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1. INTRODUCTION

Terraconsult was retained by National Housing Corporationto carry out a detailed geotechnical investigation

and provide design advice for Proposed Bondeni Estate on Lr No. 451/881- F/R No. 75/10 Nakuru.

Engineers Wilfred Makutha and G. Limungi provided all communication on the proposed scope of the

subsurface investigation.

This report presents the findings of geotechnical survey carried out at the proposed project site. It primarily

contains results from field borehole drilling, insitu tests and laboratory tests. It also includes analysis of the

test results, field observations and presentation of factual geotechnical findings.

All the fieldwork was carried out according to BS 5930: 2015 (code of practice for site investigations).

Laboratory tests were done as stipulated in the British Standards (BS 1377); the American Society for

Testing Materials (ASTM) designated D 2938-79 and D 2845-00. Design recommendations are in adherence

to the Manual for the Geotechnical Design of Structures to Euro code 7(2013) and BS 8004.

2. SITE AND PROJECT DESCRIPTION

The subject property is located on Moi Road, Nakuru. A topographic map of the area is subsequently

appended as Figure 1. According to GPS data, the project site is at an elevation of approximately 1804m

above sea level. The project entailed rotary drilling of geotechnical boreholes to obtain core samples for

analysis.

3. FIELD AND LABORATORY PROCEDURE

The fieldwork for this investigation was conducted from 22nd to 24th March 2019. It consisted of drilling and

sampling three (3) exploratory boreholes to a maximum depth of 25m below existing grade. The drilling

equipment consisted of a rotary drilling rig (GY-150) equipped with conventional soil sampling and testing

tools. The supervising technician logged the borings and examined the samples as they were obtained. The

samples were properly identified by visual inspection, catalogued in wooden core boxes/sealed sample

containers and transferred to the laboratory for testing. A geotechnical engineer later reviewed the samples

for consistency of description. The photographs of the samples are presented in Appendix B of this report.

Water level measurements were conducted in the open borehole upon completion of drilling. The water was

allowed to equilibrate for about 30 minutes before taking the final measurement. The final water rest level is

recorded in the borehole logs (Appendix A). It should be noted that the ground water conditions reported

above may not necessarily represent stabilized conditions or conditions expected during construction. In

addition, assistive drilling water contributes to the level observed in boreholes.
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The recovered intact core samples, representative samples from the anticipated foundation depths and the

zone of influence of the foundation loadings, were soaked in water for four (4) days to achieve saturation,

trimmed to specifications before point load tests (PLT) tests were carried out. The test results are appended

to this report. They include computed bearing capacity values from rock cores irrespective of any settlement

obtained by use of R. E. Goodman’s Formula (Goodman, R.E., 1989) and are applicable at the respective

depths indicated.

4. SUBSURFACE CONDITIONS

The borehole elevations and coordinates are provided relative to geodetic datum. The datum for all heights

in Kenya is the mean sea level referred to a tide gauge at Kilindini harbour in Mombasa. The horizontal

coordinates are reported relative to the Universal Transverse Mercator geographic coordinate system (UTM

WGS84). The boreholes were surveyed for horizontal coordinates and geodetic elevations with a hand-held

Garmin navigator connected to the Global Navigation Satellite System.

The subsurface soil, rock and ground water conditions encountered in the boreholes are presented on the

attached Log of Borehole sheets. The stratigraphic boundaries indicated on the Log of Borehole sheets are

inferred from non-continuous samples and observations of drilling resistance and typically represent a

transition from one soil or rock type to another. These boundaries should not be interpreted to represent

exact planes of geological change. The subsurface conditions have been confirmed in a series of widely

spaced boreholes, and will vary between and beyond the borehole locations. The discussion has been

simplified in terms of the major soil and rock strata for the purposes of geotechnical design.

4.1 Stratigraphy

The following stratigraphy is based on the borehole findings, as well as the geotechnical laboratory testing

conducted on selected representative soil samples.

All boreholes encountered a surficial layer of dark grey, fine grained,  moist, loose, non plastic volcanic ash

which range in thickness from about 3.0m to 4.0m below existing grade (Elev. 1801.0 ± m to 1800.0 ± m).

These volcanic ash layers are underlain by pale brown, fine grained, moderately soft, highly weathered to

decomposed tuff. These tuff layers are intercalated with volcaniclastics at various depths in all boreholes.

The tuff layers extend to the final depth of the investigation.
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4.2 Ground Water

The stabilized ground water table was reported at about 8m below grade.

