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1. Reminder about pressuremeter tests

- Determination of E, and p,

i APAGEO

V oa Vg ! initial volume of probe

Reloading
after hole
preparatipn ~ Pseudo-elastic range

(Vy +Vy) 12
Vl

Py P2 P p

1+V; P2~ P
2 Vy -V,

vV
E,. = 2(1+v) [vs +
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2. General behaviour of rigid inclusions

WL T

W T o
.

hc

Soft
Rigid / soil Q.

inclusions \_\ = Qp(0) +Fy

(

Dense soil Qp(L) IQP(L)

z z
Load-bearing layer
QP(O) + I:N Qmax P + QP(L)

© Jérome RACINAIS XVI ECSMGE 2015 — 423

MenARD

13-17 September 2015 - Edinburgh



5/23

SIMSG B ISSMGE

GEOTECHNICAL
ASSOCIATION

BGA

VAVAVAVAVAN VAVAVY

S S N S S S AN NN
i AV
RO ORI

te Eleme

Ini

: in
LL MM
c 0
L o
o mm
w wE
2
S =X
o =1
c
L
O o
© SEEEEA =
7)) (9
c =
]
=) £
%) =
> S

&)
c

To]

3. R
MenARD




3. Rigid inclusions design based on Finite Elem'

Use of linear elastic perfectly plastic law with Mohr-Coulomb’s
failure criterion 1 1 1 1

Main basic parameters
* Young’'s modulus E,
» Poisson’s ratio v
* Unit weight y
» Effective cohesion ¢’
« Effective friction angle ¢’

Which values should be input ?

E
« Ey=1m9
Y [0 4

« ¢’ and ¢’ determined from lab tests ?
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4. Semi-empirical mobilization laws of Frank anc

Behaviour at the inclusion bottom

Stress at the inclusion bottom

g

-

Sp

Vertical displacement of the inclusion bottom

11E : : i
kq = —BM for fine-grained soils, kq =

4.8Ey

B

for granular soils

B : inclusion diameter
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4. Semi-empirical mobilization laws of Frank and

- Estimation of the limit end-bearing pressure: q,, (as per Appendix F of Standard NF P94-262)

Qp = kppike

p,.* : equivalent net limit pressure into the anchoring layer

k, : pressuremeter bearing factor

| Inclusion with soil displacement|

e - 5
P a=max{§;0.5}= 0.5m //
=
|l Pieu feed (O . b = min{a;h} = 0.5 m et P,
h : \ 7’ -z
b|=10.5m
i |
I D+3a
| 1 0 1 2 3 4 5 6
T | *  _ * (Z) dZ Clay, Silt, Transitional soils D./B
al= - Sand, Gravel, Transitional soils
T 1.5m Ple b + 3a j Pi Chalk
‘ : D _b Marl, Marly limestone, Weathered and fragmented tock
= Inclusion with soil extraction
z \\ 3
— p" 5
0 _~<Q /4£’
. L
1 D
2 —|hp = 10 Def = pik (Z)dZ 0
3 Ple JD-h 0 1 2 3 4 5 6 7
h20.5m Qef < e —4D Clay, Silt, Transitional soils D./B
i oy . . - i
2 hp = 10B (is comprised between 3 m to o

4.2 m)

= \Neathered and fragmented tock
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4. Semi-empirical mobilization laws of Frank anc

« Behaviour along the interface soil/inclusion

Skin friction
ur‘" T
l\ q Limit value of skin friction
h 4 1/\ S d on pressuremeter method)
4 '\
~l\ Q's-“’z
r_/
l\ ..ISs-i
P :
) H
] -
N
ﬂ_ — Ss.i
Relative displacement soil-Inclusion
k, = ZETM for fine-grained soils, k, = 095 for granular soils
B : Inclusion diameter
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4. Semi-empirical mobilization laws of Frank and Z

« Estimation of the limit skin friction: Q4 (as per Appendix F of Standard NF P94-262)

—_ s *Y, OLieusol - dimensionless parameter depending on pile type and soil type
— . pieu-sol
Qs mm{“pleu—sol X fSOl (pl )’ qs;max} f.,, : function depending on soil type and p," value

Inclusion with soil displacement | Inclusion with soil extraction |
250 250 |
200 200 %—
. Pl =
S 150 — o 150 —
X, / X, =
«» 100 o 100 Zz
(o L
50 4 50 A
0 0+
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Clay, Silt, Transitional soils p|* [MPa] Clay, Silt, Transitional soils p|* [MPa]
Transitional soils predominantly sandy or gravelly Transitional soils predominantly sandy or gravelly
Sand, Gravel Sand, Gravel
Chalk Chalk
Marl, Marly limestone Marl, Marly limestone
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5. Calibration of FEM input parameters on Fran

