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Abstract: 
The effect of locust bean pod epicarp ash (LBPEA) on the compressive strength of re-vibrated 

concrete is presented. The LBPEA used was obtained by controlled incineration of locust bean pod 
epicarp in an enclosed furnace. The result of the chemical analysis carried out on the LBPEA showed 
that it is a very good pozzolana with its SiO2, Al2O3, and Fe2O3 content percentage summation at 77.81%. 
Using a concrete mix ratio of 1:2:4 and a water-binder ratio of 0.6, a total of 147 cubes were cast and 
cured for 7, 14 and 28 days: 21 for control (0% LBPEA + 100% OPC); and 21 cubes for each other 
different percentages (5%, 10%, 15%, 20%, 25%, and 30%) replacements of OPC. Each category of 
cubes was initially vibrated and then re-vibrated at an interval of 10 minutes up till 1 hour. Compressive 
strength of the concrete cubes were determined at 7, 14 and 28 days curing age. The compressive 
strength increased gradually with curing age and a maximum compressive strength of 28.44 N/mm2 at 
60 minutes revibration was obtained at 28 days for 5% of LBPEA. At 14 days curing, a maximum 
compressive strength of 24.76 N/mm2 at 60 minutes revibration was obtained for 0% of LBPEA. At 7 
days curing, a maximum compressive strength of 25.29 N/mm2 at 60 minutes revibration was obtained 
for 0% of LBPEA. This suggests and is therefore recommended that a 5% replacement of OPC with 
LBPEA can be adopted for structural concrete production. 

1 Introduction 

The over-reliance on the usage of concrete produced from cement (as a binder) for buildings have 
kept their cost high and this has deterred average man in underdeveloped nations of the world from 
building houses for their local dwellers that make up the greater percentage of their population and most 
often are agriculturally dependent [1]. As a result of the high cost of acquiring the required materials to 
construct functional and stable houses, a greater proportion of the country’s population cannot afford the 
cost [2]. An easy way out of this, points at suitable means of replacing a proportion of cement with cheap 
and easily obtainable pozzolanic materials. In [3] defined pozzolana as “siliceous or siliceous and 
aluminous material which in themselves have little or no cementitious properties but in finely divided form 
and the presence of moisture, react with calcium hydroxide which is liberated during the hydration of 
Portland cement at ordinary temperatures to form compounds possessing cementitious properties”. The 
global increase in human population has triggered an increase in the demand for scarce and expensive 
building materials for building construction. Also, measures suitable to safely dispose of huge agricultural 
wastes produced by man from involvement in farming for food are demanded, measures such as disposal 
of these agricultural wastes on land; causes land pollution, when disposed into water bodies; pose 
dangers to aquatic animals and consequently, man suffers from low aquatic animals available for 
consumption, when the option of burning the wastes pulps up; man also is seen to be affected by air 
pollution and from depleting ozone layer. 

