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ABSTRACT

The role the construction industry plays in socio-economic development is significant. In the
whole effort concrete is one of the major construction materials which is produced from the three
basic ingredients; namely, cement, aggregate and water. It is common in Ethiopia to build all the
structural elements using conventional site mix concrete, where concrete is mixed on site and
poured using manual labor. Now a day, Ready Mix Concrete (RMC) is one aspect of delivering
fresh concrete to site in order to get the required quality and speed of construction which, of
course needs considerable attention. Therefore, the principal objective of this research is
determining the potentials form introduction to Bahir Dar from the view point of water
availability, cement supply, aggregate quality and reliable source, the potential market demand of
the product, leading to comparing and contrasting of the unit cost of RMC including
transportation to the required site with that of the conventional Site Mix Concrete (SMC). In
order to achieve the stated objective, literature review, face to face interview, questionnaire
survey, examining aggregate test results and site observations were carried out. The results of the
undertaken assessments show that more than 64% of the type of water being used in many
projects doesn’t fulfill the set standards and those stated in reviewed literatures’ plant could not
be starved from scarcity of cement. In general, the quality of both fine and coarse aggregates
around Bahir Dar are within the acceptable limits of standards. However, about 68 percent of the
fine aggregate and 71 percent of coarse aggregate sources couldn’t satisfy graduation
requirements which need treatment; like, blending of different sources of aggregates. The fine
aggregate in and around Bahir Dar contains high amount of silt and clay content and needs proper
source selection, and washing of fine aggregate. The conventional SMC in Bahir Dar is facing
many problems; like, shortage of skilled laborers, appropriate space for storage and handling of
raw materials, wastage of raw materials on construction sites is beyond the set limits, improper
mixing of ingredient materials in concreting process, properly maintaining the water to cement
ratio, and generally the productivity of concreting is very low and time taking. In Bahir Dar, the
estimated market potential for RMC is huge, this indicates that investors can start their RMC
plant and capture the uncontested opportunity. The new entrant of RMC Plant can have an
estimated market share between 183,695 m®and 222,504 md. In the Bahir Dar construction
industry, the majority of the respondents of the construction sector are aware and satisfied.C-25 is
used for cost comparison between RMC and SMC concrete. The average price for RMC is
3065.27ETB/m? which is 10% higher than the average conventional SMC that is 2780.96ETB/m?.
This might be compensated by the quality margin, reducing labor cost, reducing wastage of raw
materials, reducing cement amount, material discount from suppliers through bulk purchase, and
increase in fresh concrete productivity and supply. As the results obtained in this research have
shown, the introduction of Ready-Mixed Concrete to the Bahir Dar construction industry will
surely resolve the current problem of the poor concrete use forever. And it would also lead to the
proper and economical use of resources in general.

Key words; Concrete raw materials, ready mix concrete demand, comparing unit cost, site mix

concrete problems.
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1 INTRODUCTION
1.1 General

Concrete is one of the major construction materials in building construction industry and
produced from three basic ingredients; namely, cement, aggregate and water. In addition,
admixtures are sometimes used to improve some properties of concrete; like, workability
and setting time. The ingredients of concrete should be of good quality that satisfy the

requirements set in standards.

African cities have growth rates of up to 5% per year; which makes them the fastest
growing urban units in the world which isn’t different for Ethiopia including Bahir Dar.
For instance, Ethiopia will be confronted with a population increase of 45 million people
in urban area over the next 15 years along with increased demand for basics; like food,

water, safety, infrastructure and housing [1].

Recent study, Ethiopia is prioritizing a wealth of construction projects in order to
stimulate its economy, reinvigorate its infrastructure and supply affordable housing and
power to its population of close to 100 million. The construction industry in Ethiopia has
been developing tremendously since 2001. The GDP contribution of the construction

industry has been raised to 5.6% and approaches to the Sub-Saharan average of 6% [2].

Therefore, rapid urbanization is triggering unanticipated housing and infrastructure
demand and the government is looking to invest heavily to fill the gap. To achieve the
above, the required quality of building materials and speed of construction for which
Ethiopia is aspiring for to upgrade the construction industry’s capabilities which needs a
serious attention. With the exception of underdeveloped regions, Ready-Mix Concrete

(RMC) is used throughout the world abundantly which is a better option by far.

1.2 Background of the Study

Many buildings in Ethiopia are predominantly made of reinforced concrete for which
there is no exception in the case of Bahir Dar. It is common in Ethiopia to build all the
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structural elements using conventional Site Mix Concrete (SMC), where concrete is

mixed on site and poured using manual labor.

According to Kibirit(2017), in in-situ contractors use an excess of cement in their
concrete mix in order to ensure that the final concrete product has a strength that is equal
to or more than the design value. Other times, contractors attempt to save expenses by
using as little cement as possible. The amount of water used to mix concrete is rarely
measured, which means the strength of the finished concrete is not known. There are

abundances of irregularities regarding the quality of concrete structures in Ethiopia [3].

The Construction industry in Bahir Dar is traditionally labor oriented and the pace of
mechanization is very low. Because of this the speed of construction is very low and

managing many labors creating additional assignment or burden on the contractors.

Concrete ingredients on sites are batched mostly using volume batching. Volume
batching, boxes of a given capacity are constructed manually on sites for coarse and fine
aggregates per 50Kg or one sack of cement in accordance with the proportion specified in

mix design which results in inaccuracy [4].

The quality of concrete is mostly dependent on the quality of composing ingredients,
ways of batching, transporting, placing, compacting, and curing. It’s obvious that, the
way of batching of SMC in Bahir Dar is usually in volumetric measurement which is a
cause of inaccuracy. It’s very difficult to measure each ingredient of concrete accurately;
especially, the amount of water added is random which affects the property of fresh and
hardened concrete. The amount of water added is mainly dependent on wetness and

dryness of fresh concrete not based on water cement ratio.

Generally, cost remains the driving factor in deciding the award of construction contracts
and very little or no premium is placed on quality. As a result, many concrete making

materials are wasted and the cost of this wastage increases the total project cost.

Another unavoidable issue with SMC is a problem of procuring and storing concrete
making materials like cement, aggregate and reinforcement bar. It’s common to store

these materials in an inappropriate place; like, aggregates on dust places, on the main
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street of Bahir Dar and storing cement on not moisture free area. This is a big hassle for
contractors; especially, on crowded construction sites. Procuring and storing of materials,
quality and consistency problems cannot be solved by relying on age-old techniques of
constructing with the conventional McCone has to go out of the box and use RMC to

avoid the mentioned challenges.

From the above discussion one can understand that RMC is one of the aspects of the
construction industry which helps to get the required quality and speed of construction
which highly demands considerable attention. However, since no previous local study has

properly addressed the issue of Bahir Dar, this research is intended to fill the gap.

1.3 Statement of the Problem

As it is pin pointed out in the preceding part of this introductory section, the aim of the
research is to undertake qualitative and quantitative assessment on the potentials of RMC

plant introduction to the Bahir Dar construction industry.

One of the major problems of heavy reliance on labor intensive technique is the assurance
of concrete quality. This is because SMC has serious limitations as far as quality of
concrete and speed of construction is concerned. Generally, cost remains the driving
factor in deciding the award of construction contracts and very little or no premium is
placed on quality. As a result, many structures have shown premature deterioration and

the cost of repairs and rehabilitation is proving prohibitive.

RMC has many advantages over SMC in terms of quality, speed of construction, cost
efficiency, space usage, especially on crowded construction sites and congested public
roads. For example, Dave et.al(n.d), regarding the overall benefits of RMC notes as;
uniform and assured quality of concrete, durability of RMC, faster construction speed,
storage needs at construction sites eliminated, addition of admixtures is easier,

documentation of the mix design, reduction in wastage of materials, and eco-friendly [5].

The main factors that affect the existence of RMC plant are the availability of quality raw
materials, the construction industry’s growth potential market demand, and finally the
unit cost of RMC relative to SMC. Quality of RMC mainly depends on the ingredients of
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concrete. Especially, properties of aggregates playan enormous role for workable and
durable concrete. Aggregates make up about 60% to 75% of the total volume of
concrete, indicating the importance of their selection. Aggregates, like; fine and coarse
production, storage and transporting has a direct relation with concrete quality. Like any
other business entity, factors that influence the RMC industry is determined by both
supply and demand of the market. Moreover, companies sell their products/services to
their customers targeting affordability with a market of reasonable profit margin. Thus,

estimating the price of RMC is very essential in the face of its competitor SMC.

1.4 Objectives of the Study

1.4.1 General Objective

The main objective of this research is to determine the potentials of RMC introduction to
Bahir Dar by assessing assured supply of cement, good quality aggregate availability, the
potential market demand for RMC, and determine the unit cost of RMC including
transportation to the required construction site and compare it to its competitor the

conventional SMC to arrive at an informed decision.

1.4.2 Specific Objectives

v Assess the availability of quality concrete making materials including water,
cement, and aggregates in Bahir Dar for RMC.

v To identify the challenges faced in the use of conventional SMC.

v To assess the potential market demand for RMC; the level of awareness of the
customers and the general construction industry of Bahir Dar.

v" To compare and contrast the unit costs of SMC to that of RMC including

delivery to site charges.

1.4.3 Research Questions

1. Do the quality of concrete making materials and their availability invite the
setting up of RMC plant in Bahir Dar?

2. What are the challenges in the conventional SMC which are the major drivers to
opt for RMC?
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3. What are the market opportunities of RMC plant and the awareness level of
builders?

4. How is the cost of RMC compared to that of SMC for market penetration?

1.5 Scope

The scope of the study is restricted to Bahir Dar City. The research mainly focuses on;
availability of water on construction sites, assessment of cement supply, the availability
quality aggregates, and compliance with standards for Misidentifying customers in the
construction industry, awareness level and comparative unit cost of SMC with that of
Simkin Bahir Dar.

1.6 Significance of the Study

RMC is an advanced technology, which involves a high degree of mechanization and
automation. Therefore, it helps the construction industry to step upon terms of quality,

speed and cost efficiency.

Quality of the final product is the most important aspect under consideration in the
construction sector. Since factory manufactured products always take the lead in the
quality of industrial out puts; there comes the importance of RMC while competing with
SMC.

In light of the above, the study is concentrated on the potential of RMC use in the Bahir
Dar construction industry. Based on the study outcome business entities can introduce
RMC plant to Bahir Dar. To that end, the study will try to investigate the awareness level
of contractors about RMC which will be helpful for the promotion of the product in the
future. This study also deals with the challenges faced by the builders in SMC and their

future expectations regarding the ideal RMC.
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2 LITERATURE REVIEW

In order to address the research objectives, a comprehensive literature review has been
conducted focusing on; quality requirements of ingredients for RMC plant, market
condition for Rican possible target customers of the product leading to a relative cost
comparison of RMC with that of the customary SMC.

2.1 General

Concrete is basically a mixture of two components: aggregates and paste. The paste,
comprised of cement and water, binds the aggregates (usually sand and gravel or crushed
stone) into a rocklike mass as the paste hardens because of the chemical reaction of the
cement and water. Supplementary cementitious materials and chemical admixtures may

also be included in the paste.

Concrete is one of the versatile and widely used building materials in the world
construction industry. Concrete in its simplest basic form consists of a mixture of cement,
sand,stone(coarse aggregate)andwater sometimes admixtures.Concrete is the most
universal of all the construction and is frequently considered as the most economical one
and is strong and durable material. In the same fashion, Jain, writes, concrete is the
largest ‘man made’ material in the world and stands second to water in per capita
consumption [6].In a like manner, Kumars wamy et.al,also explain concrete as, the
premier construction material in the construction industry around the world which is
a man-made product, mainly consisting of Portland cement and/or secondary
cementitious materials (PFA, GGBS, Micro silicates.), aggregates, water and
admixtures [7].

RMC is used nowadays almost in all the construction industry especially in developed
countries, where the work is to be completed in short time and more effectively.
Over80%ofsite-placed concrete in the UK is produced by the ready-mixed concrete
industry and this accounts for about 45% of the total cement sales for all purposes.
Similar figures apply to the industrialized countries they demonstrate the increasing
tendency of contractors relay on the supply of a concrete from a RMC plant. For instance,

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 6



Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

Japan is the world’s largest producer of RMC shipping 181.96 million m3 in 1992,
followed by the USA, Korea, and Italy shipping 160, 96 and 70 million m? respectively

[8].

