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Abstract

Naval vessels are not regulated by the class rules, but by the special
regulations. Light weight structural design for naval vessels is required,
because light weight naval vessels show good action in combat in point
of speed, movement, safety and maintenance for same size naval
vessels.

This paper introduces the concept and characteristics of the regulations
of U.S. Navy which has been the most reliable standards in design of
naval vessels, and intends to help designers to comprehend the effect
of each regulation on design results.

Also, an optimum structural design method combined with the structural
analysis theory is proposed for naval vessels following the regulations of
U.S. Navy and is applied to design of a real naval vessel. After
application of the optimum design method, its validity is shown and an
optimum design of midship section is obtained. This study is focus on
navel surface ships(100m class) and hovercrafts(20m class).

From the results of this study, bending moment in sagging is important
by the class rules. However, bending moment in hogging is possibly
important by the special regulations which include rigid rules rather than
the class rules in view of plate dimension to reduce weight of naval
vessels. It is known that increasing height of web frame and decreasing
breadth of flange frame in beam are good to reduce weight.

Also, the optimum structural design including grillage analysis of frame
which is based on design criteria of naval vessels is shown. Light weight
can be obtained by space variations of plate—stiffener combination. In
addition, the optimum spaces of longitudinal and transverse web frames
are found and the effect of main design variables can be investigated.

Therefore, investigation on structural characteristics and requirement for
light weight of naval surfaces ships and hovercrafts are shown.
Constraints on scantling are shown by the study on the regulations of
U.S. Navy. Also, optimum structural design is shown and applied to
design of naval vessels and hovercrafts to check its validity.
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Table. 3 Comparison of longitudinal strength standards[21]

Design Weight Bending | Calculated Primary | Ajjowable
Standard |Hog/Sag | Wave Distribution | Moment Stress(MPa) Stress
Height(m)| Modification |(MN-m) Deck Keel (MPa)
NFR/STD/128 Hog 8.0 None 514 224 204 266
(UK Navy) Sag 8.0 A a1 | 205 186 | (075 0v)
Hog 6.92 None 380 147 128 147
U.S Navy 95 tsi)
Sag 6.92 None 243 94 82
Hog 6.92 Hog Loading 430 181 159 178
Canadian Navy 05 ov)
Sag 6.92 Sag Loading 276 116 102 2 0y
Hog 6.14 Hog Loading 397 139 120 235
German Navy (0.66 ov)
Sag 713 Sag Loading 438 180 157 ’ y
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6) Crack Arrestor[27,45]

ol A= 2ol 91m(300ft) el del Al disl A= A=< HY-807=
crack arrestor® A= AL FFO0F sl Yt AAYAE =3 ~E
BAR 2 AR E PAATSF 36 L ®Mol ZA HAsta ok Ao}
ste] A fole dEHy 2EHA AN A3ES rivered gunwale angle® 3}
3 3o 53 notch toughness steelS AFE36}# &1 Jduf. # ¢ g9
o= dukAel §H o2 dAAsti 9t

7) Bracket[27,45]
= 9l g Aol o] A ¢l BepAl Y Ej = Fig. 694 EOZ]TL ufeo} 2o}
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Fig. 6 Comparison of bracket design practices[30]
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n= dols A8 BAANT & & BAAY T d4AE dga 240
2 AMgstal ZA(chock)® AXsha gt ol¥d e Jejeo] HAL
1950 el EFEstE o] AAZEA L AL AFEE I Tk H Ao} o] A 5o
oAl Abgets W Ao FAE S moln otk 2439 4
AAdel gk Fxujx 2 7 54L& Tt Table. 59 AAlstA . =
WAL FANA Wl AE Gy AHAT W fASE SE 4L
= e dwrE Ao wjg TRk Ao 2 yEha lv[45].
Table. 5 Hull structural configurations of existing ships.
Nether— .
ITEM u.S U.K |Germany|France| Italy Russia | Korea
lands
. Maest- .
Ship Name FFG 7 | Typed42| F 122 C 70 | Kortenaer | Krivak | D-300
rale
LBP(m) 124.4 | 119.5 121.8 129.2 114.0 121.8 116.4 125.5
Beam(m) 13.8 14.6 14.4 14.0 12.9 14.4 13.4 14.2
Draft(m) 4.4 4.2 4.27 4.1 3.9 4.27 4.6 4.34
Full-Load Disp.(ton) | 3.782 | 4.100 3.445 4.141 3.040 3.601 3.600 3.885
Web Frame 2.44 2l
Spacing(m) (8ft) (7ft) e~ L = 1.4 1.0 1.8
Longi. Frame | 686 610 686 >
Spacing(mm) | (27" | (24" 600 27" 520 600 500 500
Main |1 e of | Rolled | Rolled | Built-up. |Buili-up| Built-up Built—up T| Built-up | Built-up
Hull Webs I-T T T 0N T witmup T T
Type of Rolled | Rolled Bulb Built-up Bulb Rolled T Bulb Rolled
Longitudinal | T/ [-T T Angles T Angles Angles I-T
No. of Long-| none | 5 9-4 5 7 4 ? 2
Material AL Steel Steel Steel ALY Steel Steel AL
Sl?;strgfn Long'l | Long'l Long'l | Transv.| Transv. Transv. | Transv.| Long'l
Deck | Part of Hull
House Girde'r No Yes No No No No No No
Exﬁig;on No No No"? Yes Yes No*? Yes No
Hard Mounted| hard hard partial partial partial partial soft hard
Weight Ratio(%)™ 45.6 42.1 41 47.5 39 43 44 45.2
Note :

