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1. GI vs PF - the wrong debate

Soil mix elements as bearing elements
= current trend on the foundation market

When we compare this solution with the classical piling one, it is
generally the beginning of an irrelevant debate:

“"How to conform the soil mix elements to the severe
requirements imposed to concrete piles on the market?”

"Are the soil mix elements in agreement with the EC7-
requirements for piles?” ...

In this way of thinking, the soil mix element is at best

a lower quality pile
a cheaper pile
a “'second-hand” pile
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1. GI vs PF - the wrong debate

Soil mix elements as bearing elements
How to compare soil mix elements with pile foundations?

Pile foundations Soil mix elements

Well-established design rules Lack of practical design
(Eurocodes + National Annexes) guidelines — unclear situation
with severe requirements

Well-known material Heterogeneous material with
properties (concrete, steel...) sometimes unmixed soft soil
inclusions in the soil mix matrix

With European (CE) and local Without marking or certification
markings (e.g. Benor in
Belgium) for the materials

With QA/QC requirements Lack of QA/QC requirements
with regard to the material and adapted to the functions of the
concerning the execution soil mix elements




SSSSSSSSSSS SIMSG ISSMGE
% @G - GB %
TC 211 ETC3

1. GI vs PF - the wrong debate

Soil mix elements as bearing elements
If the soil mix solution is selected...

the concrete industry highlights

- the unbalanced requirements between both techniques
- the unfair competition between them

“"Why do we have to conform to severe and costly QA/QC rules
for well-known and recognized technique and material while,
when we work with an innovative technique such as the deep
mixing, the requirements are more flexible or sometimes do not
exist?”

There is thus a feeling of double standard politics on the market
of foundation contractors...
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1. GI vs PF - the wrong debate

Soil mix elements as bearing elements
But this is a wrong debate!

caused by the idea that a bearing soil mix element is a soil mix
pile

- Importance of the terminology

Please, use the terms soil-cement columns or soil mix panels

- Importance of the definition of the foundation concept

mmmmmm) Back to the roots...
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2. Behind the foundation concepts - back to the roots

Difference between the classical foundation concepts

Shallow foundation Pile foundation Pile raft foundation

— It is also possible to convert deep loose or soft soils to
adequately competent soil by ground improvement
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2. Behind the foundation concepts - back to the roots

Table 1. Classification of ground improvement methods adopted by TC17
. Category Method Principle
ICS M G E A| eXa n d r'l a 2 0 0 9 Al. Dynamic compaction Densification of granular soil by dropping a heavy weight from air onto ground.
A G’ro‘\.md A2 Vibrocompaction Densification of granular soil using a vibratory probe inserted into ground.
‘l.:l.ltphr:;lemem A3 Explosive compaction Shock waves and vibrations are generated by blasting to cause granular soil ground
admixtures in to settle through liquefaction or compaction.
3 X A4 Electric e compaction Densification of granular soil using the shock waves and energy generated by
17 ™ International Conference on men coesve pule comp g B ey generied by
= = = = = . A5, Surface compaction (including rapid Compaction of fill or ground at the surface or shallow using a v of
Soil Mechanics & Geotechnical Engineering maitl | oy o machines © fepth e @ vaneny
B1. Replacement/displacement (including | Remove bad soil by excavation or displacement and replace it by good soil or rocks.
load reduction using light weight Some light weight materials may be used as backfill to reduce the load or earth
materials) pressure.
B. Ground B2. Preloading using fill (including the Fill is applied and removed to pre-comsolidate compressible soil so that its
t t f t h A t R t improvement use of vertical drains) compressibility will be much reduced when future loads are applied.
a e o e r e po r without B3. Preloading using vacuum (including Vacuum pressure of up to 90 kPa is used to pre-consolidate compressible soil so that
admixtures in combined fill and vacuum}) its comp ility will be much reduced when future loads are applied.
cohesive soils B4 Dynamic consolidation with enhanced | Similar to dynamic compaction except vertical or horizontal drains (or together with
(also see (including the use of vacuum) vacuum) are used to dissipate pore p enerated in soil during compaction.
" Table 4) B3. Electro-osmosis or electro-kinetic DC current causes water in soil or solutions to flow from anodes to cathodes which
Construction Processes comolidation are installed in soil. _ . _
B6. Thermal stabilisation using heating or | Change the physical or mechanical properties of soil permanently or temporarily by
. r . 1
Procédés de Construction St hesting o fsezing the soll
C1. Vibro replacement or stone co
Jian Chu C2. Dy t ct to form columns.
Nanyang Technological University, Singapore C. Ground g b
: Improvement C3. Sand compaction piles Sand 1s fed 0% ground T]IIOuE]l a casing pipe and compacted by either vibration,
Serge Varaksin with admixtures Ic impact, or static excitation to form columns.
Menard, France or inclusions C4. Geotextile confined columns Sand is fed into a closed bottom geotextile lined cvlindrical hole to form a colunmn.
= C3.Rigid inclusions (or composite Use of piles. ngid or semi-ngid bodies or columns which are either premade or
Ulrich Klotz foundation, also see Table 5) formed in-situ to strengthen soft ground.
Zublin International GmbH, Germany C6. Geosynthetic remforced column or TUse of piles, ngd or semu-ngid columnsinclusions and geosynthetic gids to
e 2 pile supported embankment enhance the stability and reduce the settl t of embankments.
Patrick Me"se C7. Microbial methods Use of microbial matenals to modify soil to increase its strength or reduce its
Dredging International n.v., DEME, Belgium permeability.

