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ABSTRACT: For a carferry with a displacement of 1,633 tonf, a seakeeping analysis-based direct load approach (DLA) was used in Part I of these
series, where the final deliverable was the long-term probabilistic acceleration components. In Part II of these series, the tangential acceleration
components are explained based on two approaches: a standard called the IMO CSS code and simple formulas with the probable maximum roll and
pitch rotations. The subsequent tangential acceleration-induced external force components are also introduced for these two approaches. The lashing
strength components were selected from the IMO CSS code. It was assumed that two different vehicles (a car and a truck) were stowed at the most
distant locations on the main deck to assume the largest tangential acceleration components and were secured with four steel wires with
longitudinal and transverse lashing angles of 45°. Four cases were considered, with different methods for predicting the acceleration components and
different tools for the external loads and lashing strengths involved: cases Rule-LS (rule-based maximum probable roll and pitch angles for
predicting the acceleration components in conjunction with LashingSafety), DLA-LS (seakeeping-based long-term acceleration components with
LashingSafety), CSS-LC (IMO CSS code-based acceleration components using LashCon), and CSS-LS (IMO CSS code-based acceleration components
using LashingSafety). In terms of the acceleration and external force components, the CSS-LC and CSS-LS results are more than two times the
results of Rule-LS. Thus, when the external forces and lashing strengths are evaluated using CSS-LC and CSS-LS, the truck needs more lashing
wires, while Rule-LS and DLA-LS predict that the present lashing configuration is on the safe side.
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Transverse acceleration a, in m/s? acceleration a,
in m/s?
on deck, high 71 69 6.8 6.7 6.7 6.8 69 71 74 3.8
on deck, low 6.5 63 61 61 61 61 63 65 6.7 | 29
‘tween-deck 59 5.6 55 54 54 55 56 59 6.2 2.0
lower hold 5.5 53 5.1 50 5.0 51 53 55 59 1.5

Vertical acceleration a, in m/s*
76 6.2 5.0 43 43 50 6.2 76 9.2

Fig. 1 Basic acceleration data for determination of tangential acceleration components (IMO, 2011)

Table 1 Correction factors fj,, according to B/GM (IMO, 2011)

JESLT 71 G & o) AXHoRRE o) A
ZA(G)A] 47 Aol g ejmFy,

B/GM
Height 8 9 10 11 12 13 or above
on deck, high 1.56 1.40 1.27 1.19 111 1.05 1.00
on deck, low 142 1.30 1.21 1.14 1.09 1.04 1.00
tween deck 1.26 1.19 1.14 1.09 1.06 1.03 1.00
lower hold 1.15 1.12 1.09 1.06 1.04 1.02 1.00




A Study on Structural Safety of Car Securing Equipments of a Costal Carferry: Part II Assessment of Lashing Safety 453

M =Fa, ® thor, Rt R EeE A% £ Ue U 24 Uy B,

F,, F. =% SR Q% o] ¥at @ 7w Bl

212 3o] HYol 7 g A A (oA # We dFelE A SRR Q% THEEs) 3

Fig. 29} o] AAle] 8 S8l = Fao| 84 24 gy HHolok skl ¥ ATAE o8 vizsitin s1Yse ol
- =Y ekgie

B U "ol sl Aol wdl g B, o714
T T, T AR HEA, 4 9ol B A we Jo g e 30 Al T 9, G 0, 5 3 18 A
2 i, o gEe Paol Al duel Aze w G O CERE AU W 08 G Sad W
B2 EHshe 0] BsiA, dde) 21 nv gre w OToH GRS AR S Hoi, spge) xgelsha 7t
Dol ool Slel Awel wene Taga g m I AE B W FAWhed baso)7 ¢, B B £
] AR WES Zo|Z 7hEslels Balsi) = 2g 9 3 % (Tread)7} ¢ oItk A% BHE(M,)E 4] (8)2 AHERITH

4 &

)
ok

2]
nA=ks A3 AT ¥Fdko] ZFLFl= 3 (FAIE) o] AX . 27 \?
wellol A3t A YA G URIDA BE B a2 o
F)e 420 4 9-(1)3 2o 4714 9, = 44 T T8 »
Zmel 208, o, T A7 3 5o AEe) 7718 ofvat .
o, 9 o & A2 F 5L AW Po] W U £A WG F,=G, 5, =mgsing, +m( 7 ) 0. (10)
AL M, o, % o5 B ToE AT 7 B 2 S
T AH GRS ovlen = g8 B AR, Q, GE AR AL (“)
- — . L =M T m| — T
27t 39 Jise] ANE T W F 5L F AF ARl R ) A ) A
z
G, %
m
B \>
Go
T
Y Y
KG, J
o
K
Fig. 2 A cargo located at bow and port sides on a ship
—
(y1,21)
Ge
[ 2 - ¢, Cy
l
Gez | , Atipping point /
a >Z _— (1, 91) Lo
] A tipping line | —
(r2,22) c y' oz
y
. . o y'
Section view (x2,¥2 B ]
Plan view