Ready Mix Concrete is produced in a controlled environment in batching plant or in a
transit truck mixer. Therefore, ingredients are standardized and well-proportioned to get
the required quality of concrete. Similarly, RMC is manufactured in a factory or batching
plant, according to a set recipe and then delivered to a work site by truck mounted in
transit mixers and this result in a precise mixture, allowing specialty concrete mixtures to

be developed and implemented on construction sites [9].

As time is directly equivalent to money, especially in the construction industry, there is a
great demand for fast track construction which needs sophistication and advanced
technology. RMC enables us mass concrete production work and timely completion of
large construction sites. For instance, is an advanced technology, which involves a high

degree of mechanization and automation is technologically superior to the SMC [7].

Racism generally superior in terms of quality, speed, life-cycle cost and eco-friendliness.
Owing to these advantages, it is slowly replacing site mixed concrete. According to
Yogesh, strengthen the advantage of RMC as the best alternative to SMC as it has
advantages such as high quality, high speed, eco-friendliness, reduced life time cost and
elimination of procurement and storage hassles. Material should satisfy the requirements
for safety, structural performance, durability and appearances of the finished structures

taking into account the environment to which it will be subjected [10].

2.1.1 Definition

Different literatures give almost the same meaning or definition for “Ready-Mix
Concrete”. For example, ASTM defineReady-mixed concrete, “concrete manufactured
and delivered to a purchaser in a fresh state.” [29].According to Yogesh, RMC is the
concrete which is manufactured at the central batching plant and delivered at construction
site with the use of truck mounted Transit Mixers (TM) [10].Similarly, RMC is a
composite material which, like all well-designed composites, has resultant properties that
combine the best qualities of the component materials [11]and, also RMC refers to
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concrete that is specifically manufactured for delivery to the customer's construction site
by truck-mounted transit mixers in a freshly mixed and plastic or unhardened state [12].

Therefore, one can note that “Ready Mix Concrete” is the concrete which is well-
designed composites, has resultant properties that combine the best qualities and
specifically manufactured for delivery to the customer's construction site from the central

batching plant using a truck mounted transporter.

2.1.2 Historical and Progressive Growth of RMC in Some Countries

Its long history of development extends way back when Germany was patented with the
first production of RMC in 1903. The history of concrete in Britain dates back to Roman
times, but it was not until the 1930s that concrete was supplied arm in the UK. The
constituent materials come from the earth in bulk, so concrete is most economically
produced by handling the materials in bulk and mixing them in bulk. Its main purpose,
especially, was the advantages of scale and efficiency of mechanical mixing, plus
improved control resulting from weighing the ingredients, that opened the way for the
supply of RMC [11].

However, as Dewar noted, RMC was patented in Germany in 1903, but the means of
transporting it had not developed sufficiently well to enable the concept to be exploited
[11]. By the same analogy, Takeyam, had summarized the evolution of RMC to some
selected countries in Europe and USA in Table 2.1 [8].

Table 2.1: Start of RMC production in Europe and USA [8]
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Year Country

1900s Germany (1903)
Spain (1912)

1910s USA (1913)
Holland (1918)

1920s Denmark (1926)
UK, Norway (1930)

1930s Sweden (1932)
France, Switzerland (1933)

1940s Japan (1949)

1950s Belgium (1956)
Finland (1958)
Austria, Ireland (1961)
Italy (1962)

1960s Israel (91963)
Portugal (1966)
Greece (1968)

Unlike the trend in Ethiopia where concrete is normally produced on site, in most

developed and developing countries RMC production plants are responsible for the

production of the major portion of the total concrete produced in their country. Today,

RMC offers high-tech solutions to the needs of the construction industry. It allows

building of ever longer bridges, ever higher buildings, tunnels, dams, etc. For instance,

Denamo, observed in the German construction industry RMC constitutes about 87% of

the total concrete produced excluding precast concrete and it consumes about 47% of the

total cement consumed in the country. The following table shows production, production

per capita, cement consumption and % of RMC in different countries in the world [13].
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Table 2.2: Ready-mixed concrete production figures in different countries [13]

Country Total Production per  Cement % of cement for
Production Capita Consumption RMC
X 105m3 (m3/capita) X 106 ton production
USA 310.00 1.06 113.83 74.00
Spain 81.00 1.96 46.22 50.00
Italy 79.90 1.27 43.48 48.70
Germany 46.90 0.57 28.90 46.70
Russia 35.00 0.24 36.41 -
France 34.80 0.58 20.68 47.00
Turkey 28.2 0.40 28.11 30.00
United Kingdom  22.00 0.37 13.24 54.00

Kassahun, presented a general report on cement and concrete production in the Ethiopian
construction industry. The growth potentials, challenges, and the RMC market were
discussed in this report and it was finalized as it’s time to introduce RMC. From the
report, one can understand that the construction industry is very far away from the RMC

technologies yet [14].

To date, there is no RMC plant in Bahir Dar so far for commercial purposes; except some
companies who have their own RMC plants; like, MIDROC Ethiopia, though the

construction industry growth is on a gradual rise.

2.1.3 Components of RMC Batching Operation

The work of Park et.al, elaborates components of RMC batching plant operation as
follows. A typical RMC plant owns batching plant, cement silos, water storage tanks,
ground hoppers, storage, weighing hoppers, and trucks. In Figure 2.1 below, the batching

plant operation is conceptualized and a brief description of each component is provided.
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Figure 2.1: Batching plant and truck mixer cycles [15]

2.1.3.1 Ground Hopper

The hopper is located on the ground, and it is connected to the storage hopper by a
conveyor belt. An operator drives the vehicle required to load sand and aggregates into
the ground hopper. Then, the conveyer belt transports these materials to the storage

hopper.

2.1.3.2 Storage Hopper

The storage hopper consists of compartments to store sand and aggregates, namely sand,
10 mm aggregates, and 20 mm aggregates. When released, materials are discharged into

the aggregate weighing hopper, which is located directly below the storage hopper.
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2.1.3.3 Cement Silo and Water Storage Tank

Cement silos and water storage tanks are located above the mixer. Cement is discharged
into the cement weighing hopper, which measures its weight. Then, the cement is
released into the mixer through gravity. Similarly, water is discharged into the mixer

through the water weighing hopper.

2.1.3.4 Weighing Hopper

There are three types of weighing hoppers. The cement and water weighing hoppers are
located below the cement silos and water tanks, and above the mixer. This design ensures
that, after weighing, the cement and water are discharged directly into the mixer due to
gravity. On the other hand, the aggregate weighing hopper weighs the sand and

aggregates before allowing the conveyor belt to transport them to the mixer.

2.1.3.5 Mixer

The mixer receives all the components to batch the ready mixed concrete. By rotating
constantly, the mixer ensures that the components are mixed evenly and thoroughly to the
right workability. Using the amp-meter, the batch plant control room operator determines
whether the mix is too dry or too wet, and he/she makes necessary adjustments before

releasing it to the truck mixers.

2.1.3.6 Truck Mixer

The full carrying capacity of a truck mixer is 6 m*but now a day there are truck mixers
that can carry more. Truck mixer drivers are on standby to receive a work order,

responding immediately if the plant runs out of truck mixers.

2.1.4 Batching Plant Performance

Batching plant operations is determined by the performance of the overall batching
process i.e. Availability of materials on the stock, the processes of weighing of ingredient
materials and discharge to the mixer. The loading of sand and aggregates from the ground
hopper is independent of the other batching plant processes. However, the time taken to

discharge cement and water into the mixer is insignificant because the discharge is
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immediate (due to free fall), which has a minimal effect on the batching process. The
average time taken to confirm the weight of aggregates and to discharge the materials to

the mixer is estimated as 6 min and 8 min; respectively.

2.1.5 Truck Mixer Performance

In general, the performance of truck mixers varies, depending on the type of concrete
placement methods used on-site. Truck mixer drivers take an average of up to 5 min to
position their truck mixers and to load them. Before leaving the plant, each batch of
delivery must go through the slump test to ensure that the ready mixed concrete is of

correct workability. The average duration of the slump test is 3 min.

When arriving at the site, truck mixers queue up for a certain time. The average time to
unload concrete from the truck mixer is 20 min, ranging from direct pour to wheel
barrow. As a result, it takes an average of 90 min to deliver one batch of RMC. In
addition, a comparison of the average truck mixer dispatching interval and the average
concrete unloading productivity indicates that the RMC operating manager must adjusts

the truck mixer interval according to concrete work speed on-site [15].

2.1.6 Advantages and Disadvantages of Ready-Mix Concrete

According to literatures, RMC has many advantages over onsite mix concrete in terms of
quality, speed of construction, cost efficiency, space usage especially on crowded
construction sites and public roads. Though RMC concrete has many advantages that
pave the road for concrete construction to step up, it has also some limitations in addition.

The advantages and disadvantages of RMC are summarized in the table below.
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Table 2.3: Advantages and disadvantages of RMC (Summary)

Subject

Author and year

Statement made

Advantage

Dave et.al (n.d)
[5].

Uniform and assured quality of concrete
Durability of RMC

Faster construction speed

Storage needs at construction sites eliminated
Addition of admixtures is easier

Reduction in wastage of materials

Rajashe et.al,
(2014) [17]

Wastage minimization of materials on site
Repeated shifting of the mixer location

Faster construction speed

Storage needs at construction sites eliminated
Reduce supervision and labor cost

Helps in controlling the water to cement ratio (w/c)

Amiyangshu et. al
(2016) [9].

Produce better quality concrete

SN B N N S N B N N N N

Elimination of storage space for basic materials at

site

<

Elimination of hiring of plant and machinery

<

Avoiding wastage of basic materials

v Eliminate labors associated with production of
concrete

v Reduce time required

v Noise and dust pollution at site is reduced

Disadvantage

Amiyangshu et. al
(2016) [9].

limited time span between mixing and going-off

Al-Araidah,
(2012) [12].

v" Impact of traveling time on properties of
concrete
v' Load carrying capacity of roads and bridges

and traffic conditions
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2.2 Concrete Making Materials

Materials should satisfy the requirements for safety, structural performance, durability
and appearances of the finished structures taking into account the environment to which it
will be subjected. As technically, in most cases there is no difference between Rican site
mixed concrete except pumpability of RMC to higher elevation. Thus, the specifications

of materials which are applicable to Scare also applicable to RMC [16].

Generally, in order to ensure that the concrete produced is of the desired type, it is
necessary that quality control is exercised at all the stages right from receipt of raw

material to delivery of concrete at site, placing, compacting, and curing [4].

Material C33 | C1602 | C150 C618 | C290 | C494
atenals Agg. | Water | Cement | Ash Air | Admix

C49
Material Ready-Mix

Sampling C172 Sampling Fresh Concrete

l C39 C231 C143 C1064 l
Testing Strength Air Slump [l Temp

Figure 2.2: Requirement of RMC raw materials based on ASTM Standard [16]

The basis of purchase shall be a cubic yard or cubic meter of fresh concrete as discharged

from the transportation unit.

Three options for ordering or specifying concrete are described in ASTM C 94:

1. Option A; is performance based. It requires the purchaser to specify the
compressive strength only, while the concrete producer selects the mixture
proportions needed to obtain the required compressive strength.

2. Option B; is prescription based. The purchaser specifies mixture proportions,

including cement, water and admixture contents.

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 15



Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

3. Option C; is a mixed option. It requires the concrete producer to select the mix
proportions with the minimum allowable cement content and compressive

strength specified by the purchaser.

2.2.1 Water

Almost any natural water that is drinkable and has no pronounced taste or odor can be
used, as mixing water for making concrete. For instance, Neville mixing water should not
contain undesirable organic substances or inorganic constituents in excessive proportions
[19]. In addition, substances in water which, if present in large amounts, may be harmful
are: salt, oil, industrial wastes, alkalis, sulphate, organic matter, silt, sewage etc. Tests by
the sense of smell, sight or taste would reveal such impurities; however, water of doubtful

quality should be submitted for laboratory analysis and tests [18].

The function of the water, other than enabling the chemical reactions that cause setting
and hardening to proceed, is to lubricate the mixture of aggregates and cement in order to
facilitate placing. Some standards stipulate that water fit for drinking is generally suitable
for making concrete. Water quality is the most consistent of the constituents of concrete
but water quantity, as it affects the free/water cement ratio, is most important for control

of consistence, strength and durability [18, 19, 36].

