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ABSTRACT

Soft soil reinforced by rigid inclusion is one of the methods to homogenize and reduce the
settlements of earth structures. Various cases of structures under cyclic loading are commonly encountered in
the practice, which requires the understanding of this technique under cyclic and/or dynamic loading. This paper
is aimed to present a series of experimental studies performed at 1g laboratory scale to simulate soft soil
reinforced by rigid inclusions subjected to cyclic loading. Tests were performed with two kinds of embankment
or load transfer platform (LTP), i.e., sand and gravel. The parametric study performed with this physical model
allowed us to study the influence of the sequence of cyclic loading at the surface of the load transfer platform.
The experimental results highlighted the efficiency of load transfer and the accumulation of the settlements

during the cyclic loading.
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(a) Surcharge load, ws (b)

P | S T
v ¥ v $ w v _ R _®_® _R_P ‘d Lo 3
Arching effect Embankment Fill - 2
a -
H unit cell
He Membrane effect a
L Fx A * S » 1 v
v ey XXX XXX N Yevw - «v\ s
P21 - ‘
soil 9 | Working Pile Cap! | Geosynthetic _ ] (
reaction Platform (optional) i lreinforcement < 6 tv-
&
Soft soil 2
< Piles (LCJ A
- S - { ‘S _ d.h -

Bearing stratum \

AN 12 LAAINA INNT5878 1aWNSITAIRRARNIIATNSZEEHAS , (b) LAWNI

gméﬂmmmmm%u 284 Filz et al (2006)

Blanc et al., (2013) [BVinn1971AaaIN 19 @aNAasasfusaulagATA NS 1

o/

< o : A 7 o »
b@1LYH (Rigid inclusions) LL’N:‘Wqmﬂﬁiuﬂm?uﬁu’mm‘m‘m‘mLL‘N (Granular mattress),

q

arpaRawndl (Mobile tray) THgneasnuuLdumnlageniy delugunssinnsmaassiismn

Tuiesd§iuRnas IFSTIAR Tng Mobile tray Hazanasafiunisniadazssiudaniiog

U

TenIEIEN N9RnEIaInainnIsatelaus e (Mattress) ﬁmmquefum%mmﬂu

WAeN (Centrifuge) 20g lagaasfananadefiauinsas 900 faRiNsS WATEINTAUTIY

1% v
=1 a =

LR IANINGY 61 A ATIRIRUNNEINWRININNAUTLNBUFAIYAITNAUILUY (Mesh

density) O = 4.91% Beussfiazlfazgnfinssiuiu LTP Tnanasisudnll Tnouseiing

U

12 9
= ' [ = o o/

ﬁmuumqLmLmeiwqm@quuwuﬁﬁLmﬂmmumu FUTNA7N9095UUT9 (Granular

Y
o/

mattress) [#5UN199nRusAinnadanaunasuiiasUlngmuansusefidnsionisuuyin
dandnuazniangasiaezifsunisdn o uSnafiuanseiumilesudanisesdiuse

(Granulor mattress) teflazUuUgamaRiAnTsIEBuRtdeiIngan Saquanladonsnzay

¥
o o

' % <4 { o
NN NITSAIN FAUTNINURLTUINATTDITULTS (Granular mattress) Tﬂf;lﬂ"l‘jﬁfl

9

(stretching) FeTanunnladansnsiazdialonuseldamds (incusions) Felsnngnased

=%

f3and7 wWNwseNAng (Membrane effect) TN AaaLTENITE3 NA1RIF IS



17

winledunssiuar ifiFaquinlodanszdaiudonin 13 Hsuntamaasslaenis

WAEHAMNNUNBITUTERTTB95UUSY (Granular mattress) AIEHIAAIHIUIIUANFATTTY

v { [TTTTL PTTTTL

1 transfer
anular :
& — mechanism
matress
rigid - = . membrane
e effect
inclusion
soft N
ground
rigad [

substratum

AN 13 WRAINISLESHATRIAY uuufaiﬁ%'athiu?ﬂﬁ'qm‘mzﬁ("ﬁw) WREHANAUAY

TudsLAs129i(291) 289 Blanc et al (2013)

]

hosst
- membrane

water tank

O m m U 0

- granular mattress
mobile tray

- ngad mclusions

- electric motor

ol I B I v I O I 2

- stand

AN 14 ufamgﬂLmuﬁqLtazﬁnumﬂﬂﬂﬁ’f;fﬂﬂ@aqﬂﬂsfﬁﬂﬁﬂtﬂf?zau‘ﬁ (mobile tray)

