUCLARI

Karigimlarin 28 giinliik basing dayanimi degerleri katki
oranlarina bagh olarak 2.28 MPa ile 3.78 MPa arasinda
degismektedir. Fosfoalgl/ toprak orami 1.25 degerinden
sonra basing dayanimindaki artiy azalmaktadir. Daha
onceki bir ¢alismada da (20) alg1 oraninin artmasinin bazi
toprak cinsleri i¢in belirli bir smirdan sonra basing
dayanimimi diistirdiigli belirtilmigtir. Bu c¢alismada en
diisiik basing dayanimi degeri (fosfoalgi/toprak orani 0.25
icin) 2.28 MPa olarak elde edilmistir. TS 2514 ( Kerpig
Bloklar ve Yapim Kurallar1) standardina gore %1 saman
katkil1 ve katkisiz kerpiglerin en kiigiik basing dayanimi 8
kgf/em?® den az ve &lgiilen numunelerin basing dayanimi
ortalamast 10 kgf/em® az olmamahdir (40). TS 537
(Cimentolu Kerpi¢ Bloklar) standardinda ise %5, %7 ve

3. TEST RESULTS

The compressive strength of test specimens at 28 days
varied between 2.28 MPa and 3.78 MPa depending on the
percentage of additive. The increase of compressive
strength after 1.25 of phosphogysum/fly ash ratio
decreases. It was indicated that the increase of the
percentage of gypsum decreased the compressive strength
for some soil type by a previous study (20). The lowest
compressive strength was obtained as 2.28 MPa for 0.25
of phosphogysum/fly ash ratio. The compressive strength
of adobe with 1% straw and plain adobe soil should not be
less than 8 kgf/cm® and average of compressive strength
values should not be less than 10 kgf/em® in accordance
with TS 2514 (Turkish Standard for Adobe Blocks and
Production Methods) (40). According to TS 537 (Cement
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%10 ¢imento katkili numunelerin 28 giinlilk en az basing
dayanimlari ortalamasi sirasi ile 10, 16 ve 21 kgf/cm?
olarak verilmigtir (41). Bu caligmada sadece toprak
kullanilarak katkisiz iiretilen kerpi¢ numunelerinin 28
giinliik basing dayanimi ortalamas: 0.76 MPa olarak elde
edilmistir. Bu deger TS 2514’de kerpi¢ icin verilen
minimum degerin altindadir. Oysa fosfoalg1, kire¢ ve kiil
katkist ile iiretilen kerpi¢ numunelerinin basing dayanimi
degerleri (2.28-3.78 MPa) Tiirk Standartlarinda (TS 2514
ve TS 537) gerekli goriillen degerlerin iizerindedir. Su
icinde 24 saat tutulan katkili numunelerin basing
dayanimindaki azalma %23 ile %37 arasindadir.
Numuneler su i¢inde tutulduktan sonra da basing dayanimi
acisindan standartlarda Onerilen degerleri saglamaktadir.
Katkisiz numuneler ise 1 saatten sonra su i¢inde tamamen
dagildigindan 24 saat su iginde tutulduktan sonra basing
dayanimlarmi ve kilcallikla su emme degerlerini tayin
etmek miimkiin olamamustir.

Numunelerin kilcallikla su emme katsayilart 1.779 x10
em?/sn ile 3.267 x10 > cm?/sn arasinda degismektedir.
Fosfoalg1 katkisinin  kilcallikla su emme degerlerini
arttirdigi suya karst dayanimi bir miktar diislirdiigi
gorillmiistiir. Katkili Kerpi¢ 6rneklerinin birim agirliklar
1.40 kg/lt ile 1.50 kg/lt arasinda degismektedir. Fosfoalg1
katki oranmimn artist birim agirlikta azalmaya neden
olmaktadir.Katkisiz kerpi¢ numunelerinin kuru birim
agirliklari 1.69 kg/lt olarak elde edilmistir.

5

4. SONUCLAR

Katkisiz numunelerin  28gilinliik basing dayanimi
ortalamasi 0.76 MPa’dir. Bu deger Tiirk standartlarinda
ongoriilen degerlerin altindadir. Fosfoalgi, kire¢ ve ugucu
kiil kullanilarak hazirlanan kerpi¢ numunelerinin 28
giinliik basing dayanimi degerleri 2.28 MPa ile 3.78 MPa
arasinda degismektedir. Bu degerler standartlarda gerekli
goriilen degerleri saglamaktadir. Bu degerler sikistirma ve
katki oranlar1 ayarlanarak arttirilabilir. Bu ¢aligmanin
kapsaminin sinirlt tutulmasi nedeniyle kire¢ ve ugucu kiil
oranlar1 %10 ve %20 olarak sabit tutulmustur. Degisik
oranlarda kire¢ ve kiill katkismin kerpicin mekanik
ozellikleri iizerindeki etkisinin incelenmesinde fayda
goriilmektedir. Daha az oranlarda kireg, kiil ve fosfoalgi
katkist denenerek bir optimizasyon yapilabilir.

