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Abstract

As the ship has high output and large size with the development of
shipbuilding and steel technologies, the shaft stiffness increases, but it is
the situation that the hull is deformed much more easily than before due to
using high-strength steel plate. Therefore, deep experience and high
attention of the designer are required as the propeller shaft cannot endure
the reaction force change coming from the deformation of the hull, if the
calculation of shaft alignment is done without considering the deformation
of the hull.

It can be said that the other area that is very closely connected with
shaft alignment is the lateral vibration of propulsion shaft system. So, it
should be considered in the safety assessment of shafting. It is better that
the distance between centers of supporting bearings of the shaft system is

longer in terms of shaft system alignment, but in terms of lateral vibration,
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the natural frequency becomes lower, so there’s a chance that resonance

occurs in the range of engine operating speed.

The research related to lateral vibration still remains as a problem to be
solved due to unclear elements such as supporting bearing’s stiffness in
shaft system, oil film’s stiffness, propeller’s exciting force, etc.

Until now, it only ensures whether there’s a sufficient margin to avoid
the natural frequency of 1% order propeller blades to be within +20% of
the engine nominal speed in Classification Society, international standards,
etc. Therefore, when considering such a situation, it is necessary to verify
the calculation result of the natural frequency in the lateral vibration with

the actual measurement.

In the shaft system of a ship, the increase of local load in the stern tube
bearing which supports a propeller shaft occurs prominently due to the
influence of the propeller weight at the shaft end, similar to the case of
the cantilever beam. Especially, the after stern tube bearing is likely to
have a concentrated load in the bottom of aft side while the forward stern
tube bearing does on the bottom of forward side. While such magnitude
and distribution of local load are determined by the relative inclination
angle between the shaft and bearing, the bottom of aft stern tube bearing is
most affected among them. Such local load can deflect significantly toward
the aft end of aft stern tube bearing in case that the shaft sags down,
when the eccentric thrust force acts downward due to the propeller force in

the hydrodynamic transient status.

Case studies by some authors have presented the real-time dynamic
behavior analysis of the shaft system in going-straight and turning by using
the telemetry system. While the impact analysis of the shaft system in
going-straight and turning of ship was carried out by domestic researchers
recently, it was difficult to find the case which analyzed real-time dynamic

behavior so far, so that it was considered meaningful to review the shaft
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behavior’s impact on the shaft system through this study.

50,000 DWT oil/chemical tanker is a type of ship emerging recently as a
highly efficient eco-friendly ship and it lowered the engine speed by
applying de-rating technology. It reduced fuel consumption significantly
compared to similar ships and its feature is to maximize propulsion
efficiency through applying the propeller of increased diameter.

Therefore, some negative changes in terms of shaft alignment should be
compared to similar ships, as the change in aft structure and increased
weight of the propeller affect the deformation of the hull. Also, as the
forward stern tube bearing is skipped, the natural frequency of lateral
vibration becomes lower, so  that the possibility of resonance in the

operating speed range is expected to be slightly increased.

After a review of previous researches, it is considered that there’s no
comprehensive case study reported yet, which is related to the hull
deformation, the lateral vibration and acceleration of the vessel and the
shaft behavior in going-straight for 50,000 DWT oil/chemical tanker.
Therefore, a theoretical review and = analysis of measured data were
performed in this study by using finite element analysis, strain gage method
and reverse calculation method. And then the results are reported as follows
after reviewing in detail the stability of the propeller shaft system of the

target vessel.

The finite element analysis result expects that the shaft is placed right
down compared to the design value when it moves from light loading to
full loading due to the hull deformation, and the reaction force of each
bearing satisfying allowable values even under deformation. Also, the effect
of hull deformation acts as a little positive factor increasing stability of the
shaft system by relieving the relative angle of inclination of the aft stern

tube bearing.
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While the hull deformation which is analyzed by using the strain gage
method, is expected -2mm from the intermediate shaft bearing and about
-4mm from the main engine bearing and it is a little bigger compared to
the existing 47,000 DWT class, the increased weight of the propeller and
main engine and the aft change due to the increase in propeller diameter

are considered as main causes.