C8 Other methods Unconventional methods, such as formation of sand piles using blasting and the use
of bamboo. timber and other natural products.

- = D1. Particulate grouting Grout gramular soil or cavities or fissures in soil or rock by injecting cement or other

K , Egypt particulate grouts to either increase the strength or reduce the permeability of soil or
5-9 October 2009 ground

D. Ground D2. Chemical grouting Solutions of two or more chemicals react in soil pores to form a gel or a solid

www tc 2 1 1 be improvement precipitate to either increase the strength or reduce the permeability of soil or
[ n with grouting ground

type admixtures | D3. Mixing methods (including premixing | Treat the weak soil by mixing it with cement, lime, or other binders in-situ using a

o deep mixing) mixing machine or before placement

D4, Jet groutin High speed jets at depth erode the soil and imject grout to form columns or panels

D35. Compaction grouting Very stiff, mortar-like grout is injected info discrete soil zones and remains m a
homogenous mass 5o as to densify loose soil or lift settled zround.

Dé6. Compensation grouting Medium to high viscosity particulate suspensions is injected into the ground
between a subsurface excavation and a structue i order to negate or reduce
settlement of the structure due to ongoing excavation.

E1l. Geosynthetics or mechanically Use of the tensile strength of vanious steel or geosynthetic matenals to enhance the

B E. Earth stabilised earth (MSE) shear strength of soil and stability of roads, foundations, embankments, slopes, or
3 reinforcement retaining walls.

E2. Ground anchors or soil nails Use of the tensile strength of embedded nails or anchors to enhance the stability of
slopes of refaining walls.

NOTA : TC 17 mexting ground improvement — 87/10/2009 E3. Biological methods using vegetation Use of the roots of vegetation for stability of slopes.
Website : www.bbri be/ga/tcl7
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2. Behind the foundation concepts - back to the roots

Categories of GI methods

Without
admixture

With
admixture

Soil reinforcement
— in fill and in cut

Cohesionless soil -
Non-cohesive soil -
Granular soil -

(sand, fill material)

Dynamic consolidation

Vibrocompaction...

Rigid inclusions

Stone columns

L

Cohesive soil
(peat, clay...)

Preloading
Vertical drains

Vacuum consolidation...

Jet grouting

Deep soil mixing...

Geosynthetics

MSE walls

Anchors
and nails
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2. Behind the foundation concepts - back to the roots

Concept of rigid inclusions It looks like a pile...
but it’s not a pile!”

