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Abstract. The modification of the technology roof bolt supporting of 
mine workings in the conditions of increasing the coal mining intensity has 
been made. The technological schemes have been developed for the phased 
construction of roof bolting and frame support. This schemes make it 
possible to temporarily postpone the setting of frames in the mine working 
face, reduce the time and labour intensity for covering with a grid of the 
mine working arch and setting the bolts, as well as to increase the safety. 
The analysis of changes in the stress state of the border massif during the 
phased construction of roof bolting and frame support has been made. It is 
shown that the technology of phased construction of roof bolting and frame 
support ensures the maintaining a stable state of host rocks. In addition, the 
time between the extraction of the coal-rock mass and the setting of the 
primary support, as well as the distance between the face and the first row 
of roof bolts has been reduced to a minimum. The suggested approach 
makes possible to ensure the rate of preparatory mine workings 
development that are necessary for the intensification coal mining.   

1 Introduction 

At the present time, the combined roof bolt and frame supporting of mine workings is 
actively used in the coal mines of Ukraine in a wide range of geological conditions with 
almost no restrictions by the type, purpose, lifespan, section and location of mine workings 
in the rock massif [1-4]. As was illustrated by practical experience, despite the advantages, 
this type of supporting also has disadvantages. The high concentration of works in the mine 
working face constrains the rate of development [5, 6], complicates the implementation of 
technological operations and leads to the technology violation and work safety. For 
example, in the mine working face, the arch support frames are set first, the grid is being 
hanged, but the roof bolts are to be installed with significant delays. All this violates the 
principles of bearing roof bolt supporting, reduces the work safety and the effectiveness of 
modern resin-grouted roof bolts application and the supporting as a whole [7, 8]. The 
importance of time of setting the supporting elements after the face recedes is also shown in 
the works [9, 10]. The process of mine workings performance in time and changing the 
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mechanical properties of the computational system in the work [10] is modelled with the 
use of initial stresses procedure. Therewith, it is shown that the sequence of mining 
operations has a significant influence on the stress values in the support elements at the 
completion of the mine working development. 

To ensure the intensification of mining operations, the existing technologies of the 
combined roof bolt and frame supporting should be improved in a such way, in order to 
reduce the concentration of works in mine working face, to make the primary roof bolts 
setting in the mine working face more convenient without violating the safety rules. 
Therefore, the purpose of the work is to develop the technological schemes for the phased 
construction of bearing and roof bolt supporting of mine workings. 

2 Development of technological schemes for the phased 
construction of bearing and roof bolt supporting  

The technology of construction of roof bolt and frame supporting consists of a number of 
technological operations. It is known from the practical experience that the most time-
consuming and long-term of them are the setting of arch support and bolting-up. These 
operations are performed in the mine working face, which complicates their 
implementation. Therefore, in order to increase the rate of mining operations, it is proposed 
to divide in time the process of roof bolting and frame construction in the mine working 
face into several stages:  

- setting the primary scheme for the roof bolt supporting (Fig. 1); 
- intermediate strengthening of support (Fig. 2) with side roof bolts and, in some cases, 

with frames;  
- supplementing of the intermediate scheme of the roof bolting and frame support to the 

full one (Fig. 3). 

 

Fig. 1. An example of the primary scheme for the roof bolt supporting. 

The primary scheme for the roof bolt supporting consists of the minimum required 
number of roof bolts and is calculated based on the conditions of maintaining a stable state 
of mine working for a period of time until the subsequent support strengthening. The place 
and time of setting - in the mine working face, immediately after face advance. The roof 
bolts 1-5, set with an inclination to a face, in addition to the advance supporting, have the 
functions of temporary support in the area adjacent to the face.  

The intermediate strengthening of support consists of additional roof bolts (roof bolts 6 
and 7 in Figure 2) and frames and is calculated based on the conditions of maintaining a 
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stable state of mine working for an additional period of time prior to the construction of a 
complete supporting scheme. The place and time of setting the elements of the schemes for 
intermediate strengthening of support is 10-30 m from the mine working face. In most 
cases - behind the mining machine. Thus, the rocks extraction by a mining machine is 
partially combined in time with the construction of support. 

 

Fig. 2. An example of a scheme for the intermediate strengthening of the roof bolting and frame 
supporting. 

