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TERMINOL@Y & ABBREVIATIONS

In this report, the words “strap” and “doubler” are used
interchangeably to convey the concept of an additional plate of
given thickness and width attached to the deck, side shell, or
bottom plating of a ship’s hull.

The word “strapping” is used for the purpose of referring to
the overall hull strengthening and stiffening approach which may
consist of one or more doublers installed at various locations on
the hull.

“Split Strap” means two or more narrow doublers installed in
parallel, and sometimes joined together by welding, instead of a
single but wider doubler plate in order to avoid plug welding.

All other terms used in the report are defined and described
where they appear in the text.

The few abbreviations used are described below:

ABS: American Bureau of Shipping
ASTM : American Society for Testing Materials
BV : Bureau Veritas /
DnV: Det norske Veritas
GL : Germanischer Lloyd
IACS : International Association of Classification

Societies
LRS: Lloyd’s Register of Shipping
NK : Nippon Kaiji Kyokai

-vi-



1.0 INTRODUCTION

1.1 Background

During the service lifetime of a ship, it may be necessary to
increase the strength and stiffness of the hull girder structure
for a number of reasons. One of the most common methods of
accomplishing this purpose is ‘Istrapping.11 As the name implies,
strapping involves the attachment to the main hull plating of long
and continuous widths of plates that essentially ‘tstrap” the
existing plating and thereby provide additional material to
increase the hull girder section modules and, therefore, the
strength and stiffness of the hull.

The reasons for strapping may fall into one or more of the
following categories:

1. TO improve continuity of structure and to prevent
recurrence of persistent failures such as cracks, severe
buckling, extensive distortion of plates and stiffeners,
etc. ;

2. TO enable the ship to withstand more severe se~ice
requirements than that for which it was originally built~

3. To increase the cargo and/or passenger carrying capacity
of the ship by “jumboizingll,i.e. increasing the vessells
size by lengthening, deepening, widening, or by a
combination thereof.

Examples of hull strapping done specifically for Category 1
purposes are very rare in the present day shipbuilding and ship
repair activities. However, doublers have been installed on early
all-welded steel ships to prevent brittle fracture. Serious
fractures had occurred in hundreds of steel all-welded ships built
during and after World War II. Breaking in two of several T-2
tankers and Liberty ships was deemed to be due to occurrences of
brittle fracture. In efforts to remedy these failures, some design
changes were made including the addition of riveted crack arresters
(straps) at various locations.

Category 2 strappings have been accomplished with the purpose
of changing a vessel’s service from limited inland waterways or
lakes operation to full open ocean semice as well as for
converting, for example, a dry cargo or container carrying vessel
to an oil/bulk/ore or products carrier. Applications of this
category usually involved the installation of one or more hull
doublers of required length in order to increase the structural
strength of the hull girder to withstand the additional imposed
wave bending moments or cargo loads and to provide reinforcement
needed due to modifications to existing structure to accommodate
the new cargo.

1



The most common type of strapping is the one mentioned in
Category 3 which is employed in conjunction with jumboizing of a
vessel and insertion of a new midbody. The new midbody is usually
constructed to the original scantlings, inserted between the fore
and aft bodies of the existing ship, and the three parts joined
together and strapped by continuous doublers extending over both
the original and new sections along a specifically determined
fraction of the ship’s length.

It has been reported in the technical literature that among
the many conversions involving jumboizing of ships, some
applications had encountered problems with strappings. The
problems were related to the method of attachment, tapering of the
width and thickness, and the longitudinal extent of doublers. The
physical damages obsemed were usually in the form of cracks,
corrosion of the faying surfaces, and propagation of cracks due to
lack of shear transfer capability.

The objective of this Ship Structure Committee Project is to
survey past strapping designs and to develop a practical and cost
effective design approach for strapping of commercial ship hulls by
benefiting from the results of this survey.

1.2 Scope Of $tudv

The scope of work for this project was established by the Ship
Structure Committee as follows:

“Develop a rational method of strapping existing hulls and
midbodies to ensure adequate strength and stiffness through proper
location and attachment of added straps. The method developed
shall be applicable to all commercial ships.11

The requirements were further described to include the
following:

o “Suney of the past designs for both successful and
unsuccessful strapping of hulls including type of vessel,
service experience, and pertinent features. The scope of
this effort shall include all commercial and naval ships,
both foreign and domestic, which have been strapped.”

o “Development, through theoretical considerations, of a
practical and cost effective design approachto strapping
of ship hulls which, as a minimum, shall address:

location and extent of straps
size of straps
method of attachment, end taper, and
fayi.ngsurface tightness and treatment.

The design method developed shall be reported in a format that

2



can be directly converted into an ASTM practice or guidelines.”

This report presents the results of the investigation and
surveys of past strapping designs, analyses of the data obtained
from surveys, and the detailed strapping design methodology
developed on the basis of these findings.

It should be pointed out that the Project Technical Committee
for this study had recognized during the project kick-off meeting
the difficulty and very time consuming nature of compiling past
strapping design data for Itallcommercial and naval ships, both
foreign and domestic, which have been strapped.!! Consequently, as
instructed by the committee, surveys were limited to domestic and
foreign tankers, bulk carriers, Ro-Ro ships, and container and
combination carriers of approximately 5000 gross tons or larger.
Also included was the data provided by the U. S. Navy for one
vessel which was strapped.

3



2*O SURVEYS OF PAST STRAPPING DESIGNS

Extensive written and verbal communications were initiated by
MR&S in order to collect as much information as possible on past
strapping designs and service performance.

All probable sources of such information were contacted within
a period- of approximately six (6) months. Included were the
following

o

0

0

0

0

0

0

0

As a
strappings of ships, the six major classification socie~ies were
contacted and listings were requested of the names of ships which
were jumboized since 1960. It was found that a total of 1551 ships
had been jumboized under classification of these six societies.
However, whether any or all of these ships had been
strapped during jumboizing conversions could not be readily
determined without conducting an extensive search of the societies’
records for each ship. Furthermore, the class
societies required authorization from the owners of the ships in
question before such data could be released to the project
investigators.

types of organizations/institutions:

U.S. based shipowners/operators

Foreign shipowners/operators

U.S. shipyards

U. S. Coast Guard

Foreign classification societies

American Bureau of Shipping

Naval Sea Systems Command

Military Sealift Command

first step in the effort for collecting data on past hull

To reduce the amount of correspondence which would have been
necessary if the owners of all ships were to be contacted, the
lists of each classification society were subjected to a
preliminary screening to eliminate all but the following four types
of ships of 5,000 gross tons or larger capacity:

- Oil Tankers
- Bulk Carriers
- Roll-on/Roll-off Ships
- Container Ships



Table 1 lists, for each of the six major classification
societies, the total number of all ships jumboized (i.e.
lengthened, widened, deepened, or any combination of these) since
1960. In addition, Table 1 lists the number of ships remaining
after the initial screening which, as can be seen, reduced the
number to a total of 110 vessels.

Letters with attached questionnaires were then sent to the
owners of these 110 ships. A sample questionnaire is shown in
Table 2. The owners were requested to fill out one questionnaire
for each ship class that utilized hull strapping in the jumboizing
conversion and to make available to the project investigators
drawings of the strapping details. If this proved to be difficult
or impossible, the shipowners were requested to authorize the
cognizant classification society to release the pertinent strapping
data to the project investigators.

Table 3 shows the number of shipowners, U.S. based and
foreign, to whom questionnaires were sent or from whom data were
requested. The number of responses received are also shown;
however, not all of these responses contained sufficient
information for the purposes of this study.

As indicated in Table 3, a total of 87 shipowners were
contacted for data on the 110 ships. Responses were received from
only 28 of the addressees and only 11 of the responses contained
sufficiently detailed strapping data suitable for use in this
study .

A total of 11 shipyards in the United States which are known
to have used hull strapping in the past were also contacted and
data on these strapping requested. Seven shipyards responded;
five yards stated that they either had not used strapping or that
the data on past strapping were not available. Only two yards made
data available in the form of filled out questionnaires and
drawings or sketches of strapping details.

After all of the detailed strapping data obtained were
reviewed and sorted, it was found that a total of 14 different ship
classes could be included in the analysis of past strapping
designs. In most of these cases, several ships of the same class
had been strapped in accordance with the strapping designs shown
for that class. Table 4 lists the 14 ship classes by type, flag of
registry, classification society, year strapped, and the country
where strapping was done. The names of ships, shipowners, or
shipyards where strapping was accomplished have purposely not been
included in order to insure the anonymity promised in the request
for information.



SHIPS JUMBOIZEDBY CLASSIF1CATIONSOCIETIES

CLASSIFICATION TOTAL NUMSER OF NUMSER OF SHIPS
SOCIETY JUMBOIZED SHIPS AFTER INITIAL

SCREENING

AmericanBureauof 197 34
Shipping

BureauVeritas 573 27
(Bv)

Det norskeVeritas 397 6
(Dnv)

Germanischer 99 7
Lloyd (GL)

LLoydsRegisterof 171 16
Shipping(LR)

NipponKaiji 114 20
Kyokai (NK)

TOTAL 1551 110

6
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TABLE 2

QUESTIONNAIRE FOR HULL STRAPPING DATA

1. Responding Organization

Name:

Address:

Type of Business:

2. Particulars of Original Vessel

Name:

Flag:

Owner:

Type Semite:

Year Built:

Shipyard Built:

Classed By:

3. Principal Dimensions

Length
Length
Beam
Depth
Draft

OA
BP

Displacement
Block Coeff.

Before After
Strapping Strapping

7



TABLE 2

QuestionnS1.reFor Hull Strapping Data .....cont’d

4. Strapping Design Data

Reason(s) for Strapping

Strapping Design Prepared By:

Strapping Design Approved:

By Owner
By Classification Society

Section Modulus Before Strapping

Section Modulus After Strapping

Class Designation of Material
Used in Straps: (e.g. AH32,
Grade D, etc.)
Original Hull Material

5. Strapping Design Details

(Please provide detailed
drawing(s) or answer following
questions):

Size & Number of Straps:
Location of Straps on Hull
Longitudinal Extent
Method of Attachment to Hull
Details of Tapered Ends
Faying Surface Treatment

6. Strapping Installation

Date Conversion (or Strapping)
Accomplished

Work Accomplished at Shipyard:

Sumey and Classification By

.-

8



TABLE

Questionnaire For Hull Strapping Data

7. Performance Data

Was Design Successful?

Any Structural or Other
Noteworthy Problems Experience
in

If

Service

Yes, please describe:

8. comments

Please provide any thoughts
or comments with regard to
hull strapping design,
construction, and/or
inspection:

2

.....cont’d
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TABLE 3

RESPONSES FRON SHIPOWNERS

7

Number of
Base or Number of Number of Numkr of
country

Responses
Shipowners Ships Shipowners with Strapped
Contacted Jumboized Responding Ships

USA 37 46 21 7

JAPAN 13 16 0 0

SWEDEN 6 6 1 1

NORWAY 2 2 1 1

DENMARK 1 1 1 1

UNITED KINGDOM 5 9 1 1

MALAYSIA 3 3 0 0

HONG KONG 3 8 0 0

WEST GERMANY 2 2 ‘ 1 0

CANADA 2 2 0 0 ..

BRAZIL 2 2 0 0

S. KOREA 2 2 0 0

TAIwAN 2 3 1 0

ITALY 1 1 0 0

BELGIUM 1 1 0 0

SPAIN 1 1 0 0

AUSTRALIA 1 2 0 0

CHILE 1 1 0 0

ISRAEL 1 1 0 0

SINGAPORE 1 1 1 0

TOTAL 87 110 28 11



TABLE 4

CLASSESOF SHIPSFOR WHICH

STRAPPINGDETAILSWERE RECEI~

CLASSED FLAG OF YEAR
SHIP TYPE BY REGISTRY STRAPPED STRAPPED

A Bulk Carrier us 75 us

B Tanker ABs us 84 us

c Containership AM us 85 Japan

D Containership us 72 us

E Containership LR us 81 Japan

F Containership ABs us : 88 w ●Germany

G Ro/Ro ABs us 82 us
.-

H Bulk Carrier ABs us 73 us

J Containership ABs us 72 us

K Containership GL us 84 w.Gemany

L Navy Escort us 83 us

M Multi-purpose us 84 us

N Containership LR NOR 84 S.Korea

P Containership LR DAN 84 S.Korea

11



3.0 ANALYSIS OF DETAILED STRAPPING DATA OBTAINED FROM SURVEYS

3.1 Types of Data Received

For the 14 classes of ships shown in Table 4, data varying
in type and detail were received from either the shipowners, the
shipyards, or the classification societies. Table 5 lists the
types of information received for each class of ship. As
indicated, the data ranged from completely filled out
questionnaires with drawings providing sufficient details on
strapping to incompletely filled out questionnaires with a
drawing or sketch containing insufficient strapping details. For
the latter cases, more information was requested, verbally or
when necessary in writing, from owners or classification
societies, and sufficient data were thus received for inclusion
of these cases into the study.

For some ship classes, the owners themselves provided
detailed drawings and responses to the questionnaire. l?or some
other ships, the owneis stated it would be difficult for them to
complete the necessary data and they therefore authorized the
cognizant classification society to release strapping
information on their ships to the project investigators.

For a few of the ship classes shown in Tables 4 and 5, data
were received directly from the shipyards where the actual
strappings were accomplished.

Very few of the responders gave or were able to provide data
with regard to the actual in-service performance of the ships
with strappings in general or of the strappings themselves in
particular. Furthermore, the little information provided by some
shipowners was not relevant as far as structural integrity of the
plate straps were concerned but was related to corrosion
occurrence. This latter information was included in the analyses
for Table 6.

For more factual information on in-service performance of
strappings, recent literature on the subject was surveyed and a
request was made to the USCG that the database for service
inspection records of U.S. flag merchant ships be searched for
such information. The results are presented in Section 3.4.

3.2 Sortinq Of Data

The responses received from all sources for each class of
ship were carefully reviewed and sorted into the following
categories:

General Information: Ship type, year built, etc.

Strapping Arrangement: Locations and sizes of straps.

12



rSHIP

I F

I J

F-
K

L

I M

I P

Leqend F

Q1:
Q2:
DWG 1:
DWG 2:
NAR:

TABLE 5

TYPES OF STRAPPING DATA RECEIVED FOR EACH CLASS

TYPE

TYPE OF SHIP Q1 Q2 DWG1 DWG2 NAR.
>
Bulk Carrier x x

Tanker x x

Containership x x x

Containership x x x

Containership x x

Containership x x

Ro/Ro x x

Bulk Carrier x ‘ x

Containership x
,.

Containership x x

Navy Escort x x

Multi-purpose x

Containership x x

Containership x

)r Data T- s:

Completely and Properly Filled Out Questionnaire
Incomplete Questionnaire
Drawing with Sufficient Strapping Details
Drawing or Sketch with Insufficient Details
Additional Information Thru Verbal and/or Written
Communication.

13



Strapping Details: Longitudinal extent, materials,
welds, tapering, chamfering, etc.

Service Performance: (if any data were made available).

The resulting matrix type tabulation which summarizes all
data obtained for ships A through P is given in Table 6.

3.3 Analysis And Synopsis

The detailed strapping approaches used on each ship class
were analyzed with the objective of identifying important
differences between various designs. The following specific
strapping characteristics and/or details were considered:

o Location(s) of doubler plate(s), i.e. plate straps, on
the ship’s hull.

o Scantlings and the longitudinal extent of doub1er
plates.

o Method of joining parallel strips of doublers to each
other.

o Tapering of plate strap scantlings.

o Edge preparation of doubler plates.

o Faying surface treatment.

The descriptions and comparisons for each of these
characteristics/details are given below.

3.3.1 Location of Straps on Ship’s Hull

On most of the ships shown in Table 6, strapping plates were
installed on the deck and/or the bottom shell plating. Table 7
summarizes the strap locations for ships A through P. As
indicated continuous hatch side girders and/or longitudinal box
girders on container ships were also used as preferred locations
for placing doublers. On one of the ships, doublers were
installed on the innerbottom plating; and on another,
longitudinal girders were added at the bottom in lieu of plate
strapping.

