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Development of Prediction Program of Added Resistance Due to
Waves at the Towing Condition of a Disabled Ship Using
ISO 15016 Analysis Method

Hyuek-Jin Choi, Eun-Chan Kim' and Seung-Guk Lee
Korea Research Institute of Ships and Ocean Engineering, KRISO, Daejeon 34103, Korea
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Abstract — It is one of the important processes to predict the resistance of the towed ship when towing a disabled
ship on the sea. Besides the basic resistance of hull itself, there are various added resistance, especially the added
resistance due to waves can be considered one of the biggest component. In this paper, the algorithm which predict
the added resistance due to waves of a disabled ship by theoretical analysis method of ISO 15016 standard was
established, and realized as a computer program. The calculated result for an example ship was compared with
existing standard one, and it is considered that this algorithm and computer program are appropriate to use for pre-
dicting the resistance and towing force of the disabled ship actually.
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35 A elA At BE 21-8-81thIS0[2002)). ©] 1SO 15016
3 AT 20024 A3 1SO0MA AP =t o= Al Al
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Fig. 1. Flowchart of the Program for Calculation of Added Resis-
tance in Waves (PNT3-WAVES).
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ADDED RESISTANCE DUE TO WAVES FOR PNT3 : PNT3-WAVES
PROGRAMMED BY KRISO

FILE NAME : 300EX.INR
SHIP NAME : |SOSAMH

+ LPP = 318.000

+ BREADTH = 5B8.000 M
+ DEPTH = 29.000 M
DRAFT

* MEAN=18.500 M
* FP= 18.500 M
* AP=18.500 W

WATERLINE OFFSETS : X(METER:FP=0)/Y(METER:B/2)

0.00 7.95 15,90 23.85 31.80 47.70 63.60 95.40 130.38 159.00 174,90
206.70 238.50 254,40 270.30 266.20 294.15 302.10 310.05 318.00 323.41 324.20
0.00 B.24 15,17 19,73 23.05 27.28 28.63 29.00 29.00 23.00 23.00
23,00 29.00 28.30 25.87 21.88 18.25 16.68 13.85 9.77 6.46 0.00

CORRECTION METHOD OF ADDED RESISTANCE :

+ SEA WAVE AND SWELL 2 : SEA WAVE AND SWELL
+ EFFECT OF SHIP MOTION 1 MARUO METHOD
+ EFFECT OF WAYE DIFFRACT. 1 : FALTINSEN METHOD

WAVE CONDITIONS

SHIP SPEED (KNOT): B8.570 10.810 11.760 13.960 14.030 15.710 16.360 15.110
WAVE PERIOD (SEC) - ]Eéégg 153%88 390 3.90 3.90 3.80 2.80 2.80
WAVE HEIGHT (M) - %:gg ?:88 1.00 1.00 1.00 1.00 0.50 O0.50
WAVE INCD.ANG. (DEG): lgﬁsg Sgﬂsg 170.0 350.0 170.0 350.0 350.0 170.0
SWELL PERIOD (SEC) - ?S?ﬁg }EQSE 10,58 10.58 11.32 11.32 11.32 11.32
SWELL HEIGHT (M): Ié:gg 1;:85 2,00 2.00 250 =250 250 250
SWELL INCD.ANG. (DEG): EDUS ESﬁ?E 40,0 220.0 40.0 220.0 220.0 40.0
220.0 40.0

ADDED RESISTANCE DUE TO WAVES

SHIP SPEED (KNOT): B8.570 10.810 11.760 13.960 14.030 15.710 16.360 15.110
16.400 15,400

MOTION, SEA WAVE (KN): 8.8 8,8 0.0 0.0 0.0 0.0 0.0 0.0

MOT 10N, SWELL (KN) - 4.0 117.8 17.3 110.9 3.8 171.1 171.0 32,7
246.2 4B6.5

DIFFRACT, SEA WAVE(KN) - 23.8 18.5 33.9 0.0 38.1 0.0 0.0 12,7

DIFFRACT ION, SWELL(KN) - 0.0 43.1 0.0 54.2 0.0 M7 73.0 0.0
105.3 0.0

TOTAL WAVE RESIST(KN): 32.0 166.9 51.2 165.1 69.9 242.9 244.0 45.4
351.5 59.4

Fig. 2. An Example Output from the Program of Calculation of
Added Resistance due to Waves (PNT3-WAVES).
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Table 1. Comparison of Results of Added Resistance due to Waves between the Program and ISO 15016:2002

