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ABSTRACT 
This paper reports the findings of an investigation into the effect of donkey-dung on lateritic soil stabilized blocks. 

Two major groupings of the lateritic soil samples commonly used in construction work were selected and treated 

with 0%, 2.5%, 5%, 7.5%, 10%, 12.5%, and 15% of finely ground donkey-dung dropping as additives. About 72 

soilcrete block samples were moulded and cured for 28day and performance tests done for moisture absorption, 

resistance to water abrasion and compressive strength. 

The tests results showed that increasing the percentage addition of the donkey-dung in the lateritic samples up to 10-

15% improved remarkably the compressive strength, the resistance to water abrasion and reduction in dry shrinkage 

and water absorption qualities of the blocks. 

The strength improvement of the two samples at 15% donkey-dung is about 1.52N/mm
2
 which is greater than the 

minimum strength requirement of 1.5N/mm
2
 recommended by Nigerian Building and Road Research Institute, and 

hence the block is suitable for low cost building project. 

 

SIGNIFICANCE: This paper has clearly shown that apart from finding suitable means of waste disposal which are 

often haphazardly littered in the environment and hence constitutes a high health hazard because of the 

environmental pollution, the donkey-dung droppings can now be employed in soil stabilization in construction work 

which provides an economic way of turning waste to wealth. 
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1.0 INTRODUCTION 

 

Lateritic soils have been identified as the most common material that is routinely used in civil engineering works in 

the tropics. Its usage has led to development of its potentials as reliable and durable construction materials that is 

readily available. Most Lateritic soils require improvement on their engineering properties before they are used in 

construction work. The improvement normally bring them within acceptable limits in terms of good quality for 

variety of engineering work such as pavement construction, manufacture of soilcrete blocks and satisfactory 

foundation materials. 

Intensive improvement work on lateritic soils has engaged the attention of researchers in the past. Conventional 

materials like cement, lime, bitumen and chemical waste have been used effectively in lateritic soil stabilization to 

alter the microstructure of the lateritic soils and thereby improve the engineering properties (Ola, 1978; Osula, 1984; 

Durotoye, 1984; Osinubi and Katte, 1997) 

More recently, lateritic soil improvement/stabilization has found use for industrial and agricultural waste such as 

rice husk and other pozzolanic materials (Muntohar, 1977; and Kadara, 1999). The use of industrial agricultural 

waste for soil stabilization evolved out of the need to economically utilize by- products of agricultural processes 

which are often of undesirable environmental effects. Such full spectrum of biomas materials that are produced as 

by –products from agro-allied activities include rice and wheat husks, maize cobs, cassava stems, coconut shells and 

animal dung and droppings in the other hand. 

Anderson and Tilman,(1977) as well as Geoffrey and Lars,(1985) reported that rising petroleum products prices, 

foreign exchange imbalances and soil erosion had impelled research in both ancient and modern methods of waste 

utilization and disposal. This study is to investigate the effect of donkey animal dung/droppings on the engineering 

properties of the two main types of lateritic soils, „Farin Birji‟ and „Jan Birji‟ used in construction work in Kano  

area  of Northwestern of Nigeria. 
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2.0 JUSTIFICATION 

 

The importance of lateritic soil as the most routinely used materials for civil engineering construction work 

necessitates the need to search for alternative binders other than the conventional ones such as cement, bitumen, 

lime and other chemical considering their cost and sometimes scarcity.   

Also oftentimes animal dung like the donkey droppings are often haphazardly lintered in the environment which 

constitutes a high health hazard because of the environmental pollution that usually goes along with it, so finding 

alternative way to dispose these dung/droppings will not only ensure clean environment but also provide another 

economic way of turning waste to wealth. 

 
3.0 MATERIALS, SAMPLE PREPARATION AND TESTING: 

 
3.1 Animal Dung (Donkey Droppings): 

Donkeys are one of the numerous species of cattle family that are commonly available in   the Northern Nigeria. 

They are implored as beast of burden for transportation of both agricultural produce and conveyance of passengers 

in rural areas. They could also be used in agricultural field operations like ploughing, harrowing, sowing and inter-

cultivation, as well as in operating processing equipment like chaff cutter, maize Sheller, e.t.c  as reported by 

Anonymous(1996).  Oftentimes, houses, roads and its environs are littered with animal droppings which the donkey 

constitutes a good percentage. It have been found from local experience that donkey droppings do not make a good 

manure for soil fertility enhancement as a result of the peculiar chemistry of the droppings unlike other species of 

the cattle family. The dung is said to have contain fibrous excreta which makes it difficult to work on by putrefying 

bacteria and fungi in the soil. The phisco-chemical properties of the donkey dung as analyzed by Kannan et al 

(2003) shows that it contains 1.85% of Nitrogen, 48.3% carbon and about 26.11% carbon- nitrogen ratio. He also 

reported that typical moisture content, total solid, volatile solid, bulk density and PH are given as 51.55%, 48.45%, 

72.14%, 896.5g/m3 and 1.85 respectively. This reason may not be unconnected on why the majority of the 

droppings on the road ways and its surroundings are mainly donkey droppings as the low nitrogen content and total 

solid content makes it unfavourable manure materials. 

