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Louis MENARD (1933-1978)

LHTTL VT A—4—OBBET 3 X F— LK (BBFI35(1960) F)

Courtesy of Michel Gambin Courtesy of Kenji Mori

ENGINEER, INNOVATOR
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SOME HISTORY

e First pressuremeter idea:

1933 : first expansion test of
cylindrical probe

1955 : patent by Louis Ménard and
first instrument to mesure

« pressure-time »

and

« pressure-deformation »
in cylindrical borehole

Germany
(not pursued)

-2
2 7
for
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KEY DATES OF ORIGINS

Louis Ménard, civil engineer
and inventor of the pressuremeter

Patent Master degree First Company
of L. Ménard Michel Gambin (Mike) joins
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PRESSUREMETERS IMPROVEMENTS WITHIN THE FIRST DECADE

1971-1975 1975

y

The second PMT D-9000 G-type and ~ Soil-soils |
prototype Versatile drill GC-type edited by Mike Gambin
Pressuremeter
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WHY PRESSUREMETER?

e Performed in previously drilled hole to any depth

e Performed in submerged sand or gravel, directly driven slotted
casing or STAF® method

e Performed in fills even landfills (only possible technique)
 Provides its own reaction

e Large volume tested up to several tens of tons

e Average soil response

e Two stress-strain parameters

e Creep information

e Automatic data recording and test perfomance available

e Pressuremeter modulus ( E,,) (independent from porepressure)
e Limit pressure (P,), close to failure of plate, footing or pile tip
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WHY STRESS CONTROLLED TESTS ?

e Strain is only consequence of stress and not its
action

 Creep is available

* In construction, loading is stress controlled
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General principle of the pressuremeter

Cylindrical drilled hole

///////7

1- Operating system
1.a probe pressurising system
1.b measuring system of pressure and strain

Objective :
measurement of radial
expansion of the drilled
hole by application of a
cylindrical stress through
an expandable
cylindrical probe

2- Connections by coaxial flexible
tubing

2.a probe pressurising system
// 2.b measuring system of pressure and strain

|Z3- Cylindrical expandable probe
3.a pressure = stress applied on the soil
43.b deformation ( €)

www.apageo.com Ménard pressuremeter



Introduction for pressuremeter users

General scheme of a Ménard pressuremeter

pressure
gauges
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control unit
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General scheme of a Ménard pressuremeter

GUARD CELLS

MEASURING
CELL

PRESSUREMETER PROBE

VL
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Evolution of the pressuremeter

PRESSIOMETRE
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Detail of Ménard pressuremeter probe

. Type G probe :
I Central Cell + Flexible Cover to form 2 Guard Cells.
q Central Cell Pressure is higher than in Guard Cells
L ® to balance cell membrane resistance.

Pressure lag between the Central Cell and the
| Guard Cells is kept constant at a given Depth

Hollow probe body

measuring cell membrane
external sleeve or flexible cover
water inlet to the measuring cell
gas inlet to the guard cells
measuring cell drain outlet
slotted tube

rods

probe/rod coupling

2-3

o
W0 oo =~ 3@ o e W R =

www.apageo.com Ménard pressuremeter



Introduction for pressuremeter users

Latest state of the art

GeoPAC® + GeoBOX

High precision and high pressure
measuring tool.

Automatic piloting of the test,
automatic recording and log
presentation transmitted from
GeoPAC® to GeoBOX® by Wifi and
to the office by GPRS

________
Malach

Stress-controlled test (possibilities
of cyclic program)

Ranges 0,1 cc to 100 Mpa
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Evolution of drilling

* Drilling methods from European norm

- Hand auger

- Power auger

- Rotary drilling bit with bentonite injection

- Shelby tube sampler

- Slotted casing driving method

- Roto percussion

- Open slotted casing

- Recent STAF® Method (Self bored tube system)

- Self-boring pressuremeter probe under development
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Guidelines for pressuremeter

probe placement techniques
- sowee

LOOSE LOOSE
SOFT TO ABOVE BELOW MEDIUM WEATHERED
BORING TECHNIGUES AF;ILI!IJ;..?EFI' MEDIUM WATER WATER ;EA‘.?E‘; DENSE AND m ROCK, SOFT
STIFF TABLE TABLE = = DEMSE ROCK
HA
hane e E223 f233 * % % % * X%
HAM
hag adgder xkx xk% k% k% k¥ kkk kkx Xk
and mu
CFA
Continuous Xk Xkk b2 3 £ 44 X%k * * %
flight auger
STDTM
Zlotted tubs
with inzide x xkk kk% X%k x Xk x Xk Xk kkk x¥

