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Abstract

   The summer practice of undergraduate degree at Chemistry Department of Faculty of Science of University of Bilkent has been performed by Sika Turkey, located in Tuzla, Turkey, a leader company in Construction Chemicals as a part of Sika AG, located in Baar, Switzerland, is a globally integrated company supplying specialty chemicals markets in construction and industry. 

   The programme has been performed in divisions of factory of “Concrete Laboratory” and “Research and Development Laboratory” between the dates 16.06.2008 and 01.08.2008, as 35 work days, under supervision of Bülent Çolak, is a technical manager of concrete group.

   The experiments, tests and applications in Concrete Laboratory were related to quality controls of concrete intending to investigate its composition, workability, strength, elasticity, curing, expansion, shrinkage, cracking and creep. Each application has been performed in a different physical, chemical and time condition through different machines and devices constructed owing to basic principles of chemistry and physics.   

   In Research and Development Laboratory, the works were related to refining and reinforcement of concrete by adding chemical and mineral admixtures, which have been investigated in accordance with performance for concrete. Furthermore, the receipts and formulae, whose rights have been reserved, are set in the following laboratory and reached at constructions and industries all around the world through marketing division. 

    After completion of the programme, it has been experienced and witnessed that Chemistry and its applications play a major and indispensable role in constructions through concrete and its properties. After investigating, refining and developing the concrete and its properties, the constructions become better and safer, as well as lives, which proves the importance of construction chemicals and principles of chemistry behind them.

    The report of following practice programme consists of different parts related to basic knowledge about Sika Group, general information about concrete and its properties, tests, experiments, applications performed in the Concrete Laboratory and Research and Development Laboratory and their chemical and physical principles and processes, examples of construction chemicals, additional activities performed and concerned images.   
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Introduction

Sika in Brief

    Sika is a global company with more than 100 production and marketing companies in over 70 countries. Sika is active in the field of specialty chemicals dividing its activities into two business areas; the Construction Division and the Industry Division. While on the technical side these two business areas are closely linked, on the commercial side they reduce the vulnerability to economic cycles because they depend on different markets. The technological affinities permit economies of scale in the areas of R&D, purchasing and production.
    Sika is a company with a strong innovative tradition, constantly striving for new levels of excellence. This means developing innovative products and solutions that will open up new opportunities for the company, its employees, and its partners in trade and industry. The company's mission is to help customers create added value and to constantly keep one step ahead of the competition.

Sika Construction Division

    The Sika construction business basically consists of concrete production, grouting and fixing, concrete repair and protection, structural strengthening, elastic sealing and bonding, steel protection, flooring and lining, waterproofing and equipment. The basic information about the Construction Division and abilities of some special products and technologies developed in the following fields can be given as follows:

Concrete Production

    Sika offers a wide range of Concrete Admixtures such as High Range Water Reducer (HRWR), plasticizers, waterproofers, air entrainers, retarders, pumping aids, corrosion inhibitors as well as shrinking reducers and supporting products and shotcrete admixtures for wet and dry application such as high range water reducers, accelerators, rebound reducers and additional system compounds as well as ready to use gunite mortars.
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                              Ready Mix Plant                                                                 Wet Shotcrete Application

Grouting and Fixing

    Grouting mortars are free-flowing, high-strength cement- or  synthetic  resin-based mortars,
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used for filling of voids under machines and other structural elements as well as for the grouting of anchors. The particular characteristics of such mortars are: Optimal flowability without sedimentation of aggregate, increase of volume during  hardening,  high  compressive 

strength and low shrinkage. The following properties guarantee optimal filling of the voids and integral transmission of the acting loads. The offerings in the area of grouting and fixing include: Cementitious and resin based grouts and fixing mortars, anchor and backfilling mortars and stabilasers. 
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Rail Fixing                                                                               Cable Grouting

Concrete Repair and Protection

    Cement-based polymer-modified or polymer-binder-based mortars are used for concrete repair and rehabilitation. The particular characteristics of such mortars are: Good workability also for overhead application, applicable by hand or machine, low shrinkage, good bond to the substrate and high long-term durability. To protect concrete from further deterioration, all-over applied protection systems are used. Such systems can consist of a water-repellent impregnation, an invisible coating or a colored coating. Depending on condition and requirements also elastic systems can be used, able to permanently close movement cracks and thus guarantee durable protection of the structures from further deterioration. Special Sika products for concrete repair and protection: Admixtures for site batch mortars, e.g. emulsions, corrosion protection, ready to use repair mortars, finishing and pore mortars for hand and/or mechanical application as well as anti-corrosion inhibitors and impregnations, paint and coatings for concrete protection.
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Wall Protection and Design                                                                      Silo Protection and Design

Structural Strengthening
      Sika offers a wide range of  Pultruded,  unidirectional  Sika CarboDur®  CFRP  plates  for 
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flexural strengthening, Prestressing systems Sika® LEOBA CarboDur® and Sika-StressHead available for loads up to 220 kN per tendon, L-shaped CFRP brackets Sika CarboShear® L for shear strengthening, SikaWrap® FRP fabrics for shear, confinement and seismic strengthening.
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Prestressed Sika StressHead CFRP plate.                            Prestressed Sika® LEOBA CarboDur® LCII
Elastic Sealing and Bonding

