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Micromechanics principle
• Description of the grains :

» Mineralogical nature of the medium
» Grain size distribution
» Particule shape
» Sensitivity to water (VBs, Atterberg)

• State parameters
» Water content
» Density
» Anisotropy

• Global behaviour
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• Soil classification (GTR, AASHTO…)
• Water content
• Cone resistance (Panda)

Practically

•If the classification is sharp enough
+

•If a well documented database is available
(correlations)

•One can find out the main mechanical
properties

TOOL 1 TOOL 2

The PANDA
Geoendoscopy
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What is the PANDA?
The PANDA is an innovative tool using 

variable energy.

� To drive into the soil a cone at the extremity of rods
� Measures:

� Impact Energy
� Penetration

� Records:
� Dynamic Cone Resistance
� Depth

Principle:

PANDA

Limits:- 7 m for depth
- Grain size: 0/50 mm
- Resistance < 50 Mpa
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PANDA Penetrogram
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Example of PANDA use

Example of PANDA use
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Experimental validation of the signal
Comparison with other types of penetrometers
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[Escandre][Lepetit][Vachon] :

Comparison with dynamic
penetrometers

[Escandre][Gourvès] :
0,95,95 qqd PANDAd PANDA

qqdd
≤≤ ≤≤ 1,051,05

0,850,85 qqd PANDAd PANDA
qqcc

≤≤ ≤≤ 1,11,1
Barrage deBarrage de

San Fernando San Fernando 
(Los Angeles)(Los Angeles)

Experimental validation of the signal
Comparison qd / qc  in a calibration chamber :

Hydraulic
jack

Panda rod
of 2 cm²

Strength
gauge (10 
kN)
Guide for the
rod

Displacement
gauge

ExperimentalExperimental devicedevice
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Experimental validation of the signal
Comparison qd / qc  in a calibration chamber :

0,850,85 qqd PANDAd PANDA
qqcc

≤≤ ≤≤ 1,11,1

2 cm2 cm²² conecone
StaticStatic test : 2 cm/stest : 2 cm/s
DynamicDynamic test : PANDAtest : PANDA

DynamicDynamic resistanceresistance qqdd ≈≈ StaticStatic resistanceresistance qqcc

TestedTested soilssoils : silt, : silt, sandsand, , 
gravelgravel

Experimental validation of the signal

PenetrogramPenetrogram in an in an homogeneoushomogeneous medium medium [Cassan][Lorin] [Cassan][Lorin] ::

Caracteristics of the signal

Ln(qLn(qdd))qd

De
pth

Critical
depth
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Experimental validation of the signal

qd1

Zc

qd0

Caracteristics of the signal

PenetrogramPenetrogram in an in an homogeneoushomogeneous medium medium mightmight bebe
schematisedschematised by  :by  :

qqd0 d0 : : conecone resistanceresistance atat
thethe surfacesurface

zzcc :  :  criticalcritical depthdepth
qqd1d1 : : conecone resistanceresistance in in 

depthdepth

3 3 parametersparameters [Quibel][Quibel]
::

Experimental validation of the signal
Caracteristics of the PANDA signal

•• qqd PANDAd PANDA reproductiblereproductible
•• qqd PANDAd PANDA equivalentequivalent to qto qd d for for otherother dynamicdynamic
penetrometerspenetrometers
•• qqd PANDA d PANDA equivalentequivalent to qto qcc

•• qqd PANDAd PANDA stablestable
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GEOENDOSCOPY

Allier sand Silt

TOOL 2

GEOENDOSCOPY
Use of image processing tools to describe quantitatively relevant 

properties from a mechanical point of view

Recorded images

Angularity

Texture 
analysis

Grain size 
distribution
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Diagnosis of works in use : 
main sewer

Panda Tests Geoendoscopic tests

Objectives : - Diagnosis of the structure (fracture index)
- Diagnosis of soil-structure interaction (contact)
- Diagnosis of the surrounding material
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Figure 3. Mould and hydraulic press
(Chaigneau, 2001)
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Calibration Curves

Reference curves

Critical depthzc

qd0 qd1
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The PANDA Software

Data Processing

Transferring 
Data
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PANDA Penetrogram

Definition of the Backfill
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Final Print Out

Urban Utility Center 
Assessment (NYC)
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Urban Utility Center 
Assessment (NYC)

Sample
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Stratigraphy from penetrograms
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Caracterization of the backfills
(La Pardieu - 63)