rotary tool and
mud circulation

OFEN HOLE DRILLING

o
core drilling L £ 4 xk% k% % % * x% *xk%k
RP
Rotary * % * * * * % ¥k % k¥
PercuUssion
PT
Pushed tube *Ek¥ * ¥ *
VDT
vibro driven x x x x
Tube
FULL DISPLA- _ bsT
CEMENT Driven ;Io'm:—d Xx 3 x x X X % Xk
Tube
VIBRO-STAF L £ 4 X% k% *kk Xxkk k% *Ek *kk E
SELF BORING ROTO-STAF % x% *k% *kk Xkk *kk *Ek *kk *
AP
z=if-bored *kk k% *kk Xxkk k%
probe
%X Recommended ** Suited * Acceptable Mot suited
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Slotted casing method

Cross
section of a
probe inside
a slotted
casing
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The Menard Pressuremeter :
typical loading tests

Typical load tests conducted on
foundations :

() PBT; and

(i) PMT

(not CPT or SPT)

PBT — vertical load test

PMT — shear loading test
www.apageo.com Meénard pressuremeter
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Self bored tube system STAF®
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STAF® technique : Ménard Pressuremeter Tests
inside a self-bored slotted tube
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Self bored tube system STAF®
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Roto percussion drilling

to reduce casing friction
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Research pressuremeter:

PAF and KO meter

l‘ Flushing water
= Slurried water
and soil

Cable and gas
(o pressure tube

driving
maodule

1 guard cell - Section A A .
A ————— Pressuremeter

cell

measurement #ib | measurement

module <ell
® ® 't Braabiiy
{ [ guard cell :; cell
Lef4 -
& % ami te meosurement coll
) Pl - S
self boring FTl @ [l@ | o
module L 1N ® Ey o querd coll
(A t e

.Detail B .

Fig. 6-41: Principles of PAF-76: The probe, the control unit and the leads

(not to scale). Fig. 6-37: Principles of the Camkometer,

Fig. 6-39: Probe and control unit for a self-boring pressuremeter
for hard soil (PAFSOR or PAF-72).
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The pressuremeter curve

* Typical PMT field record (manual recording)

FEUILLE D’ESSAI PRESSIOMETRIQUE : COURBE PRESSION VOLUME :
MV{cm3)
CHANTIER de __ C.ROSNE T
Date: Y ]S [9) Heure:
Forage n° _¥_M___ Profondeur :—_ Wa_
Type de forage : . 7
Sonde @ et mise en ceuvre :Lﬂ'_mf_ua«-
Feuille n° Pression différentielle :
lPression Volume Diff. "Pression Volume Diff. | 600|
j_ 0 I—El Report I l t
—eL Tl —
o e ) ey ey I
T = o X |
Ky AE h; |i2é‘_l — | /
Ach —A—l _ |
Ao | Axe |- T 30
¥ /12 Qf [ | l
NS |_3 Z -
,A_l; 263 - ORI S— 200 =
l* 1 1) I B <
A L 250 — Pl
oo l'—$£|
— 10!
AR _%‘ l___l Inertie : FaR
— T Nom de . { ‘ t
t'opérateur E L1 SB GETH] i |P(b°r‘5)r
0 1 E 10 15 20 25 | 30

0.5 1 15 2 25 3 35 4 45 5 5.5 6
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e Geobox automatic test piloting and recording