Not much literature is available for the use of animal dung in soil modification/ stabilization in Nigerian or 

elsewhere though the use of animal dung not donkey dung and crop residues in fertilizer or manure production have 

been reported by Adamu and Odion(2000) 

The donkey droppings used in this research work was collected from the thickly populated area of the Kano city 

where the ownership of this type of animals is preponderant. Nearly every rural family in this area own up to 2 to 3 

donkey per household, so if a conscious effort is made to collect the dung with average production capacity of 10kg 

per day per donkey (Kannan,et al, 2003) and considering that the donkey population in Northern Nigerian is 

estimated to be about 0.5million, a considerable dung waste can be generated for engineering purposes. 

The animal specimen were collected in sacks and spread in the atmosphere for drying. 

The dried specimen was ground to small particles and sieved through 5 and 2mm sieve aperture opening ready for 

mixing with lateritic soil. 

 

3.2 Lateritic Soils: 

 

Stabilization of lateritic soil is usually adopted to improve the geotechnical and engineering properties deficient in 

them or improve some inert qualities. The lateritic soil samples used in this study were of the two types available in 

Kano; the whitish yellow in colour type known as „Farin Birji‟ and the reddish brown type called „Jan Birji‟. 

The two samples were colleted from borrow pits located at the outskirts of the city at depths of 1.5m each. Disturbed 

samples were collected by manual digging with simple hand implements- digger and shovel. 

Particle size distribution test was carried out on the samples identified as Sample 1 and Sample 2 in accordance with 

BS 1377: part 2: 1990. The index properties of the two soil samples are summarized in table 1, while figures 1 and 2 

show the particle size distribution curves. 

 

3.3 Tests Procedures: 

 

 Compaction: 

Tests involving moisture- density relationship and dry shrinkage were carried out using soil samples air- dried for 

one day and mixed with various percentages (0%, 5%, 10%, and 15%) of the sieved donkey dung. The BS( modified 
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Proctor) compaction mould was utilized and the compactive effort for the WAS consists of the energy derived from 

a 4.5kg hammer falling through 450mm unto 5 layers each receiving 20 blows. The tests were performed under 

laboratory controlled conditions of temperature 25±2ºC and relative humidity of 100% at Civil Engineering 

laboratory of Bayero University, Kano. 

 

Strength Tests; 

The soil- animal dung mixture for the specimens were prepared by thoroughly mixing predetermined quantities of 

the two samples of the air- dried lateritic soil and the various percentages of the dung until uniform colour was 

obtained. Thereafter, an amount of water necessary to give the required consistency was applied (5% by weight of 

the sample was applied after trail test) 

Soilcrete cubes of 100 x 100 x100mm mould were made for the erodibility, moisture absorption and compressive 

strength tests. A total of 72 test specimens were made for varying percentages of the additives and later demoulded 

after 24hours and cured in clean water for 28- day strength. The specimen tests were carried out in accordance with 

BS1377 (1990) and BS1924 (1990). However, the specimens for moisture absorption and erodibility tests were 

cured for seven days in clean water before their testing. 

 

4.0 TEST RESULTS AND DISCUSSION: 

 

4.1 Compaction Characteristics 

The compaction test results at the various percentages of donkey dung- lateritic soil mixture samples are presented 

in table 2. The effect of donkey dung on the maximum dry density (MDD) of the two lateritic soil samples using the 

WAS compactive effort is shown in Fig.3. Generally, the MDD decreases with increase in the percentage of animal 

dung for both samples. The decrease in MDD was due to the presence of large, low density aggregates particles of 

the donkey dung additives. 

  

4.2 Optimum Moisture Content; 

The variation of optimum moisture content (OMC) of the stabilized lateritic soil samples based on the interpretation 

of various moisture- density curves of specimens tested is as shown in Fig.4. The OMC decreases gradually from 

16.21 % to 15% as the percentage of the donkey dung increases from 0% to 15% in sample 1 (Farin Birji ) whereas 

in sample 2 (Jan Birji), it increases from 11.4 to 22.43 % as the percentage of the dung is increased.  