Ground
Improvement -

Rigid inclusions
Shallow foundation Pile foundation Pile raft foundation with a LTP

__— Granular layer

_ " Potential reinforcement

l l l l l N elemerﬂs |
,L ,L l l l l Head of the inclusion
Ttitte
T T T T T\I\ Rigid inclusion
IR

TT TT TT TT TT t# t f 1~ softso

The rigid inclusions combined with a
load transfer platform cannot be
designed (or considered) as piles
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3. Ground improvement by rigid inclusions

Principles of the rigid inclusions and the load transfer
platform (LTP) - principles

Embankment

Geosynthetic . 7 ~ Geosynthetics
II;J?:t?gTranSfer %/// //{/// / Structure/fill to be supported
rm A%/

_ Zoo

gl

; l';;"‘“z”"""" st % ““-v— -—#vﬁ—fm e ..._ff_, s e LOAD TRANSFER PLATFORM

4/#/ | ‘ Rigid inclusions, soil mix
Column caps " T~ Xlements...

(typ.) T

Vertical Columns

; _ (typ.)
T LT T T T T

Firm soil or bedrock
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3. Ground improvement by rigid inclusions
Principles of the rigid inclusions and the load transfer
platform (LTP) - mam reference

ASIRI guidelines - IREX (2012)
in line with the Eurocodes

Recommendations
for the design,
construction and control
of rigid inclusion
ground improvements
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3. Ground improvement by rigid inclusions

Failure mechanisms developing in the LTP

Prandtl’s failure mechanism Punching shear failure mechanism

HHIHHIHHHTW HHHHHHHHH

Thick embankment Thin embankment

s = center to center
Hy < 0.7(s — D)  spacing of the
square grid

go = Uniformly distributed external load applied LTP
g, "= stress on the inclusion head
g, = stress on the in-situ soil
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3. Ground improvement by rigid inclusions

Failure mechanisms developing in the LTP

Prandtl’'s failure mechanism

HHHHHH_HWH

Determination of q,* and q,*
Prandtl’s equation:

qp" = Ngqs™ (equation 1a)
Load conservation equation:

aqg,” + (1 —a)gs" =q, (equation 4)

- o is the replacement ratio

N
+ q

el 1E a(N, — 1) 1o
rom 1

L a(N, — 1) e
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3. Ground improvement by rigid inclusions
Failure mechanisms developing in the LTP

Punching shear failure mechanisms (thin embankment) H, <0.7(s - D)

q q
Re¢ 0 Re 0 .
“1“““““ VVVVV‘:VVVUVVU chtanzz
¢ ¢
R = S
N
R, =rp+HMtan<(p )
y(pl
Non-overlapping failure Overlapping failure
cones (Hy<H,) cones (Hy>H,)
Hy (R R R.* e c'
qp+=_M Lz+1+_c l_I_LZqO_I_ : c2_1_ No overlap
ERN T )l Vo B tan @'\ 7, Yer eq. (1b blue)
R? R? 1 R? ¢’
— —(—+1+—)+(HM—HC)—2]1+—2qO+[ ,( 2—1) = | Overlap
e ==l tan ¢ Ty Yer €q. (1b red)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

qp A
$q-Ng-Opa + /
s..N..c’/ye’
SO <Az AT ; ...........
q.s¥(m.r?)) T :
ﬂﬂﬂﬂ E
i (2)
ped 4o % :
Allowable domain
Se-Ne.c’/yc’
‘q Ovid q1 qs
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

q Iy
’ mummmum |
Sq-Ng-Oyg + /
s..N..c’/ye’
o N N W
q.s¥(m.12), oo E

-
-
-
-
-
-
-

(2)
ped 4o %

Allowable domain

s..N..¢’/fye’

‘q c;V;d q1=qs
Prandtl’s equation:

CIp+ - NqCIs (equation 1a)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

qp Iy
$q-Ng-Opa + /
s..N..c’/ye’
SO <Az AT ; ...........
q‘Sz/(ﬂ.rz). - - :
ﬂﬂﬂﬂ E
i (2)
ped 4o % :
Allowable domain
Se-Ne.c’/yc’
‘q Ovd 4 qs

Load conservation equation:

aq," + (1 —a)gs" =q, (equation 4)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

qp A

SQ'NQ'GV;d +
s..N..c’/ye’

Upmax

q.s¥(m.r?)/

qp'.d-

s..N..¢’/fye’

Punching shear failure mechanism:

Hy (R R R.* 1 (RS c'
qp+=_M K 1+Lq0+ e gl No overlap
3 \n T Yer eq. (1b blue)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

qp A

S¢-Ng-Oyg + /

s..N..c’/ye’

R IR -l e AR T

q.s¥(m.r?)/

(2)
qp'.d-

s..N..¢’/fye’

q CT.v;d ql= qS

Punching shear failure mechanism:

R* I ¢ Overlap
‘[_<_“+ )“HM o) ]_ ot Lamp'(rpz‘l)y—c, eq. (1b red)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

qp A

S¢-Ng-Oyg + /

s..N..c’/ye’

R IR -l e AR T

- -
- .
- .
- -
-

q.8%/(m.r?), -
= 5 ~ o,q = soil study
P . j( ) - (pressuremeter,
: penetrometer...)
Allowable domain
se.N..¢”/fye’ B kaLM
O-v;d B
YR;v-YR,d

‘q cTv;d qlv qS
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

Domain of admissible stresses (ULS) at the base of the LTP

q A .
! GEO design
5¢-Ng-Oy:g + /
s..N..c’/ye’
B PP RSSRRRSP” S T rrrer < min
q.s¥(m.r?)/ :

-
-
-
-
-
-
-

ped 4o %

Allowable domain

s..N..¢’/fye’

‘q cTv;d qlv qS
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

GEO design of the rigid inclusion in line with Eurocode 7

Axial compression behavior of the
inclusion computed according to the
principles of Eurocode 7 + NA
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b\‘ NF P94-262 (juillet 2012) : Justification des ouvrages
géotechniques - Normes d'application nationale de
C( [I'Eurocode 7 - Fondations profondes (Indice de
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GRENSTOESTAND VAN AXIAAL OP DRUK BELASTE FUNDERINGSPALEN

| | WTCB-Rapport nr. 12 — 2009
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

GEO design of the rigid inclusion in line with Eurocode 7

— Consideration of the negative skin friction

Q,,(0) The negative skin
; friction is caused by
| Q.(2) the differential
‘ ‘ | ‘ {4 ‘ ‘ J ‘ & — > settlement (between
|| the top of the
|
|

he Soft soil . / . .
»T7<0,Ktand  jhclusions and the

- Qp(0) +F, granular layer of the
LTP) also responsible
for the arching effect

- in the LTP

he
Load-bearing layer
iQp(L) R Fy =2nr, jKrm.*ESG’vf:,rp)(f:

Z.‘—‘.—A—-

b
b
—
)
)
A

_J;“_'

Combarieu (1974 and 1985)
NF P 94-262 (2012)
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3. Ground improvement by rigid inclusions
ULS stress domain of the concept

STR design of the rigid inclusion

) Computation of f_y = UCS ..ign vae

Methodologies available in the literature (detailed in the Keynote)
UCS= Uniaxial Compressive Strength

Detailed
methodologies
in line with the
Eurocodes!
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EUROPEAN STANDARD EN 1992-1-1

NORME EUROPEENNE

EUROPAISCHE NORM December 2004

ICS 91.010.30; 81.080.40 Supersedes ENV 1882-1-1:1821, ENV 1802-1-3: 1584,

ENWV 19092-1-4:1004, ENV 1982-1-5:1884, ENV 1892-1-
6:1004, ENV 1002-3:1008

English version

Eurocode 2: Design of concrete structures - Part 1-1: General
rules and rules for buildings

Eurscode 2: Caleul des structures en béton - Partie 1-1 - Eurocode 2: Bemessung und kunsn'ukncm von Stahlbeton-
Regles genérales et régles pour les batiments und Spannbetentragwerken - Ted 1-1: Aligemeine
Bemessungsregein und Regein fir den Hochbau

This Eurcpean Standard was approved by CEM on 15 April 2004.

(CEN members are bound to comply with the CEMCENELEC Intemal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Lip-to-date lists and bibliographical references conceming such national
standards may be obtained on application to the Central Secretariat or to any CEM member.

This Eunopean Standard exists in three official versions (English, French. German). A version in any ather languapge made by translation
under the responsibility of a CEN member info its own language and notified te the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Gresce, Hungary, lceland, Ireland, Itafy, Latwia, Lithuania, Luxembourg, Malta, Netheriands, Mornway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerand and Unied Kingdom.

