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Strength Analysis and Standardization for Closed Chocks by Using the

Finite Elements Method
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Abstract

Mooring fittings mean various devices and fittings to safely fasten vessels to quays, jetties and sea—floating buoys, etc, They include
mooing winches, capstans, chocks, fairleads, guide rollers, bollards, and bitts, Not only the seats and reinforced parts for the
installation of fittings but also ropes and chains for mooring and chain stoppers can be also considered, Because of damages to
mooring fittings during mooring directly related to large—scale accidents such as the drifting of vessels, mooring fittings with strength
appropriate for the physical features of the vessels must be installed, The reinforcement of the vessels on which the mooring fittings are
installed must be designed to withstand the loads transferred from the fittings as well, Also mooring fittings with efficient strength should
be required because damaged ships lead to sea pollution such as ail or fuel oil spillage, This study has been performed by the Finite
Element Method for two aspects of closed chocks which are divided into structure—supporting shapes and working load, In the case of
structure—supporting shapes, they have been performed in the field of sheet and bulwark, As for working load, it has been analyzed
according to working load direction such as chock's side and below, At first, strength analysis for unique closed chocks has been
carried out by using the Finite Element Method, they are applied for the situation when vessels pass by the panama canal, And then
the experiment has been done to verify the analyzed date obtained by FEM. The experimental results were found to be similar to the
numerical results with up to 16% difference, On the basis of the results obtained, standardization has been carried out by the Finite
Element Method for various sizes of closed chocks.
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777\\\\ m Table 3 Dimensions of seats for seat type
: o ‘ unit © mm
B Seat plate
= No.| Nominalsize | L | L1 [L2 | B | thickness
T T
B ' 11310 X 260 X 358 | 738 | 168 | 342 | 420 | 15 18
. S 2 1360 X 260 X 358 | 790 | 168 | 394 | 420 | 18 24
1% 3 1400 x 250 x 381 | 850 |130.5| 511 | 446 | 18 24
: i ‘ 4 1450 X 250 x 381 | 900 | 131 | 560 | 446 | 18 24
= 5500 x 250 X 381| 950 | 131 | 610 |446 | 18 | 24
Fig. 2 Drawing of closed chocks for seat type (Refer to 6 400 X 250 X 428 | 950 | 139 | 588 |493) 20 | 30
Fig. 1(a)) 7 | 450 x 250 x 428 | 950 | 139 | 588 |493| 20 | 30
8 | 500 x 250 x 428 | 1000 | 139 | 638|493 | 20 | 30
9 | 500 X 400 X 4281|1000 | 139 | 638|493 | 20 30
Table 2 Dimensions of closed chocks for seat type 101500 x 400 x 525 | 1098 | 165 | 692 1590 | 22 | 32
unit - mm
No (Toz'”j';'zg) || B3| |t|D|H |H|H|R|R |RR|R|R|R|K|T
1 1310 X 260 x 358 | 199 | 105 | 310 | 708 | 652 | 38 | 639 | 541 | 199 | 130 | 329 | 231 | 140 | 142 | 195 | 15 | 32
2 1360 X 260 X 358| 200 | 130 | 360 | 760 | 704 | 40 | 640 | 542 | 200 | 130 | 330 | 232 | 138 | 140 | 192 | 15 | 34
3 |400 X 250 X 381 | 202 | 150 | 400 | 804 | 750 | 44 | 632 | 535 | 202 | 125|327 | 230 | 134 | 136 | 185 | 20 | 36
4 | 450 X 250 X 381 | 203 | 175 | 450 | 856 | 802 | 46 | 633 | 537 | 203 | 125|328 | 232 | 132 | 134 | 182 | 20 | 38
5 1500 X 250 x 381 | 204 | 200 | 500 | 908 | 854 | 48 | 634 | 539 | 204 | 125 | 329 | 234 | 130 [ 132 | 180 | 20 | 40
6 | 400 X 250 X 428 | 242 | 150 | 400 | 884 | 820 | 50 | 707 | 638 | 241 | 125 | 367 | 297 | 164 | 166 | 176 | 25 | 40
7 [450 X 250 X 428 | 242 | 175 | 450 | 934 | 870 | 50 | 707 | 638 | 241 | 125|367 | 297 | 164 | 166 | 176 | 25 | 40
8 | 500 X 250 X 428 | 242 | 200 | 500 | 984 | 920 | 50 | 707 | 638 | 241 | 125 | 367 | 297 | 164 | 166 | 176 | 25 | 40
9 | 500 X 400 x 428 | 242 | 200 | 500 | 984 | 920 | 50 | 857 | 788 | 241 | 125 | 442 | 372 | 164 | 166 | 176 | 25 | 40
10 | 500 X 400 X 525| 289 | 200 | 500 | 1078 | 1013 | 50 | 953 | 809 | 288 | 200 | 489 | 347 | 212 | 214|298 | 20 | 40
134 CiStEMBIEI=2F] K49 B X2 5 20124 4€
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Fig. 5 Drawing of closed chocks for bulwark type (Refer to
Fig. 1(b))

