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Use of penetration testing for determination of soil properties in earth dam 

ploi des essais de pénétration pour déterminer les propriétés de sol pour barrages en 
terre

Mulabdic M. 
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 should have been checked in detail. The site test
program consisted of drilling boreholes for gett
samples for laboratory testing of clay, of penetrat
testing – CPT and a flat dilatometer test (Marchetti 
dilatometer – DMT). This paper presents the results of 
analysis of the properties of clay in the dam based on in
situ (CPT and DMT) and laboratory testing. Only 
boreholes in the crest were used for the analysis, see 
Fig. 1. 
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ABSTRACT: The Paper describes a case of a small earth dam for which remediation work was pla
construction and possible damage to the dam that could have occurred during filling of the retention. In
relevant data for the remediation design solution it was necessary to determine the current state of the co
properties of the clay fill in the dam. Investigation work consisted of drilling boreholes and performing 
dam, and of laboratory testing of soil samples. CPT and DMT in situ tests were carried out nearby the boreholes
Potential of these in situ tests in describing physical and mechanical properties of the clay was analy
methods of interpretation of these tests are based on natural soils, while the dam was constructed by comp
been shown that CPT and DMT tests are useful in describing properties of a compacted clay embankment
should be cautious in using common methods of interpretation of their test results in case of earth fill emba

RÉSUMÉ : L’article décrit le cas d'un petit barrage en terre, pour lequel une remise en état est planifiée à cause d
réalisation et du danger potentiel d’endommagement au cours de remplissage de la retenue.  Afin d’
pertinentes pour les techniques de confortement il a été nécessaire de déterminer l’état actuel du barrage e
l’argile utilisée dans la construction du barrage.  Les travaux de reconnaissance ont compris les forages et le
le barrage, ainsi que les essais en laboratoire.  Les essais de pénétration au cône (
situ ont été faits auprès des trous de forage dans la crête du barrage.  Le p
propriétés physiques et mécaniques d’argile est analysé, étant donné que les interprétations 
sols naturels tandis que l’argile a été mise en œuvre dans le barrage par compactage.  It est dém

d’interprétation des résultats d
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1. INTRODUCTION 
 
A small earth dam was built as a part of a future 
system. The dam was about 10-meter high at th
point in depression, and was constructed of the cl
its vicinity. During the construction of the dam
noticed that the construction company didn't ful
the design requirements and criteria related to
construction, replacement of foundation soil an
of compaction of the lifts of clay. During the filli
lake, when only few meters of dam slopes were 
with water, problems with bottom discharg
observed and filling of water had to be stoppe
decided that the dam should be checked for safety
sliding and deformability, for which geot
properties of compacted clay in the dam shou
been
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Figure 1. Position of in situ tests and boreholes on the dam; most 
important work was done on the crest (line B2-C4) 
 
From the samples taken during drilling boreholes 
specimens were formed for the laboratory testing 
program, which comprised the testing of physical and 
mechanical properties of clay from the dam. Fig. 2 shows 
the plasticity of clay from the dam, determined on 
samples from the B2 and B5 boreholes. 
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That required careful cone filter saturation with glycerine. 
CPT soil-type identification was done according to a 
widely used chart (Robertson, 1990), and in doing so clay 
of low plasticity was identified in most cases, with some 
thin layers of silty clay (see plasticity chart in Fig. 2). 
Pore pressures measured behind the cone (u2) were 
almost zero, or slightly negative, in all depths. 

Figure 2. The clay from the dam was of low plasti
were zones of silty clay at some depths 
 
It was determined that generally clay compactio
was under 95 % of Proctor value, 
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as 

hat 
hat 

a bit higher than wopt

clay of somewhat lower plas
which was defined by the design solution. 
 
2. CPT AND DMT TESTS 
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2.1. Soil identification 
 
Clay in the embankment was never under wate ep

 

 
 
Figure 3. DMT (M1, M2, M3) and CPT tes
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2.2. Undrained shear strength by CPT 

test is calculated 
 et al, 1997)  

tests revealed inhomogeinity in the clay em
that almost every lift of clay can be spotted o
DMT test illustrate interpreted versus requir
interpreted versus required cu  
 
On the other hand, DMT test detecte
silty-sandy soil type, with very rare
layers. Therefore there were almost no d
strength in DMT interpretation. Accor
(1980), soil type in DMT test interpreta
= (p1-p0) / (p0-u0), and for clay soil-ty

the dam was found

was no in situ pore pressure in soil, it c
that p0 was too small, due to structure of

 absence of in situ pore pressures

 
Undrained shear strength from CPT 
according to common expression (Lunne

k

vc
u N

qs 0
                                                      (1) 

 
Value for Nk=15 was used in this case, which is the mean 
value of proposed values for natural soils (suggested 
values are Nk=11-19), and it was confirmed to be 
applicable for compacted clay as well (Fig. 4). 
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pacted clays was found to be 
applicable, based on comparable UU and CPT test results  

n of modulus of vertical deformation was 
made for relevant results for oedometer and CPT test. 
Lunne et al (199 ession for 
modulus of vertical deformation from CPT test when 

Figure 4. Nk=15 Nk = 15 for com

 
2.3. Modulus of vertical deformation 
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In this case it seems that this value should be de
factor of two (Fig. 5). This might be due to the
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      (2
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al expression has limitations, and becou
oedometer tests were performed on submerged specime
while CPT and DMT tests were performed on clay fill
the embankment that was not submerged. Values of Mv 
from DMT test were the highest of these three (Fig. 6) 
(Fig. 6).  
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Figure 5. Relationship between laboratory determined modulus 
of vertical deformation and corrected tip resistance for CPT test, 
around B5 borehole 
 
Based on a limited number of available test results, the 
expression Mv=4, 3 (qt-σvo) seems to better fit test results 
than the equation (2). Modulus seems to be half of the 
value suggested by that commonly used equation. If 
relationship between DMT-Mv and LAB Mv from Fig 6 

ger portion of the 
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compared to situation illustrated in Fig 3 (M proj) . 
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Fig. 7 presents the sets of CPT and DMT tests with a 
view to illustrate soil resistance in relation to depth. It 
seems that the results of tests from different locations are 
very similar throughout the depth of testing. 
         

d 

Figure 6. Modulus of vertical deformation 
submerged specimens) was much smalle
interpretation (equation (2)) or even lower 
standard interpretation values
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Figure 7. CPT and DMT tests in cumulative presentation 
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3. CONCLUSIONS 
 
The paper presented the case of an earth dam of a poor 
construction quality. In order to characterize clay fill in 
the embankment in terms of its physical and mechanical 
properties, CPT and DMT tests were performed in 
addition to borings and laboratory testing. The purpose of 
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