Typical PMT tes

www.apageo.com

] EI]-!][?@E&‘A’:J&JW [Preassnrameter MEMARD PRESSUREMETER File 2366
- TESTA DATA w | Country France
fi *;)_ Survieys Cepany Borehole expansion test conforming | Job site identification | PARIS
A - 11 wvenue Francs de Prossensé 93571 SAINT-DENES LA PLAINE codex D=L [ Location plan ref. IGC 23-16
~1 =1 :
| Tl 33 ()1 41 62 80 00 Fax 33 (0)1 43 17 80 00 cafherine pineauainor i Borehole number FP 401
CELL PARAMETERS TUEING & FLLID PARAMETERS PRESSURE LOSS PARAMETERS Test number (or depthl ES11120202
Code 44 goet_) T | Coaxial | X Licuic Matura Eau Comaction sheet reference |ET10120202 Test date and time 12 nov 02 - 13:19
w Length Cover e | Twan T wncighl 1.00 Ullirrsate pr |0.272 Control urit nurmber -G200E-
@ 210 mm | Rubber | Tatal length () | Matura Azote VOLUMWE LSS PARAMETERS '5 Diata logger number 201
2 370 mm | X Remborced mesh | 30,00 s | Comgressibalily &g (") 0,00016 | Comeclion sheel relerence |CA10120201 E Operalor's name TL
o Type Metallic mesh | MEMEBRANE FPARAMETERS Calibration cylinder diameter d (mm) |§9.0 Differenlial pressure (MPa) 0,100
E | Metallic strips | | Supplier rype and cote |m4 Calibration coemcent s (o MPa) 2,354 Chsenvations sun
X Slalled tube | X | Pressure loss p., (MPa) 10,044 Prosbas volurrie W (em®) |1009,2 {rzather, elc 18°C
FIELD DATA DATA CORRECTED from PEV losses Datum Levels Relatve
PRESSURES pr {MPa) VOLUMES Vit) fem®) PRESSURE | VOLUME | SLOPEm, | CREFP levels
Step 13 1% s 0= B0s 13 1% s 305 603 piMPal | v iem? Aviap | ave
fem’MPal | fem) P
o oo -
1 0,052 0,057 0,047 0,055 ang 5,2 778 8.3 008 874 104 b 0 {b"":r_:‘]"“
2 oo o097 0,096 0,096 926 ar s 993 LI 0,066 R a1z 12 w
3 0138 0,152 0151 0,155 1036 091 1116 1140 0,115 1129 n 25 -
4 0,190 0,200 0,205 0,209 1188 1732 1257 1287 0,156 127 2 250 EX
5 024y 0,250 0,253 0,251 1236 1385 1418 144,71 0,195 1428 397 3
[ 0,300 0,303 0,305 0310 1486 1563 1606 1667 0736 | 1645 578 6.1
7 0,340 0,347 0,350 0,353 1716 179.0 1032 1906 0,266 188,1 7 73
8 oaue uA4us 0,395 o402 1988 2084 2145 2244 0,299 2ns w32 98 Localzation syshiem M=
9 0,455 0455 0457 0,455 2328 458 2556 734 0328 | 7702 | 1887 178 Y=
10 050 0,504 0,505 0505 2838 2308 EIER 3390 0,350 IBS 2uBY 238 Dinilling rig BE 2050
11 0,548 0,552 0.550 0554 3500 3702 3880 4230 0,369 4192 4532 3449 I-_III Dorilling rnethod THC63
12 | 0gm 0,603 0,599 0,801 4388 4B 4 4086 5318 03a0 | 5798 | 5343 454 S | ttable © sbbrevistians)
13 0B41 0.B52 0,649 0Bl 5505 sEL3 E148 B73.7 0a13 B8Y9.3 Bl54 588 I e Lype fishtail
14 | Drilling teol diameter (mm] | 63,5
o | 5
18 o | Casing foot at (m depth) n.a.
16 | Cllieng Fud none
m . fram level [m) 2,00
18 Drling [enath |, el m 270
14 before testing i f:nIEﬂr\LlP.ﬂ *
20
21 w | Elevabions metre m
22 = | Times sacond &
2] Z | Violumes cubic centimetre_em?®
24 = [Freseures Menapascal MPa
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Typical PMT test report and interpretation

E@W@@@@m @Fgﬂﬂﬁs@m@ﬁ@? MENARD PRESSUREMETER File 2366
REPORT AND INTERPRETATION Test reference ES11120202
_‘] @My@ @@m[@@[ﬁ]y Borehole expansion test conforming Job site identification EVRY
L 1 avenue Francis de Pressensé 93571 SAINT-DENIS LA PLAINE cedex 10 EN S0 224784 procedure Borehole FP.401
Tél. 33 (011 41 62 8000 Fax 33 (0)1 48 17 90 00 catherine pineau@afnor fr Test depth 2,00
CALCULATED NORMATIVE RESULTS
|~ 1400 e 0,018
E o 0,03
< s 0,15
] P 0,26
2 1200 P 045
o E o 044
Eu 77
— Eul B 169
£ Ew!pr 176
£ 1000 4
? [EXTRAPOLATION METHODS PARAMETERS)
inverse A -2,B4E-02
volumes B 1,23E-02
200 [R— swerage error e | 1 44E+01
hyperbolic c 4.226-01
D 1,12E+04
J— #werage error iem™ | 3 40E+01
Al 14A2E+08
A2 -7.12E+04
600 1 double A3 2.84E+07
hyperbolic Ad 3,00E+02
— AS -2 00E+01
EM =7,7 MPa AB 574601
o #werage error iem™ | 5, 21E+00
COMMENTS
200 4
0 T T T T
0,00 0,10 0,20 0,30 040 0,50 =5
210 : ]
P (MPa) “m XPrassic ~~ H
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Various moduli deformation

