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Présentation du projet
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Présentation du projet

Spécificationsechniquesdu client

Tassementle la piste et des accotementsinférieur ou
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Conditions de sol
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Conditions de sol

BH4
Elevation :

Chant of RQD
5 -~ Scil sample Y ! Value W (%) LL (%)
& E‘ é e ‘E: S =, p S,‘ SPT test 'JUmfn‘_’f (':; & [
E - = - A E zZ D Descriplion & classfication 0 o *
s |ce|eg| 85| 5 | 2 of sols blows/30cm [ 3 (Mee—— 20 25 30 35 40 45 50 55 |60| 65 70 75 80 20 25 30 35 40 45 50|55/ 60 65 70 75 80
- 2 ! - o 2 o IAC 2447 NAn e = a R
‘x -g § Dv ;; é m _3 S (ASTM D2487 & D24E8) No Depth (m) ;:, tesd 1 A 1 1
—~ 2 < ] 10, 20, 30, 49, !
1 +001 D4
. - ﬂ SPT1 0.75-1.2 0 0
1] g SPT1 0.75-1.2 e © ° b
1 0/0/]0(0 1 1
3 g SPT2 151.85 - p -
2] SPT2 15165 110l0!l0 o [ ]
1 e 22527 ) ° ~ -2 o d
] SPT3 22527 1 0 00
3
1 SPT4 30345 _ ° ) _ [ J )
] ﬁ SPT4 3.0-3.45 1(0(0(0 S ’
4]
] Laver 2 (CH) o(C1) (Clie Fat - g SPTS 4 5.4 95 -4 o . -4 . o
] . ) SPTS 45495
5- 4 Layer 2 : Very Soft Clay t{1]0]1 . =
.5 SPTH 6.0-6.45 NSPT: 1
- H 608% | | .|.l3 - -6 . L g -6 e ?
2 1 —
& o)) - o)) -7
] -13.99 ﬂ SPT7 15705 < 7 ° ° < d o
] SPT7 75785
8 1|0 1|1 = 8 = -8
9_: g sexe 9.0-9.45 é 9 o| o é -9 ®
1.anc SPT8 00945 -
—‘&&&— | ] 3 s Z Z
10 -10 -10
] , g SPT9 10.5-10.95 |C:) ° ) |C:) ) )
] o SPT9 10.5-10.95
1 77 3|5 5 10} < -11 <>[ -11
i Layer 3 : Very stiff Sandy Clz 120.1245 Ngpr= 12 ITRY e o TR, ° o
i 77 A TEOT ST ROV, YT IO S, SO TR T, 7 c1e 89 2 ~ o ;
q 7/ very stiff in state ¥ (9] 8|1 1 LIJ LIJ
13 ‘. -13 -13
: f seru | 1asases . BH5 ° ? BHS
.13 50 ol as SPT11 13.5-1385 2 a o 47 _14 '14
e BHG6 e BHO6
® @
- 8 sPT12 | 150-15.45 -15 ® -15
SPT12 1501545
5(7|9/|18 16 e BH10 16 e BH10
16 L ) L
a SPT13 16.5-16.95
SPT13 165-16.95 17 -17
17 Laver Ba- (CHY (C1Y Fat Clav . | oaan 5 8 g 17
o0 _ @)
18 [ SErs | o4 Ne.-= 19 18 18
. SPT14 18.0-18.45 SPT
6 9 11z -19 -19
19 L o ()
SPT15 19.5-19.95
B Srs | 50 -20 -20
20 6| 10 13 231——]
Sa
Note:UD1: Undisturbed sal sample D1: Disturbed sod sample R: Rock sample SPT. Standard penetration test
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Ele vation {m MASL)
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Conditions de sol

