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A B S T R A C T
In this study, Wood Ash (WA) prepared from the uncontrolled burning of the saw dust is evaluated for its suitability as partial cement replacement in conventional concrete. The saw dust has
been acquired from a wood polishing unit. The physical, chemical and mineralogical characteristics of WA is presented and analyzed. The strength parameters (compressive strength, split tensile
strength and ﬂexural strength) of concrete with blended WA cement are evaluated and studied.
Two different water-to-binder ratio (0.4 and 0.45) and ﬁve different replacement percentages of
WA (5%, 10%, 15%, 18% and 20%) including control specimens for both water-to-cement ratio
is considered. Results of compressive strength, split tensile strength and ﬂexural strength showed
that the strength properties of concrete mixture decreased marginally with increase in wood ash
contents, but strength increased with later age. The XRD test results and chemical analysis of WA
showed that it contains amorphous silica and thus can be used as cement replacing material.
Through the analysis of results obtained in this study, it was concluded that WA could be blended
with cement without adversely affecting the strength properties of concrete. Also using a new
statistical theory of the Support Vector Machine (SVM), strength parameters were predicted
by developing a suitable model and as a result, the application of soft computing in structural
engineering has been successfully presented in this research paper.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Cairo University.

Introduction
In the recent years, growing consciousness about global environment and increasing energy security has led to increasing
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demand for renewable energy resources and to diversify
current methods of energy production. Among these resources,
biomass (forestry and agricultural wastes) is a promising
source of renewable energy. In the current trends of energy
production, power plants which run from biomass have low
operational cost and have continuous supply of renewable fuel.
It is considered that these energy resources will be the CO2
neutral energy resource when the consumption rate of the fuel
is lower than the growth rate [1]. Also, the usage of wastes generated from the biomass industries (sawdust, woodchips, wood
bark, saw mill scraps and hard chips) as fuel offer a way for
their safe and efﬁcient disposal. The thermal combustion
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greatly reduces the mass and the volume of the waste thus
providing an environmentally safe and economically efﬁcient
way to manage the solid waste [2]. Usually, timber product
manufacturing units develops small scale boiler units which
employ wood waste generated in the unit itself as main fuel
to produce heat energy for their various processes like drying
the ﬁnished products. Wood wastes are commonly preferred
as fuels over other herbaceous and agricultural wastes as their
incineration produces comparably less ﬂy ash and other residual material.
A major problem arising from the usage of forest and timber waste product as fuel is related to the ash produced in signiﬁcant amount after the combustion of such wastes. It is
commonly observed that the hardwood produce more ash
than softwood and the bark and leaves generally produce
more ash as compared to the inner part of the trees. On an
average burning of wood produces 6–10% of ash by the
weight of wood burnt and its composition can be highly
variable depending on geographical location and industrial
processes [3]. The most prevailing method for disposal of
the ash is land ﬁlling which accounts for 70% of the ash
generated, rest being either used as soil supplement (20%)
or other miscellaneous jobs (10%) [4,5]. The characteristics
of the ash depend upon biomass characteristics (herbaceous
material, wood or bark), combustion technology (ﬁxed bed
or ﬂuidized bed) and the location where ash is collected
[6–8]. As wood ash primarily consists of ﬁne particulate matter which can easily get air borne by winds, it is a potential
hazard as it may cause respiratory health problems to the
dwellers near the dump site or can cause groundwater
contamination by leaching toxic elements in the water. As
the disposal cost of the ashes are rising and volume of
ash is increasing, a sustainable ash management which
integrate the ash within the natural cycles needs to be
employed [6].
Extensive research is being conducted on industrial byproducts and other agricultural material ash like wood ash
or rice husk ash which can be used as cement replacement
in concrete. Due to current boom in construction industry,
cement demand has escalated which is the main constituent
in concrete. Also, the cement industry is one of the primary
sources which release large amounts of major consumer of
natural resources like aggregate and has high power and
energy demand for its operation. So utilization of such by
product and agricultural wastes ashes solves a twofold problem of their disposal as well providing a viable alternative
for cement substitutes in concrete [9–12]. Researchers have
conducted tests which showed promising results that wood
ash can be suitably used to replace cement partially in concrete production [5,16,17]. Hence, incorporating the usage of
wood ash as replacement for cement in blended cement is
beneﬁcial for the environmental point of view as well as producing low cost construction entity thus leading to a sustainable relationship.
The basic aim of this study was to investigate the effect of
wood ash obtained from uncontrolled burning of Sawdust on
the strength development of concrete (Compressive strength,
Flexural strength and Split Tensile strength) for two different
water–cement ratio and to develop a regression model using
Support Vector Machines (SVM) to predict the unknown
strength parameters.
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Experimental
Materials
Cement
Ordinary Portland cement (Type 1) conforming to IS
8112:1995 was used [14]. The physical and chemical property
of cement is in Table 1.
Aggregates
Normal weight graded natural sand having a maximum particle size of 4.75 mm and speciﬁc gravity 2.6 was used as ﬁne
aggregate. Properties of sand are reported in Table 2 and its
size distribution is according to requirements of ASTM C33/
C33M-08 [15]. The coarse aggregate used was crushed gravel
with mean size of 10 mm and having bulk speciﬁc gravity 2.6.
Wood Ash (WA)
Saw dust from the Wood polishing unit in the state of Tamilnadu, India was selected to evaluate its suitability as ash for
OPC replacement. The Wood Ash (WA) was obtained from
open ﬁeld burning with average temperature being 700 C.
The material was dried and carefully homogenized. An adequate wood ash particle size was obtained by mixing wood
ash and coarse aggregate together for a ﬁxed amount of time.
This mixing was done to facilitate easy pozzolanic reaction and

