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ABSTRACT 
As part of the Grand Paris Express project, the Pont de Sèvres station required the use of retaining structures 
in the form of diaphragm walls. Forty-five meters long, they are anchored in the underlying Campanian 
chalk. Base slab level, thirty-five meters below ground level, was reached using top-down construction. 
Even with this method, control over the deformations of the diaphragm wall required reinforcing the 
weathered chalk to improve passive soil pressure during both construction and final stages. Two processes 
were implemented in different sectors of the structure: localized unreinforced concrete cross walls (using 
diaphragm wall excavation technology); or wide-reaching soil reinforcement through Deep Soil Mixing.  
The article explains how to model retaining structures and these passive soil pressure reinforcement 
methods. Results of calculations using subgrade reaction coefficients are compared to those obtained by 
finite-element modelling. Issues related to the verticality tolerances of Soil Mixing columns being accounted 
for are also addressed: a computational approach enabling to consider possible gaps in soil treatment 
generated by column deviation is put forward. 
 
Keywords: passive pressure improvement, deep soil mixing, diaphragm walls, cross wall supports, weathered 
chalk 

INTRODUCTION 
Pont de Sèvres is one of the new metro stations being built for the Grand Paris Express railway project. It 
is located on the shores of the river Seine, in the west of Paris.  
The diaphragm wall is anchored in the mediocre weathered chalk and was under strict limitation of 
displacements to prevent damages on surrounding structures. To improve passive pressure, two systems 
were combined: 

• Unreinforced concrete cross walls 
• Deep soil mixing 

 
Cross walls have a more reliable and stronger modulus. But they are discontinuous and might slow down 
and damage the TBM when it enters the station (the tunnel must be constructed before the station is 
excavated). DSM columns are better for the TBM but its parameters must be confirmed with a trial before 
construction, as described in Mathieu (2021).   
 
This article describes the modelling of these solutions by the design office, using computational methods 
that needed to take into consideration uncertainties on the verticality of the soil improvement method. It 
also compares results between calculations using finite elements and subgrade reaction coefficients.



 
 
 
 

PROJECT CONTEXT 

Location and geology 

 
The main excavation is 109 m long, 23 m wide and 35 m deep. It is supported by diaphragm walls, anchored 
in weathered chalk 45 m below ground level. Close to the station are sensitive buildings and mains that 
require a strict limitation of ground displacement around the structure.  
 

 
Fig. 1 – Aerial view of the station’s location and surroundings 

 
The geology comprises alluvium deposits covering layers of Campanian chalk. At the levels considered for 
the project the chalk is weathered and its geo-mechanical characteristics are quite mediocre with pressure 
meter modulus ranging from 15 MPa to 30 MPa, and limit pressures ranging from 1 MPa to 2.2 MPa. 
 
Therefore, ground improvement solutions were required below the bottom of the excavation to limit 
maximum displacements.  
 
Below are the geology and a representative cross-section view of the project (Fig. 2): 
 
 
 

 



 
 
 
 

 
Fig. 2 – Geology and cross-section 

 
 

Proposed solution 

For this project, displacements were limited as follows: 
 Sensitive 

buildings 
Other 

buildings 
Max deformation at the top of the d-wall 1,5 cm 2,0 cm 

Max deformation at mid-level 3,0 cm 4,0 cm 
 
 
The chosen solution is composed of two elements (see fig. 4 below): 

• Deep soil mixing below excavation level, covering most of the station’s footprint 
• Five cross walls, made of unreinforced concrete, located just in front of a sensitive building 

 
 
 
 
 
 



 
 
 
 

DEEP SOIL MIXING – COMPUTATIONAL ANALYSIS OF DEVIATIONS 
For the Colmix® process (deep soil mixing), a pile boring machine is used to create columns of mixed soil 
and binder (cement). The junction with the surrounding diaphragm walls is achieved with jet-grouting. DSM 
columns are supposed to completely overlap within each line, and partially between separate lines.  
 

 
Fig. 3 – Pile boring machine making deep soil mixing columns ©C.Helsly 

 
The expected characteristics for the improved mixed soil are as follows:  

• Ey = 1000 MPa 
• C’= 0.4 MPa 
• φ’ = φsoil +10° = 37° for Ca1 and 45° for Ca2 

 
But, given the depth of the project, the design office had to take into consideration possible uncertainties in 
the verticality of the columns, that could potentially create gaps of untreated soil in between them and 
weaken the structure.  
 