    Sika is the global market leader for 1-part polyurethane based sealants and elastic adhesives and established several brand names in the market. Sika offers a wide range of products and systems based on different technologies for Sealing and Bonding. Sikaflex®, PU and PU-Hybrid sealants for durable movement and connection joints in building construction (floor and facade joints). Sikasil®, silicone sealants for sanitary joints in bathrooms and kitchen and all kind of metallic, glass and PVC joints. Sikacryl®, acrylic sealants for indoor connection joints and cracks, easily over-paintable. Sika BlackSeal, bituminous sealant for connection joints to chimneys, skylights and gutters, sealing of cracks and holes in roofing felts. SikaMembran®-System, facade sealing and waterproofing protection membranes with optimised vapour diffusion levels for high requirements. SikaBond®, high performance PU adhesives for wood floor bonding and multipurpose bonding. Sika AcouBond®-System, the combination of a impact noise reduction mat and a high performance adhesive for wood flooring with excellent sound reduction. SikaTack®-Panel System, the system to fasten invisible facade panels and indoor covering panels.
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SikaBond® Wood Floor Bonding                                                     Sikaflex® Facade Joint Sealing

Steel Protection

     Sika Systems and Solutions to protect against  corrosion  and  fire  for  the  steel  and  glass 
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construction business offers a wide range of products such as Icosit®
Friazinc®   in order to be used in the areas of steel beam corrosion protection and water-pipe corrosion protection.
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Water-Pipe Corrosion Protection                                                           Steel Beam Corrosion Protection
Flooring and Lining

    Sika´s range of products for industrial flooring provides the most adequate solution for each requirement, from basic demands to the highest and most specialized requirements. Hundreds of thousands of square meter reference areas are underlined every year using the high quality and performance of Sika system solutions, especially for traffic structures or manufacturing industries e.g. automotive, clean-room and food. Admixtures for monolithic concrete slabs, whether Ready Mixed Concrete (RMC) or for Site Batching, provide better workability, allow for lower w/c ratios and increase durability. The Sikafloor product range starts with liquid hardeners, dryshakes and Curing/Sealing compounds for improved performance and surface finish of concrete floors. Cementitious floor levelers, from feather edging to high thickness materials provide a smooth, level substrate when existing concrete will not do and fulfill industrial standards. In the event of avoiding osmosis caused by substrates being too moist and additional costs due to unavoidable delay in the works which then involves outlay on expensive drying equipment, the unique Sika EpoCem technology allows for coating of green or damp concrete with vapor proof systems. For resin based flooring, Sika offers the best available technologies, which allows us to provide best suitable solutions to our costumers’ demands. Sikafloor epoxy and polyurethane systems, PU mortars of the PurCem range and PMMA resins out of the Pronto range have set standards in quality and durability. Beside all industrial applications, Sika offers for institutional buildings a unique, liquid applied flooring system which is the first in the market remaining under the recommended limits for interior rooms in residential buildings.
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                             Car Park Area Designed in Sikafloor®                                                                Multi Storage Sikafloor® Car Park                                   5
Waterproofing

    Sika has had decades of experience in waterproofing: Concepts and systems for waterproofing of buildings, drinking water reservoirs and waste water treatment and liquid and elastic membranes for tunneling and structures. Sewage treatment plants and concrete dams can be given as suitable examples of waterproofing business.

[image: image16.jpg]


     [image: image17.jpg]



                                  Sewage Treatment Plant                                                                                         Concrete Dam
Equipment

    Equipment and systems for dry and wet spray application for concrete and mortars offer a wide range of concrete spraying machines, concrete spraying pumps, liquid dosing units telescope spraying arms, concrete spraying systems with special products and brands such as Aliva® and Sika®-PM (Putzmeister).  
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                          'Sika Sprinter' Shot Crete Truck in Action                                                 Sika Sprinter' Shot Crete Truck
Sika Industry Division
    The Sika Industry Division follows the needs of customers and industries in the areas of Automotive, Aftermarket, Transportation, Marine and Appliances and Components.

Automotive

    Sika is supplier and development partner to the automotive industry. The technology provides solutions for increased structural performance and added acoustic comfort. In the images seen in the next pages, yellow areas are basically results of technical applications of Sika products and technologies by developing solutions for bonding, sealing and damping.
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Aftermarket

    Sika's AutomotiveLine products provide best performance and 
application for expert repair solutions such as plastic repair system, glass replacement and seam sealing owing to the products and technologies of SikaTack-MOVE IT, Sika Tack-Drive, Sikaflex-256, pre-treatment and auxiliary materials, crash body repair, sprayable cavity wax, underbody coating protection, anti-stone chip coating.

Transportation

    Based on a range of leading technologies, Sika customized solutions for commercial vehicle manufacturers such as body structures, floor, side panels, roof bonding, front and rear modules of buses, coaches and trucks; exterior and interior bonding, interior sealing and floor bonding of rails; structural bonding and assembly of emergency vehicles; cabin bonding and sealing of agricultural and construction vehicles; sandwich panel production of caravans and motorhomes. 
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Marine

    Sika's high performance products are extensively used in today's marine industry for shipbuilding and professional repair solutions. The outstanding product line covers all caulking, leveling, bedding, sealing, bonding and flooring requirements and is Wheelmark-Approved by the leading Certification Societies
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Appliances and Components

    Sika's technologies provide solutions for various industrial applications: innovate bonding technologies for window manufacturing, facade bonding, sandwich panel bonding and self adhesives. Sika supports the customers with total solutions for- from product selection to optimized manufacturing processes.
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Research and Development in Sika


