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A Connection Mechanism for Modular Floating Structures

by
JEONG-SEON KIM

Department of Ocean Engineering

Graduate School of Korea Maritime University

Abstract

Recently, study of marine space replacing land space draws world’s
attention, and a concept to design large structures, such as artificial island,
floating offshore structure, marine city and airport, is being concerned. These
large marine structures usually divided into comparatively smaller modules,
then transported to on-site and finally assembled into a designed large
structure. Modular floating structures, welded or bolted, are semi-permanent
and strong, however manufacturing process for welding or bolting large
floating structures under various loads is very difficult. Local structures are
easy to break down due to the concentrated load.

On this background, this study focuses on the various connecting
mechanisms for modular floating structures and a method that can be
applied to the large modular floating marine structures. It is suggested, i.e,

a connecting mechanism consisting of LEGO blocks and Korea traditional



bar shape structure operating with a hydraulic cylinder. A case study of
very large floating structures in this study is a possible offshore airport in
Busan. It is assumed that the modular structures loaded with facilities of
urban and traffic functions are integrated.

Connection structure in the form of LEGO blocks may be easier for
connecting modular structures in the offshore field. The hydraulic cylindrical
bar prevents the overall structure from being damaged, allowing motion
between modular structures more flexible. Moreover, these modules are
especially useful when a new module is added or removed.

For verification of suggested concept of connecting structures, two
approches are tried. First, a differential equation of elastic beam is solved by
a simple calculating for two units connected by hydraulic cylindrical bars.
Then a structural analysis by a commercial finite element analysis program

NX Nastran is performed to the same model.
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Table 2-2 Examples of VLFS (33 2], 2003)
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Fig. 3-2 Modular floating structure concept

Fig. 3-3 Modular floating structure concept(front view)
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Fig. 3-8 Unit connector

Fig. 3-9 Unit connector(perspective view)

Fig. 3-10 Connection of two units(front view)
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Table 3-2 VLFS case study data (continued)

LXBXD 300m < 60m X2m
Draft 0.5m
8m

Water depth

El(Bending stiffness)

4.78 X108 KN—m?

TEE FHL2INE A%

%g_i %61;—]_ 7H/\ 36x8 % OH&]‘
Tx wHe & Afrs 86471 (3x36x8) (¥ 1, 2001)
57 A% 3000kg
LX BXdraft 1000m X< 200m X< 1.5m
h % WA S Tele
El (=El/B) 7.5<10" kgf/m 2018 P84
LB (length of breakwater) 1400m e . o
C (the distance between AdreEe 34
structure 50m, 100m, 200m (el=g =, 2001)
and breakwater)
LXBxXD 4500m X 1500m < 6m
d 15m R a3l
150m X 50m <X 6m (Z Tz AA ) Bk
9007
unit size _ " a7
(@A =0 244 A7E | (mrge 9, 2001)
Zhetete] A4
LXBXD 300m X< 60m < 2m oA T 2y
draft 0.5m oA
af FzEol gk
A 58.5m =
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Table 3-2 VLFS case study data

L X BXxdraft 1000m < 200m X< 1.5m
h 60m
T 14sec
164 45.90 degree
El (=EI/B) 7.5x10” kgf/m
LB (length of
1400m
breakwater)

C (the distance
between structure

and breakwater)

50m, 100m, 200m

L X BXDXdraft 300m <X 60m < 2m < 0.5m
h 8m, 107m
E 1.2175 < 10 kg/m?
\ wave length of infinite

depth

L X BXDXdraft 1200m X 240m X 4.5m X 1m
h 20m
E 1.09 X 10" kg/m?
N wave length of infinite

S

depth
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Table 4-2 Properties of

dimension of the unit

Material steel
[ X BX h 150 < 60 % 6 (m?*)
Flel ou T t 0.01 ~ 0.1 (m)
Aeite 474 d 01 ~ 10 (m)
Psteel 7800kg/m®

FHEALH A

AAHS 107)

2d A ZAgste RETS o 2o

_37_
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Table 4-3 Maximum deflection of the unit (m)

unit

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
thickness
m
defl a:' 0.050168|0.100299]0.150394]0.200453]0.250475] 0.30046] 0.35041 | 0.400322]0.450199[0.500039
eflection

Table 4-4 Calculated stresses of the cylinder (<10MPa)

[row-unit thickness(m), column-hydraulic cylinder diameter(m)]

