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The way to ECO-vessel: Reducing VOC from Hull Structural Aspects

G. J. Yoon <gj.yoon@samsung.com>
Hull Basic Design Team, Samsung Heavy Industries, Geoje-si, Korea

Abstract

Nowadays environment friendly product and operation is a big issue widespread in most of industrial
field including ship building and operation. Regarding environment friendly operation of vessel, VOC
reduction is very emerging. This paper introduces a case of the VOC reduction system and higher tank
pressure application for shuttle tankers from the structural point of view. This paper covers structural
arrangement, strength and fatigue assessment, relevant reinforcement, installation of the systems and tank
test to confirm the structural integrity.

1. Introduction

VOC stands for Volatile Organic Compounds and is a mixture of light end components of
hydrocarbons – methane, ethane, propane, butane, etc. NMVOC is the non-methane VOC consisting of
ethane, propane, butane etc. NMVOC and NOX combines to ground level ozone which causes the
detrimental effect on human health (eyes and lungs) and on vegetation.
In the ship operation, NMVOC occurs during cargo loading/unloading and voyage.

(a) Loading (b) Voyage
Fig. 1 VOC occurrence in ship operation

In order to control VOC emission, MARPOL requests crude oil tankers to have vapor emission control
system and implement a VOC management plan. (MARPOL Annex VI Chapter III Reg. 16) And
Norwegian authorities requests at least 78% of recovery efficiency of VOC in Norwegian territory. This is
the trend of world business of eco friendly product and operation.
VOC control technology can be categorized as follows;

Table 1. VOC Prevention: Reducing the generation of VOC
KVOC VOCON Increased Tank Pressure

Supplier Knutsen OAS Shipping SHI Yard
Operation Loading Voyage Voyage

Table 2. VOC Recovery: Re-collecting the occurred VOC
Re-liquefaction Re-absorbtion

Supplier Hamworthy APL GBAMarine Venturie
Operation Loading, Voyage Loading, Voyage Voyage Voyage

Samsung Heavy Industries developed a shuttle tanker of Aframax size with KVOC and higher tank
pressure application to reduce VOC emission. This paper covers the structural design for the integration
of KVOC and main hull structures and reinforcement of hull structures with higher tank pressure
application.
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2. Structural design for KVOC and hull integration

KVOC system itself was verified by its maker, Knutsen OAS Shipping and Shipyards carried out
fatigue assessment for the interfaces between KVOC system and main hull structure. KVOC was installed
on main deck of mid cargo hold area. Then critical points to be assessed are KVOC column penetration to
main deck and connections between KVOC and hull structure which are directly affected by major hull
girder loads.

(a) Upper deck plan (b) Iso-view
Fig. 2 Structural arrangement for KVOC

Following assessments were carried out by Shipyard;
1. Fatigue calculation for KVOC column penetration to main deck
2. Fatigue calculation for butt connection of KVOC insert and main deck

Fig. 3 Check points

Simplified fatigue assessment was performed through DNV CN30.7. Kg, stress concentration factors
due to gross geometry of the detail for the deck penetration and butt connection were calculated as shown
in Fig. 4 and 5. Dynamic stress range and cumulative damage ratio were calculated and relevant design
improvement was achieved to satisfy with target fatigue life of 35 years under North Atlantic environment.

KVOC

KVOC

Deck penetration

Deck butt connection

Trans. bulkhead

Longi. bulkhead

Inner bottom

KVOC

Upper deck level
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Fig. 4 SCF for deck penetration

Fig. 5 SCF for butt connection with misalignment

Through this procedure, following improvements were applied to satisfy design fatigue life;

Fig. 6 Design improvement

(b) Kg at hole with inserted tubular.
Stress in plate, normal to weld. (H/tr = 5)

(a) Kg at hole with inserted tubular.
Stress in plate, parallel with weld. (H/tr = 5)

Sleeve thickness increase, 2mm
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3. Structural design for higher tank pressure

Resultant valve pressure was requested to be increased up to 0.7 bar. For the strength review of cargo
tank boundary and its supporting structures, local scantlings for local and primary supporting members
and 3D cargo hold analysis were updated considering additional tank pressures. And low cycle fatigue
analysis was also updated according to DNV CN30.7 for the following locations;
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Fig. 7 Locations of low cycle fatigue analysis

Through these calculations, following improvement was added to conventional structural design.

Fig. 8 Reinforcement for longitudinal members

Deck longi. stiffeners:
Changed to T-bar with size increase

Inner longi. bhd.:
Plate: 1~1.5 mm
Longi. stiff.: AH32 AH36

Center longi. bhd.:
Plate: 1.5~2.0 mm
Longi. stiff.: Size increase and Mild AH32

Inner botom:
Plate: 0.5~1.0 mm
Longi. stiff.: AH32 AH36
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(a) Typical webs (b) Transverse bulkead (c) Stringers

Fig. 9 Reinforcement for transverse member

4. Installation and tank tests

KVOC installation sequence is as follows;

Manufacturing Moving Lifting and laying

Fixing Setting Handling

Fig. 10 Installation sequence of KVOC

Hydro static test was performed to check the structural integrity of the tank boundaries and their
supporting structural members with 0.7 bar hydro static pressure. A 7 m pipe was installed on main deck

Plate: 0.5~4.0 mm
Face area: +45%

Plate: 0.5~1.0 mm
V. stiff.: Mild AH32

Plate: 0.5~3.0 mm
Face area: +40%

V. stiff:
Mild AH32

Welding
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to make the water flood over the height of 7 m.

Fig. 11 Tank test plan

Fig. 12 Tank test

5. Conclusion

Samsung Heavy Industries developed a shuttle tanker of Aframax size with KVOC and higher tank
pressures to reduce VOC emission. In order to verify the structural adequacy of relevant structural
members, fatigue calculation was performed for KVOC and main hull integration. Local scantlings for
local and primary supporting members and 3D cargo hold analysis were updated considering additional
tank pressures. And low cycle fatigue analysis was updated. With appropriate reinforcement, scantlings
and specific details were fully satisfied with Class and Buyer’s requirement and their integrity was
confirmed by tank test.
Samsung Heavy Industries are expanding this successful experience to more crude oil tankers and it

would be a good example of eco-friendly vessel to comply with the needs of eco friendly operation
worldwide.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /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 /UseDeviceIndependentColor
  /DoThumbnails true
  /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 (Japan Magazine Advertisement Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