The reaction force of the bearing supporting shaft system met allowable
value like in the finite element analysis result, also in the full deformation
and the cross validation result of bearing force obtained by the strain gage
method, jack up method, and the shaft alignment program showed good
correlations in most conditions so that the reliability of the analysis was

able to be confirmed.

The calculation result of lateral vibration’s natural frequency showed that
resonant revolution speed was located in the area of more than 163.8%
compared to MCR, so that it was above the limit value(£20%) and it was
confirmed that there was no notable resonance point also in measurement

analysis results.

In case of 1% order component of lateral vibration, it showed the constant
response of bending stress value regardless of rpm generally, it was
considered because of run-out value. Furthermore, the measured bending
stress was only 10% level of the provided measurement result, so that a

negative influence by the lateral vibration was not expected to occur.

The review result of the trajectory during the full laden draft operation
showed that slight partial friction phenomenon was estimated with 25% of
engine load in strain gage position #7. Therefore, it would be necessary to
be careful on the long-time operation at 25% engine load to ensure the
stability of shatft.
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While the ellipse trajectory was shown during the ballast draft operation
in strain gage position #5, it was considered acceptable phenomenon which
could occur due to different anisotropy in vertical and horizontal stiffness
in the intermediate shaft bearing. And while the hit and bounce friction
phenomena was suspected at NCR condition (83 rpm) and it was expected
to be stabilized after running-in operation. However, periodical monitoring
was required to be continued through the shaft open-up survey when

docking.

Knowing the fact that the shaft direction in strain gage position #7 which
was installed at the closest to propeller, moved toward left down direction
with increasing engine load at both conditions regarding the shaft behavior.
It was determined that the shaft direction in propeller location moved to
the right upper direction which was the opposite to the moving direction of
the strain gage installed location, and its effectiveness could be confirmed

based on the previous study results obtained with direct measurements.

Although the method above couldn’t determine the exact displacement
component at the center of shaft, it could provide the moving direction’s
pattern of propeller shaft by the engine load during operation, so that it
was confirmed that it was significant and practical as an alternative method
to the direct measurement one in the position of the propeller. Also, the
propeller force during going-straight acted as a force lifting the shaft from
the aft stern tube bearing and it reduced the possibility of damage to the
aft stern tube bearing. Therefore, it was considered to contribute to improve

the reliability of the shaft system.

If the results obtained in this study are applied to similar type of ships
for the shaft alignment and lateral vibration calculation, it is considered that
it will help ensure the stability of the shaft system and prevent damages

not only in quasi-static but also in dynamic conditions.
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Although this study performed dynamic analysis by using only strain
gages, the analysis method presented in this paper can be used to predict
the moving direction of the shaft with relative low cost and in easy
approach, so that it is considered that it will give a lot of contributions to

identify the cause of the shaft system damage.
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Fig. 3.1 Equivalent model of Panagopulos’ equation
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Fig. 41 Example: Hydraulic jacking up and dial gage for measurement
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I / \.4-— Steel beam

Fig. 44 Jack-up of the aftmost main bearing

Dial gauge Pos. 2

___——Dial gauge Pos. 1

__——Steel bar
—Jack
=~ __—Steel beam

Fig. 45 Dial gage position for jack-up of the aftmost main bearing
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Fig. 4.6 Jack-up curve for main engine bearing
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Fig. 47 Jack-up of main bearing except the aftmost main bearing
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TS F71E wol” A floll told Alo|AE HAlste] AY Al st A9
Aske] 24 WeE AT AY T SolSyAe 9 HUFe F713 Ao
o] 45 2+=wKtop-clearance) S ZI3HA] AE= i),

F71% wolgvty ZAoMe A WA E71He Fg 469 ¢} o] B4
mm Atelol Al UERATE whoF A WA ]3] Fig. 489 o9} 7
o] 0.15 mm ©]%oll Yehgtid, s wojg e 7xsl Aol AL ouFtt
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Fig. 4.8 Jack-up curve for unloaded condition

Table 4.1 Recommended static main bearing loads of MDT engines [kN]

Engine Main bearing Aftmost engine bearing
type Max. reaction | Min. reaction Max. reaction

