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- Background

Compaction Control
The importance of compaction control

The stability of roads and their durability depend a lot on the
dimensioning and evenmore on the structural pavement layers.

The mechanical behavior of the

pavement layers is by the nature of the
materials, the thickness of the layers and

the level/quality of compaction.

Since Proctor’s studies, trenches control
is made with the following

v’ Mesure du poids volumique sec (¥,) et comparaison a une référence
(OPN et/ou OPM)

w
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The Compaction Control
The importance of compaction control

The methods of compaction control :

Direct methods (gamma
densitometer, densitometer ...)

Indirect methods (/oad plate test,
bearing capacity, penetrometers...)

Backfills are done layer per layer :
v’ Horizontal variability v’ Vertical variability
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Background

Dynamic Penetrometer for the Compaction Control

SPT - Standard Penetration Test DPSH- DCP PANDA 2®
(63.5 kg. hammer drops 760 mm) (63.5 kg. hammer drops 760 mm) (8 kg. hammer drops 575 mm) (Variable drops & energy)

In the classical geotechnical field, dynamic penetration is one of the most popular
test around the world (quick, cost effective, simple...).

- In-Situ Shallow Characterization ...

- Control, Acceptance and diagnosis of backfills ...

/m L'innovation sur de solides appuis. -
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Dynamic Penetrometer for the Compaction Control
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= Introduction
= ( Background '

Dynamic Penetrometer for the Compaction Control

s

However ...
Wide variety of devices (lack of standards)

Empirical interpretation (it is soft or hard...)
Different relationship (CBR, E prw, E, DCPI ...) are available ...

No devices measures the compaction degree
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The French Experiences — LCPC Rouen
The PDG-1000

Developed in France (80's — 90's)
by the CER Rouen

Compaction Control Quality
according to the French Standard

" For each type of soil used in backfill and for each
The Idea :

compaction degree a relationship between density and cone
index must be established ”
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Introduction

The French Experiences — LCPC Rouen
The PDG-1000 - Labs Callbratlon
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The French Experiences — LCPC Rouen

Control Principle

enfoncement du Pdg1000
dans les graves DC3 et B4
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Figure 9: profils pénétrométriques du PDG1000 dans les graves
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Soil Data
Base

GTR

v" Soil type (GTR)

v Compaction
requirement

’

€ (mm) 50 20 10 5
- 4 4 + “+

profil partie
pénétrométrique supérieure
intercouche

droite

de REFERENCE

droite limite
- 1m

couche trop épaisse
(insuffisance — ;

partie
de compactage) profonde

=
Réf Y

References Curves for Soil "X"” &
“Y%" Compaction Degree SR
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The French Experiences — LCPC Rouen
Control Principle

Difficulties related to PDG-100

The Device is Bulky and Heavy

Test Execution Time : Important
High Penetration (low precision in soft soils)
Thickness Detection : Not Easy

The Device and the Test is not Cheaper
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The Panda Use for the Compaction Control
Background

Created in 1989 by Roland Gourves
(Gourves et Barjot, 1991)

v Develop a light dynamic
penetrometer completely automatic

v Driving : Variable Energy

v Automatically interpretation (by PC)

Pénétrométre dynamique léger Y

a énergie variable
pour la reconnaissance des sols Improvement of the quality
and quantity measurements
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C/QA with Panda )
Q / Q ® (Compaction Control

The Panda Use for the Compaction Control

Background
Measuring Principle Soil resistance qd calculated from Dutch Formula
Speed sensor Résistance de pointe (Mpa)
qu D,l}ﬂﬂl ] I\\'Hlli I II\,IIIII I II\!II\;
2
1 1/2%M*y 1 1280
qd ==k % A
A e (1+P/M) 0800 A
Pq e - QB0 o
V' Penetration N
B, v Speed of the hammer > R
M Mass of the hammer Sl
A Cone cross section ¢
xte e Settlement ) 1800 o
' P Struck mass O O 11
M Striking mass |

“"The qd soil tip resistance is a mechanical measurement of

5 SC soil state (Chaigneau, 2002)” N
O\l L’innovation sur de solides appuis s
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Introduction

The Panda Use for the Compaction Control
a. Background (Measuring principle, Panda 1, Panda 2...)

b. Measuring Principle (Micromechanical approach, density-qd relationship...)

c. Calibration Panda (Calibration Curves : How to obtain it? )
- Laboratory — Calibration Chamber
- In-Situ Test — Test Beds
- Mathematical Models
d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)
e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)
- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)

w
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Introduction

The Panda Use for the Compaction Control
—>» a. Background (Measuring principle, Panda 1, Panda 2...)

b. Measuring Principle (Micromechanical approach, density-qd relationship...)

c. Calibration Panda (Calibration Curves : How to obtain it? )
- Laboratory — Calibration Chamber
- In-Situ Test — Test Beds
- Mathematical Models
d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)
e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)

- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)
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ompaction Control

The Panda Use for the Compaction Control

Background The Panda 2

Résistance de pointe (VPa)

Jauges extensométric
Mesure de la Déform:
du corps d'épreuve.