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01

vl 0211 | 0.421 | 0.630 | 0.839 | 1.048 | 1.256 | 1.464 | 1.671 | 1.877 | 2.084

o y2 0225 | 0.450 | 0.674 | 0.897 | 1.120 | 1.343 | 1.565 | 1.786 | 2.007 | 2.227
vl 0.203 | 0.406 | 0.608 | 0.810 | 1.012 | 1.213 | 1.413 | 1.613 | 1.813 | 2.012

02 y2 0232 | 0.464 | 0.695 | 0.926 | 1.156 | 1.386 | 1.615 | 1.844 | 2.072 | 2.299
vl 0196 | 0.392 | 0587 | 0.781 | 0.976 | 1.169 | 1.363 | 1.556 | 1.748 | 1.940

o y2 0240 | 0479 | 0.717 | 0955 | 1.192 | 1.429 | 1.666 | 1.901 | 2.136 | 2.371
vl 0.189 | 0.377 | 0565 | 0.752 | 0.940 | 1.126 | 1.312 | 1.498 | 1.683 | 1.868

o4 y2 0247 | 0493 | 0.739 | 0984 | 1.229 | 1473 | 1.716 | 1.959 | 2.201 | 2.443
vl 0182 | 0.363 | 0.543 | 0.724 | 0.903 | 1.083 | 1.262 | 1.440 | 1.618 | 1.796

. y2 0254 | 0508 | 0.761 | 1.013 | 1.265 | 1.516 | 1.766 | 2.016 | 2.266 | 2.515
vl 0174 | 0.348 | 0.522 | 0.695 | 0.867 | 1.039 | 1.211 | 1.383 | 1.554 | 1.724

0o y2 0261 | 0.522 | 0.782 | 1.042 | 1.301 | 1.559 | 1.817 | 2.074 | 2.331 | 2.587
vl 0.167 | 0.334 | 0.500 | 0.666 | 0.831 | 0996 | 1.161 | 1.325 | 1.489 | 1.652

o7 y2 0269 | 0537 | 0.804 | 1.071 | 1.337 | 1.603 | 1.867 | 2.132 | 2.395 | 2.658
vl 0160 | 0.319 | 0478 | 0.637 | 0.795 | 0953 | 1.110 | 1.267 | 1.424 | 1.581

o8 y2 0276 | 0.551 | 0.826 | 1.100 | 1.373 | 1.646 | 1.918 | 2.189 | 2.460 | 2.730
vl 0.152 | 0.305 | 0456 | 0.608 | 0.759 | 0910 | 1.060 | 1.210 | 1.360 | 1.509

07 y2 0283 | 0.566 | 0.848 | 1.129 | 1.409 | 1.689 | 1.968 | 2.247 | 2.525 | 2.802
vl 0.145 | 0.290 | 0435 | 0579 | 0.723 | 0.866 | 1.009 | 1.152 | 1.295 | 1.437

! y2 0290 | 0.580 | 0.869 | 1.158 | 1.445 | 1.732 | 2.019 | 2.305 | 2.590 | 2.874
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Fig. 4-3 Stress of hydraulic cylinder v1
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Table 4-5 Calculated strain of the cylinder

[row-unit thickness(m), column-hydraulic cylinder diameter(m)]