Speed (knots) 357

Resistance (KN) 10.81 11.76 13.96 14.03 15.71 16.36 15.11 16.4 15.4
. Wind Wave 0 0 0 0 0 0 0 0 0 0
Motion
Swell 4.0 117.8 17.3 1109 318 171.1 171.0 327 2462 46.5
Present Program Diffracti Wind Wave  28.0 0 33.9 0 38.1 0 0 12.7 0 12.9
11iraction
Swell 0 49.1 0 54.2 0 71.7 73.0 0 105.3 0
Total Wave Resistance 320 1669 512 165.1 699 2429 2440 454 3515 594
1SO 15016:2002 Standard ~ Total Wave Resistance 314 111.8 314 1069 314 182.6  180.1 7.9 264.7 7.9
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Calculation of Drifting

Resistance
- 150 15016 Method

Calculation of Hull Roughness
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due to Shallow Water
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¥
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lue to Current
- Direct Correction

¥
- = - Output
| Calculation of Final Ship Speed Calculation Result

Fig. 3. Flowchart of the Program for Calculation of Total Resistance
of a Disabled Ship (PNT3-MAIN).
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POWERING PERFORMANCE PREDICTION [PNT3]
FILE NAME: 1S0300W.EUN 02-MAR-16
SHIP NAME: 1S0 300K LWL (M) 325,000 CB: 0.8100
SCALE : 15.0000 LOAD : FULL LOAD S (M2) 27512.6 CM: 0.9972
PP (M):320.000 TF (M): 20.800 SBK (M2) 180. C¥: 0.9900
B (M): 58.000 TA (M): 20.800 DISY (M3) © 312737.0 CP: 0.8123
TMEAN(M) - 20.800  LCB(%)[FWD:+] - 0.0000
HULL ROUGH. (M): 0.000250  (STANDARD: 0.000150)
PROPELLER N PROPELLER LOCK: 1.00 (LOCK:1.0, FREE:D.0)

1
(M) 9 500

PROJECTED A.R, - 0.400

WATER CONDITION TEMP (D.): 15.00 DENSITV(KG/MS) 1025. El’7 K.VIS. (MH2/S):1.1B873E-6
AIR DENSITY(KG/M3) -

SEA CONDITION BEAUFORT (BF) -1 NOT) EI BD SEA DEPTH (M): 60.00

CURREI (K
DRIFT ANGLE (DEG): 5.0
DIRECTION(D. PORT*)Z 25.0

WIND CONDITION SPEED(M/S): 4.50 AT(M2) - 1100.0
AL(M2) - 3300.0

DAMAGED CONDITION  D.AREA(M2): 4.0

SHIP SPEED 3.000 4.000 5.000 6.000 7.000 B.000 10.000 12.000

YK(KNOT) :

FROUDE NUMBER FN 0.0273 0.0364 0.0456 0.0547 0.0638 0.0723 0.0911 0.1093

EFFECTIVE POWER PE(PS): 173.5 400.7 767.5 1305.6 2046.4 3020.8 5793.2 10046.7
RESIDUAL RES. D CA(E-3): 0.942 0.942 0.942 0.94 0.942 0.942 0.94 0.982
BASIC RES.C, TS(E-3): 2.460 2.397 2,350 2.314 2,284 2.258 2.218 2.226
BASIC RESIST. HTS(KN)I 82,7 143.2 219.4 311.0 417.9 539.7 828.1 1196.7
WIND RESIST. DELWIN(KN): 22.2 25.5 29.2 33.0 37.2 41.6 51.3 62.2
REL.Y.SPEED  WSA(M/S): 5.935 6.424 6.917 7.413 7.911 B8.411 9,416 10.426
REL.W.DIRECT. WDR(DEG): 18.69 17,22 15.95 14.87 13.91 13.07 11.65 10.51
DRIFTING R. DELDRI(KN): .3 1.2 17.6 25.3 34.4 44.9 0.2 1011
H. ROUGH R. DELHUL(KN): 5.1 9.0 14.1 20.3 27.7 36.1 56.5 81.3
PROPELLER R. DELPRO(KN) : 18.3 32.5 50.7 3.1 99.4 129.9 203.0 292.3
DAMAGED H.R. DELDAM(KN): 6.4 1.5 17.9 25.8 35.1 45.8 7.6 103.1
SEA STATE R. DELSEA(KN): 40.3 43.8 47.3 50.8 54.2 57.7 64.5 71.3
TOTAL RESIST. RTT(KN): 181.2 276.7 396.2 539.3 705.8 695.8 1345.1 1908.0
SHALLOW W. DELDEP(KNOT): 0.106 0.141 0.176 0.212 0.247 0.282 0.353 0.424
CURRENT DELCUR(KNOT): 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800
TOTAL SPEED  VKT(KNOT): 2.094 3.059 4.024 4.988 5.953 6.918 B.847 10.776
BASIC ANALYSIS METHOD