Table 5 Dimensions of bulwarks for bulwark type

i unit © mm
- 2y . No. Nominal size A B R T
1| 310 X 260 X 358 688 739 344 15
2 | 360 X 260 X 358 692 792 313 15
3 | 400 x 250 X 381 688 838 344 22
4 | 450 x 250 X 381 688 888 344 22
5 | 500 x 250 X 381 688 938 344 22
6 | 400 X 250 X 428 736 886 368 24
7 | 450 X 250 X 428 736 936 368 24
8 | 500 X 250 X 428 736 986 368 24
Fig. 4 Drawing of closed chocks for bulwark type (Refer to 9 | 500 x 400 x 428 | 886 986 443 24
Fig. 1(b)) 10 | 500 X 400 x 525 | 982 | 1082 | 491 26
Table 4 Dimensions of closed chocks for seat type
unit : mm
No ('\Lloz'”:'j'zg) 4 | |wB| D |H |H|[HW|R | R |R|R|R|R|T
1 1310 X 260 X 358 | 212 | 735 | 652 38 212 | 684 | 462 | 130 | 342 | 231 148 | 140 | 195 32
2 1360 X 260 X 358 | 214 | 788 | 704 40 214 | 688 | 464 | 130 | 311 232 | 146 | 138 | 192 34
3 400 X 250 X 381 | 216 | 832 | 750 44 216 | 682 | 460 | 125 | 341 230 | 144 | 134 | 185 36
4 1450 X 250 X 381 | 218 | 886 | 802 46 218 | 686 | 464 | 125 | 343 | 232 | 142 | 132 | 182 38
5 |500 X 250 X 381 | 220 | 940 | 854 48 220 | 690 | 468 | 125 | 345 | 234 | 140 | 130 | 180 40
6 |400 X 250 X 428 | 256 | 912 | 820 50 256 | 762 | 594 | 125 | 381 | 297 | 166 | 164 | 176 40
7 1450 X 250 X 428 | 256 | 962 | 870 50 256 | 762 | 594 | 125 | 297 | 297 | 166 | 164 | 176 40
8 | 500 X 250 X 428 | 256 | 1012 | 920 50 256 | 762 | 594 | 125 | 297 | 297 | 166 | 164 | 176 40
9 |500 X 400 X 428 | 256 | 1012 | 920 50 256 | 912 | 744 | 125 | 372 | 372 | 166 | 164 | 176 40
10 | 500 X 400 X 525| 304 | 1108 | 1013 | 50 304 | 1008 | 690 | 200 | 504 | 347 | 214 | 212 | 298 40
JSNAK, Vol. 49, No. 2, April 2012 135
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Table 6 Material properties for closed chock

Application Chock Seat / Bulwark
Material SCW480 SS400
Elastic modulus [GPa] 206 206
Poisson ratio 0.3 0.3
Yield stress [MPa] 275 235
Ultimate stress [MPa] 480 400
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(b) Node number applied load

Fig. 8 Applied load condition

Table 7 Nodal coordinates and forces in Load Case 1

Node X Y Z F [N]

6340 | 0.102679 | 0.303539 0 0.320435
6339 | 0.296966 | 0.30753 0 0.427508
6337 | 0.262382 | 0.143121 0 0.298878
6325 | 0.261218 | 0.060577 0 0.26815
6341 0.301804 | —0.01454 0 0.302154
6549 | 0.342321 | —0.08966 0 0.353869
6375 | 0.208547 | —0.14822 0 0.255852
6377 | 0.338734 | -0.40694 0 0.529472
6378 | 0.018438 | —0.13453 0 0.135788

* Nominal size : 360 X 260 X 358
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(c) Closed chock with seat (d) Closed chock with bulwark

Fig. 9 Boundary conditions for displacement

JSNAK; Vol. 49, No. 2, April 2012

137



3.1.3 ZIE{H EE {4

o, o7 |ME TS| HAE MB350l A 3
Z5i4ct

AlE Elole] 1055 Z Table 104 5 wisoll SIE5H= 360
X 260 X 35801 THeH aHAIS S0, LIB{A| Afo] =0 cf
SHME SeUet wioR TR =R siMS SasIgict

AIE Efgl Z30| TR ES sS4l $25H| gt A e
= x30| SH(7))2 AIE SH(T), AE Selo|E Hee £
(T2 M-I Fig. 100 LER{ACE Table 81t 20|
MRS MEBI0|, TS 2lmm] S92 7} s AR

M S FASIACE

0.

