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Preface   

This research document had three parts, the first part are discuss about Preparation and 

Evaluation of Physical & Chemical properties of brewery Kieselguhr Sludge for partial 

replacement of cement for tiles production. Second part also deals about Designing; 

Manufacturing and vibration analysis of vibrating table for floor tile molding machine and the 

last part was talk about Production and characterization of floor tile by using kieselguhr sludge 

as partial replacement of Cement.  

The first part of this document was deeply deal about the treatment methods of the brewery 

kieselguhr sludge, physical and chemical properties of kieselguhr sludge and amount of 

kieselguhr sludge generation rate in the four beer factories, such as Habesha Beer factory, 

Dashen Beer factory, BGI Ethiopia Beer factory and Meta Abo Beer factory. In this topic there 

was seen the chemical composition of kieselguhr sludge like magnesium oxide, silicon oxide, 

iron dioxide, calcium oxide, aluminum oxide and sulfur oxide.   

The second parts were deal about the detail mechanical design of table vibrating molding 

machine. Two or more constituent materials, namely; the reinforcing phase and the matrix phase, 

can be used to form composite materials. The reinforcement unit supports structural load while 

proving strength and rigidity and the matrix unit, serves as a binding unit for the components of 

the composites. 

The third part of this document was discussed about utilization of brewery kieselguhr sludge in 

different amounts for the production of terrazzo floor tiles as cement substituent and 

characterizes the physical properties of the produced terrazzo tiles, of which the kieselguhr 

sludge is generated from Brewery industries. The production process and characterized of floor 

tiles by using different ratios of kieselguhr ratios as partial replacement of cement. To determine 

the appropriate ratio of sand, cement, kieselguhr sludge, and course aggregate. The final product 

was discussed on this topic about water absorption, flexural test and compression strength.   
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Preparation and Evaluation of Physical and Chemical properties of brewery 

Kieselguhr Sludge for partial replacement of cement for tiles production. 
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Abstract 

The construction sector in Ethiopia is growing exponentially, and we all know that there is a 

huge demand for cement. Depending on the needs of the construction sector, various cement 

factories are being built in observing at various options to reduce the high cost of cement in our 

country is our biggest homework. Our country, but recently they have failed to meet this demand 

and there is a serious shortage. Instead, we offer the use of beer by-products such as Kieselguhr 

sludge. The kieselguhr sludge is the serious disposal problem for beer factory, the main objective 

of this study is preparation and Evaluation of Physical and Chemical properties of brewery 

Kieselguhr Sludge for partial replacement of cement for tiles production. Physical properties and 

chemical composition of kieselguhr sludge was studied.   

A total of 1,212,500 kg kieselguhr sludge per year was discharged to the environment only from 

four beer factories with average moisture, loss on ignition and pH value of 0.474, 2.12 and 8.124 

respectively. Chemical composition of kieselguhr, CaO content ranges from 0.9 % to 1.2% and a 

total average value of 1.2%, Fe3O2 is varies from 0.67-1.13 %, Al2O3 content from 2.05 % to 

4.65%, and average value of 3.4%, SO3 content of the kieselguhr ranges from 0.48 % to 1.2 %, 

and a total average value of 0.87%, MgO total average value of 1.02%, was obtained from the 

chemical analysis of kieselguhr.   

 

 

Key Words: Cement, Kieselguhr sludge, Physical properties and chemical properties, partial 

substitution. 
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Chapter One 

1. Introduction 

1.1 The History of cement industry in Ethiopia 

In 1938, the first cement factory was built by the Italians in Dire Dawa town with 30,000 tons of 

yearly production. Two cement factories were built by the Ethiopian government in 1960's at 

Massawa (Eritrea) and Addis Ababa, with 70,000 tons each per year. In the year 1984 and 1991 

two production lines were installed at Mugher with an installed capacity of 600,000 tons. From 

2004 to 2012 there was a shortage of cement because of the boom in the construction industry 

(Salim, 2005).  

Diatomaceous earth, also called Kieselguhr, light-coloured, porous, and friable sedimentary rock 

that is composed of the siliceous shells of diatoms, unicellular aquatic plants of microscopic size. 

It occurs in earthy beds that somewhat resemble chalk, but it is much lighter than chalk and will 

not effervesce in acid. Under a high-powered microscope the form of the diatoms can be 

distinguished. When well hardened, it is called diatomite. Similar siliceous rocks, called 

radiolarian earth and radiolarite, are formed from the lattice like opaline skeletons of Radiolaria.  

Diatomaceous earth, formerly used principally as a filter in clarifying sugar and syrups, has been 

adapted to almost all industrial filtration applications, including the processing of oils, alcoholic 

and nonalcoholic beverages, antibiotics, solvents, and chemicals. A second major use is as a 

filler or extender in paper, paint, brick, tile, ceramics, plastic, soap, detergent, and a large number 

of other products. It also is used in the insulation of boilers, blast furnaces, and other devices in 

which high temperatures are maintained; at temperatures higher than 525° C diatomaceous earth 

is a more efficient insulator than asbestos or magnesia because it is more resistant to shrinkage 

and does not fail at red heat. 

Most beer factors are used Diatomaceous earth or Kieselguhr for filtration application, however 

such material has negative effect for the factory after filtration, which needs high cost to 

discharge the sludge and there is an environmental impact if not properly discharged.  The main 

target for this work was partially substitute cement for manufacturing tiles because cement is one 
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of the most cost intensive raw materials for the construction industries including for the 

production of floor tile or Terrazzo tiles.   

The brewing spent Kieselguhr is an industrial by-product, which obtained in the sludge form, 

that is mainly composed by diatom frustules, yeast (fungi), and other organic matter (hop and 

malt) restrained in the filtration phase of the beer production process (Taylor et al., 2011).  

The beer industry has to find a sustainable solution to prevent the environment impact of 

kieselguhr waste deposition, which carries sanitary and economic implications. The current 

elimination of this by-product is either its deposition on a landfill or its spread over agricultural 

fields. The procedures referred are not satisfactory with regard to a sustainable development and 

environmental care. This study aims to assess the manufacture of floor tiles with recycled 

brewing spent Kieselguhr in order to achieve a sustainable solution for the byproduct 

incorporation without significant impact on the physic-mechanical properties of the tiles 

material. In this study the utilization of diatomite as a partial substitute of cement in cement 

pastes was investigated. 
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1.2 Statement of the problem  

The construction sector in Ethiopia is growing exponentially, and we all know that there is a 

huge demand for cement. Depending on the needs of the construction sector, various cement 

factories are being built in our country, but recently they have failed to meet this demand and 

there is a serious shortage. Cement prices have risen sharply due to supply shortages. This 

increase is challenging the idea of building a community home and is having a significant 

economic impact.  

Looking at various options to reduce the high cost of cement in our country is our biggest 

homework. Alternatively, we offer the use of beer by-products such as Kieselguhr sludge. It is a 

beer residue, which is obtained after beer filtration as waste of beer.  

This kieselguhr sludge waste is a big headache for breweries because it is not conducive to 

disposal and they have to spend a lot of money to avoid it because the waste is not good for the 

community and the environment, so care must be taken how and where will be disposed. 

Therefore, it is important to know in advance and study the physical and chemical characteristics 

that must be met in order to replace this waste with cement. 
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1.3 Objectives  

1.3.1 General objectives  

The general objective is Preparation and Evaluation of Physical and Chemical properties of 

brewery Kieselguhr Sludge for partial replacement of cement for tiles production. 

1.3.2 Specific objectives  

1. To determine the amount of generated brewery Kieselguhr Sludge  in four beer factories 

2. To purified the sludge by treating with different chemicals. 

3. To determine the physical and chemical properties of brewery Kieselguhr sludge. 

1.4 Significance of the study  

As it is known, the construction sector in our country is growing rapidly. This rapid growth has 

led to a significant increase in demand for cement, so this study aims to reduce the demand for 

cement by partially replacing it, the cement we use for construction work and to reduce the 

amount of money we spend. To do so would be to reuse the amount of kieselguhr waste released 

from different beer factories at the same time the discharging kieselguhr sludge cost also 

reduced. 
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Chapter Two 

 2. Literature Review 

Cement is the prime ingredient used in the construction industry. Cement consumption has direct 

correlation to economic growth and improvement in the living standards of society. Energy and 

capital intensity nature of the industry necessitate large investments that require a long‐term 

perspective on financing and returns. Besides, production and consumption of cement are mainly 

subject to economic and construction cycles, resulting in volatility of operating costs and 

revenues. Addition to that Portland cement clinker production is one of the major sources of CO2 

and other greenhouse gases within the contribution of 5 % of the annual global atmospheric CO2 

emission 

. The increasing demand for cement has also provided the desired boost to the cement industry 

leading to a quite visible growth of additional production capacity and need to find out other 

cement replacing potential materials. As a result, the study amid to assess on cement production 

practice and potential cement replacing materials in Ethiopia to reduce the high cost of cement in 

order to provide sustainable and cost efficient structure for the public and private 

sectors(―Assessment on Cement Production Practice and Potential Cement Replacing Materials 

in Ethiopia,‖ 2020). 

The production of cement is connected with high emissions of greenhouse gases, especially 

carbon dioxide, and the intensive consumption of energy and natural resources. The present trend 

is for the replacement of cement by reactive admixtures, which can include ground waste glass, a 

material which shows pozzolanic activity. The use of pozzolanic materials in the manufacture of 

mortar has a long, successful history, as their use predates the invention of Portland cement by, 

at least, 20 centuries. However, during the last decades there has been an increasing interest from 

most cement industries worldwide to incorporate pozzolanic materials their products (Jana & 

Pavla, 2016).  

Cement is the prime ingredient used in the construction industry. Cement consumption has a 

direct correlation to economic growth and improvement in the living standards of society. 

Energy and capital intensity nature of the industry necessitate large investments that require a 

long‐term perspective on financing and returns. Abebe Demsew,‖ 2020)  
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Ethiopia is located in the Eastern part of Africa and it is one of the Sub Saharan African 

countries. Ethiopia is the second most populous nation in Africa next to Nigeria. The current 

population of Ethiopia is estimated to be around 100 Million. The cement industry is one of the 

rapidly growing industries in Ethiopia The construction of new mega-projects like the Grand 

Ethiopian Renaissance dam, several industrial parks, sugar factories, highway and railway roads, 

and private sector projects caused an increase in cement demand. A lot is expected from the 

cement industry to fulfill all these demands in order to sustain economic growth of the country 

(Zhu, 2010).  

Diatomaceous  Earth  (DE),  also  known  as  Kieselguhr,  is  a  chalk-like,  soft,  very  fine-

grained, earthy,  and  siliceous  sedimentary  material   

Diatomaceous earth is a pozzolanic rock mineral varying in color depending on its composition, 

from white grey to yellow to red. The rock is made of the dead bodies of different diatom species 

with various shapes and sizes from 1 to 50 microns. There are two types of DE originating from 

salt (marine) and fresh water diatoms with different diatom species and morphologies. The main 

component and active ingredient of mined DE  is amorphous  silicon dioxide  at  a  content  of  

70–90%,  with  the  presence of  various impurities, such as moisture, certain minerals and 

chemicals (especially in the form of iron, the major impurity), clay, sand, and organics (Pokorný 

et al ., 2017). 

Diatoms have quite a complex structure showing numerous fine pores, cavities, and channels, 

reason why this material has low specific weight, low heat conduction, high specific surface 

area, and high adsorption capacity (Taylor et al., 2011). Diatomaceous earth mixed with volcanic 

ash in the production of new construction materials with high porosity with excellent 

performance for control of humidity (Mateo et al., 2016).  

Diatomite is abundant in many areas of the world and has unique physical characteristics, such as 

high permeability (0.1-10 md) and porosity (35-65%), small particle size, low thermal 

conductivity and density and high surface area (Elden et al, 2010).  