In general, deck and bottom shell doublers were placed such
that these were “backed-up” by longitudinal bulkheads or girders
in order to reduce any “shear-lag” effects.

14



SHIP

TABLE 6

ANALYSISOF DATAFROMPASTSTRAPPINGDESIGNS

YearBuilt:
Type,Original:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
LiDOriginal:
L/DConverted:

General
Descriptionof
Strapping:

Straupinu Details:

Extent

Size eachside

Material
Base

MiddleAttachment

SideWeld
End Weld
ButtWeld

ThicknessTapering

WidthTapering

SideChamfer

EndChamfer

Remarkq

1952
BulkCarrier
Self-Unloader
75/u.s.A.
ASS
120 FT
9.0
10.7

Strappingon Deck;
Add’1girderat
bottomin lieuof
of strapping

DeckStraps
2/3L + 75’
1 x 70.5” x 2“
(Splitto3X 23.5”
Strips)

Gr C Normalized
1.35”Dk

l/2’x 3/8”Root
GrooveW.
1/2”Fillet
1/2”Fillet
25 X 3/8RootGap
WithShim

TO 1.5’/1.125”
Fwd.2/3L

From23.5”to 6“ R

None

30 to 5/0’

No Structural
ProblemsIn Service

1984
Tanker
Tanker
84/U.S.A.
AM
144FT
10.2
12.6

Strappingon Dk only
Designchangedto
jumbobefore con-
structionstarted

DeckS@aps
0.6”L
2 X 84”X 0.75”
1 x 103”x 0.75”

AH 32
0.63/O.59’AH32Dk

1-1/2”x 3’ slotw

3/8”Fillet
3/8”Fillet
45 X O RootGap
Withoutshim

None

Fromfullwidth
to 24’in 18 FT

3:1to 1/2”

3:1to 1/2”

c

1980
Containership
Containership
85/Japan
hm
100FT
12.9
14.8

Strappingon Deck,
SheerStrake&
BottomShell

)eckStraps,eachside
0.55L(F;omE.R.Bhd
to FwdEndof Wide
Hatches)
3 X 24”X 2.6”

GradeE
1.7” GradeE Dk

3/4”Fillet
1’ Fillet
40-X 1/4”RootGap
WithoutShim

To 1.5’at ends
in stepsoutside0.41

From24”to 6“R

1/16’

3:1to1“atends
and6ides

15



TABLE 6

SHIP

YearBuilt:
Type,Original:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
L/DOriginal:
L/DConverted:

General
Descriptionof
Strapping

StrappinaDetails:

Extent
Sizeeachside

Material
Base

MiddleAttachment

SideWeld
End Weld
ButtWeld

ThicknessTapering

WidthTapering

SideChamfer

EndChamfer

ANALYSISOF DATA~ PASTSTRAPPINGDESIGNS

c (contd)

BottomStraps
(EachSide)0.5L
10 x 18” x 1.3”

GradeD
7/8”Gr.B Shell

None

7/16”Fillet
5/8”Fillet
40° X 1/4”Root

w/oShim

To 3/4”at about
fromends

Gap

5’

From18’to 4’ R

1/16”

3:1to 7/8”at edges
of 1.3’doubler,no
chamfersin 3/4’end
doubler.

c (contd)

SheerStrakeStraps
(EachSide)0.55L
1 X 19’X 2.6’

GradeE
1.7”GradeE
(SheerStrake
None

3/4”Fillet
1’Fillet
40°X 1/4”RootGap

w/oShim

TO 1.5’at endsin
stepsoutside0.4L
From19”to 5’ R

1/16”

3:1to1“atends
andsides

D

1967
GeneralCargo
Containership
72/u.S.A.
MS
90‘
12.0
14.0

Long‘1BHD installed
to formBoxGirder
at Top.Existing
bottomconnectedto
heavyinsertinnew
midbodyby strapping

Bottom Straps

0.4 L

1 X 84”X 0.75”

ASTMA441
ASTMA4415/8”shell

(SlotWeld)

) Fillet
[ ) Fillet
N/A

None

N/A

N/A

FilletandSlot
Weldingdetailsnot
available
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SHIP

YearBuilt:
TypeOriginal:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
L/DOriginal:
L/DConverted:

General
Descriptionof
Strapping

StrappinaDetails:

Extent
Size,eachside

Material
Base

MiddleAttachment

SideWeld
End Weld
ButtWeld

ThicknessTapering

WidthTapering

SideChamfer

EndChamfer

Iw4w

TABLE 6

ANALYSISOF DATA- PASTSTRAPPINGD~IGNS

E

1981
Containership
Containership
1981/Japan
LR
96 FT
11.4
12.9

HatchsideBoxGirder
w/strapsand
strappingon bottom
shellinstalled

Strausm Box

tJ/A
2 x 14”x 1.57”
1 x 17.7”x 1.57”

DH
1.57”DH

None

1/2’Fillet
Same
N/A

N/A

N/A

25 to 1’

N/h

Bevel

Weldingdetailsnot
available.

E (contd)

iottomStraps

i/A

! x 21”x 1.5”
L-

.Zr.D
1/4”Shell~Gr.B

ione

~/2”Fillet(Bevel)
;ame
ifh

!5 to lF

i/A

ielding detai16not
wailable

F

1987
Containership
Same(DesignProposal]
1988/W.Germany
AM
87 FT
11.0
12.3

HatchsideBoxGirder
installedwjstraps

Strainon Box

l/3Linwayof new
midbody
2 X 17.7’X 2.76”

Es
2.2”EN BoxSideP1.

None

5/0”Fillet
5/8’Fillet
NIA

None

15 bothsideto
1’Rtipend

None

15 to 5/8”

.-
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TABLE 6

ANALYSISOFDATA~ PASTSTRAPPINGDESIGNS

SHIP G H H

YearBuilt: 1973 1958
TypeOriginal: Ro/Ro GreatLakesBulk
Type,Converted: Ro/RoContainerahipSame
Year/Country: 02jU.S.A. 73/U.S.A.
Classification: ABs Ass
NewMidbody: 126.5FT 96 FT
LIDOriginal: 10.7 N/A
LIDConverted: 12.8 N/A

General NewBoxGirderfor Strappingon Deck
Descriptionof newcontainerHolds. arid BottomShell
Strapping Strappingon Inner

Bottom
StravuinaDetail:

I.B.Straps DK Straug BottomShellStraps
Extent 0.4L 2/3L 2/3L
Size,eachside 1 X 66”X 1.25” 1 x 75’x 1.75’ 3 x 18”x 1.5”

1 X 31”X 1.25” (Splitto 3 X 25’
Strips)

k.

Material Gr.B Gr.D , Gr.D
Base N/h N/A N/A

MiddleAttachment 1-1/2”x 3“ slot 1/2”X 1/2”Root None
Weld GrooveW.

SideWeld ) Fillet 1/2”Fillet 7/16”Fillat
End Weld [ ) Fillet 1/2”Fillet 7/16”Fillet
ButtWeld N/k 25 X 3/8”RootGap 25 X 3/8’RootGap

w/shim w/shim

ThicknessTaperingNone Yea,beyond2/3L Yes,beyond2/3L

WidthTapering Yes To6’RTip in3 Ft To4-1/2’RTip in3
FT

SideChamfer N/A GroundSmooth GroundSmooth

EndChamfer N/h 30 to5/0’ 30 to5/8”

Remarke Weldingsizesnot
available
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SHIP

YearBuilt:
TypeOriginal:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
L/DOriginal:
L/DConverted:

General
Descriptionof
Strapping:

StravpinqDetail

Extent
Size.eachside

Material
Base

MiddleAttachment
SideWeld
“End Weld
Butt Weld

ThicknessTawring

WidthTapering

SideChamfer
EndChamfer

m!Axks

TABLE 6

ANALYSISOFDATA~ PASTSTRAPPINGDESIGNS

J

GeneralCargo
Container/Gen.Cargo
72/U.S.A.
ASS
97.5FT
11.3
13.7

AddLonglBHDinstalledto
formBoxGirderin
wayofnewcontainer
holds;strappinginstalledon
Deckandsheerstrake

DeckStrav SideStrap

0.5L
lx30”X1.2”/l.38”*
(Splitto 2X15”
Strips)

Gr.B
1/1/8’Gr.B

FullGrooveW.
5/0”/7/8’Fillet
Same
30 X3/8”Root
Gap
w/oShim

None

N/A

1.5”to 3/4’/lw
N/h

0.4L
1X30”X1”“
(Splitto
2X15”Strips

Gr.B
3/4”Gr.B

FullGroove
5/8”Fillet
Same
30 X 3/8’
RootGap
Wloshim

None

TO 9-end
widthinlag
10FT

None

FDeckstrainnmvedoutkardin
wayofde~khouseandthickness
increasedfrom1.2”to 1.38”
forcompensation.

K

Containership
Containership
841w.Germany
GL
99 FT
10.6
12.7

Strappinginstalledon
HatchSideCoaming
andbottomshell

!IE!w
SideStravs

N/A
1X35,4’X1.26”

Gr. D
1/2”Gr. B

None
1/4”Fillet
3/8”Fillet
N/A

None

N/A

None
N/A

Bottom
m

0.4L
3X55’XO.75”

Gr.B
Gr.B

None
1/4”Fillet
3/8”Fillet
N/A

None

To 24’in last
2 framespace

None
None
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SHIP

YearBuilt:
TypeOriginal:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
L/DOriginal:
L/DConverted:

General
Descriptionof
Strapping

StraPuinaDetails:

Extent
Sizeeachside

Material
Ba&e

MiddleAttachment

SideWeld
End Weld
ButtWeld

ThicknessTaFring

WidthTapering

SideChamfer

EndChamfer

TABLE 6

ANALYSISOFDATA~ PASTSTRAPPINGD~I~S

L

1977
NavyEscort
NavyEscort
83/u.s.A.

o
13.6

.

Strappinginstalled
on BottomandSheer
Straketo increase
payload/draft

SideStrap

N/A
1 x la’x 3/4”
(splitto 2 X 9“)

KY so
HY 80

FullGrooveW.

5/8” Fillet
5/0”Fillet
Single45 Bevel
w/ l/4aRootGap
w/oshim

Hone

To6“widthin last
24”

I/BwX 1/8’

L (contd)

BottomStrap

N/A
1 X 18”X 3/4”
(split--to2 x 9“)

F1.s.
M.S.

FullGrooveW.

5/8” Fillet
5/8”Fillet
Single45 Bevel
w/ 1/4”RootGap
w/oshim

None

To 6“widthin last
24”

1/8”X 1/8’

M

Multi-Purpose
Multi-Purpose
84/U.S.A.
ABs
126FT
9.4
11.3

StrappingInstalled
on Deckto suitnew
lengthandloading
condition

DeckStraps

Varies
P/S 2 X (3X 24”)X 1“
SlX(7X24”) Xl”
PlX(4X24”) Xl”
(allsplitto24”
strips)

1/2’X 3/8’Root
GrooveW.
7/16nFillet
7/16”Fillet
30 X 3/8’RootGap
w/oshim

None

Yes

None

Uone

.-
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SHIP

YearBuilt:
TypeOriginal:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
LIDOriginal:
L/DConverted:

General
Descriptionof
Strapping

StrappinctDetails:

Extent
Sizeeachside

Material
Base

MiddleAttachment

SideWeld
End Weld
ButtWeld

ThicknessTapering

WidthTaperinq

SideChamfer

EndChamfer

Remarks

TABLE 6

ANALYSISOFIIATAPR@lPASTSTRAPPIN6DESI~S

N

1972
Containership
Containership
1984/S.Korea
LR
52.4FT
10.8
11.5

Strappingon
Coaming,Deckand
Bottom

;oaminaStraus

0.41L
@ 29.52”X1.77”

GR E
MS Coaming

( ) Fillet
( ) Fillet
N/A

N/A

Ratioabt.3:1
bbt50%of Width
@ Euds

N/A

N/h

No stnactural
problemswhilein
semice.

Weldingsizesnot
available.

N (contd)

DeckStraDq

0.48L
1 @ 29.52*x1.77”

G-

Gr E
MS Dk ‘

None

( ) Fillet
( ] Fillet
N/A

N/h

Ratioabt.3:1
Abt.50%of Width
@ Ends

N/A

N/A

Weldingsizesnot
available.

N (contd)

dottomStrain

0.43L
2 @21.65”Xl.26”

GR D
MS Bott

None

( ) Fillet
( ) Fillet
N/A

N/A

Ratioabt.3:1
Abt.50%ofwidth
@ Ends

N/A

N/A

Weldingsizesnot
available.
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SHIP

YearBuilt:
TypeOriginal:
Type,Converted:
Year/Country:
Classification:
NewMidbody:
L/DOriginal:
LIDConverted:

General
Descriptionof
Strapping

StrappinqDetails

Extent
Size,eachside

Material
Base

MiddleAttachment

SideWeld
End Weld
OuttWeld

ThicknessTapsring

WidthTapering

SideChamfer

EndChamfer

Remarkq

TABLE 6

ANALYSIS OF DATA FROM PASTSTRAPPINGDESIGNS

P

1972
Containership
Containership
1984/S,Korea
LR
49.4FT
10.8
11.4

Strappingon Deck
andBottomShell

DeckStraps

Midshipto 0.24LFwd
3 @ 26.38”X1.77”P/S

GR E/EH36
MS EH36

None

( ) Fillet
( ) Fillet
N/A

RatioAbt,3:1

RatioAbt.2:1
Abt 10%of Width

@ Ends
tJ/A

N/h

No structural
problemsre~rtedin
semice.
WeldingsizesnOt
available.

P (contd)

~ottomShellStraps

).49L
I@ 24.$1”X 1.00”

;RD
!s

lone

) Fillet
) Fillet

i/A

tatioA.bt.3:1

tatioAbt.2:1
10%of Width@ Ends

i/A

i/A

.-
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TABLE 7

LOCATIONOF PLATE STRAPS ON HULL

LOCATION

REMARKSSHIP @ HATCH
SIDE

GIRDERS

A x Also additional
Girders @ Bottom

x
I

x xc x

T Long’1 bhd to
form box girder
@ top

D x

Straps on New
Box Girder

E x x
.

Straps on Box
Girder

F , x

New Box GirderG x ..

●

H x

J x
($h~er
Strake)

Long’1 bhd to
form New Box
Girder

Strap on
Coaming

K x

x

x

L
(Sh~er
Strake)

M x

N x x I
P x x

23



3.3.2 Scantlinqs and Longitudinal Extent of Straps

The size and the extent of doubler plates installed is
dictated by the strength requirements for the vessel for its new
service. For ships A-P, a review of data included in Table 6
reveals that:

o Plate doubler thicknesses ranging from 3/4” to 2.76”
have been used.

o Widths of doublers range from a minimum of 9“ to a
maximum of 103”.

0 The longitudinal extent of most plate straps was found
to be the middle 40% of the ship’s length; however, on
some ships the lengths of straps extended well beyond
the midships 4/10 length to 6/10 and even to 2/3 of the
1ength.

3.3.3 Materials Used in Strappinq

The survey results indicate that in general the strapping
materials are chosen to be compatible with the ship’s hull
plating to which they are attached and to comply with
classification society requirements. .,

Obviously, where doubler plates are attached to higher
strength steels, the doublers should have at least the same
strength properties. Minimum notch toughness properties (i.e,
steel grades) specified in the various classification society
rules for hull structure in general should at least be met.
These minimum requirements are functions of plate thickness and
location on the vessel, with higher grades required for thicker
material in more critical locations (e.g. sheer and stringer
plates, bilge strakes).

Since it is likely that doublers will be thick and located
in the more highly stressed regions of the vessel, consideration
should be given to the consequences of fatigue cracks propagating
into or through doublers installed as strapping. Such
considerations may lead to improving the notch toughness (steel
grade) of such doublers over and above those required for new
construction where doublers are normally not contemplated in the
design.

3.3.4 Method of Attachment to Hull

On all of the lengthened ships for which data were obtained,
plate straps were attached to the hull plating by welding;
riveting or bolting is no longer used.
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Various methods of attachment were observed and welding
characteristics were broken down into the following categories:

o Welding of straps at sides only.

o Welding of straps at sides and in slots.

o Welding of adjacent strips of doublers.

o Welding reinforcement at ends.