*] Main deck-01 level forward steel

x2 Superstructures separated into 3 relatively short deckhouse
x*3 Weight Ratio = Structural Weight/Light Ship Weight x 100(%)
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1) AP1-88[30]

FTHROEAN 7] dxu @ Gu7t AdHsta, AFo] A ow BHCel
Z35k FF3718 gt x29 SRN Series AAHY EES F7|HESA] AX
Aol wet Aurey & %9 AP1-88S AAeA = 2t}
Ade gy o $AATOR AW FFAE £4 2 §37%
A FAE nA A4S JUAT) ) Amolny TxFFEe AT
Z7] AAE FAE st BE S YUFERES UF Fola Uy gEA
ALt T o 25 A v x] = Table6 % Fig. 8% #Zt}.
Table. 6 AP1-88 x4 71 54
T i &
Buoyancy Tank 500mm Deep I Section
Bottom & Dry Deck [450mm Wide Skin Plank Extrusion
. FoF 37 2 A BE i 4dmm BA AETY AXA
Side Structure < 9 2% T - Beam Al&
Deck House Corrugated Roof Skin
Door, Hatch Spot Welding A 8 (5 = 2 FAH] 244 AE F43F)
Landing Pad 600mm Hight 371
Liftin Deck house topol A A3 37019 Patch @7 ¥ Landing Pad
& TxE 4%l CableS 2 £ A== AL
EXTRUDED I LINTELS
SILLS & FRAME POSTS
EXTRUDED TOP &
BOTTOM DECKING
CORRUGATED
ROOF SKIN
GENERAL
PLATING
2mm.
7
'
;@% }Jl .~ == “amm.FRAME WEBS
3mm.
BOW PLATING TUBULAR CHINE MEMBERS

Fig. 8 AP1-882] x5 X
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2) AL-30[31]

A AL 6000series EF1H Tao d=AE A
15709 Rew FAHEY 443 74X s Adste
9] Hollowcore planking< AF&3}aL uj %]
1) 3.8cm (1.57)Thk : &% %
2) 2.2em (7/8")Thk @ A H-9]
3) 1.75cm (11/16 “ )Thk @ 5% % A= 7d3 %
Ao 2SS FEAAY aS 4882,
Ao bottom hollwcore planking< =

2 ALY AR TEES E PR SH4oR A dad wa g A

e d o Ak

Lorgitudinat Baoms
Vertical Waln

18 In. Ola
Bolts [AN-E) up

Afr

Traneyern
Bulkha

Traravesee
Bulichasd

. LU i' ;
;ﬂg':?:::ﬁml e ‘_,;%:_ 5
I?*b

Yergical Splice ./
Prae=x fTyp

Bottom Plaving
TYPICAL FLOTATION BOX JOINT

Fig. 9 AL-30 7-x¥j# &4
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3) JEFF(A)[13]

Aol AbEstE AF=ZA Al 6061 T2 Al 5083, 5086, 5456 H.Uth= §3
H Aelol A Stress-Corrosiono] &S Wol W= RS Lodt}l oA
60610] & H AefelA Aol w7 wiEolth wekA 6061 F5 S FALH
2 A @ FxECd T2 AFEE
ek Al 5456-H321 52 2%, 08, ¥+ 59 2¢o 3
o] YAHES & = AtH.(1964, Fresh I . Hydrofoil) ¥d+= 7] %% 2
vkl deel SdEe FEAdd ole g dAFol Al 5456-H321E5 A8
Hydrofoil®] Bilgef-&ol A A E St o] TAE MEF €A WH
H117e2 3439 e JEFF(A)9 AA= ALS086-H117 &3 F+x0]a
Buoyancy Tank T+ 2% % Truss 7%°]™, ¢ 4 2] Frame SpaceZ )
Bottom Plate= Corrugated Plate®} Hat Section®. 2 o]Fojxg o FAE
0.16 “ Thke] Hat Section Plate, 4% 7+% &< 0.1 " Thke Corrugated Plate©]
t}. Longitudinal Girder= WlgF 6 " o] zFA o= 6717} v, AA A F2=u)
2= Fig. 103 2},

1z gd

ENCLOSED
QUARTER 27°4” RAMP

‘%\/////4 2%2 RUGA-

e L S Ry
= TION DECK

CORRUGA
TION 5086

ENCLOSED
OUTER CHINE

FaVaWall o O W W B o |

Fig. 10 JEFF-A FZwi %] 3%
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4) JEFF(B)[13]

