
Civil and Environmental Research                                                                                                                                                    www.iiste.org 

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) 

Vol.17, No.2, 2025 

 

27 

Study of the Concrete Properties of Granite Pit and River Sand 
Concrete Properties 

 

Meresa Gesesew   
School of Civil Engineering and Construction Management, Axum Institute of Technology, Axum University, 

P.O.Box 287, Axum, Ethiopia 
 

Zenagebriel Gebremedhn (Corresponding author) 
School of Civil Engineering, Ethiopian Institute of Technology-Mekelle, Mekelle University, P.O.Box 231, 

Mekelle, Ethiopia, Email: zencheboy@gmail.com 
 
Abstract 
This study developed the study of the concrete properties of granite pit and river sand concrete properties. Sand 
and gravel represent the most widely consumed raw material on earth after water, and between 64-75% of 
aggregate mined each year is used for making concrete. The construction projects in Ethiopia mainly use river 
basin fine aggregate for concrete mix. The increment in demand and rapid extraction of river sand cause 
deepening of the river beds, loss of vegetation on the bank of rivers, and disturbance to aquatic life and 
agriculture. Therefore, a total of 43 mix designs by using the American Concrete Institute mix design method 
and the concrete 264 cubes specimen with 150 x 150 x 150 mm sizes were prepared at 0%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%   and 100% replacement with NWWGPS and WWGPS for C-20, C-25 and C-
30 at 7th and 28th curing days. Finally, some of their results show the compressive strength of concrete enhanced 
by the replacement of river sand with washed granite pit sand. 
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1. Introduction 

Sand and gravel represent the most widely consumed raw material on earth after water, and between 64-75% of 
aggregate mined each year is used for making concrete. Natural sand has been conventionally used as fine 
aggregate in concrete. Natural sand possesses rounded or cubical particles with smooth surface texture which 
provide good workability in concrete. Sand occupies around 35% volume in a concrete mix. Therefore, the 
quality of concrete produced is much influenced by the properties of aggregate (1-6). 

The sources of natural fine aggregates are of three types those are pit sand (coarse sand) which is procured from 
deep pits of abundant supply. It has a property of being coarse-grained which is sharp, angular, and free from 
salts, mostly has a reddish-yellow color, and is mostly employed in concreting. River sand has the property of 
being fine and consists of fine rounded grains, almost white and grayish, usually available in clean condition, 
and is used for plastering (7-10).  

The construction projects in Ethiopia mainly use river basin fine aggregate for concrete mix. The rapid extraction 
of sand from the river bed causes problems like deepening the river beds, loss of vegetation on the bank of 
rivers, disturbance to aquatic life, and agriculture due to the water table being lowered in the well, etc. Therefore, 
construction industries of developing countries are under stress to identify alternative materials to replace the 
demand for river sand (11-13). 

The main natural and cheapest sources of sand are riverbeds and these natural resources are depleting very fast 
and increasing in cost rapidly due to transportation. Transportation is a major factor in the delivered price of 
construction sand. Based on this investigation, even there are some available sources of river sand to Mekelle 
and its surroundings such as Hwane River sand and Gereb Giba. But when a shortage of river sand is happening, 
the drivers tend to supply poor quality sand and bring from other remote area river sand sources such as Shiket 
afar region, Temben, etc. (14-17). 

Due to over flow of rivers and inaccessibility to the site, natural sand obtained from river sands is difficult to 
produce during the wet season. Denamo stated that the sand production sites found in Ethiopia are not 
mechanized but rather make use of the traditional method where the local people of the area are the producers 
and transportation is done by donkeys that have a maximum carrying capacity of 70kg or 0.05m3 per trip. The 
donkeys transport it to a place where vehicles have access. Sand is then loaded to vehicles manually and 
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transported to the actual site or to construction material suppliers which is then directly used for the intended 
purpose. Besides, Based on the observation done in the Hwane River, there is a shortage of river sand before the 
summer season begins, bank slides during the mining of river sand an accident of dump truck caused by heavy 
flood during the rainy season. According to W. O. Ajagbe's (December 13/ 2017) investigation, From the 
geotechnical properties of the different sample sources one borrowed pit sand was only well graded, but it was 
not free from clay lumps and friable particles and the pit sand derived from different sources had different 
properties. Generally, fine aggregates from river sources fell within the ASTM limit of standard specifications 
while those from burrow pits were found to deviate from limits in certain respects (18-21). 

