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A Study on Hull Deflections Effecting the Ship's
Propulsion Shafting Alignment

Yong-Jin, Lee

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

Modern ship hulls of large oil carriers and container carriers have become
more flexible with the scantling optimization and an increase in ship length. On
the other hand, as the demand for power has increased with the ship size, shaft
diameters have become larger and stiffer. Consequently, the alignment of the
propulsion shafting system has become more sensitive to hull girder deflections,
resulting in difficulties in analyzing the alignment and conducting the alignment
procedure. Accordingly, the frequency of shafting alignment related bearing
damages has increased significantly in recent years. The alignment related
damages are mostly attributed to inadequate analyses, changes in the design of
the vessel, inadequate practices of the shipyard in conducting the alignment, and
a lack of well defined analytical criteria.

Hull girder deflections are the most significant disturbance that affects the
bearing offset after vessel construction. Inability to account for hull deflections
may result in poor alignment design with serious consequences on the bearing
life. The problem, however, is the difficulty in predicting and evaluating hull
deflections.

Hull deflections can be estimated by an analytical approach and by measurements.



The analytical approach is time—consuming and expensive. It requires detailed
modeling (e.g., finite element) of the vessel, in particular the stern part, with a
comprehensive model of engine room structure, engine and shafting. The analytical
approach 1s seldom undertaken solely for the purpose of investigating hull
deflections' effect on the alignment. It is more common to take advantage of the full
scale vessel modeling conducted for the dynamic loading analysis (or similar) to
extract the data on hull deflections that may be applied in alignment analysis.

The hull deflection analysis by using analytical and measurement approach was
conducted for a container vessel and similar results from both methods were
obtained. The measurement approach has been the proffered method to analyze hull
deflections due to the substantial time and cost involved in the analytical approach.

Hull deflection analysis and the verification of analysis by measurements have
been carried out by shipyards as a joint investigation with class societies. However,
only one or two vessels have been studied for such research purposes. Accordingly,
the analysis results from these research are not adequate for future application.

The purpose of this paper is to make a database of hull deflections on vessels of
various type and size through direct measurements. This paper will introduce the hull
deflection analysis method using the measurement approach and show the analysis
results on the actual vessels. Where hull deflection data obtained by this research
will be used for the shafting alignment analysis of similar or identical vessels, time

and expense will be reduced, and the bearing damage will be prevented.

This paper consists of 7 chapters.

In chapter 1, the historical background and objectives of this research and the

structure of the paper are introduced.

In chapter 2, the theoretical analysis method of propulsion shafting alignment
is explained. The three—moment theory method, the matrix finite element

method and the transfer matrix method are normally used for the shafting

_Xi_



alignment analysis. Details of the matrix finite element method used in this
research are explained in this chapter.

The results of the alignment -calculations contain bearing reactions, shear
forces and bending moments along the shafting, slope boring details (if
applicable) and detailed description of alignment procedure. The alignment
calculation is to be performed for theoretically aligned cold and hot conditions of

the shafting system with specified alignment tolerances.

In chapter 3, details for the jack—up method and strain gauge method to get
the bearing reactions are described.

Bearing reactions are measured directly and indirectly. The most commonly
applied methods to measure the alignment condition are jack—up and strain gauge
method. The strain gauge procedure is an indirect method to measure the
deflections and strains in the shaft and those measurements are correlated to the
bearing reactions. The jack—up measurement is a direct reaction measurement
where a hydraulic jack is used to lift the shaft and measure the load at the
particular bearing. Due to its simplicity, it is the most widely applied method in

the shipbuilding industry.

However, jack—up results are sometimes different from the actual bearing load
due to insufficient experience. The bearing reaction measurement method by
jack—up is explained in three parts.

The strain gauge method can provide relatively accurate information on the
loading condition of the bearings which are not accessible for jack—up
measurements. Once the strain gauges are mounted, measurement can be easily
repeated within a very short time. The disadvantages of the strain gauge method
are as follows; It requires a relatively long time for equipment installation, the
accuracy of the data depends on system modeling and it requires relatively

sophisticated and expensive equipment for measurements.
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In chapter 4, the method to get the actual bearing offset using the measured
data on each different operating condition of the vessel is introduced. A genetic
algorithm is applied to the reverse analysis program as a search engine. The
genetic algorithm and the application method of reverse analysis program are
explained in this chapter. Also, the strain gage data analysis program and the
calculation procedures of actual bearing offset are introduced. The hull deflection
results obtained by the finite element method are compared with those of the

measurement method and the reliability of this study is verified.

In chapter 5, the bearing offsets obtained by the measurement method on the
propulsion shafting system of the actual vessels are compared and investigated.
Vessels selected include a 320K DWT VLCC, an 159K DWT oil carrier, an 105K
DWT product carrier, a 47K DWT oil/chemical carrier and an 175K DWT bulk
carrier, which are representative of the typical ships in worldwide shipyards.
Measurements for all oil carriers have been carried out in Korean shipyards and

measurements on the bulk carrier have been carried out in a Taiwan shipyard.

