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1 INTRODUCTION 
 
The Rwanda Institute for Conservation Agriculture 
(RICA) is under construction in Bugesera, Eastern 
Province, Rwanda. The Institute will be dedicated to 
training a new generation of agriculture leaders on 
conservation agriculture techniques that promote sus-
tainable food production. The Howard G. Buffett 
Foundation worked with the Government of Rwanda 
to develop the concept of RICA and provided the 
funding to build and operate it. MASS Design Group, 
a non-profit design collective, is responsible for ar-
chitectural and engineering design of the campus and 
for construction supervision.  
A large ground investigation was undertaken to pro-
vide design information for the project. The ground 
investigation was designed by Arup, and fieldworks 
were carried out by Foraky Africa Ltd. Laboratory 
testing was performed at IPRC in Huye, Rwanda. 

 
 

2 GROUND INVESTIGATION 

2.1 Site and Project Information 

The RICA site area is approximately 1300 hectares. 
The main part of the site occupies the north facing 
side slope of an east-west ridge which separates Lake 
Gaharwa to the south and Lake Kilimbi to the north. 

The slope dips at between 1.5 ° and 11 °, from ap-
proximately 1450 m elevation at the ridge crest to the 
lake shore at 1300 m.  

The site masterplan includes approximately 
20,000 m2 of new development, including buildings 
and associated infrastructure (access roads, water and 
wastewater treatment, solar power generation and 
stormwater drainage).  
The proposed structures are one to two storey; struc-
tural forms are predominantly earth construction in 
the form of Compressed Stabilised Earth Blocks 
(CSEBs) and rammed earth used for structural walls. 
Soils used in earth construction have been taken ex-
clusively from the site itself. The chosen foundation 
solution mainly adopts masonry strip footings with 
reinforced concrete grade beams to spread loads be-
low shear walls. 

2.2 Aims 

The aims of the ground investigation were to: 

- Characterise the ground and groundwater condi-

tions across the site, identifying site-wide and lo-

cal variations and any potential hazards; 

- Develop geotechnical parameters for design of 

foundations, retaining walls, roads and earth-

works; 
Determine soil infiltration characteristics for drainage 
design. 
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ABSTRACT: The Rwanda Institute for Conservation Agriculture (RICA) will be a flagship new agricultural 
institution in Bugesera, Rwanda, that will prepare future entrepreneurs with the technical and practical skills to 
create solutions for more sustainable food production in Rwanda. To facilitate the development, a detailed 
geotechnical investigation was carried out, including boreholes, trial pits and a variety of in situ and laboratory 
testing. The local geology comprises meta-sedimentary rocks including schists, phyllites and quartzites, weath-
ered to varying degrees and overlain by fine grained residual soils and coarser lateritic soils. One of the chal-
lenges facing geotechnical engineers working in Rwanda is the lack of published data on the engineering be-
haviour of the soils and rocks in the area. This paper presents a selection of results from the ground investigation, 
with the intention of increasing the published data available to engineers. The RICA ground investigation has 
also been used as the test dataset for a proposed publicly available database of geotechnical information. The 
paper provides a brief discussion of the database and its proposed use by engineers.  
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2.3 Fieldworks 

The fieldworks included: 

- 20 boreholes to depths between 10 and 30 m; 

- 9 standpipe piezometers for groundwater moni-

toring; 

- 15 hand dug trial pits, to a maximum depth of 

4 m; 

- 14 infiltration pit tests; 

- 27 Dynamic Cone Penetration Tests (DCPT) with 

light hammer. 
Boreholes were rotary cored using a wireline system, 
with double core barrel and water/polymer flush. PQ 
and HQ core barrel sizes were used, and PQ cores 
were observed to give much better recovery and core 
quality. SPTs were carried out at regular intervals in 
all boreholes and SPT samples were double bagged 
for moisture content testing. Intermittent core sub-
samples were taken on site and protected within a 
sealed tube. Disturbed samples were taken from all 
trial pits and infiltration pits for classification testing.  

Laboratory testing included moisture contents, At-
terberg Limits, sieve and hydrometer (Particle Size 
Distribution) testing, direct shear, Proctor and CBR 
testing for soils; and natural moisture content, poros-
ity and unconfined compressive strength (UCS) test-
ing for rocks. 

 
 

3 GROUND CHARACTERISATION 

3.1 Published information 

The geological map (Musée Royale de l’Afrique Cen-
tral 1980) shows the site to be underlain by meta-sed-
imentary rocks, including sandstones, mica schists, 
quartzites and quartz rocks. Close to the lake shore 
and along valleys, quaternary deposits including col-
luvium and alluvium are shown. Prior to the ground 
investigation, it was expected that ground conditions 
would comprise an upper zone of residual soil derived 
through tropical weathering, underlain by bedrocks of 
varying weathering grade. Close to the lake, more re-
cent lacustrine deposits were anticipated. 