Moreover, deleterious substances which affect the quality of both the fresh and hardened
concrete that could possibly be found in impure water like silt, clay, acids, alkalis, algae,
inorganic salts and sugars should be within the permissible limits so that concrete quality
shouldn’t be adversely affected. Generally, the pH value of water that is suitable for
concrete construction has to be in the range of 6to8.The water, which is fit for drinking

purpose, is fit for concrete production [19].

A recent study by Ayalew, the Lake Tana basin, Bahir Dar is a major city which has the
water supply from surface and groundwater sources. As the population and business
activity of the town is growing at an alarming rate it is obvious, that more water will be

needed in the future. This additional water demand can be supplied by either increasing
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the number of boreholes and/or utilizing surface water resources of the area based on

detail hydro geological studies.

The field measurements of pH values of the Lake Tana basin ranges between 6 to 8.44
and therefore, values in the area can be considered as neutral [20]. This is suitable water
for concrete making as far as the pH of water is considered because the suitable pH value

of water for concrete is between 6 to 8 even as high as 9 [19].

2.2.2 Cement

Nowadays, after several important technical improvements, concrete made with Portland
cement is probably the most used manmade material in the world. In a concrete mixture
the function of the cement is to react with the water forming a plastic mass when the
concrete is fresh and a solid mass when the concrete is hard. Since the most widely used
cement is Portland cement, the discussion made in this paper is primarily on this cement
type only [19]. According to Troxel, Portland cement is a finely powdered substance,
usually gray or brownish grey, composed largely of artificial crystalline minerals, the

most important of which are calcium and aluminum silicates [21].

As cement is the main constituent of concrete, therefore, quality and continuous supply of
cement is quite important for production of quality concrete. For instance, Jain, pointed
outthe growth of RMC in any country has a direct relation with the growth of its cement
industry and consumption of cement by the construction industry [6]. Moreover, RMC
technology could not be implemented as investors felt that Ready-Mix Concrete plant

will starve due to non-availability of cement [22].

2.2.2.1 Cement Production in Ethiopia

It is believed that infrastructure is a key aspect towards the economic development of
countries. Further, it is a known fact that it is impossible to think of infrastructure
development without the development of the construction industry. In addition, cement
consumption index can be used as an indicator of the development of the construction

industry of countries [22].
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Ethiopia has more than 16 cement plants (other than 2 new entrants). In terms of size and
installed production capacity: four are large and integrated firms with more than 2 Mt
(Million tons) installed cement production capacity; four are mid-sized cement plants
with combined installed cement production capacity of 2.3 Mt. Import of cement except
special cement and new investment has been temporarily halt by the government since
March 2012.

Even though cement consumption in Ethiopia is significantly growing, evidences show
that the country’s production capacity has grown far more than the demand leading the
industry to under capacity production. By 2014, the actual installed production capacities
were 11.2 Mt but consumption was limited only at 5.47 Mt. This left the industry at only
49% capacity utilization rate. This shows that cement supply to Bahir Dar would be

sufficient to support the construction industry [23].

2.2.2.2 Ordinary Portland and Portland Pozzolana Cement

There are various types of Portland cements. According to Abebe, the two cements
namely; Ordinary (OPC) and Pozzolana Portland Cements (PPC) are cements which are
commonly produced by the cement factories in Ethiopia and used for concrete

production.

OPC is admirably suitable for use in general concrete construction when there is no
exposure to sulphate in contacted soil or in ground water. However, in urban and near
urban areas, underground water has higher tendency of getting spoiled with chemicals
due to the possibility of percolation of wastes discharged from factories and various
chemicals which are used for domestic purposes. Therefore, the placing of sub-structural
reinforced concrete elements like footing, mats or piles needs special cement [4].

PPC is produced by partially replacing a certain percentage of the Portland cement by
pozzolanic material obtained from volcanic ash. The Pozzolana added varies commonly
between 10-30% even higher quantities. Additionally, pozzolanic cement has some
resistance to sulfate attack and to attack by weak acids. [19]. According to Gambhir,
Pozzolanas aren’t reactive by themselves but becomes reactive when it gets in contact

with Portland cement. It reacts with the calcium hydroxide liberated from Portland
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cement at ordinary temperatures to form compounds possessing cementitious properties.
Portland pozzolanic cements gain strength slowly and require, therefore, curing over
comparatively longer period, but their ultimate strength is approximately the same as that

of ordinary Portland cement alone.

Low heat Portland cement such as PPC has approximately half the strength of ordinary
Portland cement at 7 days, two-thirds at 28 days and is approximately equal in strength at

3 months.

Pozzolana cements are cheaper than the Portland ones, its slow hydration and the
resulting slow rate of heat development make it important in mass concrete construction.
It also shows good resistance to sulphate attack and to some other destructive agents.
This is so because the pozzolanic reaction leaves less lime to be leached out and also

reduces the permeability of concrete [24].

2.2.3 Aggregates

Aggregates have two prime functions in concrete; providing concrete with a rigid skeletal
structure, and reducing the void space to be filled by the cement paste. Aggregate may be
defined as relatively inert mineral filler used in construction of concrete. This aggregate
consists of uncrushed or crushed gravel, crushed stone, sand or rock, or artificially

produced inorganic materials [36].

Rached et. al, clearly spelt out the purpose of aggregate in concrete. There are two main
reasons for increasing the amount of aggregates in concrete. The first is that cement is
more expensive than aggregate, so using more aggregate reduces the cost of producing
concrete. The second is that, most of the durability problems, e.g. shrinkage, freezing and
thawing of hardened concrete are caused by the presence of more cement paste in
concrete. Generally, concrete shrinkage increases with increase in cement content;
aggregates, on the other hand, reduce shrinkage and provide more volume stability.
Furthermore, cement production is a key source of carbon dioxide (CO) emissions and

reducing its usage should be a goal for concrete production [25].
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The important characteristics of aggregates for concrete are; nominal maximum size,
grading and mean size, silt, clay or fine dust content, shape and surface texture, water
absorption, relative density, bulk density, moisture content [36].According to
Troxel,other properties which have particular importance for some aggregates or for
some special uses are: chloride content, susceptibility to alkali-silica reaction, deleterious

materials content, moisture movement [21].

Mode of production of aggregates accounts for quality and cost of concrete. According to
Abebe, it’s important to understand its modes of production in an effort to produce the
required quality of concrete at a minimum price. Finally, this would be directly related to

the shape and surface texture of aggregates and other properties.

Generally, aggregates need to be chemically inert and physically strong and stable. Most
natural rocks, whether massive or broken down by nature into gravel and sand, make
first-class concreting aggregates. The essential requirement of an aggregate for concrete
production is that, it remains stable within the concrete and in the particular environment
throughout the design life of the concrete without adversely affecting the performance of

concrete [26].

Moreover, aggregates represent the major proportion of concrete by volume. Hence, it
has significant importance on the quality of concrete, especially on strength. This is
because good aggregates are known to have better crushing strength and better resistance
to impact. Not only that aggregates affect the strength of concrete, but also the properties
of aggregates such as its size and shape affect the durability and structural performance of
concrete [24]. Elongated and flaky particles can affect adversely the durability of
concrete; because flaky particles tend to be oriented in one plane, with bleeding water

and air voids forming underneath [19].

Attention should be given in choosing aggregate for use in a particular concrete, to three

important requirements [18].

1. Workability-when fresh for which the size and gradation of the aggregate
should be such that undue labor in mixing and placing will not be required.

2. Strength and durability-when hardened for which the aggregate should be:
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a. Be stronger than the required concrete strength
b. Contain no impurities which adversely affect strength and durability
c. Not go in to undesirable reaction with the cement
d. Be resistant to weathering action
3. Economy of the mixture—meaning to say that the aggregate should be:
a. Available from local and easily accessible deposit or quarry

b. Well graded in order to minimize paste hence cement requirement

Pumpability depends on workability of freshly mixed concrete. To this end, Neville,
workability determines the ease of placement and the resistance to segregation[19]. In
addition, Mikyas,workability comprises at least three separate properties as follows.
1. Compactability: the ease with wich the concrere can be compacted and the air
voids be removed.
2. Mobility: the ease with wich the concrere can flow through molds, pipes, around
reinforced steel.
3. Stability: the ability of concrete to remain a stable coherent homogeneous mass
during he handling and vibration without the constituents segregtion.

Workability and consistency of fresh concrete are principally affected by the materials
that constitute concrete. Summarizing the basic influences of the constituent materials on
the workability and consistency of concrete [18]:

1. Relative quantities of cement paste and aggregates.

2. Plasticity of the cement paste.
3. Grading of aggregates.
4

Shape and surface characteristics of aggregate particles.

2.2.3.1 Properties of Aggregates

The importance of using the right type and quality of aggregates cannot be
overemphasized. The fine and coarse aggregates generally occupy 60% to 75% of the
concrete volume (70% to 85% by mass) and strongly influence the concrete’s freshly

mixed and hardened properties, mixture proportions, and economy [36].
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2.2.3.1.1 Physical Properties

The physical properties like; specific gravity, porosity, thermal and the chemical
properties of an aggregate are attributed to the parent rock. However, the shape and
surface texture of natural aggregates and the density in addition to shape and surface
texture in artificial aggregates are attributed from the mode of production [13]. It is
therefore, very important to give a due consideration to the source and mode of
production of aggregates.

2.2.3.1.1.1 Aggregates Size, Shape and Surface Texture

The use of larger maximum size of aggregate affects the strength in several ways. First,
since larger aggregates have less specific surface area and the aggregate—paste bond
strength is less; aggregate fails along surfaces of aggregates resulting in reduced
compressive strength of concrete; secondly, for a given volume of concrete using larger
aggregate, results in a smaller volume of paste thereby providing more restraint to
volume changes of the paste. This may induce additional stresses in the paste, creating
microcracks prior to application of load, which maybe a critical factor in very high
strength concretes [19]. Therefore, it makes sense that smaller size aggregates should be
used to produce higher strength concrete.

The shape of the aggregate particles, influences paste demand placement characteristics,
such as; workability and pumpability, strength and cost. Shape is related to sphericity,
form, angularity, and roundness [25].

v The sphericity measures how nearly equal are the three-principal axis of the
aggregate (length L, width W and height H). The sphericity increases as the three
dimensions approach equal values.

v' The form or the shape factor, describes the relative proportions of the three axes
of a particle. It helps distinguish between particles that have the same sphericity

v" The angularity describes the proportions of the average radius of curvature of
corners and edges to the radius of maximum inscribed circle.

v The roundness describes the sharpness of the edges and corners particle shape can

be classified by the following descriptions.
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A classification sometimes used in the USA is as follows [19]:
v Well-rounded —no original faces left
v" Rounded — faces almost gone
v" Sub rounded- considerable wear faces reduced in area
v Sub angular-some wear but faces untouched
v Angular- little evidence of wear

The descriptions of angularity and roundness are illustrated in Figure 2.3 below
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Angularity and Roundness

Figure 2.3:Aggregate particle shape [19]

In the case of crushed aggregate, the particle shape depends not only on the nature of the
parent material but also on the type of crusher and its reduction ratio, i.e. the ratio of the

size of material fed into the crusher to the size of the finished product [19].

The shape of natural aggregates depends on the strength, abrasion resistance and on the
degree of wear to which they have been subjected in their depositional environment.
Natural aggregates tend be more spherical and less angular. On the other hand, the shape
of manufactured aggregate depends on the rock type and the crushing equipment.

Manufactured aggregates are more angular when compared to natural aggregates.

Particle shape and surface texture influence the properties of freshly mixed concrete more
than the properties of hardened concrete. Rough-textured, angular and elongated particles
require more water to produce workable concrete than smooth, rounded and compact

aggregate. Consequently, the cement content must also be increased to maintain the
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water-cement ratio. Generally, flat and elongated particles are avoided or are limited to
about 15 percent by weight of the total aggregate. The essential requirement of an
aggregate for concrete production is such that it remains stable within the concrete and in
the particular environment throughout the design life of the concrete without adversely

affecting the performance of concrete in either the fresh or hardened state.

On the other hand, it seems that the shape and surface texture of aggregate influence
considerably the strength of concrete. The flexural strength is more affected than the
compressive strength, and the effects of shape and texture are particularly significant in
the case of high strength concrete. Possibly, a rougher texture results in a larger adhesive
force between the particles and the cement matrix. Likewise, the larger surface area of

angular aggregate means, which a larger adhesive force can be developed [19].

