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ABSTRACT

Ready-mixed concrete is the basic construction material used in large quantities for construction
purpose all around the world. With enlarged focus on infrastructure and housing activities, use of
concrete in several forms are growing from time to time. Concrete that is batched in a controlled
environment at a central plant instead of being mixed on the job site which is called ready-mixed
concrete brought better option for such a developing demand. Quality control is all the measures
that are taken during material selection, concrete production processes and on finished concrete
products to ensure the compliance of works with the specification. Concrete structures fail before
meeting the required service life due to lack of proper quality control. This research is done on
Ready-mixed Concrete Quality Control Practice in Addis Ababa.

The objective of this research was to investigate ready-mixed concrete quality in general and to
identify main factors hindering quality control in particular. The research was carried out by
thoroughly reviewing previous studies, desk study done by collecting concrete test results from
third party laboratories, interviewing regulatory bodies, structured and open-ended questionnaire
distributed to ready-mixed concrete producers and detailed observation of batching plants and
concrete casting sites.

From the study it is observed that lack of periodic calibration of batching plants and machines,
lack of regular maintenance of batching plants and equipment, and improper batch plant
arrangement (general location) were found to be the major factors affecting ready-mixed concrete
quality control practice. In addition, improper raw material storage location, age of batching plant,
incompetence of the batch manager has also their own impact on ready-mixed concrete quality.
As per the evaluation of the test results, based on compliance criteria of Ethiopian standards
(EBCS-2:1995) 60% of the lots found to be defective where as 40% of samples are non-defective.
Based on compliance criteria of ACI 318, the result show that, the number of defective lots goes
down to 47.6 % and that of non-defective goes to 52.4%. Shewhart Chart was used to evaluate the
process of ready-mixed concrete quality control and showed that the RMC quality control practice
is poor. Generally, the quality control practice of RMC in Addis Ababa is not properly

implemented and as a result the expected strength of the concrete is not gained.

Keywords: -Batching Plants, Quality, Quality Control, Ready-mixed Concrete

MSc. Thesis by Mihiretab Achiso, 2021 Page iii



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

ACKNOWLEDGEMENTS

I would first like to thank the almighty God for helping me in the accomplishment of this thesis.
Then, my thesis advisor Abebe Dinku, Prof. (Dr:-Ing), he has always been open whenever | run
into a trouble spot or had a question about my research or writing since the title selection stage.
He consistently allowed this paper to be my own work, but steered me in the right direction
whenever he thought | needed it. In addition to this, 1 would like to appreciate him for his
consistency and punctuality during my stay. | would also like to acknowledge Mr. Derese Birbirsa,

co-advisor of this thesis, and | am gratefully indebted to him for his very valuable comments.

I would like to thank ready-mixed batching plant managers, quality managers and material
engineers involved in responding questionnaires. Their participations and honesty to show
direction for me was wonderful. Those who gave their time and willingness for interview, | would
like to thank them once again. Also, | would like to thank all those who participated directly or

indirectly for the success of data collection.

Finally, I must express my very profound gratitude to my parents and to my brother Dr. Demeke
Achiso for providing me with unfailing support and continuous encouragement throughout my
years of study. My friends your help and encouragement through the process of researching and
writing this thesis was great. This accomplishment would not have been possible without you.

Thank you.

MSc. Thesis by Mihiretab Achiso, 2021 Page iv



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

ACRONYMS
AA Addis Ababa
AAIT Addis Ababa Institute of Technology
AASHTO American Association of State High way and Transportation Officials
ACI American Concrete Institute
ASR Alkali Silica Reaction
ASTM American Standard of Testing Materials
BS British Standard
EBCS Ethiopian Building code of Standards
EIABC Ethiopian Institute of Architecture Building and City Development
ES Ethiopian Standards
ESA Ethiopian Standards Agency
GDP Gross Domestic Product
GGBS Ground Granulated Blast-furnace Slag
ISO International Standardization Organization
Mt Mega tone
QA Quality Assurance
QMP Quality Management Plan
QMS Quality Management System
QA Quality Assurance
QSRMC Quality Scheme for Ready-mixed Concrete
RMC Ready-mixed Concrete
SD Standard Deviation
SQC Statistical Quality Control
SPSS Statistical Package for the Social Sciences
TQM Total Quality Management

MSc. Thesis by Mihiretab Achiso, 2021 Page v



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

TABLE OF CONTENTS
DECLARATION . ..ottt sttt te s et e e et e saesbesbeebeeseese et e seesbestessennenreas i
ABSTRACT ..ttt ettt et e st e st et et et e te et e Rt Re Rt e Rt e et et nreeReeReereeneeneenes iii
ACKNOWLEDGEMENTS ..ottt sttt 1\
ACRONYMS ..ot b bbbt e st e s e b e b e s b e ek e e bt bt e st e s e et et e sbe st e nbe et e e %
LIST OF TABLES ... oottt bbbttt bbbttt Xi
LIST OF FIGURES ...t bbbt bbbt Xiii
CHAPTER ONE ..ottt sttt e b et e ste s neeteenaene et e s e neentenreane e 1
INTRODUCTION. ..ottt e et e st et e te s beeteesaeseese e e e naentesrenreeneans 1
1.1 Background Of the STUY ..o s 1
1.2 Statement of the ProbIem ..o 3
1.3 RESEArCN QUESTIONS. ....ccuiiiiieiiie ettt ettt s e e be e s ee e sbe e st e e sbeesabeesbeesnbeesbeeanneeas 4
1.4 Objectives Of the SUAY.........ccoiieiiic e e 4
141 General ODJECHIVE. .....cuciii ittt eas 4
1.4.2  SPECITIC ODJECLIVES......ecviciiciiee et 5
1.5 SCOPE OF the STUAY ..o 5
1.6 Limitations Of the STUAY ........cciiiiiiic s 5
1.7 Significance Of the STUAY ..o s 5
1.8  Organization Of the STUAY ........cccooiiiiiiii s 6
CHAPTER TWO ..ottt b ettt b e st et e b e e e sbesbesbeaneareas 7
LITERATURE REVIEW .....ooiii ettt sttt ne e 7
A R €T 0 - | SRR 7
2.2 Ready-mMiXed CONCIELE .......eccieeieiee ettt e e e sre e 8
2.3 History of Ready-mixXed CONCIELE ..........ccoveiiiieieeie et 8
2.3.1  Historical ASPects Of RMC: ...t 8
2.3.2  Progressive Growth of RMC in Some COUNEIIES: .......cccevvrieieieieie e 10
2.4 Components of RMC Batching Operation ..........ccccooeoereneninenineieese e 11
2.4.1  GrOUNG HOPPET ...ttt bbbt b e bbb 12
2.4.2  StOragE HOPPET ...ttt 12

MSc. Thesis by Mihiretab Achiso, 2021 Page vi



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

2.4.3  Cement Silo and Water Storage Tank ..........cccocvereriieiieeneiie e 12
A VAV - TTo | oL aTo Tl (o] o] - PSSR 13
245 IMIIXEE woieeiee et bbbttt bbbt reenes 13
2.5 Advantages and Dis Advantages of Ready-mixed CoONnCrete.........cccoovevvveenenensenne. 13
2.5 1 AGVANTAGES ...ttt bbb 13
2.5.2  DISAUVANTAGES. ......eitiiiieiieiieiet ettt bbbttt b s 14
2.6 Cost of Setting UP RMC PIant ..o 15
2.7  Composition OF RIMC ..ot 17
2.7.1  POrtland CEMENTS .....cviieiiiiie ittt 18
2.7.1.1 Composition of Portland Cement ...........cccovveviiieieese e 19
2.7.1.2 Cement Production in Ethiopia.........ccccceivieiieviiiiiesecse e 20
2.7.2  AQGIEOALE ...ttt 21
2.7.3  WVALEE .ttt ettt bbbt ar e b nreas 25
2.7 4 AGMIXEUIES ....eeeieieeie ettt ettt e st e ste e e e st e sreesteeneesreeteaneenneenrs 26
2.8  Storage of Material in Ready-mixed Concrete Plant:............ccooooviiinencieniiene 27
2.8. 1 CBIMENTL ..ottt n e nnr e r e nneas 27
PR I A o [0 (=0 o LT ST 28
2.8.3  WVALBI e r e nnes 28
2.9 RMC ProduCLION PrOCESS. ......cueieuieieiesiesiesiesieseeie et sre s seeseesaesbesnessenns 28
2.9.1  SpecCification Of CONCIELE ........cceiiiiiiiieieee s 28
2.9.2  BatChing PIANT.......c.ooiiiiie s 30
2.9.3  BatChing EQUIPMENT. ..ot s 31
2.9.4  MiXING AN DEIIVEIY ..o 31
2.9.4.1 Central-MiXed CONCIELE .......cccveieiieeiieie et see e eneeneas 32
2.9.4.2  SHriNK-MiXed CONCIELE .....cvveviiieieiiesie et e 32
2.9.4.3  TruCK-MiXed CONCIELE .....eoviirieieiiesie st 32
2.95  REMIXING CONCIELE.....cueiiiieieciie ittt st te e sneenas 33
2.9.6  Transporting and Handling of Ready-mixed Concrete ...........cccevvvvvvevie e, 33
2.10  CoNCrete QUAITTY .......oiviieiieiii et 37
2.10.1 Quality Control of RIMC ........oiiiiiiiiiiceee s 38
2.10.2  QUAITLY ASSUIANCE .....oeiuieiieieiesie sttt sttt n bbb ebe s 39
2.10.3 Factors Affecting Ready-mixed Concrete Operation and Quality ...................... 40

MSc. Thesis by Mihiretab Achiso, 2021 Page vii



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

2.10.4  Statistical Quality Control of CONCIete ........cccovvevviieiiieiece e 40
2.10.5  Statistical FUNCHION ..o s 41
2.10.6 Compliance Criteria and Standard Approaches of the Ethiopian (EBCS).......... 44

2.11 Concrete Production in EthIOPIa........cccooiiiiiiiiiiiecc s 45
2.12  The Need of Standardization ............ccooeiiiiieneie e 47
2.13 Legal Requirements of RMC PIant ...........ccocooiiiiiiiiiiieiceeeeeeee s 48
2.14 International Practice of Ready-mixed CONCIEte...........cccoririiiiinieieee s 50
20 2 5 R 1 (=T I T 7o o [0 o o PSSR 50
2.04.2  INAIA...iiiiiiieieee ettt es 50
2.14.3  SOULN ATTICE ..ottt 52
N S N1 To T4 - USSR 52
2.14.5  ETNIOPIA .oveiiieieies bbb 53

2.15 Critical Appraisal of Literature REVIEW ...........cooiiieiiiininiseiieeeeee s 53
CHAPTER THREE ... ..ottt e e snae e e nnae e e 56
RESEARCH METHODOLOGY ...ocoiiiiiiee ettt sta e stta e ae s tee st e e snae e snae e nnaeeenne s 56
200 |11 {0 (1 o4 A T o PSSR 56

3.2 Research Design and APPrOaCh..........coiiiiiiiiiiinieiee e 56

3.3 Sources of Data and Collection APProaches ..........cccccevvevveiieiieiesiieseece e 58

3.4 StUAY POPUIALION......c.eiiiieieciic et re e 58

3.5  Methods of Data COIECLION. ........ccueieiiieieiee e 59

3.6 Validity and Reliability TeSt.........ccoviiieiiie e 60

3.7 Ethical CONSIAEIALION ........ecveieieieeiiecieee et re e eeenee e 60

(O 1 e I = G 1 1 RS 61
RESULTS, ANALYSIS AND DISCUSSION ......oooiiiieee et 61
Nt | 11 (0T (1ot 1 o o SRS 61

4.2 RESPONSE RALE.......eiiieiiiiiiiieet ittt 61

4.3  Educational Background of the Respondents...........ccccevvvveiieiie e e 62

O {0 1=] =T (o PSPPI 63

4.5  Concrete Batching Plants Growth ...........cccooiiiiiii e 63

4.6  Demand Vs Supply of Ready-mixed CONCIEte..........cccvevieeiieiiieiiie e 64

4.7  Material Storage and Handling..........ccccvvoiiiiii i 65

MSc. Thesis by Mihiretab Achiso, 2021 Page viii



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

4.8  Descriptive Analysis of RESPONUENTS .......ccveiveiviiiiiieie e 68
4.8.1  Material Related FaCtOrS .......cccooiiiiiiiiieiieeeie e 68
4.8.2  Batching Plant Machine Related Factors ............cccoovviieiieie i 70
4.8.3 Road, Transportation and Concrete Casting Sites Related Factors..................... 73
4.8.4  Standards and Codes Related FaCtOrsS ..........cooeieieiiiiiinieeeee e 75
N[O TP TP PO PR PP TRPPRT 76
Standards and Codes Related FACIOrS ............coiiriiieieieee s 76
4.9  Quality Of INGredientS........cccveivieieiieceec e 77
B.9.1  GENEIAL ..ot 77
B.9.2  CBIMEBNTS ...ttt ettt et et b e e sb e b et e e s b e e e e b e r e nne e 77
B.9.3  WWALET .ttt r e 80
R o | 0T D (LU= PSSR 81
4.9.5  AQOIEJALES. ... .eetiiieeiieeie et 81
4.9.5.1 Surface Moisture, Porosity and ADSOrption ..........cccocvviviiieiinc i 86
4.9.5.2 Deleterious SUDSTANCES ......c.eiueiiieriiiiesieeiesie et sree e sree e e e sneenees 87
4.9.5.3 Grading Of AQQregates........ccccceiieiiiiieieeie e 90
4.10 Efforts towards Standardization 0f AQQregates.........cccovevevieieeresiieneere e 91
4.11 Concrete Making Materials TeSting CEeNters ........c.ccovevveieiieieeie e 92
4.12 Ready-mixed Concrete Production PrOCESS .........ccccvveveeiieiieiieie e eie e 93
4.12.1  Specifying ConcCrete-Ordering .........ccoceiveerieiieiienese st 93
4.12.2  BaCRING ..eoiiiiiiie e 94
A.12.3  IVHIXING oottt ettt b bbbttt bbb 94
4.12.4 Delivery, Transporting and Transference of Ready-mixed Concrete.................. 95
4,13 Statistical QUality CONTIOL .........cooiiiiiiiii e 96
4.13.1 Compliance Criteria Based on EBCS-2:1995 and ACI ........ccccccviveveiieinennene 105
4.13.2  Shewhart CONtrol Charts ........ccooviiiiiiiieeeee s 109
414 Legal BOGIES.......ccoiiieeie ettt 112
4.15 Summary of Major FINAINGS.......ccoviiiiiiiieiie et 113
(O o 1 e o e Y PR 115
CONCLUSIONS AND RECOMMENDATIONS. ... oottt 115
5.1 CONCIUSIONS ...ttt ettt e st e teesaesreeteeneesseenaeeneeaneenseenenas 115

5.2 RECOMMENUALIONS .....oivveiieiiesiieieeie et e et e e sra et re e aeeneesreesaeeneesreenseenaeas 116

MSc. Thesis by Mihiretab Achiso, 2021 Page ix



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

REFERENGCES ...t 117
APPENDIX c....oovoooeevveoesessoeess s sssso s s 121
APPENAIX L. e, 122
APPENAIX Il 130
APPENAIX Tl .o e 132

MSc. Thesis by Mihiretab Achiso, 2021 Page x



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

LIST OF TABLES
Table 2-1: Start of RMC production in Europe and USA ........ccooiiiiiiiiiiieeee e 9
Table 2-2: Ready-mixed concrete production figures in different countries ...........ccccoevevennenne 11
Table 2-3: Investment cost of Addis Batching Plant ............ccccoevieiiic i 17
Table 2-4: Approximate limits of oxide composition iN CEMENt ..........ccccceevvviereere i, 19
Table 2-5: Grading requirements for fine aggregate .........cccoovvieiieeie s 24
Table 2-6: Grading requirements for COUrse aggregate ........cccooevieererieerieereseeseesesee e sre s 25
Table 2-7: Chemical requirements of water used fOr CONCIete . ........ccovvevivereiienieie e 26
Table 2-8: Equipment used for concrete transference ........ccoccvveveeeie e 35

Table 2-9: Principal sources of strength variations in concrete production and quality testing .. 41

Table 2-10: Margins Of Strengths iN MPa .........ccoiiiiiiii s 44
Table 4-1: Material related faCIOrS. .........coviiiiiiiec s 69
Table 4-2: Batching plant machine related factors ............ccccooviieiici i 70
Table 4-3: Road, transportation and concrete casting site related factors ............cccccoeevveveennen 74
Table 4-4: Standards and Codes Related FaCLOrS ..........ccceiiiiieiiiiiice e 76
Table 4-5 Type OF FINE AQGIEJALES .......oiui i 82
Table 4-6: Types and frequency of tests conducted for coarse aggregates.........c.ccevvvevververeennenn. 83

Table 4-7: Frequency and percentage of batching plants doing respective fine aggregate test.... 85

Table 4-8 Specific gravity and water absorption of the tested fine aggregate samples................ 87
Table 4-9: Silt and clay contents of the fine aggregate SAMPIES........c.cccvevveviiieiiece e, 89
Table 4-10: Coarse aggregate test results 0N ShapPe .........ccccveieiieie e 90
Table 4-11: Summary of gradation distribution of fine and coarse aggregate samples................ 91

Table 4-12: Compressive Strength test results and analysis, according to EBCS-2 1995 and ACI-

MSc. Thesis by Mihiretab Achiso, 2021 Page xi



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Table 4-14: Standard deviation for different control standards, MPa (ACI-214)

....................... 107
Table 4-15: Level of control based on Standard Deviation (ACI-214) .......cccccvvvevvereiiieseennens 108
Table 4-16: Level of control based on coefficient of variation (ACI-214)..........cccccvevvvieinenns 108

MSc. Thesis by Mihiretab Achiso, 2021 Page xii



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

LIST OF FIGURES
Fig 2-1: The use of ready-mixed concrete for different applications in USA ... 11
Figure 2-2: Batching plant and truck MiXer CYCIES .........cocviiiiiiiiiiiee e 12

Fig 2-3: Summarized historical development and production capacity of the Ethiopian cement

10T LU 1 Y/ USROS 21
Fig 2-4: Storage and transportation 0f CEMENT ............cccveiiieii i 27
Fig 2-5: Storage 0Of aQQreJALES .......ccveiieiieiieiieie et et e e s e sre e e e e nreeae s 28
Fig 2-6: Frequency distribution of strength data and corresponding assumed normal distribution

....................................................................................................................................................... 42
Fig 3-1: ReSearch fIOW Chart............cooiiiiiii e 57
FIQ 4-1: RESPONSE TALE ...tttk b bbbttt et nbe bbb 61
Fig 4-2: Educational background of the reSpondents ............ccoceereiineneiiseeeee 62
Fig 4-3: Experience of the reSPONAENTS ..........ccveiiiiiiiii e 63
Fig 4-4: Concrete plants GroWth ..o 64
Fig 4-5: Ready-mixed concrete demand and SUPPIY........coveiieiiiiiiic i 65
Fig 4-6: MALerial SLOTAGES .. .vveveeiiitieite ettt ettt te et e et e e be e s beeeesreesteensesneesaeeneeas 66
Fig 4-7: Summary on type of CEMENT USEA ........c.ooviiiiiicc e 78
Fig 4-8: Cement transportation MECaNISM ...........c.oiviiiiii i 79
Fig 4-9: Different sources of water used for ready-mixed concrete production..............c.cceeeee. 80
Fig 4-10: Image showing tank water used for ready-mixed concrete production ........................ 81
Fig 4-11: Frequency of tests conducted on COarse aggregates.........couvrerereriereereerenesie e 84
Fig 4-12: Frequency of tests conducted on fine aggregates. ........ccovrevererinenieeiieie e 85
Fig 4-13: Material testing 1aboratori€s. ........couveiiiiiie it 92
Fig 4-14: Different types of concrete specifying ordering..........ccccovveiiieiiieiiievie e 94
Fig 4-15: RMC MIXING TYPES .vviitieitie ettt ettt ettt ettt st sa e ae e b e s sae e sbaeanbe e taeennaenneeanes 95
Figure 4-16: Shewhart control chart for C25 concrete grades.........ccccovvviveeiiieiiieviie e 111

MSc. Thesis by Mihiretab Achiso, 2021 Page xiii



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Figure 4-17: Shewhart control chart for C30 concrete grades

Figure 4-18: Shewhart control chart for C40 concrete grades

MSc. Thesis by Mihiretab Achiso, 2021

Page xiv



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

The contribution of construction industry for the development of economy in developing country
Is paramount compared to other industries. This is mainly because developing countries are
substantially dependent on the growth and development of their physical infrastructures and the
linkage of the construction industry to both economic and social sectors is very important.
Ethiopia’s construction sector is one of the most robust in Africa. The updating and building of
new infrastructure links, residential developments and so on is of considerable interest to the
Ethiopian Government. A wide range of buildings and construction facilities are required by the
society, including residential and commercial property, manufacturing facilities, schools,
hospitals, complex transport infrastructure, and so on. Thus, the construction industry is a major

sector of the economy of the country [1].

It is forecasted that about 20 percent of the total population of Ethiopia is living in urban areas,
which has rendered it as one of the least urbanized countries in Sub-Saharan countries. Even with
this low level of urbanization, however, the country has one of the highest rates of urbanization
even by the standards of developing countries, which is estimated at 4.1 percent. This is also much
higher than the average growth rate of the total national population, which is estimated at 3 per
cent per annum. The level of urbanization has been only 6 percent in the 1960, which has increased
to 11 percent in 1984 and 14 per cent in 1994, which is estimated to have already reached 17.2
percent by 2013 and projected to account for 30 percent of the total population in the year 2025
[2] . Addis Ababa, it should be noted, is home to the headquarters of the African Union and the
United Nations Economic Commission for Africa. As such, affluent international visitors could be
found here. A demand for luxury developments is likely to be in part, driven by their presence. In
addition, the rapid growth of population in Addis Ababa presents extraordinary pressure on the
existing housing policy and on the entire infrastructures like- water, electrical power supply,
drainage and road. For example, The Ethiopian Federal Democratic Government took considerable

effort to improve the housing situations in Addis Ababa city by installing different housing
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programs like- 10/90, 20/80 and 40/60 schemes respectively. At the same condition, urbanization,
rapid growth of population and proper usage of land leads the government to increase the public
construction projects to satisfy society needs. In addition, contribution of private sector for the

industry is significant.

The quality of concrete has also a very direct effect on the strength & durability of the structure as
a whole. Concrete structures are designed and constructed so that, they maintain their required
serviceability, durability and performance for a sufficiently long period of time, which is expected
to be in excess of 50 years. Concrete structures fail when it can no longer offer the required strength
to support its designed load. The failure of concrete can sometimes be mild with visible cracks and
deflections or severe, leading to partial or total collapse of the structure during the construction or
post-construction stage. To obtain quality concrete products, proper care and control has to be done
during ingredient selection by checking compliance with the standards, and during production
processes and workmanship. Repairing poor quality concrete structure is costly, undesirable, time
consuming, and in many cases not possible. Therefore, every effort should be made to avoid the
production of a poor quality concrete structures and it should be reminded that all professionals
and firms involved in the construction industry have to give special emphasis to quality control of

concrete.

Concrete quality produced in Ethiopia did not meet the requirements due to many reasons.
Unsatisfactory quality of ingredients, poor supervision and poor way of concrete production are
some of them. Researches agreed that there is gap in concrete produced and the standard
requirements. The quality of concrete produced on the projects varies from good to bad and the
variability in the quality of concrete production on those projects is due to lack of testing, selecting

and handling of concrete making materials [3, 4].

Based on concrete production methods concrete is classified as cast in situ or site mix concrete and
ready mixed concrete. Ready-mixed Concrete is a type of concrete that is produced in batching
plant, according to a set procedure, and then transported to a worksite, by truck mounted transit
mixers. This results in accurate mixture, letting specialty concrete mixtures to be developed and
implemented on construction sites. RMC is commonly referring to a concrete that is specifically
manufactured for delivery to the customer’s construction site in a freshly mixed and plastic or

unhardened state.
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As far as we are not experiencing strict quality control of concrete production, our city may not
benefit much from ready-mixed concrete that has the tendency to improve quality of concrete.
This research is aimed to assess the practices of Addis Ababa ready-mixed concrete production
processes. Mainly on strict quality control practice followed in terms like selection of material,
materials storage, monitoring the quality of materials, plant maintenance, calibration of equipment,
plant and transit mixer condition, sampling of concrete, testing and monitoring of results,
weighbridge checks of loaded and unloaded vehicle weights, stock control of materials, diagnosis
and correction of identified faults. Finally, the real situations would be analyzed and the drawbacks

gets recommendations.

