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ABSTRACT 

The paper presents the findings of an investigation into the admixture properties of ‘Kargo’ (poliostigma thonningi) 

fruits powder (KFP) in concrete. The investigation was conducted on grade 20 concrete and also on cement paste 

with varying percentage addition of KFP of 0%, 0.25%, 0.5%, 0.75% and 1.0% respectively. The results of the study 

show increase in compressive strength with increase in percentage addition of KFP up to 0.5% KFP, the strength 

then decreases with increase in percentage addition of KFP. The highest strength were obtained with 0.5% addition 

of KFP of  31.11 N/mm
2
, 33.48 N/mm

2
, 37.78 N/mm

2
 and 38.70 N/mm

2
 at 3 days , 7 days, 28 days and 56 days 

respectively. This represented 17.66%, 17.72%, 4.94% and 4.91% increase in strength from strength of control 

sample (0% addition of KFP) respectively. 

The study also shows that the use of KFP in cement paste decreases initial and final setting times with increase in 

percentage addition of KFP. The initial and final setting times obtained for cement paste with 0% addition of KFP 

were 75 minutes and 132 minutes, respectively. The mean percentage decreases of initial and final setting times 

from control samples of cement paste, (0% addition of KFP) were 31.42%, 68.95%, 89.65%, and 93.54% for cement 

paste with 0.25%, 0.5%, 0.75% and 1.0% addition of KFP, respectively.   

 KFP concrete is susceptible to water absorption and drying shrinkage, hence not considered suitable for use in 

environment where it will be subject to ingress of water or chemicals.  

KFP could be considered as an accelerating admixture for up to 0.5% addition by weight of cement that is 

approximately 1.9 Kg per m
3
 of concrete.  

 

SIGNIFICANCE: 

The study explores the use of KFP as a cheap and locally available substitute to expensive imported admixtures in 

concrete in building and civil engineering works. 
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1.0 INTRODUCTION 

Concrete is a conglomerate made artificially from cement, fine and coarse aggregates.  These ingredients, mixed 

together with water, form a plastic mass which sets into the hard solid material known as concrete, which is widely 

used in construction of building and civil engineering works. Depending on the quality and the proportions of 

ingredients used in the mix, the properties of concrete can vary almost as widely as the different kinds of stone that 

occur in nature (Fabber, 1960) 

The cement used in the making of concrete have the property of setting and hardening under water by virtue of a 

chemical reaction with it and are therefore called hydraulic cements.  Hydraulic cements consist mainly of silicates 

and aluminates of lime, and can be classified broadly as natural cements, Portland cements and high alumna cements 

(Neville, 2003) 

The properties of both fresh and hardened concrete are dependent on the strength quality of concrete.  This is so 

because the properties of fresh and hardened concrete influence the strength quality and durability of any concrete.  
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There is an occasional need to improve the performance of concrete by the use of admixtures to achieve certain 

objectives.  According to Neville (2003) an admixture can be defined as a chemical product which, except in special 

cases, is added to the concrete mix in quantities no larger than 5% by mass of cement during mixing or during an 

additional operation prior to the placing of concrete, for the purpose of achieving a specific modification, or 

modifications to the normal properties of concrete. 

 Admixtures may be organic or inorganic in composition but their chemical character, is distinct from mineral.  

Chemicals admixtures are added to the concrete mix in quantities not greater than 5% by mass of cement, where as 

the mineral type (pozzolanas) are added in excess of 5% of the mass of cement, are referred to as cementitious 

materials or as additive (Neville, 2003) 

 

2.0 BACKGROUND 

Most conventional admixtures of various kinds are imported into Nigeria and are expensive.  To overcome this 

situation, locally produced admixtures are being developed to reduce the cost of their use in construction.  

Researches have been carried out on the use of some local admixtures in concrete.  These include; Ominijei (2003) 

on the use of Gum Arabic in concrete, Baffa (1995) on the use of ‘Macuba’ (locust bean pad powder) in concrete, 

Ella (2002) on ‘Katsi’ as admixture in concrete and mortar etc. However there is still need to research further on 

their use and also explore the use of other locally available materials 

 ‘Kargo’(Poliostigma thonningi ) is naturally grown in all parts of northern Nigeria.  It is a large savanna shrub with 

white unisexual flowers produced in large panicles during the dry season.  The fruits which are rust colored, are 

about 4cm broad and 10cm long, browsed by game and cattle.  The local builders use the fruits as a strength 

improving agent on walling and rendering materials. According to Rimi (2005) KFP is rich in potassium (56.39%), 

nitrogen (26.61%), calcium (6.66%), magnesium (4.15) and other elements in minute quantities.   The cost of 

‘Kargo’ fruits powder (KFP) is about N3.50 per kg.  Therefore it can be considered cheaper than other locally 

available materials of its kind (Rimi, 2005). Thus, in this study, investigations were carried out to determine the 

admixture properties of KFP on concrete and cement paste. 

