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Estimation of Wind Forces and Moments acting on Ships

by Toshifumi Fujiwara, Member Michio Ueno, Member
Tadashi Nimura, Member

Summary

Various reports have been given on the study of wind forces and moments acting on ships by using
wind tunnel experiments over a long time. Utilizing these results, Yamano et al.¥ and Isherwood®
proposed estimation methods of wind force coefficients by linear multiple regression model in the 1970’s.
After that, many kinds of ships have been built all over the world, for example VLCC, PCC, LNG, and
so on. The estimation methods lack reliability when wind forces and moment of such kinds of ships
are predicted, since these new types of ships aren’t considered in the methods.

Recently Yoneta et al.? proposed a estimation method consisting of several force components, which
is called a physxcal mathematical model. However, the applicability of this method isn’t enough
discussed.

In the present paper, we wish to report on a new and simpler method of estimating wind force and
moment coefficients acing on ships by using stepwise method which comes under linear multiple
regression analysis. This estimation method was obtained after considering various ships more than
previous estimation methods and the effect of wind velocity profile that some reports™® have already
pointed out its importance in the experimental condition. As there is no way to estimate heel moment
caused by strong wind, a estimation method of it is also presented in order to make use of strict
simulation of maneuverability for the first time.

This method has been found to possess high practical value compared with previous estimation
methods.
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Table 1 Experimental results used for present estimation
method with experimental conditions of the wind
velocity profile
Author Published| Samples |Experimental |[A] Thickness of |[B] Mean height R q/4,,
condition boundary layer (m)| of the model (m) | [Al/[B]
B.Wagner 1967 15 uniform — 0.085 - 1.04
G.Aertssen 1968 1 above sea 0.60 0.217 2.76 1.27
T.Tuji 1970 15 uniform 0.05 0.138 0.36 1.16
C.Aage 1971 9 above sea 0.05 0.043 1.16 1.30
Y.Sezaki 1980 1 - - — - -—
W.Blendermann| 1996 25 uniform 0.02 0.125- 0.16 ——
T.Fujiwara 1997 2 above sea 0.30 0.100 3.00 1.37
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Table 2 Data on samples of ships used in present
estimation method

Tanker Cargo Container Passenger Fishing Others
o | T | e | i | iy ke,
(example)
-“w
tckllelor | bl \
Samples 16 8 13 14 7 10
L (m) max 351.40 160.88 216.40 195.00 75.17 274.00
min 50.00 141,10 11867 84.74 25.05 33.92
mean 273.07 154.87 184.33 156.86 39.66 114.89
B (m) max 58.00 21.34 3220 32.20 11.04 47.20
min 8.36 18.50 18.13 13.30 5.80 8.3t
mean 41.02 19.81 25.79 22.55 6.90 18.96
Ay (mz) max 1803.93 440.53 857.06 898.21 108.75 182712
min 60.02 302.08 38587 155.56 24.10 53.49
mean 965.85 375.15 654.19 528.11 43.03 472.61
AL (m?) max 8055.11 1951.56 377351 4693.94 446.96 8313.74
min 178.25 1192.46 1455.37 764.54 72.20 141.76
mean 3940.26 1553.85 2705.12 2962.82 149.34 2059.25
Aop (m?) max 807.71 534.38 2505.00 2679.00 147.59 3417.00
min 40.00 271.00 333.00 271.00 15.00 63.94
mean 566.22 401.68 1009.55 1483.37 38.35 895.04
C (m) max 6.60 0.55 ~0.86 6.78 1.20 7.95
min -27.90 -14.72 -13.10 -8.98 =2.717 ~-3.99
mean ’ -13.54 ~-5.67 -6.39 -1.90 -0.24 2.23
Car (m) max -17.40 -0.19 -40.40 1097 8.60 14.40
min -189.70 -61.56 -68.70 ~12.20 -5.80 —=91.40
mean ~100.71 -34.50 -46.86 -3.08 0.85 —-11.98
Hggr (m) max 38.00 25.00 30.50 30.70 11.03 45.80
min 9.85 14.20 19.80 12.40 4.60 8.40
mean 21.37 19.44 25.64 22.72 6.29 18.89
He (m) max 16.24 8.04 11.07 14.85 3.78 17.07
min 3.03 535 711 4.91 1.65 3.07
mean 8.18 6.62 8.71 9.80 212 1.05
A BL,
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L : Length over all (m) IREL KRBT — 5 137 NENRESIEDIREED R 7 2
B : Breadth (m) s = 45
. > — Hrstan, RO B0 -
AT : Transverse projected area (m?) CEDD, T—I EHEHUET 254 » TOBEWDLT
AL : Lateral projected area (m? WET 2LEN DB, —flE LT Fig. 4 1z, EE T
Agp : Lateral projected area of superstructure (Ass) 7z VLCC BiREER™ O£ RFI1% BOHEREE % T+,

and LNG tanks, containers etc. on the deck (m?