In chapter 6, hull deflections are calculated by using the actual bearing offsets
obtained in chapter 5. And also, since the bearing offset is adjusted finally after
launching, differences in hull deflection between before and after bearing final
adjustments are calculated as correction values. The relative hull deflections
between drydock condition and each operating condition are calculated and the upper

and lower limits of hull deflections are described for future application.

In chapter 7, the achievements of this study are summarized as follows.

(1) The methods to calculate the actual bearing offset on the installed bearing
and to get the hull deflection values using the bending moments of the shaft and

bearing reactions are introduced.

— xiii -



(2) The hull deflection results obtained by the finite element method are
compared with those of the measurement method and reliability and utility on

the hull deflection data obtained by the measurement method are verified.

(3) The bearing reaction at the aftmost main engine bearing is designed as an
unload condition after bearing final adjustment due to the consideration of
thermal expansion of the main engine L.O. sump tank and hull deflections.
According to the results of this study, the current design method is suitable for
over 150,000 DWT oil carriers. However, the bearing reaction of aftmost main
engine bearing of oil and bulk carriers less than 100,000 DWT has to have a
suitable load after final adjustment of the bearing to get the proper bearing load

in the operating condition.

(4) The bearing offset is not changed from drydock to after launching in case
of the 320,000 DWT oil carrier and 175,000 bulk carrier. Presently, the shafting
alignment work is normally completed after launching because hull deflection
from drydock to after launching can not be obtained. However, the shafting

alignment work of the aforementioned vessels can be completed in the drydock.

(5) Even when the conditions of a bulk carrier changes from drydock condition
to variable operating conditions, hull deflections are not large. Also, hull
deflections of large bulk carriers are relatively smaller than those of small oil
carriers. Accordingly, even if hull deflections are not considered in the shafting
alignment calculations, it appears that the bearing damage caused by hull

deflections will not occur.

(6) In case of oil carriers, hull deflections of bigger ships are larger than
those of smaller ships. And since hull deflections of the oil carriers cannot be
ignored, shafting alignment calculations should take into consideration hull

deflection to prevent bearing damage.
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Where the hull deflection data provided from this research will be used for the
shafting alignment calculations for identical or similar vessels, shafting failures
due to hull deflections could be reduced. Also, since the hull deflection data
provided is based on the drydock condition, the shafting alignment work can be
completed in the drydock and this means that the ship construction schedules
can be reduced. However, measurements and analysis for five vessels have been
conducted in this paper. Accordingly, where the hull deflection measurements and
analysis for vessels of more types and sizes will be carried out by the method
introduced in this paper and these data will be accumulated and formulated, the

shafting damage from hull deflections will be prevented in advance.
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Fig. 3.6 Jack—up measurement for aftmost main

bearing
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Fig. 3.7 Dial gauge position for aftmost main

bearing jack—up measurement



Table 3.1 Recommended static main bearing loads of Sulzer engines

[54]

Recommended static main bearing loads

Engine Brg Nos. mbl & mb3 mb?2

Engine Type Fmin.(kN) Fmax.(kN) Fmin.(kN) Fmax.(kN)
RT52/U/U-B 16 320 80 112
RT62/U/U-B 24 470 118 165
RT72/U/U-B 32 630 158 221
RT48T/T-B 15 290 73 102
RT58T/T-B 21 430 108 151
RT68T—B 28 560 140 196
RT84T/T-B/T-D 23 940 282 423
RT60C o) 460 115 161
RT84C 45 890 223 312
RT96C/C—B Bt 1050 263 368

mbl is the aftmost main bearing

mb2 is No. 2 aftmost main bearing

mb3 is No. 3 aftmost main bearing




Table 3.2 Acceptable bearing loads for various engine type of MAN B& WP

Aftmost engine

Other engine bearings

Engine type bearing
Max. reaction(kN)| Max. reaction(kN)| Min. reaction(kN)
K98MC/ME 1120 1120 56
K98MC—-C/ME-C 1120 1120 56
S90MC—-C/ME—-C 958 958 48
K90MC/ME 485 921 46
K90MC—-C/ME-C 441 906 45
S80MC—-C/ME—-C 785 785 39
S80MC 730 730 37
L8OMC 730 730 37
K80MC—-C/ME-C 793 793 37
S70MC—-C/ME—-C B 3 573 29
S70MC 559 559 28
L70MC—-C/ME—-C 573 573 29
L70MC 574 574 29
S656ME—-C 463 463 23
S60MC—C/ME—-C 420 420 21
S60MC/ME 409 409 20
L60MC—C/ME—-C 420 420 21
L60MC 363 363 18
S50MC—-C/ME—-C 291 291 15
S50MC 273 273 14
L50MC 252 252 13
S46MC—C 250 250 13
S42MC 210 210 11
L42MC 186 186 9
S35MC 137 137 7
L35MC 134 134 7
S26MC 82 82 4

Minimum reaction for aftmost engine bearing is zero.
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Fig. 3.8 Reaction measurement of intermediate shaft bearing
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Fig. 3.13 Schematic diagram of bearing reaction force
A: M, = R3S, + RySy+ M, (3.11)
B:My= R;-Sy+ Ry:S, + My (3.12)