>

Te

Fig. 10 Design variables of seat type for parametric
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Table 8 Design variables of seat type

Design variable Symbol
Thickness of chock T,
Thickness of seat T
Thickness of front plate T

Table 9 Analysis conditions for seat type

Alternative Analysis condition
Alt. 1 Chock only
Alt. 2 Chock + Single seat
Alt. 3 Chocks + Double seats

Table 10 Analysis cases for seat type

Chock Seat Plate
Case
7., [mm] 7 [mm] 7 [mm]
1 34 16 24
2 34 18 24
3 32 18 24
4 34 18 22
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Fig. 11 Design variables of bulwark type for parametric
analysis

Table 11 Design variables of bulwark type

Design variable Symbol
Thickness of chock T.
Thickness of bracket T,
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Table 12 Analysis conditions for bulwark type

Alternative Analysis condition
Alt. 1 Chock only
Alt. 2 Chock + Bulwark
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Table 13 Analysis cases for bulwark type

Chock Bracket
Case
T, T,
1 40 22
2 40 24
3 38 24
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shukHoz HAKE SWL2 212} 73.44 tonT} 70.36 tonO| o]
2F SW. 68 tonEC} 322 &8x| e Zte 71FIct

%3 chEoR siMe FA0lM, Fig. 142 Table 14
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MSC Patran 2006 r2 14-Sep-09 23.26:36
Fringe: LCT, A1:Siafic Subcase, Stress Tensor, , von Mises, Average.2 of 2 layers

default_Fringe :
Max 262-004 @EIn 12861
Min 2 96-006 @Elm 58.1

Fig. 14 Result of FE analysis for Alt. 1 at closed chock

Table 14 Result of FE analysis for Alt. 1

Von-Mises stress
Target
Load [x 107 MPa] SWL fton] g
i SWL
condition lton]
Chock Chock
LC 1 2.90 82.05 68

SEEH Z0IM, Fig. 155
3 o= 2

f

off Hsk= Mol A 2|, &332 AIEJ} 8Xxl= 29I, AIET}
Mol 28=l= £l 71 2 S2o| 2xas golst = U
ct.
Table 15 Result of FE analysis for Alt. 2
V(Ei_'\{lg?s,jgefs SWL [ton] | Target
Load condition a SWL
Chock | Seat | Chook | Seat | 1O
LC 1 3.24 2.89 | 73.44 | 70.36 68

MSC.Patran 2008 12 14-Sep-09 23:30:04 311-004

Fringe: LC1_seat, A1:Static Subcase. Stress Tensor, . von Mises, Average.2 of 2 layers 291-004

3.19-005)

1.20-008!
default_Fringe
Max 3.11-004 @Elm 11563,
Min 1 20-006 @EIm 836.1

Fig. 15 Result of FE analysis for Alt. 2 at closed chock

412 22=c x39°| ATHIAE A}
2=t £3(360 X 260 X 358)
=5 {Zx[e] HLER A|ARIOA 2
S 2 Table 1601 LIERLHRACE Zoll ZAIE SH2
FEE AERQ 9&(Young's modulus)2 11245104
MeIct TollEl S2HEE 0” =M S 11246104, Fig. 162t 20|

e =ofl LIERHATL, CHIOIAM max. stress 0] SHASIFCE Al

9l A

3t

=5t

o

E E= 913 Mzl QIF $5320] 235 MPa =i sli&st
= 5= 22 2k 96 tonC 2 EME|QYT, Table 171 20| 54
Z3gt ) v|wsict
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Table 16 Results of test for closed chock and seat
Unit © MPa

