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Abstract : Twin-hulls frequently incur structural damage at connecting members between the hull and deck induced by pitching motions during voyages.
so, reasonable reinforcement is necessary around vulnerable spots such as corner knuckle, the chine bottom and inner hull. Since guidelines for structural
design are not clear, engineers often respond by reinforcing plate thickness, changing stiffener sizes and reducing frame spacing, etc. These members
constitute about 85 % of the longitudinal dimensions of the ship, so it is necessary to locally reinforce certain points to minimize weight stress, and also
solve construction cost problems while securing the freeboard margin. Therefore, we developed a new program by analyzing the structural design
procedures for the twin car-ferries based on Korean Register of Shipping (KR) High Speed Craft Rules, identifying items that need to be added. In order

to ensure the reliability of buckling estimations for procedures and design programs, we conducted a comparative study with other standards and

confirmed that differences were minimal.
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Fig. 1. Bending moment of connection structure.
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Fig. 2. Torsional moment of connection structure.

Table 3. Coefficients according to voyage range
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KR(ZH A 7)o «“an&A G2 F27e] s Q8 SF%  Table 4 A comparison of minimum requirement value by KR
2 A Axkel W3 Fo T2AAE ol Fig 33 Zrh and results from engineering decision
zzaEe] 4% a7Ag W £AFHE Fa 544 o ——
~ o Member Name KR (mm) Initial Design (mm)
- = = -
3 ARANE vfgo R sto], T ADS ARs) o]
_ - o ) o - Deck plate 9.52 13.50
g o] %ol AF7Eel sl shzell s NE ALE &t
" = ! - _ _ " . Keel plate 833 12.00
3, 7 FAle FA 9 A7]E AHAE, Zy FAjol s Side shell 016 12.00
14€ Sne . .
e YA Euler B3 $EHAS o]&3lo] JIHE F - 1100 13.00
N _ - WD plate B .
g St Hof sivh A FAe AEZF gaed, A Strength dock 650 15.00
ren; CC. . .
=) ) [e) = ] 3 =] [e)
AY stsHe S9S Fd dHS Ao EH S B sl 9.00
A AdFolA Axshs 7= dibg o= Qs & — 3'68 8'00
1 = — - C! HD B .
<ol o Ha A Ao, BAAY] HrdEATE & ok 5% m
_ _ Bulwar .5 7.
R 4 olvh e olel @ Wy e Avke) 27 @ Fhol S - -
o a - o R plate X .
web Watel A BRv 94 gt ddeNe A9 we
S - -
8o 5 BED 4 A7) WEl, TR A 2
_ = . _ * Deck Plate calcultion of Car-ferry
H =z o
Hol A7, GalA Fuol g MEwe] REG 49 -
- o 1 = - - -
E]"?j }E}%?} A]ZJ‘E }\] Eg —11—-9— HO]:E'_ 51%7§|?l PT“XH ;q_}l:% MEGA Truck(Ston)
1) Enter basic information 245/70R19.5-18PR
. S -
A4 5 ok S AYa vk webA F/4E 24
Category Value Unit note
o ‘;% 7\27_—” 0‘1_]_2]]/]0—1% ﬁj«" O]JXC}O]]}#% v’a]—” @EL‘E,‘]—UJ}% Deck beam spacing B 05 (M)|Longitodinal space
Weight cf vehicle 10 (TON)|Loading weight Ston / Vehicle weigth Sten
A Sl 2= 0]l Z=ZF0o] AFE mE A7 A2 = 2= Tire width 245 (mm)
‘J‘i] = T M T—‘_'“/l EJ’}-E ]—L ]‘J‘— LHOﬂ ﬂ ° HE L Width between tires T 1 ()| Distance between center of wheel grand plane
ol L 2N 2] A =) hvi e} o) Exclusive use etc Unloading only or Etc
A iil ‘:’o] = Eo]— ] “l?—'”‘ }\] E]:]l MD}— Single tire / Double tire Single tire Single tire or Double tire
2) Calculated variable
Principal Dimensions Category Value | Unit note
‘Wheel load p 24525 (KN)|4POINT (Even division)
l 2 [oe2s7614) M)
Tire grounding Single tre b 0.245 (M) p: db
— - : = Fig 7.7.2 of 2 ani
‘ Accelerations }4—‘ Vertical, Horizontal length — ; 0. 'EEEE'; m g
Bottom slamming pressure 25+a 1.247614| (M)]The main factor to be compared with T
z Bottom impact pressure i
Wave load calculation Twin deck connection pressure 3) Formula
Bending moment by impact Sea-water pressure
Still bending moment Tank pressure Gategoy | ¢ [ K [ a [ b [ e [ n [ to | Godk [ t. [ DG ]
Hogging/Sagging moment Hull Girder Bending Equip, wheel load Value [sivesosi| 1 [oesreia] 0245 [ 2 | 3 [ o9se6] wip | 2] ok |
Shear force by bending
Axial load l * Hull structure of ship building with steel
Vertical bending moment and :
Shear force Plate thickness * MAIN DIMENSION
Torsional moment l :'
Bending stiffener Category Value Unit
‘ Stiffener section modulus }4* Transverse web, girder, pillar Lengthioveriall C o m
Cross tie, stringer Breadth B8 19.8 m
l Draft D 425 m
Span of stiffeners 8 0.5 m
Pillar Buckling
501, Standard spacing of stiffeners
Formula | Seea | S5 [ JUDGE |
‘ ) Section Modulus ‘ Sr = 0.002(240+L) | o | o5 | ok |
l 602. Longitudinal stifferner
Finish g b 2
[ish| S
Fig. 3. Flow-chart of structural design by KR.
Section K m [+ K i P(KN/m?) ) I{SPAN) | GRADE
UPP. DK 83 #REF! 160 1 117.2375] 113 05 2 MILD
N N N BTM LONGL 83 #REF! 160 1 68475 66 0.5 2 MILD
Table 4+ KR(T‘S_]_—j—jL/‘\jT;L) 715 93t A4 3 FA =Y ssionGL| 83 #REF! 160 1 68475 66 05 2 MILD
=7] A3 I = AZE Hlusta Q) N =9lglo]l A . . .
=71 24 & A AE vlalskar olvh A5 efte] A Fig. 4. Structural design both plate and stiffener.
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Section modulus calculations for stiffeners and girders