linear elastic case

Traction/compression E = dg / f Shear anguler deformation under shear
YA
p ’ rigid plate
y N=F
1 R : N
/== ey e P E . >
; T@ "d@ elastomere bloc fixed support
/] c=N/o
/ E
A=A~ R
/ O, O
AL ELLFL L a M
Young’s modulus (not applicable in soils!) Shear modulus
Angular definition proportional to tangential
stress
O =E.c¢ T=0. 14
The expansion cylindrical cavity is an elastic medium according to Lamé : G=V AP
AV
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What is a pressuremeter modulus

e Compression modulus E= o/¢

e Shear modulus G=1/y

e Poisson coefficient (V) Vz_(dfj/(df)

e The relation between moduliis [E=2(1+v).G

e Ménard proposes to always adopt v=1/3

SO
EM=2(1+V)ono§\F; of EMzg.(VS+V+V) AP

www.apageo.com Ménard pressuremeter




Introduction for pressuremeter users

Bearing capacity

 Prandtl and Terzaghi theory and limitations
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Prandtl’s Theory on Bearing Capacity Analysis

Prandtl 1920 developed an equation based on his study of
penetration of long hard metal puncher into softer materials
for computing the ultimate bearing capacity. He made the
following assumptions for the derivation.

 The material is softer, homogeneous and isotropic.

e The material is weightless and possesses only friction and
cohesion.

 The problem is two dimensional

 The base of the puncher is smooth.

 The material behaves as a rigid body.

e The volume change will be Zero.

e The resulting deformation will be a plastic deformation.

www.apageo.com Ménard pressuremeter
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Bearing capacity after Terzaghi Bearing capacity after Ménard

Function of (h, vy, D, c, ®) Function of g, - 9, =k, (P — Po)

d -0, = kp (P — Po)

here gl is the ultimate bearing stress at the footing or pile tip

- g, the vertical overburden stress at pile tip depth

- k, the Menard Bearing Factor at footing or pile tip and type of soil
- p,y the Ménard limit pressure at footing or pile tip depth

- p, the insitu horizontal effective stress at footing or pile tip depth

and it appears that, below a “critical depth”, the tip bearing capacity
alone is much

less than predicted by the ¢’ and ®’ (Mohr - Coulomb)
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Pressuremeter bearing capacity factor

BEARING FACTOR AGAINST EMBEDMENT

FOR ISOLATED FOOTINGS ,PIERS AND PILES

k
9 |- T
,‘/’ S0IL
8 ) L %CMEGCRYIIA
’ ) .
p 21
.~ )
/ et | {. 50IL
/’ |-~ | CATEGORY T
S
4 ,/
/// ----- i e e e i SOIL
s :
3 // ‘_."' CATEGORY I
I./f ! | ) |
A - - » )
2 = . }mfgém - » Pressuremeter probe, equal active zone
7 § = T 1= "‘ l" Surrounding soil passive reaction
1 =1 o = & -
08 [ :;n " ::n " §n B E Yssssmmnnd
0 4 8 12 16 20 hR_
— footings, plers and bored piles === driven piles, displacemcat caissons
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Bearing capacity

e Piles and drilling
shafts

The soil response in a pressuremeter ' 0
X /

test behaves much closer to the way
soil reacts to a loaded deep
foundation a fact observed by many
researchers. It is the estimate of the
settlement, which provides the value A T— L
of the bearing stress in service e B -
(Terzaghi & Peck, 1948), especially in '

sands, when deeper foundations are

considered. The soil around the tip is

in a plastic state and the soil reaction

around this sheared volume can be ¢! _
compared with the response to the peFTH

expansion of a deeply embedded ] . . .
cavity. Elastic/plastic theory must be Shallow foundation bearing failure against

used. pile tip bearing failure in an
homogeneous soil (E,, & p,,, constant).

www.apageo.com Ménard pressuremeter
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Why E, young modulus

F - Ez = variable not applicable for soils
v - Be careful with FEM
O . . . .
;‘ - Stress distribution FEM is OK
- Deformation analysis FEM not correct
Oz Oz
A A A EZ’/O
W E}/2 T
- :
(0] 4 2 A p 1IC
}/ E;/4 o ) — | E
0'}/8 © ot 10 A A 107 ' Aafer

Duncan and Cheng
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Settlement and deformation

A/ Simple compression

F
l +=ah h E. S
h (FIS)
where E_, is the compression 0 n

)

B/ Simple shear

Ar B 1+v D roA
ro ks AR
where v is the Poisson’s N n
coefficient
C/ Simple cgmpressmr Ar ) 1-2v r
P T B E* P T

where E* is the hydrostatic | o >

5 3 compression modulus P n

www.apageo.com Ménard pressuremeter




Introduction for pressuremeter users

Settlement and deformation

D/ Menard deformation approach

V\/(10 years)=

z ¥ 2 ¥

\ Shear domain Spherical domain or volumetric
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NO TENSION IN SOIL IMPACTS THE PMT MODULUS
BECAUSE ELASTICITY ASSUMES TENSION

