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Introduction

The Great Ethiopian Renaissance Dam Prpf@ERD Project,is locatedon the Bl Nile close to Abay, in Ethiopia,
afew kilometersupstream bRoseires Damin Sudan(Fig.1).

The reservoirwill have a total capacity of about 75 billion @ubic metes and will be createdby means othe
construction of two damghe Main Dam andhe SaddleDam The power planwill have about 6 @/ of installed
power. The Main Damis founded on rock and th®addle Dams founded mainly on residual soils. This paper
describes the method usedestimate the geotechnical parametafrthe residual soilin the foundation site of the
Saddle Dam

The saddledam is a biuminous faced rockfill damBFRD, 5 km long and aboufO m high Its highesttypical
section is shown in Fig. 2.

The main geologicalformations of the foundation area are threehists femic rocks, granites Schits are also
present with characteristic$ phillite. The geomorphology indicates that between the two dilthe danshoulders
constituted ofschiston the left side and graniteon the rightone the foundationmaterial derives from thhighly
decomposedbaserock The dam is founded orsidwal soil for a length of & km, and for the remaining portion is
founded on rock.

In the early stages, seismic tomography campaigmulicated that the @pthof residual soilwvaries between 0 arkD
m, with a maximum depth o0 m in the phillitic formation. The following investigationincluding trencles
excavationboreholes permeabilitytests,in-situ tests includingVlarcheti dilatometer DMT), Menardpressiremeter
(PMT), plate load test$PLT) and laboratory testswere carried out to gatheimformatian about the geaechnical
properties of residual soils the foundation area

The authors presethe findings of the general geology of the foundation areatla@desults of thénterpreted
mechanical propertiezbtainedusingdifferent tests.

1. Methodology
The approach used to define the geotechnical design parameters of residistisilollowing.

1. More than ten big trenches with different height, varying between 10 and 17 meter and with vertigalllside
have been excavateBome trenches, the ejgest one too, have been exposed to two rainy seasons vattyout
collapse resultingin a high values of cohesiofiheir mechanical behaviour have been simulated by means of
Mohr-Coulomb model, and their stability analysisnsidering a safety factor edua 1.1, have permittedto
definethe minimum values of shear resistan¢¢he residual sail

2. TwentyDMT profilesandmore than ninetyMT testshave been performaghtil 15 m of depth. The DMT has
been performed inserting the blade dynamically, imktefathe more common static way, due to the high shear
resistance of the materidh all proflesDMT o6f eel s & t hi s-samlartsandysiltathus liké a k e
non cohesive materialproviding the friction angleas shear resistancparameter.This means that the
interpretedtriction angle represents the shear resistance of the material incthdinghesion contribute and the
friction contribute.

3. Due to the very low degree of saturation, it can be assuhadhe soil is in a fully drained cdition. In
addition with the hypothestbat the residual friction angle of the material is equal to its peak friction angle, it is
possible distinguish the contribute of cohesion from tmatof friction angle.So reinterpreting the DMT data
under this fipothesis and considering the MeBoulomb failure criterion, it is possible to obtain the two
parameters, c¢06 adrattlyfiodn,nsituftestt he materi al



4. The direct shear testexecuted in laboratoryvere used to verifythe validity of the hypothesis arid make a
and
laboratory. Despite the anisotropy of the residual soils, it is possible to mark the linear variation of cohesion with

depth and thgood agreement with the in situ estimated dratwtksion.

