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1. Introduction 
 

Rankin Engineering Consultants was contracted by the United Nations Development Programme 

(UNDP) 18th August 2016 to carry out geo-technical investigations at the proposed sites for Mongu, 

Choma, Mansa, Mpika and Chipata Medical Stores Limited’s Regional Warehouse Hubs. This report 

presents the findings based on the tests carried out in the field and laboratory testing. 

Field testing included test pit, DPSH and SPT’s. 

Laboratory testing of samples included Sieve Analysis, Atterberg Limits, Moisture Content, MDD and 

CBR.  

Field investigation was carried out over the period of 7th to 15th September 2016. 

The map of the investigation area is included in Appendix A. 

 

2. Technical Standards 
 

The following technical standards were applied to this project: 

BS EN 1997-2:2007 Geotechnical Design – Ground Investigation and testing 

BS 1377-9:1990 Methods of test for Soils for Civil Engineering Purposes – In-situ tests 

SANS 3001-GR1: 2013 Wet preparation and particle size analysis 

BS 1377-2: 1990 Tests 1.2, 1.3 and 1.4 Liquid Limit, Plastic Limit & Plasticity Index, Linear Shrinkage 

SANS 3001-GR30: 2013 Determination of the maximum dry density and optimum moisture content 

SANS 3001-GR40: 2013 Determination of the California bearing ratio 

BS 1377-2: 1990 Moisture Content 
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3. General Description of Project Area  
 

The investigated area is rural, dominated by grass vegetation, with some small vegetable farms de-
veloped. 

The whole area is covered by moist reddish brown soft sandy clay in the upper layers and moist light 

reddish brown soft to firm gravelly sandy clay at depth.  

4. Geology 
 

The geology of the Mpika is of Precambrian in age. The geological succession shown in three main 

lithological units: quartzites and sandstones of the Kibaran System mainly occurring in the north-

west but also dominating the Mpika-lsoka Ridge Land Region; granite in a central zone north-east to 

south-west but also surrounding the Luangwa Valley in the extreme east; and the shales, siltstones, 

mudstones and sandstones of the Kundelungu System, which is found both along the Luapula Valley 

where it is known as the Luapula Beds and in the south-east of the Chambesi-Bangweulu Plain Land 

Region where it is called the Luitikila Beds. Zambia was subjected to at least two periods of granitic 

intrusion (Reeve, 1963); the granite found in the project area, however, seems to belong to the older 

intrusion. Apart from some very small and scattered basic outcrops, igneous rocks can also be found 

surrounding the Kibaran System in the north-west of the project area, as an intermittent volcanic or 

hypabyssal suite. The geological map of the project area (Figure 1) is based on a revision of the 1:1 

000 000 Geological Map of Zambia published by the Geological Survey of Zambia (formerly Northern 

Rhodesia) in 1960. North of Mpika, there is a basaltic mesa and further basaltic outcrops found to 

the south-west of this mesa, which give rise to smectoid (or more active) clays. The folded rocks of 

the Kibaran System attain their maximal width north of Mpika where 'the quartzite formations are 

repeated six or seven times from north-west to south-east by major folds' (Marten, 1968a). The fold-

ing decreases in width north-east and south-west from this area. 1 

 

                                                           
1 Land Resources of the Northern and Luapula Provinces, Zambia reconnaissance assessment. Volume 4 The 

biophysical environment. 
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Figure 1: Map of Mpika Terrane 

 

5. Methodology 

 

The field work comprised a combination of soil profiling using undisturbed methods to extract sam-

ples of the soil to 5.0 metres depth where conditions allowed, combined with In-situ testing using 

Standard Penetration Test (SPT) ‘down the hole’ at every 1m level. Laboratory testing was done to 

classify the soil types encountered and to determine their engineering characteristics. Test pitting 

was also carried out on one point.  

6. Results of field work 
 

6.1 SPT 
 

A total of 4 SPT tests were carried out at the test locations as shown on the map in Appendix A. The 

SPT test was performed using a split cone, with a 150mm seating blow. This test is used to directly 

determine the allowable bearing capacity under in-situ conditions. The number of blows required to 

advance the cone through the final 300mm of a 450mm test range is reported as the ‘N’ value.  The 

SPT test records are included in Appendix B. A summary and interpretation is given in Table 1. 

The allowable bearing capacity is a function of the foundation size and depth. Without knowing the-

se in advance, an approximation of bearing capacity for various widths at the top of the excavation 

has been used. 
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It should be borne in mind that conditions at the time of testing may not be the worst condition that 

can be experienced over the life of the foundation, particularly with respect to saturated conditions 

in soils which are highly susceptible to softening under moisture. Reference should therefore also be 

made to soil classification results. 

 

6.1.1 Analysis of SPT results 
 

The SPT values recorded were processed using relationships developed by Bowles based on Meyer-

hof relationships. Calculated values for the site are given in the table below. 

 

 

Table 1: Bearing Capacity based on SPT N Values 

The results indicate that on Mpika site, an allowable bearing capacity of 100kPa at a minimum 

founding depth of 2.0 metres below the ground surface may be appropriate. 
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At the site, the materials in the proposed founding layer are moist reddish brown yellowish gravelly 

sand-clay mixture. The soil matrix itself appears firm. 

As the field testing was done during the dry season, it is anticipated that lower results would have 

been achieved during the rainy season. Reference is therefore made to the laboratory results. 

 

 

6.2 Trial Pits  
 

A total of 1 Trial Pits tests were carried out at the test locations as shown on the map in Appendix A.  

Conditions on site allowed excavation as deep as 3.0m due to presence of moist reddish brown yel-

lowish gravelly sand-clay mixture.  

The soil profiles (Appendix C) in trial pit revealed that the whole area is covered by moist reddish 

brown sandy clay in the upper layers. 
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7. Results of laboratory testing 
 

Laboratory testing was used to classify materials and to corroborate the results of the SPT testing. 

The tests included Sieve Analysis, Atterberg Limits, Moisture Content, MDD and CBR. 

A total of 4 undisturbed samples from the SPT borings were obtained for testing.  

Soils were cohesive with low plasticity and moisture contents ranging from 13.4% to 19.7%. The ma-

terials exhibit low shrinkage. The CBR of the material was 81%.  

  

The actual lab test results are presented in Appendices D to H. 
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Table 2: Laboratory test summary 
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8. Conclusions 
 

From the investigation carried out, the following conclusions can be drawn: 

 

 An allowable bearing capacity of 100kPa would be the maximum recommended. 

 The soil at this site is mostly moist reddish brown soft sandy clay in the upper layers and 
moist light reddish brown soft to firm gravelly sandy clay at depth with occurrence of sand-
stone and quartz fragments in depth of 3.0-3.5m. 

 SPT’N’ Values reveal that soil stratum is soft to firm from ground level up to investigated 
depth. 

 Groundwater was not encountered within the boreholes up to 5.0m depth during investiga-
tion. 

 A minimum foundation depth of 2.0m is proposed.  

 In-situ materials can be used as fill and as road pavement layers. Compacted to 95% MDD, a 
CBR of at least 80 is expected. 

 All foundations for a single structure should be placed in the same strata and therefore 
should be at the same level. 
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Appendix B – SPT test records 
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Appendix C – SPT and Test Pits Logging 
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Figure 2: SPT Logging 
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Figure 3: Test Pits Logging 
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Appendix D - Sieve Analysis Results 
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Appendix F – Moisture Content Results 
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Appendix G – MDD Test Results 
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Appendix H – CBR Test Results 
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