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Abstract

The investigation evaluated the strength benefits obtained by amending cement
stabilization of an expansive soil by using saw dust ash (SDA), a waste generated
in wood milling industries due to burning. The experimental program involved the
preparation of cylindrical specimens of size 38 mm x 76mm for evaluating the
unconfined compression strength (UCS) of the cement stabilized and amended
samples cured for varying periods of 2 hours, 7, 14 and 28 days. Two cement
contents of 2% and 6% by weight of soil were adopted to stabilize the soil. The
SDA amended cement stabilized samples adopted SDA contents of 5%, 10%
and 20% by weight of soil. Strength gain trends for the amended samples were
also fitted based on the results of the UCS tests. In order to analyse benefits in
pavement design and thickness reduction, the UCS values were used to predict
the CBR value of the specimens based on which the reduction in pavement
thickness was calculated for different traffic densities. The investigation revealed
that 5% SDA amendment of cement stabilization can result in up to 26% increase
in early strength and 20% increase in delayed strength. Based on the predicted
CBR values, pavement thickness can be reduced up to 8.3%.
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Beneficio de la resistencia de la enmienda al aserrin/ceniza de madera en
la estabilizacién de cemento de un suelo expansivo

Resumen

La investigacion evalué los beneficios de resistencia obtenidos al modificar la
estabilizacion del cemento de un suelo expansivo mediante el uso de cenizas de
polvo de sierra (SDA), un residuo generado en las industrias de molienda de
madera debido a la quema. El programa experimental consistié en la preparacion
de muestras cilindricas de tamafio 38 mm x 76 mm para evaluar la resistencia a
la compresion no confinada (UCS) del cemento estabilizado y las muestras
modificadas curadas por periodos variables de 2 horas, 7, 14 y 28 dias. Se
adoptaron dos contenidos de cemento de 2% y 6% en peso de suelo para
estabilizar el suelo. Las muestras estabilizadas de cemento modificadas por SDA
adoptaron contenidos de SDA del 5%, 10% y 20% en peso del suelo. Las
tendencias de aumento de la fuerza para las muestras modificadas también se
ajustaron en funcion de los resultados de las pruebas de UCS. Con el fin de
analizar los beneficios en el disefio del pavimento y la reduccién del espesor, los
valores de UCS se usaron para predecir el valor CBR de los especimenes en
base a los cuales se calculd la reduccion del espesor del pavimento para
diferentes densidades de trafico. La investigacion reveld que la enmienda 5%
SDA de la estabilizacién del cemento puede dar como resultado un aumento de
hasta el 26% en la resistencia temprana y un aumento del 20% en la resistencia
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retardada. Segun los valores de CBR previstos, el grosor del pavimento se puede
reducir hasta el 8.3%.

Palabras clave: caminos; ceniza; material de desecho; resistencia; suelo.

Beneficio da resisténcia da emenda ao serragem/cinzas de madeira na
estabilizagdo de cimento de um solo expansivo

Resumo

A pesquisa avaliou os beneficios de resisténcia obtidos ao modificar a
estabilizacdo do cimento de um solo expansivo mediante o uso de cinzas de po
de serra (SDA), um residuo gerado nas industrias de moagem de madeira devido
a queima. O programa experimental consistiu na preparacdo de amostras
cilindricas de tamanho 38 mm x 76 mm para avaliar a resisténcia a compressao
nao confinada (UCS) do cimento estabilizado e as amostras modificadas curadas
por periodos variaveis de 2 horas, 7, 14 e 28 dias. Adotaram-se dois contetudos
de cimento de 2% e 6% em peso de solo para estabilizar o solo. As amostras
estabilizadas de cimento modificadas por SDA adotaram contetudos de SDA de
5%, 10% e 20% em peso do solo. As tendéncias de aumento da forca para as
amostras modificadas também se ajustaram em funcdo dos resultados das
provas de UCS. Com o fim de analisar os beneficios no desenho do pavimento
e areducédo da espessura, os valores de UCS foram usados para predizer o valor
CBR dos espécimes em base aos quais se calculou a reducdo da espessura do
pavimento para diferentes densidades de trafego. A pesquisa revelou que a
emenda 5% SDA da estabilizacdo do cimento pode dar como resultado um
aumento de até 26% na resisténcia inicial e um aumento de 20% na resisténcia
tardia. Segundo os valores de CBR previstos, a grossura do pavimento pode ser
reduzida até 8.3%.

