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ABSTRACT: This work presents an application of various geotechnical tests on one alluvial site with a lot of occurrences of sand 
blows following the Petrinja Earthquake (Mw ~ 6.3-6.4) which stroke Croatia in Dec. 2020. The combination of more classical tests 
(CPTu, cyclic laboratory tests) and innovative tests such as the instrumented Dynamic Cone Penetrometer test (DCPT) or the Cycle 
Pressuremeter Test, enable detailed exploration of site conditions and outlines some specific advantages of these new tests for the study 
of earthquake-induced soil liquefaction from in-situ tests and for soil characterization more broadly. Thanks to their repeatability and 
their new sensors, the instrumented DCPT provides fine information with depth regarding the state of soils or their fabric and, coupled 
with CPT, makes it possible to define a fairly precise geotechnical model. Cyclic Pressuremeter test also turns out to be a relevant tool 
to compare notably the liquefaction behavior of the soil measured in laboratory that estimated under in-situ conditions. This 
combination of classical and innovative tests also provides a fairly reliable diagnosis of the liquefiable layers that caused sand blows 
at the surface in this specific context of sand point bars buried below a silt cover. 
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1 INTRODUCTION 

In intraplate context, the alluvial plain of Petrinja-Sisak 
(Croatia) is located at the junction between the southwest part 
of the Pannonian basin and the north of the Internal Dinarides. 
Liquefaction occurrences were observed in this area in 1909 
during the “Kupa Valley earthquake” (mainshock Ms ~ 5.75-6) 
(Herak & Herak 2010) and, more recently, during the Petrinja 
earthquake in Dec. 2020 (mainshock Mw ~ 6.3-6.4) which 
occurred along the same fault system and generated numerous 
sand blows along the Kupa, Sava and Glina rivers in 
unconsolidated Holocene alluvial sediments (Baise et al. 2022).  

This high susceptibility of soils to liquefy, based on 
historical and geological considerations (Kramer 1996), and 
easy access to liquefied sites in this alluvial plain provide an 
opportunity to test innovative geotechnical devices and 
calibrate them against more conventional tools such as the Cone 
Penetration Test (CPT) or Standard Penetration Test (SPT) 
traditionally used in geotechnics to study liquefaction risk. 

Between 2022 and 2024, three campaigns of geotechnical 
and geophysical investigations, detailed hereafter, were led at 
different sites close to the riverbanks of the Kupa river with 
sand blows and lateral spreads which occurred in Dec. 2020. 
Six trenches were also excavated to observe and sample the 
injections of sandy dykes at depth and located below the sand 
blows at the surface. 

From the ground surface, the alluvial sediments of the 
Kupa river, water-saturated by the river aquifer, correspond to 
about 3 m thick clayey silts (Unit 1) overlying sandy layers at 
least 3 m thick (Unit 2), followed by gravels and coarse sands 
(Unit 3) underneath. Previous results mainly based on sieve 
analysis have shown that all sand blows at the surface or their 
sand dykes at depth correspond to poorly graded sand with silt 
(SP-SM) or silty sand (SM) and originate from sand point bars 

buried under the silty cover (Unit 1) between 3 and 6 m of depth 
(Luong et al. 2022). 

 
Figure 1. Location of site E1 and lines of sand blows mapped just after 
the Petrinja earthquake in Dec. 2020 by drone (red color). 

