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ABSTRACT 
 
In the last twenty years, Deep Mixing has increasingly been used for the construction of retaining walls. 
This has become possible due to new developments in the field of mixing equipment and the composition 
of the injected binding agents allowing to achieve satisfactory strengths for the soil mix material. At the 
DFI Deep Mixing conference of San Francisco 2015, the works of the Belgian Building Research Institute 
(BBRI) to develop guidelines for that application were presented. This effort resulted in 2018 in the 
publication of the BBRI/SBRCURnet Handbook - Soil mix walls. The present keynote presents the design 
philosophy followed in this handbook for the realization of the soil mix walls. After presenting constructive 
aspects, the following design topics are particularly highlighted: the verification of the arching effect, the 
composite bending stiffness and the bending resistance according to the rules of the Eurocodes, the building 
codes for Europe. Finally, an example calculation of the moment capacity is also given. 
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INTRODUCTION – EXECUTION OF SOIL MIX WALLS AND WORKING PRINCIPLE 
 
Since 2000, the soil mix walls have become increasingly popular in Belgium and the Netherlands for the 
construction of retaining structures. In practice, however, there was a lack of a generally accepted approach 
to design such structures. It was necessary to define functional requirements, design rules for the soil mix 
material and for the wall itself including a safety philosophy. There was also a need for criteria for the 
execution and the quality control of the works. Moreover, as the soil mix walls are often used with a 
permanent function, recommendations for the management and the maintenance of such walls on the long-
term would bring an added value for the sector. This is the reason why designers and contractors have been 
asked to pool knowledge and experience with soil mix walls. The result was the BBRI/SBRCURnet 
Handbook Soil mix walls published in 2018 and referred as the handbook in the present keynote. 
 
In the deep mixing, the ground is mechanically mixed in place and in depth by an auger or a cutter machine, 
while a binder, often based on cement, is injected. Due to hydration reactions, the soil�cement mixture, 
called soil mix material, progressively hardens in the ground. In Belgium, the main application of the deep 
mixing is the construction of retaining walls which can be braced or anchored and can support the earth and 
water pressures in function of the circumstances (see Fig. 1 to 5). The construction of retaining shafts (i.e. 
silo structures) is possible (see Fig. 6). Soil mix walls can be installed with single or multiple shaft systems 
producing soil-cement columns (see Fig. 7 to 13), with the Cutter Soil Mixing (CSM) system for the 
construction of rectangular panels (see Fig. 14 to 16) or with a trench cutter device realizing a soil mix 
trench in one single continuous pass in the ground (see Fig. 17) but the latter is less ordinary in Belgium. 
The execution is performed according to the European standard EN-14675. In order to build soil mix walls 
for the realization of an excavation, the soil mix elements (columns or panels) are placed next to each other, 
in a secant way (see Fig. 18). Installation depth of more than 20 m can be achieved. The diameter of the 
soil-cement columns generally ranges from 0.4 to 0.6 m. The typical length of the CSM panel ranges 
between 2.2 to 2.8 m with a thickness of 55 cm. By overlapping the different soil mix elements, a continuous 
retaining wall is built. The wall is then horizontally stabilized with the help of bracing or anchoring systems. 
During execution, steel H or I-beams are generally installed in the fresh soil mix material to resist the shear 
forces and bending moments due to the pressure applying on the wall. The soil mix material mainly 
transmits the stresses due to this pressure to the steel beams by way of an arching effect developing in the 
soil mix due to the difference of stiffness between the steel and the soil mix material. 
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Fig. 1. Braced soil mix wall (made with the CSM technique) used as retaining structure for the 

realization of an excavation (with the courtesy of Bauer Nederland) 
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Fig. 2. Braced soil mix wall (made with soil-cement columns) used as retaining structure for the 

realization of an excavation, the bracing is performed after milling the soil mix surface  
(with the courtesy of Michał Topolnicki - Keller) 
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Fig. 3. Enlarged view of an anchored soil mix wall (made with the CVR C-mix® technique) used as 

retaining structure for the realization of an excavation (with the courtesy of CVR nv) 
 

 
Fig. 4. Anchored soil mix wall (made with the CSM technique) used as retaining structure for the 

realization of an excavation (with the courtesy of Lameire funderingstechnieken nv)
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Fig. 5. Anchored soil mix wall (made with the TSM technique) used as retaining wall for the 

realization of an excavation and underpinning of an existing building (Smet F&C)
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Fig. 6 – Soil mix shaft made with soil-cement columns for a sewage treatment plant  

(with the courtesy of Michał Topolnicki – Keller) 
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Fig. 7. Picture of a drilling/mixing head used for the execution of soil-cement columns in single 

shaft configuration (with the courtesy of Michał Topolnicki - Keller)
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Fig. 8. Picture of a drilling/mixing head used for the execution of soil-cement columns in single 

shaft configuration (with the courtesy of ABI)
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Fig. 9. Execution of secant soil-cement columns with an ABI drilling/mixing head – execution in 

single shaft configuration (with the courtesy of Franki Foundations – group Besix) 
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Fig. 10. Execution of soil-cement columns with the Tubular Soil Mixing (TSM) technique – 

execution in single shaft configuration (with the courtesy of Smet F&C) – the external shaft is 
used to ensure the geometry of the final column in case of high mixing energy (up to 500 bars)
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Fig. 11. Execution of secant soil-cement columns in double shaft configuration with two ABI 

drilling/mixing heads (with the courtesy of Franki Foundations – group Besix)
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Fig. 12. Execution of secant soil-cement columns in double shaft configuration 

(with the courtesy of SMET F&C)

1080



 
 

 
Fig. 13. Execution of secant soil-cement columns in triple shaft configuration 

(with the courtesy of SMET F&C)
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Fig. 14. Execution of a soil mix wall with secant panels performed with the CSM technique – the 

cutters are mounted on a cylindrical kelly (with the courtesy of Lameire funderingstechnieken nv)
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Fig. 15. Execution of a soil mix wall with secant panels performed with the CSM – the cutters are 

mounted on a square section kelly (with the courtesy of Soetaert nv – group Jan De Nul)
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Fig. 16. Enlarged views of the cutter system of a CSM machine used for the execution of soil mix 

panels (with the courtesy of Soetaert nv – group Jan De Nul)
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Fig. 17. Trenchmix system of Soletanche-Bachy/Mastenbroek used for the realization of soil mix 

wall in one single continuous pass (with the courtesy of Soletanche-Bachy) 
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Fig. 18. Execution sequence and tolerances for soil-cement columns (a) and soil mix panels (b) - 

With multiple shaft configuration systems, a larger spacing can be considered (cf. handbook) 
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Figure 19 illustrates the working principle of a retaining wall made of soil mix. As shown by the results of 
seventeen large-scale bending tests, performed on real soil mix elements excavated from construction sites, 
the soil mix material also plays a role in the bending stiffness and contributes to the moment capacity of 
the retaining wall (see Denies et al. 2014 and 2015). 
 
