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ARTICLE INFO ABSTRACT
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Effect of cow bone ash on the compressive strength of concrete was
investigated. The concrete material components were cement, sand ane
gravel, mixed in ratio 1:2:4 with water cement ratio 0.55 while the as=
was added in varying percentages of 0%, 10 %, 20%, 30%, 40% and 50 % of
cement weight. Each ash percentage was combined with the ress
Correspondence author: ; o . N
e-mail: adomaarfl @email.com materials to make six dlffere'nt mixes and 0 % a§h concrete was taken 25
Phone: _.Jg__07037857 412 the control concrete (CC) while the other five mixes with ash were takes
. as cow bone ash concrete (CBAC). Concrete cubes were prepared from
each mix, cured and three each were removed from water and tested am
3¢, 7", 14" 21 and 28" days , respectively. The results showed that 2=
the ash percentage was increased, the strength decreased while the
strength increased with increase in days. The 28" day strength varies
from 25.85 N/mm? for 50 % ash to 27.70 N/mm? for 10 % ash, while 0 % as&
possessed 28.52 N/mm’. Regression analysis showed that the 28% =3
strength of 0 % ash concrete can be attained by 20% ash concrete after 43
days. The 20 % CBAC gives a safe in cement weight of 8kg per m® of
concrete. The strengths of CBAC at 28" day are suitable for constructios
purposes.

Introduction (liberated by hydration of Portland cement:
As a result of high cost of cement, at ordinary temperatures to form
alternative materials that are locally compounds possessing  cementitious
. available, plentiful and cheap are studied properties (Neville and Brooks 1994, Kelvin.
for partial replacement of cement in 2011). However, they gain strength slowiy
concrete,  especially in  developing over a long time, but with such strengths
countries. One of such material is a being high. In this study, the effect of cow
pozzolan. A pozzolan is defined as a bone ash on compressive strength of
siliceous . or siliceous and aluminous concrete is undertaken.
material which in itself possesses little or . Pulverized bone in unburnt state
no cementitious value but will in finely was studied by Falade et al, (2012), as =
divided form and in the presence of = pozzolanic material and supplementary
moisture, chemically react with lime cementing material in the production of
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concrete. Conclusion was that the
powdered bone has pozzolanic properties
and can be used as partial replacement of
cement in concrete. Bone ash was studied
by Musa , (2012), by using the ash as an
admixture and deduced that the ash
behaved as a retarder because the 28™ day
strength was less that for the concrete
without the ash. This study is to further
carry out the investigation to confirm the
behavior of the bone ash as retarder. The
bone ash was obtained from a market,
where it is produced locally, at a place
called Mayanka (Hausa name for abattoir) in
Dala local government area in Kano City.
The ash is produced by burning cow bone
in open air using wood and after, the burnt
bone is ground to fine powder with
machine. Presently the ash is being
purchased by industrialists to make chalk
and chicken feed. This material is also
considered for this study to find its effect in
concrete.

In concrete, compression strength is
the major property (Oyenuga, 2011, James
and Charles, 2002 and Mosley et al, 2007 )
and it is in this light that this paper
considered compression strength as a
reference property for test.

Methodology

The material of focus in this study is
a ready made powdered cow bone ash. The
ash, sand and gravel were taken to the
laboratory for sieve analysis and for density
determination, respectively. For concrete
mixes, percentages of the ash replacement
applied were 0 %, 10%, 20%, 30 %, 40 % and
50% of cement weight and added to other
concrete materials —cement, sand and
gravel in ratio 1:2:4 respectively, with water
cement ratio 0.55. These ratios were
applied in the laboratory to determine the
weight of each material required for
measurement, as follow: The first step was
to take a quantity of cement of weight C
and measured; where C value of 10 kg was
first considered. After, weights of other
materials, (water, sand and gravel), were

determined in term of C as follow 0.55C, 2C
and 4C, respectively , and measured and
the bone ash percentages of 0C, 0.1C, 0.2C,
0.3C, 0.4C and 0.5C, respectively, were
also determined and measured. To prepare
a mix, each ash result was combined with
the rest materials (water, cement, sand and
gravel) results, respectively , to make six
different mixes, one with 0% ash was
considered as control concrete (CC) and the

‘rest five as cow bone ash concrete (CBAC).

Fifteen cubes were prepared from each mix
and three each were tested on each of the
39, 7" 14" 21% and 28" day respectively.
The 28™ day was taken as the limit because
stresses for design are based on it (BSI Part
131, 1998 and Mosley etal 2007, Oyenuga
2011, and James and Charles, 2012)

Presentation and Discussion of Test Results

(i) Material property results for CBAC :
The maximum size of the ash, sand and
gravel were 150 mm , 5 mm and 20 mm
respectively and their respective average
specific gravities were 2.63, 2.64, 2.7 .
From literature, the maximum size of
cement particle is 60 um (Neville and
Brook, 1994).Thus, the size of CBA is 2.5
times bigger than the size of a cement
particle. The specific gravity results are
within the values applicable for producing
ordinary concrete (Neville .and Brooks
1994).