L — |

EURCPEAN COMMITIEE FOR STANDARDIZATION
COMITE EURQPEEN DE NORMALISATION
EUROPAISCHES EOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

£ 2004 CEN  All rights of exploitation in any form and by any means reserved Ref. Mo. EN 1082-1-1:2004: E
waridwide for CEN national Mermibers.

Jid inclusions
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iture (detailed in the Keynote)

Detailed

methodologies
in line with the

Eurocodes!
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Recommendations
for the design,

of rigid inclusion
ground improvements
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l"csdesign value

(detailed in the Keynote)

Detailed
methodologies
in line with the
Eurocodes!
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EUROPEAN STANDARD EN 1992-1-1
NORVE B T T e R s+ £
EUR@}. DEUTSCHE NORM August 2012
ICS 81.010.3C ’ DIN 4093 D I N

ICS 23.020 Mit DIN EN 127 15:2000-10

© 2004 CEN

Ersatz fiir
DIN 4083 1857-09

Bemessung von verfestigten Bodenkorpern —

Hergestellt mit Diisenstrahl-, Deep-Mixing- oder Injektions-Verfahren

Design of ground improvement —
Jet grouting, deep mixing or groufing

Dimensionnement des renforcements de sol —

Colonnes de sol-ciment réalisées par jet, colonnes de sol traité ou injection

Mormenausschuss Bauwesen (NABau) im DIN

Gezamtumfang 18 Seiten

SIMSG ISSMGE

lusions

CSdesign value

etailed in the Keynote)

Detailed
methodologies
in line with the
Eurocodes!
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ICS 91.010.30 &

© 2004 CEN

EN 1992-1-1

. M ﬁu‘gu.stzﬂiz 'Iusions

ICS 83.020

Bemessur =

Hergestell 2 '

Design of gre ¥
Jet grouting,

Dimensionne
Colonnes de

Buusonyn ua dJeM)uo‘

Handboek soilmix-wanden
Ontwerp en uitvoering

sign value

Detailed

Eurocodes!
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methodologies
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d in the Keynote)




3. Ground improvement by rigid inclusions
Other design aspects in ASIRI (IREX, 2012)

>
>
>

YV V V V V V VY

Stress distribution at the edge of the LTP

SLS design approach

Lateral loading

+ lateral and flexural behavior of the rigid inclusions
Seismic loading

Design of the foundation slabs on the LTP

Design of the potential geosynthetics

Numerical modeling

Execution and QA/QC procedures

Soil investigation and testing

ETC3
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3. Ground improvement by rigid inclusions
Piled embankment - Dutch approach (CUR Rapport 226)

- uwen met kennis
1)

¢ C U R o) p W
> D M W
CRO W,
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2= Delft Cluster

................
T,

226

Ontwerprichtlijn
paalmatrassystemen

—
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Piled embankment - Dutch approach (CUR Rapport 226)

Study of the load transfer distribution

Concentric Arches Model
Van Eekelen et al. (2013)

— Design of the geosynthetics
at the base of the LTP
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3. Ground improvement by rigid inclusions

Piled embankment - Dutch approach (CUR Rapport 226)
Study of the load transfer distribution

rest = B+C

GR strain

GR strain

Load transfer distribution
deduced from the Dutch

Bri Dutch CUR 226 o -
and|French ASIRI and German EBGEO in-situ and lab experiments
4 - i Measured B+C (kPa) in Van
Uniform load transfer distribution Eekelen and Bezuijen (2012)

used in the IREX (2012) -
ASIRI guidelines

— Research
perspectives
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. Ground improvement by rigid inclusions

Execution methods - typical rigid inclusions

> Concrete columns - installed using (adapted) piling techniques
> Grout and jet grout columns

> Soil mix elements (columns, panels, trenches, blocks...)