Skin friction

A A

Relative displacement soil-inclusion

Skin friction

= [rank & Zhao

Skin friction

Frank & Zhao

A 4

A 4

Relative displacement soil-inclusion

Relative displacement soil-inclusion

Effective cohesion ¢’

Friction angle ¢’

Young’s modulus E,

Load at the inclusion bottom (in the anchoring layer)

Load at the inclusion bottom

Frank & Zhao vs Plaxis

e Frank & Zhao

/

Vertical displacement of the inclusion
bottom

Load at the inclusion bottom

Frank & Zhao vs Plaxis

_

Frank & Zhao

/

[

Vertical displacement of the inclusion g
bottom

Load at the inclusion bottom

Frank & Zhao vs Plaxis

e Frank & Zhao I

incred

Vertical displacement of the inclusion :
bottom

Effective cohesion ¢’

Friction angle ¢’

Young’s modulus E,

se
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5. Calibration of FEM input parameters on Frank -'
laws

E,=E,/a
¢’ = g, (g, determined based on pressuremeter method)
(p’ ~ OO

‘ E,=15t06xE/a
' ¢’ =g,/9 (q, determined based on pressuremeter method), API (1991)

(plzoo
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6. Example: Plate Load Tests in Venette, Frances

- Pressuremeter tests
" cEoTEC Semiegs Pt |

. VENETTE. e o 0 e ososaons E . P I q Y c y (p y

Affaire M 2014/02847iLille T mz;’zgtmm EE&B) MPa |\/|Pa _ kN / m3 kP a o

15 | 096 | 1/2 | 20 | 11 | 25

4m 55 | 043 | 12 | 20 6 | 31

4.5m ravels 35 | 250 | 13 | 20 0 | 43

n
\ )
Y

From lab tests
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6. Example: Plate Load Tests in Venette, France

« Presentation of the finite element model —initial parameters
« Skin friction

Y c’ ‘P’ EY Rimer
[kN/m3] | [kPa] | [] [MPa] []
H Fil 20 11 [25| =Eyla=30 1
Silts 20 6 31 =Ey/a=11 1
Interface Sands 16.5 0 43 | =Ey/a=105 1 Soft silts

Inclusion
320 mm diameter i | 9 = 60 kPa

« Inclusion bottom behaviour 50 cm anchoring length

y c’ @’ Ey
kN/m3] | [kPa] | [] [MPa]
Sands 16.5 0 43 = E,Ja = 105
Sands and|gravels
Qs = 170 kPa
q, = 5.8 MPa
Based on pressuremeter method
) Jérdme RACINAIS XVI ECSMGE 2015 & Tes 14/23
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6. Example: Plate Load Tests in Venette, France

« Load test curve with initial
parameters — Comparison with
Frank and Zhao’s mobilization

laws
Frank & Zhao vs Plaxis
500
£ 450 /
S 400 ,/
= /
o 350 d —
S 300 /
8 250 //
22 200 /
@ 150 7 7
S 100 / Frank & Zhao
© 50 // Plaxis - initial parameters
©
@ 0 [ [ [ [
o T T T T T
- 0 10 20 30 40 50 60 70
Vertical displacement of the inclusion bottom [mm]
At inclusion bottom
© Jérome RACINAIS XVI ECSMGE 2015 & BGa 15/23
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6. Example: Plate Load Tests in Venette, France

. D A l le for sil
- Load test curve with initial 100 ple for ity
. . 90 —
parameters — Comparison with  |_« - L5m deep
agm - o
Frank and Zhao’s mobilization =
laws P
_ £ 30 77
co0 Frank & Zhao vs Plaxis % 20 E n N
£ 450 / 10 7
% 400 /'/ ’ 0 10 12 14
= 238 / — Soft silts sion [mm]
S 7 ;
2z / nclusion
;H 150 / -
g 128 // EIrZQizéiﬁiTiZ(I)parameters
g 0 . ! ! ! !
- 0 10 20 30 40 50 60 70
Vertical displacement of the inclusion bottom [mm]
At inclusion bottom
Sands and gravels
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6. Example: Plate Load Tests in Venette, France

« Load test curve with initial 100 ple for st
parameters — Comparison with  |_ rs-15moon [
agm - o E
Frank and Zhao’s mobilization =
laws 5 2
_ £ 30 +—~
500 Frank & Zhao vs Plaxis & 20 A é n n
£ 450 / 10 1
% o '/ ’ 0 10 12 14
2 zgg // = Soft silts sion [mm]
g _ 250 A1 / inclusion
2 £ 200 I/
£ ] 7 Frank & Zh 0 - ion
g 128 // PIrZQis—initiZ(I)parameters -2 | —]
S 0 - | ! ! ! 4
- 0 10 20 30 40 50 60 70 :g

Vertical displacement of the inclusion bottom [mm]

