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Abstract

This paper investigated the effect of sawdust ash (SDA) on the compressive strength and sorptivity of laterised
concrete. Compressive strength up to 28 days and sorptivity at 28, 90 and 180 days were obtained at the laterite
contents of 20 and 40% as partial replacement for sand and SDA contents of 10, 20, 30 and 40% as partial
replacement for Portland cement (PC). Fifteen concrete mixes were investigated at the water/cement ratios of
0.30, 0.50 and 0.70 and assessed at equal 28-day strengths of 20-40 N/mm”’. At equal water/cement ratios, while
compressive strength reduced by 0.76-0.79% for a percentage replacement of sand with laterite and by 1.26-1.63%
for a percentage replacement of PC with SDA, sorptivity increased by 0.82-0.90% for a percentage replacement
of sand with laterite and by 0.52-1.16% for a percentage replacement of PC with SDA. However, at equal
strengths, laterised and SDA-laterised concretes, at up to 40% laterite and SDA contents, have higher resistance
to sorption than the conventional PC concrete.
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1. Introduction

Concrete is a construction material amenable to various weather conditions. However, the need to make concrete
construction cheaper and environmentally compatible has led to research into alternatives for its constituent
materials- cement, aggregates and admixtures. For example, the abundance of laterite, the quest to reduce
pressure on sand and the possibility of reducing the cost of concrete led to the use of laterized concrete- a
concrete containing laterite as partial replacement for sand (Adepegba, 1975; Osunade, 2002; Olawuyi &
Olusola, 2010). Laterite, due to the higher content of fine particles, is characterized by higher water demand
(Falade, 1994). Nonetheless, if appropriately proportioned, laterized concrete would have good workability
(Falade, 1994), good strength properties (Lasisi & Osunade, 1985; Salau & Balogun, 1990; Osunade, 2002;
Udoeyo, Iron & Odim, 2006; Kamaruzaman & Muthusamy, 2013), resistance against shrinkage and long-term
deformation (Salau & Balogun, 1999; Salau, 2003) and good performance in aggressive media (Lanre & Asce,
2007; Apeh & Ogunbode, 2012; Olusola & Opeyemi, 2012; Ige, 2013; Olusola & Ata, 2014). However, for good
results, laterite content should be maintained at less than 50% of the total fine aggregate content of the concrete
(Balogun and Adepegba, 1982; Salau & Balogun, 1999; Apeh & Ogunbodede, 2012).

In order to reduce the environmental impact (embodied energy and carbon footprint) of Portland cement,
various byproducts of industrial wastes (fly ash, GGBS, silica fume and metakaolin) and byproducts of
agricultural wastes (corncob ash, rice husk ash and sawdust ash), among others, have been discovered as good
pozzolans that could be used as partial replacement for Portland cement in concrete. Due to their continuous
pozzolanic reactivity with increasing curing age, the use of pozzolans in the right proportion will contribute to
the strength development of laterized concrete (Olawuyi and Olusola, 2010; Ogunbode and Akanmu, 2012;
Olawuyi, Olusola and Babafemi, 2012; Ogunbode, Ibrahim, Kure and Saka, 2013).

Sawdust is a common waste in sawmills over the world and the use of sawdust ash in concrete would be a
means of solving the disposal problem. As a pozzolan, sawdust ash would delay the setting times and reduce the
performance of concrete at early ages. However, the delayed setting times would lead to improved workability of
concrete in hot weather (Falade, 1990). Also, due to the continuous pozzolanic reaction with increasing age,
sawdust ash would contribute to later-age strength development of concrete (Udoeyo and Dashibil, 2002; Elinwa
and Mahmood, 2002; Elinwa and Ejeh, 2004; Raheem, Adedokun, Ajayi, Adedoyin and Adegboyega, 2017) and
resistance to water absorption of concrete (Udoeyo, Inyang, Young and Oparadu, 2006). However, information
on the durability performance and especially the permeation resistance of sawdust ash laterized concrete is
scanty in literature. The durability of concrete depends on its resistance to permeation (McCarter, Ezirim and
Emerson, 1992). One of the transport mechanisms for assessing permeation resistance of concrete is sorptivity
which measures the rate of absorption of water by hydraulic cement concretes (Neville, 2012; ASTM C1585,
2013). Hence, to assess the resistance of sawdust ash laterized concrete to sorption, and therefore provide more
information on its suitability for construction, this paper investigated its sorptivity at different water/cement
ratios and strengths.