3.2 Ground investigation findings 

3.2.1 Material types 
The main soil types encountered during the investiga-
tion are summarised here.  

Lake Deposits/Colluvium - dark brown clayey silts 
and silty clays with variable organic content. This ma-
terial was encountered at ground surface in the bore-
holes closest to the lake, and was found to be 2.5 to 4 
m thick. In trial pits, this material was easily dug by 
hand using a hoe. 

Residual Soil - yellow, red or brown sandy clayey 
silts or sandy silty clays, found in boreholes and trial 
pits across the site. It was typically encountered at 
ground surface, but in some cases the Residual Soil 

was overlain by or interbedded with the Coarse Lat-
eritic layer. The material was generally found to be 1 
to 2 m thick, but in one area of the site was encoun-
tered at 6 m thick. In trial pits, this material was dug 
by hand using a pick. 

Coarse Lateritic - laterite nodules, quartz and 
schist gravels with brown silt matrix. This material 
was encountered in boreholes and trial pits across the 
site, generally at, or close to, ground surface. It was 
typically found to be 1 to 4 m thick, but greater thick-
nesses up to 12 m were found in some locations. In 
one borehole close to the lake, a 12 m thick layer of 
Coarse Lateritic soil was found underlying 4 m of 
Lake Deposits/Colluvium. A number of hand dug 
trial pits terminated within this material between 1 
and 3 m depth, due to limited progress with picks and 
bars. 

Completely weathered schists, mica schists and 
phyllites, typically recovered from boreholes as silt or 
sand sized particles, sometimes lightly cemented. 
This material was found in all boreholes underlying 
the surface soils. Although typically recovered from 
boreholes in a fragile state, a number of hand dug trial 
pits refused within this material. 

Highly to moderately weathered schists, mica 
schists and phyllites. The depth at which this material 
was encountered in boreholes was highly variable, 
ranging from 4 to 18 m. Where highly to moderately 
weathered rock was encountered in boreholes, struc-
ture was observed in the form of thin bedding planes 
or foliations inclined at 45 to 60 degrees, and occa-
sional pre-existing fractures in the same orientation. 

3.2.2 Observations 
In general, weathering appeared more pronounced on 
the western part of the site. Greater depths of residual 
soil and laterised gravels were encountered; cores 
were less complete and there was greater difficulty 
achieving good recovery. Rock quality and core re-
covery appeared more consistent in the eastern part. 

In eight boreholes, a distinctive layer was identi-
fied within the completely weathered rock, at depths 
ranging from 4 to 20 m. This material was recovered 
from boreholes as grey, angular coarse gravels, and 
was typically 0.5 to 2 m thick. Both core recovery and 
SPT N values in this material were generally lower 
than in the surrounding materials (see Section 5.1). 
These “fractured zones” of non-intact material were 
found in lines of boreholes running roughly northwest 
to southeast across the site. Two hypotheses were de-
veloped for the origin of these zones. The first is that 
folding-induced fractures have preferentially weath-
ered, leading to zones of gravels mixed with finer par-
ticles which were washed out during drilling. The sec-
ond is that this layer represents the quartzite bands 
which were later observed within the weathered meta-
sedimentary rocks in excavation faces (see section 7). 
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3.2.3 Groundwater monitoring 
Groundwater levels were monitored in the nine stand-
pipe piezometers for up to three months after installa-
tion, which included one rainy season. Although 
some piezometers at higher elevations in 30 m bore-
holes were not deep enough to intersect the water ta-
ble, the available results suggest that the water table 
is low with a gentle rise away from the lake (approx-
imately 2 m elevation over 100 m horizontal dis-
tance). 

 
 

4 LABORATORY TESTING 

4.1 Soil classification 

A summary of soil particle size distributions to BS 
1377 (1990) is presented in Error! Reference source 

not found.. 
The fines fraction of the Coarse Lateritic soil was 

found to be non-plastic. In contrast, Atterberg Limit 
tests on the Residual Soil classify the material as a 
low to medium plasticity clay (see Casagrande plot, 
Error! Reference source not found.). 
The Completely Weathered rocks were found to be 
predominantly made up of fine to medium sand-sized 
particles. The fines fraction was non-plastic. It should 
be noted that when retrieved from the boreholes, sam-
ples were often at least partially intact, showing some 
degree of cementation remaining. 