 

As described in the background of the problem, sand is one of the major content of concrete components; 
therefore, sand properties have a great impact on concrete properties. And also Transportation is a major factor 
in the delivered price of construction sand. Besides, based on the observation done in Hwane River, there is a 
shortage of sand in the summer season, Poor accessibility of roads to bring sand from the river, and Poor quality 
of river sand at the end of the winter season before summer begins, Bank slides of the farming land area leads to 
disagreement among farmers and drivers and water pollution and there is Shortage or unavailability of 
compressive strength machine. Also due to the shortage of river sand especially at the end of the winter season, 
the drivers tend to supply poor quality sand or bring it from remote river sand areas / i.e. Shiket, afar region, 
Temben, etc. /, which leads to an increase transportation cost and due to poor accessibility of road, accident of 
dump truck happened. The general advantage of studying this title will be to solve the shortage and supply of 
poor quality sand and its consequences, transportation costs, and poor road accessibility/ i.e. Accident of dump 
trucks by flood in rivers/, bank slides, and their consequences. Furthermore, the objective of this research is 
focused on the study of the concrete properties of granite pit and river sand concrete properties (22-30) 
 
2. Materials and Methods 
The main aim of this research is to study the effect of river sand replacement by wukro granite pit sand on the 
workability and compressive strength of concrete by the amount of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100% 
replacement levels. Identify material types, sample location, and the experimental investigation and analysis 
methods of material property test /i.e. sieve analysis, silt content, specific gravity, and water absorption test, unit 
weight and moisture content/, on fresh concrete slump test, and hardened concrete compressive strength test and 
mix design methods for each percentage of replacement was included in this section to achieve the object of this 
research. 

2.1 Materials 

This study presented the study of the concrete properties of granite pit and river sand concrete properties. 
Ordinary Portland cement (simply called ordinary cement) refers to the hydraulic binding material ground by 
mixing Portland cement clinker, 6% ~ 15% blended materials, and the appropriate amount of gypsum, code-
named. The maximum amount of active blended materials mixed in cement should not exceed 15% of the total 
mass. They are allowed to be replaced by kiln ash and inactive blended materials which should be no more than 
5% and 10% of the cement mass respectively. The maximum amount of inactive blended materials mixed in 
cement should not exceed 10% of the total mass. Ordinary Portland cement class 42.5R is one of the products of 
the Mesebo cement factory and it was used for this experimental work. The drinkable water from the Mekelle 
University School of Civil Engineering Construction Laboratory was used for the study of this research. The 
nominal maximum Crushed coarse aggregate size of 25mm from the available source of around Quiha aggregate 
crushing plant was used as coarse aggregate for this research. The two types of natural sand/i.e. river sand and 
granite pit sand/were used for this experimental work which is mostly passed through the sieve size of 5mm. 
River sand was bought from Hwane River sand and pit sand from Wukro. The sample of Wukro granite pit sand 
was taken from around Wukro/Negash/ which is located 59.4 km in the east of Mekelle, the capital of Tigray 
region, and 10 km north of Wukro and to the west direction from Negash the main road of Mekelle to Adigrat. 
Its Geographical coordinates are 13°52′ north and 39°51′East. 