i%:? CH1|CH2|CH3|CH4|CH5|CH6 |CH8| CH9 |CH 10|CH 11|CH 12| CH 13 [CH 14 |CH 15| CH 17 |CH 18 |CH 19|CH 20| CH 21 |CH 22

0.00 |-1.65[-1.65|-1.03]| 2.27 | 0.82 | 2.06 |4.12| 5.82 | 1.44 | 563 | 2.95 | 1463 | 2.27 | 2.06 | 0.00 | -7.83 | 6.18 | 3.50 | 5,77 | -1.65
10.04 |-0.62|-0.62| 0.00 [14.63| 9.27 | 4.46 |-1.65| 28.63 |15.45|15.38| 7.00 | -21.63 | 9.06 | -9.68 | -1.03 |-12.77|-14.21|6.39|-12.57 | 46.39
20.00 [1.03] 1.24 | 1.85 |28.43|18.13| 11.33 | 2.27 | §0.26 | 31.52|26.37 | 11.74 | -28.43 | -15.04|-16.27 | -8.45 | —23.48|-26.99 |-18.13| -23.07 | -14.21
29.64 [2.47] 2.88 | 3.50 |41.41]26.57 | 17.72 | 5.77 | 69.83 | 46.90|37.08 | 16.07 | =35.02 | —21.22 | -22.87 | -24.93 | —34.61 | -38.93 |-27.81| =33.17 | -22.25
30.55 |3.91| 453 | 5.56 |55.41]36.43 | 24.93 | 9.68 | 91.05 |63.45|50.26|21.01 | —42.02 | -27.60 | -29.87 | -44.63 | —46.56 | 50.74 |-35.91| —42.64 | -30.49
50.00 |5.77| 7.00 | 7.83 | 71.34|45.59 | 32.96 | 14.21 [ 117.15|81.16 | 65.30 | 26.78 | —49.44 | -33.99 | -37.08 | 62.83 | 59.12 | 62.62 |-38.52| -51.71|-39.35
58.62 | 7.21]8.65 | 9.48 |86.73|54.38 | 39.55 | 17.92 [ 139.67 |96.20 | 84.46 | 31.52 | —57.20 | -39.41 | -43.05 | —77.04 | -67.84 | —70.04 |-39.55| -58.50 | 46.35
62.14 [8.24] 9.89 [10.92|99.50|62.42| 45.94 | 21.63 | 1569.44 |107.64| 98.57 | 34.81 | 61.80 | —42.02|-45.94 | -84.05|—71.28 | -73.34 |-41.20| 63.24 | -49.44
70.94 [10.09[ 11.95 [ 12.77 |111.45] 68.19 | 50.47 | 24.93 | 170.98 |120.99[126.35| 38.93 | —75.74 | —47.17|-51.91 | -93.73 | —78.69 | -80.13 |-39.96| —74.37 | 58.50
79.92 [11.95[14.21 | 14.83 |126.69| 78.69 | 57.68 |30.49 | 194.67 |139.87]150.17] 43.88 | —90.23 | -53.56 | —59.12 |-106.09) —88.58 | -88.17 | -46.76| 90.43 | 62.01
88.48 |14.21]16.89 | 17.51 [143.79) 90.64 | 65.51 | 36.05 | 217.74 |160.27|178.19| 48.62 | -109.18 | 60.15 | 66.61 |-120.85] -96.06 | -96.34 | -52.12|-108.97| 64.68
100.18 17.10] 19.98 | 20.81 |164.80[105.27| 76.63 | 43.05 | 245.76 |184.78|203.46| 55.28 | —127.45| —68.46 | —76.08 | -138.64-105.88/-107.12/-60.15-126.48) —71.07
109.29 120.19] 23.69 | 24.10 |185.19[119.69| 84.46 | 52.12 | 268.42 |208.40|216.16| 61.18 [ —152.37 | —75.19 | -83.84 | -153.47-111.65/-112.48/-59.53-145.64) —74.37
120.36 |22.87) 26.99 | 26.99 |205.38|134.93| 93.32 | 59.74 | 291.90 [235.15[228.76| 67.26 | -172.01 | -83.22 | -92.91 |-169.95(-119.07|-120.92|-64.89-163.15| 81.78
130.36 |25.34) 30.08 | 29.87 |226.26|149.14 100.80 | 67.84 | 310.85 [260.38|239.58| 72.31 | -195.91 | -91.05 | -101.76|-184.781-123.19/-129.37|-56.44-182.52| -88.58
140.14 |28.22) 33.37 | 32.96 |251.11|163.15| 108.97 | 73.34 | 326.78 [290.53|254.41| 77.87 | -222.34 | -99.77 | -111.86/-201.06-128.75[-138.43|-62.01-201.06| -96.00
150.40 |130.69) 36.46 | 36.23 |271.85[175.17| 116.46 | 77.59 | 336.60 [311.47|266.56| 81.99 | -237.52 |-108.15[-122.36|-215.06-136.78[-145.02|67.77-215.89-101.56
159.69 |34.40| 40.79 | 39.76 |304.88|198.79| 128.75 | 85.28 | 344.02 [330.42|291.28| 90.13 | 272.33|-118.551-134.52-262.44-144.61|-151.82/65.71-244.321-104.44
170.36 |37.49| 44.50 | 43.05 |333.51(228.04| 141.11 | 92.49 | 351.23 [330.42)313.33| 95.86 | —299.25 |-130.191-148.05/-305.91-156.15[-161.50|-72.101-273.36-111.86
180.45 140.58) 48.20 | 46.35 [368.12|264.71| 153.26 | 97.03 | 361.94 [330.42(328.16|101.49| -329.81 |-142.83-163.91|-352.88-167.89-169.54|—76.84-307.56-123.81
190.58 |44.50| 52.94 | 50.47 |408.70|304.88| 165.83 |105.27| 389.13 [330.42(345.26|107. 74 -369.56 |-155.02|-179. 74]-395.31-181.49/-172.42|-78.901-346.70-136.37
200.36 149.23| 58.71 | 55.21 |465.15]366.47| 180.87 [115.77| 4560.11 |330.42|361.26114.95{ —409.46 |-170.98|-201.12}-442.281-209.71|-181.07|-83.641-401.08/-138.43