    The capacity to innovate is a key factor for success in rapidly changing markets. Sika continuously takes the pulse of customers, investing consistently in new and advanced development of solutions. These should protect people and the environment, fulfill the highest safety requirements and at the same time generate value added for customers. Innovation is the key to growth and sustainable increase in profitability. Sika is conscious of the significance of research and development and has always undertaken great efforts to attain first-class results. The budget has risen continuously during recent years, which is reflected in a large number of patents and new products. The research and development (R&D) strategy adopted in 2000 and modified in 2005 within the framework of the general enterprise strategy revision has proven highly successful. R&D strategy includes centralized and decentralized components that complement each other perfectly. The centrally organized research handles long term research programs, delivers analytical services and establishes R&D management for the entire Sika Group. These responsibilities are bundled in the subsidiary Sika Technology AG. The objective of a long term research program is, for example, to analyze, explain and optimize the interaction between components of concrete and Sika admixtures. Improvements in product properties and progress in the manufacturing of admixtures are based on this. Sika works similarly in the area of sealants and adhesives. The Group places its focus on the development of new binding materials and innovative additives. Furthermore, new binding material technologies are developed for use in highly structured adhesives and structural reinforcements for automotive construction. The second component in R&D strategy is the regional adaptation of products, solutions and applications. Nine technology centers in America, Europe and Asia take on this challenge. In collaboration with regional support centers proximal to customers the technology centers additionally adapt Sika products to local conditions and the individual needs of customers. In this way the support centers can adjust for example concrete admixtures from the Sika® ViscoCrete® assortment better and more quickly to local climatic conditions or to locally sourced aggregates such as gravel and sand. The support centers are also responsible for finding suitable local raw materials to cost-optimize onsite product manufacturing. In the year under review Sika generated 34% (33%) of net sales with products launched within the last five years.
9

Concrete in Brief

    Concrete is a construction material composed of cement (commonly Portland cement) as well as other cementitious materials such as fly ash and slag cement, aggregate (generally a coarse aggregate such as gravel limestone or granite, plus a fine aggregate such as sand), water, and chemical admixtures. The word concrete comes from the Latin word "concretus", which means "hardened" or "hard". Concrete solidifies and hardens after mixing with water and placement due to a chemical process known as hydration. The water reacts with the cement, which bonds the other components together, eventually creating a stone-like material. The reactions are highly exothermic and care must be taken that the build-up in heat does not affect the integrity of the structure. Concrete is used to make pavements, architectural structures, foundations, motorways/roads, bridges/overpasses, parking structures, brick/block walls and footings for gates, fences and poles.

Works Performed in the Concrete Laboratory

    The works performed in the Concrete Laboratory basically consisted of tests, experiments and applications, which aim at controlling, investigating and examining the characteristics of the concrete, which can be mainly expressed as composition, workability, strength, elasticity, curing, expansion, shrinkage, cracking and creep. After a learning process, which continues a few days, it has been started that the tests and experiments have performed by me under supervision of employees of the Concrete Laboratory. At the end of the practice process, according to order of manager of the Concrete Laboratory, I have been required to perform the following works unaccompanied. Both in the learning process and in the practice process, all experiments, tests, applications and their processes have been explained and indicated by authorized employees in accordance with their chemical and physical principles and importance in construction practically, which will be given in the next pages under the different names of tests and experiments performed. In the process, in which the works have been performed unaccompanied, results and data have been recorded as written and progress, accuracy and precision of results and data have been discussed with authorized employee in Concrete Laboratory. In the case of failure or deviation of results; reasons and solutions to refine and develop the applications have been mentioned by authorized employee. Furthermore, all data and results have been reported weekly to the  manager  of  the  Concrete 
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Laboratory. Unless an approval for results and data has not been obtained by manager of the Concrete Laboratory, the tests and experiments has not been started to perform again unaccompanied. During all tests, experiments and applications except verbal discussions and explanations, written and visual sources, documents and articles have been provided by authorized employees, as well.  The main tests, experiments and applications performed in the Concrete Laboratory and their chemical and physical principles and importance can be summarized as follows: 

Slump Test 

    Workability is the ability of a fresh (plastic) concrete mix to fill the form/mold properly with the desired work (vibration) and without reducing the concrete's quality. Workability depends on water content, aggregate (shape and size distribution), cementitious content and age (level of hydration), and can be modified by adding chemical admixtures. Raising the water content or adding chemical admixtures will increase concrete workability. Excessive water will lead to increased bleeding (surface water) and/or segregation of aggregates (when the cement and aggregates start to separate), with the resulting concrete having reduced quality. The use of an aggregate with an undesirable gradation can result in a very harsh mix design with a very low slump, which cannot be readily made more workable by addition of reasonable amounts of water. Workability can be measured by the “Slump Test”. Slump is normally measured by filling an “Abrams cone” with a sample from a fresh batch of concrete. The cone is placed with the wide end down onto a level, non-absorptive surface. It is then filled in three layers of equal volume, with each layer being tamped with a steel rod in order to consolidate the layer. When the cone is carefully lifted off, the enclosed material will slump a certain amount due to gravity. A relatively dry sample will slump very little, having a slump value of one or two inches (25 or 50 mm). A relatively wet concrete sample may slump as much as six or seven inches (150 to 175 mm). Visual explanations of Slump Test can be done as follows: 

	


Slump Cone
	


Tamping Procedure
	


Removing Cone
	


Height Measurement
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    In the Concrete Laboratory, the Slump Test has been applied for all solid samples of concrete. Some particular examples of Sika Products, which have been tested, can be given as SikaMate-Adhesive, Sika Repair 640, Sika Repair 645, Sikacem-Gunit 133, SikaMono Top-610, SikaMono Top-675, SikaMonoTop-680, SikaTop Armatec-110 EpoCem. The height of the concrete mix after being placed in the slump cone differs from one sample to another according to its characteristics and components. At the end of the process, the data and results have been recorded. The results of samples with unexpected and improper slump values have been sent to Production Division to examine their possible production flaws and to produce again, whereas the results of samples with expected and proper slump values have been sent to Transportation Division to transport the product to intended locations. Besides, the results and data are used by the engineers and scientists of Research and Development Laboratory to then alter the concrete mix by adjusting the cement/water ratios or adding plasticizers to increase the strength of the outcome concrete mix. 

