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Abstract—The majority of structural concrete 
and mortar mixtures described in the literature 
and employed in the construction industry are 
characterized by a high aggregate content. This 
practice accelerates the depletion of natural 
resources by causing extraction rates to surpass 
natural regeneration rates. This study develops a 
modified silt-aggregate composite for concrete 
and mortar productions, by introducing particle 
packing theory. Interactions between particle 
packing density of optimum percentage of silt, 
fine aggregate and binder, fresh and hardened 
mechanical properties, and durability performance 
of concrete and mortar were synergistically 
investigated. The experimental results revealed 
that the inclusion of silt generally reduced the 
workability of the mixtures, while the densities of 
silt-aggregate concrete (SAC) and silt-aggregate 
mortar (SAM) remained consistent across all 
replacement levels (0%, 5%, 10%, and 20%), 
indicating their suitability as alternative fine 
aggregates. The compressive strength of the 
control mixtures (0-SAC and 0-SAM) was 
comparable to that of specimens containing 10% 
silt (10-SAC and 10-SAM), with differences of 
approximately 19.1% and 20.9%, respectively; 
higher replacement levels resulted in lower 
strengths. This trend is attributed to variations in 
mixture composition and the packing 
characteristics of the silt–aggregate system. 
Flexural performance exhibited a marked 
reduction with increasing silt content. Conversely, 
the durability performance, particularly water 
absorption and related physical characteristics, 
were improved in the sustainable SAC and SAM 
mixtures. Overall, the findings suggest that the 
aggregate packing approach is effective for 
producing optimized and sustainable SAC and 
SAM. Moreover, a 10% replacement of fine 
aggregate with silt was found to enhance the 
mechanical performance of structural concrete 
and mortar while meeting the requirements for 
optimum strength and normal-weight concrete. 

Keywords—Silt-aggregate concrete; silt-
aggregate mortar; packing density; mechanical 
properties; durability performance 

I. INTRODUCTION  

Concrete is the most widely used construction 

material globally [1], produced through a proportional 

combination of aggregates, water, and a binder. Upon 

casting, demoulding, and subsequent curing, the 

mixture undergoes a chemical reaction between the 

binder and water, resulting in the formation of a 

hardened, rock-like material. Mortar, on the other 

hand, is primarily a mixture of two components, 

namely paste (binder and water) and fine aggregate 

as a mineral filler [2]. The versatility of concrete and 

mortar, coupled with their adaptability to diverse 

environmental conditions, renders them highly 

suitable for application in nearly all civil engineering 

and building structures. Thus, they are essential to the 

development of the world’s infrastructure and 

economy [3]. Aggregates, which typically occupy 60 – 

80% of the total volume, are meant to enhance the 

workability, stiffness, and dimensional stability of 

concrete, including the control of creep and shrinkage 

properties [4, 5]. They are one of the basic 

components of concrete and mortar that must meet 

certain requirements before being recommended to 

be used. According to all construction regulations, the 

aggregates must be cleaned before use. Similarly, 

several factors can adversely affect the durability 

of concrete and mortar structures, among which 

are poor design, poor supervision, aggregate’s 

impurities (such as clay/silt and debris) etc. [6, 4, 

7]. 

In Nigeria, utilization of locally sourced aggregates 

(washed and unwashed gravels and river sand) for 

construction is a popular practice. This makes it 

crucial to look at the integrity of these aggregates in 
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order to determine how well they perform in structural 

members [8]. The mineral makeup of the rock material 

that the coarse aggregate was produced of is taken 

into account in addition to the size, shape, and 

surface conditions of the aggregate [9]. Fine 

aggregates, usually derived from natural river sand or 

crushed stone, are expected to conform to strict 

gradation and cleanliness requirements to ensure 

optimal performance. However, the unsustainable 

extraction of natural aggregates has led to severe 

environmental degradation, including riverbed 

depletion, biodiversity loss, and land subsidence [10]. 

Consequently, attention has shifted toward alternative 

and marginal materials, such as quarry fines, 

industrial by-products, and silt, to address the 

challenges of sustainability and resource scarcity in 

the construction sector [11].  

Silt is a fine soil fraction, typically defined as 

particles ranging from 0.002 mm to 0.063 mm in size, 

and is often considered a deleterious component in 

concrete and mortar due to its tendency to retain 

water, increase shrinkage, and reduce bond strength 

between the aggregate and cement paste [12, 13, 14]. 