Palavras chave: caminhos; cinzas; material residual; resisténcia; solo.
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l. Introduction

Poor soils have been encountered by geotechnical engineers all over the world
during developmental activities and execution of infrastructure projects. They
have always posed a problem for the engineers in one way or the other, either
during or after construction. Such poor soils can exhibit several undesirable
characteristics like low strength and bearing, excessive swelling, highly
compressible nature and resultant settlement to name a few. In order to make the
soil a suitable engineering material, its properties need to be modified or
engineered to suit the requirements of a particular infrastructure project. This can
be achieved by stabilizing the soil by any of the several means available. One
such method is chemically stabilizing the soil by addition of binders like cement
and lime. Cement and lime have been by far the most common additives adopted
for stabilizing such poor soils with undesirable properties. In recent times, addition
of solid wastes has also been practiced to improve soils of various types to suit
varying requirements [1], [2]. Solid wastes can originate from industrial, domestic,
agricultural or mineral sources. Biomass ashes originating from agricultural /
horticultural sources have found an increased acceptance in their utilization in
Civil Engineering materials like concrete and soil modification.

One such biomass waste ash is sawdust ash (SDA). Sawdust or technically wood
dust is a by-product waste in the form of fine granules of wood that is generated
during wood working operations like sawing, milling, planing, drilling and sanding
of timber in timber industries that process timber to be supplied for various allied
manufacturing industries. This sawdust is predominantly used in particle boards,
though they do have other applications like making wood pulp, mulch, charcoal
briquettes and as fuel. In sawmills, where they are generated in huge quantities,
they are also used in the sawdust burners to produce heat for milling operations.
The resultant end product is SDA or wood ash (WA). SDA has found applications
in manufacture of concrete and more recently, in soil stabilization and stabilized
soil blocks.

Several researchers have worked on the utilization of SDA as a standalone
stabilizer as well as in combinations with primary binders like cement and lime.
Different investigators have worked on the various geotechnical properties of
soils [3-11], burnt clay bricks [12] and highway subgrade [13-14] stabilized using
SDA. However, Butt et al. [4] and Raheem et al. [15] indicate SDA to be a
pozzolanic material due to its high siliceous content. A pozzolan is a material of
finely divided siliceous or aluminous composition which forms cemented products
in the presence of water and calcium hydroxide [16]. Thus, it would seem prudent
to use SDA along with a primary binder rather than as a standalone stabilizer.

There are records in literature wherein industrial solid wastes in combination with
primary binders have given much better results than them being used as
standalone stabilizers and can also result in pozzolanic strength gain over
primary binder stabilization alone [17]. Some researchers have adopted
combinations of SDA and primary stabilizers like lime and cement in soil
stabilization, stabilized blocks and highway construction [18-23]. It can be seen
that researchers have adopted SDA in stabilizing the soil, predominantly as a
standalone stabilizer. Investigations dealing with its use in combination with lime
and cement are limited. Thus, this work aims at the evaluating the potential of
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SDA used in combination with cement and analysing the strength benefit
achieved, when used for highway subgrades.

[I. Materials and methods

The various materials adopted in this investigation include an expansive soil
which was stabilized and the stabilizer combination of SDA and Cement. The
expansive soil used in the investigation was collected from Thiruvallur district of
Tamil Nadu, India. The soil was characterized in the laboratory and classified in
accordance with the codes of Bureau of Indian Standards (BIS). The properties
of the soil determined in the laboratory is tabulated in Table 1. The cement
adopted for this investigation was commercially available ordinary Portland
cement (OPC). The SDA adopted in the investigation was collected as saw dust
from a local saw mill, was burnt in an open pan and sieved through BIS 600
Micron sieve before its use in the investigation.

Table 1. Geotechnical properties of the soil.