During execution, contractors can use cords (see Fig. 16), steel guide frames (see Fig. 20) and concrete 
beam with reservations made of expanded polystyrene (see Fig. 21) to reach the execution tolerances. 
Control with lasers is also performed. 
 
If there is limited space for the construction, the wall thickness may be reduced. After excavation, this can 
be carried out by means of a milling cutter (see Fig. 22) and more space becomes therefore available for 
the construction of, for example, a basement/cellar. Milling is also performed to connect the basement and 
building floors in the soil mix wall. With milling operations, the focus points are the covering of the steel 
beams and the effect of the reduction of the wall dimensions on the design of the soil mix wall. Leveling 
(milling of the upper part of the wall) can also be performed to install a concrete head beam on the wall. 
 

 
Fig. 19. Working principle of a soil mix retaining wall and illustration of the arching effect 

 

 
Fig. 20. Guide frames (left): used to reach the execution tolerances for the alignment of the soil 
mix panels executed along the horizontal steel beam; and (right): for the positioning of the steel 

beams in the soil mix material after extra steel frames are attached to the horizontal beam 
(Pictures with the courtesy of Hoffmann)
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Fig. 21. Concrete beam with reservations (filled with expanded polystyrene) used to reach the 

execution tolerances for the alignment of the soil-cement columns 
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Fig. 22. Milling of the surface of the soil mix material of a soil mix wall made of CSM panels 

 
The horizontal support/stabilization of the wall is realized with the help of purlins. A local transfer of the 
force with, e.g. an anchor seat, is also possible. In this case, the ground anchors can be placed between or 
at the location of the steel beams. Figure 23 gives an example of horizontal support of a soil mix wall 
stabilized by an inclined anchor embedded in the soil mix material. Other horizontal support solutions are 
illustrated in the handbook. The verification of the potential punching failure mechanism must be performed 
regarding the horizontal support solution. 
 
As illustrated in Fig. 24, in practice, soil mix walls are often installed along/in the vicinity of existing 
buildings. The wall can be installed very close to or against existing foundation elements. No important 
vibrations are caused by the deep mixing operations and as the stress relaxation of the soil is limited, soil 
mix walls can be executed nearby existing constructions. Nevertheless, the influence of installing the soil 
mix wall along existing structures must be assessed for each individual case and before the start of the 
works. Soil mix walls near foundation elements are usually not realized in one continuous pass. If a soil 
mix wall is executed near foundation piles and is installed below the level of the pile base, specific study 
must be conducted to verify the stability of the piles. Soil mix walls can also be installed along existing 
slope (see Fig. 25). In this case, the influence of that installation on the slope stability will be studied and 
an adapted discontinuous execution sequence will be adopted. 
 
During execution, process parameters should be monitored and registered as specified in the European 
standard EN 14679 for the execution of the deep mixing. According to this standard, the following 
construction parameters and information shall be monitored continuously during execution, or at least at a 
depth interval of 0.5 m: slurry pressure, air pressure (if relevant), penetration and retrieval rate, rotation 
speed (revolutions/minute during penetration and retrieval) and quantity of slurry per meter of depth during 
penetration and retrieval. 
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Fig. 23. Example of principle scheme for the horizontal support/stabilization of a soil mix wall with 

an inclined anchor embedded in the soil mix material (handbook) 
 

 
Fig. 24. Execution of a soil mix wall (CSM technique) along existing foundations
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Fig. 25. Execution of a soil mix wall along an existing slope 

 
In the European standard EN 14679, the slurry is defined as the injected grout made of water, binders with 
or without fillers and admixtures. It is also called (cement) grout or injected water-binder mixture in 
practice. The handbook provides an exhaustive list of process parameters to be registered during execution. 
A distinction is also made between parameters that must be checked once and parameters that must be 
checked continuously or at a regular interval. 
 
Whatever the equipment, the soil mix process developed and proposed by the deep mixing contractor must 
present a good production rate and must be competitive regarding typical concrete solutions. It is not only 
a question of mixing the soil in place with a water-binder mixture but also to ensure that: 
- the fresh mixture (water-binder-admixtures-soil) presents a sufficient workability, 
- the embedment depth of the soil mix elements is reached with the deep mixing equipment, 
- the drilling/mixing head is retrieved without difficulty once the final depth is reached, 
- a steel beam can be installed in the fresh soil mix material after execution and that until the determined 
depth of installation and regarding the execution tolerances, 
- the soil mix material is homogeneous (i.e. limited percentage of unmixed soft soil inclusions) and presents, 
after setting and hardening, the strength, stiffness and permeability required in the job specifications or 
encountered in the general practice of soil mix walls, 
- a competitive production rate is reached regarding the other deep mixing contractor/system and regarding 
the typical concrete solutions. 

1091



For the purpose of answering these requirements, the deep mixing contractor will select the minimum 
binder content (mass of cement per volume of mixture) - in order to reach a sufficient strength – and will 
define the water/binder weight ratio of the injected grout – to obtain a sufficient workability without 
decreasing the strength of the soil mix material –. 
 
The binder content varies in function of the design. In Belgium, for common retaining walls, it still ranges 
between 350 to 500 kg/m³. But higher values are possible in function of the loads. The water/binder ratio 
generally varies between 0.6 and 1.2 depending on the soil type, the water content of the soil and the design 
function(s) of the wall. A water/cement ratio of 1 (-) is often encountered in Belgium in loamy, silty and 
clayey soils. Similar (or smaller) value can be used in sandy soils. 
 
