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Abstract— The Rapid increase in construction activities has resulted in shortage of conventional construction materials. The effective 

housing techniques deal with reduction in cost of construction as well as providing strength to buildings. Mainly aggregate, sand and 

cement are used in the preparation of conventional concrete. While the use of agricultural by-product like coffee husk ash (CHA) as a 

partial replacement with the conventional cement is expected to serve the purpose of encouraging housing developers in building 

construction. This study concerns the investigation of concrete produced by partial replacement of cement with CHA. CHA was 

obtained and used to replace cement partially in specified ratios of 5%, 10%, 15%, 20% and 25%. Compressive strength test was 

carried out on the cubes. The 28 days’ compressive strength for 5% replacement was 21.32KN/m2, 10% replacement was 

20.67KN/m2, 15 % replacement was 11.48KN/m2, 20% replacement was 8.81KN/m2 and 25% replacement was 7.17N/mm2 

respectively. The initial and final setting time of PPC-CHA at 10% replacement was observed to be 168minutes and 305minutes 

respectively. The density of PPC-CHA was also observed to decrease with increasing CHA replacement. The specific gravity of CHA 

was 2.03. It was concluded that CHA can be used as partial replacement for cement in concrete production as well as for walls of 

building units and other mild construction works, and replacement is up to 10% for cement as strength produced in making concrete. 
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I. INTRODUCTION 

A. Background 

The demand for low cost sustainable construction materials and local available materials is growing as social, economic, and 

environmental issues evolve in today’s society. The demand of material increased due to the use of raw material are increased 

through a time. Therefore, the large amount of raw material is needed in construction industries (Layla,2012). The urgent need 

to develop suitable and affordable housing is born as a consequence of the fact that over one billion people in the world, most of 
who live in developing nations, are either homeless or live in very poor housing. Today, 30% of our planet’s people live in earth 

houses. The extensive use of earth is due to its low cost, availability, and its proven usefulness over time. Affordable housing 

for all income levels is an ever-present need. High material, labor and transportation costs have adversely affected the ability for 

some to reside even in developing communities. Natural building materials offer a number of environmental benefits, which are 

typically produced using simple, quick processes without the need for highly skilled labor, with low embodied energy, and by 

using raw materials from plant waste and construction materials (Walker, 2004). 

The construction industry relies heavily on conventional materials such as cement, sand and aggregate for production of 

concrete. Concrete is the basic civil engineering composite. Concrete production is not only a valuable source of societal 

development but also a significant source of employment. Following a natural growth in population, the amount and type of 

waste materials have increased accordingly creating thus environmental problems. Historically agricultural and industrial wastes 

have created waste management and pollution problems. Different alternative waste materials and industrial by products such as 

fly ash, bottom ash, coffee husk ash, crumb rubber, saw dust, brick bats etc. were replaced with cement. Within the construction 
industry has created a significant demand for raw materials and for production thereby contributing to the many environmental 

problems associated with diverse ecosystem. The wastes have generally no commercial value and are locally available at a 

minimal transportation cost. The use of these wastes has complemented other traditional materials in construction and hence 

provides practical and economic advantages. Also proper utilization of these wastes conserves the natural resources and protects 

the environment (Sourav, 2015). Cement is expensive in some countries (e.g. over 150 birr per kg in Ethiopia) and the ratio of 

(50kg) cement cost to daily wage exceeds 5 in most developing countries. It is currently uneconomic to use much cement – say 

more than 15 kg cement per m2 of walling. Additives like coffee husk ash, while they are only used to substitute a small part of 

the cement, are considerably more expensive per kg and therefore even more restricted in their concentrations. 