The kieselguhr or diatomaceous earths (SiO2·nH2O) are composed essentially of more or less 

well crystallized silica, as well as a small quantity of alumina, iron oxide, and traces of other 

oxides (Meradi et al, 2015). 
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Table: Characteristics of kieselguhr for different countries   

Properties  Kieselguhr 

US dried  

Kieselguhr 

Danish 

calcined  

Kieselguhr 

US calcined  

Kieselguhr 

French 

calcined 

Kieselguhr 

German 

calcined 

Kieselguhr 

Algeria  

dried 

Color  White 

gray 

Yellow 

brown  

Rose  Yellow 

brown 

Brown  White  

pH 7 5.2 7.5 6.9 7 9.7 

Surface area (m
2
/g) 19.2 25.4 15.2 13 16.1 70.35 

Aveg. diameter (µm) 14.2 19.3 15.9 14.1 13.9 15.1 

Permeability (cm/s) 0.06 0.09 0.28 0.09 0.08 0.02 

Crystalline quantity (%) 2 2.2 7.6 9.2 9.8 8.5 

Density (g/l) 288 280 271 255 209 243 

Source: International Conference on Technologies and Materials for Renewable Energy, 

Environment and Sustainability (TMREES 15) 

Table 1 Chemical Composition of Cement 

Ingredient  Percentage in cement Average  

Lime (CaO) 60-65 63 

Silica (SiO2) 17-27 22 

Alumina (Al2O3) 3-8 6 

Magnesia (MgO) 1-3 2 

Iron Oxide (Fe3O2 ) 0.5-6 3.25 

Sulfur Trioxide (SO3) 1-3 2 

Source: - MPSC 2019- Maharashtra public service commission 

The relative proportional of three oxide compositions is responsible for influencing the varies 

properties of cement like lime, silica and alumina. An increase in lime content beyond a certain 

value makes it difficult to combine with other compounds.   

The main features of these cement ingredients along with their functions and usefulness or 

harmfulness are given below: 
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I. Lime: Lime is calcium oxide or calcium hydroxide. 

The presence of lime in a sufficient quantity is required to form silicates and aluminates of 

calcium. Deficiency in lime reduces the strength of property to the cement, causes the cement to 

set quickly, excess lime makes cement unsound and causes the cement to expand and 

disintegrate. 

II. Silica: Silicon dioxide is known as silica, chemical formula SiO2. 

The sufficient quantity of silica should be present in cement to dicalcium and tricalcium silicate. 

Silica imparts strength to cement, usually presents to the extent of about 30 percent cement. 

III. Alumina: Alumina is Aluminium oxide. The chemical formula is Al2O3. 

Alumina imparts quick setting property to the cement. Clinkering temperature is lowered by the 

presence of the requisite quantity of alumina. Excess alumina weakens the cement. 

IV. Magnesia: Magnesium Oxide. The chemical formula is MgO.  

Magnesia should not be present more than 2% in cement; Excess magnesia will reduce the 

strength of the cement. 

V. Iron oxide: Chemical formula is Fe2O3. 

Iron oxide imparts color to cement, it acts as a flux. At a very high temperature, it imparts into 

the chemical reaction with calcium and aluminum to form tri-calcium alumino-ferrite, tri-

calcium alumino-ferrite imparts hardness and strength to cement. 

VI. Sulfur Trioxide: Chemical formula is SO3 

To determine moisture content take the sample and dried in a platinum dish for 2 hr. at 105-110° 

C. and loss on ignition the moisture-dried sample was ignited at 600° C. for 1 hr, PH value this is 

taken by pH meter on a 10% suspension of the Kieselgulr in water. 

Water-soluble matter: - the sample are mixed with 50 ml. of distilled water in a flask, and 

allowed to stand for 2 hr. with shaking at intervals. The test liquid is filtered through paper, and 
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20 ml. of the bright filtrate are collected, evaporated, dried at 105-110° C, and finally weighed. It 

should not be present for more than 2%;  
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Chapter Three 

3. Material and Methods 

3.1 Materials  

The following table shows the raw materials, equipment‘s and chemicals used during the 

experimental works. 

Materials Main importance 

Raw materials 

Kieselguhr sludge For partial replacement of cement during tiles production  

Water  Used to wash equipment and also used in threatening of sludge. 

Chemicals  

Sodium-hydroxide   Used for treatment of brewery Kieselguhr sludge  

Equipment  

Micro-sieve  To get uniform particle sizes or to determine finess of the given sample 

Electronic Balance  For weighing the samples 

Try dryer   To remove the moisture content from the sample  

Furnace  Used to know the loss of ignition  

XRF To determine the chemical compositional analysis of the sample  

Mortar and pestle To commune the dried sample to standard particle size  
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                                Over all Structure of the experimental work  
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3.2 Methods  

3.2.1 Sample collection and preparation for analysis 

The Brewery Kieselguhr Sludge has been collected from Habesha, BGI Ethiopia, Gonder Dashen 

and Meta Beer Factory, directly from filtration unit (after the using as a filter aid) and then 0.5 

kilogram of the collected sample has been sieved by different μm sieve size at Debre Berhan 

university department of Chemical Engineering Laboratory for physico-chemical analysis which 

has been performed at Ethiopian Geological Survey and Addis Ababa university laboratory.  

 The collected Kieselguhr sludge waste was as given in table and representative sample code 

were given for each beer factory. 

S.No. Name of Factories  Sample Code  

1 Habesha Beer  Kieselguhr -1 

2 Meta Beer   Kieselguhr -2 

3 BGI Ethiopia Beer  Kieselguhr -3 

4 Dashen  Beer  Kieselguhr -4 

 3.2.1.1 Sample preparation  

The collected Kieselguhr sample was prepared and ready for laboratory analysis; The following 

steps were general to prepare sample. 

 Weighing and recording of the received kieselguhr sample 

 Splitting of the sample to obtain smaller representative samples 

 Sieved the sample to dirty particles 

 Homogenizing the samples  

 Fill to the sample bag and labeled  
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3.2.2 Generation rate study  

In this study, both primary and secondary data were used to determine the amount of brewery 

Kieselguhr sludge generation rate. For collecting primary data:  interviews and field observations 

were employed.  Moreover, the  data  were  collected  with the  help  of  semi  structured  

interviews  with  factory workers,  and leaders. To know the average amount of waste were 

determine the capacity of beer production for each beer factory per day and amount of filter aid 

used to filter out the beer. 

 3.2.3 Sludge treatment  

For determining pretreatment of Kieselguhr sludge 40-500 g of the dried SDE was taken and  

Water was heat up at 70-80° C for 25 min, 0.5% caustic soda  concentration at 70-80° C for 15 

min,  0-5% hydrochloric acid concentration at 70-80° C for 20 min,  Cold concentration of 0.5% 

caustic soda through overnight and Cold 1% concentration sodium silicate overnight. The 

resulting solid will be finally dried at 105 °C for 24 hours.   

3.2.4 Proximate Analysis of Kieselguhr sludge 

3.2.4.1 Determination of Moisture  

The moisture content (H2O) 

 s determined by drying the sample in the oven at 100 - 105
O
C 

 By drying the sample free H2O or physically bind water will escape (evaporated). 

Procedure:- 

 Weigh 50g of before and after treating Kieselguhr samples. 

 Place it in a drying oven controlled at100 - 105
O
C for 3 hours. 

 Put in a desiccator and cool to the room temperature 

 Calculate and report the result in % as 

Moisture (H2O) = (A-B) x 100 

 Where:  A = Mass of container and Sample before Drying 

                         B = Mass of Container and Sample after Drying  
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3.2.4.2 Determination of pH 

100 gram of kieselguhr sample was taken and put on wide-mouth stoppered bottle were mixed 

with water and the mixture with occasional shaking and allowed to stand for 24 hr. a 10 % 

suspension of the kieselguhr in water was taken and measured by pH meter. 

3.2.4.3 Determination of los on Ignition 

 Weigh 10g of the sample into a crucible. 

 Place the covered crucible in the electric furnace controlled at 600 
0
C for 5 min. 

 After heating for 5min remove the lid and leave the crucible in furnace for further 20min. 

 Cool the crucible to room temperature in desiccator  

 Weigh and determine the mass 

The observed loss on ignition is calculated in % from the formula (A-B) 100, where 

A= the mass of crucible & sample before ignition 

B= the mass of crucible & sample after ignition. 

3.2.4.4 Determination of Sieve Test 

A test conducted by dry sieving using different sieve meshes (45µm, 63µm, 90µm, 125µm) is 

called fineness test. By sieving the sample on a recommended 63µm sieve size machine it is 

possible to determine the sieve residue. 

Procedure: 

 Weigh 500gm of the sample 

 Place in the Sieve machine 

 Sieve for 3 minutes 

 Weigh there residue and report the result in % as  

Fineness = (A-B) x 100 

 Where A = the mass of the sample before sieving  

                        B = the mass of the sample after sieving 
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3.2.5 Determination of chemical composition 

3.2.5.1 XRF analysis procedure  

The samples can firstly be air-dried in a clean place, then ground, to break down kieselguhr 

sludge. Preliminary crushed sample is then subdivided by using quartering. The sample obtained 

in such a way is crushed again into fine powder to yield an acceptable number of particles of 

each component of the heterogeneous material. The sample is sieved through a sieve of 60 µm 

size and the oversize is crushed again until no grains larger than 60 µm are left. Sieves made of 

nylon are recommended to avoid contamination by metals. Kieselguhr samples after fine 

grinding can be further prepared in various ways prior to XRF measurement. 

For XRF measurements a sample has to be additionally milled, homogenized and pressed into 

pellet with or without a binder. Usually chromatographic cellulose, boric acid or starch are used 

as a binder in a proportion 1:10 by weight. For the emission—transmission method usually a 150 

or 200 mg pellet is prepared (25mm diameter). Although XRF is mostly used for minor and trace 

element analysis, major elements can be determined after proper dilution with cellulose or starch 

(in a proportion 1:1 by weight). Even simple sample preparation needs to be done carefully and 

with the use of proper devices to prevent contamination. They should be washed thoroughly with 

tap water, then distilled water and dried. For more complete cleaning, grinding with pure quartz 

sand, followed by careful washing with tap and distilled water should be applied. 

When dealing with samples containing heavy elements in a light (low density) matrix, which is 

often the case in physical samples analysis, the grain size effect can be an additional source of 

error in XRF analysis. The way of minimizing this effect is reduction of particle size by grinding.  

Weigh the sample (0.2-0.4 g) on a glossy paper and transfer it to the Teflon bomb. Add 

appropriate mixture of acids, seal the bomb and heat it in an oven for 5-6 hours at 165°C. After 

digestion, allow the bomb to cool to room temperature for a few hours or overnight. Open the 

bomb and add 100 µg of selenium as an internal standard (from 1000 mg/1 standard solution). 

Mix well and transfer the sample solution to 25 ml calibration flask. Then dilute the sample to 25 

ml with 4% boric acid to dissolve CaF2 precipitate and to remove HF acid (at room temperature 

complete dissolution of CaF2 is obtained within 2 hours). Pipet an aliquot of 5 µl on a quartz 

carrier, and dry it under infrared lamp or in vacuum. 
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Chapter Four 

4. Result and Discussion 

4.1 Kieselguhr characterization 

The results obtained from the Physical and chemical analysis of the kieselguhr sample were 

presented and discussed in this chapter. The outcomes obtained from the chemical and physical 

analysis of the kieselguhr sample were provided in tables and figures. It includes those for the 

proximate analysis (moisture content, Sieve taste, pH and los on ignition) and the chemical 

analysis (the content of, Silicon di-Oxide, CaO, Fe2O3, Al2O3 and SO3) were determined. 

Depending on the values of the physical and chemical analysis the main factors that affect the 

kieselguhr quality and the important parameters of the kieselguhr were discussed. 

4.2 Collected and prepared sample 

The collected kieselguhr contains a mixture of different size fractions together with unwanted 

impurities such as yeasts and dirt. Kieselguhr preparation was the first stage before starting 

physical and chemical characterization. Therefore to achieve the required results 4 number of 

beer factories was selected randomly who was used kieselguhr sludge for filtration. The collected 

samples were prepared as suitable for characterization.  