Concrete according to [4], is that pourable (when fresh) composite mix of binder (cement), water, 
fine aggregates (mostly sand), and coarse aggregates (gravel) that hardens or sets (when dry) into a 
super-strong material for building. When concrete is re-vibrated, it momentarily liquefies again. The 
primary chemical process that occurs in the first 2 hours after the concrete is placed, is the formation of 
calcium hydroxide, which typically makes up 15 to 25 percent of ordinary Portland cement concrete. The 
other major product of hydration is calcium silicate hydrate, which usually constitutes about 50% of OPC 
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concrete which gives the concrete its hardness and durability. Initial vibration of concrete may not 
eliminate defects such as honeycomb and voids causing a reduction in strength and performance. But 
re-vibration can eliminate such defects (honeycomb and voids) and thereby increasing bond, improving 
concrete quality, better impermeability, reduction in shrinkage and creep, increasing the compressive 
strength of the concrete, reduction in surface and other voids as well as cracks in fresh concrete and so 
on [5]. Re-vibration can be done usually at any time as long as the running internal vibrator can sink by 
its own weight into the concrete before the final setting time of the concrete is reached ([5], [6]). Re-
vibration time lag is one of the major factors that can affect the compressive strength of concrete [5]. 
Recommended a minimum re-vibration time lag interval of 30 minutes to 4 hours for different w/c ratio, 
while in another separate work [6] reported that the effect of re-vibration on the strength of concrete was 
dynamic. A research conducted suggests that re-vibration enhances the strength of concrete once done 
when the concrete is still plastic. Also, it was clear that flexural strength of Rice Husk Ash (RHA) concrete 
increases at the early stage of re-vibration, the flexural strength of RHA concrete decreases from 30 
minutes to 60 minutes of re-vibration almost for all percentage replacement level of RHA. Further 
observations showed that re-vibration on early age retarded concrete in which the result shows that the 
maximum compressive strength was achieved when the concrete was re-vibrated and cured at an older 
age, thus re-vibration improves many of the quality of hardened concrete ([6], [7], [8]). Another 
investigation questioned the effect of re-vibration on compressive strength of concrete and concluded 
that re-vibration resulted in the improvement of compressive strength when carried out within the initial 
setting time confirming that good re-vibration within standards increases compressive strength ([5], [6], 
[9]). The effect of re-vibration on the compressive strength of 56 days aged RHA-cement concrete has 
been investigated and presented. Re-vibration was seen to increase the compressive strength of OPC 
and OPC-RHA concrete by completely eliminating void, provided it is carried out within the set time of 
concrete ([5], [7]). The compressive strength of the re-vibrated OPC-RHA at 56 days was generally 
observed to be higher than the re-vibrated and non-re-vibrated OPC concrete at 28 days curing. It is thus 
recommended to re-vibrate the concrete up to 20minutes and with reasonable replacement of up to 10% 
RHA for cement. 

Pozzolana is classified into two groups [10]; natural and artificial. Though the natural and artificial 
classes have similar pozzolana activity, they differ slightly in chemical and mineralogical constituents, 
but greatly from one another in origin. A number of biomass residues are increasingly being identified as 
pozzolanas. Utilization of Rice Husk Ash is particularly well improved in the rice-producing regions of the 
United States and Thailand; rice husk is first used as fuel in the rice parboiling plants, with further 
utilization of the ash residue as pozzolana in making special quality cement concrete [11]. Other biomass 
residues that have been identified as having pozzolanic properties include Bamboo Leaf Ash [12], Palm 
Fruit Ash [13], Locust bean pod epicarp ash [14] and Corn Cob Ash [15]. Low-cost agro-wastes are also 
being investigated as partial OPC replacement materials because of their pozzolanic properties. These 
materials might also warrant further investigation in the development of regional hydraulic-lime pozzolana 
concretes (HLPCs): rice-husk ash [17], sugar cane bagasse [18], saw dust ash [19], corn cob ash [15], 
coconut husk ash [20], Locust bean pod ash [16], cassava waste ash [20], olive waste ash [21] and 
periwinkle, oyster and snail shell ash [22]. In [23] reported that the locust bean pods epicarp (Fig. 1) were 
spread over mud walls and as soon as rain begins to fall on the pods, the leachate percolates down the 
wall. These buildings and fence walls have been found by the natives to withstand over a long period of 
time under varying weather conditions such as rains, wind, and heat. The African locust bean (Parkia 
biglobosa) has a wide distribution ranging across the Sudan and western coast of Africa in Senegal. 
Concentrated locust bean pod extract is used to impart water resiliency to floors, walls, and ceramics 
pot. The tannins present in the epicarp act to bind the soil by their polymeric nature and render the surface 
impervious to water, sealant to the pot, and creates a dark, mottled surface. 
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Fig. 1: Locust Bean Pod Epicarp 