The rounded aggregate requires lesser amount of water and cement paste for a given
workability [24]. The amount of mixing water could be reduced by 5 to 10% and the sand
content by 3to 5 percent. On the other hand, the use of crushed aggregate may result in 10
to 20 percent higher compressive strength due to the development of stronger aggregate-
mortar bond. This increase in strength may be due to the development of stronger
aggregate-mortar bond. This increase in strength may be up to 38% for a concrete having
a water-cement ratio below 0.4. The elongated and flaky particles, having a higher ratio
of surface area to volume reduce the workability appreciably. These particles tend to be
oriented in one plane with water and air voids underneath. An aggregate with a rough and
porous texture is preferred to one with a smooth surface as the former can increase the
aggregate-cement bond by 75%, which may increase the compressive and flexural
strength up to 20% [19].

2.2.3.1.1.2 Surface Moisture, Porosity and Absorption

With regards of moisture content, the various states in which an aggregate may exist are:
1. Oven Dry (OD),
2. Air Dry (AD),
3. Saturated-Surface Dry (SSD) and
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4. Damp or wet. In proportioning the materials for concrete, it is always taken for
granted that the aggregates are saturated and surface dry.

It should be noted that, if the aggregates are dry, they absorb water from the mixing water
and there by affect the workability and on the other hand, if the aggregates contain
surface moisture, they contribute extra water to the mix and thereby increase the
water/cement ratio. Both these conditions are harmful for the quality of concrete and they

are undesirable [21].

According to the Chinese Construction Standard, the water absorption of coarse natural
aggregate and coarse recycled aggregate shall not exceed 0.8% and 10%; respectively
[58].

Some of the aggregates are porous and absorptive. Porosity and absorption of aggregate
affect the water/cement ratio and hence the workability of concrete. The porosity of
aggregate also affects the durability of concrete when the concrete is subjected to
freezing and thawing and also when the concrete is subjected to chemically aggressive
liquids [27].

In addition, due to the presence of air bubbles, which are entrapped in a rock during its
formation or on account of the decomposition of certain constituent minerals by
atmospheric action, minute holes and cavities, are formed in it that is commonly known
as pores. Since aggregate constitutes about 75% by volume of concrete, the porosity and
absorption affect the bond between aggregate and the cement paste, the resistance of
concrete to freezing and thawing, chemical stability, resistance to abrasion, and the

specific gravity of the aggregate [24].
2.2.3.1.2 Mechanical Properties

According to Shetty, both the shape and surface texture of aggregates influence the
strength of concrete; especially, for high strength concrete. Generally, flexural strength is
more affected than compressive strength. Rougher texture results in a greater adhesion or

bond between the particles and cement matrix.
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When bond is good, a crushed concrete specimen should contain some aggregate
particles broken right through, in addition to the more numerous ones separated from the
paste matrix. On the other hand, an excess of fractured particles suggest that the

aggregate is too weak.

When cement paste of good quality is provided and its bond with the aggregate is
satisfactory, then the mechanical properties of the rock or aggregate will influence the
strength of the concrete. Therefore, it can be concluded that without strong aggregates
cannot make strong concrete, for making strong concrete, strong aggregates are essential

requirement [27].

It is generally understood that the compressive strength of concrete cannot significantly
exceed that of the major part of the aggregate contained therein, although it is not easy to
determine the crushing strength of the aggregate itself. The required information about
the aggregate particles has to be obtained from indirect tests, such as crushing strength of
prepared rock samples, crushing value of bulk aggregate and performance of aggregate in
concrete. The aggregate crushing value (ACV) test is prescribed by different standards
and is a useful guide when dealing with aggregates of unknown performance [26].

Toughness can be defined as the resistance of aggregate to failure by impact and it is
usual to determine the aggregate impact value of bulk aggregate based on ASTM
standard. Toughness determined in this manner is related to the crushing value and can be

used as an alternative test [29].

Hardness or resistance to wear is an important property of concrete used in roads and in
floor surfaces subjected to heavy traffic. The aggregate abrasion value of the bulk
aggregate is assessed using Los Angeles abrasion machine. The Los Angeles Abrasion
test combines the processes of attrition and abrasion and gives results which show a good
correlation not only with the actual wear of the aggregate in concrete but also with the

compressive and flexural strength of concrete when made with the same aggregate.

Apart from testing aggregate with respect to its Crushing Value and impact resistance;

testing the aggregate with respect to its resistance to wear is an important test for

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 26



Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

aggregate to be used for road constructions, ware house floors and pavement
constructions [27].

2.2.3.1.3 Chemical Properties: Alkali-Aggregate Reactions

Alkali-aggregate reactions are chemical reactions in concrete involving certain active
mineral constituents often present in some aggregates and the sodium and potassium
alkali hydroxides from Portland cement paste. The reactions are potentially harmful only
when they produce significant expansion and hence cracking of concrete, leading to loss
of strength and elastic modulus.

Alkali-aggregate reactions occur in two forms: Alkali-Silica Reaction (ASR) and Alkali-
Carbonate Reaction (ACR). ASR is the reaction between the alkali hydroxide in Portland
cement and certain siliceous rocks and minerals present in the aggregates, such as opal,
chert and chalcedony. The products of this reaction often result in significant expansion
and cracking of the concrete and ultimately, failure of the concrete structure. Alkali-
carbonate reaction on the other hand is the reaction between the cement hydroxides and
certain dolomitic limestone aggregates which can also result in deleterious expansion.
Alkali-silica reaction is of more concern than alkali-carbonate reaction because the
occurrence of aggregates containing reactive silica minerals is more common. Alkali
reactive carbonate aggregates have a specific composition whose occurrence is relatively
rare. Since the occurrence of dolomitic limestone is very rare in Ethiopia, more emphasis

should be given to alkali-silica reactions [26].

2.2.3.1.4 Deleterious Substances

According to Abebe (2005), there are three broad categories of deleterious substances
that may be found in aggregates: impurities which interfere with the processes of
hydration of cement, coatings preventing the development of good bond between
aggregate and cement paste, and certain individual particles which are weak or unsound
in themselves. These harmful effects are distinct from those due to the development of
chemical reactions between the aggregate and the cement paste [26]. Aggregates may
also contain sulphate or chloride salts that can be easily removed by washing in fresh
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water as otherwise it can have dangerous consequences in reinforced concrete structures

resulting in corrosion of steel [19].

The concrete aggregate should be free from impurities and deleterious substances that are
likely to interfere with the process of hydration and results in prevention of effective
bond between the aggregate and matrix. These impurities sometimes reduce the durability
of the aggregate. Generally, the fine aggregate obtained from natural sources is likely to

contain organic impurities in the form of silt and clay [26].

Poor bond characteristics sometimes excessive silt and clay contained in the fine or
coarse aggregates may result in increased shrinkage or increased permeability. The
excessive silt and clay also necessitate greater water requirements for given workability,
so undesirable. The quantity of clay, fine, silt and fine dust are determined by
sedimentation method. To ascertain whether a sample of fine aggregate contains
permissible quantity of organic impurities or not, a simple test known as colorimetric test
is made [27].

Aggregates shall be free of injurious amounts of organic impurities. The amount of
deleterious substance in coarse and fine aggregate according to Ethiopian, and ASTM

standards shall not exceed the limits specified in the table below [29, 30].

Table 2.4:Permissible limits for deleterious substances in aggregates [27, 29, 30]

Standards ES-permissible ASTM-limits Shetty in (1982)
Deleterious substances Maximum %, by mass
Type of aggregate Fine  Coarse Fine Coarse Fine coarse

Friable particles clay or fine
silt (passing 63 sieve) in fine 1.0 3.0 - - 1.0 3.0

- Aggregate used for

Concrete subject to abrasion 3.0 - - - - -

All other concrete 5.0 - 5.0 1.0 - -
Coal and lignite 1.0 1.0 0.5 0.5 1.0 1.0
Clay lumps - 0.25 - - 1.0 1.0

Material passing sieve 63um
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including crusher dust - 15 - - - -

Chert as an impurity:

Sever exposure: - - - 1.0 - -
Mild exposure: - - - 5.0

Friable particles - - 3.0 0.25 - -
Soft particles - - 3.0 5.0 - -

Material finer than size 200
sieve - - 3.0 1.0 3.0 1.0

Note: The sum of the percentage of all deleterious material shall not exceed five [27].

By the same analogy, Blackledge advocated, aggregates should be clean and free from
organic impurities; aggregate containing organic material makes poor concrete. The
particles should also be free from coatings of dust of clay, as these prevent the proper
bonding of the material. An excessive amount of fine dust or stone flour' may prevent the
particles of stone from being properly coated with cement and thus lower the strength of

the concrete.

On the other hand, gravels and sand are sometimes washed by the suppliers to remove
excess fine (clay and silt, for example) and other impurities, which, if present in
excessive amounts, result in a poor-quality concrete. Even though excessive washing can
remove all fine material passing the 300um sieve, this may result in a concrete mix
lacking in cohesion and in particular, being unsuitable for placing by pump. Sand
deficient in fines also tends to increase the bleeding characteristics of the concrete, which

can result in poor vertical finishes due to water scour [28].

2.2.3.1.5 Soundness of Aggregates

Soundness is the resistance of aggregates change in volume as a result of changes in
physical or environmental conditions such as freezing, and altering wetting and drying.
For example, Neville, states the aggregate is said to be unsound when volume changes
result in deterioration of the concrete. This may range from local scaling and so-called
pop-outs to extensive surface cracking and to disintegration over a considerable depth,
and can thus vary from no more than impaired appearance to structurally dangerous
situation [19].

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 29




Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

Therefore, aggregate used for concrete production are tested for its soundness and it
should comply with the requirement set in specifications. For instance, the Ethiopian
Standard (ES.C. D3.201) specifies on coarse aggregate: when subjected to five cycles of
soundness test, shall not show loss in mass exceeding 12 percent when sodium sulphate
solution is used or 18 per cent when magnesium sulphate solution is used. It specifies on
fine aggregate; fine aggregate, when subjected to five cycles of soundness test, shall not
show loss in mass exceeding 10 percent when sodium sulphate solution is used or 15

percent when magnesium solution is used [30].

Fine aggregate subjected to five cycles of the soundness test shall have a weighted
average loss not greater than 10 % when sodium sulfate is used or 15 % when magnesium
sulfate is used [29].

2.2.3.1.6 Grading of Aggregates

According to Gambhir, the grading of aggregates affects the workability, which, in turn,
controls the water and cement requirements, segregation, and influence the placing, and
finishing of concrete. These factors represent the placing and finishing of concrete and
affect properties in the important characteristics of fresh concrete as well as properties in
the hardened state. Therefore, aggregate has to conform to the grading requirement of
standards specified on the technical specification.

The particle size distribution of an aggregate as determined by sieve analysis is termed
grading of aggregate. If a concrete contains aggregate of uniform size; the compacted
mass will contain a lot of voids. However, use of graded aggregate produces dense
concrete and needs less quantity of fine aggregate. Therefore, a well-graded aggregate is
required to produce quality concrete [24].

Coarse aggregate shall consist of gravel, crushed gravel, or crushed stone. The grading or
particle size distribution of coarse and fine aggregate on ES and ASTM shall be within

the limits specified in the tables below.
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Table 2.5: ES- grading requirement for coarse aggregate [30]

Normal size of Percentage passing through test sieves having square

graded aggregate, | Openings

mm 75mm 63mm  37.5mm  19mm  13.2mm 95mm  4.75mm
37-5 100 - 95-100 30-70 - 5-10 0-5
19-5 - - 100 95-100 - 25-55  0-10
13-5 - - - 100 90-100 40-85  0-10

According to the Ethiopian Standard (ES.C. D3.201) fine aggregate shall consist of
natural sand obtained from the natural disintegration of rock or sand obtained from
crushed stones. The grading or particle size distribution of fine aggregate shall be the
limits specified in the table below. The Ethiopian Standard and the ASTM (1999),
standard have the same grading requirements i.e. Ethiopian Standard might be adopted
from ASTM, Standard. The fine aggregate shall not have more than 45 percent retained
between any two consecutive sieves. The fineness modulus shall not be less than 2.0 or
more than 3.5 with a tolerance of 0.2 [29]. However, according toast, the fineness
modulus shall not be less than 2.3 or more than 3.1[30]. Hence, Ethiopian Standard
(ES.C. D3.201) is locally adopted standard; this research is governed by Ethiopian
Standard.