2. Experimental Materials and Methods
The materials used in the study consisted of ordinary Portland cement (PC, 42.5), sawdust ash (SDA) and fine
and coarse aggregates. Sawdust ash was calcined at 500°C. The oxide compositions of PC and SDA are
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presented in Table 1. The fine aggregates were sand and laterite. Since laterite content has been recommended to
be below 50% (Balogun and Adepegba, 1982; Salau & Balogun, 1999; Apeh and Ogunbodede, 2012), laterite
was used to replace sand at 20 and 40% levels. The coarse aggregates were granite chippings angular in shape.
The properties of the aggregates are presented in Table 2.

Table 1: Properties of Portland Cement and Sawdust Ash

Elemental Oxide (%) PC SDA
SiO, 16.82 62.96
Al,O5 4.35 8.29
Fe,05 2.43 3.85
CaO 60.39 9.53
MgO 1.43 5.48
SO; 1.64 0.68
K,O 0.16 0.15
Na,O 0.02 0.06
MnO 0.04 0.01
P,05 0.21 0.48
TiO, 0.24 0.00
LOI 9.84 4.85
AR 1.67 14.20
Free Lime 0.36 0.00
SIOZ + A1203 + F€203 75.10

Concrete was designed in accordance with the Building Research Establishment Design Guide (Teychenne,
Franklin & Erntroy, 1997) at a free water content of 210 kg/m® and water/cement ratios of 0.30, 0.50 and 0.70.
Since the water requirement of concrete will increase with increasing content of laterite (Falade, 1994),
Mapefluid N200, conforming to EN 934-2, was used as superplasticiser during mixing to achieve a consistence
level of S2 defined by a nominal slump of 50-90 mm in BS EN 206-1. Concrete was prepared to BS EN 12390-2
with potable water conforming to BS EN 1008, cast, covered with polythene for about 24 hours, demoulded and
cured in water until the tests’ dates. Tests were carried out on hardened concrete specimens to determine the
cube compressive strength and sorptivity. Cube compressive strength was determined in accordance with BS EN
12390-3 using 100 mm cubes at the curing ages of 7, 14, 21 and 28 days.

Table 2: Properties of Aggregates

Fine Aggregates Coarse Aggregates
Properties Laterite Sand (Granite)
Fineness modulus 3.03 3.12 6.95
Coefficient of uniformity 5.23 3.24 1.55
Cocfficient of curvature 0.99 0.96 0.90
Specific gravity 2.53 2.64 2.70
Moisture content, % 7.33 5.17 0.88
Absorption, % 9.15 1.09 1.58
Liquid limit, % 37.0 - -
Plastic limit, % 17.0 - -
plasticity index, % 20.0 -

Sorptivity at the curing ages of 28, 90 and 180 days were obtained in accordance with ASTM C1585.
Concrete specimens 100 mm in diameter and 50 mm thick were oven-dried to constant mass at about 105+5°C,
cooled to room temperature in a dessicator containing silica gel and waxed on the side. The upper end of the
specimen was covered with a loose plastic sheet attached with masking tape to allow the air entrapped in the
pores to escape from the concrete pores while at the same time preventing water loss by evaporation. The initial
mass of the specimen was obtained and the other uncovered end was placed on supports in water. The level of
water was maintained at 3-5 mm above the top of the support throughout the duration of the test. The test was
conducted over 6 hours and the cumulative change in mass at specific intervals was determined. This involved
removing the specimen from water, cleaning the test surface with a dampened paper towel to remove water
droplets and measuring the weight before placing the sample in water to continue the test. Using Equation 1, the
cumulative change in mass at | minute, 5 minutes, 10 minutes, 20 minutes, 30 minutes, | hour, 2 hours, 3 hours,
4 hours, 5 hours and 6 hours were used to obtain the respective cumulative absorption values.

