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Abstract: The design of thrust rings for the axial anchorage of 
penstocks may be carried out on the assumption of different 
pressure distributions between the ring and the surrounding 
concrete. This results in a different design. In this paper the 
load carrying behaviour of thrust rings is presented on the basis 
of FE-results. Finally a concept for the design of thrust rings 
with a more realistic pressure distribution between the ring and 
the concrete is proposed. 

 
 

1 Introduction 
Penstocks for hydro power plants have to be anchored at certain places to transmit 
axial forces into the surrounding concrete. This anchorage is carried out by thrust 
rings. They are often made of flat steel plates. For the design of these rings two 
different pressure distributions between the ring and the concrete may be assumed 
(Fig.1). On the one hand the pressure distribution results in a clamped restraint of the 
ring into the pipe (1) and on the other hand the pressure distribution results in a 
clamped restraint of the ring into the surrounding concrete (2). The load carrying 
capacity of the thrust ring are NRd,1=0.67·σc,1·h respectively NRd,2=0.25·σc,2·h. 
 
 

 
 
Fig.1 Thrust ring with different assumptions for the contact pressure distribution 
 
These different assumptions lead to a different design of the thrust rings. There is no 
rule which pressure distribution should be used, e.g. in relation to the height over 
thickness ratio h/t of the ring or in relation to the ratio of the thickness of the pipe to 
the thickness of the ring tp/t. The choice of the pressure distribution, therefore, is 
rather randomly selected. To find out which pressure distribution should be used for 
the design some different configurations have been investigated. 



    

2 Results of the investigation 
The load carrying behaviour of thrust rings made of flat steel plates are investigated 
on the basis of the Finite Element Method with ABAQUS [5]. The axisymmetric solid 
FE-models include - among other parameters - the contact behaviour between the 
pipe and the concrete. For the contact no friction is assumed. The material behaviour 
of the concrete is defined by a parabolic stress-strain curve according to [1] but 
without a crack model. 
 
The first investigation concerns the distribution of the axial force if several thrust rings 
are arranged in a row (Fig.2). In this example the ratio of the mean value to the 
highest ring force βLf is 0.62. This means that the design of thrust rings can be on the 
unsafe side if the axial force is distributed evenly in a row of thrust rings. 
 

 
 
Fig.2 Uneven distribution of the axial force for thrust rings in a row 
 
This effect is also known from long bolted connections. There a reduction factor βLf 
for the shear resistance of the bolt is introduced [2]. The reduction factor is in 
between 1.0 and 0.75. This rule can be the basis for an adaptation to a row of thrust 
rings. There are additional parameters which influence the uneven loading, e.g. the 
more complex geometry, the concrete and the contact behaviour. For a general 
conclusion further investigations are necessary to determine important parameters 
and their effects. 
 
The next investigation concerns the load carrying behaviour of a single thrust ring. 
The aim is to find out a realistic pressure distribution between the ring and the 
concrete. Four configurations are presented in the following. The first axisymmetric 
solid FE-model is shown in Fig.3. The ring has an h/t-ratio of 6 and the ratio of the 
thickness of the pipe to the thickness of the ring tp/t is 1.2. The design values of the 
internal pressure (p=γF·11.2=16.8N/mm2) and the axial force (N-NRd) are in 
accordance with an actual example. N results from the pressure end load. It is 
obvious that the pressure distribution in Fig.3 is significantly different to the 
assumptions presented in Fig.1. The contact pressure has approximately the shape 
of a triangle over the half height of the ring and a concentrated contact force K at the 
outer edge of the ring. 
A variation of this example is carried out for an axial force N=NRd=2100N/mm and 
therefore (N-NRd)=0. This result as well in a triangular contact pressure over the half 
height of the ring and a comparable concentrated contact force K but the MISES 
stress at the inner surface of the pipe is reduced from 370N/mm2 to 300N/mm2 and 
the value at the fillet increased from 330N/mm2 to 400N/mm2. 
 



