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Development of Ship Operational Support System based on the Second Generation Intact
Stability Criteria

by

KURODA Takako*, OTA Daichi*

Abstract

The International Maritime Organization has approved the interim guidelines for the second generation intact stability criteria
(SGIS) in 2020. The criteria assess stability failures due to dead ship condition, excessive acceleration, pure loss of stability,
parametric rolling, and surf-riding/broaching. In addition to the design-driven safety criteria, a framework has been agreed upon
to impose operational measures for avoiding hazardous phenomena due to ship stability. The National Maritime Research
Institute has contributed to the formulation of the excessive acceleration failure mode. This failure mode assesses the lateral
acceleration at the highest location where a person is present and differs from other modes because vessels with large
metacentric heights may be highly vulnerable. As many existing vessels do not comply with assessment of this failure mode.
Therefore, measures against excessive acceleration failure modes must be considered. In addition, the operational measures
need to be able to be implemented without undue constraints on conventional operations.

In this study, we focused on the excessive acceleration failure mode and developed a ship operational support system using
the vulnerability assessment method that can be utilized for operational guidance, which is an operational measure of SGIS. In
addition, the impact of operational measures on conventional navigation was verified using actual operational data. A container
ship that recorded a large lateral acceleration at a bridge during navigation under ballast conditions was selected and assessed
using the developed ship operational support system. The assessment results indicated that the ship operational support system

did not affect conventional operations and that the threshold to be avoided was appropriate.
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HHRIEIAE R 2008 HHEEGIHE FUE = — R (2008 1S Code) 12 LV, TN FHUEBRHIZRFEENED BTN 5.
AR, ORBEULLEM OB ML, HEEMEFECHEETRE ORE bIC X > T2V E TOMB & 13872 287 LD
TUAHE 2, FHRERIE CORE T RIS X D FEAMORE ~OBENAE L 25030 STV 5. BRI
2 E R 9 DRI ARE L7 R B OB EE Tl Z 0 X 9 ARG TE RN E W IO b &, ERE
HHERE (IMO) CITIERERIEFIEIC OV T 2008 £ SRR EES < BIE M ER 2 E AT -0 DO FHEx

(64)



i B e 24k H2r (A6 Rald 35

HANTFE L TITV, 2020 4RI HHRIEBERME R EER E XA RZ A > (MSC. 1/Circ.1627) 9& 2022 4
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Pass rate of 37 ships
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B Program for the excessive acceleration failure mode -Second Generation Intact Stability Cnitenia- - O X
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PO R & ZoBiiRAL & BEIREE SR AE LT, 2 ORFORI R DONLEILE 4 OHFRCRINETH Y, 205
FTiZ8 H 18 HAve 8 A 24 HE THAIEL TU .
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X4 SROMEE

AR R O X 2 (%] 5 12" d. 8 H 18 HICHhE A & L CRIEFIT -T2 2 R 0nDd. T OHRT
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Time15:30 16:00 16:30 17:00 17:30[h:m] 0 1800 3600 5400 7200 [s]

Time15:30 16:00 16:30 17:00 17:30 [h:m]

M6 HENORRIT—2 7 #BnEEORRIT—42
(2020/8/18 15:30~17:30) (2020/8/18 15:30~17:30)

15 |||l,llfel!:l(ljlﬁ|gll;;|lllll|lllllllll|l ||||||||||||||||||||ﬁ?m?llli:?llf:?ﬁ::?lr:ﬁll/;lsmzn|||_ YaCC[mlsz]

10 g : AUQUSt 18,2020 I~ sampling frequency:5Hz August 18, 2020

(AEENENEN

° ] 0
-5t 5
-10F = I
- : -5}
—15 gl o e e i T
Time 16:38:32.6 16:39:02.6 16:39:32.6 16:40:02.6 [h:m:s] 4110 4140 4170 4200 [s]
'[I;im%m:ss:sz.e 16:39:02.6 16:39:32.6 16:40:02.6
X8 fEfENe EHHENODEHAED TR E9 EINEREDFRIEORE
(2020/8/18 16:38-16:40) (2020/8/18 16:38-16:40)

x2 BMEEDOHEK - F/MEL FEME

2020/8/18 Lateral acceleration [m/s?]
Time Max Min Variance
15:30 3.057 -3.311 1.010
16:00 2.362 -2.557 0.588
16:30 5.341 -5.784 1.034
17:00 4.000 -4.134 1.252
17:30 2.670 -2.991 0.913

4.3 BRT—4
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HERIEEIL, 8 A 18 HAPETIXEWRNS AL T, R HZFLLEIL S 2D BNXFCTH D Z LN 0D. BEH
DEZPEEN—FERE L, I OBNRE D —F R E < 7o o 7R WHRH) TRRICRD Z 2R LTV D.
7ok, RIROBZIEEN S H 21 HDH 8 A 23 HOM TXRITTWDDITREIRDIEANRY MLT —H PNy (HER
fER72\N) 72D ThD.