Principe du PANDA Il

Jauges extensométriques.
Mesure de la Déformation

xxxxx

]
du corps dépreuve. < =3
<+———— Maille! sans recul. <
Terminal De ( [ %
Dialogue 3
(ToD) = =1

: Terminal De |
4————————— Courroie Dialogue

(TDD)
i 4

| +— Pibce guide

Tige lg 500mm

Gapteur d

Unité Centrale

d'Acquisition Unite Centrale

(UCA) d'Acquisition
P | (UCA)
Fanmlo des Hallalhls 500 |
19 M
gd = —X—X———+
A e M+P

Compaction control (NF P 94-105) fast and easy to obtain :

v’ Thickness layers detection
v Compaction quality control

\/ Anomalles detectlon m depth
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QC/QA with Panda® (C

ompaction Control

The Panda Use for the Compaction Control

Background Control Principle with the Panda (NF P 94-105)
Résistance de pointe (Mpa) Résistance de pointe (Mpa)
Dym' R TT HL%\ L, > Dym' Lol i i,
0,250 /j? 0250
0,500 \/ 0,500
% 0750 f % %’t 0750 5} .
;9—- 1,250 ;_g 2,2__ 1 {__g
1,750 /)j 1750 /)(/
2,000 | : : 2,000 ?
(1) In-situ Test —> (2) Logqd(z) = (3) Input — (4) Control and
obtained specifications (GTR) Interpretation
NF P 94-105

v’ Type of Soil (GTR)
v’ Thickness of Layers
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Introduction

The Panda Use for the Compaction Control
a. Background (Measuring principle, Panda 1, Panda 2...)

—>» b. Measuring Principle (Micromechanical approach, density-qd relationship...)
c. Calibration Panda (Calibration Curves : How to obtain it? )
- Laboratory — Calibration Chamber
- In-Situ Test — Test Beds
- Mathematical Models

d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)

e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)
- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)
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ompaction Control

The Panda Use for the Compaction Control
Measurement Principle (Chaigneau, 2002)

Classification parameters used to describe the soil according to the
micromechanical approach :

v’ Mineralogy, shape, size s

v’ Bulk and dry density g,
index of voids ...

v’ Water content, plasticity,
Atterberg limits...

m Linnovation sur de solides appuis ———
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ompaction Control

The Panda Use for the Compaction Control
Measurement Principle (Chaigneau, 2002)

If the parameter controlled is the gd tip resistance of soil

Knowledge of :

particle-size distribution
Dry density in
v’ Tip resistance qd(z) depth
Ya(2)

v Water content, plasticity,
Atterberg limits...
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The Panda Use for the Compaction Control

Measurement Principle

In fact, (Zhou, 1997) & (Chaigneau, 2002) showed that there is a very close
relationship between dry density and tip soil résistance qd ...

Tip resistance, qd (Mpa)

0.1 qd 05 1 qd1 2
D,DD I | | 1 11 Lo 1
0,10 ~ 20007 y=1272n(x) + 14,633
£ 1900 R*=0,9945 \
0.20 7 z , / 12
< 18001 M20
0,30 :__:
£ 0,40 = 701 Mi19
N = 16,00 -
< ) = ' MI13 R |
% 0,50 '% 15.00- Yaopd= 17.07 KN/m
O g6 - - M17
= 14,00
0.70 7 2 ja00 B MG Y ¥ : .
060 000 500 1000 1500 2000 2500 3000 )
Resistance de pointe qd1 (MPa)
090 7 )
- Three parameters Calibration curves

\J
@
\ 4
£

qgdo
Zc

qd1
L’innovation sur de solides WB

Depth z(m)

ompaction Control

Tip resistance qd (Mpa)

AT TR T ST N Y N VIS V[
| L1y 1 J L 111II] \I\H'

Tolerance
Reference

Reference
Curves
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Introduction

The Panda Use for the Compaction Control
a. Background (Measuring principle, Panda 1, Panda 2...)

b. Measuring Principle (Micromechanical approach, density-qd relationship...)
—> ¢. Calibration Panda (Calibration Curves : How to obtain it? )
- Laboratory — Calibration Chamber
- In-Situ Test — Test Beds
- Mathematical Models

d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)

e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)
- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)
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ompaction Control

The Panda Use for the Compaction Control

Measurement Principle
e Reference curves : How to obtain it?