Fig. 11el4 H+= vk} Zo] Hull Structure®t Side Structure™ £33 7] A
4% AL 7%= o]F° At Hull Floatation Box+

watertightE #1814 5086 Al. & 722 A=At} Cargo Deck 6061 Al

extrusion® 2 A] 3% 3 Bulkheadol 71414 AW HOZE AlF % AT},

/ e
e

[nBOARD 31DE
STRUCTURL PLATING

[(XTRUDED DECX

= OUTBOARD SIOE
STRUCTURE PLATING

MACHIMERY
DETK

WATLRTIGHT
BULKHLADS
BL 15'.7"

FLOTATION
Bax S15€

Fig. 11. JEFF-B +=xwx ¥ 4(1)

Wet Decke 93} 2

& 6061 Ale& AlFEon AZ3e 508600 5086 channels #H& &4 8l
Adsn AARE 2o Yoz

71§15k wpgZE oz Al 3 E QT

Machinery Deck®} Side Structure TopH-#-2 Fig. 129} Zo] Lightweight Al

7} Balsa cored sandwich panel& AF& 3Tt EE 7] A A Agto] o] Fofx

RRo= Bao vxE 9359 sealant® Al &% ATt Side StructureZS A A



ol
=

Cushion AirE ¢3 %S Air Flow PathE 939 Transverse TrussT

ZZ  Side Structure 2ol Welded 5086 Ale. & A X 3}9t}.
] ;
Al i
L
- [
"'-____“--' ¢ L
- m—
| L)
k--.ﬁ.‘l!i-.. sose

Fig. 12 JEFF-B +Zv}#] &4 (2)

Truss T+Z&+% Hull Boxol boltZ A& %% tl Propeller Duct$} Ruddere
6061 AlS.=2 Rivet, Bolt®h &2 A& 5 9t} Landing Padi= 471 Z#] %7
e Pad® Hull Bottome®l| Bolting© & A] & 3l t}.

JEFF(B)2] +AH-2 Transverse Truss 7%9 rivete] FEH o=z FA 5
1L Transverse Truss T%9 rivetA| ¥ Al FH| 7} %21 Propeller DuctT

z9 7AAARL A HAA ANFo] B o)),
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5) LCAC[32]

A fHTFEE Adedd. S5 A
Aol A zHY F5HAo fEeta, JEFFB)Y A dold Rivete] F2

3 o] 70%& As8&Ho= Pttt

FEFTZEL 2% moduledtsto] A #da module dHF 43 WF bolting O &
hullell 321748} =4l ©]+= Hull girder bending¥ 2 2] 3}7] ¢34 o]t}
kool A2 AFSA HW NAZE Cargo deckx ol A =Hof A
bending moment©ll & resistance”’} =] Al ¥ o},

LCACE JEFF(A), (B)E prototype 2 3to] A1zt = l=d 98L& JEFF(B)
E e 7124 374 W g3 2ol At

(1) 471 ¢] Main Engine< A}-&3lt}.

(2) Side Structure®} Hulls A §4+x=2 3kt

(3) House} 9] Modular construction =}-8 % o]t}

[ L - 1
b 1"
1 i L
1
— I !
LRI Y -
T i
LN F 1 E '.-r"ﬁ-’-_ ér“lj?gm WNENT
UUF&I FLAY Bap EARih botu CAfEn TIETg — I
ST ENERR PLATING I ! g, SRk
CH FRANE {CRL) ’;: ! T | R asomy
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] 11pe:
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3
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9 3 3y =]
HE Ui N
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T 2 U] e

1 1 S4%E LIHE
LONGITLDTHAL BEAL  LAWDING 1THER:
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AL Pl SEAL
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Fig. 13 LCAC F-=xujA &)
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EXTERNAL
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TYPICAL BULKHEAD STIFFENERS
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Table. 7 371 5% 243 T2l A
A
i AL-30 JEFF(A) JEFF(B) LCAC
dAY 1A 840mm 1,200mm 1,200mm 1,370mm
A9 717 2,590mm 1,670mm - 4,110mm
+ A Hollow .
17 A A Core Corrugation 277Tmm 230mm
TEZFTH/AUW - 28% 30% 25%
FH AR F=o] 950mm 1,520mm 1,270mm 1,370mm
A A Al6061T6 Al5086H117 Al6061T6 Al5456H116
Hollow . N Skin plank
Cargo 2 A Corrugation Truss ¢
Deck °° Ext(lzgéieon + Hat Sec. Hollow Core E)it{lézl)on
24 F7:2.2mm 7] :4mm B F7:9.5mm
T’ ¥ 0]:38mm 3 0]:100mm
A A Al6061T6 Al5086H117 Al5086H117 Al5456H116
Hollow b
5 o Corrugation Welded Welded
3 A}
Wet Deck K E Corg + Hat Sec. Hat Sec. Hat Sec.
Xtrusion
2 2 7 :2mm 7] :4mm F70:2.5mm F7:3.2mm
T 3% 0]:22mm = 0]:22mm 3 9] :45mm
A A Al6061T6 AIS086H117 AlS086H117 Al5456H116
Side Struc. P H%l(l)(;\g Corrugation T‘ru§s Weldpd
Bottom Extrusion + Hat Sec. Hat Sec. Hat Sec.
2 2 F7:2mm 7 :4mm 5 7:2.5mm F70:3.2mm
T ¥ 0]:22mm ¥ 9]:22mm = o]:45mm
A A Al6061T6 AlS086H117 AlS086H117 Al5456H116
Side Struc. 50 Hollow Core Corrugation Welded Welded
Side ¢ ° Extrusion + Hat Sec. Hat Sec. Hat Sec.
2] 2 7] :2mm 7 :4mm F7:2.5mm F7:3.2mm
T ¥ 0]:22mm ¥ 0]:22mm = o]:45mm
A A Al6061T6 AlS086H117 AlS086H117 Al5456H116
. ~ - Skin Plank Skin Plank
Longi. R Hl(?)u(t)w Core Tﬁsaji Extrusion Extrusion
Frame ~xtrusion ate (Tee) (Tee)
2] 2 F74:1.4mm B F7:3.2mm F7:2.5mm
T =0]:17mm = 0]:45mm
A A Al6061T6 AlS086H117 AlS086H117 Al5456H116
. N Skin Plank Skin Plank
Tr’ans. R Hl(:)ll(t)w Core Tﬁsaj = Extrusion Extrusion
Frame Lxtrusion ate (Tee) (Tee)
2] 2= F7:1.4mm B F7:3.2mm F7:2.5mm