Another governing parameter is the mixing energy. The degree of mixing will be proportional to this energy. 
With shaft configuration systems, presenting a vertical axis rotation for the mixing tool, this energy can be 
quantified with the help of the Blade Rotation Number (BRN), which is computed considering the geometry 
of the tool and the way the mixing is performed into the ground. The BRN can be defined as the total 
number of revolutions (rev) carried out by the mixing blades of the soil mix tool per meter of soil penetrated 
during the process. It can be expressed as: 
 = +  [1] 

 
where BRN is the Blade Rotation Number quantifying the mixing energy (number of revolutions per meter), 
M is the total number of mixing blades (-), Rp is the rotational speed of the mixing tool during penetration 
(rev/min), Vp is the penetration velocity (m/min), Rw is the rotational speed of the mixing tool during 
withdrawal (rev/min) and Vw is the withdrawal velocity (m/min). 
Topolnicki (2004) provides exhaustive explanations and complete definitions of the BRN. 
 
The determination of the mixing energy is very important in the development and the mastery of a 
competitive and efficient deep mixing process. A too weak mixing energy (i.e. limited BRN) will result in 
a heterogeneous soil mix material with probably an excessive percentage of unmixed soft soil inclusion in 
the soil mix matrix. The presence of such inclusions will lead to the decrease of the strength of the soil mix 
material. Moreover, this heterogeneity will not be compensated using a higher binder content. 
 
On the contrary, the use of an excessive mixing energy will result either in an exaggerated mixing time, by 
decreasing the penetration/withdrawal velocities which will be deleterious for the time schedule, or in an 
excessive primary energy (gas oil) consumption, by increasing the rotational speed of the mixing tool. 
 
In 2005, EN 14679 indicated that the rotational speed of the mixing blades is usually 25 (rev/min) to 
50 (rev/min) and the blade rotation numbers usually greater than 350 (rev/m). Based on field tests, 
Topolnicki (2009) correlated the coefficient of variability of the strength of the soil mix material with the 
BRN and he found that the BRN should exceed the value of 430 (rev/m) to obtain coefficients of variability 
lower than 0.3 which was acceptable according to his experience. According to Topolnicki and Pandrea 
(2012), the minimum required BRN depends on the soil type. For cohesive and fine-grained soils (loose 
sands and clays) about 400 (rev/m) should be achieved to keep the coefficient of variation for the strength 
within acceptable limits. In non-cohesive and coarse soils slightly lower values can be sufficient. 
 
An equivalent factor was also proposed by Bellato et al. in 2012 for the evaluation of the mixing degree of 
soil mix material performed with CSM technology: the “Mixing quality parameter”, noted μ. Unfortunately, 
less return on experience is available for that assessment method and, to the best of our knowledge, no 
specific ranges of values are available in the scientific literature for µ (in function of the soil conditions). 
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The secret of a good mixing process lies in the mastery of the following plan: 
 
a) Execution of an adapted ground investigation (CPT, drilling, coring…): determination of the nature of 
the soil and its mechanical properties and chemical analysis (suitability study), 
 
b) Based on the ground investigation and on the design function of the soil mix wall: determination of the 
design mix (type of binder/cement, binder content, water/binder weight ratio) and of the mixing procedure 
(mainly the mixing energy, Vp, Vw, Rp, Rw and the execution sequence), 
 
c) After possible field trials, execution of the final soil mix elements with execution monitoring  
(= production phase), 
 
d) characterization of the final product: i.e., most of the time, the determination of the strength, stiffness 
and permeability of the soil mix material, 
 
e) Possible geotechnical monitoring of the soil mix wall: monitoring suited to its design functions (e.g. 
vertical and horizontal displacements controled with laser or total station, inclinometer measurements, 
determination of the wall deformations by means of optical fibers…). 
 
For the deep mixing contractors, the purpose of this approach will be the implementation of a database 
(based on the return on experience) useful for future projects. This is therefore not only a question of  
Quality Assurance/Quality Control (QA/QC). 
 
Concerning the final product of the deep mixing process, i.e. the soil mix material, there are a lot of 
references available in the literature (see for example Bruce et al., 1998, Porbaha et al., 2000, CDIT, 2002, 
Kitazume, 2005, Kitazume and Terashi, 2013). For retaining walls in particular, the mechanical 
characteristics of the soil mix material, its permeability and its adhesion with steel have been investigated 
with success in the past (see for example Topolnicki, 2004 and Denies et al., 2012). Nevertheless, for 
permanent applications, the durability of the soil mix material remains a complex topic as there are 
numerous mechanical, physical and chemical degradation mechanisms observed in practice (see Denies et 
al. 2020a). To define an obvious design approach for soil mix walls used as retaining structures, it was 
therefore necessary to clarify the potential design functions of these soil mix walls. 
 
FUNCTIONAL REQUIREMENTS AND DESIGN SPECIFICATIONS 
 
In the handbook, the design and QA/QC requirements depend on the function(s) of the soil mix wall, its 
lifetime and the risk category of the structure. In Belgium, there are three risk categories: RK1 (low), RK2 
and RK3 (high). A distinction is made between the temporary and the permanent soil mix walls. Temporary 
means that the lifetime of the wall is less than 2 years. Four retaining functions are considered: the 
temporary earth retaining wall (FUNCTION A), the permanent earth retaining wall (B), the temporary 
earth-water retaining wall (C) and the earth-water retaining wall with at least one permanent function (D). 
 