€ : Distance from midship section to center of PIERT, 2HBOR% BERTCRBET 2 72 0 &BH5
lateral projected area (m) DEERIREE b BH S A5 1 B LS DEFLET 2HETDH 293,
CpR : It)hi:'czz;:e(lf:)om midship section to center of fﬁﬁ}%ﬁf@“ﬁ%@?@}ﬂiﬁ U=254m/s CEBEOR
HpR : Height to top of superstructure (Bridge) (m) BelTolz, BESHEORKSRYE 272 & Condition A
Hc : Height to center of lateral projected area (m) B T, 2 &2 b ENHD, mﬁﬁﬁ@ﬁb)iﬁ%gﬁﬁ A
Fig. 1 Definitions of a characteristic parameter which ERREEEZTHRI L b s, BRE DI —KER,
expresses form of a ship hTDEERER & Condition A BEEATBE T, x50
FHAEROESKES B2 BFRETEL, LL, Fig.
Cy=Fy/(gA.) (2) 4 DFER» S, BEZIEOTRDE v 13 EBRIE O B HAIE
Cv=N/(qLA.) (3) MZRKRERHEEEX R EBbrd, COC &t
Cxk=K/(gALH.) ) (4) Aertssen 52k > THHES L TH Y, EEBRT — 5 ki
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Fig.4 Experimental results on wind force coefficients
of VLCC (Ballast condition)
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Fig.6 Significance tests on linear multiple regression
model of experimental results
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Fig.7 Applicability on a trigonometrical series for
wind force coefficients
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Fig.8 Experimental results on wind force coefficients
for some kinds of ships
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Table 3 Correlation table of non-dimensional in-
dependent variables
i AT AT A/l B/ Hee/L  Ho/L  C/L Ceg/l A/Ar Awl/A, A/B. AJLB  AJLE HBR/B‘ C/He  LHo/A, HorC/A_ LHgn/A BRgn/Ar
A/LE | 1.00
ALY | 073 1.00
AOLD/L2 041 081 1.00
B/L | 078 038 010 1.00
Hew/L | 088 075 045 056 1.00
He/L | 086 093 071 050 088 1.00
C/L | 041 036 019 029 042 041 100
Cew/L | 052 056 040 025 054 058 077 100
AU/Ar |-037 032 049 -056 -021 008 005 009 100
Aoo/AL| 016 053 090 -0.12 022 047 009 027 049 1.00
A/B° | 033 057 049 -031 053 057 023 043 032 043 100
A/LB | 088 082 054 041 091 090 039 059 -012 032 073 1.00
A/LB | 032 084 079 -0.18 048 070 027 048 070 063 079 062 1.00
Hee/B | 032 054 044 -026 065 057 025 041 029 037 092 068 073 1.00
C/He | 050 058 035 024 057 059 090 074 018 022 047 058 051 048 100
LHo/A,| 010 -035 -031 015 0.0 -0.01 -008 -0.09 -059 -012 -011 000 -0.45 -004 -013 100
HaeG/A| 045 045 027 031 046 048 098 075 010 014 027 045 035 027 095 -017 1.00
LHer/A| ~0.26 -0.75 -0.69 -0.01 -0.21 -0.56 -026 -0.35 -0.67 -0.54 -0.41 ~040 -079 -025 -049 062 -039 1.00
BHep/Ar| ~0.26 -040 -037 024 -0.15_-037 -0.10 -0.31 -020 -038 -070 -053 -0.54 -039 -029 012 -018 055 100
RAWFART FEBOBEIDRELES HTHET 2 C Cor
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DI Vi 13 2 DRWC, BAT - pOFEHOCH
Yy Ve ’
HENBETHS, 4%‘/7")1/%{7&»“710)8% IO F fEiXEH ;
- Cor ., C.. (Aw\', C
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PIEFICERL, FEOKEZWHLDODEEBT 2, #n2h M BH -
D FiaE%n FREORRME Fr & ORBET>, FEs T +yae( e ) (28)
FrkDOREV, THDBEBHREDS0THS L1 >R H o
! ‘ Ve guot yor g+ v LY g Con g (4#)
RMNFEHEN D2 oE, TOEREMZ 2. Fr £ 0 b/X 1LB L S L s\ B?
VIBEIZIE, TOEBERD ANK L, &5 ED OER C, LH
. +955L+y56 A (29)
W UTCHREBROIEZE R, Fr PEEICRD ANZE L
BOOEE 2 B ¥ TEMOBRETS . EROMERFI L OV IEPVWTE,
-1
D EDEREITS 7 VN2, ©TOERO FESET 5 2 M=ot msgt me e b g ) 4 €
c
Ed 5, BICERAINIHBEERDS Fr 2722 BEHX A, Ar A, C
T BR
NIy, BUHASNED L5 2L biBI DB, st e *”“7< B’ ) +me - (30)
ORI H iz B Z ZTR—ARRTIZ -
ZIOBBIZ DT > TOWMTE Fa % & 2 TIk—H1 Nz=nzo+nm—~ci'? +nzz%+nzs<—‘?q—(£) o
K CAVENS Fr=20 £F 2 I0RT 3 £ T, BOER L B
BTV, SEIICEETH 2 LR S U KR T O MZS( HL )”’m:{%)"mn%
k3hs, BL, EHERRLCEEREY SIEEICE ) ! ,
ELTWw3, +””ﬁ (31)
Cx 2w, -
* Ns=n30+ 13 Coe =+ 7232( BHBR) l‘*‘%aa A (32)
Xo=2Zoo+ BHi +x ¢ +x Ao (23) L Ar Ar
0 00 T Xo1— 1 A ozH 03 72 Lz C;( VC’)W’C&K,
A LH, LH, A
Xy=x0+ 1) Lé +2z ALC + 23 Afﬂ + 2 AOLD Ki=ky+kax h; + k2 fg, +k131:£{c -l'ku‘LQ
A Ar\ He \™! - -1 -
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- gl =4, Eiys3 é"j—/_' =03, ABE -~ A
Kom ot b 22V g () e 0 & RO L BB
L TR 96 225 50 LA T B b DD, MR A
1 -1
e EC 4 ( B) () THI2TUK S < i BIER BB,
34) HORER T, ML T 5 AL BB 7 5 %4
o RIEBE LTIKHVSONTVL32, SEDREE, S i3
K= koot k(L) + ko S oy HE A \
s= haot ke 3 g bt I SRERBIC BT AJL HID AL S NITBEIE, 3y
AN Ao bEDT2HOHTH B, Table 3ICFT L 51 A /L2 13
+/€as< LB) +/€35~Zz— (35) N
Aov/L?, He[L, Ar/LB, AJLB % ¥ ORIBED o fodEs
Ks=leso+k51<LHc>_l+/esz( 200 )" k(L) BAZH L DBIED S, BETHS LIRS N5 7 & atbn
AL A, Ar \
B WMol ENh»rb,
+/es4(L> + o 5 (36) Cx DI 2 X0 2DV Cid, Bttt 19 2 S92

