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"FOREVER"
FRENCH NATIONAL RESEARCH PROJECT

Prof. Frangois SCHLOSSER. TERRASOL Consulting Co.
Prof. Roger FRANK. CERMES (ENPC - LCPC)

(1) MAIN ASPECTS
(2) PRESENT DESIGN
(3) RESEARCH PROGRAM

(@) SLIDES , if time allows...
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Projet Natiogml : Renforcement des sols par micropieux

MAIN ASPECTS OF THE RESEARCH
“

@ SINGLE MICROPILES
“

Settlement estimation

Horizontal forces (calibration chamber, centrifuge,

full scale measurements)
Buckling

Durability
Seismic behaviour

@ GROUPS OF MICROPILES
“
Mechanical interaction (vertical forces)
Horizontal forces

-Effect of .the pile cop.

@ NETWORKS OF MICROPILES
S

Experimental behaviour (calibration chomber,

shear box, full scale instrumentations ) under
forces.

Modelization and theoretical studies

Desing method for groups and netwdrks
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Projet Notio#ol : Renforcement des sols par micropiews

STRUCTURAL

L]
.

F

MICROPILES
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BEHAVIOUR AND DESIGN

RS

o Deep foundation
e Underpinning
o Slope stabilization

o« Settlement reduction
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FORE

Projet Natioanl : Renforcement

VER

sols por micropleux

RESEARCH TooLS |

Monitoring on construction sites

FULL
Tests on experimental sites SCALE
Laboratory models (1g) BASIC
BEHAVIOUR
Centrifuge models +
PARAMETRIC
STUDY

Numerical modelling
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F%VE

Profd Natodal : Renforcement des sols pa

PRESENT DESIGN OF MICROPILES

@ Bearing capacity ;

rical ¢

@ Overall stability Kslope stabiluzohon)
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IRADII IONAL DESIGN

COMPRESSION : Q,= Q) + Q - TRACTION: Q= Q
tip Frictional -
TIP RESISTANCE ' FRICTIONAL RESISTANCE
(P=0to 0.15Q}) @=T.D.L .q,
G=S . k.pe (D, = ot y)
1.2 Gravels and Sands
16 Clays
1.8 Clays and Marls q,=f (p,)  CHARTS

1.5 Altered Rocks

4 ) d : —_—
pe_“m” pressure at M'CROP”—E LOAD TESTS

pressuremeter fest ARE RECOMMENDED
FS=3 ' FS

2
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GEOMETRICAL FEATURES OF A MICROPILE
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FOREVER

Projet Natios! : Renforcement des sols par micropiew

Ds=OC; Dd

Gravel

Sandy gravel
Gravely sand
Coarse sand
Medium sand
Fine sand

ol Coefficient

Repetlitive injection |

Global injection

Silty sand

Silt
Clay

Marl
Marly limestone
Chalk

Altered rock
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~ TIP RESISTANCE

9 = §(¢)
‘PC R q‘z ‘(¢,E}...)

FRICTIONAL RESISTANCE

X

= €(¢a’) = bmﬁ‘. K, .33,

\._,g.,; q»= g(?&,}’;, Aw, é/ )

Av
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LIMIT STATE DESIGN

Qu= Qpu+Qsy Qty=Qsy
Qg=0.5 Qp, +0.70, Q) £0.7 Qg

1 ULTIMATE LIMIT STATE
o COMBINATIONS OF ACTIONS WITH LOAD FACTORS

_ FUNDAMENTAL _ACCIDENTAL
e Qpu
Qgy =Tde Lg
"FUNDAMENTA '40 3 40

Q
]
ACCIDENTAL : - =% <Q <,20

2 SERVICEABILITY STATE

o COMBINATIONS OF ACTIONS WITH LOAD FACTORS
_RARE _ FREQUENT  _QUASI_PERMANENT

o Qc’ 0.7 qu
Qtc Qc
0

RARE -—T-"—<Q<TT6'

Q

i . _ Qtc - _Mc
QUASI - PERMANENT : - <e<725

l
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_EEvER

463 : Renkoroement des sos par micropleus
TYPE OF STRUCTURE s e
(1) Retaining structure l Tension
@ SIOpe stabilizatio \ Bending
) Tunnels = Tension
@ Foundations Compression

APPLICATION OF SOIL NAILING
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. 4<¢0 : Compression

surfoce

PRINCIPLES OF TALREN STABILITY PROGRAM
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Copyright (c) 1981 TALREN - TERRASOL

S0ILS
Culll Tai e dots) [Te I8 L T ) Pl Xs.3
1 119 .. 11.68 Jeo 2 . b . 3.3 e .. ] 0 - ¢
2 1 1.08 |e “fe .$ X . 4 [ ] [ [
3 11 1.0 1o * .9 ] .4 ) 0 [] [
«_ |20 1.03 [0 ] 1.3 W |11 [} 0 0 .