The design option related to the temporary earth retaining wall (A) is the possibility to consider the 
interaction between steel and soil mix for the calculations of the bending stiffness and the moment capacity 
of the wall. For temporary walls, no special measures should be taken, under normal circumstances, 
regarding the durability of the soil mix material and the corrosion of the steel beam. To avoid leaching 
(erosion) of the soil mix material, its characteristic UCS (Unconfined Compressive Strength) value noted 
fsm,k should be at least 0.3 MPa. The value of fsm,k can be computed based on the cumulative frequency curve 
or using a simplified statistical approach in function of the number of tested in situ cored samples (see 
handbook for further explanations).
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In the presence of aggressive compounds/contaminants in the soil, one should conduct a prior evaluation 
of the effect of such compounds on the setting reaction and the strength development of the soil mix 
material. At the same time, the impact of the aggressive compounds on the steel beams should be evaluated. 
In general, for permanent retaining walls (FUNCTION B), the interaction between steel and soil mix will 
only be considered for the assessment of the bending stiffness of the wall if the soil mix is protected. This 
interaction should not be taken into account to determine the moment capacity of the soil mix wall. The 
requirements for the temporary earth-water retaining wall (FUNCTION C) are the same than for the 
FUNCTION A except that the soil mix wall must present a permeability of 10-7 m/s and the soil mix material 
a permeability of 10-8 m/s. With a permanent water retaining function, if important groundwater flows 
are present, fsm,k should be larger than 0.5 MPa to resist against internal erosion and leaching. 
 

Temporary and permanent bearing walls (FUNCTIONS E and F) are also considered in the handbook. 
The forces from the superstructure are uniformly transferred in the soil mix wall. The vertical forces of the 
underground floors are transmitted via connecting elements between the floor and steel beams. The soil 
mix elements are preferably reinforced over their entire length. For the transmission of the vertical load to 
the soil, the adhesion between steel and soil mix is limited by three criteria, as follows: 
 = 0.24	 	 ,/ 	; 	10% , 	; 0.30	  [2] 
 In	practice,	 2 generally varies between 0.5 and 1 (-). It depends on the beam type and is computed as: 
 =    with 2 ≤ 1 [3] 
 

bf is the width of the beam flange and tf the flange thickness. fsm,d is the design UCS value of the soil mix: 
 , = ,  [4] 

 

where, αsm, the long-term factor is equal to 1 (-) for temporary and 0.85 (-) for permanent walls. γsm is the 
material factor equal to 1.5 in Belgium. kf is a factor taking into account the way the UCS is determined: if 
the UCS is determined based on samples from the in situ walls, kf is equal to 1.0 (-); in all other cases, e.g. 
starting from 'estimated' values, this factor is equal to 1.1 (-). β is a correction factor for the young age of 
the soil mix material; depending on various factors, β = 0.3 to 0.7 after 7 hardening days and β = 0.6 to 0.8 
after 14 hardening days. β is used in case of excavation a few days after the execution of the soil mix. 
For permanent bearing walls (F), the adhesion, fbd, can only be considered, in absence of contaminants 
into the ground, if fsm,k is larger than 3 MPa, if the wall is protected against frost and is not directly exposed 
to the ambient air and if special measures are taken to protect the beam against corrosion (EN 1993-1-1). 
 
For permanent retaining and bearing walls, exposure of soil mix material to ambient air (especially in 
ventilated zones) and to freeze-thaw cycles should be prevented in order to avoid evaporation shrinkage 
and progressive shedding of the soil mix resulting in a decrease in strength and stiffness over time. For 
permanent applications, it is therefore required that the soil mix wall is protected by a protection wall/barrier 
(reinforced concrete wall, shotcrete or specific coating...). Furthermore, the following aspects must be 
considered: the creep behavior, the durability aspects of the soil mix material, the wall settlements and, if 
relevant, the effect of contaminated soils and the potential seismic and dynamic loads. According to the 
handbook, it is recommended to not consider the soil mix material in itself as a corrosion protective measure 
and to take different protection measures, as described in EN 1993-5 (EC3-5). Finally, long-term reduction 
factors are applied to the strength (with the factor αsm of 0.85) and stiffness (divided by 2) of the soil mix. 
 
Temporary and permanent cut-off walls (FUNCTIONS G and H) are also considered in the handbook. 
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DESIGN OF THE SOIL MIX WALLS 
 
In Belgium, geotechnical design falls under the auspices of Eurocode 7, EC7 (EN 1997-1), and its National 
Annex. Design of a retaining structure consists of verifying the stability and deformations. Every failure 
mechanism must be calculated based on its ultimate limit state (ULS) and its serviceability limit state (SLS). 
Spring models, finite elements or finite difference methods may be used for the wall calculations. Figure 26 
provides a flow chart for the design of a soil mix wall used as retaining wall. If some design aspects are 
similar to the design considerations of other retaining walls (concrete secant pile walls, sheet pile walls…), 
the handbook provides design specifications adapted to the properties of the soil mix material. Beyond the 
determination of the design values characterizing the strength parameters of the soil mix, the designer will 
particularly concentrate on the three following aspects: 
- the verification of the arching effect, 
- the assessment of the effective bending stiffness of the soil mix wall (composite steel-soil mix section), 
- the structural design of the soil mix wall (including the moment capacity of the composite section). 
 

 
Fig. 26. Flow chart for the design of a soil mix wall used as retaining wall (according to the 
handbook) – “H”, in the figure, means BBRI/SBRCURnet Handbook Soil mix walls (2018)
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The following paragraphs briefly discuss the main principles of these design stages, only valid for soil mix 
elements reinforced with steel beams (reinforcement cages are not considered in the handbook). 
 
Verification of the arching effect 
 
It must be verified that the earth and water pressures are transmitted to the steel beams via a pressure arch 
(cf. Fig. 19). According to Eurocode 2, EC2 (EN 1992-1-1), to ensure the arching effect, the distance 
between the steel beams must be limited as follows: 
 < 3  [5] 
 
where ls is the distance between the steel beams (axis-to-axis) and H the maximal height available for the 
development of the arch in the soil mix material (see Fig. 19). After this first verification, the designer 
focuses on the geometry of the pressure arch, i.e. on the geometrical/analytical determination of: 
- the height of the pressure arch (noted z in Fig. 19), 
- the angle α at the location of the base of the arch (illustrated in Fig. 19), 
- the thickness of the pressure arch (dbg) at the location of the beam and in the middle of the arch (dbg;mid). 
The geometry of the pressure arch is determined with an iterative calculation varying α by assuming a 
parabolic function for the central line of the arch, i.e. the red line in Fig. 19 (see handbook for more details). 
Finally, the stresses developing in the soil mix arch are verified based on a ‘strut and tie’ model given in 
Fig. 27. The maximum compressive stresses at the connection with the beam and in the middle of the arch 
are assessed and compared with the admissible stresses based on the material resistance and EC 2 rules: 
 ′ , = = . 	 		< 		 	 	 , = 0.85 1 − , ,    in [MPa] [6] 