CPTu33
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CPTU26A
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Cone resistanceq:(MPa) Friction ratio R, (%) Pore pressuresug,uz(kPaj) SBT, index|,
4 8 12 18 20 4 : 8 -500 0 500 1000 1500 2000 1 2 3 4
+0.00 ' £0.00 ' £0.00 : ﬁ
1.0 -1.0 -10 ‘ E
: = GO
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‘ )
2.0 30 -30 .
Soft Clay ; | |
4.0 40 l .40 : :
5.0 50 50 : E |
qc — 03 N1Pa -80 80 \' o : :
7.0 7.0 " 70 “ !
.80 20 : .80 .- ‘ |
3 90 90 . -~ .90 A ‘ ACTHNUKY:S
| <
= S Layer [kN?m3] e, G C C/(1+e,) Ge G [m2/s] C[m?s]
g -1.0
123m | $ 7
i 3 120 Soft Clay 16.6 1.6 0.56 0.10 0.22 0.023 3.0x1 15x10
! w
q. = 2.2 MPa Silty Clay 19.4 0.8 0.13 0.02 - - - -
~15.3 m g Stiff Clay 20.0 0.67 0.13 0.02 - - - -
S -18.0 _— _—
Stiff Clay
: . . -17.0 17.0 § -170
!
g. = 2.5 MPa Lo il " ~16D
. 20 0 -19.0 -19.0 | -190
-2U.U M
' -2.0 -200 ! -200 B Senstive, fine grained
-21.0 -M1.0 ' 210 2 Organic soils - clay
. ' ' 38 Clays - sityclaytoclay 6
.20 .20 20
- = = u0 u2

Sit mixtures - clayey sitt to sty clay
Sand mixtures - sity sand to sandy silt
Sands - clean sand to sity sand
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: 09@13
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7 Gravely sand to dense sand
8 Very stiff sand to clayey sand
9 Very stiff fine grained




Elevation (m)

Conditions de sol

Distance (m)
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Analyse des ordres de grandeur

Reésistance / Stabilite Tassement

D® = 45 kPa
v — +0.4mMSL

Layer 2: Very Soft
Clay

|
L & T QL B

-12.0 m MSL
Layer 3: Very Stiff Sandy

r:] 6 81) (“ C)&’I) — 77 kPa> 1,5 D S’j Clay

-16.0 m MSL
Layer 5a: Very Stiff
Clay
-21.0 m MSL
~ar 'Y/ \ r  ©n S’/ i \ r =
YQ 0 — ae12 P& Tmt ¢ aeQ—=085m
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Analyse des ordres de grandeur

Menard Vacuum

Drains verticaux et o
(consolidation

CMC et drains verticaux

Controle du
tassement

Stabilité

Planning

Drains verucaux et
prechargement

S

MEeNARD

prechargement atmosphérique)
Oul Oul
Oui mais Oul
Non Non

vienara vacuum
(consolidation atmosphérique)

Oul

Oul

Oul

Colonnes a Module Control
(CMC)



H=12m

Solution retenue

Consommeita majorité destassementsgénérésparf QA y & e ld f I Réduitelstassementdiésau poidsde la plateforme de
plateformede travail etfacilitert Q A y & (déstintlusionsigidés
(accroissementle la cohesion nodrainéeCu et dissipatiopartielledes
pressiongyénéréegpendantt Q S E SdesiiMIC paf refoulement)

FGL: +2.60 m MASL

CTB + PAVEMENT
+2.12 m MASL

LTP, (i =30°, E \52 MPa

+1.30 m MASL
T—

Layer N°2: Litho-stabilisation, @ = 32°, E V 2 500MPa
+0.95 m MASL

Layer N°1: Sandy Fill, i =30°, EV2 O 35 MPs

NGL: +0.40 m MASL

v +0.10 m MASL

MEeNARD

1.8 m

Y|

‘ 09m 41.00 41.00
_ﬁ 40.00 40.00
EA CMC ~—10.00—~7.50 ‘ 22.50 22.90 ‘ 7 .50——10.00—
g Grid: 1.8 mx 1.8 m oo I oo
v 9 ° { %-—-f’”’[i__—————————j———————_::r""‘“““ﬂ--:——}--_____
- Vo S N | A 3 _‘”“ _______ I
: : “—“ 0— i E —14.|30—|
® Vertical Drain ool n 100
Grid: 0.9 m x 0.9 m § CMG '
1 e
® E B Z// N
® ® PVD<p
T
® ®
® ®