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01
y1 | 1.05E-05 | 2.10E-05 | 3.15E-05 | 4.20E-05 | 5.24E-05 | 6.28E-05 | 7.32E-05 | 8.35E-05 | 9.39E-05 | 1.04E-04
o1 y2 | 1.13E-05 | 2.25E-05 | 3.37E-05 | 4.49E-05 | 5.60E-05 | 6.71E-05 | 7.82E-05 | 8.93E-05 | 1.00E-04 | 1.11E-04
y1 | 1.02E-05| 2.03E-05 | 3.04E-05 | 4.05E-05 | 5.06E-05 | 6.06E-05 | 7.07E-05 | 8.07E-05 | 9.06E-05 | 1.01E-04
02 y2 | 1.16E-05 | 2.32E-05 | 3.48E-05 | 4.63E-05 | 5.78E-05 | 6.93E-05 | 8.08E-05 | 9.22E-05 | 1.04E-04 | 1.15E-04
vyl | 9.80E-06 | 1.96E-05 | 2.93E-05 | 3.91E-05 | 4.88E-05 | 5.85E-05 | 6.81E-05 | 7.78E-05 | 8.74E-05 | 9.70E-05
03 y2 | 1.20E-05 | 2.39E-05 | 3.59E-05 | 4.78E-05 | 5.96E-05 | 7.15E-05 | 8.33E-05 | 9.51E-05 | 1.07E-04 | 1.19E-04
vyl | 9.44E-06 | 1.89E-05 | 2.83E-05 | 3.76E-05 | 4.70E-05 | 5.63E-05 | 6.56E-05 | 7.49E-05 | 8.42E-05 | 9.34E-05
o y2 | 1.23E-05| 2.47E-05 | 3.69E-05 | 4.92E-05 | 6.14E-05 | 7.36E-05 | 8.58E-05 | 9.79E-05 | 1.10E-04 | 1.22E-04
vyl | 9.08E-06 | 1.81E-05 | 2.72E-05 | 3.62E-05 | 4.52E-05 | 5.41E-05 | 6.31E-05 | 7.20E-05 | 8.09E-05 | 8.98E-05
00 y2 | 1.27E-05 | 2.54E-05 | 3.80E-05 | 5.06E-05 | 6.32E-05 | 7.58E-05 | 8.83E-05 | 1.01E-04 | 1.13E-04 | 1.26E-04
vyl | 8.71E-06 | 1.74E-05 | 2.61E-05 | 3.47E-05 | 4.34E-05 | 5.20E-05 | 6.06E-05 | 6.91E-05 | 7.77E-05 | 8.62E-05
00 y2 | 1.31E-05| 2.61E-05 | 3.91E-05 | 5.21E-05 | 6.50E-05 | 7.80E-05 | 9.08E-05 | 1.04E-04 | 1.17E-04 | 1.29E-04
y1l | 8.35E-06 | 1.67E-05 | 2.50E-05 | 3.33E-05 | 4.16E-05 | 4.98E-05 | 5.80E-05 | 6.63E-05 | 7.44E-05 | 8.26E-05
o7 y2 | 1.34E-05 | 2.68E-05 | 4.02E-05 | 5.35E-05 | 6.68E-05 | 8.01E-05 | 9.34E-05 | 1.07E-04 | 1.20E-04 | 1.33E-04
y1l | 7.99E-06 | 1.60E-05 | 2.39E-05 | 3.18E-05 | 3.97E-05 | 4.76E-05 | 5.55E-05 | 6.34E-05 | 7.12E-05 | 7.90E-05
08 y2 | 1.38E-05| 2.76E-05 | 4.13E-05 | 5.50E-05 | 6.87E-05 | 8.23E-05 | 9.59E-05 | 1.09E-04 | 1.23E-04 | 1.37E-04
vyl | 7.62E-06 | 1.52E-05 | 2.28E-05 | 3.04E-05 | 3.79E-05 | 4.55E-05 | 5.30E-05 | 6.05E-05 | 6.80E-05 | 7.54E-05
09 y2 | 1.42E-05| 2.83E-05 | 4.24E-05 | 5.64E-05 | 7.05E-05 | 8.45E-05 | 9.84E-05 | 1.12E-04 | 1.26E-04 | 1.40E-04
vyl | 7.26E-06 | 1.45E-05 | 2.17E-05 | 2.89E-05 | 3.61E-05 | 4.33E-05 | 5.05E-05 | 5.76E-05 | 6.47E-05 | 7.18E-05
! y2 | 1.45E-05 | 2.90E-05 | 4.35E-05 | 5.79E-05 | 7.23E-05 | 8.66E-05 | 1.01E-04 | 1.15E-04 | 1.29E-04 | 1.44E-04
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Table 4-6 Force of the cylinder (kN)

[row-unit thickness(m), column-cylinder diameter(m)]