 ′ , , = 2	 ′ , , 		< 		0.6	 	 , = 0.6 1 − , ,    in [MPa] [7] 
 

with , , = ; = = . . 	 	
 [8] 

 
Vmid is the shear force at the bend of the arch in the strut and tie model. c1 is the beam cover (see Fig. 27). 
The maximum shear stress in the cross-section of the arch is also compared with the material resistance: 
 = ; = 	 . 	 	 < , + , , = . ,/ + 	 , ,  [9] 

 
where fsm,td is the design value of the tensile strength of the material. According to EC 2, the increase of the 
shear strength with 15% of σ’arch,mid,av is admitted if σ’arch,mid,av is smaller than 0.2 fsm,d. 
 

Fig. 27. Model for the verification of the arching effect in the soil mix (left) and notations (right) 
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Detailed examples of analytical and numerical (FEM) computations are given for the verification of the 
arch in Denies et al. (2020b and c), respectively for soil mix walls made with panels and columns. 
 
If the development of such pressure arch in the soil mix material can easily be verified for continuous wall 
segment, it is more difficult to model it in the corner of an excavation (see Fig. 28). In case of a continuous 
wall, both sides of the web of the beam are taken between similar pressure arches. This results in an 
equilibrium of forces. With a corner solution this is not the case. 
 

 
Fig. 28. Possible pressure arches in the corner and affecting loads from the pressure arches at the 

location of an internal and external corners (source: handbook) 
 
Such aspect is broached in the handbook which proposes constructive solutions to reinforce the corners of 
the excavations (see Fig. 29 for example). 
 

 
Fig. 29. Welded steel frame on the top of the wall at the location of an external corner (left) and 

principle of the transfer of load from the strut frame onto the cross-wall (right) 
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Assessment of the horizontal bending stiffness of the soil mix wall 
 
A crucial point in the design of the retaining wall is the assessment of its bending stiffness, EI. In practice, 
the designers introduce the value of the bending stiffness of the wall in their computational program for the 
purpose of assessing the bending moments and horizontal displacement. It is therefore important to apply 
a representative value of the bending stiffness. In the present design approach, two methods are proposed 
for the computation of the bending stiffness of the composite section ‘steel-soil mix’. 
 
The first method is the most appropriate to make a realistic assessment of the bending stiffness of the 
cracked soil mix wall. Based on EC2, the effective bending stiffness is the average of the uncracked stiffness 
EI1 and the cracked stiffness EI2: 
 =  [10] 
 
The height of the compressed zone in the calculations of the cracked stiffness is determined considering a 
plastic stress distribution (see handbook for details). 
 
The second method consists in a simplified approach. The composite stiffness is determined as the sum of 
the stiffness of the reinforcement and the stiffness of the soil mix section in compression assuming that the 
neutral line goes through the middle of the steel beam. The effective bending stiffness is calculated as: 
 = +  [11] 

 
where EaIa is the bending stiffness of the steel beam, Esm the modulus of elasticity of the soil mix material, 
hSM the thickness of the soil mix wall (see Fig. 27) and bc1 the effective width for the bending stiffness: 
 =  [12] 
 
where L is the distance between two zero moment points along the wall. Moreover, bc1 is limited to the 
distance between the two steel beams: bc1 < ls. In practice, it is to note that bc1 is generally equal to ls. 
 
Above formulas [10] and [11] give the bending stiffness per effective width. These values can be converted 
into bending stiffness per meter of wall dividing the computed values of EIeff by the effective width bc1. 
The simplified method (equation 11) gives bending stiffness values that are approximately 10 to 20% lower 
than those calculated with the more detailed calculation method (equation 10). 
The characteristic value of Esm can be taken as the average value of the results of the tests for its 
determination. This average value must be consistent with the obtained UCS values of the soil mix material 
regarding the existing correlations between both parameters (see Denies et al., 2012). 
Using equations [10] and/or [11] for the assessment of a composite bending stiffness, the realization of 
calculations in two phases with, respectively, a 'high' and 'low' estimated Esm value, is of little use in most 
cases. An approach with high or low Esm may only be useful for walls with multiple supports and in case 
of important wall displacements. With multiple-supported (hyper-static) walls, the bending stiffness will 
have a larger effect on the internal forces than with unanchored or single anchored/braced walls. 
Different verifications can possibly be performed at different depths in function of the potential variation 
of the modulus of elasticity of the soil mix material with depth. In this case, the wall will be fragmented 
into multiple parts in depth with different bending stiffness values. 
For permanent applications, the composite stiffness will be considered only if the wall is protected and the 
value of Esm will be divided by 2 due to the potential creep behavior of the soil mix material. 
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Structural design of the soil mix wall – determination of its structural strength 
 
In the past, the designers only considered the resistance of the steel beam for the assessment of the forces 
in the soil mix wall (normal forces, shear forces and moments). Nevertheless, as shown by the results of 
the seventeen large-scale bending tests performed on real soil mix elements by the BBRI, the soil mix 
material also contributes to the structural resistance of the soil mix wall. For the calculation of the moment 
capacity, some values must first be determined: the soil mix resistance, the effective width for the structural 
verification, bc2, and any potential uncertainty factors on the geometry or regarding long-term effects. 
For the structural verification of soil mix walls made of panels, the effective width is initially limited to: 
 =    and bc2 < ls   for soil mix panels [13] 

 
For the walls made of columns, the calculation of the moment capacity is based on the reinforced columns. 
Non-reinforced columns are ignored. bc2 is then set equal to the axis-to-axis distance of the columns, d2: 
 =    for soil-cement columns [14] 
 
In order to allow the two materials to work together, shearing forces should be transferred between the steel 
beam and the soil mix material. The maximum value of the adhesion is given by equation [2]. The greater 
the effective width, the greater the shear strength that must be transferred. By equalizing the compressive 
strength of the compressed soil mix section and the one-sided adhesion between the beam and the soil mix 
on the surface (bf Lss), the following boundary value bc2 can be derived for the zone in compression: 
 = ,     [15] 

 
where c1 is the cover above the beam (see Fig. 27), computed as c1 = (hsm – ha – 2.e)/2 with e the eccentricity 
of the beam towards the compressed side. Lss is the length over which the shear strength should be spread; 
i.e. the distance from the maximum moment to the zero moment point, approximate to L/2. The 
unreinforced part, at the bottom of the soil mix wall, is not considered. 
Finally, in order to limit the effective compressive zone in case of medium and small beams, especially in 
combination with limited compressive strength, the effective width is (alongside the three previous criteria 
[13] to [15]) limited to 2 times the flange width, bf. With this extra rule, a too optimistic calculation is 
avoided in case of large axis-to-axis distance of the beams or large distances between the zero moment 
points. Moreover, the moment capacity of walls made of panels and columns are also closer to each other. 
 