1.2 Statement of the Problem

African cities have growth rates of up to 5% per year; which makes them the fastest growing urban
units in the World. Ethiopia’s Capital city Addis Ababa, which is the third diplomatic city in the
World is expected to advance the way of living for residents through advanced construction. 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, from the number lion share will be accommodated in Addis Ababa [5].

Statistical quality control based on compressive strength tests conducted on selected projects
revealed that, 40.4% of the test results were found to be defective based on EBCS-2:1995
compliance criteria. According to ACI-214 classification, 35.4% of test result based on standard
deviation indicates poor quality control whereas 71.25% of the test results show poor quality
control practice based on their coefficient of variations [3]. By the same analogy study done by
analyzing of the forty-three investigated projects’ compressive strength test results showed that,
52.17%, 26.09% and 41.3% of the projects have shown defective lots as per the Ethiopian, the
American and the British codes compliance requirement respectively [6]. RMC enables mass
concrete production work and timely completion of large construction sites. For instance, RMC is
an advanced technology, which involves a high degree of mechanization and automation is

technologically superior to the site mix concrete [7] .

Nowadays concrete is being produced daily in RMC plant for different purposes. A strict quality

process should be followed in terms like selection of concrete making materials, materials storage,
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monitoring the quality of materials, plant maintenance, and calibration of equipment, plant and
transit mixer condition, sampling of concrete, testing and monitoring of results, weighbridge
checks of loaded and unloaded vehicle weights, stock control of materials, diagnosis and correction
of identified faults.

In order to keep counter balance of increasing demand and countries construction capacity we must
have to go such advanced way of producing concrete using RMC. However, concrete structures
fail due to different reasons before a service life in Addis Ababa. In addition, the nature of ready-
mixed concrete plant designed to produce concrete in bulk. As elaborated above quality control

practice of concrete production processes and result obtained is poor in Ethiopian construction.

To this end, producing concrete in ready-mixed plant alone does not guarantee for achievement of
desired quality even though ready-mixed concrete has promising effect on concrete quality.
Instead, the production processes and materials should have done according requirement of
relevant standards, codes and regulations. The concrete produced in this process should have been
stickily followed unless it leads to under quality of concrete if any fault done. In Ethiopia
Construction industry is suffering from poor quality control of concrete. Therefore, this study
mainly emphases on quality control practice in Addis Ababa, identify gaps, and address ready-

mixed quality control techniques to improve the quality of concrete produced.

1.3 Research Questions

» How quality control of ready-mixed is being practiced in Addis Ababa?

» What are the main factors that mainly affect quality control of ready-mixed concrete?

» How frequently and when are compliance criteria used to over check quality assurance of
ready-mixed concrete?

» How quality stakeholders are involving in quality control and their responsibility look like?

1.4 Objectives of the Study

1.4.1 General Objective

The general objective of the study is:

» To investigate ready-mixed concrete quality controlling practice in Addis Ababa.
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1.4.2 Specific Objectives

The specific objectives of this study are:

» To identify and prioritize factors which influences RMC operations and the quality of
ready-mixed concrete.

» To study the level of quality control by applying statistical quality control based on
Ethiopia and ACI standards.

» To explore the role of governmental bodies in controlling the quality of ready-mixed

concrete.

1.5 Scope of the Study

The scope of this study is restricted by focusing on the quality control of ready-mixed concrete
produced in Addis Ababa concrete batching plants. The study is limited on the way of ready-mixed
supplier quality control production. Not all test results of materials were incorporated in the study.
Some selected test results on concrete producing materials and cube tests only were considered as

a part of the study.

1.6 Limitations of the study

The study is limited on the way of ready-mixed supplier quality control production. Not all test
results of materials are incorporated in the study. Some selected test results on concrete producing

materials and cube tests only are considered as a part of the study.

1.7 Significance of the Study

Currently, there are many firms engaged in ready-mixed concrete production as a business and

construction organizations for their own consumption.

» This study highly benefits ready-mixed concrete suppliers by creating awareness how to
produce quality ready-mixed concrete and gives need of quality to produce and be competent
on the industry.

» The study also analyzes the gap between stated role and responsibility of regulatory bodies and
the current trend. Due to this reason, it will increase awareness of quality organizations

responsibility for the success of quality assurance.
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» Consultants, contractors and clients benefit from the study because concrete is one of the most

important elements of construction in terms of project cost.

1.8 Organization of the Study

The thesis is organized in to five chapters. Chapter one presents the introduction that explains the
problem, objective of the study, significance of the study, scope of the study, limitations of the
study, organization of the study and procedures of the investigation in general.

Chapter Two deals the literature review. Here, the concepts and related theories have discussed
thoroughly and the major topic areas are introduction, ready mx concrete, and components of

concrete, concrete production, concrete production in Ethiopia and the need of standardization.

Chapter Three presents the methodology and it discusses the methods and techniques employed
for the investigation. Under this chapter, data collection techniques, sampling & sample size
determination methods, data quality assurance techniques, data analysis & interpretation methods

are explained.

Chapter Four provides the data analysis and discussion portion. In this portion, all the collected

raw data is presented, analyzed and interpreted in the detailed manner.

The last chapter (Chapter Five) presents conclusions and recommendations. In the final section of
this last chapter the study forwards some recommendations.
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CHAPTER TWO

LITERATURE REVIEW

2.1 General

This chapter focuses on different literature reviews available on RMC quality control practice. This
chapter deals with elements of concrete quality control aspects such as material storage, materials
selection, handling, batching, transporting, and placing of concrete that was taken from different
journals, articles, thesis papers and books. In addition, codes and standards used to evaluate the
level of quality conformity of concrete making materials and cube tests of concrete produced by

ready-mixed concrete.

Concrete is composed of coarse granular material (the aggregate or filler) surrounded in hard
matrix of material (the cement of binder) that fills the space between the aggregate particles and
glue them together. Concrete is a versatile & most widely used material in civil engineering
constructions. Based on method of production concrete can be classified as Site Mixed Concrete

& Ready-mixed Concrete.

Currently, developed world concrete production used ready mx concrete as solution for their
demand and quality requirements, where RMC is advanced sector in Europe and USA. As much
as 75% of cement in USA is spent through RMC route and is supposed to be the uppermost level
of automation achieved in concrete construction wherever in the planet. In Europe, about 47% of

cement is consumed through the RMC plants [8].

Requirements for quality design in concrete construction include conformance with applicable
codes, standards, guidance, regulations, laws, and statues referenced in the specifications.
Requirements for quality construction include compliance with contract provisions, clauses, and

specifications.

Quiality control of RMC can be viewed in the following three main categories. The quality control
which is primarily focused activities done before mixing of concrete is called forward control;
quality control during production process of concrete is referred as immediate control and the
control done after production of concrete is called retrospective control [9].
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2.2 Ready-mixed Concrete

Concrete mixed in a stationary mixer in a central batching and mixing plant or in a truck mixer
then provided in the fresh condition to the customer either at the site or into the consumer's
vehicles. It is which cement, aggregates and other materials are weight batched at a plant in a
central mixer or truck mixer before deliver to construction site in condition ready for use. Thus,
fresh concrete is produced in a plant outside from the construction site and delivered within the
necessary travel duration. “Due to the ability to customize its properties for different usage, its
strength and durability to resist a wide diversity of environmental situations, RMC is becoming

one of the most versatile and common construction materials [10, 11].

There are two principal categories of ready-mixed concrete. In the first, the mixing is completed
at a central plant and the mixed concrete is then delivered, regularly in an agitator truck, which
revolves slowly to avoid segregation and excessive stiffening of the mix. Such concrete is known
as central-mixed as distinct from the second category — transit-mixed or truck-mixed concrete.
Here, the ingredients are batched at a central plant then mixing of concrete materials would be
done in a mixer truck either in transit to the site or instantly prior to the concrete being discharged.
Sometimes, the concrete is partially mixed at a central plant in order to increase the capacity of
the agitator truck. The mixing is completed in route. Such concrete is known as shrink-mixed

concrete but is rarely used. Truck mixers have a capacity of 6m?® or 7.5 m® [12].

It should be explained that agitating differs from mixing solely by the speed of rotation of the
mixer: the agitating speed is between 2 and 6 rev/min, compared with the mixing speed of 4 to
about 16 rev/min; there is thus some overlap in the definitions. It may be renowned that the speed
of mixing affects the degree of stiffening, whereas the total number of revolutions controls the
uniformity of mixing. Unless the concrete has been shrink-mixed in the central plant mixer, 70 to

100 revolutions at mixing speed in the truck mixer are required [12].

2.3 History of Ready-mixed Concrete

2.3.1 Historical Aspects of RMC:
The German architect Jurgen Heinrich Magens first patented ready-mixed concrete in 1903 [13].
Although he established the concept of concrete being mixed off site and transported, the concept

could not be entirely understood until 1907 when the transportation method had been established.
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Jurgen Heinrich Magens realized that by cooling and vibrating the concrete, the concrete mix could

be transported for a prolonged period.

Its long history of growth covers way back Germany was patented with the primary 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 as RMC 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 [14].
Table 2-1: Start of RMC production in Europe and USA [13]

Country Year
Germany (1903) 1900s
Spain (1912) 1910s
USA (1913)

Holland (1918)

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

Sweden (1932)
France, Switzerland (1933)

Japan (1949) 1940s
Belgium (1956) 1950s
Finland (1958)

Austria, Ireland (1961) 1960s
Italy (1962)

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 requirements of the construction industry. It allows building of ever-longer bridges, ever-higher
rise buildings, tunnels, dams, etc. The study, 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 [15].
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2.3.2 Progressive Growth of RMC in Some Countries:

Despite this discovery, attempts to supply the building trade did not take off until the late 1920%s.
The new range of used trucks, which were fitted with a drum to transport the concrete during
transportation, successfully accomplished this. The pioneer ready-mixed company to set up in the
UK took place in 1930, and it was only later on in the 1960s that effective network of concrete

companies had recognized themselves in the construction sector.

Modern concrete construction only took off after the production of Ordinary Portland Cement
(OPC) started in the 19th century. Then 1903 in 20th century, Ready-mixed concrete (RMC) was
patented in Germany. Unfortunately, RMC could not be commercially exploited for another 10
years, since suitable transport for conveying it to construction sites within the required period, did
not exist until then. It should be accepted in mind that till 1910, several states had a law that made
it obligatory for a man with a red flag to walk in front of any motorized vehicle—mainly to warn
horse—drawn transport to move aside. Lastly, in 1913, the initial dumper type of vehicle for

conveying concrete made its arrival in USA, and RMC became a certainty [16].

In today’s construction sector, ready-mixed concrete is used on a regular basis. The qualified
services of base concrete are used for the targeted and quality concrete mixes, which are designed.
For construction companies, ready-mixed concrete reduces labor costs and increases the amount
of space they have on-site. All this has led to ready-mixed concrete becoming exceptionally
popular within industry as indicated Table 2.2 below. The table indicated that ready-mixed

concrete production was popular in some developed countries in past decades.
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Table 2-2: Ready-mixed concrete production figures in different countries [15]

Country Total Production per Cement % of cement for
Production Capita Consumption RMC production
X 10°m?3 (m3/capita) X 10° ton

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

The use of ready-mixed concrete is versatile. Different countries have their own capacity to
consume concrete for their specific need. In USA ready-mixed concrete is majorly divided for
infrastructure, commercial, residential and industrial purposes. The following Fig 2.1 illustrates

increasing market size of ready-mixed concrete from time to time in USA.

l U.S. ready-mix concrete market size, by application, 2016 - 2027 (USD Billion)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

® Infrastructure | Commercial ®m Residential ® Industrial

Fig 2-1: The use of ready-mixed concrete for different applications in USA [17]

2.4 Components of RMC Batching Operation

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 2.2 below, the batching plant operation is conceptualized and a brief

explanation of each section is provided.
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Figure 2-2: Batching plant and truck mixer cycles [18]

2.4.1 Ground Hopper
The hopper is positioned on the ground, and it is connected to the storage hopper by a conveyor
belt. An operator drives the vehicle mandatory to load sand and aggregates into the ground hopper.

Then, the conveyer belt transports these materials to the storage hopper.

2.4.2 Storage Hopper
The storage hopper contains of sections to store sand and aggregates, namely sand, 10 mm
aggregates, and 20 mm aggregates. When unconstrained, materials are discharged into the

aggregate weighing hopper, which is founded directly below the storage hopper.

2.4.3 Cement Silo and Water Storage Tank
Cement silos and water storage tanks are positioned above the mixer. Cement is released into the

cement-weighing hopper, which measures its weight. Then, the cement is discharged into the mixer
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through gravity. Correspondingly, water is discharged into the mixer through the water-weighing
hopper.

2.4.4 Weighing Hopper

Weighing hoppers are three based on their types. The cement and water weighing hoppers are
located below the cement silos and water tanks, and above the mixer. This design guarantees 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.

2.45 Mixer

The mixer accepts all the components to batch the ready-mixed concrete. By rotating continually,
the mixer ensures that the components are mixed evenly and thoroughly to the right workability.
Using the amp-meter, the operator determines whether the mix is too dry or too wet, and he/she
makes necessary adjustments before releasing it to the truck mixers.

2.5 Advantages and Dis Advantages of Ready-mixed Concrete

2.5.1 Advantages

As concrete is being produced in centrally controlled plant, it has many advantages as listed
below [19] .
» Uniform and assured quality of concrete.
Durability of RMC.
Faster construction speed.
Storage needs at construction sites eliminated.
The addition of admixtures is easier.
Documentation of the mix design.
Reduction in wastage of materials.
Elimination of procurement / hiring of plant and machinery for contractor.
Labor associated with production of concrete is eliminated.
Pollution at site are reduced.

Organization at the site is more streamlined.

YV V. V V V V V V V VYV V

Lower labor and supervisory cost.
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» Availability of concrete of any grade

2.5.2 Disadvantages

Even though, ready-mixed concrete has many advantages there are numerous disadvantages based
on selection criteria of ready-mixed concrete supplier, transportation and dispatch of concrete.
Some of them are listed below [19]

» Need huge initial investment.

» Not affordable for small projects (small quantity of concrete).

» Needs effective transportation system from RMC to site.

» Traffic jam or failure of the vehicle generates a problem if the appropriate dose of retarder
IS not given.

» For the sake of concrete casting in position for compaction and vibration purpose labors
should be ready on casting site.

» Double handling, this outcomes in additional cost and losses in weight, requirement of go
downs for storage of cement and huge area at site for storage of raw materials.

» Aggregates get mixed and impurities creep in because of wind, weather and mishandling
at the site.

» Delay in setting of concrete,

» Requirement of good formwork- Since the placement speed of concrete is more the
formwork required shall be strong enough to sustain the load of fresh concrete.

» Concrete supplied from RMC has either more slump than specified or has become stiff
making it difficult to pump. Uncertainties will always be raised if the concrete supplied at
site has more slump than specified. Addition of water during transit can be suspected which
is assured to affect the quality of concrete. Concrete loosing workability making it difficult
to pump is another area of concern. In such cases, water added to make concrete pumpable,
which again affects quality of concrete. Re-dosing of admixture, if adopted, has to be done
under technical supervision following recommendation of manufacturer of admixture.
Otherwise, it may lead to delayed setting of concrete.

Generally, the admixtures retarders are used to delay the setting time due to transit time involved
are excess. Surplus dosage of set retarding admixture may cause the delay in setting time
considerably. Hence, it is necessary to attain at optimum dosage of set retarding admixture such
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that there is no undue delaying than required. This will also create the compatibility between

cement and admixture.

2.6 Cost of Setting up RMC Plant

RMC is an important construction material and the cost of placing this material is significant for
owner of batching plants. The costs associated with RMC system addition to batching plant costs
which were identified through consultation with industrial practitioners like several managers of
both RMC batch plants (in USA and UK) and contractors (in UK) that were as follows [20]:

» RMC material costs; the price quoted by RMC supplier absorbs a number of the supplier’s
costs, including raw materials prices, overheads, transportation costs and suppliers’ profits.
These prices can vary significantly according to the design mix.

» Plants hire costs; the on-site plant required in the RMC system differs from pour to pour.
However, in the studied projects there was some standard plant used in each pour, such as
a concrete pump, vibrating poker units and mechanical trowels.

» Plant operating costs; these costs are a function of pour duration, fuel prices, plant running
during idle periods and repair costs.

» Labor costs; RMC is placed by labor teams, often consisting of a ganger (or foreman), plant
operator, placing personnel, general laborers and masonry specialists (for finishing) and
they are usually paid at an hourly rate.

» Truck mixer surcharge; The RMC supplier often has a tolerance for the length of time that
a truck mixer may remain on a project site. This tolerance is roughly 5 minutes per cubic
meter. For example, a truck mixer carrying a load of 8m® of RMC would be permitted a
time of 40 minutes on a site to wait.

» Transport of material; this is a cost absorbed in the price of the material and is not directly
applicable to the contractor, but could be useful in identifying ways to reduce the
contractor’s costs.

Table 2.3 shows typical ready-mixed batching plant set up cost in Addis Ababa around Bole
Bulbula. Project time duration is estimated as 5 years (From 2020-2025) and Total Budget
Requested is 59,351,979.44 BIRR with interest rate of 10%. Table 2.3 showed detailed budget

allocation for the project. The annual operational cost is calculated by several approaches, such as
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Maintenance and spare parts costs include Dump truck, wheel loader, concrete mixer truck, deer
car, motorcycle, generator and laboratory.

1) Operational cost of batching plant, including fuel cost of 300,000birr/month and cost of raw
material in the process of machining wet mix 1,500,000 birr/month

2) Personnel costs, including personnel costs are burdened by employee salaries of BIRR
200,000/month and for Batching Plant's core salary of Birr 40,000/month.

3) Maintenance cost on batching plant operation and equipment fund amount 450,000 Birr/year
calculated from assumption that annual maintenance cost is 10% of building batching plant.

4) General administrative cost including office stationery, house hold needs, photocopy, telephone
amount 100,000 Birr/year

From above the operational cost of the project in 2020 is Birr 27,189,402.80 Addis Ready-mixed

concrete supplier [21].
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Table 2-3: Investment cost of Addis Batching Plant [21]

No. | Investment Type Unit | Amount | UnitPrice in | Total Price in
Birr Birr
1 Land m? | 3,000 3,000 9,000,000
2 Batching  plant  equipment | set |1 4,500,000 4,500,000
50m3/hr
3 Concrete Mixer Truck 5m?® Pcs |4 800,000 3,000,000
4 Project office building work Pcs |1 989,402.80 | 989,402.80
5 Wheel loader(1-1.6mq) Pcs |1 800,000 800,000
6 Dump truck (Sino)(16m?) Pcs |6 900,000 5,400,000
7 Pick up car Pcs |1 700,000 700,000
8 Generator(50PK) Pcs |1 600,000 600,000
9 Raw Materials (Aggregates and | m® | 2000 300 600,000
Cement
10 Maintenance cost - 500,000
11 Employee salary - 600,000
12 Operational set up cost - 300,000
Total 27,189,402.80
Contingency | 2,718,940.28
Grand Total | 29,908.343.08

2.7 Composition of RMC

Concrete is composite material of which is produced from two components: aggregates and paste.
The paste binds the aggregate into rocklike mass because of the chemical reaction between cement
and water, mineral and chemical admixtures are used in order to meet desired target in the paste.
The desired quality of the concrete depends upon the quality of the paste and aggregate, and the
bond between them. In properly made concrete, each particle of aggregate is completely coated
with paste and all of the spaces between aggregates are completely filled with paste that constitutes
about 25% to 40% of the total volume of concrete. Concrete that is mix of aggregates and paste

materials is composed of; the absolute volume of cement is usually between 7% -15% and the
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water between 14% - 21%. Air content in air-entrained concrete ranges from about 4% to 8% of
the total volume. Aggregates make up about 60% to 75% of the total volume of concrete and
admixtures are used if desired. The quality of concrete depends on selection of individual materials
[12, 22, 23].

Once concrete is produced, there are requirements to fulfill in each state, when it is fresh, should
be workable and at the same time be cohesive. Good workability is required to place and compact
the fresh concrete and cohesiveness is required to avoid segregation while transporting, placing
and compacting. In the hardened state, concrete should be strong, durable and should have
minimum voids. It must have sufficient strength, resistant to abrasion, impermeability to resist

weathering, chemical attack and corrosion [24].

2.7.1 Portland Cements

Cement, in the general sense of the word, can be described as a material with adhesive and cohesive
properties, which make it capable of bonding mineral fragments into a compact whole. Cement is
a material with adhesive and cohesive properties which make it capable of bonding minerals
fragments into a hard continuous compact mass. The name "Portland cement" is specified
originally due to the resemblance of the color and quality of the hardened cement to Portland stone
— Portland Island in England. Cement production is a process that is combination of grinding the
raw materials, mixing them intimately in certain proportions depending upon their purity and
composition and burning them in a kiln at a temperature of about 1300 to 1500°C, at which
temperature, the material sinters and partially fuses to form nodular shaped clinker. Addition of
about 3 to 5% of gypsum is essential to get clinker which is cooled and ground to fine powder. The

material formed by using this process is Portland cement [24].

Depending up on mixing and grinding of raw materials for the production of cement is done in wet
or dry conditions. In addition, there is a process with semi-dry and semi-wet where the raw
materials are ground dry and then mixed with about 10-14% of water and further burnt to clinkering
temperature. Dry process requires much less fuel as the materials are already in a dry state, whereas
in the wet process the slurry contains about 35-50 % water. Ethiopia Cement production is majorly

using dry process, which needs high amount of energy to dry [25, 26].
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2.7.1.1 Composition of Portland Cement

Portland cement made by grinding together its principal raw materials, which are argillaceous, for
example silicates of alumina in the form of clays and shale’s, and Calcareous, for example calcium
carbonate in the form of limestone, chalk, and marl which is a mixture of clay and calcium

carbonate. The mixture then burned in a rotary kiln at a temperature between 1300 and 1500 °c.

The material partially fuses in to a clinker, which is taken from the kilns, cooled and then passed
on to ball mills where gypsum is added and it is ground to the required fineness. The resulting
cement is allowed to contain small strictly limited percentages of materials not required, some
disadvantageous for some uses, such as iron oxide and sulpher trioxide [12].

Table 2-4: Approximate limits of oxide composition in cement [27]

Oxide Oxide Content in
Percent (%)
CaOo Control strength and soundness. Its deficiency reduces setting time | 60-67

and strength

SiO; Gives strength. Excess of it causes slow setting 17-25
Al203 Responsible for quick setting, if excess, it lowers the strength 3-8
Fe203 Gives color and helps in fusion of different ingredients 0.5-6
MgO Impart color and hardness, if excess it causes cracks in mortar and | 0.1 - 4.0

concrete and unsoundness

Alkalis | Those are residues, and if excess causes efflorescence and cracking | 0.2 - 1.3

SO3 Makes cement sound 1-3

The above constituents forming the raw materials used in the manufacturer of Portland cement
combine to form compounds in the finished product. The following four compounds are regarded
as the major constituents of cement: tri calcium silicate (3Ca0.SiOz or C3S), di calcium silicate
(2Ca0.SiO2 or C»S), tri calcium aluminate (3Ca0.Al>Oz3 or C3A), and tri calcium alumino ferrite
(4Ca0.Al203.Fe203 or C4AF). These compounds are different in rate of reaction, heat liberation

and cementing value [27].
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2.7.1.2 Cement Production in Ethiopia

The main constituent of concrete, cement therefore, quality and continuous supply is quite
important for production of quality concrete. The growth of RMC industry in any country has a
direct relation with the growth of its cement industry and consumption of cement by the
construction industry. Moreover, RMC technology could not be implemented as investors felt that

RMC plant would starve due to non-availability of cement [28].

