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Geo-technical Investigation 

 

Title of project- Implementation of Rebuilding and Improving Access to Basic Services 

and Climate Resilient Community Infrastructure on Behalf of the 

Government of Ethiopia.  

Project Assignment:    Response-Recovery-Resilience for Conflict Affected Communities in  

    Ethiopia 

Project Sites: Construction of Classrooms, Administration Building, and Toilets at the 

following 4 sites in Tigray, 2 selected Woredas: 

 Kisad Gaba Primary School; 

 Gelewsa Primary School; 

 Serenga Primary School; 

 Meswaeti Primary School. 

  

Beneficiaries: The Project will cover conflict-affected communities in Ethiopia. 

However, this assignment is specific to beneficiaries in Tigray Region   

 selected Woredas in Tigray Regional State 

 Endmahoni Woreda, South Zone; and 

 Asgede Woreda, Western Zone.  

Donor-  World Bank  

Implementer-  UNOPS-ETMCO on behalf of the Government of Federal Democratic 

Republic of Ethiopia 

Test Sample Collection: UNOPS-ETMCO (Samer Hatoum & Asfaw Eshetu) 

Laboratory Test Analysis: Opal Soil Investigation Center, Mekelle, Tigray Region, Ethiopia. 
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Summary Report 

The region is predominantly covered with leached laterite red clay soil to considerable depth 

exceeding of 10m depth. This clay is known for its moderate bearing capacity and relatively low 

swelling- shrink character. During the site visit, exploration has been made using test pit dug to 

a depth of 1.5m -2.0m to verify and confirm the characteristics of the soil layer. The hand dug 

test pit has been carried out at the location of the classroom, administration building and latrine. 

The soil profile in all the test pit explored has shown literally uniform layer the depth reached.  

Due to the proposed simple structure, as well as the uniform nature of the soil exhibited in all 

the test pits, UNOPS determined to collect a disturbed representative soil sample from the test 

pit for laboratory analysis.  

A basic laboratory test (i.e sieve analysis, specific gravity and atterberg limit tests) has been 

conducted for the representative sample to characterize the soil in accordance with the Unified 

Classification of Soil and determine the engineering properties of the soil. The test conducted in 

both sites has shown that about 70% of the soil composition belong to Silty-clay soil with plastic 

index of ranging 4% -27%. The geo-technical expert of UNOPS-ETMCO has applied the Terzaghi 

theory for determining the bearing capacity of the soil for engineering design and foundation of 

the building.   The analysis has shown a bearing capacity of 250 KPa to be used for Kisad Gaba, 

Gelewsa and Meswaeti Primary schools, whereas 200KPa for Seregna Primary School with a 

safety factor of 3.0. This report comprises information on the location of the test pits, pictures, 

log report and results of the laboratory analysis.  
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Geo-technical Investigation 

Respons-Recovery-Resilience for Conflict Affected Communities in Tigray, Ethiopia 

Construction of Classrooms and Administration 

The purpose of this report is to describe the soil in place at the designated site for the 

construction of: 

 New gender separated toilets, classrooms and administration building for existing 

primary schools in Tigray, Ethiopia.  

Two tests pits have been carried out at the right location of the proposed construction for the 

respective school sites. Two representative disturbed soil sample have been collected from each 

school with a total of 8 samples. The test pits have been dug up to 2.0m depth. Soil samples were 

collected from 1.5m to 2.0m depth for further laboratory test, where identification tests have 

been conducted that include grain size analysis, Atterberg limit and specific gravity of soil. In all 

the sites, no ground water table has been encountered and almost same type of soil observed 

throughout the depth. As no direct mechanical test has been conducted and as the structure 

planned for the construction are very simple (i.e. single floor buildings) and are not supposed to 

communicate significant pressures to the underneath soils of foundation, a correlation between 

the Plastic Index and the Effective Friction Angle has been used in order to estimate the 

mechanical properties.  This correlation is well known in the geotechnical literature and is given 

by the following chart:  
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Simple structure (one story buildings) and the soil is predominantly non-cohesive soil up to 

weathered rock with good bearing strength. The geo-tech report uses the plot of Kenney (1974) 

to correlate between plasticity index and the true angle of internal friction.  