For permanent situations, the interaction between steel and soil mix is not considered to determine the 
moment capacity of the soil mix wall which is taken equal to the moment capacity of the steel beams only. 
According to Eurocode 3, EC3 (EN 1993-1-1), this moment capacity can be calculated in two ways: elastic 
or plastic. Four classes of cross-sections are defined in EC3 depending on the width to thickness ratio of 
the parts subject to compression (cf. Table 5.2 of EC3). In agreement with EC3, a beam can be plastically 
calculated if it belongs to beam class 1 or 2 when it is subject to bending stress. Most beams that are used 
for soil mix walls comply with this. Exceptions include the “class 3” beams HEA260/280/300 of S355 steel 
quality. Beams that belong to class 3 must be calculated elastically. For several beams, the use of a reduced 
steel section (as corrosion protection measure) may result in an increase of class. Considering the beams 
most often used for soil mix walls, the gain on the moment capacity by calculating plastically instead of 
elastically is approximately 10 to 14%. For combined bending the regulations of EC3 apply. 
 
For temporary walls, the interaction between steel and soil mix can be considered to determine the moment 
capacity of the composite section, as proposed in Eurocode 4, EC4 (EN 1994-1-1). The methods specified 

1099



in EC4 are plastic methods and may only be applied for beams of class 1 or 2. The resistance of a composite 
section to combined compression and bending may be calculated assuming rectangular stress blocks and 
taking account of the design shear force. The tensile strength of the soil mix material should be neglected. 
The yield strength of the steel fy may not be greater than 460 MPa. The present method considers the 
limitation for the adhesion between steel and soil mix given by eq. [2]. Based on a centrally placed steel 
beam (i.e. with c1 = c2 in Fig. 27), the design interaction curve (M-N) can be deduced in this symmetric 
situation in accordance with EC4 (§6.7.3.2). This design interaction curve can be calculated by using 
available software. A simplified method, replacing the curve by a polygonal diagram, is also given in EC4. 
 
The handbook presents design tables and charts providing values for the moment capacity of the composite 
section. For example, Table 1 and Fig. 30 give the moment capacities for a temporary CSM panel reinforced 
with IPE beams. M(Rd,a,el) and M(Rd,a,pl) are the moment capacities computed, only considering the 
moment capacity of the steel beam, respectively with an elastic or a plastic method: Wel and Wpl (as given 
in the product catalogues of the beams). M(Rd, 2 MPa) is the moment capacity considering a contribution 
of the soil mix material (with fsm,k = 2 MPa). The design values of the moment capacities, given in Table 1, 
are applicable per axis-to-axis distance between the beams. These values need to be divided by ls to obtain 
the moment capacity per metre of wall. The color of the cells gives an indication of the determining factor 
for the moment capacity. Moment capacities of the yellow cells are limited by the second adhesion criterion 
(fbd ≤ 10%fsm,d). The blue cell values are limited by the third criterion (fbd ≤ 0.3 MPa). Other moment 
capacities are governed by geometric limitations for bc2. The contribution of the soil mix material results in 
a reduction of the stress in the steel beams. Without eccentricity of the steel beam, the bending moments 
obtained are 113 to 138% higher than those obtained with an elastic method only considering the moment 
capacity of the steel beams. With an eccentricity of 5 cm, this increase still ranges between 113 and 135%. 
 
For the calculation of the shear resistance, one may refer to EC3. The shear force, VEd, should be fully 
absorbed by the web of the steel beam, with preferably: 
 < 0.5	 ,  [16] 
 
with: , = √  [17] 

 
where Av is the active plastic shear surface which can be found in the product information of the rolled 
beams or in EC3 (§6.2.6). The influence of transverse shear forces on the resistance to bending and normal 
force should be considered when determining the interaction curve, if the shear force VEd exceeds 50% of 
the design shear resistance of the steel section, Vpl,Rd. The influence of the vertical shear on the resistance 
to bending may be taken into account by reducing the web thickness or the steel strength (1 - ρ) fyd where: 
 = 2 − 1  [18] 

 
In any case, the shear force, VEd, should not exceed the shear resistance of the steel section, Vpl,Rd. 
 
Vertical loads can affect the soil mix wall due to load transfer on the top of the wall, through intermediate 
floors and the base plate or through the vertical component of anchor forces or strut forces. The verification 
of the strength of the soil mix wall against vertical loads involves two aspects: 
- the vertical stress on the soil mix material and reinforcement must be limited to the admissible values, and 
that in combination with the acting bending moments and shear forces; 
- one must verify whether there is enough adhesion to avoid any debonding or punching of the beams under 
the effect of the vertical loads. 
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Table 1. Moment capacity of a CSM panel (55 cm thickness) reinforced with IPE beams (S235) 

Axis-to-axis reinforcement: ls = 1.10 m, distance between two zero moment points along the wall: L = 5 m 

fsm,k = 2, 4 and 6 MPa, αsm = 1, β = 1, γsm = 1.5, safety coefficient for steel γΜ0 = 1 (-) 

Eccentricity of the steel beam: e = 0 
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 IPE200 IPE220 IPE240 IPE270 IPE300 IPE330 IPE360 IPE400 IPE450