 As the donkey-dung additive content increases there is a greater inter-granular bonding due to densification of the 

soil grains with the donkey-dung particles. As this is done the void spaces decreases and the optimum moisture 

content reduces. This is true for the „Farin Birji‟ lateritic sample but for the „Jan Birji‟ sample the OMC increases 

with the increase in donkey-dung. This shows that the sample specimen absorp less moisture in its inter-granular 

bonding between the particles. 

 

4.3 Strength Characteristics; 

The results of the moisture absorption, erodibility, and compressive strength tests of the stabilized lateritic soil – 

donkey-dung specimens are as presented in tables 3, 4, 5 and figures 5, 6 and 7.  

Fig.5 shows that addition of donkey-dung increases the moisture absorption at initial period up to 5% dung mix for 

both samples, but later decreases progressively to minimum at 15% addition. The initial increases may not be 

unconnected with moisture needed to create the gelatinous substances that tend to envelop the specimen from further 

water absorption at higher percentages of addition.  

The formation of the gummy slurry by the diffusion of the main element of the dung, carbon and nitrogen, into the 

soil mixture in presence of water also acts as a protective cover to the specimen blocks during erodibility tests. The 

test shown in fig.6 showed that generally the resistances to water abrasion of the cube specimen were drastically 

increased with increase in the percentages of the donkey dung. It also showed that donkey-dung additions were 

found to have little deterioration on the cubes as compared to the control test samples, which is at 0% additives. 

 

Fig.7 shows that the compressive strength of the stabilized lateritic soil at 28-day age increases with increase in 

percentages of donkey-dung for both samples. This shows that donkey-dung additives have a remarkable strength 

improvement on both soil samples. It is also seen that both „Jan Birji‟ and „Farin Birji‟ soil samples showed a 

consistent increases in strength from 5- 15% addition of the donkey-dung. The figure also showed that compressive 

strength of soilcrete blocks of up to 1.52N/mm
2   

can be obtained using up to 15% of donkey dung as additives. This 

meets the specification of NBRRI (1987) minimum requirement for stabilized lateritic blocks.   
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5.0 CONCLUSIONS: 

    From the study conducted, the following conclusion can be deduced. 

1. The residual lateritic soil samples used in the study are classified as A-2-7 and A-2-6 or MI and SC soil 

(AASHTO: Standard 1986; ASTM: Annual 1992). 

2. The Donkey-dung waste can be use as additives in lateritic soil modification. 

3. Addition of 15% (by weight) of Donkey-dung in Soilcrete production will reduce substantially the dry 

Shrinkage which causes cracking in soilcrete walls in building. Generally the maximum dry density (MDD) 

decreases with increase in donkey-dung additives.   

4. Also the resistances to water abrasion /water absorption of lateritc soil samples were greatly increased /reduced 

with the addition of various percentages of donkey-dung mixture. 

5. Lateritic soil blocks treated with donkey-dung has higher compressive strength and better durability than 

ordinary lateritic blocks. Therefore donkey-dung could be use in the production of low-cost improved lateritic 

soil blocks in rural housing project. 

6. For best result in using donkey-dung as additives about 15% by weight of soil would be sufficient to attain 

significant changes in durability and strength when working with both lateritic samples. 

 

 

6.0 REFERENCES: 

1. AASHTO (1986): Standard Specification for Transportation Materials and Methods of Sampling and Testing, 

14
th

 Edition, American Association of State Highways and Transp. Officials, Washington, D.C. 
 

2. Anderson, L.L and Tillman, D.A. (1977): Fuel from Waste. Academic Press. New York, U.S.A. 
 

3. ASTM (1992): Annual Book of Standards, Vol. 04 No. 08. American Society for Testing and Materials, 

Philadelphia. 
 

4. Babagana, M. and Abubakar M.T. (2001): Agricultural Waste Disposal and Environmental Pollution in Sudano-

Sahelian Zone of Nigeria. 
 

5. BS 1377 (1990): Methods of Testing Soils for Civil Engineering Purposes. British Institute, London, United 

Kingdom. 
 

6. BS 1924 (1990): Methods of Test for Stabilized Soils. British Standards Institute, London United Kingdom. 
 

7. Durotoye, B. (1984): “Geomorphology and Quaternary Deposit of Nigeria” in Ola S.A edition of Tropical Soils 

of Nigeria in Engineering Practice. A.A Balkema, Rotterdam.PP1-16. 
 

8. Geoffrey, B and Lars, K. (1985): Agricultural Residues as Fuel in Third World. Fathsean Energy Information 

and Beijer Institute of the Royal Swedish Academy of Sciences. Technical Report No. 4, Washington, D.C. 
 

9. Kadara, S.R.(1999): Use of Rice Husk-Ash for the Production of Low- Cost Building Blocks, B. Eng Thesis, 

Bayero University, Kano, Unpublished. 
 