Requirements are based on the class rules from Det Norske Veritas

b Original design
1 Longitudinal stiffeners Input
Toppflange eff breadth b, 150 cm
Toppflange thickness t 9 cm
Web height h 35 cm
Web thickness t 9 cm
Bottom flange bredth b 225 em
Bottom flange thickness t 25 em
5 %A 63070 cm’
T A 17213 cm®
Neutral axis z 36.6 cm
Moment of inertia 223723 cm*
Section Modulus Z 6106 cm’
623

Design rules

Effective flange of the girder: b.= 0.84 b Span 1 368 m

(DnV Part 3, Ch 7 Sec 3 C400) Spacing b 0.994 m

Effective flange of the stiffners: b, = 60 * t (web) Design pressure 17.17 kN/m®
Required Z 204 cm®

Fig. 5. Section modulus calculation of stiffeners and girders.

1-frame model 2D Midship half model

Fig. 6. Analysis model for mid-ship section.
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| Vi Save To Stack Goto Stack >
CihAE Notes to the spreadsheet ]
| Identification ALS Tnp 1
| Material Factor = 1.00|-
| Yield stress f= 500.0|Nimm2
| Modulus of Elasticity E=[  210000|Nimm2
| Poissons Ratio v= 03]~
| Shear Modulus G= 8076 |N/mm?2
[PLATE
| Thicknass = 15.0|mm
| Stiffener Spacing i= 500.0]mm
| Stiffener ensth 1= 2076.0|mm
[ s i |
| Plot Stffens
| Panel length (max no stiff spans*l) L; = mm Senee n
BNAME?
|STIFFENER AND GIRDERS Stiffener: Girder:
| Stiffener Type Select from table |[T-profie [+ Select fom table | [~ None - [+
| Total Height of section __22_[ k.= 188.0|mm ?? |k, = mm
| Wb Thickness 1,= 8.0|mm 1,= mm
| Flanze width 2 | &= 335.0|mm 22 | b= mm
| Flangs thickness 22 | 1= 3.0|mm 77 |4= mm
| Buclding length factor: (optional)  kouy = mm_%? Froio= mm_??
| Distancs batween tripping brackets: 17 = mm_?? fwlateral supp.: Log = mm
| method: | Welded cross secfion -
Egtmmwt: Sniped or simple supported stiffe| »
| Tension fiald action: | Tension Field Acton = NOT Allow]w
Fig. 7. Buckling Module Input.
Buckling Module
‘ Strength Results H Panel Selection ‘
- Longitudinal, Transverse compression