NAILS
W' lvield st |Specing |Elev. Length Inclin. D bore R shear [N plasticiRigidity [Calc type
Nel [0 2.4 22 16 90 2 340 0 0 Tcal+Simp
Me2 {0 2.4 21.78 16 30 2 840 0 0 Tcal+Simp
¥ad j0 2.4 21.% 16 90 2 340 0 0 Tcal+Simp
Unit weight of water : 10
Units : kN meter and degrees
Calculation method : Perturbations
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Copyright (c) 1981 TALREW - TERRASOL

S0ILS
I Te1 e Sets) ifc [) 5] e » 3 Xs.8
1 18 1.05 0 [ S1.8 30 1.2 0 40 400 8800
2 16 .98 ¢ ] 11.9 0 1.2 0 20 40 180
3 16.9 1.05 12 [ ,1.9 10 1.2 (] 20 0 200
4 417 1.0 |20 [ .1.8 10 1.2 ¢ 20 148 360
3 120 - J1.08 o 0 1.8 - 1.2 o .~[s0 908 17000
DISTRIBUTED LOADS
v lei 7] Iq 1
8d1 |20 20 1.3 )
NAILS
N*  [Yield st [Specing |Blev. Length Inclin. D bose R shoar [N plasticiRigidity [Calc type
el |-2220 3 2 13 110 .332 ~-31110 163 7644 Tcal+Scal
a2 |-2220 3 2 13 [ .166 -11318 183 7644 TealeScal
Mal |-2220 3 2 13 90 .166 -1110 183 7644 Tcal+Scal
Nad |-2220 3 2 13 [T .168 ~-1110 183 7644 TcalsScal
NaS |-2220 3 2 13 10 .332 . [-1110 183 7644 TcaleScal

Unit weight of water : 10
Units : kN meter and degrees
Calculation method : Bishop
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F%VER

Projet Natiosnl : Renforcement des sols par micropieux

* Basic problems

* Laboratory and centrifuge testing*
e Experimental site at S! Rémy *

* Numerical modelling

(%) plus slides
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BASIC PROBLEMS OF MICROPILE GEOTECHNICAL
STRUCTURES

o Under axial loading

e Under lateral loading
o Buckling
e Seismic loading

e Corrosion
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Projet NatioAgl : Renforcement des sols par micropieux

Recommendations AFPS 90

Simplified approach

Bedrock
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LOADING HERD CALIBRATION CHAMBER OF CERMES
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Repqgsentative micropile

BREAKDOWN OF A MICROPILE GROUP
SS=aRUOWN OF A MICROPILE GROUF




UNIVERSITY OF CANTERBURY - VIBRATING TABLE
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View of the set-up after very strong shaking

Experimental set-up with two 95 mm diameter

instrumented models before shaking

Dismounting of the set-up after testing
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Seismice Behavior of Micropile Systems

OBJECTIVES

PHASE SOIL TYPE/ ENGINEERING
e MICROPILE SYSTEMS | APPLICATIONS
Phase 1 L.oose Sand Foundation
Micropile Groups Underpinning
D . R Seismic Retrofitting
Phase II Bi-layers and Silty Clays Foundation
Micropile Groups Underpinning
R Seismic Retrofitting
Phase 111 Micropile Groups Prototype Systems
Micropile Networks Under Selected Range
. . o _|ofLoading Conditions
Phase IV Final Report Sclected Engincering
Seismic Design Guidelines | Applications
for Micropile Systems Loading Conditions and
Soil Types N

FOREVER - Cooperative Research Program
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Soil Reinforcement

Test No 192

Elemeant .- D=65 mm, 1=21.3 cm, L/D=32.77
Mcop= 0.491 kg .

follure load = 14 kg

Ut - (V) Uneor Vorkabie: Diffeserticl Tmoscucer
o 0g) Bending shioin.gauge 1 (sg) Axal siroin gouge

s {oc)y Acceletometes 3
Input Miotion

Typical Micropile Configuration
Tested in the Centrifuge
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/D = 3

Plle cop mom:

avg =0.3 !
Inclin = -30 degrees

Hamburg, 97




FOREVER

Projet : Ronboroament des sols por micropleux

TESTING WITH THE LCPC .CENTRIFUGE
| AT NANTES

e Buckling of micropiles

» Laterolly loaded micropiles
(p,y) experimental curves + comparison with PILATE

« Groups of micropiles
efficiency coefficients

Z=8mm ot 40g —D =32 cm

- Simple networks (pairs of micropiles)
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GENERAL ARRANGEMENT OF THE EXPERIMENTAL SITE

OF &' REMY
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Micropiles
network

Shightly compoacted sond fill

P oo | w

FOREVER - MICROPILES
(Cross - section of the experimental site )
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FULL SCALE TESTS ON SIMPLE NETWORKS AT s REMY
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FAREVER

Projet

R i 2 R Y <
. Y

BORING BY SOIL DISPLACEMENT
RAISING OF THE HAMMER

AFTER SEVERAL PASSES

R-SOL TYPE MICROPILE
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NUMERICAL MODELLING OF GROUPS AND NETWORKS
OF MICROPILES WITH THE USE OF t-z AND p-y CURVES

Determination of t -z and p -y curves | ISOLATED
- i e MICROPILES
Seismic soil displacement
Introduction of installation effects | N GRQUP OF
- MICROPILES

Micropile - soil - micropile interaction
(efficiency coefficient )

NETWORKS OF
MICROPILES

Various raking angles of micropiles

Interlocking effects

260



REVER

Projet Natioful : Renforcement des sols par micropieux

———

(dp)o= Settlement under
own load

Segment

(8h)o=Settlement due to
other micropiles

N s

e d .4

N,
\..‘.O

oo

Micqoplle Micrzopile Micr?pile

261



NUMERICAL -MODELuNG OF GROUPS AND
NETWORKS OF MICROPILES BY

CONTINUUM APPROACH

F.E.M calculations

» Homogenei_sation methods
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Projet Nationnl : Renforcement des sols par micropieux

Soil surfocj

L
v
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Vi
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' Vg

"

U(z,t)
F.EM. CALCULATION OF WAVE PROPAGATION IN A

CONTINUUM CONTAINING A MICROPILE
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