—+—ch-01
—E—ch-02
500, 00 o
ch-04
400,00
/ —#—ch-05
300,00 - v —*ch-08
535 {x,/)“/ ——ch-07
20000 = — — ch-0i6
e -
__*_____.Jk—--‘*' _r___._-——*"r ch-09
100,00 . = N = s
= e f_‘__.___—.——. e — . ch-10
= B P . By
7 0.00 == "'—*'-L;;T—'-—"r”_" : . s eh-11
o e
£ 000 2000 9GO0 -6M00- | 60,00 100,00 120,00 140,00 16000 180,00 20000 ch-1z
~100.00 . e — S ch-13
T — | ch-14
-200. 00 — - ch-15
ey ——ch-17
-300, 00 s
™ : ch-18
=400, 00 — ch-19
h ch-20
-500, 00 ch-21
force(ton) e oheoo
Fig. 16 Force—stress curves of closed chock and seat
Table 170 =2 Ddo|| CHEH SEHRA6(A! Znje} 7H:A|o4 Anp 39| 51828 MA 2HM 2 of ge|™o|2} met
ZIE vlwsiict ZEHIIE| 704 96 tono| EX=(ict  ECh
= AMAHS RS ; :
420t 70.36 tons ASIS 24 1.259 SISHRE  Taple 17 Comparison between FEM analysis and strength test
= Zlolslo /\-{2 E— o 2 718445 ol H2 - -
1.065 Zeketd, siH ofod eRiES -'-E1°F_X| s == Case FEM analysis | Tensile test Error (%]
= e AH| 282 82.78 tono| =Ch Ol ZBEAIHHIF Z1lQl [ton] [ton] °
96 ton2 &AM A $=x[2l 82.78 ton2| 2F 1.168H0ll HESk= Seat type 8278 o6 16
SACL F K| ZRE Behl 2 o, ZTAIED fEteAdA (360 X 260 x 398) '
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4.2 E2=E =3 IFs5}

4.2.1 MEER]
7t oA =

Table 182 20| M| 7IX] A2 LIF0] siMS F519ct
At. 12 =3 t=0Z MEE AP, At. 2= Shlef =329 A
Eo} AgtEl 49 O2l1, At 32 F 7He] 32} AIEJ} ZHE
=l Z=olch M| 71X| A 2 oleoll, M MAle| EAs 1

245101 sjMS 3Tt Table 19 L Fig. 172] A Al M

_,__

Hoil Z2l= S0l dtiXez S sl=22 M= 1245t
x| 240 Alt. 1 ~ 32| sjAle SA5I%CH
Lt i Zat

AlE Eflo]| CHst FeteadliA ATE Tables 20 ~ 2201 L}
EIHRICE Tables 20 ~ 220{A 2koI5h= HIQF 20| 37IX| A<,
108 250 5% SWLS Z3fst= ZaRio| LRtk

Table 18 Analysis conditions for seat type

Alternative Analysis condition
Alt. 1 Chock only
Alt. 2 Chock + Single seat
Alt. 3 Chocks + Double seats

Table 19 Result of FE analysis with hull

Von-Mises stress Target
Load [x 107 MPa] SWL [ton SWL
condition
Chock Hull | Chock | Hull [ton]
LC 1 2.85 1.69 83.49 |120.32 16
LC 2 3.49 2.13 68.18 | 95.47