Am
i= 4 1)
where i = cumulative water absorption,
Am = cumulative change in mass due to water absorption,
A = cross-sectional area of test specimen, mm? and
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p = density of water.
Using Darcy’s Law expressed in Equation 2 (Hall, 1989), the cumulative absorption values were plotted against
the square root of test times and sorptivity (the initial rate of water absorption) was obtained as the slope of the
line that best fits the plot.

i=8*t» )
where S = sorptivity

t = test time in seconds

3. Results and Discussion
3.1 Compressive strength and sorptivity of concrete at equal water/cement ratios
Table 3 presents the cube compressive strengths of concretes at different water/cement ratios, curing ages and
laterite contents (Lat) with their strength factors obtained, over the curing ages, with respect to the compressive
strengths of the conventional (or control) concrete. As expected, the compressive strength increased with curing
age due to the hydration reaction of Portland cement and reduced with increasing water/cement ratio due to the
decreasing content of the cement. In line with Olawuyi & Olusola (2010), Olusola & Opeyemi (2012) and Ettu,
Ibearugbulem, Ezeh & Anya (2013), compressive strength reduced with increasing content of laterite. This
reduction in strength might not be unconnected with the fact that laterite has higher finer particles (due to the
clay content) that would necessitate the need for higher content of cement to achieve the same level of strength
development with sand. Also, since laterite is not a cement replacing material that would undergo hydration or
pozzolanic reaction over the curing ages, the strength factors remain also constant and do not show a particular
trend at each level of laterite content. Table 3 further shows that the partial replacement of sand with 20% and 40%
laterite resulted in a strength reduction of 15.28% and 31.44% respectively. Hence, a percentage replacement of
sand with laterite resulted in a strength reduction of 0.76-0.79%.

Table 3: Cube compressive strengths and strength factors of concretes at different contents of laterite

Compressive strength, 2 1o Over- %"
N/mm? Strength factor ¥, (%) all Red.

7d 14d 21d 28d 7d 14d 21d 28d Mean Mean
0.30 54.0 650 690 725 100 100 100 100 100
100PC+0SDA+0Lat  0.50 31.0 40.5 445 48.0 100 100 100 100 100 100 -
0.70 22.0 29.0 32.0 34.0 100 100 100 100 100
030 455 550 585 615 8426 84.62 8478 84.83 84.62
100PC+0SDA+20Lat  0.50 26.0 34.5 38.0 405 83.87 8519 8539 8542 8497 8472 1528
0.70 185 245 27.0 29.0 84.09 8448 8438 8529 84.56
030 37.0 445 480 50.0 6852 6846 6884 6896 68.70
100PC+0SDA+40Lat  0.50 21.0 27.5 30.5 33.0 67.74 6790 68.54 68.75 6823 68.56 3144
0.70 15.0 20.0 22.0 235 68.18 6897 68.75 69.12 68.76
2 Strength ratio with respect to the control sample (0% laterite)
® o4 Reduction in strength with respect to the control sample (0% laterite)

Table 4 presents the cube compressive strengths of concretes at different water/cement ratios, curing ages
and contents of laterite and SDA with their strength factors. The strength factors are percentages comparing the
strengths of concretes containing SDA with the strengths of the conventional and laterised concretes at each
level of laterite content. Also, compressive strength increased with curing age due to the hydration reaction of
Portland cement and the pozzolanic reaction of SDA and reduced with increasing water/cement ratio due to the
decreasing content of the binder (Portland cement and SDA). Table 4 shows that, compared with Portland
cement, compressive strength reduced with increasing content of SDA. However, the strength factors show that
the differences in compressive strengths between the 100%PC concretes and the SDA concretes reduced with
increasing curing age. This is probably due to the continuous pozzolanic activity of SDA with increasing curing
age (Udoeyo & Dashibil, 2002; Elinwa & Mahmood, 2002; Elinwa & Ejeh, 2004; Udoeyo et al., 2006).
Compared with the conventional concretes (i.e., concretes containing 100%PC and 0%laterite), Table 4 shows
that the partial replacement of PC with SDA resulted in a strength reduction of 16.27, 25.81, 39.96 and 57.44%
at the partial replacement levels of 10, 20, 30 and 40% SDA respectively. This corresponds to a strength
reduction of 1.63, 1.29, 1.33 and 1.44% for a percentage replacement of PC with SDA. Compared with laterised
concretes with 100%PC and 20%]laterite, the percentage strength reductions were 15.76, 25.21, 39.93 and 57.51
at the partial replacement levels of PC with 10, 20, 30 and 40% SDA respectively; thus resulting in a strength
reduction of 1.58, 1.26, 1.33 and 1.44% respectively for a percentage replacement of PC with SDA. Similarly, at
40%laterite content, compressive strength reduced by 16.12, 26.39, 40.19 and 57.05% at the partial replacement
levels of 10, 20, 30 and 40% SDA respectively. This also resulted in a strength reduction of 1.61, 1.32, 1.34 and
1.43% respectively for a percentage replacement of PC with SDA. Hence, overall, a percentage replacement of
PC with SDA resulted in a strength reduction of 1.26-1.63%.