Table 2.6: ASTM and ES- grading requirement for fine aggregate [28, 29]

Sieve Size (mm) Percentage Passing

9.5 100

4.75 90-100

2.36 80-100

1.18 50-85

600pm 25-60

300pm 10-30
150um 2-10
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2.2.3.2 Durability of Aggregates

According to Blackledge, aggregates make up the bulk of concrete, any lack of durability
of the aggregate will have disastrous consequences for the concrete. If there are durability
problems, special screening tests may be required, routinely to avoid problem aggregates

or special measures must be taken to counter act the effects of undesirable aggregates.

Aggregates should be hard and should not contain materials that are likely to decompose
or change in volume when exposed to weather. Examples of undesirable materials are

lignite, coal, pyrite and lumps of clay [28].

2.2.3.3 Origin and Classification of Aggregates

Aggregates can be classified as natural or artificial depending on their sources. Natural
aggregates are obtained from quarries by processing crushed rocks or from riverbeds
while artificial aggregates are obtained from industrial by products such as blast furnaces
lag. Natural aggregates are most commonly obtained and are relevant for the Ethiopian

construction sector since artificial aggregates are hardly produced in the country [18, 26].

Physical and mechanical properties of aggregates are inherited from parent materials,
while the properties of the parent material intern depend on its geological formation.
Geologically rocks are classified into three major divisions based on their origin, namely
Igneous, Sedimentary and Metamorphic. Igneous rocks are rocks formed from the
solidification of molten matter (magma) either at or below the earth’s surface. Igneous
rocks are divided into two: plutonic or intrusive, those having cooled slowly within the
earth (e.g. granite, diorite, gabbro, etc.) and volcanic or extrusive, those which are formed
from quick cooled lava (e.g. volcanic rock, volcanic glass, felsite, basalt, etc.). Plutonic
rocks usually have grain sizes larger than 1mm and classified as coarse or medium
grained while volcanic rocks have grain sizes less than Imm and are classified as fine-

grained. These grains are, however, not visible to the naked eyes [26].

The rocks in the vicinity of Lake Tana were studied mainly extrusive volcanic rocks
representing three or more phases of volcanic activity. The Lake Tana sub-basin is

formed by structural deformation, erosion and extrusions of volcanic rocks. It is
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surrounded by volcanic mountains, consisting primarily of basaltic lava flows associated

with tuff, trachytic and rhyolitic rock types [31].

The study of Shetty reveals that, sedimentary rocks are formed as strata as a result of
sedimentation from disintegrated products. They are stratified rocks usually laid down
under water although they can also be formed by wind and glacial action. The sediments
are cemented together or compacted during geologic time with varying degree. Typical

examples are sand stone, limestone, and shale.

Metamorphic rocks are formed from pre-existing igneous, sedimentary or metamorphic
rocks by the action of heat or pressure or both. The change may be textural, structural or
mineralogical accompanied by changes in chemical composition. Typical examples are

marble, meta-quartzite, and slate.

Most igneous rocks make highly satisfactory concrete aggregates because they are
normally hard, tough and dense. Therefore, bulks of the concrete aggregates are derived

from igneous rocks.

The most widespread of all the igneous rocks are basalts. Basalts are dark colored, fine-
grained extrusive rocks. Most basalts are volcanic in origin and were formed by the rapid
cooling and hardening of the lava flows. Some basalts are intrusive having cooled inside

the Earth’s interior.

However, the quality of aggregates derived from sedimentary rocks will vary in quality
depending upon the cementing material and the pressure under which these are originally
compressed. Some siliceous sand stones have proved to be good concrete aggregate.

Similarly, the limestone also can yield good concrete aggregate.

The thickness of the stratification of sedimentary rock may vary from a fraction of a
centimeter to many centimeters. If the stratification thickness of the parent rock is less it
is likely to show up even in an individual aggregate and thereby it may impair the
strength of the aggregate. Such rocks may also yield flaky aggregates. The degree of
consolidation, the type of cementation, the thickness of layers and contamination, are all
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important factors in determining the suitability of sedimentary rock for concrete

aggregates [27].

Table 2.7:Classification of rocks according to their mode of formation [18]

Igneous Sedimentary Metamorphic

Formed from the Formed as strata as a result  Either igneous or

solidification of molten rock  of sedimentation from the  sedimentary that has been

1. Volcanic disintegration products altered structurally and

- Basalt derived from rocks. mineralogically by heat or

- Trachyte - Sand stone pressure or both acting

2. Plutonic - Lime stone together.

- Granite - Shale

They are very good If hard, sand stone and lime  They are of minor interest

concrete making materials.  are good materials for for building purposes
concrete. except marble

It was found in some literatures that, the type of rock normally used for concrete
production in Ethiopia is igneous rock. For instance, Denamo states, especially, basalt
and rhyolites are widely used. In addition to igneous rocks, sedimentary rocks such as

black limestones are also used for concrete production [13].

2.2.3.4 Production of Aggregates

The mode of production of the aggregates differs depending on the type of aggregate
produced. The two dominantly produced aggregates, lightweight namely scoria and
normal weight basalt do have different modes of production. The light weight aggregate
is produced from quarries by simple digging or bulldozing as itis a soft material and the
different sizes produced mainly depend on digging or bulldozing. The normal weight
aggregates, on the other hand, are drilled, blasted or dug with special mechanisms, fed to
crushers, sieved and separated according to their sizes. In Ethiopia, the different sizes

commonly known as: Fine01, 02, 03 and 04 are produced and stockpiled separately [13].
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A research was carried out by Tigist(2002), as cited in Abebe, to test the potential use of
local normal weight aggregates around Addis Ababa for the production of high strength
concrete. The result confirmed that the locally available basalt stone can reasonably be
used to produce concrete of higher strength. With the application of super plasticizers,
concrete strength of 90MPa was obtained. This result was obtained by proper selection of
aggregates (removing friable particles), limiting the maximum size of aggregates (higher
strength can be attained with smaller maximum sizes) and washing (to remove material
finer than No. 200 sieve) and using higher quantity of cement in combination with
limiting the w/c ratio. Nevertheless, from this result it is possible to see that the widely
used concrete class C-25 is a low grade as compared to the potential of producing higher

strength concrete [26].

The production method of sand in Ethiopia is so primitive that the sand produced in this

manner is exposed to the following situations; according to Denamo.

1) Since it is collected in a primitive manner by human labor using small hand tools,
it is susceptible to a greater degree of non-uniformity; this non uniformity can be
expressed by its gradation.

2) Since it is transported by donkey and collected somewhere in an unprepared
ground, it is susceptible to contamination by deleterious substances.

3) There is no room for quality checkup.

4) There is no room for modern production of standardized product.

5) Most sand producers are local farmers who have no detail technical knowledge
about the material they produce. The only knowledge they have doesn’t go far
from what they are informally heard from their product customers.

6) The local producers are quite numerous in a single local area that it is difficult to
get consistent supply from a specific area.

7) Since the sand itself is naturally available material it is quite difficult to get a
consistent supply from same location even in hour’s interval.

8) There is wastage of material in the process.

Coarse aggregate is produced in Ethiopia using aggregate crushers and by crushing

manually using human labor and small hand tools. Especially, in rural areas and in
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construction sites where the course aggregate demand is low manual crushing is normally

experienced. In addition, the crusher plants vary in size and production quality [13].

2.2.3.5 Benefits of Standardization

According to Denamo, the important general benefits of standardization are as follows:

1) Standardization helps reduce inventory items on site.

2) It helps in evolving better means of communication about the material being
considered.

3) It forms a base for further inventory analysis.

4) The specification of items can be more clearly spelled out, making quality control
firm. By using national standards, it is easier to locate sources of supplies.

The importance of standardization in the construction industry especially for construction
materials cannot be overemphasized. The industry has become increasingly interested in
assessing its economic efficiency, and thus is more interested in the role of

standardization. Systematic and reliable results can be attained on a common basis [13].

2.2.3.6 Researches Related to Aggregates

There was a thesis submitted to the school of graduate studies of Addis Ababa University
by Denamo, under the title “handling of concrete making materials in the Ethiopian
construction industry” to assess situation of handling of concrete making materials in the
Ethiopian construction industry through collecting results of different tests done on
concrete making materials from different parts of Ethiopia. The result showed that from
the total number of tests carried out, 44% of the tests were not incompliance with the
requirements of standards. This was an indication that more than 44% of the tests carried
out on the aggregates supplied for concrete production in the country were not met by the
concrete aggregates. Further, out of the 44% of the tests at which the aggregates failed to
satisfy requirements, 71% of the tests attributed to the production property of the
aggregates which was not related to the property of the parent rock. This shows aggregate

production need close follow up to control the quality of aggregates [13].
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There was a recent study by Abel, to assess the quality of sand sources, the effect on
workability, compressive strength and cost of concrete in and around Bahir Darwinianly,
questionnaires and interviews were made with stakeholders finally different natural sand
samples were collected from 13 sand sources then; their physical and chemical properties
were tested in the laboratory. The result revealed that stakeholders gave little attention for
sand quality tests and the respondents have no satisfaction on the quality of sand. In this
study, the test results obtained had shown that, all of the sand sources could not satisfy
the graduation requirement. In addition, 84.62% were more on the coarser side and about
76.93% had non-acceptable fineness modulus whose value lies between 2.3 and 3.1
against ASTM C33-01 limit. It was also observed from the test results that, 92.31% by
volume and 77% by weight failed to meet the silt and clay content limits set by standards.
Silt and clay contents of as high as 24.69% by volume were observed from the Lake Tana
sand sample. The sand samples were also subjected to organic impurity tests. The results
had shown that, about 85% of the collected sand samples were within the organic limit
set by standard requirements (AASHTO T21). On the other hand, about 92.3% had loose
unit weights and 76.9% had compacted unit weight, which are not in the common ranges
of unit weights of sand. The bulk specific gravity was found to be in the range of 2.54 to
2.74; while the water absorption was from 1.66 to 2.92.Soundness tests were also carried
out on samples taken from the three top most common sand sources the values found
were far above the maximum limit stated by standards (ASTM C-33) (i.e. 24.08, 23.40
and 25.14 for Arno, Tana and Tis-Abiy respectively [32]. The result shows that using fine
aggregate without any treatment can affect the property of fresh and hardened concrete.
For example, to get intended workability and strength of concrete is blending of different

sources of natural sand was found to be a better option.

Another research conducted by Ebenezer assess the effect of partially replacing natural
sand with crushed rock fine on the workability, compressive strength and cost of the
produced concrete was carried out. To achieve the objective, natural and crushed rock
fine sample to be used in the concrete mixes were collected from a specific source. The
result of fresh concrete property showed that, partial or full replacement of natural sand
with crushed rock fine has a negative (decreasing) effect on the workability of the fresh

concrete; but this problem can be eliminated by using the suitable admixture (super
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plasticizer).In addition, a maximum increase in compressive strength by 14.13% was seen
when natural sand was fully (100%) replaced by crushed fine rock without using
admixture and 15.79% increase when a 1% super plasticizer is added to the mix. The
outcome of the research recommended using crushed fine rock as a replacement of
natural sand with proper admixture for the concrete construction works in and around
Bahir Dortha result revealed that conventional natural sand can be potentially replaced by
crushed fine rock using relevant admixture results better quality fine aggregate for
intended quality concrete [33]. The researcher believes that, the use of partially replaced

sand with crushed fine rock for concrete production is a better option.

There was a research by Habtamu, to find out the effect of silt and clay in sand on
concrete workability, compressive strength, and to realize the stated objective of the
study. The researcher assessed construction sites and carried out laboratory
investigations. The mixes were designed to achieve a compressive strength of 25 MPa
with a target mean strength of 33.5 MPa. According to the mix design, it was determined
to use 364.56 kg of cement with a water to cement ratio (w/c) of 0.491 to get a fresh
concrete with a slump of 25-50mm and a hardened concrete with 25 MPa compressive

strength at 28 days.