Silt transported by surface runoff is commonly 

deposited as sediment in lowlands, rivers, and ponds. 

While such deposition contributes to environmental 

processes, the excessive accumulation of silt poses 

challenges, including reduced waterway capacity and 

sedimentation of reservoirs. Nevertheless, the 

abundance of silt in these natural deposits highlights 

its potential as an alternative fine aggregate in 

construction materials, thereby offering a sustainable 

solution for resource conservation and waste 

management [15]. Previous studies have shown that 

the utilization of modified silt-aggregates can affect 

the workability, strength, and durability of concrete 

and mortar [13, 16]. As a result, construction 

specifications typically limit the allowable silt content 

in aggregates to less than 3 – 5% by weight. 

However, in many regions especially where high-

quality sand is scarce, natural aggregates often 

contain higher proportions of silt, either due to poor 

washing processes or the geological nature of the 

deposit. Discarding such silt-rich materials not only 

contributes to waste accumulation but also increases 

material costs and logistical burdens [17].  

In addition, contrary to the conventional views, 

recent studies have begun to re-evaluate the role of 

silt in concrete and mortar mixtures. Controlled 

incorporation of silt (sourced from quarry fines or 

natural deposits), particularly when it is characterized 

and blended with aggregates, may enhance packing 

density and reduce the void ratio in granular 

assemblies. The principle of particle packing is not 

new. In 1907, Fuller and Thompson [18] investigated 

the relationship between aggregate size distribution 

and concrete properties, focusing on how the 

constituent materials pack together. Their research 

led to the development of the Fuller curve, which 

indicates the aggregate composition that theoretically 

provides the densest packing, given certain 

assumptions about the behaviour of material. 

Optimizing particle packing, through precise control of 

cement and aggregate size distribution, is crucial for 

creating dense, strong, and durable cement-based 

materials by minimizing voids, increasing density, and 

reducing binder requirements [19, 20]. This potentially 

improves mechanical interlocking when optimized 

properly and lowering cement paste demand [21, 22]. 

The packing density of granular materials has been 

shown to influence a variety of properties, including 

compressive strength, workability, and permeability. A 

denser packing arrangement leads to a reduction in 

the interstitial volume filled by the cement paste, 

resulting in more economical and potentially more 

durable mixtures [23, 24]. 

Moreover, the fresh/rheological behaviour and 

strength development of cementitious systems are 

closely linked to the particle size distribution and 

shape characteristics of the aggregates used. Silt 

particles, due to their fineness and surface texture, 

may alter the flow characteristics of fresh mixtures 

and accelerate hydration kinetics when present in 

suitable proportions [25, 26, 26]. However, the 

packing behaviour and the threshold beyond which silt 

content begins to impair mechanical performance and 

durability remain poorly defined, necessitating further 

experimental investigation. This study aims to 

investigate the performance and packing properties of 

silt-aggregate when used in concrete and mortar 

mixtures. It explores the characterization of materials 

to obtain their physical and chemical properties. The 

influence of varying silt content in concrete and mortar 

on fresh properties, mechanical behaviour, and 

durability performance was assessed. The packing 

characteristics of binder and optimally proportioned 

silt-aggregate, serving as a sustainable partial 

replacement for fine aggregate with the intention of 

offering both environmental and performance benefits 

for construction works was analyzed and presented. 

 

II. MATERIALS AND METHODS 

A. Materials 

The materials used for the production of silt-
aggregates concrete and mortar were Portland-

http://www.jmess.org/
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limestone cement (PLC) 42.5 N conforming to BS EN 
197-1 [28], well-graded river sand and gravel of 
maximum nominal sizes 4.75 mm and 37.5 mm, 
respectively. These obtained commercially from the 
main suppliers of cement and aggregates (fine and 
coarse) for construction projects in Kebbi, Nigeria. 
The silt content of 0.002 to 0.075 mm collected from 
Dukku River was used in replacing 0%, 5%, 10%, 
15%, and 20% mass ratio of fine aggregate. 
Water/cement ratios of 0.55 and 0.45 were kept at 
constant values for concrete and mortar mixtures, 
respectively, to achieve adequate fresh and 
mechanical characterization. The physical and 
chemical properties of PLC obtained from specific 
gravity, standard consistency, soundness, fineness, 
heat of hydration, setting time, and X-ray fluorescence 
spectrometry (XRF) tests are presented in Table 1. 
The physical properties of the aggregates conducted 
in compliance with the BS 812 [29] and their particle 
grading analysis obtained from sieve analysis are 
shown and illustrated in Table 2 and Fig. 1, 
respectively. The control and the silt-aggregate mixes 
of concrete and mortar were proportioned adhering to 
the conventional and simplified mix design approach 
[30] are presented in Table 3. Then, the optimum 
particle packing density was determined through 
particle grading analysis of PLC and 10% silt-
containing aggregates, resulting in improved fresh 
properties and reduced segregation, a result 
consistent with Fuller-Thompson's theory and the 
curve in Fig. 2. This align with the findings reported 
by [31, 32, 10]. 