Based on the laboratory test results that include sieve analysis and Atterberg Limits, and the 

correlations in the chart, the following table depicts the soil classifications, the measured Plastic 

Index (PI), the estimated apparent cohesion and the correlated effective friction angle.  

Site Soil 
Sample 
No. 

Soil Identification: 
Unified Soil 
Classification Systems 
(USCS) 

Measured 
Plastic Index 
(PI) % 

Correlated 
Friction Angle 
(Degrees) 

Estimated 
Apparent 
Cohesion “c” 
(KPa) 

Kisad Gaba 
Primary 
school 

T.P.No. 01 SM- Non- Plastic silty 
SAND with traces of 
gravel 

4 28 5 

T.P.No.02 SM- Non- Plastic silty 
SAND with traces of 
gravel 

6 27 7 

Gelewsa 
Primary 
School 

T.P.No. 01 SC- Plastic Clayey SAND 
with traces of gravel 

18 22 15 

T.P.No. 02 MH- plastic Clayey SILT  
 

19 22 15 

Seregna 
Primary 
School 

T.P.No. 01 ML-  plastic Clayey SILT 
 

19 22 15 

T.P.No.02 CH- Plastic stiff Clay soil 22 
 

20 18 

Meswaety 
Primary 
School 

T.P.No. 01 ML-  plastic Clayey SILT 
 

14 26 10 

T.P.No.02 ML-  plastic Clayey SILT 
  

16 24 12 

 

The ultimate bearing capacity will be estimated according to Terzaghi theory.  Indeed Terzaghi 

equation for a shallow square footings will be used.  

Bearing Capacity Equations and Factors Table (Look, 2007)   
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Where; 

c- Apparent cohesion  to be taken from the table above; 

q – ४ D 

४ - Weight of the soil estimated 18KN/m3 

D – Embedment of Footing = 2.0m 

B = 1.0m  (Considering the smallest size of footing) 

Nc, Nq and N४ are factors given by Terzaghi and are related to effective friction angle. These 

factors are given in the following table.  

 

 

 

 

 

Terzaghi’s bearing capacity equation for Square footing is given by: 

                              Qu = 1.3 c Nc + γ D Nq + 0.4 γ B Nγ        
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Accordingly; the ultimate bearing capacities for each sites and test pit No.1 and No.2 are given 

in the following table: 

Sites Friction 
angle 
(Degrees) 

Cohesion    
(c) KPa 

B (m) D (m) Nc Nq Ng Ultimate 
Bearing 
Capacity 
Qu(Kpa) 

Kisad 
Gaba PS 

28 5 1.0 2.0 32.4 18.6 15.7 993.2 

27 
 

7 1.0 2.0 29.9 16.6 13.7 968.3 

Gelewsa 
PS 

22 15 1.0 2.0 20.7 9.5 6.9 795.3 

22 
 

15 1.0 2.0 20.7 9.5 6.9 795.3 

Seregna 
PS 

22 15 1.0 2.0 20.7 9.5 6.9 795.3 

20 
 

18 1.0 2.0 17.7 7.4 5.0 716.6 

Meswaeti 
PS 

26 10 1.0 2.0 27.5 14.7 11.7 970.9 

24 
 

12 1.0 2.0 23.6 11.6 8.8 849.1 

 

Considering a Safety Factor (SF) = 3.0, and the lower values among the test pits, the admissible 

bearing capacities will be calculated for each site as follows: 

Site Ultimate Bearing Capacity 
(KPa) 

Allowable Bearing Capacity 
(KPa) 

 
Kisad Gaba Primary School 

 
968.3 

 
322.8 

 
Gelewsa Primary School 

 
795.3 

 
265.1 

 
Seregna Primary School 

 
716.6 

 
238.9 

 
Meswaeti Primary School 

 
849.1 

 
283.0 

 

A recommended value of 250 KPa will be provided to the structural engineer for the design of 

foundations to Kisad Gaba, Gelwesa and Meswaeti Primary schools. Seregna PS will be designed 

with a recommended value of 200 KPa. 