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 between 2011 and 2017. By 2014, the actual installed production capacities
were 11.2 Mt but consumption was limited only at 5.47 Mt. Accordingly, in 2015 as shown in the
Figure 2.3 below from 2014 the cement production capacities are much higher than consumption
or demand of cement in Ethiopia in years between 2011 and 2017. Also, the image demonstrates
that the installed capacity or supply becomes much less than expected demand or consumption of
yearly average of the country on wards 2017. Thus, the country needs to expand the production

capacity of the country to meet the gap [29].
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Fig 2-3: Summarized historical development and production capacity of the Ethiopian cement
industry [29]

2.7.2 Aggregate

Aggregate an inert material dispersed throughout the cement paste mainly for economic reasons.
It is possible, however, to take a contrary view and to look on aggregate as a building material
connected into a cohesive whole by means of the cement paste, in a manner like to masonry
construction. In fact, aggregate is not truly inert and its physical, thermal, and sometimes chemical
properties influence the performance of concrete. Also, aggregate is granular material such as sand,
gravel, crushed stone, blast-furnace slag, and lightweight aggregates that usually occupies
approximately 60 to 75% of the volume of concrete. The quality of aggregate is considerably
important because as least three-quarters of the volume of concrete is occupied by it. Aggregate
properties significantly affect the workability of plastic concrete and also the durability, strength,

thermal properties, and density of hardened concrete [12, 30].

Using aggregate as a main component of concrete has its own advantages on economy and desired

requirement of concrete. Aggregate is cheaper than cement and it is, therefore, economical to put
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into the mix as much of the former and as little of the latter as possible. Nevertheless, economy is
not the only reason for using aggregate: it confers considerable technical advantages on concrete,

which has a higher volume stability and better durability than hydrated cement pastes alone [12].

In selecting aggregate for use in a particular concrete, attention should be given among other things
to three significant requirements [12, 27].
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:

a) Be stronger than the required concrete strength

b) Contain no impurities, which adversely affect strength and durability

c) Not go in to unwanted reaction with the cement

d) Be resilient 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
Factors affecting quality requirements of ready-mixed concrete raised from aggregates are
described as follows.
a) Aggregate Properties
Properties of aggregates depend on many factors. These properties are the result of parent rock e.g.
chemical and mineral composition, petrographic classification, specific gravity, hardness, strength,
physical and chemical stability, pore structure, color, etc. In addition, there are properties of
aggregate absent in the parent rock: particle shape and size, surface texture and moisture content.
Aggregate properties govern quality of fresh or hardened concrete. Among these properties such
as shape and texture, size graduation, moisture content, specific gravity and bulk unit weight are
important to proportion suitable concrete mixes [25, 31].

Aggregate properties can be seen by categorizing in to three such as mechanical property which
includes bond, strength, toughness and hardness, Physical property which includes specific gravity,
bulk density, porosity and absorption, moisture content, bulking of sand, soundness and thermal

property [25].
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b) Classification of Aggregates

Aggregates are generally classified in to different categories based on, chemical composition, their
weight, and their size or the mode of preparation. However, the most common basis used to
classification in concrete works is based on aggregate size. Based on this classification criteria
aggregates are categorized as, aggregates bigger than 4.75 mm in diameter are classified as coarse

aggregates and those smaller than 4.75 mm are classified as fine aggregates.

The shape of the aggregate particles’ influences paste demand, placement characteristics such as
workability and pump ability, strength and cost. Shape is related to sphericity, form, angularity,
and roundness. Based on shape aggregates are classified as, well-rounded, rounded, sub rounded,
angular and sub angular. The shape of an aggregate influences the workability of the mixture as
well as the void content and packing density. For the same amount of paste, a mixture with round
or cubical shaped aggregate will have better workability than a mixture with flaky and elongated
aggregates. Moreover, for the same mass of aggregates, round and cubical aggregates produce
mixtures with higher packing, which results in a lower void content. The decreased percentage of

voids lowers the amount of cement paste required for that particular mixture [12, 30].

Surface texture is the degree to which the surface of aggregates being rough or smooth and coarse
grained or fine grained. The surface texture influences the workability, quantity of cement and
bond between particles and the cement paste. Rough-textured angular grains bond better with the
cement paste to generate higher tensile strengths. Although rougher textures lead to better bond
between paste and aggregate, they also lead to harsher mixtures, as texture roughness increases,
the internal friction increases between the aggregates, and therefore more paste is needed to achieve
a given workability. Failure of a concrete strength specimen most often starts as micro cracks
between the paste or mortar and the surfaces of the largest coarse aggregate particles. This is a
bond failure mode. Angular, rough-textured aggregates, for example, have an increased surface
area for bond to the cement paste when compared with rounded, smooth particles of similar size
[30, 32].

¢) Grading

Gradation plays a significant role in the workability, segregation, and pumpability of the concrete.

Grading changes are more prevalent than shape and surface texture in the case of coarse aggregates.
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For example, uniformly distributed aggregates require less paste, which will also decrease
bleeding, creep and shrinkage while producing better workability, concrete that is more durable
and higher packing. A graded aggregate, as opposed to a single-size aggregate, will have a greater
packing density. The volume of the voids between roughly spherical aggregate particles is greatest,
when the particles are of uniform size. When a range of sizes is used, the smaller particles can pack
between the larger there by decreasing the void space and lowering paste requirement. Using a
larger maximum aggregate size can also reduce the void space [30].

Table 2-5: Grading requirements for fine aggregate [ES 81:2001]

Sieve Percentage passing
9.5 mm 100

4.75 mm 95-100

2.36 mm 80-100

1.18 mm 50-85

600 pm 25-60

300 um 10-30

150 pm 2-10
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Table 2-6: Grading requirements for coarse aggregate [ES 81:2001]

Nominal size | Percentage Passing through test sieves having square opening (mm)

of graded

aggregate 75 63 mm 37 mm 19 mm 13.2mm | 9.5mm 4.75mm

(mm) mm

38.5 100 95-100 30-70 10-35 0-5

19.5 100 95-100 25-55 0-10

13.5 100 90-100 40-85 0-10
2.7.3 Water

The purpose of using water in concrete production is to get chemical reaction with cement is to
cause hydration of the cement. Water in excess of that required for hydration acts as a lubricant

between coarse and fine aggregates and produces a workable and economical concrete [27].

The properties of water have been found to influence the properties of concrete to a great extent.
For concrete production water is used for preparing concrete i.e. for mixing concrete ingredient,
curing concrete and for washing aggregates. In most cases the effect of impure water on concrete
manifests gradually over time and devastating eventually whereas, in some adverse cases, the
manifestation occurs immediately. To prevent such irreversible negative effects of water on
building fabrics it is better to properly manage it at the early stages and early detection or

confirmation of its purity to ensure quick action before its full usage [33].

Water used for concrete shall fulfill chemical requirement listed on the Table 2.7 below. The
presence of chlorides, sulfates and alkali and other harmful contamination (sugar, phosphates,
nitrates, lead and zinc) or the requirement for setting time. Mean compressive strength
requirements by specify initial setting time obtained in the specimens made with water shall be not

less than one hour and not differ by 25 % from initial setting time.

MSc. Thesis by Mihiretab Achiso, 2021 Page 25



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Table 2-7: Chemical requirements of water used for concrete [34].

Chemicals mg/l

Maximum Chloride content

- used for prestressed concrete or grout 500
- concrete with reinforcement or embedded metal 1000
- concrete without reinforcement or embedded metal 4500
Maximum Sulphates content 2000
Maximum Alkalis (sodium oxide content) 1500
Harmful contamination (maximum)

- sugar 100
- phosphates expressed as P20s 100
- nitrates expressed as NO3- 500
- lead expressed as Pb2+ 100
- zinc expressed as Zn2+ 100

2.7.4 Admixtures

These are substances or chemicals used in concrete for the purpose of improving or imparting
particular properties. The use of admixture should offer an enhancement not economically
attainable by adjusting the proportions of cement and concrete, and should not adversely affect any
property of the concrete. Admixtures are not substitute for good concreting practice. An admixture
should be employed only after an appropriate evaluation of its effects on the concrete that is
intended to be used is made. It is often necessary to conduct tests on the representative samples of
the materials for a particular job under simulated job conditions in order to obtain reliable
information on the properties of concrete containing admixtures [24, 25].

The different types of admixtures are as follows:

a) Accelerating admixtures: It accelerates setting of concrete, used in cold weather concreting.

b) Retarding admixtures: It expands the setting time of concrete, used in hot weather concreting.
¢) Water reducing admixtures: Reduces the amount of water without affecting workability of
concrete.

d) Air-entraining admixtures: Used in concrete exposed to freezing and thawing conditions.
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e) Super plasticizing admixtures: This admixture significantly reduces 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 [35].

In RMC Plant, admixtures mainly perform the following functions [36].

» Reducing water content and hence increasing strength.
» Increasing durability of concrete.

» Accelerating and decreasing setting time of concrete.
» Avoiding segregation and bleeding in concrete.

» Increasing pump ability of concrete.

2.8 Storage of Material in Ready-mixed Concrete Plant:

28.1 Cement:

Generally, in Ready-mixed Concrete plant cement is stored in silos of different capacity as shown
in Fig 2.4. The loading of cement is generally done with the help of pneumatic blower systems.
Cement is weighed separately, and is transported from the silo into the mechanical weigher by

screw conveyor [36].

Fig 2-4: Storage and transportation of cement [36]
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2.8.2 Aggregates:

Aggregates in Ready-mixed Concrete are stored into the bins as shown in Fig 2.5 below. Bins
are separate for different sizes of aggregate. Bins should be generally, covered by sheets to avoid
rain and direct sunlight.

Fig 2-5: Storage of aggregates [36]

2.8.3 Water:
Water is generally stored in tanks located close to the plant. Water tank should be clean and neat.
Admixtures: Generally, admixtures are stored in drums but they can be also stored into the tanks.

Admixture’s drum should be shaken before the use.

2.9 RMC Production Process

2.9.1 Specification of Concrete
Concrete could be specified in one of the following three ways [37].
Option A- Performance Based Ready-mixed Concrete: When the purchaser requires the
manufacturer to undertake full responsibility for the selection of the proportions for the concrete
mixture, in selecting requirements for which he/she assumes responsibility should consider
requirements for workability, placeability, durability, surface texture, and density, in addition to
those for structural design. The purchaser shall also specify the following [37]:
« Requirements for compressive strength as determined on samples taken from the
transportation unit at the point of discharge and the purchaser shall specify the requirements
in terms of the compressive strength of standard specimens cured under standard laboratory

conditions for moist curing. Unless otherwise specified the age at test shall be 28 days.
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X/
L X4

At the request of the purchaser, the manufacturer shall, prior to the actual delivery of the
concrete, furnish a statement to the purchaser, giving the dry masses of cement and
saturated surface-dry-masses of fine and coarse aggregate. Quantities, type, and name of
admixtures (if any) and of water per cubic meter of concrete that will be used in the
manufacture of each class of concrete ordered by the purchaser.

The manufacturer shall also provide evidence satisfactory to the purchaser that the

materials to be used and proportions selected will produce concrete of the quality specified.

Option B-Prescription Based Ready-mixed Concrete: When the purchaser assumes

responsibility for the proportioning of the concrete mixture, the purchaser shall also specify the
following [37]:

X/
L X4

X/
L X4

X/
L X4

Cement content in bags or [kilograms per cubic meter] of concrete.

Maximum allowable water content in liters or cubic meter of concrete, including surface
moisture on the aggregates.

If admixtures are required, the type, name, and dosage to be used. The cement content shall
not be reduced when admixtures are used under this option without the written approval of
the purchaser.

At the request of the purchaser, the manufacturer shall, prior to the actual delivery of the
concrete, furnish a statement to the purchaser giving the sources, densities, and sieve
analyses of the aggregates. For the dry masses of cement and saturated-surface-dry masses
of fine and coarse aggregate and quantities, type and name of admixture (if any) and of
water per cubic yard or cubic meter of concrete that will be used in the manufacture of each

class of concrete ordered by the purchaser.

Option C-Mixed Option Based Ready-mixed Concrete: When the purchaser requires the

manufacturer to assume responsibility for the selection of the proportions for the concrete mixture

with the minimum allowable cement content specified, the purchaser shall also specify the
following [37]:

X/
o0

X/
L X4

Required compressive strength as determined on samples taken from the transportation unit
at the point of discharge evaluated in accordance. The purchaser shall specify the
requirements for strength in terms of tests of standard specimens cured under standard
laboratory conditions for moist curing. Unless otherwise specified the age at test shall be
28 days.

Minimum cement content in bags or (kilograms or cubic meter) of concrete.
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«» If admixtures are required, the type, name, and dosage to be used. The cement content shall

not be reduced when admixtures are used.
2.9.2 Batching Plant

The batching plant should be equipped with computerized system, to strictly monitor the quality
of concrete the mix design (Cement, Sand, Coarse aggregates, Water and admixture) is fed into the
computer and the quantities of raw materials are weighed automatically as per the design mix. The
water-cement ratio for a particular mix is fixed as per the design; duly estimating the water content

of aggregates hence, consistency in quality is maintained.

Batching is the process of measuring concrete mix ingredients by system furnished by computer
and introducing them into the mixer. Errors in batching are partly responsible for the variation in
the quality of concrete. In order to diminish the gap, there are possible allowable limits for each
type of materials. Specifications generally need those materials be measured for individual batches
within the following percentages of accuracy: cementations material 1%, aggregates = 2%, water
+1%, and admixtures + 3%. Liquid chemical admixtures should be charged into the mixture as
aqueous solutions. The volume of liquid, if significant, should be subtracted from the batched
quantity of mixing water. Admixtures that cannot be added in solution can be either batched by
mass or volume as directed by the manufacturer. Admixture dispensers should be checked
frequently since errors in dispensing admixtures, particularly overdoses, can lead to serious
problems in both fresh and hardened concrete. The accuracy of measuring the ingredients affects
the quality of the concrete produced, and is mainly dependent on the selected batching method
[37].

Bins with adequate separate compartments shall be provided in the batching plant for fine and for
each required size of coarse aggregate. Each bin compartment shall be designed and operated so
as to discharge efficiently and freely, with minimum segregation, into the weighing hopper. Means
of control shall be provided so that, as the quantity desired in the weighing hopper is approached,
the material shall be shut off with precision. Weighing hoppers shall be constructed so as to

eliminate accumulations of tare materials and to discharge fully [37].
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2.9.3 Batching Equipment

There are two main objectives of batching irrespective of the batching method selected. The first
Is to obtain uniformity and homogeneity in the physical properties of the concrete, such as, unit
weight, slump, air content, strength, and air free unit weight of mortar in both individual and
successive batches of the same mixture proportions. The second is to maintain proper sequencing
and batching of the ingredients. To meet these objectives, proper batching plant, adequate

inspection and supervision of the batching processes are required [38].

In order to meet the objective of batching there are many perquisites that should be meet. Plant
calibration, proper handling of materials in order to achieve these as much as possible avoiding
small stockpiles that result in segregation and non-uniformity of materials and very poor control
of the concrete. Once a batching plant is erected in such a position, it is difficult to improve
conditions. Experience has confirmed that the most uniform concrete is produced when the
batching plant is favored by suitable space for the maintenance of large stockpiles of materials.
When draining aggregates at the batch plant location, provide provisions for disposal of drainage
water and for clear-cut separation of drained from undrained materials. Keep materials of different

sources/classes or gradations separated [38].

There are two items of equipment to carefully observe at all times. These are the scales used for
weighing the batch materials and the water measuring equipment. Check to make sure that this
equipment meets accuracy requirements before the work begins. An approved scale company must
check and calibrate the scales that have not received an approved inspection within six months
prior to starting production. Thereafter, scales are checked and calibrated once each year.

Additional calibrations are made at three-month intervals using the procedure [38].

2.9.4 Mixing and Delivery

All concrete should be mixed thoroughly until it is uniform in appearance, with all ingredients
evenly distributed. Mixers should not be loaded above their rated capacities and should be operated
at the mixing speed recommended by the manufacturer. Increased output should be gained by using
a larger mixer or additional mixers, rather than by speeding up or overloading the equipment on
hand. If the blades of a mixer become worn or coated with hardened concrete, mixing action will
be less efficient. These situations should be revised. If concrete has been sufficiently mixed,

samples taken from different portions of a batch will have essentially the same density, air content,

MSc. Thesis by Mihiretab Achiso, 2021 Page 31



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

slump, and coarse-aggregate content. Maximum allowable differences to evaluate mixing
uniformity within a batch of ready-mixed concrete are important to achieve the intended quality of
concrete (AASHTO M 157) [37].

There are two observed stages in the mixing process. In the first stage, the cement paste is formed
with simultaneous absorption of water by aggregates. In the second stage the cement paste coats
the aggregate particles. The mixing process should be continued till a thoroughly and properly
mixed concrete is obtained. At the end of this stage the concrete appears to be of uniform color
and grading. The uniformity must be maintained while discharging the concrete from the mixer
[12, 24]. There two principal categories of ready-mixed concrete. However, in broad sense mixing
and delivery of ready-mixed concrete could be done in one of the three categories or in
combination, namely Central-Mixed Concrete, Shrink-Mixed Concrete and, Truck-Mixed
Concrete [12, 37].

2.9.4.1 Central-Mixed Concrete

Concrete that is mixed in a stationary mixer fully and moved to the point of delivery either in a
truck agitator, or in a truck mixer operating at agitating speed, or in nonagitating equipment. The
mixing time is calculated from the time all the solid ingredients are in the drum. Once the batching
is done, materials are charged into the mixer that some water will enter in advance of the cement
and aggregate, and all water shall be in the drum by the end of the first one fourth of the specified

mixing time.

2.9.4.2 Shrink-Mixed Concrete

Concrete that is initial mixed partially in a stationary mixer, and then mixed finally in a truck mixer
is recognized as shrink mixed concrete: The duration of partial mixing is considered as essential
to intermingle the ingredients. After transfer to a truck mixer the amount of mixing at the
designated mixing speed will be that is essential to meet the requirements for uniformity of

concrete.

2.9.4.3 Truck-Mixed Concrete

Concrete that is completely mixed in a truck mixer, 70 to 100 revolutions at the mixing speed

designated by the manufacturer to produce the uniformity of concrete.
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2.9.5 Remixing Concrete
Fresh concrete that is left to agitate in the mixer drum tends to stiffen before initial set develops.
Such concrete may be used if upon remixing it becomes sufficiently plastic to be compacted in the
forms. ASTM C 94 (AASHTO M 157) allows water to be added to remix the concrete when the
truck arrives on the jobsite and the slump is less than specified providing the following conditions
be met:
% Maximum allowable water-cement ratio is not surpassed as calculated including surface
water on aggregates as well as batch water and water added on site;
%+ Maximum allowable slump is not exceeded:;
% Maximum allowable mixing and agitating time (or drum revolutions) are not exceeded:;
and
%+ Concrete is remixed for a minimum of 30 revolutions at mixing speed or until the
uniformity of the concrete is within the limits described in ASTM C 94 (AASHTO M 157).
Water should not be added to a partial load. If early setting develops a persistent problem, a retarder
may be used to control early hydration, especially in high cement- content mixes. Mixture
adjustments at the jobsite for air entrainment, and the addition of other admixtures, is permitted,
followed by sufficient mixing. Indiscriminate addition of water to make concrete more fluid should

not be allowed because this lowers the quality of concrete.

2.9.6 Transporting and Handling of Ready-mixed Concrete

Even though concrete may be proportioned and mixed properly, its quality may be seriously
impaired by the use of improper or careless transporting and placing methods. The method used
for transportation should deliver the concrete to its final location efficiently without significantly
altering its properties.

Concrete should be transported and placed at its desired position as quickly as possible without
segregation, drying, etc. As soon as concrete is discharged from the mixer, internal as well as
external forces start acting to separate the dissimilar constituents. If over-weight concrete is
confined in restricting forms, the coarser and heavier particles tend to settle and finer and lighter
materials tend to rise. If concrete is to be transported for some distance over rough ground the runs
should be kept as short as possible since vibrations of this nature can cause segregation of the

materials in the mix.
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Concrete is usually transported through different equipment’s to place in its position. Some of
transportation equipment’s are Wheelbarrow, buckets, agitating trucks, non-agitating trucks,
chutes, belt conveyors, dumpers, concrete pumps, hoists etc. To guarantee good quality concrete,
proper transporting and handling is required. Factors, which affect the quality of concrete through
transporting and placing, are slump loss, loss of ingredients, segregation and formation of cold
joints [22].

Concrete is handled and transported by many methods. These methods include chutes, push
buggies; operated by runways, buckets; handled by cranes or cableways, small rail cars, trucks,
pipelines through which it is pumped, and last but not least, the trusty wheelbarrow. The general
idea is always to have your truck as close to the form as possible. Many times, this cannot happen
instead of its mandatory to use one of these alternate methods for transporting concrete. The
method used in the handling and transporting of concrete and the equipment it comes in contact
with should not affect the consistency and/or the quality at any time. It should be the placing
conditions that affect the concrete the most, at this point. If the mix is stiff, then the materials used
to handle and transport the concrete must be able to accommodate such.
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Table 2-8: Equipment used for concrete transference (ACI 304. 4R-20)

Equipment

Type and range of work
for which equipment is best
suited

Advantages

Points to watch for

Belt conveyors

For conveying concrete
horizontally or to a higher
or lower level. Usually
positioned between main
discharge point and
secondary discharge point.

Belt conveyors have adjustable
reach, traveling diverter, and
variable speed both forward and
reverse.
Canplacehugeamountof
concrete speedily when access
is inadequate.

End-discharge arrangements
needed to avoid segregation
and leave nomortar onreturn
belt. In adverse weather, (hot,
windy) long reaches of belt
need cover.

Belt Forconveyingconcrete Conveying equipment arrives End-discharge arrangements
conveyors toalower, horizontal, or with the concrete. Adjustable needed to prevent
mounted on higher level. reach and variable speed. segregation and leave no
truck mixers mortar on return belt.
Buckets Used with cranes, Enablesfull versatility of cranes, Select bucket capacity to
cableways, and helicopters | cable- ways, and helicoptersto be | conform tosize ofthe
for construction of buildings | exploited. Clean discharge. concrete batch and capacity
and dams. Convey concrete | Wide range of capacities. of placing equipment.
directly from central Discharge should be
discharge pointto controllable.
formwork or to secondary
discharge point.
Chutes on Forconveyingconcrete Low cost and easy to maneuver. | Slopesshould range between 1

truck mixers

toalower level, usually
below ground level, on
all types of concrete
construction.

No power required; gravity does
most of the work.

to 2 and 1 to 3 and chutes
must be adequately
supported in all positions.
End-discharge arrangements
(downpipe) needed to
prevent segregation.

Cranes and
buckets

Therightequipment for
work above ground
level.

Can handle concrete, reinforcing
steel, formwork, and sundry items
in bridges and concrete-framed
buildings.

Has only one hook. Careful
scheduling between trades
and operationsisneeded to
keep crane busy.

Drop chutes

Used for placing concrete
in vertical forms of all
kinds. Some chutes are
one-piece tubes made of
flexible rubber- canvas or
plastic, others are
assembled from articulated
metal cylinders (elephant
trunks).

Drop chutes direct concrete into
form- work and carry it to
bottom of forms without
segregation. Their use avoids
spillage of groutand concrete on
rein- forcing steel and form
sides, whichis harmful when
off-the-form surfaces are
specified. They also will prevent
segregation of coarse particles.

Drop chutes should have
sufficiently large, splayed-top
openings into whichconcrete
canbedischarged without
spillage. Thecrosssection of
drop chute should be chosen
to permitinserting intothe
formwork withoutinterfering
withreinforcing steel.
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Mobile batcher
mixers

Used for intermittent
production of concrete at
jobsite, or where only small
quantities are required.

A combined materials transporter
and mobile batching and mixing
system for quick, precise
proportioning of specified
concrete. One-man operation.

Trouble-free operation
requires good preventive
maintenance pro- gram on
equipment. Materialsmust be
identical tothose in original
mix design

No agitating
trucks

Used to transport concrete
on short hauls over smooth
roadways.

Capital cost of non-agitating
equipment is lower than that of
truck agitators or mixers.

Concreteslumpshouldbe
limited. Possibility of
segregation. Height is needed
for high lift of truck body
upon discharge.

Pneumatic guns

Used where concrete is to

Idealforplacingconcretein

Quality of work depends on

(shot Crete) be placed in difficult freeform shapes, for repairing skill of those using
locations and where thin structures, for protective equipment. Only experienced
sections and large areas coatings, thin linings, and workman should be
are needed. buildingwallswithone-sided employed.

forms.