Fosfoalg1, kireg ve ugucu kiil kullanilarak hazirlanan
kerpic numunelerinin 24 saat suda tutulduktan sonra
basing dayammindaki azalma %23 ile %37 arasindadir.
Numuneler 24 saat su iginde tutulduktan sonra da basing
dayanimi acisindan standartlarda Onerilen degerleri
saglamaktadir. Katkisiz numuneler ise 1 saatten sonra su
icinde tamamen dagildigindan 24 saat su iginde
tutulduktan sonra basing dayanimlarint ve kilcallikla su
emme degerlerini tayin etmek miimkiin olamamustir.

Katkili numunelerin kilcallikla su emme Kkatsayilart
1.779 x10 ° cm%sn ile 3.267 x10 ° cm*sn arasinda
degismektedir. Fosfoal¢1 katkisinin kilcallikla su emme
degerlerini arttirdigt suya karsi dayanimi bir miktar
diistirdiigli goriilmusgtiir. Fosfoalg1, kire¢ ve ucucu kiil
kullanilarak hazirlanan kerpi¢ Orneklerinin kuru birim
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Treated Adobe Blocks), the cement treated blocks should
have minimum compressive strength values of 10, 16 and
21 kgf/em® for adobe with 5%, 7% and 10% cement
additions, respectively. The compressive strength values
of the 28 days specimens without any additive material is
0.76 MPa in this study. This value is less than the
minimum value given by TS 2514 for adobe. But the
compressive strength values of adobe specimens made
with phosphogypsum, lime and fly ash are greater (2.28-
3.78 MPa) than the values required in Turkish standards
(TS 2514 and TS 537). The loss of compressive strength
values are between 23% and 37% for specimens which
were kept in water for 24 hours. Even the retained
compressive strength values after 24 hours keeping in
water provide the required values in the standards. The
compressive strength and capillarity values of adobe
specimens made without any additive were not determined
after keeping in water 24 hours because of completely
disintegrating in water for 1 hour.

The coefficient of capillarity of adobe specimens
varied between 1.779 x10 > cm?/s and 3.267 x10 > cm?/s.
It was observed that the addition of phosphgypsum
increased capillarity and decreased resistance to water
very little. The unit weight of specimens with additive
materials varied between 1.40 kg/l and 1.50 kg/l. The
increase of percentage of phosphogypsum reduced the unit
weight. The dry unit weight of specimens without additive
materials is 1.69 kg/1.

4. CONCLUSIONS

The average of compressive strength values of plain
adobe specimens is 0.76 MPa. This value is less than the
value required by the Turkish standards. The compressive
strength values of adobe specimens made with
phosphogypsum, lime and fly ash varied between 2.28
MPa and 3.78 MPa. These values are greater than the
values required in standards. These values can be
increased by compacting and by testing the content of
additives. Because of the limited content of this study, the
percentage of lime and fly ash were kept constant as
10%and 20% respectively. It can be useful to research the
influence of different percentage lime and fly ash on
mechanical properties of adobe. The optimization can be
made by testing less percentage of lime, fly ash and
phosphogypsum addition.

The loss of compressive strength values of adobe
specimens made with phosphogypsum, lime and fly ash
which were kept in water for 24 hours are between 23%
and 37%.Even after 24 hours keeping in water the retained
compressive strength values of specimens provides the
required values given in standards. The compressive
strength and capillarity values of adobe specimens made
without any additive were not determined after keeping in
water for 24 hours because of completely disintegrating in
water for 1 hour.

The coefficient of capillarity of adobe specimens
varied between 1.779 x10 > cm?/s and 3.267 x10 > cm?/s.
It was observed that the addition of phosphgypsum
increased capillarity and decreased resistance to water
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agirliklart 1.40 kg/lt ile 1.50 kg/lt arasinda degismektedir.
Fosfoalg1 katki oranmmin artist kuru birim agirlikta
azalmaya neden olmaktadir.Katkisiz kerpi¢ numunelerinin
kuru birim agirliklart 1.69 kg/lt olarak elde edilmistir.

Kerpi¢ stabilizasyonunda ugucu kiil ile birlikte
fosfoal¢1 kullanimi basing dayanimi agisindan olumlu
sonuglar vermekle birlikte suya karsi dayanimi bir miktar
azaltmaktadir. Bu nedenle kerpi¢ stabilizasyonunda
kullanilacak fosfoal¢1 oranlar1 daha diisiik tutulabilir ve
ayni zamanda iklim kosullarina ve kullanilan topragin
mineralojik ve kimyasal yapisina uygun karigim oranlari
arastirllabilir. Kerpi¢ stabilizasyonunda kullanilan bu
karisimlar kerpi¢ duvarlar i¢in duvar harci veya siva
olarak da kullanilabilir. Béylece kerpi¢ ve harcin bir arada
yerinde kurumasi ile bir biitlinliik elde edilmis olur. Kerpig
iretiminde kullanilan malzemelerden ugucu kiil ve
fosfoalg1 atik malzeme olarak elde edilmekte ve baska bir
alanda etkin olarak kullanilamayan bu iki attk malzemenin
bu sekilde kerpi¢ stabilizasyonunda degerlendirilmesi
miimkiin olmaktadir. Bu iki endiistriyel atik malzemenin
degerlendirilmesi hem iilke ekonomisine katki saglayacak
hem de ¢evre kirliliginin ¢dzlimiine katkida bulunacaktir.
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