 

The Laboratory Results, Location of test pits and pictures are attached in the following pages.   
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OPAL soil investigation centerpa

Gelewsa class room SampledSection

UNOPS Date Tested
PitsSample NoType of Material material

Test No   Material Descriptior

Distribution
422

Com mu
Retained

Sieve Size
(mm) Retainer

% %

Retained

00 100.00
0.04472272 100.0

10.04472272 100.037.5 0
1100.00 0.0447227225
10.04472272 100, 00

0.13416816 99.99.5 2
799.74.75 0.313059034

6 0.58139535 99.42
371.65474061 98.30.425 24

1356.03756708 94.00.075 98
22362101 100 0.0

2236

fines (silt clay) %sand %gravel %
1.073 98.350.581

particle size distribution curve
100.0 100 ' .

/

99.0
98.0
97.0
96.0
95.0
94.0
93.0
92.0

.

94.0

91.0
90.0

2 0.425 0.07537.5 25 19 9.5 4.75

particle size (mm)
75

Materiallab

' \

,

Brown Clayey Sand Soil



OPAL soil investigation center

Section Gelcwsa room
Dale TestedUNOPS

of Material Sample Nomaterial
Test I  . 

OF PLASTIC LIMIT SOIL
TEST METHOD ASTM D

/

I
No 1 I 2

soil 0.03 0.03
, . 0.055 0.05
of 0.04 0.04 0.030.04
, of , 0.02 0.01 0.01 0.01

. 0.03 0.02 0.02
( % -18.11 56.0

Average %)

S 60.0
'

X
n * - /

' . ~ /
' ' /

' l. .
» - -

.?

llw. .

.y
( )

(LL -

.-10 -
LL

lab Material Engineer

7

Brown Clayey Sand Soil



OPAL soil investigation center

Section room Sampled

Date Testedowner

Type of Material Sample No Ifoundation material

Description Test No
   1

Specific gravity ASTM 854-90 Oven dried
Determination

numberS/no Description

1 2

1 Temperature in c 31 31

2 Weight of bottle (wl in g 18.42 18.23

Weight of bottle +dry soil W 2)in g3 28.96 28.95

4 Weight of bottle +soil + water (W3 in 90.82 90.22

Weight of bottle + water (W4) in g5 85.3 84.5

Specific gravity G=W2-W1/(W4-W1-(W -6 2.09960159 2.144
W2

7 G at 31 c 2.1218008
corrected G at 27" =G*( relative density of
water room temprature/density of water
at 27 c)

8 2.11930329

relative density of ewater at room
temprature=0.995369

relative density of water at 27"C=0.996542

'

Brown Clayey Sand Soil
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OPAL soil investigation centerpa

Serenga classRepresent Section Date Sampled

UNOPS Date Tested
Type Material Sample No Pitsmaterial
Material Descriptor    Test No

of Sieve
422

Commu
Retained

Size
(mm) Rctainc

% %

00 0 100.0
00 100.0
437.5 4 0.33167496 99.7
425 0 0.33167496 99.7
40 0.33167496 99.7
40 0.33167496 99.7

104.75 6 0.8291874 99.2
182 8 1.49253731 98.5
310.425 2.57048093 97.4
770.075 46 6.38474295 93.6

1129 1206100 0.0
1206

gravel % sand % fines (silt clay) %
1.493 1.078 97.43

particle size distribution curve
100.0 100.0 99.7 ,

99.0

-
497.0

96.0

94.0
.6

93.0
. 92.0

91.0
90.0

37.5 25 19 9.5 4.75
particle size (mm

2 0.425 0.075

.
.