0.01

0.02

0.03

0.04

0.05 0.06

0.07

0.08

0.09

01

01

1.14E+01

2.28E+01

3.41E+01

4.55E+01

5.68E+01]6.80E+01

7.93E+01

9.05E+01

1.02E+02

1.13E+02

0.2

4.56E+01

9.11E+01

1.37E+02

1.82E+02

2.27E+02]2.72E+02

3.17E+02

3.62E+02

4.07E+02

4.51E+02

0.3

1.03E+02

2.05E+02

3.07E+02

4.09E+02

5.11E+02]6.12E+02

7 14E+02

8.14E+02

9.15E+02

1.02E+03

0.4

1.82E+02

3.66E+02

5.46E+02

7.27E+02

9.08E+02]1.09E+03

1.27E+03

1.45E+03

1.63E+03

1.81E+03

0.5

2.85E+02

5.70E+02

8.53E+02

1.14E+03

1.42E+03]|1.70E+03

1.98E+03

2.26E+03

2.54E+03

2.82E+03

0.6

4.11E+02

8.20E+02

1.23E+03

1.64E+03

2.04E+03]|2.45E+03

2.85E+03

3.26E+03

3.66E+03

4.06E+03

0.7

5.59E+02

1.12E+03

1.67E+03

2.23E+03

2.78E+03|3.33E+03

3.88E+03

4.43E+03

4.98E+03

5.53E+03

0.8

7.30E+02

1.46E+03

2.18E+03

2.91E+03

3.63E+03|4.35E+03

5.07E+03

5.79E+03

6.51E+03

7.22E+03

09

9.24E+02

1.85E+03

2.77E+03

3.68E+03

4.60E+03]5.51E+03

6.42E+03

7.33E+03

8.24E+03

9.14E+03

1.14E+03

2.28E+03

3.41E+03

4.55E+03

5.68E+03]6.80E+03

7.93E+03

9.05E+03

1.02E+04

1.13E+04
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Fig. 4-6 Modeling of VLFS units
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Fig. 4-7 Deformed after bending
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Table 4-7 Calculated stresses(MPa) (continued)

[row-unit thickness(m), column-cylinder diameter(m)]