Table 1: Physical and chemical properties of Portland-

limestone cement 

Physical properties   
Chemical composition 
(%) 

Specific gravity 3.15 
 

Al2O3 5.93 
Standard 
consistency (%) 30 

 
SiO2 21.05 

Soundness 
(mm) 3.3 

 
Fe2O3 2.96 

Fineness (%) 2.9 
 

CaO 64.57 
Heat of 
hydration (J/g) 243 

 
MgO 1.51 

Initial setting 
time (min) 44 

 
SO3 1.92 

Final setting 
time (min) 275 

 
K2O 0.51 

Grade (N) 42.5 
 

Na2O 0.19 

      LoI 1.13 

   Others 0.23 

Table 2: Physical properties of the aggregates used 

for the research work 

Aggregate 
Specific 
Gravity 

Moisture 
Content 
(%) 

Permeability 
(m/s) 

Fineness 
modulus 

Silt 2.75 –  1.95 X 10
-5

 – 

River sand 2.53 3.54 2.46 X 10
-3

 4.77 

Gravel 2.60 1.70  – 7.33 

 

Fig. 1. Particle grading analysis of the aggregates 
used 

Table 3: Material mix proportioning for concrete and 
mortar mixtures developed for the study (kg) 

Mix ID Cement Sand Silt Gravel Water 

Concrete 
     0 - SAC 375.0 600.0 0.0 1206.4 206.0 

5 - SAC 375.0 570.0 30.0 1206.4 206.0 

10 - SAC 375.0 540.0 60.0 1206.4 206.0 

15 - SAC 375.0 510.0 90.0 1206.4 206.0 

20 - SAC 375.0 480.0 120.0 1206.4 206.0 

Mortar 
     0 - SAM 410.1 1802.4 0.0 – 184.5 

5 - SAM 410.1 1712.2 90.1 – 184.5 

10 - SAM 410.1 1622.1 180.2 – 184.5 

15 - SAM 410.1 1532.0 270.4 – 184.5 

20 - SAM 410.1 1441.9 360.5 – 184.5 
 

Fig. 2. Fuller Ideal grading curve compared to 
optimum silty-sand cement mixture 
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B.  Methods 

Test on Freshly Mixed Concrete 

Slump: Slump test was conducted on fresh 
mixture of silt-aggregate concrete using slump cone in 
adherence to ASTM C143 [33]. The workability and 
consistency was measured by determining the 
differential deformation of fresh compacted concrete 
comparing to the total vertical height of the cone used. 
A visual assessment of the mixes was performed to 
evaluate their susceptibility to bleeding and 
segregation. 

Test on Hardened Concrete and Mortar 

Compressive strength: The silt-aggregate concrete 
(SAC) and silt-aggregate mortar (SAM) specimens of 
150x150x150 mm

3
 and 100x100x100 mm

3
, 

respectively, were prepared, cured at a temperature of 

23 
o
C ( ±  3), and tested for compressive strength 

analysis at an early and later strengths using a 
compression testing machine in accordance with BS 
1881: 116 [34]. Minimum of three specimens were 
tested for every mixes to obtain the average values. 
The compressive strength (fcu) was calculated by the 
equation 1. 

𝑓𝑐𝑢 =  
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑜𝑟𝑐𝑒

𝐶𝑟𝑜𝑠𝑠−𝑠𝑒𝑐𝑡𝑖𝑜𝑎𝑙 𝐴𝑟𝑒𝑎
   (N/mm

2
)   (1) 

 

. Density: The average densities of SAC and SAM 
specimens were obtained prior the crushing of the 
specimens. This directly impact the strength, 
durability, and the structural integrity of concrete and 

mortar structures. The density (𝜌) was computed by 
the equation 2. 