 

B. Coffe Husk Ash 

From different point of view, locally available and economical view the provision of the locally available materials to be used 
in concrete production is help in lowering the cost of construction of housing units (low cost housing) for human dwelling and 

the construction period since the cement will not be transported from other regions. Coffee husk contains Ca and P content is 

0.51 and 0.25%, respectively the composition of coffee husk shown in high potassium (2.46% K). Ash was analyzed by Atomic 

Absorption Spectrophotometer (Chem. Tech. AAS Model CTA2000) for elements potassium, sodium, calcium, magnesium and 

iron. The average concentration (ppm) is found to be: potassium 41.93, sodium 5.48, calcium 13.75, magnesium 9.71, and iron 

4.04. It is found that potassium (71.5 wt. %) predominates among other alkali metals (Kumar,2013). 

The various ingredients of coffee husk ash and the chemical composition are as shown below in table 1.1 
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INGREDIENTS OF CHA 

TABLE 1. CHEMICAL COMPOSITION OF COFFEE HUSK ASH 

 

Constituent 
Coffee husk ash by weight 

(%) 

Silica( SiO2) 14.65 

K2O 47.45 

Alumina  (Al2O3) 12.07 

Lime (CaO) 13.05 

P2O5 3.40 

Iron Oxide (Fe2O3) 4.50 

Na2O 0.50 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

C. Significance 

Concrete is a building material composed of cement, sand as fine aggregate, crushed rock as coarse aggregate, water and 

coffee husk ash.  It’s obvious that, concrete can be produced by any material through mixing of concrete ingredients, but the 

important point bear in mind is producing acceptable concrete quality with a reasonable economy. Concrete is an artificial 

stone-like material used for various constructional purposes and manufactured by mixing cement and various aggregates, such 

as sand, pebbles, gravel, stone, shale, etc. with water and sometimes admixture and allowing the mixture to harden by 

hydration. 

Since the cost of cement is increasing in day todays life it becomes essential to cope up with the local material available 

which provides ease to reduce the cost of construction which leads to economic benefits. 

 

D. Objectives 

The key objective is to incorporate the Coffee Husk Ash (CFA) in cement concrete mix as a partial replacement of cement by 

varying different content. The CFA has been varied from 0-25% with a difference of 5% in each trial which is to be 

investigated for the analysis. The physical properties of aggregate and cement has to be tested for the preparation of the mix. 

Finally the mix to be assessed by cube compressive strength test.  

 

II. MATERIALS AND METHODS: 

A. Materials 

All the materials used for this work confirmed with the American Society for Testing Materials (ASTM) and American 

concrete institution (ACI,2009) code. Fine aggregate (sand), coffee husk ash, coarse aggregate, cement, and water were the 

materials used for the purpose of this study. They were selected and tested in accordance with ACI code recommended 

standards. 

i. Cement  

Pozzolana Portland cement (PPC) produced as per 42.5 grade contains 95% clinker and 5% gypsum produced by 

Derba capital Cement was used throughout the experiment. The reason to select only one cement type is due to 

financial and time limitation to perform experiments. 

ii. Aggregate  

Aggregates are materials basically used as filler with binding material in the production of concrete. Aggregates form 

the body of the concrete, reduce the shrinkage and affect economy. Therefore, it is significantly important to obtain 

right type and quality of aggregates on site. 

a) Coarse aggregate:  

The coarse aggregates shall consist of crushed rock and shall be clean, hard, durable, and free from dust or friable 

matter, organic or other deleterious substances. Aggregates offer good compressive and shear strength; along with this 

they provide good interlocking facility with sufficient permeability. Coarse aggregate of 26.5 mm to 2.36 mm 

 

Constituent 
Cement by weight 

(%) 

Coffee Husk ash by 

weight (%) 

Lime ( CaO ) 64.64 13.05 

Silica (SiO2) 21.28 14.65 

Alumina (Al2O3) 5.60 12.07 

Iron Oxide (Fe2O3) 3.36 4.50 

Magnesia (MgO) 2.06  

SulphurTrioxode 2.14  

N2O 0.05 0.50 

Loss of ignition 0.64  

Lime saturation 0.92 K2o  47.45 
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b) Fine aggregate  

Aggregate passing through 4.75 mm sieve are defined as fine. They may be natural sand deposited by rivers; crushed 

stone sand obtained by crushing stones and crushed gravel sand. The smallest size of fine aggregate (sand) is 0.06 mm. 

depending upon the particle size, fine aggregates are described as fine, medium and coarse sands. 

c) Water  

For proper chemical action, the amount of water required is about 25% of the weight of cement used, however, more 

water is used for proper workability of concrete. The water used for both mixing and curing should be free from 

injurious amount of oils, acids, alkalis, salts, organic materials or other substances that may be harmful to concrete. 