%=9]:17mm

%= 9]:45mm
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A5 A Fxo AA 7|Fo dst uF

5.1 AAsts 71+

SHIP STRUCTURAL LOAD

511 49 AAsts 1F

AAFTZE 5 WE25EH o8 714 g9 s5e wet vt +
ZAAAAIATANA AWM ek= AASHT ] E7F= Fig. 170 HojF= whep 2
v}, A NS AT FREA AANE FHEFE= 7] 25 F(bisic loads),
Az ol oe] 283 98l F (sea—environment loads), HA1 Y & %
A7 A vAdA e AE 3o A LA E &8 355 (operation loads) 2 A
%3} (combat loads) 2 2 & 5F3Fa 9T},

| | | |
BASIC SEA OPERATIONAL COMBAT
LOAD ™ ENVIRONMENT | ENVIRONMENT ENVIRONMENT
— STANDARD — HULL GIRDER — SLAMMING SHOCK
LIVE LOADS LOADS
— DEAD LOADS |[— SEA LOADS — FLOODING AIRBLAST
— LIQUID/TANK  — WEATHER — AIRCRAFT FRAGMENTS
LOADS LOADS LANDING
- LoADs - SHIP MOTION — TANK GUN BLAST &
BASED  ON LOADS OVERFILL REACTION
KNOWN
EQUIPMENT
AND CARGO — DOCKING MISSILE
(INCLUDING BLAST AND
PARKED ACCIDENTAL
AIRCRAFT) — ETC
LOADS TO BE COMBINED INDIVIDUAL LOADS

Fig. 17 Design Loads (NSSC 1976)
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Fig. 18 Predicted lifetime max. vs. design bending moment[34]
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& 7ol 4= ACV Type?l Craft®] =% Bottomeol| 2F83t+= Water impact
of 2]3% Max. Pressure® ¥& W& FWHAYS zt1 Jov=z % weightol
A 1A A =7l el AFeA dEetA S 7 flvh. SKMR-19
AAE 9% max. pressure?] 7]+L navy bureau of shipol] 2]&] o] ¢o]i=
o do)E & oo AAE A3

o] crafte skirt7b $1+ hard bottom S 2 5fte] I}aro] A 50Ktse] HH o=
gFe== AAFEUAIL Z7] hard bottom A HI 9] dFEol= 1ft~1 1/2 ft A
=8 rough wateroll Al impactE W=ty 7F4E 4 v A2 EA7] W T
ojth. #MFolA 120V FI 109 gHEAF A = AZEUE=
Test A3 a5 50ktsY speedoll 4] 50Psi7} AlZ=% A}, Fig. 21014 F+3d
SKMR-19] pressure criterias YEIW A 2™ BowFol 60psi, flat bottom<]
fwdZ 58 10%7FA o 30psi Y A FEEo 15psiz A A & A o).

30 PSI 50 PS5l
\X ‘30 PS5l
L - “" I

Fig. 22 KAMR-1 Structural design criteria

(Limit hull pressures and plating zones)

SKMR-19] hard bottomo] © 3 Tests¢to] pressureAd=7]+= bow 1%
flat bottom® Zo] WaFo =z wxHY=H, A= A7 Ve VY functions
Z93ElA i A2 A 02 1psi/knot® F A €T}

A 4H 9] max. pressure(psi)d Z719F £x2V7F H535 0= Mde Fo Bell

Aerospace company©ll &3l #|otx a1 A Ao Wk F AT}
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A4 el = SR. N2, 4, 5, 62 25 E pressure criteria’} wHE0o] A&
4] o] Craft®] pressure criteria®= W4+ British Civil ACV Regulation®] <]
) A A A}t Table. 9= ©] CraftE 2] max. pressure©] t}.