𝜌 =  
𝑀𝑎𝑠𝑠 

𝑉𝑜𝑙𝑢𝑚𝑒
  (kg/m

3
)   (2) 

 
Flexural strength: SAC and SAM beam specimens 

were produced using 150x150x500 mm
3
 and 

100x100x500 mm
3
 moulds, respectively, in good 

environmental condition. They were tested at 28 and 
90 days of curing with four-point bending on a loading 
frame to evaluate flexural strength adhering to BS 
1881: 118 [35]. Minimum of three specimens were 
tested for every mixes to obtain the average values. 
The flexural strength (ff) was calculated by the 
equation 3. 

𝑓𝑓 =  
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑚𝑜𝑚𝑒𝑛𝑡

𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝑚𝑜𝑑𝑢𝑙𝑢𝑠
   (N/mm

2
)           (3) 

 

Water absorption: This correlates with the durability 
of materials and resistance of concrete and mortar to 
environmental damage. High water absorption (Wa) 
indicates a porous structure, allowing aggressive 
substances like chlorides and sulphates to penetrate 
and cause deterioration. The percentage of water 
absorbed in SAC and SAM specimens were 
determined after 28 and 90 days of curing by the 
equation 4. 

𝑊𝑎 =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡−𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
 X 100   (%) (4) 

 

Carbonation test: The depth of carbonation was 
determined on freshly cut SAC and SAM specimens 
using phenolphthalein. This is done on a destructive 
specimen by the compression testing machine 
conforming to ASTM C 856. The indicator would 
turned purple in uncarbonated areas, indicating a high 
pH (pH > 9.0) and remained colourless in carbonated 
areas, which signifies a low pH (pH < 9.0) [36]. 

III. Results and Discussion 

 Slump: The results from the slump are depicted in 
Fig. 3 to conceptualize and quantify the workability 
and consistency of fresh mixtures of SAC. A reduction 
in the workability of concrete was observed with an 
increase in the percentage of silt content in the mixes 
compared to 0-SAC, i.e. 11%, 21.3%, 31.4%, and 
40.8% for 5-SAC, 10-SAC, 15-SAC, and 20-SAC, 
respectively, which concurred with the results 
presented by Mohammed et al. [11] and ACI [37]. This 
trend was noted despite the slump measurements 
remaining within the specified tolerance values for 
moderate slumps of between 50 mm and 100 mm for 
concrete mixes containing up to 10% silt content, 
implying adequate workability and suitable for normal 
reinforced flexural members and columns. However, 
the slump values for all mixes fell within the range 
required for the workability of various concrete 
applications in building and civil engineering works 
[38]. 

Fig. 3. Slump results of concrete cubes 

Compressive strength: The results of compression 
tests on hardened concrete and mortar mixtures with 
up to 20% silt content are depicted in Figs 4 and 5, 
respectively, with average densities ranging from 
2020 kg/m

3
 to 2503 kg/m

3
. The control specimens (0-

SAC) exhibited higher early-age compressive 
strength, exceeding those of 5-SAC and 10-SAC by 
approximately 21% and 27%, respectively. At 90 days 
of curing, 0-SAC attained a maximum strength of 40.5 
N/mm², representing reductions of 5.6% and 19.1% 
relative to 5-SAC and 10-SAC, respectively. These 
variations can be attributed to differences in mixture 
composition and the packing characteristics of the 
silt–aggregate system, and are consistent with the 
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findings presented by Adegoke and Ikumapayi [39] 
and Mohammed et al. [11]. The compressive strength 
development of the 10-SAC mix at both 28 and 90 
days satisfied the requirements for grade 30 concrete, 
indicating that a 10% silt content represents the 
optimum level for structural applications. In contrast, 
the 15-SAC and 20-SAC mixes did not achieve the 30 
N/mm² threshold and are therefore unsuitable for 
normal-strength concrete. Similar to strengths of SAC, 
SAM strengths show linear increase up to 7 days, 
followed by a slower rate of increase, as illustrated in 
Fig. 5. The strength ratios between 7 and 28 days for 
all SAM mixtures exceeded 70%. Beyond 28 days of 
curing, most specimens exhibited further strength 
development, with increases ranging from 1.5% to 
15.3%. This continued gain can be attributed to the 
ongoing hydration of cementitious materials and the 
progressive enhancement of the interfacial bond 
between the matrix and the silt-aggregate. Notably, 
the replacement of 10% of the fine aggregate with silt 
improved the mechanical performance of the mortar 
and satisfied the requirements for optimum strength 
as well as for normal-weight mortar. 