S50MC-C8 291 15 291
S50ME-B9 321 16 321
S60MC-C8 420 21 420
S60ME-B8 420 21 420
S60ME-C 420 21 420
S60ME-CI 420 21 420
G60ME-C9 488 24 488
G8OME-C9 784 39 784

Minimum reaction for aftmost engine bering is zero.
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H3E F71% wojEute e HaXE 009 MR wlojge] HaXt tigHe
2 AYA)9] 5%9e & 5 Sk

Table 42 = Wartsilirke] QoA 7] wlojeo] js) Agsis Ralg
ERf L A Wartsilirke] ¢ No. 1 F71% HF5 woj=(mbl) W o] Hx
N A PR AAsa Yok £ No. 2 7718 HFE wojRmb2) 1w

ol A W9l el g OM 3n, No. 3 F7]¢ #F4 #lo1g(mb3)<] 1+
5 wojgmb2) W o] Ha 90%ol ol HES 44|

flo rlo
)
>,
i,
%
[\)
N
N
me)
jﬂ

Table 4.2 Recommended static main bearing loads of Wartsili engines[kN]

. Aftmost engine

Engine type bearing mbl mb2 mb3
RTA48T/T-B min. 20 70 to 170 *1)
e min. 20 70 to 170 *1)
RTA52/U min. 20 70 to 170 *1)
RIASIIL B, min. 20 100 to 220 *1)
RT-flex60C/C-B min. 20 120 to 280 *1)
RTA62/U/U-B min. 20 120 to 280 *1)
%@gﬁ;géj%_]) min. 30 150 to 330 *1)
RTA72/U/U-B min. 30 150 to 330 *1)
RTA/RT-flex82C min. 30 220 to 470 *1)
RTA/RT-flex82T min. 10 230 to 500 *1)
KAt oD min. 10 230 to 470 *1)
RTA84C/C-U min. 40 220 to 500 *1)
RIAC B min. 50 250 to 550 *1)
*1) The calculated static load of mb3 needs to be at least 90%

of the static load which is calculated for mb2.
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Fig. 4.9 Jack-up of intermediate shaft bearing
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Fig. 411 Bearing and jack-up position for jack-up measurement
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Fig. 417 Layout diagram of bearing and strain gage installation
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ASTB IMB
support position support position
(Static condition)

Crankshaft main bearing
support position (#8 ~ #3)

Fig. 418 Shaft alignment model for calculation
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Fig. 419 Bending moment comparison between calculated with measured
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Aol A PiXE Y3S gefsy] fste] Au|FREe fdassAs AA

o]-OZ] AA HPYAE dS3tal, TR0 A2 A9 AT
aAs FPetqtt. =3

= tﬂﬂw a3k A3

o]t A

=
=

Ae ko] B4 30l ®Fe] Ayt He

THA

5.1 AR S 127 SAHE Y ¥
Fig. 51 3! Table 51& £ 79 il Aute) dujA= 81 FaAd<

UERA AT

Ay

.k “GENERAL.ARRANGEMENT

] :- | .ﬂ'_. . ) 1 "
NI sy g P MM % A *’1*&1'*’4‘1 = 1
| ' - T i E: ") b |

Fig. 5.1 General arrangement of the ship

Table 5.1 Principle dimension of the ship

Length O.A [m] 183.1

Length B.P [m] 174.0

Breadth MLD [m] 32.2

Depth MLD [m] 19.1

Draft design MLD [m] 11.0

Draft scantling MLD [m] 13.2
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Fig. 5.2 Shafting arrangement of the ship

Table 5.2 Specifications of main engine and shafting system

Vessel type 50k DWT oil/chemical tanker
Type MAN B&W 6G50ME-B
Main engine MCR 7,700kW X 93.4 rpm
NCR 5,344 kKW x 82.7 rpm
No. of blade 4 blade fixed pitch
Diameter 6,600 mm
Propeller Material Ni-Al-Bronze
Mass in air 18,200 kg
Cap & nut mass 1,538 kg
Flywheel Mass 11,207 kg
- 70 -
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Table 5.3 Material property of FE model
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Fig. 5.5 FE model of the main engine
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WY ARTFR FEF7RF HHolEH A
A HFstes AMEE sk Zlo] nigAshY, B iAo B2 AIPEE
Hrkste Aol ofd olFgA wWa AR Wye st
& Alshel) 2L o]gstar 7o FAE =
T3 AFTY, B B e A RS Eewsie] tE Wyt gloEng A
9atgth shExd-e Aute] A ulwAloading manuahell weh o &4 W3}
S 123t Table 54 ¢ 22 =3& Fotqith. 41714 Fig. 5.6 % Fg 5.7 9
Aol o] AAe) ool tisiME ol W P42, Fig 58 2 Fig 5.9l
A9} 2ol Zt '3 Ul s = shEfcargo o) B P (ballast water)ol
g Hstes A-83k3ith