3.3.4.1 Welding of Straps at Sides Only

In many cases, plate doublers of varying widths were
attached to the main hull plating by welding only the two sides
and the ends of the doublers. Figure 1 shows the typical
arrangement of and welding details for this method of attachment
and lists the ships for which such attachments were used.
Doublers ranging in width from 14” to 55” were attached to the
deck or bottom shell plating in this manner. Even for the 55”
wide doubler on Ship K, this type of welding was used with no
plug welding or splitting of the doubler’s width.

It should be noted that Ship K is a containership recently
(1984} lengthened in an overseas shipyard. ,,

The weld connections most commonly used were fillet welds,
however on one ship a bevel type weld connection was used as
shown in Figure 1. The size of welds ranged from 1/4” fillet for
the thinnest doubler on Ship K to 3/4” on the 2.6” doubler of
Ship C.

3.3.4.2 Weldinq at Sides and Slots

Slot welding is normally employed when the doubler plate is
very wide. No written rule has been found as to what would be a
maximum width for a doubler to be approved for installation
without plug welding. A common “rule of thumb” cited was that
for doublers wider than 24” or maximum 30”, some means
ensuring a tight fitting of doubler and main hull plate should
employed.

Slot welding has been used on a number of hull strappings
ensure tightness as shown in Figure 2. As many rows of slots

of
be

to
as

dictated ‘by the width of the d~ubler were fit~ed at 12” centers
with slots cut lengthwise. The elliptical inner peripheries of
the slots were properly welded. The thickness of the doubler
plate is governed by the ease of welding the slot; if the
thickness is greater than 1-1/2” welding the inside of slots, as
indicated in Figure 2, will prove to be difficult. The maximum
thickness of doubler on which slot welding was employed was found
to be 1-1/4” on the innerbottom strapping of ship G.
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f STRAP

SAMPLE APPLICATIONS

r Sw

b- OF DK

BEVEL WELD

,

SHIP LOCATION STRAP WIDTH STRAP THICK t ~ VPE
c DECK 24“ 2.6- 3/4“ FILLET

BOT WELL 18” 1.3* 7/16-
E BOX GIRD

FILIH
14” 1.57” 1/2” BEVEL

BOT SWLL 21” 1.5* 1/2” ~
F BOX GIRD 18” 2.75- Wa “
II BOT SHELL

FILLET
18” 1.5* 7/18” FILLET

KB OT SHEU 55• 0.75” 1/4”
COAMING

FLLET
35“ 1.26” 1/4”

N COAMING
FILLET

30“ 1.77”
Dm(

FILLET
30“ 1.77” N/A

8 01 SHEU
FILLET

22• l. Z6- FILLET
P OECK 26“ l.n” N/A FILLET

B01 SHELL 25• f.o” FILLET

Flm 1: STRAP ~ AT SIDE ONY
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DETAILS

o SLOTS CUT LENGTHwISE

o STRAP EDGES 3/8“ FILLE7 WELDED

o 3/s “ FILLET WELD AROUND SLOT HOLE

O SLOT SPACING APPROX . 12 IN.

$AWU APPLICATIONS

SHIP LOCATION STRAP WIDTH slRAP THlct( NO. SLOT ROWS
B DECK 7*-o” 3/4” 6

8*-7” 3/4 “ 8
0 1~ BOT S’-6” 1 1/4” 4

2*-7= 1 1/4” 2
BOT SELL 3*-8 1/2” 1° 3

D BOT SHELL 7 ●-O “ 3/4 “ N/A

Flm z: ~oT WELOINQ
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Cutting and the subsequent welding of slots are labor
intensive operations. ~ontrolling the quality of production is
also difficult. It is also necessary to blast and adequately
coat the slots on doubler plates after welding Of the inside
periphery in order to prevent corrosion due to collection of
water. In one case, Ship B, slot holes were filled with an epoxy
compound to prevent collection of water. However, this proved to
be unsuccessful; Over time the epoxy pulled away from the sides
of the slot allowing water to seep in and corrosion to start.
The epoxy filling had to be finally removed and slat holes
blasted and recoated.

3.3.4.3 Weldinq Adjacent Strips of Doublers

On two ships, two or more strips of narrow doublers were
installed side by side on the deck or bottom and/or on the sheer
strake; the strips were joined together by full depth groove
welding and the sides fillet welded to the hull plating as shown
in Figure 3.

The use of multiple strips of doublers rather than a single
wide doubler, obviously, will eliminate the need for slot
welding. In Ships J and L, Figure 3, the strips were only 15”
and 9“ wide and they were welded to each other by a groove
welding of depth equal to the doubler’s thickness. ..

With the full depth groove welding, the complete total area
of the doubler strips including the width of the welded groove
counts as effective contributors to the new hull section modules.

However, in the case of the full depth groove welding,
built-in stresses will be created and these must be taken into
consideration in specifying weld details for varying thicknesses
of doubler strips. This means that the doubler thickness with
which full depth groove welding can be employed is limited.

On three other ship classes, the individual strips were
wider, approximately 24”, and they were joined together by a
partially welded groove type connection as seen in Figure 4.
with the partial groove welding, there is no limitation to the
thickness of doubler plates.

The grooves on the doubler strips installed on decks,
whether full depth or partial have been welded using submerged
arc welding techniques.
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—.

- STRAP WIDTH

4“A”

/’ 1’
I

+
“A” L STRAP

fv

SECTION ‘A-A”
SHIP J

,
L.

tv

SECTION ‘A-A-

SAMPLE APPLICATIONS SNIP L

SHIP LOCATION STRAP WID7FI WRAP THlcu + R f

J DE= 1s” 1.s8” 30• 3/8 “ 7/8”

15” 1.OO 30“ 3/8 “ s/8 “

L m Su 9“ 3/4” 4s“ 1/4”5/8”
BOT SFELL 9“ 3/4- 45• 1/49S/o“

Fl@RF : ~~* Wm.
PULL DEPTH GROOVE WELDINQ
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+--4
+-t.

*.
SECTION “A-A-

SAl#LE APPLICATIONS

SHIP STRAP WIDTH STRAP THICK * R T t

A 23.S- 2“ 25“ I/z” 1/2” 1/2”
H 2s“ 1 3/4” 25‘ 1/2”1/2.~lz=
M 24“ 1. 30‘ 3/8● 1/2”7/16”

(NOTE: ALL STRAPS WERE LOCA~ ON DECK)

FIUJRF 4: s~lpS OF D s wl~
~ GRoo WELDING
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3.3.4.4 Reinforcing of End Welds

On a number of ship classes, the size of fillet welds on the
fore and aft ends of long doubler plates were increased to
provide reinforcement. Figure 5 shows a typical welding
reinforcement and the weld sizes at the ends and the middle. The
lengths at ends where welding was reinforced are also provided in
the tabulation for these applications.

3.3.5 Butt Weldinq of Strap Plates

Figures 6, 7, and 8 show the strap plate butt welding
details found on most ships for various applications. The most
typical butt joint detail for application with uniform hull
plating thicknesses is the one given in Figure 6. As can be seen
from the tabulation, on some of the ships a steel backing bar was
fitted between the hull plating and the strap plate. In all
cases, the existing hull plating butt welds were ground flush in
way of the strap installation. The butt joint shape is a vee
with varying root openings and bevel angles. Strap plate butts
were arranged so that they are away from the hull erection butts.
The distance between existing hull butts and strap plate butts
varied between a minimum of 6“ on Ship L to about 18” on Ship B.

On two of the ships, the hull plating thickness in way of
the doubler straps was tapered and a special butt joint detail,,
shown in Figure 7, was used in this case. The end of the doubler
plate to be butted to the other was ground to match the taper of
the thicker hull plating, and a slanted vee-weld was applied at
the butt. The existing hull butt weld in way of the doubler
plate was ground smooth prior to installation of the strapping
plates.

Instances of a plate doubler butt welded to a heavy insert
plate, either on a new midbody or in way of specific structure
such as a door, have been found on Ships D and J. On Ship D,
3/4” thick doubler plates were installed on the forward and after
ends of the existing ship’s 5/8” thick bottom shell plating and
were butt welded to the 1-3/8” thick insert plate on the new
midbody as shown in Figure 8.

In the actual installation, the bottom shell plating was
first butt welded to the insert plate and then back gouged and
chipped to sound metal prior to butt welding the strap to the
insert plate.

On Ship D, the insert plate on the midbody was installed in
lieu of strapping because of the savings it provided in
drydocking time as well as in the bottom strapping cost.

Additionally, as seen in the sketch at the top of Figure 8,
the existing hull erection butt would have been covered up by the
doubler if strapping were used instead of an insert.

A different type of strap butt welding was found on Ship J.
The doubler plate had to pass through a heavy insert plate in way
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SAMPLE APPLICATIONS

SHIP LOCATION f, tz w t, t~ L, ~

c DECK 3/4 “ 1= 24“ Z.60- 1.50” 9.8” 9.8”

BOT . S- 7/16” 5/8” 18” 1.30” .79” 9.8” 9.8”

K BOT . WELL 1/4” 13/32m 55.1” .79” .79” !7.1’ 17.7’

.-

WEIORE lffOR~ At EIQ$
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STRAP
STEEL BACKING BAR

DK

DETAILS

o EXISTING HAL PLATING BUTT WELD GROUND FLUSH IN WAY “OF STRAP
*,

o IN SOW CASES A STEEL BACKING BAR WAS INSTALLED BEIWEEN

STRAP AND DECK

SAWLE APPLICATIONS

[

SHIP

A

B

c

H

J

L

M

LCCATION

DECK

DECK

BOT SPELL

DEOK

p?slw

STRAP THICK I *

z“ 125”

%tY
--t

1 3/4= 2s ●

1 1/2” 25“

1.38= 30“

1.00” 30•

*

R

3/8 “

0“
1/4”

1/4=

3/8 “

3/8 =

3/8 -

3/8 ●

l/4-

1/4”

3/8”

S(MINI IBA~ING BAR

+

YEs
18” NO

12” NO

12. NO

+

YEs
YEs
No

NO

+--K-
lCAL BUTT JOINT FOR STRAPS
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SHZL/DEOK
7

STRAP

k~p ‘SHIPL)
4/4 “ ‘

DETAILS

o GRIM STRAP TO SLUT THE CONTOLR OF EXISTING St-EL, PIATE TAPER

o GRItQ EXISTING WIT WELD SMOOTH IN WAY OF STRAP

APPLICATION

ISHIP I LOCATION I

ICI DECK I
I L ISIDE S+EU I
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EXISTING SHIP I MEW MIDBODY

5/8 “ BOTTOM SHELL > I

3/4” x 64” STRAP 1 3/8” X 84- INSERT PL

SAMPLE APPLICATION: SHIP D

o STRAP

o SI-ELL

o SHELL

WIDTH MAT*S THE WIDTH OF HEAVY INSERT PLATE

- INSERT BuTT JOINT WELDED FIRST

BUTT WELD BACK GOUGED AND CHIPPED TO SOUND METAL

I EXISTING SHIP -’
I /

T T T T

I ii
5/0”

I
I

*W MIDBODY

T T T T T T T T

5/8 -

FIGURE 8: ~uTT WELDING OF STRAP TO HEAVY
JNSE T PLAR TF ON WW MIDBODY



of a side door as shown in Figure 9. In this case,
of the

the thickness
insert plate on the reinforced side door was greater than

the combined thickness of the shell plate and doubler plate.
Furthermore, the insert plate was wider than the doubler plate.
Consequentlyr the butt joint detai1 shown in Figure 9 was
employed and the width of strap on the transition doubler plate
was increased gradually to match the width of the insert plate.
To ensure tightness, slot holes were cut on the tapered
transition doubler which was then plug we1ded to the shell
plating.

Again, the shell to insert butt was welded first and then
back - gouged and chipped to sound metal prior to butt welding
the doubler to the insert plate.

3.3.6 Taperinq of Strap Scantlinqs

The scantlings of the plate “strappings, i.e. their widths
and thicknesses, were unchanged on all ships throughout a certain
percentage of the midship length. This range varied between 4/10
of the ship’s length to about 2/3 as dictated by and determined
in accordance with the rules for hull girder strength of the
classification society under whose apwroval and inspection the
lengthening (or jumboizing) was accomplished.

On most of the ships for which detailed strapping data were
obtained, both width and thickness tapering as well as chamfering
of the edges and ends of plate strappings beyond the specified
midship length were found to have been employed.

3.3.6.1 Thickness Taperinq

In cases where the extent of strapping continues, by
necessity such as with deck strappings or hatchside strappings on
containerships, beyond the minimum required midship length of
4/10L, 2/3L etc., the thickness of the doubler plate can be, and
has been, tapered at the ends.

The thickness tapering details used on some of the ships are
shown in Figure 10. As seen, the tapering has been accomplished
either in two steps as in Figure 10.A, or in one step as in
Figure 10.B. The latter figure shows a minor tapering where the
difference between the two thicknesses is 1/8” or less. In this
case, the thinner plate is joined with the thicker plate simply
by butt welding. If the thickness difference is large, the end
of the thicker plate is ground in a smooth slope down to the
thickness of the thinner plate and then welded on to it.
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3/4 ● SHELL HEAVY INSERT PL INWAY
OF SIDEDOOR

1 1/8“ STRAP

NOTE: EXISTING SHELL-INSERT WELD BACK-GOUGED AND CHIPPED TO SOUND
METAL PRIOR TO WELDING DOUBLER

SAMPLE APPLICATIONS .,

SHIP LOCATION + R STRAP THICK INSERT PL THICK

J SHEERSTRAKE 30“ 3/8- 3/4” 2“
,

[

1 1/8= TRANSITION PIECE
TAPERED STRAP

~1.0” STRAPS

L SI-EER STRAKE

NOTE: TFE WIDTH OF STRAPS WERE INCREASED’‘GRADUALLY TO SUIT M WIDTH
OF THE INSERT PLATE W SLOT WELDING WAS USED

FIGURE 9: BUTT WELDING OF STRAP TO HEAVY INSERT
I ATE TING STRUC~

37



.-

oA

SAM%E APPLICATIONS

SHIP LOCATION 71 T2 EXTENT

A DECK 2- 1 ~/2-/l I/E=a FWDOF2/3L

c DECK 2.6” 2- BOTH ENDS BEYOND 0. 4L

H DEOK 1 3/4” 1 3/8”/ 1”+ BOTH ENOS BEYOND ~/3L

BOT SFELL 1 1/2” 1 1/8” BOIH mS BEYOND 2/3L

● THICK?IESS TAPERING ACCOWLISFED IN 2 STEPS

Flw 10: THIGKFESS TAPERINO
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3.3.6.2 Width Taperinq

To provide for longitudinal continuity as well as for
streamlining the ends of strapping, the width is usually tapered
beyond the required midship length even without any thickness
tapering. As indicated in Figure 11, width tapering may be
applied on only one side of the doubler plate or on both sides.
In either case, the corner(s) of the plate where the tapering
begins are ground smooth. The extreme end of the plate strap may
be left as a square nose with rounded corners or as a round nose
with a full radius. As listed under “Sample Applications” in
Figure 11, both terminations have been used on many ships with
one–sided as well as two-sided tapers. No rules were found which
govern the taper angle, end width, or the nose radii of such
tapered ends.

3.3.6.3 Chamfering

Both the ends and the edges of the plate straps may be
chamfered to improve continuity at the termination and to reduce
the risk of tripping by personnel. Figures 12 and 13 give the
details of “end” and “edge” chamfering applications,
respectively, for the ship classes studied in this investigation.

3.3.7 Edqe Preparation
,.

In the general notes of the detailed strapping drawings for
most ships, instructions consisting of one or more of the
following were found:

o Any rough cutting or minor notches on the plating to be
ground smooth and plating to be faired prior to
installation.

o Deeper notches to be veed-out, welded, and ground
smooth.

o Edges of plating to be kept clean, free from moisture/
grease/loose mill scale/excessive rust or paint in
order to obtain sound welding.

o Corners of all free edges to be dressed smooth and
chamfered from about 1/16” X 1/16” to about 1/8” X 1/8”
by grinding in order to minimize notch effects.

o Larger chamfers to be provided on deck strappings for
stress streamlining and to reduce traffic/tripping
hazards, and on bottom strappings to reduce resistance
to flow.
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Eiir%
!