transfertdes charges et de la structure de chaussee




Solution retenue

P401/P401

+2.60m MASL

CTB  +212mMASL

+0.5 m MASL SUe +0.5 m MASL
+1.3m MASL +1.3m MASL \ V4

\ A H04mMASL v— _________ VV P ____________________________________________________________________________________________________________________________________
— — £imMASL 10y {000 A |
Very Soft Clay

-12.1 m MASL -12.1 m MASL -12.1 m MASL
Silty Clay 1m

-15.1 m MASL -15.1 m MASL -15.1 m MASL -15.1 m MASL -15.1 m MASL
Stiff Clay

-20.0m MASL -20.0m MASL -20.0m MASL -20.0m MASL -20.0m MASL

@nditionsinitiales Plateforme de travail Drainsverticaux InclusiongigidesCMC PTG+ structurede chaussée
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Réalisation de la platdorme de travalil

CTB + PAVEMENT

+0.10 m MASL

Figure 12 : Typical cross section.
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Réalisation de la platdorme de travalil
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Dimensionnement et installation des drains
verticaux préfabriqués (PVD)

. From To H Cy
Case # Layer # PVD grid m ) ) m2/s]
Schedule 1 1
ayer 2 0.9m x0.9m 54 421 122 3.0x10°%
Very softclay  (squared)

Schedule 2

\__/

\—~/

MEeNARD

C, L
[r"ﬂEfS] [ﬂ.-"r-:-]
27.5%
7 days
1.5x10°7 4
93.2%,
2 months

A59 707 PVD

A 811 920 ml

A Surface de traitement = 49 185 m?
A Profondeur maximale = 15 m

A 2 machines, 2 postes, 2.5 mois



Dimensionnement des inclusions rigides CMC
Logigramme ASIRI

GEO
Calcul de la

NF PO261 NF PO262
portance du sol

NF P9£61 *

@maine 1 @mai@

\ 4

Calcul du tassement et Calcul du tassement et
des contraintes des contraintes
Analytique / EF Analytique / EF
STR GEO GEO GEO STR
Intégrité desCMC PortanceELU PortanceELS Verif. de cohérence Intégrité desCMC
ACompressiosimple AContrainte CMC AContrainte CMC / AFrottement ACompressiosimple
AFlexioncomposée AContrainte sur le sol fluage APointe AFlexioncomposée
ACisaillement NE P9L62 AContrainte sur le sol AMatelas AFlambement
@ ASIRI NF P9£61 NF P9462 NF P9£62 & ASIRI ASIRI a
o P9zall
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Dimensionnement des inclusions rigides CMC

Calcul de la cellule élémentaire

CMCA 320, C16/20

1,8mx1,8m

Ancrage=1 mdansf QI bdillBusé S
D €,,=4385kPa(Q, = 1421 kN)

MEeNARD

-100.00
I -110.00
-120.00

Neutral plane

Total displacements u,

Maximum value = 0.000 m

Minimum value =-0.1181 m

Cartesian effective stress u'w

Maximum value =-662.5 kN/m?

Minimum value = -1727 kN/m?

Negative
skin friction

Positive
skin friction

L

Shear stress T,

Maximum value = 12.01 kN/m?

Minimum value = -44.02 kN/m?