Fig. 4. Compressive strength results of normal and SA 
concrete mixtures 

Fig. 5. Compressive strength results of normal and SA 
mortar mixtures 
 

Flexural Strength: Figs 6 and 7 present the 
flexural strength results of SAC and SAM mixtures, 
respectively. In both cases, the specimens exhibited a 
steady increase in strength with curing age, 
accompanied by appreciable coefficients of variation 
(CoV) and strength ratios (28/90). Across all mixtures, 
the flexural strength followed a consistent trend – 
increasing silt content in the fine aggregate led to a 
reduction in strength. This corroborates earlier 
findings reported in the literature [13, 14]. At 90 days 
of curing, the strengths of 0-SAC and 5-SAC differed 
by only 3.4%, while those of 5-SAM and 10-SAM were 
comparable within 3.7%. Beyond a 10% silt 
replacement, however, both SAC and SAM mixtures 
demonstrated a marked decline in flexural strengths. 
 

Fig. 6. Flexural strength development of normal and 
SA concrete mixtures 
 

 

Fig. 7. Flexural strength development of normal and 
SA mortar mixtures 
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Water absorptions: Figs 8 and 9 present the water 
absorption results of the SAC and SAM mixtures. 
Water absorption is indicative of pore presence within 
the microstructure and serves as a key parameter in 
evaluating the durability of concrete and mortar. The 
results show that partial replacement of sand with 5%, 
10%, and 15% silt content in SAC mixtures increased 
water absorption by 16.7%, 3.5%, and 21.0%, 
respectively, relative to the control mixture (0-SAC). 
Conversely, the 20-SAC specimens exhibited water 
absorption values comparable to 0-SAC, suggesting 
reduced capillary porosity and the formation of a 
denser matrix. For SAM specimens, water absorption 
values were generally consistent across all 
replacement levels and testing ages, with the 
exception of 5-SAM, which recorded a notably lower 
absorption at 28 days. These observations may be 
attributed to variations in the mechanisms influencing 
degradation in SAC and SAM, which differ from those 
governing their permeability. Importantly, all mixtures 
recorded low water absorption values (below 6%), 
aligning with findings reported by other researchers 
who demonstrated that water absorption tends to 
decrease with increasing concrete grade [40, 41]. 

 

Fig. 8. Water absorption results of normal and SA 
concrete mixtures 

Fig. 9. Water absorption results of normal and SA 
mortar mixtures 

Carbonation resistance: The durability 
performance of SAM and SAC specimens obtained 

from carbonation test are shown in Figs 10 and 11, 
respectively. The carbonation depth was assessed by 
applying a phenolphthalein indicator solution to the 
freshly broken surfaces of SAM and SAC specimens. 
It was applied to the central cross-sections of the 
specimens, where the least amount of carbonation 
was expected. The indicator turned purple at the 
centre of all the specimens, confirming that the pH 
remained highly alkalinity (> 9.0) in those areas and 
indicating that the carbonation front had not yet 
reached the core of the specimens. 

 

Fig. 10. Carbonation resistance results of normal and 
SA mortar mixtures 

 

 
 

Fig. 11. Carbonation resistance results of normal and 
SA concrete mixtures 

IV. CONCLUSIONS 

In this study, experimental results were presented 
on the fresh properties of SAC and on the mechanical 
performance of SAC and SAM under compression 
and flexure. The findings indicate promising fresh and 
mechanical behaviours of silt-based construction 
materials, highlighting the potential of silt as a partial 
replacement for sand in SAC and SAM production. 
This approach could offer economic benefits by 
conserving scarce and increasingly depleted natural 
resources while promoting the use of waste materials. 
Based on the study, the following conclusions are 
drawn: 

 The incorporation of increasing silt content and 

limestone addition in PLC led to higher water 

demand in both SAC and SAM mixtures. This 

adversely affected workability and contributed to 

variations in the mechanical performance of the 

concrete and mortar specimens. 

 The slump values obtained for the 0-SAC, 5-SAC, 

and 10-SAC mixtures were within the 

recommended limits for moderate workability. 