(i) Compressive strength results: The
results for compressive strengths for each
ash percentage at 3, 7% , 14" , 21* and
28™ day respectively, are shown in Table 1.
From the table, there are two variables that
affect the strengths and they are the age
and the percentage ash . The minimum 28
day strength is 25.85 N/mm?’ obtained by
adding 50 % ash and the maximum is 27.70
N/mm? for 10 % ash addition. The
relationship between the strengths, ash
percentage and the age are discussed
below.
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Table 1: Compressive Strength Result of CC and CBAC (N/mn??) at specified ages for various ash

percentages
Contro: Cc(gncrete CBAC
Age
i) 0% 105 | 20% 30% A0% 50% average | minimum | maximum | STDV
Bone Ash Bone | Bone | Bone | Bone | Bone .
3 . 2467 24.67 | 23.93 | 23.18 | 22.59 | 22.06 23.29 22.06 24.67 1.04
7 25.7 2536 | 24.84 | 2434 | 23.75 | 23.21 2430 23.21 2536 0.85
14 26.96 26.44 | 2591 | 2543 | 25.13 24.74 25.53 24.74 26.44 0.66
21 27.93 27.35 | 26.95 | 26.1 26 25.57 26.39 25.57 27.35 0.73
28 28.52 | 27.7 | 2744 | 26.96 | 2637 25.85 26.86 25.85 27.70 0.76
Average 26.76 2630 | 25.81 [ 25.20 | 24.77 | 24.29 STDV= standard deviation
Min 24.67 24.67 | 23.93 [ 23.18 | 2259 | 22.06 ’
Max : 28.52 27.70 | 27.44 | 26.96 | 2637 | 25.85
- STDV 1.58 1.29 145 148 - 1.58 1.61

(iii) Strength development with increase in ash percentage for various ages: The relationship between the
strength and percentage ash at various constant ages (3, 7% 14% 21 and 2gh days), are presented
graphically in Fig 1. It shows that for a specified age, increase in ash percentage decreases the strength of
CBAC . For example, at third day, the strength was 24.67 N/mm? for 10% ash and dropped to 22.06 N/mm?
when the ash percentage was 50 % . Similar reduction occurred on 7% to 28% day strengths. Generally, the

trend lines in the figure present a negative gradient showing that as the ash content increases, the strength
decreases.

29 - ==w==3rd day
N . = = 7thday
280 :
|~ Q G J y:-o.::)ﬁso“ 28.41 < = 14th day
| -~ ~_ R'=0986
=R S = =21stdzy
| T ~ ~—
2% 4 S — = 28thday
o T ~o
S ~e
25 - Wy e
strengthly)  meeemey T -
(N/mm3) | S TR,
2 - ~ g
1 ~ S
i \\\ = - ~
! -
23 4 T
%
i \s‘
2 ] Tl
21 4 -
i
20 sy s '
0 10 20 30, 40 50 60
Ash% {x)

Fig 1. Compressive strength versus % Ash replacement for various ages
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concrete  work [Mosley et al, 2007

for other ash percentages not considered, Therefore, the equation can be applied to
regression analysis was carried out on the predict for the strength for other ash
28" day strength, equation (1) was percentages not included in the study.

obtained.

Therefore, in order to predict the strength

(iv) Strength development with age for
various ash percentages : The increase in
strength with increase in age for various
ash percentages (0%, 10 %, 20 %, 30 %, 40 %
and 50 %), was prepared. This is presented

projection was carried out for 60 % ash graphically in Fig 2. For a particular ash

addition, x = 60 was substituted and the percentage, the strength increases as the
strength becomes 25.41 N/mm? , which is  age increases.

still equal to the minimum strength of 25 .

Nmm? specified for ordinary reinforced

y=-0.05x+28.41 (1)

with R%= 0.986. Where y is the strength
and x the ash percentage. When strength

29
28 - _ee™"T ym-0.003x2+0.222x+ 23.99
i e _ Re=0.998
i /’r P = ‘yxho.zalnvza.zs
- s R1=0.998
27 4 - PR -
- # - -
e -~
s - ~ o
| v - e e
26 - - E e
S -~ "
| PR » P e —
Strength (y) el T T S
(Nfmm?) ! . S e P P
25 Pis ~ - - — 10%ash
i A~ .7 _y'=-0.006x3+0.350x+ 21.07
: < & A R?=0.999 R
" —— —30%ash
—— - 0% ash

—— - 50%ash

L Age (X)(DAYS) o

for various % Ash replacement

Fig 2. Compressive strength versus ages

g Effect of ash percentage on the rate of For a particular‘ age interval the values
ength development: The value for rate decreased with increase in ash percentages.

