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1. Introduction

Concrete is the most widely consumed construction material
globally. Historically, river sand has been the primary source
of fine aggregate due to its favorable particle shape and inert
chemical nature. However, Rapid urbanization in Southeast
Asia, particularly in Cambodia and Vietnam, has led to a
critical shortage of natural river sand. Excessive mining in the
Mekong River basin has caused severe environmental
degradation, prompting regulations that necessitate sustainable
alternative aggregates. This study focuses on Laterite Sand
(Red Clay), an abundant local resource. Although currently
underutilized in concrete due to its high porosity, this
characteristic allows for 'Internal Curing,' where absorbed
water is released slowly to aid cement hydration. The objective
of this research is to evaluate the feasibility of replacing river
sand with Laterite in mortar and to investigate the synergistic
effects of Fly Ash and Blast Furnace Slag.

2. Experiment Overview

2.1 Materials

The physical properties of the materials are summarized in
Table 1. Ordinary Portland Cement (Density 3.16 g/cm?3) was
used as the binder. The control fine aggregate was standard
River Sand (Density 2.58 g/cm3). To simulate Cambodian
Laterite, Japanese Tennis Court Laterite (En-tout-cas) was
used. The Laterite is characterized by a significantly lower
density (1.99 g/cmd). Sieve analysis (Fig. 1) revealed that
Laterite contains a higher percentage of fine particles (silt/clay
fraction) than river sand, which significantly influences the
water demand and rheology of the mix.

Table 1: Material Properties

Type Properties

Cement (C) Ordinary Portland Cement, Density: 3.16 g/cm?

Aggregate (S) Silica Sand, Density: 1.99 g/cm3, Water Absorption: 0.89%
Laterite (L) Density: 1.99 g/cm3, Water Absorption: 2.38%
100 < ]

— o

=3 80

— [

o0

£ 60

79]

%]

& 40

=

) 20

&)

)

[ 0

0 1 2 3
- Sieve Size (mm)
=@ Silica Sand @®— Laterite

Fig 1: Sieve Analysis Curve

2.2 Mix Proportions

The mix proportions are shown in Table 2. Three Water-
Cement ratios (W/C 0.6, 0.7, 0.8) were selected based on
preliminary flow trials to ensure adequate workability. Sand
replacement ratios were set at 0%, 25%, 50%, 75%, and 100%
by weight. A critical experimental factor is that replacement
was done by weight; since Laterite is lighter than sand, the
total aggregate volume increased in Laterite mixes, increasing
the surface area to be coated by cement paste.

Table 2: Mix Proportions

w/C Unit Mass (kg/m?3)
A/C ) L/A (%) c W . i
100 704 423 0 704
75 704 423 176 528
1 60 50 705 423 352 352
25 705 423 528 176
0 705 423 705 0
100 494 346 0 989
75 494 346 247 742
2 70 50 495 346 495 495
25 495 346 742 247
0 495 346 989 0
100 381 305 0 1142
75 381 305 286 857
3 80 50 381 305 571 571
25 381 305 857 286
0 381 305 1143 0

For the admixture series, 15% of the cement was replaced by
Fly Ash (FA) or Blast Furnace Slag (BF) in the 100% Laterite
mixes to evaluate their ability to refine the pore structure.

2.3 Specimen Preparation

Mortar was mixed using a standard Hobart mixer (Dry mix 1
min -> Wet mix 3 min). Specimens were cast into prisms
(40x40x160mm) and cylinders (¢50x100mm), demolded after
24 hours, and water-cured at 20°C until testing.

Fig 2: Preparation



3. Experimental Results

3.1 Physical Properties (Plain Mixes)

Fig. 3 illustrates the results of the Water Absorption test.
Contrary to the initial assumption that porous aggregates
would increase permeability, the results showed that water
absorption decreased as the Laterite replacement ratio
increased. This unexpected improvement is attributed to the
"Filler Effect." The Sieve Analysis (Fig. 1) indicated that
Laterite sand contains a high percentage of fine particles.
These fine particles likely filled the capillary voids within the
mortar matrix, interrupting the pore network and reducing the
overall permeability of the hardened mortar.

