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Abstract

Six smooth flat tensile specimens and eighteen punch specimens with three different
thicknesses were machined from steel of JIS G3131 SPHC. In addition to punch tests,
incremental tensile tests were conducted to obtain average true flow stress — logarithmic
true strain curves. Through parametric FE simulations for the tensile specimens, material
parameters related to GTN model were identified. Using indenters with three kinds of radius,
punch tests were carried out to obtain fracture characteristics of punch specimens.
Numerical analyses using both fracture models, GTN and J, plasticity model, gave that
the former estimated well the fracture of punch specimen but the latter did not. A new
concept for critical size of plate elements was introduced based on minimum relative
sharpness between contact structures. Consequently, a new criterion for critical element
size was proposed to be less than 20% of minimum relative radius of interacting structures.
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2. HIAE

2.1 NE=E

M= JIS 7= G3131 SPHC 0l 2mm,
3mm, 4mm 2 MOl SHIt EBIZIRAUCE Table
1 % Table 2 = 22 LAIEZRH 2 =2

=
ststdEl 42042 JIAHE 2= S4 tE!

mo
C

i

2.2 UEANEAIH

QIFAES X 24E LR 2O
UCH 2 AR M= ASTM(2004)2 JIE2Z Al
o XN+=E Z3&o IS(1998) ¥

J
=0t ot AlE

Table 1 Chemical compositions of JIS G3131
SPHC [%)]

Steel C Si Mn P S

2mm | 0.037 - 0.23 | 0.012 | 0.012
3mm | 0.043 | 0.005 | 0.22 | 0.012 | 0.009
4mm | 0.036 - 0.24 | 0.013 | 0.010

Table 2 Typical mechanical properties of
JIS G3131 SPHC

Steel | Min. yield | Min. tensile Min. elong.
2mm | 218 MPa 351 MPa 45 %
3mm | 275 MPa 366 MPa 38 %
4mm | 223 MPa 349 MPa 47 %
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Table 3 Measured mechanical properties

oo [MPal | o, [MPa] b
2T-S1 265.349 471.414 1.379
2T-S2 274.023 475.636 1.407
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3T-S2 285.659 543.631 1.141
47-S1 338.467 532.333 1.080
4T-S2 329.168 516.931 1.448
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. a3 2 A0l CHYBH0! AI(3)D 20l +FE
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Tvergaard and Needleman(1984)2 4!(3)0il DI
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z=ct 8l

2
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oy 2 Oy

Al(4)e] E2 M2 WRo =Mots J1=39
2 Jlsg = AN, M22 J139 44 &
Jlsztel gHeEg HEotkl =8ttt Sol JIs9
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£E Dol EHACH WM = LAHIISE
(Critical void volume fraction)2A JISE0| X
JIBEN L6t J1301 A2 "Edot=s ez
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volume fraction at failure) fp Ol SEGHH IHEHGEH
= Aoz 2+FEH

* f for f <f

£(f) = ort=le (5)

f,+K'(f—f,) for f>f,

K'e f, —f, 6)
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oz a6t M2 =0l O0IXle &8s =
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S0 d=EE 29 d2 58469 4¥B8 Te=
A8 d3(Fore castle deck)2l ZAZREBHXS
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Table 5 Table for mesh sensitivity analyses
R=7.5 R=15.0 R=30.0

L, ul L, ul L. n
0.374 | 0.050 | 0.750 | 0.050 | 1.500 | 0.050
0.750 | 0.100 | 1.500 | 0.100 | 3.000 | 0.100
1.500 | 0.200 | 3.000 | 0.200 | 6.000 | 0.200
2.222 | 0.296 | 4.615 | 0.308 | 8.571 0.286
3.000 | 0.400 | 6.000 | 0.400 | 12.000 | 0.400
3.750 | 0.500 | 7.500 | 0.500 | 15.000 | 0.500
4615 | 0.615 | 8.571 0.571 | 20.000 | 0.667
5.455 | 0.727 | 10.000 | 0.667 | 30.000 | 1.000
6.000 | 0.800 | 12.000 | 0.800 - -
6.667 | 0.889 | 15.000 | 1.000 - -
7.500 | 1.000 - - - -




