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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 24th to 27th August 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 located in Multi Facility Economical Zone (MFEZ) Chipata along Chadiza 
Road. It is rural, dominated by grass vegetation, with some small vegetable farms developed. 

The whole area is covered by moist brown loose to medium dense clayey sand in the upper layers 

and moist dark brown loose to dense gravelly clayey sand with iron oxides at depth.  

4. Geology 
 

The geology of the Chipata Terrane is by far the most distinct and lithologically complex of all the 

terranes. It consists predominantly of variably retrogressed mafic, felsic and pelitic granulite, with 

subordinate hornblende-biotite gneiss, variably deformed granitoid and undeformed syenite. Hyper-

sthene-bearing granitoids (charnockites) with abundant garnet-pyroxene-bearing mafic boudins 

predominate, while garnet- and cordierite-bearing pelitic granulites indicate that these lithologies 

underwent high-temperature/moderate-pressure tectonometamorphism [Schenk and Appel, 

2001, 2002].  

Metamorphic monazite from pelitic granulite in the Chipata Terrane (unknown locality) has been 

dated at circa 1046 Ma [Schenk and Appel, 2001, 2002]. In places, the granulites are crosscut and 

retrogressed along high-strain amphibolite-facies shear zones. The contact zones between the gran-

ulite and lower-grade hornblende and biotite gneisses are not exposed and the relationship between 

them is unclear. In general the lower-grade gneisses were derived from highly deformed K-feldspar-

bearing porphyritic augen granite, but in places it is clear that some of the gneisses have a sedimen-

tary parentage. The augen gneisses are locally intruded by decimeter-scale, undeformed amphibolite 

dikes and coarse-grained, syenite. There is evidence for magma mingling between the mafic and sy-

enitic melts indicating that they were intruded contemporaneously. Limited geochemical data indi-

cate that the augen gneisses are calc-alkaline whereas the mafic amphibolites suggest formation in a 

continental extensional setting [Tembo et al., 2002; Mapani et al., submitted manuscript, 2006]. Oc-

casionally there are isolated outcrops of undeformed K-feldspar-bearing porphyritic granite and gar-

net-bearing pelitic migmatite but their relation to the surrounding granulite/gneiss and timing of 

intrusion/migmatization are not known. 1 

 

                                                           
1 U-Pb sensitive high-resolution ion microprobe (SHRIMP) zircon geochronology of granitoid rocks in eastern 

Zambia: Terrane subdivision of the Mesoproterozoic Southern Irumide Belt. S. P. Johnson, B. De Waele, K. A. 

Liyungu 
 

http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0034
http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0034
http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0035
http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0034
http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0035
http://onlinelibrary.wiley.com/doi/10.1029/2006TC001977/full#tect1866-bib-0038
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Figure 1: Map of Chipata 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. 

 

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. 
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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 Chipata site, an allowable bearing capacity of 155kPa at a minimum 

founding depth of 2.0 metres below the ground surface may be appropriate. 

At the site, the materials in the proposed founding layer are moist brown clayey sand. The soil ma-

trix itself appears loose to medium dense. 

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. 
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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 very dense gravelly clayey 

sand.  

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

loose to medium dense clayey sand in the upper layers. 

 

 

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 non-cohesive with low plasticity and moisture contents ranging from 6.4% to 7.4%. Bulk 

Unit weight was not possible to measure, as conditions did not allow obtaining a representative 

sample. The materials exhibit low shrinkage. The CBR of the material was 30%.  

  

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 155kPa would be the maximum recommended. 

 The soil at this site is mostly moist brown loose to medium dense clayey sand in the upper 
layers and moist dark brown loose to dense gravelly clayey sand with iron oxides at depth. 

 SPT’N’ Values reveal that soil stratum is loose to medium dense from ground level up to 
2.7m and dense 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 30 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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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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