Property Value
Liquid Limit (%) [24] 63.3
Plastic Limit (%) [24] 25.8
Plasticity Index (%) 37.5
Shrinkage Limit (%) [25] 11.2
Specific Gravity [26] 2.67
Maximum Dry Density (KN/m?) [27] 15.4
Optimum Moisture Content [27] 25.1
Unconfined Compression Strength (UCS) (kPa) [28] 249.6
Free Swell Index (%) [29] 98.0
Soil Classification [30] CH

The methodology of the investigation involved the following stages of
investigation: characterization of soil, selection of stabilizer content, preparation
and curing of test specimens and testing. The soil sample was characterized in
the geotechnical laboratory for its properties in accordance with the various codes
of BIS followed by classification. This was followed by selection of the cement
content required for stabilization of the soil. Cement stabilized soils are usually
classified into soil cement, cement bound material and lean concrete/soil
concrete [31]. Soil cement usually contains less than 5% cement. Based on this,
two cement contents one below and the other above 5% was adopted in this
investigation. Similar choice of cement content was also adopted in an earlier
investigation [32]. Three SDA contents were selected at random for use along
with the cement for stabilization. Weighed oven dried soil sample was mixed
manually by hand with cement and SDA by weight of soil, in dry state and then
water was sprinkled in stages to get a uniform wet mix.

This wet mix was then packed into a split mould to prepare test specimens of
dimensions 38mm x 76mm by static compaction, prepared to the maximum dry
density and optimum moisture content. The samples were then packed in
polythene covers and sealed to prevent loss of moisture and maintained at a
temperature of 30°C +/- 2°C for curing over periods of 2 hours, 7, 14 and 28 days.
After the designated curing periods, the specimens were removed from the
polythene covers and tested within a period of half an hour by straining them
axially at a rate of 0.625 mm/minute until the failure of the samples. Three
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specimens were prepared for each combination and the average strength of the
three was recorded.

[ll. Results and discussion

The expansive soil was stabilized using 2% and 6% cement. Three trial contents
of SDA adopted in the investigation, selected at random were 5%, 10% and 20%.
The effect of SDA addition on the strength of the stabilized soil is described in the
following sections.

A. Uniaxial strength of SDA amended cement stabilized soil

Figure 1 shows the strength of 2% cement stabilized soil amended with SDA. The
first obvious inference is the gain in strength due to the addition of SDA to cement
stabilization of soil. The development of strength begins right after the
amendment of cement stabilization with SDA. Even at two hours of curing there
is a slight increase in strength of the stabilized soil when 5% SDA is added to the
cement stabilized soil. The strength of the stabilized soil increased from 324.63
kPa to 359.36 kPa. Further increase in SDA did not result in any higher strength
gain.

7000
6000

5000

UCS (kPa)
w ey
o o
o o
o o

2000

1000

0 5 10 15 20 25
% SDA

-o-0 Days 7 Days 14 Days 28 Days

Fig. 1. UCS of 2% cement stabilized soil amended with SDA.

At 7 days of curing, there is a clear hump in the curve, indicating a prominent gain
in strength for 5% and 10% addition of SDA to 2% cement stabilization. However,
the strength gain of 5% SDA was better than the strength gains of 10% SDA.
Addition of 20% SDA, however, resulted in a loss in strength compared to 2%
cement stabilized soil. At 14 days of curing, the trends are similar with 5% SDA
gaining the maximum strength and 20% SDA resulting in a strength loss. At 28
days of curing, the gain in strength was significant for 5% SDA with the strength
jumping from 5423.25 kPa to 6489.23 kPa. However, 10% SDA, which had
strength gain until 14 days of curing, could not sustain the gain and marginally
lost strength resulting in a strength of 5256.39 kPa. Kharun and Svintsov [33]
have reported strengths in the range of 4 MPa to 10 MPa for cement contents
varying from close to 6% to 15% in soil concrete at 28 days of air-humid curing.
James and Pandian [34] have reported strengths of cement stabilized soil in the
range of 2 to 2.5 MPa for cement contents between 1% and 4% at 7 days of air
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curing. Saride et al. [35] reported strengths of cement treated organic soils in the
range of 1.5 MPa to 3.5 MPa at 28 days of curing. Figure 2 shows the influence
of SDA addition on 6% cement stabilized soil.
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Fig. 2. UCS of 6% cement stabilized soil amended with SDA.

