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Computer Aided Teaching of Structural Engineering Using Adaptive
Schemes 1n the Finite Element Method

Yoon, Chongyul*

Abstract

A simple outline for teaching adaptive scheme based finite element method for planar problems as a part of computer aided
teaching of structural engineering curriculum is presented. Displacement based finite element formulation for planar problems and
representative strain value based adaptive scheme for mesh generation are considered. As examples, a cantilever beam with a con-
centrated load treated as a planar problem and stretching of a plate with a circular hole are analyzed with displacement based finite
element method with adaptive meshes. The examples and outlines show how adaptive based finite element method may become

an essential part of computer aided teaching of structural engineering.
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1. Introduction

Computers are now an essential tool in structural engineer-
ing practice and they are also used widely in structural engi-
neering education. In practice, various aspects of computers
are utilized, from the initial conception and throughout the anal-
ysis, design, construction and maintenance of structures dur-
ing the entire life cycle. This paper deals with using computers
in the analysis of structures, and specifically in the use of
computers in the structural engineering education. Historically,
structural engineering has been taught as two separate subjects,
structural analysis and structural design. But now the most
important principle behind structural analysis education is the
understanding the process of solution; for this, analysis should
not be a separate subject but be part of an integrated program
where in smaller scale it involves structural analysis and design,
and in larger scale it is part of many aspects of engineering
related to the life cycle of structures starting from the initial
conception, design, construction and throughout the maintenance
during the service time. Analysis in some part plays a major
role, while in others, it may be only minor. Education of struc-
tural analysis as a part of civil engineering curriculum must

consider this (Biggs, 1999; MacLeod, 2002; Rafiq and East-
erbrook, 2005).

The finite element method is practically the most widely
used computer based method of structural analysis (Belytschko
et al., 1996; Logan, 1992; Zienkiewicz et al., 2005). Although
comprehensively understanding the method before it can be
properly used may be beyond the scope of undergraduate
engineering program, a condensed introduction must be inte-
grated into an undergraduate civil engineering curriculum. A
set of outlines and studies for displacement based planar finite
element formulation for stress analysis with a simple adaptive
mesh generation scheme is appropriate for this. Essential con-
cepts about the finite element method for this purpose are
describe in this paper.

2. Structural analysis in structural
Engineering Education

Learning about computers and use of computers in engineer-
ing are now an essential part of engineering education in an
undergraduate curriculum. For civil engineering majors, a set
of courses in structural analysis is at the core of structural
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engineering part of the program, where a well designed program
integrates analysis with other parts such as design, materials, and
project management.

Although practical computer based structural analysis gen-
erally involves analysis of continuum based on the finite element
method, undergraduate students are often not even introduced
to the method mainly because there are no credit hours avail-
able for the subject and also because of the tendency to think
that many credit hours are needed to properly introduce the sub-
ject. There are many other legitimate demands for credit hours
in an engineering curriculum so if basic introduction of the finite
element method is to be included, an effective but condensed
program of study that can be covered in less than 3 credit hours
during a semester need to designed. In the earlier part of the
structural analysis education, students are generally taught mechan-
ics of material, structural mechanics, and analysis of structures
dealing with beams, trusses and frames. In the computer aided
structural analysis of trusses and frames, structures are mod-
eled as discrete member node systems and the direct stiffness
method is covered(Gere, 2001; Logan, 1992; Norris et al., 1991;
Zienkiewicz et al., 2005). Most structural analysis portion of
civil engineering curriculum covers up to this. Teaching of the
finite element method is either deferred to graduate school or
only peripherally introduced because of the presumption that
proper introduction of the method needs many credit hours
and the presumption that a diverse set of prerequisite subjects
such as numerical methods, computer basics and traditional
structural analysis subjects are required.

However, practicing engineers mostly do not have graduate
degrees and most are self taught or learn the subject after
undergraduate education. Thus, condensed finite element struc-
tural analysis education to be integrated into a general struc-
tural engineering part of undergraduate civil engineering curri-
culum is needed. The outline described in the next section dealing
with displacement based finite element analysis for planar
problems with adaptive mesh schemes is to meet this purpose.

3. Finite element analyses with adaptive
meshes for planar problems

The finite element method is now probably the most widely
used computer based method of analysis commonly applied to
simple and complex problems in stress analysis, heat flow,
fluid dynamics, electromagnetic field analysis, and others. The
popularity of the method is due to the ease of use and to the
many reliable results the method yields for fairly large class
of engineering problems (Belytschko et al., 1996; Logan, 1992;
Zienkiewicz et al., 2005). A typical structural engineer's use
of the finite element method generally does not involve pro-
gramming anymore but usually involves running a completed
finite element program for analysis of structures and interpre-
tation of the results. In the following subsections, an outline
for what needs to be taught about the finite element method
as a part of civil engineering curriculum is described.