* Nominal size : 310 X 260 X 358

F3l Moz MY 1052 shMZD} Hel Holld HEsicln
ECEEIC
Table 20 Results of FE analysis for Alt. 1
Load Von-Mises stress| SWL | Target
Nomiral size | . [x 10 MPa] | [ton] | SWL
Chock Chock | [ton]
LC 1 3.19 74.52
310 X 260 X 358 3.05 74| ®
C 1 2.90 82.05
360 X 260 x 358 C 2 2.36 100.73 %8
LC 1 3.10 76.68
400 X 250 x 381 — 2~ 217 109.55] "°
LC 1 2.81 84.60
450 X 250 X 381 \— < 2.05 115.96] "
C1 2.69 88.37
500 x 250 x 381 C 2 2.21 107.56 &
LC 1 2.26 105.18
400 X 250 x 428 C 2 2.43 97.83 8
C 1 2.28 104.26
450 X 250 x 428 C 2 2.19 108.55 %
LC 1 2.26 105.18
500 X 250 x 428 C 2 2.01 118.27 %
LC 1 2.24 106.12
500 X 400 X 428— 2 2.00 118.86] O
LC 1 1.71 139.02
500 X 400 X 525(— = 1.59 14951 '1°

Alt. 29| Z1k= Table 213}
3l04 @2 ZT} WL 2t

7H_-_|. )\| Ej|. 743:‘

TR =2 WS

=5
Z=35} At MAE 10ES Az} e LHOHA" KE%H;L'—
THEREICE
Table 21 Results of FE analysis for Alt. 2

Nominal size oot%?t?or‘. Vg“{'gﬁﬂf;‘s S fonl Tg\r/a‘et

Chock | Seat |Chock| Seat |[ton]

510X 280 X 165 5 o soalivs 22
0 X 80X B 5| Tapailia]
400X 250 X L 55 o iopafon 57
480X 250 X B\t 5 i oo o]
S0 250 X B[ 5 [ ofioed
00X 50 X e s oo
90 X 50 X L5 e ioo |
S0 250 X e o i efior 22
50400 X ¥ 5 e enan]
S0 X 400 X S5 or i s '

[Ho (VS

=

SiSl=2%! M49 3 X2 S 20124 48
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Table 22 Results of FE analysis for Alt. 3

on—Mises stress| Target
Load 7, ot wpa) | M Ton] gy
condition

Chock | Seat |Chock| Seat |[ton]

LC1 | 354 | 424 |67.2247.96
310X 260 X 855342 [ 214 |69.58|95.02| *©

[C1 | 320 | 2.87 |74.36]70.65
300 X 200 X 38— =5 T o00 | 1.48 |81.49]137.40,

[C1 | 330 | 2.89 |72.04|70.29
400 X 20 X BN =520 | 157 1103.81129.39 '°

LC1 | 3.05 | 2.82 |77.94|72.04
400 250 X 381 LC2 | 222 | 1.56 [107.08130.22 0

LC1 | 291 | 2.60 |81.69| 78.13
800 X 250 X BN 5T %3 | 1.77 hozde114.77 °

[C1 | 246 | 2.24 |96.63]90.69
400 X 250 X 48— =553 | 1.10 |93.96]184.67] O

[C1 | 246 | 1.95 |96.63]104.17
A0 X 20 X 48— =526 | 1.04 105.18163.827 °©

LC1 | 249 | 2.09 |95.47]97.20
800 X 250 X 48— 55T 200 | 168 [113.74128.57] ©

[C1 | 234 | 2.23 [101.59 91.09
800 X 400 X 48— =5 T 590 | 1.33 [113.20152.74] ©

C1 | 172 | 1.72 [138.21/118.10
O
800 X 400 X 52555 166 | 1.10 143.20184.67 ' °

Nominal size

422 =43 ER
7t oA =

Table 232} 20| FIIX| ZR2 LK siAg alsigict
Alt. 4= =3 =02 M2% AP, At 5= =32 937}
AskEl ZH<olct

[

=93 Efol| e RER4oHA] Z2ES Tables 24 ~ 250f|
LIERHRICE. Tables 24 ~ 2501A &folsh= Hiet Zo| 271X| &
105 2FolM SE SWLE E1f510{ 2HEet 21} LIt

Table 23 Analysis conditions for bulwark type

Alternative Analysis conditions
Alt. 4 Chock
Alt. 5 Chock + Bulwark

Alt. 49| ZIk= Table 249+ 2t X3 EHECZ siMs
St AT} SWLS 2t SAXSE SE SWL.S 2HE5In, EFs}
oz MYE 1052 ofZnt Hel tolM HEsictn et

.