      

 

              Figure 2 Collected and prepared Kieselguhr sludge 
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Experiments were conducted in Debre Berhan University Chemical Engineering department 

laboratory using different substances and different conditions produced acidic, basic and neutral. 

For each experimental work 400-500 gram kieselguhr sample were taken to analysis the given 

parameter.  These substances like water, thinned acids and acid salts, weak caustic and basic 

salts, did both at atmospheric temperature and with at applied different temperature. From the 

given different trial experiment noble results were obtained by washing with thinned acids and 

especially with thinned hydrochloric acid. The following procedures were eventually selected for 

final investigation.  

Settlement for several hours was then allowed in both the hot and the cold procedures, and the 

supernatant liquor decanted from the mass of Kieselguhr, which was subsequently given two 

separate washings with fresh cold water, followed by settlement and decantation on each 

occasion. Finally, the washed kieselguhr was collected on a Buchner filter funnel, rinsed with 

water, and dried at about 120° C. Analyses were then conducted on each of the cleaned samples 

with the results recorded in the tables. 

4.3 Amount of generated Kieselguhr sludge  

Based on the production capacity of the 4 breweries, are namely Dashen, Habesha, Meta and St. 

George's breweries. The table below shows the results of our study of how much filtering 

material (Kieselguhr) are needed per year. 

Table 2 Amount of generated kieselguhr sludge 

S.No. Name of Factories  Production Capacity hl/year Kieselguhr consumption  (kg) 

1 Habesha Beer  850,000 106,250 

2 Meta Beer   1,700,000 212,500 

3 BGI Ethiopia Beer  4,250,000 531,250 

4 Dashen  Beer  2,900,000 362,500 

Total 9,700,000 1,212,500 

 

From the above table 2 a total of 1,212,500 kg kieselguhr sludge per year was discharged to the 

environment only from four beer factories. However, there are more than 12 breweries in our 
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country and we have studied only 4 of them. Therefore, we estimate that with the addition of the 

remaining 8 factories, it could be very large. 

4.4 Proximate analysis of kieselguhr sludge before and after treating sludge  

4.4.1 Before treating the Kieselguhr sludge  

Table 3 Analysis of kieselguhr sludge before treating the sludge 

Properties  Habesha Beer  

Kieselguhr 

Meta Beer 

Kieselguhr  

BGI Ethiopia Beer 

Kieselguhr  

Dashen Gonder 

Beer Kieselguhr  

Color  Yellow Brown Yellow Brown Yellow Brown Yellow Brown 

PH  5.3 5.1 5.0 5.2 

Moisture (%) 0.91 0.89 0.9 0.88 

Loss on Ignition (%) 12.4 10.2 9.0 11.2 

     

Aveg. diameter (µm) 14.2 19.3 15.9 14.1 

 

4.4.2 After Treating of Kieselguhr Sludge  
Each of the methods of recovery gives sensible purifying of the soiled kieselguhr, and it is 

interesting to note that hot-water washing yields results which compare favorably with the 

chemical treatments; although in the latter the kieselguhr has a generally cleaner appearance. 

Some loss of kieselguhr occurs during the decantation of the rinse liquors, but this loss depends 

to a large extent on the time allowed for settling, and will tend to be of the finer particles; the 

reclaimed powder therefore may be of a slightly coarser nature than the original mixture. 

It will be noticed that the pH values of the alkali-treated samples are on the high side, which may 

be accounted for by the fact that the washing operations in the recovery processes were reduced 

to a minimum. On the practical scale the addition of a little acid to the first rinse liquor may 

assist in removing excess alkalinity, since an acid residue is more easily removed by water 

washing.  The figures denoting the loss on ignition are somewhat higher than those obtained on 

the original unused materials, and show the largest variation as between the soiled and the 

recovered sample. 
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The following Result was found after treating or washing kieselguhr Sludge by using different 

chemicals at different Temperature.  

Table 4 physical properties of kieselguhr after treating 

Properties  (0.5%) 

Cold Costic 

 0.5 % Costic 

(@ 70-80 
0
C) 

(1%) Cold 

Sodium Silicate 

 0.5 % HCl acid 

(@ 70-80 
0
C) 

Water @ 

(70-80 
0
C) 

PH  9.43 8.78 8.99 6.22 7.2 

Moisture (%) 0.43 0.94 0.58 0.10 0.32 

Loss on Ignition (%) 1.9 1.7 3.7 1.5 1.8 

 

4.5 Determination of Chemical composition of Kieselguhr  

Chemical composition and compound composition of Kieselguhr Sludge are determined using 

X-Ray Fluorescence (XRF) analyzer. XRF (X-ray fluorescence) is a non-destructive analytical 

technique used to determine the elemental composition of materials. The final result that 

obtained after the analysis was shown in details below.  

 4.5.1 Silicon di-Oxide content obtained from the given Sample  

Figure 3 shows SiO2 content in the Kieselguhr samples tested using XRF analyzer. As we see in 

the literature silicon dioxide is known as silica. Sufficient quantity of silica should be present in 

Cement to di-calcium and tri-calcium silicate, which gives Strength for the construction material 

and can be attributed to presence of silica. It imparts strength to the cement due to the formation 

of di-calcium and tri-calcium silicates. If it is in excess then the strength of the cement would 

enhanced therefore setting time gets extended, hence it prevents quick setting.  From the 

literature the average value of silica (SiO2) is 22% but our kieselguhr sludge analysis result 

shown in figure 3 below are 77 % which is an excess amount as compared with average value of 

cement, which will affect setting time and the strength of the kieselguhr sludge will, enhanced.  
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                                                    Figure -3 SiO2 Variation in Kieselguhr sludge 

The relative silica content in cement is about 22%. But as we can see from figure 3 the amount of 

silica we get is very high.  

4.5.2 CaO Content obtained from the given Kieselguhr sludge 

Figure 4 shows the CaO (Lime) content from the given beer factory kieselguhr samples. 

Presence of appropriate lime quantity results in formation of silicates and aluminates of calcium. 

Insufficient quantity of lime reduces the strength of the kieselguhr and causes to set quickly. 

Excess lime makes unsound and cause to expand and disintegrate.  If the amount of CaO is too 

high the strength is less and the expansion is high, in the other side the amount is too low it needs 

excess heat and difficult to grinding.  The recorded result of the CaO content was obtained from 

experimental results of XRF analysis. The value was taken from each sample and reported on 
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figure 4, the CaO content of the kieselguhr ranges from 0.9 % to 1.2%, and a total average value 

of 1.2%, these result shows the amount of lime is very small as we compared with cement.  

 

                          Figure-4 Variation of CaO in Kieselguhr sludge 

Lime (CaO) is major compound in gaining the strength of cement but the results were showing 

the lime content as per requirements which are below from the expected amount which is not 

give the good strength just like cement. 

4.5.3 Fe2O3 Content obtained from the given sample  

Figure 5 shows Fe2O3 content in each kieselguhr samples tested in XRF analyzer. Iron oxide is 

contributing for imparting color and it acts as a flux. At a very high temperature it takes part into 

chemical reaction with calcium and aluminum to form tri-calcium alumino ferrite, which results 

in hardness and gives strength to kieselguhr. As per requirement amount of Fe2O3 is 

approximately is equal to 0.5-6 %. All the samples are showing the Fe2O3 content as per 

requirements, hence it helps to gaining the hardness, strength and colour to the cement.  

As we have seen in the figure below shows the variation of Fe3O2 in kieselguhr sludge it varies 

from 0.67-1.13 %. These results is more appropriate with the cement properties,  
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                      Figure -5 Variation of Fe3O2 in Kieselguhr Sludge sample 

Iron oxide imparts colour, hardness, and strength to the cement, if it is in excess, then it imparts 

more coloured to the cement (grey). Since the experimental analysis of the brewery kieselguhr 

sludge are shows in the recommended range.   

4.5.4 Al2O3 Content obtained from the given sample    

Figure 6 shows the Al2O3 content present in the tested Kieselguhr samples for each beer factory. 

Alumina is responsible for imparting quick setting property to the cement; Clinkering 

temperature is reduced by the presence of required quantity of alumina, Excess alumina results in 

weakening of the cement. As per approximate limit of Alumina is 2-8 %. If the alumina content 

is too high weaken the cement.   

The recorded result of the Al2O3 content was obtained from experimental results of XRF 

analysis. The value was taken from each sample and reported on figure 6, Al2O3 content of the 

kieselguhr ranges from 2.05 % to 4.65%, and a total average value of 3.4%, which result shows 

the amount of alumina is found in the recommended range. As you can see from the figure 

above, all the samples show that the Al2O3 content is similar and sufficient. This means that it 

can be easily or quickly settling, just like cement. Therefore the alumina content in kieselguhr 
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sludge is suitable for partial replacement of cement, because the chemical compositions of 

kieselguhr have similar property with cement.  

 

                   Figure 6 Variation of Al2O3 in Kieselguhr Sludge sample 

 4.5.5 SO3 Content obtained from the given Kieselguhr sludge  

Sulfate content: the sulfates are added mainly to control the hydration of Tri-calcium aluminate. 

The sulfate requirements are complicated, as mentioned above. So, balancing this requirement 

considering all other factors C3S, C3A, alkali content, and fineness is not an easy task. The key 

is to control the sulfate addition in order to ensure a durable concrete, with high strength and low 

drying shrinkage. 

Due to strict environmental regulations, and the need for less expensive fuels, modern cement 

clinkers contain higher sulfate contents. Cement producers are pushing and advocating relaxing 

the restrictions on sulfate contents (Halaweh, 2007). The complicated cement hydration 

mechanisms make it hard to just allow higher sulfate levels than currently acceptable without 

more understanding of the interaction of all these phases and their impact on long term 

durability(Horkoss et al., 2011). 

The noted result of the SO3 content was obtained from experimental results of XRF analysis. The 

value was taken from each sample and reported on figure 7, SO3 content of the kieselguhr ranges 
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from 0.48 % to 1.2 %, and a total average value of 0.87%, which result shows the amount of SO3 

is found in the recommended range. 

 

                Figure 7 Variation of SO3 in Kieselguhr Sludge sample 

  

 4.5.6 MgO content obtained from the given sample  

MgO  is  one  of  important  secondary  compound present  in  cement,  and  it  is  made  from  

magnesia compounds in raw materials, and it  is  not  necessary  to be each  magnesium  oxide  

apparent  in  chemical  analysis  in oxide, it is likely to have been formed Magnesia present in 

the rigid  solution,  and  magnesia  in  the  form  of  glass  have no effect  on the concrete. 

The manufacturing process of cement uses magnesia as a raw material in dry process plants. An 

excess amount of magnesia may make the cement unsound and expansive, but a little amount of 

it can add strength to the cement. Production of MgO-based cement also causes less CO2 

emission.  

The  limitation  of  the  MgO  content  in  Portland cement  less  than  5%  by  the  Chinese  

National  Standard GB175-200,  this kind of limestone‘  usage  in  Portland cement production is 

rare. It  has been reported that for the Portland  cement  suitable  MgO  can  lower  the  melting 

temperature, increase  the  quantity of the  liquid    phase  and  alter  the  mineral  phases‘ crystal  

structure. 
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Figure 8 Variation of MgO in Kieselguhr Sludge sample 

 

The noted result of the MgO content was obtained from experimental results of XRF analysis. 