This work outlines the contribution made by cross-
referencing various geotechnical investigations carried out in 
2024 on one site called “site E1”, located on the eastern edge of 
an ancient meander (Figure 1). Its convex part presents clearly 
well-marked lines of sand blows with typical arched 
morphologies  reflecting the morphology and the accretion 
process of the underlying sandy deposits (scroll bars) in the 
meander (Valkaniotis et al. 2024) 
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2 TYPES OF INVESTIGATIONS ON SITE E1 

Within this site E1 underlined by a flat topography (mean 
altitude at 99 m absl), geological drillings and different 
geotechnical soundings laid out in perpendicular lines to the 
edge of the meander (Figure 2) and up to a depth of 15 m. which 
include the following for the building of geotechnical model in 
particular: 
 4 static Cone Penetration Tests with pore pressure 

measurement (CPTu) chosen for their robustness to 
identify all liquefiable layers through the measured cone 
resistance (qc) and the sleeve friction resistance (fs) 
(Robertson & Cabal 2022) 

 19 instrumented Dynamic Cone Penetrometers Tests 
(DCPT), suitable for all soils unlike CPT, and selected for 
their simplicity and their repeatability which allows fine 
prospection of soils with a large number of soundings at a 
much lower cost than CPT, in order to characterize soil 
spatial variability. Much more robust and accurate than 
Standard Penetration Test (SPT), it provides both the 
dynamic cone resistance (qd) and thanks to new version 
incorporating new sensors (Benz Navarrete and al. 2022), 
the compressional wave velocity (Vp). As a result, an 
estimation of the shear wave velocity (Vs) with an 
assumption on the Poisson ratio is then possible at any 
depth. 

 3 core drilling for observations and identification tests 
from samples (sieve analysis and plasticity index for fine 
soils mainly). 

 
Figure 2. Location of in-situ investigations at site E1 and liquefaction 
occurrences observed at the surface after the mainshock (red color). 

In parallel and from samples of sand dykes identified on a 
site very close to site E1 (blue curve in Figure 3), twelve cyclic 
triaxial tests were performed in laboratory in saturated and 
undrained conditions, enabled the definition of liquefaction 
resistance curves showing the cyclic resistance (CRR) or the 
excess pore pressure ratio (ru) as a function of the number of 
cycles at liquefaction (NL) and for different ranges of density 
index (ID).  

To complete these liquefaction curves, especially at low ID 
difficult to achieve with triaxial tests, 5 cyclic pressuremeter 
tests were carried out on the field between 3 and 5 m of depth 
using Menard pressuremeter in prebored holes (Figure 2). 
Several sequences of sinusoidal cycles of varying amplitudes 
were then applied successively to observe the reduction in 
volumic strain accumulation as a function of the number of 
cycles until it reaches liquefaction at NL (Reiffsteck et al. 2013; 
Karagiannopoulos et al. 2022; ISO 2023).  

3 OVERVIEW OF THE STUDY METHODOLOGY 

This work breaks down into five stages, from the 
characterization of soils and geometries to the identification of 
liquefiable layers, and underlining for each stage the 
complementary of different geotechnical tests: 

Thanks to new data acquired in 2024, the first stage has 
been to specify the previous 2D geotechnical model based 
mainly on instrumented DCPT and core drillings (cross-section 
B-B’ in Figure 2) and presented in Luong et al. 2022) through 
a new cross-section A-A’(Figure 2).  

The second stage looks at all the conditions prone to 
liquefaction and focuses on relevant indicators related to the 
state or fabric of soils such as the shear wave velocity (Vs), the 
high permeability contrasts (kv) or the ID values for coarse-
grained soils. As all the geotechnical soundings were 
implemented in Oct. 2022 and March 2024, we bear in mind 
that the soil condition is no longer the one which existed before 
or just after the earthquake in Dec. 2020 and that the estimated 
ID values especially, if representative enough, reflect one state 
of compactness after a long period without ground shaking 
since the 2020 earthquake sequence.  

 
Figure 3. Grain sizes of studied sands 

The third- and fourth stages deal with the identification of 
layers which would be liquefied in case of a new earthquake 
similar to the 2020 Petrinja earthquake, in using the simplified 
approach detailed in Youd et al. (2001) by comparing the soil 
resistance at liquefaction (CRR) and the seismic demand 
(Cyclic Strength Ratio or CSR) approached by the equation of 
Seed & Idriss 1971. Despite the strong limitations of this 
method (Pyke 2003; Semple 2013), notably because earthquake 
information is limited to some parameters without any 
consideration for the ground motion frequency, this first 
approach nevertheless allows us to identify the most plausible 
sources of liquefied materials and then to discuss the possible 
mechanisms for the occurrence of sand blows at the surface in 
this alluvial context. A numerical effective-stress analysis 
would have been a more rigorous approach, but this one 
requires the calibration of parameters used in the model. 