Mix combination W/C
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Table 4: Compressive strengths and strength factors of concretes at different contents of laterite and SDA

Compressive strength, 2 o Over- %"
N/mm? gtrength factor 7, (%) all Red.

7d 14d  21d  28d 7d 14d 21d 28d Mean Mean

Mix combination Ww/C

030 540 650 69.0 725 100 100 100 100 100
100PC+0SDA+O0Lat 0.50 31.0 405 445 48.0 100 100 100 100 100 100 -
0.70 22.0 29.0 320 340 100 100 100 100 100

030 43.0 540 590 630 79.63 83.08 8551 8690 83.78
90PC+10SDA+0Lat 050 245 335 380 420 79.03 8272 8539 8750 83.66 8373 1627
0.70 175 240 275 295 7955 8276 8594 86.76 83.75

030 37.0 475 525 570 6852 7308 76.09 78.62 74.08
80PC+20SDA-+0Lat 0.50 215 295 345 380 6935 7284 7753 7917 7472 7419 2581
0.70 150 21.0 245 265 6818 7241 7656 7794 73.77

030 295 385 425 465 5463 5923 6159 64.14 5990
70PC+30SDA-+0Lat 050 17.0 24.0 275 31.0 5484 5926 6180 6458 60.12 60.04 39.96
0.70 12.0 17.0 20.0 22.0 5455 58.62 6250 64.71 60.10

030 20.0 27.0 31.0 335 37.04 4154 4493 4621 4243
60PC+40SDA-+0Lat 0.50 115 17.0 200 225 37.10 4198 4494 4688 4273 4256 5744
0.70 8.0 120 145 160 3636 4138 4531 47.06 42.53

0.30 455 550 585 615 100 100 100 100 100
100PC+0SDA+20Lat ~ 0.50 26.0 345 38.0 405 100 100 100 100 100 100 -
0.70 185 245 27.0 29.0 100 100 100 100 100

030 365 455 500 535 8022 8273 8547 8699 83.85
90PC+10SDA+20Lat 0.50 21.0 29.0 33.0 355 80.77 84.06 86.84 87.65 84.83 8424 15.76
0.70 150 205 230 250 81.08 83.67 85.19 8621 84.04

030 315 400 445 485 6923 7273 7607 7886 7422
80PC+20SDA+20Lat  0.50 18.0 255 29.5 32.0 6923 7391 77.63 79.01 7495 7479 2521
0.70 13.0 18.0 21.0 23.0 7027 7347 7778 7931 7521

¥ Strength ratio of SDA laterised concrete to the respective laterised concrete
® 94, Reduction of SDA laterised concrete to the respective laterised concrete

Table 4: Compressive strengths and strength factors of concretes at different contents of laterite and SDA (contd.)