lm

Table 5.4 Draft and tank loading condition

Tank Light load Full load
Cargo oil tank(Port) 0% 100%
Cargo oil tank(St’bd) 0% 100%
Cargo tank
Slop tank (Port) 0% 100%
Slop tank (St’bd) 0% 100%
Ballast tank = (Port) 100% 0%
Ballast tank ™ b st tank (S0 100% 0%
Draft [m] 7.05 13.21
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Sealrust-Holdan, Ver. %.66
0.071

Fringe: Load, AE_PLAN TANKTOPR

Fig. 5.6 External pressure in light load condition

SeaTrust-Holdan, Ver. 4.66
0.133

e
AR B
i,
Lo
0.077 : - e

Frings: Load, AE_PLAN TANKTOPR

Fig. 5.7 External pressure in full load condition
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Fig. 5.10 Boundary condition
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Table 5.5 External loads of vertical direction and density

Description Load [N] Density [N/m?] Remark
Bonnet 8,813 66,930 In water
Propeller 150,122 66,930 In water
Flywheel 109,940 76,982 In air
Chain force -99,900 76,982 In air
Crank throws 125,000 0 -
THase Y FHYRY Yo HYsor] Fo AFLe Fo| £F
o A1 &, &0l A FE, 3] T =28 B TEs 44 HE
njde] Fejo] uje WE WstE DAk Ho| LFE FEo| R A3
ol =39 Fyjo vigstez e Fud 45 U xnhEe Agdsyt &
Qate ol AAWolRe] whE o Al wolRe) FrhH AAtze] Watel o

g me wEl AA 585 ol Fo|7} Zasith
Fig. 511 ¢] A4 o o] FAa= FEoe g ov] F9 AFo] 1HHA
omzg HUTE ‘0 o2 Atk T AAAF oz Qg A A A|H|o)F
AR FAgEE WY WEF 5 = AR WoAF A WS g0 TS A
vz FAAE A4 o] aah= 4 6.1 2o Hlojy AAH YA oA Al
A AP FS wWojg gl AA wg(Ast A8k Th

lo

A5=6, +6, 5.1

848 H7h= 2 vlol" ] REE 3 Fig 512 9 2ol Adw|a Hoj ol A9
2y Wojg o Aid AAAE 7o E Hrtstdl o, Table 5.6l ©l

Ay
)

_77_

Collection @ kmou



Nominal relative slope

Fig. 5.12 Definition of relative slope

Table 5.6 Criteria of shaft alignment

Max. permissible value Min. permissible value

ASTB 368.0 kKN -

B 160.2 kN -

MB8 336.0 kN 0 kN

MB7 336.0 KN 17.0 kN

MB6 336.0 kN 17.0 kN

0.3 mr;
Relative slope (=0.301728cig) 0 mrad

=

52 |4z 9 1@

oF 22 iAol wet =33 Aol B wAlstol Ao AAHE Y
Z

A= Z47F Fg. 513 2 Hg. 5.14 9 2t}
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Fringe: Displaewsst, 1 HARBOTE, AN_ELAM TANKTOR

Fig. 5.13 Hull deflection in the light load condition
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Fig. 514 Hull deflection in the full load condition
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Fig. 5.15 -Hull deflection curve in the light load condition
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Fig. 5.16 Hull deflection curve in the full load condition
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AR BRI = Ade AWsHiaL, Table 5.7 o] BA83 wWojgd HXE Uhet
Wit &, SAEE 2 A A v P(ASTB)S] ##1(2.192 mdl| -8k
a4 Rd Y= 5410 m7k B ofr|gict
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Fig. 5.17 Modeling range of shaft alignment corresponding to FE model
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Table 5.7 Bearing position corresponding to FE model