The last and fifth stage cross-references the results of 
liquefaction triggering deduced from in-situ tests and laboratory 
tests with the updated geotechnical model before discussing 
them. 

4 RESULTS 

4.1 Updated geotechnical model 
Thanks to clear variations of fs and qc between fine soils 

and sands (limit between Unit 1 and Unit 2) or between sands 
and gravels (limit between Unit 2 and Unit 3), the lithological 
limits between each unit can be specified using CPTu and then  
extended using dynamic cone penetrometers (DCPT) profiles. 
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The vertical variations (Figure 4). of these limits reveal wide 
undulations with a horizontal length about 30 m which 
correspond to geomorphological features of sandy scroll bars 
(Unit 2) buried under the silt cover (Unit 1) as described in 
Francisković-Bilinski et al. 2011 and in consistency with the 
cross-section B-B’ presented in Luong et al. 2022. 

The combination between CPTu through the Soil 
Behaviour Type (SBT) values and DCPT through qd variations 
also allows to describe in a greater detail the stratigraphy: 
 Unit 1 presents a general decrease of qc or qd (ranging from 

3.5 MPa to less than 1 MPa) and can be subdivided in 
superficial layer of clayey silt (Unit 1A) and a main 
heterogeneous layer including organic and clayey soils 
alternating with sandy and silty mixtures (Unit 1B) 
underlined by a sand content increase with depth up to 
50 % (sieve analysis results). 

 Unit 2 can be also divided into two layers with a layer of 
silty sands (Unit 2A) and a layer of sands much less silty. 
The change from Unit 1 to Unit 2 is generally underlined 
by an increase of qc or qd and then values steadily continue 
to increase with the depth until reaching 5 and 8 MPa at the 
bottom of Unit 2. 

 Unit 3 comprises at least 2 layers, one with dense sands 
and including gravel interbeds (Unit 3A), one other 
beginning with a layer of fine soils and then more and more 
gravelly with high qc or qd (exceeding 5-6 MPa). 

 
Figure 4. Geotechnical. model along profile A-A’ (loc. in fig.2) 

4.2 Site conditions prone to liquefaction 

In this part, three indicators are looked at: the shear wave 
velocity (Vs), the in-situ ID for the sandy soils of  Unit 2 and the 
vertical permeability (kv) of different layers. 

The Vs values presented in Figure 5 are either derived from 
DCPT for all soils or estimated only for the Holocene sands of 
Unit 2 according to the Vs relationships developed by 
Robertson (2009) from CPTu and valid for most Holocene to 
Pleistocene-age deposits but less reliable for fine-grained soils. 
All those Vs values are consistent with both the measured Vs 
from MASW profiles (Multiple Analysis of Surface Waves) 
carried out in Sept. 2023 along the B-B’ cross-section (loc. 
Figure 2) and the Vs range for points bars deposits 
(Morrison 2017) and surface sediments in general with 
Vs ≤ 300 m/s (Lee 2010). In particular, the lowest Vs values 
(< 100 m/s) are distributed in Unit 1B and Unit 2A (main areas 
in Figure 4) and also fit with the lowest values of qc or qd. These 
areas of very soft material also seem to be distributed above and 
between two scroll bars (Figure 4). 