In the case of 6% cement stabilized soil as well, it can be seen that the strength
development trends are the same with one major difference. In the case of 2%
cement stabilization, early strength development trends indicated positive
strength gain for both 5% and 10% SDA whereas in the case of 6% cement
stabilization, it is not so, with 10% SDA amendment resulting in a strength loss
right from immediate and early curing. In fact, at the higher cement content, even
5% SDA could not produce positive immediate strength at a curing of 2 hours
wherein the strength dropped from 487.23 kPa to 454.36 kPa. However, 5% SDA
amendment gains sufficient strength over extended curing periods to overtake
the strength gained by pure cement stabilized soil. At 28 days of curing, the
strength of 5% SDA amended cement stabilized soil develops a strength of
10567.5 kPa against the strength of 8880.25 kPa of pure 6% cement stabilized
soil. Basha et al. [36] reported an increase in strength of 4% cement stabilized
residual soil from 0.99 MPa to 3.7 MPa for 15% addition of rice husk ash. The
general trend seen for SDA amendment of cement stabilization of soil is that there
is a reduction in strength with increase in SDA content. Similar trends have been
reported by other investigators as well [15, 21-22].

For a better understanding of the relationship between the stabilizers SDA and
cement and the strength development patterns, for different cement contents, an
attempt was made to arrive at an equation relating the binder content and the
strength developed. Similar attempt was also made by Kharun and Svintsov [33]
for soil concrete for prediction of strength of the stabilized soil. Since, two different
stabilizers were used for the soil, the stabilizer content was reduced to a ratio of
SDA to cement named as pozzolan/binder ratio (PBR). In order to ensure that the
benefit of SDA addition to cement be represented, the strength was reduced as
a ratio between control sample to amended sample, called as strength gain ratio
(SGR). Figure 3 shows the trendlines for 2% and 6% cement stabilized soil
amended with SDA.
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It can be clearly seen that the trends of the relationship between PBR and SGR
for both cement contents is similar. The coefficients and constants of the curve fit
for both the cases are close to each other indicating similarity in the trends. The
coefficient of determination (R?) for both the curves is very good at 0.9963
indicating a good fit and minimal variation. However, it should be remembered
that the trendlines fitted are only applicable for SDA amended cement
stabilization. Based on the equations adopted for both the cement contents, it
was found that for the SGR to be at least 1, that is no loss in strength, the PBR
should be 4.73 for a cement content of 2% and 1.55 for a cement content of 6%.
Based on these boundary values, it was found that the maximum SDA content
for no strength loss was found to be 9.46% and 9.29% respectively for 2% and
6% cement stabilization.

Thus, it can be stated that for effective utilization of SDA without strength loss,
the maximum SDA content should be limited to 9% for cement stabilization
wherein the cement content is 5% and below (soil-cement). This is in agreement
with the analysis done by Chowdhury et al. [37] who state that up to 10% WA by
weight can be used in place of cement for structural concrete. Similarly, Shawl et
al. [20] also reported an increase in strength of lime stabilized lateritic soil for up
to 8% SDA beyond which there was a decrease in strength, when SDA was
raised to 12%. Tygher et al. [21] also reported that SDA content should be
restricted to a maximum of 10% for lime stabilized sandcrete blocks. In order to
check the validity of the statement, an attempt was made to predict the
relationship between PBR and SGR for a cement content of 4% and SDA
contents of 5%, 10% and 20%, keeping the relationships arrived for 2% and 6%
cement contents as lower and upper boundaries. For checking the validity of the
model, only 28-day cured samples of 4% cement stabilized specimens amended
with 5%, 10% and 20% SDA were cast and tested.

Figure 4 shows the forecasted model for 4% cement stabilized soil amended with
SDA. Based on the forecast, the trendline for 4% cement stabilized soil amended
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with SDA has been plotted in relation to the boundary value trendlines. From the
predicted model for SDA amended 4% cement stabilized soil, the maximum SDA
content for no strength loss came out to be 9.32%, which is in agreement with
the SDA contents achieved for both 2% as well as 6% cement stabilization. But,
the validity of the model for SDA amended 4% cement stabilized soil still needs
to be verified, for which a plot between the predicted SGR and evaluated SGR
was done to check the relevance. Similar correlation between predicted and
evaluated values have been done by earlier investigators to check the existence
of a good correlation between prediction and evaluation and hence, the reliability
of the models [38-39].
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Fig. 4. Forecasted trend for 4% cement stabilized soil amended with SDA.