 

3.0 METHODOLOGY 

3.1 Materials 

           1. Cement: The cement used for the research is ordinary Portland cement manufactured by Ashaka cement Plc. It 

was of recent supply and free from adulteration. 

           2. Aggregates: The fine aggregates used are clean sharp sand of zone 2, obtained from Civil Engineering 

Department, Bayero University, Kano, kept for experimental purpose. The coarse aggregates used are crushed 

granite of maximum size of 20mm, also obtained from Civil Engineering Department.   

3. ‘Kargo’ fruit powder (KFP):  The ‘Kargo’ Fruits were obtained from Rimi farm land in Katsina State. They were   

initially pounded and later ground with a grinding machine for pulverization. Finally, the powder was sieved to 

obtain fine powder. 

4. Water: The water use for the research is potable water fit for drinking.  Distilled water was used in the drying 

shrinkage test. 

 

3.2 Experimental procedure: 

A concrete mix design for grade 20 concrete with water/cement ratio of 0.5 and assumed slump of 10 – 30 mm was 

conducted in accordance with Department of Environment (DoE) (1975) method to obtain the mix proportion of 

materials required for the concrete. Various percentage additions of KFP of 0%, 0.25%, 0.5%, 0.75% and 1.0%, 

respectively, by weight of cement were added to the dry mix. The materials were batched and 150mm x 150mm x 

150mm concrete cubes were cast, cured in water in normal laboratory conditions for 3 days , 7 days, 28 days and 56 

days, respectively. The cubes were later tested for compressive strength in accordance with BS 1881 part 4 (1970).  

A total of 60 cubes, 12 cubes per percentage addition of KFP were tested to determine the compressive strength at 

various percentage additions of KFP. Also a total of 25 cubes, 5 cubes per percentage addition of KFP were cast, 

cured for 28 days and used to determine the water absorption of the concrete at various percentage additions of KFP. 

Furthermore, setting time tests were conducted using Vicat apparatus in accordance with European National 

Standard EN 196-3 (1987) code and drying shrinkage tests were conducted on cement paste with various percentage 

additions of KFP. 



Journal of Engineering and Technology (JET) Vol. 2 No. 1 February 2007 

E. N. Ogork and M. K. Rimi 2007                         11 

 

 

4.0 RESULTS AND DISCUSSION 

Figure 1 shows the compressive strength for grade 20 concrete with various percentage additions of KFP. The 

results are also presented in Table 1.The results show an increase in compressive strength with increase in 

percentage addition of KFP up to 0.5% KFP, the strength then decreases with increase in percentage addition of 

KFP. The highest strength are obtained with 0.5%  KFP of  31.11 N/mm
2
 , 33.48 N/mm

2
, 37.78 N/mm

2 
and 38.70 

N/mm
2
 , at 3 days, 7 days, 28 days and 56 days respectively.  This represents 17.66%, 17.72%, 4.94% and 4.91% 

increase in strength from strength of control samples (0% KFP) respectively. It should be noted that the compressive 

strength at 28 days for the various percentage addition of KFP was above the design strength of 20N/mm
2
.  The 

trend of strength variation is associated with the high concentration of potassium from KFP which when combined 

with the cementitious compounds, C3S and C2S in cement and with water gives higher strength.  In line with Bajah 

and Goodman (1976) explanation on metal reactions, the potassium in the KFP reacted with hydrates of C3S and 

C2S to give potassium silicate, which is responsible for the high early strength in concrete. The reaction is complex, 

but may be simplified as; 

 

2C3S + 6H  C3S2H3 + 3Ca(OH)2  ----------------------- ( 1 ), and 

2C2S + 4H  C3S2H3 + Ca(OH)2  ----------------------- ( 2 ), respectively. 

C3S2H3 + 6K  3K2O + S2H3 + 3Ca                ------------------------ ( 3 ), 

3K2O + S2H3  6KOH + S2                              ------------------------ ( 4 ), 

2KOH + S  K2SiO3 + H                                 ------------------------ ( 5 ) 

 

Where C = CaO, S = SiO2, and H = H2O.  However, for mixes with higher percentage addition of KFP (above 0.5%) 

the potassium (K) in the KFP displaces more of the calcium in the cement to form potassium silicates with less 

calcium silicates left.  This leads to a reduction in strength of the concrete. 

Figure 2 presents the water absorption of grade 20 concrete with various percentage additions of KFP. The results 

are also presented in Table 2. The results show on increase in water absorption (moisture content) as the percentage 

addition of KFP in the mix increases. This implies that KFP is neither a water reducing admixture nor water proofer.  