SINU SIDED TAPER TWO SIDED TAPER

DETAILS

o CORNERS TO BE GROUND OFF AT BEGINING OF TAPER

o ENDS MAY BE TERMINATED WITH A FULL RADIUS TIP OR
CuT WITH RADlus CORWRS

7

SAMPLE APPLICATIONS

SOUARE

SHIP LOCATION 4 w! W2 W2 ml

A DECK 21* 23. S” 6“ 0.26
B DECK 15’ 64* 24“ 0.28

c DECK 10” 24- 12” 0.50

BOT StELL 10” 16- 8“ 0.44

F box GIRDERI 15* I 17.7”1 2° I 0.11

H DECK 27“ 2s“ 6- 0.24
BOT SFELL la” 18” 4 1/2” 0.25

J msTRNE 6“ 30“ 9“ 0.30
K BOT ~_ 12* 55“ 24” 0.43

L aslRM 14” 18” 6“ 0.33

BOT STRAP 14” 18” 6“ 0.33

IFILL RADIUS] l-SIDE

FuLL RADlus 2-SIDE
FUL RADIUS 1-SIDE
FUL RADIUS 1-SIDE

RAD CORNERS 1-SIDE

RAD Comms 2-SIDE

RAD mmms 2-SIDE

RAD CORKRS 2-SIDE
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The followingisa generalprocedureto be followedas a guideforproposed

lengtheningofexistingvessels.

The new sectionk generallyaddedwithinthemidship0.4L of the existing vessel.

The localscantlingsofthenew sectionneed notbe basedon thenew lengthand

may be the same as thoseof theadjacentexktingsticture.Care shouldbe

exercisedtorepeattheexistingstructuralpatternand toetiectgood continuityof

structurethroughout.

hy resultingdeficien~in the longitudinalhullgirderstrengthshouldbe

compensatedwiththeadditionofstrapsextendingfor0.4Land taperedgradually

beyondasrequiredby6.5.2oftheRules.

Ifthevessel’slongitudinalstrengthisbasedon thestillwaterbendingmomerit

envelopewe thestrapsshouldbe developedand extendedasrequiredby this

curve.

The new materialsshouldmeetthelatestRulerequirements.

The thiclmessofthestrapshouldnotexceed1.5twheretisthethiclmessofthe

underlyingplate.Strapswhose widthexceeds30 (750mm) or 30 ties their

thickness,whicheverisless,shouldbe plugweldedtotheunderlyingplateunder

30.9.6of the Rules. Strapsshouldbe continuouslyfilletweldedwitha throat

thickness0.3timesthestrapthiclmess,increasingto0.5timesthestrapthicknessat

theendsfora lengthabout2 timesthewidthofthestrap.The gapbetweenstraps

shouldbe suchtoallowadequateaccessforweldingtheedgefillets,andingeneral,

shouldnotbe lessthanthestrapthickness.The Strapistobe attachedtoexisting
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structureonlyifitisfoundsatisfactorytotheattentigSurveyor.me structure

mustbe properlypreparedand freeofdistortionstopermitproperattachmentof

thestrap.

The lengtheningof a vesselis approvedsubjectto the attendingSurveyor’s

verificationthattheexisting structure is foundorplacedinsatisfacto~condition

andthatithasnotwastedbelowthelimitspermittedforthescantlingsrequiredfor

thenew length.
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APPENDIX E

BUREAU VERITAS RECOMMENDATIONS

FOR HULL STRAPPING

APPENDIX B-1: EXCERPT FROM BUREAU VERITAS
TECHNICAL PAPER 85/10
“CONVERSION OF CARGO SHIPS”

APPENDIX B-2: ANNEX 2 OF BV PAPER !35/10
.+

“RECOMMENDATIONS FOR THE WELDING
AND INSPECTION OF DOUBLING PLATES
FOR SHELL REINFORCEMENT AFTER
LENGTHENING “
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APPENDIXB-1

It can also check that certain arrangmmts are in compliancevith

specificregulaticmssuchas :

- Finnishand SwedishICEclassmark,

- applicationof Intimation.alConventims,

- applicationof theMARPOLConvection,

- arrangem~tsforcattlecarriers(accordingto regulatimsenacted

by theBritish,Australianor SaudiArabianGovernamnts).

The followingdescribesthevariousstagesof th.astudiesmade

on themain conversims.

1 - LENGTHENING

1.1 First of all, decide on the new length taking into account the ~

maximum permissibleLfC ratiobasedon thenavigationnotation:

16.5 forDEEPSEA

18 for COASTALWATERS

22 for 5?iELTERED,WATERS.

1.2 After that, the new geometricalfreeboardwill have to be

defined.

Note,generally,thatthe freeboardincreasesand’ccm.sideing,.

that the draft

re+xaminethe

In somecases,

ship’slcmgth,

decreases,it is ccmsequentlynot nec~gary to

structureof the transversemembers.

if the forecastlelengthis just7% of the

the freeboardcan be considerablyincreased

if the forecastleitselfis not lengthened.In thatcase,

a correctionis to be appliedto thebasiefreeboardcmnpared

to heightof stenif the conventionalforecastlelengthis

insufficient.

—-
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1.3

1•4

1.5

1.6

.

The runainderof theverificationscmsists in :

Determiningthenew scantlingl~gth.

Checkinglocationof collisionbulkhead.

Checkingshellplating:

● calculatethi~ess for thenew sectim,

9 checkthicknessof existingplatesand detemnine,if necessary,

acceptablereductimsforwear limits. Replacuneutplates

mustbe of the samethicknessas thatrequiredfor thenew

section.

● definenew forwardextensionof flatbottoms(takinginto

account,if required,new

● analyzethepossibilities

ICEmark.

Verificationof the overall

61.FOrshipslessthan65 m

loading cases),

of maintainingor changing the

strength

in l=gth afterl=gthening,the d-

sectionalareais calculatedaccordingto naleformulas.
●

62For shipsmoreor equalto 65 m in l=gth afterlength=img,

themidshipsectionmodulushas to be calculated.

Thismodulushas to be at leastequalto theminimumrequired

moduluswhichcanmean limitingthe loadingcasesconsidered,

or be definedaccordingto the loadingcases.

In ●ither

mcnnentis

63.If the

case,the nmximum value of the

determinedon thebasisof the

still water ~di.mg

actual modulus.

decksectional area or the modulus is insufficimt,

the structureis ~erally strengthmedby meansof doublers

fittedon deck and\’orsheerstrakeon eitheraideof the ship.

Thesedoublersmustcoverat leasttheship-smidshiplaAgth
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and extendbeyondthe comers of hatches.Theyare to be

weldedto structureplatingsby meansof continuousfillet

welds.

If themodulus

secti.analarea

vhcre Vp =

dsp =

has to be calcubtadto

is evaluatedas follovs

detemninedoublers, the

:

minimumdeck sectim modulus

sectionalarearequiredfor doublerson either
sideof ship

differenceof Wp = expectedWP - @XiStfi9W “ WP ‘

1

-..

doublers

‘Y.—.,.
v

B-1-3
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1.7

1.8

The width of doublerscan be reducedat each-d. b the midship

ar=, thechosenwidth must be such that the thichess is cunpatible

with the thickness of the existingplates snd avoid using plug

weldings in addition to fillet welds to secure doublers to the

existingstmcture.

Gaerally sp~ing, thewidthof a doublingplate will not ~ceed

0.6 m for an averagesizeShip.

Annex 2 developsthe reconm~dati~s a weldtigand the imspectia

of thesedoublers.

The longitudinalstiffenersof thenew and existingpartsare

to be checked takingintoaccountthenew sectionmodulus.

Sectionalar- of discharge.portswillhaveto be increasedto

takeintoaccountthenev lengthof thewell.

.-
Equipmentwill have to be modifiedto takeintoconsideration

Shiplsnew characteristics.

In somecases,a modificationof theanchorsand chainsleads
.-

tovery ●xtensivechangeson the ship : ha-e pipe,wtidlass

or evenbe impossiblewhenthe chainlockeris too small.

If the problem can, in certain~ses, be solvedfor chainsby

providingsteelchainsofhigherst=gth, the samesolution

cannotbe appli~ for anchors.’

Indeed,theadditionof weldedflatbarson the anchor shad

is not recomm=dedboth for metallurgicalreasms (weldingon

moulded steel) and for the use of theanchorwhichrequires

thatcertainproportionsbetweenthe totalweightand weight

of~chor head be compliedwith.

For theseparticularcases,an allowancecan be madedep=di.ng

on the equipmentnumber(NA2)afterconversioncomparedto

thevaluepriorto convemia (NAI) :
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RECOMMENDATIONS

FOR THEVELD12JGAND INSPECTI~OF MJUBLINGPLATES

FORSHELLREINmRCEHENTA~ER LENGTHENRJG

..—.
——-————

GENERALPU.RPOSETECHNICALNOTEON ‘METALS- WELM”

INTROIXJCTION

The aim of thistechnicalnote is to provideg~eral infonnatim

on the subj●ct in the form of technical &t a or r=anm=dations.

We feel thatthisinfomation canbe usefulbothto our Surveyors

and shipyards.
.-

The contentsof thistechnicalnote must not be consideredas

zule requirunents. Application of such a technical note does

not exemptyardor builderfranfollovingthe nom.al procedure

to obtain prior agreesn~t relative to choice of the quality

of the material used, or building methodstor ~ection pr~es

applied by Surveyor in charge of sup-ising the building.

1) L~ATION

To lengthena ship,threetypesof doublersareused to str-gt~

thehull :

-,deckdoublers

- sheerstrakedoublers

- bottomdoublers.

These doublers are intercmnected by butt welds (see 4) and

attached to shell by fillet welds (see 73).

B-2-1
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2) STEELGWDES OF WJBLERS

Steel gradesmustcomplywithChapter3 of Rulesfor SteelVessels.

If deck is builtwithhigh tmsile steel, the doublersmustbe of

the samesteelwiththe samemechanicalproperties.

3) DIMENSIONSOF ~UBLERS

Plugveldsusedto stragtha connecti~ withshellplatingas

in the caseof verywide doublers,are not remmn=ded (unless

specialagreementis obtainedfromHead Office Technical lkpar~~ts).

To

be

in

avoid plug welds, narrower and thicker doublersvill have to

fitted or doublers are to be divided into 2 or 3 parallel plates~

which~se, efficiait protectionagainstcorrosionmustbe

provided in the groove between doublers.

31 - Thickness of doublers.-.—-.— ------- --

In theabovediagram of a doubl=, the followingabbreviationsare

used :

‘b =
shellplatingthickness

‘d = doubler thickness

B-2-2
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b = doubler width

a = fl~let weld throat thickness.

It is recommendedthatthe thicknessof the doublerbe equalor

lessthantwicethe thicknessof theshellplatingand a maximum

of40mm:

32 - ‘Xidthof doublers (withoutplugwelds).-.-----.—.——
It :S recommendedthat.the width L of the doublerbe not more

than4L timesits thichess or 800mm (whicheveris thewidest).

Nor:.: Apart from the dimens~onsrecommaded in this technical

note,doublingplatesof differentdimensionscan be fitted

subjectto theapprovalof theSociety”sTechnicalDepar”&wmts.

33 - Throat thicknessof fillet weld.—.—.—.. ....——— ——-

a =

The l~nesof weldingwill

~i doublersfora length

thedoubler.Thewidthof

areas(see6 beiow).

U.5 ed {without exceeding0.6 ~)

be swcngthenedup to 0.7 ed at ads

1 equaito threetimesthewidthof

doublersis graduallyreducedin these

34 - Case of several paraliel tioublers———

To avoid plus welds, it is advisable to reducethewidthof the

doublerand fit several doublingplatesin parallei(seepr~eding

paragraph)

Gap L betwem

@

●A

I

doublersmust,withoutbeingtoo excessive,be

B-2-3
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hnex 2 centmd

adequateto allowfor two filledwelds

Ve couldrecommend2ed&l<3ed

depending on the size of the line of fillet weld and whetherit is

=- ~ fill in the gap between the two doublers with a filler

(caseof dti doublers).

4) LOCATI~ OF HULL~BLERS

41 - Deckand sheerstrakedoublers.-..—-——

.,

.

400 1

4? - Bottom doublers-—-—— -—. —

B-2-4
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Annex 2 cent-d

No structuralmembersare to be weldedto doublers.NO OpenfigS

are to be cut in doubiers.

~)~~ ~LDS ~ ~BL~S

Theseare themost importantandmostdifficultwelds to make.

They mustbe madem a backingso as not to be ccmnectedto shell

=.d theveldmustbe a cmnpletelycontinuouspenetratingveld.

r

.

q

,

51 - Weldingon backing-..———--——..

- eitheron tunporarybacking:

● copperslat

● fire-proofceramicbacking

. glassvool/asbestos... backing.

or permanentbacking:

● sheetof 2 mm thickSt-1.

52- Preparationspriorto buttvelding———.——-————

d&251rut, x= 50”
%

e
t
= 4to 6 mn

*
ed>25mm A= 45” to 50”

d
=6t08m

53 - Veldingsequence

-rims at rootof veldpenetrati~,(~ 3.2m electrodes)to

obtain a 5 to 6 nun thickdepositv

grinding of line of velding at the root?

dye-penetranttest,

brushing,

fill in butt welds with$ 4 or 5 mm electrodes.

B-2-5
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54 - Welding precautions.—.—————

weldingto be madewithpreheatingin thecaseof high

t=sile st~l - (preheatingat 80°-120° C).

Use of welidriedlowhydrog= contentbasic●lectrodes.

Underpoorweatherconditias(cold,rain,wind)welding

to be daneunderthe localprot~tionof a shelt-.

is

55 - Weldingspecification- Approvalof weldingprocedures—————-— —-—.

For all w~ldingoperations,theweldingprocedureis to be

approvedaftertestsmadeaccordingto 3-3 of theRulesfor Steel

Vesselsin agreememt with the Surveyor.

All of the yardgs weldingproceduresrelativeto doublersare

to be indicatedin a weldingspecificationappruvedby the .

Surveyor.

56 - InSDeCt~On of buttwelds

9

.

●

●

6)

—--.———.———

visual inspectionat 100%,

ultra-sonics at jO@L,

dye-penetranttestor magnafluxtestat 10m,

1 filmof X-raysof 10 buttweldsat random.

ENDSOF DOUBLERS

3 k line of weldingreinforcedat 0.7 ed

B-2-6
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7 )UELD~G sEQuacz OF DOUELERSa SHELL

71

butt weldsof doublersmust be mde with a minimum of

clamping,

buttweldsof paralleldoublersare to be offsetas much

as possible,

doublerbuttweldsmuitbe sufficientlyoffsetcomparedto

buttweldson shellplatingand especiallythe two butt welds

connectingthe new hull sectian.

Offsettingduublerbuttweldsccunparedto shellbuttwelds.———.——-. ———-——
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Distancebetweendoublerbuttweldsand :

- shell buttwelds> 300 mm

- Mtt weldsof n- hullswtion ~ 1~0 m.

72 - Vekdimg s@.mnce of doublers..— —-———

1) The normalprocedureis :

a)

b)

c)

mly forwardedgesare to be weldedup to 1 m from

butt ,

butt to be welded,

weld●dgesup to 1 m frmnthe followingbuttand so

on startingfr”athemiddleof the shipup to the

lastdoublerbutt.

Thisprocedureassumesthatthe3 sectionsof theship

beforepositioningof doublers.

2) However,if thedoublersare fittedbefore the

sectionsof the ship,theprocedureis :

It is reco!nm-dedto graduallyproceedwithbuttwelds

are fitted

three

..

m me

md to the other,mce doublershavebeenpositionedand tack

weldedon shellplating.

Latitudinalfilletwelds,if dme prior to buttwelds,must

leavean unweldd length of one metre at eitherend of the

butt welding.