3.1 Leaming displacement based finite element analysis
Proper use of a finite element program requires the knowl-
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edge about the finite element algorithm used in the program
but not necessarily the details of the coding. The general knowl-
edge here includes the following:

(1) mathematics behind finite element formulations;

(2) basics in numerical computations that cause error; and

(3) other fundamentals of computer use.

For structural engineers, the most commonly used finite ele-
ment analysis is displacement based formulations for stress
analysis. For this, students need to thoroughly understand the
following basic aspects of the finite element method:

(1) shape functions that approximate actual variance of

variables;

(2) element stiffness; and

(3) the direct stiffness method.

Input data for a typical finite element program include the
following:

(1) geometric, material, and loading descriptions of the

problem;

(2) choice of element type; and

(3) finite element mesh of the finite element model of structure.

Other than the mesh, preparing input data for finite element
analysis does not require much knowledge about the finite ele-
ment method and this has in many cases resulted in improper
use and sometimes lead to the misconception that the method
maybe used without the basic knowledge about the finite ele-
ment method. An inappropriate mesh may render inaccurate
and unreliable results. Thus a robust mesh is essential for a
good finite element analysis; because of many possibilities of
error, fine mesh everywhere is not a general solution. Gener-
ation of a good mesh requires basic understanding of the finite
element method, theoretical and empirical experience in the
field of application, and the comprehension of the limitations
of the finite element code used. Generally an adaptive mesh
generating scheme described in the next section alleviates this
problem. Introduction of this to students has many benefits.
Students learn the fundamentals of the finite element formu-
lations and the basic concepts about error estimations. Error
estimation methods generally deal in some form with energy
in structural models and understanding of this is also a basic
part of structural engineering education.

3.2 Adaptive mesh generation based on representative
strain values

There are following types of adaptive mesh generation
schemes:

(1) R type;

(2) H type;

(3) P type; and

(4) combinations of these.

The R type optimizes the positions of the nodes, the H type
subdivides the original elements where the original boundaries
of elements are kept, and the P type changes order of the degree
of polynomial in the shape functions used in the element for-
mulation. Practically, combinations of R and H type are effi-
cient in optimizing meshes and programming for this is rather
simple. This paper only considers the H type adaptive scheme
for simplicity and for clarity in visualization; in addition, H
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type alone can essentially show the characteristics of error esti-
mation and mesh refinement. The problem class considered is
a plane stress problem, and the element type used is a four
node bilinear isoparametric element with displacement based
formulation (de Las Casas, 1988; Heesom and Mahdjoubi,
2001; Zienkiewcz and Zhu, 1987; Zhu et al., 1991).

A general adaptive scheme starts with an initial mesh, eval-
uates error using finite element analysis results, refines mesh
with some strategy using error estimates, and iterates with con-
vergence criteria. The initial mesh may be from an expert sys-
tem or may be generated roughly with some common domain
knowledge. Note that in H type, the boundaries of the initial
mesh remain till the end. The types of error in finite element
analysis results include the following: round off error from
limited number of significant digits in numerical computations,
truncation error from the exclusion of higher order terms in
the derivation of governing differential equations for computer
coding, modeling error related to the validity of assumptions in
the models, inherited error from the previous computations in an
algorithm, data error in the input, and discretization error from
finite element models. Many of these errors are unavoidable
in a finite element analysis, thus at best. finite element analy-
sis results are approximations. Accurate error estimation is inher-
ently a difficult problem but in an adaptive scheme, accurate
error evaluation is actually not needed; only good criterion for
mesh refinement is required. For this, simple representative
strains in elements often sufficiently serve this purpose (Choi
and Yu. 1998; Ladeveze and Oden, 1998; McFee and Gian-
nacopoulos, 2001; Ohnimus et al., 2001).

The adaptive mesh generation described uses representative
strain values in each element as a basis for mesh refinement
in the iterative process. These values are not even intended to
evaluate error in the elements. In some elements, it indicates
error, in others, it has nothing to do with error. In all cases, it
is intended to provide a relative criterion for mesh refinement.
The representative values are simple manipulations of strain
values at the Gauss points in each element. These values are
always computed in a displacement based finite element anal-
ysis (Jeong and Yoon, 2003; Jeong et al., 2003; Yoon and
Jeong, 2005).