Bearing From propeller shaft end [m] From the A.P [m]
ASTB 2.192 5.410
IB 7.7182 11.000
MBS 15.027 18.245
MB7 15.795 19.013
MB6 16.689 19.907
MB5 17.583 20.801
MB4 18.477 21.695
MB3 19.371 22.589
y
+
y \
Dy @
0
Y Dx %
e B
Xo

Fig. 5.18 Coordinate system of rotation

ohgainte] Aol AEg A% wloigo] AR AMoln Fg 519 3
Fig 520 3} o] Hulg A% vlojsd 9jxo] Fshs AHe] gL 00 o2
9 of e HAEAAS ST,
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—(Calculated hull deflection o,
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Hull deflection [mm]
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Fig. 5.19 Calculated hull deflection at light load condition
and the reference line before rotation
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Fig. 520 Calculated hull deflection at full load condition
and the reference line before rotation
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Table 58 2 Fig 5210l HEMe Fo| vlold 4l Ase 4AN} 3
2 o5u5E HA Wy 9

Fog A= AAA vl 5 g wAEE & 5 ok

Table 5.8 Bearing offsets derived from the effect of hull deflection

Bearing offset [mm)]

Bearing

Design Light load Full load
ASTB 0.000 0.000 0.000
B -0.900 -1.129 -1.843
MB8 -4.700 -6.141 -12.886
MB7 -4.700 -6.329 -14.114
MB6 -4.700 -6.569 -15.636
MB5 -4.700 -6.817 -17.200
MB4 -4.700 -7.067 -18.775
MB3 -4.700 -7.327 -20.367
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Shaft Length [m]

0.00
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——Design
——Full load
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Deflection [mm]
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Fig 5.21 Draft dependent relative shaft deflection curves

Table 5.9 8 Fig. 5.2 A& & ZAsolA AARFRL wejsie] A4at ]
olg WS AAA ) Mimd A3hs e Holtk

Table 5.9 Bearing load derived from the effect of hull deflection

Bearing . Bearipg load [kN]

Design Light load Full load
ASTB 248.233 255.239 246.847
B 76.266 73.870 79.104
MB8 77.292 80.317 130.998
MB7 69.475 79.528 69.590
MB6 128.224 115.512 75.324
MB5 117.890 115.748 119.213
MB4 150.215 155.797 156.333
MB3 42.673 39.873 38.476
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Fig. 5.22 Draft dependent load variation of each bearing
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Table 5.10 Draft dependent relative slope

Design Light load Full load
Shaft deflection | Aft edge 0131 0126 0114
[mm] Fuwd edge 0.280 0.262 0.227
0.447 0423 0.383
Shaft slope [mrad] (deg) (=0.026) (=0.024) (0.022)
. 0.300 0.300 0.300
Bearing slope Lmrad] (deg) (=0.017) (=0.017) (=0.017)
Relative slope [mrad] (deg) (301(;1078) (3(515037) (36?035)
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Fig. 6.1 Shafting arrangement and strain gage position
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2EH Q] AolAe 7|8 An] AYE ~EHR] Alo|AE SCGHTE 3t F
Mol Fo] Tl Z2A dASHAA(telemetry)E T8t DX
Table 6.1 Z2He}S ES 7|F02 3 2EHR AR A A& v
Efiglom Fig. 6.2 olAl= 2Ed AlolA 8 Be A2 S YERSlth

Table 6.1 Position of strain gages by axial location

No. Distance from propeller shaft end [mm]
SGH7 5,862
SG#6 6,875
SG#5 8,137
SG#4 8,972
SG#3 10,467
SG#2 12,712
SG#1 14,422

~ GAGENO. |

- GAGENO.2

Fig. 6.2 General half-bridge configuration and installation
of telemetry strain gage system on the shaft
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Bending stress

25

—5SG1
1 ——SG 2
20 1 SG3
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Fig. 6.3 Calculated bending stress at ballast APT full condition

ofef Table 6.2 ol E7]¥Ho| e EF2AL = 2t

D1
D2
D3
D4
D5

teow Aula wojme] AAwY R o s)Hd Bad 7 WIE Fig

. Light ballast APT empty (aft: 6.6m fore: 3.4m)
: Scantling APT full (aft: 12.6m fore: 13.2m)

