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ABSTRACT 

Observing some cases in North Cyprus where structures close to sea water are threatened 

with high tendency of water permeability, which may later cause severe durability problems; 

there is need to manufacture concrete with high impermeability to ensure its high quality. In 

addition, providing a systematic experimental data showing the level of impermeability of 

concrete mixes that are currently in use in North Cyprus. This is expected to make a 

beneficial contribution to the ready mix concrete sector in the country , as well as to the 

related literatures. 

The influence of varying percentages of blast furnace slag cement and two admixtures 

(superplasticizer and crystalline water proof admixture) on the level of permeability of 

concrete mixes was studied to determine the most efficient mix. The study of the permeability 

self compacting mixes under varying criteria was carried out according to EN12390-8 and 

also their compressive strength developments were evaluated with ongoing hydration, 

especially with slow hydrated slag cement that yields the development of concrete 

microstructure. Both the impermeability and compressive strength characteristics of the 

samples were been tested for 28 days as standard age of concrete and 7 days to check their 

early age performances. 

The observations obtained from this study showed that with increased slag cement (CEMIII) 

in a concrete, addition of admixture(s) has little or no significant effect on the impermeability 

behaviour of the concrete especially at the late age. Contrarily, the addition of admixture(s) 

to Ordinary Portland cement (OPC)(CEMI) and the partially replaced slag cement (CEMII) 

gives their best impermeability results with CEMI having its best impermeability behaviour 

when both admixtures ( crystalline waterproofing admixture and superplasticizer) were used 

and CEMII was at its best impermeability with only superlasticizer. It was observed from the 

results that the water permeability into the concrete was less in concrete made of slag 

(CEMII) and was lesser when the percentage of slag was increased (CEMIII). However, the 

addition of admixture(s) generally improves the compressive strength developments of all the 

specimens in both their early and late ages especially in slag cements, with CEMIII having 

the highest compressive strength of all the samples when it was mixed with both admixtures. 

Keywords: Self compacting concrete, Water permeability, Granulated Ground Blast Furnace 

Cement, Compressive strength, Plasticizer, CW A, Concrete Durability. 
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OZET 

Kuzey Kibns 'ta ozellikle denize yakm bolgelerde insaa edilen binalarda, daha soma tehlik:e 

arz edebilecek diirabilite problemlerine neden olabilecek, beton elemanlarda su gecirimliligi 

egilimi tespit edilmistir. Bu yapilan tespit ile hem gecirimlilik niteligi az, yuksek kaliteli 

beton uretiminin onemi, hem ._de Kuzey Kibns'ta uretilmekte olan hazir beton karrsimlanm 

gecirimlilik egilimleri acismdan inceleyen sistematik deneysel veri eksikliginin onerni ortaya 

91kn11~t1r. Bu cahsmadan elde edilecek sonuclann hem ulkedeki hazir beton sanayisine, hem 

de ilgili literature olumlu yonde katki koymasi beklenmektedir. 

Degisen yuzdeliklerle curuf icerigi ve iki farkh katki maddesi (super akiskanlastmci ve 

kristalize su-gecirmezlik saglayici katki maddeleri) ile hazirlanrms kendiliginden yerlesen 

beton kansimlanndaki gecirimsizlik egilimi incelenerek en verimli kansimm belirlenmesi 

icin calismalar yurutulmustur, Bu cahsmalar esnasmda EN 12390-8 referans olarak almmistir. 

Gecirimsizlik cahsmalanna ilaveten, yine beton mikro-strukturunun cimento hidratasyon 

reaksiyonunun devami ile gelismesine paralel olarak gelismesi beklenen numunelerin basmc 

mukavemeti performansilan da gozlemlenmistir. Hem gecirimsizlik, hem de basmc 

mukavemeti olcumleri , standar numune yasi olan 28 gune ilaveten, erken yas niteliklerinin 

de gozlemlenmesi amaciyla 7. gunde de yapilrmstir. 

Yurutulen bu deneysel tez cahsmasi sonucunda elde edilen veriler isiginda; arttmlmis curuf 

icerikli cimento (CEM III) kullanildigmda diger katki maddelerinin gecirimsizlik niteligi 

acismdan kansimm performansma onemli olcude etki etmedigi tespit edilmistir. Ote yandan, 

CEM III yrine daha az curuf iceren CEM II kullamldigmda sadece super akiskanlastinci katki 

maddesi iceren kansimm, curuf icerigi olmayan CEM I cimentolan kullamldiginda ise her 

iki katki maddesinin beraber kullammi ile en gecirimsiz kansimm elde edildigi 

gozlemlenmistir, Genel anlamda gecirimsizlik niteliginin curuf icerigi ile arttigmm da 

gozlernlenmesi yanmda, numunelerin basmc mukavemeti performansi icin curuf icerigine 

ilaveten iki katki maddesininde kullamlmasmm hem erken ( 7 gun) hem de standart (28 gun) 

suresinde olumlu etkileri gozlernlenmistir, 

Anahtar Kelimeler: Kendiliginden Y erlesen Beton, Su gecirimliligi, Curufflu cimento, 

akiskanlastmci, Beton durabilitesi. 
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CHAPTER ONE 

INTRODUCTION 

1.1 GENERAL CONCEPTS 

Concrete is known to be the most widely used construction material in the world because of 

its low cost, high compressive strength, excellent performance when used together with steel 

reinforced concrete (Wang, 2013). It is a heterogeneous material obtained by the mixture of 

cement paste (binder) and aggregates (filler) which constitute around 80% of the concrete. 