Compressive strength, Over- %"
N/mm? all Red.
7d 14d 21d 28d 7d 14d 21d 28d Mean Mean

Mix combination Ww/C Strength factor 3 (%)

030 25.0 325 360 395 5495 59.09 6154 6423 5995
70PC+30SDA+20Lat  0.50 14.0 205 235 260 5385 5942 6184 6420 5983 60.07 39.93
0.70 10.0 145 17.0 19.0 5405 59.18 6296 6552 60.43

030 17.0 23.0 260 285 3736 41.82 4444 4634 4249
60PC+40SDA+20Lat  0.50 9.5 145 17.0 19.0 36.54 42.03 4474 4691 4256 4249 57.51
0.70 7.0 10.0  12.0 135 3784 40.82 4444 46.55 4241

030 37.0 445 480 50.0 100 100 100 100 100
100PC+0SDA+40Lat  0.50 21.0 27.5 305 33.0 100 100 100 100 100 100 -
0.70 15.0 20.0 22.0 235 100 100 100 100 100

030 295 370 405 430 79.73 83.15 8526 86.00 83.54
90PC+10SDA+40Lat  0.50 16.5 23.0 26.0 285 7857 83.64 8525 8636 8346 83838 16.12
0.70 12.0 17.0 190 205 80.00 85.00 86.36 87.23 84.65

030 255 325 36.0 385 6892 7303 7579 77.00 73.69
80PC+20SDA+40Lat  0.50 145 200 23.0 255 69.05 7273 7541 7727 73.62 73.61 2639
070 105 145 165 18.0 70.00 7250 75.00 76.60 73.53

030 205 265 290 31.0 5541 5955 61.05 6200 5950
70PC+30SDA+40Lat  0.50 11.5 16.0 19.0 21.0 5476 58.18 6230 63.64 59.72 59.81 40.19
0.70 8.0 120 14.0 150 5333 60.00 63.64 63.83 60.20

030 135 185 215 230 3649 4157 4526 46.00 4233
60PC+40SDA+40Lat  0.50 8.0 120 140 155 38.10 43.64 4590 4697 43.65 4295 57.05
070 5.5 8.5 10.0 11.0 36.67 42.50 4545 46.81 42.86

¥ Strength ratio of SDA laterised concrete to the respective laterised concrete

® o4 Reduction of SDA laterised concrete to the respective laterised concrete

Table 5 presents the sorptivity of concretes at different water/cement ratios, curing ages and laterite
contents with their respective sorptivity factors (i.e., percentages comparing the sorptivity of concretes at
different contents of laterite with the sorptivity of the conventional concrete). Table 5 shows that sorptivity
increased with increasing content of laterite. The increase in sorptivity might not be unconnected with the fact
that laterite has higher finer particles, than sand, that would result in higher content of minute pores (Kelham,
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1988; Kerr, 2008). Also, the clay content of laterite could result in stickiness and difficulty in the thorough
mixing of cement and aggregates which could affect the development of dense microstructure for the resulting
concrete. With respect to the sorptivity factors, Table 5 shows that the partial replacement of sand with 20% and
40% laterite resulted in a sorptivity increase of 13.62% and 35.78% respectively thus amounting to a sorptivity
increase of 0.68-0.89% with a percentage replacement of sand with laterite.

Table 5: Sorptivity and sorptivity factors of concretes at different contents of laterite

Sorptivity x 107, Over-
Mix combination w/C _mm/\s all % "

Mean Inc.
28d 90d 180d  28d 90d 180d Mean

Sorptivity factor ¥, (%)

030 220 18.0 155 100 100 100 100
100PC+0SDA+O0Lat 0.50 275 240 215 100 100 100 100 100 -
0.70 39.0 34.0 30.0 100 100 100 100

030 255 21.0 18.0 11591 116.67 116.13 116.24
100PC+0SDA+20Lat  0.50 32.0 28.0 25.0 116.36 116.67 11628 11644 11632 16.32
0.70 455 395 348 116.67 116.18 116.00 116.28

030 30.0 245 21.1 136.36 136.11 136.13 136.20
100PC+0SDA+40Lat  0.50 374 32.6 29.1 136.00 135.83 13535 135.73 13578 35.78
0.70 53.0 46.0 40.5 13590 13529 135.00 135.40

 Sorptivity ratio with respect to the control sample (0% laterite)
® o4 Increase in sorptivity with respect to the control sample (0% laterite)