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

01

4.62E+02

4.33E+02

3.98E+02

3.53E+02

4.62E+02

427E+02

4.49E+02

4.78E+02

5.13E+02

5.67E+02

9.24E+02

8.66E+02

7.97E+02

7.05E+02

9.24E+02

8.53E+02

8.98E+02

9.55E+02

1.03E+03

1.13E+03

1.38E+03

1.30E+03

1.19E+03

1.06E+03

1.38E+03

1.28E+03

1.35E+03

1.43E+03

1.54E+03

1.70E+03

1.85E+03

1.73E+03

1.59E+03

1.41E+03

1.85E+03

1.71E+03

1.79E+03

1.91E+03

2.05E+03

227E+03

2.31E+03

2.16E+03

1.99E+03

1.76E+03

2.31E+03

213E+03

2.24E+03

2.38E+03

2.56E+03

2.83E+03

2.77E+03

2.59E+03

2.39E+03

2.11E+03

2.77E+03

2.56E+03

2.69E+03

2.86E+03

3.07E+03

3.40E+03

3.23E+03

3.02E+03

2.78E+03

2.46E+03

3.23E+03

2.98E+03

3.14E+03

3.34E+03

3.58E+03

3.96E+03

3.68E+03

3.45E+03

3.18E+03

2.81E+03

3.68E+03

3.40E+03

3.58E+03

3.81E+03

4.09E+03

4.52E+03

4.14E+03

3.88E+03

3.57E+03

3.16E+03

4.14E+03

3.83E+03

4.03E+03

4.28E+03

4.60E+03

5.09E+03

4.60E+03

4.31E+03

3.97E+03

3.51E+03

4.60E+03

4.25E+03

4.47E+03

4.76E+03

5.11E+03

5.65E+03

0.2

2.19E+02

217E+02

2.16E+02

217E+02

2.19E+02

2.19E+02

217E+02

2.16E+02

217E+02

2.19E+02

4.38E+02

4.33E+02

4.33E+02

4.33E+02

4.38E+02

4.38E+02

4.33E+02

4.32E+02

4.33E+02

4.38E+02

6.57E+02

6.50E+02

6.49E+02

6.50E+02

6.57E+02

6.57E+02

6.49E+02

6.48E+02

6.49E+02

6.57E+02

8.76E+02

8.66E+02

8.64E+02

8.66E+02

8.76E+02

8.75E+02

8.65E+02

8.64E+02

8.65E+02

8.75E+02

1.09E+03

1.08E+03

1.08E+03

1.08E+03

1.09E+03

1.09E+03

1.08E+03

1.08E+03

1.08E+03

1.09E+03

1.31E+03

1.30E+03

1.30E+03

1.30E+03

1.31E+03

1.31E+03

1.30E+03

1.29E+03

1.30E+03

1.31E+03

1.53E+03

1.51E+03

1.51E+03

1.51E+03

1.53E+03

1.53E+03

1.51E+03

1.51E+03

1.51E+03

1.53E+03

1.75E+03

1.73E+03

1.73E+03

1.73E+03

1.75E+03

1.75E+03

1.73E+03

1.72E+03

1.73E+03

1.75E+03

1.97E+03

1.94E+03

1.94E+03

1.94E+03

1.97E+03

1.96E+03

1.94E+03

1.94E+03

1.94E+03

1.96E+03

2.18E+03

2.16E+03

2.16E+03

2.16E+03

2.18E+03

2.18E+03

2.16E+03

2.15E+03

2.16E+03

2.18E+03

0.3

1.15E+02

1.13E+02

1.13E+02

1.13E+02

1.15E+02

1.15E+02

1.13E+02

1.13E+02

1.13E+02

1.15E+02

2.31E+02

227E+02

2.26E+02

227E+02

2.31E+02

2.30E+02

227E+02

2.26E+02

227E+02

2.30E+02

3.46E+02

3.40E+02

3.39E+02

3.40E+02

3.46E+02

3.45E+02

3.40E+02

3.39E+02

3.40E+02

3.45E+02

4.61E+02

4.53E+02

4.52E+02

4.53E+02

4.61E+02

4.60E+02

4.53E+02

4.52E+02

4.53E+02

4.60E+02

5.76E+02

5.66E+02

5.65E+02

5.66E+02

5.76E+02

5.75E+02

5.66E+02

5.65E+02

5.66E+02

5.75E+02

6.90E+02

6.79E+02

6.78E+02

6.79E+02

6.90E+02

6.90E+02

6.79E+02

6.77E+02

6.79E+02

6.90E+02

8.05E+02

7.92E+02

7.90E+02

7.92E+02

8.05E+02

8.04E+02

7.91E+02

7.90E+02

7.91E+02

8.04E+02

9.20E+02

9.05E+02

9.03E+02

9.05E+02

9.20E+02

9.19E+02

9.04E+02

9.02E+02

9.04E+02

9.19E+02

1.03E+03

1.02E+03

1.02E+03

1.02E+03

1.03E+03

1.03E+03

1.02E+03

1.01E+03

1.02E+03

1.03E+03

1.15E+03

1.13E+03

1.13E+03

1.13E+03

1.15E+03

1.15E+03

1.13E+03

1.13E+03

1.13E+03

1.15E+03
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Table 4-7 Calculated stresses(MPa) (continued)

[row-unit thickness(m), column-cylinder diameter(m)]