21(3.11), 21(3.12)2 R1, R29] st Al 2(3.13)3 21(3.14)8F o] &

t}.
(M, — My)S,— (My— Mp)S.
R1: A A 4 B B/*~2 (313)
5154_5253
(My— Mpy)S, — (M, — M,)S.
R2: B B) 1 A A) 3 (314)
5154_5253
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Fig. 3.20 Modeling for shafting alignment calculation
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Fig. 3.21 Comparison
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between calculated and measured bending moments
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of oM & Aol AREE ZEH AlolA SA Axtket doly EAUHS

gA8 Ar g

4.2.1 2E#<A AolA FH]

2 AFoNA ALEHE AEHQ AlolA] FH|= Fig. 4.4 o] FAHET. W|A wE
Fo] 2o A A4S 98t dasity EeF ofo] 2 ¥ (I0tech, Inc)ollA =
£ WaveBook¥} WBK16°] ¢t} WaveBooke 1 Fog dlolg A3 Anjon,
WBK162 8x1d ~E#HQl Alo|#] 42ls HAF HES flste] dasitt. ~EH ] Ao
A= o8] F/R7F AREEHA oY =2 wek(Kyowa)A KFW—-5-350-C1—-11L1M2R,
A7 35002 AlolAE A& fle] &S a°ofst Table 4.13 ).

422 R2HE &4 9 go]g A4 wW{

M=E-W,-e€ (4.2)
L [ ™ (dﬁ*d?)
AN p= FRARAT, 2,5 SUAT(= 5 ), e ZEHHRL AlolA
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Ve k
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dEF Attt B Ao dEFH oz 10Ve V,, 3ke] AFEEAT ke 2EF

Table 4.1 Strain gauge and related equipment

Maker : IOtech, Inc.
WaveBook ) ) o )
Function : High—speed portable data acquisition device
Maker : IOtech, Inc
WBK16 . . . L
Function : 8 —channel strain—gauge signal—conditioning module
Maker : Kyowa
Strain Type :-KFW—-5-350—-C1—-11L1M2R
Gage Gauge Resistance : 348.8 £ 1.2%
Gauge Factor : 2.14 £ 1.2 %

-
Two pairs of strain gauges are located
180 degrees apart and connected to form
Strain gauge schematic — full bridge i apply at each Whitestone bridge
measurement location

Fig. 4.4 Strain gauge installation and equipment

o]



2EQl AeAZHFE dHolEw ~EH Alelx] EEQ] [0techAte] WBK160A]
H £ ol H&E HHY Hu agEa dole A% AWl I0techAhel
WaveBooks E3f ol ZaoA txd A= W3yt WaveBooks H°|EHE PC
of Hulal PColl AX¥ DasyLab &AZESO]E F3l Rolxl ARE HUE=Z H3sh
th. DasyLabell A= @0zl dlolB & A2l5 &P dHEE F A= 7Isol A
t. SAss w<t, dHolHe 2adddA AlEHow RUHY Ha sAd vz
A€t Fig. 4.5+ flolA d53 deolH A #AS BT vk Fig. 4.6&
tolge] Aelet = A4 2gjar AE 98] AFE3E Dasylab AZE g ofoll A
Rk o & etk Fig. 4.7 o2/ a4 fojx RHE s HojFt

EPP*

WaveBook/516
16-bit, 1-MhHz,
data acquisition
system

WBK16
8-channel strain-gage
module

WBK16
8-channel strain-gage
module

EPP* : Enhanced Parallel Port

Fig. 4.5 Data processing



Bending Moment (kNm)

100 L

Fig. 4.6 DasyLab sof\“‘l.ﬁ@ing, graphing and storage
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Fig. 4.7 Bending moments obtained by Dasylab software
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Fig. 4.9 Window screen for reverse analysis



Dry Dock
X-axis through Aftmost-M/E Brg and Foremost-M/E Brg

Vertical Bearing Offset [mm]
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Bearing Location [m]

Fig. 4.10 Output from reverse analysis

Dry Dock
X-axis trough Aftmost-S/T Brg and Foremost-S/T Brg
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Fig. 4.11 Actual bearing offset converted from reverse analysis output



Dry Dock
X-axis through Aftmost-S/T Brg and Foremost-M/E Brg
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Fig. 4.12 Hull deflections between after stern tube Brg and No.1 M/E Brg
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Fig. 4.17 Hull deflections under ballast still water condition
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Table 5.1 Specification of the vessel(a)

Vessel type

320,000 DWT VLCC

Main engine

B&W 6590MC—-C, MCR 40,000BHP at 76 rpm

Crankshaft Dia.(OD/ID)

990 mm/ 495 mm

Intermediate shaft Dia.

725 mm

Propeller shaft Dia.