£r= r_VBr_H_VEr -
Er EE? Ez
o o, o ORTHOTROPIC
E, =V 4 + —V_ , ELASTICITY
E E, E.
O-r 0-6' O-z
gz = _Vrz o Vé'z +
E} Eb" Ez
~ + -
E =E =E E,=E

Briaud, Ménard lecture 2013
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NO TENSION IN SOIL IMPACTS THE PMT MODULUS
BECAUSE ELASTICITY ASSUMES TENSION

£l 4 ; ; ; 0.25
E ) SAND 5
- 7
E o 3 0.33 %
= E SILT S
= 19 E
g g 7 0.5 q
0 S CLAY e
NE s s |

S 1 i '. '. 1

S 0 5 10 15 20

COMPRESSION MODULUS E
TENSION MODULUS 'E-

Briaud, Ménard lecture 2013
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The Menard Pressuremeter :

Settlement calculation under a footing

half width reference radis R 0,30 m 0772 :
Reference radms Ro 0,30 m _ o
Footmg length L 0,60 m sherical ”
Pression sur la fondation P 9,40 bars w

PMT modulus in deviatoric domain = Ed 250 bars '

PMT modulus m sphernical domam Es 250 bars o

Rheological factor a 1/4 deviatoric domain
Shape factor il 1,10 -

Shape factor As 1,12

1.33 R

3EdpR0(j~d]{0) +4'5Es

PAR

Results

Spherical stram Ws 0,07 cm E 1. =

Deviatoric stram wd 0,51 cm 5

Calculated settlement w 0,58 cm —

www.apageo.com Ménard pressuremeter
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Ménard Rheological coefficient Ol

. Sand and
Type of Peat Clay Alluvium Sand gravel
material
E/p, o E/p, o E/p, o E/p, o E/p, a
Over

1
consolidated >16 1 >14 | 2/3 >12 Y >10 1/3

Normaly 9 - 8 -
. 1 2/3 Iz 7-12 | 1/3 | 6-10 | 1/4
consolidated 16 14
Weather or
7-9 1/2 1/2 1/3 1/4
altered
E = the pressuremeter modulus P =the mean contact Ro = areference o = The structure coefficient variable according
of the soil, assumed to be stress added to soil by the equal to 30 cm to the nature of the soil and the ratio E/pL
homogeneous rigid footing obtained from the pressuremeter, derived from

the following table

www.apageo.com Ménard pressuremeter
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Pile settlement prediction

load transfer method

For the pile tip, the shear stress effect controls the settlement AR/R =[1/4G] Ap (6)
Thus, the settlement zp of a pile tip is simply given (Frank & Zhao 1982) by : zp=(B/Ap) qp (7)
where B is the diameter of the pile

- gp the pile tip pressure, with gp < gL, (Fig.2) and

- Ap is a factor which varies from 4.8 EM in |
5 times smaller above the qL / 2 stress.

follows :

Skin Friction

q

zsi = ( B/As ) gsi (8)
where B is the diameter of the pile,

T fe ”

B/, } -
ls/B

0
Vertical Shaft Displacement

g, distribution

gsi the estimated shaft friction of the ith
element against the soil but limited by to a
maximum of gs as shown in Fig.2 — values are
given in Bustamante et al. (2009) and

s _

Pile Tip Pressure

q
qp -

WM —o
R T
Y
\

- As a factor which kR

| Ar/sg

- varies from 0.8 EM in coarse soils to 2 EM in
fine soils up to a stress of gs /2

sy [
\5' . /i.p/s

] ] Load transfer method to estimate pile settlement 0 - z
-and is 5 times smaller above the gs / 2 stress.  (rrank & zhao, 1982). TR

www.apageo.com Ménard pressuremeter
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Description and Characteristics

of 418 loaded and analyzed piles

Group | Type | Pile B D’ " ]
[ Code | No. | Oty (mum) {m) e
500)- Pile or Barrette Bored in the dry
‘ 1 B 2,000 11.5-23
270- Pile and Barrette Bored with
2 o
2 0% 800 | 7' | Slumy
1 270- Bored and Cased Pile
3 2 1,200 20-56 {permanent casing}
420- Bored and  Cased Pile
4 28 1,100 5.5-29 (recoverable casing)
Dry Bored Piles / or Slurry
s' | 4 | 520-880 | 19-27 | Bored Piles with Grooved
Sockets / or Piers (3 Types)
2 6! s0 | 410-980 | 4.5-30 Bored Pile with a single or a

double-rotation CFA (2 types)