compari son

bet ween the <¢c6

(itd tesp and thoseeotmiagostfromnt er pr e

Lake TANA \‘\)
B O
RES 2-“0{ A A
S 'f‘gELES
’“’/JZIZZ" R crara
» BELES 1310 BAHIRDAR S\ Tis ABAY 12 1I
e 574 Gwny
. 137 MW
- : { « BESHILO
\I/‘\\_ i . fmm el
it 23,300
& I
é? : ‘\‘ }) M DEBRE MARKOS
\ {23000 g Y
J = Adist MABIL ;
7 Ns e 2
{ 1.650 mw
). MENDAIA 17.160% {/
/ b e N
/ ' KARADOBI s
/‘/ * 8.360 cwhy
“" . 1.650 MW )“Eu 0 2 W 0 ek
Fig. 1. Map showing locan of the GERD project along the blue Nile, Ethiopia.
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Fig. 2- GERD project, saddle dam, TYPICAL CROSS SECTION ch. 3+500
2. Geology
Thebasic geological formations shddledamsite,shown in Fig. 3from left to right, are
1 SCHIST  with a narrowein of quartzitggreen zone);
1 FEMIC rocks highly decomposed into residual sdilom 5 up to 20 m of depth (cyan zone);

1 PHILLITE highly decomposed a@hcrossed by large intrusion wfarble up to 40 m of depth (orange zone);



1 GRANITE with a narrowvein of quartzite at the interface Phyllite/Granite present irddrafoundation area

with different weathering degreeécomposed / weathered / fredhdm 10 up to 0 m of deptimagenta zone).
The presencefaleep residual sostronglyaffected the desigof the damThe highesttypical cross sectigriig. 2,
shows that the residual seifll be excavated only along thepstreamand dwnstreantoes in order to reachsoil
level with adequateshearesistance and stiffness
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Fig. 3- GERD project, sadd dam, GEOLOGICAL PLAN

3. Trench Excavation

Fig. 4 (left) shows theertical sidewalls of the deepesixcavated trench, 17 m deegmd (right) a particular of the

soil structure. The material is similar to a higlverconsolidated clay or a soft racks stability after two rainy
seasondgmplies a large cohesion.

Adopting the Mohr-Coulomb failure criterion considering a safety factaf 1.1 in the stability analysisand a

cohesion constant with depttvith the back analysis thasbeen possible taefine the minimum valueof shear

resistance of the residual sdits the three formations.

Moreover, he operation of trencbxcavation has permittetie formation of several largmil heaps from whicko

measure the angle of natural repo&BIR, of the remoulded soil. This parametassumes&n important role in the

investigation providing the key to conceiving met hod t o esti mate t hedrydesidudlned par
soils from in situ tests.

4. |dentification Tests

Many sampleswere taken during trenchexcavation to execut@entification test for the different geologal
formations.The samples taken manualtlirectly from the sidevalls of trenchesweretreated in the site laboratory
The samples taken by meansadtriple core bitmounted on a drill rigvere treated inan external laboratory for
executing the shear tests.

The identification tests performed araunit weight, natural water contergpecific gravity degree of saturation,
grading and plasticityl he summay of the resilts areplottedin Figs. 5 and 6.



Grading curve indicates thatfgrarely exceeds a few millimetresid the percentage of fines varies in the rasfge
50 - 80 % Plasticity chart shows that most ddita pointsare locatedalongt h e  fioAvithIplastigey index in the
range 5 25.The degree of saturatias very low less than 35 %

The residual soilsn remouldedstate, can be classifiedcording the USCS as

Class USCS Description

FEM SC/SM sandy clay / silty sand

PH SM /ML silty sand/ dlt of low plasticity
GR SM silty sand

Table 1i USCS Residual Soil Classification
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Fig. 57 Residual soils grading from femic and phillite Fig. 61 Plasticity Index summary graph



5. In Situ Tests

During the selection ofin situ tests to uséor the investigationSPT and CPTwere discarded. The quality of the
results of SPT testre notsignificantbecause this test is strongly influenced by the type of equipment, the operator
and the site chacteristics. In addition with the CPT tesit is not possible to reach the required deptiout 1015

m, by means ofhe static thrust of a ballasted penetrometae to the stiffnesandstrongresistancef the residual

soils.

The chosenin situ testswere Menard pressuremetéMenard 1956) PMT, and Marchetti dilatometdMarchetti,

1980) DMT. The plate loadest, PLT,wasalso executed because it is a simple test to perform, easy to control and
does not require any calibration. In contrast it regpithe excavation of a large trench in order to cotett few

test data as a function of depth. The limit of this test is identified in the'lhsice induced in the soil duririge
excavation phase for the preparation of the test areaPLiichas ber adoptedto provide a common basis of
comparison for the PMT and DMT which estimate the stiffness of the soil also, in order to confirm the accuracy of
PMT and DMT.