Curing Concrete

    One of the main applications of the Concrete Laboratory has been performed as “Curing Concrete”. Curing is the protection of fresh concrete from evaporation and temperature extremes which might adversely affect cement hydration. It has been particularly mentioned that in all but the least critical applications, care needs to be taken to properly cure concrete, and achieve best strength and hardness. This happens after the concrete has been placed. Cement requires a moist, controlled environment to gain strength and harden fully. The cement paste hardens over time, initially setting and becoming rigid though very weak, and gaining in strength in the days and weeks following. Even though the cement reaction with water is completed over period of time (normally about around 240 minutes which is referred to as final setting time), the hardening of concrete and gain of strength is over a period of time 
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95% to 98% strength is achieved in 28 days. During this period concrete needs to be in ideal conditions, controlled temperature and humid atmosphere, in practice this is achieved by spraying or ponding the concrete surface with water, thereby protecting concrete mass from ill effects of ambient conditions. In the laboratory conditions, the requirements have been provided by placing the samples in ponds after giving them shapes such as rectangle prism and cylinder. After particular time, which may differ from one sample to another, the samples have been removed and placed again at the end of a waiting process.
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Curing Concrete Test Samples and Pond

    The physical and chemical progress of the concrete samples and their compressive strengths ​(which will be explained and indicated in a next part)  during 7th, 14th, 21st and 28th days have been observed, obtained data have been recorded and compared to standards stated by the firm according to the characteristics and properties of samples of products tested such as SikaMono Top-610, SikaMono Top-675, SikaMonoTop-680, SikaTop Armatec-110 EpoCem.  
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    After performing the application and test, according to all observations, calculations and recorded data, which have been performed during 28 days, following results have been obtained: Properly curing concrete leads to increased strength and lower permeability, and avoids cracking where the surface dries out prematurely; the strength of the concrete has been observed increasing with age; compressive strength ​of properly cured  concrete is 80 to 100 percent greater than the strength of concrete which has not been cured at all; properly cure concrete surfaces wear well, which have been proved practically, as well; drying, shrinkage, cracking have been reduced; greater water tightness of samples have been assured;  care must also be taken to avoid freezing, or overheating due to the exothermic setting of cement; improper curing can cause scaling, reduced strength and abrasion resistance and cracking.

Flow Test 

    The 700 mm square flow table is hinged to a rigid base, proved with a stop that allows the far end to be raised by 40 mm. A cone, similar to that used for slump testing but truncated, is filled with concrete in two layers. Each layer is tamped 10 times with a special wooden bar and the concrete of the upper layer finished off level with the top of the cone. Any excess is cleaned off the outside of the cone. The cone is then raised allowing the concrete to flow out and spread out a little on the flow table. The table top is then raised until it meets the stop and allowed to drop freely 15 times. This causes the concrete to spread further, in a roughly circular shape. The flow diameter is the average of the maximum diameter of the pool of concrete and the diameter at right angles.
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                        Flow Test Apparatus                                                                    Pool of Concrete
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    The diameter should have a proper value that has been determined by the firm according to the characteristics and properties of the sample of product tested. Otherwise it indicates that the concrete has different flow and fluidity rates which may prevent and delay the solidification and hardness of the concrete. For such a case, it can be expressed that the concrete has no workability and strength at all, which may even cause by the collapse of the concrete. The following test has been applied to the Sika products mentioned in the previous applications and Sika BlackSeal-1, Sika MultiSeal, Sikaflex Construction, Sika Boom-G, Sika Boom-S, as well. After performing the test under appropriate conditions, following results, observations and conclusions have been made and discussed:  As well as getting an accurate measurement of the workability of the concrete, the flow test gives an indication of the cohesion; a mix that is prone to segregation will produce a non-circular pool of concrete; cement paste may be seen separating from the aggregate; if the mix is prone to bleeding, a ring of clear water may form after a few minutes. 