Table 6 presents the sorptivity of concretes at different water/cement ratios, curing ages and contents of
laterite and SDA with their respective sorptivity factors (i.e., percentages comparing the sorptivity of concretes
containing SDA with the sorptivity of the conventional concrete and the laterised concretes at each level of
laterite content). Table 6 shows that sorptivity increased with increasing content of SDA. This might not be
unconnected with the decreasing content of Portland cement (dilution effect) and the reduction in the Ca(OH),
content required for the pozzolanic reaction of SDA and the production of sufficient hydration products and
dense microstructure to resist permeation into concrete. The sorptivity factors show that the differences in
sorptivity values between the 100%PC concretes and the SDA concretes reduced with increasing curing age.
This would not be unconnected with improved pozzolanic reaction of SDA with increasing curing age.
Compared with the conventional concretes (concretes containing 100%PC and 0%laterite), Table 6 shows that
the partial replacement of PC with SDA resulted in a sorptivity increase of 11.63, 19.96, 33.84 and 44.03% at the
partial replacement levels of 10, 20, 30 and 40% respectively. This corresponds, respectively, to a sorptivity
increase of 1.16, 1.00, 1.13 and 1.10% for a percentage replacement of PC with SDA. Compared with concretes
with 100%PC and 20%laterite, the percentages of sorptivity increase were 5.53, 15.47, 26.96 and 34.52 at the
partial replacement levels of 10, 20, 30 and 40% SDA respectively; thus resulting in a sorptivity increase of 0.55,
0.77, 0.90 and 0.86% respectively for a percentage replacement of PC with SDA. Similarly, at 40%laterite
content, sorptivity increased by 5.24, 13.15, 23.00 and 29.09% at the partial replacement levels of 10, 20, 30 and
40% SDA respectively. This also resulted in a sorptivity increase of 0.52, 0.66, 0.77 and 0.73% respectively for a
percentage replacement of PC with SDA. Hence, overall, a percentage replacement of PC with SDA resulted in
a sorptivity increase of 0.52-1.16%.
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Table 6: Sorptivity and sorptivity factors of concrete at different contents of laterite and SDA

. x 3
Sorptivity 107, Sorptivity factor ¥, (%) Over-
) o mm/Vs all %
Mix combination W/C Mean  Inc.
28d 90d o0y 9gd 90d 180d  Mean

030 220 180 155 100 100 100 100
100PC+0SDA+0Lat  0.50 27.5 240 21.5 100 100 100 100 100 -

0.70 390 340 300 100 100 100 100

030 245 200 17.1 11136 111.11 110.32 110.93
90PC+10SDA+0Lat  0.50 31.0 27.0 24.0 11273 11250 111.63 11229 111.63 11.63

0.70 435 380 335 111.54 11176 111.67 111.66

030 269 215 182 12227 119.44 11742 119.71
80PC+20SDA+0Lat  0.50 33.5 29.0 255 121.82 120.83 118.60 120.42 119.96 19.96

070 474 406 355 121.54 119.41 11833 119.76

030 299 241 20.6 13591 133.89 132.90 134.23
70PC+30SDA+0Lat  0.50 37.0 32.0 28.5 134.55 13333 13256 133.48 133.84 33.84

070 53.0 453 397 13590 13324 13233 133.82

030 325 260 221 14773 14444 14258 144.92
60PC+40SDA+0Lat  0.50 40.0 345  30.5 14545 143.75 141.86 143.69 144.03 44.03

070 57.0 485 425 146.15 142.65 141.67 143.49

030 255 210 180 100 100 100 100
100PC+0SDA+20Lat  0.50 32.0 28.0 250 100 100 100 100 100 -

0.70 455 395 348 100 100 100 100

030 275 220 187  107.84 104.76 103.89 105.50
90PC+10SDA+20Lat  0.50 34.5 294 260  107.81 105.00 104.00 105.60 105.53 5.53

0.70 49.0 415  36.1 107.69 105.06 103.74 105.50

030 30.1 242 205 118.04 11524 113.89 115.72
80PC+20SDA+20Lat 0.50 37.6 32.1 284  117.50 114.64 113.60 11525 11547 15.47