According to IS 456 – 2000, the pH value of the water shall not be less than 6. 

d) Coffee husk used for the experiment. 

In Ethiopia, enormous amounts of coffee husk and pulp are generated from coffee processing industries annually. 

Nevertheless, these materials have been poorly utilized and managed or are left to decompose or burned in open fields 

or dumped in the environment including water bodies Yet, these activities cause and aggravate pollution of air, the 

environment, and water.     

 

 

Fig 1 Coffee Husk ash 

 

B. Experimental Program.  

Concrete is a mixture of binding material, fine aggregate, coarse aggregate and water. Before performing this investigation, 

to know properties of materials such as fineness, normal consistency, initial setting time, final setting time, specific gravity, etc. 

of cement, fineness modulus, bulk density, bulking, specific gravity of fine aggregate and fineness modulus, bulk density, 

specific gravity of coarse aggregate which are used in the concrete are essential. 

Experimental program comprises of test on cement, CHA, cement concrete with partial replacement of cement with CHA.   

Tools for test 

Sieve: - Standard 150 µm (No.100) or 75µm (No.200) sieves, Balance and weights, Brush: a bristle brush will be required for 

use in cleaning the 150 µm or 75µm sieve, A pan and a cover for the sieve, Weight and weighing devices. Glass graduates (200 

or 250) ml capacity. Vicar apparatus with the plunger end, 10 mm in diameter. Electrical mixer, trowel and containers, mixing 

glass plate 30cm x 30cm, Vicat Apparatus with the needle end, 1mm in diameter, Weights and weighing Device, Glass 

Graduates (200 or 250) ml capacity, A trowel and containers. 

 

C. Methodology 

Concrete of mix proportion 1:2:3 (cement: sand: coarse aggregate) water/cement ratio containing varying percentages of 

coffee husk ash as a substitute for cement was used for this research. The replacement levels of cement by coffee husk ash 

considered were 0, 5, 10, 15, 20 and 25%. Control concrete (concrete with cement only) was also produced for reference 

purpose. Batching of all the concrete constituents was by weight. The concrete ingredients were manually mixed thoroughly 

with a calculated amount of water. The fresh concrete was then placed in cubical moulds of size 150x150x150 mm lightly oiled 
before casting of test specimens. 

Fifty-four cubes specimens for each replacement level were cast from a single batch of concrete in moulds. The specimens 

were demoulded after 24 hours and immersed in water in a curing tank maintained at room temperature for 7,14, and 28-day 

period before testing for the respective strength characteristics. 

i. Grades of concrete 

According to IS: 456 - 2000 and IS: 1343 – 1980, Concrete is graded according to its compressive strength its grade which is 

designated as C-15, C-20, C-25 etc. in this classification of concrete mix letter C refer the mix and specified compressive 

strength (fck) of 150mm cube at 7, 14 and 28 days, expressed in N/mm2.  Thus, concrete is known by its compressive strength. C 

-20 and C-25 are the most common grades of concrete, and higher grades of concrete should be used for severe, very severe and 

extreme environments. the concrete is found to gain in strength with time usually 28-day strength is taken as full strength of 

concrete, although increase in strength continuous after 28 days as well.  
 

