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Studies on the Practical Estimation Method of the Design Loads
for Primary Structural Members of Tankers
- 2nd Report, Design Regular Waves and Design Loads -

by Toshiyuki Shigemi, Member

Tingyao Zhu, Member

Summary

Various design loads used in the strength evaluation of ship structures have been introduced
currently by classification societies. As most of such design loads have been determined as the
standard loads for the sake of convenience, the relationships between the design loads and the
sea states actually encountered by ships seem to be poor. Accordingly, it may be difficult to
refer and utilize them as the fundamental design concepts for ship designers or the operational
guidelines for ship operators. Under these circumstances, authors proposed the practical
estimation methods of the design sea states in the 1st report. In this 2nd report, the practical
estimation methods of design regular waves resulting in the same level of stresses with that
induced in irregular waves under the design sea states are proposed. Furthermore, the
practical estimation methods of the design loads such as ship motions, accelerations, hull-
girder bending moments and hydrodynamic pressures that are induced under design regular

waves are proposed.
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Fig. 1 Comparison of the wave length of the design regular waves obtained by the direct load analyses and those

obtained by simplified formulae
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Fig. 4 Example of standard deviations of roll motion
in large waves obtained by the experiments
and that obtained by numerical calculation
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Table 2 Design regular waves

Design Wave Encountering Wave length [ 1 ] (m) Regular wave height [ i ,.] (m)
condition angle [l/] (deg) ! C, C,
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L-180 180 (head sea) ‘ [ ¥ ,] H =C.-C.-H
i 4 5 max j 0.65 0.9
- codis2d
L0 0 (Following sea) Ao = 0'{“ 3d, ]L C, * Correction coefficient for regular
g wave height
R 90 (Beam sea) Aq =;T,' G- Correction coefficient for 3D and | 0.42 0.8
nonlinear effects
P 90 (Beam sea) A =[0-2+0‘4%)L 0.70 | 0.7

Design moulded draft of ship, in meter
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Scantling length of ship, in meter

DRl

Natural period of roll motion, in second

Draft amidships for the relevant load condition, in meter
Wave height of design regular wave corresponding to each design sea state, in meter
: Maximum wave height corresponding to each design sea state, in meter

Wave length of design regular wave corresponding to each design sea state, in meter
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(b) Long-term prediction values of Pitch, Roll and Az
Fig. 6 Comparison of the pitch and roll motions and acceleration at the center of gravity due to heave motion
obtained by the direct load analyses and those obtained by simplified formulae
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Fig.7 Comparison of the pressure distributions
obtained by long-term prediction and those
obtained by simplified formulae in full load
condition

4. MEMRFICE IHRHERORNE

4.1 MERFICEINUFHROVIEF &

180 121 [ISHOEHTFRIEORE) TRHWY
IV VLCC 8t & LT BEBLEMAHRRNICE
BEALBERLRIENBEVELEIONBSFEEITLY
BONBEHORMTAME L 2 HETHZ Lick Y,
SEXNORELZRIET S,

IIT HBERARICEBEHLIR. BEAEARNTRES
Boles (i, BEEA down & up) IZXIET S
WMEFTEDOITEE % Fig. 81T R TR —/V FEF AT
LTHBOLNIBMMERELIZYOIEHIZ, BHERXNTRE
LR BAKBORFEHREZR LI EZV D, ik,

ISHOEMTRIME X, R MY v FEICIVBOLNEE
HE2H 1 8OFig 1R T2METNMICARLTEGN
BISHDOBABEORKME L B/NMENELR N DOISER
BELTHBERDERMTEEEZ VS, BAEGEHY
DIEHEZRD BB L HREHIIEE LD 5m &
L. BHTFRIOHEIZEE L TiX ISSC-1964 DAY
MV (55 H : cos?0) RUEE 18 Table 2 IR
3 IACS OEIRT—4 (LK@, BFE) ZEAL, 8
WRER 108 kST S EE AV,

Fig. 8 Hold FE model of a VLCC used in structural
analysis under design loads determined by the
simplified formulae

B Rt A X Fig9 ionTMREPRE (No3
C.O.T) DEXERERI L L1z, HP. "A - O~@"iT#Hr
e d50MET 5 7 v hOfEH, "T - O~@"IXHrEH
DY =7, Y- O~@3KEERE. NERRSELY
By RHRWNC 7 v R 5 A 2R DR 2R,
T, BB EIT O ISHRAIE. @SS, CANIEAH
RUMBELIROBSFRAOEHIK AL L, ENE
A, T RY'OEFSEMFLTRRILTWS,