PurposePurpose : : 
••to to findfind out out thethe mechanicalmechanical structure of structure of thethe backfillbackfill, , 
••to to caracterizecaracterize thethe materialsmaterials,,
••to control to control thethe compaction compaction 
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Stratigraphy from penetrograms
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PurposePurpose : : 
••to to findfind out out thethe mechanicalmechanical structure of structure of thethe trench,trench,
••To To caracterizecaracterize thethe materialsmaterials
••To control To control thethe compactioncompaction

Caracterization of the backfills
(La Pardieu - 63)

Comparison with reality
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Coupling with the database

Good compaction Acceptable compaction Lack of compaction

In situ In situ soilsoil knowledgeknowledge
UsingUsing thethe relation relation γγdd / q/ qdd fromfrom thethe
databasedatabase

Compaction Compaction 
controlcontrol

Caracterization of the backfills
(La Pardieu - 63)

Investigation for aeronautic
roadways

by coupling geophysical and geotechnical
tests



20

Initial questions

Structure of the roadway: 
- depth, compliance with the specifications

Evolution of  the subbase : 
- aging, evolutive soils, settlements

Need of a general and comprehensive
diagnosis

Constraints
Constraints :

- large investigation surface
- limited intervention time

Solutions:
- money-saving auscultation methods
- non-destruvtive methods
- quick implementation suitable to trafic constraints
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Diagnosis methodology
1

Global diagnosis

Default
cartography

2
Punctual tests above the

detected defaults

Very sharp punctual information

3
Re-Interpretation

Diagnosis methodology

Radar testRadar testRadar testRadar test

1Bad connection
2-Good connection

Admittance

4

12
20

36

50 100 200 420 540

ImpedencyImpedencyImpedencyImpedency
metermetermetermeter

1- Global diagnosis (geophysical radar or mechanical
impedency)

PandaPandaPandaPandaGeoendoscopeGeoendoscopeGeoendoscopeGeoendoscope

2222---- PunctualPunctualPunctualPunctual diagnosisdiagnosisdiagnosisdiagnosis by by by by 
couplingcouplingcouplingcoupling geoendoscopicgeoendoscopicgeoendoscopicgeoendoscopic
andandandand penetrometricpenetrometricpenetrometricpenetrometric teststeststeststests

Punctual tests 
above the
detected
defaults

DefaultDefaultDefaultDefault
cartographycartographycartographycartography

3333---- penetrometricpenetrometricpenetrometricpenetrometric andandandand
geoendoscopicgeoendoscopicgeoendoscopicgeoendoscopic test test test test 

resultsresultsresultsresults

Panda Panda Panda Panda 
testtesttesttest

GeoendoscopicGeoendoscopicGeoendoscopicGeoendoscopic
testtesttesttest
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Roadway structure evaluation

Aulnat Airport (63,France)

P12

P9

P8P14
P15
P13
P7

Profils longitudinaux
Profils transversaux

P11

P10

0 m 45 m

Roadway structure evaluation

Aulnat Airport (63,France)
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Depth of the interface between roadway
and natural soil

DefaultDefaultDefaultDefault cartographycartographycartographycartography

Roadway structure evaluation

Aulnat Airport (63,France)

Structure de chaussée
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Roadway structure evaluation

Aulnat Airport (63,France)
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Evolutive soils under roadway
(gypsum) 

1111---- Global Global Global Global diagnosisdiagnosisdiagnosisdiagnosis throughthroughthroughthrough geologicalgeologicalgeologicalgeological radarradarradarradar

Paris airport (75,France)

Evolutive soils under roadway
(gypsum)
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2222---- PunctualPunctualPunctualPunctual diagnosisdiagnosisdiagnosisdiagnosis withwithwithwith Panda Panda Panda Panda andandandand
geoendoscopegeoendoscopegeoendoscopegeoendoscope
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Conclusion

Implementation:

• Quasi non-destructive tests, quick, with light devices

• Full methodology allowing a diagnosis for wide, 
complex and strategic areas



26



27



28



29



30



31

Conclusions

• 1800 devices in 30 countries 
- French standard  NF XP P 94-105 
- Remote areas
- multiplication of simple and reliable tests
- spatialization of the data.
• In the future :
- To complete the database
- To stick to international contexts
- New applications (railways, mining residuals …)
- Soil-structure interaction (underground works, pavings)