To reach this target value of 1000 MPa for the soil mass, the construction team decided to aim for a Young 
modulus of 3000 MPa. This value was confirmed by the outcomes of the trial described in Mathieu (2021). 
 
Then, a model to assess the effect of these deviations on the Young modulus was constructed. 
 
First, a CAD drawing of the columns actual layout was created (see Fig. 4 below). 
 



 
 
 
 

 
 

Fig. 4 – Theoretical layout of the DSM columns 
 

 
The first step in this modelling is estimating the possible deviations during the construction of the columns.  
Column deviations follow a normal distribution. Deviation values were assessed using past experiences and 
the on-site trial.  
The design office created an Excel program that could - when given parameters like the depth of the 
columns, average theoretical deviation, 95% confidence interval deviation or standard deviation - randomly 
generate statistically realistic columns layouts.  
 
The average deviation was put at 1%, which is rather conservative when compared to previous experiences.  
 
An example of a generated layout:  
 

Fig. 5 – Randomly generated DSM layout 
 
This layout is then imported in the program Robot Structural Analysis as a slab, where it is given the 
characteristics of the treated soil (for the columns) and the characteristics of the weathered chalk (for the 
gaps in between columns).  
 
The weathered chalk geo-mechanical parameters are as follows: 



 
 
 
 

• Ey0 = 45 MPa 
• Poisson coefficient = 0.3 
• γ = 19.5 kN/m3 

 
A 1 MN/m effort is then applied on this slab and the displacement induced calculated to estimate its stiffness 
(as shown in Fig. 6 below). 
 

 
Fig. 6 – Displacement calculation – Input and results 

 
The stiffness and Young Modulus of the structure can be calculated: 

1. k=F⁄∆y (∆y the output of the Robot calculation) 
2. With the stiffness k comes the Young modulus E: k=((E×S))⁄Lel   

 
With:  

• S = section = 1 m2  
• Lel = elastic length = 20.5 m, the width of the station. 

 
The results obtained with this model were as follows: 

• Filling rate = 85 % (of the treated zone) 
• ∆y = 12.8 mm 
• k = 78 MN/m 
• E = 1402 MPa 

 
This confirms that the final Young modulus for the slab of mixed soil would be higher than the expected 1 
GPa, even when considering possible deviations during the construction of the columns.   
 
For safety, more than one layout can be generated, and the same calculations run to estimate Young’s moduli 
with different configurations.  
 



 
 
 
 

CONCRETE CROSS WALLS – COMPARISON OF FINITE ELEMENTS AND 
SUBGRADE COEFFICIENTS MODELS  
 
In addition to deep soil mixing, five cross walls are placed in front of a sensitive building located across the 
street from the future station.  
 
These walls run from one side of the excavation to the other, are 1.5 m wide and made of unreinforced 
concrete. Each cross wall supports one 6.3 m long diaphragm wall panel. They act as ground improvement 
and, as such, are modelled as soils in the calculation models. This means that the required verification is the 
safety factor on passive pressure, following Eurocode 7 regulations.  
Two calculations were run, one using subgrade reaction coefficients and one using finite elements.  
 

Subgrade reaction coefficients model 

The cross walls are made of C40/50 concrete. Their mechanical characteristics are: 
• Compressive strength = Rc = Fck* = 25.6 MPa 
• Tensile strength = Rt = Fctk* = 1.8 MPa 

 
Using the Mohr-Coulomb criterion, we can extrapolate geo-mechanical parameters that can be used to 
integrate these cross walls as soil clusters in the subgrade reaction coefficients models: 

• Sin φ = (Rc-Rt)/(Rc+Rt) 
• Rc = 2.c.tan(π/4+ φ/2) 

 
Hence: 

• Cohesion c’ = 3.400 MPa 
• Internal friction angle φ’ = 60° 

 
In the models, passive earth pressure is calculated using Caquot & Kerisel (1948) tables and the formula:  

• σp = Kpγ.σ’v + Kpc.c’ 
 
The tables provide us with :  

• Kpγ = 17.3 
• Kpc = 14 

 
N.B.: the Caquot-Kerisel tables don’t provide values for friction angles superior to 45°. The values were 
chosen for 45°.  
 