T-@ T-0 T-®
Fig.9 Locations of primary structural members used
in the comparative study
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Fig.10 Comparisons of the ratios of stresses obtained
by long-term prediction and those obtained by
the simplified method (Full load condition)
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Fig.11 Comparisons of the stresses obtained by long
term prediction and those obtained by the
simplifed method (Full load condition)
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1R ENHROMB N

A REER)
Ey F & e —LOBEFEHEUEMAOMSEFEK % Table Al 127,

Table A1 Ship motions

Natural period (sec.) Angle (rad.)
(v +s)?
. 272, w0 0==—"5 Hywo
Pitch Tp = - L-yc,
g HL—mn : Regular wave height corresponding to the design condition L-180, in meter
2K 4

T,=C—= ¢= H,

Roll T Jom T,VB
Cc=1.15 HR : Regular wave height corresponding to the design condition R, in meter

B. kRO MR E
EyF, m —)VEUE A P ) ﬂ’ﬁ%étbbﬂiﬁf?{\ Apitchs amu&U Apeave @%5) ﬁit’&' Table A2 l:ﬁ:"?‘o

Table A2 Accelerations at the center of gravity of ship

N

Qi = 9(-?) (rad/s?)

Acceleration of the center of gravity of ship due to pitch motion

P
2
. . . . 2 5
Acceleration of the center of gravity of ship due to roll motion a,.,=49 T_ (rad/s™)
R
v +5)"
heave =3 g( ) H, (m/s?)

H,.: Regular wave height corresponding to the design condition, in meter
B Greatest moulded breadth of ship, in meter
V' Design speed, in knots

Acceleration of the center of gravity of ship due to heave motion

C. 39 ROMXE
Z o BLCRIT A ETFTHRMEERVES T FIEE a,. a, OfFSHEN % REH&KHEEIC Table A3 IZFRT,

Table A3 Accelerations at center of gravity of tank

Desi Acceleration of the center of gravity of tank (m/s?) Acceleration of the center of gravity of tank (m/s%
esign W - .
. ave crest in head sea and (Wave trough in head sea and Remarks
condition . N . .
weather side down in beam sea) weather side up in beam sea)
a =0 -a, -
L-180 a.=(d,/d/))a,,.+ |_\’i -x, |ap“.,,, -a, positive upward
ua, =0 -a, -
L-0 a,=0 -a, -
a,=g¢ —a, positive lee side
R a, = (JZMO)G,WW + V4, -a, positive upward
a, = 0.5g¢ =, positive lee side
P
a,=a,,.+05y.a,, -a, positive upward
Notes :
x,: Longitudinal distance from A.P. to the rotation center of pitch motion (= 0.45L) , in meter
x;: Longitudinal distance from A.P. to the considered center of gravity of tank, in meter
y;'Transverse horizontal distance from the centerline of the hull to the considered center of gravity of tank, in meter: positive when the
considered center of gravity of the tank is on the weather side and negative when the considered center of gravity of the tank is on the lee
side

NI | -El ectronic Library Service




The Soci ety of Naval

Architects of Japan

S v A —DEBRGERM T 2 REHEORANRERCHE T 2L (58 2 #H) 219

D. RRXRE
BIREBE DM 5 X % 8% 8 & £(C Table A4 (2577,

Table A4 Hydrodynamic pressures

Design . " Hydrodynamic pressure distribution
condition Hydrodynamic pressure (kN/m?) C at midship section
D
P, =12.3C, i+|'_-‘1+| H,
) d B ’ c 6 ,l )
C;: Distribution coefficient in the longitudinal direction of the =1+ C, 3- B \r T
Ship .
L-180 d,: Draft amidships for the relevant loading conditions (m) for forward part of ship (Y %
x‘Longitudinal distance from the midship section to the 12 Iz’v'l ) |
considered cross section (m) C =1+ I 1- 3 Z) ;
¥ Transverse horizontal distance from the centerline of the 4 }
ship to the considered point in the considered section (m) for aft part of ship '4_“/1,;\]_,3 '
y* Transverse horizontal distance from the centerline of the L 23n}
ship to the considered point in the considered section {m)
7z Vertical distance from the bottom of the ship to the
L0 considered point in midship secti.on (m), max.(lz}=d; - C.= 1.0 (In case as the wave crest)
H,: Regular wave height corresponding to the design condition D
L-180 or L-0
‘Weather cido Loo cido
~,
S
. Iz)i ~~
Pe =210 vsing +0.1| ==+ 1|l , LTy
8 . [
R . <
¥+ Transverse horizontal distance from the centerline of the ship to the considered point in ‘;Mwm TP 'mm;m;”
the considered section (m), weather side is taken as positive i
(In case of weather side downward)
Y
Poy =131 2—+3— |H, Woatrer sido Leo it
d, B
for weather side /
154
P, = Pow
p L —3 :
for lee side .
y Transverse horizontal distance from the centerline of the ship to the considered point in . L,‘ Lo
the considered section (m) N ’
Z Vertical distance from the bottom of the ship to the considered point in the considered
section (m), max.{z}= d; (In case of weather side downward)