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

04

6.93E+01
6.80E+01
6.78E+01
6.80E+01
6.93E+01
6.93E+01
6.80E+01
6.78E+01
6.80E+01
6.93E+01

1.39E+02
1.36E+02
1.36E+02
1.36E+02
1.39E+02
1.39E+02
1.36E+02
1.36E+02
1.36E+02
1.39E+02

2.08E+02
2.04E+02
2.03E+02
2.04E+02
2.08E+02
2.08E+02
2.04E+02
2.03E+02
2.04E+02
2.08E+02

2.77E+02
2.72E+02
2.71E+02
2.72E+02
2.77E+02
2.77E+02
2.72E+02
2.71E+02
2.72E+02
2.77E+02

3.46E+02
340E+02
3.39E+02
340E+02
3.46E+02
3.46E+02
3.39E+02
3.38E+02
3.39E+02
3.46E+02

4.15E+02
4.07E+02
4.06E+02
4.07E+02
4.15E+02
4.15E+02
4.07E+02
4.06E+02
4.07E+02
4.15E+02

4.84E+02
4.75E+02
4.74E+02
4.75E+02
4.84E+02
4.84E+02
4.75E+02
4.73E+02
4.75E+02
4.84E+02

5.53E+02
5.43E+02
5.41E+02
5.43E+02
5.53E+02
5.53E+02
5.42E+02
5.41E+02
5.42E+02
5.53E+02

6.22E+02
6.10E+02
6.09E+02
6.10E+02
6.22E+02
6.21E+02
6.10E+02
6.08E+02
6.10E+02
6.21E+02

6.91E+02
6.78E+02
6.76E+02
6.78E+02
6.91E+02
6.90E+02
6.77E+02
6.75E+02
6.77E+02
6.90E+02

0.5

4.59E+01
4.49E+01
4.48E+01
4.49E+01
4.59E+01
4.58E+01
4.49E+01
447E+01
4.49E+01
4.58E+01

9.17E+01
8.98E+01
8.95E+01
8.98E+01
9.17E+01
9.16E+01
8.97E+01
8.94E+01
8.97E+01
9.16E+01

1.37E+02
1.35E+02
1.34E+02
1.35E+02
1.37E+02
1.37E+02
1.34E+02
1.34E+02
1.34E+02
1.37E+02

1.83E+02
1.79E+02
1.79E+02
1.79E+02
1.83E+02
1.83E+02
1.79E+02
1.79E+02
1.79E+02
1.83E+02

2.29E+02
2.24E+02
223E+02
2.24E+02
2.29E+02
2.29E+02
2.24E+02
2.23E+02
2.24E+02
2.29E+02

2.75E+02
2.69E+02
2.68E+02
2.69E+02
2.75E+02
2.74E+02
2.69E+02
2.68E+02
2.69E+02
2.74E+02

3.20E+02
3.13E+02
3.13E+02
3.13E+02
3.20E+02
3.20E+02
3.13E+02
3.12E+02
3.13E+02
3.20E+02

3.66E+02
3.58E+02
3.57E+02
3.58E+02
3.66E+02
3.65E+02
3.58E+02
3.57E+02
3.58E+02
3.65E+02

4.11E+02
4.03E+02
4.02E+02
4.03E+02
4.11E+02
4.11E+02
4.02E+02
4.01E+02
4.02E+02
4.11E+02

4.57E+02
4.47E+02
4.46E+02
4.47E+02
4.57E+02
4.56E+02
4.47E+02
4.46E+02
4.47E+02
4.56E+02

0.6

3.24E+01
3.17E+01
3.16E+01
3.17E+01
3.24E+01
3.24E+01
3.17E+01
3.16E+01
3.17E+01
3.24E+01

6.48E+01
6.34E+01
6.32E+01
6.34E+01
6.48E+01
6.48E+01
6.34E+01
6.32E+01
6.34E+01
6.48E+01

9.72E+01
9.51E+01
948E+01
9.51E+01
9.72E+01
9.71E+01
9.50E+01
947E+01
9.50E+01
9.71E+01

1.30E+02
1.27E+02
1.26E+02
1.27E+02
1.30E+02
1.29E+02
1.27E+02
1.26E+02
1.27E+02
1.29E+02

1.62E+02
1.58E+02
1.58E+02
1.58E+02
1.62E+02
1.62E+02
1.58E+02
1.58E+02
1.58E+02
1.62E+02

1.94E+02
1.90E+02
1.89E+02
1.90E+02
1.94E+02
1.94E+02
1.90E+02
1.89E+02
1.90E+02
1.94E+02

2.26E+02
221E+02
221E+02
221E+02
2.26E+02
2.26E+02
221E+02
221E+02
221E+02
2.26E+02

2.59E+02
2.53E+02
2.52E+02
2.53E+02
2.59E+02
2.58E+02
2.53E+02
2.52E+02
2.53E+02
2.58E+02

2.90E+02
2.83E+02
2.81E+02
2.80E+02
1.11E+02
2.89E+02
2.83E+02
2.83E+02
2.85E+02
2.94E+02

3.23E+02
3.16E+02
3.15E+02
3.16E+02
3.23E+02
3.23E+02
3.16E+02
3.15E+02
3.16E+02
3.23E+02

0.7

241E+01
2.35E+01
2.35E+01
2.35E+01
241E+01
241E+01
2.35E+01
2.35E+01
2.35E+01
241E+01

4.82E+01
4.71E+01
4.69E+01
4.71E+01
4.82E+01
4.81E+01
4.70E+01
4.69E+01
4.70E+01
4.81E+01

7.22E+01
7.06E+01
7.04E+01
7.06E+01
7.22E+01
7.22E+01
7.05E+01
7.03E+01
7.05E+01
7.22E+01

9.62E+01
9.41E+01
9.38E+01
9.41E+01
9.62E+01
9.62E+01
9.40E+01
9.37E+01
9.40E+01
9.62E+01

1.20E+02
1.18E+02
1.17E+02
1.18E+02
1.20E+02
1.20E+02
1.17E+02
1.17E+02
1.17E+02
1.20E+02

1.44E+02
1.41E+02
1.41E+02
1.41E+02
1.44E+02
1.44E+02
1.41E+02
1.40E+02
1.41E+02
1.44E+02

1.68E+02
1.64E+02
1.64E+02
1.64E+02
1.68E+02
1.68E+02
1.64E+02
1.64E+02
1.64E+02
1.68E+02

1.88E+02
1.84E+02
1.83E+02
1.84E+02
1.88E+02
1.88E+02
1.84E+02
1.83E+02
1.84E+02
1.88E+02

2.16E+02
2.11E+02
2.11E+02
2.11E+02
2.16E+02
2.16E+02
2.11E+02
2.10E+02
2.11E+02
2.16E+02

2.40E+02
2.35E+02
2.34E+02
2.35E+02
2.40E+02
2.40E+02
2.34E+02
2.34E+02
2.34E+02
2.40E+02
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Table 4-7 Calculated stresses(MPa)

[row-unit thickness(m), column-cylinder diameter(m)]