| Criteria (DnV RP C201) H Load condition ‘47 -
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Edge shear

- Combined in-plane and lateral pressure

Safe

Buckling Strength [2]

Un-safé
Buckling Strength [1]

Un-safe
Reinforcement | Re-design
Thickness Length
Stiffener Span
Carling Load
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Fig. 10. Rectangular model for benchmark calculation.
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Fig. 11. A comparative results for buckling strength according to

different criteria from classification of societies.
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WELDING CONNECTION CALCULATION

* This calculation sheet is based on DMNV-0S-C101 Sec.9-Pagebs.
The design resistance of the fillet weld will be sufficient if both the following conditions are satisfied

la2, +3(th, +13,) = fu
v Buw¥raw
and
fu
Ojg &=—
- Yaaw

Jig = normal design stress perpendicular to the throat (including load factors)

Tig =  shear design stress (in-plane of the throat) perpendicular to the axis of the weld
Tie =  shear design stress (in-plane of the throat) pearallel to the axis of the weld

f, = nominal lowest ultimate tensile strength of the weaker part joined

Ymw = material factor for welds

fw =  appropriate correlation factor, see below table

WELDING CONNECTION CALCULATION

** This calculation sheet is based on DNV-0S-C101 Sec.9-Pagebb.
The design resistance of the fillet weld will be sufficient if bath the following conditions are satisfied

Tig Tid Tid f, Yuw pw
Joint1| 173.81] 17381 437 400 | 13 | 0.3
Joint2 | 173.81] 17381 437 400 | 13 | 0.3
Joint3 | 17381] 17381 437 400 | 13 | 083
Jointd | 17381] 17381 437 400 | 13 | 083

Joint 1 |_347.70] Joint1] 370.11 0K

g - _ [Dointz [ sarae| fo o _ [oimz | 31071 oK

s+ 3(Tig + 14 Tt | 700 | Fovew | [Joim3| 37001 OK

Joint 4 | 347.70) Jointd | 370.71] _OK

Joint1 | 173.81 Joint 1] 307.69] OK

o _ [z [ 17381 | fi_ [Jom2 | 30768 OK

Joinl 3 | 173.81 — Joint3 | 307.69] OK

Joinl 4 | 173.81 Jointd | 307.69] OK

Fig. 12. Module of welding strength calculation.
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Wave load calculation 1
1

1

|
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|

A4
Hull Girder Bending

| Stiffener section modulus |

Panel Buckling

Pillar Buckling

v
| Midship Section Modulus |

[
1
1
1
1
1
1
1
1
1
1
1
1 -
| Plate thickness
1
1
1
1
1
1
1
1
1
1
1
1

Welding Calculation

\d
Finish

Fig. 13. Flow-chart of newly developed program.

Table 5. A comparison of minimum requirement value by KR

and final results according to design tool

Member Name KR (mm) Initial (mm) Final (mm)
Deck plate 9.52 13.50 12.00
Keel plate 8.33 12.00 9.50
Side shell 6.16 12.00 9.50
FWD plate 11.00 13.00 12.00

Strength deck 6.50 15.00 12.00

BHD 541 9.00 10.00
Deck BHD 3.68 8.00 9.00
Bulwark 4.50 7.00 7.50
ER plate 4.25 8.00 8.00
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