The in-situ ID derived from DCPT results using a 
correlation (R2 > 0.9) proposed by Retamales (2022) from a fine 

liquefiable sand of Fontainebleau NE34 (France) which 
presents a similar grain size distribution to that of sandy blows 
on site E1 (Figure 3):  

𝐼஽ ൌ 0.335. 𝐿𝑛 ሺ𝑞ௗ;௡ሻ ൅ 0.237 (1) 

With 𝑞𝑑𝑛 the normalized penetration resistance given by: 

𝑞ௗ;௡=qd. ሺ
௣ೌ
ఙᇲೡ
ሻ଴.ହ and ሺ

௣ೌ
ఙᇲೡ
ሻ଴.ହ  ൑ 2.5 ሺ2ሻ 

With qd the penetration resistance value from DCPT; pa the 
atmospheric pressure; and σ´v the vertical effective stress. 

> 
Figure 5. Shear wave velocity (Vs) versus depth for the geotechnical 
soundings along the cross-section A-A’ (loc. in fig.2) 

The distribution of in-situ ID in Unit 2 is presented in Figure 4 
and pinpoints low compactness of sands preferentially at the top 
of a scroll bar in Unit 2A and, more rarely, in some zones in-
depth in Unit 2B where the sands tend to be denser. This 
vertical distribution in Unit 2 presumably reflects the 
depositional history and soil fabric of these sandy bars but 
might also be evidence of sand remobilization linked to past 
shaking in this environment of loose to very loose sediments. 

From the hydraulic point of view, the groundwater level 
was reached during the drilling in 2024 around 2 m of depth in 
Unit 1B to steady at less than 1 m of depth a few hours later. In 
this unit, the vertical permeabilities (kv).  derived from CPTu 
(Robertson & Cabal 2022). are low enough and present strong 
contrasts (kv between 10-10 and 10-6 m/s). In Unit 2, the 
permeabilities are lower in Unit 2A (kv < 10-5 m/s) than in 
Unit 2B (kv < 10-4 m/s) which also overlies a more permeable 
Unit 3A (kv < 10-3 m/s). As a result, the hydraulic context 
appears much more favorable for the water pressure build-up 
during ground shaking in Unit 1B and in Unit 2A. 

4.3 Triggering liquefaction from CPTu 

In this evaluation and given the flat topography (Kα = 1), the 
Safety Factor (SF), indicating a triggering liquefaction if 
SF < 1, is classically defined by: 

𝑆𝐹 ൌ  
𝐶𝑅𝑅଻.ହ

𝐶𝑆𝑅ெ
.𝑀𝑆𝐹.𝐾ఙ  (3) 

With CRR7.5 is the normalized cyclic soil resistance for a 
magnitude Mw of 7.5; CSRM the normalized mean stress 
generated by the earthquake of magnitude Mw; MSF a 
corrective magnitude factor depending on Mw and considered 
in this study equals to boundaries MSFmin and MSFmax 
recommended in the method for an earthquake with Mw < 7,5 
(Youd et al. 2001) in order to cover the uncertainty associated 
with this parameter; and Kσ an additional corrective factor 
linked to the effective confining pressure as the CSR does not 
vary linearly with depth. 
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In the equation of Seed & Idriss 1971 for the determination 
of CSR, the peak ground acceleration (PGA) at the surface for 
the mainshock is set at a plausible minima mean value of 0.2 g, 
based on the one hand, on some recordings from accelerometers 
installed in the area of the city of Zagreb located approximately 
50 km north of Petrinja and, on the other hand, on our own 
estimates from ground motion prediction equation depending 
on the uncertain value of Vs in the first thirty meters (Vs,30). 

In other respects, several tests with low values of Kσ (up 
to 0.8 for sands with low ID of 0.4 to 0.6 in particular) indicate 
that, in this context of unconsolidated sediments at low depths, 
this parameter can be taken equal to 1 as a first approximation 
(Figure 6). 

 
Figure 6. PGA = 0.2g - Comparison of Safety Factor (SF) values from 
CPT02 and DCPT Gz_S8 (loc. in Fig. 2). 