73 - Precautionaryweldingmeasures————

The precautimaryweldingmeasuresare as follows:

_ weldingwithpreheating,fordoublers fitted m high

t4nsile”steel (preheatand maintain tmpmature be-

80° and 120°C duringwelding),

- use lowhydrogencontentbasicelectrodes,

welding,

- underpoorweatherconditions(cold,rain,

mustbe doneundercover.

B-2-8
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‘ Wfitas

Annex 2 conttd

8 - INSPECTIONCF WELDS

~ubling plates which play an importantrole in hull lengthening,

have to be subjectedto tkior~ugh inspecLimDbefore,duringandaft

weldinS. Regardingbuttweldingof doublers,pre~ations prior
b

to welding haveto be checked(check gap
#
beforeweldingto

make sureof obtainingcompletepenetrationat theroot)”and

inspectionis to be carriedout afterweldingas indicatedin 56.

A visual inspection togetherwith

of welds is to be made for fillet

plates to shell plating.

inspectionof throat thickness

vclds conr.ectingdoubling

Finally, a non destructivetest (dye-penetrantor magnetoscopic

tes:)is mafi~at raridomto checkthe quality of these fillet

welds●

,,

.
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APPENDIX C

DET NORSKE VERITAS RECOMMENDATIONS

FOR HULL DOUBLERS





~- 1%#iJ#DEr&usKE.... ,, .... ... ‘,., .l .,... ,,.. , ;:LZ ‘
? ,- .’ , .,:., , ,- ,,.}.,, ,,,,,,,,

,.’ “. ,. ... { .J/E~& ;’;;;,::;;- ‘ +,,.
●

b Bet noraka Vdta8
Cks*mo’mtlorlAm

Det norske Veritas ClassifLaation &/S DivisionShipahdOffshore

●

Veuw mm

Refsrence is made te letter dated 18,08.89 fmm M. Niaenblatt &
Son. -Znc., a mpy of which was recdved with ymr fax datad
21,08.89,

Regarding hull strapping in general, we may mgu te aar a~proval
instructian~l a relevant axtract 4 which is unclosed.

,.

In addition te what io #tat&d b thq inmtructiona w= may add that
the warkmanshlp fw this typm of reinforcemexit$ is a6$umed
carried out as fer othez highly loaded Zmgitudintl matar~al,
i. ● . any bumarcutfi eta. and ehaf fng to be dzalt with te thm
attending wmveyor~Q Ratisfaetim, cmsidering tl’m fact that the

●traps usually are eut frm plate mat*ri*lq

Another aspect of reinforcement with stra G ts be mentioned is
the nec~usary longitudinal extant. fWhen nserting new m.id-bodiss
it is nmml ptaeti~e to ineream *cantlings in t?m new parts t9
cm~ly with requirmeAts te the lengthened ship,

Regardless of this, it i8 normal practice tb keep tha strapti
umtimous ●lso in thio axea. Needless ta say~ as tlm Mm@h sf
tht naw mid-body imreases, the que~tion is raised wheth~z to fit
streppirq in transition armas enly~ odtting thm new mid-btiy
whleh by theary should be btrang •n~ugh, disregarding tha
problem termination of strapt withixa highly loaded midshipazeas
may GBUS*9 Our pelicy so far has been to requira tha ●traps
cmtinuous all war, disrmgarddmg the ‘eufficien# mtrength
already pxesent in the now part.
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APPENDIX D

CLASSIFICATION SOCIETY TABLES

FOR HULL STEEL GRADES

D-1: Lloyd’s Register of Shipping

D–2: Bureau Veritas

D-4: Det norske Veritas

D-5: Germanischer Lloyd

D-6: Nippon Kauiji Kyokai





NOTES
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* NOTES

LLOYD ‘S REGISTER OF SHIPPING

D-1
*
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.

Bottal’1,a ads SMI and w II@rudmslbulkhssdslalgitdillsLs
bIO,l C) . . . . . . . . . ... . . . . . . . A B

~m-st?kguphto-m
mhwsvofti~

. . . . . . . . . . . . . . . . . . . . . .

PlstaoflYxnutifit-tdstls*
Mchwav. . . . . . . . . . . . . . . . . .

~~m.wmm *
t

~mnm ●<lm lfi<m~~ m<a62s 2s<a Gm ●>mt

Bi@ - ~o -Stx PI*to............ A B D E E“

- m.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A A A A “ 0<

m- sottun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A A B D D

mckstr$kssrnw$Voftfubm@mm$l ~ A B D E E

Lowu&Wastmkadlm@tidm ~ A A B D D

CQimr$dkgohmm . . . . . . . . . . . . . . . . . . A B D D E

-$tmkooftlMt***- ~)... A A B D D

BUREAU VERITAS
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●

Sid8dmn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AH AH AH OH

m-eottan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AH AH DH OH

mstr8k9s rnwayufuwla@l’@w~ . . . . . . AH OH EH EH

L~md~mkmofW@tdkwl ~...... AH AH DH DH

PiJtmofcunwwffrtd 8tmlutGhwam .,,..... AH DH OH EH

~mktatthotqti~(~~ . . . . . . . . AH” AH OH ti

*

-om.w~ . . .

~m- ●GS ●>S

B0mml,m,sid8shdfti~~. .
~(mo,lc) . . . . . . . . . . . . . . . . . . . . . . . An BH

A

...

BUREAU VERITAS - CONT ‘D
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ThkkrB#
in mm I II [It w v.

ts15 AIM A/AH A]AH AIAH D/DH

15<t~201 A/AH A/AH A/AH I B/AH I E/DH
I I I

20< t s 25 A(AH A/AH IB/AH I DIM I E/EH

25< t s 301 A/AH j A/AH I DIDH ] E/DH I E/EH

30< t s 35I A/AH I B/AH I D/DH I E/EH I E/EH

35< t s 431 A/AH I B/AH I D/DH I EIEH I E/EH

40<t S501 B/AH D/DH I E/EH I E/EH I E/EH

DET NORSKE VERITAS

D-4



Material Class
Stnmura.1 Member Withino# L @tSide o,* L

●midships amidships

lower strake of lmg. bulkheads
we~ttwr -k plating(general) n I
sidashellpl*ting
bttomphtinhcl.k-lplate~strength deck )
uw strake of long. bulkkads III
uppr strakt of upper wing tank bottoms

I

cmtinuous long. strength memkrs blow
strength ~k

shaerstrake ●)
continuous Ion . strength rnemlws aimvt

1strength deck ‘
1!1

stringer plate of strength -k’)
IV (II outside 0,6 L

deck strakt ●bve long. bulklwad ~
●midships)

bilge strake J)

1, Hatch cor~r plates of large IwtChway openings will k s@Kia.lIy cort$iderti. Clam IV w V
materia.h to be usd in regions of high I-al str~

q In shipa with breadth ●xc-rig 70 m, at least 3 tik strakes to & fittedofthe~uird
materialclas

j)Mayk ofclass111material in ships with lengths Ies than 150 m ad with ● double Ixttom
over the full breadth.

●, In ~hi~ •X~ing 250 m in l~gth CIaSS V material$ within o# L amidshix

StrwturaJ Member

face plates and wtba of
girder syskms

rudder My ~, Sol* piece,

stern frama,
propller brackets

top plates of mtiirmry
foutitions if weldd
into the inner Mtom

n.

n

9 Clam I materiaJ sufficient, where rolld Stions
are d or the puts are machirw cut from
nermalizd platw

Cb

I AIM AIAH AtAH AIAH A/AH A/AH B/AH

u A/AH AfAH AIAH AIAH BtAH B/AH D/DH

m AiAH AtAH B/AH DIDH D/DH D/DH E/EH

Iv AIAl#) B/A~ D/DH E/DH E/EH E/EH E/EH

v D/DH E/DH E/EH E/EH E/EH E/EH E/EH

9 actualthiCkness of tha Strwtural me-
~ for Contti longitudi~ nren@h rnembrs abve strengti a within 0,4 L arnid~i~z D/DH

GERMAN ISCHER LLOYD

D-5



NIPPON KAIJI KYOKAI

.

Strlxtl!d
rlWdxr

Shear st.take
●t

strength d=k

Side plating

within (1.4L
●midship

BiIgewake

ktta#tiffgJ%
kel dste

Stmgthdak
stroke d,joinim
toIongitlxlinll

bulw

Application of Mild S*IS for Various
Structural Memks (to k continued)

Application

ZIE
within 0.6L

amidship
cxcltiing
the ●kwe

Within O.lD

Ottwthanthae
mentiond almve

Within 0.6L
amidship
Cxddi*
tk lbve

within 0.4L
amidship

m
within ML

Unithhip
txcldil’lg
* abe

—iiE~
mntid ahw

within 0.4L
amidahip

within 0.6L
amidship
exclding
tlwatmw

Thick= of plate: l(mm)

-

A B D E

A IBID

“A+IBIDIE
A

TAl?

A

A

A

+

AB

D

I BID”’
1 I

I

D E

B D E

B D E

B n &

D E

A II BD

E

m
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NIPPON KAIJI KYOKAI - CONT’D

(to k conddeti)

Thickneaa of plate: tlwm)

ilS301s401S50$15 S20 S2S
t ‘t

1s2 2ot< sf< 3of< 40<

I within0.4L
amidahip

lotilertlunt&

%rength deck
mentiti ●bwe

I

in caae of large

hatch~tomen
hatcho~ing,
tob in B

A B D
7*.,

1“

DA

__EE
Strenmh d-k

I
within 0.4L

amidahh E
o

!kkty
within 0.4~

weati, amitiip
in getnml

UDm make in Iormittdinal

A

I

B D

A IIB Dbulkheadadjoining ~o a&an$th
d~k, within 0.4L amidahip.

Lower make in Iongittdhul
bulkhead adjoining to Mtmn
plating,within0.4~amidahip.

UPpm -kc in sloping plate
oftopside tank ●djoining to
strength dak. within 0.4L
amidahip.

Longitudinal -~ on
strength deck irddng
bracket ad fa~ P18te~
Iongitdinak Witllia ML
amicbhi~

Face plate ad web of hatch
coami~ kghdindly extdd
ofi * awtngth duk ow Q.ML
within0.4L amd&@.

=

A I B D

A B D E

E’A B D

A E

A

A I B

AOtherlwmbmthanthae
mentioned ahve

NIPPON KAIJI KYOKAI - CONT ‘D
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NIPPON KAIJI KYOKAI - CONT’”D

Application of High Tensile Week fot Variom
Structural Membm (to b contind)

Sbw’turd
IMmkr

Side phi
Twithin 0.4

alnidship

BiIge~ke

Appliatim

doyntitanind’hom

surface of

‘m
‘1 havilt#
~ double bttom
lJ55!3%

withia 0.6L
-p
exctdhlg
& ah

within 0.4L
alrlMtip

ZB
tithin 0.6L

alnw’dp
excludiu

midship
●xcltdin#
the ●bow

mmm[ —.. i
DH I EH

AH I DH

AH

AH DH

AH

EH

—
DH

EH

DH ,.

An

I

DH I EH

--T--F
AH

II

w EH

AH I IDH EH

AH
II

DH Elf

I DH

AH I ‘HIEH
NIPPON KAIJI KYOKAI - CONT’D
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NIPPON KAIJI KYOKAI – CONT’D

strwtud
rrmnbr

DKxtr#

weather,
in~1

(to be concludd)

Applimion

within0.4L
ami&hip

otlw th8n *
mentiord ●hve.
(inu oflam
~g oJ!ns*

II

accorda- with
tk rmuiremMXa
giv~ inth
abfe column

within 0.4L
amitip

within 0,4L
arnup

U- strakeinlongitudinal
hdkkad adjoiningto stra@
deck. within0.4Lamidahip

bwm #rakeinlongitudinal
bulkkadadjoiningtoMt8m
phti~ within0.4La.midhip

W&%%%%& !5
=m&k. within 0.4L

FH@me&d+ofh8tch
c- k@diMw w-
on*~kk Ovmo.15L
within 0.4L amiMim

Thickm of plate: f(mm)

-

AH OH

AH M m

AH DH

AH M EH

NIPPON KAIJI KYOKAI - CONT ‘D
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STRAP _

SHELL OR DECK

LONGITUDINAL SECTION

SAMPLE APPLICATIONS

SHIP LOCATION * T 12 *. “

A DECK 30“ 2“ 5/8”

c DECK 18” 2.6” 1“

BOT SHELL 18” 1.3” 5/8-

F BOX GIRD 15” 2.75- 5/8”

l-l DECK 30• 1.75” 5/8 ●

001 SHELL 30“ 1.75” 5/8”

J DECK 14” 1.38- 1“
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SllELL OR DECK-

TRANSVERSE SECTION

SAMPLE APPLICATIONS

[

SHIP

B

c

E

H

J

L

LOCATION

DEcx

DECU

BOT SPELL

BOX GIRD

130T WELL

DECK

DECK

BOTWELL

Tl+lt

3/4” 18” 1/2”

2.6- 4s“ 2.54’

. “ 45• 1.24’

1.57” 25. 1°

::5 25’

1.s” 1=
●. mE 1

1.5” Im 1

1.38= 14” 1=

3/49 45“ 5/8=

3/4” 45‘ s/8 “

NOTES:
1. EOGE GROLN2 SMOOTH. NO SPECIAL WERS SPECIFIED.

42



3.3.8 Favinq Surface Treatment

No special treatments were specified nor applied on the
surfaces of hull and doubler plates facing each other (i.e. the
faying surfaces) on any of the ships reviewed other than the
general cleanliness note of requiring them to be free of
moisture, grease, loose mill scale, excessive rust or paint, etc.

Furthermore, no written standards were found related to the
accomplishment of tightly fit strappings. In some applications,
requirements were found for hull plating in way of straps to be
made even and free of any buckling distortions. Any deformations
were required to be corrected/faired prior to installation of
straps.

Also, in these as well as in other applications, it was
required that the existing hull plating butt welds be ground
flush and any weld spatters or burrs on plate edges be completely
removes.

3.4 In-Service Performance Of Strappinqs

Al 1 respondents to the survey questionnaire stated that
their strapping designs had proven to be successful and that no
structural problems were experienced with the straps during the
service period. As pointed out against “remarks” in Table 6, at
the bottom of each page, one vessel (Ship B) was reported to have
had some problems with the epoxy material used to fill the slot
welded holes to prevent collection of water. In–service, the
epoxy had pulled away from the sides of the slot and allowed
corrosion to take place. In order to eliminate the cause of this
corrosion, the epoxy had to be removed from the slots and the
area had to be blasted and recoated.

011 another vessel (Ship E), minor Cracks were observed in
“slab welding”, which we assume occurred in the fillet welds;
these were repaired reportedly without further problems.

One respondent, whose response to the questionnaire
consisted of only gene ra 1 information and no details, had
nevertheless indicated that the strapping was installed on the
vessel while afloat at dockside and that this had caused concern
with regard
to Creating built-in stresse$ with the ship in a hogging

condition. However, it was also reported that the design was
structurally successful and that no problems were encountered.

In order to obtain more input data on the in–service
performance of strapping, it was suggested by the SSC during a
project review meeting that the U.S. Coast Guard’s inspection
report database be searched for relevant information on U. S.
flag vessels. A listing of inspections conducted on eleven U.S.
flag ships (of the fourteen shown in Table 4} was obtained from
the USCG Marine Inspection Office in New York. A number of
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inspection reports were selected from this listing for each ship
based on possible contents with regard to hull structural
inspections, and copies of these inspection reports were
requested from the responsible local Marine Inspection or Marine
Safety offices.

Of the inspection reports received, only those associated
with one class of vessel contained pertinent information. These
reports indicated that cracks had been found in the butt welds of
both deck and bottom doublers after the vessels had been returned
to service following lengthening. As a result, an extensive
inspection program was initiated to identify defects in the butt
welds of all doublers. Where defects were found, these were
repaired using procedures approved by the cognizant
classification society. Where complete removal of the butt weld
was required, a 2 millimeter (1/16”) thick steel backing bar
(chill strip) was utilized in the repair welding procedure; in
the original butt welds a backing bar was not used.