810 mm

Propeller

4 blade fixed pitch, Dia. 9900 mm
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Fig. 5.1 Strain gauge positions installed(a)
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é : Bearing

Fig. 5.2 Modeling of shafting system for shafting alignment calculation(a)

Bending Moment(kNm)
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- I After Brg Adjustment

L [ Ballast APT Empty(Hot)
- [ Ballast APT Full{(Hot)

[—JLaden APT Empty(Hot)
I Laden APT Full(Hot)

Strain Gage

Fig. 5.3 Shaft bending moments of each condition(a)
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Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)

32.173

9,563 (Propeller Shaft)

10,318 (Intermediate Shaft)

12,292 (Main Engine Shaft)
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Fig. 5.5 Bearing offset under drydock and launching conditions(a)
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Fig. 5.6 Bearing offset under bearing final adjustment condition

and designed offset(a)



Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)
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Fig. 5.7 Bearing offset under bearing final adjustment and ballast
APT full conditions
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Fig. 5.8 Bearing offset under bearing final adjustment and laden
APT full conditions
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Vertical Bearing Offset (mm)
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Fig. 5.10 Bearing offset under ballast APT full and laden
APT full conditions
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Table 5.2 Specification of the vessel(b)

Vessel type

159,000 DWT Crude Oil Carrier

Main engine

MAN B&W 6S70MC—C, MCR 25,320BHP at 91 rpm

Crankshaft Dia.(OD/ID)

840 mm/ 150 mm

Intermediate shaft Dia.

590 mm

Propeller shaft Dia.

655 mm

Propeller

4 blade fixed pitch, Dia. 8200 mm




‘ : External Load
& : Bearing

Fig. 5.12 Modeling of shafting system for shafting alignment calculation(b)
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Fig. 5.13 Shaft bending moments of each condition(b)
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Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)

25,241

8,353 (Propeller Shaft) 7,648 (Intermediate Shaft) 9,204 (Maoin Engine Shaft)

—m=— Drydock
—s— After Launching
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i 5 il | H ' : ¢ : 2 :
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Fig. 5.15 Bearing offset under drydock and launching conditions(b)
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Fig. 5.16 Bearing offset under bearing final adjustment condition
and designed offset(b)
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Al AA AT gl 109 5HEF AR ukde] sk dnk AFERS Table 5.3
A2 stk o] Auke MAN B&W 7S60MC—-CAZ S F712 ALgstar glom
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(1) =gfol5 -3zt e

(2) A3 wojgde] HF 2A-4A - Y7z A (draught ; aft:3.6m, fore:3.6m)

(3) X% wold o HF =45 - ¥Z Aef(draught ; aft:4.2m, fore:3.5m)

(4) A+HZF, FH2E 21 — 37} AHl(draught ; aft:8m, fore:6m)

(5) Al&dF, WAl =1 — 72 AE(draught ; aft:13.6m, fore:13.6m)

Table 5.3 Specification of the vessel(c)

Vessel type

105,000 DWT Product Oil Carrier

Main engine

MAN B&W 7S60MC—C, MCR 21,490BHP at 105 rpm

Crankshaft
) 720 mm/ 115 mm
Dia.(OD/ID)
Intermediate shaft
) 510 mm
Dia.
Propeller shaft Dia. | 760 mm

Propeller

4 blade fixed pitch, Dia. 7450 mm
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Fig. 5.19 Modeling of shafting system for shafting alignment calculation(c)
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Fig. 5.20 Shaft bending moments of each condition(c)
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Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)
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Fig. 5.22 Bearing offset under drydock and launching conditions(c)
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Fig. 5.23 Bearing offset under bearing final adjustment condition

and designed offset(c)



Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)
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Fig. 5.24 Bearing offset under bearing final adjustment and

ballast(cold) conditions
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Fig. 5.25 Bearing offset under bearing final adjustment and

laden(hot) conditions



Vertical Bearing Offset (mm)
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5.26 Bearing offset under ballast(cold) and laden(hot) conditions
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Table 5.4 Specification of the vessel(d)

Vessel type 45,900 DWT 0Oil/Chemical Carrier
Main engine B&W 6S50MC—C, MCR 12,900BHP at 127 rpm
Crankshaft

600 mm/ 85
Dia.(OD/ID) fm/6o mim

Intermediate shaft
Dia.

395 mm

Propeller shaft Dia. 470 mm

Propeller 4 blade fixed pitch, Dia. 6000 mm




: External Load

é : Bearing

Fig. 5.28 Modeling of shafting system for shafting alignment calculation(d)
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Fig. 5.29 Shaft bending moments of each condition(d)
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Vertical Bearing Offset (mm)

Vertical Bearing Offset (mm)
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6,467 (Propeller Shaft) B.011 (Intermediate Shaft) 6,643 (Main Engine Shaft)
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Fig. 5.31 Bearing offset under drydock and launching conditions(d)
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Fig. 5.32 Bearing offset under bearing final adjustment condition
and designed offset(d)



Vertical Bearing Offset (mm)
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Fig. 5.33 Bearing offset under bearing final adjustment and

laden(cold) conditions
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Fig. 5.34 Bearing offset under bearing final adjustment and

laden(hot) conditions




Vertical Bearing Offset (mm)
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. 5.35 Bearing offset under laden(cold) to laden(hot) conditions
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Table 5.5 Specification of the vessel(e)

Vessel type

175,000 DWT Bulk Carrier

Main engine

B&W 6S70MC, MCR 20,4000BHP at 81 rpm

Crankshaft
Dia.(OD/ID)

784 mm/ 115 mm

Intermediate shaft
Dia.