Fig. 4 shows the Hardened Density. The density showed

a slight decreasing trend as the Laterite replacement ratio
increased. Since the specific gravity of the Laterite sand (1.99
g/cmd) is identical to the River Sand (1.99 g/cm3) used in this
experiment, the reduction in density is not due to material
weight. Instead, it is attributed to Workability and
Compaction. As noted in the fresh properties observation, the
Laterite mixes were more cohesive and sticky. This likely led
to a slight increase in entrapped air voids during the casting
process, lowering the overall bulk density of the specimens,
even though the capillary structure was denser (as shown by
the lower absorption).
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3.2 Compressive Strength (Plain Mixes)

Fig. 5 presents the 7 and 28-day compressive strength for plain
mortar mixes. The results revealed a notable positive trend,
particularly in the rich mix (W/C 0.6). Contrary to the
expectation that porous aggregates reduce strength, the
compressive strength showed a slight increase as the Laterite
replacement ratio increased
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Fig 5: Compressive Strength vs Replacement %

3.3 Bending & Tensile Strength (Plain)

Fig. 6 and Fig. 7 illustrate the Bending and Splitting Tensile
strengths. Both properties exhibited a slight increase as the
Laterite replacement ratio increased.

This improvement is attributed to the "Mechanical
Interlocking”[2] effect. Unlike river sand, which has a smooth
and rounded surface, the crushed Laterite particles possess

a rough and angular surface texture. This roughness provides a
superior physical bond (“grip") between the aggregate and the
cement paste. Consequently, the mortar developed higher
resistance to tensile and flexural stresses, proving that the bond
strength of Laterite is superior to that of smooth river sand.
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Fig 7: Tensile Strength vs Replacement %

3.4 Effect of Admixtures (100% Laterite)

To improve the 100% Laterite mix even more, 15% Fly Ash
(FA) and Blast Furnace Slag (BF) were added. Fig. 8 shows
Compressive Strength. The BF Slag mix significantly
outperformed Plain and FA mixes, reaching ~54 N/mma2. This
is due to Slag's latent hydraulic reaction utilizing the internal
water. Fig. 9 shows Bending Strength. The Fly Ash FA
outperformed Plain and BF mixes abit on the 0.6 W/C.
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3.5 Tensile & Physical Properties (Admixtures)

Fig. 10 shows Splitting Tensile Strength. BF Slag improved
the tensile bond significantly. Fig. 11 and 12 show that BF
Slag increased the density and also increased the water
absorption of the mortar and also show that the more
laterite/cement it is the more density it increase and the less it
absorb water.
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4. Discussion

4.1 Density & Absorption Correlations

To verify the factors influencing strength, the relationship
between Hardened Density and Compressive Strength was
analyzed (Fig. 13). Contrary to the general rule that "denser
concrete is stronger," this study observed only a small
significant linear correlation (R? =~ 0.0041). As shown in the
graph. This indicates that the Compressive Strength is slightly
governed by the density of the material.
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Fig 13: Density vs Compressive Strength

Fig. 14 illustrates the relationship between Water Absorption
and Compressive Strength. A clear negative correlation (R? =
0.5989) was observed. As water absorption increased
(indicating higher porosity), the compressive strength
decreased. This confirms that the inherent porosity of the
Laterite aggregate is a limiting factor for strength.
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Fig 14: Absorption vs Compressive Strength

4.2 Strength Inter-relationships

Fig. 15 and Fig. 16 show positive linear correlations between
compressive strength and bending/tensile strengths. Notably,
the bending strength showed a strong correlation (R? = 0.83),
while the tensile strength correlation was moderate (R? =
0.55). The tensile strength maintained a standard ratio of
approximately 1/10 of the compressive strength. This indicates
that the porous Laterite did not induce brittleness; rather, the
aggregate's rough surface texture likely enhanced the
mechanical bond (interlocking) with the cement paste.
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Fig 15: Compressive vs Bending Strength
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Fig 16: Compressive vs Tensile Strength
5. Conclusion

This study confirms that Laterite Sand is a viable alternative to
river sand for construction in Cambodia. The key findings are:

Feasibility: Laterite can replace river sand 100% in
rich mixes (W/C 0.6) without strength loss (~32 N/mm2). This
is attributed to "Internal Curing" and the "Filler Effect” of fine
particles, which unexpectedly reduced water absorption.

Mechanical Performance: Laterite mortar maintained
high Tensile and Bending strengths. The rough, angular
surface of Laterite provided superior "Mechanical
Interlocking" with the cement paste compared to smooth river
sand.

Admixture Synergy: Blast Furnace Slag (15%) was
the most effective admixture. It synergized with the internal
water to densify the matrix, boosting compressive strength
to ~54 N/mmg?, whereas Fly Ash showed limited early gain.

Governing Factor: Analysis proved that strength is
governed by Porosity (Water Absorption), not Density.
Therefore, using Slag to fill pores is the optimal strategy for
high-strength Laterite mortar.
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