-10

At inclusion bottom

-14
-16 ':|: \
—18 T \

-20 \
22 Sands and gravels

Cumulated settlement [mm]
(BN
N

— adjust modelling parameters to

calibrate the Plaxis curve on Frank ° 200 90 400

& Zhao's semi-empirical laws ead
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6. Example: Plate Load Tests in Venette, Frances

- Calibrated parameters
« Skin friction

Y c' ‘P’ EY Rinter
[kN/m3] [kPa] [°] [MPa] [-]
H Fil 20 80 | 0 30 1
Silts 20 60 0 11 1
Interface Sands 16.5 170 0 157.5 1
Silts
e |Inclusion bottom behaviour
y c |9 Ey
[KN/m3] [kPa] [°] [MPa]
1 x Eyla, 1.5 x E/a,
Sands 16.5 650 0 3 X E fa ? Sands
() Jérdme RACINAIS XVI ECSMGE 2015 Bea 18/23
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6. Example: Plate Load Tests in Venette, Frances

« Load test curve with calibrated
parameters — Comparison with
Frank and Zhao’s mobilization

laws
Frank & Zhao vs Plaxis
500
E 400 / —
S 350 / =
= 300 »
c
2 250 //
2= 200 /
X
'E = 150 1 Frank & Zhao ]
= 100 | / Plaxis - initial parameters ]
o 50 1 Plaxis - calibrated parameters 1.5xEm/a [
3 0 ! : : : :
S 10 20 30 40 . 50 60
Vertical displacement of the inclusion bottom [mm]
At inclusion bottom
|4 c’ 9’ Ey
[KN/m3] [kPa] | [ [MPa]
Sands 16.5 650 0 =15x Eyla=157.5
© Jérdme RACINAIS XVI ECSMGE 2015 & BGA 19/23
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6. Example: Plate Load Tests in Venette, France |

- Load test curve with calibrated 100 xample for sitt
. . 90 =
parameters — Comparison with 0 reters - 1.5 m deep |
- . g 70 -
Frank and Zhao’s mobilization = o i —
250
laws S0
£30 A =
. Frank & Zhao vs Plaxis @ ig A
c 450 /' — 0
g o g — i Softsilts | |jusonmm]
S 350 —
5§ wl A / nclusion
2= 200 /l
'E = 150 1 Frank & Zhao .
< 100 / Plaxis - initial parameters .
o 50 1 Plaxis - calibrated parameters 1.5xEm/a [
§ ’ 10 20 30 4'0 _ 50 60
Vertical displacement of the inclusion bottom [mm]
At inclusion bottom
Y c’ o’ Ey
[kN/m3] | [kPa] | [7] [MPa] Sands and gravels
Sands 16.5 650 0 =15x Eyla=157.5
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6. Example: Plate Load Tests in Venette, France

- Load test curve with calibrated 100 pxample for sit
. . 90 ers - 15 m deen |
parameters — Comparison with <0 pmeters- 1.5 m deep
i . 70 parameters =
Frank and Zhao’s mobilization Z60 .
250
laws S0
£30 - =
Frank & Zhao vs Plaxis @ ig A
500 7
c 450 /' — 0
— 0 . 10 12 14
g /' — Soft silts lusion [mm]
g 20 d / inclusion
2 /4
S Z 200 lion
c I
S 150 / Frank & Zhao — 0 e
£ 100 // Plaxis - initial parameters ] -2 —_~
= 50 - is - cali — = 4
g o !PIaX|s c!allbrate(? parame!ters l.5x!Em/a g I _\:\
S 10 20 30 40 50 60 = -8 NS
Vertical displacement of the inclusion bottom [mm] = -10
; ; Q.12
At inclusion bottom S
T -16 -
9 18 -
Y c’ @’ Ey 20 1 i
: : “* | sands and |
[KN/m?3] [kPa] | [] [MPa] 0 anas ana graveis | 500 600
Sands 16.5 650 0 =15x Eyla=157.5
ead
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6. Example: Plate Load Tests in Venette, France

« Load test curve with calibrated parameters — Comparison with in-
situ load test

Curve load / deformation
e~
-2 N ‘\
\%

-4 \ ;\
-~ .8 \ \
S \ N
E
_ -10
c
: \
& -12 \
8 1 \ \\

-16 \

Frank & Zhao \ \
-18 = Plaxis - initial parameters \ \
20 - Plaxis - calibrated parameters
== |n-situ load test \ \
22 | | — |
0 100 200 300 400 500 600 700 800
Load at inclusion head (kN)
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13-17 September 2015 - Edinburgh

MenARD



7. Conclusion

« Classical determination of the FE input parameters is often very
conservative

 The calibration of the input parameters on the empirical curves
from Frank & Zhao allows to better simulate the rigid inclusion
behaviour

« The Frank & Zhao curves require the use of the pressuremeter test
parameters E,, et p,

 Three modelling parameters need to be calibrated:

« Effective cohesion
« Effective friction angle
* Young’s modulus

Thank you for your attention
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