Pumps Used to convey concrete Pipelinestake up littlespaceand | Constant supply of freshly-
directly from central can be readily extended. Delivers | mixed concrete is needed
discharge pointat jobsite concrete in continuous stream. with average consistency and
toformwork or to Pump can move concrete both without any tendency to
secondary dischargepoint. | vertically and horizon- tally. segregate. Care must be taken

Truck-mounted pumps can be in operating pipeline to

delivered when necessary to ensure an even flow and to

smallor large projects. Tower- clean outatconclusion ofeach

cranemounted pump booms operation. Pumping vertically,

provide continuous concretefor | aroundbends, andthrough

tall building construction. flexible hose will considerably
reduce the maximum
pumping distance.

Screw Used for spreading With a screw spreader a batch Screw spreaders are

spreaders concrete over large flat of concrete discharged from a normally used as part of a
areas, suchas in bucket or truck can be quickly | paving train. Theyshouldbe
pavements and bridge spread over a wide area to a used for spreading before
decks. uniform depth. The spread vibration isapplied.

concrete has good uniformity of
compaction before vibration is
used for final compaction.
Tremies For placing concrete under- | Canbe usedtofunnel concrete Precautions are needed to

water.

down throughthe waterintothe
foundation or other part of the
structure being cast.

ensure that the tremie
discharge end is always
buried in fresh concrete, so
that a seal is preserved be-
tween water and concrete
mass.

Diameter should be 250to 300
mm (10 to 12 in.) unless
pressure is available. Concrete
mixture needs more cement,

390 kg/m3 and greater slump,
150to 230 mm, because

MSc. Thesis by Mihiretab Achiso, 2021

Page 36




Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

concrete must flow and
consolidate without any
vibration.

Truck agitators

Used to transport concrete
for all uses in pavements,
structures, and buildings.
Haul distances must allow
discharge of concrete

within 112 hours, but limit
may be waived under
certain circumstances.

Truckagitators usually operate
from central mixing plants
where quality concrete is
produced undercontrolled
conditions. Discharge from
agitators iswell controlled.
Thereisuniformity and
homogeneity of concrete ondis-
charge.

Timingofdeliveriesshould
suitjob organization.
Concretecrewand equipment
must be ready onsite to
handle concrete.

Truck mixers

Used to transport concrete
for uses in pavements,
structures, and buildings.
Haul distances must allow
discharge of concrete

within 112 hours, but limit
may be waived under
certain circumstances.

No central mixing plant needed,
only a batching plant, since
concrete is completelymixedin
truck mixer. Dis- charge is same
as for truck agitator.

Timingofdeliveriesshould
suitjob organization.
Concrete crewand equipment
must be ready onsite tohandle
concrete. Control of concrete
quality isnotas good as with
central mixing.

Wheelbarrows
and buggies

Forshort flat hauls onall
types of onsite concrete
construction, especially
whereaccessibility to
work area is restricted.

Veryversatileandtherefore

ideal in- side and on jobsites
where placing conditions are
constantly changing.

Slow and labor intensive.

2.10 Concrete Quality

Quality is the ability of a product or system to satisfy all the requirements it was designed to meet.
In addition, concrete quality is defined as the "degree of excellence”, which is generally established
in the project specifications. Quality is not perfection but merely fitness for the purpose. Hence,
the best concrete for any given purpose is the one that does the job satisfactorily at the lowest cost.
Quality concrete is that which is capable of meeting the requirements of the job in terms of strength,
durability and appearance. Strength is often the major feature in defining the quality of concrete
because strength is both easy to define and to measure in concrete production. Consequently, in

many cases, strength is the unique measurement of concrete quality [39].

Requirements for quality design in concrete construction include conformance with applicable
standards, guidance, regulations, codes, laws, and statues referenced in the specifications.
Requirements for quality construction include compliance with contract provisions, clauses, and

specifications. These contract documents establish the quality requirements for construction by
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defining the standards, including salient and essential characteristics, of concrete materials and the
acceptance criteria and necessary testing inspection of concrete construction [40].

2.10.1 Quality Control of RMC

Quality control or process control is understood as those quality assurance actions and
considerations required to evaluate production and construction process to control the level of
quality being produced in the end product. This concept of quality control includes sampling and

testing to monitor the process but usually does not include acceptance sampling and testing [41].

Concrete is usually produced in batches at the site with the locally existing constituents which
result a variability of the product from one batch to another. Main causes of this variation are the
differences in the quality of constituent materials; variation in mix proportions; variation in the
quality of operating and mixing equipment; workmanship and supervision quality at the site. In
addition, during transportation, placing, compacting, and curing, variations may occur partly
because of the quality of the batching plant and partly because of the differences in the efficiency
of techniques used. As a result, ingredients, personnel and workmanship are the main factors
affecting the quality of RMC in any concreting work. These different factors causing variations in
the quality and the way of control mechanism should be extensively analyzed. One of the
definitions of quality control is producing, improving, planning and servicing any product of

quality with the most economical and practical way.

The sum of actions performed by the producer, and/or contractor assure that a product meets
specification requirements of contract. Within the context of ready-mixed concrete construction
this comprises ingredients handling and construction procedures, calibration and maintenance of
equipment, production process control and any sampling, testing and inspection that is done for
these purposes. Actions taken by an organization to provide control and documentation over what
is being done and what is being provided so that the applicable standard of good practice and the

contract documents for the work are followed [41].

Quiality control of RMC can be divided into three areas as forward control, immediate control and
retrospective control. Forward control basically deals with procedures of quality control to be
followed before the production process [9]. This cover:

» Materials storage,

MSc. Thesis by Mihiretab Achiso, 2021 Page 38



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

» Monitoring of quality of materials,
» Modification of mix design,
» Plant maintenance,
» Calibration of equipment and
» Plant and transit mixer condition.
Immediate control is concerned with instant action to control the quality of concrete during
production or that of deliveries closely following production. This cover:
» Weighing — correct reading of batch data and accurate weighing,
» Visual observation and testing of concrete during production and delivery (assessment of
uniformity, cohesion, workability, adjustment of water content) and
» Making corresponding adjustments at the plant automatically or manually to batched
quantities to allow for observed, measured or reported changes in materials or concrete
qualities.
Retrospective control primarily deals with the quality control procedures after production. This
cover:
» Sampling of concrete, testing and monitoring of results,
» Weighbridge checks of loaded and unloaded vehicle weights,
» Stock control of materials and
» Diagnosis and correction of identified faults.

2.10.2 Quality Assurance

Quality assurance - is defined all those planned activities and systematic actions necessary to
provide adequate confidence that a product or service will satisfy given requirements for quality.
Within an organization, QA serves as a management tool. In contractual situations, QA serves to
provide confidence in the supplier. Actions taken by an organization to provide and document
assurance that what is being done and what is being provided are in accordance with the contract
documents and standards of good practice for the work [41].

A quality control plan - is defined as detailed description of the type and frequency of inspection,
sampling and testing deemed necessary to measure and control the various properties governed by

agency specifications. The term quality plan is utilized within the context of quality manual as the
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overview document that a company will produce to describe a Quality Management System (QMS)
[41].

2.10.3 Factors Affecting Ready-mixed Concrete Operation and Quality
Study investigated the following factors affecting ready-mixed operation and quality of concrete
produced [42].
» Location of plant
Number of transit mixer engaged in supply process
Efficiency of batching plant
Delivery time (e.g. Early morning, late night, evening)
Traffic on delivery route
Coordination between people involved in concrete production and supply process
Age of transit mixer
Weather condition
Difficulty in concrete pouring (e.g. Location, height)

Inspection intervals

V V.V V V V V V V VY

Maintenance

2.10.4 Statistical Quality Control of Concrete

The basis for statistical quality control (SQC) in concrete production or any other industry depends
upon a thorough knowledge of the sources of variation affecting the product being subjected to
control. In concrete production, quality control is usually done based on 28 days of compressive
strength tests. The strength of concrete has an inherent variability as it depends on the variations
in properties of concrete and variations due to testing methods [43]. Principal sources of strength

variations are summarized in the Table 2.9 below.
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Table 2-9: Principal sources of strength variations in concrete production and quality testing [43]

Variations due to the properties of concrete

Variations due to testing methods

% Changes in w/c ratio caused by
» Poor control of water
» Excessive variation of moisture in
aggregates or variable aggregate
moisture measurement
% Variations in water requirement caused
by:

» Changes in aggregate grading,

absorption, particle shape

» Changes in cementitious and
admixtures properties

» Changes in air content

» Improper sampling procedures

» Variations due to fabricated mold:

poor quality, damaged or distorted molds

» Changes in curing:

» Temperature variation

» Variable moisture control

> Delays in bringing cylinders to

the laboratory

» Delays in bringing standard curing

» Delivery time and temperature
changes

% Variations in characteristics and
production process:

» Variation in batching, mixing,
transporting, placing, compacting and
finishing.

» Variation in temperature and curing

% Improper sampling procedures
%+ Variation due to fabrication techniques
» Handling, curing and storing newly
made cubes
» Poor quality, damaged or distorted
molds
% Changes in curing:
» Temperature variation
» Variable moisture control
> Delays in bringing cylinders to the
laboratory
> Delays in bringing standard curing
% Poor testing procedures:
» Specimen preparation
» Test procedure
» Uncalibrated testing equipment

2.10.5 Statistical Function

A sufficient number of tests are needed to indicate accurately the variation in the concrete

produced and to permit appropriate statistical procedures for interpreting the test results.

Statistical procedures provide a sound basis for determining from such result the potential quality

and strength of the concrete and for expressing results in the most useful form. A strength test

result is defined as the average strength of all specimens of the same age, fabricated from a

sample taken from a single batch of concrete. A strength test cannot be based on only one

cylinder; a minimum of two cylinders is required for each test. Concrete tests for strength are
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typically treated as if they fall into a distribution pattern similar to the normal frequency
distribution curve illustrated in Fig 2.6.
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Fig 2-6: Frequency distribution of strength data and corresponding assumed normal distribution

When there is good control, the strength test values will tend to cluster near to the average value,
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that is, the histogram of test results is tall and narrow. As variation in strength results increases,
the spread in the data increases and the normal distribution curve becomes lower and wider in

Fig 2.6 normal frequency curves for three different distributions with the same mean but different
variability.

The normal distribution can be fully defined mathematically by two statistical parameters: the

mean and standard deviation. These statistical parameters of the strength can be ckliglas shown
in[ Eq. 2.1]:

- Mean X the average strength tests result X is calculated using the following equation

"

XX

P I . - ; : .
X=El—=-%X = (X, + X, +X5+... + X))
n n n )

Where, Xjis i-th strength test result, the average of at least two-cylinder strength tests. Xz is the
second strength test result in the record. > Xi is the sum of all strength test results and n is the
number of tests in the record.

- Standard deviations, the standard deviation is the most generally recognized

measure of dispersion of the individual test data from their average as shown in [Eq.
2.2].

Where, as is the sample standard deviation, n is the number of strength test results in the record, X

is the mean or average, strength test result, and ) X is the sum of the strength test results.

- Coefficient of variation V - the sample standard deviation expressed as a percentage
of the average strength is called the coefficient of variation as shown in [Eq. 2.3].
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V=2x100
X

Where V is the coefficient of variation, s is the sample standard deviation, and X the average
strength test result.

2.10.6 Compliance Criteria and Standard Approaches of the Ethiopian (EBCS)

The Ethiopian standard has also set the requirement for characteristic compressive strength or
specified strength. In accordance with (EBCS 2, 1995) the characteristics compressive strength is
defined as the strength below which 5% of all possible strength measurements may be expected to
fall. Acceptance criteria are also stated as follows. Two acceptance criteria are envisaged [44].
Criterion 1: this criterion may be applied in all cases but is less suited to large scale sampling each
lot is represented by three samples, the strength of which are X< Xz < Xa.

The lot is accepted if the following [Eqg. 2.5] and [Eqg. 2.3] conditions are satisfied simultaneously.
m3 > fck+ Ki e e [Eq. 2.4]
X1 > fek-Kp =----=--m-m---- e e mmmmmmnoen

Where, m3 is the mean value fck is the specified characteristic strength Ki1& K> are the margins of

strength given in the Table 2.10 below.
Xi is the average strength of the minimum strengths for the several lots.
Table 2-10: Margins of strengths in MPa

Margin of First two lots Third and fourth Fifth lot and
Strength Lot Above

K1 5 4 3

K> 1 2 3

Criterion 2: - This is suitable for large lots.

Each lot is represented by a lot less than 15 test specimens.
The lot is accepted if the following [Eq. 2.6] and [Eq. 2.7] conditions are satisfied simultaneously
1 SFCKAH K —m e m oo [Eq. 2.6]
X 3> fek-Kgm-m-mmmmmmmm oo —memmoeee-

Where, mn is the mean value

Sn is the standard deviation of the set of sample results.
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fck is the characteristics cylindrical strength.

K is the coefficient (may be taken as 1.4)

Kz is the margin of strength (may be taken as 4MPa)

n is the member of specimens
The lot could be defined as the quantity of concrete produced in the same essential conditions and
subjected to individual assessment. There is a minimum requirement set on the size of lot and
frequency of sampling (EBCS-2, 1995) as given as follows.
(a) No individual sampling can represent, on the average, more than 100 mixes or 100 m®.
(b) For each grade of concrete, at least one sample shall be taken every week.
(c) For each grade of concrete, at least two lots shall be made.

If the test results do not satisfy the requirements of the above acceptance criteria, there are
recommended measures to be taken. The measures include checking the strength using non-
destructive tests, rechecking the structural safety by making new calculation or design with the

non-complying compressive strength and so on [44].

The non-destructive tests that could be used to check the quality of hardened in situ concrete are
like ultrasonic and Schmidt hammer test. However; those tests have their own drawbacks and hence
accurate results are not expected. Schmidt hammer test is the very common test used, but it

provides sufficient information only for a surface layer of concrete up to 30mm deep [12].

2.11 Concrete Production in Ethiopia

In developing countries concrete production is mainly labor intensive and highly exposed for
waste. Due to this reason concrete produced in such a way fall under poor quality. From early stage
of concrete production which starts from material selection contributes a lot for production of
quality control. The constituents of concrete which most of them are naturally occurring materials
are subjected to a wide range of variability. The first constituent, water, is a relatively non variable
and usually available in a condition to be used for concrete readily. The second constituent, cement,
is also a factory product that it is relatively easy to control its production process and its quality.
However, the third constituents of concrete, which are coarse and fine aggregates, are usually

naturally occurring that they are subjected to a wide range of variability [15].
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It could be mandatory to focus on entire production system of concrete in order to have intended
quality on concrete. Research done on quality control of Ethiopian construction industry is showing
as there is a gap between concrete produced and the requirements of standard. This indicates that
a lot has to be done to improve concrete quality in the building construction industry. From the
statistical analysis of test results, the computed standard deviation shows 51.23 % of the projects’
quality control is not good from which 19.51% fall in the “fair” classification range and 31.72% in
the “poor” range; and that of the coefficient of variation shows 53.67 % of the projects’ quality
control is not good from which 39.02% fall in the “fair” classification range and 14.65 % in the
“poor” range as per the classification of ACI 214. This is an indication that the test results among
a significant portion of the investigated projects have shown large variability implying the quality
control is unsatisfactory on those projects. It is also observed that, more than half, 52.17% of the
projects have got defective lots, which fail to satisfy the compliance requirement set on the

Ethiopian building codes and standards [6].

Furthermore, the research done which used the same criteria to measure quality of concrete
produced in Ethiopia shows there is no much improvement on the result. The gap between research
Is more than a decade there is no advancement in the result, which is alarming for the country in
order to give serious attention regarding to improve not only bad result but also for lack of progress
as time keeps going on. Statistical quality control based on compressive strength tests conducted
on selected projects reveals that, 40.4% of the test results were found to be defective based on
EBCS-2:1995 compliance criteria. According to ACI-214 classification, 35.4% of test result based
on standard deviation indicates poor quality control whereas 71.25% of the test results show poor

quality control practice based on their coefficient of variations [3].

There are many reasons listed the above factors which are highly observed in Ethiopian
construction industry. These are the use of poor gradation aggregate and high silt, clay, and dust
content of sand, water with impurities, lack of understanding of the bulking effect of sand, moisture
content of aggregates and unknown dates of cement which might be expired cements problems
with batching which usually called under batching and over batching are major causes of quality
problems. Furthermore, lack of attentive control on each production process, lack of management

commitment and poor workmanship in quality concrete production [3, 45].
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In addition, handling of fine aggregates in the Ethiopian Construction Industry context is not
mechanized. Handling of aggregates starting from the production process to the storing and use of
the aggregates in construction sites is very poor. In addition to this, there is remarkable gap between
aggregate demand and supply. Tests done on concrete making materials is not satisfactory. In
addition, the quality control aspect is too weak that the specifications prepared and the tests

required by supervising Engineers are too loose [15].

Site mix concrete production was dominant character of Ethiopian concrete production. However,
there are attempts towards ready-mixed concrete usage in Ethiopian construction industry. The
conventional way of concrete production is exposed to 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.

2.12 The Need of Standardization

The importance of standardization in the construction industry especially for construction materials
cannot be overemphasized. 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. Of many advantages, standardization has the following
importance especially in construction industry [15].

++ Standardization helps reduce inventory items on site.

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

It forms a base for further inventory analysis.

¢+ The specification of items clearly spelled out, making quality control firm. By using

national standards, it is easier to locate sources of supplies.

The research aimed to compare standardized aggregate with that of nonstandard aggregate shows
standardized aggregate are better in terms of compressive strength of concrete and cost aspect of
concrete production. In this study, concrete was produced using C-25, C-30 and C-40 as control
mix by standardizing the aggregate to the Ethiopian standard and other recommendation. By using
the property of this standardized aggregate mix design was made for control mixes, keeping the

mix proportion constant, aggregates from different sources were used to make concrete of the same
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classes as control mix. Compressive strength tests were made at 3rd, 7th and 28th days for control
mixes and for mixes with nonstandard aggregates. Target mean strengths were achieved for control
mix by using Derba Cement 260kg/m?, 280kg/m® and 380kg/m® for C-25, C-30 and C-40
respectively. On the other hand, concrete with nonstandard aggregate didn’t achieve target mean

strength rather up to 48% reduction in strength was observed [46].

Ready-mixed concrete production is done on controlled environment which has its own material
storing compartments, for this reason it has potential to standardize aggregates. Now day there are
number of high rising building is increasing in Addis Ababa and it is difficult to get space to stock
concrete making materials on sites. Therefore, it is better to focus on ready-mixed concrete
production by standardizing aggregate. Standardization is important for ready-mixed plant to

produce uniform quality of concrete [46].

2.13 Legal Requirements of RMC Plant

In order to establish ready-mixed concrete plant there must be legal requirements in terms of
sharing accountably among the stake holders especially concrete supplier and customer also for
those who indirectly affected by the risk which rises from production. For this reason, licensing
criteria for RMC plant, the product must comply with the provisions of all relevant laws and
regulations that are applicable during the product’s life cycle. Ready-mixed concrete manufacture
can potentially place a significant burden on the environment. The most important adverse impacts
on the environment are related to quarrying of raw materials, potential nuisance impacts from dust
discharges and discharges of high pH water to waterways [47].
Relevant laws and regulations could include those that relate to:
% Producing, sourcing, transporting, handling and storing raw materials and components for
manufacture;
% Manufacturing processes;
+«+ Handling, transporting and disposing of waste products arising from manufacturing;
¢+ Transporting product or raw materials within and between countries; and
++ Using and disposing of the product.
The documentation required may include, as appropriate:
¢+ Procedures for approving and monitoring suppliers and supplies; and

+¢ Information provided to customers and contractors regarding regulatory requirements.
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It is not intended to require license holders to accept increased legal responsibility or liability for

actions that are outside their control. Based on the above criteria all industries enter to industry

park should fulfill the following pre-condition [47].

X/
L X4

X/
°

X/
L X4

X/
L X4

All industries enter to investment should supply end product to customers.

Should have management plans including any policies and management procedures to
minimize adverse effects from the following potential impacts: noise, vibration, dust, and
discharges to surface water, groundwater, oceans or land.

A quarry restoration plan.

Hazardous Substances; No substance shall be used in the production processes that are
classified as toxic, carcinogenic, harmful to the reproductive system or genetically harmful
(excluding cement).

Water and Water Re-use; the ready-mixed concrete manufacturer must have and implement
effective water management policies and procedures and/or a water management
programme.

Waste Management; the RMC manufacturer must have effective waste management
policies and procedures and/or a waste management programme covering manufacturing
operations.

Dust Management Plan; The RMC manufacturer must have and implement a dust
management plan covering all areas of the operation including access ways, concrete plant
and associated activities.

Truck Washing; All RMC trucks shall be washed out at a location where all wash water
and wash solids are collected and re-used or disposed of to a licensed facility.

Truck Driver Training; The RMC manufacturer must ensure a training programme is in
place to ensure all drivers are knowledgeable of procedures to minimize impacts on the
environment in the event of a spill or potential discharge.

Energy Management; the RMC manufacturer must have effective energy management
policies and procedures and/or an energy management programme covering the RMC plant

and delivery of ready-mixed concrete.
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2.14 International Practice of Ready-mixed Concrete

2.14.1 United Kingdom

The use of concrete in Britain is high; to meet their demand the utilization is around 16 million
cubic meters of ready-mixed concrete in Britain each year. In order to meet their demand of
concrete they use highly automated ready-mixed concrete especially for infrastructure
development and housing development. The projected demand will be around 25 million cubic
meters by 2025 [48].

While ready-mixed concrete is an industry in its own right, it is also a key part of the wider mineral
products industry which also includes the aggregate and cement producers that provide the
constituents for concrete. Over 300 Mt GB production of aggregates and manufactured mineral
products £21bn, annual turnover £6.7bn, and total gross value of the industry £445bn. Turnover of
industries of supply is £135bn, value of construction as main customer 80,000, and people directly
employed in our industry 3.3m jobs supported through supply chain, which shows ready-mixed

concrete has great role in their economy too [48].

The fact that ready-mixed concrete is made under factory conditions means that high standards of
quality are assured. BRMCA members have adopted the highest levels of product conformity
certification and control, either through the Quality Scheme for Ready-mixed Concrete (QSRMC)
or the British Standards Kite Mark Scheme for Ready-mixed concrete. Both these schemes include
the three essentials for effective product conformity certification [48]:

¢ Approval of a concrete producer’s quality management system to BS EN ISO 9001;
¢+ Product testing by or calibrated against a laboratory accredited for the tests undertaken;

¢ Surveillance that includes checking the validity of the producer’s declarations of

conformity by an accredited certification body.

2.14.2 India

Ready-mixed concrete plants emerged in India in early 1950s, but their usage was limited to only
key construction projects such as dams. Later RMC the usage was gradually advanced for other
developments such as construction of long-span bridges, industrial facilities, etc. These were,
nevertheless, captive plants, which formed an integral part of the construction projects. It was

throughout 1970s when the Indian construction industry blowout its tentacles overseas,
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predominantly in the Gulf region, that consciousness of ready-mixed concrete was fashioned
among Indian engineers, contractors, and builders. Indian contractors in their works out of the
country started using RMC plants of 15 to 60 m®/h, and some of these plants were transported to
India in 1980s. At this time there are several ready-mixed plants operating indifferent parts of

India, particularly in metropolitan cities and towns [49].

India ready-mixed concrete market was valued USD 2378.11 Million in 2020 and the market is
estimate to grow at 16.21% during the forecast period. Ready-mixed concrete is a combination
of cement, supplementary ingredients, aggregates, water and mixtures in defined proportions. In
RMC, all the ingredients are proportioned in accordance with the standard codes of practice to
get the targeted strength and durability. The quality of concrete depends on the way it is mixed,
placed, compacted, finished, cured and protected. RMC is preferred over normal concrete owing

to ease of use, convenience, and better quality [8].

Factors like increasing urbanization, growing population and rising focus of government on
infrastructural development are driving India ready-mixed concrete market. The government of
India launched smart cities program to create cities equipped with good infrastructure offering
high quality of life through smart solutions, which is likely to foster the demand for RMC.
Further, establishment of manufacturing facilities and power plants to keep up with the growing
demand for energy is further anticipated to stimulate the demand for RMC during the forecast

period.