550 mm

Propeller shaft Dia.

650 mm

Propeller

4 blade fixed pitch, Dia. 8350 mm

1800

=46 4000 . 750 N
I 2000 [ >
'_"S-Gi - SG2F| 563 | SG5,
oG4
— .. _sG [— == e — 553 - | ! ) )
i s § w |

Fig. 5.36 Strain gauge positions installed(e)
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Fig. 5.38 Shaft bending moments of each condition(e)
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Fig. 5.43 Bearing offset under bearing final adjustment and

heavy ballast conditions
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6.2.1 327+EF A SubA O AA WE 4

Table 6.1 A&AS S 73 wWojH o] FAS FHF Mehsto] b2 F5 v
ool A No. 1 wIQl <zl wloj® Apole] Al W Fholth. Table 6.2+ H|o]%
HF 24N 22459 AR FAHAAE aLgste] =etols FHE V|Eow oy A
A z=xol digk AA AP FS A Aytolrt. Table 6.2014 92 A HIHFS
Edg dA WEgge] Aot etk E o = slvh ofg Table 6.13 Table 6.2¢
A E9 ou= off et Hrh

draft 1 : Before bearing adjustment after launching

(draft ; aft:4.5m, fore:8.8m)

draft 2 : After bearing adjustment after launching(draft ; aft:4.5m, fore:3.8m)

draft 3 : Ballast after peak tank empty(draft ; aft:12.9m, fore:12.9m)

draft 4 @ Ballast after peak tank full(draft ; aft:11.5m, fore:9.3m)

draft 5 : Laden after peak tank empty(draft ; aft:20.8m, fore:20.8m)

draft 6 : Laden after peak tank full(draft ; aft:20.6m, fore:20.6m)
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Table 6.1 Hull deflections without consideration

on each condition(a)

of correction value

Bearing Distance|Dyrdock| draftl | draft2 | draft3 | draft4 | draftb | draft6
(m) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Aft S/T 2.932 0 0 0 0 0 0 0
Fwd S/T 8.167| 1.984| 1.923] 1.566| —0.142| —1.42| 1.865| 0.923
Int. Brg 14.362| 0.631| 0.286| —0.518 —2| —3.308| 1.188| 0.623
M/E Brg8 | 20.655| —0.714| —0.92| —1.492| —1.813| —2.792| 0.951| 0.793
M/E Brg7 | 21.955| —0.667| —0.878| —1.402| —1.506| —2.471| 0.863] 0.771
M/E Brg6 | 23.557| —0.562| —0.832] —1.07| —1.231| —2.134| 0.695 0.62
M/E Brgb | 25.159] —0.397| —0.679] —0.835| —1.061| —1.67| 0.611] 0.461
M/E Brgd | 26.761| —0.389] —0.53| —0.672| —0.897| —1.263 0.41| 0.368
M/E Brg3 | 28.363| —0.244| —0.302| —0.41| —0.463] —0.874| 0.182| 0.333
M/E Brg2 | 29.965| —0.051| —0.11] —0.333| —=0.205| —0.497| 0.099 0.17
M/E Brgl | 31.567 0 0 0 0 0 0 0
Table 6.2 Hull deflections with consideration of correction value
on each condition(a)
) Cor.
Bearing Distance value draftl | draft2 | draft3 | draft4 | draftb | draft6
(m) (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
(mm)
Aft S/T 2.932 0 0 0 0 0 0 0
Fwd S/T 8.167| 0.357| —0.061| —0.061| —1.769| —3.047| 0.238| —0.704
Int. Brg 14.362| 0.804| —0.345| —0.345| —1.827| —3.135| 1.361| 0.796
M/E Brg8 | 20.655| 0.572| —0.206| —0.206/ —0.527| —1.506| 2.237| 2.079
M/E Brg7 | 21.955| 0.524| —0.211| —0.211| —0.315| —1.28] 2.054| 1.962
M/E Brg6 | 23.557| 0.238] —0.27| —-0.27| —0.431| —1.334| 1.495 1.42
M/E Brgb | 25.159| 0.156| —0.282| —0.282| —0.508| —1.117| 1.164| 1.014
M/E Brgd | 26.761| 0.142| —0.141| —0.141| —0.366| —0.732] 0.941| 0.899
M/E Brg3 | 28.363| 0.108| —0.058| —0.058| —0.111| —0.522| 0.534| 0.685
M/E Brg2 | 29.965| 0.223] —0.059| —0.059| 0.069| —0.223| 0.373| 0.444
M/E Brgl | 31.567 0 0 0 0 0 0 0
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Table 6.3 Lower and

upper limits of hull deflections(a)

Bearing Distance Light Ballast Ballast Laden
(m) (mm) (mm) (mm)
Aft S/T 2.932 0 0 0
Fwd S/T 8.167 —0.061 —-1.769 0.238
Int. Brg 14.362 —0.345 —1.827 1.361
M/E Brg8 20.655 —0.206 —0.527 2.237
M/E Brg7 21.955 -0.18 —0.462 1.971
M/E Brgb 23.557 —0.1513 —0.387 1.637
M/E Brgb 25.159 -0.12 —0.312 1.325
M/E Brg4 26.761 —0.0906 —0.237 0.986
M/E Brg3 28.363 —0.058 —0.157 0.646
M/E Brg2 29.965 —0.0308 -0.077 0.334
M/E Brgl 31.567 0 0 0
3.5
- —®™— Lower Limits of Hull Deflections(Ballasty | &

