
Guidance Note
 

 
Sub-surface inspection of welds  No. 6.03

 

 

SCI P185 Guidance notes on best practice in steel bridge construction 6.03/1 
GN603R2.doc  Revision 2 

Scope 
This Guidance Note applies to all welds in 
structural steelwork for bridges. It covers the 
sub-surface inspection of welds using ultra-
sonic inspection testing and radiographic 
inspection. Visual inspection and surface 
inspection are covered in GN 6.06 and 6.02 
respectively. 

Ultrasonic testing 
Ultrasonic testing (frequently abbreviated to 
UT) uses ultrasound to detect sub-surface 
imperfections (also termed embedded disconti-
nuities) in the weld and the parent metal. A 
soundwave transmitted through the steel by a 
surface mounted probe is reflected back by 
any boundary or intervening imperfection. A 
signal on the screen of the flaw detector 
shows the time the sound wave takes to travel 
from the far boundary; where an imperfection 
is present it shows the shorter time for the 
signal to travel back from the imperfection. 

The amplitude of a reflected signal from a 
imperfection depends on the form of the imper-
fection, whether it is rounded or planar. An 
imperfection near to the probe will give a 
greater response than a imperfection of the 
same size further away. With planar imperfec-
tions such as cracks, lack of penetration and 
lack of sidewall fusion, the amplitude of the 
signal is related not only to the shape but also 
to its orientation and the nature of the reflect-
ing surface. The angle of the probe to the 
imperfection has to be selected to obtain 
maximum response. Imperfections are meas-
ured and assessed against the limiting values 
and unacceptable imperfections are declared 
defects. 

Ultrasonic testing is a portable and easily 
applied process, unlike radiography which is 
now little used in the industry due to health 
and safety concerns relating to radiation. The 
method has a sensitivity adequate for the 
normal range of thicknesses used in structural 
steelwork. It should not normally be used for 
plate thicknesses less than 8 mm. UT can 
detect the most common imperfections found 
in welding and can be sensitive to those that 
are too small to be detrimental to the sound-
ness of the weld, whereas radiography may 
not detect certain types of imperfection or be 
capable of accurate sizing. 

Ultrasonic testing may also be used on areas of 
plates where the designer has specified limits 
on laminar defects (see GN 3.02). 

Radiographic inspection 
Radiographic inspection, (also called radiogra-
phy) uses a beam of penetrating ionizing 
radiation, usually from an X-ray or gamma-ray 
source, to detect sub-surface imperfections in 
the weld and the parent metal. In general, a 
gamma-ray technique will be less sensitive 
than an X-ray technique for penetrated thick-
nesses between 10 mm and 50 mm. A 
weldment in the path of a beam of penetrating 
ionizing radiation absorbs the radiation as it 
passes through the material. Any imperfection 
present will cause a difference in density of the 
material and thus the absorption in the imper-
fection area will differ from that in the 
surrounding area. This change in absorption is 
detected by placing a photographic film on the 
far side of the weldment from the radiation 
source. The photographic image produced by 
the beam of penetrating ionizing radiation is 
called a radiograph. The flaw detection capabil-
ity of a radiographic technique increases as the 
graininess of the film is reduced and is also 
dependent on the film-screen combination. 

Radiography has been used in cases of dispute 
to clarify the nature, sizes or extent of flaws 
detected ultrasonically. This may be required 
where UT gives indications of sub-surface 
imperfections. However, unless planar flaws 
are favourably oriented to the beam, the result 
may not necessarily be conclusive. Unlike the 
UK, in the USA and many other countries 
outside Europe, radiography is the preferred 
method for the detection of sub-surface flaws, 
primarily because the radiograph is seen as 
providing a permanent record of the evidence 
of the flaw which is readily understood even 
though interpretation is subjective. 

Scope of inspection 
The standard applicable to the execution of 
steel structures, including bridges, is 
EN 1090-2 (Ref 1). Workmanship, inspection 
and testing requirements are defined according 
to the ‘execution class’. Designers and specifi-
ers will normally adopt requirements from the 
Model Project Specification (MPS, Ref 2) as 
part of the execution specification; the MPS 
says that class EXC3 is appropriate for bridges. 
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The inspection and testing regime for this 
execution class is defined in EN 1090-2. 

For new welding procedure specifications, a 
more stringent testing regime is applied to the 
first 5 joints tested to establish that the WPS 
produces conforming quality welds when 
implemented in production. 

Visual examination is always required, followed 
by an amount of supplementary non-
destructive testing described in EN 1090-2 
Table 24. Table 23 in the Standard defines 
minimum hold times after welding before 
supplementary NDT takes place. The extent of 
testing for internal imperfections is given for 
various joint types and execution class.  

EN 1090-2 also provides for the execution 
specification to identify specific joints for 
inspection together with the extent and 
method of testing. This is to accommodate 
more stringent examination when fatigue 
strength requirements are higher. 

Where partial or percentage examination is 
specified, guidance on selection of test lengths is 
given in EN 12062 (Ref 3) Annex C. EN 1090-2 
also states that sampling should cover as widely 
as possible, joint type, material grade, welding 
equipment and the work of the welders.  