When rice husk is burnt under controlled conditions, the RHA is highly pozzolanic, but when in an 
uncontrolled manner, it was concluded that the ash which is essentially silica is converted to crystalline 
forms and become less reactive [24]. However, when blended with cement to produce concrete, it is 
observed to be highly pozzolanic. In [25] obtained LBPEA by incinerating locust bean pod peel up to 
600oC using a kiln fueled by kerosene. The ash was allowed to cool, then grinded and sieved through 
sieve 0.250 ASTM micro sieve. Cement was replaced with 5 to 25% LBPEA and the result showed that 
the higher the ash content, the less the compressive strength value. In [25] concluded that the decrease 
in strength was due to the percentage of (SiO2 + Al2O3 + Fe2O3) content of the ash (63.57%) which was 
less than 70% as required for any material to behave as a pozzolana although they later maintained that 
the compressive strength of the cement-LBPEA concrete is adequate enough for use as a load bearing 
building material. According to [7] the use of RHA as a partial replacement for cement in concrete is not 
recommended when re-vibration is not envisaged as it results in concrete having very low compressive 
strength at all ages of curing. An average duration of 90 minutes is recommended for re-vibration of 
concrete with 20 % RHA as cement replacement for optimal or higher compressive strength. An 
investigation was conducted on the usage of wood waste ash as a partial cement replacement material 
in the production of structural grade concrete and mortar, assessment of the fresh concrete properties of 
self-compacting concrete containing SDA, and it was evident that ash from timber waste was a material 
capable of replacing cement [26]. 

Much work has not been reported on the behavior of re-vibrated concrete produced from Locust 
bean pod epicarp ash (LBPEA) as a partial replacement for cement. As such, this study aims to examine 
the effect of LBPEA on compressive strength of re-vibrated concrete cubes made from 5%, 10%, 15%, 
20%, 25%, and 30% replacements of OPC. 

2 Materials and Methods 

Materials that were used in the laboratory experiments were subjected to tests of their physical, 
chemical, and engineering properties with the ultimate aim of determining the compressive strength of 
re-vibrated concrete using 5% to 30% of LBPEA as a replacement for OPC. 

2.1 Materials 
The materials for this research work include: 
OPC: The binder used for this work was Ordinary Portland Cement grade 43 (Dangote Cement), 

obtained from a cement depot at Mobile area of Minna, Niger State, conforming to BS 12:1996 was used; 
Fine aggregates: Clean sharp sand of maximum size 5 mm collected from a nearby building 

material dealer in Minna, Niger State conforming with the provisions of BS EN 12620: 2013 was used. 
Coarse aggregates: Coarse aggregates of maximum size 20 mm collected from a nearby building 

material dealer in Minna, Niger State conforming with the provisions of BS EN 12620: 2013 was used. 
  

Locust bean pod epicarp ash (LBPEA): Clean dry Locust bean pod epicarp (Fig. 1) collected 
from trees at Kangi village in Bida local government area and around Gidan kwano campus of the Federal 
University of Technology-Minna, both in Niger state. The pods were incinerated using a furnace at the 
Civil Engineering laboratory of the Federal University of Technology, Minna. The ashes (Fig. 2) obtained, 
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were passed through sieve 75μm. The chemical analysis of the LBPEA (Fig. 2) was conducted at the 
chemistry laboratory and the result presented in Table 1. 

Water: Potable tap water from the borehole provided near the Civil Engineering laboratory of the 
Federal University of Technology, Minna (Gidan Kwano campus), Niger state was used. 

 

Fig. 2: Locust bean pod epicarp ash (LBPEA) 

2.2 laboratory tests methods 

For the purpose of classification and checking compliance, the following laboratory tests were 
carried out on the aggregates: Specific gravity test; Bulk density, porosity and void ratio test; Moisture 
content test; Particle size distribution (sieve analysis) test. 