Table 1
cement.

The chemical analysis and physical properties of the
Particular

Value

Chemical properties
1
2
3
4
5
6
7
8

SiO2 (%)
Al2O3 (%)
Fe2O3 (%)
CaO (%)
MgO (%)
Na2O (%)
K2O (%)
Loss on ignition

20.25
5.04
3.16
63.61
4.56
0.08
0.5
3.12

Physical properties
1
2

Speciﬁc gravity
Mean size

3.1
23 lm

Table 2

Grading and properties of ﬁne aggregate.

Sieve size (mm)

Percentage passing Limits of speciﬁcations
ASTM C33/C33M-08

9.5
4.75
2.36
1.18
0.60
0.30
0.15
Property
Bulk speciﬁc gravity
Absorption (%)

100
98
92
84
57
23
3
Result
2.62
0.70

100
95–100
80–100
50–85
25–60
5–30
0–10
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reduced water content due to uniform size distribution. Table 3
provides the physical and chemical properties of the wood ash.
The physical properties evaluated were in perfect harmony
with the ﬁndings of Naik et al. [17] who reported speciﬁc gravity of wood ash ranged between 2.26 and 2.60 and unit weight
ranged from 162 kg/m3 to a maximum of 1376 kg/m3. The
chemical analysis results are corroborated by the ﬁndings of
several researchers [13,18,19] who reported the presence of signiﬁcant silica in the ash specimens obtained from uncontrolled
incineration of saw dust and gave a mean of 72.78% for the
total composition of pozzolanic essential compounds namely
silica, alumina and ferric (see Tables 4 and 5).

For the study, six different proportion of concrete mixes (WA
replacement of 5%, 10%, 15%, 18% and 20% by weight of
cement) including the control mixture were prepared with
water to binder ratio of 0.40 and 0.45 for design compressive
strength of 20 N/mm2. For the compression test, blocks were
casted in cube of dimension 10 · 10 · 10 cm for each water–
binder ratio and for each replacement percentage. For split
tensile strength test, cylinders were casted with diameter being
5 cm and height being 20 cm for each water–binder ratio and
for each replacement percentage. For ﬂexural strength, beams
were casted with dimension 10 · 10 · 50 cm for each water–
binder ratio and for each replacement percentage. Compacting
of concrete was done by vibration as per IS: 516-1959. After
casting all the test specimens were stored at room temperature
and then de-molded after 24 h, and placed into a water-curing
tank with a temperature of 24–34 C until the time of testing.
For each replacement percentage two specimens were casted
for 7 days and two specimens were casted for 28 days test.
The average result is reported in the paper.
The chemical analysis and physical properties of the
Particular

Value

Chemical properties
1
SiO2 (%)
2
Al2O3 (%)
3
Fe2O3 (%)
4
CaO (%)
5
MgO (%)
6
Na2O (%)
7
K2O (%)
8
Loss on ignition (%)

65.3
4.25
2.24
9.98
5.32
2.6
1.9
4.67

Physical properties
1
Speciﬁc gravity
2
Mean size
3
Bulk density

2.16
170 lm
720 kg/m3

Table 4

Test carried on the hardened concrete were compressive
strength test, ﬂexural strength, split tensile strength test for
7 days and 28 days strength determination. For compressive
strength and split tensile strength, digital compression testing
machine was used and ﬂexural strength two point loading system was employed. The maximum load at failure was taken for
strength comparison. To determine the mineralogical properties of RHA X-ray diffraction test was performed. The results
are reported.
SVM implementation for strength parameters prediction of WA
blended cement

Mix and casting of concrete

Table 3
WA.