25

Hull Deflections (mm)

— ® — Upper Limits of Hull Deflections{Laden)

15

20

25

Bearing Location (m)

30

35

Fig. 6.1 Lower and upper limits of hull deflections of 320K crude oil carrier
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. Before bearing adjustment after launching(draft;aft:6.72m, fore:4.25m)

: Laden Condition(draft ; aft:16m, fore:16m)

HQl <lzle] &4 U3 71&7|E 7HA AL vhal 714 3Stal Table 6.55 Edi= <l

2471 g AdA 23l wE AA e Gk ek 5t

Table 6.4 Hull deflections without consideration of correction value

on each condition(b)

Bearing Distance(m) | Drydock(mm) | draftl(mm) draft2(mm)
Aft S/T 2.425 0 0 0
Fwd S/T 6.792 0.597 1.019 1.604
Int. Brg 12.607 —0.268 —0.631 1.13
M/E Brg8 16.545 —0.454 —0.91 0.936
M/E Brg7 17.478 —0.42 —0.836 0.834
M/E Brg6 18.668 —0.376 —-0.717 0.626
M/E Brg5 19.858 —0.302 —0.565 0.453
M/E Brg4 21.048 —0.231 —-0.419 0.351
M/E Brg3 22.238 —-0.13 —0.256 0.215
M/E Brg2 23.428 —0.033 —0.108 0.105
M/E Brgl 24.618 0 0 0
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Table 6.5 Hull deflections on each condition(b)

Bearing Distance(m) Drydock(mm) draftl(mm) draft2(mm)
Aft S/T 2.425 0 0 0
Fwd S/T 6.792 0.597 0.422 1.007
Int. Brg 12.607 —0.268 —0.363 1.398
M/E Brg8 16.545 —0.454 —0.456 1.39
M/E Brg7 17.478 —0.42 —0.416 1.254
M/E Brgb 18.668 —0.376 —0.341 1.002
M/E Brgb 19.858 —0.302 —0.263 0.755
M/E Brg4 21.048 —0.231 —0.188 0.582
M/E Brg3 22.238 — —0.126 0.345
M/E Brg2 23.428 —0.033 —0.075 0.138
M/E Brgl 24.618 0 0 0

Table 6.6 Lower and upper limits of hull deflections(b)

Bearing Distance(m) prent Laden(mm)
Ballast(mm)
Aft S/T 2.425 0 0
Fwd S/T 6.792 0.422 1.007
Int. Brg 12.607 —0.363 1.398
M/E Brg8 16.545 —0.456 1.39
M/E Brg7 17.478 —0.401 1.229
M/E Brg6 18.668 —0.334 1.022
M/E Brgb 19.858 —0.263 0.816
M/E Brg4 21.048 —0.201 0.609
M/E Brg3 22.238 —0.133 0.408
M/E Brg2 23.428 —0.067 0.206
M/E Brgl 24.618 0 0
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2.5

— B —| ower Limits of Hull Deflections(Ballast)

— ® — Upper Limits of Hull Deflections(Laden) ol e e b R

1.5 |
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Hull Deflections (mm)

0 5 10 15 20 25
Bearing Location (m)

Fig. 6.2 Lower and upper limits of hull deflections of 159K crude oil carrier
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=

Table 6.7 GEAS

=
oM F-gk A W gkt Table 6.8 FAAS aLejsto] =dhols FHE V&L

z2 3y
6.8l e}
draft 1 :
draft 2 :
draft 3 :
draft 4 :

o] MA zZo tish Ax] MgtS W51 v} Table 6.73 Table

W E5e] ofu ofge} ).

Before bearing adjustment after launching(draft ;aft:3.6m, fore:3.6m)
After bearing adjustment after launching(draft ; aft:4.2m, fore:3.5m)
Ballast condition(draft ; aft:8m, fore:6m)

Laden condition(draft ; aft:13.6m, fore:13.6m)

of Aube] B9 ATl WehAE £7lo] whA EHG|A M} EtolE o]F o A
A Aol wol dojkom e WAl 2AsME AFT A A WY

& 7Pk Wby o] dukel MA WP FPHe A wekrEG W5

o] zZA ELS
6.9°]t}. Fig. 6.30.25E AA W<

ColE A " e FAE 24T vE yERd Zo] Table

o & gle,

Table 6.7 Hull deflections without consideration of correction value

on each condition(c)