2.2 Methodology  

The following methodologies were carried out to achieve the objectives of this research as follows. First 
identification of the statement problem and research objectives. Second identification of sampling technique – 
nonprobability or purposive method, and data collection method- both primary data (i.e. laboratory, interviews, 
and observations) and secondary data (literature review, books, and internet) sources were used. Third, the 
experimental work like Sample preparation, Physical material test, Mix design, Fresh concrete test, and 
Hardened concrete (Compressive strength test) as shown in Figure 5, Figure 6, Figure 7, Figure 8, and Figure 9. 
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Figure 5 Sieving and washing of coarse aggregate 

 
Figure 6 Silt content of NWWGPS, RS, and WWGPS sample 

 
Figure 7  Batching and Mixing of ingredients of concrete 

 
Figure 8  Measure slump test sample at different positions 

 
Figure 9 Casting, compacting, curing, weighting, and breaking of cubes 

Generally, a total of 264 cub samples with 150 x 150 x 150 mm sizes for C-20, C-25, and C-30 of 7th and 28 
curing days were prepared and material property, workability, and compressive strength test methods for each 
river sand replacement level were described. 
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3. Results and Discussions 
In this section, discuss the obtained results of material properties, workability, and compressive strengths from 
experimental works for C-20, C-25, and C-30 grades of concrete at different replacement levels of Tshwane river 
sand with washed Wukro granite pit sand and C-20 replaced with not washed wukro granite pit sand.  

3.1 Material Property Test 

The physical properties of coarse aggregate and river sand at each percent of replacement levels with granite pit 
sand (washed and not washed) such as sieve analysis, specific gravity, silt content, unit weight, absorption 
capacity, and moisture content were conducted and then a mix design was made.  Generally, the gradation curve 
of RS at each percent of replacement levels with NWGPS and WGPS was described in the following Figure 10 
and Figure 11. 

 
Figure 10 Gradation curve for each replacement level of RS with NWGPS 

 
Figure 11 Gradation curve for each replacement level of RS with WWGPS 

According to BS882:1992 Standards and as shown in the above Figure 10 and Figure 11  the gradation curve of 
all percentage replacement of river sand with NWWGPS and WWGPS was between the ranges of overall 
limitations and met ASTM 33-03 maximum and minimum limitation until 70% of replacement but failed above 
70% of replacement in 2.36, 1.18 and 0.6 mm sieve sizes. 

3.2 Fresh Concrete Property 

In this section, the workability/consistency/ of the fresh concrete was measured by using a slump test for each 
replacement level of the fresh concrete mix. The procedures of slump tests for all fresh concrete mixes were 
made based on the ASTM C143 standard test method after the mixing process finished before casting. The 
observed slump value for C-20, C-25, and C-30 at each replacement level of river sand with not washed and 
washed wukro granite pit sand is determined as shown in Figure 12. 
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Figure 12 Slump test result for each replacement of RS 

As shown in the above Figure 12 the obtained slump test result was relatively increased with increased percent 
of replacement because of decreased the surface area of the sand but finally after 80% of replacement the slump 
values decreased because of the increased fineness content. 

3.3 Hardened Concrete Property 

Compressive strength tests for C- 20, 25, and 30 Mpa were performed for each replacement level of river sand 
with not washed and washed wukro granite pit sand and plotted as the following Figure 13, Figure 14, Figure 15, 
and Figure 16 

 
Figure 13 Compressive strength results for replacement of RS with NWWGPS for C-20 
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Figure 14 Compressive strength results for replacement of RS with WWGPS for C-20 

As determined in above Figure 13 the compressive strength decreased but was acceptable until 60 % and 90 % 
after 28 and 7th curing days respectively as the percent replacement of RS with NWWGPS increased but 
according to Figure 14 compressive strength relatively increased with the minimum amount until 30% but still, 
70% replacement of RS with WWGPS is acceptable at 28 days. However, the obtained early compressive 
strength test result at all replacement levels was above ACI 209 minimum expected compressive strength result 
of 14.07 at 7 days. The obtained compressive strength results at different replacement levels of RS with 
WWGPS for C-25 and C-30 are determined as shown in Figure 15 and Figure 16. 

 
Figure 15 Compressive strength results for replacement of RS with WWGPS for C-25 
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Figure 16 Compressive strength results for replacement of RS with WWGPS for C-30 

As determined in Figure 15 compressive strength of C-25 concrete obtained a maximum value at 40 % of 
replacement but the obtained result of all replacement levels was above 17.588 Mpa according to ACI 209 
criteria and the specified strength of 25 Mpa at 7 and 28 days respectively. But as shown in the above Figure 16  
the compressive strength result was increased until 30 % of replacement and then decreased but the obtained 
result of all replacement levels was above 21.106Mpa according to ACI 209 criteria and the specified strength of 
30 Mpa at 7 and 28 days respectively. 