The bolts B1-B4 (Fig. 3) strengthen the sides of mine working under the stratum and 
supplement the already constructed support elements to the complete scheme, which 
ensures a stable state of mine working for the whole period of its operation.  

 

Fig. 3. An example of the complete scheme for roof bolting and frame supporting. 

The frame support is being set if it has not been installed at the previous stage. The 
place and time of setting 50-100 m from the mine working face, or more, depending on the 
stability of the mine working sides and the value of its bottom swelling. 

In order to ensure the stability of the mine working face, when using the developed 
phased technological schemes of supporting for the period of unproductive time, for 
example during on-shift repair work, it is planned to strengthen the primary scheme by 
increasing the number of roof bolts. 
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3 Methods 

A study of changes in the stresses field during the staged construction of the elements of the 
roof bolting and frame supporting is performed by means of computational simulation [11]. 
The unsteady stress state of the rock massif in the vicinity of mine workings is described by 
a system of equations [12]: 
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,  

where сg – the damping coefficient, kg/(m3s); ui – the displacements, m; ij,j – the 
derivatives of the stress tensor components along x, y, Pa/m; Xi(t) – the projections of the 
external forces acting on the volume unit of a solid body, N/m3. 

The problem is solved in an elastic-plastic formulation. For the mathematical 
description of the process of rocks changeover into a disturbed state, the Mohr-Coulomb 
failure theory is applied. The initial and boundary conditions for the task are set to the 
following: 
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where  – the side thrust coefficient; H – the mining depth, m;  – the averaged weight 
of the overlying mine rocks, N/m3; 1 – the vertical boundaries of the outer contour; 2 – 
the horizontal boundaries of the outer contour.  

The problem is solved by using the finite element method [11, 13, 14]. 
To assess the stresses field, the following parameters were used: 
- Q = (1-3)/H characterizes the diversity of the stress field components (1, 3 – 

maximum and minimum components of the principal stress tensor);  
- Smax=1/H characterizes the diversity of the maximum component stress field. 
The mine working with cross-section 15.1 m2 is analysed given the typical for Western 

Donbas mining and geological conditions with a heterogeneous composition of host rocks. 
In the roof of mine working at a distance exceeding the zone of roof bolting, there is a coal 
interlayer. The properties of rocks are represented in Table 1. 

Table 1. Mechanical properties of rock. 

Rock  
Thickness, 

m 

Axial 
compressive 
strength, c, 

MPa 

Deformation 
modulus, Е, 

MPa 

Poisson’s 
ratio of 

rock mass

Cohesion, 
C, MPa 

Friction 
angle, deg 

Sandstone 2 46 2.1104 0.36 11.9 35.0 
Siltstone 3 27 1.2104 0.31 7.8 30.0 
Coal 0.2 31 0.3104 0.25 8.8 30.5 
Siltstone 5.6 27 1.2104 0.31 7.8 30.0 
Coal 1.1 31 0.3104 0.25 8.8 32.5 
Argillite 9 25 1.1104 0.32 7.4 28.5 

The depth of mine working development 400 m. The thickness of the coal seam 1.1 m. 
The roof bolt length 2.4 m. 
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4 Results and discussion  

The initial distribution of the stresses field parameters and inelastic deformation zone 
prior to the support setting are shown in Figures 4, 5.   

a) b)  

Fig. 4. The distribution of the geomechanical parameters values in the border rocks prior to the 
support setting: a – Q; b – Smax.  

 

Fig. 5. The zone of inelastic deformations prior to the support setting. 

In the virgin massif, outside the zone of mine working influence, the mine rocks are in 
the conditions of triaxial compression. The vertical component of the stresses field is 
determined by the weight of the overlying stratum of mine rocks, and the two horizontal 
components - by the side thrust of rocks. Since the side thrust coefficients are close to 
unity, the state of mine rocks in natural occurrence is close to uniform compression. The 
difference between the principal stresses components in the virgin massif is usually close to 
zero. During the development of mine working, the stresses field within the zone of its 
influence is changed. The minimum component tends to zero, and the maximum 
component increases (Fig. 4). Near the face, the dimensions of the inelastic deformation 
zone are insignificant, its depth does not exceed 0.3-0.5 m (Fig. 5). 