2849 Blanc et al (2013)

Tﬂilﬂ"l‘i‘l’l@N@UW‘Nﬂ"Iﬂﬂ"IWﬁ%@ﬁﬁﬂE’Iﬂ‘iiﬁ?l@x‘iﬂ’]‘iﬂ‘%/uﬂ‘gﬂﬁuTWET%LWﬂﬁﬂﬂ"l‘i
wERsRsFaE I (Rigid inclusion) Tae Tififuuds (Rigid slab) stauuuifinasiaduuas
Tifinaiasudanuinledonsnzst (Geosynthetic) uazdaaliisnfinanidintanndnds
aalnnasaslewn (Charge transfer mechanism) T3 #13095U (Mattress), TEFNwA

WIINRADIHAVDIANHGITIHHAABAINITNARDI UATHATBINFIETHANRS IAENT3TEN1S



18
LN%NLLNTM%’N@TE&LMW:% (Geosynthetic effect) n1etfinsuaeuLLAsT laanafi (F5us

fragia (17

~wuuldfinnsiaduussdaadanladaunsnzd nalnnisdialonusefiay
USEANBNINHINTUAN AU B9TUIER 58950 (Granular mattress) AIEAIHAUN
finnTu wonanniinnsnadafiantdpaas@ndoy uAnauRn1sI T wIBsAHIN i

o/

#9159950U59 (Granular mattress) unw

—uuufinnsieBnuseinedan ladansned UssAnsammiiisnnnninuazn1sngadn

UL AL AN THA AR BN LT

sianT Van Eekelen et al (2012) THNAUBNI9VAGBINILAINLLLINIA 3 NF

WaRnu dninarasgmany sz uruladens1ed (Aanudounss, S1uautu) uas
oy 4o & . ' s X 4

HANTENUBDIN1TEENIDILSITAATU Tunalnnisanslauuss Sensiintivenusefiay

a3 (Applied load) @zgnaanuuulkifuiunzens (Rubber cushion) fignifingiagii

o/

(Fafandamsunsszungsitesnitaaruannsin i) IneinlEsunisisduiidssian

4 L 4 ° ¥ &
LY (ngld inclusion) TﬁmLLUU@W@mﬂWi‘Wmﬂﬂuwzﬁizﬂ@ufﬁWmLN'WL?JNWNﬂ‘j::‘LI@ﬂ

A v i 4 a

(Cylindrical) BIHAUNIUARTNAY 100 HAAINAT UWAZTLUWWAST 0.45 LHAT AUAQN

Y Y

FrandlnelEnseazduafiianin 0.125 - 0.250 RaALNAT WALNTIAALLBLA (Granule

fil) AR2UIA 1-16 RAANAT LWATHAIMNWUIVBITULYINAL 0.42 WA 91NN19ILATIEH

| ¥
A a K

289 Van Eekelen et al (2012) Tmm:qd%mLLméf\mLﬂmm’lmﬁmmm@ﬂLﬁummqu
Ao AB Az C ATNAININ 15 1aadl A Andauaasussunal@s Faniadnsenalls

LN’IL%NTG]EW]‘N Tu’dﬁuﬂﬂﬂ B ﬁﬂﬁquﬂﬂﬂlﬁﬁﬁLﬁ@@’]ﬂﬂ’]ilﬂ%&lLLiﬂﬁﬂ\?LLNuTﬁﬁﬂmiqtﬁ

1 . 1A 1 [ g [~ [ 1%
uay C Aadauaasnssiiasgnusan lngdanuasniafmnuiifafaoudu Ul unisda

U

¥ =3

¢ ® & = ¥ o ! ! = P2 a o ~ =
LN BT LEHAY BN NBAARBNNL LLWN&‘D’QQW@’N“@NT@Q’]E LL@‘:LﬂﬂﬂQ’]NL“EI’]T@WNWﬂﬂu



19

4 1 [ [ a
AN 15 LL’N@]\?Llﬁi\?ﬁﬂﬂLLU\?'ﬂ'ﬂﬂLﬂuﬂqNﬂquﬁfuﬂq‘sqLﬂ‘i"gﬁ‘ﬂ'ﬂ\? Van Eekelen et al

U

(2012)