    

 
 
Fig.3 Contact pressure CPRESS [N/mm2] of a thrust ring h/t=370/62, pipe tp=74mm 
 
In order to estimate the influence of the h/t-ratio a further geometry is analysed 
(Fig.4). Now the ring has an h/t-ratio of 3 and the tp/t-ratio is 1.2 again. The internal 
pressure and the axial force is the same as in Fig.3. The shape of the contact 
pressure is triangular as before and also the length of the contact is comparable. This 
means that the length of the contact is not so much in relation to the height of the ring 
but more in relation to the thickness of the ring. Unlike the geometry before the 
concentrated contact force K at the outer edge of the ring vanishes. This effect is 
supported by the rather high tp/t-ratio. 
 



    

 
 
Fig.4 Contact pressure CPRESS [N/mm2] of a thrust ring h/t=185/62, pipe tp=74mm 
 
The next variation of the geometry is show in Fig.5. The h/t-ratio of the ring is 6 but 
now the tp/t-ratio is 0.6. The internal pressure p and the axial force N are halved but 
NRd is defined as before. The contact pressure remains triangular over a length of 
about 150mm and as expected the concentrated contact force K increases due to the 
lower clamping effect of the ring into the pipe. 
An analysis with a linear elastic material behaviour of the concrete results in a peak 
contact pressure at the fillet which is four times higher than the peak contact pressure 
with the elasto-plastic material behaviour. The length of the contact is halved. 
 

 
 
Fig.5 Contact pressure CPRESS [N/mm2] of a thrust ring h/t=370/62, pipe tp=37mm 
 



    

An extreme variation of the geometry is presented in Fig.6. The h/t-ratio of the ring is 
12 and the tp/t-ratio is 0.6 again. As before the contact pressure is triangular but the 
length of the contact is reduced to about 120mm. The concentrated contact force 
decreases in comparison with the example in Fig. 5 however the length of the lever 
arm is twice as before. The result of the linear elastic analysis shows a significantly 
reduced length of the contact as already mentioned for the example in Fig.5. Further 
the contact at the upper surface indicates a low contact pressure over a length of 
about 130mm. The concentrated contact force K at the outer edge still remains there 
due to the reduced deformation of the concrete at the edge. 
 

 
 
Fig.6 Contact pressure CPRESS [N/mm2] of a thrust ring h/t=740/62, pipe tp=37mm 



    

The parameter variations have shown that the concentrated contact force K can drop 
down to zero but the shape of the contact pressure remains approximately a triangle 
over a length which does not correspond with the height of the ring. A conclusion for 
the design of a thrust ring with a flat plate can be found by predefining an h/t-ratio of 
about 4 to 6. A lower ratio will hardly activate a clamping effect into the concrete and 
this can be unfavourable for the pipe. A higher ratio will hardly increase the load 
carrying capacity of the ring because the contact length depends mainly on the 
thickness of the ring and not on the height of the ring. In chapter 3 a formula will be 
proposed for the h/t-ratio of the thrust ring. 
In addition to the presented results some other parameters have been varied, e.g. 
the radius of the fillet. This part of the member is of importance due to the high 
concrete pressure. The reinforcement near the fillet must fulfil the requirements for 
the local compressive strength of the concrete. Another attention has to be turned on 
the stress in the steel at the fillet. This stress depends mainly on the fillet radius. The 
question is how this stress which results from a solid FE-model should be interpreted 
in respect to the fatigue check (nominal stress or hot spot stress) and to the choice of 
the detail category. Here is still a lack of experiences and of regulations. 
 

3 Proposal for the design of a thrust ring 
Finally a proposal is worked out for the design or at least the pre-design of a thrust 
ring without an FE-analysis. The basis for the mechanical model is the contact 
pressure distribution presented in chapter 2. This contact pressure distribution and in 
addition the axial force and the internal pressure are applied on a shell model without 
contact to a surrounding concrete. Of course, a detailed stress field near the fillet 
cannot be calculated with a shell model but the advantage is that the member can be 
calculated by formulae. The arrangement of the mechanical model with its 
parameters is given in Fig.7. 
 