The cause of the cracks was not identified in the inspection
reports, nor was it clear whether these defects developed in
service or were initial welding imperfections. There is some
indication that the initial butt welds were not ultrasonically
tested.

In view of this, consideration should be given in the
conversion contract as to the degree of inspection of welds in
general and butt welds in particular. It is noted that most
major classification societies provide recommendations with
respect to butt weld inspection.
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4.0 STRAPPING DESIGN METHODOLOGY

4.1 General

One of the main objectives of this Ship Structure Committee
Project is the development of a rational method for the design of
hull strapping of ships. The method, in its broad coverage,
should address the following considerations:

o Requirements imposed by the Classification Society
rules with respect to the hull girder strength and the
effectiveness of structure;

o Structural characteristics of the ship in question
before and after strapping;

o Selection and use of proper strapping materials to be
compatible with the existing hull materials.

Since the hull girder strength requirements, the overall
design approach, and the classification society rules related
thereto are well known and understood by the marine community,
the project investigators were directed by the SSC to give
priority to the collection of data on past strappings and to the
discussion of design details for plate doublers used for
strapping of ship hulls.

Consequentlyf only the following specific areas of hull
strapping designs have been included in the methodology in
greater detail than the aforementioned considerations:

o Locations and sizes of doublers
o Longitudinal extent of doublers
o Structural continuity
o Attachment and welding details
o Fabrication and inspection considerations

Prior to any detailed investigation relative to ]umboizing a
vessel , those responsible for the technical aspects of the
alteration should carefully review the rules of the cognizant
classification society, including those for new construction as
well as any specific requirements for the class of vessel
appropriate for the proposed conversion. In addition, open
discussions with the classification society is strongly
recommended as early as practicable, in order to resolve
potential problems and to obtain a mutual understanding of class
criteria for the converted vessel.

A description of what should be covered in jumboizing a
vessel is beyond the scope of the present study. However, the
scantlings, locations, and extents of strapping may well involve
not only considerations of longitudinal strength, but additional
considerations which the recommended course of action will
(hopefully) reveal.
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As an example, the structural configuration and scantlinqs
of the deck, hatch coaming and upper side shell areas of a
containership are based on torsional as well as longitudinal
strength considerations. In order to accommodate such torsional
effects, especially in vessels with large hatch openings, an
increase in the scantlings of these components over and above
those based solely on longitudinal strength may well be
necessary. (Germanischer Lloyd’s current Rules, Reference #3,
for example, suggests as guidance an increase of 10% over the
minimum allowable section modules in approximating scantlings for
such new containership construction. Similar increases would
probably be appropriate for conversions subject to detailed
calculations. ) In addition, since the torsional moments of a
vessel do not necessarily decrease appreciably over the cargo
length, extent of the full midship section modules may have to be
carried significantly beyond the midships 0.4L.

As indicated by this example, strapping designs may thus
well be affected by considerations over and above those
associated solely with longitudinal strength.

It is noted that ABS as well as most other classification
societies require an analysis of new containership designs to
determine the suitability of the structure for longitudinal and
torsional moments. It is reasonable to assume such an analysis
will also be required for a conversion or lengthening of .-a
containership.

Additionally, in planning for a jumboizing project in which
a new section of midbody [i.e., a IIplugl!)is contemplated, it ~h~
be advisable to conduct parametric studies to determine
optimum length of the plug and the associated extent and size of
the strapping to be installed, if any.

The detail designs for hull strapping of specific ships will
necessarily have to be customized and developed on a case by case
basis. What is presented in this section is a method for
developing a cost effective approach for the design of hull
strapping based on consideration of longitudinal strength for all
commercial vessels in association with jumboizing the vessel.

4.2 Review Of Existing Ship’s Structural Backumund

The first step in any strapping design must be a review of
the structural background and current condition of the existing
ship that is to be strapped.
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Background reviews of the existing ship’s structure should
include:

o Obtaining all structural scantling and arrangement
plans, longitudinal strength calculations, stability
booklets, etc.

o Identification of the existing strength deck and of the
materials used for the primary hull structure, i.e.
shel1 and deck plating, bulkheads, longitudinal and
transverse frames, and/or box girders, etc.

o Condition of the existinq hull structure as to whether
wastage of plating or framing is present, any defects,
any permanent deformations, etc.

o Estimation of the “as-is” hull girder section modules.

o If feasible and when approved by the Owner, a survey of
the structural condition of the ship including gaging
of plating and framing thicknesses by ultrasonic
equipment, and determination of any repairs to be
accomplished during the conversion period but prior to
installation of straps.

After this review, the designer will establish the cut lines
for the existing ship’s forward and aft sections (if this is a
lengthening with a new midbody] so that the details of doubler
plate and midbody attachment can be developed.

It is noted that in general, classification society approval
must be obtained prior to installing straps. In addition, the
existing plating or other structure to which straps are to be
welded must be satisfactory to the attending class surveyor, and
the structure must be properly prepared and free of distortions
to permit proper attachment of the straps.

It is further noted that the lengthening of a vessel is
usually approved by the classification society subject to the
attending Surveyor’s verification that the existing structure is
found or placed in satisfactory condition, and that it has not
wasted below the limits permitted for the scantlings required for
the ~ length.

4.3 Determination Of The Converted (Strap Peal] Ship’s
Reaired Hull Girder Strenqth

4.3.1 Applicable Classification Society Rules

The major classification societies’ “Rules for
of Ships,” References #1 through #6, are intended to
construction, and therefore do not contain specific
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with regard to the design and detailing of straps used to
reinforce the hull girder. However, during the investigations
for this study, some guidelines were received from ABS, BV, and
DnV which are specifically directed to the design and detailing
of hull strapping of ships. These “strapping specific’! notes and
guidelines are included in Appendix A for ABS, Appendix B for BV,
and Appendix C for DnV.

Where a new section of midbody is to be added within the
midship 0.4L of an existing vessel, it is common to increase the
scantlings in this new part to comply with the requirements
associated with the lengthened vessel . However, the
classification society guidelines for ABS, BV and DnV require
that strapping be carried continuously throughout at least the
midship 0.4L, including any added rnidbody located within this
region. Consequently, it is somewhat redundant to increase the
section modules and/or hull girder moment of inertia of such a
new midbody section over that of the existing vessel, since the
straps required by the classification societies must be
sufficient to bring the existing vessel structure up to the
required strength.

In Appendix A, which was reproduced from reference 11, ABS
indicates that for a new section of midbody located within the
midship 0.4L, the local scantlinqs of the new section need not be
based on the new length and may be the same as those of the
adjacent existing structure. Care is required to repeat the
existing structural pattern and to effect good continuity of the
structure throughout. Any resulting deficiency in the
longitudinal hull girder strength is to be compensated by the
addition of straps extending for 0.4L and tapered gradually
beyond as required by Section 6.5.2 of the ABS Rules. For those
vessels which are required to have longitudinal strength based on
still water bending moment envelope curves, the straps should be
developed and extended as required by such a curve for the
modified vessel.

In general, the applicable rules for section modules and
moment of inertia are those given in the respective
classification society rule books. The required values of these
properties should reflect the new size and type of vessel after
conversion, i.e., after installation of the new midbody. In some
cases the requirements may reflect additional factors, such as
the torsional consideration previously cited.

A technical paper published by Bureau Veritas (BV) Reference
#7, gives a rather thorough description of the approach to
different ship conversions including lengthening, widening and
deepening of ships and includes, in Annex 2 to the paper,
strapping design details that would be acceptable to BV.
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An excerpt from Reference #7 that relates directly to the
overall strength verification for lengthening and to the
determination of doubler scantlings is included in Appendix B-1.
Ann~x 2 of the cited reference which contains recommendations on
the welding and inspection of doublers is included in its
entirety in Appendix B-2.

Det norske Veritas (DnV) has provided the project
investigators with a copy of an extract from their approval
instructions with regard to welding of doublers for longitudinal
strength. This one-page extract and DnV’s letter discussing
strapping designs are included in Appendix C.

4.3.2 Computation of Recjuired Section Modulus
Based on Longitudinal Strenctth

Depending on the converted vessel ‘s new type and service,
the minimum required rule hull girder section modules and minimum
required moment of inertia can be calculated using the guidelines
contained in the classification society rules. Most
classification societies indicate in their rules that the
longitudinal strength formulations contained therein are valid
for vessels with length to depth [L/D) ratios not exceeding a
designated value. For example, ABS in Reference #1 states this
value to be 15; i.e., the equations given in their rules for
longitudinal strength requirements can be used for vessels of 200
feet or greater length which are classed for unrestricted ocean
service and have LiD ratios of up to 15. Vessels with ratios
greater than 15, or which are of a type not covered by the rules,
will be subject to special consideration.

Limitations by the major classification societies on
dimensional ratios for applicability of equations governing
longitudinal strength are compared in Table 8.

The equation for rule minimum section modules is expressed
in terms of the ship’s length, beam, and block coefficient. It
is clear that the vessel’s new length, beam (if widened) and hull
form must be carefully determined on the basis of vessel owner’s
requirements and the ship’s intended service. The designer may
be requested to analyze various alternatives to achieve the
desired end result and establish the optimum jumboizing approach
in a most cost effective manner.

Table 9 lists the equations to be used for the determination
of minimum hull girder section modules amidships as dictated by
the major classification societies. As all of the cited
classification societies have adopted the same minimum section
modules requirements proposed by the International Association of
Classification Societies [IACS), all of equations should give the
same result in actual application. It is noted that, depending
upon the vessel’s configuration and service, the section modules
may have to be increased to accommodate bending moments higher
than those associated with the minimum section modules
requirement. Additionally, most classification societies have
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TABLE 8

Limitations on Dimensional Ratios for Applicability
of Minimum Rule Section Modulus Equations by

Major Classification Societies

Classification Society I Dimensional Ratio Limitations

ABS (Per ABS Rules L/D (max) = 15 L = Length
1989) D = Depth

Germanischer Lloyd L/D (max) = 16 For Unlimited Range Ve~sels
= 18 For Coastal Vessels
= 19 For Shallow Water Vessels

Lloyd’s Register L/B (rein)= 5
B/D (max) = 2.5 B = Beam
C= (rein)= 0.6 C= = Block Coefficient

I
>

Nippon Kaiji Kyokai I No Stated Limitation
.,

Det Norske Veritas No Stated Limitation

Bureau Veritas L/C (max) = 14 For Bulk Carriers
c = Depth

Note: BV guidelines, Appendix A-1
indicate maximum permissible L/C ratios
for vessel lengthenings--asfollows:
L/C = 16.5 for Deep Sea

= 18 for Coastal Waters
= 22 for Sheltered Waters
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TABLE 9

Minimum SectionModulusRequirementsby
Major ClassificationSocieties

Class Society Euuation Leaend

ABs SM = O.OICA L’B (C~+ 0.70)

L = Length of Vessel
B = Breadthof Vessel
Cb = Block Coefficient
cl = Coefficient varying with

Germanischer
L1oyd

Lloyds
Register

Nippon
Kaiji
Kyokai

Det Norske
Veritas

SM = kCL’B (C~ + 0.7) (m=)
c=

* =

vessel length

Coefficient varying with
vessel length
Material factor (1.0 for
mild

SM = fk C.L2B (C~ + 0.7)10-g(m=)

f = Ship
(1.0

SM = CZL2B (C= + 0.7) cm~

SM = a C- L2B (CD + 0.7)/fi (cm=)

steel)

ServiceFactor
For Unrestricted)

Cwe = Coeff. varying with
vessel length

a,fl = 1.0 for ships with
mild steel construction

Bureau SM = FL=B (C= + 0.7) (m=)
Veritas

F = Coefficientvaryingwith
vessel length
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moment of inertia requirements which must be met by the converted
vessel . For shallow vessels and/or those with extensive use of
high strength steel, the inertia requirements may be controlling.

The longitudinal strength requirements for the converted
vessel are in part governed by the extent of lengthening,
deepening, and/or widening desired by the owner for the vessel’s
new intended service and carrying capacity. The term
“jumboizing” may include any one or any combination of these
three types of size and capacity increases. As pointed out
above, the naval architect may be requested to analyze the
possibilities and recommend that optimum jumboizing approach to
the owner for the most cost effective option.

Once the jumboizinq approach is approved by the owner, then
the rule proportions will have to be checked to establish if the
classification society longitudinal strength equations may be
used. In many cases, the still water bending moments for given
loading conditions must be ascertained and the strength
requirements determined using basic engineering principles with
supporting calculations submitted to the Society.

The supporting calculations needed for special consideration
by the classification societies include the estimates of actual
loads imposed on the vessel during its intended service. In
order to determine these loads, different loading conditions of
the vessel will have to be established. For nearly all types of
vessels to be jumboized, the full load departure and full load
arrival conditions and an interim condition such as ballast
arrival (or other applicable condition depending on the type of
ship) should be analyzed.

The still water bending moments (SWBM) can be determined
through the analysis of the weight, buoyancy, and load curves
obtained from the application of data for the various loading
conditions of the converted ship. This must be followed by the
computation of wave bending moments and shear forces. These can
be obtained directly from the applicable rules or from
statistical analysis based on ship motion calculations in
realistic sea states. Such an analysis could be obtained using
the modified “SCORES” program, Reference #9, which provides long
term predictions of the vessel ‘s forced responses utilizing wave
heights, wave periods, and sea spectra representing a random sea
state.

The theoretical governing total hull bending moment is the
summation of the still water and wave bending moments. When the
total bending moment is divided by the appropriate allowable
stress of the hull material, the required section modules will be
obtained.
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4.3.3 Choice of Strapp inq Materials

The classification society rules do not contain any specific
rules or regulations with regard to the choice of materials to be
used in doubler plates for strapping of ship hulls. As a
practical matter, however, classification societies will require
that doubler materials be compatible with the ship’s hull
material to which it is attached and meet the notch toughness
requirements for the location and thickness contemplated. ABS
states, in Appendix A, that “the new materials should meet the
latest rule requirements”. The French society Bureau Veritas
states in Reference #7 (extracts from which are included in
Appendix B) that steel grades of doublers “must comply with
Chapter 3 of Rules for Steel Vessels. If deck is built with high
tensile steel, the doubler must be of the same steel with the
same mechanical properties.” This is probably the universal
approach to the selection of strapping materials. As previously
described in Section 3.3.3, consideration of notch toughness
requirements for the prevention of brittle fracture may favor
going beyond minimum class requirements in selecting steel
grades. Notch sensitivity of strapping materials is also an
important factor to consider in comparison to the existing
material properties in way of the attachment. Depending on the
location, type and method of attachment, doublers of increased
thicknesses may have to possess a higher level of notch
toughness. .-

Major classification societies specify the physical and
chemical properties of steel material to be used in hull
construction. Strength characteristics for various grades and
classes of steels for hull construction are tabulated in the ABS
rules as well as in the rules of other societies. The ABS steel
grades are reproduced here (for quick reference) in Table 10;
those of other societies can be found in the respective parts of
their rules as shown below:

LRS : Section 2.1
GL : Chapter 2, Section 2, Part B
DnV: Section 3.1-2
BV : Section 3-13
NK : Part 6, Sections 1.1.7 and 1.1.11

Copies of these tabulations are included in Appendix D.

4.3.4 Required Cross Sectional Area

Once the strapping material is selected,
stresses identified, it will be Possible

and the allowable
to determine the

reinforcing required” to meet the new section modules. The
difference between required section modules for the converted
ship (as determined by the classification societies’ rule
equations or by basic engineering principles) and the “as-is”,
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TABLE 10: ABS STEELS——.

Material Class and Grade
Requirements
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i.e. before conversion, section modules is an indication of the
additional strength to be provided by the strapping and the new
midbody’s increased scantlings, if any. This difference can be
determined by computing the required section modules of the new
midbody and comparing this against the actual section modules of
the fore and aft bodies of the existing ship. If, as is normally
the case, the fore and aft body section modules is less than the
required SM for the converted ship, strapping or other
reinforcing may be necessary to meet the strength requirements,
depending upon the required tapering of the section modules along
the vessel’s length.