 
4. Conclusions 
This study developed the study of the concrete properties of granite pits and river sand concrete properties. 
Based on the obtained study of RS replacement with NWWGPS and WWGPS on material properties, 
workability, and compressive strength the following conclusions are made. 

1. Material properties – the gradation chart before blending and after 80% of replacement levels became out of 
ASTM C33-03 limitation. 

2. Workability- The workability of the fresh concrete relatively increased as increase replacement levels. 
3. Compressive strength- relatively the compressive strength decreased to 60 % was above the specified 

strength by replacement of RS with NWWGPS but increased still 40% but still 70 % of replacement RS 
with WWGPS is acceptable in C-20. For C-25 and C-30, 40 and 30% of replacement RS with WWGPS 
increased respectively and acceptable up to 100%.  

 
ACKNOWLEDGEMENT 
This research was financially supported by Axum University and Mekelle University for providing the basic 
laboratory facilities. 
 
References 
1. Sucharda O, Gandel R, Cmiel P, Jerabek J, Bilek V. Utilization of High-Performance Concrete Mixtures 

for Advanced Manufacturing Technologies. Buildings. 2024;14:2269. 
2. Samaei SR. Advancing Marine Infrastructure: Integration of Advanced Composite Materials with 

Concrete2024. 
3. Opara H, Eziefula U, Eziefula B. Comparison of physical and mechanical properties of river sand concrete 

with quarry dust concrete. Selected Scientific Papers - Journal of Civil Engineering. 2018;13:127-34. 
4. Pathan M, Maira M, Khaskheli A, Ahmed A. Comparative Analysis of Engineering Properties of Indus 

River Sand Concrete with Quarry Dust Concrete, District Jamshoro Sindh Pakistan. Global Journal of Civil 
and Environmental Engineering. 2021:11-6. 

5. Kumar S, Murugesan B. Mechanical and microstructure analysis on river sand replaced with quarry dust in 
self-compacting concrete. Materials Today: Proceedings. 2022;68. 

6. Barhmaiah B, Buddaha T, G S, Hait P. Experimental study on replacing sand by M−Sand and quarry dust 
in rigid pavements. Materials Today: Proceedings. 2022;60. 



Civil and Environmental Research                                                                                                                                                    www.iiste.org 

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) 

Vol.17, No.2, 2025 

 

34 

7. T.C. Venkata. PRODUCTION OF RECYCLED AGGREGATE FOR STRUCTURAL CONCRETE. 
INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND 
MANAGEMENT. 2024;08:1-5. 

8. Bekkeri G, Shetty K, Nayak G. Production of Artificial Aggregates and Their Impact on Properties of 
Concrete2024. 359-70 p. 

9. Abubakar J, Abdullahi M, Aguwa J, Alhaji B. USE OF KUTA GRAVEL AS COARSE AGGREGATE 
FOR SUSTAINABLE CONCRETE PRODUCTION. 2024;74:53-60. 

10. Shokshok M, Naimi S. The Use Of Waste From Marble Workshops As An Alternative To Fine And 
Coarse Aggregates For The Production Of Concrete. Migration Letters. 2024;21:21-43. 

11. Kurzekar A, Waghe U, Nagose T, Sharma A, Sonekar T, Kohade S, et al. A Comprehensive Review of 
Utilization of Construction and Demolition Waste as Fine Aggregate in Concrete. 2024. 

12. Bore M, Dhawade K, Dhamale Y, Kumari M. Exploring the Use of Iron Ore Tailings in Concrete by 
Partial Replacement of Fine Aggregates. International Journal of Advanced Research in Science, 
Communication and Technology. 2024:339-42. 

13. Samchenkoa S, Larsena O, Naji A, Alobaidi D, Elsheikh A, Markovich A. Performance of Sustainable 
Reinforced Concrete Beams Containing Fine Plastic Waste Aggregate and Their Life-Cycle Costing. 2024. 
p. 757-69. 