. Distance | Dyrdock draftl draft2 draft3 draft4
Bearing

(m) (mm) (mm) (mm) (mm) (mm)
Aft S/T 2.605 0 0 0 0 0
Fwd S/T 7.342 0.601 —0.86 —0.861 —-1.717 —0.322
Int. Brg 11.972 —0.08 —2.864 —2.163 —3.216 —0.964
M/E Brg9 17.284 —0.019 —2.23 —1.33 —1.943 —-0.218
M/E Brg8 18.142 0.084 —2.051 —1.022 —1.546 —0.007
M/E Brg7 19.162 0.023 —-1.707 —0.859 —1.401 —0.007
M/E Brg6 20.182 —0.034 —1.408 —0.84 —1.221 —0.035
M/E Brgb 21.202 0.04 —1.198 —-0.737 —0.976 0.001
M/E Brg4 22.222 0.039 —0.948 —0.549 —0.694 —0.003
M/E Brg3 23.242 —0.006 —-0.677 —0.36 —0.487 —0.04
M/E Brg2 24.262 —0.037 —0.392 —-0.19 —0.299 —0.078
M/E Brgl 25.282 0 0 0 0 0
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Table 6.8 Hull deflections with consideration of correction value

on each condition(c)

) Correction
Bearing Distance value draftl draft2 draft3 draft4
(m) (mm) (mm) (mm) (mm)
(mm)
Aft S/T 2.605 0 0 0 0 0
Fwd S/T 7.342 0.001 —1.461 —1.461 —-2.317 —0.922
Int. Brg 11.972 —0.701 —2.784 —2.784 —3.837 —1.585
M/E Brg9 17.284 —-0.9 —-2.211 —2.211 —2.824 —1.099
M/E Brg8 18.142 —1.029 —2.135 —2.135 —2.659 —-1.12
M/E Brg7 19.162 —0.848 —-1.73 —-1.73 —2.272 —0.878
M/E Brgb6 20.182 —0.568 —1.374 —1.374 —1.755 —0.569
M/E Brgb 21.202 —0.461 —1.238 —1.238 —1.477 —-0.5
M/E Brg4 22.222 —0.399 —0.987 —0.987 —1.132 —0.441
M/E Brg3 23.242 —0.317 —-0.671 —0.671 —0.798 —0.351
M/E Brg2 24.262 —0.202 —0.355 —=0.355 —0.464 —0.243
M/E Brgl 25.282 0 0 0 0 0
Table 6.9 Lower and upper limits of hull deflections(c)
Bearing Distance(m) e Ballast(mm) Laden(mm)
Ballast(mm)

Aft S/T 2.605 0 0 0

Fwd S/T 7.342 —1.461 —-2.317 —0.922

Int. Brg 11.972 —2.784 —3.837 —1.585

M/E Brg9 17.284 —-2.211 —2.824 —1.099

M/E Brg8 18.142 —-1.972 —2.519 —0.982

M/E Brg7 19.162 —1.694 —2.17 —0.842

M/E Brgb6 20.182 -1.4 —1.796 —0.701

M/E Brgb 21.202 —1.128 —1.447 —0.56

M/E Brg4 22.222 —0.853 —1.089 —-0.417

M/E Brg3 23.242 —0.563 —0.728 —0.28

M/E Brg2 24.262 —0.284 —0.37 —0.134

M/E Brgl 25.282 0 0 0
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Fig. 6.3 Lower and upper limits of hull deflections for 105K product carrier
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draft 1 :
draft 2 :
draft 3 :
draft 4 :

Before bearing adjustment after launching(draft ;aft:3.6m, fore:3.6m)
After bearing adjustment after launching(draft ; aft:3.5m, fore:4.2m)
Laden condition—cold(draft ; aft:11m, fore:11m)
Laden condition—hot(draft ; aft:11m, fore:11m)

Table 6.12+= =1 <1zl wWloj®] Fie] 7|&71E& 4% ths A
29} et E FHE 3o 6

glo] & o] o] A

e A4EF BEF 273004 velgeh o
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Table 6.10 Hull deflections without consideration of correction value

on each condition(d)

Bearing Distance| Dyrdock draftl draft2 draft3 draft4

(m) (mm) (mm) (mm) (mm) (mm)
Aft S/T 1.859 0 0 0 0 0
Fwd S/T 4.757 0.613 0.46 0.463 1.041 0.967
Int. Brg 9.752 —0.236 —1.612 —0.983 0.423 0.288
M/E Brg8 14.972 —0.922 —2.25 —-1.771 —0.53 —0.602
M/E Brg7 15.727 —0.828 —1.974 —1.574 —0.512 —0.546
M/E Brg6 16.577 —-0.719 —1.655 —1.331 —0.481 —0.471
M/E Brgb 17.427 —0.582 —1.344 —1.084 —0.37 —0.341
M/E Brg4 18.277 —0.45 —1.06 —0.859 —0.251 —0.198
M/E Brg3 19.127 —0.311 —0.745 —0.609 —0.149 —0.076
M/E Brg2 19.977 —0.167 —0.396 —0.332 —0.087 —0.042
M/E Brgl 20.827 0 0 0 0 0
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Table 6.11 Hull deflections with consideration of correction value

on each condition(d)