EN 12062 Annex D provides guidance on 
additional examination procedures where non-
acceptable indications are revealed. 

Method of non-destructive testing 
EN 1090-2 states that the method of NDT 
shall be selected from those described in 
EN 12062 by personnel qualified to Level 3 as 
defined in EN 473 (Ref 4). It suggests that 
radiography or ultrasonic testing are suitable 
methods for testing butt welds for internal 
imperfections. Knowledge of the weld prepara-
tion and size, and the most likely type of 
imperfection that the welding process may 
produce, is essential so that the correct exami-
nation methods are employed.  

For bridges in conventional structural steels, 
UT is the principal method in use by UK steel-
work contractors.  

EN 12062 states that ultrasonic testing shall 
be carried out in accordance with EN 1714 
(Ref 5). For the Quality Level applicable to 

EXC3 joints described below, the examination 
technique and level shall be at least B in accor-
dance with Annex A of EN 1714. 

Radiographic examination of welds should be 
carried out in accordance with one or more of 
the appropriate techniques given in EN 1435 
(Ref 6). The choice of radiographic technique 
shall be defined by the specification. 

Acceptance criteria 
EN 1090-2 requires that for EXC3 joints the 
acceptance criteria for weld imperfections is 
Quality Level B to EN 5817 (Ref 7). 

For joints where an enhanced level of quality is 
required to meet design fatigue strength re-
quirements, EN 1090-2 Table 17 gives 
additional requirements for class EXC4 as 
Quality Level B+. In addition the table also 
gives further supplementary requirements for 
bridge deck steelwork. These are more strin-
gent acceptance standards for several 
imperfection types over and above Quality 
Level B.  

Generally the requirements for Quality 
Level B+ are not practically achievable in 
routine production. Indeed, normal welding 
procedure and welder qualification tests are 
not assessed against acceptance criteria at this 
level. If a higher quality level is required, this 
should be specified for each relevant joint 
detail and the extent and method of testing 
can be selected to detect imperfections and to 
characterize them. The MPS provides a vehicle 
for specifying the extent of supplementary 
NDT and more stringent acceptance criteria. 

EN 1090-2 suggests that non-conforming welds 
be judged individually and evaluation should be 
based on the function of the component and the 
characteristics of the defect in terms of type, 
size and location in order to determine accept-
ability. Reference back to the design codes may 
be used to support the evaluation. 

The designer should be aware that internal 
imperfection types, such as sub-surface poros-
ity and solid inclusions in small fillet welds are 
not detectable using specified examination 
techniques such as ultrasonic testing as used 
in bridgework. Table 24 applies supplementary 
NDT to transverse fillet welds in tension or 
shear and the frequency of test is varied de-
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pending upon the throat thickness and thickest 
material being joined. Standards do not pre-
scribe a method for the examination of small 
fillet welds for sub-surface imperfections 
because the complexity and limitations of 
ultrasonic testing increase as the size of the 
fillet weld decreases. Most bridgework fillet 
welds are usually of less than 12 mm leg 
length, and are therefore too small to be tested 
using ultrasonic techniques. The advice of 
specialists should be sought if supplementary 
ultrasonic testing is required on fillet welds. 

Repair 
Where testing identifies defects, repair may 
become necessary. Sub-surface repairs should 
be reported through non-conformance and 
corrective action procedures. The repair is 
likely to involve gouging and welding and it is 
necessary to maintain control by implementing 
a repair procedure either of a generic nature or 
specifically developed to correct the problem. 
In either case, the completed repair area needs 
re-examination and reporting.  

Non-destructive testing personnel 
All inspection to ensure the quality of the 
completed welding should be carried out by 
appropriately qualified and experienced person-
nel as required by EN 3834-2 (Ref 8). Non-
destructive testing, such as UT should be 
performed by personnel qualified in accordance 
with EN 473. 

The successful application of manual ultrasonic 
testing depends on the knowledge and experi-
ence of the personnel responsible for producing 
the test procedures, and the competence and 
ability of the ultrasonic practitioner to carry out 
the procedural requirements and interpret the 
results. 

The operator must be skilled in calibrating the 
flaw detector, able to recognize the significant 
characteristics of the echo-dynamic patterns of 
different types of imperfection, and be able to 
report the results for each weld examined. 

Sub-surface defects 
The most common types of sub-surface de-
fects that can occur as a result of the welding 
process are: 

 Sub surface porosity. 

 Inclusions. 

 Lack of fusion. 

 Lamellar tears. 

 Sub surface cracks. 

Porosity (also termed gas cavities) is created 
when gas is entrapped in the solidifying weld 
metal, and is a sign that the welding process  
has not been properly controlled, or that the 
base metal is contaminated or of variable 
composition. The presence of porosity indi-
cates that there is the possibility of hydrogen 
in the weld and heat affected zone (HAZ) that 
may lead to cracking. Sub-surface porosity 
may be a number of gas pores either uniformly 
distributed throughout the weld metal or in a 
cluster, a large elongated cavity with its major 
dimension aligned with the axis of the weld, or 
a cluster of worm holes (also known as piping 
porosity). 