The value was taken from each sample and reported on figure 8, MgO content of the kieselguhr 

ranges from 0.52 % to 1.5 %, and a total average value of 1.02%, which result shows the amount 

of MgO is found in the recommended range.  
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4.6 Conclusions 

This paper deals with the possibility of partial substitution of cement in cement pastes by 

diatomite. The Kieselguhr is amorphous SiO2 with a high pozzolanic activity and has fine 

particles size distribution, mostly applicable for beer filtration. The experimental analysis shows 

that the amount of SiO2 Content are very high and the amount of CaO content in the kieselguhr 

is very less as we compared with cement chemical composition but the other chemical 

composition are strongly similar with cement properties. The final product tiles shows better 

compression strength were suitable amount of kieselguhr sludge as a cement replacement is 20%. 
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I. Abstract 

Two or more constituent materials, namely; the reinforcing phase and the matrix phase, can be 

used to form composite materials. The reinforcement unit supports structural load while proving 

strength and rigidity and the matrix unit, serves as a binding unit for the components of the 

composites. Kieselguhr sludge from brewery factories contains up to 80% SiO2. Because of this 

it has cemental property. Floor tile can be fabricated from kieselguhr sludge which can be used 

as reinforcement materials. The matrix material used in combination with kieselguhr sludge is 

sand granules. These composites are used to produce floor tiles and other products used in the 

construction companies. Use of byproduct of brewery industries (such as kieselguhr sludge) 

reduces environmental impact and it can be used to overcome cement scarcity as it substitutes 

80% of cement. However, manual floor tile production process was employed in Ethiopia up to 

the date this research has been conducted. Manual floor Tile production process is labor 

intensive, costly and slow. Hence, there is a need to design and develop semi-automatic vibratory 

table for floor tile production. With the aim of designing, developing and analyzing vibration of 

vibrating table for tile production, reviewing and referring previous research studies and 

technologies with regard to the problem was the first method for this research study. In addition 

to software modeling, prototype development was carried out after collecting necessary materials 

and parts. Then effect of location and size of unbalanced mass on vibration of rotor assemblies 

was investigated analytically and using analysis software. And also, assembling and testing of 

the prototype and documentation was carried out. The resonant frequency can be obtained for 

different mode shapes using accelerometer experimentally and using analysis software. The 

modal random vibration analysis of both ANSYS workbench and Solid works showed that the 

model had showed similar modal frequencies with some error. Analytically calculated natural 

frequencies showed that for different mode shapes, natural frequencies are much higher than the 

resonance frequency generated using software analysis. This shows that the machine can vibrate 

and give its intended function without possible failure as a result of vibration. 

Key words: forced vibration, resonant frequency, natural frequency, tile molding, kieselguhr 

sludge 
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Chapter one 

1. Introduction 

Two or more constituent materials, namely; the reinforcing phase and the matrix phase, can be 

used to form composite materials. This constituent materials have significantly different physical 

or chemical properties, that when combined, produce a material with characteristic different from 

the individual components. The reinforcement unit supports structural load while proving 

strength and rigidity and the matrix unit, serves as a binding unit for the components of the 

composites. Kieselguhr sludge from brewery factories contains up to 80% Sio2. Because of this it 

has cemental property. Floor tile can be fabricated from kieselguhr sludge which can be used as 

reinforcement materials. The matrix material used in combination with kieselguhr sludge is sand 

granules. These composites are used to produce floor tiles and other products used in the 

construction companies. Use of byproduct of brewery industries (such as kieselguhr sludge) 

reduces environmental impact and it can be used to overcome cement scarcity as it substitutes 

80% of cement.   

However, manual floor tile production process was employed in Ethiopia up to the date this 

research has been conducted. Manual floor Tile production process is labor intensive, costly and 

slow. Hence, there is a need to design and develop semi-automatic vibratory table for floor tile 

production. The table can be used in an important step in producing concrete paving floor and 

roof tiles from molds. Vibrating the constituent materials reduces the number of voids in the 

mixture, which in turn reduces the water to cement ratio (w/c). This allows for a stronger 

finished product and maximizes the use of materials. Vibration also improves outside surface 

finish, which allows the product to look better and last longer by reducing the chances of cracks 

forming from foreign contamination. The design of the vibratory molding machine should be in 

such a way that the mold holder part of the machine can vibrate separately without affecting the 

structure of the machine.  Imbalance is the most common source of vibration in rotating 

machinery [1]. A motor driven shaft, with unbalanced mass attached on it, via belt transmission 

can be used to initiate the vibration. This vibratory motion of the mold holding part of the 

machine is the one that used to mix compositions required for the fabrication of the tile. 

Compression springs designed according to ASTM standard was used to damp the vibration of 

top mold holding table so that there cannot be stress concentration on supporting structure. 
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Vibrated samples had higher compressive strength and unit weight compared to non-vibrated 

samples [2]. Solid work non-linear dynamic analysis module has showed that vibration table 

assembly could successfully perform the vibration process enough proper molding [2]. Silica and 

ceramic based materials are widely used in industry as well as in construction of buildings all 

over the worlds. Ceramic materials, which include monolithic ceramics and ceramic-matrix 

composites, have been identified as potential candidates for high temperature structural 

applications because of their high-temperature strength, light weight and excellent corrosion and 

wear resistance [3]. Ceramic materials are widely used in space shuttle tiles, thermal barriers, 

high temperature glass windows, fuel cells glassware, windows, pottery, corning ware, magnets, 

dinnerware, ceramic tiles, lenses, home electronics and microwave transducers [3]. Vibratory 

table was designed and modeled so that vibrations were applied to samples prepared for fresh 

concrete by a table vibrator for different durations [2]. Table type vibrator device was developed 

using solid works modeling [2]. This table-type vibration device can be used in general 

composite production, and work with non-large samples and interchangeable frequencies, was 

designed, analyzed and manufactured. Modes are inherent properties of structure which are 

employed as efficient tool to characterize the resonant vibration. Resonant vibration is caused 

due to interaction of inertial and elastic properties of material within the system and is often 

cause of many vibration related problems occurring in machinery. In order to study vibration 

response it is essential to identify and quantify the resonances of the system which in most of 

cases is done by studying the modal parameters of the system [4]. In the previous studies, natural  

frequencies of a 72-MW propeller turbine was examined experimentally and compared with the 

lateral vibrations [5]. In our design, random modal frequency analysis was performed using 

ANSYS workbench and Solid work. This result was compared with the analytically calculated 

natural frequencies. The natural frequencies for each mode were far higher than their respective 

modal frequencies and as a result it can be concluded that the machine was safe for operation. 
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1.1 Problem definition 

Byproduct of brewery industries (such as kieselguhr sludge) has a negative impact on soil 

microorganisms, different water bodies including ground water, loss of bio diversity, and on the 

entire environment. To create clean and safe world, we need to minimize pollutants either by 

recycling them or directly using as a raw material for reprocessing. Thus, kieselguhr sludge can 

be used as reinforcement for production of floor tile substituting cement. However, the 

production process used in Ethiopia is mostly of import machines from abroad. Since as a result 

it discharges high cost, exposed to foreign currency and not easy to operate. Hence, semi-

automatic vibratory molding machine can be employed for the production of floor tiles. Because 

vibrating the constituent materials reduces the number of voids in the mixture, which in turn 

reduces the water to cement ratio (w/c). This allows for a stronger finished product and 

maximizes the use of materials. Vibration also improves outside surface finish, which allows the 

product to look better and last longer by reducing the chances of cracks forming from foreign 

contamination. Thus, there is a need to use kieselguhr sludge (byproduct of brewery factories) 

for the production floor tiles as a reinforcement material and semi-automatic vibratory machine 

is needed for efficient production of quality floor tiles. 

 

 

 

 

 

 

 

 



 
 

                 Page 7 
 

1.2 Objective  

1.2.1 General Objective 

The general objective of this study is to design, develop and analyze vibration of vibrating table 

for floor tile production. 

1.2.2 Specific Objective 

The following specific objectives should be carried out to address the general objective: 

 To design and analyze vibratory table, rotor shaft, springs and structural supports. 

 To develop and model vibratory molding machine 

 To analyze the effect of unbalanced mass on the rotor shaft 

 To organize and prepare final document 
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1.3 General manufacturing and documentation procedures  

The following methods were employed during implementation of this research study. Reviewing 

and referring previous research studies and technologies with regard to the problem is an ice 

breaker for the study. In addition to software modeling, prototype development was carried out 

after collecting necessary materials and parts. Then effect of location and size of unbalanced 

mass on vibration of rotor assemblies. Finally, assembling and testing of the prototype and 

documentation was carried out. 

 

Figure 9 General manufacturing of molding machine flow diagram 
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1.4 Significance 

Kieselguhr sludge is one of the byproducts of brewery industries which has a negative impact on 

the environment. It affects the life of soil microorganisms, life of different animals in different 

water bodies including ground water. As a result it could create loss of bio diversity and related 

environmental impacts. However, implementation of this research study helps to create clean and 

safe environment by reusing kieselguhr sludge. As kieselguhr sludge has 80% SiO2, it can be 

used to replace cement. Hence, it can be used for Tile production. Thus, in addition to creating 

clean and green environment, it also used to create job opportunity for the local people. In the 

floor tile production process, semi-automatic vibratory molding machine can be used because it 

has an advantage of producing efficient and quality floor tiles over the manual production 

process. Semi-automatic machine developed in this study employs vibration for mixing of 

constituents. Vibrating the constituent materials reduces the number of voids in the mixture, 

which in turn reduces the water to cement ratio (w/c) [6]. This allows for a stronger finished 

product and maximizes the use of materials. Vibration also improves outside surface finish, 

which allows the product to look better and last longer by reducing the chances of cracks 

forming from foreign contamination. 
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Chapter two 

2. Materials and Methods 

2.1 Materials 

Local structural steel mainly mild steel was employed for fabrication of prototype of vibratory 

molding machine. In addition, locally available sheet metal, motor, bearings, springs, was 

purchased. A single phase DC motor was purchased from the local market. This motor was used 

to drive the rotor on which unbalanced mass was attached to it through pulley and belt driving 

mechanisms. Similarly, a belt was purchased from local market. But pulleys were fabricated in 

the DBU workshop. 

 

Figure 10 Constructing of Prototype molding machine and raw kieselguhr sludge 

 



 
 

                 Page 7 
 

 

Figure 11 Drawings of required Materials for prototype manufacturing 
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Figure 12 Assembly drawing of prototype 
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2.2 Methods 

First, solid work modeling was performed so that accurate measurement and cutting can be 

carried out during prototyping.   

 

                      Figure 13 Solid Work Modeling 

Then the prototype was fabricated by measuring, cutting, drilling, bolting and welding of 

parts required for vibratory molding machine making. 

 

Figure 14 fabrication progress, painting and final prototype 
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Chapter three 

3. Results and Discussion 

3.1 Results  

In most of the machineries vibration is unwanted characteristics since it might be a cause for 

machine failure. Because of this vibration analysis is exercised to monitor the status of 

machinery under operating conditions to check and/or test whether the equipment is safe or 

not even though it is prone to vibration. A major advantage is that it can identify developing 

problems before they become critical and cause failure or unscheduled shutdown of system. 

Rotating machines are extensively found in various engineering applications such as 

propulsion systems, turbo machines, machine tools, aircraft engines and in routine 

applications such as pump, fan, blowers etc. The design criteria of such machines are towards 

light weight and higher speed of operation. The major concern in rotating machineries is 

vibration. The reason for these vibration stem from system faults which, in general, exist as 

rotor unbalance, misalignment, cracks and rubs. Therefore, explicit projection of the dynamic 

characteristics is vital in design of the rotating mechanical systems [4]. But in most concrete 

mixing and rock drilling machineries vibration is required and unbalanced mass or other 

vibration excitation source is provided intentionally.  
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3.1.1 ANSYS work bench and Solid works modal analysis 

 

       Figure 15 Frequency amplitude 1 of vibrating table rotor 

Determining the natural frequencies and mode shapes has the priority in importance 

classifications in various fields for instance, in studying the forced vibration analysis, and 

aero-elasticity [7]. 