Table 2.8 Slump test results of individual trial mix [34]

Silt and Clay Content (%) | Workability (mm)
0 50
3 48
5 45
7 40
10 31
15 20

The correlation between silt and clay in sand and workability of concrete was as shown in
table above. It can be clearly observed that, the workability of concrete decreases with the

increase in silt and clay content of sand.
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Table 2.9: Compressive strength test results of all casted cubes [34]

Age of Silt and clay content (%0)
concrete 0 3 5 7 10 15
cubes (days) Compressive strength (MPa)
3 17.10 1520 | 14.30 12.50 10.58 10.50
7 26.70 24.60 | 22.30 18.40 17.10 14.20
14 31.50 27.10 | 25.80 20.70 18.80 15.80
28 33.68 29.30 | 27.10 22.10 21.10 17.20

The results showed that, the compressive strength decreased with an increase in silt and
clay content. The table above indicated the strength development of the concrete trial
mixes with 3, 7, 14- and 28-days age of testing. The mix was designed for a target mean
strength of 33.5 MPa, but it was only the concrete mix with 0% silt content that has
achieved the set strength requirement. The compressive strength decreased from 33.69
MPa to 29.3 MPa for 28-day strength due to the presence of 3% silt and clay particles in
the sand. There was a 16.49 MPa loss in compressive strength of concrete because of
15% silt and clay addition to the concrete mix. A concrete cube with the age of 28 days
casted with sand that contains 3% silt and clay content lost about 13% of its strength. The
same concrete casted with sand that contains 15% loses its 49% strength due to the silt
and clay incorporation. The effect of silt and clay content on fresh and hardened concrete
is significant and remedial measures are needed either by adding more cement or washing
the sand [34].

2.2.4 Admixtures

A material other than cement, aggregate, water and other additives like Pozzolana or slag
added to the concrete batch immediately before or during the its mixing to modify one
more of the properties of concrete in the plastic or harden state. The different types of
admixture are as follows:

a) Accelerating admixtures: It accelerates setting of concrete. It is mainly used in

cold weather concreting.
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b) Retarding admixtures: It expands the setting time of concrete. It is mainly used in
hot weather concreting.
c) Water reducing admixtures: This reduces the amount of water without affecting
workability of concrete.
d) Air-entraining admixtures: It is mainly used in concrete exposed to freezing and
thawing conditions.
e) Super plasticizing admixtures: it is used to significantly reduce the water content
while maintaining workability and to gain high strength. Generally, admixture is
used 0.5 -1.2 % of weight of total cementitious material (cement + fly ash +
GGBS).
The effectiveness of an admixture depends upon factors such as type, brand, and amount
of cementing materials; water content; aggregate shape, gradation, and proportions;

mixing time; slump; and temperature of the concrete [36].

In RMC Plant admixtures mainly perform the following functions [35].
Reducing water content and hence increasing strength.
Increasing durability of concrete.

Accelerating and decreasing setting time of concrete.

Avoiding segregation and bleeding in concrete.

AN NN

Increasing pump ability of concrete.

2.2.5 Concrete production

Only a good concrete mix design isn’t sufficient in getting the intended concrete quality
product, rather the concrete placed in a structure must be of uniform quality, free of voids
and discontinuities, and adequately cured. Hence, the proper execution of the operations
in the production process, namely, batching, mixing, transportation, placing, compaction,
finishing and curing are important in attaining the desired quality. Concrete production is
a scientific process that is based on some established principles and governs the

properties of concrete mixes in fresh as well as in hardened state [19, 24].

The process of determining required and specifiable characteristics of a concrete mixture

is called mix design. Characteristics can include [36].
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1. Fresh concrete properties;

2. Required mechanical properties of hardened concrete such as strength and
durability requirements; and

3. The inclusion, exclusion, or limits on specific ingredients. Mix design leads to the

development of a concrete specification.

Mixture proportioning refers to the process of determining the quantities of concrete
ingredients, using local materials, to achieve the specified characteristics of the concrete.
A properly proportioned concrete mix should possess these qualities.

1. Acceptable workability of the freshly mixed concrete

2. Durability, strength, and uniform appearance of the hardened concrete

3. Economy
Strength (compressive or flexural) is the most universally used measure for concrete
quality. Although it is an important characteristic, other properties such as durability,
permeability, and wear resistance are now recognized as being equal and in some cases
more important, especially when considering life-cycle design of structures. Within the
normal range of strengths used in concrete construction, the compressive strength is
inversely related to the water-cement ratio or water-cementing materials ratio. For fully
compacted concrete made with clean, sound aggregates, the strength and other desirable
properties of concrete under given job conditions are governed by the quantity of mixing

water used per unit of cement or cementing materials [36].

During batching, quantities should be measured with a high degree of accuracy. For solid
granular materials, such as aggregates and cements, batching is best done by weight.
Only water and liquid admixtures can be measured accurately by volume. Batching by
weight also follows rapid and convenient adjustments aggregates and water contents

when changes in aggregates moisture contents occur [24].

Further, batching is the process of measuring concrete mix ingredients by either mass or
volume and introducing them into the mixer. To produce concrete of uniform quality, the
ingredients must be measured accurately for each batch. Most specifications require that
batching be done by mass rather than by volume (ASTM C 94 or AASHTO M 157).

Water and liquid admixtures can be measured accurately by either volume or mass.

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 41



Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

Volumetric batching (ASTM C685 or AASHTO M 241) is used for concrete mixed in

continuous mixers [29].

Careful attention should be paid to the required mixing time. Many specifications require
a minimum mixing time of one minute plus 15 seconds for every cubic meter (yard),
unless mixer performance tests demonstrate that shorter periods are acceptable and will
provide a uniform concrete mixture. Short mixing times can result in nonhomogeneous
mixtures, poor distribution of air voids (resulting in poor frost resistance), poor strength
gain, and early stiffening problems. The mixing period should be measured from the time
all cement and aggregates are in the mixer drum, provided all the water is added before

one-fourth of the mixing time has elapsed [36].

There was a research carried out by Abebe, under the title “Concrete Production and
Quality Control in Building Construction Industry of Ethiopia” through collecting
sample compressive strength test result data and information on qualities of concrete
ingredients and methods of concrete production using questionnaire and site observation.
The findings of the investigation had shown that in most of the projects sufficient tests
were not conducted both for the coarse and fine aggregate, 51.23 % of the projects
quality control is not good and more than half, 52.17% of the projects had got defective
lots, which failed to satisfy the compliance requirement set on the Ethiopian building
codes and standards. This indicates that a lot has to be done to improve concrete quality

in the building construction industry [4].

2.2.6 Storage and Handling Construction Materials

Neville, notes the following: materials required in construction operations shall be stored,
and handled in a manner to prevent deterioration and damage to the materials, ensure
safety of workmen in handling operations and non-interference with public life including
safety, prevention of damage to property and natural environment. Materials shall be
stored and placed so as not to endanger the public, the workers or the adjoining property.
Stairways, passageways and gangways shall not become obstructed by storage of

building materials, tools or accumulated rubbish.
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Materials shall be separated according to kind, size and length and placed in neat, orderly
piles. High piles shall be staggered back at suitable intervals in height. Handling of
aggregate is one vital recommendation should be mentioned: coarse aggregate should be

split into size fractions approximately 5 to 10, 10 to 20, 20 to 40 mm.

Materials stored at site depending upon the individual characteristics shall be protected
from atmospheric actions; such as rain, sun, winds and moisture to avoid deterioration.
Improper handling of aggregates can result in contamination by other aggregate or by
deleterious material [19].

A research was carried out by Yonas, to assess the current situation of handling and
storage of concrete aggregates in and around Woodie construction sites. Towards
achieving the research objectives, data were collected on qualities of concrete aggregates
and method of handling and storage through observations, interviews, questionnaires and
finally laboratory tests were conducted by collecting concrete aggregates from sources
and selected active projects which were using the same sources. The results showed that
the physical and mechanical properties such as, silt and clay content, moisture content
and gradation indicated that the collected aggregates from sources and project sites do not
satisfy the Ethiopian Standards. Sufficient tests were not conducted on ingredients used
for the production of concrete. During the observations made, concrete making materials
were not stored properly till the time of usage and beyond. They were placed in a place
where they could be easily contaminated with dust and other pollutants. According to the
obtained test results, 37.5% of coarse and 50% of fine aggregates samples from
construction sites in the study area could not satisfy the requirements set by standards
[59].

2.2.7 ldentification and Causes of Material Wastage

2.2.7.1 Identification of Material Wastage

Building material wastage can be defined as the difference between the value of materials
delivered and accepted on site and those properly used as specified and accurately
measured in the work after deducting the cost saving of substituted materials transferred
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elsewhere in which unnecessary cost and time may be increased by the material wastage
[37].

There are many ways through which causes of wastage can be identified. Identified two
areas of responsibility where action can be exercised to control material wastage, namely,
in the design stage and management on site [38]. Waste can be categorized according to
its source namely, the stage in which the root causes of waste occur [39]. Waste may
result from process preceding construction such as material manufacturing, design,

material supply, and planning as well as the construction stage.

Wastage was divided into two types; the first is direct waste which is the loss of these
materials, which were damaged and subsequently used or which were lost during the
building process. The second is indirect waste which was distinguished from direct waste

because it is a monetary loss and the materials were not lost physically [40].

2.2.7.2 Causes of Material Wastage

The main causes of waste were classified in construction into six sources, which are
design, procurement, material handling, operation, residual, and others used the same six
categories [41, 42].

Waste production on construction sites is often due to inadequate storage and protection,
poor or multiple handling, poor site control, over ordering of material, bad stock control.
The “Wrong and lack of space for storage of materials” was ranked in the fourth position
with Importance Index of 50.75 [43]. This cause can result in many different ways.
Similar studies concluded that inappropriate storage of material was one of the main
causes of wastage on construction projects. For instance, a study by Muhwezi et.al, in
(2012) classified materials wastage on building construction projects into 9 groups. These
are design and documentations, site management and practices, procurement, materials

handling, storage, transportation, operation, and environmental and other conditions [44].
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Table 2.10:Direct causes of material wastage [41]

Source Cause

Error in contract document

Poor design

Contract document incomplete at commencement of construction

Change to design

Design Choices about specifications of products

Choice of low-quality products

Lack of attention paid to sizes of used products

Designer is not familiar with possibilities of different products

Lack of influence of contractors and lack of knowledge about construction

Ordering error, over ordering, under ordering, and so on

Procurement | Lack of possibilities to order small quantities

Use of products that do not fit

Damaged during transportation to site/on site

Material Inappropriate storage leading to damage or deterioration

Handling Unpacked supply

Throwaway packaging

Error by tradesperson or laborer

Equipment malfunction

Inclement weather

Accidents

Operation Damage caused by subsequent trades

Use of incorrect material, requiring replacement

Required quantity of products unknown due to imperfect planning

Conversion waste from cutting uneconomical shapes

Over mixing of materials for wet trades due to lack of knowledge of

Residual requirements

Waste from application process

Packaging

Criminal waste due to damage or theft

Others Lack of onsite materials control and waste management plans
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According to Bat Coda (Building and Transport Construction Design Authority) the
Standard limit for wastage in the Ethiopian construction industry are as shown in the
following table.

Table 2.11:BaTCoDA standard limits for wastage [45]

Concrete Materials Wastage (%0)
Cement 5%
Sand 15%
Coarse aggregate 15%
Steel reinforcement 5%
Hollow Concrete Block 5%
Brick 5%

A research undertaken by Aristo assess the extent, causes and effects of construction
materials waste on selected building construction projects, based on case studies and
questionnaires survey in Bahir Darfur practical reasons, it was confined to five different
construction materials; namely, cement, fine aggregate, coarse aggregate, HCB, and
reinforcement bar. The research revealed that, the main causes of material waste were
purchased materials that don't comply with specification; over ordering due to incorrect
estimate; lack of attention paid to dimensions of products available in the market; lack of
workers' awareness; and rework contrary to drawings and specifications. He also
identified the wastage levels of the five major materials are as shown in table below [46].
Therefore, the wastage level of construction materials in Bahir Dar is above the Bat Coda

specification limits.
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Table 2.12: Wastage level of the five major materials in Bahir Dar [45]

No. Material Wastage in %
1  Cement 12.78%
2  Sand 17.68%
3  Coarse Aggregate 13.08%
4 HCB 12.94%
5  Reinforcement Bar 10.23%

2.2.7.3 Wastage Minimization in RMC Plant

According to Aynor et.al, concrete waste forms the major ingredient of the construction
solid waste, accounting for 50% of the total construction and demolition waste
generation. Although hardened concrete is not dangerous, fresh concrete can cause
serious burns to human skin and damage soil and water as it is alkaline. Therefore, it is
necessary to minimize or fully eliminate the disposal of fresh concrete waste. This can
provide several benefits as follows.

v Reduction in the consumption of non-renewable natural resources,

v Reduction of areas destined for landfill,

v Reduction of the energy consumption,

v" Reduction of pollution in the cement production.

The concrete returned to a batching plant can be divided into two types:
Q) Over-ordered concrete; of which frequency depends on the accuracy of the
ordering and delivery practices and
(i) Leftover concrete; which is always observed in a truck mixer after each

delivery.