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.8

1.86E+01

1.82E+01

1.81E+01

1.82E+01

1.86E+01

1.86E+01

1.81E+01

1.81E+01

1.81E+01

1.86E+01

3.71E+01

3.63E+01

3.62E+01

3.63E+01

3.71E+01

3.71E+01

3.63E+01

3.62E+01

3.63E+01

3.71E+01

5.57E+01

5.44E+01

5.42E+01

5.44E+01

5.57E+01

5.57E+01

5.44E+01

5.42E+01

5.44E+01

5.57E+01

7.42E+01

7.25E+01

7.23E+01

7.25E+01

7.42E+01

7.42E+01

7.25E+01

7.22E+01

7.25E+01

7.42E+01

9.28E+01

9.06E+01

9.03E+01

9.06E+01

9.28E+01

9.27E+01

9.05E+01

9.03E+01

9.05E+01

9.27E+01

1.11E+02

1.09E+02

1.08E+02

1.09E+02

1.11E+02

1.11E+02

1.09E+02

1.08E+02

1.09E+02

1.11E+02

1.30E+02

1.27E+02

1.26E+02

1.27E+02

1.30E+02

1.30E+02

1.27E+02

1.26E+02

1.27E+02

1.30E+02

1.48E+02

1.45E+02

1.44E+02

1.45E+02

1.48E+02

1.48E+02

1.45E+02

1.44E+02

1.45E+02

1.48E+02

1.67E+02

1.63E+02

1.62E+02

1.63E+02

1.67E+02

1.67E+02

1.63E+02

1.62E+02

1.63E+02

1.67E+02

1.85E+02

1.81E+02

1.80E+02

1.81E+02

1.85E+02

1.85E+02

1.81E+02

1.80E+02

1.81E+02

1.85E+02

0.9

1.48E+01

1.44E+01

1.44E+01

1.44E+01

1.48E+01

1.47E+01

1.44E+01

1.44E+01

1.44E+01

1.47E+01

2.95E+01

2.88E+01

2.87E+01

2.88E+01

2.95E+01

2.95E+01

2.88E+01

2.87E+01

2.88E+01

2.95E+01

4.42E+01

4.32E+01

4.31E+01

4.32E+01

4.42E+01

4.42E+01

4.32E+01

4.30E+01

4.32E+01

4.42E+01

5.90E+01

5.76E+01

5.74E+01

5.76E+01

5.90E+01

5.89E+01

5.75E+01

5.74E+01

5.75E+01

5.89E+01

7.37E+01

7.19E+01

7.17E+01

7.19E+01

7.37E+01

7.36E+01

7.19E+01

7.17E+01

7.19E+01

7.36E+01

8.84E+01

8.63E+01

8.60E+01

8.63E+01

8.84E+01

8.83E+01

8.62E+01

8.60E+01

8.62E+01

8.83E+01

1.03E+02

1.01E+02

1.00E+02

1.01E+02

1.03E+02

1.08E+02

1.01E+02

1.00E+02

1.01E+02

1.03E+02

1.18E+02

1.15E+02

1.15E+02

1.15E+02

1.18E+02

1.18E+02

1.15E+02

1.15E+02

1.15E+02

1.18E+02

1.32E+02

1.29E+02

1.29E+02

1.29E+02

1.32E+02

1.32E+02

1.29E+02

1.29E+02

1.29E+02

1.32E+02

1.47E+02

1.44E+02

1.43E+02

1.44E+02

1.47E+02

1.47E+02

1.43E+02

1.43E+02

1.43E+02

1.47E+02

1.20E+01

1.17E+01

1.17E+01

1.17E+01

1.20E+01

1.20E+01

1.17E+01

1.17E+01

1.17E+01

1.20E+01

240E+01

2.34E+01

2.33E+01

2.34E+01

240E+01

240E+01

2.34E+01

2.33E+01

2.34E+01

240E+01

3.60E+01

3.51E+01

3.50E+01

3.51E+01

3.60E+01

3.59E+01

3.51E+01

3.50E+01

3.51E+01

3.59E+01

4.79E+01

4.68E+01

4.66E+01

4.68E+01

4.79E+01

4.79E+01

4.68E+01

4.66E+01

4.68E+01

4.79E+01

5.99E+01

5.85E+01

5.83E+01

5.85E+01

5.99E+01

5.98E+01

5.84E+01

5.82E+01

5.84E+01

5.98E+01

7.17E+01

7.00E+01

6.98E+01

7.00E+01

7.17E+01

7.16E+01

6.99E+01

6.97E+01

6.99E+01

7.16E+01

8.38E+01

8.18E+01

8.15E+01

8.18E+01

8.38E+01

8.37E+01

8.17E+01

8.15E+01

8.17E+01

8.37E+01

9.57E+01

9.34E+01

9.31E+01

9.34E+01

9.57E+01

9.56E+01

9.34E+01

9.31E+01

9.34E+01

9.56E+01

1.08E+02

1.05E+02

1.05E+02

1.05E+02

1.08E+02

1.08E+02

1.05E+02

1.05E+02

1.05E+02

1.08E+02

1.20E+02

1.17E+02

1.16E+02

1.17E+02

1.20E+02

1.19E+02

1.17E+02

1.16E+02

1.17E+02

1.19E+02
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Fig. 4-8 Calculated stresses at the position of cylinders
(cylinder diameter-0.5m, unit thickness-0.01m)