E. BERYRV /N7 R s OEBE N
57 BUOMERIZ XL DGR ONT X N OEBEN OB HHER & REREEIC Table A5 (27T,

Table A5 Internal dynamic pressures due to accelerations

: 2
Design Internal dynamic pressure (kN/m?
condition Liquid cargo Ballast Remarks
L-180 Fe = pea.zc Fa=paa.zy +: positive pressure
L0 P.=0 =0 —: negative pressure
R P ( ) (.2 ) -+ positive pressure
¢ =Pc\a, 20 +a,ve Fo=pilazy+ay, — negative pressure
P :
Notes :

Yo Transverse horizontal distance from the center of the tank to the considered point, in meter. The distance is taken as positive if the considered
point is located at the weather side from the transverse center of the tank, or as negative if the considered point is located at the lee side from the
transverse center of the tank

2z Vertical distance from the top of the tank to the considered point, in meter

Ya* Transverse distance from the considered point to the top of tank located at the most lee-side when the weather side is downward, or at the most
weather side when the weather side is upward, in meter. The distance is taken as positive if the considered point located at the weather side or as
negative if the considered point located at the lee side from the top of tank at the most lee side, when the weather side is downward. The distance
is taken as positive if the considered point located at the weather side or as negative if the considered point located at the lee side from the top of
tank at the most weather side, when the weather side is upward.

25" Vertical distance measured from the middle point of the overflow pipe on the top of tank to considered point, in meter
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F. "\LWH—4E—A2}
(a) BBPHMITFE—AZ b
BERPORE L FE—RA Y N My RUH XL FE— A b MyyOOFSERELUTIZRT @R CHE. A
FEEHLS. 2000) .
M,, (+)=+0.19C,C,L’BC, (kN-m)
M,, (-)=-0.11C,C,L*B(C, +0.7) (kN-m)
=T, |
C,: BRFMEEISET— A MIRTHEBERET, HE1BOMRAILD,
Ce : BIRTHEH T E— A > FOMEF M T, BRI ZHEMEOMBIIE L TR ZERFBTEL TRDHD,

0 at AP.
C,=410 at 0.40L~0.65L
0 at F.P.

(b) kEHIFE—A2 b+
KEHIFE—A Y bOBHREREZLUTIIRT,

M,, =032C,C, de," L ;35 (kN-m)

ZZT,
Co: KEHMIFE— AL FOMEFANMH T, ERTHHEBEOMEBICE L TRALZERMTTL TRKDD,
0 at AP.
C, =410 at 0.35L~0.65L
0 at F.P.

G. N\LVH—SBHhORBAEYE
HEBEAT 0T L CTIIHEEMITIC L W B ORI MEF RO KRORTRED N A—F BN 0 ZEBEREGE D,

0,=C-(05+Cyo 04 +C -0y ) (N/mm?)

-
— —

Co  BRHDIENEAEZER LIBEMRKT, 1.1 75,

Cpo : BWIRFHEHITIES o yy PERESEHLE T, Table A6iIZXD,
Cyy : KKEBFTIES 0 py PERE TR T, Table A6IZX 3,
og: BRHRIBIZRIE T 5 #K P RERIT IS,

Table A6 Superimposition ratio of wave-induced hull girder stresses

Design condition C C,
Wave crest Hog.
L-180 1.0 - -
Wave trough Sag.
Wave crest Hog.
L-0 1.0 - -
Wave trough Sag.
Weather side is downward 12 d'. Weather side (compression)
R - _ 2-—L
Weather side is upward ! Weather side (tension)
Weather side is downward di Sag.
P -04 - _
Weather side is upward d/‘ Hog.

NI | -El ectronic Library Service