Figure 5 shows the relation between predicted and evaluated SGR values of 4%
cement stabilized soil amended with SDA. It can be seen that the relation
between actual SGR and predicted SGR is 0.9993. The comparative assessment
(based on R?) indicated that the developed model is in good agreement with the
observed values [39]. For the purpose of comparison, the trendline for R2 = 1 has
also been shown. It is also clear that, the correlation is extremely good for SGR
values of 1 and above. For SGR values of below 1, there is a marginal deviation
of the trendline from perfect correlation. For SGR ratios of below 1, the forecast
for 4% cement stabilized soil amended with SDA marginally underestimates the
strength gain ratio.
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Fig. 5. Correlation between predicted and actual SGR for 4% cement-SDA stabilized
soil.

B. Percentage strength gain of SDA amended cement stabilized soil

The extent of strength gain achieved by cement stabilized soil amended with SDA
was analysed by a percentage strength gain analysis with additive quanta and
curing period. Figures 6 and 7 show the percentage strength gains of 2% and 6%
cement stabilized soil amended with SDA for different days of curing. It can be
seen that for 2% cement stabilization, only 5% SDA is capable of producing
positive strength gains across all curing periods whereas 20% SDA results in
strength loss across all curing periods. 10% SDA was capable of gaining positive
strength up to 14 days of curing beyond which there is a marginal loss in strength
compared to pure cement stabilization. In the case of 6% cement stabilized soil,
it can be seen that only 5% SDA was capable of producing positive strength gain
whereas higher contents of SDA resulted in a strength loss across curing periods.
An odd point to be noted is that even in the case of 5% SDA, at 14 days of curing,
there was a marginal strength loss, which was anomalous compared to the
general strength gain trend of the combination.

From Figures 6 and 7, the first major observation that can be inferred is that SDA
amendment in optimal dosage can amend both early as well delayed strength of
the cement stabilized soil. The importance of early strength is well established
with several researchers making it a part of their soil stabilization investigations
[34, 40-46]. Development of early strength plays a crucial role in highway
subgrade stabilization when there is a need for rapid opening of the road for traffic
[47].
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Fig. 6. Percentage strength gain of 2% cement stabilized soil with % SDA for different
curing periods.
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Fig. 7. Percentage strength gain of 6% cement stabilized soil with % SDA for different
curing periods.

The second major observation is that at higher cement content, higher SDA
content is detrimental to strength gain. This behaviour is similar to that found and
reported for another type of agricultural biomass ash called bagasse ash when
adopted in cement stabilization [32, 48-49]. Having said that the optimal dosage
producing maximum strength gain is the same at 5% SDA for both cement
contents. This may have been due to the limitation of the test program which did
not evaluate any SDA content lower than 5%. The strength gains were also
similar close to 19% for both the cases of cement stabilization with optimal SDA
amendment. Thus, a more detailed test program is necessary to clearly conclude
regarding the effectiveness of SDA at different cement contents.

The percentage analysis with subsequent curing period was performed for the
cement stabilized soil in order to understand the extent of strength development
in different stages of curing. The curing period of 28 days was divided into three
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stages based on the curing periods selected as first 7 days, next 7 days and last
14 days. The immediate strength of corresponding combination was used as the
control strength for calculating the strength gain with curing and the percentage
strength gained in the particular stage was reported. This percentage strength
gain analysis with subsequent curing period is based on earlier works [47, 50].
Figures 8 and 9 shows the percentage strength gain with subsequent curing
periods.

1400
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1200
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Fig. 8. Percentage strength gain of 2% cement stabilized soil with curing period.
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It can be seen that in the case of 2% cement, the maximum gain in strength is
achieved in stage 2, that is between 7 and 14 days of curing. The extent of gain
is around 1000% for all the different combinations. In the third stage, that is
between 14 and 28 days of curing, the there is significant gain in strength,
however, not similar to that of second stage, but significantly greater than stage
one of curing. Comparing the cement stabilized soil with amended soil
specimens, it can be seen that the order of gain is similar for 2% cement stabilized
soil and for the combination amended with 20% SDA at around 950%. However,
for the other two combinations, the strength gain was significantly higher, with a
gain of more than 1100%. This development of strength in cement stabilized soil
was completely different from that of lime stabilized soil wherein most of the
strength was developed within the first three days of curing [50]. This may be due
to the clayey nature of the soil adopted in the investigation because of which the
development of strength during cement stabilization is slower. It should be noted
that cement stabilization of high plastic soils will result in marginal effectiveness
[31]. In the case of 6% cement, the stages of strength development are different
from that of 2% cement stabilization.