SEEJ RN, RGO BIMEE N R & < 7o oW () CTORGRIL 5~5.5s, #EHKIiX6s, 20X
7s E—FBRV. TORIL QD NKEMIZRD, S0 RGO FEEIEMIIFIIRC &7 5.

Hlm] , greils] :
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C —— wave ] 6 ]
r — swell b ]
o ] 5 ]
C ] 4 ]
L ] 3+ i
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0 H ] 0' H — swell ]
T T T T T T T T T T T T T T T T T T T T
2020/8/15 16 17 18 19 20 21 22 23 24 25 2020/8/15 16 17 18 19 20 21 22 23 24 25
Date Date

E10 MEREOFEZRES (BR ShY, #BEKR 11 MBELOTHRES (BUR, StHY, BER)

RIZ, 2020 4F 8 H 18 H O#EWE D LK M0, (A ARRHEMNTHER) &, Ak, JEIR, 910 OFEHe,
(AT R VOFELIFI) 2 RACCHNT L7ofE R 2 G T 12 1R, SR AR ) & B~ m) & A3
0 deg. DIFEHEI D BNIETH 5.

_1Mo1
O = tan™t —
m = tan”! o @
T T L —
150 ]
120 ]
90 cE
60 wave & swell ]
30F — wave ]
C —— swell 1
0-| [ T SN TN TN TN TN TN (NN TN TN TN TN TR T N NN T N N |-
0:00 6:00 12:00 18:00 24:00
8/18 8/19

12 MELEOFHER (BRE, ShY, LEK)
FEIMEE N KX L 725722020 £ 8 H 18 A 15 :30 725 17 : 30 £ TD 30 oM ORAENE, IR, 20 OFEcx

TNTNER3, £4, X587, AREEDPRORESRDOITHREIE T 28m THD. MEBO VI EIT,,
1F62s, BURIZS2s, 970X 72s THD. #EHO VLI X0, & FBUK A & 6, I K& 727234 LT,
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&3 HERDET

2020/8/18 AFEKS TR EEA TR M SRR
time H, [m] To [s] 0., [deg. ] 6, [deg. ]
15:30 2.847 6.2 99.6 85.6
16:00 2.847 6.2 97.6 85.2
16:30 2.845 6.2 96.0 83.8
17:00 2.844 6.3 94.3 82.4
17:30 2.845 6.3 92.9 80.5

x4 BURDFET

2020/8/18 AEES TR EHA R MA
time H, [m] T [s] 0,,[deg. ]
15:30 2.093 5.5 90.3
16:00 1.919 5.3 85.2
16:30 1.788 5.2 80.0
17:00 1. 646 50 13.6
17:30 1.521 4.8 68.6

x5 SHYDHET

2020/8/18 EE = TR E A FH)KA
time H [m] Toi[s] 0,,[deg. ]
15:30 1.930 7.1 126. 1
16:00 2.102 1.2 123.4
16:30 2.214 1.2 121.7
17:00 2.319 1.2 120. 4
17:30 2.404 1.2 117.9

4.4 BMIZEIRTLOER

KGRI S AT 22 L, YRFOWRSEM: T COEHRINE ST 503G ERAE L, Hig s
AT LORERDTE ~D B O A FGEE L7z,

RENREE AN K & < 7 o TeREO KGR OIEHTIRAE & MG RIB AT~ 2 . 2020 47 8 A 18 H Oy & MR 285
WOFRE R EADE T3, 14177, ARERARE S RDEICHELZ K& HEE LTEY, EEIIINE
ER—FRE L o - (BRI Tl b L TWa. 72720, ZORROMEIZEICIVNRY 7
NRRETE o7 7ed, MR & #HIRDZEENRE VAR & 5.