Component materials for concrete were mixed using the Absolute Volume Method and the concrete 
was cast into moulds of dimension 150 × 150 × 150 mm. The fresh concrete in the moulds were vibrated 
immediately and re-vibrated at 10 minutes’ intervals for 1 hour. A slump test was conducted on the fresh 
concrete to check workability. Water curing method was used to cure the concrete produced. 
Compressive strength of the concrete was obtained using a compressive testing machine at the ages of 
7, 21, and 28 days of curing. 

2.3 Concrete production 
A thin layer of mineral oil was applied to the inside surfaces of the moulds in order to prevent the 

bond between the concrete and the mould. Concrete was then poured in the mould in 3 layers, each 
layer being compacted by 25 strokes of 16 mm diameter steel rod with a bullet end. Thereafter, the top 
surface was finished using a trowel, the compacted cubes were vibrated and re-vibrated on the vibrating 
machine. The cubes were then properly stored and allowed to harden. The hardened cubes were de-
moulded after 24 hours. 

2.4 Vibration and re-vibration of concrete samples 
The time lag used for the study was 60 minutes. The duration of each initial vibration was 40 

seconds and subsequent re-vibration lasted for 20 seconds each with intervals of 10 minutes between 
successive re-vibrations. 42 numbers of 150 x 150 x 150 mm cubes were cast using Ordinary Portland 
Cement alone as the binder (control), representing 2 cubes per test for 7-time lag intervals namely: 0 
min, 10 min, 20 min, 30 min, 40 min, 50 min, and 60 min, for three ages (7, 14, 21 days) for crushing. 
Additional 21 cubes were cast using a binary blend of Ordinary Portland Cement and LBPEA. 

A Humboldt 800 mm x 400 mm 55-C0160/H vibrating table fitted with a clamping device and 
waterproof pedal switch was used for both initial vibration and subsequent re-vibrations. It is capable of 
vibrating two 150 mm cube moulds simultaneously. 

2.5 Curing of concrete cubes 
Considering that the cement requires time to fully hydrate before it acquires strength and hardness, 

concrete must be cured once it has formed and achieved the initial setting. Curing is the process of 
keeping or storing concrete under a suitable specific environmental condition until hydration is relatively 
complete. The environment promotes hydration after the moulds are removed in a process. Although 
before striking, it is assumed that the concrete should have formed, hardened, and set after 24 hours of 
casting. The concrete specimens were cured for 7, 14, and 28 days after which they are removed for 
crushing. 
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2.6 Compressive strength test 
The weights of the samples were taken before the compressive strength test was conducted. The 

cubes (both with and without LBPEA vibrated and re-vibrated from zero to one hour) were removed from 
the curing tank after 7, 14, and 28 days of curing consecutively. On the designated days for crushing, 
fifty-six (56) sample cubes (i.e. 14 without LBPEA and another 42 with LBPEA) were crushed. The 
maximum load carried by each specimen before failure was recorded. The maximum load divided by the 
net surface area of the specimen gave the compressive strength of the concrete. 

The test result for the compressive strength of hardened re-vibrated concrete for the different 
percentages of replacement of OPC with LBPEA at ages 7, 14 and 28 days of curing are shown in Tables 
2, 3 and 4 

3 Results and Discussion 

The result of the chemical analysis conducted on the LBPEA is presented in Table 1. 

Table 1: Laboratory chemical analysis of LBPEA 

Chemical Content (%) 

Na2O 0.926 
K2O 2.626 
MgO 3.659 

Pb2O5 3.449 
Fe2O3 3.365 
Al2O3 9.785 
CaO 7.416 
SiO2 64.659 
SO3 1.990 
Cl 0.791 

TiO2 1.068 
Cr2O3 0.002 
Mn2O3 0.183 
ZnO 0.021 
SrO 0.060 

 
The result of the chemical analysis carried out on the LBPEA showed that it is a very good pozzolana 
with its SiO2, Al2O3, and Fe2O3 content summing to 77.81% as required by ASTM C618 [3]. As such, the 
usage of the LBPEA in this work is justified. 

The ash content of the LBPE was obtained as 2.83% showing that only that much percentage of 
the burnt LBPE is useful for this work as it is the portion that passed sieve 75µm as required for cement 
fineness. 