The maximum percentage strength gain is achieved in third stage of curing, that
is between 14 and 28 days of curing. In contrast to 2% cement stabilized soil
combinations, the strength gains in stage two was less than 900% for all
combinations for 6% cement stabilized soil. The strength gains in stage three was
extremely huge with amended specimens producing strength gain of more than
1350% whereas the control specimen had a strength gain of around 850%. The
increase in strength in stage three may have been due to the availability of more
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cement content due to which the pozzolanic reaction was able to proceed for a
longer duration, leading to a higher strength gain in stage three. Increase in
binder content can result in increase in the strength of the stabilized soil in latter
stages of curing as reported in an earlier study for lime stabilized soil [47].

1800
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Fig. 9. Percentage strength gain of 6% cement stabilized soil with curing period.

C. Benefits of SDA amendment of cement stabilization of subgrade

In order to evaluate the beneficial effect of introducing SDA into cement
stabilization of a pavement subgrade, a flexible pavement on top of the cement
stabilized subgrade as well as the optimally amended stabilized subgrade was
designed. The recommended method for design of flexible pavement by the
Indian Roads Congress (IRC) is based on the California Bearing Ratio (CBR)
method. Since, the present investigation focussed on the UCS of the stabilized
specimens for evaluating its strength benefits due to its simplicity and small
requirement of materials, it was not possible to directly adopt the strength
obtained from the UCS tests for design of a flexible pavement based on the IRC
recommended method. So, it became imperative to translate the UCS to CBR for
design of a flexible pavement for the aforementioned purpose. A sift through
literature revealed the relationship between the UCS and CBR for cement
stabilized sand mixtures given by O’Flaherty et al. [51] for the very purpose of
predicting the CBR of stabilized soil from the more easily and quickly obtained
UCS and the relation given by Usluogullari and Vipulanandan [52] for predicting
the CBR of cement stabilized sands based on cement content and curing period.

The predicted CBR values based on its relationship with UCS given by O’Flaherty
et al. [51] were over estimated. Hence, the CBR values were predicted based on
the relationships given by Usluogullari and Vipulanandan [52] and are tabulated
in Table 2 for immediate UCS strength at 2 hours of curing. The choice of 2 hours
curing was due to the fact that UCS values corresponding to higher curing periods
resulted in high values of CBR. The values of CBR were too high to show clear
differences in pavement thickness. The relationships given in equations (1) and
(2) were adopted for prediction of CBR values and rounded off to the nearest
whole number.
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UCS (kPa) = Tc/ (0.0197 x C141 + 0.0069 x C146 x T¢) (1)
CBR (%) = T/ (0.14 x C155 + 0.03 x C144 x T¢) )

Where, Tc = Curing period in days, and C = Cement content in %.

Table 2. Predicted CBR values of cement stabilized soil.

Cement (%) | SDA (%) | Predicted CBR (%)
2 0 51
2 5 56
6 0 89
6 5 83

Based on the predicted CBR values from the UCS, the thickness of the pavement
was calculated using the relationship chart given by Alam Singh [53] shown in
Figure 10. Vijay [54], in an earlier work, had adopted the relationship chart for
calculation of thicknesses of flexible pavements, supported on top of crumb
rubber modified clay for different vehicle densities, based on their CBR values.
From the chart it can be seen that for lighter vehicle traffic, there is no big
difference in the pavement thickness for cement stabilized and amended
samples. However, for heavier traffic, that is for categories D, E, F and G, there
is a noticeable difference in pavement thickness.

CBR—»
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Fig. 10. Design charts for flexible pavement — CBR method (After Alam Singh [53]).

Figure 11 shows the comparison of pavement thickness for different vehicle
density categories for 2% cement stabilized subgrade and 5% SDA amended
subgrade. For category G, the pavement thickness reduced by 12 mm from
145mm to 133mm due to the addition of 5% SDA amendment whereas for other
cases of D, E and F, the reduction in thicknesses were 7mm, 9mm and 11mm
respectively from original thicknesses of 92mm, 111mm and 122mm. This
translates to a reduction in thickness in the range of 7.6% to 8.3% which is a
noticeable gain. The 6% cement stabilized subgrade will give a much thinner
pavement. Since the SDA amendment at 2 hours curing yielded a lower CBR, the
thickness comparison was not analysed for 6% cement stabilization. As
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mentioned earlier, predicted CBR values are too high at higher curing periods to
bring out the gains in pavement thickness for 6% cement stabilization.