India ready-mixed concrete market is segmented based on production, product type, application,
region and company. Based on application, the market can be segmented into commercial,
residential, industrial and infrastructure. The infrastructure segment is anticipated to dominate
the market with share of 55.24% in 2026 because of growing construction activities such as
construction of highways, roads, dams, airports, among others. The commercial segment is also
expected to hold substantial market share during the forecast period due to growing population
with improved standard of living, which is resulting in rising construction of commercial

buildings such as shopping malls, schools, offices, colleges, banks, and hospitals [8].

Leading companies operating in the ready-mixed concrete market of India include Ultra Tech
Cement Limited, ACC Limited, Nuvoco Vistas Corporation Limited, RDC Concrete (India) Pvt.
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Ltd., | J M Concrete Products Private Limited, Prism Johnson Limited, The India Cements
Limited, Godrej Construction, The Ramco Cement Limited, and JK Lakshmi Cement Limited,

among others [8].

2.14.3 South Africa

The concrete industry in South Africa comprises cement manufacturers, aggregate producers,
admixture suppliers, and cement extender (fly ash and slag) suppliers. Ready-mixed and precast
concrete producers, concrete product manufacturers (including producers of cement building
blocks, fiber cement roof sheets, concrete pipes and concrete roofing tiles), designers of structural
concrete (civil and structural engineers), building and civil engineering contractors, and small-
scale cement and concrete product consumers (e.g. home builders) are in the industry. Ready-
mixed concrete in South African construction industry have been more pronounced in the recent
past due to government and private industry investment in new (and replacement) construction of
2010 FIFA (Federation International de Football Association) World cup stadia and other
infrastructure projects, e.g. the Gautrain Rapid Rail Link, airports, and so on. Further consumption
of large quantities of energy and resources for concrete production is expected in the foreseeable

future to meet the demands of the rapidly expanding population [50] .

2.14.4 Nigeria

Ready-mixed concrete is becoming common in the Nigeria construction industry as it reduces labor
cost and other associated costs. The rapid rate of urbanization in Nigeria requires the use of ready-
mixed concrete to enhance productivity. Ready-mixed concrete is an essential construction
material consumed in all components of a building from the inception to completion, and therefore
utilized in enormous quantities. Studies revealed that 60-70% of all contemporary built structures
are made of this material. Owning to increasing requirement for quality in concrete mix design
aimed at achieving a quality product, it is manufactured in a fully controlled environment with the
help of specialized batching plant. The mix is then delivered to construction sites where they are
required by ready-mixed concrete trucks to maintain its qualities. Ready-mixed concrete in Nigeria
is becoming a very competitive business in a well-developed market. Companies are in search of
economies in terms of dispatching ready-mixed concrete to maximize profit and utilize their

facilities optimally [51] .
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2.14.5 Ethiopia

Ready-mixed concert supply scenario is demanding According to current Ethiopia’s economy out
of the total budget that is funded through donors and government big portion of the budget spend
on infrastructures, such as Roads, buildings, and so on. Therefore, concrete supply demand has
increased in tremendous amount since 2013 due to the country’s development policy that gives
focus on infrastructure development. On the market study especially in Addis Ababa, high rise
buildings are currently using the ready-mixed concrete which is supplied by Chinese construction
company’s and Aser construction well-known local contractor which provide ready-mixed concert.
Even though there are ready-mixed suppliers in Addis Ababa, still the gap between supply and

demand is huge due to the current constriction activates undertaken in the city and country [21].

2.15 Critical Appraisal of Literature Review

Ready-mixed concrete has its own advantages and setbacks. It is highly recommendable for
concrete producers and concrete users or customers clearly understand on the advantages and
setbacks. Once, concrete producers and customers understood setbacks of ready-mixed concrete
they may bring situation to overcome challenges. Ready-mixed concrete has advantages in terms
of quality, time and waste reduction. The challenges of ready-mixed concrete are its high
dependency on technology and the related high initial investment. In addition, bulk concrete

production and requires more formwork at a time.

Currently, RMC is a matured industry in Europe & USA. As much as 75% of cement in USA is
consumed through RMC route and is supposed to be the highest level of mechanization achieved
in concrete construction anywhere in the world. In Europe, about 47% of cement is consumed
through the RMC plants.

Concrete is composite material which is produced from two components: aggregates and paste.
The paste binds the aggregate into rocklike mass because of the chemical reaction between cement
and water, mineral and chemical admixtures are used in order to meet desired target in the paste.
Concrete that is mix of different materials is composed of; the absolute volume of cement is usually
between 7% -15% and the water between 14% - 21%. Air content in air-entrained concrete ranges
from about 4% to 8% of the total volume. Aggregates make up about 60% to 75% of the total
volume of concrete and admixtures are used if desired. In properly made concrete, each particle of

aggregate is completely coated with paste and all of the spaces between aggregates are completely
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filled with paste that constitutes about 25% to 40% of the total volume of concrete. The desired
quality of the concrete depends upon the quality of the paste and aggregate, and the bond between

them. The quality of concrete so depends on selection of individual materials [9, 17, 18].

Ready-mixed concrete making materials should be stored in a right place to avoid contamination
with unnecessary materials. Cement should be stored in silo to avoid contact with moisture that
results in pre hardening of cements, which affects strength of concrete. Aggregates in Ready-mixed
Concrete are stored into the bins should be for different sizes of aggregate. Bins should be
generally, covered to avoid rain and direct sunlight. In addition, water is generally stored in tanks
located close to the plant. Water tank should be clean and neat. Generally, admixtures are store in

drums but it can be also stored into the admixture storage tanks.

Furthermore, ready-mixed concrete production process has great impact on concrete produced.
Each process should be done properly and according to the requirement. Batching of concrete
ingredients, mixing of concrete, transportation of concrete from batching plant to casting sites and

concrete transferences are some of the processes during ready-mixed concrete production.

Quality concrete is that which is capable of meeting the requirements of the job in terms of strength,
durability and appearance. Strength is often the major feature in defining the quality of concrete
because strength is both easy to define and to measure in concrete production. In order to meet
desired quality of ready-mixed concrete all the requirements of concrete making materials,
batching plant conditions, maintenance of plants and equipment, proper mixing, on time delivery

of mixed concrete and all others factors should be done properly.

International practice of ready-mixed concrete showed in developed countries, they have potential
and experience of meeting desired quality of ready-mixed concrete. Developed countries are
consuming more than 70% of cement for ready-mixed concrete. On the other hand, developing
counties need to change their way of concrete production from conventional to mechanized way
of concrete production. Developing countries should have to give emphasis for concrete they are

producing.

Generally, the term concrete quality is attained through technical application of required processes,

starting from early planning to life time of concrete structures. First all parties involved in concrete
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production understand that each process has its own impact on quality concrete produced. Concrete
making materials should have to pass through tests and should be free from defects. Equipment’s

and machines used in the production of concrete should regularly maintained and calibrated.

Ethiopian construction industry is characterized by conventional way or site mix concrete
production. Due to various reasons concrete structures fail to meet the requirements. From those
factors lack of frequent concrete making materials, usage of concrete making materials which don’t
meet the requirement, lack of proper documentations of test results and production processes, lack
of proper supervisions, poor decision on concrete test results that doesn’t comply to the standards

and failure to apply statistical quality controls are some of the them.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter discusses the research design and methodology used in acquiring the necessary
information to achieve the research objectives. It specifically presents the research design,
describes research approach and techniques, presents sampling techniques in terms of sample size
and selection, validity and reliability of the research, data collection methods and data analysis

methods.

3.2Research Design and Approach

Research design is the overall plan for obtaining answers to the questions raised and the subsequent
handling of some of the difficulties encountered during the research process. The research used
descriptive survey research design and applied both quantitative and qualitative research approach.

The research is aimed to study ready-mixed concrete quality control practice in Addis Ababa.

For this research; desk study, interviews, structured questionnaires, and site observations were used
for gathering the data. The interviews were adapted to collect detailed information about
governmental bodies about the legal requirements of RMC plant and to know the role and level of
involvements of quality control stakeholders or organization. The questionnaire survey was
adapted to get opinions of respondents about tests done on concrete making materials, RMC
production, and quality controlling techniques. In addition, observations where the researcher
sought to find out how materials are stored and handled to have a first-hand information. The desk
study is carried out in order to evaluate the conformity level of compressive strength with ACI and
EBCS-2. In addition, desk study is used to compare aggregates test results with different countries

codes.

Towards achieving the research goal, a flow chart, which shows the structure of the whole process,
was designed before starting the research work. The methodology flow chart presented in Fig 3.1
shows how the research work proceeds in a structured way to make the work effective. Site visits,
structured questionnaires, interviews, collecting concrete, compressive test results and relevant

information of RMC production process in Addis Ababa were used as a data gathering tool.
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Statistical analysis was also carried out to analyze the collected data. Finally, conclusions and

recommendations were drawn.

R s
T~
|
|
1

R -

Fig 3-1: Research flow chart
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3.3 Sources of Data and Collection Approaches

The study depended on both primary and secondary data. Primary data were made up of first-hand
inputs collected by the candidate through reviewing laboratory test results, questionnaires,
interviews and site visits (observations). The secondary sources of data were obtained using

relevant books, journals, magazines, web sites and research papers i.e., literatures.

The purpose of the desk study was to obtain actual data from compiled laboratory test results of
concrete making materials and compressive strength comparison with standards, and statistical

quality control application on compressive strength of concrete.

In addition, structured questionnaire is employed to assess the overall quality controlling
mechanisms of RMC companies. Source of materials and tests done on materials, workmanship,
nature of plant, production process of concrete, mixing, transportation and related issues are
covered as a part of questionnaire. Interview that is aimed to held with regulatory bodies that is to

understand the role and responsibilities of parties while in quality controlling of RMC.

3.4 Study Population

Targeted population of the study is concrete batching plants found in Addis Ababa City. Based on
data from Construction Works Regulatory Authority and Addis Ababa City Trade Bureau there
are 38 concrete batching plants in the city as of 2020 and 2021. Questionnaires were distributed
for batching plant sites. The aim of this study is assessing quality control practice of concrete
produced by ready-mixed plants. As a result, data was collected from third party laboratory center.
Addis Ababa University Material Testing, Gia Geological Engineering Service and Arcon Design
and Build laboratory centers are sources for collection of concrete cube test results. Institutions
having relation with batching plants like Ethiopia Customs Ministry, Construction Ministry, Addis
Ababa Investment Bureau, Addis Ababa Construction Bureau and Addis Ababa Trade Bureau are

interviewed considering their involvement on ready-mixed concrete.
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3.5 Methods of Data Collection

A combination of both quantitative and qualitative data was considered in this study. Therefore,
the data collected by reviewing documents, from direct observation of the construction sites,
individual interviews, slump and compressive strength test result documents. The questionnaires

covered information on the responsibility of the respondents, and experience in construction works.

Based on objectives the study was started by assessing different literatures that related to the study
area. The literature review acquired different data from journals, researches that had been made on
related topics, books, etc. Various standard codes for concrete quality control such as Ethiopian
Building code of standards (EBCS), American Concrete institutes (ACI) codes and ASTM C94.

Desk study on selected projects was applied to assess concrete making materials quality level and
application of statistical analysis. The data was collected from three laboratories from test result,
which were carried out between from the year 2019-2021 and was compared and analyzed based
on Ethiopian Building code of standards (EBCS 1995) and ACI. Desk study is aimed to answer
one of the objectives which is aimed to study the level of quality control by applying statistical
quality control based Ethiopia and ACI standards.

Furthermore, to meet the rest specific objectives, the study needed structured and open-ended
questionnaires for ready-mixed concrete plant managers. Based on literature review, observation
and desk study, well organized closed interview questionnaires were prepared and asked. The
structured part of questionnaire was labeled as, 1 = Strongly No Influence; 2 = No influence; 3

= Influence; 4 = Moderate influence; and 5 = Strong Influence.

The study employed both qualitative and quantitative data analysis techniques. The data obtained
from primary sources such as from consultants, contractors and client staff were analyzed and
interpreted by using Statistical Package for Social Science (SPSS) version 16. After the data were
encoded in to SPSS descriptive statistics like frequency, percentage, mean and standard deviation

were analyzed.

Interview conducted among regulatory bodies is aimed to explore government bodies involvement

for quality control of ready-mixed concrete in Addis Ababa.
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3.6 Validity and Reliability Test

In this research, in order to strengthen the validity and reliability of data collection and findings,
the researcher tried to collect data through questionnaires, interviews and desk study triangulates

the results obtained from different method.

Cronbach’s alpha is most commonly used when you want to assess the internal consistency of a
questionnaire (or survey) that is made up of multiple Likert-type scales and items. The result
depicted that Cronbach’s Alpha ranges from 0.709 up to 0.896 for each category questionnaire,
that means the questionnaire have good reliability. If Cronbach’s Alpha result is below than 0.7,
the questionnaire should be rejected [52]. According to these criteria, material related factors
scored 0.71, plant and machine related factors scored 0.81. Road, transportation and site related
factors scored 0.72 and the standards and codes related factors scored 0.81 Cronbach’s Alpha.
Thereby, it can be said that it is proved that the results obtained from questionnaires have good

reliability and valid.

3.7 Ethical Consideration

The informed consent of all participants during interview and questionnaire was obtained before
starting the study. Participants were given a clear explanation about the nature of the study. In
addition, participants are informed about data collecting procedure and techniques. The anonymity
of the subjects is protected and guaranteed by not enforcing the participants to mention their names
and companies they represented by providing clear instruction. Furthermore, the information
obtained thorough the questionnaire is only used for the research purpose and the confidentiality
iIs maintained. Therefore, any information obtained from the survey was treated with strict

confidentiality.
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CHAPTER FOUR

RESULTS, ANALYSIS AND DISCUSSION

4.1 Introduction

In this chapter results, analysis and discussion are carried out based on the data collected from the
information gathered through questionnaires, interviews, the analysis of materials test used to
produce the cubes analyzed for this study and concrete laboratory cube test results and observations
on RMC batching plants sites. In Addis Ababa currently there are 38 ready-mixed batching plants
and questionnaires were distributed for all batching plants. Totally, 29 questionnaires were
returned. The remaining nine questionnaires were not collected since the batching plants were not
functional at the time or they did not show willingness. In addition to this, concrete cube test
results and materials mix design tests used to prepare concrete cube were obtained from three
Material Testing Centers or laboratories namely, Addis Ababa University Material Testing Centers

AAIT and EIABC, Gia Geological Engineering Service and Arcon Design and Build.

In addition, the researcher interviewed governmental bodies those whom are believed to influence
over ready-mixed concrete quality. Moreover, site observations on site material handling and site
layout of RMC were conducted. The questionnaires and the collected test results are attached on

Appendix part A of this paper.

4.2 Response Rate

As described in Fig 4.1, 38 questionnaire copies were distributed among batching plant sites. The
respondents’ position showed as Plant Managers, Quality Managers, Material Engineers, and
Company Mangers were some of the participants’ positions. Thus, it can be concluded as the
questionnaires were filled by relevant professionals. From 38 batching plants distributed
questionnaire copies 9 of them, which means 24% of questionnaire copies were not returned and

76% of questionnaire copies were used for the analysis presented in the next parts.
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Response Rate

Questionnair
e not
Returned ® Questionnaire
9 (24%) Returned

Questionnaire m Questionnaire not
Returned Returned
29 (76%0)

Fig 4-1: Response rate

4.3 Educational Background of the Respondents

Educational background and level were assessed in questionnaire, Fig 4.2 described their level of
educational background of the respondents. From respondents 23 79% have BSc and 21% of
respondents were categorized in MSc. From the educational background of the respondents, it is

believed that the questionnaires were filled by those who have awareness.

Educational Level

m MSc.
m BSc.

Fig 4:2 Educational background of the respondents
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4.4 Experience

Regarding to the experience years of the respondents Fig 4.3 showed there are three categories in
which, respondents were asked to classify their number of years. Under first category 31% of
respondents were found in which those having experience less than 5 years, the second category
accommodated 34% of respondents those between 5-10 years experienced are asked to fill and
under third category the remaining 35% respondents were classified as having more than 10 years’

experience. Thus, the respondents are believed they are sufficient experiences.

Experience

B | ess than 5
m Between 5-10
Greater than 10

Fig 4-3: Experience of the respondents

4.5 Concrete Batching Plants Growth

The following Fig 4.4 described the gradual increment of concrete batching plants in Addis Ababa.
Based on assessment done on their planted years there were only two batching plants a couple of
decade ago. In the subsequent decade number increased in two digits that accounts to be more than
15 in number. In the recent decade, the number doubles itself. This implied that there is promising
increment in concrete production regarding to ready-mixed concrete production of the industry.
Even though, it is not satisfactory compared to foreign construction industry described it the
literature part, the past five years growth of batching plants should kept in the future too.
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Growth Graph of Batching Plants
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Fig 4-4: Concrete plants growth (questionnaire)

4.6 Demand Vs Supply of Ready-mixed Concrete

The aim of this section is to determine the batching plants past five years production capacity of
ready-mixed plants produced and the demand from ready-mixed concrete from customers or
industry. Even if some companies did not record their demand properly, they put nearly estimation
based on annual turnover of the companies. As indicated in Fig 4.5 below the demand and supply
of past five years showed there is proportional increment on demand and supply of ready-mixed
concrete, as number of batching plants are increasing through time. In 2016, nearly 400,000 m3
concrete was produced and used from concrete batching plants. Currently, concrete-batching plants
in Addis Ababa recorded nearly 9000m? production capacities on daily base. In 2020 more than
1.8milion m® concrete was demanded and supplied. Therefore, if number of batching plants
increased in the city, there might be increased demand and production capacity of producing
concrete in batching plants rather than site production which was our construction industries

manifestation for past years.
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Fig 4-5: Ready-mixed concrete demand and supply (questionnaire)

4.7 Material Storage and Handling

The aim of providing proper material nearby batching plant is to maximize the productivity, which
is done by systematic approach that allows site utilization properly. While doing this action there
are rules on how to store materials. One of the requirements to be followed is avoiding material
contamination. Fine and coarse aggregates should be stored separately by taking due precautions

and care, to avoid intermixing.

Stockpiles should be arranged in such a way so as to prevent intermingling of adjacent materials.
Aggregates with different size fractions (say 10-20 mm, below 10 mm) should be stored separately.
Coarse and fine aggregate may be of different types and from different sources, and accordingly
these should be separately stored.

For better performance and quality, storage bins must be used to store materials. Open stock-piles
are prone to contamination and there is no control over moisture content during wet season.

Moisture probe can effectively measure water content of the aggregates.

There are organizations those are meeting the requirement of material strong on their sites but

many are failed to give proper attention for concrete making materials storage. The Fig 4.6 a, b, ¢
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and d are pictures captured from different sites of studies as their respective explanations below.
Fig 4.6a and b, shows course and fine aggregates are mixed up with each other because of lack of
compartments. In such scenario once, aggregates are mixed before batching probably there could
be errors during batching that affects directly quality of concrete. Bins are aimed to avoid
intermingling of aggregates are not properly done as slope for drainage is not properly done. Due
to this reason, during rainy season and when there is water on the compound it allows for the flow

of water to materials stored in the bins.

Fig 4-6: Material storages (Site Observation)
(a)
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(b)

Fig 4.6c shows one of the sites of ready-mixed concrete making materials storage condition. In
this site there is no fence that protects concrete making materials from pollution. Also unwanted

materials like mucks are stored in contact with concrete making aggregates.

(©

Image below Fig 4.6d shows that concrete materials storage is eroded by water. Such ignorance

exposes materials to be contaminated by impurities that might affect concrete quality.
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(d)

4.8 Descriptive Analysis of Respondents

This part of study is aimed to investigate level of influence on quality control of ready-mixed
concrete, for some selected factors descriptive analysis were carried in batching plants in Addis
Ababa. The factors, which are determined as they have their own influence on quality control of
ready-mixed concrete, were collected from literature review and observation to the city current
condition. Respondents were asked to give rank from 1-5 scale each statement according to the
severity and agreement of the problem in the study area. Depending on basis of respondent
experience, the factors were ranked from strongly no influence to strongly influence with respect
to their own batching plant conditions. These factors were grouped in to material related, plant
machine related, road, transportation and site related. Furthermore, the remaining factors were

categorized under standards and codes related factors.

4.8.1 Material Related Factors
Under this category mainly components of ready-mixed concrete and concrete curing type are
included. Table 4.1 below shows factors under materials related and their respective mean and

standard deviation values.
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Table 4-1: Material related factors

No.|Material related factors N Mean (X) [Std. Deviation (SD)

1 |Source of materials (aggregate, water, cement and
_ 29 3.8621 1.40723
admixtures)

2 |Mix design 29 3.8621 1.43238

3 |cost of concrete making materials 29 3.1724 1.16708

4 Type of curing 29 4.0345 1.08505
Valid N (list wise) 29

Table 4.1 illustrated that material related factors have their own influence on quality of ready-
mixed concrete. The first factor which is source of materials including cement, (coarse, fine)
aggregate, admixtures and water, each statement was ranked according to the respondents’ scale
of influence by using mean score value and standard deviation. For the statement, there is a chance
to influence the quality of ready-mixed concrete. Source of materials influence quality of ready-
mixed concrete scored a mean value of 3.86 and standard deviation (SD) value of 1.40. This
indicated that the majority of respondents ranked as it has moderate influence on quality of ready-

mixed concrete.

In terms of mix design which is used to govern amount of concrete making materials respondents
ranked a mean value of 3.86 and standard deviation value of 1.43. This implied that mix design
related factors like selection of mix design type and timely updated of mix design have similar
effect to that of source of materials on which the majority of respondents agreed that it has
moderate influence on quality of ready-mixed concrete. As a result, care should be taken while
selecting type of mix design as well as updating mix design of concrete as source of material,
season, and different occasions happen is mandatory.

Regarding the statement for cost of materials as different source of materials have different costs,
which have influence on quality of ready-mixed concrete the respondents showed the level of
influence with a mean value of 3.17 and SD value of 1.16. This result showed that the respondents
leveled from influence to moderate influence. The scored value has nearly influence on quality of

ready-mixed concrete. Type of curing as factor is ranked a mean value of 4.03 and standard
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deviation value of 1.08. There are different types of concrete curing. Respondents showed the level
of curing type has moderate influence on quality of ready-mixed concrete. There for selecting

proper curing for concrete has its own significance on quality control of ready-mixed concrete.

4.8.2 Batching Plant Machine Related Factors

Batching plant machine related factors include inspection intervals, calibration, and plant
arrangement. Factors categorized under batching plant machine also included those factors mainly
occur on batching plant site as shown in Table 4.2 below.

Table 4-2: Batching plant machine related factors

No. |Batching Plant Machine Related Factors N Mean |[Std. D
1 |Batching plant inspection interval 29 |3.4138 |.94556
2 |Number of truck mixers in the batching plant 29 |2.6207 |1.04928
3 |Periodical calibration of batching plants and machines 29 |3.9310 [.99753
4 Regular maintenance of batching plant and equipment’s 29 |3.7931 |1.14578
5

The batch plant arrangement (general location) and ease of
_ 29 |3.6207 |1.04928
maneuverable vehicles

6

Raw materials storage location 29 |3.3793 |.97884
Z The age of batching plant 29 |3.4138 |1.18072
8 Availability of undesired concrete disposal system 29 |3.2069 |.81851

9 |Management related (style of management and relationship
) _ _ 29 |3.7931 |1.23576
10 |with other industries)

Efficiency of the batch managers ability to distribute tasks 29 |3.7241 |1.09859
11 |Marketing plan efficiency 29 |2.8966 |1.08050
12 |The effectiveness of site supervision and labor guidance 29 |3.2414 |1.12298
13 |The ease and clear for exchange of information and

) ) 29 3.6207 |.97884
Instructions

14 Planning and organizing of procurement for raw materials 29 |3.3793 |1.14685

Valid N (list wise) 29

Table 4.2 results indicate the second category, which consists fourteen factors and the SPSS result

is presented as follow. Batching plant inspection interval is one of the factors included under this
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sub category. The influence level of this factor is ranked a mean of 3.41 and standard deviation
value of 0.94. Batching plant inspection in terms of maintenance and repair is required for
maintenance of regular ready-mixed concrete production. The mean value implied the respondents
ranked this factor between influence and moderate influence for ready-mixed concrete quality
control. In order to reduce idleness of batching machine and increased productivity regular
inspection is crucial as a part of ready-mixed concrete quality control.