However, the absorption obtained is below 10%, which is still within the range experienced in most good concrete 

(Neville, 2003). 

Figure 3 presents the setting time of cement paste at various percentage additions of KFP.  The results are also 

presented in Table 3.The results show that the initial and final setting time decrease as percentage addition of KFP is 

increased. It was also observed that the initial setting time of cement paste with various percentage additions of KFP 

were less than the minimum time of 60 minutes prescribed by ENV 197-1:1992 for cements with strength up to 

42.5MPa and 45 minutes for cement with higher strength.  The ENV 197 – 1 (1992) code no longer prescribes final 

setting time, but it is considerably higher than initial setting time.  Obviously, the final setting time obtained in the 

test for cement paste with addition of KFP is much less than that of pure cement paste. The quick setting of KFP 

concrete makes it suitable for shortcreting operations and sealing of cracks (Edwin, 1989). 

The results on drying shrinkage are presented in Figure 4 and also in table 4.  The results show an increase in drying 

shrinkage of cement paste with percentage addition of KFP up to 0.25%, then the shrinkage decreases with further 

increase in percentage addition of KFP.  At higher percentage of KFP, (≥ 0.75%), there was no shrinkage. 

 

5.0 CONCLUSION 

The admixture properties of KFP have been examined with various percentage additions of KFP (0%, 0.25%, 0.5%, 

0.75% and 1.0%) in grade 20 concrete and cement paste, respectively.  On the basis of the results obtained; 

 

i. The use of KFP in cement paste decreases setting time, with increase in percentage addition of KFP 

ii. The compressive strength of grade 20 concrete increases with increase in percentage addition of KFP up to 0.5% 

KFP. Thus, coupled with conclusion (i) above, KFP could be considered as an accelerating admixture for up to 

0.5% addition by weight of cement and is suitable for shortcreting operations and sealing cracks. 

iii. Although the compressive strength of concrete increased with increase in percentage addition of KFP up to 0.5%, 

KFP concrete of adequate workability is susceptible to water absorption and drying shrinkage, hence not 

considered suitable for use in environments where it will be subject to ingress of water or chemicals. 
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Figure 1. Mean compressive strength for grade 20 concrete with various 

percentage additions of KFP
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Table 1. Mean Compressive strength for grade 20 concrete with varying percentage addition of KFP 

Concrete grade Percentage 

addition of KFP 

Age (days) Mean 

Compressive 

strength (N/mm2) 

Difference in 

strength from 

control (N/mm2) 

Percentage 

difference in 

strength 

20 0.00 3 26.44 - - 

 0.25  30.37 3.93 14.86 

 0.50  31.11 4.67 17.66 

 0.75  19.56 -6.88 -26.02 

 1.00  6.81 -19.63 -74.24 

20 0.00 7 28.44 - - 

 0.25  32.89 4.45 15.65 

 0.50  33.48 5.04 17.72 

 0.75  22.52 -5.92 -20.82 

 1.00  18.07 -10.37 -36.46 

20 0.00 28 36.00 - - 

 0.25  37.48 1.48 4.11 

 0.50  37.78 1.78 4.94 

 0.75  26.96 -9.04 -25.11 

 1.00  24.30 -11.70 -32.50 

20 0.00 56 36.89 - - 

 0.25  37.48 0.59 1.60 

 0.50  38.70 1.81 4.91 

 0.75  28.89 -8.00 -21.69 

 1.00  28.00 -8.89 -24.10 

 

Table 2: Water absorption of grade 20 concrete with varying percentage addition of KFP 

% Addition of KFP Mean Water Absorption (%) 

0.00 

0.25 

0.50 

0.75 

1.00 

3.33 

4.15 

5.25 

6.98 

7.13 

 

Table 3: Setting time of cement paste with varying percentage addition of KFP 

% Addition 

of KFP 

Initial Setting 

Time (Minutes) 

Difference in 

initial setting 

time from 

control (minutes) 

Percentage 

difference in 

initial setting 

time 

Final Setting 

Time 

(Minutes) 

Difference in 

final setting 

time from 

control 

(minutes) 

Percentage 

difference in 

final setting 

time 

0.00 

0.25 

0.50 

0.75 

1.00 

75 

50 

21 

7 

4 

- 

-25 

-54 

-68 

-71 

- 

-33.33 

-72.00 

-90.67 

-94.67 

 

132 

93 

45 

15 

10 

- 

-39 

-87 

-117 

-122 

 

- 

-29.54 

-65.91 

-88.64 

-92.42 

 

Table 4: Drying shrinkage of cement paste with varying percentage addition of KFP 

% Addition of KFP Mean linear shrinkage (%) 

0.00 

0.25 

0.50 

0.75 

1.00 

1.79 

2.50 

1.43 

0.00 

0.00 
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