Laboratory - calibration chamber
Calibration Method in (NF 94-105)

In-situ test — Test Beds
In-situ Method - Function C (NF 94-105)

Mathematical models
Under process

A o T TR
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The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database (Labs)

Calibration Curves : Determination (Chaigneau, 2002) ——

mpaction Control

Courbe granulométrique

I

T
L
T

12 25 P
| iy )
¢ |‘eole
& O
A Fassant & 2 mm
¢ o 100%
L. ® 70%
Qe Q
0%
6t 02 15 25 6

GTR Soil Classification Chart
(Dmax < 50mm)

s 2 s s o 5 U
T
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ompaction Control

The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database (Labs)

—— Calibration Curves : Determination (Chaigneau, 2002) ——

— 5 soil samples : Ya = 1(qq40)
Chg?ét;f'zgﬂon ———>| 7, between 85% t0 110% OPN  fmeedl v, = f(z,)
and 3 Panda test/sample =f(q )
d1

If the soil tested is plastic

Process repeated
for different water
contents

Completion time for a soil : 1 month / 2 operator |
8 plastic soil tested = more than 100 samp esjg
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ompaction Control

The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database (Labs)
—— Calibration Curves : Determination (Chaigneau, 2002) ——

The samples of soil is carried out in a calibration chamber 400mm x 800mm according to
French standard NF P 94-105

Load and

displacement Jack

sensor -
R —

©

Load Plate

cylindrical test

mould with an
Compacted sol interior membrane
O S
' m Sample Compaction Process ‘
— L de L B:"*‘Q&ﬁfiﬁi enandaan
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The Panda Use for the Compaction Control

Calibration Panda - Building a Soils Database (Labs)

Fontainebleau Sand (GTR =D1 ; USCS = SP ; AASHTO = A-3)

0.001
0

Sample 2
Résistance de pointe, qd (Mpa)
0.01 0.1 1

10

01 +

0.2 A

Profondeur, z (m)

06 -

07 +

08 -

A T

qgdo : 0,03Mpa
Zc:0,23m
qd1l : 0,14Mpa

Profondeur, z (m)

0.001
0

Sample 3
Résistance de pointe, qd (Mpa)
0.01 0.1 1

10

01 T

02+

o
w
|

o
'S
'

o
[
|

o
@
+

o
~
t

o
=

o
©
i

qgdo : 0,24Mpa

Zc:0,31m
qd1 : 1,65Mpa

Profondeur, z (m)

o
[

Sample 4
Résistance de pointe, qd (Mpa)
0.001 0.01 0.1 1 10
0 : . :

100

0.1 1

<
o

e
w

<
IS

<
n

e
b

o
[~

o
w©

qgdo : 0,40Mpa
Zc:0,48m
qd1l : 8,56Mpa

m L'innovation sur de solides appuis —

Calibration Curves : Determination (Chaigneau, 2002) ——

Sample 5
Résistance de pointe, qd (Mpa)

0001 001 0.1 1 10 100
0 : ‘ ‘

01 +

02 +

Profondeur, z (m)
(=] o o o (=]
~ D wm = w
ot t t A —

o
®
e

o
©
[E—

qgdo : 0,69Mpa

Zc:0,55m :
qd1l : 14,21‘Mp\a A
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The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database (Labs)

Calibration Curves : Determination (Chaigneau, 2002) ——
Fontainebleau Sand (GTR = D1 ; USCS = SP ; AASHTO = A-3)

Non plastic soil

19 1 19 1 19 1
18 ] gs (kN/m3) = 0.79%In(gdo) + 16.33 18 gs (kN/m3) = 2.87%In(zc) + 17.92 18—: gs (kN/m3) = 0.55%In(qd1) + 14.6
& 1 R2=0.94 = T R2=0.99 o T R2=0.98
E17 1 g 17 3 £ 173
2 1 A 2 1
=16 4 = 16 ¢ = 16 ¢
w ] 7] T 7] I
D15 3 i @ 15 15
g ] 1] + [ T
G 14 S 141 S 14 4
‘D ] ) T @
] I (7] I 7]
ﬁ 13 T -2 13 T ﬁ 13
£12 § € 121 2 12
g I g I g
11 F 11 3 11
10:::::;::::;::::;::::;:::: 10::::::::::::::::::::::::: 10 —~+——rr—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 5.0 10.0 15.0 20.0
Résistance de pointe, qdo (MPa) Profondeur critique, zc (m) Résistance de pointe, qdo (MPa)

Calibration Curves — Density-penetrometer characteristic relationship

v
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The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database (Labs)

—— Calibration Curves : Determination (Chaigneau, 2002) ——

Process repeated for
For plastic soils — 5 samples / different water contents different water

contents

w =10%

(]

=

=
1

: Caractéristiques Proctor :

peids volumique sec (KN/m?)