. Scantling APT empty (aft: 12.5m fore: 13.5m)

. Ballast APT empty (aft: 7.9m fore: 6.3m)

. Ballast APT full (aft: 8.95m fore: 6.45m)
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Table 6.2 Processed bending moments from stain gage
under five(5) draft conditions

Draft condition [kN m]
Gage No.
D1 D2 D3 D4 D5
SG7 85.1 73.3 83.8 75.1 64.6
SG6 774 74.4 82.8 67.3 61.0
SG5 59.3 63.2 69.2 52.3 4.1
SG4 12.5 24.3 30.5 =75 2.9
SG3 -58.1 -28.0 -234 -55.6 -56.0
SG2 -107.5 -59.0 -54.8 -100.4 -93.2
SG1 -109.6 -42.2 -40.6 -99.9 -86.1
dp
di | d2
Wp D A B C
\ 4
R1 f R3
Fig. 6.4 Layout diagram of stern tube bearing
1
Rl:d—l{MA—i-MAD—i- W, (d,—d,)} (6.4)

9714 A, B, Ct ~E# AolNE Yeie, DE Rol Z8st A, RE
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Fig. 6.5 Layout diagram of intermediate shaft bearing

My~ My My~ 1945 (M= Mg+ M, ;) (6.5

Rj N d1 _d2

1
d3
o714 A, B, C& Z2EHQl AlCIAIE UedH, Alo|A = FE s 7A2 A

2 4. d, 4 B M, M, ME 7 FdolHe FYEWE A, 2

M= AR S53 23 BES Yehit:

54 AA BZF oZ AMelE A FRHaLUE o 8% A4, AZHE o
g3k ol Flgol gleh sl Flie AEH AcARYH 5 33
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AA sWZlez e A GAY Z2ad 28] i d7EAde
A Zlo] @Holth olof tigh tijte 2 SAAE =20 AL w

BHE XAT7} AZx ¢} °]ilf>‘}b A He Al W(try and error method) o2
o2 AA HFFS G5 + Jvh wbA Hg 663 2ol A 2ds
Adste] AlgRoH o R Oﬂﬁ} A¥ B Mduke] MA W@ Table 6.3 %
Fig. 6.7 7} %t

Figs. 6.8~6.12+ 7} &1 ASAE e I RHNES SAA
El ﬁill%‘oi ALt B R ESte] HwZARE YeRd Zlojth. #4237 v
T AR o] UehdS FRlsiaien, ol il AA o 59 AF =
£ T F Uk

ASTB IMB
support position support position
(Static condition)

|
Crankshaft main bearing
support position (#8 ~ #3)

Fig. 6.6 Shaft alignment model for calculation

Table 6.3 Estimated bearing offsets based on strain gage measurement

Estimated bearing offset [mm]

D1 D2 D3 D4 Db
ASTB 0 0 0 0 0
B -24 0.345 0.17 -1.85 -2.16
MBS -6.75 -2.407 -2.55 -5.91 -6.19
MB7 -6.74 -2.406 -2.55 -5.88 -6.17
MB6 -6.74 -2.406 -2.55 -5.85 -6.14
MB5 -6.73 -2.405 -2.55 -5.82 -6.12
MB4 -6.72 -2.404 -2.55 -5.79 -6.09
MB3 -6.71 -2.403 -2.55 -5.75 -6.06
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> —Light ballast APT empty
-« —Scantling APT empty
—Scantling APT full
—Ballast APT empty

* —Ballast APT Full

| =Theoretical design

Bearing offset ([mm)}

Shaft Length [m]

Fig. 6.7 Estimated hull deflection

—BM by calculated
| ——BM by measured

Shaft length [m]

Fig. 6.8 Comparison of bending moment at D1

—BM by calculated
——BM by measured

Shaft length [m]

Fig. 6.9 Comparison of bending moment at D2
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-100 - Shaft length [m]

Fig. 6.10 Comparison of bending moment at D3
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Fig. 6.11 Comparison of bending moment at D4
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Fig. 6.12 Comparison of bending moment at D5
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ATt 3 3H4-4 ’“‘ﬂ EE ¥° l 7] Aste] o] 24 W, AR B 2EH Al
o|AME 43 Hlwste] 82}t 37 Table 6.4 3 Figs. 6.13~6.17 o YeRHU
th. o714 ASTB, IB, MB= 242t Admjahllo]d, S35 Hlold, F7|dulod<
ofmgitt.