Fig. 3 Geometry of a cargo lashing



454 Joonmo Choung et al.

22 Dbz 3. Tt oM E HIX|Ol3 o4
g

s}
i} < 14 B= AAEH (B 31 xj2F E20 = DEk AlLR|S
TE W A0 §(F FT W A AR OlFA AT wep RN HolR F M R AR5E EY
= ]
(o]

i ruck)
w ARHE reh & 3 Y R G WY AN AEE 50918 S84Can)h A BN ORRE HE B H 9%
A (12-13)7 2t A= SAHFE 18 AT U= o) wix=m Aol tiste] JKew, 1t 98], 7ak 4w 7Hk okA
ABH wEiste] 2 Ae)S Ax RAE HAm, DOl T cgowjm 9o} s Aok olE fste) 44k EYe] 7l
i HE aE FEE A (14)9F 2ol AABIAT IMO CSS g3 wal 9)x)2 QoFske] Table 20 UFERA2IT
(01 0.92] LA &S AFkaL om, 2 BAZE w/acld qjepe) w9128 wHS) Sk Fig. 42} 2ol ahe] 2
A A= a9 FE2 QS =S sk itk o AAE ol 43 ;ut TAL APEATh EF FIHde]
Mglo] AAR Mg i 4H) AR AFRRY 3
vk A E AHgs)oF kAR, ad x| o] 3 A% A=} A Table 2 Masses, locations, and sizes of two vehicles
TE 4 g=e T3 wel 2k Aol ddoltt At
- s _ N 1 oy = . Item Car Truck
Ao FH AF A== T H4 g F(MBL, Minimum
breaking load)o]tt Hth a1l Q17%=(MSL, Maximum securing Mass [ton] 091 39.00
load)E ¥ %} IMO CSSOI1)ol ©Jsh ap 4% Q14 ¢ [ml 3.60 12.62
7% 2 (159 Wet AAY A WAGT = ML ek A ¢, m 1.60 250
T 1355 A-gst] 1ut 1A=Es Aok gt} ES MSL2 C [m] 1.49 3.14
MBLZYE d4€ 4 glom, auk FA)o] F74E MBL= 4 G, [m] 0.74 157
(16)°l HERHAT. r. [m] 7.27 347
. r, [m] 5.49 3.09
F, =plmg=F,)+ T, 3] (usina; + cos agsinf,) (12) r. [m] 0.24 0.24
i=1 z . -
F, =pmg+ 172 (nsina, +cosa,c08 3)) (13) | ¢y \
) i=1 (x2,¥2,22) B | ‘ B (x2,¥2,22)
L3 L4
M :icmq+09f)(Tl.)fom> T g== (14) T
o 2 v .z':1 v — 4’ 4 (X1, ¥1,21) (X1, 31,21)
MSL
135 (15) Cy
0.50MBL for shackles, rings, deckeyes,
turnbuckles of mild steel
0.33MBL for fibre rope (oyzg) | (X1, ¥1,21)
_ |0.50MBL for weblashing e
MSL= 0.80MBL for single use rope (16) ‘_I L2
0.30MBL for re—usable wire rope a2 22) Ty B a0, 73)

0.70MBL for single use steel band

0.50MBL for chains Fig. 4 A sketch of car lashing plan

Table 3 A table of each lashing location based on vehicle local coordinate.

Vehicle Lashing ID  z; [m] y, [m] z, [m] z, [m] v, [m] z, [m] o [deg] B [deg]

L1 0.50 0.80 1.00 -0.50 1.80 0.00 45.00 45.00
Car 12 0.50 -0.80 1.00 -0.50 -1.80 0.00 45.00 45.00
L3 3.10 0.80 1.00 410 1.80 0.00 45.00 45.00
14 3.10 -0.80 1.00 410 -1.80 0.00 45.00 45.00
L1 1.00 1.25 2.00 -1.00 3.25 0.00 45.00 45.00
L2 1.00 -1.25 2.00 -1.00 -3.25 0.00 45.00 45.00
Truck
L3 11.00 1.25 2.00 13.00 3.25 0.00 45.00 45.00

14 11.00 -1.25 2.00 13.00 -3.25 0.00 45.00 45.00
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Table 4 Comparison of acceleration and resulting external force components

Case Rule-LS DLA-LS CSS-LC CSS-LS
Based on Egs (8)-(11) Seakeeping analyses IMO Css IMO Css
Calculated using LashingSafety LashingSafety LashCon LashingSafety
a, [m/s?] 091 0.98 2.36 2.36
a, [m /s?] 4.28 1.04 9.28 9.49
a, [m/s?] 474 3.03 5.06 5.07
Car F, [kN] 0.83 0.89 2.10 2.14
F, [kN] 3.89 1.50 840 8.64
F, [kN] 432 2.76 n/a 461
M, [KNm] 2.88 111 6.20 6.39
a, [m/s’] 091 0.98 2.36 2.36
[m/s?] 4.28 1.64 945 9.67
a, [m/s?] 252 1.54 5.89 5.89
Truck F, [kN] 35.66 3831 91.90 91.90
F, [kN] 166.77 64.13 368.70 377.16
F, [kN] 98.17 60.08 n/a 229.76
M, [KNm] 261.83 100.69 5789 592.14
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Case Rule-LS DLA-LS GCss-LC CS5-LS
Based on Egs (8)-(11) Seakeeping analyses IMO Css IMO Css
Calculated by LashingSafety LashingSafety LashCon LashingSafety
After 158.05 158.52 158.00 157.96
£, [kN]
Forward 158.05 158.52 158.00 157.96
Port 159.35 159.35 159.00 159.35
Car F, [kN]
Starboard 159.35 159.35 159.00 159.35
Port 411.61 411.61 427.00 411.61
M, [KNm]
Starboard 411.61 411.61 427.00 411.61
After 242.02 253.45 203.00 202.55
£, [KN]
Forward 242.02 253.45 203.00 202.55
Port 271.48 271.48 271.00 27148
Truck F, [kN]
' Starboard 271.48 27148 271.00 27148
Port 1178.40 1178.40 1204.00 1108.39
M, [KNm]
Starboard 1178.40 1178.40 1204.00 1108.39
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