911U Heitz, Liking and Kempfert (2008) (#%11119%Aa89LLULI18BIN

nenmuazlfAneinalnnisdnelauusennalfnisusswoudginstuunusianamns

AN TRgnuUINaaslsrnau U RNe aul a3 HILTIFILaT 4 Fii AUNT9IRB NI

Fogdanuny Geogrid uaziuuds (Rigid slab) Asnw 16 AngusrasimaniRafnuInane

nsussuuLdgansuszezenalaei¥asasanndiisnndn 5 Hz uanssianw 17

‘ loading (static / cyclic)

rs Fo b .'-.,-.'. LN

CCes i ==r—sand fil

. c% /—“— geogrid

-‘.3.; h“-g ;—'.-‘v — .;:..,_.,: & 3.
TREYING 2", distance
:'.. ) Lo srrer AT 0,05m

— soft sail
(peat)

1,10 m

0,50 m

1

R_m v

(16 x 16 cm)

wos'o

AN 16 WRASHLUUIIRDINISNARDIZNA 289 Heitz et al (2008)



20

80 - Initial loading . 1. loading s!ep. p(l';a"s‘lez )A : p:\sa:ez)B ! phase C
. 70 - : E ; i P 60
= go | (OIOIII=o] : : i L s0 £
E o0y mmqmi é ' § 40 %’
% 409 7T hi o.+0, ; 27 kN/m ; ' ; - 36 g
L2 30 4 ' 1 '

2 AT -
~ 10 ; a !V‘ :‘ H ” vl i F 10 7
0 H Om % H 7 kN/m? : : F o

0 1 250.000 1.000.000

Number of cycles N []

AN 17 ULAAINTSUSIKUTINSNTE IMNTSIARBULLLA1ABI289 Heitz et al (2008)

2 9
a =K o o/

Dinh et al (2010) (#AnuiNannalnaasnisanalanuseiifintinluduian

=h_

5995039 (Granular mattress) eintiniilunisanglanussanlaseadneiuungian (Rigid

inclusion) N5 TR WsIRUUASTILATAans nafl iHgnsdinnTilunisuinaanddmyass

o/ 1

BnBna209aNTR (Rheology) 289FUARAT18ULSY (Granular LTP) (LA Anuunudy

q

FNINE, YSeENTAINVBITLUY ULATNITNTAFIRRLIBIANEDN LWUUIIRBIAINFIIRTN
o [~ o 1 v g o a 3 o '
fann 18 WuuusasediBuunznin 15 Fsdniunsaudunewnd

~AnfvguUnIalinwines AUSII4RI299289L87 (Rigid inclusion) 1B TAWLTIT
navyinsaiaady

© { o o a 1
~UszneuiduieadiiednnisniasnaesAugau



21

A ~—(1)
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antrelo @) sol analogique
D &) (D tassometre
(® LvoT
6) (9) rampe support

module-réservoir
Intermédiaire

embase inférieure
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L= I I -
Steel box —_|
Water cushion Covered
steel plate
Load sensor Granular soil

L — LVDT

Hg=30cm
F1 F4
Soft soil
Hs =40 cm DP1
= DP2
XB.

Perforated |
steel plate
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A5 2 NSRAYRIAVBILULITRDIVITNATLAIN

Quantities Unity Proto-type Model Ng
Gravity m/s? 1 N

Length M 1 1N
Strain % 1 1

load kN 1 1IN?
Stress kPa 1 1
Mattress density kN/m? 1 1

Weight kg 1 1IN®
Coverage area ratio % 1 1

Secant stiffness kN/m 1 1IN
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NSLATENINAVBIRAUAWN (Embankment)
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M_sT Tiasu
M_s2_GT V90 Aol 5-15-25 Geotextile
M_s3_GG Geogrid
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TolieBu
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5{]"’2"/“'5 Geogrid
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Properties of TenCate Miragrid Geogrids Model
GX
Property Unit 40/40
Initial Mechanical Properties
Characteristic initial strength, T, (ISO 10319) MD | kN/m 40
Characteristic initial strength (ISO 10319) XD | kN/m 40
Characteristic initial strength at 5% strain (ISO103319) MD [ kN/m 20
Strain at initial strength MD | (%) 10
Properties of Polyfelt TS Woven Geotextiles Model
Property Unit TS 20
Tensile strength (avg.) ISO 10319 kN/m 20
Tensile elongation (MD/CD) 1SO 10319 (%) 75/35
Performance energy* Calculated kN/m 25
CBR puncture strength I1SO 12236 N 1500
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