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INTRODUCTION 

1.1 General 

Matsuda International Consultant contacted Malawi Polytechnic, Civil Engineering 

Department to conduct geotechnical investigations and recommend appropriate bearing 

capacity of structures on various sites in Malawi, namely; Mkwichi CDSS in Lilongwe 

District, Matenje CDSS in Salima District, Liwaladzi CDSS in Nkhotakota, Mpamba CDSS 

in Nkhata-Bay and Edingeni, Ezondweni and Zolozolo CDSS in Mzimba district.  

 

Site reconnaissance, insitu testing  and soil sampling for all the sites were carried out from 

24th March 2011 to 31st March 2011. Laboratory testing proceeded immediately at the 

Malawi Polytechnic Laboratory in Blantyre.  

 

1.2 Project Description 

It is our understanding that the project involves the construction of new standard classroom 

blocks, laboratory blocks and staff houses in the selected CDSSs. From our knowledge of 

schools structures in Malawi it is our understanding that the structures to be built will be 

ground level structures with no storeys and that the structures will be mainly load bearing 

walls resting on standard mass concrete  strip footings.   

 

1.3 Objectives of the Soil Investigation 

The purpose of the geotechnical exploration exercise was to: 

1. To determine the subsoil conditions under the proposed sites for the construction of 

tanks. 

2. To determine the engineering properties of the subsoil. 

3. To comment on the type of foundation to be adopted. 

4. To assess the bearing capacity of the soil in line with standard strip footings of width 

690mm.
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2 Soil Sampling and Testing 

In all there were eight sites. In all the sites, trial pits were dug in order to reveal the soil 

profile, carry out insitu tests and get samples for laboratory testing. Location for trial pits 

were agreed with Matsuda Consultants. The trial pits were approximately two metres deep. 

Insitu tests carried out, were Water Penetration test (WPT) and Dynamic Cone Penetration 

Test (DCP). The soil samples recovered from the trial pits were taken to the Polytechnic 

laboratory, and examined to confirm the field descriptions. Representative samples were then 

selected for classification tests (plasticity and grading test) and compaction test. Where 

possible undisturbed samples for triaxial testing were collected. 

 

 

2.1 Mkwichi CDSS 

Six trial pits for sample collection and testing were dug at and around Mkwichi CDSS. In 

addition three more pits were dug for Water penetration test. Furthermore 50 points were 

selected for DCP testing.   

Observations on trial pits at 2m depth and classification tests  indicated that the soils were 

basically dark brown firm sandy clays with traces of gravel size materials but nevertheless 

some pits, pit 4 and 5 showed the presence of a decomposed light grey rock which was 

difficult to cultivate.  

From the triaxial test, the worst case scenario was observed on Pit no. 6 which gave an angle 

of friction of 11.6 degrees and cohesion intercept of 63kN/m2.  Using Terzaghis Ultimate 

bearing capacity equation and assuming a 1m deep foundation and 690mm wide strip footing, 

the ultimate bearing capacity of the soil is 622kN/m2.  Applying a Factor of safety of two 

the safe bearing capacity is 311kN/m2. 

From the DCP test it was observed that most areas had a Penetration index  of more than 

20mm/blow (approx CBR of 10). This indicates that basically the surface at Mkwichi CDSS 

is weak , foundations need to be placed at a depth of more than 1.5m to reach firm ground 

which has been evidenced by observations and triaxial test results on samples from trial pits. 

The water penetration results gave an average percolation value of 3.55mm/min which is 

quite good for soakaways. 

 

2.2 Edingeni CDSS  

Six trial pits for sample collection and testing were dug at and around Edingeni CDSS. 

Water penetration test failed because the pits could not hold water, i.e the permeability was 

high. 60 points were selected for DCP testing.   
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Observations on trial pits at 2m depth and classification tests  indicated that the soils were 

basically dark red firm clayey sand soils. Only pit 5 shows a presence of a slightly 

decomposed rock at 2m depth.  

From the triaxial test, the worst case scenario was observed on Pit no. 4 which gave an angle 

of friction of 10.4 degrees and cohesion intercept of 55kN/m2.  Using Terzaghis Ultimate 

bearing capacity equation and assuming a 1m deep foundation and 690mm wide strip footing, 

the ultimate bearing capacity of the soil is 526kN/m2.  Applying a Factor of safety of two 

the safe bearing capacity is 263kN/m2. 

From the DCP test it was observed that most areas had a Penetration index  of more than 

20mm/blow (approx CBR of 10). This indicates that basically the surface at Edingeni CDSS 

is weak , foundations need to be placed at a depth of more than 1.5m to reach firm ground 

which has been evidenced by observations and triaxial test results from trial pits. 

 

2.3 Ezondweni CDSS 

Six trial pits for sample collection and testing were dug at and around Mkwichi CDSS. In 

addition three more pits were dug for Water penetration test. Furthermore 50 points were 

selected for DCP testing.   

Observations on trial pits at 2m depth and classification tests  indicated that the soils were 

basically dark brown firm  clays of high plasticity with traces of sand size.  