14 .00 - Yd opn = 17,98 KN/m®
Wopn = 14 %
12,00 A . . . . ]
0,00 5,00 10,00 15,00 20,00 25,00
résistance de pointe qd1(MPa) et
0 Relatlonshlp Ys/ad water content W% sen3|b|I|ty for plastlc 30|Is e
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The Panda Use for the Compaction Control
Calibration Panda - Building a Soils Database

21,00 q
S 1800 \
“—LE__ 17.00 1
E§ 15,00
aalyf | \"_l; 12,00 - y= 2078 nix) + 18,088
i00ne. 12 25 40 F‘> b R°=0%955
3 11,00 T T T 1
)l @] & 7)) 0.00 1,00 200 300 400
" Ay AT 0 (Mpa)
S Qgo (MP
| &
35% = 21,007 IR
U - -
B, B, e P Soil Data Base in
A Passant & 2fmm -.'g “-Z% 17,00 > PandaWin
i D, | B PR E =4 15,00 y= 4,5665Ln(x) + 21,89 Software for :
1 1™ 2 - R*=0993
ok -'E Eh13-,uu . . .
D, | B, 8, © 0,10 0,30 0,50 070 ~ 30 GTR Soil
0% =) e e 41O e U Z. (m)
Q 0. 02 15 25 & g 21,00
s 2 1900 + 180 Reference
. . . =
GTR Soil Classification Chart 2' Tr.oe curves
(Dmax < 50mm) s y =2,1088Ln(x) + 15872
?_E' 13,00 R™ =0,2944

Lm Linnovation sur de solides appuis ————



C/QA with Panda )
Q / Q ® (Compaction Control

The Panda Use for the Compaction Control
Calibration Panda - In-situ Test Beds (Testing Field)

Calibration Curves : Experimental Determination —_
Reference Curves from Testing Field — C Function (NF P 94-105)

(a) Backfill - Test Beds (b) Sail (c) Panda Test after
Characterization compaction

U . -
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QC/QA with Panda®

(Compaction Control

The Panda Use for the Compaction Control
Calibration Panda - In-situ Test Beds (Testing Field)

Calibration Curves : Experimental Determination —_
Reference Curves from Test Beds — Function C (NF P 94-105)

Résistance de pointe (MPa)

Résistance de pointe (MPa)

0,01 0.1 1 10 0,0 0,1 1,0 10,0
0 - | | | O — — —
0,05 A
0,05
0,1 A
0151 0.1
E o E
T 021 5 015
3 0ns | 3 s
- 025 ¢ < — S1_1
— 511 > =4 J—s2_1
% 03+ —S21 K 3 o 02 8371
et F—S3 1 it f 1T —S1.2
& i 312 & 522
0,35 T 522 J 0,25+ S23
: S372 ] o
041 —s13 )] 8¢ [ Lirfite Inférieur
N S2.3 {J i 0,3 = Limite Supérieur
045 + —S3.3 =X [
[ = Limite Inférieur ;’( 2 I \
05 & e | imite Supérisur’ H??_ 035 L
(a) Backfill - Test Beds. (b) Result : In-situ Reference

Curves for 95%OPN

......

Patagonia, Chile
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The Panda Use for the Compaction Contrbl *
Calibration Panda - In-situ Test Beds (Testing Field)

Calibration Curves : Experimental Determination —_
Reference Curves from Test Beds — Function C (NF P 94-105)

190 T Resistenciade punta, qd (MPa)
185 | vd=1.0811In(qd)+ 15,983 O A o ! © B
~ 1 R2=0,9948 / P ] Ty o - \
—~ 180 vd = 1,086In{qd) + 15,543 o
T : / R?=0,9883 AN
175 % 02
g I //El \\
X 170 | 7~ vd=0,8693In(qd) + 15,552 s \
%“ 16,5 1 R2=0,9755 éw
S 160 T i
‘; 155 1 A Tailings Dam No 1 g
0 150 | O Tailings Dam No 2 5"
i O Tailings Dam No 3 “ o
14,5 1
14,0 B s . e e EEE— "
00 20 40 60 80 100 120 140 160 180 "
Dynamic coneresistance, qd (MPa) 1
(a) Calibration Curves in-situ Test (b) Panda Test in (c) Reference
Beds, Chileans Tailings Dams tailing Dams Curves and Control
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- QC/QA with Panda®