Let us study the redistribution of parameters of the stresses field and inelastic 
deformation zone at the first stage of the support construction, Figures 6, 7. Immediately 
after the regular next rock extraction, according to the primary scheme, the main roof bolts 
with an inclination to the face are set into the mine working roof (roof bolts 1-5 in 
Figure 1).  

The main roof bolts, in addition to the advance leading supporting, perform the function 
of temporary support in the area adjacent to the face. The bearing armoured-rock beam 
(Fig. 6a) is formed in the mine working roof, which contributes to the rock strengthening, 
prevents their possible stratification and the collapse of potentially dangerous rock blocks. 
For a certain period of time, the increase in the zone of inelastic deformations is blocked 
(Fig. 7). 
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a) b)  

Fig. 6. The distribution of the geomechanical parameters values in the border rocks and roof bolts, the 
primary scheme of the support setting: a – Q; b – Smax.  

 

Fig. 7. The zone of inelastic deformations, the primary scheme of the support setting. 

In the soft rocks, the roof bolting and rock overlapping formed in the roof, works as a 
rigid inclusion. When the face recedes, the loads in the roof and sides of mine working 
increase. To maintain the overlapping in a stable state, it is necessary to distribute the load 
on the mine working sides. For this purpose, at the second stage of the support construction, 
the additional roof bolts (roof bolts 6, 7 in Figure 2) are being set and, if it is necessary, the 
frames are set. The horizontal projections of the additional roof bolts should extend beyond 
the line of the mine working sides of not less than 1 m. The specific schemes of 
strengthening are calculated based on the conditions of maintaining a stable state of mine 
working for an additional period of time prior to the construction of complete schemes of 
roof bolting and frame supporting. The distribution of parameters of the stresses field and 
inelastic deformation zone with an additional setting of one roof bolt in the upper part of 
mine working sides is shown in Figures 8, 9. 

a) b)  

Fig. 8. The distribution of the geomechanical parameters values in the border rocks and roof bolts, the 
intermediate scheme of the support setting: a – Q; b – Smax. 
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Fig. 9. The zone of inelastic deformations, intermediate scheme of the support setting. 

At the third stage, the formation of a complete roof bolting and frame structure is being 
completed. The additional roof bolts are set into the sides of mine working (near the bottom 
roof bolts B1-B4 in Figure 3), strengthening the bearings for the roof bolting and rock 
overlapping in the roof. The frames are also being set if they have not yet been installed at 
the previous stage. The distributions of the stresses field parameters are shown in 
Figures 10, 11 after the face recedes at a distance of 60 m, as well as the setting of bottom 
roof bolts and a frame.  

a) b)  

Fig. 10. The distribution of the geomechanical parameters values in the border rocks and roof bolts, 
the complete scheme of the support setting: a – Q; b – Smax.  

 

Fig. 11. The zone of inelastic deformations, the complete scheme of the support setting. 

With the setting of the roof bolts B1-B4, the process of pressing-out the coal in the sides 
of mine working is blocked, the formation of fractures is almost not developed. The values 
of the averaged geomechanical parameters in these zones are changed: the application of 
side roof bolts lowers the value of Q parameter and significantly increases the value of the 
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minimum component of the principal stresses tensor. This indicates that the possibility of 
rocks destruction in the sides of mine working, which serve as a bearing for the roof bolting 
and rock overlapping in the roof, decreases. 

The performed studies have shown that there is a possibility to effectively distribute in 
time the order of setting the roof bolting and frame support, while maintaining mine 
working in a stable operating condition and ensuring the necessary rate of its development. 
Such a technological approach makes it possible to successfully prepare the stope works 
area in the conditions of intensified coal mining. 

Conclusions 

The modification of the technology developed at the Institute for bearing and roof bolt 
supporting of mine workings in the conditions of increasing the coal mining intensity has 
been made. The technological schemes have been developed for the phased construction of 
roof bolting and frame support, which allows to: 

-  postpone temporarily the setting of frames in the mine working face; 
-  reduce the time and labour intensity for covering with a grid of the mine working arch 

and setting the roof bolts; 
-  increase the degree of rocks strengthening; 
-  increase the safety of mining operations;  
-  increase the rate of mining operations using the existing equipment. 
The changes have been studied in the stress state of the border massif during the 

elements staged construction of roof bolting and frame support. The performed studies have 
shown the possibility to effectively distribute in time the order of setting the roof bolting 
and frame support, while maintaining mine working in a stable operating condition. The 
technology of phased construction of roof bolting and frame support ensures the 
maintaining of the stable state of rocks. In addition, the time between the extraction of the 
coal-rock mass and the setting of the primary support, as well as the distance between the 
face and the first row of roof bolts are reduced to a minimum. In this case, the border rocks 
of the non-fastened part of the roof and sides of mine working do not have time to unload 
from the rock pressure and their integrity will be maintained to the full.   