For a PGA of 0.2 g, the results confirm that the main 
intervals with SF < 1 are located mainly in sandy Unit 2A and 
Unit 2B and more locally in sand mixtures of Unit 1B and sands 
layers of Unit 3A (example with CPT02 in Figure 6). Almost 
all Unit 2 is involved at this PGA with a thickness of liquefiable 
sands upper than 3 m, which might justify the significant 
volumes of ejected sands at the surface in 2020 with thicknesses 
in the heart of sand blows often outreaching 20-
30 cm (Figure 7). 

4.4 Liquefaction study from laboratory and cyclic 
pressuremeter tests 

4.4.1 Liquefaction curves 

Laboratory tests to simulate seismic liquefaction were 
performed in soil samples using a triaxial apparatus. 
Beforehand, the different samples were water saturated and 
isotopically reconsolidated to the desired value of ID. Each 
cyclic test was carried out at a confining pressure of 100 KPa 
(~5 m of depth) and in applying an identical sinusoidal deviator 
stress at a frequency of 0.03 Hz until liquefaction. Different 
values of loading CRR (0.1 - 0.3) and ID (0.5 - 0.9) have been 
studied in order to get the number of cycles at liquefaction (NL) 
for set values of CRR and ID.  

The liquefaction criteria used in this laboratory study to 
estimate NL is mainly based on the value of excess pore pressure 
ratio (ru), defined as the ratio between the variation of water 
pressure and the confining pressure, and which equals to 1 at 
liquefaction. All the triaxial tests reveal a transition phase 
(ru ~ 0.7 to 0.8) beyond which the soil systematically liquefies 
and collapses (ru = 1). This abrupt loss of rigidity would result 
in a change in state from solid to liquid. 

The sufficient number of tests with ID between 0.6 and 0.8 
is then used to draw the curves CRR = f (NL) with a fairly good 

correlation (R2 > 0.85) for two ranges of ID (curves C1 and C2 
presented in Figure 8): 

CRR ൌ a.𝑁௅
ି௕  (4) 

With a between 0.23 to 0.31 according to the ID value and b 
another coefficient equals to 0.159 in consistence with the 
bibliography for same kind of materials and tests (Chattaraj & 
Sengupta 2016; Serratrice 2016). 

 
Figure 7. Example of sand dyke below its sand blow linked to the 
2020 Petrinja earthquake ( (Lat 45.471819°; Long 16.225298°) 

The results of in-situ cyclic pressuremeter tests in Unit 2A 
are also presented in Figure 8. At equivalent ID ranges between 
0.6 and 0.8, the results lined up on the C1 and C2 curves 
deduced from laboratory tests. They therefore confirm the 
consistency of the liquefaction curves deduced from the 
laboratory tests and also allow us to consider, on the other hand, 
that the liquefaction behavior of the soil observed in the 
laboratory is fairly representative of that under in-situ 
conditions. In addition, the cyclic pressuremeter provides 
information on intact soils at very low ID (0.3 to 0.5) what is 
difficult to get in laboratory (Figure 8). 

 
Figure 8. Liquefaction curves for sands from triaxial tests (samples at 
σ’3 = 100 KPa) and cyclic pressuremeter tests (Unit 2A, loc. in fig. 2). 

In order to complete the results for the other 
ID ranges (ID < 0.6 or ID > 0.8), liquefaction curves have been 
then looked for with the same b exponent value and variable a 
value adjusted to test results (triaxial and pressuremeter tests) 
and depending, as a result, on the ID value according to the 
equation: 

a ൌ 0.0427. 𝑒ଶ.଼଻଼ସ.ூವ  ሺ𝑅ଶ ൌ 0.9429ሻ (5) 

Each curve has been drawn with its uncertainty range framing 
the different results (Figure 8). 
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4.4.2 Triggering liquefaction from liquefaction curves 