The Panda Use for the Compaction Control
Calibration Panda - Mathematical Model

— Calibration Curves : Based on Soil Characteristics

» ye = A In(qd;) + B
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Soil Characteristics

v’ Particle size distribution
v Water Contents

v’ Void Index
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The Panda Use for the Compaction Control
Calibration Panda - Mathematical Model

— Calibration Curves : Based on Soil Characteristics

_ . under process
One premier analytical model has been proposed for the

granular materials (E/ Fathou, 2012)

comparaison sol I / modéle

Density — gd Model for granular soils

ye = A In(qd,) + B

Predicted

Measured

A=f(CC, 5mm; me, ]:)601r D3UID10)
Bzf(CHrGC)

Gc = (1—=%2mm) * (%4.65mm)

Dry density (kN/m3)

10 + : ; . : : .

0 2 1 . 6 & 10 12
Panda’s tip resistance, qd, (Mpa)

A = 0,304.Cc — 0,044. D60 — 0,036. D30 + 0,051. D10 — 0,01.5mm + 0,002. 2mm

B =0,0591.CH + 0,221.GC + 13,548
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The Panda Use for the Compaction Control
Calibration Panda - Mathematical Model

— Calibration Curves : Based on Soil Characteristics

_ . under process
One premier analytical model has been proposed for the

granular materials (E/ Fathou, 2012)

comparaison sol II / modéle 1

comparaison sol I / modéle

Density — gd Model for granular soils

— A In(qd,) + B

1 Y:"'ggf'zla‘g‘g%lﬁw 7=1,15511n(x)+ 15,88
| . 10 . . : : : . . :
0 5 sesistancie poin 15 20 0 2 1 6 sd u nou 15
résistance de pointe
A_f(CC’ 5mm’ zmm’ D60’ D30’D10) ] * comparaison sol IV / modéle
B=f(CH;GC) “1
Gec = (1 =% 2mm) * (%4.65mm)
El.] W modéled

S
1 y=08603a(x)+ 15173 ¥° 1-129;155"1) +14543

V= 1,1648In{x) + 15,672 10 4

A = 0,304. Cc — 0,044. D60 — 0,036.D30 + 0,051.D10 — 0,01.5mm + 0,002. Zmm = = » = = = T T T

B =0,0591.CH + 0,221.GC + 13,548

/m L W“WMWB*%{!‘”&”‘ ill

A T




ue'fOrTj'ack Substr A EG o S8t
% f& SN o] anmgae H’ e

= Plannin '
-~ g ( Schedule '

Introduction

The Panda Use for the Compaction Control
a. Background (Measuring principle, Panda 1, Panda 2...)

b. Measuring Principle (Micromechanical approach, density-qd relationship...)
c. Calibration Panda (Calibration Curves : How to obtain it? )

- Laboratory — Calibration Chamber

- In-Situ Test — Test Beds

- Mathematical Models

—> d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)

e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)
- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)
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The Panda Use for the Compaction Control

Calibration Panda

Reference Controls Curves (NF P 94-105)

How to determine it ?

01

Y

Résistance de pointe (Mpa)

02 05 10 20 50 100 20,0 50,0
11 1 qJ 111N | 1 1111l L1 11111

0,000

0,250

=

0,500

0,750

Profondeur, z(m)
Profondeur, z(m)

=

1,750

2000
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ompaction Control

The Panda Use for the Compaction Control
Calibration Panda

— Reference Controls Curves (NF P 94-105) —

How to determine it ?
Compaction requirement (density KN/m3) = X% OPN

Reference Tolerance
21,00 - 21,00 - 21,00 1
& 1900 — 000 _—F & 1900 —
- ! - ::lhd‘-ﬂ_
E) 17.00 - "E\ - § 17.00 1
Eg 15,00 _,/ 21?.00- »15// EE 15007 '/q- =2,088Ln(x) + 15872
\__; | / y=2_ﬂ'['8Lrtx}+ 18868 2 / - 4566h 2189 e l.r = FQ:=0{£M
= 13001 L & = 00085 15,00 - » y=4, o =L;(;Z; 1, = 1300 1. '
11,00 v vV - ?31300 \ 11,00 - . A -
0.00 1.00 200 3.00 400 ' ' ' !
010 0.30 0,50 070 00 2 4& R
Q40 (Mpa) z.(m) Qa1 (Mpa)
—— qdo R Zc R —— qd1R
——qdolL Zc L el [OH

"
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The Panda Use for the Compaction Control
Calibration Panda

—_— Compaction Requirements (NF P 94-093) ~—

7 kg ! cm?*

French Compaction Requirements According to NF P 94-093)