. Correction
Bearing Distance value draftl draft2 draft3 draft4
(m) (mm) (mm) (mm) (mm)
(mm)
Aft S/T 1.859 0 0 0 0 0
Fwd S/T 4.757 —0.003 —0.153 -0.153 0.425 0.351
Int. Brg 9.752 -0.629 -1.376 -1.376 0.03 —0.105
M/E Brg8 14.972 —0.479 —1.328 -1.328 —0.087 -0.159
M/E Brg7 15.727 -0.4 —1.146 —1.146 —0.084 —0.118
M/E Brg6 16.577 —0.324 —0.936 —0.936 —0.086 —0.076
M/E Brgb 17.427 —0.26 —0.762 —0.762 —0.048 —0.019
M/E Brg4 18.277 —0.201 —0.61 -0.61 —0.002 0.051
M/E Brg3 19.127 —0.136 —0.434 ~0.434 0.026 0.099
M/E Brg2 19.977 =0.064 —0.229 —0.229 0.016 0.061
M/E Brgl 20.827 0 0 0 0 0

Table 6.12 Lower and upper limits of hull deflections(d)

Bearing Distance(m) et Laden—cold(mm)
Ballast(mm)

Aft S/T 1.859 0 0
Fwd S/T 4,757 —0.153 0.425
Int. Brg 9.752 —1.376 0.03
M/E Brg8 14.972 —1.328 —0.087
M/E Brg7 15.727 —1.146 —0.073
M/E Brg6 16.577 —0.936 —0.060
M/E Brgb 17.427 —0.764 —0.048
M/E Brg4 18.277 —0.579 —0.037
M/E Brg3 19.127 —0.387 —0.025
M/E Brg2 19.977 —0.194 —0.012
M/E Brgl 20.827 0 0
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Fig.6.4 Lower and upper limits of hull deflections for

46K product/chemical  carrier
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draft 1 : Before bearing adjustment after launching(draft ; aft:3.5)

draft 2 : After bearing adjustment after launching(draft ; aft:5.4m)

draft 3 : Normal ballast condition(draft ; aft:8.5m, fore:6.4m)

draft 4 : Heavy ballast condition(draft ; aft:11.0m, fore:6m)

Table 6.156= ¢l X W] o] s s v, AA AP Fe] e} &3
A& YeRd o™ Fig. 6.5% Table 6.158 1glo= wdAFGIch o Aute] A4
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Table 6.13 Hull deflections without consideration of correction value
on each condition(e)
Bearing Distance Dyrdock draftl draft2 draft3 draft4
(m) (mm) (mm) (mm) (mm) (mm)

Aft S/T 2.347 0 0 0 0 0

Fwd S/T 6.44 -1.15 —1.543 -1.077 -0.969 —0.86

Int. Brg 13.45 —3.366 —4.535 —3.154 -2.712 —2.491

M/E Brg8 18.849 —2.743 —4.535 —3.014 —2.256 -2.231

M/E Brg7 20.129 —2.264 —3.008 —2.508 —1.855 -1.929

M/E Brg6b 21.375 —1.888 —2.491 —2.051 —-1.531 —1.606

M/E Brgb 22.621 —1.559 —2.037 -1.713 -1.231 -1.216

M/E Brg4 23.867 —1.246 —1.596 —1.356 -0.913 -0.927

M/E Brg3 25.113 —0.853 —1.084 —0.914 -0.579 —0.69

M/E Brg2 26.359 —0.44 —0.559 —0.489 —0.289 -0.379

M/E Brgl 27.605 0 0 0 0 0
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Table 6.14 Hull deflections with consideration of correction value

on each condition(e)

) Correction
Bearing Distance value draftl draft2 draft3 draft4
(m) (mm) (mm) (mm) (mm)
(mm)
Aft S/T 2.347 0 0 0 0 0
Fwd S/T 6.44 —0.466/ —0.393 —0.393 —0.285 —0.176
Int. Brg 13.45 -1.381| —1.169 -1.169 -0.727 —0.506
M/E Brg8 18.849 —0.626/ —0.897 —0.897 -0.139 -0.114
M/E Brg7 20.129 —-0.5] —0.744 —0.744 —0.091 —0.165
M/E Brg6 21.375 —0.44| —0.603 —0.603 —0.083 —0.158
M/E Brgb 22.621 —0.324| —0.478 —0.478 0.004 0.019
M/E Brg4 23.867 —0.24 -0.35 —0.35 0.093 0.079
M/E Brg3 25.113 =0.17  —0.231 —0.231 0.104 —0.007
M/E Brg2 26.359 -0.07| —0.119 —0.119 0.081 —0.009
M/E Brgl 27.605 0 0 0 0 0
Table 6.15 Lower and upper limits of hull deflections(e)
Bearing Distance(m) A]'fter Normal
Launching(mm) Ballast(mm)

Aft S/T 2.347 0 0

Fwd S/T 6.44 —0.393 —0.285

Int. Brg 13.45 -1.169 —0.727

M/E Brg8 18.849 —0.897 —0.139

M/E Brg7 20.129 -0.762 -0.119

M/E Brg6 21.375 -0.632 —0.100

M/E Brgb 22.621 —0.502 —0.079

M/E Brg4 23.867 —0.378 —0.059

M/E Brg3 25.113 —0.248 —0.040

M/E Brg2 26.359 -0.119 —0.019

M/E Brgl 27.605 0 0
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Fig. 6.5 Lower and upper limits of hull deflections for 175K bulk carrier
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