Table 6.4 Correlation among three methods under five(5) draft conditions

CO?E‘;EH Method | ASTB | 1B | MBS | MB7T | MBS
Calculated 259.86 | 67.82 64.06 99.41 107.1
D1 Strain gage | 253.26 | 56.68 =~ - -
Jack up ¥ 70.3 9.9 178.6 109.6
Calculated 257.07 | 68.08 121.28 | 3108 | 127.12
D2 Strain gage | 250.04 | 66.01 = - -
Jack up - 67.2 93.1 103.5 91.7
Calculated 257.89 66.1 128.48 | 2353 | 129.35
D3 Strain gage | 252.91 6.52 - - -
Jack up - 69.9 777 126.2 78
Calculated 258.83 69.8 68.67 83.89 | 121.81
D4 Strain gage | 250.53 | 61.35 - - -
Jack up - 71.4 18.7 132.5 96
Calculated 260.3 66.07 92.58 46.14 | 149.96
D5 Strain gage | 247.67 | 65.66 - - -
Jack up - 65.5 32.9 153.8 102.6
F}iggls[ilﬁl]e 368 | 1602 | 3% | 336 | 336
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MW Theoritically calculated

20000 7 M Strain gauge
= m Jack up
350.00 | O Max. permissible load
300.00 A
=
.i 250.00 A
o
]
3 200.00 A
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e
©
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100.00
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T 1
ASTB 1B MBS MB7 MB6
Fig. 6.13 Correlation among three methods at D1
B Theoritically calculated
400 1 M Strain gauge
=  Jack up
350 O Max. permissible load
300 4
=z
‘E. 250 A
-
]
3 200 A
ao
=
P
@ 150 4
]
=]
100 4
50 A
2 —
ASTB 1B VB3 MB7 MB6

Fig. 6.14 Correlation among three methods at D2
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B Theoritically calculated

OO m Strain gauge
_ m Jack up
350 | O Max. permissible load
300 1
=
.i 250
-]
o
3 200 -
)
=
R
M 150
Q
<9
100
50 1
el
ASTB 1B MB8 MB7 MB6
Fig. 6.15 Correlation among three methods at D3
B Theoritically calculated
G M Strain gauge
- i Jack up
350 1 O Max. permissible load
300 +
Zz
N 250 |
T
@
s 200 -
1)
=
=
@ 150
Q
]
100
50 4
0 T —
ASTB 1B MB8 MB7 MB6

Fig. 6.16 Correlation among three methods at D4
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m Theoritically calculated

400 - M Strain gauge
mJack up
3s0 O Max. permissible load
300
=
¢ 250
-]
4]
3 200
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£
=
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1]
<)
100
50 1
o] T —
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Fig. 6.17 Correlation among three methods at D5
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2 Ao =23 Wy FIAS s 1HT doUt Jded ALERE
71%&2 2 MBS, MB7, MB6 Hloj®He] gaAl4= 7+

2+7} 1,360 kKN/mm, 4,360 kKN/mm,
3430 KNmmzA wl-¢- & & 7RItk o]+ wojg FAle] 22 WFolgds +
713 Wolg st & ¥FE T & 9usith olgd gl MEe T
# w= F#o]E(bed plate)e] A(sag) 3832k, F71H HloAH F47e] &84
b, AA Aol AR ARG O BAAA AAEHJS Aol AT 7 Ae
AubHQl do s HAdEnE IS wWojd AL dFe nAA e
AoZ FAetETh
6.3 &4E
B ZAoMe 2EHQ Ao|AHoE S/ HIEHNEES AR A% AW

=
FFS dSstar FA9] Hoj" wEe E43dith =
o] 27 EMAFet wAHS o B 22 AAE At

(D 2=EHQ] Alo|AHE olgste] FAg