Both PMT and DMT have beenperformed to estimate the mechanical properties of soils,aiticplar the
oedometric modulysM, and the angle of shear resistancehe hypothesis that the material is purely frictional

( ¢ 6 ©bcpurse onsidering the high value of cohesion highlighted by the trenches stability, the friction angle
estimatecby PMT and DMT containshe friction contribute andhe cohesive contributef the shear resistancEor

this reason théiction angle provided bin situ tests has been indicdteith the symboli* in the diagrams

A first comparison othe geotechnical interpreted parameteasm be made observimgt h e u ni testwatedg ht |,
from DMT andmeasured itaboratory(Fig. 7), and the oedometric modulus, M, fradifferentin situ testsig. 8).
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Fig. 771 Unit weightfrom DMT and LAB

The unit weight estimated by DMT varies in a narrow interval with respect to that one obtained in laboratory. It
seems quite similar for the different formations.
As shown in Fig. 7, for the dam design it has bassumed a unit weight equal to:

f  19,5kN/ni for up to 4 m of depth;
f 20,5kN/ni for depth over 4 m;
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Fig. 81 Oedometric modulus from in situ tests

The oedometric modulusnges in the same interval for all the formations. A certain scattering canidedrintthe

data due to the anisotropy, causeddeyeloping ofthe weatheringphenomenon. In particulahé PMT seems to
provide lower values than DMT and PLT, mostly in phillitic formation. The modulus from laboratory results very
low, at least one ordeaf magnitude less, affected by disturbance in sampling and transportation. It can be assumed

that edometric modulus varidmearly with the depttirom a minimum of 200 MPa @ 4 m to a max of 500 MPa @
12 m.The equation is: M (MPa) = 3d(m)+80 MPa
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6.Dr ai ned Paraadié6t eEFEspmcbn Situ Test s

In residual soil, wathering phenomenon can be defined as the physical, chemical apgichioleactions that
decomposea rock massif in increasingly smaller grains with lesser attraction forces betweerTthe means that

the cohesion highlighted by the stability of the deep trenches is not similar to that one of an allupvasgiban,

1988)

Considering theesidual soil aga solid matrixmateria) instead of a mass of granular sediments joinesgdther, it

is possible to formulate the hypothesis ttia¢ shear resistance is mainly given the cohesion andafter the
mechanical collapse of the main structure, the peak friction angle of the material is the same of the residual one.

follows thatthe residual friction angle can be expressed by the angle of natural repose, ANR, already determined in
situ during the trenches excavation.

The very low degree of saturation of the s@t < 35%,allows to consider th®MT and PMTin situ tests fully

drained. This assumptiomwith the previous hypothesand adopting the Moh€oulomb failure criterionallowsthe
drained cohesion from the DMT databe estimated

The cohesion fothe residual soibf the three geological formatishas been obtainedoim the DMT usinghethree
stepsillustrated in theFig. 9:

1. At the onsidered deptldraw, on the Mohr Coulomb planghe straight line of failurei *starting from axes
origin, obtainedrom DMT;



From thevertical effective stressvalug estimated by DMT draw the Mohd sircle, tangent to the straight line
and with horizontal effective stress greater that the vertical one. This last condition descend by the fact that Kd
parameter oDMT, similar to the over consolidation ratio, OCRgdicates that the matial is like an over

consolidate material.
Draw t he
axis.
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Fig. 91 Determination of cohesion from DMT test

7. Laboratory Direct Shear Test

The direct shear test has been chosen, for its simplicity and reliability with respect to the triaxial test, to verify in
laboratory the method used to estimatedt@ned parameters of shear resistance from in situ tests. Starting from a

3)

ope

total number of 25 samples, oy resultecof high quality classDue to the anisotropy of the materalery test
wasconducted shearinfive specimens for eagdample, insteadf three.
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Fig. 1071 Friction angles from in situ and laboratory tests
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