UKol 9% pressure’} SKMR-19 A®BY Zv. 28y rough waterol A
SR. N29] teat®} rough waterel A 3= F< SR. N2, SR. N4¢ Bow¥-
oA design® pressure® T+ & bow pressure’} AZ5 ¢t}

9 o] Table. 99 Fig. 232 AALC JEFFB)9 bow$2t bottom< 93 Max.

design pressure ©]t}.

Table. 9 Comparison of maximum pressures for 6 ACV's[31]

. |Equivalent Wave Conditions
) Max. Pressures(Psi)
Nominal (H/L = 1/10)
Craft )
Weight(lbs)
Bow Flat Bottom Hw(ft) V(ft)
SKMR-1 45,000 60 30~15 5.0 50
SR. N2 57,000 15 6 3.0 55
SR. N4 370,000 22.5 4.8 2.5 70
4.5 60
10.0 20
SR. N5 15,000 18 12 2.0 60
5.5 20
SR. N6 21,000 18 12 2.0 50
5.5 20
AALC Jeff(B)| 323,000 50 22~11 6.5 50

Jeff(B)9] 49+ SKMR-1 Test DataS ©]83to] Speed 50KtsZHE Bow
Slope Areax 50 PsiE Max. Limit Pressure® #ekom, X429 15%+ UK
TFR ol o] A 22Psi, o]8ro] Flat Bottom Pressure: SR.N2 Teat DataZ o] &

11Psi 3% 5434

_46_



AR 2l Jeff(A), Jeff(B)e] F4 ¥ 52 Fig. 22, 233 ZuH[16].

JEFF (A)

Fig. 23 Hull impact design limit pressure JEFF(A)

JEFF (B)

Fig. 24 Hull impact design limit pressure JEFF(B)
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Table. 11 Primary strength criteria of U. S. Navy[7]

Design Primary Stress(oip) @ 010 = Oic * Omargin
Design Primary Stress at Neutral Axis

- 01p(N.A) = 0 for internal structure

- 01p(N.A) = 1/2 x oip(FL) for out hull envelope
Design Shear Stress( Tip ) @ Tip = 1.1 X Ti¢

Limit for Design Primary Stresses

- MS D owp = 131 N/mr ( 85 tsi)
- HTS D owp = 147 N/mrt ( 9.5 tsi)
- HY-80 ©ouwp = 162 N/mr (10.5 tsi)
= Aluminum @ oup = 70 N/mi ( 4.5 tsi)

Symbols

O1¢c = calculated primary stress

Omargin = margin in general assumed to be

01p(FL) = max. design primary stress auxiliaries(strength deck and / or keel)

Tic = calculated primary shear stress
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Table. 12 Strength Criteria for Beams and Plate Stiffener Combinations
(Longitudinal Framing)(NSSC 1976)[7]

APPLICABILITY AND

STRENGTH CRITERIA

LOADING/FAILURE
¥ FAILURE ALLOWABLE SYMBOLS
IDENTIFICATION STRESS STRESS/STRESS
LEVEL COMBINATION
BEAM YIELDING - SHEAR | -~ /<0.607, 8 /, = calculated tensile axial stress ;
from local load (P/A) or design
primary stress
BUCKLING - STANCHION £, /<0.604, 9 /, = calculated tensile bending stress;
due to local load (M/Z)
fc = calculated compressive axial stress;
BEAM-COLUM Va8 S<KF. 10) from local load (P/A) or design
¢ ¢ e primary stress
fb = calculated compressive bending
stress (M/Z from local load)
TENSILE AND BENDING < (1D
FJ’ f’+fa Fﬁ fﬁ = calculated compressive stress on
plate panel (design hull bending
. . primary stress)
COMPRESSION AND | " li + JL <1.0 12 fS = calculated shearing stress on
BENDING £, AF, T plate panel
FC = column strength
PLATING LATERAL LOADING Fé = allowable aXial/bending strength
(DISTRIB) (SEE Table. 13) excluding buckling
: L F
2°1.25  2.15
= ultimate strength of platin,
EDGE LOADING 13) £, = g plating
DG OADING F 77=0.80%, “ (buckling)
[«} = yield strength
SHEAR AND EDGE Fﬁ = plate buckling strength
LOADING | [/;, /;‘]SFp (14) £, = ultimate strength of material
A= slenderness coefficient
STIFFENED PLATE - = g-gg i‘” LL/ /7> <6((5)0
Ié - = L. or 7
UNDER LATERAL AND | === /ot /5=0.80 Vas (15) where, [/ 7= slenderness ratio
COMPRESS LOADING ? [ ] denotes combination; not summation

Table. 13 Strength Criteria for Plating under Lateral Loads(NSSC 1976)