From the triaxial test, the worst case scenario was observed on Pit no. 5 which gave an angle 

of friction of 11.3 degrees and cohesion intercept of 54kN/m2.  Using Terzaghis Ultimate 

bearing capacity equation and assuming a 1m deep foundation and 690mm wide strip footing, 

the ultimate bearing capacity of the soil is 540kN/m2.  Applying a Factor of safety of two 

the safe bearing capacity is 270kN/m2. 

From the DCP test it was observed that most areas had a Penetration index  of more than 

20mm/blow (approx CBR of 10). This indicates that basically the surface at Ezondweni 

CDSS is weak , foundations need to be placed at a depth of more than 1.5m to reach firm 

ground which has been evidenced by observations and triaxial test results on samples from 

trial pits. 

The water penetration results gave an average percolation value of 2.25mm/min which is 

adequate for soakaways. 

 

2.4 Zolozolo CDSS 

Six trial pits for sample collection and testing were dug at and around Zolozolo CDSS. 

Water penetration test failed because the pits could not hold water, i.e. the permeability was 

high. 50 points were selected for DCP testing.   
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Observations on trial pits at 2m depth and classification tests indicated that the soils were 

basically light grey loose sands with occasional silt size particles. The soils were basically 

non-plastic.  

Triaxial test was not carried out because of the nature of the soil. From observation and 

literature, a safe bearing capacity of 100kN/m2 can be adopted for 690mm footing. 

Nevertheless the foundation trench should be treated by putting a well compacted gravel 

layer of at least 200mm thick before placing the foundation concrete. The gravel layer should 

be compacted to at least 95%MDD. 

 

2.5 Mpamba CDSS 

 Six trial pits for sample collection and testing were dug at and around Mpamba CDSS. In 

addition three more pits were dug for Water penetration test. Furthermore 60 points were 

selected for DCP testing.   

Observations on trial pits at 2m depth and classification tests indicated that the soils were 

basically reddish  loose sandy silt soils. The soils were basically very plastic.  

Triaxial test was not carried out because of the nature of the soil. From observation and 

literature, a safe bearing capacity of 100kN/m2 can be adopted for 690mm footing. 

Nevertheless the foundation trench should be treated by putting a well compacted gravel 

layer of at least 200mm thick before placing the foundation concrete. The gravel layer should 

be compacted to at least 95%MDD.    

The water penetration results gave an average percolation value of 1.23mm/min which is 

quite low indicating that the soils are of low permeability. 

 

2.6 Liwaladzi CDSS 

Six trial pits for sample collection and testing were dug at and around Liwaladzi CDSS. 

Water Penetration test was not possible because the area was basically water logged. 

Furthermore 50 points were selected for DCP testing.   

Observations on trial pits at 2m depth and classification tests  indicated that the soils were 

basically dark brown firm  clays of high plasticity with traces of sand size.  

From the triaxial test, the worst case scenario was observed on Pit no. 5 which gave an angle 

of friction of 9.5 degrees and cohesion intercept of 33kN/m2.  Using Terzaghis Ultimate 

bearing capacity equation and assuming a 1m deep foundation and 690mm wide strip footing, 

the ultimate bearing capacity of the soil is 310kN/m2.  Applying a Factor of safety of two 

the safe bearing capacity is 155kN/m2. 

From the DCP test it was observed that most areas had a Penetration index  of more than 

20mm/blow (approx CBR of 10). This indicates that basically the surface at Liwaladzi CDSS 
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is weak , foundations need to be placed at a depth of more than 1.5m to reach firm ground 

which has been evidenced by observations and triaxial test results on samples from trial pits. 

 

2.7 Matenje CDSS 

Six trial pits for sample collection and testing were dug at and aroundMatenje CDSS. Water 

Penetration test was carried out on three pits. Furthermore 50 points were selected for DCP 

testing.   

Observations on trial pits at 2m depth and classification tests indicated that the soils were 

basically dark brown firm clays of high plasticity with traces of sand size.  

From the triaxial test, the worst case scenario was observed on Pit no. 5 which gave an angle 

of friction of 14.6 degrees and cohesion intercept of 57kN/m2.  Using Terzaghis Ultimate 

bearing capacity equation and assuming a 1m deep foundation and 690mm wide strip footing, 

the ultimate bearing capacity of the soil is 648kN/m2.  Applying a Factor of safety of two 

the safe bearing capacity is 324kN/m2. 

From the DCP test it was observed that not many areas had a Penetration index  of more 

than 20mm/blow (approx CBR of 10). This indicates that basically the surface at Liwaladzi 

CDSS is stable for normal strip footing. 

The water penetration results gave an average percolation value of 3.8mm/min which is 

adequate for soakaways.  
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3  RECOMMENDATIONS 

 

The soil conditions at the proposed CDSS are adequate for Mkwichi CDSS, Edingeni CDSS, 

Ezondweni CDSS, Liwaladzi CDSS and Matenje CDSS (safe bearing capacity for a strip footing of 

690mm greater than 150kN/m2). For Zolozolo CDSS and Mpamba CDSS the foundation trench should 

be treated by laying at least a 200mm layer of well compacted gravel to 95% MDD.  