» Controlled Modulus Columns (CMC)

> Grouted stone columns

TR I IE T,y

MEeNARD

SIMSG ﬂ ISSMGE

ETC3
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3. Ground improvement by rigid inclusions

Execution methods - Illustration with the CMC process
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3. Ground improvement by rigid inclusions

Execution methods - Illustration with the CMC process




SIMSG ISSMGE SIMSG ISSMGE

TC 211 ETC3

3. Ground improvement by rigid inclusions

Execution methods - Illustration with the CMC process

Column strength = grout strength
High settlement reduction with lower replacement ratios

Independent from external parameters for lateral stability
Vibration free

Negligible volumes of spoil

High installation rates

High installation depths

- Case histories in the keynote

VVVYVYY
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3. Ground improv

Execution methoc

A P \ L 1
Column strengthfE=s |
High settlement ==
Independent frof g
Vibration free §
Negligible volum}
High installation &
High installation

- Case histories i

VVVYVYY

Buschmeier et al. (2012)
Installation of

34 m long CMCs

Hamidi et al. (2016)
Installation of

42 m long CMCs
= world record!

Both in Louisiana State to support oil tanks
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3. Ground improvement by rigid inclusions

Ions

id inclus

ing of rig

Numerical model

inais

TC211 Workshop - J. Rac

CALIBRATION OF RIGID INCLUSION PARAMETERS BASED ON PRESSUMETER TEST RESULTS

ECSMGE 2015

> Global behavior of the reinforced soil

RS TS TN N Y
MRRBRBRE
i
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3. Ground improvement by rigid inclusions

Numerical modeling of rigid inclusions

ECSMGE 2015 - TC211 Workshop - J. Racinais

CALIBRATION OF RIGID INCLUSION PARAMETERS BASED ON PRESSUMETER TEST RESULTS

> Behavior of the rigid inclusions

LI‘ Calibration of FEM input parameters on Frank & Zhao’s laws and on pressuremeter
3|E - -
I\ g L Frank & Zhao vs Plaxis (example for silt)
|| Ev=Ew 100 ———————
¢’ = q, (based on % Frank & Zhao |
l\ pressuremeter F -0 # Plaxis - calibrated parameters | |
l\ method) 2,
@ =0° g 60 . /, & P
I\ 5 50 4
=40
e O =
I\ - _% 30
[\ 20 -
f‘ E, = 1.5 to 6 x E,/d 13
n €' = G/ 0 2 4 6 8 10 12 14
(pressuremeter Relative displacement soil-Inclusion [mm]
method), API

o Along interface soll/inclusion
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3. Ground improvement by rigid inclusions

Numerical modeling of rigid inclusions

ECSMGE 2015 - TC211 Workshop - J. Racinais

CALIBRATION OF RIGID INCLUSION PARAMETERS BASED ON PRESSUMETER TEST RESULTS

> Validation with an in-situ load test

0 Curve load / deformation
2 I%%\
4 %Yé..\
—_— \
c -6
E -8 \\
% -10 \
g -12 \
= -14
@ -16 A\
—Frank & Zhao \\
-18 11 —Plaxis - calibrated parameters \\
-20 +{ -mIn-situ load test
22 | | | A
0 200 400 600 800
Load at inclusion head (kN)
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
Construction of an eleven-story building in Leuven (Belgium)

REGA-Instituut (KU Leuven)
with the courtesy of SVR-Architects
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
Original foundation plan with pile groups
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements

New foundation plan with CSM-panels
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A group of 4 piles > two adjacent CSM-panels
A group of two piles & one unique CSM-panel
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements

"y

Aerial view

during the execution
of the works

by Soetaert nv
(Google view -

July 2013)
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Soil mix elements used as bearing elements
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4. Hybrid concept without load transfer platform
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
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Varaksin et al. Ground improvement vs. pile foundations? 49
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
Design of the CSM-panels as bearing elements

> No rigid connection with the building structure
> Design for compression 2 no reinforcement

> fq>q (f,q > Handbook soilmix-wanden and tests on core samples)
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4. Hybrid concept without Ioad transfer platform

Soil mix elements used as b
Design of the CSM-panels as b ¢

Handboek soilmix-wanden
Ontwerp en uitvoering

> No rigid connection with the bu |

> Design for compression 2 no red
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> fq > q (f,q > Handbook soilmix-:|
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4. Hybrid concept without load transfer platform
Soil mix elements used as bearing elements
Design of the CSM-panels as bearing elements
> No rigid connection with the building structure
> Design for compression 2> no reinforcement
> fq>q (f,q > Handbook soilmix-wanden and tests on core samples)
> Full vertical coring of a bearing element for QA/QC