Determining Compressive Strength of Concrete

    The compressive strength of concrete is the most common performance measure used by engineers and scientists in designing buildings and all other structures. The compressive strength of concrete is measured by breaking cylindrical concrete specimens in a compression-testing machine. The compression strength is calculated from the failure load divided by the cross-sectional area resisting the load and reported in SI units of megapascals (MPa). Concrete strength requirements can vary from 17 MPa for residential concrete to 28 MPa and higher in commercial structures. Compressive strength test results are primarily used to determine that the concrete mixture as delivered meets the requirements of the specified strength in the job specification. Strength test results from cast cylinders are used for quality control, acceptance of concrete, estimating the concrete strength in a structure for the purpose of scheduling construction operations such as form removal and evaluating the adequacy of curing and protection afforded to the structure. In the Concrete Laboratory, while determining the compressive strength of concrete, the test results have been obtained as the average of three standard-cured strength specimens made from the same concrete sample and tested at same age that are the ages of 3, 7 and 28 days. The 3 and 7 day test have been performed to detect potential problems with concrete quality or testing procedures at the lab but is not a basis  for   rejecting   concrete,   with   a  requirement  for  28  days  age  strength.  During  the
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procedure, it has been warned that cylinders should not be allowed to dry out prior to testing; cylinders should be centered in the compression-testing machine and loaded to complete failure; cylindrical specimens for acceptance testing should be 150x300 or 100x200 mm size.
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                Instron Universal Tester with Compression Fixture                                  A Closeup of the Test Sample in the Fixture
    The following test has been applied to the Sika products such as SikaMono Top-610, SikaMono Top-675, SikaMonoTop-680, SikaTop Armatec-110 EpoCem. Subsequently, name of the person who performs the test, specimen identification, cylinder diameter, test age, maximum load applied, compressive strength, type of fracture and any defects in the cylinders or caps have been recorded and discussed by the authorized employee according to requirements that have to meet. In the case of failure, it has been determined that the failure may be arisen from deviations from standard procedures for making, curing and testing concrete test specimens. Prior to rejecting the sample, the test has been repeated at several times. In the case of continuity of failure, all procedures, which have been performed from the constitution of the concrete to the last test performed before determining its compression strength, have been inspected. Owing to cooperation of Product Division and Concrete Laboratory, suspicious parts of procedure have been repeated. At most, after following investigations, the requirements have been met and the progress of the sample has been continued. At the least, the requirements have not been met and the sample has been rejected.    
Compaction Test

    The compaction test expresses workability in terms of the compactability of a concrete sample. The test was developed during the 1960s in Germany and is standardized in Europe. The test apparatus, shown in figure, is extremely simple—it  consists  merely  of  a  tall,  rigid

16 

metal container with side dimensions of 200 mm and a height of 400 mm. The top of the container is open. The container is filled with fresh concrete without compaction. 
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Compaction Test Apparatus

    After the top of the filled container has been struck off level, the concrete is compacted with a tamping rod or more commonly, with vibration until the concrete ceases to subside in the box. In the Concrete Laboratory, it has been mentioned that the concrete must be compacted using an internal or external vibrator operating at a specified frequency. The distance from the top of the concrete to the top of the container is measured at the four corners of the container. The degree of compaction is calculated as the height of the container divided by the average height of the compacted concrete. Typical test results have been observed in the range from 1.02 to 1.50. The procedure and results have indicated that the following test is 

advantageous and favored in the meaning of that the compaction test provides an indication of the compactability of concrete; the test device is simple and inexpensive and when the variable of time is added, an indirect indication of plastic viscosity is given, as well. 
Works Performed in the Research and Development Laboratory

    The works performed in the Research and Development Laboratory basically consisted of two parts. In the first part, while refining and improving the properties of the concrete have been acquired by researching and developing chemical and mineral admixtures, which are materials in the form of powder or fluids that are added to the concrete to give it certain characteristics not obtainable with plain concrete mixes; in the second part, it has been aimed that the advanced chemical and physical characteristics of the concrete and its admixtures have been investigated and examined. Furthermore, the receipts and  formulae, which  consist
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of combinations of chemical and mineral admixtures and whose rights have been reserved, are set in the following laboratory and reached at constructions and industries all around the world through marketing division. The main chemical and mineral admixtures used in the Research and Development Laboratory can be summarized as follows: Accelerators that speed up the hydration (hardening) of the concrete; retarders that slow the hydration of concrete and are used in large or difficult pours where partial setting before the pour is complete is undesirable; air-entrainers that add and distribute tiny air bubbles in the concrete, which will reduce damage during freeze-thaw cycles thereby increasing the concrete's durability, however, entrained air is a trade-off with strength, as each 1% of air may result in 5% decrease in compressive strength; plasticizers (water-reducing admixtures) that increase the workability of plastic or "fresh" concrete, allowing it be placed more easily, with less consolidating effort; superplasticizers (high-range water-reducing admixtures) that are a class of plasticizers which have fewer deleterious effects when used to significantly increase workability, alternatively, plasticizers can be used to reduce the water content of a concrete (and have been called water reducers due to this application) while maintaining workability that improves its strength and durability characteristics; pigments that can be used to change the color of concrete, for aesthetics; corrosion inhibitors that are used to minimize the corrosion of steel and steel bars in concrete; bonding agents that are used to create a bond between old and new concrete; fly ash that is a by-product of coal fired electric generating plants, it is used to partially replace Portland cement (by up to 60% by mass); Ground Granulated Blast Furnace Slag (GGBFS or GGBS) that is a by-product of steel production, is used to partially replace Portland cement (by up to 80% by mass; silica fume that is a by-product of the production of silicon and ferrosilicon alloys and used to increase strength and durability of concrete; High Reactivity Metakaolin (HRM): Metakaolin produces concrete with strength and durability similar to concrete made with silica fume. The tests and experiments in the Research and Development Laboratory have been performed by the authorized employee who has been assisted by interns at particular times. The research and development projects and works have been performed by authorized employees under supervision of managers of the Research and Development Laboratory. The data and results have been recorded to the private computers of the Research and Development Laboratory, which will be discussed in particular meetings by the employees of the laboratory and managers, only. While some data and results have been  obtained  to  interns  for  the  practice 
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report, the receipts and formulae set could not be obtained due to company policy. Since it has been allowed that only some particular works and projects can be accessed and witnessed by interns, limited researches and works have been able to take a place in the next parts of the report. For limited researches and works assisted and witnessed by interns; verbal discussions, explanations, written and visual sources, documents and articles have been provided by authorized employees. The particular tests, experiments, researches and applications performed in the Research and Development Laboratory and their chemical and physical principles and importance can be summarized as follows: 