To compare the errors in various elements, norms of vector
quantities are often used. The following shows a general energy
norm of error in a finite element:

181=[ _(e-#"De-2a2] (M)

where, ¢ is the exact strain vector, and ¢ is the computed
strain vector. The Q represents the domain and D is the stiff-
ness matrix. For a typical problem, ¢ is not known, and if it
is known, there is no need for finite element analysis. Thus &
can not be used in the expression to evaluate error.

If the representative strain value is used in place of , Eq. (1)
yields

Il =[ [ o*-2'De-aa0]” )

Since the entire domain is the sum of all the subdomains of
the finite elements, the error for the entire domain may be
expressed as follows:

I = 3 Ll 3)
i=1

where, m is the number of elements and i is the element
number.

The expression in Eq. (3) may be used as the representative
value for each element and this is used as the basis for mesh
refinement. The advantage of using this expression is that
practically no additional computation is necessary and manip-
ulation of this expression can include many of the criteria for
refinement such as strain gradient in each element.

For each element, the representative strain values are com-
puted using the following equations.
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where, |e],. represent axial strain in the x direction, ng, is
number of Gauss points in local x direction, &, is the x direc-
tional strain at j'th Gauss point, ¢, is the average x directional
axial strain, and 4; is the area of the i'th element.

The symbols ||e||iy, g, &y and gy* in Eq. (5) represent the
similarly defined values in the y direction. The symbols ||e||ixy s
Ngas & and yo in Eq. (6) represent the similarly defined
shear strain values.

4. Case studies

Two classic and basic educational mechanics problems are
described: a cantilever beam with a concentrated load and a
uniform stretching of a plate with a hole problem. The two
cases are analyzed using the educational outline of finite ele-
ment analysis with representative strain based adaptive schemes
described in the previous sections. The element is displace-
ment based four node plane stress isoparametric element. In
the evaluation of the element stiffness, four interior Gauss
points are used. The strain values computed at these Gauss
points are used to compute the representative strain values in
the adaptive schemes for mesh refinement.
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4.1 Cantilever beam case

Fig. 1 shows the cantilever beam case with a concentrated
load at the free end. The modulus of elasticity is 2.1 x 10° kgf/
cm?, the Poisson's ratio is 0.3 and the thickness of the beam
is 1 mm. The value of the concentrated load is 1 kgf. The ini-
tial mesh is shown in Fig. 2(a) and the representative strain
values from finite element analysis results using the initial
mesh are shown in Fig. 2(b). As shown, elements 1 and 2 have
large representative strain values and these are further divided.
Based on this, Fig. 3 shows the first and second progressively
adaptive refined meshes. The successive adaptive meshes will
show that the refined meshes converge to an optimal and desired
mesh where more elements are concentrated at the fixed end
where moment variance is high. In addition, analysis results
including displacements, strains and stresses converge to ana-
lytical results commonly given in elasticity texts (Timoshenko
and Goodier, 1970; Gere, 2001).

4.2 Plate with a circular hole case

Fig. 4 shows the plate with a circular hole case with a uni-
formly distributed load on each side. The modulus of elastic-
ity is 2.1 x 10°kgf/cm?, the Poisson's ratio is 0.3, and the
thickness of the plate is 1 mm. The value of the uniformly dis-
tributed load is 1 kgf/cm. The initial mesh is shown in Fig. 5(a)
where only the upper right quarter is modeled. The represen-
tative strain values from finite element analysis results using
the initial mesh are shown in Fig. 5(b). As shown, elements 1
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Fig 1. Cantilever beam case
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Fig 2. Initial mesh and representative strains for cantilever

beam case
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(a) First adaptive mesh

(a) Second adaptive mesh

Fig 3. Progress of adaptive meshes for cantilever beam case
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Fig 4. Plate with a hole case

and 2 have large representative strain values and these are
more finely divided. Based on this, Fig. 6 shows the first and
second progressively adaptive refined meshes. Further refine-

(a) Initial mesh
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Fig. 5 Initial mesh and representative strains for plate with a
hole case
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(a) First adaptive mesh

(b) Second adaptive mesh

Fig. 6 Progress of adaptive meshes for plate with a hole case

ment will show convergence to an optimal and desired final
mesh where analysis results including displacements, strains
and stresses converges to analytical results commonly given in
elasticity texts (Timoshenko and Goodier, 1970; Gere, 2001).

5. Conclusions

Structural engineering practice expects undergraduate civil
engineering graduates to have basics in computer aided anal-
ysis of structures. In the core of computer aided analysis of
structures is the finite element analysis. Generally industry does
not have formal training program for this and the universities
have been negligent in properly introducing to the students
the basics of finite element analysis. The outlined guide and the
two cases on the displacement based finite element analysis of
planar problems with adaptive mesh generation schemes
show how a condensed program of study can be formulated
into a civil engineering curriculum. The outline covers the basic
background knowledge for finite element analyses of struc-
tures. Students learn the basic finite element analysis proce-
dure, behavior of analysis results, and how the results can change
due to different meshes for the same problem. In addition,
students learn fundamental applications of energy concepts
and estimations of error, two concepts generally considered
essential but difficult for novice structural engineers.