These values indicate suitability for use in normal 

reinforced flexural members and columns, 

reflecting the influence of mixture composition and 

the packing characteristics of the silt–aggregate 

system. 

 For the first time, a denser particle packing 

arrangement between PLC and silt–aggregate 

was established and systematically evaluated. 

http://www.jmess.org/


Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 11 Issue 9, September - 2025 

www.jmess.org 

JMESSP13421012 5816 

The resulting gradation curves were compared 

against the Fuller ideal grading model to assess 

the packing efficiency of the mixtures. 

 The average density of SAC and SAM specimens 

ranged between 2020 kg/m
3
 and 2503 kg/m³, 

which is consistent with the classification of 

normal-weight Portland cement concrete. A 

positive correlation was observed between 

specimen density and compressive strength, 

indicating that higher density contributed to 

improved mechanical performance of the 

hardened mixtures. 

 The strength development ratios between 7 and 

28 days exceeded 70% across all mixtures. This 

suggests adequate compaction, effective bonding 

between the matrix and silt–aggregate, and 

minimal specimen preparation errors. 

 The optimum silt content for structural applications 

was determined to be 10%, yielding compressive 

strengths of approximately 30 N/mm² for concrete 

(SAC) and 15 N/mm² for mortar (SAM), which are 

comparable to the control mixtures (0-SAC and 0-

SAM). 

 The incorporation of 20% silt in concrete and 5% 

silt in mortar resulted in improved water 

absorption performance relative to the control 

mixtures. This behaviour suggests that the 

inclusion of silt at these proportions contributes to 

acceptable durability characteristics in both 

concrete and mortar. 

ACKNOWLEDGMENT 

I acknowledge the financial support by the 
TETFund and management of Abdullahi Fodio 
University of Science and Technology, Aliero. I also 
acknowledge effort made by my highest contributors 
and laboratory personnel in person of Tgst. 
Muhammad Tanko from Waziri Umaru Federal 
Polytechnic Birnin Kebbi and many others. 

REFERENCES 

[1] Bhatt, P., MacGinley, T. J. and Choo, B. S. 
(2014). Reinforced concrete design to eurocode: 
Design theory and examples. 4th edition. CRC Press 
Boca Raton, FL. 

[2] Neville A. M. and Brooks J. J. (2010). Concrete 
Technology. Second Edition, Published by Longman 
Group Limited, UK. 

[3] Adewuyi, A. P., Franklin, S. O. and Ibrahim, K. 
A. (2015). Utilization of mollusc shells for concrete 
production for sustainable environment, International 
Journal of Scientific and Engineering Research 
(IJSER), 6(9): 201 – 208. 

[4] Kosmatka, S. H., Kerkhoff, B. and Panarese, W. 
C. (2008). Design and Control of Concrete Mixtures, 
Concrete thinking for sustainable world, Engineering 
Bulletin 001, 14th Edition. 

[5] Neville, A. M. (2012). Properties of concrete 
(5th & Final ed.), England: Pearson Education 
Limited. 

[6] Ayodele, F. O. and Ayeni, I. S. 2015. Analysis of 
Influence of Silt/Clay Impurities Present in Fine 
Aggregates on the Compressive Strength of Concrete. 
Internl Jou. of Engrg Res. and Sci. Tech., 15(4): 1-6. 

[7] Nagaraj, T. S., et al. (2016). Effect of silt content 
on the strength and durability of concrete. Journal of 
Materials in Civil Engineering, 28(10), 04016111. 

[8] Aginam, C. H., Chidolue, C. A. and Nwakire, C. 
(2013). Investigating the effects of coarse aggregate 
types on the compressive strength of concrete, 
International Journal of Engineering Research 
Application (IJERA), 3(4): 1140-1144. 

[9] Giaccio G, Rocco C, Violini D, Zappitelli J, 
Zerbino R. (1992). HSC incorporating different coarse 
aggregates. ACI Mater J., 89(3): 242–246. 

[10] Kumar S. and Santhanam M. (2003). Particle 
packing theories and their application in concrete 
mixture 
proportioning: A review, The Indian Concrete Journal, 
1324 – 1331. 

[11] Mohammed, T. U., Rony, M. A., Zunaied Bin 
Harun, M., Uddin, N., Saha, D., Rahman, M. N. and 
Mahmood, A. H. (2024). Alternative Fine Aggregates 
to Natural River Sand for Manufactured Concrete 
Ensuring Circular Economy. Constr. Mater. 4, 640–
654. https://doi.org/ 10.3390/constrmater4040035. 