Dimensionnement des inclusions rigides CMC

Vérifications de cohérence

Stress[kPa]

-40 -30 -20 -10 O

10 20 30 40 50

Top

Ktand §
profile

Negative skin
friction

S,

Positive skin
friction

A

Bottom

Neutral plane

gs profile

@
-~/
MEenARD

0.5

-0.5

-1.5

Shear Stress in CMC'2'5

-3.5

-4.5

-5.5

-6.5

-7.5

-8.5

-9.5

-10.5

-11.5

-12.5

-13.5

-140 -120 -100

Vertical Load in CMC [kN]
80 -60 -40 -20 O

------------------------------------------- 0.5

1 o ¥ Top: 65kN

I 0

i i 46% of Qayq 05

|

l

I Negative skin -1.5

| friction: 69kN

i -2.5
. i + Vertical Load increse
— : -3.5
2 |
= ;: Average: 107kN 4
£ ,{ i~ 75%CMC
- ! 25% Soil -5.5
o |
B / 6.5
; i |
[ _§ ____Neutral plane: 134kN, 94% of Qaqq . 7 5

|

] -8.5

|

|

|

: -9.5

| Positive skin

E friction: 89kN 105

i

' 115

e A

: ¢ 0”’ Bottom: 45kN -12.5

: % . 32% of Qadd

______________________________ ‘----____--____
13.5

Qp =45 kN < Rb =56 kN

Elevation [m MASL]

Settlement [cm]

10

15

20

25

30

35

40

45

FS=291.2/142.1 =2,05

Applied Load [kPa]

30 40 50 60 70

o

Phase 4: Final state
Qadd = 142.1 kN @
Acadd = 43.85 kPa

80

90 100

Qu=291.2 kN
Ac = 89.9 kPa

l

@




iIdes CMC

jons rig|

lus

O
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| t des |
e des CMC

lHmensionnemen

D

eqgri

Vd

INt

(kPa)

Stress ULS

10 20 30 40 50 60 70 80 90

-1.0 0.0

\f c 3
2 m_ ﬁ
=2 c
3 E £
y— o D
n o
o e
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(5.0 m)

/

Shoulders

Runway (22.5 m) )\( (7.5m) )\(
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Installation des inclusions rigides CMC

Installation des CMC
A 14 560 CM@ 320
A 198 950 ml
A Surface de traitement = 49 185 m? .
A Profondeur maximale = 15 m " CMC-Prod VS Planning

. 200 000
A 2 foreuses, 2 postes, 2 Mois
180 000

160 000

140 000

mm Daily Target
120 000

I Daily Prod

e Cmul Planned

100 000 / wges "l performed

80 000 ‘/

4
Vg

o
<
L
=z
=
Ll
=
|_
<
—
O
>
-
O

60 000

40 000
20 000 | ‘ ‘ ‘

Q’:'-" Q?V Q?‘f fé"
S\ LA\ b‘\“v &
\°© :o\‘) o\ QO O° N>
G 2 n3 Q N

PERFORMED LINEAR/DAY

q’\"l/

Q,\ /\\

"L "L ’L
M ) o\
\Q g ”b‘g




Controle des travaux
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RUNWAY EXTENSION EXISTING T Tt JUl”@-LZ-DZOT_'__

: 120m 140m 70m 230m e — —
Zone Localizer S H,- A L Zome 1A =& y - - -3

(2 100 m?) T e :Ll.h...ﬂ 1::'3&]15
i : (8 020 m") (8 400 m*) (9 800 m?)
70m i e, ( )

R H—H H *

i |
i 2 HE =t *

. I
€ =] 3 q H H
[=] (=] [ s =

(=] [3
# 1
o Bl 1
e 3

-t

Zone 1A - RESA

MO RESA (16 100 m?) 3

(4 900 m*=)

i - - — — e — — ——T— .
li o 5 5 = : 1 s : 5 5 TESY B [5] L [= [ =] 3 = . ] 5 & E: X
EEEBEBEEEEBEBEEEHBBHALBE 8 28 |8 8 8 8 8 8 8 g8 )
: : s H : e — = L : . H : LS : : : : it
bl gl e bl L e T e = sl ik | 1l £ |é | T Y A T I A R O A O | | T I A A I |
e O o A R B S TR T I (TN TR N ST R N SO G N N g
S s s S S s 4 1 o e bt bk