Borehole Depth of Boring Ground Water Table (m)

After drilling

Bh 101 25 8.190

Bh 102 25 8.180

Bh 103 25 8.100

Table A1 Ground water table levels

It should be noted that the ground water levels may fluctuate seasonally depending on the amount of

precipitation   and surface runoff. The depth of unsterilized ground water and caving were measured in each

of Boreholes after the drilling work was completed.

4.3 Geotechnical Laboratory Test Results
4.3.1 Native Soil

The geotechnical laboratory testing consisted of sieve and hydrometer analysis and Atterberg Limits tests on

selected soil samples. A summary of the results of the samples analyzed is presented below.

Test Samples Results

Sieve and hydrometer

analysis and Atterberg

limits

Bh 101(3.0-4.5)m Completely decomposed tuff, non-plastic

Bh 102 (2.0-4.0)m Volcanic  ash, non-plastic

Bh 103(0.0-1.5)m Volcanic  ash, non-plastic

Table A2 Summary of Soils Tests

4.3.2 Tuffs

The test carried out for tuffs was point load tests (PLT).

5. DISCUSSION AND RECOMMENDATIONS

The following are based on the factual data obtained from this investigation and are intended for use of

National Housing Corporation and their consultants. Contractors bidding or providing services on this

project should review the factual data and determine their own conclusions regarding construction methods

and scheduling. This report is provided based on these terms of reference and on the assumption that the

design features relevant to the geotechnical analysis will be in accordance with applicable codes, standards

and guidelines of practice.
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5.1 Foundations

5.1.1 Foundation on Native Soil

Laboratory results are subsequently appended in the report. Atterberg's limits portray the soils as non-

plasticity. The Standard Penetration test results ('N' Values) obtained weathered/disturbed soil zone varied

from about 6 to 19 blows per 300 mm of penetration indicating a firm to very stiff consistency at a depth of

2 to 8 m. The allowable safe bearing capacity of the volcanic ash is 50 kN/m2 based on the SPT values.

If the foundation will be founded between depths of 4.0m to 6.0m, then using the foundation dimensions

(width, B, and length, L) and the foundation depth, Df, the ultimate bearing capacity, , for various footing

shapes can be calculated using the equations below:

Strip footings: = + + 0.5
Square foundations: = 1.3 + + 0.4
Circular foundations: = 1.3 + + 0.3
Rectangular foundations: = (1 + 0.3 ) + + 0.5 (1 − 0.2 )
Where,

= Cohesion (16.81 kN/m2)∅° = Angle of internal friction (36.45º, see appended Shear box test results).

= Effective unit weight of soil (16.49 kN/m3), , = Terzaghi’ s bearing capacity factors for general shear failure (Appendix D)

A minimum factor of safety of 3 (F = 3) is recommended to obtain the safe bearing pressure from the

computed ultimate bearing capacity using the equation below;=
where,

= Safe bearing capacity and,

F = Factor of safety
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5.1.2 Foundations on Rock

Bearing Capacities where computed from the Uniaxial Compressive Strength (UCS) using the Goodman

(1989) formula. The maximum allowable bearing capacity of the tuff is 200kN/m2.

= ( ∅ + 1)
Where ∅ = (45 + ∅)
qa is the allowable bearing capacity;qur is the UCS value of the rock;∅ is the angle of internal friction
The point load index (Is (50)) and bearing capacity values at various depths of the boreholes are presented in

Appendix C.

5.2 Settlement

Settlement of foundations in native soil can be computed using the coefficient of volume compressibility

(mv) obtained from one dimensional consolidation test. Consolidation settlement of native soil due to

changes in vertical stress can be computed using the equation below;

ρ = m × ∆σ × H
Where,

ρ =   Consolidation settlement (m).

mv = Coefficient of compressibility (2.142x10-4m2/kN).∆σ = Change in vertical stress (kN/m2).

H =   Height under stress (m).