The second factor ranked under this category is number of truck mixers in the batching plant a
mean value of 2.62 and SD 1.05. Once batching of ingredients and mixing is done, concrete should
be transported to the desired site with trucks. Ranked value of respondents reflects number of
trucks is between no influence and influence. Generally, number of tucks does not contribute a lot
as factor that influence quality of ready-mixed concrete. In addition to second factor, periodical
calibration of batching plants and machines was included to be ranked. There are calibrating
institutes in Addis Ababa authorized for this purpose. Respondents ranked this factor a mean of
3.9310 and SD 0.99. Mean value for this factor regarding to the level of influence is ranked to
moderate influence level to quality of ready-mixed concrete. There for periodical calibration factor
is required to meet quality of ready-mixed concrete.

Regular maintenance of batching plant and equipment’s is one of the factors under batching plant
machine category that is scaled a mean of 3.79 and standard deviation vale of 1.14. The mean value
of the factor showed the range is between influence and moderate influence, but slightly tilted to
moderate influence. This is indication for regular maintenance for the batching plant and
equipment’s that are aimed to facilitate the production process of ready-mixed concrete has its
particular effect on quality of ready-mixed concrete. Due to this reason, taking action for
maintenance is important to achieve quality control of ready-mixed concrete. The batch plant
arrangement (general location) and ease of maneuverability vehicles under the category showed a
mean of 3.62 and SD value of 1.05. Basically, this factor is intentioned to include location of
batching plant and its accessibility to the users also how trucks and other equipment’s are
maneuvering on the batching plant site. Keeping this in mind respondents rank showed the factor
has influence to moderate influence level on ready-mixed concrete. Since this element has direct
influence on quality of ready-mixed during batching plant, setup it advisable to recognize site size

and condition.
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Raw materials storage location factor influence scored a mean value of 3.37 and standard deviation
value of 0.97. Depending on batching plant location, batching plant sites have different raw
material storage situations. The value scored clearly manifests that the listed factor has influence
on quality control of ready-mixed concrete. The influence of factor is due to intermingling
condition of fine aggregate with course aggregate that leads of misleading batching and improper
drainage system on the site. In order to reduce such effect raw material storage location should be

selected properly.

The age of batching plant scored a mean value of 3.41 and standard deviation 1.18. The respondent
result indicated the influence of batching plant age has influence on ready-mixed concrete quality.
Due to technological advancement batching plants comes more modernized and computer aided
programs which has less error are available in the markets now days. As plant age became older
the level of quality of ready-mixed concrete decreases. Therefore, as much as possible installments
of recent versions of ready-mixed plants may have positive contribution on quality control of

ready-mixed concrete.

Concrete production under batching plant is done under controlled circumstance. Even though, it
done under such situation there might be waste like waste water, undesired aggregates and cement
dust on the site. Avoiding such undesired materials is important to reduce contamination of
materials used for concrete production. To examine this factor, influence availability of undesired
concrete disposal system is examined by respondents scored a mean value of 3.20 and SD value of
0.81. The respondents agreed that it has influence on ready-mixed concrete quality. Therefore,
providing necessary disposal system of residuals on ready-mixed concrete production site is

important.

Management related (style of management and relationship with other industries) scored a mean
value of 3.79 SD value of 1.23 as well as efficiency of the batch manager and his ability to
distribute tasks a mean value of 3.72 and SD 1.09 are two factors. Both factors mainly focused on
human related quality control of ready-mixed concrete production. Majority of respondents have
agreed influence to moderate influence level on quality of ready-mixed concrete. This implied that
applying proper management and employing right personnel improves ready-mixed concrete
quality.
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Marketing plan efficiency scored a mean value of 2.89 and SD 1.08. Especially for concrete
supplies producing their product for their customers should have marketing plan to maximize their
profit. The respondents leveled the factor under no influence to influence. The effectiveness of site
supervision and labor guidance scored a mean value of 3.24 and SD value of 1.12. The response
of majority respondent responses failed under category of influence. From the implication site

supervision and labor guidance should be done properly.

Finally, the rest two factors included under this category scored the following results. The ease and
clear for exchange of information and instructions from respondent perspective scored a mean
value of 3.62 and standard deviation value of 0.97 and planning and organizing of procurement for
raw materials such as cement, sand, and other factor scored a mean value of 3.37 and standard
deviation value of 1.14. It showed majority of respondents for both factors rated between influence
and moderate influence regarding to quality of ready-mixed concrete. In order to maintain the
product of ready-mixed it is important to have a means of ease and clear information as well as it

is recommended to have planned and organized system of procurement in the company.

4.8.3 Road, Transportation and Concrete Casting Sites Related Factors

This category is mainly focused on factors that influence quality of ready-mixed concrete related
to road from which rises concrete batching to concrete casting, transportation related and concrete
casting site factors. In Table 4.3 below the respective result of each factor from SPSS is analyzed

and discussed as follows.

MSc. Thesis by Mihiretab Achiso, 2021 Page 73



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Table 4-3: Road, transportation and concrete casting site related factors

No. |JRoad, transportation, and concrete casting site Std.
related N Mean Deviation
1 |Concrete pump efficiency 29 3.4138 .90701
2 |Efficiency of truck mixers 29 3.5517 1.32520
3 Weight average distance between batch and projects |29 3.1379 1.12517
4 The traffic situation on the road to casting site 29 3.6207 .90292
> Concrete transference or pouring method 29 3.5172 1.02193
: Ease of entry and exit from the casting site 29 3.2759 .84077
8 Weather conditions 29 3.6207 1.20753
The relative pouring height 29 3.0690 1.19317
Valid N (list wise) 29

Table 4.3 showed respondent response rate of agreement to the level of influence on concrete
quality of ready-mixed. Under this category concrete pump efficiency score a mean value of 3.41
and standard deviation value of 0.90. This showed concrete pump efficiency has direct influence
on quality of ready-mixed concrete. As pumping is longer, it affects quality of concrete by delaying
of casting time. To this end during concrete pumping considering pump, efficiency helps to achieve
desired quality of ready-mixed concrete. Efficiency of truck mix under this category scored a mean
value of 3.55 and SD value of 1.32. Based on respondent agreement the level of influence varies
from influence to moderate influence level. This is because during concrete transportation trucks

do mixing of concrete. Increased efficiency of truck improves the level of ready-mixed concrete.

Weight average distance between batch and projects scored a mean value of 3.13 and SD 1.12.
Generally, it can be concluded as the longer the distance the influence on quality of ready-mixed
concrete is significant. It is advisable either to prefer short distance and low traffic shifts like taking
concrete transportation night shift or installing ready-mixed batching plant nearer to site or project
to be executed. In addition to this factor, the traffic situation on the road to casting site or project
is rated by respondents scored a mean value of 3.62 and standard deviation value of 0.90. Traffic
conjunction in Addis Ababa is one of the city roads appearances. During the transportation of

ready-mixed concrete due to traffic situation, it may take longer time as compared to planned time
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of arrival. Planned approach for transporting concrete in Addis Ababa Road is preferable. Also,
concrete transference or pouring method is considered as one of the factors to be rated by
respondents and scored a mean value of 3.51 and SD value of 1.02. The result implied that there
is influence to moderate influence level. Different pouring method of concrete is available based
on the site condition and height of pouring. Selecting proper pouring method of concrete
contributes for the quality of ready-mixed concrete. Ease of entry and exit from the casting site
scored a mean value of 3.28 and standard deviation value of 0.84. Therefore, the listed factor has
influence on ready-mixed concrete. During site lay out preparation planning and accessing proper

exit and entry road for trucks allows reduced time for this reason it helps to pour concrete on time.

A weather condition is also factor labeled by respondent and scored a mean value of 3.62 and SD
1.20. The range of majority respondents failed between influences to moderate influence. Concrete
making materials especially both fine and coarse aggregates are exposed to weather conditions.
For example, during rainy season there is probability that aggregates can be exposed for moisture
that affects mix design of concrete. The presence of moisture in aggregate directly affects water
cement ratio of concrete unless the mix design is not considering such changes. Also, weather
conditions can be a factor that affects casting of concrete. It is recommended to consider weather
condition during preparation of mix design and concrete casting. The relative pouring height

scored a mean value of 3.06 and SD value of 1.19. Respondents majorly agreed the level
of factor influence for the factor is influence on quality of ready-mixed concrete. During pouring

of concrete height of pouring level should be considered.

4.8.4 Standards and Codes Related Factors
This category included three factors and their respective respondents’ level of SPSS result is

discussed below in Table 4.4.
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Table 4-4: Standards and Codes Related Factors

No. |Standards and Codes Related Factors N Mean Std. Deviation
1 [Standards, codes and regulations related to ready-
_ 29 3.2759 [1.16179
mixed concrete
2 |Technical supervision 29 3.4138 [1.15007
3 Sample gathering sites and techniques 29 3.3103 |1.00369
Valid N (list wise) 29

Standards, codes and regulations related to ready-mixed concrete is factor aimed to include ready-
mixed concrete production standards codes ready-mixed concrete producers are using and
regulation laid up on ready-mixed concrete. Based on this, the factor scored a mean value of 3.27
and standard deviation 1.16. This implied the factor has influence on ready-mixed concrete.
Therefore, ready-mixed concrete producers should have standard for their products and process for
the production, there must be codes that they may follow and regulations are important things for

achievement of ready-mixed concrete.

The second factor under this category is technical supervision. Technical supervision in terms of
batching plant, production process and concrete compliance with different codes are crucial aspects
to examine the performance of ready-mixed concrete. Based on the respondents result analysis, the
factor scored a mean value of 3.41 and standard deviation value of 1.15. The respondents result
showed the range is between influence and moderate influence. From the result implication

technical supervision is mandatory for improvement of ready-mixed concrete quality.

The last factor for this category is sample-gathering sites and techniques scored a mean value of
3.31 and standard deviation value of 1.00. It showed sample gathering sites and techniques has
influence on ready-mixed concrete. Therefore, selecting sample collection and techniques

according to standard is important for the achievement of desired concrete quality of ready-mixed.
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4.9 Quality of Ingredients

49.1 General

Ready-mixed concrete making materials should satisfy the requirements for the safety, structural
performance, durability and appearance of the finished structure, taking full account of the
environment to which, it will be subjected. The selection and use of materials shall be in
accordance with standards and requirements. Materials used shall confirm to the relevant Standards
applicable. When materials are used, which are not covered by the provisions of the relevant
Standard, there should be satisfactory data on their suitability and assurance of quality control.
Records and details of performance of such materials should be maintained. The detail of ready-

mixed plants materials quality control practice is discussed as follows.

4.9.2 Cements

There are two dominant cement types used in concrete production. On ready-mixed concrete
production 65% companies are using only OPC cement. 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 [6].

Only 7% of ready-mixed concrete producers are using PPC as constitute of concrete making
materials. The rest 27% concrete produced by ready-mixed is using either OPC or PPC as shown
in Fig 4.7 below. This is an indication for ready-mixed concrete producers are not contributing for
environment and industry by not using PPC for their products. They should have to bring culture
of using other types of cements at least by increasing positive attitude for benefits that would be
gained from PPC. PPC is 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 [12].
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Fig 4-7: Summary on type of cement used
Pozzolanas are not reactive by themselves but become reactive when they get in contact with
Portland cement. It reacts with the calcium hydroxide liberated from Portland cement hydration at
ordinary temperatures to form compounds possessing cementations’ 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 reduces the permeability of concrete [24]

Fig 4.8 shows cement transportation mode for ready-mixed concrete production in Addis Ababa

batching plants.
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Fig 4-8: Cement transportation mode

Transport and storage of cement influences the quality of concrete to a higher degree. Hence; it
requires proper care, otherwise there is a higher tendency that the cement may come in contact
with moisture and consequently loose its significant amount of strength. In Ethiopia, it is common
that cements are transported a long distance by trucks and trailers that makes cements susceptible
to moisture contact unless attention is given. The other serious problem is with storage of cement.
Cements after brought from factories, they are stored in stores or shops that are not properly
constructed [6]. Regarding to this influence on concrete assessment done on ready-mixed concrete
producers showed in fig 4.8 above 70% of cement is brought by bulk either by cement mafucturer
transport or by ready-mixed batching owners’ trucks. Usage of bulk cement has its own advantages
as it reduces wastage of cement and makes to know how long cement is before usage. In Ethiopia,
cement industries currently do not print the date of manufacturing on cement bags. Only 3% of
ready-mixed concrete batching plants are using cement brought by bags. The remaining 27% of
concrete suppliers are using either cement in bulk or bags. By the trucks and trailers should be used
to reduce cement waste. Batching plants has cement silo parts that is used to store cements. Ready-
mixed concrete producers should give special attention for cement transportation and handling.

Cements before usage need to be tested with respect to different standards and codes. Nevertheless,
ready-mixed concrete producers before usage cement based on assessment are not testing cements.
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4.9.3 Water

Water used for ready-mixed concrete production process, which primary function is making
chemical reaction with cement should be free from impurities. Indian standard requirement set the
following questions before usage of water for concrete making need to be answered. What is the
source of water? Is sufficient quality and required quantity available? Are test reports available?
What precautions are taken so as to protect the water storage facility from contamination by

deleterious substances?

Depending on above questions the source of water used for production of ready-mixed concrete,
as showed in fig 4.9 below 52% of ready-mixed concrete manufactures’ used ground water from
drilled well, 38% used drink water supplied by Addis Ababa Municipality and the remaining 10%

used water from river.

Different Sources of Water

® Drinking Water
m From River
Ground Water drilled well

Fig 4-9: Different sources of water used for ready-mixed concrete production
Regarding to quality of water researcher observed, there were some ready-mixed concrete
suppliers using low quality water, which could not meet the Ethiopian Standard Requirement
described in the literature part. As shown in Fig 4.10 Tank water used for ready-mixed concrete
production were exposed for dust and there is no provided slope that prevent erosion hence, ground
water in Addis Ababa has higher tendency to be polluted with domestic wastes and chemicals

discharged out of factories. Only few ready-mixed concrete manufacturers were tested water
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before usage. Water should be tested in Addis Ababa because there might be higher tendency of

contamination.

Fig 4-10: Image showing tank water used for ready-mixed concrete production (observation)

4.9.4 Admixtures

The use of admixture should offer an improvement not economically attainable by adjusting the
proportions of cement and concrete, and should not adversely affect any property of the concrete.
Admixtures are not substitute for good concreting practice. An admixture should be employed only
after an appropriate evaluation of its effects on the concrete that is intended to be used is made. It
is often necessary to conduct tests on the representative samples of the materials for a particular
job under simulated job conditions in order to obtain reliable information on the properties of

concrete containing admixtures [19, 20].

In ready-mixed, concrete production process the most important element is delivery time. Concrete
is mixed at central position and need to bring site that may take longer time. There are two common
types of admixtures used commonly; retarders and plasticizers are the most common types. The
first one is used to extend setting time. Plasticizers are used due to requirement of pumpability of

concrete.

4.9.5 Aggregates
Aggregates are one of the main components of concrete making materials. It contributes the higher

strength possessed by concrete due to its higher modulus of elasticity. Because of these facts,
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aggregate quality affects the overall concrete quality significantly as compared to cement and

water.

Table 4.5 Type of fine aggregates

Type of fine aggregate Calculated value in

percentage (%)

Natural sand 51.7
Crushed fine aggregate 6.9
Both natural and crushed aggregate 41.4

Table 4.5 showed there are 51.7% of natural sand users for concrete production, only 6.9% are
using crushed fine aggregate and 41.4% ready-mixed concrete production is done by both natural

and crushed aggregate sources.

Aggregates occupy 60% to 70% proportion and strength possessed by concretes. The variability in
characteristics of aggregates will have an impact on the properties of concrete if careful
consideration is not given for aggregates during production of concretes. As aggregates, unlike
cements, are non-factory products which go through less controlled production processes, the
variation in the physical and chemical features like shape, size, texture, mineral content and other
properties contributes a lot to the variability of resulting concrete. Therefore, aggregates need to

be carefully tested and inspected.
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Table 4-6: Types and frequency of tests conducted for coarse aggregates

No. Types of tests conducted for coarse aggregate | Frequency Batching plants
testing percent (%)
1 Sieve analysis 29 100
2 Unit weight 29 100
3 Water absorption 26 89.7
4 Soundness test 27 93.1
5 Dust content 5 17.2
6 Specific gravity 12 41.3
7 Clay lump & friable particles 5 17.2
8 Flakiness index 10 34.5
9 Aggregate crushing value 4 13.8
10 | Los Angeles Abrasion test 4 13.8
11 | ASR 3 10.3
12 | ACR 2 6.9

The question raised to answer tests done for coarse aggregates and their frequency is indicated in
Table 4.6 and Fig 4.11 are discussed as follows. Sieve analysis and unit weight test for coarse
aggregate are executed in all ready-mixed concrete batching sites. This is good practice and should
be continued for the future. The importance of the test is discussed in literature part and standard
requirement of this tests are discussed in the following part. Regarding to the water absorption test
89.7% of ready-mixed concrete producers are conducting the test and the rest are not this coarse
aggregate test. Soundness test and dust content are tests to be done as a requirement for coarse
aggregate and they have scored 93.1% and 17.2% results respectively. Soundness test result an
indication that strength tests for aggregate used in concrete production are not being done
satisfactorily, which in effect put the overall quality of concrete under question.

In addition, specific gravity test is done by 41.3 % of ready-mixed concrete producers. While
producing mix design ready-mixed concrete produces need to take measure for specific gravity
values. Tests on clay lump and friable particles scored 17.2% and flakiness index scored 34.5%.
The rest ready-mixed concrete producers should take laboratory result for coarse aggregates used

in concrete production.
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There are four tests listed below which ready-mixed concrete producers are not almost doing their
tests. Aggregate crushing value 13.8 %, Los Angeles Abrasion tests 13.8%, ASR 10.3%, and ACR
6.9%.

(%%} - m—
RS =1
c
s 80
&
8 60
Y
)
L 40
8
[
s @ @
S_) 0 L= L= (= L= @ @ @ @
N X . N S Z
ﬁ%\% & & &NOQ & & & N & Y’C% &
& & Qe?"% K & & &S Q%4 X v
& &S S I P VO &
& I & N A N ®
° TN <T SN
v & 2
@Q *Q'Qo @Q
Y ogo o
U
Q\‘b

Types of Tests

Fig 4-11: Frequency of tests conducted on coarse aggregates

MSc. Thesis by Mihiretab Achiso, 2021 Page 84



Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Table 4-7: Frequency and percentage of batching plants doing respective fine aggregate test

No. | Tests conducted for fine aggregates Frequency Percent (%) of
Batching plants
1 | Sieve analysis 20 68.9
2 | Siltand clay content 27 931
3 | Organic impurity 10 34.4
4 | Unit weight 23 79.3
5 | Specific gravity 11 37.9
6 | Water absorption 7 24.1
7 | Soundness test 7 24.1
8 | Chloride test 9 31
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Fig 4-12: Frequency of tests conducted on fine aggregates
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Table 4.7 and Fig 4.12 indicated the result that was collected from questionnaire unit weight, sieve
analysis, specific gravity and chloride tests are done frequently, while water absorption and

soundness tests were done seldomly.

4.9.5.1 Surface Moisture, Porosity and Absorption

Specific gravity of aggregates generally is indicative of its quality because aggregates greatly
influence the strength and absorption of concrete. A low specific gravity may indicate high porosity
and therefore poor durability and low strength because concrete density will greatly depend on
specific gravity. On the other hand, bulk density of aggregate is mass or weight of the aggregate
required to fill a container of a specified unit volume that occupied by both aggregates and the
voids between aggregate particles. It depends upon their packing, the particles shape and size, the
grading and the moisture content. For coarse aggregate, a higher bulk density is an indication of

fewer voids to be filled by sand and cement [27].

Determining of the moisture content of an aggregate is crucial in order to determine the net water-
cement ratio for a batch of concrete. If the moisture content and absorption of aggregates is not
properly determined, the water added during preparing the mix becomes variable. This results in
either high or low water to cement ratio. Therefore, there is no doubt that continuous measurement
of moisture and automatic adjustment of the amount of water added into the mixer greatly reduce
the variability of the concrete produced when the moisture content of the aggregate is variable [24,
25]. The following tables show that, the test results of specific gravity and water absorption of
coarse and fine aggregates of concrete mix design used to produce cube test results presented in

section 4.13 of this thesis which are tested on the given date.
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Table 4.8 Specific gravity and water absorption of the tested fine aggregate samples

Coarse Aggregate Fine Aggregate
Materials Date Specific Water Absorption | Specific Water
designation Gravity (%) Gravity Absorption (%)
used for mix
D1 12/13/2020 2.34 1.78 2.53 1.52
D2 8/18/2020 2.74 1.39 2.64 0.87
D3 2/26/2020 2.73 1.54 2.66 1.40
D4 1/15/2021 2.24 1.54 2.61 1.40
D5 10/1/2019 2.68 0.67 2.78 2.47
D6 4/13/2020 2.73 211 2.62 2.07
D7 6/13/2020 2.73 211 2.66 1.92
D8 4/13/2020 2.72 211 2.63 2.07
D9 8/4/ 2020 2.72 1.54 2.73 1.43
D10 12/12/20 2.65 1.53 2.66 1.98
D11 12/24/20 2.74 1.25 2.63 1.25
D12 1/15/2021 2.6 3.02 2.57 231
D13 2/26/2020 2.55 1.43 2.45 3.01
D14 2/21/2021 2.74 1.39 2.63 1.32
D15 3/4/2020 2.71 2.14 2.59 1.74
Requirement 2.4-3.0 0.2-4.0 2.4-3.0 0.2-4.0

Table 4.8 contains fifteen mix design tests for coarse and fine aggregates used to produce concrete
cubes presented in section 4.13 of this thesis. The results based on requirement are as follows. There is
no requirement concerning water absorption in the Ethiopian Standard. However, according to the
requirement of ASTM the water absorption content of a concrete aggregate should lie in the range of
0.2 to 4 % (ASTM C127), 100% of the specific gravity and water absorption of the coarse and fine
aggregate samples are within the range i.e. 0.2- 4%. It can be concluded that almost all aggregates

used for ready-mixed concrete production meet the requirement of ASTM.

4.9.5.2 Deleterious Substances

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
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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 [22].

In the Ethiopian Standard, nothing is stated concerning the limit of organic contents of fine
aggregates. However, ASTM (C40 — 79) states that plate number 3 is the maximum value allowed
for fine aggregates as far as their organic content is concerned. When a sample subjected to ASTM
(C40 —79) a color darker than the standard color, or Organic Plate No. 3 (Gardner Color Standard
No. 11), the fine aggregate under test shall be considered to possibly contain injurious organic

impurities [34].

In this research thirteen silt and clay contents test results for fine aggregate were observed which
are plate number 2 and 3 and all of the samples have acceptable value of organic impurity. The
Ethiopian Standard stipulates that the silt and clay contents of a fine aggregate sample should be
less than or equal to 6% for all type of normal concrete (ES. C. D3. 201); the silt and clay contents
of the fine aggregate samples are shown in table 4.9 below. The result indicates that 23% of tests

failed to meet the requirement and 77% passed the minimum requirement.
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Table 4.9: Silt and clay contents of the fine aggregate samples

No Sample Source | Type of sand Date Silt and Clay | Remark
designation Content (%)

1 D1 Natural sand 12/13/2020 3.69 Passed
2 D2 Natural sand 8/18/2020 5.37 Failed
3 D3 Natural sand 2/26/2020 4.20 Passed
4 D4 Natural sand 1/15/2021 6.20 Failed
5 D5 Natural sand 10/1/2019 4.32 Passed
6 D6 Natural sand 4/13/2020 2.99 Passed
7 D8 Natural sand 4/13/2020 2.99 Passed
8 D9 Natural sand 8/4/ 2020 4.90 Passed
9 D11 Natural sand 12/24/20 4.20 Passed
10 D12 Natural sand 1/15/2021 2.40 Passed
11 D13 Natural sand 2/26/2020 3.67 Passed
12 D14 Natural sand 2/21/2021 4.90 Passed
13 D15 Natural sand 3/4/2020 5.90 Failed

Requirement <5.0%

Roundness measures the relative sharpness or angularity of the edges and corners of a particle.
Roundness is controlled largely by the strength and abrasion resistance of the parent rock and by
the amount of wear to which the particle has been subjected. 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 [12].