These combine together to form a synthetic conglomerate. Sometimes materials other than 

aggregates, water and hydraulic cement are added to concrete batch before or during mixing 

to provide a more economical solution and enhanced concrete properties. These materials are 

known as additives or admixtures depending on the stage of mix. (Arum and Olotuah, 2006) 

Several researches on concrete structures have proven the great importance of water 

molecules on concrete structures especially in the first ages, helps in cement hydration and 

consequently hardness of concrete. However, it presence after the end of concrete hydration 

reaction may be detrimental by transporting noxious substances that can speed up degradation 

process of matrix which substantially reduces the durability and the useful life of the 

concrete. Therefore, permeability control is an important consideration in the design of 

concrete and engineering construction (Magalhaes and Costa, 2013). 

Permeability controls the speed of aggressive water penetration into the concrete besides 

regulating the movement of water during the occurrence of several concrete durability 

problems. The importance of permeability cannot be under estimated as it is the most 

important factor to esteem durability under the most diverse conditions of service life of 

engineering structures. Therefore, concrete must be manufactured considering the 

environment in which it will be used. (Magalhaes and Costa, 2013) 

1.2 DEFINITION OF THE PROBLEM 

It is known that permeability is a significant factor affecting the durability of concrete and 

the duration of the service life. 

One of the leading ready mix concrete companies of Turkish Republic of Northern Cyprus 

(Tufekci group) reported a vital problem that is being faced especially in coastal areas of 

North Cyprus, that reinforced concrete structures are experiencing the problem of water 

infiltration mainly through the foundations especially during the early stage of manufacture. 
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It was also observed that different cements, with or without additives are being currently 

used in combination with certain admixture, however there is no existing experimental data 

showing the level of permeability of concrete mixes currently being manufactured in North 

Cyprus. Considering these problems, studies should be carried out to manufacture high 

quality concrete with high impermeability characteristics ensuring its durability, especially 

the ones exposed to the danger of water infiltration. Moreover, studies with these defined 

purposes will provide statistical data that will be used in tackling the problem of water 

penetration in North Cyprus and other parts of the world facing similar problems as well. 

1.3 OBJECTIVES AND THE SIGNIFICANCE OF THE STUDY 

The objective of this study is to investigate the impermeability performance of concrete 

mixes made in North Cyprus with various cement types, crystalline water proofing admixture 

and plasticizer, by carrying out detailed and systematic experimental investigations. In 

addition, aiming to suggest an efficient (e.g. most impermeable amongst the tried mixtures) 

concrete mix that will meet the needs required in North Cyprus, a significant contribution is 

expected to be made to the related literature in the world on the issue of concrete 

impermeability with the data to be obtained from these experimental studies. 

1.4 STRUCTURE OF THE STUDY 

This study is mainly focused on the investigation of the permeability and compressive 

strength of concrete manufactured with available materials in North Cyprus. This study 

consists of five chapters. In chapter one, the general concept of the study, definition of 

problem, objectives of the research and the significance of study are discussed. Chapter two 

focuses on general concrete overview, concrete permeability, effects of slag on concrete, 

concrete durability and inter-relationship between permeation of concrete and concrete 

durability. Chapter three discusses the details on the materials and methodology used 

throughout this experimental study. Chapter four is dedicated for the results obtained and 

discussions. Finally, in chapter five, conclusions are made from the results obtained in this 

study and some future recommendations are suggested for future studies. 
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CHAPTER TWO 

LITERATURE REVIEW 

This chapter will be focused on the literature review on concrete, concrete permeability and 

its potential to cause durability problems, as well as previous studies on concrete 

permeability, factors affecting concrete permeability and related tests procedures. It will 

further discuss on other properties of concrete which include compressive strength and 

workability. 

2.1 OVERVIEW ON CONCRETE 

American Concrete Institute (ACI) defines concrete as a composite material that consists 

essentially of binding medium within which are embedded particles or fragments of 

aggregates usually combine of fine and coarse aggregates (Dolen, 2011 ). 

Concrete is an important element in construction materials, widely used in various aspect of 

engineering construction. So it is very necessary to consider its durability as it directly has 

significant effect on economy, serviceability and maintenance. In other word, it is very 

important to lay more emphasis on the permeability characteristics of concrete, as it has much 

bearing on its durability. Aggressive chemicals are well known to attack concrete only in 

solution form. The penetration of this aggressive fluid is dependent on the degree of 

permeability of concrete (Seshadri et al, 2013). 

In engineering, a well designed and manufactured concrete is expected to be water resistant, 

containing discontinuous pores and micro cracks. When it is subjected to extreme loading or 

weathering, it deteriorates through a variety of physical and chemical process substantially 

reducing the concrete durability (Wang et al, 2013). Pores in concrete include air voids, 

capillary pores and gel pores. This is one of the most important attributes of concrete 

materials, pore structures in concrete possesses a definite proportion and has serious 

implication on transmission of aggressive substances within the concrete. Researchers have 

shown that pore structures in concrete affects permeability, frost resistance and physical 

mechanical performance of concrete (Duan et al, 2013). It is generally recognised that the 

foremost prerequisites for durability of concrete is that , it should be dense and impermeable 

to liquid and gasses with high resistance to the infiltration of ion species such as chloride and 

sulphate ( Obsome, 1998) 
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