> Geotechnical desigh > only base resistance (De Beer method)
- no shaft resistance
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
Design of the CSM-panels as bearing elements

] gt )
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High dimensions of the base area - important base resistance!
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements
Design of the CSM-panels as bearing elements
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High dimensions of the base area - important base resistance!
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements

Design of the CSM-panels as bearing elements
— discussion points

% In this concept: building slabs directly installed on the CSM-panels
> What is the effect of the absence of the LTP?
> What is the role of the soil in the concept?

% Quality of the soil mix material on the first meter

% Durability of the soil mix element (on the first meter)

> Effect of frost/thaw or wet/dry cycli? Carbonation?
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Soil mix elements used as b i
Design of the CSM-panels as bl

— discussion points

> What is the role of the soil i
% Quality of the soil mix material «
% Durability of the soil mix elemer

> Effect of frost/thaw or wet/

Handboek soilmix-wanden
Ontwerp en uitvoering
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4. Hybrid concept without load transfer platform

Soil mix elements used as bearing elements

Design of the CSM-panels as bearing elements
— discussion points

% In this concept: building slabs directly installed on the CSM-panels
> What is the effect of the absence of the LTP?
> What is the role of the soil in the concept?
% Quality of the soil mix material on the first meter
% Durability of the soil mix element (on the first meter)
> Effect of frost/thaw or wet/dry cycli? Carbonation?
% Geotechnical design of the bearing capacity
» Computed as a pile or as a high dimension caisson?

- Respect of the element dimensions!

> No shaft friction? - Monitoring perspectives!
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4. Hybrid concept without |

Soil mix elements used as b
Design of the CSM-panels as b« :ggmigylgg
— discussion points N A NDB OO K
% In this concept: building slabs d
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5. Conclusions and perspectives

Ground improvement vs. pile foundations?

To avoid an unfair competition and unbalanced requirements

> Suited terminology and definition of the foundation concept
Shallow, pile, pile raft foundations and ground improvement

Rigid inclusions with a load transfer platform
> Design approaches in line with the Eurocodes
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5. Conclusions and perspectives

Ground improvement vs. pile foundations?

To avoid an unfair competition and unbalanced requirements
> Suited terminology and definition of the foundation concept
Shallow, pile, pile raft foundations and ground improvement

Rigid inclusions with a load transfer platform
> Design approaches in line with the Eurocodes

Hybrid concepts without load transfer platform

> Trend = use of soil mix elements as alternative to piles

> Requirements in line with the Eurocodes for temporary and
permanent soil mix elements with a bearing function
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5. Conclusions and perspe:|

Ground improvement vs. p:!
To avoid an unfair competition
> Suited terminology and defin:

Shallow, pile, pile raft foun«

Handboek soilmix-wanden
Ontwerp en uitvoering

Rigid inclusions with a load trai

Bupizonln ua dis MU USPUBM-XILUJIOS Yo gpue

> Design approaches in line wi

Hybrid concepts without load ti
> Trend = use of soil mix elem
> Requirements in line with thq
permanent soil mix elements
Bearing function

GEO and STR designs

Durability
Corrosion

QA/QC
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5. Conclusions and perspectives

Ground improvement vs. pile foundations?

To avoid an unfair competition and unbalanced requirements

> Suited terminology and definition of the foundation concept
Shallow, pile, pile raft foundations and ground improvement

Rigid inclusions with a load transfer platform
> Design approaches in line with the Eurocodes

Hybrid concepts without load transfer platform
> Trend = use of soil mix elements as alternative to piles
> Requirements in line with the Eurocodes for temporary and
permanent soil mix elements with a bearing function
> Discussion points (absence of LTP?, role of the soil?...)
- Research perspectives and in-situ monitoring

Recent trend: not in competition but in combination !
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5. Conclusions and perspectives
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Ground improvement AND pile foundations

Optimized design approach - twelve-story building in Tokyo
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Grid-form deep cement mixing walls
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