MODEL-SHIP CORR. LINE: 1957-ITTC

2-DINENS| ONAL METHOD CORREL . ALLOWANCE(2-D):  CA=-0.000200

PREDICTION METHOD
RES| STANCE PREDICTION © YA - MODIFIED YAMAGATA [JKSNA NO.177]
WETTED SURFACE AREA © 7O : TODD"S FORMULA
EFFECT OF DRIFTING : - SR208 METHOD
EFFECT OF HULL ROUGHNESS : = ITTC METHOD
EFFECT OF PROPELLER LOCK - - US NAVY METHOD USING WAKE= 0.368
EFFECT OF DAMAGED HULL - EMPIRICAL METHOD
EFFECT OF WAYE AND SWELL : © 15015016 METHOD
EFFECT OF SHALLOW WATER - LACKENBY METHOD
WIND RESISTANCE COEFF.  :BO7 : TANKER, LOADED FROM BLENDERMANN CHART

N ———

Fig. 4. An Example Output from the Program of Resistance Pre-
diction (PNT3-MAIN).

T2 JHskaL o5 HAl 2 T19(PNT3-WAVES)S.
2 Tt 3 RS AAlewel o FUEA T
Abgtel] 9§t FAAA S B ALleles 6} Rom, = Eek 1

AiE Tk SR el 242 ARtshe = sigich, o] gA ¢k
Al 2 o] Ayje] sl 1ISO 15016:2002 A1 3
Aol =5 oA AnbA kel vlaske], & EE:L%*PJ A7}
AR} 7S HolES FolElqin). vlek BrkAE Ak T2 g
(PNT3-WAVES)2] 7414 A= A A2 7)1 BA S 2% 2ot
A& Tkl WA A3 374 273 PNT3-MAINe]| 44
HEE St ol TR IS ARG Abar vt dl® 7 Al
ARgER7 ol g A o2 faEgin),

_]\I

3= 8

= 7|

K

i

AAFZWEA T (KRISO)IA FoARI0 R 4
a3k 9l 27108 9 s A AAE s

2 A Ay
= 1A L
(PES2230)” YA 2] A7-AY F A¥-<US i),

RGN

=~

21 =

C(m)
d : Draft (m)

: Symmetric Kochin Function (m?¥sec)

P 5 =203 7 163
f : Frequency of the Elementary Incident Wave (1/sec)
G : Direction Distribution of Incidence Waves
g : Acceleration due to Gravity (m/sec?)
1,, K, : Modified Bessel Function
k : Wave Nomber (K,=w¥g) (1/m)
k,  : Wave Nomber (K,=g/V?) (1/m)
/ : Coordinate along Waterline (m)
S : Frequency Distribution of Incident Waves (m?%/sec)
S(m) : Asymmetric Kochin Function (m*/sec)

Vg : Ship Speed (m/sec)
X : Wave Incidence Angle (rad)
X : Coordinate of x-axis (m)
y : Coordinate of y-axis (m)
: Direction of the Elementary Incident Wave (rad)
a, : Draught Influence Factor
AJCE : Response Function of Resistance Increase in Regular Waves
(N/m?’)
C4 : Amplitude of Regular Waves

0 : Angle between Water-Line Tangent and Body Axis (rad)
p : Density of Sea Water (kg sec?’/m*)
: Circular Frequency (rad/sec)
we : Circular Frequency of Encounter (rad/sec)
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