Inclusions are solid foreign substances en-
trapped in the weld metal. The foreign 
substance may be non-metallic slag, flux, 
metallic oxide, or copper. In general, slag 
inclusions result from faulty welding technique, 
failure to clean properly between welding 
passes, and conditions that lead to limited 
access for welding within the joint. Usually the 
molten slag will float to the top of the weld, 
but sharp notches in boundaries or between 
passes can cause slag to be entrapped under 
the molten weld metal. Metallic oxides result 
from welding over unclean steel or weld metal. 
If the electrode holder is dipped in the molten 
weld metal or if the current is set too high, 
droplets of copper may be transferred to the 
weld metal. Inclusions are detectable by UT 
and radiography. 

Lack of fusion between weld metal and parent 
metal, or between weld metal and weld metal, 
may result from improper welding techniques 
or preparation of the metal for welding. Defi-
ciencies causing lack of fusion (also termed 
incomplete fusion) include insufficient welding 
heat, improper electrode manipulation and lack 
of access to all boundaries that are to be fused 
during welding. Tightly adhering oxides may 
prevent complete fusion even when there is 
access and proper procedures are used. Lack 
of penetration (also termed incomplete penetra-
tion) is the lack of fusion between parent metal 
and parent metal due to failure of the weld 
metal to extend into the root of the joint. Lack 
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of fusion is detectable by UT and sometimes 
by radiography. 

Lamellar tears are planar separations in the 
base metal adjacent to the HAZ caused by 
thermally induced shrinkage stresses in the 
through thickness direction resulting from 
welding. Tears are generally parallel to the 
surface of rolled products, and the fracture 
usually propagates from one plane to another 
on shear planes normal to the rolled surface. 
Specification of steel of proven through thick-
ness properties for cruciform, T and corner 
joints when the total weld throat on any one 
surface exceeds 35 mm for a T-joint or 25 mm 
for a corner joint should be considered to avoid 
this problem (see GN 3.02). Lamellar tears are 
detectable by UT but not by radiography. 

Cracks occur in the weld and/or base metal 
when localized stresses exceed the ultimate 
strength of the material. Generally high residual 
stresses are present and crack initiation and 
propagation is greatly influenced by the pres-
ence of imperfections that concentrate stress. 
Hydrogen embrittlement is often a contributor 
to crack formation - see GN 6.04 for further 
guidance. Welding related cracks are generally 
brittle in nature, exhibiting little plastic defor-
mation at the crack boundaries.   Cracks are 
not detectable by radiography, unless very 
large. 

Longitudinal cracks are parallel to the axis of 
the weld. They can be: 

 throat cracks (otherwise known as centre-
line or solidification cracks); these are 
generally found in the centre of the weld 
bead and are usually, but not always, hot 
cracks, formed on the solidification of the 
weld metal at temperatures near the melting 
point; 

 root cracks; these are generally hot cracks 
in the root of the weld; 

 toe cracks, propagating into the base metal 
from the toe of the weld where restraint 
stresses are highest; these are cold cracks 
forming hours or days after the completion 
of welding; 

 hydrogen-induced heat affected zone 
cracks; these are cold cracks, generally 
short, although they may join to form larger 
continuous cracks, which align themselves 

with weld boundaries that concentrate re-
sidual stress. 

In submerged arc welds made using the semi- 
or fully automatic welding process, longitudinal 
cracks are often associated with high welding 
speeds. In small welds between heavy sec-
tions, longitudinal cracks often result from fast 
cooling rates and high restraint. 

Transverse cracks are orthogonal to the axis of 
the weld. They occur in the weld metal, the 
base metal or both. Transverse cracks initiating 
in the weld metal are commonly the result of 
longitudinal shrinkage stresses acting on ex-
cessively hard weld metal. Transverse cracks 
initiating in the HAZ are generally hydrogen 
cracks.  

For further information on imperfections in 
metallic fusion welds, reference should be 
made to EN ISO 6520 (Ref 9). 

References 
1. EN 1090-2: 2008 Execution of steel struc-

tures and aluminium structures. Technical 
requirements for steel structures. 

2. Steel Bridge Group: Model Project Specifi-
cation for the execution of steelwork in 
bridges (P382), SCI, 2009. 

3. EN 12062: 1998 Non-destructive examina-
tion of welds. General rules for metallic 
materials. 

4. EN 473: 2008 Non-destructive testing – 
Qualification and certification of NDT per-
sonnel – General principles. 

5. EN 1714: 1998 Non-destructive testing of 
welds. Ultrasonic testing of welded joints. 

6. EN 1435: 1997 Non-destructive examina-
tion of welds. Radiographic examination of 
welded joints.  

7. EN ISO 5817: 2003 Welding. Fusion-
welded joints in steel, nickel, titanium and 
their alloys (beam welding excluded). Qual-
ity levels for imperfections. 

8. EN ISO 3834-2: 2005 Quality requirements 
for fusion welding of metallic materials. Part 
2: Comprehensive quality requirements.  

9. EN ISO 6520-1:1998 Welding and allied 
processes. Classification of geometric im-
perfections in metallic materials. Fusion 
welding. 



<<
  /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