strength development can be obtained For example for 0-3 days, the average rate
wsing the expression was 8.06 N/mm? per day for 10 % ash, 7.98
N/mm? per day for 20 % ash and 7.35

of strength dev=(f2-f1)/(t2-t1) N/mm? per day for 50 % ash . Results for

: other age intervals (7" — 14™ and 21 -28"
) can be read in the figure. These values are
comparable to what is obtained in
literature (Neville, 2006)

e f1 and 2 are two adjacent strengths
<1 and t2 are their corresponding ages.
s is presented graphically in Fig 3.
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Fig 3. Rate of strength development versus age intervals for various ash percentages

(vi) Effect- of ash on ratio of early days
strength of CBAC : The early days (3%, 7%,
14" and 21" days) strengths of concrete
are required to be of a specific ratio to that
of 28" day strength. For example, the 7%
day strength of ordinary concrete is
expected to be at least two-third (67%) of
that at 28™ day with ordinary Portland
cement (Neville, 1995, James and Charles,
2012). This ratio was computed for strength
results obtained in this study as shown in
Fig 4. The results showed that for 0 % ash
(CC), the 39, 7™, 14™ and 21* day

strengths are: 87%, 90%, 95% and 98% of
their 28" day strengths respectively. Also
for CBAC with 10% and 50 % ash addition,
their 3, 7", 14™ | and 21* day strengths
are: 87% and 85%, 92% and 90% , 95% and
96% , 99% and 99%, of their 28" day
strengths, respectively. When compared
with the values for control, it shows that
increase in ash percentage has no effect on
ratio of 28™ day strength. The ratios are
more than what is available in the
literatures..
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~ (vii) Determination of percentage of 28"
day strength of control concrete (CC)
reduced by ash addition: From above,
addition of ash into a mix will reduce its
strength. The fall in strength is computed
relative to 28" day strength of (CC). The
percentage fall is determined by using the
expression

% CC strength reduction= (CC strength at
28 days-CBAC strength at 28 days)/CC
strength at 28 days x 100 % (3)

An example computation for 10 % ash =
(28.52-27.7)/28.52 x100 % =2.88 % .

105
100 Q0 =200 “et0Q “——$00 =200 == 100
i w98
55 .8 -
i 7
| <. 96
95 95w ~w05 - =95
94 04 -
%ot28thday E 3rd day
strength {y) -9 G -~ = 7thday
- -
90 <90 - 98 =98 = 90 w . =14thday
e w21 st day
R R 8T,
~ 86 =m~86 - - 28thday
85 - T 85
80
0 20 40 G0
Ash% (x)

Fig 4. Percentaige of 28" day strength versus Ash percentage for various ages

These results are shown graphically in Fig
5 . The figure shows a positive gradient
indicating that as ash percentages increase,
the proportion of reduction of CBAC
relative to CC strengths, increases. While
10 % ash addition is capable of reducing the
28" day strength by 2.9 %, 50 % ash can
reduce it by 94 % . A relationship is
presented in equation (4) as

Y=5.528x-1.758 (4)
With R* = 0.986

Where Y is the ash % and x the percentage
reduction
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Fig 5. Ash content versus strength reduction percentage

This equation can be used to determine the
percentage of 28" day strength reduced by
adding a certain percentage of ash to a
concrete mix. For example if it is desired
that the percentage ash addition should not
bring down the strength to below 95 % of
the CC strength, then x= (100-95)=5%, and
substituting 5 for x in equation (4), y=25
%. Thus, ash addition of 25 % will not bring
down the strength to below 95 % of that of
the CC strength.

(viii) Analysis for maximum ash percentage
for CBAC : This is obtained by finding the

strengths and the corresponding ages for
each ash percentage when CBAC will
produce a strength equal to 28" day
strength of CC. Applicable equations of fit
for the strength versus age, have been
derived as shown in Fig 2. The equations
are polynomial of the form

Y= ax’ + bx +c

©) ‘

Where y is the strength and x the age and
R? vary from 0.989 to 0.999. Solving the
equations, yield maximum x and 'y values
are as shown in Table 2:

Table 2: Theoretical maximum strengths attainable by CBAC

Percentage ash Theoretical Maximum Theoretical days (x)
strengths (y) attainable by strength is attained
CBAC
10 28 37
20 28.10 40.17
30 27.50 40.33
40 27 32.50
50 26.17 29.17