3 it 38 | 310-710 | 5-19.5 | Screwed Cast-in-Place
8 1 650 13.5 | Screwed Pile with Casing |
1 6.5- Pre-cast or Pre-stressed
4 30 | 280-520 | 595 | Concrete Driven Pile (2 types)
Coated Driven Pile
4 10 15 250-600 8.9-20 {concrete, mortar, grout)
11 19 | 330-610 | 4-29.5 | Driven Cast-in-Place Pile
12 27 170-810 | 4.5-45 | Driven Steel Pile, Closed End
5 13 | 27 | 190-1,22 | 8-70 | Driven Steel Pile, Open End
6 14 23 | 260-600 6-64 | Driven H Pile
15 4 | 260-430 | 9-15.5 | Driven Grouted "™ " H Pile
7 16 15 - 3.5-2.5 | Driven Sheet Pile
| 17 2 80-140 4-12 | Micropile Type 1
18 & 120-810 | 8.5-37 Micr?pi].e Type 1T
100- SGP ~ Micropile (Type IIT) / [
8 ol | B 1,220 = or SGP Pile

MRP * Micropile (Type TV) /|
20 20| 130-660 7-39 | or MRP Pile |
' Some types may include several sub-types ~ Some piles subjected to several tests.

* Minimum and maximum nominal diameter B. * Minimum and maximum full
embedment  depth D. * involving a Single Global Post grouting. © with Multiple
Repeatable Post grouting.
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Values for the tip bearing factor K|

Group Clay Sand, Chalk Marl and Weathered
Code & Silt Gravel Limestone Rock

1 1.25 1.2 1.6 1.6* 1.6

2 1.3 1.65 2.0 2.0 2.0

3 1.7 3.9 2.6 2.3 2.3

4 14 3.1 2.4 2.4 * 24 *

5 1.1 2.0 1.1 1.1%* 1.1 *

6 1.4 3.1 2.4 1.4 * 1.4 *

i 1.1 1.1 1.1 1.1* 1.1%*

8 1.4 1.6 1.8 1.8 1.5%

* A higher k;, value can be used but must be proven by a load test
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Selecting the Qi line to obtain

the limit unit skin friction values g,

Marl,

PileTypeNo. | % | %40 | cpglg Weathered

Limestone
1 Q2 Qz* Q3 Q4 [ Q6+
2 Q2 Q2 Q5 Q4 | Q6**
3 Q1 Q1 Q1 Q2 | QI**
4 Q1 Q2 Q4 Q4 Q4
i Q3 Q* | Q5 Q4 Q6
& Q2 4 | @3 Q5 Q5+
7 Q3 Q5 Q4 Q4 Q4
g Q1 Q2 Q2 Q2 Q2%+
9 Q3 Q3** Q2 Q2** (a)
= Q Q3 Q** | Q5* | (a
12 Q2 Q2** Q1 Q2** (a)
13*** Q2 Ql Q] Q2 {a)
JEESE: Q2 Q2 Ql Q2+ (a)
Bt Q6 Q8 Q7 Q7 @)
1o Q2 Q2 QI ¥ | @
17 Q1 Q1 Q1 Q2 Q6™+
13 Ql Ql Ql Q2 Q6+
19 Q6 Q8 Q7 Q7 Qo**
20 Q9 QI QI Q| QIo*

* If ground properties permit. ** Use of a higher value must be proven by a load
test. #** Cross section and perimeter estimated according to Fig.3.

(a) For pile groups No.9 — 16 and if rock condition permits penetration, choose
the g, value proposed for marl and limestone or a higher one if this can be proven
either by a load test or by reference to an existing example in the same local area.
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Direct Design using PMT Data.

Chart for unit skin friction q,

a7 T

Q10

l T
i { |
0,65 4 q'“* 2 L =
| !
0,60 ’ /]/ @9 4
f

e
0,55 L IR
/ | | a8

0,50 B e & /—**“} -. ‘‘‘‘‘ /;== !
- | e /’/ ragy

7 -.
L

0,40 } / % - [ ; )
035 // /J"' QII_/M—“ : - -l
F Al -
0,25 e . Ir | —
ozt L e e ey T L
0,15 / . 1____-—""—-!'—_-._- i m I
. { rff—--—""'_— _.————-: | PI !!=02=
s "

e o at_
0,00 — ; 1 pm ( M Pa)

' 0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4.0 4,5 5,0 55 6,0
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Software for geotechnical data

} APAGEQ weros
l GeoVISION® is a software

= 1 ~—--—  that enables to extract,
process and format of all
data coming from APAGEO
data loggers. Data s
inserted through a USB

TEE;i3655655%33

' GEOVISION®

device, memory stick,
- SOFTWARE i GPRS (option) or manual
' FOR GEOTECHNICAL DATA o 2 . (op ) .
- input. You can easily
e integrate notes, image or
representative values of
Easytc use and intuitive interface x SOII |nveSt|gat|0n.