The flakiness affects adversely the durability of concrete because flaky particles tend to be oriented
in one plane, with bleeding water and air voids forming underneath. The mass of flaky particles
expressed as a percentage of the mass of the sample is called the flakiness index. A maximum
flakiness index value of 35% is stated in the ASTM for crushed concrete aggregate (ASTM C33).

However, there is no requirement stated in the Ethiopian Standard. Accordingly, 67% of the

flakiness indexes of the coarse aggregate samples are within the allowable limit and the remaining
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33 % deviate from the standard as shown the Table 4.10. This implies that there must be continuous
test for flakiness index since there is chance of failing to meet compliance of standard requirement.

The presence of elongated particles in excess of 10 to 15 percent of the mass of coarse aggregate
is generally considered undesirable, but no recognized limits are stated in Ethiopian standard.
British Standard BS 882: 1992 limits the elongation index of the coarse aggregate to 50% for
natural gravel and to 40% for crushed or partially crushed coarse aggregate. However, there is no
any test in fifteen sampled sets of mix design elongation index test for aggregates. It is

recommended to take elongation index test for aggregates.

%+ The shape and surface texture of fine aggregate have a significant effect on the water
requirement of the mix made with the given aggregate i.e. the amount of water will increase
with increase content.

¢+ Flakiness and the shape of coarse aggregate in general have an appreciable effect on the

work ability of concrete.

Table 4-10: Coarse aggregate test results on shape

Designation for sample source | Date Flakiness Index Elongation Index
D10 12/12/2020 21.96

D12 1/15/2021 23.4

D13 2/26/2020 35.5

Requirement BS 812 <35.00 <15.00

4.9.5.3 Grading of Aggregates

Gradation of aggregates is one of the most important quality parameters that predominantly
influence the properties of a concrete. 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 [30] . Therefore, aggregate has to confirm to the grading requirement of
standards specified in the technical specifications especially, for RMC production. The results of

the analysis are summarized in the Table 4.11 below. See Appendix Il for details.
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Table 4-11: Summary of gradation distribution of fine and coarse aggregate samples

Condition Fine aggregate Coarse aggregate

No. Percentage | No. Percentage
Not complying 3 20 3 20
Complying 12 80 12 80

Based on Table 4.11 the result showed 20% of both fine and coarse aggregates fail to meet
Ethiopian gradation requirement. This must be compensated by either using standardized
aggregates or blending with aggregates grade that meet the requirement of non-complying sieve.

4,10 Efforts towards Standardization of Aggregates

The respondents agreed that standardization of concrete making aggregates has the same function
as listed in literature part of this paper. Some of the functions of standardization is listed as follows
[15, 45].

+ Standardization helps reduce inventory items on site.

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

¢ It forms a base for further inventory analysis.

¢+ The specification of items clearly spelled out, making quality control firm. By using
national standards, it is easier to locate sources of supplies

< Improved workability of concrete (ease of pumping)

¢+ Better strength of concrete

¢+ Consistency of concrete

Even though concrete manufactures believed on the advantages of standardization of aggregates
based on gradation requirement, only 14% concrete batching plant holders tried to standardize their
aggregates of production. As hindering factors, they have listed the following challenges they have

faced to either continue or start standardization of aggregates [46].

+«» Lack of enough space
+«» Un availability of codes related

+ Lack of awareness
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4.11 Concrete Making Materials Testing Centers

It is necessary to have a laboratory attached to RMC production facility called as field (Plant)
laboratory, to carry out the routine testing. In addition, a central laboratory or third party laboratory
needed that can be used to carry out testing. However, it shall be ensured that such laboratories

have been audited and that the validity of audit has not expired.

Generally, the field (plant) laboratory has no facilities for testing physical and chemical properties
of cement and admixtures. However, a record of test certificates provided by the manufacturer or

third-party concrete and concrete making materials testing centers shall be kept.

Material Testing Centers

Fig 4-13: Material testing laboratories
Fig 4.13 showed currently in Addis Ababa 69% of the ready-mixed concrete manufacturers have
their own laboratory. The level of laboratory varies from company to company depending on their
testing machines and availability of facilities. The researcher observed that many testing centers
were not capable of hosting the required tests. Owning their own laboratory centers allows them
to do tests frequently like slump, sieve, bulking of sand, fineness modulus and cube tests. The rest
31% of concrete manufactures do not have their own laboratories Due to this reason they move to

others laboratories or they may not undergo tests.
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Furthermore, respondents indicated that there are few third-party concrete testing laboratories in
Addis Ababa. From those Addis Ababa University Laboratories Both AAIT and EIABC material
testing centers, Arkon Design Center, Gia, Ethio China and Matcon testing centers were frequently

mentioned that are engaged on doing the required tests.

Calibration is also one of the requirements which very essential to get valid test results. Calibrating
the test machines is an obligation done by regulatory body of the government or licensed party.
Currently there are laboratory centers those calibrate on time. The duration varies from 3 months
to one year. Minimum requirement for the calibration of laboratory testing machines is four times

in a year as per Ethiopian Standardization requirement.

4.12 Ready-mixed Concrete Production Process

4.12.1 Specifying Concrete-Ordering

Performance based concrete ordering is used when the purchaser requires the manufacturer to
assume full responsibility for the selection of the proportions for the concrete mixture. While
selecting requirements for which he/she assumes responsibility should give consideration to
requirements for workability, placeability, durability, surface texture, and density, in addition to
those for structural design [37]: Fig 4.14 implied that 38% of ready-mixed concrete were produced

by performance based ordering.

The second category of ready-mixed concrete ordering is prescription or Option B scored 14%
based on respondents’ reflections. This type of concrete ordering allow to purchaser or product
user specifies mixture proportions including cement content, water content, admixture type and
content. Also mixed or Option C is selected as concrete specifying order it allows Purchaser to
specify compressive strength, cement content, admixture type and content but concrete producer
selects mix proportions. The rest 48% of ready-mixed concrete producers are making their concrete

by mix-based option.

Based on above explanations concrete ordering has their own advantages and disadvantages. The
basis for such advantages rises from efficiency of the process, courage cooperation and improved
consistency of concrete. It is recommendable to specify concrete by prescription and mixed based

options which allow concrete producers and purchasers to have clear information.
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Performance based
Mixed (Option C) (Option A)

48% 38%

Prescription
based (Option B)
14%

m Performance based (Option A) m Prescription based (Option B)
m Mixed (Option C)

Fig 4-14: Different types of concrete specifying ordering

4.12.2 Batching

Batching is the process of measuring concrete mix ingredients by system equipped by computer
and introducing them into the mixer. Errors in batching are partly responsible for the variation in
the quality of concrete. All batching plants in Addis were batching ingredients by weight or mass
techniques. Weight based techniques have great tendency of reducing errors that may occur during
batching of concrete ingredients.

4.12.3 Mixing

Ready-mixed concrete is mixed and delivered to the point/site designated by the purchaser/user by
means of one of the following combinations of operations.

a) Central Mixed or Stationary mixed Concrete:

Concrete that is mixed in a stationary mixer at plant that mixes the concrete completely before it
is discharge into either in a truck agitator or truck mixer operating at agitating speed or in non-
agitating equipment’s as agreed to by the purchaser/user. Central mix plants are sometimes referred
to as wet batch or pre mix plants. When a truck mixer or agitator is used for transporting concrete,
which has been mixed before leaving the plant, the concrete shall, agitated during transit and re-
mixed at the site for at least 2 minutes so that the concrete is of the required uniformity. Based on
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respondent results 83% of batching plants in Addis Ababa batching plants mix their concrete by
central or stationary mix as shown in Fig 4.15.

b) Shrink Mixed Concrete:

Concrete partially mixed first in a stationary mixer and then mixed completely in a truck mixer.
The time of partial mixing shall be minimum required to intermingle the ingredients. After transfer
to the truck, the amount of mixing at the designated mixing speed will be that necessary to meet
the requirements for uniformity of concrete. Generally, it is two minutes of mixing in truck drum
at mixing speed. The remaining 17% of batching plants used shrink mixed concrete deliverance at
the circumstance as indicated Fig 4.15.

¢) Truck mixed concrete:

Although, truck mixed concrete is also one of the methods of mixing of ready-mixed concrete,
truck mixed concrete shall not be allowed as RMC, as automatic record keeping arrangement such
as digital computer slips etc. are not possible in such type of mixing. This type of concrete mixing
is not practiced. In Fig 4.15, the result witnessed shrink mix was not practicable in real world.

K Mixed

= Centeral or Stationary Mixed = Shrink mixed = Truck Mixed

Fig 4-15: RMC mixing types

4.12.4 Delivery, Transporting and Transference of Ready-mixed Concrete

When concrete is ready in plant, the next step is its transportation. For transportation, concrete
mixes are collected in the trucks. To deliver concrete mix on time one has to plan the routing and
scheduling for the trucks. Delays and hauls caused by traffic conditions, long distance, time split

and other factors result in loss of concrete. As soon as the truck is loaded, it should be immediately
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dispatched to the site. RMC delivery is also affected by skill of the crew especially the driver. To
perform a successful delivery of concrete persons involved at each level of production, dispatching
and transportation should be in proper sync. Choosing clients and his demand of order for RMC
also affects delivery schedule of concrete. Distance between plant and site determines the travel
duration of delivery. Increasing numbers of trucks for delivery at plant and site also affects the
delivery time as it makes the both plant and site a little congested [53].
Respondents agreed the following factors highly affect concrete transportation and delivery time
in Addis Ababa.

» Distance between plant and site
Speed & Traffic condition
Type of casting operations
Number of unloading equipment and number of crew at job site
Pumping speed.

» Number of trucks
The researcher observed most of the batching plants were located around Bole Bulbula and Kality.
During peak hours transportation of concrete from batching plant to concrete casting site takes
average of 3hours. In addition, the longest distance dump truck to travel is 25km that means on
boarder to another.
Equipment’s used to place concrete are pumps, buckets, chutes and cranes frequently based on

respondents’ response.

4.13 Statistical Quality Control

One of the objectives of this study is assessing level of quality control being undertaken after
performing statistical analysis on sample test results collected from third party laboratory i.e.
neither contractors nor concrete making materials laboratories and after checking the compliance
of these compressive strength test results with the Ethiopian and the American standards. In
addition, process control is incorporated based on Shewhart control charts. Addis Ababa University
Material Testing centers Addis Ababa University Material Testing Centers AAIT and EIABC, Gia
Geological Engineering Service and Arcon Design and Build laboratories were used to collect
compressive strength or cube test results. These centers are frequent choice of customers due to

their testing capacity and their accessibility.
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Concrete cube test results collected is 28" date and in between 2 years from the collection of data.
Collected data contains fck25, fck30, fck35, fck40, fck45 and fck50 concrete grades. For this study
Sixty-Three (63) set are obtained from the laboratories where concrete producer and concrete
consumer or product user request for the test. Each set represents three cubes (15cm x15cm X
15cm), which makes the total number of cubes collected One Hundred Eighty-Nine (189). The
names of projects are not mentioned in this part because of privacy. Respective result and judgment

according on Standard are presented in Table 4.12 below.

In order to evaluate the quality of concrete used in Addis Ababa housing projects using statistical
quality control method, compliance and conformity criteria found in the Ethiopian building codes
of standards (EBCS2:1995), ACI- 214 and ACI-318 have been used.

According to EBCS-2:1995, there are two compliance criteria's set as it has been discussed in
literature review part. As it is presented in the Ethiopian building code of standards, the values of
K1 and K are variable as shown in Table 2.10. For this specific analysis of test results, both the
values of K1 and Ky are taken to be 3MPa assuming that the lots considered in all the projects are
above the fifth lot. Among the two criteria’s set, criterion 1, which is applicable for small lots, is
used for this analysis and equations 2.1-2.6 were used. For evaluation of the compliance criteria's
according to American standard cube results have been converted to cylindrical strength using a
conversion factor of 0.8 times cubic strength.
Mathematically it is expressed as,

fcyk= 0.8fcck - [Eq. 4.1]
Where, fccyk=Cylindrical strength and

fck=Cubical strength
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Table 4-12: Compressive Strength test results and analysis, according to EBCS-2 1995 and ACI-

318
g B ERE
3 3} 5 =
& = k= e e
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z s = | ¥ > 2 Z 2 = B N 'S ™
E k|5 18 |52 a8 |8 R s
= S 2|3 n b n O Q w O <
1 50 |43.37 4443 | 2.6 2.1 5.85 Not complied | Not
46.84 complied
43.09
2 30 |39.45 41.90 | 2.15 1.7 5.1 Complied Complied
42.76
43.50
3 30 |[40.72 41.54 | 0.98 0.78 2.3 Complied Complied
40.48
41.87
4 30 | 3252 35.48 | 2.9 2.32 8.17 Complied Complied
39.46
34.46
5 50 |43.36 50.17 | 7.5 6 14.9 Not complied | Complied
58.23
48.92
6 50 |42.38 46.27 | 4.17 3.34 9 Not complied | Not
45.74 complied
50.68
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7 30 [31.44 32.25 | 2.56 2 7.9 Not complied | Complied
30.19
35.12

8 50 |40.95 54.69 | 14.2 11.36 25.97 Not complied | Complied
53.80
69.32

9 50 |51.48 4731 | 114 9.12 24 Not complied | Not
34.42 complied
56.04

10 |30 |38.00 37.88 | 2.28 1.82 6 Complied Complied
40.10
35.54

11 |50 |51.30 46.50 | 4.17 3.34 8.97 Not complied | Not
44.38 complied
43.82

12 |50 |39.88 39.55 | 3.84 3.07 9.7 Not complied | Not
35.56 complied
43.22

13 |30 |30.40 31.27 | 1.4 1.12 4.48 Not complied | Complied
32.89
30.53

14 |30 |30.01 28.84 |1 0.8 3.7 Not complied | Not
28.60 complied
27.90

15 |50 |58.75 65.03 | 5.67 4.53 8.62 Complied Complied
69.07
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67.26

16 |30 |31.00 36.27 | 4.85 3.88 13.37 Complied Complied
37.26
40.54

17 |30 |34.24 1 0.8 2.87 Complied Complied
36.00 35.42
36.01

18 |30 |27.93 26.66 | 1.12 0.9 4.2 Not Not
25.79 Complied complied
26.26

19 |30 |433 41.93 | 6.25 5 14.9 Complied Complied
47.1
354

20 |40 | 356 35.27 | 0.49 0.4 1.39 Not complied | Not
35.3 complied
34.9

21 |40 |[50.1 48.27 | 2.51 2 5.2 Complied Complied
45.4
49.3

22 |40 |46.2 46.8 | 0.52 0.42 1.11 Complied Complied
47.0
47.2

23 |50 |46.9 453 |5 4 11 Not complied | Not
39.7 complied
49.3

24 |40 |36.0 38.17 | 2 1.61 5.2 Not complied | Not
38.5 complied
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40.0

25

50

54.3

52.1

54.5

53.6

1.33

2.48

Complied

Complied

26

50

53.5

294

50.0

44.5

13

10.4

29.2

Not complied

Not

complied

27

25

32.9

32.6

33.1

32.87

0.36

0.29

1.09

Complied

Complied

28

30

31.9

30.5

30.8

31

0.8

3.22

Not complied

Complied

29

30

41.8

44.2

47.3

44.43

2.77

2.21

6.23

Complied

Complied

30

40

56.9

54.5

56.2

55.87

1.23

0.99

2.2

Complied

Complied

31

40

45.1

36.8

21.3

34.4

12

9.7

34.89

Not complied

Not
complied

32

40

49.8

49.6

49.6

49.67

0.11

0.09

0.22

Complied

Complied

33

40

39.6

45.17

5.32

4.26

11.78

Complied

Complied
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45.7

50.2

34

30

30.1

29.7

24.2

28

3.3

2.6

11.78

Not complied

Not

complied

35

40

39.6

48.1

43.6

43.77

4.25

3.4

9.7

Complied

Complied

36

50

48.3

50.8

55.5

51.53

3.65

2.9

Not complied

Complied

37

30

36.9

36.9

355

36.43

0.8

0.64

2.2

Complied

Complied

38

25

30

30.4

31

30.47

0.5

0.4

1.64

Complied

Complied

39

30

35.6

34.9

37.9

36.13

1.36

3.76

Complied

Complied

40

30

37.77

37.92

37.18

37.62

0.34

0.28

0.9

Complied

Complied

41

30

28.00

28.30

25.70

27.33

1.42

1.13

5.2

Not complied

Not
complied

42

25

23.65

23.69

23.64

0.06

0.04

0.25

Not complied

Not
complied

MSc. Thesis by Mihiretab Achiso, 2021

Page 102




Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

23.58

43 50 |47.83 47.93 | 0.28 0.22 0.58 Not complied | Not
48.24 complied
47.70

44 |25 |26.76 27.40 | 0.55 0.44 2 Not complied | Complied
28.44
27.00

45 25 | 27.12 28.58 | 1.42 0.14 4.97 Complied Complied
29.96
28.66

46 30 | 23.08 2428 | 1.3 1 5.35 Not complied | Not
24.70 complied
25.07

47 25 |30.19 31.96 | 1.85 1.48 5.79 Complied Complied
33.88
31.81

48 |30 |29.47 30.17 | 1.73 1.38 5.7 Not complied | Complied
32.14
28.90

49 |30 |40.23 38.97 | 1.18 0.95 3 Complied Complied
37.82
38.88

50 |25 |20.83 21.78 | 1 0.8 4.6 Not complied | Not
21.68 complied
22.82

51 |25 |30.68 30.84 |1 0.8 3.3 Complied Complied
29.92
31.93

52 |30 |25.19 29.36 | 4 3.2 13.6 Not complied | Not
33.81 complied
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29.07

53 |30 |[3244 31.38 | 1.25 1 3.99 Not complied | Complied
30.01
31.70

54 |40 |39.97 37.05 | 8.3 6.65 22.45 Not complied | Not
27.67 complied
43.52

55 |30 |34.22 32.48 | 2.2 1.75 6.8 Not complied | Complied
33.22
30.02

56 30 |32.14 29.98 | 2 1.6 6.7 Not complied | Not
28.10 complied
29.71

57 |30 |30.82 32.17 | 1.8 1.5 5.6 Not complied | Complied
31.46
34.23

58 |40 |40.74 37.59 | 7.26 5.8 19.3 Not complied | Not
42.74 complied
29.28

59 |40 |4057 40.48 | 0.05 0.04 0.12 Not complied | Complied
41.04
39.84

60 |40 |33.57 3345 |28 2.25 8.3 Not complied | Not
36.21 complied
30.58

61 |35 |30.59 29.36 | 1.84 1.47 6.27 Not complied | Not
27.24 complied
30.24

62 |30 |28.18 28.38 | 0.3 0.24 1.06 Not complied | Not
28.73 complied
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28.24

63 |45 |36.75 36.79 | 0.69 0.55 1.87 Not complied | Not
36.12 complied
37.5

Table 4-13: Summary of compliance and conformity

Compliance According Compliance According to

to Ethiopian Standards ACI 318

EBCS-2:1995
Grade | Number of | Defective lots | Non defective | Defective lots | Non defective

(fck) | tests lots lots

Number | % | Number | % | Number | % | Number | %
25 8 3 375 |5 625 | 2 25 |6 75
30 27 15 55.5 |12 445 | 8 29.6 | 19 70.4
35 1 1 100 | O 0 1 100 | O 0
40 13 7 53.8 | 6 46.2 | 6 46.2 | 7 53.8
45 1 1 100 | O 0 1 100 | O 0
50 13 11 84.6 | 2 154 | 8 6155 38.5
Total 63 38 60 25 40 |30 47.6 | 33 52.4

4.13.1 Compliance Criteria Based on EBCS-2:1995 and ACI

As shown in Table 4.12, 63 set of concrete, which brings 189 total sample specimens, are collected
from different 3 laboratories of concrete testing centers. In this part, concrete grades varying fck25
to fck50 compressive strength were analyzed. According to the Table 4.12, results based on
compliance criteria of Ethiopian standards (EBCS-2:1995) 60% of the lots found to be defective
whereas 40% of samples are non-defective from specified requirement. When the concrete grades
are evaluated individually, it would be stated as for fck25 concrete grades 37.5% are defective
whereas the remaining 62.5% is under non-defective group of samples. For fck30 concrete grades
from 27 lots 55.5% failed under defective sample while 44.5% meet the requirement. Concrete

grade fck35 and fck45 contains one sample for each grade and both of them are not satisfying the
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requirement that is defective sample. The rest two concrete grades sampled are fck40 and fck50,
their respective category of sample is found 53.8% and 84.6% under defective sample whereas,
46.2% and 15.4% respectively found non-defective samples based on Ethiopian Standard

compliance criteria.

Also, the same cubes have been evaluated based on ACI 318 and the result shows that, the number
of defective sets goes down to 47.6 % and the number of sets of non-defective goes to 52.4%.
Concrete grades listed above scored the following consecutive results. For fck25 defective sets
25% were found and the rest 75% is non-defective sample based on standard of evaluation. fck30
with maximum number of sets included 29.6% is defective while the rest 70.4% found as non-
defective sample. The same number of sample and result is recorded for concrete grades fck35 and
fck45. Finally, for fck40 and fck50 46.2 % and 61.5% of sample is defective while the remaining
53.8 % and 38.5% failed under non-defective category.

Concrete Cube test samples collected represent different parts of concrete work of slabs, beams,
columns, footing, shear wall, and bridge structures of ready-mixed concrete produced from
batching plants in Addis Ababa. The sampled structures are in usage because the test results were
collected done for construction of the structures. As discussed in problem statement part, one of
the features of concrete production in Ethiopia is frequent failure of concrete structure tests

especially cube test is one of them.

Currently in Addis Ababa more than half portion of concrete produced failed to meet Ethiopian
Standards. Statistical quality control based on compressive strength tests conducted on selected
projects revealed that, 40.4% of the test results were found to be defective based on EBCS-2:1995
compliance criteria. In the same passion, study on title quality control for concrete making
materials used in cost efficient housing project showed the same finding. Concrete, which is

produced in site, were major portion of their studies [54].

This study was aimed to assess the quality control of ready-mixed concrete. In fact, ready-mixed
concrete has promising level of improved quality production of ready-mixed concrete. This can be
achieved if and only if there would be strong overall quality control before, while and after
production of ready-mixed concrete. In deed there is improvement of concrete grades there must

be further work to increase and get intended level of concrete in our country construction industry.
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These results show that, as there is a gap in concrete production practice and the level of control
by ready-mixed concrete producers. Therefore, nondestructive test shall be conducted on those

non-complying concrete structures.

Inevitably, strength test results vary. Variations in measured strength may originate from any of
the following sources (ACI 214R-02),

e Batch-to-batch variations of the proportions and characteristics of the constituent materials
in the concrete, the production, delivery, and handling process, and climatic conditions;
and

e Within-test variation is variations in the sampling, specimen preparation, curing, and
testing procedures.

e Opverall variation ¢ (for a population) or s (for a sample), has two component variations,
the within-test, o1 (population) or s1 (sample), and batch-to-batch, 62 (population) or s2

(sample) variations.

Table 4-14: Standard deviation for different control standards, MPa (ACI-214)

Class of Operation, | Standard deviation for different control standards, MPa

Over all Excellent | Very good Good Fair Poor
Variations
General Below 2.8t03.4 3.4t04.1 41t04.8 Above 4.8

construction testing | 2.8

Laboratory  trial | Below 1.4t01.7 1.7t02.1 21t02.4 Above 2.4
batches 1.4

The level of concrete quality control is also investigated according to ACI-214. In this standard the
level of control has been stated and classified based on coefficient of variation and standard

deviation from excellent to poor as discussed in the literature review part of this thesis.