STRENGTH | RATIO | K- C- TOP gg\éVLEL}} FI%X%DAIES/

CRITERIA b/a  |VALUE| VALUE | SIDE | Sphad/ | DSMAGE
05 or less| 1.00 | AL5086 | 250 400 500
b gy 08 098 | AL5456 | 300 470 600
S 0.7 0.94 MS 350 550 700
4= Head of 08 089 | HTS 400 630 800
Sea Water (ft) 0.9 0.84 HYS0 500 750 900
1.0 078 | HYI100 | 550 800 1000
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Table. 15 2t 5= wx 11248 T Jddde =74% AL 23
A A @A
o A T w9 Aol
A9 Rl =
L= A (cm”) Bottom Deck |6} 5 7 2= (kg/cm)
+4 (mm) (cm”) (cm’) |[v T
150 o] 3} 120,453 124749 163474 1.036 7.825
200 o] &}k 120,453 124,654 156,811 1.035 7.857
210 o] s} 120,453 124,630 162,459 1.035 7911
220 o] s} 120,453 124,702 160,466 1.035 7.868
1’096 230 o] s}k 120,453 124,725 157,075 1.035 7.889
250 o] &}k 120,453 124,702 169,577 1.035 8.116
300 o]} 120,453 124,749 174976 1.036 8.181
400 o] s} 120,453 124,773 183,570 1.036 8.235
150 o] 3} 120,453 124,725 169,314 1.035 7.889
200 o] s} 120,453 124,773 165,921 1.036 7.927
210 o]} 120,453 124,607 167,665 1.034 7.943
220 o] s} 120,453 124,749 163,026 1.036 7.906
1’280 230 o]} 120,453 124,725 161,936 1.035 7911
250 ©] sk 120,453 124,725 174,789 1.035 8.176
300 o] s}k 120,453 124,725 179,391 1.035 8.240
400 o] s} 120,453 124,678 187,786 1.035 8.294
150 °] s} 120,453 124725 174,091 1.035 7.954
200 o] sk 120,453 124,630 173,399 1.035 8.024
210 o] s}k 120,453 124,678 173,721 1.035 8.057
220 o] s}k 120,453 124,607 170,417 1.034 8.008
1’370 230 o]} 120,453 124,773 171,130 1.036 7.976
250 o] &} 120,453 124,821 177,541 1.036 8.273
300 o] s}k 120,453 124,654 185,549 1.035 8.343
400 o] 3} 120,453 124725 191,582 1.035 8.402
150 o] 3} 120,453 124,749 187,786 1.036 8.078
200 o] &} 120,453 124,749 181,633 1.036 8.149
210 o]} 120,453 124,749 183,776 1.036 8.192
220 o] s} 120,453 124,678 181,582 1.035 8.170
1’566 230 o]} 120,453 124,654 177,830 1.035 8.149
250 o] &} 120,453 124,725 188,219 1.035 8.386
300 o]} 120,453 124,654 193,394 1.035 8.429
400 o] 3} 120,453 124,702 202,809 1.035 8.451
150 o] 3} 120,453 124,702 199,409 1.035 8.305
200 o] s} 120,453 124,725 194,141 1.035 8.338
210 o]} 120,453 124,678 193,910 1.035 8.354
220 o]} 120,453 124,749 195,651 1.036 8.397
1’827 230 o]} 120,453 124,702 191,638 1.035 8.370
250 o] &} 120,453 124,821 198,140 1.036 8.467
300 o]} 120,453 124,702 206,003 1.035 8.532
400 o] 3} 120,453 124,749 206,263 1.036 8.543
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A A
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A A (mm)
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210 o] s} 8377 8377 38894 10167 11861
220 o]s 8824 8824 9369 10710 12494
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300 o] s} 10166 10710 12046 13769 16064
400 ©] 3] 13505 15009 16882 19279 22513
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Table. 17 3 Av o] A A4 2L 3 57 (mm)

249 4
(mm) 1096 1218 1370 1566 1827
A4 24 (mm)
I T 0.25 0.25 0.25 0.32 0.40
150 o]st | F-A] o 6.23 6.23 6.57 6.33 6.20
A F 0.58 0.58 0.61 0.59 0.58
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210 ol&t | H-A Eo 7.62 7.62 7.96 7.84 7.61
A F 0.71 0.71 0.74 0.73 0.71
4 7 0.25 0.25 0.25 0.32 0.40
220 olat | F-A = 7.83 7.83 3.23 8.11 7.88
A A 0.73 0.73 0.77 0.76 0.74
3 T 0.25 0.25 0.25 0.32 0.40
230 olat | H-A Eo 8.10 8.10 8.49 8.37 8.21
A F 0.76 0.76 0.79 0.78 0.77
4 7 0.25 0.25 0.25 0.32 0.40
250 olat | F-A = 8.42 3.42 8.80 8.69 8.59
A A 0.79 0.79 0.82 0.81 0.80
I T 0.25 0.25 0.25 0.32 0.40
300 o]a} | F-A Eo 8.49 8.85 9.44 9.45 9.36
A F 0.79 0.83 0.88 0.88 0.88
4 7 0.25 0.25 0.25 0.32 0.40
400 o]a} | F-A = 10.04 10.61 11.30 11.53 11.75
A A 0.94 0.99 1.06 1.08 1.10
4) #A A A
THEA E IAY wx] Ao nE HAAFHF vE Ftr] A& Y99 Fig.
429} Fig. 439 T %S ¢std 2 A3 = olg 9] Fig. 449F #t}.
oA71A Ha T FA4Y wix 34 1370mm, FHA A 150mm ]l
Aouetva ok ey 150mm FFA A b4 o) A AP A o] vl A
SF¥ a1, 250mm o]%He] wiA tA e Be= AT TF S olFo A

A,




105

9.6

1827

1370

Frame space (mm)

1218

A

o
=

$o) o

& Auel W

[e]
L

F %3t

A}

A

3

il

do
o

o

A w §4

2]

T
p8A

bt

2] 5 of of

=

ox 1y

oo
7ol
Mo

of
Hlo

B

s

"
o
s

BR

o
el

£

~

[
.