 
 
Fig.7 Parameters of the shell model and the loading situation 
 
For the formulae of the proposal some assumptions are necessary. One assumption 
concerns the strength of the concrete. The local compressive strength fcd,L [N/mm2] is 



    

specified in standards [1] for central loading on a local area AL which is surrounded 
by an area A but not for the arrangement of a thrust ring. Nevertheless this 
specification will be adopted for the thrust ring (Eq.1). 
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The next definition refers to the length c [mm] of the contact pressure. The formula 
for the length is derived from the following assumption. The stress in the ring near the 
fillet adds up from the contraction due to the internal pressure and the Poisson effect 
of the axial force as well as from the bending stress due to the contact pressure 
(Fig.7). If we assume that the bending stress in the ring due to the contact pressure is 
limited by fyd/3 to give enough space for the other stress components then the length 
of the contact is determined by Eq.2. The same consideration is applied for the pipe 
and therefore the minimum of (1 ; √2·tp/t) is added. Thus the length c relates to the 
thickness of the pipe for a tp/t-ratio less than 1/√2. 
Another predefinition is the height of the thrust ring which is proposed in advance by 
the fixed value h=2·c (Eq.2). This leads to an h/t-ratio of about 4 to 6. In this proposal 
only the thickness t of the ring has to be given and the other data, the height h, the 
capacity NRd and the MISES stresses, are determined by Eq.1 to Eq.9. 
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With some further assumptions for the K/NRd-ratio the resistance NRd [N/mm] of a 
single thrust ring is determined by Eq.3. The concentrated contact force K is at the 
outer edge of the ring and Kp corresponds to the radius of the pipe. A comparison of 
Eq.2 and Eq.3 with FE-results is given in Tab.1. 
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 Fig.3 Eq.2 and Eq.3 Fig.5 Eq.2 and Eq.3
c 170 185 150 156 
K/NRd 0.048 0.044 0.095 0.098 
NRd 2100 2070 2100 1650 

Tab.1   Comparison of Eq.2 and Eq.3 with Fig.3 and Fig.5 
 
The next set of formulae applies to the calculation of the axial stress σx and the hoop 
stress σφ at the points 1 to 4 (Fig.7) resulting from the contraction due to the internal 
pressure p (Eq.5) and due to the axial force N (Eq.6). The sign ± in Eq.5 and Eq.6 
refers to the inner/outer surface. These equations are derived for a cylindrical shell 
with a radius r and a wall thickness tp. The mechanical model for the ring is not an 
annular plate but has only a ring area A=h·t. For the stresses due to the axial force 
the mean value of N and (N-NRd) is used (Eq.4). 
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Eq.8 is used for the calculation of the stresses resulting from the bending moment of 
the contact pressure and the concentrated contact force. The sign ± in Eq.8 refers to 
the inner/outer respectively upper/lower surface. The moments are calculated as if 
the ring is a cantilever beam (Eq.7). This is obviously a simplification of the annular 
plate. The difference of the moments resulting from a shell analysis and Eq.7 
depends on the h/r-ratio. For an h/r-ratio less than 0.2 the difference of the moments 
is less than 10%. A shell analysis can be carried out e.g. by [3], [4] or by a software 
for axisymmetric shells. In an axisymmetric shell analysis K is used whereas Kp is 
used in Eq.7. The stress σφ in Eq.8 comes from the effect of a shell due to σx. 
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The related stresses of Eq.5, Eq.6 and Eq.8 are added up and the verification is done 
by the MISES stress (Eq.9) for each point i=1 to 4 at both surfaces (Fig.7, Tab.2). 
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Example 
The data of the example are summarized in Tab.2 (proposal) and in Fig.3 (FEM). The 
length of the triangular contact pressure according to Eq.2 (185mm) is in a good 
correlation with the result in Fig.3 (170mm). The difference of the maximum MISES 
stress between Eq.9 (463N/mm2) and the solid FE-model (370N/mm2) is rather high 
(25%) but this must be expected due to the significant difference of the two 
mechanical models and due to the high stress gradients near the fillet. The position 
of the maximum stress is at the inner surface of the pipe in both models. For a further 
comparison the result of an accurate shell analysis [5] is given in Tab.2 in the column 
MISES in italic type (438N/mm2). In the shell analysis the mechanical model of the 
ring is an eccentrically attached annular plate to a cylindrical shell. The contact 
pressure distribution is according Fig.7 and Eq.3. 
 