Determination of the Chloride Content

    Chloride ions when present in reinforced concrete can cause very severe corrosion of the steel reinforcement. The chloride ions will eventually reach the steel and then accumulate to beyond a certain concentration level. The protective film around the steel is destroyed and corrosion will begin when oxygen and moisture are present in the steel-concrete interface. Chlorides can originate from two main sources as follows: Chloride added to the concrete at the time of mixing, often referred to as Internal Chloride. This category includes calcium chloride accelerators for rapid hardening concrete, salt contaminated aggregates and the use of sea water or other saline contaminated water. Chloride ingress into the concrete from the environment often referred to as External Chloride. This category includes both de-icing salt as applied to many highway structures and marine salt, either directly from sea water in structures such as piers, or in the form of air-borne salt spray in structures adjacent to the coast. The effect of chloride salts depends to some extent on the method of addition. If the chloride is added at the time of mixing, the calcium aluminate within the cement paste will react with the chloride to some extent, chemically binding it to form calcium chloroaluminate. In this form, the chloride is insoluble in the pore fluid and is not available to take part in damaging corrosion reactions. The ability of the cement to chemically react with the chloride is however limited and depends on the type of cement. Sulphate resisting cement, for example, has low calcium aluminate content and is therefore less able to react with the chlorides. Experience suggests that if the chloride exceeds about 0.4% by mass of cement, the risk of corrosion increases. This does not automatically mean that concretes with chloride levels higher than this are likely to suffer severe reinforcement corrosion: this depends on the permeability of the concrete and on the depth of carbonation in relation to the cover  provided
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to the steel reinforcement. When the concrete carbonates, by reaction with atmospheric carbon dioxide, the bound chlorides are released. In effect this provides a higher concentration of soluble chloride immediately in front of the carbonation zone. Normal diffusion processes then cause the chloride to migrate into the concrete. This process, and normal transport of chlorides caused by water soaking into the concrete surface, is responsible for the effect sometimes observed where the chloride level is low at the surface, but increases to a peak a short distance into the concrete (usually just in front of the carbonation zone). The increase in unbound chloride means that more is available to take part in corrosion reactions, so the combined effects of carbonation and chloride are worse than either effect alone. The depth/concentration profile for External chloride, which has penetrated hardened concrete, will show levels decreasing further from the surface. Chlorides present in the fresh concrete will tend to be evenly distributed throughout the concrete. Passivation of the steel reinforcement in concrete normally occurs due to a two component system comprising a portlandite layer and a thin pH stabilized iron oxide/hydroxide film on the metal surface. When chloride ions are present, the passivity of the system is lost by dissolution of the portlandite layer, followed by debonding of the passive film. Physical processes operating inside the passive film may also contribute to its disruption.   

[image: image38.png]



Principle of Reinforcement Corrosion

    Therefore, an important criterion for the evaluation of reinforced concrete structures is the measurement of the chloride content. It has been normally done by time consuming standard chemical methods. However in the Research and Development Laboratory, it has been performed by the application of a spectroscopic technique, the laser-induced breakdown spectroscopy (LIBS), which provides the advantages of a fast measurement, the potential for on-site application and  the  possibility  to  investigate  a  wide  range  of  different  measuring
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points. LIBS is a type of atomic emission spectroscopy which utilizes a highly energetic laser pulse as the excitation source. LIBS can analyze any matter regardless of its physical state, be it solid, liquid or gas. Even slurries, aerosols, gels, and more can be readily investigated. Because all elements emit light when excited to sufficiently high temperatures, LIBS can detect all elements, limited only by the power of the laser as well as the sensitivity and wavelength range of the spectrograph and detector. Basically LIBS makes use of optical emission spectrometry and is to this extent very similar to arc/spark emission spectroscopy. 
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                                 LIBS System                                                                                    A Spectrum Example of LIBS

    The surface has been scanned and depth profiles have been obtained from cores. Measurements have been performed directly on the sample surface and the results have been provided in near real time. LIBS results have been presented measured on concrete cores as well as on grinded and pressed material in comparison with the results of standard chemical methods. The optimum LIBS set-up and the experimental conditions to detect and measure chlorine in building materials have been reported in other accessible sources. The limits of detection were determined and calibration curves were measured. After determination of chloride content, the data and results have been compared to optimum and proper values and the results have been kept to use for next researches and formula creation and composition investigation. 
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Determination of Sulphate Content

    Sulphate attack is one of the most common aggressive actions leading to the deterioration of concrete. Concrete can be affected by a chemical reaction involving sulphate that, when present in contaminated hardcore along with a source of moisture, reacts with cement present in the concrete causing it to expand and crack. The force of the chemical reaction can displace external and sleeper walls on domestic and commercial buildings, leading to the opening of skirting board joints, the bouncing of timber floors, cracking and displacement of the brickwork as well as disruption of concrete floors and sub floors. 