M(Rd,a,el) 45.7 59.2 76.2 100.8 130.9 167.6 212.3 271.7 352.5

100% 100% 100% 100% 100% 100% 100% 100% 100% 

M(Rd,a,pl) 51.8 67.1 86.2 113.7 147.7 189.0 239.5 307.1 400.0

114% 113% 113% 113% 113% 113% 113% 113% 113% 

M(Rd,2) 56.0 72.0 90.3 119.2 155.0 193.6 244.1 307.2 400.0

123% 122% 118% 118% 118% 116% 115% 113% 113% 

M(Rd,4) 61.9 78.7 97.9 128.4 165.9 205.2 256.5 320.3 412.8

135% 133% 128% 127% 127% 122% 121% 118% 117% 

M(Rd,6) 63.2 80.2 99.6 130.4 168.3 210.7 266.2 331.2 424.4

138% 135% 131% 129% 129% 126% 125% 122% 120% 

Eccentricity of the steel beam: e = 5 cm 

M(Rd,a,el) 45.7 59.2 76.2 100.8 130.9 167.6 212.3 271.7 352.5 

100% 100% 100% 100% 100% 100% 100% 100% 100% 

M(Rd,a,pl) 51.8 67.1 86.2 113.7 147.7 189.0 239.5 307.1 400.0 

114% 113% 113% 113% 113% 113% 113% 113% 113% 

M(Rd,2) 55.4 70.9 88.6 116.4 150.5 189.0 239.5 307.1 400.0 

121% 120% 116% 115% 115% 113% 113% 113% 113% 

M(Rd,4) 60.5 76.5 94.6 123.0 157.8 196.7 247.3 310.7 402.5 

132% 129% 124% 122% 121% 117% 116% 114% 114% 

M(Rd,6) 61.6 78.6 98.1 128.5 163.9 203.0 254.1 317.9 410.3 

135% 133% 129% 128% 125% 121% 120% 117% 116% 
 

 

Fig. 30. Simplified interaction diagram for a CSM panel (55 cm thickness) with IPE beams (S235)
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Particular aspects related to the resistance of the soil mix against punching in the zone of the anchor is 
described in the handbook. In function of the horizontal support solution designed by the engineer, the 
contact stress directly underneath the anchor plate or the steel beam will be verified regarding the 
compressive strength of the soil mix material. 
 
The additional compressive stress (represented in Fig. 31) developing between the anchor plate/support 
beam and the steel beams, ensuring the bending resistance of the wall, will also be analyzed and compared 
to the compressive strength of the soil mix material. 
 

 
Fig. 31. FEM representation of the stress trajectories/paths at the level of the anchor 

plate/seat 
 
Finally, the resistance of the soil mix material against punching failure will be regarded defining a punching 
failure cone in the wall (see Fig. 32) and verifying that the shear stress developing along the failure cone 
surface remains smaller than the shear strength of the soil mix material. 
 

  
Fig. 32. Shape (left) and perimeter (right) of the punching failure cone 
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CONCLUSIONS AND PERSPECTIVES 
 
The present keynote deals with the execution of soil mix walls for the construction of retaining structures. 
Constructive aspects are first presented. Then, some specific design aspects proposed in the 
BBRI/SBRCURnet Handbook Soil mix walls (2018) are discussed. Requirements are given for the different 
functions of the soil mix walls (retaining, bearing and cut-off) and regarding their lifetime (temporary or 
permanent). A design flow chart is proposed summarizing the different aspects which must be taken into 
account by the designer. The principle of the soil mix wall used as retaining structure is highlighted 
considering the arching effect developing in the soil mix material. The geometry of the pressure arch is 
verified and the stresses arising in this arch are compared with the admissible stresses based on the material 
resistance. Methods are then proposed for the computation of the composite bending stiffness of the soil 
mix wall. Finally, one concentrates on the contribution of the soil mix material to the moment capacity of 
temporary walls. To illustrate the method, a design table is given for a CSM panel reinforced with IPE steel 
beams. In general, the contribution of the soil mix material to the structural resistance of the soil mix wall 
results in a decrease of the stress in the steel beams. Considering the tables proposed in the handbook for 
different configurations of soil mix walls (panels and columns reinforced with IPE or HEA beams), the 
admissible reduction of the steel section is ranging between 10 to 38%. The design approach of the 
handbook agrees with the principles of the Eurocodes. It allows to design a soil mix wall for a retaining 
structure taking into account the nature of the in situ produced soil mix material, its heterogeneity, its 
durability, the functions and the lifetime of the retaining wall and the risks related to the project. The aim 
of the present keynote, including a lot of formulae, is not to serve directly as guidelines for the verification 
of the soil mix walls but, rather, to illustrate several aspects of the design approach proposed in the 
handbook. The use of equations and criteria often helps the geotechnical engineers to better understand 
design principles. 
 
If large advances have been performed in this application of the deep mixing technology, areas for further 
researches and developments still remain. For example: 

function of the soil type), 

- the improvement of our knowledge and mastery of the cement technology to improve this durability (cf. 
Denies et al. 2020a), 

process and the durability of the soil mix material, 

protect steel reinforcements against corrosion, 

to the ambient air, 

the high water/binder ratio used for the execution, practical research on potential additives, such as 
superplasticizers adapted to the soil mix technology is an interesting trail for the practice, 

approach for retaining structures), 

the technique (e.g. global mass stabilization and reinforcement of land levees), 
Further research actions are thus needed to improve our understanding of the behavior of the “reinforced” 
soil mix material particularly in those new fields of applications.

- the influence of the deep mixing equipment on the final product (which is certainly a tricky topic), 
- the minimal mixing energy to be used during execution to obtain homogeneous soil mix material (in 

- the durability of the soil mix material (notably if it is used in polluted soils), 

- the identification of chemicals possibly present in the soil influencing the setting reactions, the hardening 

- the alkaline-character of the soil mix material (and its evolution with time) and its potential ability to 

 - the ways to protect the soil mix wall against frost, carbonation and wet/dry cycles if the wall is exposed 

- as the high porosity of the soil mix material (which decreases its resistance and durability) results from 

- the behavior of the soil mix wall in case of fire, 
- the bearing capacity of the soil mix elements used as alternative to pile foundation or as rigid inclusion, 
- the tensile behavior of the soil mix elements, 
- the use of reinforcement cages in place of beams (in particular the development of a reliable design 

- the development of design methods in agreement with the Eurocodes for other fields of applications of 

1103



ACKNOWLEDGEMENTS 
 
The present Keynote was redacted within the framework of the research program “CWALity DE – 
SOILMIXWAL” (Convention 1710133), financially supported by the Direction des Programmes de 
Recherche - DGO6 - of Wallonia (Walloon Region). This support is gratefully acknowledged. 
 