Actual CBR values can give a realistic estimate of savings in pavement thickness.
Moreover, the stabilized soil can also be beneficially used as a part of the base
course or sub base course of the flexible pavement. Indian Roads Congress
(IRC) code [55] recommends strength criteria of 0.7 to 1.5 MPa at 7 days of curing
for stabilized soil sub-bases to be used in design of flexible pavements. In the
present case, the 5% SDA amended 2% cement stabilized subgrade has a
strength of 0.93 MPa and hence, can also be adopted in the design of sub-base
of pavements. However, the SDA amended cement stabilized soil, even at higher
cement content, could not develop the minimum strength of 4.5 MPa at 7 days of
curing to be used as stabilized base in pavement construction [55]. Thus, the
present SDA amended cement stabilized soil can also be used as stabilized sub
base layer in pavement construction, apart from forming the subgrade.

160
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0 I | | |
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Vehicle Density Category
Fig. 11. Comparison of pavement thickness with and without SDA amendment.
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D. Limitations of the study

The results and hence, conclusions of the study, however, need to be taken along
with the limitations of the study. A major limitation of the study is the use of a
predictive equation for generating CBR values for use in the pavement thickness
calculation. The use of predictive equations for basing an analysis is always
debatable. However, in the present study, the use of the predictive equations to
generate CBR was to overcome the inherent shortcoming of the experimental
program that adopted only UCS testing due to its simplicity while pavement
design is predominantly based on CBR. The pavement thickness calculation
based on the predicted CBR was to merely indicate the benefits that SDA
amendment can provide in terms of reduction in thickness. It should also be noted
that the predicted CBR values were based on unsoaked UCS values whereas
only soaked CBR values are adopted for design of pavement. Having said that,
IRC code [55] mentions that for areas having annual rainfall of less than 2000mm,
the soaked CBR is too severe a condition for a well-protected subgrade with a
thick bituminous layer leading to under estimation of soil strength. Hence, the
results of this study can only be applied to arid and semi-arid regions with low
annual rainfall.
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IV. Conclusions

The experimental investigation tried to evaluate the potential benefits of
amending cement stabilization of an expansive soil with SDA, a waste generated
due to burning of saw mill waste. The program involved amending cement
stabilized soil with SDA and evaluating its UCS, which was used to predict its
CBR for analysing savings in pavement thickness. Based on the results of the
investigation and the subsequent analysis of pavement thicknesses, the following
points can be concluded.

(1) SDA amendment of cement stabilization resulted in an increase in both
early as well as delayed strength. The SDA amendment results in a
minimum increase of 8% in early strength at 7 days of curing and 19%
increase in delayed strength at 28 days of curing.

(i) SDA amendment to the tune of 5% was found to be optimal for both
the cement contents adopted in the investigation. Higher SDA contents
results in a drop in the strength of the stabilized soil. Based on the
relationships developed between SDA to cement content ratio and the
strength gain ratio, it was found that for cement contents of 5% and
below (soil cement), the maximum addition of SDA should be restricted
to 9% for no loss in strength compared to control specimens. Higher
SDA contents are detrimental to strength gain, even when the cement
contents are higher.

(i)  The strength development patterns show a marked difference from that
of lime stabilization wherein the maximum gain in strength within a
particular period varies with cement content. At lower cement content,
the maximum strength gain was within the second stage of seven days
while in the case of the higher cement content, the maximum strength
gain was in the last stage of 14 days.

(iv)  Based on the predicted CBR values of the stabilized specimens from
the UCS values, it can be stated that SDA amendment of cement
stabilization of subgrade can results in noticeable savings in pavement
thickness in the range of 7.6 to 8.3% for moderate to heavy traffic
category in arid regions with low annual rainfall. Moreover, SDA
amended cement stabilized soil can also develop enough strength to
be used as sub-base material in the actual construction of the
pavement but fails to meet the requirements for use as stabilized base
courses.

The true benefits of SDA amendment can be clearly obtained by carrying out
unsoaked and soaked CBR tests on the stabilized specimens, which can be
carried out in future investigations.
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