 

Figure 16 Modal (random vibration) analysis for mode shape 1 

However, frequencies generated as a result of machine vibration or resonant frequency is 

avoided not to be equal to the natural frequency of the machine. When the table rotor 
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vibrates, the vibrating table that holds the tile molds also vibrates with a nearly similar 

frequency to the rotor. But it cannot be exactly equal to the frequency of the rotor because the 

table material itself has some damping characteristic. In this design, vibration should not 

transfer to the structural supports. Thus, it was damped using springs. For mode 1 solid works 

modal analysis, frequency amplitude 1 of table rotor was 114.99Hz, as shown in figure 7, 

which was the least of the frequency types. The maximum rotor deflection for this mode was 

0.3433 m. The material of table rotor used for prototype fabrication was structural steel. In 

the solid work frequency analysis, ferrite stainless steel was employed. A similar modal and 

random vibration analysis, as shown in figure 8, using ANSYS work bench depicted that 

118.31 Hz frequency amplitude and 0.34432m maximum deflection for the first mode shape. 

 

Figure -17 Modal (random vibration) analysis for mod shape -2 

  

 



 
 

 Page 13 
 

 

Figure 18 Frequency amplitude 2 of vibrating table rotor 

Solid work Frequency amplitude for mode shape 2 of table rotor was 115.03Hz, as shown in 

figure 10, which was the second least of the other three frequency types. The maximum 

deflection for this mode shape was 0.3433m. Similar ANSYS work bench analysis for mode 

shape 2 depicted that 118.91Hz frequency amplitude and 0.3447m maximum deflection as 

shown in figure 9. We know that for a spring mass system there is only one natural 

frequency. But more complex systems have several natural frequencies. For example, a 

system of two masses has two natural frequencies. In our design assuming the structural 

support as a single mass, the vibrating table, the bearing bracket, the bearing itself, 

unbalanced mass and table rotor with its mountings, there are about six masses. As a result, 

the system has at least six natural frequencies. As far as the frequency generated as a result of 

vibration of the table vibrator or resonant frequency is not equal to these six type natural 

frequencies, there cannot be any system failure as a result of vibration. In solid works modal 

analysis, frequency amplitude 3 of table rotor is 314.54Hz, as shown in figure 11, which was 

the third highest of the other frequency types. In this analysis, the maximum rotor deflection 

was 0.3261m for mode shape 03. Similar ANSYS work bench analysis for mode shape 03 
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depicted that 324.49Hz frequency amplitude and 0.32722m maximum deflection as shown in 

figure 12. If frequency as a result of torque applied (resonant frequency) coincides one of the 

natural frequencies, very large vibration amplitude can occur. Thus this is a very dangerous 

situation which result machine failure. But in our design, vibration is intentionally induced in 

the system. Therefore, to avoid machine failure, natural frequencies of the system should be 

much lower or much higher than the resonant frequency. 

 

Figure 19 Frequency amplitude 3 of vibrating table 

Frequency amplitudes shown in solid work frequency analysis from mode shape 1 to mode 

shape 5 are resonant frequency generated due to the external load.  
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Figure 20 Modal (random vibration) analysis for mode shape 3 

This external load was a torque (421.699Nm) from a single phase DC motor transferred via 

pulley belt arrangement. Here we can see that the natural frequencies of shafts are important 

for the design of shafts subjected to excitations. In order to design these mechanisms, the 

dynamic characteristics, specifically close to resonance cases, must be well studied to 

guarantee a not dangerous working machine and decrease the downtime maintenance times. 

This is the reason why resonant frequencies were generated using solid works simulation to 

make sure that the calculated natural frequencies are lower than these frequencies. For mode 

shape 4, solid works Frequency amplitude of table rotor is 314.65Hz and the maximum 

deflection was 0.3261m, as shown in figure 13, which was the third highest of the other 

frequency types. Similar ANSYS work bench analysis for mode shape 04 depicted that 

325.84Hz frequency amplitude and 0.3274m maximum deflection as shown in figure 14. This 

forced vibration was used to fabricate floor tile reducing the number of voids in the mixture, 

which in turn reduces the water to cement ratio (w/c). This allows for a stronger finished 

product and maximizes the use of materials. Vibration also improves outside surface finish, 

which allows the product to look better and last longer by reducing the chances of cracks 

forming from foreign contamination. In this design, the roller bearing was used. Even though 

its effect on the natural frequency of the system is minimum, it is also considered in the 

analysis. 
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Figure 21 Frequency amplitude 4 of vibrating table rotor generated 

A rotating machine needs to operate outside a safety margin from a natural frequency. 

Resonance can occur and high vibrations are expected if a natural frequency gets excited. 

This could cause damage and shutdown of the machine. The characteristics of a rotor, i.e. the 

natural frequencies and their associated modes therefore need to be identified. Unfortunately, 

the natural frequencies of hydropower machines, especially old ones, are generally not known 

in advance. There are two ways to estimate them: experimentally and numerically [5]. But in 

this study, only numerical analysis regarding natural frequency was used. In order to 

accurately determine natural frequencies of a machine, numerical models can also be used. 

They have to integrate as many as possible of the following elements which come into play: 

bearings, brackets, supports structure, rotor unbalance, magnetic pull, added mass and 

damping due to the water in the turbine.  
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Figure 22 Modal (random vibration) analysis for model shape-4 

All of these features add some stiffness and damping in the system and therefore influence 

the natural frequencies. However, it is difficult to integrate all of them in a numerical model 

as many are unknown. In the solid works modal analysis, Frequency amplitude for mode 

shape 5 of table rotor was 610.37Hz and the maximum rotor deflection was 0.3270m, as 

shown in figure 16, which was the second highest of the other frequency types.  

 

Figure 23 Modal (random vibration) analysis for mode shape-5 
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Figure 24 Frequency amplitude 5 of vibrating table rotor generated 

Similar ANSYS work bench analysis for mode shape 05 depicted that 631.50Hz frequency 

amplitude and 0.32801m maximum deflection as shown in figure 15. 

 

Figure 25 Modal (random vibration) analysis for mode shape 6 

For mode shape 6, solid works Frequency amplitude of table rotor is 610.58Hz and the 

maximum deflection was 0.3270m, as shown in figure 18, which was the third highest of the 
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other frequency types. Similar ANSYS work bench analysis for mode shape 06 depicted that 

633.61Hz frequency amplitude and 0.32811m maximum deflection as shown in figure 17. 

 

Figure 26 Frequency amplitude 6 of vibrating table rotor 

All rotating shafts, even in the absence of external load, will deflect during rotation. The 

unbalanced mass of the rotating object causes deflection that will create resonant vibration at 

certain speeds, known as the critical speeds. The magnitude of deflection depends upon the 

following: 

 Stiffness of the shaft and its support 

 Total mass of shaft and attached parts 

 Unbalance of the mass with respect to the axis of rotation 

 The amount of damping in the system 

3.1.2 ANSYS work bench directional deformation, equivalent stress and normal 

elastic strain analysis  

The rotor element of the vibratory machine was subjected to a maximum von misses stress of 

9240.8 Mpa, as shown in figure 20. When this maximum von miss‘s stress was applied, the 

maximum shaft deflection was at mode shape 1 which is 0.34432m. The directional 

deformation of the rotor when subjected vibratory motion and torque was 0.015166m as 

shown in figure 19. 
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Figure 27 Directional deformation using ANSYS workbench analysis 

The maximum normal elastic strain generated using ANSYS work bench 19.2 was 

0.013565m as shown in figure 21. 

 

Figure 28 Equivalent stress using ANSYS work bench analysis 
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Figure 29 Normal elastic strain using ANSYS workbench analysis 

3.1.3 Analytical Vibration Analysis 

In general, it is necessary to calculate the critical speed of a rotating shaft, such as a fan shaft, 

in order to avoid issues with noise and vibration. Like vibrating strings and other elastic 

structures, shafts and beams can vibrate in different mode shapes, with corresponding natural 

frequencies. The first vibrational mode corresponds to the lowest natural frequency. Higher 

modes of vibration correspond to higher natural frequencies. Often when considering rotating 

shafts, only the first natural frequency is needed. 

The vibrations represented by the vector x0(t) at N DOF of the healthy rotor system due to the 

operating load F(t) during normal operation is described by the linear equation of motion [8]: 

)()()()( 000 tFtKXtXCtXM 


 

where M, C and K are mass, damping, and stiffness matrices of any complex rotor system 

which includes the effect of bearings, foundations, gyroscopic effects etc. 

There are two main methods used to calculate critical speed—the Rayleigh–Ritz method and 

Dunkerley's method. Both calculate an approximation of the first natural frequency of 

vibration, which is assumed to be nearly equal to the critical speed of rotation. The Rayleigh–

Ritz method is discussed here. For a shaft that is divided into n segments, the first natural 

frequency for a given beam, in rad/s, can be approximated as: 
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Where g is the acceleration of gravity, and the wi are the weights of each segment, and the yi 

are the static deflections (under gravitational loading only) of the center of each segment. 

Generally speaking, if n is 2 or higher, this method tends to slightly overestimate the first 

natural frequency, with the estimate becoming better the higher n is. Considering the simply 

supported shaft as a beam, the natural frequency for the respective mode shape can be found 

as: 
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Where E is the elasticity modulus of material which is 200Gpa for stainless steel (ferritic), I 

is the section modulus which is 3.0679 x 10
-7

 m
4
,  is the mass density which is 7800kg/m

3
 

and A is the cross sectional area which is 7.85 x 10
-3

 m
2
. And n  is l1 , l2 , l3 , l4 , l5

and l6 for mode shapes 1,2,3,4,5 and 6 respectively. Then analytically, the natural 

frequency for each mode can be found as shown in table 1. 

       Table 05 Analytical natural frequency analysis 

Analytical Natural Frequency Analysis 

Mode Analytical Frequency(Hz) 

1 312.169  

2 1248.678 

3 2809.527 

4 4994.715 

5 7804.243 

6 11238.11 

3.2 Discussion 

The resonant frequency generated using ANSYS workbench 19.2 showed that it had nearly 

the same magnitude of resonant frequency and rotor shaft deflection for the first two mode 

shapes, as shown in table 02. Where as the analytical result showed that the first natural 

frequency was about nearly tripled the respective modal resonant frequency. 
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      Table 06 Model (random vibration analysis using ANSYS workbench 

ANSYS Workbench Modal (Random Vibration) Analysis 

Mode 

ANSYS workbench 

Frequency(Hz) 

ANSYS workbench 

Displacement(m) 

ANSYS workbench 

(m^2)/Hz 

1 118.31 0.34432 0.1185563 

2 118.91 0.3447 0.1188181 

3 324.49 0.32722 0.1070729 

4 325.84 0.3274 0.1071908 

5 631.5 0.32801 0.1075906 

6 633.61 0.32801 0.1075906 

This showed that the machine can operate at the required vibration level without possible 

failure until its endurance limit reaches. For mode 2 up to mode 6, the comparison of 

software analysis and analytical result showed that the respective natural frequencies were at 

least more than ten times the respective modal resonant frequencies. This means that, the 

vibratory tile molding machine was safer when it operates from mode 2 up to mode 6 than it 

operates in mode 1. 

Table 07 Modal (frequency) analysis using solid work 

Modal (Frequency) analysis using Solid works  

Mode Solid works Frequency(Hz) 

Solid Works 

Displacement(m) (m^2)/Hz 

1 114.99 0.3433 0.1178549 

2 115.03 0.3433 0.1178549 

3 314.54 0.3261 0.1063412 

4 314.65 0.3261 0.1063412 

5 610.37 0.327 0.106929 

6 610.58 0.327 0.106929 

Thus, when it reaches its endurance limit, possible failure of the vibratory tile molding 

machine can occur in its first mode phase. As shown in figure 24, the only natural frequency 

that approaches the resonant frequency is the first natural frequency. In other mode shapes, 

the respective natural frequency is much higher than the respective modal resonant 

frequency. That is the reason why when the endurance limit reaches, it was said that possible 

failure of the machine occurs at mode shape 1. 
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            Figure 30 comparison of ANSYS, Solid work and natural frequency analysis 

In the future study, the resonant frequency of the tile molding vibratory machine can be 

verified experimentally with the resonant frequency generated using ANSYS work bench 

19.2 and solid works. This can be done using accelerometer or vibration meter. The 

fabricated prototype was tested first locating the unbalanced mass between simple supports of 

the shaft. Abnormal vibration was observed during the test. But when the unbalanced mass 

was located at the cantilever end of the simply supported shaft, the vibration required to 

fabricate floor tile was generated. As shown in figure 25, good quality tile was fabricated 

during the test operations. 
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Figure 31 Floor tile production in the final table vibrating molding machine 
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Chapter Four 

4 Conclusion and Recommendation 

4.1 Conclusion 

Two or more constituent materials, namely; the reinforcing phase and the matrix phase, can 

be used to form composite materials. The reinforcement unit supports structural load while 

proving strength and rigidity and the matrix unit, serves as a binding unit for the components 

of the composites. Kieselguhr sludge from brewery factories contains up to 80% SiO2. 