Aggregates can be reclaimed from the mud that results from washout and cleaning
operations of truck mixer drums at the end of each working day to prevent the small
amount of the fresh concrete residue from setting in the drum overnight. About 8-10 tons
of the fresh concrete waste can be produced every day from a concrete batching plant

with a daily output of 1000 m? of concrete, which typically corresponds to 0.4-0.5% of
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the total production. There is about 300-350 kg of mortar remaining or adhering to the

inside of each truck mixer drum. These numerical values confirm that it represents a

heavy burden for contractors, batching plants, and the environment [60].

Current methods of processing the returned concrete include the following opportunities

and change with the type of the returned concrete is shown in the figure below.

Table 2.13: Methods of processing the returned concrete from construction sites [60]

Methods of processing

Description

a. Direct ingredient

of new batches

It can be used as a direct ingredient as partially
hydrated cementitious materials (PHCMs) in the
new concrete.

PHCMs act as an effective setting and hardening
accelerator without the need for the accelerating
admixtures.

b. Discharging into

settling basin

This option is applied especially by small and
medium-sized batching plants.

A series of interconnected washout pits can be used
to allow the progressive settlement of cement solids
and other fines.

The sufficiently drained solid sludge is either used
as a fill material for detour roads or disposed in
landfills.

c. Discharging onto

ground

Excess concrete material is discharged onto the
ground at a particular location in the plant until
hardened although this does not seem to be an
environmentally friendly method.

Hardened concrete is then dumped to a landfill or
crushed to produce aggregates.

d. Pre-cast

components

Pre-cast concrete elements (e.g., blocks for
breakwaters or retaining walls, pads, and
bulkheads) are produced by the over-ordered
concrete at the batching plant.

However, this possibility can be very limited by
local market conditions and opportunities.

e. Mechanical

recyclers

The coarser sand and aggregates can be reused as a
replacement of natural fine aggregates for new
construction works.

About 42% can be recycled as coarse aggregate
from concrete waste.

MSc. Thesis by Tilikussew Degu, BiT, BDU Page 48




Potentials of Ready-Mix Concrete Introduction to the City of Bahir Dar | 2019

v

Concrete that contains 15-30% recycled fresh
concrete waste aggregates is optimum for
producing normal strength concrete.

f. Hardened slurry

cake in concrete

v

To replace natural aggregates, hardened slurry cake
remained after coarse and fine aggregates in
residual fresh concrete is recycled and taken.

In case of the use of this waste in the new fresh
concrete, some important physical properties are
adversely affected.

However, it is possible to match the designed
compressive strength of concrete containing no
more than 30% hardened slurry cake aggregate
with that of the corresponding natural aggregate
concrete.

Therefore, hardened slurry cake can be used for
non-structural concrete production.

g. Hardened slurry
cake in partition

wall blocks

Can also be used in the production of partition wall blocks.

In this case, blocks produced with waste aggregates of 50%

show the highest compressive strength.

h. Hydration
stabilizer

admixtures

v

Recycling can be made by chemical systems based
on the addition of extended set-control or hydration
stabilizer admixtures (i.e., super-plasticizers).

The concrete mix can be maintained in a
deactivated state for maximum 3 days.

Set-retarding admixtures do not adversely affect
important mechanical parameters of concrete.

i. Superabsorbent
polymer (SAP)

Recycling efforts can be realized by chemical
systems based on the addition of a non-toxic
additive called SAP into the truck mixer drum
without the need of any specific equipment.

After its addition, a mixing process of 6-7 minutes
takes place, followed by discharging and curing
procedures.

Thus, 1 m® returned concrete can be transformed
into 2.4 tons of new aggregates.

Pre-cast concrete elements (e.g., blocks for breakwaters or retaining walls, pads, and

bulkheads) are produced by the over-ordered concrete at the batching plant. However,

this possibility can be very limited by local market conditions and opportunities [60].
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2.3 The Nature of Supply and Demand for Ready-Mix Concrete

2.3.1 The Nature of Supply

This section discusses factors that influence the industry from the supply side: what
individual plants look like, how industry firms are structured, technological change, and

producer turnover.

2.3.1.1 A Typical Ready-Mixed Concrete Plant

According to Syverson, the manufacturing process for RMC can be crudely analogized to
factories. They include facilities for handling raw materials, usually including steel
cement silos (cement must be protected from moisture in the air, lest it harden
prematurely), open piles of aggregate (sand, gravel and rock) sorted by size, a payloader
and conveyor system for moving aggregate, and a water source. There is also often a
structure with limited office space and rooms that house controls for the batcher the
equipment that weighs and feeds the various ingredients into the mixing bin. The bin sits
in an elevated structure to allow drivers to pull the mixer trucks, which are the other key

pieces of capital equipment found at ready-mixed plants, underneath for loading.

Numbers from the 2002 Census of Manufactures as cited by Syverson (2004), the latest
for which comprehensive data are available, offer a sense of the economic scale of a
typical ready-mixed plant. The average value of raw materials inventory on hand at a
plant was $81,000. The average book value of its capital stock (both structures and
equipment) was $2.2 million, and mean annual sales were $3.9 million. This typical plant
had 18 employees, 14 of whom were considered production workers (which include truck

drivers).

2.3.1.2 Firm Structure

RMC plants, whether in single-plant firms or not, are usually highly specialized. Plants in
the industry fabricate few precast concrete products; despite similarities in precast
concrete’s production process and that the ultimate buyers in the construction industry are
often the same. Well over 90 percent of ready-mixed plants revenues come from ready-

mixed sales, meaning single-plant firms in the industry derive the vast majority of their
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revenues from their primary product. Plants making prefabricated concrete products are
similarly specialized in those products, with less than 10 percent of their revenues

accounted for by ready-mixed sales.

Multi-plant firms with RMC operations tend to be more diversified, but their
diversification comes through owning plants another industry. These can be prefabricated
concrete operations, cement plants, or sand and gravel mines. For instance, in 1997, about
half of the ready-mixed plants that were owned by multi-unit firms were owned by firms
that also operated plants in other industries besides ready-mixed concrete. Thus,
diversification among larger firms is not universal, since the other half of plants in multi-
unit firms are owned by businesses that are ready-mixed specialists. This would greatly
help the RMC plant in Bahir Dar to control quality of incoming concrete making
materials, develop supply chain management, and reduce the unit volume cost RMC.

2.3.1.3 Technological Change

The basic process for making ready-mixed concrete has not changed for the past 60
years: dry raw materials are measured, loaded into a bin, mixed, placed into a truck, and
water is added (sometimes the order of the last two steps is interchanged). However, the
modest technological advances that have occurred in the industry have come in five areas
such as the 1%'change is automated batching systems, the2" change is the substantial
increase in the capacity of concrete trucks, the 3 change is a continuing expansion in the
variety of chemical admixtures that can be added to a concrete batch to affect its
properties in useful ways, the 4" change involves improvements in logistical coordination
gained through the move toward centralized delivery dispatch and finally the

5ttechnological advance affected the concrete industry.

2.3.1.4 Environmental Concerns

Ready-mixed concrete plants can emit both waterborne and airborne pollutants. The
former includes spilled oil or fuel, as well as fine and coarse particles of aggregates and
cement, which can be inherently detrimental as well as raise the alkalinity of runoff water
to toxic levels. Airborne emission concerns primarily involve dust from the concrete

mixing process itself or from trucks driving on unpaved portions of plants. Plants
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typically monitor potential pollutants and control them as required. Runoff water is often
captured in settling ponds that allow solids to be separated before the water is either
discharged or recycled. Dust is controlled by hooding mixing facilities and either paving

or occasionally spraying-down unpaved areas of the plant.

2.3.1.5 Producer Turnover

Now a day, RMC plants are making high profits. For example, Syverson by(2004)
suggests that turnover rates would be even higher, given the volatility of construction
demand for concrete [47].

2.3.2 The Nature of Demand for RMC

This section discusses factors that influence RMC demand: mainly depending on the
customers’ market need within the construction industry, the nature of the product, and

its common substitutes. According to Syverson, elaborates the subject as follows.

2.3.2.1 Ties to Local Construction

The ready-mixed industry’s fortunes are closely tied to the level of activity in the
construction sector. The sector buys the vast majority of ready-mixed output. The basic
demand conditions faced by ready-mixed producers in any given local market depend on
how robust construction activity is in that same market, not elsewhere. Moreover, this
variation in market demand is likely to be exogenous to the nature of competition among
local ready-mixed concrete plants. This is because construction projects require
intermediate materials from a wide array of industries, making the cost share of ready-

mixed small.

2.3.2.2 Relationship Capital

Despite its physical uniformity, a source of non-spatial differentiation does exist in the
industry. This entails the “relationship capital” built between specific suppliers and their
customers. Long-run buyer-supplier ties, whether driven primarily by business or
personal bonds, are common in the industry. While their influence is difficult to quantify,
anecdotal evidence is plentiful. For example, a cement company president testified to the

Federal Trade Commission that forward integrating into existing ready-mixed concrete
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firms was easier than building a business from scratch. His reasoning was, “The ready-
mixed business, as we analyze, it is a very personal type of business and the operators
develop personal relationships with contractors over many years. To go in and go through
developing those relationships on the part of a newcomer would assure you that you are

going to lose money for 3, 4, 5 years.

2.3.2.3 Substitutes

RMC faces potential competition from various substitute products. For example,
Syverson, concluded in building construction, prefabricated concrete is the most likely
outside option. Concrete block can be used for walls and pre-stressed structural concrete
slabs (complete with embedded reinforcing bars) for floors. Recall that prefabricated
concrete products are typically made at plants that do not also make ready-mixed, so such
substitution does not simply imply buying a different product from the same producer.
Another option is to use steel, wood, or stone as building materials. In road construction,
asphalt is a popular alternative. Asphalt is physically akin to concrete; it is also
comprised of aggregate mixed with a binding agent, except in asphalt the binder is
bitumen, a product of petroleum refining, rather than the hydrated cement in concrete.
However, most firms making either product do not make both but can Ready Plant can do
[47].

2.3.3 Factors Affecting Future Growth of RMC

According to a research by Jain, in India, the followings are some of the factors, which

are considered as critical in the future development of RMC [6].

v Consolidation of construction industry. The average size of individual civil
contract would increase.

v" Mechanization of construction and premium on mechanized construction in
tender evaluation and awards.

v/ Changes in contract specifications and introducing separate rates for RMC and
site mixed concrete. Recognizing RMC as a separate product than site mixed

concrete.
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v
v

Changing codes and standards makes it mandatory for medium and major
construction sites to use RMC. Similar changes in specification of major
construction organization in government /Private Sectors.

Availability of land in urban areas by local authorities on long-term lease at
reasonable rates to RMC producers.

Production of quality RMC equipment conforming to international standards to
bring down initial cost of the project. Initiative has already been taken by reputed
manufactures in this direction.

Mindset of the construction professionals and the end consumers to value quality
and long-term durability rather than economy

Improvement in road network to reduce turnaround time of delivery vehicles.

Judicious and equitable taxation policy on RMC by Central and State government.

According to Albany (2018), an increasing number of infrastructure projects including

roads, bridges, dams coupled with rapid airport expansion works in emerging countries

will fuel growth over the coming years. Furthermore, rising government spending on

power plants, manufacturing facilities, construction infrastructure along with the

growing population will augment industry expansion over the upcoming years.

Growing population and rapid economic development in the coming years are

expected to propel the demand for construction of commercial buildings such as

shopping malls, schools, offices, colleges, banks, and hospitals.

Further key findings from the report suggest:

v

Major government initiatives including the development of smart cities, revival
of airports and Road Project are expected to create immense growth potential.
Moreover, rising government spending for the development of government
offices and buildings will augment the ready-mix concrete demand over the
forecast period.

Owing to rapid economic growth along with increasing construction of
manufacturing plants and energy harnessing projects. Rising government
efforts to promote solar power generation will spur product demand for

construction purpose over the upcoming years.
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In addition, various initiatives by governments regarding the development of smart
cities will help drive the global ready-mix concrete market. The demand for wastage
reduction, efficient utilization, and low inventory costs is leading to lowering of
overall project expenditures and this will boost the demand for ready-mix concrete.
Ready-mix concrete is extensively opted today, owing to the ease of use, high quality,

better convenience, and better economy.

However, the handling of concrete from the mixer to various points of work is one of
the key challenges faced by players or stakeholders operating in the global ready-mix
concrete market. In addition to this, high initial investments for setting up
manufacturing plants for ready-mix concrete will restrain the market.