10. Kannan, N; Guruswamy, T and Kumar,V.(2003): Design, Development and Evolution of Biogas plant using 

donkey-dung and selected Biomaterials as Feedstock, journal of Idian Engineering Institute,Vol 84, No 17. 
 

11. Mutohar, A.S. (1997): Pemakian Abu Sekam Padi Untnk Stabilisasi Tanah Lempung.  Artikel Ilmiah, 

Claeyeron, Vol. 36 (ISSN 0216-2962), pp. 60-63. 
 

12. Ola, S.A. (1978): Geotechnical Properties and Behaviour of Some Stabilized Nigeria Lateritic Soils.Quaterly 

Journal of Engineering Geology 12, Pp145-160. 
 

13. Osinubi, K.J. and Katte, V.Y. (1997): “Effect of Elapsed Time after Mixing on Grain Size and Plasticity 

Characteristic‟‟ I:Soil-Lime Mixes, NSE Technical Transactions Vol. 32 No. 4. 
 

14. Osula, D.O.A. (1984): Cement Stabilization Using Lime as Admixture. M.Eng. Thesis, Civil Engineering Dept. 

Ahmadu Bello University, Zaria, Nigeria. 

 



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

O.A.U. Uche                                                           48 

 

 

Table 1: Test Results of the Natural Lateritic Soil Samples: 

 
PROPERTY Sample 1 

(FARIN BIRJI) 

Sample 2 

(JAN BIRJI) 

Natural moisture content, %             33.62            28.74 

Liquid Limit, %             30.36            22.50 

Plastic Limit, %              18.47           11.89 

Plastic Index, %              11.89           10.61 

Specific Gravity                2.69            2.63 

Liquidity Index                1.24           1.50 

%tage Passing BS No 200 Sieve               49.59           27.93 

USCS Classification               MI           SC 

AASHTO Classification             A:2:7         A:2:6 

 

 

Table 2: Results of Compaction Tests Using WAS on the Lateritic Soil Samples: 

 
Donkey-dung 

addition (%) 

Sample 1 

‘Farin Birji’ 

Sample 2 

‘Jan Birji’ 

 M.D.D(Mg/m3) O.M.C (%) M.D.D(Mg/m3) O.M.C (%) 

0 1.64 16.21 1.74 11.24 

2.5 1.61 15.82 1.69 11.69 

5 1.62 15.43 1.64 12.13 

7.5 1.58 16.00 1.57 16.27 

10 1.54 16.47 1.50 20.41 

12.5 1.50 15.74 1.49 21.42 

15 1.45 15.00 1.47 22.43 

 

 

Table 3: Result of Moisture Absorption of Various percentage addition of Donkey-dung on  

              latritic Soil Samples: 

 
Donkey-Dung Addition (%) Average Moisture Absorption (%) 

Sample 1 ‘Farin Birji’ Sample 2 ‘Jan Birji’ 

0 13.16 13.26 

2.5 14.20 13.63 

5.0 15.24 14.00 

7.5 14.42 12.91 

10.0 13.60 11.82 

12.5 12.74 10.82 

15.0 11.88 9.82 

 

 

Table 4: Result of Resistance to Water Erosion on the Lateritic Soilcretes Samples (Abrasion Test): 

 

Donkey-Dung Addition 

(%) 

                 Average Pitting (mm) 

Sample 1 „Farin Birji‟ Sample 2 „Jan Birji‟ 

0 18 45.67 

2.5 10.67 22.32 

5.0 3.33 4.30 

7.5 2.75 3.57 

10.0 2.17 2.83 

12.5 1.59 1.92 

15.0 1.00 1.00 
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Table 5: Results of Compressive Strength Test on Lateritic Soilcrete Samples: 

 

Donkey-Dung Addition (%) Average Compressive (N/MM
2
) 

Sample 1 ‘Farin Birji’ Sample 2 ‘Jan Birji’ 

0 1.10 0.96 

2.5 1.19 1.13 

5.0 1.28 1.30 

7.5 1.30 1.35 

10.0 1.32 1.40 

12.5 1.40 1.46 

15.0 1.52 1.51 
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FIG. 4: Variation in Optimum Moisture Content of Donkey-Dung Stabilized Lateritic Soil 
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FIG. 3 : Variation in Maximum Density of Donkey-Dung Stabilized Lateritic Soil                                      
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          FIG. 6 . 6:  Resistance to Water Erosion of Soilcrete Blocks Stabilized with Donkey-Dung 
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FIG.5: Variation in Moisture Absorption of Soilcrete Blocks Stabilized with Donkey-Dung 
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FIG.7: VARIATION OF COMPRESSIVE STRENGTH OF SOILCRETE BLOCKS STABILIZED WITH  
DONKEY_DUNGS 
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