Testing program

SVM algorithm is derived from statistical learning theory and
in regression case, the objective is to construct a hyper plane
that lies ‘‘close’’ to as many of the data points as possible
[20–23]. Thus a hyper plane with small norm is chosen while
simultaneously minimizing the sum of the distances from the
data points to the hyper plane. This SVM model, which was
developed by Cortes and Vapnik [21], has the advantage of
reducing training error and being a unique and globally optimum, unlike other machine learning tools [24,25]. In SVM,
First of all, each of the input variables (water to cement ratio
and percentage replacement of wood ash) is normalized to
their respective maximum value. To implement the SVM, the
data set has been divided into two subsets:
A training data set: This data set is required to construct the
model. In this study, 6 out of a total of 12 data sets belonging to both water–cement ratios are considered for training.
A testing data set: This is required to estimate the model’s
performance. In this study the remaining 6 out of 12 data
sets are used as a testing data set.
The concept of the adopted data division has been taken
from the study of Lee and Lee [26]. The main aim of the study
was to develop a regression model using a new statistical learning theory, Support Vector Machines (SVMs) to predict the
unknown strength parameters.
Results and discussion
Physical and chemical analysis of WA and cement
The physical properties of cement and WA are given in Tables
1 and 3. The speciﬁc gravity and mean size of WA were found
to be less than that of cement. The results obtained are in harmony with the ﬁndings of Naik et al. [17] who evaluated the
physical properties of wood ashes of ﬁve different sources

Properties of different types of pozzolans as deﬁned by ASTM C618 [27].

Properties

Class N type pozzolan

Class F type pozzolan

Class C type pozzolan

Min. SiO2 + Al2O3 + Fe2O (%)
Max. Sulfur trioxide (SO3) (%)
Max. Na2O + 0.658 K2O
Max. loss on ignition

70.0
4.0
1.5
10.0

70.0
5.0
1.5
6.0

50.0
5.0
1.5
6.0
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Table 5

Test results.

Water to
binder
ratio

Replacement
percentage (%)

Compressive
strength (N/mm2)
7 day

28 day

7 day

28 day

7 day

28 day

0.40

0
5
10
15
18
20

35.7
34.1
33.9
32.7
33.1
30.4

36.8
35.3
36.5
34.8
32.3
31.7

2.78
2.61
2.53
2.39
2.48
2.21

3.51
2.90
2.81
2.73
2.79
2.53

5.40
5.29
5.17
5.03
4.91
4.82

5.77
5.63
5.39
5.25
5.08
4.97

0.45

0
5
10
15
18
20

33.0
31.1
30.7
32.3
30.1
27.7

34.2
33.3
32.7
35.4
32.6
29.0

2.50
2.47
2.39
2.27
2.09
2.1

3.30
3.24
3.16
3.04
2.89
2.67

5.10
5.08
4.93
4.87
4.84
4.77

5.52
5.46
5.41
5.29
5.17
4.91

Split tensile
strength (N/mm2)

Flexural
strength (N/mm2)

and concluded that the unit weight range from 162 kg/m3 to
1376 kg/m3. The low unit weight and speciﬁc gravity as compared to conventional cement opens up a possibility of reduction in the unit weight of concrete produced by WA blended
cement.
Chemical composition data for the cement and WA are also
presented in Tables 1 and 3. This particular specimen of WA
contains 65.30% of silica. The total composition of pozzolanic
essential compound namely silica, alumina and ferric is
71.79% which is similar to those of class N and F type pozzolans as shown in Table 6. This result also very close to the
mean value of 72.78% which is the means of the pozzolanic
essential compounds as reported by various researchers
[13,15,17].

of data shows that compressive strength of WA blended cement
concrete decreased with increasing WA content in the concrete.
This trend was observed for both the water to binder ratio. This
result is in corroboration with the ﬁndings of various researchers, including Elinwa and Mahmood [18] and Abdullahi [19].
This trend of compressive strength is justiﬁed due to the reason
that a particle acts more as a ﬁller material within the cement
paste matrix than in the binder material. As the replacement
percentage is increased, surface area of ﬁller material to be
bonded by cement increases, thereby reducing strength. But
as shown in table, strength increased with increasing age which
indicated the presence of pozzolanic reaction.

X-ray diffraction analysis

Table 7 presents the split tensile strength of WA blended
cement concrete for 2 different water–binder ratios. Analysis
of data shows that split tensile strength of the WA blended
cement concrete reduced with increasing WA content in the
concrete but the reduction was less pronounced when compared with reduction in compressive strength. This decrease
in strength was observed for both water to binder ratio. This
result is in harmony with the ﬁndings of Udoeyo and Dashibil
[13] who also reported similar reduction. This reduction can be
attributed to ﬁller activity of the WA particle in the concrete
and poor bonding by WA particle in mortar matrix due to high
surface area.