Tables 4.15 and 4.16 below summarizes the status of control on this project based on the test results

standard deviation and coefficient of variation respectively.
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Table 4-15: Level of control based on Standard Deviation (ACI-214)

Level of control Based on (SD)
Grade(fck Excellent Very  good | Good  (3.4- | Fair (4.1-4.8) | Poor (>4.8)
) (<2.8) (2.8-3.4) 4.1)
Numbe | % | Numbe | % | Numbe | % | Numbe | % | Numbe | %
r r r r r
25 8 100 | O 0 0 0 0 0 0 0
30 21 77. |3 11. |1 3.7 |0 0 2 7.4
8 1
35 1 100 | O 0 0 0 0 0 0 0
40 7 58. |1 7.7 |0 0 1 7.7 |4 30.
4 7
45 1 100 |0 0 0 0 0 0 0 0
50 3 23 |0 0 2 15. |2 15. |6 46.
4 4 2
Total 41 65 |4 6.3 |3 48 |3 48 |12 19

As shown in Table 4.14 and Table 4.15 concrete level based on standard deviation showed 65% is
categorized under Excellent, 6.3% very good, 4.8% good, 4.8% fair and 19% is poor.
Table 4-16: Level of control based on coefficient of variation (ACI-214)

Level of control Based on (coefficient of Variation)

Grade Excellent (<7) | Very good (7- | Good (9-11) | Fair (11-14) Poor (>14)
9)

Number | % Number | % | Number | % | Number | % Number | %
25 8 100 |0 0 0 0 |0 0 0 0
30 21 77.7 |2 74 |0 0 3 113 |1 3.7
35 1 100 |0 0 0 0 0 0 0 0
40 7 538 |1 7.7 |1 7.7 |1 7.7 |3 23
45 1 100 |0 0 0 0 0 0 0 0
50 4 30 |4 30 |2 15 |1 10 |2 15
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Total 42 66.6 | 7 11.1 |3 4.7 |5 8 6 9.5

Table 4.16 indicated 66.6 % of concrete produced was excellent, 11.1% very good, 4.7% good,
8% fair and 9.5% was poor condition based on coefficient of variation analysis. Results in Table
4.15 and 4.16 indicated that ready-mixed concrete showed less variations.

4.13.2 Shewhart Control Charts

While graphical plots can give useful information about the pattern of a production process, the
control chart becomes a much more powerful tool if statistical rules are also applied to the data.
Shewhart control systems measure variables in the production processes (e.g. target mean
strength). They make use of calculated control limits and apply warning limits based on the

measured variation in the production process [55].

The Shewhart chart will have a horizontal central line which represents the expected mean value
of the test results on the samples taken from production; in the case of concrete, the Target Mean
Strength for a chart controlling compressive strength. Lines representing the upper control limit
(UCL) lower control limit (LCL), upper warning limit (UWL) and lower warning limit (LWL)
may also be added. Generally, action is required if a result is beyond either of the control limits

[55]. Shewhart control chart can be constructed with the following equations, Eq.4.2-Eq.4.5.

UCL = TMS + 3 X Grormmrmmmemmemmemee S — [Eq. 4.2]
RO T 1 Y R g — S—— [Eq. 4.3]
UWL = TMS + 2 X Gmmmmmmmmmmm o e o s oo oo o e o oo [Eq. 4.4]
B 1Y [Eq. 4.5]

The following Fig 4.16 for concrete grades fck25, Fig 4.17 for concrete grades fck30 and Fig 4.18
for concrete grades charts are prepared based on Shewhart quality control criteria. As displayed on
Fig 4.16 below for concrete grades fck25 there is no point beyond both Upper and Lower Control
Limits. This implied that there is no probability of occurrence of natural and special variations in
the production processes of implied concrete grades. Regarding to patterns within waring limits,
the following simple rules of thumb have been proposed for sequences of results that remain within
the waring limits [55]. The following criteria are used for all charts (fck25, fck30 and fck40)
analysis in Fig 4.16- Fig 4.18 below.
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a) Seven or more consecutive results on the same side of the target mean strength
b) At least 10 out of 11 results on the same side of the target mean strength
c) Al least 12 out of 14 results on the same side of the target mean strength

d) At least 14 out of 17 results on the same side of the target mean strength

Based on above criteria the first criteria’s is meet in Fig 4.16, which has 7 consecutive results are
within warning limits. This showed concrete production process is within allowable pattern. Of
course, majority of points below are below target mean strength. For this reason, consumers risk

is high.

In Fig 4.17 below Shewhart chart is used to display fck30 concrete grades results. Points beyond
both upper and lower limits are required to be less than 5%, but there are 4 points beyond these
limits which accounts 5.2%. This implies the production process of concrete is not under control
of requirement. Concrete production process should be held under proper supervision. Regarding
to the patterns within warning limits, as shown in Fig 4.17 none of above requirements are fulfilled.
Due to this reason concrete ready-mixed concrete production process is not consistent, which is

highly exposed for variations.

Fig 4. 18 below shows fck40 concrete grades in Shewhart charts. 39 concrete cube test results are
used to plot the chart. Regarding to the points beyond both upper and lower control limits, 5.13%
is beyond the lower limit. Pattern with in warning limits fulfill the above criteria. Even though 7
consecutive results are within target mean strength and lower waring limits, the chart for the

concrete grade indicated most results are within lower waring limits.

Shewhart charts indicated that concrete production process needs proper control of the process

while concrete production.
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Figure 4-18 Shewhart control chart for fck40 concrete grades

4.14 Legal Bodies

Interview held to understand ready-mixed concrete batching plants and quality control of concrete
produced by batching plants showed there is clear gap between government bodies. There is no
clearly stated role for every office and bureau.

The researcher examined rough flow of responsibilities as follows. At first stage, either contractor
or anyone who wants to own batching plants would go investment commission of Addis Ababa
City. Here the responsibility of Addis Ababa City Investment Commission is checking investment
proposal and verifying that batching plants as capital plants. Once they have allowed contractor or
batching plant owner to import the batching plants of concrete their responsibility would be
checking in two years interval. They are not contributing much for the quality control of concrete.
Ethiopian Revenue and Customs Authority allow them to import plants and machines. They only

control machines and plants but nor the product they are producing.

The next two important bureau and offices the researcher attempted to collect data was Addis
Ababa Trade Bureau and Addis Ababa Construction Bureau. The former has the obligation of
giving trade license for those batching plants owners who were engaged in supplying ready-mixed
concrete for their customers in the basis of profit making. In addition to this, they do not set any

requirement for registration purpose. In fact, their requirement was the same to any business
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activity. Trade Bureau of Addis Ababa responded there is no mandate to control and regulate the
product or concrete produced by ready-mixed batching plants. Interviewees answered for the
questions raised by interviewer were batching plants are supply concrete that is issue of
construction bureau. The Construction Minster and Construction Bureau of Addis Ababa register
concrete batching plants as requirement of contractor. They told quality of batching plants concrete
was not supervised by their offices.

4.15 Summary of Major Findings

Dealing about quality in the construction environment is complex as the industry is dynamic in
nature. There are many factors which may influence the quality of a product. Quality of a product
in construction can be defined when a unit or element is fit for its intended purpose, meets the
requirements of the design specification, and aesthetics. Thus, it needs to be user friendly, durable,
safe, free from defects and free from significant variations. Construction industry survival is

dependent on concrete quality. Ready-mixed concrete quality is vital for this industry.

This research paper aimed to answer ready-mixed concrete quality control practice in general used
methodologies that technical supported achievement of its objectives. Structured and open ended
thirty-eight (38) questionnaires were distributed among ready-mixed concrete producers or
suppliers. The analysis was done by 76% of response rate of questionnaires. Observations were
part of this study, used as assessment of materials storage sites, site lay out, entrances and exists
for trucks and concrete casting sites situations. Interview conducted with regulatory bodies used to
distinguish the role and responsibilities of parties for ready-mixed concrete quality control.
Statistical quality control of concrete is done to get level of compliance of concrete grades, for

which samples were collected from third parties’ concrete materials testing centers.

Nowadays there are a number of batching plants increasing in Addis Ababa. Especially, in last two
years the number the number doubled even if batching plants in Addis Ababa remains in two digits.
Batching plants in Addis have a capacity of producing only 1.8 million m®concrete per year. When
compared to Britain, which has 25-million m® concrete per year ready-mixed concrete in Ethiopia

is very less.

Factors which affect quality of ready-mixed concrete were ranked based on respondents’ response

rate. These factors were classified under four categories evaluated by mean and standard deviation
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base showed the level of influence. From batching plant machine related factors, periodical
calibration of batching plants and machines and regular maintenance of batching plant and
equipment’s factors are determined as the most influencing factors of ready-mixed concrete
quality. Under material related factors category type of concrete curing, mix design type used and
source of concrete making materials factors have high influence. From third category factors both
traffic situations on the road to casting site and weather conditions scored the highest influencing
level on quality of ready-mixed concrete. Technical supervision of batching plant and production

process has higher influence on ready-mixed concrete quality.

Batching plants were using 3% bagged cements, 70% bulk and the rest 27% used both bagged and
bulk cements. Only few ready-mixed concrete producers undertook test for cements. Generally,
52% of ready-mixed concrete manufactures’ used ground water from drilled well, 38% used drink

water supplied by Addis Ababa Municipality and the remaining 10% used water from river.

Different concrete grades cube test results were collected from three concrete testing centers in
Addis Ababa. The collected results were compared with EBCS-2: 1995 and ACI 318. Based on
first standard 60% were defective and 40% were non-defective. Based on ACI 318 47.6% were

defective and 52.4% were non-defective.

Ready-mixed concrete delivery and transportation is identified as one of the critical problem due
to jammed roads, distance between plant and site, speed & traffic condition, type of casting
operations and pumping speed. In Addis Ababa ready-mixed concrete were transported 25 km

distance and 3 hours to reach concrete casting site.

Prescription based, prescribed based and mixed options were commonly used concrete ordering
techniques in Addis Ababa, 38%, 14% and 38% results scored respectively for concrete ordering.
Regarding to mixing ready-mixed concrete 83% of batching plants produced concrete through
central or stationary mixed and 17% used shrink mixed concrete production. Regulatory bodies’
participation towards enrollment of their duties was not satisfactory. Their roles and
responsibilities should be distributed among different parties those are engaged in quality control

of ready-mixed concrete.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the major findings of research  conclusion and recommendation. The

conclusions are drawn based on the research findings and the recommendation part is presented

based on the conclusions.

5.1 Conclusions

1.

From the study it was found that improper storage of the concrete making materials and its
method of transfer and feed systems are the key contributing factors which affect the quality
of ready-mixed concrete. In addition, material source, mix design, curing method and lack
of periodic calibration of batching plants have also a significant impact on the quality of
RMC.

From the survey it was identified that, most of ready-mixed concrete manufactures are
using ground water from drilled well without doing any test about the quality of the water.
Hence, the quality of water being used by the RMC manufacturer, can also affect the
produced concrete quality.

Based on this research findings, aggregates test results indicated 23% of fine aggregates
fail to meet standard requirement of silt and clay content, 20% fail to meet standard
requirement of gradation standard of both fine and coarse aggregates. Hence, quality of
aggregates after all will affect the resulting concrete quality.

From the survey result, 61% of batching plants in Addis Ababa owned their material testing
centers. In fact, the test centers were not fully capable of making required tests. The rest
39% have no material testing centers. Therefore, ready-mixed concrete producers which do
not have their own laboratory shall not frequently check their concrete quality and this will
affect the quality control process.

According to the collected samples of cube tests, results based on compliance criteria of
Ethiopian standards (EBCS-2:1995) 60% of the lots found to be defective where as 40% of
samples are non-defective. Also, the same lots have been evaluated based on ACI 318 and
the result shows that, the number of defective lots goes down to 47.6 % and the number of

lots of non-defective goes to 52.4%. This indicates most of the concrete made by ready-
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mixed concrete manufacturers were not meeting the standards criteria set and the quality
of ready-mixed concrete is not being properly controlled.

From the research it was investigated that there is no clear responsibility set for any
government body to control the quality of ready-mixed concrete. On the other hand, lack
of relevant standard code specific to ready-mixed concrete has also its own impact on

quality control practice.

5.2 Recommendations

1.

All materials used for the concrete production should be properly stored and the store

location shall be selected at reasonable distances from the mixing plant. The size and

compartments of materials storage would also be determined by their production capacity

and materials availability like Economic Material Ordering models usage.

Batching plants owners should follow thoughtful management methodology for the enter

production processes like Total Quality Management practice, which includes right

personnel selection, proper materials source selection, application of all material tests

before usage, batching plant site management, calibration of machines and equipment and

updated technology usage in their companies in order to bring overall quality improvement

of ready-mixed concrete.

There must be quality policies, regulations and manual assisting the development of a

quality management plan document for ready-mixed concrete production, which must be

adhered, through a dedicated management system of all direct stakeholders. In addition, 3

responsibilities should be dispensed among regulatory bodies in way that enables

accountabilities.

Addis Ababa City Road and Traffic Management should understand the nature of ready-

mixed concrete and allow Bus line lanes for trucks during peak hours.

Suggestion for future study:

a) A review on factors affecting ready- mix concrete quality in Addis Ababa.

b) Optimization of ready-mixed concrete delivery route and schedule for Addis Ababa
cases.

c) Need of relevant ready-mixed concrete standards, codes and regulations in Ethiopia to

upgrade the level of concrete quality.
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ADDIS ABABA UNIVERSITY

QUESTIONNAIRE SURVEY ON A TITLE: -
Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa.

Dear respondent,

The aim of this survey is to investigate ready-mixed concrete quality control practice in general
and determining the level of quality through statistical quality control tools, compliance with code
and responsibilities of quality management organization in particular. In order to accomplish these
objectives, it is crucial to conduct this questionnaire, which is required to be filled with relevant
facts as much as possible. I would like to confirm that all the data included in this questionnaire
would be used only for academic purpose.

Thanks in advance for your co-operation!

Addis Ababa University Addis Ababa Institute of Technology School of Civil and Environmental

Engineering Post Graduate Student in Construction Technology and Management

Mihiretab Achiso,
Phone: +251913228809/+251902473041

Email: acmirechiyab@gmail.com

MSc. Thesis by Mihiretab Achiso, 2021 Page 122


mailto:acmirechiyab@gmail.com

Study on Ready-mixed Concrete Quality Control Practice in Addis Ababa

Part I: - Respondents Profile

Answer the following questions by putting “X” or by writing.
a. Name of the COMPANY........ccoiiiiiiiieieere s

b. Year of EStabliShmeNTt........cooo oo,

c. Your educational status
] Diploma [ asc [ Imsc —IphD
d. What is your position in your firm? ............ccceviiieinineneseeeee
e. Your Years of experience 1 <5 [CJs10 ] >10
Part 11: - Factors affecting quality of RMC

The following are some of the factors, which might affect the quality of RMC in general. Based

on your experience, please indicate the extent to which the factors are affecting the quality of RMC

in your company.

Level of influence

1 = Strongly No Influence;
2 = No influence;

3 = Influence;

4 = Moderate influence;

5 = Strong Influence

No | Factors Scale of

agreement level

1]2]3 |4]5

| Material related

Source of materials (aggregate, water, cement and admixtures)

Mix design

Cost of concrete making materials

AWIN(F

Type of curing

Il Batching Plant machine related factors

Inspection intervals

The number of truck mixers in the plant

Periodical calibration of plants and machines

Regular maintenance for plant equipment

|0V |01

The batch plant arrangement (General location) and easily
maneuverable vehicles

10 | Raw materials storage location
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11 | The age of Batch Plant

12 | Availability of undesired concrete disposal system

13 | Management related

14 | Efficiency of the batch manager &his ability to distribute tasks

15 | Marketing Plan efficiency

16 | The effectiveness of site supervision and labor guidance

17 | The Ease and clear for exchange of information and instructions.

18 | Planning and organization (procurement plan cement, sand, etc.)

111 Road, transportation and site related

19 | Concrete pump efficiency

20 | Efficiency of truck mixers

21 | Weight average distance between batch & projects

22 | The quality of the road to the casting site (bumpy - earthy - slopes)

23 | The traffic situation on the road to the casting site

24 | Concrete transference/pouring method

25 | Ease of entry and exit from the casting site

26 | Weather conditions

27 | The relative pouring height

1V Others

29 | Standards, codes and regulations

30 | Technical supervision

31 | Sample gathering site

Part I11: - Miscellaneous

Give your responses either by putting “X” mark at your choice for the question or write the
answer on the provided space for the respective question.

1. Demand of ready-mixed concrete in your company for the past 5 years in m°.

2020 , 2019 , 2018 , 2017 2016
2. Your company capacity of supply for past 5 years in m?
2020 , 2019 , 2018 , 2017 2016
3. What is the average daily production capacity of your company currently in m* ?

4. Do you think your company has the capacity to accommodate total demand of your

customers?
|:| Yes |:| No

5. Which structural grade of concrete is being produced in your company?

] 20Mpa J2smpa [ 30mPa C—laompa |:|50MPa, if any other please,

mention them.........coooveeeiiiiiiiiainn..

6. Do you have your own material testing laboratory? Yes ] No [—]
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7. If yes, how frequently do you calibrate your testing machine? ...........
8. If your answer for question number 6 is No, where do you use to test concrete materials and
CUDE TEST? e

9. What quality of water do you use for concrete mixing?

] Drinking water
1 From river

1 Ground water from drilled well

10.Is there any test that was made for the water? If any, please specify

11. What type of cement do you use for concrete production including?
[Jorc C—Ippc [ other please specify......ccoovviiiiiiiiiiiiii
12. How do you get cement? 1 Bag IBulk

13. Are there any tests done on cement you are using? Please specify if any

14. How old is the average age of the cement until casting date? (Starting from the time of its
00 e LT T4 1 ) R

15. Is there any experience of using cement-replacing material? If yes please mention

16. Where is your source(s) of,
FINE A gl @ates. ..\ ettt
COUTSE A EICEALES . ... uvt ettt et ettt et et e et et e et e et e et e et e e e e e e e e e aneeennes

17. What kind of fine aggregate do you use for concrete production?

[ Natural sand 1 Crushed aggregated [ Both natural and crushed

14. Which laboratory tests were conducted for coarse aggregates?

% Physical and Mechanical tests:
[ Particle density or Unit weight
T water Absorption

] Soundness
|:| Gradation
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Specify if any other tests;

¢+ Chemical tests:
] Alkali-silica reaction (ASR)
[ Alkali-carbonate reaction (ACR)

15. Which laboratory tests were conducted for fine aggregates?

% Physical test:
] Silt content

Jparticle density or Unit weight
Specify if any other tests;

Specify ifany others. ... ..o
18. How frequent do you take samples when testing aggregates?

] Only once for one source
1 Once when it came from the source and then after depending on conditions (that is

when the aggregate seems defective, test may be ordered.)
If any other sampling procedure to be followed, please specify

19. Is there any attempt to standardize aggregates? | lyes L—INo

20. If your answer for above question is Yes what kind of advantage you have get for your

(010 0161 (=] (- TR PTRRUTRTR

21. Is there any attempt either to continue with standardized aggregate or plan to start

SEANDANTIZING? ...ttt bbbttt bbb
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22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

If Yes, what kind of hindering factors you are facing and what you recommend?

Which concrete ordering procedure does your customers or purchaser of your product use?
[ Performance based
1 Prescription based
] Mixed
Which mix design method are you using?
CJACI
CIDOE

3 0111 T3
Which batching technique do you use?
CIvolume
I Mass

Specify your level of tolerance during batching by % of respective material.

Admixture..............

How do you mix concrete?
[ Central-mixed concrete
[ Shrink-mixed concrete
I Truck-mixed concrete

For how long do you mix ingredients? ............................

What are the major challenges you may face during transportation of concrete to the site?
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33. The longest distance and time you have transported concrete is.............coevevevninnn...

34. Which concrete placing methodology is commonly used in your company?

1 Chutes

[ Cranes

[ Buckets

] Pumps. Ifany other please liSt ............oovueiniiniiniiniiiiiieeieeieinans,

35. If concrete, doesn’t comply with the specification what are the remedial action you use to

[o10) ¥ (1o A

39. How do you evaluate the future of ready-mixed concrete production contribution to the

industry?

Thank you again for your cooperation!
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APPENDIX-II
Interview
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Interview Questionnaire for Legal Bodies Related to Ready-mixed Concrete

Thank you for your cooperation and sharing your valuable time for this interview. The interview

questions are a research instrument for the fulfillment of MSC program and study on Ready-mixed

Concrete Quality Control Practice in Addis Ababa. Your responses would be completely

anonymous and confidential and would not be identified by individual.

1.

3.

Ready-mixed concrete is produced centrally, and then transported to the site of casting with
help of trucks. What is your specific role regarding to the batching plants and their
products?

How frequently does vyour office or bureau implement supervisions and
CTOSSCNECKING?. ... ettt e et e e e st e e be et e sbe e beesseaseesteeneesraesteenseentens
What are possible measures that your office or bureau would take if the ready-mixed
concrete producers or suppliers fail to meet intended requirement by your office or

UTBAUT . .o et ee e e et e e ettt e e e e e e e et e e e e e e e e e eaaaeeeaaaan

How do you evaluate concrete batching plants efforts towards improving quality of

concrete for the industry?

5. What do you recommend for improvement for the improvement of relation between your

office and ready-mixed concrete suppliers?
Thank Youl!
Mihiretab Achiso
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APPENDIX-I11I
Gradation Tables and Charts
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The gradation results are collected from the prominent laboratory centers in between 2019-2020.

These results summarized in the following Table, based ES gradation requirement. Final, gradation

charts are prepared for each source of aggregate test result to evaluate gradation curves as shown

in tables and gradation curves below for fine and coarse aggregates respectively. D stands for mix

design set.
Gradation Results for Fine Aggregates
Percentage Passing
Code | Date 9.5mm | 4.75mm | 2.36mm | 1.18mm | 0.6mm | 0.3mm | 0.15mm | F.M
tested
D1 12/13/202 | 100.0 | 98.30 86.26 70.44 54.65 | 22.73 |4.92 2.6
D2 | 8/18/2020 | 100.00 | 98.65 87.56 75.40 3358 |26.43 |4.15 2.74
D3 2/26/2020 | 100.00 | 95.56 84.08 73.10 55.01 |26.42 |3.65 2.62
D4 1/15/2021 | 100.00 | 96.14 86.15 76.60 51.65 |2298 |3.18 2.63
D5 10/1/2019 | 100.00 | 98.99 94.13 83.91 4944 | 2498 |0.94 2.48
D6 4/13/2020 | 100.00 | 97.55 81.77 50.82 28.39 |13.14 |5.26 3.2
D7 6/13/2020 | 100.00 | 94.16 85.88 70.90 49.34 |30.66 |1.97 2.67
D8 4/13/2020 | 100.00 | 98.57 | 95.77 68.89 56.75 |29.36 |7.53 2.43
D9 8/4/ 2020 | 100 96.56 81.78 69.03 4221 (2182 |391 2.85
D10 | 12/12/20 | 100.00 | 90.00 75.00 56.00 26.00 |10.00 |2.00
D11 | 12/24/20 | 100.00 | 96.99 87.95 66.80 40.63 | 21.88 | 3.01
D12 | 1/15/2021 | 100.0 | 96.30 84.30 72.60 29.20 |4.90 0.90
D13 | 2/26/2020 | 100.00 | 97.00 83.00 60.22 22.00 |9.00 3.00
D14 | 2/21/2021 | 100.00 | 96.56 81.78 69.03 4221 | 2182 | 391
D15 | 3/4/2020 | 100.00 | 97.85 88.97 74.70 50.51 |28.25 | 3.66 2.56
5 100 95-100 80-100 50-85 25-60 10-30 2-10 2-
gc 35
5 5
.=
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Gradation Results for Coarse aggregates

Sieve Sizes and Percentage Passing
Code Date 75 375 19 9.5 4.75
D1 12/13/2020 100.00 97.55 47.86 2.60
D2 8/18/2020 100.00 60.82 15.11 1.09
D3 2/26/2020 100.00 55.79 18.69 1.92
D4 1/15/2021 100.00 55.79 18.69 |1.92
D5 10/1/2019 100.00 54.76 4.11 0.00
D6 4/13/2020 100.00 |[44.50 14.69 0.00
D7 6/13/2020 100.00 | 47.07 18.63 0.44
D8 4/13/2020 100.00 |[44.50 14.69 0.00
D9 8/4/ 2020 100.00 |98.71 48.01 1.96
D10 12/12/20 100.00 | 89.70 7.700 0.25
D11 12/24/20 100.00 |99.54 20.89 1.62
D12 1/15/2021 100.00 |57.56 25.29 9.85
D13 2/26/2020 100.00 |91.99 41.7. 0.29
D14 2/21/2021 100.00 98.71 48.01 |1.96
D15 3/4/2020 100.00 99.39 40.26 0.52
ES 100 95-100 30-70 10-35 0-5 ES
Requirement Requirement
100% .
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80% &
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2
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