ii. Mix design 

Mix design of concrete may be defined as the art of obtaining a concrete of the required properties, at the lowest cost, by a 

suitable choice and proportions of available materials. Needless to say, a properly designed concrete mix for the specified 
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strength requirements should have the minimum cement content to make the mix economical. It should, however, be stressed 

that the precise relationship falls between the properties of concrete and the specific characteristics of the mix such as water-

cement ratio, aggregate-cement ratio and grading (Gaurav eta, 2015) 

iii. Test Design 

Based on the primary objective of this research, the laboratory tests were designed to obtain the strength of concrete 

specimens with partially replacement different percent of coffee husk ash under different types of loading. Three types of tests 
were performed: the compressive strength test, compression factor test, and slumps test. All tests were repeated with specimens 

from two concrete mixtures having different water/cement ratios; 0.45 and 0.65 

The concrete mix designs were prepared in order to compare between partially replacement coffee husk ash versus normal 

concrete. 
TABLE 2  

DIFFERENT SAMPLES WITH DIFFERENT PERCENTAGE OF PARTIALLY REPLACE COFFEE HUSK ASH. 

 

Sample No 1 2 3 4 5 6 

Cement 100% 95% 90% 85% 80% 75% 

CHA(%) 0% 5% 10% 15% 20% 25% 

 

For each percentage partially replacement, 3 samples were selected for each testing days (7th, 14th and 28th). A total of 3 

samples x 3days x 6 sample kinds = 54 samples were prepared for all percent of blending CHA with cement. 

C. Material Preparation  

Materials used to cast concrete included coarse aggregate, fine aggregate (sand), cement and water. All of the coarse 
aggregate, sand and cement were transported to the materials lab from the MTU Department of Civil Materials Lab. Both the 

coarse aggregate and sand were graded for use in concrete. Water was obtained directly from the campus drinking water supply 

and coffee husk ash obtained from tepi town coffee processing drilling machine. 

Prepare four different samples of concrete that is A, B, C and D and one control sample. Except control each of sample 

contain different partially replacement percentage of coffee husk ash.  

a) Experimental work 

The Coffee husk ash is collected from the coffee processing crushed plant husk where burdened by fire and used as cement 

replacement material. The cement is replaced with the different percentages (0, 5, 10, 15 20 and 25) of Coffee husk ash by the 

cement weight. Compressive strength testing of concrete cubes (.15x.15x.15cm) for 0% coffee husk ash replacement 

(conventional cube). 

Cement. 

The locally produced cements, capital PPC Cement were used for the preparation of the mix. Capital PPC was used for the 
trial mix and normal strength concrete samples. 

Coffee husk ash. 

Preparation of coffee Husk Ash (CHA) the coffee husks were obtained from a coffee processing Sheka zone, in tepi town 

coffee crushed plant. The husks were open burnt in a fire for about 3 days. The coffee husk ash obtained was then Husk was 

ashes in a fire crushed into very fine particles. The tests were conducted for the cement and the improved concrete samples with 

varying percentages of coffee husk ash. 

Coarse aggregate  

Coarse aggregates used for this research work is in order to design and make a concrete mix, the aggregates properties had to 

be assessed. In order to do this a number of tests were carried out on the above materials. 

Fine aggregate (Sand) 

Natural sand was brought from Meti sand, which is in order to design and make a concrete mix, the aggregates properties had 
to be assessed. In order to do this a number of tests were carried out on the above materials. 

Water 

Water is a key ingredient in the manufacture of concrete. Water used in concrete mixes has two functions: the first is to react 

chemically with the cement, which will finally set and harden, and the second function is to lubricate all other materials and 

make the concrete workable.               

b) Mix proportions 

In order to analyze the effects of coffee husk ash partially replaced with cement, normal concrete strength (C-25) were 

prepared. Approximate concrete composition is given in Table. The mixture is designed according to the absolute volume 

method given by (ACI, 2003). At the beginning, the control mix (0%) was prepared using the nominal mix proportion 1: 2: 3: 

/0.45 (Cement: Sand: water-cement ratio) fixed according to the slump requirement of 60mm.  For This concrete mix, coffee 

husk ash was added for partially replacement of cement from 0%, 5%, 10%, 15%, 20% and 25% of the mixes were used in 
preparing mixes, S1, S2, S3 S4, S5 and S6 respectively. 

c) Preparation of specimens and mixing procedure. 