1240 A7

i

| A A
T
o uooo
DEAGY3.3/0.2 CHARNEL

1AEXEERE. 4411 7
7
oo oo oo oo

LI T T1TIT1 111

I

St
]

T

T T T T T
TR 32 T

L ] T

_76_



2

A 8 %

d

X

oy
it

=0

H

a7

Tk

—(:5_]__

Fol AlA

)

FA ol &

3} 2},

o

=

bl 2 o

ok

=

8

-

4 AA 483 A3E

1
=

°

)
2
al)
TR

M

o
w

ﬂ

A = B g =

o

W

ol
Nfo

—_
o

s
Hr
ol
NIl

7
Nfo

—_
o

NI
.&.O

(4) w9

FFo @A T2 AA Ao e ok

)

!

!

L3

[o}

A~
T

o}
L=

oy
ojn

gt 27| uel

237k Aozt

-

R

bor

[¢]

Z]

[e]

5,29 gue Eo§ FANAD F
T

of T #Hadl

e

159 279 W

[¢]

=
=

o}
H

AA 7=l

7

=

(5) A AA A
3}

(6)

el
sl

=0
X
N
X
oy
|

ox

¢+

o

—_
o

A =

0]

zxo o

A4 Fz 4A A%, B-RAA 2

i

0|
pad

ol o

1
=

A &

=

A A5t AT
Al

(7)

o
Nfo

4
oy

—_—
o

7ol

N
of

j—

o
4
!

,_lryl

p—

0

o]
N
Njo
ﬂmo
Nfo
il

o
o
N

~

o)

~
70

A7} ol A,

-

L

bt

G

2]

[e]

e

T

o=
R

-

ol

ko]
o

oy

o

N
Njo
o
Nfo

)

- 77 -



AA G el wep HA gz

1ol A

=

3

o

A o

s

5}
=

9)

F& AA ol

7] -4

Ho
0N

TR
~~

R
|

B/

O

gl

—_—
o

oz AARI FAA

B 9]

AT A

g o=
o] X A}l o

Nzz HA T2 AA FEE ANFL AA

= o
=

]

7

I

A

EREN

AR

ki3

AAAANA &

@4

ol A

o
Mo

]

_78_



[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Z a3

Aoki, E.,, "A Short History of Warship’s Protection”, Ship of the
World(Japan), pp. 55-64, April 1976

Sims, P., "Trends in Surface Warship Design 1861-1983", Naval
Engineers Journal, pp. 33-49, May 1983.

Pusey, H. c., "Reflections on Trends in Dynamics - The Navy's
Perspective”, Shock and Vibration Bulletin, Vol. 54. pp, 59-64, 1984.
Sielski, R. A., "The History of Aluminum as a Deckhouse Material”,
Naval Engineers Journal, pp. 165-172, May 1987.

o] x, ol A, "I FFAA", =5k, 1991

"Provisional Rules for the Classification of Naval Ships”, Vol. 1, Part 5,
Lloyd’s Register, 1999.

"Structural Design Manual for Naval Surface Ships”, NAVSEA
0900-LP-097-4010, Naval Sea Systems Command, December 1976.
"Section 100 General Requirements for Hull Structure”, General
Specification of Ships of the United States Navy, Department of the
Navy, Naval Sea Systems Command, 1995.

D4, P, 1988 "R P& AA3 Agel AW AP TRE

R. W. Kenefick and E. W. Wilder., "Testing the JEFF Landing Craft”,
ATAA/SNAME/Adanced Marine Vehicles Conference, April, 1978.

_79_



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

"British Hovercraft Safety Requirements”, Civil Aviation Authority,
1991

Elsley, G.H. and Devereux, A.]., "Hovercraft Design and Construction”,
David & Charles, Newton Abbot, 1968

Mantle, Peter J., "Air Cushion Craft Development”, University Press of
The Pacific, Honolulu, Hawaii, 2000

Kehoe, J. W., " Destroyer Seakeeping, U.S. and U.S.S.R”, Naval
Engineers Journal, pp. 13-23, December 1973.

Kehoe, J. W., " Brower, K. S. and Meier, H. A.,”U.S and Sovirt Ship
Design Practices, 1950-1980", Proceeding/Naval Review, pp. 118-133,
May 1982

Kehoe, J. W., ” Brower, K. S. and Meier, H. A.,”U.S and Foreign Hull
Form, Machinery and  Structural Design Practices”, ASNE
Symposium-1982, pp. 45-105, 1982.

Kehoe, J. W., ” Brower, K. S. and Meier, H. A.”The Affordability of
Warships”, Proceedings, pp. 65=73, April 1984.

Schaffer, R.L. and Kloehn, H. G., "Design of the NFR-90", ASNE
Symposium-1990, pp. 307-351, 1990.