Should strapping be the preferred choice to obtain the
required structural reinforcement for longitudinal strength, then
the amount and type of reinforcement will be determined by first
calculating the additional cross sectional area that the
strapping should provide. For the determination of sectional
area to be provided by strapping, Bureau Veritas recommends, in
Appendix B–1, the following equation for deck doublers:

dwp = 2(dsp) (h) (h + W/S)/V (1)

where: dwp = Difference between “before” and “after”
conversion deck section moduli.

dsp = Additional sectional area required for doublers on
either side of ship.

h = Vertical distance from the centerline of deck doubler
to the existing neutral axis of the section.

V = Vertical distance from the deck line at side to the
existing neutral axis of the section.

w = Existing deck section modules.

S = Total existing midship sectional area.

This equation can be rearranged to give the following for
calculation of strapping sectional area.

dsp = V(dwP)/[2(h) (h+W/S)] (2)

Equation (1) may also be used for calculating the change in
deck section modules attributable to side shell doublers by
inserting the applicable h value. The total change assuming both
deck and side shell doublers are fitted is then the summation of
the two dwp values.

In general, the required sectional area of strapping is a
function of the SM before and after strapping, the midship
sectional area available, and the distance between the CG of
doubler and Yo, the distance from the neutral axis of ship before
strapping to the top of strength deck or bottom, whichever is
smaller.
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4.4 Development Of Strappinq Desiqn Details

4.4.1 Overall Desiqn Considerate ons

After determining the cross sectional area to be provided by
the doublers used in strapping the ship’s hull, careful
considerateion should be given to the selection of locations,
number, and scantlings of the doublers.

Important considerations in strapping designs include, in
addition to the location and scantlings of the doublers, the use
of proper attachment methods, suitable taper ratios, measures to
avoid stress concentrations and corrosion of the faying surfaces,
and most importantly, assuring structural continuity between the
new midbody and the existing fore and aft portions of the ship.

All of these factors are discussed further in the following
subsections of this report.

4.4.2 Determination of Strap Locations

In determining the locations on the ship where the doublers
may be installed, an optimum distribution of the added steel is
one of the first and most important considerations. As discussed
in Section 3.3.1, on the classes of ships which have been
lengthened with strappings in the past, the doubler plates were
installed mostly on the strength deck and bottom shell plating.
However, as shown in Table 7, some ships had doublers installed
on the side shell plating (sheer strake) and this can be done
when available clear deck area is limited due to structures or
obstructions on the strength deck or when additional strength or
stiffness (i.e. moment of inertia) of the ship over and above
that provided by deck doublers is required.

The selection of optimum strap locations will be governed by
the type of ship to be strapped. For example, for ships with
continuous and effective deep hatch coamings and/or hatch side
box girders of substantial scantlings, installing the doublers on
the coamings or box girders will prove to be more effective than
installing them on the decks.

Installing and welding the doublers on bottom plating will
require the ship to be drydocked for this purpose, if she is not
already in drydock, and in this sense will prove to be more
difficult and more expensive. For most types of ships, the
neutral axis of the midship section is usually closer to the
baseline than it is to the deck at side; consequent ly, the
available section modules at deck is less than that at the
bottom. When this is the case for the ship to be strapped, it
may be possible to install the doublers on the deck only and in
this manner achieve a cost effective strapping design.
It should be noted that precisely this was accomplished on Ships
B and M which are discussed in Section 3.0 with strapping details
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described in Table 6. Ships A, F and J also had no doublers
installed on the bottom shell plating; Ship F had them on the new
box girder, Ship J on the deck and the sheer strake, Ship A on
the deck with an additional girder installed on the bottom but
inside the ship, and Ship G had new box girders installed for new
container holds with doublers installed on the innerbottom, all
of which made it possible to carry out the strapping without the
need for drydocking.

When strapping must be installed on the bottom due to
specific section modules requirements arrangement
peculiarities of the ship in question, alternati~~ means may be
found to accomplish the same end result in a more cost effective
manner especially in cases where a drydock is not available or
when the cost of strapping is the most important consideration.
The methods used in the above-mentioned Ships G and A are good
examples of alternative approaches. On Ship A, as described, a
half girder has been added on the bottom in lieu of bottom
strapping and on Ship G doublers were placed on the innerbottom
plating instead of on the bottom shell plating.

It is clear that a standard strap location applicable to all
ships cannot be recommended. The selected location, to
reiterate, will be governed by the type, arrangement, and
strength requirements of the ship to be strapped. Possible
strapping locations are schematically shown in Figure 14 for.a
tanker which are also applicable for bulk carriers, general cargo
ships, and vessels of similar construction. Figure 15 shows
appropriate locations for a containership, also applicable to
Ro/Ro carriers, combination carriers, etc. For these latter
types of ships, deck doublers should be located and arranged in
such a manner that they will not only meet the section modules
requirements but also provide extra reinforcement for heavy deck
loadings, Ro/Ro ramps, and hatch openings.

Annex 2 of the Bureau Veritas Technical Paper, Reference #7r
cited in Section 4.3.1, a copy of which is reproduced by Bv’s
permission in Appendix B-2, specifies minimum distances from
existing hull butt welds to the side weld of the nearest doubler
for deck, sheer strake, and bottom doublers. It also recommends
that no structural members be welded to the doublers nor any
openings be cut in them. The project investigators concur with
these recommendations.

4.4.3 Longitudinal Extent and Scantlinqs

The strapping should cover at least the midship length
according to BV in Appendix B. In nearly all classification
society rules, including those of ABS in Appendix A, the midship
length is defined as 40% of mid-length and specified as the
extent to which the vessel’s primary strength capability should
continue. The actual longitudinal extent of strapping for any
specific ship, however, will obviously depend on its type and
configuration in addition to the strength requirements. As an
example, if the subject ship is a bulk carrier, a container
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carrier or a similar vessel with hatches along most of
length,

its
any deck doublers to be installed must extend beyond the

hatch ends, even if this is not a longitudinal strength
requirement, in order to provide structural continuity and/or to
reduce torsional and horizontal bending stresses. Examples of
this are seen in Ship A in Table 6 where the longitudinal extent
is approximately 3/4 L, on Ship H where it is 2/3 L, and in Ship
P where it is 1/2 L.

General recommendations from ABS include the following:

1) Strap ends should terminate beyond (i.e. overlap)
structural changes in section (such as hatch ends,
superstructures and bulkheads) by at least two frame
spaces (or say 2 meters)

2) Where possible, straps should be situated over
underdeck longitudinal girders or bulkheads.

3) Strap widths should be tapered down at the ends.

The total required sectional area of the strapping
determined as described in 4.3.4 may be provided by one or more
strips of doublers of appropriate thickness and width. The
selected thickness will obviously have to be compatible with the
thickness of existing hull plates to which the doublers will pe
attached. In Appendix A, ABS indicates doubler thicknesses
should not exceed 1.5 times the thickness of the underlying
plate, while BV in Appendix B-2 recommends that doubler
thicknesses should not exceed twice the thickness of the
underlying plate or a maximum of 40 millimeters (1.57 inches) .
From a review of the past strapping designs discussed in Section
3.(),it will be seen that doublers of up to 2.76 inch thickness
have actually been used in some strappings - (see Ships A,C
F,H,N, and P in Table 6). All of these strapping designs were
approved by the cognizant classification societies and,
additionally, they have reportedly given successful performance
without any structural problems.

Accordingly, it is recommended as a general guideline that
doubler thicknesses be selected such that they are not less than
the existing plating thickness but also not more than 50% above
that thickness. BV’S guidance in Appendix B-2 also leaves the
possibility of using different doubler thickness open by stating
that they can be fitted subject to the society’s approval. The
thickness selection may also depend on the physical arrangement
and the structural configuration of the ship in question.

As discussed earlier, the doublers may have to be installed
on the deck only and the ship’s deck must have ample space for
installing the doublers. If such is the case, it may be more
advantageous to install two or more doublers of smaller thickness
in parallel rather than one thick doubler to avoid plug welding.
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On the other hand. for a different ship type the available
deck space may be limited and/or cluttered with obstructions, in
which case the best approach may be to install a doubler of
greater thickness.

Also affecting the thickness selection will be the choice of
the number of doublers to be installed and the width of each
doubler. As stated above, if ample deck or bottom space is
available, two or more doublers of narrower width and smaller
thickness may be used to achieve the same reinforcing as one wide
doubler of thicker plate.

Table 6 reveals that the doubler widths used in past
strapping designs range from a minimum of 9 inches to a maximum
width of 103 inches. However, only four ship classes (Ships B,
D, G, and K) had wide doublers (103”, 84”, 66”, and 55”
respectively) . Of these, Ships B, D, and G had these wide
doublers attached to the hull plating by slot welding while Ship
K, despite using a wide doubler, did not. As a matter of fact,
the project investigators contacted the cognizant classification
society on this point, and the explanation provided by them is
discussed in Section 4.4.4.2.c “Slot Welds”, along with a
discussion on assuring the tightness and shear transfer
capabilities of doubler plates.

In Appendix B-2, BV states that in order to avoid plug
welds, narrower and thicker doublers may be arranged in 2 or 3
parallel strips. Additionally, BV indicates that the widths of
doublers for installation without slot welding will normally not
exceed 600 millimeters (24”) for an average size ship and
recommends a maximum width of not more than 40 times the doubler
thickness or 800 millimeters (31.5”) whichever is the greatest.
As indicated in Appendix C, DnV would normally require slot
welding for doublers wider than either 850 millimeters (33.5”) or
30 times the doubler thickness plus 100 millimeters. ABs
guidelines in Appendix A allow doublers without slot welding
provided the doubler width is not more than 750 millimeters (30”)
or more than 30 times the doubler thickness.

It is clear that the designer will have to consider all
these possibilities and choices and determine the most suitable
locations, numbers, and scantlings (i.e. longitudinal extent,
width, and thickness) of doublers to be used in strapping the
specific ship’s hull.

4.4.4 Attachment and Weldinq of Doublers

In order to achieve its most important function, i.e,
reinforcing and stiffening the converted ship’s hull , a doubler
should be properly attached to the existing plating. The
attachment details that should be carefully developed include:

o Providing tightness of doubler’s attachment to existing
plating and preventing corrosion.
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o Welding sizes and details;

o End reinforcing and chamfering details;

o Thickness and width tapering;

o Fabrication and inspection procedures.

The above details are discussed further in the following
subsections.

4.4.4.1 Tiqhtness and Corrosion Prevention

The doubler plates should be fitted as tightly as possible
against the base hull plating. This is important both from the
standpoint of ensuring effective shear transfer and also for the
purpose of preventing corrosion of the faying surfaces.

To provide for proper tightness during the strapping design
process, the side and end welding details should be carefully
determined as discussed below in Section 4.4.4.2. In any case,
the doublers are to be attached to the existing hull plating by
continuous fillet welds and separate lengths of doubler plates
are to be interconnected by butt welds. The recommended sizes as
specifically applicable to doublers, for each type of welding,
i.e, fillet and butt, are contained in Appendix B by Bureau
Veritas. ABS also has guidelines for sizing fillet welds as
contained in Appendix A. These are cited in Section 4.4.4.2a
and d. Other major classification societies did not provide such
specific guidelines but would require the designs to follow their
current welding rules for classification and construction of
ships.

From the survey of past strapping designs, it was also not
possible to find any written standards for strap–fitting
tightness. Other than specifying the appropriate fillet and butt
weld sizes, tightness can be obtained by following proper
fabrication and inspection procedures, such as preparation of the
existing hull plating prior to installing the straps, as
discussed in Section 4.4.5.

The tightness of the attachment and the corrosion prevention
measures are obviously very closely interrelated: the tighter
the attachment of doubler to existing base plates, the less
chance of water seeping through and initiating corrosion of the
faying surfaces. However, there are other precautionary and
preparatory measures, also discussed in 4.4.5, which should not
be overlooked.

The practice of coating the faying surfaces to prevent
corrosion has most probably been carried over from the strapping
of wooden and riveted steel ships. For welded ship construction,
coating of faying surfaces is probably not as important nor
necessary.
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The current trend in most shipyards with regard to the
faying surfaces of deck fittings (such as mooring bitts, etc.)
and hull doublers is to completely seal off these fittings by
welding and leave the faying surfaces completely uncoated. The
areas in the vicinity of welds are protected by taping from even
the wash primer (the zinc silicates used immediately after
sandblasting) in order to assure a sound welding.

One of the members of the review committee for this report,
Mr. Edward Moll of Bath Iron Works, recommended (Reference #12)
that faying surfaces be treated the same as any other surface
exposed to the weather; that is, if the ship exterior surfaces
receive a zinc coating system, then the doublers should receive
the same treatment except in way of welds, where the areas should
be masked prior to blasting and painting to avoid any
contamination of the weld-affected areas, or health hazards to
production personnel.

As there appears to be no general consensus as to the
treatment of faying surfaces, no specific recommendations are
made in this report, other than to note that assuring that sound
welds are obtained may impact the decision as to faying surface
treatment, if any. For example, if slot welding is to be used in
installing doublers, accurately masking the base plate in way of
all slot welds may not be practicable. Additionally, preheating
may be required for doubler installation, especially for doublexs
of high strength material, and this may affect decisions as to
faying surface coating.

In any event, sealing off the faying surfaces by sound
continuous edge fillet welding and quality slot welds (if
provided) is probably the most effective way of controlling
corrosion of the faying surfaces.

With respect to bevel welding of doubler edges, this is not
normally used; the extra expense of edge preparation and welding
is not generally considered necessary nor economical.

4.4.4.2 Weldin. Details

a. Fillet Welds

The sides and ends of doublers should, as mentioned above,
be attached to the existing hull plating by means of continuous
fillet welds. A typical doubler side fillet weld was shown in
Figure 1 of Section 3.0 along with sample weld sizes used on some
of the ship classes surveyed during this investigation. As seen,
the weld sizes ranged from a minimum of 1/4” to
3/4”.

a maximum of
This range can be used as a rule–of-thumb in determining

the fillet weld size in conjunction with consideration of the
plating (doubler and base hull) thicknesses and corrosion
allowances. BV in Appendix B recommends a fillet weld throat
thickness (see Figure 16) equal to one half the thickness of
doubler plate but not more than 60% of the base plating
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thickness. ABS guidelines, Appendix A, indicate that for
continuous fillet welding, the fillet weld should have a throat
thickness equal to 3/10 of the strap thickness. Guidance for
sizing fillet welds of doublers in general (not specifically for
strapping) may also be found in the Rules of other classification
societies, as for example in Section 19, Part B.2.4 “Local
reinforcements, doubling plates, ” of the GL Rules, Reference #3.

It is possible to optimize the fillet weld design by
reducing the weld sizes at the sides of doubler except at or near
the ends since the middle regions of the doubler plates will be
subjected to lesser fatigue loading (see discussion ‘on end weld
reinforcement in Section 4.4.4.2.d below). Examples of this
reduction were found in some recent strappings (Ships C and K in
Table 6 of Section 3.0). However, the classification guidelines
cited above should still be met.

If the strapping design requires the use of several strips
of adjacent doublers arranged in parallel, which may be the best
choice to avoid plug welding of a single wide doubler, the gap
between the two strips should obviously be at least large enough
to allow two fillet welds. In general the gap should not be less
than the thickness of the strap (ABS, Appendix A). BV recommends
a gap of between two and three times the strap thickness
(Appendix B-2).

When it is possible however, it may be advisable to join the
two strips together by a fully welded groove as shown in Figure 3
of Section 3.0. In this case, the whole sectional area of the
doublers including the fully welded groove will count as
effective. The built-in stress due to such full depth groove
welding should not be overlooked and proper precautions should be
taken to prevent it (see Section 4.4.6.4). For this reason the
doubler thicknesses with which full depth groove welding can be
utilized are somewhat limited. When two strips of thick doublers
are to be joined together, the method shown in Figure 4 of
Section 3.0 may be employed where the groove is only partially
welded. It is also possible to utilize the total area of the
doublers by utilizing and arranging the strips as shown in Figure
17 instead of cutting grooves on each doubler.