[12] Cho, S.-W. (2013). Effect of silt fines on the 
durability properties of concrete, 
DOI:10.6180/jase.2013.16.4.10. 

[13] Bashir, T. and Science, M. K. (2018). Effect of 
silt content on the strength property of concrete: A 
case study. International Journal of Engineering 
Research and Technology (IJERT), 7(9): 1-10. ISSN: 
2278-0181. 

[14] Qumer, S. and Kumar, A. (2023). Partial 
Replacement of Fine Aggregate Using Mersey Silt, 
International Journal of Innovative Research in 
Engineering and Management (IJIREM) ISSN 
(Online): 2350-0557, 10(4): 135-147, 
https://doi.org/10.55524/ijirem.2023.10.4.17 Article ID 
IJIRD-1275. 

[15] Donza, H., Cabrera, O. and Irassar, E. F. 
(2002). High- Strength Concrete with Different Fine 
Aggregate, Cement and Concrete Research, 32(11): 
1755-1761, doi: 10.1016/S0008-8846(02) 00860-8. 

[16] Hao, N., Song, Y., Wang, Z., He, C. and Ruan, 
S. (2022). Utilization of silt, sludge, and industrial 
waste residues in building materials: A review Journal 
of Applied Biomaterials & Functional Materials 1–15, 
Article reuse guidelines: sagepub.com/journals-
permissions DOI: 10.1177/22808000221114709. 

[17] Gullerud, K. and Cramer, S. (2002). Effects of 
Aggregate Coatings and Films on Concrete 

http://www.jmess.org/
https://doi.org/
http://dx.doi.org/10.6180/jase.2013.16.4.10
https://doi.org/10.55524/ijirem.2023.10.4.17%20Article%20ID%20IJIRD-1275
https://doi.org/10.55524/ijirem.2023.10.4.17%20Article%20ID%20IJIRD-1275


Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 11 Issue 9, September - 2025 

www.jmess.org 

JMESSP13421012 5817 

Properties, Wisconsin Department of Transportation, 
Report No. 0092-00-07, WI, U.S.A. 

[18] Fuller, W. B. and Thompson, S. E. (1907). The 
laws of proportioning concrete. Proceedings of the 
American 797 Society of Civil Engineers; 33: 222 – 
298. 

[19] Tolmatti, S. S., Jadhav, S. J., Jadhav, S. S. 
and Maske, M. M. (2021). Concrete Mix Design Using 
Particle Packing Method: Literature Review, Analysis, 
and Computation, International Journal of Informatics 
Information System and Computer Engineering 2(1): 
83-102. 

[20] Abushama, W. J., Tamimi, A. K., Tabsh, S. W., 
El-Emam, M. M., Ibrahim, A. and Mohammed Ali, T. 
K. (2023). Influence of Optimum Particle Packing on 
the Macro and Micro Properties of Sustainable 
Concrete. Sustainability, 15, 14331, 
https://doi.org/10.3390/su151914331. 

[21] Wong, H. C. H. and Kwan, K. H. A. (2008). 
Packing density of cementitious materials: part 2 – 
packing flow of OPC + PFA + CSF. Materials and 
structures, 41: 773 – 784. 

[22] Fennis, S. A. A. M. and Walraven, J. C. 
(2008). Measuring the packing density to lower the 
cement content in concrete. 

[23] de Larrard, F., and Sedran, T. (1994). 
Optimization of Ultra-High-Performance Concrete by 
the Use of a Packing Model, Cement and Concrete 
Research, 24(6): 997-1009. doi: 10.1016/0008-
8846(94)90022-1. 

[24] de Larrard, F. (1999). Concrete Mixture 
Proportioning: A Scientific Approach, E&FN Spon, 
London, UK. 

[25] Cepuritis, R., Jacobsen, S., Smeplass, S., and 
Mortsell, E. (2017). Influence of crushed aggregate 
fines with micro-proportioned particle size distributions 
on rheology of cement paste, Cement and Concrete 
Composites 80(6), DOI:10.1016/j.cemconcomp.2017. 
02.012. 

[26] Jiao, D., Shi, C., Yuan, Q., An, X., Liu, Y. and 
Li, H. (2018). Effect of Constituents on Rheological 
Properties of Fresh Concrete- A Review, 
https://www.sciencedirect.com/science/article/ 
pii/S0958946516303328, Manuscript_ed393a3a998f8 
601d0129f63a36ccd89. 