[image: image41.jpg]


  [image: image42.jpg]



                           Expansion due to Sulphate Attack                                                   Concrete Deterioration due to Sulphate Attack

    The reaction mechanism of the sulphate attack can be expressed as follows: It has been demonstrated that sulphate attack on concrete results from a chemical reaction between the sulphate ion and hydrated calcium aluminate and/or the calcium hydroxide components of hardened cement paste in the presence of water. The products resulting from these reactions are calcium sulphoaluminate hydrate, commonly referred to as ettringite, and calcium sulphate hydrate, known better as gypsum. These solids have a very much higher volume than the solid reactants and, as a consequence, stresses are produced that may result in breakdown of the paste and ultimately in breakdown of the concrete. The destructive action of this mechanism has been proved experimentally many times with mortars and concretes. In order to prevent sulphate attack and prior to find a proper solution, it should be primarily performed that the sulphate content has been determined. At first, before the construction of new developments, samples are taken from footing trenches or trial pits for analysis of sulphate. Since any delay is unwelcome as this increases the construction costs, so a fast and reliable method  for   chemical   analysis   should   be   applied. In   the   Research   and  Development  
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Laboratory, the method of Ion Chromatography has been applied to the concrete samples in  order to determine the sulphate content primarily and to find a proper solution for prevention subsequently, if necessary. The reason of using Ion Chromatography can be explained as follows: Ion chromatography presents a rapid, reliable and robust method once the sample is present in an ionic, homogenous form. Furthermore, Ion chromatography is a precise, durable technique that allows the user the functionality of quick analysis turnaround once the samples are in an ionic, homogenous form. Only a very small amount of sample is required for the analysis and the quantified results obtained within a matter of minutes. The samples once in solution can be loaded onto an autosampler and run overnight or during the day freeing the user to perform other duties.  When the chemical background of Ion Chromatography has been considered, the term ion exchange chromatography or ion chromatography (IC) is a subdivision of high performance liquid chromatography (HPLC).  A general definition of ion chromatography can be applied as follows: "ion chromatography includes all rapid liquid chromatography separations of ions in columns coupled online with detection and quantification in a flow-through detector". A stoichiometric chemical reaction occurs between ions in a solution and a solid substance carrying functional groups that can fix ions as a result of electrostatic forces. In theory ions with the same charge can be exchanged completely reversibly between the two phases. The process of ion exchange leads to a condition of equilibrium, and the side to which the equilibrium lies depends on the affinity of the participating ions to the functional groups of the stationary phases. 
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Ion Chromatography System                                                     Diagram of Ion Chromatography
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    After completion of the determination of sulphate content, the data and results have been compared to standard and proper values. In a case of necessity of a solution or a refining, the options of a solution have been discussed by employees with the managers of the Research and Development Laboratory. The possible options can be expressed in three main parts. In the first part; improving drainage, adding waterproofing agents, providing chemical storage and reducing permeability of concrete appear as a solution. In the following part, it has been particularly mentioned that adding waterproofing agents and combining them with other chemical admixtures have been mostly preferred. In that way, new combinations of admixtures and formulae that ought to be used for other purposes, as well, have been set and owing to the existence of waterproofing agents, the connection of the concrete with water, which is one of the basic reasons of sulphate attack, has been reduced. In the second part; reducing calcium aluminate by using sulphate resistant concrete appears as a solution. However; since it requires much more steps after determining the sulphate content, it has not been frequently preferred. In the third part; using pozzolonic admixtures such as fly ash, silica fume and blast furnace slag; and using high temperature steam curing appear as a solution. The using of pozzolonic admixtures has been mostly preferred, as well, since those admixtures including fly ash and silica fume especially have been already developed and used for other purposes in the Research and Development Laboratory. In that way additional work would not be required that may be a reason of preference. Eventually owing to following methods and procedures, the determination of sulphate content and a possible proper solution when needs have been performed as expected.

High Reactivity Metakaolin (HRM) Research Test

    High reactivity metakaolin (HRM) is a highly processed reactive aluminosilicate pozzolan, a finely-divided material that reacts with slaked lime at ordinary temperature and in the presence of moisture to form a strong slow-hardening cement. It is formed by calcining purified kaolinite, generally between 650-700°C in an externally fired rotary kiln. It is also reported that HRM is responsible for acceleration in the hydration of OPC and its major impact is seen within 24 hours. It also reduces the deterioration of concrete by alkali silica reaction (ASR), particularly useful when using recycled crushed glass or glass fines as aggregate. Considered to have twice the reactivity of most  other  pozzolans,  metakaolin  is  a 
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valuable admixture for concrete/cement applications.  Replacing Portland cement with 8% - 20% (by weight) metakaolin produces a concrete mix which exhibits favorable engineering properties, including: the filler effect, the acceleration of ordinary Portland cement (OPC) hydration, and the pozzolanic reaction. The filler effect is immediate, while the effect of pozzolanic reaction occurs between 7 to 14 days. 

    The use of pozzolanic materials in the manufacture of concrete has a long, successful history. In fact, their use pre-dates the invention of modern day Portland cement by almost 2,000 years. Today, most concrete producers worldwide recognize the value of pozzolanic enhancements to their products and, where they are available; they are becoming a basic concrete ingredient. Most pozzolans used in the world today are byproducts from other industries, such as coal fly-ash, blast furnace slag, rice hull ash, or silica fume. As such, there has been relatively little work done with regard to manufactured optimized and engineered pozzolanic materials, which are specifically intended for use in Portland cement-based formulations. The use of silica fume and various chemical admixtures have become staple ingredients in the production of concretes with designed strengths in excess of 7500 psi (>50 Mpa) or where service environments, exposure conditions, or life cycle cost considerations dictate the use of High Performance Concrete (HPC). The introduction of High Reactivity Metakaolin to the HSC market has provided an alternative the use of silica fume. Equivalence in strength development and durability properties along with several additional features of HRM including color and workability have effectively expanded the design boundaries of HPC materials. The benefits in engineering properties that result from the use of HRM come with few “side effects”. The fresh mix texture, workability and finishability are generally enhanced by the replacement of 5-15% of cement with HRM.