0.70 534 455 396 11736 115.19 113.79 115.45

030 33.1 265 225 129.80 126.19 125.00 127.00
70PC+30SDA+20Lat  0.50 41.5 355 312  129.69 126.79 124.80 127.09 12696 26.96

0.70 58.6 50.0 435 128.79 126.58 125.00 126.79

030 352 280 238  138.04 133.33 13222 134.53
60PC+40SDA+20Lat  0.50 44.1 37.4 33.0  137.81 133.57 132.00 134.46 134.52 34.52

070 625 53.0 460  137.36 134.18 132.18 134.57

¥ Sorptivity ratio of SDA laterised concrete to the respective laterised concrete
® 94 Increase in sorptivity of SDA laterised concrete to the respective laterised concrete
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Table 6: Sorptivity and sorptivity factors of concrete at different contents of laterite and SDA (contd.)

Sorptivity x 107, .. a) (o Over-
mm/As Sorptivity factor ¥, (%) all oy
Mix combination Ww/C Mean Inc.

28d 90d 180d  28&d 90d 180d  Mean

030 300 245 21.1 100 100 100 100
100PC+0SDA+40Lat 0.50 374 326  29.1 100 100 100 100 100 -
0.70 53.0 46.0 405 100 100 100 100

030 321 257 218 107.00 104.90 103.32 105.07
90PC+10SDA+40Lat 0.50 399 342 303 106.68 10491 104.12 105.24 10524 524
0.70 56.5 485 422 106.60 105.43 104.20 10541

030 347 275 235 115.67 112.24 111.37 113.09
80PC+20SDA+40Lat 0.50 43.0 36.5 325 11497 11196 111.68 112.87 113.15 13.15
0.70 61.0 52.0 455 115.09 113.04 112.35 113.49

030 372 300 256 124.00 122.45 121.33 122.59
70PC+30SDA+40Lat 0.50 46.6 40.0 355 124.60 122.70 121.99 123.10 123.00 23.00
0.70 662 565 495 12491 12283 122.22 123.32

030 392 316 268 130.67 12898 127.01 128.89
60PC+40SDA+40Lat 0.50 49.1  42.0 37.0 131.28 128.83 127.15 129.09 129.09 29.09
0.70 695 595 51.6 131.13 12935 127.41 129.30

9 Sorptivity ratio of SDA laterised concrete to the respective laterised concrete
® o4 Increase in sorptivity of SDA laterised concrete to the respective laterised concrete
Table 7 compares the percentage reductions in compressive strength and sorptivity of concretes extracted

from Tables 4 and 6 respectively. The Table shows that, at each level of SDA content, the differences in the
percentage reductions in compressive strengths are very small and less significant with increasing content of
laterite. On the other hand, the differences in the percentage reductions in sorptivity are comparatively higher
than that of the compressive strengths and they reduced with increasing content of laterite. Hence, it could be
deduced that laterite contributed to increasing the resistance of concrete to sorption. This, therefore, shows that
the interaction between SDA and laterite produced a reduction in the sorptivity of concrete. This synergy must
be due to the fineness and packing ability of laterite and SDA resulting in improved microstructure and increased
resistance of concrete to permeation. This is in line with previous studies by Bai, Wild & Sabir (2002) and
Folagbade & Newlands (2013) that pozzolanic materials have the ability to improve the microstructure of
concrete.

3.2 Sorptivity at equal strengths of concrete

Table 8 presents, within the limits of this study, the interpolated sorptivity values of concretes at equal 28-day
strengths ranging between 20 and 40 N/mm’ and the water/cement ratios at which the strengths were achieved.
Since the 28-day strength of concrete is specified by designers, the Table provides various concrete options
(incorporating SDA and laterite as partial replacements for PC and sand respectively) that could be used at these
strengths. In line with previous studies (Folagbade & Newlands, 2014), the Table shows that equal strengths with
the conventional concrete (100PC+0SDA+0Lat) were achieved by the other mixes at lower water/cement ratios
and therefore at higher contents of the constituent materials. Also, as shown by Folagbade & Newlands (2014),
these constituents could be used to determine the costs and embodied carbon dioxide contents and therefore
establish the economic and environmental implications of the laterised concrete mixes. Table 8 shows that
sorptivity reduced with increasing compressive strength and all the laterised and SDA laterised concretes, at up
to 40% contents of laterite and SDA, have lower sorptivity and therefore higher resistance to sorption than the
conventional concrete when concrete is specified on the basis of strength. This must be due to the fineness and
packing ability of laterite and SDA resulting in improved microstructure and increased resistance of concrete to
permeation.
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Table 7: Percentage reduction in compressive strength and sorptivity of concrete