 
Table 1. Particle size distribution summary (%) 

Soil type Gravel Sand Silt Clay 

Lake Deposits / 
Colluvium 

0 - 2 20 - 40 30 - 40 15 - 25 

Coarse Lateritic 20 - 40 30 - 50 7 - 15 < 2 
Residual Soil 0 - 20 20 - 50 20 - 40 5 - 20 
Completely 
weathered rocks 

- 40 - 90 10 - 25 - 

 

 
Figure 1. Casagrande plot, Residual Soil 

4.2 Rock strength and porosity 

UCS testing was carried out on 49 core sub-samples 
from all boreholes. Depending on the degree of 
weathering, between one and four suitable samples 
were tested from each borehole. UCS was found to 
range between 0.2 MPa (lower than Extremely Weak, 
as classified by BS 5930 (2015)) and 14.5 MPa 

(Weak), but more typically lay in the range of 1 to 5 
MPa (Very Weak). 
There was some indication of a general trend of in-
crease in UCS with depth, but there is considerable 
scatter in the results. In general, there were not 
enough tests within individual boreholes to clearly 
verify any trend. Core logging indicated that the 
Highly Weathered material is Extremely to Very 
Weak, and the Moderately Weathered material is 
Very Weak to Weak. 

Porosity was measured in the range 11 to 52 %, 
with most results between 13 and 30 %. There was no 
indication of any trend with depth. Some authors have 
published relationships indicating that UCS is in-
versely related to porosity (e.g. Agustawijaya 2007), 
investigating sandstones and shales) but no similar 
trend was observed in the RICA results. 

 
 

5 IN SITU TESTING 

5.1 Standard Penetration Testing 

SPT N values are presented in Table 2. Values are not 
corrected for overburden or energy ratio. Where re-
fusal occurred, the N value has been extrapolated 
from the blow count and penetration achieved. 

Plots of SPT N against depth below ground for se-
lected materials are presented in Figures 2 and 3. For 
the completely weathered and highly/moderately 
weathered units, it is not possible to differentiate 
weathering grade purely on the basis of SPT results, 
although they are helpful in conjunction with logs and 
visual observations. The completely weathered re-
sults show greater scatter, and the highly/moderately 
weathered results all plot towards the upper end of the 
range. The effect of the possible fractured zone (see 
3.2.2) on SPT N is shown in Figure 4. 

 
Table 2. SPT N results 

Material SPT N Notes 

Lake Deposits / Col-
luvium 

2 - 32 Clear trend of in-
creasing N with 
depth 

Residual Soil 10 - 136 More typically 35 
- 85 

Coarse Lateritic Soils 10 - > 300; 
more typically 
70 - 200 

Generally refus-
als. 
 
Results are highly 
scattered; some 
suggestion of in-
creasing N with 
depth 

Completely weath-
ered rock 

4 - 500; more 
typically 50 – 
190 

 

Highly to moderately 
weathered rock 

51 - 375  
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Figure 2. SPT N, Coarse Lateritic soils 

 

 
Figure 3. SPT N, Completely Weathered and Highly - Moderate-
ly Weathered schists, mica schists and phyllites 

 
Figure 3. Effect of “fractured zone” on SPT-N (BH05) 

5.2 Dynamic Cone Penetration Testing 

DCPTs were carried out at 27 locations across the 
site. The tests used a 10 kg hammer falling over 500 
mm, and cone area of 5 cm2. Refusal was taken as 
requiring more than 50 blows to advance the cone 10 
cm. 13 tests refused before a depth of 1 m, and the 
maximum refusal depth was 3.6 m. 

DCPTs are often used in Rwanda to calculate al-
lowable bearing capacity, using a variety of published 
correlations. At RICA, it was observed that many 
DCPTs refused on a surface or relatively shallow 
layer of Coarse Lateritic soil, which in many cases 
was underlain by weaker completely weathered 
schist. This was evident from the adjacent boreholes, 
where SPT N values were seen to reduce in the deeper 
layer. This demonstrates one of the problems with us-
ing DCPTs as a calculation rather than a profiling 
tool, since the results cannot show the effect of lower 
strength material at greater depth and can therefore 
lead to overestimation of bearing capacities. 

5.3 Infiltration testing 

The infiltration tests were carried out following the 
methodology of BRE 365 (Building Research Estab-
lishment (2003)), to study the infiltration characteris-
tic of the soils. The 14 soakaway pits of 1 x 1 m in 
plan and 1.5 m deep were filled with water and the 
water level drop was recorded at appropriate time in-
tervals. To minimize evaporation the pits were cov-
ered by plastic sheet. 
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5.4 Correlation of D10 and K 

Perhaps surprisingly, the ranges of measured infiltra-
tion rates were found to be fairly similar in the Resid-
ual Soil and Coarse Lateritic Soil, as shown in Error! 