Acknowledgements

This work was supported by 2006 Hongik University
Research Fund.

References

Belytschko, T., Hughes, J.R. and Bathe, K.J. (1996) Finite Element
Procedures. Prentice-Hall, Englewood Cliffs.

Biggs, J.B. (1999) Teaching for Quality Learning at University.
Open University Press, Buckingham, U.K.

Choi, C.K., and Yu, W.J. (1998) Adaptive finite element wind anal-
ysis with mesh refinement and recovery (in Korean). Wind and
Structures, Vol. 1, pp. 111-125.

de Las Casas, E.B. (1988) R-H Mesh Improvement Algorithms for
the Finite Element Method, Ph.D. Dissertation, Department of
Civil Eng., Purdue University, West Lafayette.

Gere, J.M. (2001) Mechanics of Materials. Brooks/Cole, Pacific
Grove, 2nd Ed.

Heesom, D., Mahdjoubi, L. (2001) Effect of grid resolution and ter-
rain characteristics on data from DTM. J. Computing in Civil
Eng., ASCE, Vol. 15, No. 2, pp. 137-143.

Jeong, Y.C., and Yoon, C. (2003) Representative strain value based
adaptive mesh generation for plane stress. Hongik Journal of
Science and Technology, Vol. 7, pp. 71-86.

Jeong, Y.C., Yoon, C., and Hong, S. (2003) Adaptive mesh genera-
tion scheme for planar problems using representative strain val-
ues for error (in Korean). Proc., Korean Society of Computational
Structural Eng., Vol. 16, No. 2-31, pp. 403-409, Fall.

Ladeveze, P., and Oden, J.T., editors. (1998) Advances in Adaptive
Computational Methods in mechanics Studies in Applied Mechan-
ics 47, Elsevier, Oxford.

Logan, D. (1992) A First Course in the Finite Element Method. PWS
Publishing Company, Boston, 2nd Ed.

MacLeod, 1.A. (2002) The education of structural analyst. Proc.,
Asranet Symp., Asranet, Dept. of Naval Architecture and Marine
Eng., Univ. of Glasgow and Strathclyde, London.

McFee, S., and Giannacopoulos, D. (2001) Optimal discretizations
in adaptive finite element electromagnetics. /nt. J. Numer. Meth.
Eng., Vol. 52, No. 9, pp. 939-978.

Norris, C.H., Wilber, J.B., and Utku, S. (1991) Elementary Struc-
tural Analysis. McGraw-Hill, New York, 4th Ed.

Ohnimus, S., Stein, E., and Walhorn, E. (2001) Local error esti-
mates of FEM for displacements and stresses in linear elasticity
by solving local Neumann problems. /nt. J. Numer. Meth. Eng.,
Vol. 52, No. 7, pp. 727-746.

Rafiq, M.Y., and Easterbrook, D.J. (2005) Using the computer to
develop a better understanding in teaching structural engineer-
ing behavior to undergraduates. J. Computing in Civil Eng., Vol.
19, No. 1 pp. 34-44.

Timoshenko, S.P., and Goodier, J.N. (1970) Theory of Elasticity.
McGraw-Hill, New York, 3rd Ed.

Yoon, C., and Jeong, Y.C. (2005) Adaptive mesh generation for dynamic
finite element analysis (in Korean). J. of the Korean Society of
Civil Eng., Vol. 25, No. 6A, pp. 989-998.

Zhu, J.Z., Zienkiewicz, O.C., Hinton, E., and Wu, J. (1991) A new
approach to the development of automatic quadrilateral mesh
generation. Int. J. Numer. Meth. Eng., Vol. 32, pp. 849-866.

Zienkiewicz, O.C., Taylor, R.L, and Zhu, J.Z. (2005) The Finite Ele-
ment Method: Its Basis and Fundamentals. Elsevier Butter-
worth-Heinemann, Oxford, 6th Ed.

Zienkiewcz, O.C., and Zhu, J.Z. (1987) A simple error estimator and
adaptive procedure for practical engineering analysis. /nt. J.
Numer. Meth. Eng., Vol. 24, pp. 337-357

O =FH,Y - 099 1€ 21¥

O AAFY :o9d 19 229
O AXIEY 09d 29 2

Computer Aided Teaching of Structural Engineering Using Adaptive Schemes in the Finite Element Method 13




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