Ferreiro, L. D. and Stonehouse, M. H., "A Comparative Study of US
and UK Frigate Design”, Trans. RINA, Vol.136, pp.1-35, 1994

Watson, J. m., et al.,, "Comparative Practices of European Frigates and
Offshore Patrol vessels”, U.S. Cost Engineering Logistics Center,
January 1998.

Elsley, F. H. and Devereux, A. T. "Hovercraft Design and
Construction”, David and Charles Newton Abbot, pp. 95-99, pp.
200-201, 1968.

Kehoe, J. W., "Warship Design - Our and Theirs”, Naval Engineers
Journal, pp. 92-100, February 1976.

_80_



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Kehoe, J. W., ” Brower, K. S. and Meier, H. A., "U.S. and Soviet Ship
Design Practices, 1950-1980", Proceeding/Naval Review, pp. 118-133, May
1982.

Kehoe, J. W., ” Brower, K. S. and Meier, H. A., "U.S. and Foreign Hull
Form, Machinery and Structural Design Practices”, ASNE Symposium-1982,
pp. 45-105, 1982.

Kehoe, J. W., " Brower, K. S. and Meier, H. A., "The Affordability of
Warships”, Proceedings, pp. 65-73, April 1984

Mackney, M. D. A. and Ross, C. T. F., "Superstructure Effectiveness
in the Preliminary Assessment of the Hull Behavior”, Marine
Technology, Vol. 36, No. 1, pp. 29-44, January 1999.

Wheeler, R. L. "The British Hovercraft Corporation’s AP1-88
Hovercraft”, AIAA/SNAME/ASNE, 7th Marime Systems Conferences,
February, 1983.

John B. Chaplin., "Development of Surface Effect Technology in The
U.S. Industry”, AIAA/SNAME/USN Advanced Marine Vehicles
Meeting, July, 1972.

V. B. Paxhia., "LCAC-From Test Craft to Production Design”,
ATAA/SNAME/ ASNE, 7th Marine Systems conference, February,
1983.

Garzke, W. H. and Kerr, G., "Major Factors in Frigate Design”,
SNAME Transactions, Vol.89, pp. 179-210, 1981.

O'Brien, J. B. and Arntson, S. G., "An Historical and Philosophical
Review of the Structural Design of Navy Combatants”, ASNE
Symposium-1982, pp. 148-168, 1982.

AP otetIntE AT H(F), 1983 “FAY Fx AA +47, Report No.
82-1.

Elsley, G.H. and Devereux, A.J., "Hovercraft Design and Construction”,

David & Charles, Newton Abbot, 1968

_81_



[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

British Hovercraft Safety Requirements, Civil Aviation Authority, 1991
St. Denis, M., "On the Structural Design of the Midship Section”,
DTMB Report No. C-555, 1954.

Det Norske Veritas, 1992"Hull Strutural Design Ships with Length 100

Meters and Above”, Rules for Classification of Ships.

Evans, J. H., "Ship Structural Design Concepts—- chapter 21”, Cornell
Maritime Press, Inc., pp. 658, 1975.

"DDS 100-4 Strength of Structural members”, Naval Ship Engineering
Center, February 1979.

Malakhoff, A., et al, “"Towards Rational Surface Ship Structural
Design Criteria”, Advances in Marine Structures—-2, Edited by C. S.
Smith and R. S. Dow, Elsevier Applied Science, pp. 495-528, 1991.
Med, £435, igat, "gA4Y HAF A B A, QA
3] =3, A38A, A4s, 2001.

Seung Il Seo, Keon Ho Son, Myung Kyu Park, "Optimum Structural
Design of Naval Vessels”, Marine Technology, Vol.40, No.3, July 2003,
pp. 149-157

U, "ERste S add A A 83 A9, et

HEALELS) 3= 2000

_82_



	제1장  서 론
	제2장  함정 선체구조의 설계특성에 관한 고찰
	2.1 개요
	2.2 각국 함정의 선체구조 설계특성
	2.2.1 수상함의 선체구조 설계 특성
	2.2.2 공기부양함정의 선체구조 설계 특성


	제3장 구조배치 및 설계특성
	3.1 수상함의 구조배치 및 설계특성
	3.2 공기부양함정의 구조배치 및 설계특성

	제4장  구조중량 분석
	4.1 수상함의 구조중량분석
	4.2 공기부양함정의 구조중량분석
	4.3 선체 중량과 건조비용

	제5장  함정 구조의 설계 기준에 대한 고찰
	5.1 설계하중 기준
	5.1.1 수상함의 설계하중 고찰
	5.1.2 공기부양함정의 설계하중 고찰

	5.2 강도기준

	제6장  최적설계를 위한 제한조건에 관한 고찰
	6.1 보(beam)에 대한 제한조건
	6.2 판(plate)에 대한 제한조건식의 고찰
	6.3 충격 하중에 대한 고찰

	제7장  함정 구조의 최적설계
	7.1 설계의 흐름
	7.2 설계 적용 예
	7.2.1 수상함의 설계 적용 예
	7.2.2 공기부양 함정의 설계 적용 예


	제8장  결  론
	참 고 문 헌