Table 4-8 Maximum stress of cylinder (D, @, @, @, & (MPa)

[row-unit thickness(m), column-cylinder diameter(m)]

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.1

4.62E+02

9.24E+02

1.38E+03

1.85E+03

2.31E+03

2.77E+03

3.23E+03

3.68E+03

4.14E+03

4.60E+03

0.2

2.19E+02

4.38E+02

6.57E+02

8.76E+02

1.09E+03

1.31E+03

1.53E+03

1.75E+03

1.97E+03

2.18E+03

0.3

1.15E+02

2.31E+02

3.46E+02

4.61E+02

5.76E+02

6.90E+02

8.05E+02

9.20E+02

1.03E+03

1.15E+03

0.4

6.93E+01

1.39E+02

2.08E+02

2.77E+02

3.46E+02

4.15E+02

4.84E+02

5.53E+02

6.22E+02

6.91E+02

0.5

4.59E+01

9.17E+01

1.37E+02

1.83E+02

2.29E+02

2.75E+02

3.20E+02

3.66E+02

4.11E+02

4.57E+02

0.6

3.24E+01

6.48E+01

9.72E+01

1.30E+02

1.62E+02

1.94E+02

2.26E+02

2.59E+02

2.90E+02

3.23E+02

0.7

241E+01

4.82E+01

7.22E+01

9.62E+01

1.20E+02

1.44E+02

1.68E+02

1.88E+02

2.16E+02

2.40E+02

0.8

1.86E+01

3.71E+01

5.57E+01

7.42E+01

9.28E+01

1.11E+02

1.30E+02

1.48E+02

1.67E+02

1.85E+02

0.9

1.48E+01

2.95E+01

4.42E+01

5.90E+01

7.37E+01

8.84E+01

1.03E+02

1.18E+02

1.32E+02

1.47E+02

1.20E+01

240E+01

3.60E+01

4.79E+01

5.99E+01

7.17E+01

8.38E+01

9.57E+01

1.08E+02

1.20E+02

Table 4-9 Maximum stress of cylinder ®, @, ®, ©),

[row-unit thickness(m), column-cylinder diameter(m)]

(MPa)

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.1

5.67E+02

1.13E+03

1.70E+03

227E+03

2.83E+03

3.40E+03

3.96E+03

4.52E+03

5.09E+03

5.65E+03

0.2

2.19E+02

4.38E+02

6.57E+02

8.75E+02

1.09E+03

1.31E+03

1.53E+03

1.75E+03

1.96E+03

2.18E+03

0.3

1.15E+02

2.30E+02

3.45E+02

4.60E+02

5.75E+02

6.90E+02

8.04E+02

9.19E+02

1.03E+03

1.15E+03

0.4

6.93E+01

1.39E+02

2.08E+02

2.77E+02

3.46E+02

4.15E+02

4.84E+02

5.53E+02

6.21E+02

6.90E+02

0.5

4.58E+01

9.16E+01

1.37E+02

1.83E+02

2.29E+02

2.74E+02

3.20E+02

3.65E+02

4.11E+02

4.56E+02

0.6

3.24E+01

6.48E+01

9.71E+01

1.29E+02

1.62E+02

1.94E+02

2.26E+02

2.58E+02

2.89E+02

3.23E+02

0.7

241E+01

4.81E+01

7.22E+01

9.62E+01

1.20E+02

1.44E+02

1.68E+02

1.88E+02

2.16E+02

2.40E+02

0.8

1.86E+01

3.71E+01

5.57E+01

7.42E+01

9.27E+01

1.11E+02

1.30E+02

1.48E+02

1.67E+02

1.85E+02

0.9

1.47E+01

2.95E+01

4.42E+01

5.89E+01

7.36E+01

8.83E+01

1.03E+02

1.18E+02

1.32E+02

1.47E+02

1.20E+01

240E+01

3.59E+01

4.79E+01

5.98E+01

7.16E+01

8.37E+01

9.56E+01

1.08E+02

1.19E+02
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MAXIMUM STRESS FOR CYLINDER

MAXIMUM STRESS FOR CYLINDER

11,2345
(MPa)

67,8910
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Fig. 4-9 Maximum stress of unit thickness of cylinder
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Fig. 4-10 Maximum stress of unit thickness of cylinder
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