Personalized tables (diagraphy, graphs, reports) B |

Easy manual data input

Several work stations For each application. manual data input
i allows to complete data collected in soil.

Compatible with all the recent versions of Windows

www.apageo.com Ménard pressuremeter




Introduction for pressuremeter users

SETTLEMENT UNDER HIGH RISE BUILDINGS

IN CHICAGO

TERZAGHI LECTURE 2009
Clyde N. BAKER Jr

Pressuremeter Data

E=E

F'ﬁ.-i.i =20,

) 32

5T 1 1
—_—t—
E 085E By

B 1 1JLZ 1
e
94 08594 2094

F.=138Pa

E, =943Mpa
E', =267Mpa

i —

< —0.35, Use 0.4

Settlement Calculation — Menard Empirical Method

3 Merard

1.33 RY AR
= {?Hu ,?bz - +a:q_3
IxE, R, 45,

4,54, =1 for a circle
R, =30cm

S vonard = 0 33cm + 2.16em = 27. 1mm

Settlement Calculation — Elastic Theory

- _tmgB
Elastic _ﬂ,
. _ 0.35%0.92% 6,100 % 75,000

. = 59mm
Elastie 250,000

Measured 24 mm
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SETTLEMENT UNDER HIGH RISE BUILDINGS

IN CHICAGO

TERZAGHI LECTURE 2009
Clyde N. BAKER Jr

Table 3 — Summary of Predicted and Surveyed Settlement for 111 8. Wacker

Dead & live Est. Measured
Location Load Settlement Settlement
DL+ LL DL+ 0,5LL
Elastic Theory
Core Mat on 34 Caissons 602,110 kN 1,9 cm 1,2 cm
Isolated Caisson 66,725 1,2t01,9 cm 2,2cm
Core Mat on 34 caissons 602,110 1,2 cm 1,2cm
Isolated Caisson 52,490 1,9to02,5cm 1,6 cm
NW Column on 3 Caissons 49,420 1,9to 2,5cm 1,6 cm
N Column on 3 Caissons 66,590 1,9to0 2,5cm 2,0cm

www.apageo.com
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CONCLUSION OF SETTLEMENT '94

* Soil non homogeneity disappears when using PMTs

* The ratio Settlement w / foundation width B remains constant

» Settlement curves are superposed when w/B is reported to measured p,,,
e Settlement curves w = f(q) can be predicted from PMTs results

 The Louis Ménard’s bearing factor can be exactly derived from a simple analysis of the
parameters of the loading test

* There is no size effect apparent in the settlement value of a square footing loaded up
to the maximum safe load

* Then, the Terzaghi bearing capacity becomes questionable

ASCE GSP No.41 Vol.2 (1994) after J.L BRIAUD
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Pressuremeter or traditional soil mechanics???

_ PRESSUREMETER RULES TRADITIONNAL SOIL MECHANICS

BEARING CAPACITY Parameters:
P Poi he

Test :
pressuremeter all soils

Theory :
direct analysis ( precise)

SETTLEMENT Parameters
Ep; o; R(f(at))

Test :
Pressuremeter, all soils

Theory :
- Deviatoric precise

- Volumetric f(a)

www.apageo.com Meénard pressuremeter

Parameters
CI CDI DI hl Y

Test :
triaxal if clay
Only correlation if sand

Theory :
Prandtl, Therzaghi (approximate)

Parameters
C. €, Boussinesq

Test:

oedometer,

triaxal if clay,

only correlation if sand

Theory :
- Therzaghi oedometer (approximate)

- Correlation Schmertmann (approximate)
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PRESSUREMETER THROUGH INTERNATIONAL SYMPOSIUMS AND NORMS

1982 1986 1990 1995 2005

Paris, FRANCE Texas, USA Cambridge, UK Sherbrooke, Paris, FRANCE
— - _CANADA

nnnnnnnnnnnnnn ISPS - PRESSIO 2005

SYMPOSIUM
ON THE
PRESSUREMETER

AND ITS MARINE
APPLICATIONS

23 36 54 72

papers papers papers papers papers

Applicable standards: USA => ASTM D 4719
Europe => EN ISO 22476-4, DIN EN I1SO 22476-4
Russia => GOST 20276-2012
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HyperPAC® and Rock mechanics

www.apageo.com Ménard pressuremeter



Introduction for pressuremeter users

The probe

Total dimensions : 1100 * 380 * 340mm

Weight : 40kg

Maximal work pressure : 25 or 50 MPa

Precision : pressure < 0,1 MPa
volume < 0.05 .