14. Wang Y, Ping Y, Han G, Wu W, Zhang R. Sand source and formation mechanism of riverine sand dunes: a 
case study in Xiangshui River, China. Journal of Arid Land. 2019;11:525-36. 

15. Kumari N, Pandey S, Kumar G. Sand Mining: A Silent Threat to the River Ecosystem. 2024. p. 109-32. 
16. Mensah J, Mattah PAD. Illegal sand mining in coastal Ghana: The drivers and the way forward. The 

Extractive Industries and Society. 2023;13:101224. 
17. Li Y, Guo Z, Wang L, Sun X, Zhu Y. Numerical analysis of Microbially induced calcite precipitation and 

Enzyme induced calcite precipitation in Calcareous Sand: Multi-process and Biochemical reactions. 
Journal of Rock Mechanics and Geotechnical Engineering. 2024. 

18. Vilaseca F, Chreties C. A simple method for annual sediment transport estimation at ungauged cross-
sections and its application to assess sustainable sand mining from river margins in Uruguay. Journal of 
South American Earth Sciences. 2023;124:104261. 

19. Haschenburger JK. Fractional transport rates in a poorly sorted sand-bed river. Geomorphology. 
2021;389:107797. 

20. Cilli S, Billi P, Schippa L, Grottoli E, Ciavola P. Bedload transport and dune bedforms characteristics in 
sand-bed rivers supplying a retreating beach of the northern Adriatic Sea (Italy). Journal of Hydrology: 
Regional Studies. 2021;37:100894. 

21. Haddadchi A, Omid MH, Sdehghani AA. Total load transport in the gravel bed and sand bed rivers case 
study: Chelichay watershed. International Journal of Sediment Research. 2013;28(1):46-57. 

22. Rizza M, Rixhon G, Valla PG, Gairoard S, Delanghe D, Fleury J, et al. Revisiting a proof of concept in 
quartz-OSL bleaching processes using sands from a modern-day river (the Séveraisse, French Alps). 
Quaternary Geochronology. 2024;82:101520. 

23. Akorli KS, Aigbavboa CO, Ametepey SO, Gyamfi TA. The influence of partially replacing pit sand with 
quarry dust on the compressive strength of concrete blocks. Materials Today: Proceedings. 2023;93:422-
7. 

24. van de Kamp PC. Cordilleran Orogen Arc and Ophiolite-derived sands: Sources, petrology, 
geochemistry, and downstream evolution in Oregon and California. Sedimentary Geology. 
2024;466:106639. 

25. Chebotarev AA, Arzhannikov SG, Arzhannikova AV, Kurbanov RN. Origin of the Badar Sand Field and 
the late Pleistocene tectonic movements in the Tunka depression, the Baikal Rift Zone, Eastern Siberia. 
Journal of Asian Earth Sciences. 2024;260:105957. 

26. Owoyemi OO, Afolagboye LO. Geological and geotechnical assessment of natural sands in Ilorin, 
Nigeria. Proceedings of the Institution of Civil Engineers - Construction Materials. 2023;177(2):98-108. 

27. Rahman MJJ, Pownceby MI, Rana MS. Distribution and characterization of heavy minerals in Meghna 
River sand deposits, Bangladesh. Ore Geology Reviews. 2022;143:104773. 

28. Dépret T, Virmoux C, Gautier E, Piégay H, Doncheva M, Plaisant B, et al. Lowland gravel-bed river 
recovery through former mining reaches, the key role of sand. Geomorphology. 2021;373:107493. 

29. Khedr MZ, Zaghloul H, Takazawa E, El-Nahas H, Azer MK, El-Shafei SA. Genesis and evaluation of 
heavy minerals in black sands: A case study from the southern Eastern Desert of Egypt. Geochemistry. 
2023;83(1):125945. 

30. Wang C-M. Towards a solid-fluid territory: Sand dredging, volumetric practices, and earthly elements. 
Political Geography. 2023;106:102965. 