Because of this it has cemental property. Floor tile can be fabricated from kieselguhr sludge 

which can be used as reinforcement materials. The matrix material used in combination with 

kieselguhr sludge is sand granules. These composites are used to produce floor tiles and other 

products used in the construction companies. Use of byproduct of brewery industries (such as 

kieselguhr sludge) reduces environmental impact and it can be used to overcome cement 

scarcity as it substitutes 80% of cement. However, manual floor tile production process was 

employed in Ethiopia up to the date this research has been conducted. Manual floor Tile 

production process is labor intensive, costly and slow. Hence, there is a need to design and 

develop semi-automatic vibratory table for floor tile production. The location of unbalanced 

mass at the center of simply supported shaft did not give the required normal vibration 

required to fabricate floor tile. Instead it is very better if the unbalance mass is located at the 

cantilever end of simply supported shaft. The modal random vibration analysis of both 

ANSYS workbench and Solid works showed nearly similar modal resonance frequencies 

with some error. The error may come from as a result of the software feature. Analytically 

calculated natural frequencies showed that for different mode shapes, natural frequencies are 

much higher than the resonance frequency generated using software analysis. This shows that 

the machine can vibrate and give it‘s intended function without possible failure as a result of 

vibration. The fabricated floor tile has also showed that it is in a good quality.  
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4.2 Recommendation 

1. It is better to use vibratory tile molding machine than manual floor tile fabrication 

since vibratory tile molding machine can be used to get a floor tile with reduced 

number of voids in the mixture, reduced water to cement ratio (w/c), improved 

outside surface finish and better and long lasting product with reduced chances of 

cracks formed from foreign contamination.  

2. It is better to use unbalanced mass located at the cantilever end of simply supported 

shaft than unbalanced mass located at the center. Because unbalanced mass located at 

the center causes unbalanced vibration.  

3. It is not recommended to use more than four molds since the machine becomes 

overloaded. But each mold should be portioned into four equal parts or smaller molds 

are recommended to be used. 
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Appendix 

 

Fig. Ap01 Model (B4, C4) > Random Vibration (C5) > PSD Displacement 

 

Fig. Ap02 Model (B4, C4) > Modal (B5) > Solution (B6)_ANSYS Frequency vs Mode shape 

graph 
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Part –III 

Production and characterization of floor tile by using kieselguhr 

sludge as partial replacement of Cement   
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Chapter One 

1. Introduction 

Although the use of waste materials and industrial by-products in construction is well known since a long 

time ago, in recent years has been specially studied. As a consequence of brewery and sewage handling 

plants, a large amount of sludge is produced; a part of it is used in agriculture as organic fertilizer and 

soil amendment. The waste sludge from brewery and sewage handling plants and industries 

produce a considerable amount of kieselguhr waste, has long been considered a problematic in 

environmental management. The increasing amount of sludge and its consequent treatments are 

very sensitive environmental problems  

The surge in population growth and industrialization has increased the amount and harmfulness 

of the waste generated. Waste sludge disposal is a major problem in urban areas as it causes 

serious environmental impact. Till today burning harmful waste in landfills is one of the 

common methods of waste disposal, leading to serious health and environmental damage. 

Absence of proper set-up for systematic disposal and reprocessing of harmful waste has led to 

such waste disposal in Ethiopia. Final waste management has been a growing concern for 

governments in recent years. Severe environmental protocols and industrial evolution have 

augmented waste dumping requirements. Thousands of small and medium-sized enterprises 

simply dump their waste, which is often toxic and dangerous, in open areas and nearby water 

sources. Over the past three decades, many cases of serious and permanent damage to the 

environment by these industries have become significant. Thousand tons of hazardous waste is 

produced in Ethiopia per annum. This much huge quantity of industrial waste requires enormous 

area at landfill disposal locations. But, due to inadequate availability of land area, there is an 

urgent requirement for alternative disposal methods.  

Study reveals that brewery sludge has good potential to be exploited in crop production, 

improving soil properties particularly soil nitrogen, phosphorus and potassium contents. In this 

study, kieselguhr sludge from brewery waste is utilized as a partial replacement of cement to 

produce terrazzo floor tiles.  

Terrazzo is a composite material that is made of chips of marble, quartz, granite, glass, shells and 

other decorative stones, that is held together by either a cement or epoxy resin binder. 
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Commonly used as a floor finish in commercial spaces including airports, schools, hotels and 

hospitals, terrazzo is ground and polished to produce a smooth surface. The terrazzo system is 

poured over level concrete. It has an unlimited colour options, making it ideal for decorative 

patterns and designs. The system also provides a seamless surface that is much thinner and 

lightweight than cement terrazzo, but more durable, flexible, and less susceptible to cracking. 

Cementious terrazzo flooring is the setting of the aggregates in cement.  In comparison with 

epoxy terrazzo flooring, cementious terrazzo is considerably thicker and heavier making it the 

ideal choice in some applications.  

Cementious terrazzo flooring offers a wide range of elaborate designs that feature various colour 

schemes and Earth tones.  This type of terrazzo is significantly thicker and can withstand 

considerable impact. Cementitious terrazzo is durable and resilient, lasting many years with 

minimal maintenance.  

Epoxy terrazzo, on the other hand is considered the most cost effective flooring system available, 

and is a product that optimizes life-cycle performances, reduces operating costs and enhances the 

beauty and value of any building structure.  
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1.1 Statement of Problem 

The problem of waste disposal will increase as the amount of surplus sludge production rises. In 

the long run, finding the right place to fill the land will be a major challenge. The major problem 

faced by the industries that produce harmful waste containing unwarranted amount of heavy 

metals and reclamation of heavy metals from a waste is neither feasible nor possible. 

Due to the great demand placed on the building materials industry, civil engineers have been 

challenged to convert waste into construction materials. One last resort for this waste is the 

construction industry, where the greatest demand for raw materials can engross a lot of waste. 

Different studies have been carried out to reuse the waste sludge in making different construction 

materials. The utilization of waste material in a suitable manner of application will balance the 

increasing demands of limited natural resources.  

This paper presents fabrication of terrazzo /floor tiles by utilization of kieselguhr sludge from 

brewery waste and characterizing the produced terrazzo tiles with partial replacement of cement 

through laboratory experiments, and detailed data analysis. Kieselguhr sludge is a by-product of 

brewery and generated during the filtration of beverages. Kieselguhr Sludge is a by-product of 

brewery treatment plant. Due to the urbanization and growth of population, the amount of 

kieselguhr sludge has increased rapidly in the past few years and is expected to increase further. 

Higher amounts of kieselguhr sludge may affect the environment. Currently, the most frequent 

disposal method is to spread the used kieselguhr over agricultural land. This is not a satisfactory 

solution to the problem of disposal. Kieselguhr consists primarily of SiO2, part of which occurs 

in the amorphous form. Recent research has found that current disposal methods posed 

environmental issues such as water, air and air pollution. 

Therefore, the statement of problem is stated as utilization of brewery Kieselguhr Sludge for the 

production of terrazzo floor tiles as a partial replacement of cement and characterizing the 

produced tiles. 
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1.2 Objectives of the Study 

 1.2.1 General objective 

The major objectives is utilization of brewery kieselguhr sludge in different amounts for the 

production of terrazzo floor tiles as cement substituent and characterize the physical properties of 

the produced terrazzo tiles, of which the kieselguhr sludge is generated from Brewery industries.  

   1.2.2 Specific objectives 

 To characterize of raw materials (sand, and aggregates) 

 To determine the appropriate sludge to cement ratio  

 Determine the length, width and suitable tiles thickness 

 To characterize the produced terrazzo floor tiles 
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Chapter Three 

2. Review of Literatures  

There  are  many  different  types  of  flooring  which  make  it difficult  to  know  just  what  

type  we  can  select  for  floor finishing and how to maintain and care for each type of floor. 

Tiles provide one of the most cost-effective and environmentally friendly flooring choices.  Its  

manufacturing does  not  necessitate  the  use  of  heavy  chemicals  or  other harmful substances 

used to make other flooring types in forms of ceramic, porcelain, quarry, agglomerate and  

terrazzo tiles. They are durable and have a long lifespan, may be used as a wall or floor finish for 

both interior and exterior applications (National Terrazzo and Mosaic Association, 1994). 

The abstracts of extensive research studies conducted by various scholars on utilization of 

kieselguhr waste sludge as a construction material are made. 

In the brewing industry, organic products constitute the largest group of waste by volume 

generated. Some studies have characterized beer industry wastes, investigating the effects of 

adding spent malt grains in brickmaking. Although most of the specialized literature on obtaining 

light gravel through the process of sintering has focused on using inorganic natural waste, some 

studies treat the use of organic waste, primarily from agriculture and forests, (Romino D. Farias, 

May 2017).  

This organic waste has significant calorific power comparable in some cases to that of solid fuel, 

an additional advantage in sintering the light gravel, since part of the energy needed for the 

thermal process is provided by the waste. This means energy savings and a reduction of polluting 

emissions relative to the process of manufacturing gravel from natural raw materials or inorganic 

wastes. Several studies analyse the impact of different pore-forming agents on the physical, 

mechanical and thermal properties of clay bricks 

Eliche-Quesada et al. (2015) carried out the study on reuse of various industrial wastes. The 

study was conducted on waste material sludge of brewing industry residue. These waste 

materials were blended with clay to produce bricks. The influence of the waste material mixing 

on various properties was studied. Due to mixing of this waste sludge the water absorption was 

increased above 35%, however compressive strength was decreased up to 9% and there is an 
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increase of thermal insulation by 8%. Finally concluded that maximum of 15% of waste can be 

mixed with clay.  

Giuseppe Sappa et al. (2019) studied the method of using Municipal Solid Waste Incineration 

Bottom Ashes (MSWIBA) in making of ceramic tiles. This paper describes an addition of waste 

sludge ash in the industrial production of ceramic tiles. There is a comparison between ashes and 

traditional mixtures mineralogical and rheological structure. The traditional ceramic mix is 

partially replaced with sludge ashes and then cycle of industrial production process for making 

ceramic tiles is followed. The samples of the materials were tested for leaching of metals to 

validate the environmental sustainability. The results show that great environmental and energy 

benefits can be achieved by reuse of bottom ash sludge. Finally, this research suggests a better 

alternative to the sludge disposal. 

L. Chen a et al. (2018) addressed the issue of use incinerated sewage sludge ash (ISSA) in 

making of clay tiles. The sludge ash tile specimens were made by replacing the potter‘s clay and 

porcelain clay with incinerated sewage sludge ash. Also examined the effect of addition of nano-

SiO2 particles as solidification additives. The Percentages of sludge ash in clay used varies from 

0 to 50%, and nano-SiO2 from 0 to 3%. The tile samples were prepared with different clay and 

incinerated sewage sludge ash mixtures and sintered at temperatures of 1000
o
C and 1100

o
C. 

Different tests were conducted to measure water absorption, abrasion, bending strength and 

shrinkage. The test results indicate that water absorption of clay-based tiles was decreased when 

samples were fired at the higher kiln temperature. The bending strengths of tiles were increased 

due to addition of nano-SiO2. 