Results of the specific gravity test; Bulk density, porosity and void ratio test; Moisture content test; 
Particle size distribution (sieve analysis) test actually demonstrated that the aggregates were standard 
within specifications. However, the moisture content of the LBPEA was 21.07% indicating that it requires 
to be dried out before incinerating. 

The sieve analysis result of the fine aggregates showed that it is chiefly composed of sand passing 
sieve 5.0 mm and retained on sieve 0.15 mm. For the coarse aggregates, bulk of the materials were 
seen to pass sieve 20.0 mm and retained on sieve 10.0 mm. 
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Table 2: Effect of LBPEA on the compressive strength of re-vibrated concrete at day 7 

The trends of the effect of LBPEA on the day 7 compressive strength of re-vibrated concrete at various 
re-vibration times are shown in Fig. 3. There was a sinusoidal behavior in the strength of the concrete at 
different re-vibration times. The maximum strength at day 7 was obtained at the control stage to be 25.29 
N/mm2 at 60 minutes re-vibration time. Closest to this value is that obtained at 5% ash replacement at 
60 minutes re-vibration gotten as 21.11 N/mm2. Other replacement percentages were seen to have 
relatively low strength compared to the control and 5% replacement at almost all the re-vibration time. 

 

Fig. 3: Effect of LBPEA on the Compressive Strength of Re-Vibrated Concrete at Day 7 

Table 3: Effect of LBPEA on the compressive strength of re-vibrated concrete at day 14 

 

 
The trends of the effect of LBPEA on the day 14 compressive strength of re-vibrated concrete at 

various re-vibration times are shown in Fig. 4. There was a sinusoidal behavior in the strength of the 
concrete at different re-vibration times. The maximum strength at day 14 was obtained at the control 
stage to be 24.76 N/mm2 at 60 minutes re-vibration time. Closest to this value is that obtained at 5% ash 
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replacement at 60 minutes re-vibration gotten as 21.60 N/mm2. Other replacement percentages were 
seen to have relatively low strength compared to the control and 5% replacement at almost all the re-
vibration time. 

 

Fig. 4: Effect of LBPEA on the Compressive Strength of Re-Vibrated Concrete at Day 14 

Table 4: Effect of LBPEA on the compressive strength of re-vibrated concrete at day 28 
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The trends of the effect of LBPEA on the day 28 compressive strength of re-vibrated concrete at 
various re-vibration times are shown in Fig 5. There was also a sinusoidal behavior in the strength of the 
concrete at different re-vibration times. The maximum strength at day 28 was at 5% ash replacement at 
60 minutes re-vibration and gotten as 28.44 N/mm2. Nearest to this percentage is that obtained at the 
control stage to be 24.09 N/mm2 at 50 minutes re-vibration time. This day 28 strength for the 5% 
replacement cubes indicates about 18.1% in the peak value for the control. Other replacement 
percentages were seen to have relatively low strength compared to the control and 5% replacement at 
almost all the re-vibration time. 

 

Fig. 5: Effect of LBPEA on the Compressive Strength of Re-Vibrated Concrete at Day 28 
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4 Conclusions 

Effect of locust bean pod epicarp ash (LBPEA) on the compressive strength of re-vibrated concrete 
has been investigated and the results have been presented, analyzed, and discussed. From the study, 
the following conclusions were drawn: 

LBPEA used is a good pozzolana with its SiO2, Al2O3, and Fe2O3 content summing to 77.81% (ASTM 
C618); The compressive strength at 28 days curing of re-vibrated concrete for 0% and 5% LBPEA 
replacement were all greater than 20 N/mm2 which showed an advantage in compressive strength due 
to LBPEA incorporation as the binder in concrete mix. Thus, a 5% replacement of OPC with LBPEA can 
be adopted for structural concrete production. However, the addition of LBPEA beyond 5% only weakens 
the concrete. 
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