The preparation of the constituent materials was made by using weight measurement. After determining the relative amounts 

of materials to be used for specimens, the aggregates and cements were mixed dry for one minute. After the addition of water, 

all the material mixed for another two minutes for normal and intermediate concrete. 

 d)  Concrete Mixing & Casting  

Mixing and casting of the concrete specimens took place in the Department of construction technology and management 

construction materials lab at the University of MTU. A total of 54 specimens were cast, all on the same day. The cement is 
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replaced with the different percentages (0, 5, 10, 15 20 and 25) of Coffee husk ash by the cement weight. Casting of specimen 

Mould of size 150 x 150 x 150 mm was used to cast specimens for compression test. 

 

 
 

Fig 2   mixing and casting 

e) Curing Procedure 

After an initial curing period of 24 hours, the concrete cube molds were removed from their molds. All cylinders were placed 

into a tank of lime-saturated water and remained submerged in the standard moisture curing environment until reading 7, 14 and 

28 days of age. A typical curing tank is shown in figure below. 

 

 
 

Fig 3 Curing of prepared specimens 

f) Test on Concrete 

i. Slump test. 

To determine consistency of concrete, Slump test was conducted with varying water content and a particular water cement 
ratio (w/c) which gives the slump of 60mm was selected from graph. The various w/c for different proportions of sand and 

quarry dust was presented in Table. 

Before concrete is placed, the slump should be checked in terms of the specifications using the slump cone test.  For Ready-

mixed concrete, the slump of each combination should be checked.  This is important as each combination is batched separately 

and there has been known to be substantial variation in slump from one combination to another. 

 
 

Fig 4 Slump test 

ii. Hard concrete test. 
Test procedure: The mix of concrete mix is cast in54 cube moulds of size 150 mm x150mm×150mm, the concrete samples 

are immersed in water after 24 hours of casting. Cube compression tests are conducted after 7,14and 28 days of curing. 

 

III RESULTS AND DISCUSSIONS. 

 

The data obtained from experimental study are Analyzed and discussed. Concrete properties of coffee husk obtained from the 

experimental study are discussed in comparison to that of other convectional materials obtained from literature; useful chemical 

compositions contained in the available coffee husk ash is; thorough experimental analyses are carried out; and environmental 

benefits obtained by utilizing the available coffee husk ash for binding material use are analyzed. 

Workability and Compressive Strength are the two important parameters that govern the efficiency of mortar. In the present 

study, Workability being fairly a relative parameter has been adopted based on trial mixes. Strength parameter has been 

evaluated by testing the concrete cubes for it compressive strength at 7day, 14day, and 28 days respectively. The test results 
have been comparatively analyzed with respect to the strength of conventional materials and concrete cube compressive 
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strength at corresponding curing period. The different alternatives that would be suitable for complete replacement of coffee 

husk ash in cement were studied by analyzing the compressive strength results of concrete cubes over different curing periods. 

i. Fresh concrete and hardened concrete properties. 

a) Slump test  

The results of the slump tests carried out on the fresh concrete give an indication of the workability of the concrete. The 

detailed results for slump test are given in table 3.. It is clearly seen that is when the amount of replacement of PPC with CHA 
increases, the workability of the concrete mixes decreases. The reasons being, concrete containing CHA requires more water for 

a given consistency due to its absorptive character of cellular CHA particles and of high fineness (this increases its specific 

surface area). As the replacement of cement with coffee husk ash increase the concrete decrease due to absorption of the water 

by the Coffee Husk ash. 

 
TABLE 3  

SLUMP TEST RESULT 

 

S.No %of replacement Combination slump mm 

1 O% Control 100%cement 0% CHA 8.75 

2 5% 95% cement 5% CHA 8 

3 10% 90% cement 10% CHA 7.25 

4 15% 85% cement 15% CHA 6.75 

5 20% 80% cement 20% CHA 5.5 

6 25% 75% cement 25% CHA 4.45 

 
b) Compressive Strength 

The most common tests carried out on concrete specimens is compressive strength test. Tests are conducted as per ASTM 
specifications. The results obtained are averages of three trails are taken as in each case. The results obtained from the 

experimental study are showed in Table 4 from results obtained we can see that with an increase in age, strength is also 

increased when cement is replaced to 5%. It can be also noticed that the maximum strength is obtained when cement is replaced 

by 5% when compared with 0%. 