1,30m Proctor Density Proctor Density

Compaction Required Required Density
. P Application Zone Density (Bottom of the
Quality Level
y (Average) Layer)
\ 01 Civil/lmportant 100% of Modified 98% of Modified
tructures roctor Density roctor Density
S P Densi P Densi
S 97% of Modified  95% of Modified
Q2 Road Structure o ot Modine o ot viodiTie
}/ Proctor Density Proctor Density
>/d 9
? Superior part of S @ 96% of Standard
8 Q3 the Road Base STEIEEN ] Proctor Densit
2 Compacted Density y
§ soll 04 Inferior part of the  95% of Standard 92% of Standard
S Road Base Proctor Density Proctor Density
o
E g o
S Coating Zone (in 0 0
g 05 trench) for HT > 90% of Standard 87% of Standard
z
8
m

v <

(*) The Compaction Level Decrease in Depth as well as The Trafflc Loads
L’innovation sur de solides appuis e e
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The Panda Use for the Compaction Control
Calibration Panda

Reference Controls Curves (NF P 94-105)

( Compaction Control '

Example of Reference Control Curves : Homogeneous Soil (DC1 - GW)
Compaction Requirements : Q5, Q4, Q3 & Q2

Cone resistance (MPa) Cone resistance (MPa)
‘ = : gt ‘
() 0,250 - /
s =
= £ 0.750 - i = :
R &
- —
/> 1,000 />
Q5 (90%OPN) _> Q4 (95%0PN) °
qdl: 5,8 Mpa % _|qd1:10Mpa %

0,000

0,250 ~

1,000 —

Cone resistance (MPa) Cone resistance (MPa)
0,1 0,2 05 1,0 20 50 10,0 20,0 50,0 100 0.1 0.2 0.5 1.0 20 50 10,0 20,0 50,0 100
T ’ ‘ il
= 0,250 <
= i 7
i \? :O,TW— \?
= i =
5 5
; 1,000 - - />
2S04 o 1250+ §
Q3 (98,5%0PN) - Q2 (97%O0PM)
qd1: 14,5 Mpa qdl: 16 Mpa %
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The Panda Use for the Compaction Control
Calibration Panda

—_— Compaction Requirements (NF P 94-093) —

Example of typical Trench/Backfills according to French requirements

Trench/Backfill Trench/Backfill in Road Trench/Backfill
in Sidewalk Section in Verge
-# 4 e L ]

Eevétement Structure = 30 cm Terre vegétale # 20 o
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The Panda Use for the Compaction Control
Calibration Panda

— Reference Controls Curves (NF P 94-105) —
Example of Reference Control Curves : Typical Backfill Profile Requirements

Cone resistance (MPa)

0.1 0.2 0,5 1.0 2.0 5,0 10,0 20,0 50,0 100.,0

Asphalt Pavement 0,000 | I T
[ \\\ —

L N0 E=T - [E
| N s |

- - A TR
Backfill =
- .
ot e,
v | =
Trench/Backfill 1.500 : ! ‘

Type |
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The Panda Use for the Compaction Control
Calibration Panda

Reference Controls Curves (NF P 94-105)

L 1 N

“= QC/QA with Panda®

The Influence of Water Contents in the Compaction Requirements
Fine & Plastic Soils (Water Sensitive Materials)

Résistance de pointe (MPa) Résistance de pointe (MFPa)

Résistance de pointe (MFPa)

(Wet)

(Medium)

0.4 032 05 10 320 50 100 200 50 01 o3 0E 10 =20 €0 100 00 =0 01 D2 05 10 20 S0 100 o0 S0
o000 0.000 i Illlllﬂ i [EERRIT] PR | ]  a.aaa
, i | .
Wet Hydrous | "'I'\/I'édlum”":":': £ Dry Hyd'rous ey
_sses i 1 Hydrous : . A7 wed . Contént, ':_':..:
g Content <7\
E So.730 NN S
N v H
£ 2 i
g "E'" orbeeed il
g i
1.230 4 e S Sl B '||:'EL
i
e R L B -
B A R S e I ii::::::l PTITTTER
P Reference Curves E Reference Curves Reference Curves

(Dry)




C/QA with Panda )
. Q / Q ® ( Compaction Control

The Panda Use for the Compaction Control
Calibration Panda
— Reference Controls Curves (NF P 94-105) ~—

In Brief ...
v One Control Test (Panda in-situ)

v Technical specifications (Backfill, materials, compaction
requirements ...)

v PandaWin Software & Soil Data Base.
- The Panda Soil Data Base are :

~ 30 GTR Soil

+ USCS, AASHTO, DIN ... Soil

+ 180 Reference Classifications
curves

. . Lol -
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Introduction

The Panda Use for the Compaction Control
a. Background (Measuring principle, Panda 1, Panda 2...)

b. Measuring Principle (Micromechanical approach, density-qd relationship...)
c. Calibration Panda (Calibration Curves : How to obtain it? )

- Laboratory — Calibration Chamber

- In-Situ Test — Test Beds

- Mathematical Models

d. Reference Controls Curves (How to determine it? )
- Compaction Requirements (NF P 94-063)

—> e. Control Test : Interpretation
- Anomaly Detection (Compaction Defects)
- Thickness Determination
f. Use Panda for Compaction Control (Software Panda Windows ...)