'
s *

'

Clayey SILT Soil







OPAL soil investigation center

Serenga Toilet Date SampledRepresent Section

UNOPS Date Testedowner

Sample No 1 PitsType of Material foundation material
Test No   Material Descriptior

VSTEM 422
Com
Retained

Sieve Size
(mm) Rctainci

% %
Retained

0 100.00
6 0.49751244 99.5

60.49751244 99.537.5 0
60.4975124425 99.5
60.49751244 99.50
60.49751244 99.50

1.492537314.75 12 98.5
2 1.74129353 98.33

736.05306799 93.90.425
1139 36981758 90.60.075 40

1093 100 0.0
1206

sand % fines (siit/clay) %gravel %
4.312 93.951.741

particle size distribution curve
100.0 100.0 ' 99.5 99 5

98.0

94.0
.

92.0
ro 90.690.0

88.0

86.0

84.0
37.5 25 19 9.5 4.75

particle size ( mm)
2 0.425 0.07575

lab Engineer Material

7

t

Gray Clay Soil 2



OPAL soil investigation center

Represent Section Dale SampledScrcngn Toilet
Date TestedUNOPS

Material No
TestDescription   - 

OF & PLASTIC LIMIT OF SOIL
TEST METHOD ASTM

.
of

I
No I I 2

vi ' soil 0.03
. container soil. 0.07 0.05 0.06 0.055 0.05
of 0.04 0.0 - 0.03
, of ater. 0.02 0.01 0.01 0.01
, . 0.03 0.03 0.02 0.02

. % -1.11 lfi. . .3 .-I
% 50.27

.

.
of (PI)

( LI.- PL ) PL

Material

.

i

. '
' .

.

Gray Clay Soil 2



OPAL soil center

Represent Section Toilet Date Sampled

UNOPS Date Testedowner

Type of Material No IPitsfoundation material

Description Test No
   

Specific gravity ASTM 854-90 Oven dried
Determination

numberS/no Description

1 2

Temperature in c1 31 31

of bottle wl) in g 18.49 18.48

Weight of bottle +dry soil (W 2)in g3 27.12 28.2

Weight of bottle +soil water (W3) in4 90.82 90.22

Weight of bottle + water W4) in 85.3 83.9

Specific gravity G=W2-W1/(W4-W1)-(W3- 2.77491961 2.85882
W2
Average at 31 c7 2.81687157
corrected G at 27" =G*( relative density of
water room temprature/density of water
at 27 c

2.81355592

relative density of ewater at room
temprature=0.995369

relative density of water at " =0.996542

• '

Gray Clay Soil 2



OPAL soil investigation center

class room Date SampledRepresent Section

UNOPS Date Testedowner
1 PitsSample NoType of Material foundation material

Test NoMaterial Descriptioi    

of Sieve
VSTEM 422

Commu
Retained

Sieve Size
mm) Retainci

%%

0 100.00
00 100.00
0100.037.5 0
025 0 100.00

0.2238806 99.83
99.89.5 0 0.2238806

74.75 4 0.52238806 995
1998.62 12 1.41791045
510.425 32 3.80597015 96.2

1240.075 73 9.25373134 90.7
1216 13400.0100
1340

fines (silt clay) %gravel % sand %
96.192.388

particle size distribution curve
100.0 100 ~

98.0

96.0

94.0

92.0

90.0
90.7

88.0

86.0
50 37.5 19 9.5 4.75

particle size ( mm)
2 0.425 0.07575

Material Engineerlab Engineer

-

Clayey SILT Soil



OPAL soil investigation center

Represent class room
Date Testedowner

of Sample No
Test No IMaterial Description    

OF & PLASTIC LIMIT OF SOIL
TEST ASTM D

. / Plastic .
27

INo
2I

soil 0.03-
. + . 0.0550.05

vl 0.040.04 0.04
Wt. of . 0.01 0.010.01 0.010.01

, 0.02 0.020.03 0.03
. S% ( - - -

.

& .

S

.