164

B0
RO

Ju
-

Kio
ol O
Bl 33

O =20l BRI ZAL

0l

|,

0J

il

oJ

2 20lXg

0l

JUJ
H
iofl
il d

Il
ol
60

Square for fine mesh

FALE

[e]
s

2L
UL

SH|

ol X
=2o

ol @42 AJI0t

=
—/ T
b

=
A
o

Of

Uiy

HE

2a4JF BiXlE = S@E0

=
(=3
HEH st &

2+
=

KIr
g

<0
o

SH0 A A

Ll
0

K

o
0

ol
i)l
bl

o
Bl

-

o0
K0

J

80

q

X~y
oo

XL &0 20l AR E0=

s}

o
3+
B

7 FE model for punch simulations

Fig.

yJ

S0l M

ol 243219

=~ ol o
~ R al
Ty
or H =
< :u fal
o &y
B s
oF 3 il
R0 < DF
ol R
o m &=
Rl M+ D
o o oF
oloMr =
o &b Al
Noldwm_u
ca <

o 8l
BT )
= ol N

R0

ot

E I A2 QAE AME

Fig. 9

Cth.
S OiHl, 242 3JI0

53

3+

oz el b

ZI0l0fl Chet LIEFHD

=X

=
e

2

_OLJ

o3
<

il

o

HEs

O 20%E T2

A0

2.5x10*

° °
% <
S &
N <

[N] 80104

1.0x10°

5.0x10°

+

0.0x10°

30 40 50
Indentation [mm]

20

10

o HF

<
Q0

I

43 M&E

Fig. 8 Comparison of punch force histories for

2T-R075

3+
RO

OF

R0

a1
0

iaJ

Ju
o3

%

AZ

=X
=T

f= XNAADIL

29 wg

ol

BB S<R T 8w
) .:_._wlau._w.nmc._nm
. L N
o) M.rOrOmur._:;
ﬂmo_aﬂjebﬂw._.__ﬂ_
Hgd W
op W ¥ 5 ok o B
wW - o) Lo - =
aySmEwzsnw
s s m M S =
Rt mds o
ou_o__seMom.dlu__h_Mmﬂm_an
a1 o< o ! —
S I
o Ko o) -
IR AL T R =g .
o R ool om0y g3 o]
D5 s = = o
5 o <o Nmﬁwxa
o.__:ﬁﬁ_ﬂum.._f%_m___
R ¥ WX g W
gr <0 B .Y W ic
WX K O < 3 5 R
AEmoA43s o<
¥
7 I
SRR
Bodoodf
BGA&&F
R

14

1.2

90104 aJnjoelS JO oljley

04

08

06

04

It

Jto

=
=)

Fig. 9 Results for element size sensitivity

analyses

A0

=1U

FIHSl SHILE QIEE o] BEX]

I
[

UL

S 20084 43

K453 M2



t
Ne—oo— (13)
|Rstrike _Rstmck |
Ol 210l Ele a2 IJIE 2 d72==0
A HOHE X420 n=02 2 =1, 23X
2SH Hatol E fy 2 HESS ZAIGHH Fig
1130t 220 Al(14)2F 201 2H0IAZ2 HICHSHRILCH.
fy =—0.007LN(A") + 0.004 (14)
08
£ 04
g 3 : é
& 1 4
S w0 E 8 O O O2T-Ro75
§ : H E N2T-R150
& 0 0 O2T-R300
5 ® ® @3TR075
£ A A A3TRI50
© -04 A A A3T-R300
X X X 4T-R075
* % % 4T-R150
* % % 4T-R300
08 \ \ \ ‘
0.1 0.2 0.3 0.4 0.5

fn
Fig. 10 Relations between ratio of fracture force
and fy

0.05
f = -0.007LN(\') [+ 0.004
0.04
0.03
Z B L)
0.02 N
[N
»
0.01 e
0
0 0.2 0.4 0.6