420 mm
- e s b S
E_ S —— o g e mens e | cuee i 2o ———— e e = . [' s / !
= R T <9 -
(I) 46 mm

Schéma de la sonde 46mm THP
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Classification of soils and rocks

based on pressuremeter parameters

Pressiorama® [Ey/p*im , P*Lml e‘“&
spectral diagram ranging from soil to rock

1000
100
o
w
o=
=
‘_J
o
u
10
4 ]
] I ?
Pouaaiien i i i
T Tor Hyperpac 1 (23MPa] [U“J i
F] AR I
1 : . : 2 S, o
0.01 0.10 1.00 10.00 100.00

Limit pressure p*_y (MPa)
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SOIL AND ROCK CLASSIFICATION IN A E,,/Pg, P* ,4/Py DIAGRAM

TO ASSIST FINDING THE RHEOLOGICAL FACTOR Ot

S N % & o 2 P N P @ R O W\ GranularityindexgOto 1 F -P'_ah"'"'a"’“
™ I (Clayindexa=1-g) ) ® surcgéo
P 101 20° 30 40° ak°
< a B -\(P;Z S R p® o o Q{-b% < Q()(P S Q)‘\(’: al >
muddy === ——— — n n -
i | S@ NGV
E B
0. .
0.0 p
5 —+—x-axis alpha / granularity index
soft 1. :) DI J=D
) / —=—y-axis : relative modulus EM/po
A -
self bearing A= —+—o0blique axis : relative limit pressure p*LM/po
capacity + 1
; 100.0 + ——EM/pLM
firm ) 5y ~
// EM/pLM continued
/ ====S0il and rock classes limits
/ 201 © different rock examples [Baud & Gambin,
2011]
stiff 1 ooo.0 /5/ // 222 1 : Weathered granite, Bologne, Italia
(compact) 2> :a \{0 2 : Liassic marls, Burgundy
300 ) . .
3 : Weathered gneiss, Limoges
- 4 : Fontainebleau stampian sandstone, Saulx-
®
5 1 ¢des-Chartreux (91, France)
( / / // N 5 : Beauce oligocene limestone, Roncevaux
..l,. " quarry (45, France)
/’- ./ %/% 4 6 : Sandstone & mudstone, Bacacak unit,
A | Nt // | Turkey [Tezel & al. 2013]
10 000.0 t 1 =" % 7 : Urgonian limestone, Orgon (13, France)
/I/ ﬂ_/ / Eurogeo-Botte Fondation, unpublished]
rocky / /1 ) ?1/ 8 : Ordovician sandstone, Luxembourg,
_VO/. J Q,f Eurasol, unpublished
// <
MAIN SOIL AND ROCK CLASSES :
N > //‘ ~d@AN _! \ . - ]
% A@ 1) Softclay
+ 209 / ) 2) Firm clay
100000.0 7 =] 20| 3) Stiff clay and marl
= 12) hard>re <7 A1 4) 5) 6) Mixed soil
Relative Ménard / o / 7) Loose sand
modulus Ey, /po || / 8) Medium dense sand
v 20 Q// kd 9) Dense sand and gravel
/ 10) Gravel and weathered rocks
- 11)Softrock
BOQQK 50(1 /I/ 100 /7'/ 50 49 80\ 25 P 12) Hard rock
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FRENCH NATIONAL PROJECT ARSCOP

ARSCOP

A French national project to promote and foster geotechnical
engineering based on pressuremeter

3 main objectives

*Consolidate and reinforce the French practice

«Continue with the development of the pressuremeter and its calculation
methods

*Foster the pressuremeter outside France

www.apageo.com Ménard pressuremeter
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WORK PACKAGES

Task 1: Develop testing devices and test procedures to increase reliability and
performance of the test

Task 2: Develop calculation methods and calculation models from the use of
pressuremeter by incorporating the latest advances made in the field of
numercial modeling of geotechnical structures

Task 3: Creation of database for calibration and validation of calculation
methods using results obtained from pressuremeter tests

+

Communication and Dissemination

(research reports, articles, guidelines, recommandations, standards, etc.)

www.apageo.com Ménard pressuremeter
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FOUNDATIONS DESIGNED WITH MENARD PRESSUREMETER

2 ) BuriDubai

7" Kuala Lumpur
452 metres

and Tower
X . Dubai
< Over 1Tkm tall
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OBRIGADO
MERCI
THANK YOU

x APAGEO

WWW.APAGEO.COM
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