Monzo et al. (1996) investigated the chemical composition and size of sewage sludge ash (SSA) 

as a partial replacement of cement. The shape of ash particles has a significant impact on 

workability of mortars. The cement was replaced by 15% by using sewage sludge ash. The 

sludge ash is divided into elements of coarse and medium by sieving. Then the effect on 

compressive and flexural strength of mortars was examined. The shape of sewage sludge ash 

particles is not spherical like most of coal fly ash. This point has an adverse effect on workability 

of mortars comprising sewage sludge ash (no ‗‗lubricant effect‖ is produced). The sharp rise of 

compressive strength is detected for curing time of three days over control mortar. For curing 

times of 14 and 28 days, the mortars comprising ashes surpassed control mortar. From the results 
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it is clear that sewage sludge ash can be used up to 15% without negotiating the strength 

requirements. 

2.1 Terrazzo floor tiles 

Terrazzo is the trend that is standing the test of time. With flexibility in terms of design and 

application, this flooring solution has been chosen in a wide variety of commercial and 

residential spaces to create striking visuals. Covering a limitless array of colours and textures, 

thanks to the many aggregates available today, terrazzo is being used as much now as it was 

years ago to create glamorous and truly unique aesthetics.  

2.2 Epoxy Terrazzo  

Epoxy terrazzo provides unlimited colours, resiliency, chemical resistance and tensile-

compressive strengths not found in other floor systems, making epoxy terrazzo the perfect fit for 

any building. It‘s lightweight, flexible and ideal for multi-story use. And with zero absorbency, 

epoxy terrazzo offers exceptional, lasting quality with the lowest maintenance costs. 

2.3 Cementious Terrazzo  

Cement terrazzo is ideal for any room in any commercial, industrial, educational, medical, and 

residential building. Cement terrazzo does not offer the wide range of colours like its epoxy 

terrazzo counterpart, but still provides a low-maintenance long life floor system that will enhance 

any building. 

The cement terrazzo achieves a water absorption not exceeding 7%, compressive strength of 

3000 - 4000psi (20-27MPa), a tensile strength of 480psi (3.3MPa) and the flexural strength is 

around 400 psi (2.76MPa.), ASTM C97.  

2.4 Floor Tiles production process  

Steps 1 – First prepare the sludge  

 Take some of the sludge and work it in your hands until it becomes more pliable. You will 

find that as this sludge warms up and remove moisture, it will become easier to work with. 

Lay out a square of your c material and place the mould on top of the fabric. 

Step 2 - Make the sludge mixture Floor Tiles 

 Tiles 3 inch thick are still too thick for most people, so you will need to make them thinner. 

To do this, you will need to use a rolling pin. Place the two strips of 1/2-inch-thick wood 

alongside the tile and use them to create a flat tile. 
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Step 3 - Dry the produced Floor Tiles 

 Use a small knife or other material to cut out a square shape for the tile; you will need to do 

this no matter how careful you are because it will be impossible to flatten out the tile into a 

perfect square. Remove the excess thickness so you are left with a square tile. Then use a 

sponge dipped in water to moisten the edge of the tile.  

 Floor tile needs to dry slowly. Letting it dry too quickly can cause the tile to crack. 

Therefore you need to cover it with a piece of plastic at this point. Leave the floor tiles 

covered with plastic for around 24 hours.You will probably be making more than one tile. 

In this case, repeat steps 1 to 3 to make each tile. After 24 hours, lift the plastic, but make 

sure you keep an eye on the tiles. If they are drying too fast, replace the plastic. 

Step 4 - Remove the final produced Floor Tiles 

 The tiles should be hard enough to hold their shape when you lift them. At this point, you 

need to peel the painting off each tile. Place these floor tiles onto some dry wall or other 

hard material. Be gentle with the tiles at this point because they still won't be completely 

hardened. When the tiles have dried even more and do not show any patches of white, 

you can place them onto wire racks to continue drying. 

Step 5 - Fire the Tiles 

 Place all of your produced floor tiles in your kiln. Put them onto the flat shelves in the 

kiln. Start increasing the kiln temperature and leave the tiles for 6 hours before you check 

them. Depending on the number of tiles and the size of kiln, you will need to adjust this 

time slightly.                  

Step 6 - Apply coating 

 Brush the floor tiles with a liquid glaze. You can choose various colored glazes to change 

the look of your tiles. Allow the glaze to dry and use a dry sponge to soak up any excess 

glaze on the edges and bottom of the floor tiles. Put all of the tiles back into the kiln, but 

make sure they don't touch one another. 
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Chapter Three 

3. Materials and Methods 

3.1 Materials used  

The main objective of this topic was to discuss the materials, equipment, experimental methods 

and where experimental location used in laboratory analysis of floor tiles production. All 

analysis and tests used for this research are according to the American Society of Testing 

material (ASTM) methods of testing. All the materials used for this work were collected from the 

surrounding area and floor tiles are produced in Debre Berhan University.  The main materials 

used for production of floor tiles are brewery kieselguhr sludge, aggregate, sand and cement, 

those raw material are collected and purchased from North Shewa Zone. The most basic 

apparatus or equipment with its importance that was used in the floor tile production process 

such as, balance to measure the required amount of sample, small bucket to store kieselguhr 

sludge, mixer used to uniformly mixed the raw materials, molding equipment is used to make the 

floor tile shape, and molding machine used to made the final product by vibrating itself.  

Table 8 Materials and equipment used for the study 

No Materials or 

chemicals 

Function 

1 Sludge spent grain Binding raw material as a cement 

2 Small vessel Storage of raw material 

4 weight Balance To know appropriate quantity 

5 Water Used as a solvent 

6 Cement For binding 

7 Mixer To give uniform mixing 

8 Molding machine For production of tiles 

9 Sand  For builder 

10 Fine aggregate  For builder 
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3.2 Methodology 

The raw materials used such as cement, kieselguhr sludge, sand and coarse aggregate are used to 

prepare floor tiles. Stone crusher dust (coarse aggregate) is sieved in the following sieve size. 

Coarse aggregate/ crushed stone - passed in 20mm and retained in 4.75mm. The cement 

conforming to the specifications of ASTM type and fine aggregate was natural sand with 3.46 

fineness modulus. The kieselguhr sludge was obtained from BGI and Habesha Brewery plants 

located in the city of Debre Berhan. The wastes were dried for 24 hr. at 100 °C to remove 

moisture. Particle size control is important because it influences the physical and mechanical 

properties of the final products. Different amounts of waste were added to the raw sand body to 

study their effect on physical property of the produced terrazzo tile.  A previous study optimized 

the amount of residue incorporated into the clay sand body as 5 mass% of kieselguhr sludge. To 

obtain comparative results, a series of 12 samples was prepared for the tests. The mixtures were 

homogenized in a blender and moulded. The necessary amount of water for mixing was added to 

all of the mixtures to obtain adequate plasticity and absence of defects in the compression stage. 

Waste-free mixtures were also made as a reference.  

The experimental results has been identified and recorded and used for comparison criteria of the 

produced and conventional terrazzo tiles. 

After the specimen removed from the mould, sink or summered it in to the distilled water and, 

conduct the tests with in 7
th

, 14
th

, and 28
th

 days. A series of tests and inspections was performed 

to determine the dimensional change, water absorption, compressive strength, and modulus of 

rupture of the tiles. Terrazzo tiles with 400 × 400 x 50 mm cross sections were produced.  

Water absorption capacity was determined according to standard procedure. The shaped samples 

were dried for 24 hours by placing them in oven at a temperature of 105
o
C then cooled for 24 

hours at room temperature. After 24 hours in water, the samples were dried with a damp cloth 

and weighed again and have been recorded for all ratios (A). Then the tiles were totally 

immersed in the water for one day and take out from the water and dried with a dry environment 

and recorded (wet weight) (B). Then the total absorption is calculated for all ratios 
   

 
    . 

Surface absorption should not exceed the standard. 
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The compressive strength was measured for fired samples according to standard procedure in a 

standard compressive strength testing machine. All shaped samples were tested by applying the 

load centred in the upper face of the brick with a speed <20 MPa/s until fracture.  

3.3 Floor tiles Production Process  

Steps for floor tiles production: 

Steep One: Prepare the sludge 

 Take some amount of sludge from the allowable source and warm-up or remove the 

moisture from the sludge. 

Steep Two: Determine the amount or materials required for the production of the product (i.e.; 

Cement, Sand and, Aggregate). 

Steep Three: Make/produce the sludge mixture floor tile or paving block  

 Cut-out the desired mould in to square shape and poured the proposed mould with sludge 

mixed materials (produce the tile/paving block) 

Steep Four: Dry the produced floor tile/paving block 

 Floor till or paving block needs to dry slowly because of if, the letting it dry quickly can 

cause the tile to crack. There for, it needs to cover with plastic sheet. 

Steep five: Remove the final produced floor tile/paving block form mould  

 Leave the floor tiles covered with plastic for around 24 hours. 

Steep Six: Make test (test the final specimen) 

 After the specimen removed from the mould, sink or summered it in to the distilled water 

and, make the test with in 7
th

, 14
th

, and 28
th

 days. 

Pouring and compaction 

The prepared concrete is placed into the moulds with the help of trowel and compacted with  the 

help of electric concrete vibrator (table vibrator) 
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Chapter Four 

4. Results and Discussion  

This study compares the physical properties of terrazzo floor tiles manufactured by adding 

different amounts (up to 30% of cement replacement) of brewing industry sludge to the body 

mix. This residue would act as a partial replacement of cement in forming the floor tiles. Water 

absorption, compressive and flexural tests has been conducted with various quantities of 

Kieselguhr sludge in the mix to characterize the physical properties of the produced terrazzo 

tiles. 

The raw materials should be kept in a clean environment and transported to the proposed place 

where it is mixed homogeneously. The table below shows the properties of the materials used in 

this study; 

Table 9 Physical properties of the material used 

 

No 

Physical properties of the materials 

Material Values obtained 

1 Cement  Portland cement 

1.1  Standard consistency in % 37 

1.2 Initial setting time in minutes 40 

1.3 Fineness modulus in % 7.67 

 Specific gravity 3.15 

2 Fine aggregate (sand)  

2.1 Specific gravity 2.705 

2.2 Fineness modulus in % 3.464 

2.3 Bulk density in kg/m3 1541.80 

3 Coarse aggregate  

3.1 Specific gravity 2.79 

3.2 Fineness modulus in % 9.96 

3.3 Bulk density in kg/m3 1513.22 

4 Water tape water 
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4.1 Mix design ratio  

Mixture proportioning (mix design) refers to the process of determining the quantities of 

concrete ingredients, using local materials, to achieve the specified characteristics of the tiles by 

partially substitute the amount of cement required with sludge. The mix design was calculated 

for M25 grade of concrete is designed as per IS 10262:2000. Preparation of mould has been 

made. The size of mould is made in 400 x 400 x 50 mm. 

The product is commonly used those applications of materials of cement, sand, aggregate, and 

sludge. A concrete mix of ratio 1:2:3 is used for making blocks. The percentage partial substitute 

of kieselguhr sludge is 0%, 10%, 20%, and 30% respectively. The water to cement ratio used is 

0.5. The volume should not be richer than cement volume before mixing. 

 

Figure 32 Mixing ratio of the material 

As shown in Fig below, moulds are made in such a way that it can be detached with the help of 

studs at both the ends to remove the specimen after one day.  
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Figure 33 Moulding and compacting of the specimen 

 

4.2 Removing the mould 

The produced floor tiles were dried at room temperature slowly to remove out from the mould. 

Before removing the product from the mould it was covered with pieces of plastic sheet for 24 

hours to prevent cracking.   The following product was obtained after removing the mould in 

different size. 

 

Figure 34 Removed of the mould specimens 
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4.3 Curing  

Curing is a procedure adopted to promote the hardening of floor tiles under conditions of 

humidity and, temperature which are conducive to the progressive setting of the constituent 

cement. Water curing can be done through following ways:  

 

Figure 35 Curing of the specimen in the water 

The precast tiles were normally immersed in curing tanks for the duration of certain duration 

times are shown in the figure above. 