For parallel deck doubler strips with gaps between or with
partially welded grooves, BV in Appendix B recommends the use of
a filler material, such as cement, as protection against
corrosion.

b. Butt Welds

Individual lengths of doubler plates, throughout the
longitudinal extent of strapping, are joined together at ends by
butt welds. The survey of past strapping details showed that
some of the doubler butt welds
in Figure 18, with a completely
This practice is recommended by

employed a backing bar, as shown
continuous full penetration weld.
Bureau Veritas.
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Most of the ships surveyed however did not employ backing
bars for doubler butt welds. One of them (Ship B) had zero root
gap instead of a backing bar. This detail is Considered
conservative but not reliable with regard to obtaining full
strength from the joint.

The BV recommendations for detailing doubler butt welds are
contained in Appendix B-2, page 5, and include dimensional
guidelines for root gap, beve1 angle, and bar sizes, etc.
Appropriate bevelling (angle 0) and root opening (R) should be
provided to obtain 100% joint efficiency. Bevel angles of 30” to
40” and root openings of 1/4” to 3/8” are common practice.

If the existing shell or deck plating near the ends of the
longitudinal extent of doublers is reduced in thickness, as is
the case for most applications, a special detail shown in Figure
19 may be employed.

An alternative detail is shown in Figure 20 where an insert
plate is extended toward the straps by means of a special
transition doubler plate butt welded to the insert and to the
straps at its two ends and also slot welded.

Figures 8 and g in Section 3.0 demonstrate the details
employed in welding doublers to a heavy insert plate in way of a
new midbody and in way of a side opening on the existing
structure. As noted therein, the combined width of the doubler
plate and the existing hull plate should match the width of the
insert plate on the new midbody or the side opening.

c. Slot Welds

Slot welding, as discussed in 3.3.4.2 and 4.4.3, should be
used with doublers exceeding certain widths and only upon
approval of the cognizant classification society. Typical widths
beyond which slot welding is mandatory are given in Section
4.4.3. In contra$t, Bureau Veritas, in Appendix B, does not
recommend the use of slot welds to strengthen the doubler
connection to shell plating unless special agreement is obtained
from the Head Office. Rather, BV generally limits the doubler
plate width as given in Appendix B-2.

During the survey of past strapping designs, three ships
were found which had the doublers slot welded to the hull
plating. The widths of doubler plates on these
between

ships varied
66” and 103”, and slot welding was necessary to maintain

a tight connection. Another ship had a 55,! wide doubler
installed but had not employed slot welding. As pointed out in
Section 4.4.3, the project investigators discussed this point
with the cognizant classification society. The explanation given
was that the subject strapping design was approved many years ago
at which time they had “no special requirements for welding of
doubler plates.” It was added that nowadays they “require slot
welding if the breadth of doubler exceeds 30 times the thickness
of doubling plate.”

67



-FULL PEWTRATION WELD I

1FGLRE 18: Po- mm JOINT Wlm BAC’KING BAR

SHELVDECK

7

~ Pwc#

PREVIOUS PIECE
* STRAP

IRAN$ITION PIECE

L SnEERSTMKE

Flm 20: ~T!!& =tAIL FOR STRAP

68



It is recommended for the pUrpOSeS of strapping design
methodology that wherever possible, narrow doublers not exceeding
in width 30 times their thickness be used and slot welding be
avoided. When, however, wider doublers must be installed due to
arrangement peculiarities and/or non-availability of space for
multiple parallel narrower doublers, slot welding may be employed
subject to review and approval prior to installation.

Typical slot welding details used in previous strapping
projects were discussed in Section 3.3.4.2 and illustrated in
Figure 2 thereof and these may be used as guidance in new
strapping designs. Slot welding details used for hull strapping
are subject to classification society approval. Some further
guidance is provided in the Rules of the various societies,
References #1 through #6, as for example under Section 30.9.6
“Plug Welds or Slot Welds” of the ABS Rules and Section 19,
“Welded Joints”, Part B.3.3.11 (Plug Welding) of the GL Rules.
DnV, in Appendix B also provides guidance for slot dimensions and
welding requirements which are in close agreement with the
guidance provided above.

d. End Reinforcing

The extreme ends (fore and aft) of doubler strap plates may
be subjected to repeated, high stress fluctuations and
reinforcing of the welds at these locations against fatigue
failure should be considered. Reference #10 discusses allowable
fatigue stress ranges for 1ong cover plates, straps, (as
applicable to bridge structures). At or near the strap ends, the
allowable fatigue stress range is only about one half of that at
the sides of the strap. Table 11, reproduced from Table 1.3.13V
of the cited reference, lists the allowable ranges for various
stress categories. For the same number of constant stress
cycles, it can be seen that the allowable range for stress
Category B (corresponding to sides of strap] is nearly twice the
allowable range for stress Category E (which corresponds to ends
of strap) . As far as stress fluctuations are concerned, the
bridge structures are similar to ship structures and it becomes
obvious that reinforcement of the strap end welds is advisable,

BV provides guidance for the amount and extent of weld
reinforcement at ends of doubler plates: and in Appendix B-2,
recommends increasing throat thickness from 0.5 times doubler
thickness to 0.7 times thickness for a length at ends equal to
three times the width of the doubler.

ABS guidelines for fillet welds at the ends of straps are
contained in Appendix A, and indicate a throat thickness of 0.5
times plate thickness should be used at the ends over a length of
approximately two times the width of the strap.
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TABLE 11: ALLOWABLEFATIGUESTRESSRANGES

(ReproducedFrom Reference#10)

Allomble Fatigue Stms m. $Rftr (~)
f= No. of Gmt.sm cyd~ N

stm8
~wfw 15UWO” 20Q,000 500,000 2,000,Ooo> 2,000,cm

A 53 46 S6 24 24

B 40 S6 27 18 16

c 2a 26 19 1s 10
128

D 24 22 16 10 7

E 19 17 12 8 5

F 14 1s 12 ‘9 8
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4.4.4.3 Chamfering

Figures 12 and 13 in Section 3.0 contain illustrations of
end and edge chamfer details utilized in some of the past
strapping designs. Chamfering serves to improve structural
continuity at the termination regions and also reduces the risk
of tripping by personnel in the case of deck doublers and the
flow resistance in the case of bottom doublers. In general, the
corners of all free edges of doubler plates should be dressed
smooth and chamfered by grinding to l/16’’Xl/l6° or l/8’’Xl/8°to
minimize the notch effect.

4.4.4.4 Taperinq

The width and thickness of the doubler plates used in
strapping ships’ hulls remain constant throughout the minimum
midship length as required by the classification societies. As
discussed in Section 4.4.3, the minimum midship length is usually
40% of the ship’s rule length. However, the longitudinal extent
of strapping may have to go beyond this length, depending on the
type of ship and the specific application, in order to maintain
structural continuity and to reduce horizontal and torsional
bending stresses.

Width tapering and chamfering are usually employed together
without thickness tapering. On the other hand, in cases where
strapping is required to continue extensively beyond the midship
length (such as the deck or hatch side girder doublers on
containerships ), thickness tapering may be considered.

It was stated in Section 3.5.6.2 that no rules were found
governing the details of width tapering for hull strapping. This
is true; however, one classification society, DnV, has provided
guidance on this subject (it was stated by other classification
societies that no special guidance notes were publicly available
for such details but that the details would be subject to their
revew and approval). DnV’s recommendations on tapering can be
found in Appendix C.

The recommendations for new strapping designs is to utilize
width and thickness tapering in conjunction with chamfering and
end reinforcing of appropriate extent and size as customized to
the specific application.

4.4.4.5 Fabrication and Inspection

During preparations for and actual installation of
strapping, the precautions summarized below are recommended.
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a. Preparation and Precautions

o The existing hull and/or the new midbody plating to be
strapped should be flat, fair, and well supported by
existing longitudinal structural members.

o If the plating is buckled or otherwise unfair, any
fairing or repairs to the existing plating should be
accomplished prior to installation of doublers.

o Existing hull or new midbody erection butts must be
ground flush; undercuts, if any exist,- should be
repaired; weld spatters and burrs at ends should be
removed.

o Faying surfaces should be clean, free of moisture and
any foreign materials such as grease, mill–scale, paint
or rust. An ordinary thickness of primer coating or a
thin linseed oil coating may be allowed, upon approval
by the classification society, provided it is
demonstrated that their use will have no adverse effect
on the production of satisfactory welds.

b. Weldinq Precautions and Sequence

o A welding specification should be prepared detailipg
the welding procedure on the basis of cognizant
classification society’s rules.

o Preheating and temperature maintenance requirements for
welding high strength steels in accordance with the
rules must be observed (see Appendix B-2 for further
details).

o A proper welding sequence for installing doublers
should be established in accordance with the rules of
the cognizant classification society. A sample welding
sequencer recommended by BV, is given in Appendix B-2.

o In installing doublers in way of hull erection joints,
a short section of the doubler (about 3 ft. in length]
may be left unwelded until after completing, testing,
and flush grinding the hull joint.

c. Ins pect ion

In order to obtain the strengthening and stiffening expected
to be provided by strapping, all doubler plates must be
thoroughly inspected prior to, during, and after welding as well
as during periodic classification society underwater hull surveys
and all drydocking surveys for in-service performance follow-up.
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During fabrication and welding stages, the cognizant class
society surveyors will normally conduct inspections to ensure
compliance with their rules. Separate detailed inspection
requirements for doublers are not available from all societies.
The general fabrication and welding inspection requirements for
hull structure are normally used and these are incorporated into
the building yard’s own “Quality Assurance Program” if and as
dictated by the Owner’s conversion specifications. An inspection
procedure specifically for doubler welds is contained in BV’S
Annex -2 to Reference #7 which is reproduced in Appendix B-2 of
this report. As will be seen, it contains guidance on the extent
of visual inspections; ultrasonic, dye-penetrant, and magnaflux
testing; and radiography.

In determining the inspection procedure to be followed, it
is noted that the inspection standards to be utilized may be
based, at least in part, on considerations of fatigue strength
and fracture mechanics. In particular, allowable limits on
welding flaw sizes to insure adequate fatigue life can be
assessed using fracture mechanics analyses. Such limits can then
be used in developing inspection standards.

4.5 Cost Effectiveness Of Strappinq Desiqns

In various preceding sections of this report, the importance
of a most cost effective strapping design without sacrificing
strength and structural continuity was touched upon.

Listed below are some measures and/or considerations
recommended for accomplishing this purpose:

o If the ship in question is to be jumboized, first
conduct an analysis of possible alternatives (such as
adding a new midbody and strapping, constructing a new
forebody, etc.) to determine the most suitable and
economical jumboizing approach to obtain the same end
result.

o Should strapping of the existing hull and the new
midbody be the selected approach, carefully determine
the optimum locations of doublers through consideration
of :
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obstructions on the existing ship’s deck, amp1e
support for doublers from existing longitudinal
structural members, minimum amount of removal and
reinstallation, etc.).



If drydocking the vessel is not required for other
reasons, elimination, if possible, of the need for
drydocking the vessel for strapping purposes by
installing doublers on the deck only or on the
innerbottom or other such location allowing work
to be accomplished while the vessel remains
afloat.

Utilization of the additional strength provided by
the deck doublers also in providing extra
reinforcement for heavy deck loadings, ramps,
hatches, etc. if such exist on the ship, provided
allowable stress levels are not exceeded.

o Extend the doublers sufficiently beyond the rule
required midship 1ength to obtain good structural
continuity and to avoid costly additions/reinforcements
in later stages of the strapping installation.

o Select the optimum and most economical numbers and
widths of doublers to be installed keeping in mind the
fact that the more the number of doublers the greater
the cost of welding operations. If the required
reinforcement can be provided installing only one
doubler plate of reasonable width and thickness, select
this option and determine the best location for it. :

0 In determining the thickness of doublers to be
installed, use the following criteria:

Assure compatibility with existing hull plating
thickness (see Section 4.3.3).

Avoid using, if possible, very thick doublers
requiring multiple passes since welding of thick
plates is more labor intensive than welding
thinner plates.

If the required reinforcement can only be obtained
by installing a thick doubler of maximum allowable
width, conduct a trade-off study and try
installing twO parallel doublers of smaller
thickness and narrower width. Include in this
analysis the consideration of the extra length of
welding required for the two straps versus the
extra amount of welding passes needed for the
single thick doubler.

In any case, avoid plug welding (which is a costly
affair) by using narrower doublers unless
absolutely dictated by the particular
configuration of the ship and the complexity of
obstructions on the deck.
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5.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

A thorough review of the past strapping designs for fourteen
classes of ships was conducted. The data for strapping details
of these ships were obtained from various sources including
shipowners, shipyards, and classification societies.

The collected data consisted of filled out questionnaires
(prepared specifically for purposes of this project), drawings of
ships detailing the strapping design, and some overall comments
on the subject. The data were sorted and analyzed with the
objective of benefiting from successful past experience and
avoiding unsuccessful designs in any new strapping application.

It was found that sufficient information had been gathered
to enable an analysis of the past designs but practically no
information had been provided with regard to the in-service
performance of hull strappings. Upon suggestions by the Project
Technical Committee, a request was made to the U.S. Coast Guard
Marine Inspection and Marine Safety Offices throughout the U.S.
to provide relevant inspection results for the ships surveyed.
Responses received indicate that no specific strapping
inspections were conducted on the ships in question with the
exception of one vessel class. For this class, some defective
strap butt welds were found as described in Section 3.4.

On the basis of the information obtained, it was not
possible to judge if any of the past strapping designs was
unsuccessful . Responders, in filling out the special
questionnaire, all stated that their designs were successful and
that no specific structural problems were experienced during
in–service performance of the doublers.

However, variations in the design details were encountered
in some applications and it was possible to adopt one design
detail against another less desirable application to include in
the recommended strapping design methodology.

The design methodology that was developed on this basis is
presented in detail in Section 4.0 of this report. A summary of
the most important factors which must be taken into consideration
during the strapping design development for new applications, is
presented below:

o The number of doublers to be installed should be
established on the basis of available space (on the
deck, side shell, or the bottom shell of the ship to be
strapped] and the extent of strengthening needed to
meet the required midship section modules and moment of
inertia.

o The most suitable locations on the ship’s hull should
be selected for installation of doublers to provide
ease of construction while assuring effective
structural continuity.
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o Care must be taken to ensure that the doublers are
amp 1y supported by existing longitudinal structural
members.

o Scantlings of doublers (i.e, the width, thickness, and
longitudinal extent) should be determined with a view
toward reducing costs without sacrificing strength.

o Strapping materials should be selected such that they
are compatible with the ship’s underlying hull plating
to which they will be attached; notch toughness should
be considered in selecting steel grades.

o Appropriate design details should be provided for the
installation, attachment, and inspection of doublers.
Most suitable details for the specific type and
configuration of the ship to be strapped should be
utilized.

o Design details should establish the width and thickness
tapering of doubler plates at ends, chamfering of the
edges and ends, weld reinforcing at ends, spacing and
joining details for two or more parallel strips of
doublers (if employed), butt welding of individual
lengths of doublers, and slot welding (if employed with
approval of the cognizant classification society). ..

0 Specific instructions with regard to fabrication
procedures and precautions peculiar to doubler
installation (such as faying surface preparations and
treatment, etc.] should be provided.

o Welding specifications and a proper welding sequence to
assure sound connections and to avoid built-in stress
concentrations should be developed in agreement with
the building yard’s standard practices.

o Special quality control requirements with regard to the
inspection and testing of doubler installations should
be developed and incorporated into the building yard’s
“Quality Assurance Program.”

In order to make sure that experience from past strapping
designs are fed back to the designers, it is highly desirable to
have one central authority collect all inspection results for
ships with strappings in a separate data base. The USCG
inspection database currently contains some data for U.S. flag
merchant ships. It is recommended that specific instructions be
added for the USCG inspectors to at least visually examine hull
strapping, if present, on every occasion even if it does not seem
necessary. If the visual examination reveals any defects, then
appropriate additional inspections such as ultrasonic, magnafluxr
or dye–penetrant testing should be requested. The results of
doubler inspections should be recorded in a
for easy

separate data file
retrieval. This will make it possible to maintain a
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running record for the in-service performance of doublers so that
the more successful applications may be identified and utilized
in future hull strapping of ships.
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