 

4 References 

1. Soil mechanics by R.F. Graig 

2. Elements of Soil mechanics by G.N. Smith 

 

 

Appendices 

1. Site Location 

2. Summary report on Geotechnical Investigation 

3. Triaxial Test Results 

4. DCP Test results 
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Appendices 

1. Site Location
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Appendices 

2. Summary report on Geotechnical Investigation 
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Appendices 

3. Triaxial Test Results 
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Appendices 

4. DCP Test results 
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6-3 Borehole Investigation Reports (Abstract) 

1. Matenge CDSS 

 

 

Figure-1 Matenge CDSS Borehole Structure 
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Figure-2 Matenje CDSS(No.1) Step Drawdown Test 
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Figure-3 Matenje CDSS(No.1) Constant Discharge Test 
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Figure-4 Matenje CDSS(No.1) Water Level Recovery Test 
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Table-1 Matenje CDSS(No.1)Water Quality Test 

 
Table-2 Matenje CDSS(No.1)Water Quality Test (2nd) 
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1. Matenje CDSS Drilling Rig at Drilling Site  

(Matenje No.1) 

2. Matenje CDSS Drilled Geological Samples each 1m 

(Matenje No.1) 

3. Matenje Town near Matanje CDSS 

              (September 2011) 
4. Matenje CDSS Test Drilling No.1 

5. Matenje CDSS  

(Matenje No.1  drilled 30m & under Development) 

6. Matenje CDSS  

(Matenje No.1  Pumping Test) 

 

 

Figure-5 Matenje CDSS(No.1) Photo(2011. Sep) 
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2. Liwaladzi CDSS 

 

 

 

Figure-6 Liwaladzi CDSS (No.1) Borehole Structure 
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Figure-7 Liwaladzi CDSS (No.1) Step Drawdown Test 
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Figure-8 Liwaladzi CDSS (No.1) Constant Discharge Test 
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Figure-9 Liwaladzi CDSS (No.1) Water Level Recovery Test 
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Table-3 Liwaladzi CDSS (No.1) Water Quality Test 

 

 

Table-4 Liwaladzi CDSS (No.1)  Water Quality Test(2nd) 
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1. Liwaladzi CDSS Drilling Point  

(Matenje No.1 together with Head Teacher) 

2. Liwaladzi CDSS Drilled by Mud Surculation 

Method (Lilawadzi No.1) 

  

3. Liwaladzi No.1  installed Screen & Casing 

              (September 2011) 
4. Liwaladzi No.1  Pumping Test (September 2011)

  

5. Liwaladzi CDSS , Liwaladzi No.1  

( Village Family taking Water from Pumping Test) 

6. Liwaladzi CDSS, Liwaladzi No.1  

(Water Quality Sampling from Lilongwe Laboratory, 

Ministry of Agriculture, Irrigation and Water Development) 

 

 

Figure-10 Liwaladzi CDSS (No.1) Photo 
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3. Ezondweni CDSS 

 

 

 

Figure-11 Ezondweni CDSS (No.1) Borehole Structure 
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 Figure-12 Ezondweni CDSS (No.2) Borehole Structure 
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Figure-13   Ezondweni CDSS (No.2) Step Drawdown Test 
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Figure-14 Ezondweni CDSS (No.2) Constant Discharge Test 
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Figure-15 Ezondweni CDSS (No.2) Water Level Recovery Test 

 



A97 

Table-5 Ezondweni CDSS (No.2) Water Quality Test 

  

Table-6 Ezondweni CDSS (No.2)  Water Quality Test(2nd) 

 

Table-7 Ezondweni CDSS (No.2)  Water Quality Test(3rd) 
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1. Ezondweni CDSS  Test Drilling  

(Ezondweni  No.1  Unsuccessful Dryhole) 

2. Ezondweni CDSS Drilled Ezondweni No.2  

(Groundwater hit at 36m in depth) 

3. Ezondweni No.2   

Down The Hammer (DTH) Drilling Method   

(Success No.2,   September 2011) 

4. Ezondweni No.2  Pumping Test  

(Village Family taking Water from Pumping Test) 

5. Ezondweni CDSS , Ezondweni No.2  

Water Quality Sampling from Mzuzu Laboratory,

Ministry of Agriculture, Irrigation & Water 

Development) 

6. Ezondweni No.2  Water Guard for New Borehole and 

Closed ( September 2011) 

 

Figure-16   Ezondweni CDSS (No.1＆No.2) Photo(2011. Sep) 
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4. Mpamba CDSS 

   

 

 

Figure-17 Mpamba CDSS (No.1) Borehole Structure
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Table-8 Mpamba CDSS (No.1) Water Quality Test 
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Drilling at site (Mpamba site 1) Mud circulation drilling – drill to 60m 

  

Start of borehole development Borehole development in progress 

  

Interim yield test before test pumping Clean developed well 

 

Figure-18  Mpamba CDSS (No.1) Photo (2011. Nov) 
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