From above 10% and 20 % ash contents
produced strengths of 28 N/mm?, equal
to that of control, but at longer periods.
Thus, 20 % ash is the limit for CBAC to

reach the 28" day strength equal to that
of control.
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(ix) Ash and cement content interaction
on strength of CBAC : The intension is to
find the relationship between ash weight
and cement weight in a cube to
determine some of the causes of strength
reduction of CBAC. The cement and ash
weight can be determined by applying
the absolute volume method (Neville
2007 and Neville and Brook 1994), as
shown below:

kC _055C  C  2C 4C
GG DG O e 2 g 00 o

Dy D. Ds Dg (6)
where D,(=2630), Dy (=1000), D

(=3150), Dy(= 2640) and D (= 2700) are
densities of ash, water, cement (Neville®
2007), sand and gravel respectively. V is
the volume of a concrete cube (=0.15m

x0.15 m x0.15m= 0.003375). k=0, 0.1,
0.2, 0.3, 0.4, 0.5. After substituting for k,
D and V values in equation (6), the
cement weight and that of ash, sand and
gravel were obtained. The graph
depicting the relationship between the
ash and cement weights are shown in Fig
6 . From the results, the cement weight
of CC is 1.086kg per cube, while CBAC
cement weights vary from 1.024 kg (for
50 % ash) per cube to 1.073kg (for 10 %
ash) and their corresponding ash weights
are from 0.512 kg down to 0.107 kg,
respectively. The relationship between
cement and ash weight is presented in
equation (7).

=-0.12x+1.05
™

114

i

09

.07

106

Cement.
content (kg)

.04 -

103 -

W2

;
01 e

y= 0.120¢4 1.085
1

1

C5

graph shows a negative trend with

content

n in strength .

———— AT

t of -0.12 showing that they are
v related. Therefore this shows that
content in a mix is increased, the
in the mix decreases,
v decreasing the cement in a cube .
could be one of the reasons for the

0505 - 051 0515

Ash content {kg)

Fig 6. Cement content versus ash content in a 150 mm cube

a  (x) The compressive strength and code of
practice: In this study, the minimum
strengths for 7" and 28" day are 23.21
N/mm?  and 25.85 N/mm? respectively, for
50 % ash. BS 1881 (1998) recommends 7"
and 28" day minimum strengths to be 15

“N/mm?> and 21 N/mm* respectively.
Therefore, the results from the study are
higher than the minimum specified. This





image18.jpeg
has shown that the use of ash up to 50%
does not decrease the strength of CBAC to
below the standards. Also the 28" day
strengths for 0% to 50 % ash concrete in
Table 1 are higher than the 25 N/mm?’
recommended for  common construction
[James and Charles, 2002], showing that
CBAC will also be suitable for construction.

(xi) Comparison of the ash effect and a
retarder : In this study, strength of CBAC
is reduced by the ash which displaces the
cement content in the mix . This could be
one of the reasons for decrease in strength.
Comparing this with a retarder, which
elongates the cement setting time only,
without affecting the 28" day strengths,
whereas in this case the 28" day strength is
reduced for adding the bone ash. Retarders
are in sugar- form (Neville 2006) and
dissolve in concrete whereas the bone ash
does not. Bone ash is thus not a retarder.
However the potential of the ash as a

pozzolana and its effect on workability and
insulation  property of concrete are
recommended for further study.

(xii) Analysis for safe in cement in CBAC
relative to CC : The safe in cement weight
in CBAC relative to CC is computed. The
cement weight used for CBAC is deducted
from the cement weight used for CC,
against each ash percentage, by considering
the 28" day strength only. This is plotted as
shown in Fig 7. The equation is a linear one
with positive gradient, as given below:

Y=36.65x+0.169 (8)

With R?=0.999, where Y is the safe in
cement kg/m® of concrete and x is the ash
percentage. The safe in cement vary from
3.85 kg/m® of concrete for 10% ash content
to 18.37 kg/m® of concrete for 50 % ash
content.

20.00

15.00

Safe in cement
kg/m?® of
concrete

10.00

5.00

0.08

y=36.65x+ 0.169
R?=0.999

0.5 1

Ash%

Fig 7. Safe in cement versus ash percentage

CONCLUSION

From the study, the following can be
concluded: The commercial cow bone ash
has a maximum size of 150 mm and an
average specific gravity of 2.63. Ash
percentage increase in concrete decreases
the strength while the strength increases
with age. Ash value of 10 to 50 % of cement
weight in concrete give 28" day strengths,

falling from  27.79 to 25.85 N/mm’
respectively. The value up to 25 % will not
make the concrete strengths fall below 95 %
of that of the concrete without ash.
However, 20% ash can make a concrete
develop the 28™ day strength equal to that
of the concrete without ash , but such
strength is reached at a longer period of 40
days. A relationship between the strength
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and the ash percentage for 28" day
strengths was determined to be quadratic.
This can be used to determine the strength
for a desired ash percentage.

By using concrete with 50 % ash, a cement
weight of 18.37 kg per m® of concrete can
be saved when compared with the concrete
without ash. When ash percentage is
increased, the cement content in the
concrete decreases . This therefore is one

of the causes of decrease in strength of
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