X-ray diffraction analysis (XRD) of the RHA was performed
using XRD Diffract meter, Siemens D500 with K radiations.
This analysis was performed to analyze the mineralogical
phases (amorphous or crystalline) of the RHA.
Fig. 1 presents the XRD pattern of the WA sample. It
shows a hump showing it as amorphous as well as peaks of
SiO2 representing crystalline nature too. So it was concluded
that the WA contains both amorphous and crystalline form
of SiO2. The major peak of crystalline SiO2 occurs at Bragg
2-Theta angle of 29.402. The presence of amorphous silica
makes it ﬁt as cement replacing material due to pozzolanic
activity.
Compressive strength
Table 7 presents the compressive strength of WA blended
cement concrete for 2 different water cement ratios. Analysis

Table 6

Split tensile strength

Flexural strength
The ﬂexural strength of RHA blended concrete at 7 days and
28 days is presented in Table 7. It is evident from the analysis
of data that the use of WA resulted in decrease in the ﬂexural
strength with increasing wood ash content for both water to

R values for training and testing.

Output

Training performance (R value)

Testing performance (R value)

Compressive strength
Split tensile strength
Flexural strength

0.979
0.981
0.984

0.957
0.964
0.978
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Fig. 1

Table 7

The XRD result of WA.

Results of SVM prediction.

Water to
cement ratio

Replacement
percentage

Compressive
strength (N/mm2)

Split tensile
strength (N/mm2)

Flexural
strength (N/mm2)

28 days

28 days

28 days

0.4

6
16
19

36.845
34.1093
32.345

3.5028
2.7913
2.76

6.4531
5.9618
5.8206

0.45

6
16
19

34.155
32.5404
32.555

3.2928
2.8335
2.8828

6.2902
5.9811
5.7714

binder ratios. Same observation of reduction in strength was
reported by Udoeyo et al. [16]. The decrement in strength
parameters can be due as the wood ash content increase, the
amount of cement needed to coat the ﬁller particle increase
leading to poor bonding in the matrix.
Fig. 2 presents the strength parameters (compressive, split
tensile strength and ﬂexural strength) at 28 days for water to
binder ratio of 0.4.
Fig. 3 presents the strength parameters (compressive, split
tensile strength and ﬂexural strength) at 28 days for water to
binder ratio of 0.45.

40

Strength parameter

35
30
25

Split tensile strength

15

Flexural Strength

10
5

SVM prediction of strength parameters

0

The two input variables used for the development of SVM
model to predict the compressive strength parameter of
28 days are water–cement ratio and Replacement percentage.
The performance of SVM has been assessed in terms of coefﬁcient of correlation (R). The value of (R) should be close to 1
for a good model [25,26]. The design values of C and e have
been decided by trial and error approach values. Table 6 shows
the performance of SVM for prediction of different strength
parameters.

Compressive strength

20

Fig. 2

0

5

10

15

18

Replacement Percentage

20

Strength parameters at 28 days for 0.4 water–binder ratio.

Therefore, model has capability for predicting the strength
parameter efﬁciently. Table 7 presents the data of strength
parameters as predicted by SVM for replacement percentage
which was not experimentally calculated.
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Conclusions
This investigation leads to the following conclusions:
(1) According to physical and chemical analysis, the presence of pozzolanic essential compound as required by
standards, the presence of much ﬁner particles and
hence, larger surface area per particles make WA pozzolanic material.
(2) XRD data showed that that WA contains amorphous
silica making it ﬁt as cement replacing material due to
its high pozzolanic activity.
(3) The strength parameters decrease slightly with increase
in wood ash content in the concrete when compared to
control specimen. However the strength obtained is still
higher than the target strength of 20 N/mm2. Also the
strength increases with age due to pozzolanic reactions.
(4) Thus, use of WA in concrete helps to transform it from
an environmental concern to a useful resource for the
production of a highly effective alternative cementing
material.
(5) The statistical regression model of SVM was successfully
used to predict the unknown strength parameters. Thus,
the application of a computational model in concrete
was successfully shown.

Recommendation
The process employed for generation of wood ash can be
improvised as this research employed the wood ash obtained
from the uncontrolled burning of saw dust. Quantity and quality of wood ash are dependent on several factors namely combustion, temperatures of the wooden biomass, species of wood
from which the ash is obtained and the type of incineration
method employed. So, as such any future work must focus
on the above factors to produce a more reactive ash by working out optimum condition for the production of amorphous
silica. By using WA in variable amount as replacement of
cement in concrete, concrete with high durability and
improved strength can be obtained. This novel concrete would
certainly decrease environmental problems, product cost and
energy depletion.
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