With all the curves whatever the ID values for sands, it is then 
possible to compare the soil resistance at liquefaction (CRR) 
and the seismic demand (CSR), without the need to include a 
corrective magnitude factor (MSF) and with a number of cycles 
at liquefaction (NL) corresponding to the number of cycles of 
earthquake. This latter can be approximated with an equivalent 
number of uniform stress cycles (NE) which can be computed 
from different earthquake time series (Idriss & 
Boulanger 2008) or throughout empirical correlations as NE is 
function of the Mw magnitude, PGA and distance to the fault 
surface (Green & Terri 2005; Hancock & Bommer 2005). As 
no recording of the mainshock is available near the areas 
studied along the Kupa river, we have considered minimum 
plausible NE values for a magnitude Mw of 6.3 according to the 
bibliography (Lasley et al. 2016) with NE between 5 (NE,min) and 
10 (NE,max) for a hypocentral distance around 10 km (site E1 is 
located around 7.5 km from the epicenter) and for a magnitude 
Mw of 5.5. 

In this way, we can define a safety factor from liquefaction 
curves (SFlab) by: 

𝑆𝐹௟௔௕  ൌ  
a.𝑁ா

ି௕

𝐶𝑆𝑅ெ
  (6) 

With SFlab depending only on both PGA and NE for the 
earthquake and ID value for sand estimated from DCPT. Of note 
are underlying limitations to applying this formula as 
liquefaction curves have been defined only at 100 kPa and for 
one specific of grain size distribution curve (Figure 3). In 
addition, the CRR from triaxial tests usually require correction 
to be representative of field conditions, around 0.55-0.70 for 
clean sands with ID range 0.4-0.85 (Kokusho 2016), but 
difficult to calibrate accurately as part of this study. Given 
moreover that CRR from in-situ cyclic pressuremeter tests is 
equivalent of CRR from laboratory tests for same ID and NL 
(Figure 8), this corrective factor has been taken to be equal to 1 
in first approximation for the purposes of our study.  

One example of SFlab is presented Figure 6 to compare 
with SF values from CPTu in sands of Unit 2. The SFlab are well 
in line with the SF values from CPTu and make it possible to 
include these results in the screening of liquefiable layers. This 
consistency between laboratory and in-situ results also provides 
in return a reasonable degree of confidence about the 
considered estimation of in-situ ID from DCPT.  

In Figure 8, the useful characteristics of Petrinja 
earthquake (CSR and NE) are plotted and located in the vicinity 
of C1 curve. That would reveal that the sands of Unit 2 with 
ID ≤ 0.6 would have been easily liquefied for a PGA of 0.2 g 
and those with an 0.6 ≤ ID < 0.8 could have been affected if 
PGA reached 0.25 g. The overall results are discussed hereafter. 

4.5 Cross-referencing SF and SFlab results with the 
geotechnical model - Discussion 

In Figure 9, the SF and SFlab results for a PGA of 0.2 g are 
plotted with their respective uncertainties on the geotechnical 
model mainly based on CPT and DCPT results.  

This overview at 0.2g firstly confirms that all Unit 2 could 
have been concerned by the liquefaction phenomena, either 
continuously on the whole thickness (ex. CPT03, Gz_S3 in 
Figure 9) or in specific layers (ex. CPT04, Gz S6 in Figure 9). 
Secondly, it underlines that the total thickness of liquefiable 
sandy layers in Unit 2 seems to be more significant at the top of 
scroll bars where the sands present the lowest ID in Unit 2 and 
where the thickness of Unit 1 is less. In addition, the main lines 
of sand blows at the surface on this profile A-A’ (loc. in 
Figure 2) seem to be located above these areas (Figure 9).  

Unit 1B also includes some liquefiable lenses of sand and 
silt mixtures that are too thin however to explain the significant 
sand volumes observed at the surface. In addition, their granular 
sizes don’t match with those of sand blows. Unit 3A also 
presents some thin and rare sandy liquefiable layers in-depth 
which can be ruled out for the same conclusions as Unit 1B and 
also given the high permeabilities on the unit scale not 
conducive to water overpressure. 