The parameters calculated here are for the cross walls alone. But their width (1,5 m) doesn’t cover the full 
length of each diaphragm wall panel (6,3 m). The values for Kpγ and Kpc must be reduced by a factor 
1.5/6.3. We end up with the following parameters:  

• Kpγ = 4.1 
• Kpc = 3.3 

 
The final geo-mechanic parameters used in the subgrade reaction coefficients models for the cross walls are 
as follows:  

• γ = 20 kN/m3 
• c’ = 3.4 MPa 
• Kh = 460000 kN/m3 
• Kpγ = 4.1 



 
 
 
 

• Kpc = 3.3 
 
The other soil clusters were modelled using Schmitt (1995) for stiffness calculations. The model also 
accounts for asymmetrical active pressure by introducing a berm on the river’s side (it automatically 
considers lines of minimum passive pressure, as described in Schmitt & Dodel (2002)).  
 
The model is shown below in Fig. 7: 
 

 
 

Fig. 7 – Subgrade reaction coefficients model 

Finite Elements model 

The finite elements model was conducted using the program Plaxis 2D. It is not possible to use the same 
method as previously described, as one cannot manually enter passive pressure parameters (Kpγ and Kpc). 
The soil improved with cross walls had to be described using the shear strain parameters: c’ and φ’. 
 
Passive earth pressure must be the same in both models. Starting with the parameters found above:  

• Kpγ = 4.1 
• Kpc = 3.3 
• C’ = 3.4 MPa 

 
This value of Kpγ is found for an internal friction angle of φ’ = 27°. We can keep this value and work out a 
value for the soil’s cohesion to use in the Plaxis model, c’Plaxis.   
 
We need: Kpc(27°) x c’Plaxis = Kpc x c’ 
 
Hence: c’Plaxis = 3.3 x 3400 / 5.6 = 2 MPa 
 
Eventually, the cross walls cluster can be defined with shear strain parameters:  

• E = 5200 MPa 
• C’ = 2 MPa 
• φ’ = 27° 
• γ = 20 kN/m3 

Cross-wall soil cluster 



 
 
 
 

 
Fig. 8 – Finite elements model 

 

Results analysis 

Both models showed that adding cross walls to support the excavation was enough to limit deformations 
within contractual limits (1.5 cm at the top, 3 cm near excavation bottom).  
 
In addition, the design office compared results between subgrade reaction coefficient models and finite 
elements models. The graph below shows bending moments versus depth for finite elements (in dotted 
yellow) and subgrade reaction coefficients (in blue) for both diaphragm walls.  
 
Fig. 9 below shows very similar behaviour of the diaphragm walls for both models.  
 

 
 Fig. 9 – Diaphragm walls bending moments vs depth 

 

Cross-walls soil cluster 



 
 
 
 

CONCLUSION 
This project was quite complex as it combined two different methods for improving passive earth pressure 
inside the excavation. Both these methods carry different challenges when it comes to integrating them in 
the calculation models.  
 
Deep soil mixing comes with clear geo-mechanical parameters but need to be computationally assessed to 
consider the effects of vertical deviations that occur in the making of the columns. The model had to 
incorporate probabilistic elements to anticipate possible gaps and ensure they did not affect the overall added 
resistance too severely.  
 
Cross walls came with a different challenge, as soil parameters had to be extrapolated from the concrete’s 
compression and tensile strengths. Calculations had to be conducted using both subgrade reaction 
coefficients and finite elements. These methods require different input, hence different extrapolations were 
used to determine the soil parameters. Eventually, both models were compared to ensure that the results 
showed a similar and realistic behaviour of the diaphragm walls. 
 
The station’s construction is currently in the early stages of excavation. Deformations of the diaphragm 
walls will be monitored using inclinometers. The results will be compared to the deformations anticipated 
in the calculation models.  
 

ACKNOLEDGMENTS 
Thanks to Dominique Regallet, Anthony Gautier and Lindita Kodra for coordinating the effort. Special 
thanks to Anaïs Malardé, Mathieu Romagon, Fabrice Mathieu and Pierre-Benoît Passot for conducting the 
design of this solution.  

BIBLIOGRAPHIC REFERENCES 
CAQUOT A., KERISEL J. (1948) Tables for the calculation of passive pressure, active pressure and bearing 
capacity of foundations. 
MATHIEU F. (2021) Deep soil mixing columns in soft and weathered chalk 
SCHMITT P. (1995) Méthode empirique d’évaluation du coefficient de réaction du sol vis-à-vis des 
ouvrages de soutènement souples. Revue Française de Géotechnique, n°71. 
SCHMITT P., DODEL E. (2002) Méthodes Numériques en Géotechnique. 5ème conférence européenne. 
NUMGE 2002 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroSig
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