Period of curing: - It was done by; 

 For 7
th

 day curing; 4 tiles were prepared for each 0,10,20,30 percentage of kieselguhr 

sludge. 

 Similarly for 14 and 28 days curing, 4 tiles for each were prepared comprising 0,10,20,30 

percentage of kieselguhr sludge. 

4.4 Manufacturing dimensions and shape of terrazzo tile 

The mixture of terrazzo tiles were made on the floor then poured into the mould manually and 

vibrated by automatically operating machine with a good quality control. 

The average dimensions of the produced terrazzo tiles are 400 x 400 x 50 mm which conforms 

the EN 13748-1 guide specification at the age of 28 days after polishing and grounding. The 

produced tiles are square in shape with vertical edges these properties confirming with the guide 

specification. The dimensions determined by using simple measuring devices like steel ruler, 

angles and T-square in order to check  the sides, edges of the tile and the accuracy of the angles 
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in addition to the thickness of  surface layer  and  thickness of  terrazzo  tile. The average values 

of three samples were recorded. 

4.5 Possible tests on produced floor tile 

Any building material like concrete, bricks, terrazzo tiles etc., need to test their impose quality, 

and strength. Measuring the properties of the terrazzo tiles for which strength and durability is 

determined based on their acquired tests such as water absorption, flexural and compressive 

strength tests. Thus those mentioned tests were conducted to observe the terrazzo tiles 

performance in case of deterioration. 

4.5 Characterization of the produced terrazzo tiles 

The compressive strength of terrazzo materials is the most important engineering-quality index 

for building materials. According to the ASTM C97/C97M compression testing standard, the 

compressive strength of Cementious terrazzo tiles should be 20 MPa (3000psi).  

The incorporation of brewing industry sludge in the body sand increased the compressive 

strength of the tiles up to some extent.  

Any building structure like concrete, bricks, and terrazzo tiles need tests that necessitate 

measuring the properties of the terrazzo tiles of which durability is dependent such as strength, 

water absorption and to observe the terrazzo tiles performance in case of deterioration. The 

experimental results has been identified and recorded and used for comparison criteria of the 

produced and conventional terrazzo tiles.  

4.4.1 Water absorption of conventional & the produced terrazzo tiles 

Water absorption is a key factor affecting the durability of terrazzo tiles and is an indirect 

measure of open porosity. The lower amount of water absorption is the greater the life of the 

terrazzo piece and its resistance to external weather conditions. The incorporation of kieselguhr 

sludge more than 20% in the sand body increased the water absorption by more than 40%. Thus, 

the addition of kieselguhr sludge significantly increased the open porosity. 

The water absorption is the quantity of water that a tile can absorb based on the degree of 

porosity of the material. According to ASTM C97/C97M and EN 13748-1 standard the test result 

must not exceed 8%. The following table shows the overall water absorption results for the 5 

different proportion of kieselguhr sludge incorporated terrazzo tiles.  

Table 10 Total Water absorption test result of various mix ratios 
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S. 

No. 
Determination No. 

Levels of kieselguhr sludge in the mix 

0%  (control 

specimen) 
10% 20% 30% 

1 
Weight of saturated surface 

dried sample in g (A) 
4750 4500 4250 4050 

2 
Weight of saturated oven 

dried sample in g (B) 
4450 4200 3950 3650 

3 

Total water absorption  

 
   

 
     

6.74 7.14 7.59  10.96 

ASTM specification:  

(Not exceeded 8%) 
Acceptable Acceptable Acceptable 

Not 

Acceptable 

The rate of water absorption of 0%, 10%, 20% and 30% of cement replacement by kieselguhr 

sludge of the produced terrazzo tile has been studied. The sample with the 10% cement 

replacement shows the lowest absorption capacity, following 20% and 30% cement replacement 

with kieselguhr sludge compared with the control sample. 
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Figure 36 Water absorption test result of various mix ratios in diagram 

 

In other words show that 10% kieselguhr sludge mix would have a higher durability compared to 

control sample while 20-30% of kieselguhr sludge mortar mix which would have a lower 

durability as it shows higher values in the water absorption test. According to ASTM C97/C97M 

and EN 13748-1 standard, 7.59% of water absorption is acceptable in which the amount of 

kieselguhr sludge in the mix was about 20%.  

4.4.2 Compressive strength of conventional and produced terrazzo tiles  

Compressive strength of concrete is the most common performance measure used by the 

engineer in designing building and other structures. The influence of kieselguhr sludge on 

compressive strength of produced terrazzo tiles of various mix design has been studied.  

 

1 2 3 4

Levels of kieselgulr sludge in the mix
(%)

0 100% 200% 300%

Total water absorption (%) 6.74 7.14 7.59 10.96
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The 28
th

 day minimum compressive strength of cementious terrazzo tiles as per ASTM 

C109/C109M is 20 MPa. Whereas, the compressive strength of cementious terrazzo tiles for the 

7
th

, 14
th

, and 28
th

 day values with the ratio of 1:4 are shown in table below with percentage of 

kieselguhr sludge 0%, 10%, 20%, and 30%.  

    Table 11 Compressive strength developed of various mix ratios 

Tests 

conducted on: 

Levels of Kieselgulr 

sludge substitution in 

the mix (in %) 

Compressive 

strength in MPa 

(N/mm2) 

Percentage of difference 

compared with the control (in 

%) 

7th day 

 

0 (control specimen) 20.59 0 % 

10 17.82  14.42 % 

20 14.76 32.98 % 

30 10.9 61.58 % 

14th day 

 

0 (control specimen) 24.99 0 % 

10 21.39 15.52% 

20 20.56 19.45 % 

30 15.62 46.15 % 

28th day 

 

0 (control specimen) 27.60 0 % 

10 24.30 12.72 % 

20 22.20 21.69 % 

30 18.20 41.05 % 

Mixes containing 0%, 10%, 20%, and 30% of kieselguhr sludge were cured and tested at 7, 14 

and 28 days. The cement replacement with 20% of kieselguhr sludge has shown reduction of 

compressive strength up to 21.69% as compared with the control in the 28
th

 day compressive 

strength test result. However, cement replacement with kieselguhr sludge more than 20% shows 

adverse result to the compressive strength. The replacement of 30% kieselguhr sludge in the mix 

has the lowest compressive strength value. Thus, the mortar with 20% of kieselguhr sludge is the 

optimum mixture.  
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Based on the results shown in table 4.2, the mix design with kieselguhr sludge shown lower 

initial strength as compared with the control. The cement replacement of 20% kieselguhr sludge 

has shown an acceptable compressive strength of 22.2 N/mm2 at 28
th

 day while the lowest 

compressive strength is the 30% replacement of cement, which is 18.2N/mm2.

 

  Figure 37 Compressive strength developed of various mix ratios in diagram 

The specimen with 10%, 20% and 30% partial replacement shows strength reduction by 12.72%, 

21.69% and 41.05% respectively. The replacement of kieselguhr sludge at 20% has decrease the 

compressive strength up to 21.69% as compared with the control sample. However, 20% cement 

replacement would be an optimum mixture.  

Therefore, the results obtained showed the average compressive strength of concrete tiles with 

different levels of partial substitution of kieselguhr sludge varies from 27.6MPa (0 substitutions) 

to 22.2MPa (20% partial substitution) for 28
th

 day compressive strength test result as shown in 

Table 4.2 and/or figure 5.  
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The maximum percentage replacement of waste sludge accomplished in case of ceramic tiles is 

up to 35% and produced different construction material like ceramic tiles, ceramic floor tiles, and 

ceramic roof tiles etc. The compressive strength decreases as the percentage of cement 

replacement by kieselguhr sludge increases. The kieselguhr sludge mortar mix shows increase 

compressive strength with curing time and the compressive strength loss is proportional to the 

percentage increment of kieselguhr sludge (Jamshidi et al., 2012). 

4.4.3 Flexural Strength (Modulus of Rupture) Development 

Modulus of rupture is a measure of the tensile strength of concrete beams or slabs. Flexural 

strength identifies the amount of stress and force an unreinforced concrete slab, beam, tiles or 

other structure can withstand such that it resists any bending failures.  

The influence of kieselguhr sludge on flexural strength of produced terrazzo tiles has been 

studied. The flexural test was used to ascertain whether the numerical differences in the average 

flexural at different treatment combinations are significantly different. After the 28-day curing 

period, the produced terrazzo tiles were subjected to flexural strength test. Similar behaviour of 

flexural strength respecting control mortar was observed, but among mixes containing kieselguhr 

sludge no defined tendency is observed. In the majority of cases the inclusion of kieselguhr 

sludge to some extent produces an increase of strength.  

  Table 12 Flexural strength development of various mix design 

Tests 

conducted on: 

Levels of Kieselgulr 

sludge substitution in 

the mix (in %) 

Flexural strength 

(MOR) in MPa 

(N/mm2) 

Percentage of difference 

compared with the control 

(in %) 

28th day 

 

0 (control specimen) 4.14 0 % 

10 3.65 12.72 % 

20 3.12 21.69 % 

30 2.55 41.05 % 

The flexural strength test was conducted at the 28
th

 day. The test result is shown in table 4.3 

and/or figure 6. All the results of the test specimen prepared by partially replacing coarse 

aggregate with recycled crushed glass are greater than the strength of the control mix.  
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        Figure 38 on 28
th

 day flexural strength (MOR) in various ratios 

The average flexural strength of concrete tiles with different levels of partial substitution of 

kieselgulr sludge ranged 4.14 MPa for 0% substitution, 3.65 MPa for 10% substitution, 43.12 

MPa for 20% cement replacement, and 2.55 MPa for 30% cement replacement in the 28
th

 day 

flexural strength test result. The specimen prepared by 20% partial replacement attains the 

acceptable value, whereas the lowest value is attained by the sample with 30% partial 

replacement. The replacement of kieselgulr sludge at 20% has decrease the flexural strength up 

to 21.69% as compared with the control mortar mix. The specimen with 10%, 20% and 30% 

partial replacement shows strength reduction by 12.72%, 21.69% and 41.05% respectively. 
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4.5 Conclusion 

The cement replacement of 20% kieselgulr sludge has shown reduction of compressive strength 

and flexural strength up to 21.69% as compared with the control sample. However, cement 

replacement with kieselgulr sludge more than 20% shows adverse result to the compressive and 

flexural strength.  

The replacement of cement in the mix with 10% of kieselgulr sludge has the lowest water 

absorption value when compared with the control sample. However, 20% kieselgulr sludge 

replacement would be acceptable as per the ASTM standard of which the mixture has the lowest 

porosity and highest durability and it can be the optimum mixture. The replacement with more 

than 20% of kieselgulr sludge in the mix would have adverse effect on the durability of the 

produced terrazzo tiles.  To encourage use of waste sludge as a construction material, much more 

effort required to done on the practical, commercial and eco-friendly aspects. However, support 

also requires from government side on policy formulation and public awareness related wasting 

sludge reuse and sustainable development.  

Most of the research studies have focused on use different types of sludge namely municipal 

waste water sludge, sludge from electroplating industry, sludge from paper and textile mills, 

sludge from ceramic tile industry etc., in the form of ash as fractional replacement of fine 

aggregates for making of concrete. The maximum percentage replacement achieved without 

affecting the strength requirement of concrete is up to 20% to 30%. However, some of the other 

researchers have also studied the utilization of variety of sludge directly as a fractional 

replacement of cement for making of bricks, ceramic and terrazzo floor tiles.  

Based on the test result, the maximum percentage kieselgulr sludge replacement in the mix 

achieved without affecting the strength requirements is up to 20%.  

As a conclusion, the incorporation of Kieselguhr sludge could produce a good quality terrazzo 

floor tiles and provide environmental friendly disposal methods for the sludge wastes. In 

addition, identifying and studying the use of suitable alternate binder for stabilization and 

solidification of waste sludge is needed so that maximum reutilization sludge or replacement can 

be achieved. 
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