Reference source not found.. 
The measured results have been compared to the 

values calculated using the Equation (1) developed by 
Hazen (Chapuis 2012) which correlates the hydraulic 
conductivity with D10 from grain size distribution 
data, as presented in Error! Reference source not 

found.. 

k (cm/sec) = cD10 (1) 

where c = a constant that varies from 1.0 to 1.5, and 
D10 is the effective particle size. 

The correlation appears to work reasonably well in 
the fine grained Residual Soil. However, for Coarse 
Lateritic soil the correlation appears less applicable, 
with an average difference of 10-2 cm/s from the 
measured results. This confirms the observations of 
Carrier (2003), that the constant c can be very varia-
ble for more granular soils. 

 
Table 3. Comparison of measured and calculated infiltration 
rates 

Soil type Range of measured 
infiltration rates 
(cm/s) 

Range of calcu-
lated infiltration 
rates (cm/s) 

Residual Soil 3 x 10-4 to 2 x 10-3 3 x 10-5 to 3 x 10-
3 

Coarse Later-
itic Soil 

6 x 10-4 to 9 x 10-3 5 x 10-3 to 6 x 10-
2 

 
 

6 DESIGN RECOMMENDATIONS 
 
Based on the results of the ground investigation, an 
allowable foundation bearing capacity of 150 kPa was 
recommended for all soil types other than Lake De-
posits / Colluvium and Residual Soil. It was recom-
mended that if either of these materials were found at 
the proposed founding level, they should be dug out 
and the foundations extended to more competent soil. 
It was not anticipated that this requirement would 
lead to significant additional excavation or material 
use. 

 
 

7 OBSERVATIONS DURING CONSTRUCTION 
 
During construction there has been some opportunity 
to observe the soils and rocks in situ where exposed 
in road cuttings and excavations for building plat-
forms. In general these exhibited a high degree of var-
iability over relatively short lateral distances. For ex-
ample, in one road cutting, weaker, rafts of more 
competent lateritic soil were found within the weaker 
fine grained Residual Soils. When excavating approx-
imately 4m to form a building platform, a clear dis-
tinction was found between Coarse Lateritic soil in 

the western half and schist of varying weathering 
grades in the eastern part of the cut. The schist varied 
from completely to moderately weathered, and con-
tained large quartz veins which were extremely diffi-
cult to excavate by hand. 

When excavating foundation trenches, pockets or 
channels of Lake Deposits / Colluvium and Residual 
Soil were found in some locations. These were re-
moved where encountered. As observed in the cut-
tings, it is possible that pockets of Residual Soil may 
be found below a layer of Coarse Laterite. However 
it is considered that the strip footing foundation solu-
tion is sufficiently robust to span any such areas 
which may have slightly lower bearing capacity, and 
to limit any potential for differential settlements to ac-
ceptable levels. 

 

 
Figure 5. Road cutting 

 
 

8 GROUND CONDITIONS DATABASE 
 
The RICA ground investigation has been used as the 
initial test dataset for a GIS-based ground conditions 
database. The aim is to develop a geographically 
searchable database which can be made publicly 
available, to assist developers and engineers with pre-
liminary site assessments, high level design decisions 
and ground investigation planning. 

In its present format the database contains the lo-
cation of investigation points, along with accessible 
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PDF versions of borehole and trial pit logs, and labor-
atory test data. In addition, it is possible to include 
published data such as geological mapping, and loca-
tions of known events such as landslides. The data-
base is currently hosted on MASS Design Group’s 
servers, but the ultimate aim is a web-based system. 

The authors would welcome collaboration with 
others who would like to contribute data or technical 
expertise to the initiative. 

 
 

9 CONCLUSION 
 
This paper has presented a selection of findings from 
the ground investigation carried out at the RICA cam-
pus in Bugesera, Rwanda. Key findings include 
presentation of particle size distributions and plastic-
ity data for soils and weathered meta-sedimentary 
rocks, SPT-N results, and soil infiltration rates. It is 
hoped that this data can form a small contribution to 
the publicly available information on the region’s 
soils.  

The paper also describes an initial attempt to de-
velop a geographically searchable database of ge-
otechnical information, for use by engineers and de-
velopers. It is considered that if the database is further 
developed and populated, it can provide a useful tool 
in the early design stages and when assessing ground 
based risks to future projects. 
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