RIEDEHE Table 4 1277, T 3B 5L BIRENTWE, Y, WBLTRTA 2 & IR

Table 4 Each coefficient of independent variables

m= 0 1 2 3 4 5 6 7 8
X0m ~-0.330 0.293 0.0193 0.682
G Xim -1.353 1.700 287 -0463 -0570 -6.640 -0.0123 0.0202
X X3m 0830 -0413 -0.0827 -0.563 0.804 -5.67 0.0401 -0.132
X5m 0.0372 -0.0075 -0.103 0.0921
Vim 0.684 0.717 -3.22 0.0281 0.0661 0.298
Cy Yim -0.400 0.282 0.307 0.0519 0.0526 -0.0814 0.0582
Vem 0122 -0.166 -0.0054 -0.0481 -0.0136 0.0864 -0.0297
Nm 0.299 1.71 0.183 -1.09 -0.0442 -0.289 424 -0.0646 0.0306
Cy Ny, 0.117 0123 -0.323 00041 -0.166 -0.0109 0.174 0.214 ~1.06
Nap, 0.0230 0.0385 -0.0339 0.0023
Kim 3.63 -30.7 16.8 3.270 -3.03 0.552 -3.03 182 -0.224
C kzm -0.480 0.166 0.318 0.132 -0.148 0.408 -0.0394 0.0041
K Kam 0.164 -0.170 0.0803 492 -1.780 0.0404 -0.739
Kspm 0449 -0.148 -0.0049 -0.396 -0.0109 -0.0726
Table 5 Characteristic of estimation methods for
wind force coefficients
Present method Isherwood Yamano Yoneta
Parameters 9 8 5 6
Total number of 66 219 36 21
coefficients on Cy,Cy,Cyl 96 (on Cy, Cy, Cy, C)
Number of samples 68 49 38 68
Tanker Tanker Tanker Tanker
Samples of Cargo Ship Cargo Ship Cargo Ship Cargo Ship
experimental results Container Ship Passenger Ship Container Ship Container Ship
Passenger Ship Fishing Boat Passenger Ship Passenger Ship
Fishing Boat Research Vessel Fishing Boat
Research Vessel Tug Boat etc.
Tug Boat Hydrofoil
LNG Carrier etc.
PCC
Naval Vessel
Speed Boat
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Fig.9 Comparison of measured wind force coefficients with predicted results
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Fig.10 Standard error of wind force coefficients for
each estimation method (Wagner's experi-
ments)
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Fig.11 Standard error of wind force coefficients for
each estimation method (All samples)
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