Valuable contributions and information were received from the members of ABEF, the Belgian Association 
of Foundations Contractors (Belgian Branch of EFFC), in particular: Franki Foundations (group Besix), 
CVR nv, Lameire funderingstechnieken nv, Smet F&C and Soetaert nv (group Jan De Nul). 
 
Experience and know-how of BBRI with the soil mix walls is also the result of research programs conducted 
with the support of the Agency for Innovation and Entrepreneurship (VLAIO Flanders), the Federal Public 
Service Economy (FOD Economy) and the Bureau for Standardisation (NBN). 
 
Special thanks to Michał Topolnicki for the technical material provided for this Keynote. 
 
Finally, the authors wish to thank the members of the Geotechnical Division of the BBRI for their technical 
assistance and experience, especially, Bernard André, Ludovic Ghislain and Cyril Ghislain. 
 
REFERENCES 
 
BBRI/SBRCURnet. 2018. Handbook Soil mix walls. Taylor and Francis Group, ISBN 978 90 5367 641 7. 
 
Bellato, D., Dalle Coste, A., Gerressen, F.-W. and Simonini, P. 2012. Long-term performance of CSM 
walls in slightly overconsolidated clays. International symposium of ISSMGE - TC211. Recent research, 
advances & execution aspects of ground improvement works. 31 May-1 June 2012, Brussels, Belgium, 
Vol. III, pp. 23-32. 
 
Bruce, D.A., Bruce, M.E.C., DiMillio, A.F. 1998. Deep mixing method: a global perspective. Soil 
Improvement for big digs, Boston (Massachusetts, USA), October 18-21, 1998, ASCE, Geotechnical 
special publication 81: 1-26. 
 
CDIT - Coastal Development Institute of Technology. 2002. The Deep Mixing Method – Principle, Design 
and Construction. A. A. Balkema Publishers Lisse/Abingdon/Exton (PA)/Tokyo. 
 
CUR 166. 2012. Damwandconstructies. ISBN 90 3760 063 8 [in Dutch]. 
 
Denies, N., Huybrechts, N., De Cock, F., Lameire, B., Vervoort, A., Van Lysebetten, G. and Maertens, J. 
2012. Soil Mix walls as retaining structures - mechanical characterization. IS-GI Brussels, vol. III, 99-115. 
 
Denies, N., Van Lysebetten, G., Huybrechts, N., De Cock, F., Lameire, B., Maertens, J. and Vervoort, A. 
2014. Real-Scale Tests on Soil Mix Elements. DFI-EFFC Conference, Stockholm, 647-656. 
 
Denies, N., Huybrechts, N., De Cock, F., Lameire, B., Maertens, J. and Vervoort, A. 2015. Large-scale 
bending tests on soil mix elements. IFCEE, San Antonio, 2394-2409. 
 
Denies, N., Huybrechts, N., Kouamé, J.-C., Laurent, G., Eggermont, T. and Bottiau, M. 2020a. Thoughts 
on the design mix for soil mix walls used as permanent retaining structures. Proceedings of the DFI Deep 
Mixing conference, June 15-18, 2020.Gdansk. 
 

1104



Denies, N., Allani, M., Huybrechts, N., Kouamé, J.-C., Laurent, G., Eggermont, T. and Bottiau, M. 2020b. 
Finite element modeling of the arching effect in retaining walls made of soil mix panels. Proceedings of the 
DFI Deep Mixing conference, June 15-18, 2020.Gdansk. 
 
Denies, N., Allani, M., Huybrechts, N., Kouamé, J.-C., Laurent, G., Eggermont, T. and Bottiau, M. 2020c. 
Finite element modeling of the arching effect in retaining walls made of soil-cement columns. Proceedings 
of the DFI Deep Mixing conference, June 15-18, 2020.Gdansk. 
 
EN 14679 – 2005. Execution of special geotechnical works - Deep mixing. European Standard. 
 
EN 1992-1-1: 2004. Eurocode 2: Design of concrete structures. 
 
EN 1993-1-1 – 2005. Eurocode 3: Design of steel structures. 
 
EN 1993-5 – 2007. Eurocode 3 - Design of steel structures - Part 5: Piling. 
 
EN 1994-1-1, 2005. Eurocode 4: Design of composite steel and concrete structures. 
 
EN 1997-1 – 2004. Eurocode 7 - Geotechnical design - Part 1: General rules. 
 
Kitazume, M. 2005. State of Practice Report – Field and laboratory investigations, properties of binders 
and stabilized soil. International Conference on Deep Mixing, Stockholm (Sweden), 23-25 May 2005, 
Vol. 2, 660-684. 
 
Kitazume, M. and Terashi, M. 2013. The Deep Mixing Method. CRC Press/Balkema. Taylor and Francis 
Group, London. 
 
Porbaha, A., Shibuya, S. and Kishida, T. 2000. State of the art in deep mixing technology. Part III: 
geomaterial characterization. Ground Improvement (2000) 3: 91 110. 
 
Topolnicki, M. 2004. In situ soil mixing. Book chapter in M.P. Moseley, K. Kirsch (Eds.), Ground 
Improvement, 2nd ed., Spon Press. ISBN 0-415-27455-9. 
 
Topolnicki, M. 2009. Design and execution practice of wet Soil Mixing in Poland. International Symposium 
on Deep Mixing & Admixture Stabilization, Okinawa, 19-21 May, 2009, pp. 195-202. 
 
Topolnicki, M. and Pandrea, P. 2012. Design of in-situ soil mixing. International symposium of ISSMGE 
- TC211. Recent research, advances & execution aspects of ground improvement works. 31 May-1 June 
2012, Brussels, Belgium. 

-

1105



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 true
  /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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /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
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /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
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /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 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