 steel    due to       
yield stress fyk [N/mm2] 690  

stresses
N/mm2 

  
  p N M Σ MISES

partial factor γs 1.1   1 inside σx 257 150 94 501 463 
poisson ratio ν 0.3    σφ 376 9 28 412 438 
 concrete   1 outside σx -257 220 -94 -131 310 
compression fck [N/mm2] 25    σφ 221 30 -28 223 297 
partial factor γc 1.5   2 inside σx 257 178 -94 342 349 
 load     σφ 376 9 -28 356 346 
internal pressure p [N/mm2] 16.8   2 outside σx -257 248 94 84 248 
axial force N [N/mm] 15800    σφ 221 30 28 279 271 
partial factor γF 1.5   3 upper σx 0 0 -149 -149 315 

   σφ 298 -40 -44 214 347 
contact ratio Kp/NRd 0.052   3 lower σx 0 0 149 149 262 
    σφ 298 -40 44 302 266 
geometry geometry   4 upper σx 0 0 36 36 253 
pipe radius r [mm] 1937    σφ 298 -40 11 269 235 
pipe thickness tp [mm] 74   4 lower σx 0 0 -36 -36 267 
ring thickness t [mm] 62    σφ 298 -40 -11 247 260 

  
  

        
 result      result    MISES
contact length c [mm] 185      pipe max 463 
ring height h=2c [mm] 370      ring max 314 
ring capacity NRd [N/mm] 2069      steel fyd 627 
 
Tab.2 Input data and results for the example according to the proposal 
 
An outlook for a further concept which provides a higher level of exploitation of the 
thrust ring capacity is presented in Fig.8. For the example in Fig.3 the reference load 
(internal pressure and axial force) is increased until the limit state. A limit load factor 
of 2.3 can be achieved under the condition that the concrete does not crack. The 
material behaviour of the concrete is defined by a parabolic stress-strain curve 
according to [1] but without a crack model (a crack model without reinforcement 
results in a load factor well below 1.0). Fig. 8 presents the state at the load factor of 
2.0 (p=2.0·16.8 N/mm2). In the pipe and in the ring distinct plastic zones exist. The 
length of the contact is 185mm which is comparable with the length at the load factor 
of 1.0 (Fig.3) but the shape of the contact pressure tends from triangular to parabolic. 
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In further investigations attention should be turned on the behaviour of the reinforced 
concrete close to the thrust ring and if a parabolic contact pressure is acceptable. 
 

 
Fig.8 Contact pressure CPRESS [N/mm2] of a thrust ring h/t=370/62, pipe tp=74mm 
 
Conclusion 
The FE-results in chapter 2 provide an inside into the load carrying behaviour of 
thrust rings. In chapter 3 a concept for the design is proposed. In this proposal only 
the thickness of the ring (Eq.2) has to be given and the other data, the height, the 
load carrying capacity and the MISES stresses in the ring as well as in the pipe are 
determined straightforward by the formulae presented in chapter 3. 
 
References 
[1] EN 1992-1-1, Design of concrete structures 
[2] EN 1993-1-8, Design of steel structures, Design of joints 
[3] Guggenberger W., Linder C., Elastic stress analysis of axisymmetric shells, 

ECCS International Conference, Prague, October 2003 
[4] Markus G., Theorie und Berechnung rotationssymmetrischer Bauwerke, 1976 
[5] ABAQUS/Standard, Abaqus Inc., RI USA 
 
Authors 
Dr.techn. Robert OFNER, Univ.-Prof. Dr.techn. Richard GREINER 
Graz University of Technology, Institute for Steel Structures and Shell Structures 
Lessingstrasse 25, A-8010 Graz, AUSTRIA 
Phone: +43 316 873 6201, FAX +43 316 873 6707, 
E-mail: robert.ofner@tugraz.at, r.greiner@tugraz.at 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