5.3 Excavations

Excavations slopes in native soil must be supported using proper shoring systems. Shoring methods depend

on the loadings and type of structures in the adjoining plots. Proper design is required to preserve the

integrity of the slope and surrounding properties. Temporary slope protection may be necessary to prevent

sloughing of soil materials into the excavation. Direct rainfall on such slopes causes rapid erosion. To

prevent slope erosion in rainstorms, spray-on product is recommended to bind the soil particles on the

surface. Plastic covering can be used to minimize changes in moisture content on the surface of the slope

and maintain stability. It is always important that care should be taken when working in unsupported

excavations extending below any ground.
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5.4 Base Slab on Drainage

The lowest floor slab can be supported on the decomposed tuff but must be compacted. The concrete floor

slab must be provided with a capillary moisture barrier and drainage layer. The capillary moisture barrier

can be made by placing the slab on a minimum 200 mm layer of clear 19 mm stone compacted by vibration

to a dense state. This stone serves also as the drainage media for the subfloor drainage system, which is

required.  Any aggregate fill placed beneath the floor slab must be compacted to not less than 98% of

Standard Proctor maximum dry density.

5.5 Backfilling

The excavated areas should be backfilled with selected approved hard-core or similar material. Backfill

below settlement sensitive areas for purposes of levelling the working area should be compacted in lifts

150 mm thick or less, to at least 95 percent Standard Proctor maximum dry density.

6. LIMITATIONS AND RISK

This geotechnical examination has been carried out using investigation techniques and engineering analysis

methods consistent with those ordinarily exercised by Terraconsult Kenya Limited and other engineering

practitioners, working under similar conditions and subject to the time, financial and physical constraints

applicable to this project.  The discussions and recommendations that have been presented are based on the

factual data obtained from this investigation. It must be recognized that there are special risks whenever

engineering or related disciplines are applied to identify subsurface conditions. A comprehensive sampling

and testing programme implemented in accordance with the most stringent level of care may fail to detect

certain conditions. Terraconsult Kenya Limited has assumed for the purposes of providing design

parameters and advice, that the conditions that exist proximal to the sampling point are similar to those

found at the sample location. These conditions may differ from those that actually exist. It may not be

possible to drill sufficient number of boreholes or sample and report them in a way that would provide all

the subsurface information that could affect construction costs, techniques, equipment and scheduling.

Contractors and Quantity Surveyors bidding on or undertaking work on this project should be directed to

draw their own conclusions as to how the subsurface conditions may affect them, based on their own

investigations and their own interpretations of the factual investigation results, cognizant of the risks

implicit in the subsurface investigation activities. It must be recognized that the passage of time, natural

occurrences, and direct or indirect human intervention at or near the site have the potential to alter

subsurface conditions.

The design parameters provided and the engineering discussion are based on the factual data obtained from

this investigation made at the site by Terraconsult Kenya Ltd and are intended for use by the owner and his

retained designers in the design phase of the project. If there are changes to the project scope and

development features the interpretations made from the subsurface information, the geotechnical design
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parameters and comments relating to constructability issues and quality control may not be relevant to the

revised project. This report was prepared for the express use of National Housing Corporation and is not for

use by others.  This report is copyright of Terraconsult Kenya Limited and no part of this report may be

reproduced by any means, in any form, without the prior written permission of Terraconsult Kenya Limited,

National Housing Corporation and their retained design consultants are authorized users. We trust this report

provides sufficient information for your present purposes. If you have any questions concerning this report

or if we may be of further services to you please do not hesitate to contact our offices.

Sincerely,

Terraconsult Kenya Limited

Issa Ismail, PhD.

Geotechnical Engineer
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7. APPENDIX A-Borehole Logs and Section
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8. APPENDIX B-Sample Photographs
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DRY SAMPLES

Borehole 101: 8.00-25.00m

Borehole 102: 6.00-25.00m
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Borehole 103: 10.50-25.00m
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WET SAMPLES

Borehole 101: 8.00-25.00m

Borehole 102: 6.00-25.00m
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Borehole 103: 10.50-25.00m



Proposed Bondeni Estate, Nakuru 10 April 2019 File No: 3-19-16

Page xxi

Sampling point  Latitude Longitude Elevation(m)
BH101 0⁰ 17' 55.01"S  36⁰ 04' 42.93"E 1804
BH102 0⁰ 17' 55.59"S  36⁰ 04' 42.58"E 1804
BH103 0⁰ 17' 56.02"S  36⁰ 04' 42.19"E 1805

Figure B-1 Topographic map indicating site location
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9. APPENDIX C- Laboratory Results
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10. APPENDIX D-Relevant Literature
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Table D-1 Soil and Insitu Test Description
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Table D-2 Rock Mass Rating (RMR) after Bieniawski,1989
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Figure D-1 Terzaghi’ s bearing capacity factors
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Figure D-1 Terzaghi’ s bearing capacity factors
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Figure D-1 Terzaghi’ s bearing capacity factors
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Figure D-2 Site Photo
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