rok

0>—

[N

Table 24 Results of FE analysis for Alt. 4

Nominal size coLr?d?tcijon V(Ef;"\{"(? ESR/T;’?]SS SWL fton] T;\r/\g/l_(at
Chock Chock | [ton]
510 X B0 X B[y o5 | o006 | *
50 X 20 X B o 5 |
I s e
T s
T it n A
00 X B0 X B[ 5| o |
80X B0 X B[y 5o |
00 X 20 X B[ 55— i | ®
e 2o e
0 X 00 X B[ 5| msep | "

Alt. 52| Z1k= Table 25% 2Tl 2937} Z&E =3 & 5l

M50 Y2 ol WS Z+ _T'_xl;(|/\|:i:1 27 sWe |:||_|-_7_.|<_3|.|:|1,

Table 25 Results of FE analysis for Alt. 5

‘on—Mises stress Target
[ 107 wpa] | O Tonl gy
Chock | Bulwark |Chock [Bulwark| [ton]

LC1 | 320 | 2.76 |74.36| 73.68
310 X260 LC2 | 227 | 2.63 [104.83 77.32 4

LC1 | 286 | 2.54 |83.20| 80.06
X
360 X260 LC2 | 2.07 | 2.53 |114.96 80.37 %8

LC1 | 336 | 2.72 |70.82| 74.76
400 250 x 381 LC2 | 283 | 2.05 |84.08| 99.19 0

LC1 | 311 | 268 |76.51| 75.88
400 250 x 381 LC2 | 260 | 2.06 |91.52| 98.71 0

LC1 | 322 | 250 |73.90| 81.34
X
200 X250 X 381 LC2 | 263 | 1.96 |90.48|103.75 0

_lLc1 [ 261 | 198 [91.17][102.70
400 X 290 X A8 =520 | 243 108,16 95.47 | 0

LC1 | 260 | 194 |o1.17]10482
A0 X 20 XA 55 2,19 | 2.35 [108.66] 86.53 |

LC1 | 256 | 1.93 [92.95[105.36
>< DQ|
S00 X250 X A8 5 o135 | 2.06 111.77 98.71 | O

TC1 [ 252 | 2.00 |94.43]101.67
800 X400 X 48— =5 05 [ 213 N106.71 95.47 |

LC1 | 1.89 | 1.60 [125.90/127.09
X X 525
500 > 400 X 52 LC2 | 1.38 | 1.71 |172.43/118.92 115

Load

Nominal size i,
l g condition
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4.3 T2IH EE] siA Hat
4.3.1 AE Elg]

AlE ERR =3 (nominal size: 360 X 260 X 358)2| AdHA| B
F01 T39O FH2t AES| T, AE E2{0|E MHE S
w2} T2 ER siMS fAsIct siM ZaE =3 thE, £
3t 42 AE, HE =32t HE AEQ| E<E LIF0 Tables
26 ~ 2801 Ztz+ LIERHRACE

Table 26 Results of parametric analysis for chock only

Von—-Mises stress Target
Case COLr%ait‘ijon i 10% mpal | O TN g
Chock Chock [ton]
' LC 1 3.03 78.45 68
LC 2 2.64 90.04
LC 1 2.90 82.05
2 LC 2 2.36 100.73 68
LC 1 3.29 72.25
3 LC 2 2.98 79.77 68
LC 1 3.03 78.45
4 LC 2 2.74 86.76 68

Table 27 Results of parametric analysis for one chock and

single seat
Von-Mises stress Target
Case coLniiEijt(ijon [x 10 MPa] SWL Ttonl gy
Chock | Seat | Chock | Seat [ton]
' LC 1 3.25 3.28 73.22 | 62.00 68
LC 2 2.89 1.62 82.34 | 125.52

5 LC1 3.24 2.89 | 73.44 | 70.36 68
LC 2 2.89 1.49 | 82.34 | 136.47

3 LC 1 3.50 2.91 67.99 | 69.88 68

Xjghb =32t Mz AEQl AR AIEQS AHME SWgk2
62.0[ton] 22 F3&E SWLLI 68.001 o|x[X| 2351t

Case 20AM= Case 12| aiA] Z2tE HIFC R AES| FHE
2[mm]E7MA siME THsINeM, BE Z0ll % SWLS
DHEESIICE

Case 39| A Case 29| siM ZIE diEgo=z F39| F
£ 2[mm] Z2AF sliAlg sEsien, 321 A= AIES
42 AME A SWLER 67.99ton]22 SE SWLYI
68.0[ton]oll O|x|X| Z5I%C.