The detailed results for compressive strength including the average strength are given in Appendix and presented graphically in 

Fig. 5. The gain in compressive strength continued to occur until the age of 28 days where the highest strength was achieved for 

all concretes due to greater hydration of cementing materials. However, the largest strength development noticed between 7 and 

28 days, as can be seen from Fig. (5). the compressive strength at the age of 28 days was in the range of 21 to 29 KN/m2 for 

different concrete mixes. It shows that the compressive strength of CHA concrete, in early ages which are slightly lower than 

reference mix as the percentage of CHA replacement increases. As a result, the structure is less compact, causing the strength to 

be lower than that of the concrete specimens without CHA. The result of the compressive strength of concrete cube show that 

compressive strength reduced the percentage of CHA increased. 
  

TABLE 4: 

COMPRESSIVE STRENGTH OF CONCRETE CUBES USING PERCENTAGE REPLACEMENT 

 

Combination 7days (KN/m
2
)  14days (KN/m

2
)  28days (KN/m

2
)  

0%CHA:100%Cement  9.03 KN/m2 15.48KN/m2 23.52 KN/m2 

5%CHA:95%Cement  7.2 KN/m2 13.29 KN/m2 22.3 KN/m2 

10%CHA:90%Cement  6.45KN/m2 9.77 KN/m2 20.67 KN/m2 

15%CHA:85%Cement  6.22KN/m2 8.44 KN/m2 11.48 KN/m2 

20%CHA:80%Cement  5.85KN/m2 6.74 KN/m2 8.81 KN/m2 

25%CHA:75%Cement  5.11KN/m2 5.106 KN/m2 7.17 KN/m2 
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Fig 5 Summary of compressive strength for 7, 14.28 age of day. 

 

c) Physical properties of CFA  

According to the laboratory results, of physical properties of coffee husk ash more to similar to the cement the ash should 

be smooth when touched or rubbed in between fingers. When a small quantity of cement is thrown in a bucket of water, the 

cement should float for a few minutes before it sinks. If it sinks immediately, it indicates some impurities present in cement. 

The CHA should be smooth when touched or rubbed in between fingers. It should give a no feeling when hand is inserted in an 

ash. When a small quantity of cement and coffee husk ash is thrown in a bucket of water, at the time the cement should float 
ash are float for a few minutes before it sinks. If it sinks immediately, it indicates some impurities present in coffee husk ash; 

High water absorbing capacity 

   Coffee Husk Ash   

1) Normal Consistency =22%  

2) Initial and Final Setting time =190 – 394 min 

3) Specific Gravity = 2.3 g/cc     

 

IV. CONCLUSIONS 

Based on the results presented above, the following conclusions are drawn:  

 The workability of Concrete was decreased as the percentage of CHA were increased with 5%, 10, 15, 20, 25%. The 

workability of concrete had been found to be decrease CHA with increase Cement in concrete. There is a significant 

reduction of workability in fresh lining concrete with the increase amount of CHA content in concrete.  

 Compressive strength and workability of concrete were decreased with the increase percentage of CHA and decrease 

of percentage of cement. The unit weight of concrete increased uniformly with the decrease in CHA content. The 

compressive strength increased with curing period and decreases with increased amount of CHA.  

 The physical properties of coffee husk ash try to compare the Pozzolana Portland cement coffee husk ash are Normal 

Consistency =22% , ) Initial and Final Setting time =190 – 394 min Specific Gravity = 2.3 g/cc  get and to partially to 

purpose for binding materials.      

 Only 5% CHA substitution is adequate to enjoy maximum benefit of strength gain. The maximum 28 days 

compressive strength was obtained with 10%CHA. The partial replacement of cement by CHA indicates that at long 

term ages, the CHA concrete showed higher compressive strength in comparison with that of the concrete without 

CHA. 
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