 
Figure 9. Identification of liquefiable layers for a PGA of 0.2 g along 
cross-section A-A’ (location in fig.2)  

This preferential location of sand blows above top of scroll 
bars can be enlightened on a wider meander scale with a profile 
sub-perpendicular to the lines of sand blows (Figure 1) and for 
which the slight topographical variations can be highlighted 
thank to a high-resolution Digital Elevation Model (Figure 10). 

 
Figure 10. Former meander of Kupa river - Link between scroll bars 
and sand blows at the surface (loc. in fig. 1) 

According to the E1 site results, this preferential location 
of sand blows just below top of scroll bars could be linked in 
part to the lower compactness of sandy soils in these specific 
geomorphological areas. However this hypothesis has yet to be 
confirmed by a detailed literature review on the depositional 
history of sand point bars in general. 

By the way, the role of Unit 1B in the process of 
emergence of sand blows hasn’t still been well clarified. 
Unit 1B includes indeed areas with very low mechanical 
strength or Vs, in particular the zones with Vs < 100 m/s 
(Figure 9) which could have enabled more easily the rising sand 
up to the surface. In other sites, Electrical Resistivity 
Tomography (ERT) profiles have highlighted the presence of a 
silty layer with qd > 5 MPa at the bottom of Unit 1 preventing 
the sand blows emerging. In addition and more locally for the 
site E1, the upward water pressure of the aquifer in Unit 1 
which presumably existed before the earthquake (aquifer 
slightly artesian in Oct. 2022 and March 2024) could also have 
facilitated the process of ejection toward the surface. 
Nevertheless this water condition has not been observed on 
other sites along the Kupa river. 

Accordingly, the process of the occurrence of sand blows 
mainly depends on the available thickness of liquefiable sand 
in Unit 2 on the one hand (ejecta demand), and properties of 
cohesive Unit 1 on the other hand, both its thickness and its 
mechanical strength which oppose to ejecta demand. This result 
is in line with the model of the simplified procedure to estimate 
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ejecta potential developed by Hutabarat & Bray (2021) to 
capture these two competing effects. 

5 CONCLUSIONS  

This short study on one alluvial site with susceptible soils to 
liquefy presents the benefits of applying new geotechnical tests, 
DCPT and cyclic pressuremeter test especially and their 
complementarity with more classical tests such as CPTu or 
triaxial laboratory tests for the study of earthquake-induced soil 
liquefaction. 

Thanks to their repeatability and their new sensors, the 
instrumented DCPT provides a lot of detailed information with 
depth regarding the state of soils or their fabric (ID or Vs) in 
consistency with other measurements (MASW) regarding the 
estimations of Vs more especially. Paired with CPT, they make 
it possible to define a fairly precise geotechnical model in good 
adequation with the geological model in this alluvial context of 
sand points bars. 

Cyclic pressuremeter also turns out to be a particularly 
relevant tool for linking in-situ and laboratory results. These 
tests, performed in-situ on intact soils, notably allows both to 
check the validity of liquefaction curves defined from 
laboratory tests on reconstituted sand samples at different ID 
and to complete them for low ranges of ID in particular, which 
is difficult to obtain from laboratory tests. 

Despite the strong limitations of the simplified method, the 
consistency of the results from in-situ and laboratory tests tends 
to confirm the robustness of the diagnosis for the identification 
of liquefiable layers that caused sand blows in this study case 
with a clearly distinct liquefiable layer in Dec. 2020 located just 
below a non-liquefiable cohesive layer. However, it is by no 
means certain that this consistency of results between in-situ 
and laboratory tests will be found in other geological contexts 
with much more lithological heterogeneities for instance (sand 
and gravel lenses) or fine alternations (interbedded sands and 
fine-grained soils). 
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