Nondimensional Plate Thickness, '

Fig. 11 Relations between fy and A\’

Journal of SNAK, Vol. 45, No. 2, April 2008

165

8.0x10°
3F—H—H£1 2T-S1-R075, Test

/ H——N 2T-S2-R075, Test
1 | O—6—0O 2T-81-R150, Test
©®—@—@ 27-52-R150, Test
| A—A—A 2T-S1-R300, Test

6.0x10°
{“ K A—A—A 2T-S2-R300, Test

s

2T-R075, GTN
2T-R150, GTN
2T-R300, GTN
2T-R075, J2
2T-R150, J2
2T-R300, J2

4.0x10*

Force [N]

2.0x10*

0.0x10°

0.0 40.0 80.0 120.0
Indentation [mm]

(a) 2mm thickness

1.6x10°
[3—H—+F1 3T-S1-R075, Test

BB 3T-52R075, Test
G—6—0 3T-51-R150, Test
| |@—8—@ 3T.52.R150, Test
[1 | A—a—a 3T-51-R300, Test
K A—A—A 3T-52-R300, Test

1.2x10°

3T-R075, GTN
3T-R150, GTN
3T-R300, GTN
————— 3T-R075, J2
————— 3T-R150, J2
3T-R300, J2

15:*

8.0x10*

Force [N]
i

4.0x10* — ; E

» \
0.0x10° it

0.0 40.0 80.0 120.0
Indentation [mm]

(b) 3mm thickness

2.0x10°
[—H&—F] 4T-S1-R075, Test
4 ——W 4T-S2-R075, Test
/ﬂ G—6—0 4T-S1-R150, Test
1 .6)(105 ®—8—® 4T-S2-R150, Test
f IAN—A—A 4T-81-R300, Test

| A—A—a 4T-52-R300, Test

L 4T-R075, GTN

4T-R150, GTN

1.2x10° )
iy 4T-R300, GTN
|| --=-- 4T-RO75, J2
Aﬂ \ ————— 4T-R150, J2
8.0x10° 4T-R300, J2

AN

0.0x10° ¢ R

0.0 40.0 80.0 120.0
Indentation [mm]

(c) 4mm thickness
Fig. 12 Comparison of punch force-indentation
curves

Force [N]
L

4.0x10*




166

eHoF AL

|

HAIAJE

Ql
=]

<

o
ol

un

fal
JJ

]

EX

ot AAHRAIINE HESHN

Btet 20l

Oletet

12 Ol SAIO LIEHHRACH

Fig.

b
I
~

o3
<+
ol
o
ol
o3
B

10

=Otat

XA

e ASTM E8, 2004, Standard Test Methods from

[
fall

Tension Testing of Metallic Materials.

"Void

1980,
Biaxially — Stretched

e Chou, C. and Needleman, A.,

in

Effects

Sheets," Vol. 102, pp. 249-256.
e Choung, J.M. and Cho, S.R., 2006, "Study on

Nucleation

A4 =0l 0lHA

DN

A4 HE ZZ2AMAE=E 0IAE 2F0A 0

True Stress Correction from Tensile Tests",

Proc. SNAK Spring Meeting, pp. 755-770.
e Choung, J.M., Cho, S.R. and Yoon, K.Y., 2007,

g2l 3 HH=Z 0I1F0 X

10

0

HeE H

0

JIZE0 AS

"On Comparative Studies of Fracture Models

Shipbuilding and Offshore Structural

for

on
177-

Conference

International

4th
Collision and Grounding of Ships, pp.

175.
e Gurson,

Steels,"

ok
ol
xJ
ol
!