. 46
PI)

- )
PI 14

Material EtminccrEiminccr

Clayey Silt Soil



soil investigation centerpal

Represent Section Mbcwati class

UNOPS Date Testedowner

Type of Material Sample No Ifoundation material

Material Description Test No
   

Specific gravity ASTM 854-90 Oven dried
Determination

numberS/no Description

21

Temperature in c1 31 31

of bottle (wl in g2 18.42 18.23

3 Weight of bottle +dry soil (W 2)in 28.96 28.85

Weight of bottle +soil + water W3 in g 90.82 90.22

Weight of bottle + water W ) in g5 85.3 83.9

Specific gravity G=W2-W1/ W4-W1)-(W3-6 2.09960159 2.46977W )
at 31 c7 2.28468452

corrected G at 27" =G*( relative density of
water at room temprature/density of water
at 27"c)

8 2.28199528

relative density of ewater at room
temprature=0.995369

relative density of water at 27"C=0.996542

Clayey Silt Soil



OPAL soil investigation center

Toilet AreaRepresent Section Date Sampled

UNOPS Date Testedowner
PitsType of Sample Nofoundation material

Material Descriptioi Test No   

Size of Sieve Analy
ASTEM D422

Com mu
Retained

Sieve Size
)

% %

75 0 100.00
00 100.00

37.5 0 0 100.0
25 0 100.00

019 0 0 100.0
09.5 0 0 1000

4.75 8 0.52287582 99.5
2 12 98.71.30718954

400.425 20 2.61437908 97.4
1130.075 73 7.38562092 92.6

1417 100 0.0
1530Total

fines (silt clay) %gravel % sand %
1.307 97.391.307

particle size distribution curve
100.0 .

98.0

• 96.0

94.0
TO

92.6
92.0

)

90.0

88.0
37.5 25 19 9.5 4.75 0.425 0.075

particle size (mm)
75

Engineer aterial Engineer

I il

.

\

Clayey SILT Soil 2



wpal OPAL soil

Section DateToilet
Date Tested

Material Sample Nomaterial 1 Pits
Material Description Test No  - 

& SOIL
TEST METHOD ASTM -

l. / l
27

No • I

vl ' 0,

+ . 0.07 0, 0.06 0.055 0.05
0.04 0.04

, < > 0.01 0.01 0.01
, . 0.03 0.03 0.02

container. (% -16.7 . -1 . 0
Average % 4 .

£

-
* iS3 .

. , /
'

•
e, ,i. . ,

. - /
>

.y. roPI)
( .- PI.

. .

ML » OL

10 5 •*< l
LL

Material

31

Clayey SILT Soil 2



OPAL soil center

Represent Section Mbcwati Sampled

Date Tested

Type Material Sample No IPitsmaterial

Test NoMaterial Description
   

Specific gravity ASTM 854-90 Oven dried
Determination

numberS/no Description

2

Temperature in c1 31 31

Weight of bottle (wl) in g2 18.42 18.23

Weight of bottle +dry soil (W 2)in3 28.98 28.96

Weight of bottle +soil + water (W3) in g 90.82 90.22

Weight bottle water (W4) in g 85.3 85.3

Specific gravity G=W2-W /(W4-W1)-(W3-
6 2.0952381 1.84682

W2
Average G at 31 c7 1.97102697
corrected G at 27" =G* relative density of
water at room temprature/density of water
at 27 c

8 1.96870693

relative density of ewater at room
temprature=0.995369

relative density of water at 27"C=0.996542

/

-

Clayey SILT Soil 2



 

 
 

          

Kisad Gaba PS – Test Pit No.1 Kisad Gaba PS – Test Pit No.2 

 
 

Gelewsa Test Pit No.1 Gelewsa Test Pit No.2 

 
 

Seregna PS Test Pit No.1 Seregna PS Test Pit No.2 

 

 

 



 

 

 
 

 

Meswaety  PS – Test Pit No.1 Meswaety – Test Pit No.2 
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