The proposed technology has been tested in the conditions of the Pavlogradska Mine 
and Stepna Mine, where the setting of frame supports and side roof bolts has been made 
with a certain lagging. The new technological approach has made it possible to ensure the 
rate of preparatory mine workings development, which is necessary for the stope works 
performance in the conditions of intensified coal mining. 

References 

1. System of providing reliable and safe functioning of roof bolting mine workings. 
General technical requirements. (2014). Kyiv: Ministry of Energy and Coal Mining of 
Ukraine 

2. Bulat, A.F., Vinogradov, V.V. (2002). Oporno-ankernoe kreplenie gornyih vyirabotok 
ugolnyih shaht. Dnepropetrovsk: Vilpo 

3. Bulat, A.F., Popovych, I.M., Vivcharenko, O.V., Krukovskyi, O.P. (2014). 
Tekhnolohiia ankernoho kriplennia hirnychykh vyrobok na shakhtakh Ukrainy: stan i 
perspektyvy. Uhol Ukrayny, 2, 3–7 

4. O.P. Krukovskyi. Application of roof bolting support in the Ukrainian mines, 
Proceedings of the 25th World Mining Congress (2018)  

5. Yakovlev, D.V., Magdych, V.I., Egorov, A.P., Osminin, D.V., Markov, A.S. (2014). 

8

E3S Web of Conferences 109, 00042 (2019) https://doi.org/10.1051/e3sconf/201910900042
Essays of Mining Science and Practice 2019



Prospects of development and implementation of stage-by-stage mine working roof 
bolting flow charts in Kuzbass mines. Ugol, 10, 40-44 

6. Demin, V.F., Yavorskiy, V.V., Demina, T.V., Chvanova, A.O. (2017). Substantiation of 
technological schemes of anchoring when conducting mining. International journal of 
applied and fundamental research, 6, 27-32 

7. Vynohradov, V.V., Krukovskyi, O.P. (2010). Oporno-ankerne kriplennia hirnychykh 
vyrobok vuhilnykh shakht Ukrainy. Geotehnicheskaya mehanika [Geo-Technical 
Mechanics], 88, 170-179 

8. Krukovskyi, A.P., Krukovskaia, V.V., Khvorostian V.A. (2013). Tekhnolohyia oporno-
ankernoho kreplenyia hornykh vyrabotok uholnykh shakht Ukrayny. Uhol Ukrayny, 2, 
13-16 

9. V.M. Nguyen, Q.P. Nguyen. Analytical solution for estimating the stand-up time of the 
rock mass surrounding tunnel, Tunnelling and Underground Space Technology, 47 
(2015) 

10. V.M. Seryakov. Calculating stress state of support and sidewall rocks in stagewise face 
drivage in long excavations, Journal of Mining Sciences, 51 (2015) 

11. O.C. Zienkiewicz, R.L. Taylor, J.Z. Zhu. The Finite Element Method: Its Basis and 
Fundamentals (2013) 

12. Krukovskyi, O.P. (2011). Modelling changes of stress-strain state of solid edge during 
the distance of working face of mine workings. Problemy obchysliuvalnoi mekhaniky i 
mitsnosti konstruktsii [Problems of computational mechanics and strength of structures], 
17, 175-181 

13. R. de Borst, M.A. Crisfield, J.J.C. Remmers, C.V. Verhoosel. Non-linear finite element 
analysis of solids and structures (2012) 

14. Kovalevska, I., Symanovych, G., Fomychov, V. (2013). Research of stress-strain state 
of cracked coal-containing massif near-the-working area using finite elements 
technique, Mining of Mineral Deposits, 159-163 

9

E3S Web of Conferences 109, 00042 (2019) https://doi.org/10.1051/e3sconf/201910900042
Essays of Mining Science and Practice 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