Application Example (In-situ Test at Urbana)
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(Compaction Control

The Panda Use for the Compaction Control

Summary Control Principle with the Panda (NF P 94-105)
Résistance de pointe (Mpa) Résistance de pointe (Mpa)
0.000 ! ““2 (| 0;5‘ 11 \1i0 IIU 1 1 6\‘”\ l \:l::u 2UI[) | Iﬁl::!nl | I' ; 0.000 i 0\2 (| 0;5‘ 1 I1ID ziu | | Siul | I‘I"TVD 20\‘0 l IW\YD\ 1 \'
: — :
0,250 0,250 ~
0,500 \/ 0,500
T E ) —
' 5} £ N 5};
§ 1,000 E § 1,000 :i
c c < E
“9 1,250 E "9 1,250 3
o o o v
& & a |
1,500 1500 ;
1,750 1750
/); B
2,000 2,000 ?
A4 ‘(

(1) In-situ Test —> (2) Logqd(z) = (3) Input — (4) Control and
obtained specifications (GTR) Interpretation

NF P 94-105
/m Linnovation sur de solides appuis ——
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v Type of soil (GTR)

v’ Thickness of layers
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The Panda Use for the Compaction Control
Process of Compaction Control with Panda

Control test : Interpretation (NF P 94-105)
Anomaly of Compaction According to the French standard

- le pénétrogramme se trouve toujours

en dfépa_ssement deqL. sans Essai Essai
- les épaisseurs de couche sont anomalie | accentable | acceptable
conformes aux prescriptions.
“Anomalies are defined by the position e péntrogramme e rouve toujours
, ) en dépassement de q. ) ) )
of the pénétrogramme control relative to - les épaisseurs de couche sont ey | Esal | Essa
p g systématiquement supérieures de detypel | acceptable | acceptable

References Curves” plus de 20% aux valeurs prescrites.

- le pénétrogramme est inférieur & q

- . d’un écart « a » inférieur a la

4 Anomalies are defined distance « b » entre q, et qg et au §”°ma“ze Essai | Essainon
total sur une hauteur de moins de ©WPeZ | acceptable | acceptable
30% de la profondeur contrdlée.

- le pénétrogramme est inférieur a q.
d’un écart « a » supérieur a la
distance « b » entre gy et g, OU au ) ) )
total sur une hauteur de plus de 30% | Anemalie | Essainon | Essai non

a50% de la profondeur contrlée, detyped | acceptable | acceptable
quelle que soit I'importance du

dépassement.

- le pénétrogramme est inférieur a0, | anomalie Essainon | Essai non
sur plus de 50% de la profondeur de type 4 acceptable | acceptable
controlée. 8

L’innovation sur de solides WIB
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QC/ QA with Panda® ‘(Compaction Control '

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

Control test : Interpretation (NF P 94-105) ~—
Anomaly of Compaction According to the French standard

Résistance de pointe (MPa) Résistance de pointe (MPa) Résistance de pointe (MPa) Résistance de pointe (MPa)

01 02 05 10 20 50 100 20 01 02 05 10 20 50 100 200 50 01 02 05 10 20 50 100 200 50 01 02 05 10 20 50 100 200 50

Depth (m)

3 ig-lavpin ity YA 0 W KN K1) lo.000 Ll Ll aiill L L L lLiill Sk 1000 o

veee1 1300 o
TRRY ARR
1o1-1 0790 o fieatie

'

Vo P Vo
iedsi 000 o Baabadat 0,000 ofescfociais
' a

FProfondo s (rrr)
-

r Vo i & K
sy=eyeq=y 1250 o a1 3 CRERREEEEE EEL EE R 1.3%0 4
' ' | REX o

5 Iayers

bbb R ] 4I'ayercc:jmp'a'ct'edmi I
= Gravel/sand CT T (lslaye:’;s nog--chmegllctedl ."m' S0cm: and 25cmi ;-----:--:.-«:-E.,... A A R T
’ 25cmthick ! ravel/sand . ... Gravel/sand | | .1 | Only 1 lliayericompabtedi kA