[27] Schankoski, R., de Matos, P. R., Pilar, R. and 
Prudencio Jr, L. R. (2020). Rheological properties and 
surface finish quality of eco-friendly self-compacting 
concretes containing quarry waste powders, Journal 
of Cleaner Production, 
DOI:10.1016/j.jclepro.2020.120508. 

[28] BS EN 197-1, British Standard Institution; 
(2000). Cement-Composition, specification and 
conformity criteria for common cements, London. 

[29] BS 812: (1995). Methods for Sampling and 
Testing of Mineral Aggregates, Sands and Fillers. Part 
103. British Standard Institution, London. 

[30] Teychenne, D. C., Franklin, R. E. and Erntroy, 
H. C. (1988). Design of normal concrete mixes. DoE, 
London.: Building Research Establishment UK. 

[31] Soliman, A. and Tagnit-Hamou, A. (2017). 

Using Particle Packing and Statistical Approach 
to Optimize Eco-Efficient Ultra-High-Performance 
Concrete, ACI Materials Journal, Technical Paper, 
114-M74, 114(6): 847 – 858, doi:10.14359/51701001. 

[32] Raj, N., Patil, S. G. and Bhattacharjee, B. 
(2014). Concrete Mix Design By Packing Density 
Method, IOSR Journal of Mechanical and Civil 
Engineering (IOSR-JMCE), e-ISSN: 2278-1684, p-
ISSN: 2320-334X, 11(2): 34-46. 

[33] ASTM C143/C143M-12; Standard Test 
Method for Slump of Hydraulic-Cement Concrete. 
ASTM: West Conshohocken, PA, USA, 2012. 

[34] British Standard Institution, BS 1881: Part 116. 
(1983). Method for determination of compressive 
strength, London. 

[35] British Standard Institution, BS 1881: Part 118. 
(1983). Method for determination of flexural strength, 
London. 

[36] Houst, Y. F. and Wittmann, F. H. (2002). 
Depth profiles of carbonates formed during natural 
carbonation Cement and Concrete Research, 32(12): 
1923-30. 

[37] ACI Committee 363. (1984). State of the Art 
Report on High-Strength Concrete. ACI J. Proc., 81, 
364–411. 

[38] ACI Committee 211. (1991). Standard Practice 
for Selecting Proportions for Normal, Heavyweight 
and Mass Concrete, ACI 211.1-91, American 
Concrete Institute, Farmington Hills, Michigan. 

[39] Adegoke, H. A. and Ikumapayi, C. M. (2024). 
Effects of Induction Furnace Slag on the Durability 
Properties of Concrete. Constr. Build. Mater., 419, 
135263. 

[40] Balakrisna, M., Mohamad, F., Evans, R. and 
Rahman, M. (2018). Assessment of sorptivity 
coefficient in concrete cubes, Discovery, vol. 54, no. 
274, 2018. 

[41] Sinkhonde, D., Onchiri, R. O., Oyawa, W. O. 
and Mwero, J. N. (2022). Durability and water 
absorption behaviour of rubberised concrete 
incorporating burnt clay brick powder, Cleaner 
Materials, 4, 100084, 10pp, 
https://doi.org/10.1016/j.clema.2022.100084. 

 

http://www.jmess.org/
https://doi.org/10.3390/su151914331
https://www.researchgate.net/journal/Cement-and-Concrete-Composites-0958-9465?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Cement-and-Concrete-Composites-0958-9465?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1016/j.cemconcomp.2017.02.012
http://dx.doi.org/10.1016/j.cemconcomp.2017.02.012
https://www.sciencedirect.com/science/article/%20pii/S0958946516303328,%20Manuscript_ed393a3a998f8%20601d0129f63a36ccd89
https://www.sciencedirect.com/science/article/%20pii/S0958946516303328,%20Manuscript_ed393a3a998f8%20601d0129f63a36ccd89
https://www.sciencedirect.com/science/article/%20pii/S0958946516303328,%20Manuscript_ed393a3a998f8%20601d0129f63a36ccd89
https://www.researchgate.net/journal/Journal-of-Cleaner-Production-0959-6526?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Journal-of-Cleaner-Production-0959-6526?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1016/j.jclepro.2020.120508
https://doi.org/10.1016/j.clema.2022.100084