0

U
o3
<+
ol
or

T

RO
o

=
i

"Continuum Theory of

Ductile Rupture by Void Nucleation and
Growth:Part 1 —Yield Criteria and Flow Rules
for Porous Ductile Media," ASME J. Eng. Mat.

and Tech., Vol. 99, pp. 2-15.

e JIS Z 2201,

1977,

A.,

o

tOd & JIS G3131 SPHC ZM

s
Z2H MAE 3 LA SHol o

ZANELZRH M=o

o
2

0l
ol

o
X0
ur
n

Al

1998, Test Pieces for Tensile Test

Ttetol

AE S

FAIE

for Metallic Materials.
e Kitamura, O., 2001,

"FEM Approach to the

Collision
International

St BEXIAIS AlE

IR FHel Seet 2o CH

Grounding
Conference on

and

of

2nd
Collision and Grounding of Ships, pp.

136.
* KS B 0801,

Simulation

Damage,"

XAIE =Xl JA0M a2 AJ0 O

=]

125-

=2 M LIEILE

L

S
=]

110

1o
o
I
B
0
il

=
=

—_

=
0

i5)
ol

1981, Test Pieces for Tensile Test

for Metallic Materials.

2004,

M. and Abendroth, M.,

Kuna,

i

0l 42 3AJ|

=
=

M453 M25 2008 42

pN|
=



P
=)

F2, Z&H

"Identification and Validation of Ductile
Damage Parameters by the Small Punch Test,"
15" European Conference of Fracture.
Lehmann, E. and Yu, X., 1998, "On Ductile
Rupture Criteria for Structural Tear in the Case
of Ship Collision and Grounding," 7"
International Symposium on Practical Design
of Ships and Mobile Units, pp. 149-156.
Lehmann, 2001,
"Energy Absorption by the Steel Structure of
Ships in the Event of Collisions, 2™
International Conference on Collision and

Grounding of Ships," pp. 189-194.

E. and Peschmann, J.,

e McClintock, F. A., 1968, "A Criterion for Ductile

Fracture by Growth of Holes," Trans. ASME, J.
Appl. Mech., Vol. 35, pp. 363-371.

Narr, H., Kujala, P., Simonsen, B.C. and
Ludolphy, H., 2001, "Comparison of the
Crashworthiness of Various Bottom and Side
Structures," 2™ International Conference on
Collision and Grounding of Ships, pp. 179-
188.

Needleman, A. and Tvergaard, V., 1984, "An

Analysis of Ductile Rupture in Notched Bars," J.

of Mech. and Phys. of Solids, Vol. 32, pp.
461-490.

e Norsok Standard N—-004, 2004, Design of Steel

Structures.

e Paik, J.K., Chung, J.Y. Choe, I.H., Thayamballi,

A.K. and Pedersen, P.T., 2000, "On the
Design of Double Hull
Structures Against Collision," SNAME Annual
Meeting.

Rice, J.R. and Tracey, D.M., 1969, "On the
Ductile Enlargement of Voids in Triaxial Stress
Fields," J. Mech. Phys. Solids., Vol. 17, pp.
201-217.

Rational Tanker

Journal of SNAK, Vol. 45, No. 2, April 2008

167

Servis, D., Samuelides, M., Louka, T. and
Voudouris, G., 2002, ‘"Implementation of
Finite—element Codes for the Simulation of
Ship—ship Collisions", J. Ship Research, Vol.
46, No. 4, pp. 239-247.

Tvergaard, V., 1981, "Influence of Voids on
Shear Band Instabilities under Plane Strain
Condition," Int. J. Fract. Mech., Vol. 17, pp.
389-407.

Tvergaard, V. and Needleman, A., 1984, "An
Analysis of Ductile Rupture in Notched Bars,"
Journal of the Mechanics and Physics of
Solids, 32, pp. 157-1609.

Torngvist, R., 2003, Design of Crashworthy
Ship  Structures, Ph.D Thesis,
University of Denmark.

Urban, J., 2003, Crushing and Fracture of
Lightweight Structures, Ph.D Thesis, Technical
University of Denmark.

Technical

e Zhu, L. and Atkins, A. G., 1998, "Failure Criteria

for Ship Collision and Grounding," 7"
International Symposium on Practical Design
of Ships and Mobile Units, pp. 141-147.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