SDA content, %  Mix combination Percentage reduction, %
Compressive strength Sorptivity
90PC+10SDA+0Lat 16.27 11.63
10 90PC+10SDA+20Lat 15.76 5.53
90PC+10SDA+40Lat 16.12 5.24
80PC+20SDA+0Lat 25.81 19.96
20 80PC+20SDA+20Lat 25.21 15.47
80PC+20SDA+40Lat 26.39 13.15
70PC+30SDA+0Lat 39.96 33.84
30 70PC+30SDA+20Lat 39.93 26.96
70PC+30SDA+40Lat 40.19 23.00
60PC+40SDA+0Lat 57.44 44.03
40 60PC+40SDA+20Lat 57.51 34.52
60PC+40SDA+40Lat 57.05 29.09

4. Conclusion

This study investigated the compressive strength development and sorptivity of concrete incorporating laterite as
partial replacement for sand and SDA as partial replacement for PC and the following conclusions have been
drawn:

e Compressive strength increased with increasing curing age due to the hydration reaction of PC and
pozzolanic reaction of SDA and reduced with increasing water/cement ratio due to reduction in the
content of the binder. In the same vein, sorptivity reduced with increasing curing age and increasing
compressive strength and increased with increasing water/cement ratio.

e At equal water/cement ratios, compressive strength reduced and sorptivity increased with increasing
laterite and SDA contents. Nonetheless, the synergy between laterite and SDA is capable of
contributing to improved microstructure and resistance to permeation.

e At equal strengths, all the laterised and SDA laterised concretes have higher resistance to sorption than
the conventional concrete.

Hence, the use of laterite as partial replacement for sand and SDA as partial replacement for PC in the right

proportion would result in concrete with better resistance in permeation than the conventional PC concrete.
Table 8: Sorptivity of concrete at different 28-day strengths

Sorptivity (S) of concrete x 10>, mm/Vs

Mix combination 20 N/mm * 25 N/mm* 30 N/mm * 35 N/mm° 40 N/mm >
w/c S w/c S w/c S w/c S w/c S
100PC+0SDA+0Lat * * * * * 0.67 37.58 0.59 32.50
90PC+10SDA+0Lat * * * 0.68 4273 059 3650 0.52  32.49
80PC+20SDA+0Lat * * * 0.62 4171 054 3629 047 32.51
70PC+30SDA+0Lat * * 0.61 4553 051 3820 043 3394 037 31.67
60PC+40SDA+0Lat 0.56 4487 044 3723 035 3375 @ ** ok ok ok
100PC+0SDA+20Lat * * * * 0.67 4384 057 3656 050 32.51
90PC+10SDA+20Lat * * 0.69 49.00 0.58 40.10 050 35.05 044 32.05
80PC+20SDA+20Lat * * 0.63 47.79 0.53  40.10 045 3544 039 3281

70PC+30SDA+20Lat 0.65 5448 051 4282 042 3757 035 3471 wox ok
60PC+40SDA+20Lat 047 4278 036  37.23 o o ok ok Hx Hx

100PC+0SDA+40Lat * * 0.65 49.22 0.54 40.53 047 3621 040 33.06
90PC+10SDA+40Lat 0.69 56.50 0.56 4471 047 38.72 039 3490 033 3296
80PC+20SDA+40Lat 0.62 53.60 0.50 43.67 041 3852 034 3587 ok ok
70PC+30SDA+40Lat 0.52 48.89 040 41.11 031 37.68 wox wox ok ok
60PC+40SDA+40Lat 036 41.47 ok o wox ox ox ox ok ok

" Water/Cement ratio higher than the range investigated
Water/Cement ratio lower than the range investigated
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