     The following research test has been conducted by researchers of Research and Development Laboratory, included some compressive strength testing of High Performance Concrete.  These  test  mixes  were  formulated  with  cementitious   materials contents of 461  

kg / m3   w/cm ratio of 0.40 and achieved strengths in excess of 10,000 psi. At first, a comparison of HSC’s was conducted. The performance of HRM is compared with that of a commercial silica fume product, and with that of a plain cement control concrete. The mix proportions have been reported in Table 1 as follows:
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[image: image45.png]Table 1: Mix Proportions (kg/m’)

Mix | Mix Water/ | Water | Cement | Silica | HRM | Sand | Agsregate HRWR
Description Binder Fume (10mm max) | (ml/ 100 kg)
Ratio
C | Control 100 % 0.35 161.35 461.0 691.5 1037.3 350.0
Cement
S 10% Silica 0.35 161.35 4149 46.10 691.5 1037.3 350.0
Fume
M | 10% HRM 0.35 161.35 4149 46.10 | 6915 1037.3 350.0
SM | 5% Silica Fume 0.35 161.35 4149 2305 | 2305 | 691.5 1037.3 350.0

+5% HRM





    After performing the tests; slump, air content and unit weight values for the eight mixes are presented in Table 2. The slump values are indicative of the reduction in workability due to the replacement of 10% by mass of silica fume (Mix S). This reduction in slump was more pronounced in the 10% silica fume replacement mix (Mix S) than in the 5% silica fume / 5% HRM combination mix (Mix SM). The mix with 10% mass replacement of cement by HRM (Mix M) demonstrated greater slump values, indicative of a comparative improvement in workability to those mixes containing silica fume. It may be interpreted from this data, that in order to achieve a given target slump or optimum workability, HRM concretes may require lower dosages of superplasticizer than silica fume concretes. This is attributable to the larger particle size and lesser surface area of HRM compared to silica fume. It is important to point out that although HRM has a smaller surface area than does silica fume, and it is generally accepted that, with pozzolans, finer is more reactive, the HRM appears to be more reactive, not less, than silica fume on a pound for pound basis as measured by concrete (or mortar) compressive strengths, which are represented in Table 3.

[image: image46.png]Table 2: Fresh Properties

Mix Mix Dmpnon Slump (mm) Air Content (%) Unit Weight (kg / m3)
c Control 100 % Cement 140 14 2437.0

S 10% Silica Fume 60 L5 2440.0

M 10% HRM 120 16 2468.0

SM 5% Silica Fume + 5% HRM 60 14 24480
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    Eventually, after performing the research test and discussing the data and results, the following conclusions have been made by the researches of Research and Development Laboratory: Seven and twenty-eight day compressive strengths are reported in Table 3 and are presented in graphic form in Figure 1. Marginal increases in compressive strength over the control mixes were observed for the mixes with silica fume, HRM, and the combined s.f./HRM mix. These results have been reported by other researchers of a similar company, BASF, who have also reported that even with HRM mixes of higher air content than the comparative mixes with silica fume, the strength and performance of HRM concrete were similar to, or better than, the concrete with silica fume. It is important to point out that a period of 28 days may not be sufficient for the development of the full marginal potential strengths for the silica fume or HRM concretes. Generally, greater later age strengths (beyond 28 days) are expected for pozzolanic mixes as compared to plain cement control at a given water to binder ratio. These same mixes were tested for strength in flexure and the improvements due to pozzolan are generally more pronounced than are those in the compressive strengths reported here.

[image: image47.png]Table 3: Compressive Strengths

Mix | Mix Description Compressive Strength (Mpa) Compressive Strength (Mpa)
at 7 days (% over control) at 28 days (% over control)

C Control 100 % Cement 516 640

S 10% Silica Fume 538 (+4.2%) 68.4 (+6.9 %)

M 10% HRM 598 (+15.9%) 4.0 {+15.6 %)

SM__| 5% Silica Fume + 5% HRM 554 (+74%) 73 (+11.4%)
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Conclusion

    After completion of the summer practice programme, a different point of view has taken shape. Prior to living experiences in industry, while all verbal and written classworks, assignments, and practical works has appeared separately from each other, during and after the practice programme, it has been witnessed that all works and curriculum are certainly clamped together. While in an instrumental analysis, “Analytical Chemistry” has played a major role, the formulation works has reminded “Organic Chemistry” course and its practical works; while witnessing the thermal reactions of concrete, “Physical Chemistry” has explained the equilibriums and thermodynamical processes; during every addition of chemical and mineral admixtures, “Inorganic Chemistry” has answered the questions.  Subsequently, it has been observed that all the courses taken and every detail of knowledge of chemistry will be an indispensable part of life of science. 

    The tests, experiments, applications and researches have indicated the ‘living Chemistry’ in industry. The entire programme has enabled to have a knowledge and point of view in the ‘Construction Industry’. While it has been witnessed that Chemistry has played a major and inevitable role, the connection of Chemistry with other professions such as Civil Engineering, Biology and Physics have been practically proved, as well.   

   One of the basic advantages of the programme has been revealed owing to performing the programme by a successful and leader company such as “Sika”.  The expertness and improving progress of the company has led to professional experience and occupational development. Especially, company policies, attaching importance to the employees in the meaning of job security, economically satisfaction, social activities, mutually connection, and absence of distinction among employees, have played a major role. Nevertheless, funding research and development works and employing qualified scientists and engineers have provided to witness the operations and works of a Research and Development Laboratory, which have not been adequately improved in Turkey. Eventually it can be definitely claimed that the following summer practice programme, whose benefits and gains will rise to the occasion throughout all the life of science, has been performed and witnessed ‘living Chemistry’.

    28
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