HH e + s S S S s H—— =

Piste existante

Extension

RUNWAY EXTENSION - GENERAL LAYOUT - CMC + PVD de la piste
SCALE 1:1000

: _ - ‘-!—-‘l"’
e, Wy é o '
~N - — -
-_— e - . o’ v -- - -
. — _ - -
- ' - - 3

— —

= [Extension de la piste de Sihanoukville

A Client : SC&ambodiaAirports(VinciAirports)
g Vi - 5 S A N A Longueur : 800 m ( 3,3 km)
\ w o> =- | 8 A Surface totale : 70 000 m?
' - ad A Surface améliorée par PVD et CMC : 49 185 m
A Durée des travaux : 3 mois (2 décembre 2019 &
10 mars 2020)



Settlement Table

S u i V i d e S taS S e m e n tS d a n S I e te m p S Number [ Minimum Elevation | Maximum Elevation Area

1 -0.22 -0.10 28389 .25
2 -0.10 -0.05 42741.55

-0.05 -0.03 17330.52
4 -0.03 -0.02 24877 49
5 -0.02 -0.02 17049.43

(18 mois apr s |l a fin de| l a constjruct oD N 06 T [0s6X € @ I
le 10 Septembre 2020) 7 0.01 0.00 6132.27

8 0.00 0.01 731637
Tassementoyende la piste (PK2+400a PK3+600) def Q 2 8ER N5 9 001 003 410798
30 mm avecune valeurmaximalede 50 mm 10 0.03 219 399456
n ..-Elk. h - _ e _:
:.r"’""..::_"f;_' —F— i
l ad IS } : ; i
— « 4 :
R = =T
T - iy
e S————————— i
= = KOS RUNWAY EXTEMTION s — f — g‘é*pﬁ?}'s" s _“E‘%MM:E‘EZH:::E?
SEITLEMENT, MOMTORING 2027 e S| | R [
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Sulvi des tassements dans le temps

(31 mois apres les mesures du 14/03/2022)

Tassemenmoyende la piste (PK2+400 a PK3+600) tres faible

avecunevaleurmaximalede 12 mm

14/03/2022

Settlement Table

Number

Minimum

Maximum

Area

-0.350

-0.100

2175.28

-0.100

-0.050

2852.13

-0.050

-0.030

4275.47

-0.030

-0.020

9525.77

-0.020

-0.010

24304 .20

-0.010

0.000

84884.05

0.000

0.010

31968.36

0.010

0.020

5158.36

0.020

0.030

10956.85

0.030

0.350

949.53

MEeNARD

SETTLEMENT MONITORING 2024 // F
p— A — e e —
- B T y_ .
——— — ——— e eSS NS RO —— - ~ - - o d hon e o
\;( [ o ; - q
! =l = - . ' S : ‘. - [ - - i . |
B =5 | i\ :
/ . a . B n, . - Jp \ —- =] ; . . .
- - - - - -t - - < - o 0 R : . . .
; b ; } } ] : i i : N : P §
- - — & gt R N I 1‘
. . . : . ; . . !:_. . .
U - -2 -t - il ] - S - ~ullle -2 L= - g = $ * 1
% — o a N n & . “u . J - . i
s . 2 - I 3
- m - - - ‘ »
e R . ] . r .‘.
x e 4 SE N " S ! J J
— — R - — A —— g — —— e — ,) ' I
o— — 1
LA — ol =
KOS RUNWAY EXTENTION — - (7 T — ) cﬁuaoou J_E;B-Er; """""m ;';“‘;' erumm MON TORME ""’.‘-'
SETTLEMENT MONITORING (Octobsr 2024) —— et 20 - = AIRPORTS . SETTLEMENT Ll
O e <ln HONITORING [2024)
+ + ———————— % ] | s et PXZ+400 TO PGHE00
FROM PK'2 400 TO PK3 600' o ——— L maﬁm“-':ﬁ" ey b na | o | S APH
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