Case 42| 4% Case 29| oA ZzfE viECo=z 39|
€ 2[mm] Z2AA siAe fASIIen, 32t = AES
AR A|E My} Zajo|EQ| AAKE Z|A SWLZE2 65.60[ton]2
2 SF SwWLel 68.0[ton]oll O|x|X| 235IC

m2iA Case 27t ZE Z<0| = SWL2 BEsI¥eEZ,
0|2 FE ®|E MESIH2H Table 2901 LIERHICE

Table 29 Final dimensions of seat type chock

c Chock Seat Plate
ase
7. [mm] 7 [mm] 7y [mm]
2 34 18 24

4.3.2 293 EIY

223 Ef2! =3 (nominal size : 500 X 250 X 428)2| AMA|
=01 39| St E2pple| Faol w2} Ti2iHES siMs
Ao A AnE £3 thE, X392 2939 A=

LI=0{ Tables 30 ~ 310 LIERHACE

Table 30 Results of parametric analysis for chock only

LC2 3.24 1.56 73.44 | 130.35 Von-Mises stress SWL [ton] Target
4 LC1 3.25 2.91 73.22 | 69.88 68 Case| Load condition | [x 107* MPa] SWL
LC 2 3.00 1.60 79.32 | 127.09 Chock Chock [ton]
LC 1 212 112.24
1 86
. . LC 2 2.15 110.68
Table 28 Results of parametric analysis for two chocks and C 1 212 11224
double seats 2 LC 2 2.15 110.68 86
Von-Mises stress Target LC 1 2.37 100.40
3 86
Case COZZ?SOP [x 10% mpa) | M- loonl gy C?2 2.41 98.74
| Chock | Seat | Chock| Seat [ton]
LC 1 3.21 296 | 7413 | 68.70 . .
1 C o >0 T 18149 113378 68 Table 31 Results of parametric analysis for chock and

5 LC 1 3.20 2.87 | 74.36 | 70.85 68

bulwark

Lc2 | 2.9 1.48 | 81.49 | 137.40 Load Von—l\/lis_iﬁ stress | o1 (ton] Target
3 LC1 | 3.41 2.88 | 69.78 | 70.61 8 Case condition [x 107 MPa] SWL
Lc2 | 3.15 1.53 | 75.54 | 132.91 Chock | Bulwark | Chock | Bulwark | [ton]
A LC1 | 342 | 3.10 | 69.58 | 65.60 68 : LC 1 2.61 240 | 91.17 | 84.73 %
LC2 | 3.16 1.62 | 75.30 | 125.52 LC 2 215 | 2.41 |110.68 | 84.38
) LC 1 2.56 1.93 | 92.38 | 105.36 o
LC 2 213 | 2,06 |111.72] 98.71
Case 19| 3lilAf A= Tables 26 ~ 2801 LIERNRICH =3 LC 1 2.88 2.07 | 82.62 | 98.24
CHEQl 429 X9} {2 A|EQI Z0|= 2F SWL.S ok=Est 3 LC 2 240 | 212 | 99.15 | 95.92 8
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Case 12| sll4 A= Tables 30 ~ 310f LIERHQICE =3
52 20t x39 £9321 AR0ll= SE SWM.E MESIX|
P39 29432 29 =39 AEQ AHME swge
4.73[ton], 84.38[ton]2 =F SWLS! 86[ton]oll O|x|X| 5}
ct.

Case 20{AM= Case 12| oA HIIE HIEHOZ A|ES| FHE
2lmm]B7 A siMs lsiien], BE Ao & SW2
PEESICE

Case 32| AT Case 29| siM ZnlE dlEo=z 39| F
£ 2[mm] Z2AIA Al THsiIion, 239 =932 4
Z39| Al E[A SWLZFE 82.62[ton]22 =SE SWLEI
86[ton]oll O|X|X| S55LCt.

M2, Case 271 ZE 20| =% SWL.E IESIHSEZ,
0|2 2|E x|42 MESIO Table 320f LIELARICE

m

|'E|

2R

=

ZEMCZ E IR ES gHH2 Soll Tables 2 ~ 52| X[
7t 2D, 480 S Zols Sal 2t x|l sl oS
0] 5% SWLE DHESHE &5t

Table 32 Final dimensions of bulwark type chock

Chock Plate
Case
7, [mm] 75, [mm]
2 40 24
528

2. RLLFIAS Sa RoIKIE Flok Bolof thet MBS b
Yoz YT MBS SUsIH, 2AE FU £ T, HS Yt

3. E2=C X3 7= Tl Tt L Alole] kg &
M3 sl TIRIHIES shMof w2 SWLe| Mgo| XMEst Zie
2 BiRCt o8 s viEe 2 LiHX| clst 3719 2
2XE 230 tishME FEIRAsIMS 3510 TES| ChAlf

xotg AABICE
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