On the other hand, it is expected that the introduction of new infrastructure
construction projects will create a heightened demand for RMC. This will ensure a

continued growth of the market in the coming years [48].
2.3.4 Need of Ready-Mix Concrete

Ready-Mix Concrete has following advantages over the site mix concrete [34]:

v RMC has better quality than the site mix concrete because of sophisticated
equipment for batching and other process of making concrete.

v' Use of RMC increases speed of construction. Typically, site mix concrete is
produced at the rate of 4-5 m3 per hour, where a basic RMC plant can produce
60m3 per hour, with the larger plants producing much more.

v" With the use of RMC, customers are not required to procure and store cement,
aggregates, sand, water and admixtures at site. This is not only drastically
reducing the space requirements at construction sites but also minimizes efforts
on the part of customers to procure different materials, ensure their proper storage
and check their quality parameters from time to time.

v’ Site-mixed concrete is a labor-intensive operation and managing large labor force
is a big hassle for the customer. With the use of RMC, the labor requirements are
minimized considerably, thus benefiting customers. Further, as RMC-India looks
after the entire QA and QC needs, the customer’s manpower requirement for QA

and QC operations is minimized. This is a saving for the customers.
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v

v

In site-mixed concrete job, wastage occurs in handling of all materials, including
cement. The latter is generally of the order of about 2-3 kg per 50 kg bag of
cement. All such wastages are considerably minimized at RMC facility.

Use of Ready-Mix Concrete is also eco-friendly.

Research by Denamo under the title “Handling of Concrete Making Materials in the

Ethiopian Construction “to assess of the current situation of handling of concrete making

materials, finally to give recommendations with respect to handling of concrete making

materials. With this sense, observation was made concerning RMC production and

utilization in Germany compared to onsite mixed concrete, RMC had the following

advantages:

A. Service

RMC provides consumers with good service quality. This advantage is due to the

following reasons:

v

<N X X

The availability of concrete truck mixers allows delivery rates to be kept under
control and optimized;
Due to dense network of ready mixed plants it is always possible to get a ready-
mixed plant near a work site;
Special services for difficult work sites: pumps, conveyors, night deliveries etc.
Availability of concrete of any grade according to the client’s requirements;
Durable and affordable;
Environmentally friendly.

B. Quality

Ready mixed concrete guarantees quality due to the following reasons:

v

v

v

The materials of which it is made are themselves subject to stringent quality
requirements;

Rigorous quality control is carried out thorough out the manufacturing and
delivery process;

The formulation and manufacturing of the concrete are covered by the numerous
national quality standards.

C. The Delivery Solutions
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Ready-mixed concrete meets a great variety of needs in terms of technical sophistication,
ease of use and design due to the following reasons:

v The ability of test centers and laboratories to do research into and industrialize
ever more innovative concrete that is in tune with trends in architecture and the
construction industry

v The use of multiple combinations of cement aggregates and admixtures stored on
production plant sites.

D. Benefit at site for the Customer/ Contractor

v' Deliveries of ready-mixed concrete can be taken directly from the ready-mix
plants or the concrete can be delivered to worksites by concrete mixer trucks;

v' The use of ready-mixed concert keeps worksite nuisance (dirt, congestions, noise,

etc.) to minimum levels;

Elimination of procurement and hiring of plants and equipment;

Wastage of materials as site is avoided;

Labor and supervisory cost associated with production of concrete is lowered;
Time required for concreting is greatly reduced;

Noise and dust pollution at site are reduced,;

Organization at site is more streamlined,;

AN N N N A

No storage space required either for raw materials or for the mix.

All the above-mentioned facts signify the advantage of using ready-mix concrete is the

best option over conventional onsite concrete production. [13].

2.3.5 Potential Users of RMC

RMC is being increasingly used as a building material for residential, commercial
buildings, manufacturing facilities, energy generation plants, roads and runways.
Infrastructure developments in emerging economies coupled with increasing trend of
urbanization are some of the key factors which are expected to drive industry growth over
the future [48]. In the Bahir Dar construction industry, there would be a big potential for
RMC users from the commercial, governmental, industrial projects and a little bit from

residential projects following an awareness of its importance.
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There was a study by Habtamu, to assess the viability of RMC in the Ethiopian
construction industry: the case of Addis Ababa. Despite the comparative advantage of
RMC with respect to the quality and economy of the produced concrete to that of the
conventional site mixing, it is not applied in our construction industry even though; there
are limited number of plants in Addis Ababa which are owned by contractors for their

own purposes.

Based on the comparison made on the workability and compressive strength of C-25
concrete produced by an RMC supplier and conventional SMC on building projects the
constancy of quality, it was found out that the variability of the test results of the SMC is
twice than the corresponding results of the RMC, while the constituent materials were
almost similar as shown in the table below.

Table 2.14: Statistical analysis results of measured slump and compressive strength at 28 day [61]

Measured Slump | Measured Strength @ 28

(mm) day (MPa)
Variable RMC SMC RMC SMC
Mean 56.5 53.27 27.06 31.22
Standard Deviation | 10.63 19.54 5.36 9.59
Sample Variance 113.08 381.88 28.70 92.06
Skewness 0.01 0.07 -0.20 -0.44
Range 40.00 70.00 21.62 32.53
Minimum 40.00 20.00 14.67 12.79
Maximum 80.00 90.00 36.29 45.32
Confidence level 3.40 7.89 1.71 4.73

Taking the wide price fluctuation in Ethiopia and using the probabilistic approach of
investment appraisal, the Net Present Value (NPW) of setting up RMC plant in Addis
Ababa was 61.49 Million ETB and Internal Rate of Return (IRR) 8.86% for 15 years
investment period. The risk analysis of the investment showed that there was 100%
probability of getting a positive NPV from this investment. However, the RMC supplier

should secure a minimum annual concrete sale of 10,000m? to cover the total annual
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expense for a break even. This was due to the 4 Million annual average owning cost of
RMC Plant [61].

2.4 Quantification of Concrete Cost

2.4.1 Costs Associated with RMC

The work of Motrin, enumerate costs as: nearly every producer in the ready-mix concrete
business has developed his own particular method for recording the various expenses
associated with the operation. Consequently, each producer has either formally defined
or by past experience devised a workable scheme for reporting these expenses.

The major objective of a ready-mix concrete business as well as any other business is to
realize a profit. One of the most important factors in maximizing these profits is to
control the cost of doing business. The control of costs depends on how well the
management endeavors to actually pinpoint each individual cost. If each of the expenses
are defined and a cost value determined, it is a relatively simple matter to discover the
costs which are too high when compared with the costs of other producers in the concrete
industry. This is the apparent reason for separating these costs into three divisions;

namely, Production, Delivery, and General Administrative expenses [49].

2.4.1.1 Production Costs

The production phase in a ready-mix concrete company encompasses all of the activities
needed to ready the raw materials for making concrete. This includes the purchasing and
receiving of the cement, rock, sand, and other additives at the plant and the convey age of
these ingredients into storage bins where they are then stored for immediate dispatch until

an order has been received [49].

I.  Purchase of Raw Materials
b. Cement - This should include the cost of cement and the freight charges.
(Usually purchased by the barrel~ ton or carload, or 94-pound bags, in Ethiopia
using 50kg bags.)
c. Rock - This should include the cost of rock and freight charges. (Purchased by the

ton)
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. Sand - This should include the cost of the sand, plus the freight charges.

(Purchased by the ton.)

Other Additives - This should include the cost of the additives and delivery
charges, if any. (Purchased in various containers, such as 100-pound bags,
barrels, etc.)

Salaries (Production)

Batch-Man - The duties of this job includes the weighing of each ingredient that
is dispatched from the storage bins directly into the mixers onto the trucks. The
batch-man is informed by the dispatch clerk that an order has been received. He
then dispatches the raw materials according to customer specifications.

. Dozer Operator (Conveyor Operation) - The duties of the dozer operator consist

of supplying the storage bins with rock and sand by use of a conveyor belt system.
Cement Unloaded (Railroad Cars) - Railroad cars must be unloaded by hand.
The cement unloader stands on top of the car and uses a long-handled hoe to
unload the cement through the bottom of the car onto a conveyor directly below
the tracks. This conveyor transports the cement up into the cement storage bin. If
the cement is hauled in trucks, the trucks are unloaded by an air operated device

directly into the cement storage bins.

. Crane Operator (Crane Operation) - The duties encompassed in this job consists

of supplying the storage bins with rock and sand via a crane.

Other Yardmen - This category should include any other personnel employed in
the production phase.

Rentals

In the operation of a ready-mix plant, it is almost certain that at one time or another, it

will be necessary to rent some type of equipment. In general, this equipment may be a

dozer, tractor, dirt mover, etc.

iv.

Utilities

The utilities include gas, lights, and water. The gas and lights used would be for heating

and lighting the batch-man's office and the general offices. Water is, by far, the biggest

expense of the utilities. Water is one of the major ingredients of concrete, and is used

extensively for cleaning the mixer after each delivery.
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v.  Depreciation
Broadly speaking, depreciation is the lessening in value of physical assets with the
passage of time. Depreciation in the production phase consists of the plant, the conveyor,
and the tractor (dozer) or crane. Most of the producers interviewed employed a public
accountant outside of the ready-mix plant to calculate depreciations. This is due largely to
the ever-changing laws pertaining to depreciation.

vi.  Insurance
The insurance in this division was on the plant building.
vii.  Payroll Taxes
Employers’ taxes for old age benefits and unemployment compensation represent
additional costs to the business and should be considered a part of the cost of production.
This also includes state and federal taxes as required by law.
viii.  Other Taxes
This item would include all other taxes charged to the production phase of the ready-mix
operation.

iX. Repairs
This category includes maintenance on the plant building, conveyor, tractor or crane, or
any equipment used in the production phase.

X.  Miscellaneous
This listing is designed as a "catchall” item to include any expenses which a producer

might experience that would be related to the production aspect of a ready-mix operation.

2.4.1.2 Delivery Expenses

Delivery expenses in a RMC company operation consists of all expenses incurred on the
equipment involved in deliveries, the salaries of all truck drivers and mechanics,
depreciation and re-pairs on the equipment, insurance, truck licenses, i.e., any expense
which occurs from the time that the raw materials (cement, rock, sand, and additives) are
received from the storage bins into the mixers on trucks until the concrete is delivered to
the customer location and un-loaded of its contents and truck is returned to the plant site
to await further concrete orders. More simply, delivery expenses include all costs from

the point of charging the batch or mix into the trucks to delivery of the concrete at the job
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site. In arm plant operation, a producer must define and analyze delivery expenses if an
economical and efficient business is to be maintained. Economy of delivery expenses
requires careful control of these costs to ensure that these expenditures are made as
effectively as possible in achieving the purposes of the enterprise [49].

I Salaries
The salaries relative to the delivery phase would include truck drivers and mechanics.
The purchasing of manpower is one of the highest expenses in any business concern and
this is particularly true of arm operation. One of the greatest problems a producer is
confronted with is the utilization of manpower in the slack periods of the business.
According to the author arm company must rely on customers to order concrete
continually if it is to fully utilize the manpower it must maintain on the payroll at all
times. If a producer is not fully utilizing his manpower and equipment, a larger sales
force should be employed or other remedies sought.

ii. Depreciation
The depreciable amount of a truck and mixer should be spread in equal amounts over the
life span of the asset; the amount is ordinarily expressed as a percent of cost. The most

widely used method to figure this depreciation is the straight-line method.

In most cases, the mixer will remain in operative condition much longer than the truck.
Therefore, the depreciation for the mixer and the truck should be calculated separately
and adjusted accordingly. The straight-line method of depreciation assures that
depreciation is equal each year of the life of the asset.

iii. Payroll Taxes
In some states, personal income taxes must be withheld from employee's pay by the
employers. The same problem is presented in any withholding tax requirement, such as
the various federal withholding taxes.

iv. Repairs and Maintenance (truck and mixer)
Maintenance and repair expenditures are costs of maintaining the trucks and mixers in
efficient working condition without increasing the productive capacity or appreciably
extending the life of assets beyond the span contemplated in setting depreciation rates.
Unarm operation, this item is one of the largest problems of the producer. To maintain a

constant maximum output, the producer must consistently employ ways and means to
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keep his ready-mix trucks in operation the full time. The responsibility of maintaining a
full operating truck force should be shared by the truck drivers and the mechanics. The
truck drivers should report any equipment on the truck or mixers which are not operating
correctly. The mechanics should check and repair any inoperative functionary equipment
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