No defect Anomaly Type 2 Anomaly Type 3 Anomaly Type i
Anomaly Type O _ \
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ompaction Control

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

—_— Control test : Interpretation (NF P 94-105) ~—

Layer Thickness Detection Tip’s Resistance, qd (Mpa)

v\ The signal is regular if is it within : i
021 Layer 1
liminf =1In(gd)—Fk-Cv “1 Layer
lim sup = In(qd) + k - Cv E " |
g %81 Layer 3
v" Curvature of the boundary signal R
121 Layer 4
v" Position on a local minimum ] %
| Layer5

1.6 iny
Monon sur de solides appuis. ——— ‘ ' o
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ompaction Control

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

—_— Control test : Interpretation (NF P 94-105) ——
Layer Thickness Detection

Reésistance de pointe (Mpa)

Ya= 16’5 kNm3 0,01 1 1(.)0

0]

Z=29cm
o2 é 28 cm

Ya= 17,5 kNm?

Z=59cm E 04y
é 57 cm
& 0,6
Ya= 18,5 kNm?
Z =98 cm 0.8 1
96 cm
. e

Sensitivity of the compaction method and the penetration
measurement (density and thickness of Iayers) oy
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ompaction Control

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

—_— Control test : Interpretation (NF P 94-105) ~—
Layer Thickness Detection

Longueur de la tranché (m) >
Pandan®1 Panda n®2 Panda n®3 Panda n®4 Panda n®5 Panda n®6 Panda n®7

FIFE L
B

<« Profondeur(m)

Layer compacted thickness detection + Compaction degree

Sensitivity of the compaction method and the penetration
measurement (density and thickness oflayers) i J

R ',-:f\ \:..
L’WW“WMWB 5’*\ 1;('521, stthe s anaaent,
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ompaction Control

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

—_— Control test : Interpretation (NF P 94-105) ~—

Layer Thickness Detection
Longueur de la tranché (m)

Vv

1] ] [ ]

bon compactage qualité de compactage tolérable qualite de

<« Profondeur (m)

compactage insuffisante

Sensitivity of the compaction method and the penetration
measurement (density and thlckness of Iayers) '

L’innovation sur de solides WB
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The Panda Use for the Compaction Control
Process of Compaction Control with Panda

Control test : Interpretation (NF P 94-105)
Layer Thickness Detection

Profondeur (m)

0.00 4

0.50 4

1,00 4

1.50 4

2,00 4

2,50 1

3,00 4

3.50 4

4,00 4

4.50 4

5.00 4

Angle de frottement effectif (¢')
28 30 32 34 3% 3B 40 42 44

(0]

mpaction Control

46

48

5,50 4 Limite inférieurs

Rt e, o el S Remtion proposes ~
S0 S ..._._..oo-Limtesipereye L
6,50 4

Example : Layer detection in Chilean Ta|I|ng
Dams & Internal FrLctlon angle

Fourcherte: 32,9°a41,3°
Moyenne : 38°

Ecart type : 1,807
CV(%): 475

Fourchette: 30,6°a 44,6°
Moyenne : 38,8°

Ecart type : 3,29
C.V(%):848

Fourcherte: 31,5° a 39.9°
Moyemne : 36,7°

Ecart type : 1,584
CV(%):342

Fourcherte: 33,4° a 37,6°; Moyemne : 35,3°
Ecarttype: 1,114 C.V (%) : 3,15

Fourcherte: 31,8°a 37,6% Moyenne : 34.9°
Ecarttype : 1,418 : C.V (%) : 4,06

Fourchette: 31,1°a 38,4° Moyenne : 34,7°
Ecarttype : 1,586 ; C.V (%) : 4,58
Fourcherte: 30,0°a 34,9%; Moyenne : 32,3°
Ecart type : 1,243 ; C.V (%) - 3,85

Fourchette: 30.6°a 36,8°; Moyenne : 33,9°
Ecarttype : 1453 : C.V (%) : 429



ubstr

X i " A hcatiﬁh éf 5and§§rrd13€'0‘er!dpso%p' ,T echnwe‘for Track S

QC/QA with Panda® (e

ompaction Control

The Panda Use for the Compaction Control
Process of Compaction Control with Panda

—_— Control test : Interpretation (NF P 94-105) ——
Layer Thickness Detection

Thickness
layers

Stratigraphy
I:I Capa 1
Bcere2
D Capa 3
D Capa 4

0.0 lCapaS

Profils 3D (Villavicencio, 2012)
Example : Layer detection in Chilean Tailing Dams & Internal Fr|ct|on angle

estlmatlon R