2020 28 H 18 H 15:30 725 17 : 30 £ TD 30 53 ORI, A IGE TR OSBRI A B L T 6 (TR
+. BPITRTI E OHEWAIE, MEND O 0deg, FEFEDY ZIEL LTWA. IR miE ) SiEn
WAL TS, 2HFH O COR R EIL2.8m, FEREMIL6.2s, MEITE, HEWAITEWE LD
MEETTHD.
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4 — UOG 60 B S
2r H d i H H o % ©
0|||||||||||||||||I|||||I|||||||||||||||||||| 0|||||||||||||||||I|||||I||||||||||||||e||||
0:00 300 600 9:00 12:00 1500 18:00  21:00 0:00 300 600  9:00 12:00 1500 18:00  21:00
Time[hh:mm] Time[hh:mm]
13 MELBEROBEEE (2020/8/18) 14 EBERAROBREE (2020/8/18)
=6 HEMERE BER EMIKREOFET (2020/8/18 15:30~17:30)
HWER ERTRR
HE T DIENEE [m/s?] o ) T |[FI9ERE [OmEd |[OpL D
= 15 R B g A AL
BRKES |FOREHTEIKR |SHKE P oG s s
Date&Time MAX MIN Variance | Hs[m] |T01[s] O mldegl| 6pldeg] | OGlkts] |COG[degl| x 4n[deg]| x ¢,[deg]
2020/8/18 15:30 3.057 -3.311 1.010 2.847 6.2 99.6 85.6 0.1 163.2 116.4 102.4
2020/8/18 16:00 2.362 -2.557 0.588 2.847 6.2 97.6 85.2 0.2 231.9 45.7 33.3
2020/8/18 16:30 5.341 -5.784 1.034 2.845 6.2 96.0 83.8 2.1 248.6 27.3 15.2
2020/8/18 17:00 4.000 -4.134 1.252 2.844 6.3 94.3 82.4 0.7 263.1 11.2 -0.7
2020/8/18 17:30 2.670 -2.991 0.913 2.845 6.3 92.9 80.5 1.0 287.3 -14.4 -26.8

BJ 1512, HSRT AT 2% HOWTo SR OMES, ARG 2.5 m OWLR T COFMBRE R Gl AR
Cy i/ FEHEM 10°9) A3, WIhomE, EEHTHLREEEABX 2WERTho7. KoT, ARIENT L7
KR OMHRLIE S LIRRE THAT L Tz, D F DR v A7 AR OIE A ~BEE A filf23 584 LT
RNZ EDRIRENT.

WIZIE U8, MEEORECTHENREZ 25 m 225 1 m KEL L7235 m & LA OB EY AT A
DOFHIFE R A X 16 1R T. AFRIEE 3.5m IC72 25 LR P OWRJE 6.5s 205 8.5s TREG & 720
IRHER ST IR S T2 A TR X D IERREAS R D BN D . A IO THNREH & R G & 72 5 W E NI IEH 2T
<, FEHEfTT— & & PIRAERE X 0 AR 2.8 m THIERIR X ZofifEn (14.7 deg) ERUIMEE (5.8 m/s?) 73
HAELTWEZ b, ZNEDREREREEIZ2STEHAICIEREFTHMI SN DITZETHY, KVAT
DI E ZfER A R D IR AT 2DICHERTHD EEXD.

Dk

(73)



44

o Peogram i the el etinee Bcelration ladure mode < Secand Geferatbon ntact Sabslity Citens - O x
Meria  Help
Mode Change short-term fallure probability : Csi/104-6
Calculation
Read result
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-:;; Program for the excessive acceleration failure mode -5econd Generation Intact Stability Criteria- - O x

Mode Change short-term failure probability : Csi/10+-6
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AHFFE T IIBEAAR Clll & SR MRS IR RHE IR R E O K E £ — NIZE R L, EfEE TH S
BRI A Z L A TIEA TE DB TREY AT L% L, ZOYV AT AOUERDEH~DEER L OEAEOM
AEZ /3T A MIRRE T THIC R & 2RI 2 5odk L7z 2 > 7 RO SEEM T — & 2 AV TRGE L 7.

B%E U723 o 27 A1 IMO TGRS 735 _HRIFREREFRMERRER E A R4 v CRESNT
WDIEMHEED 1 D THLEMAA X AIERATEL L0 TH Y, MEgrEERED S — By Ol 71k % &
(IR & &R A B RE L 72 RE TRREFER ORI AR ZFHME L T\ 5. BUK, GM, kU A TRTHGT
KD~ N U w7 2%t L CTAERBEFED IR F COEMERORAMEN 100 P L2 H% S, o
77 a AWE, W&, pnEEEAZR L, BNC X o TEREZERES S L O s IcERE R T L OTH
D.

B SR T AT LD AR OER DO ~D B L MGET 272012, HERRIR E 2 BIEE 2 fisk L=
TR E B SEE VAT N TRHI L7z, ST A 2 S 2.8 m, EEIIEE 6.2 s OWFESR T T 14.7 deg. OREFEN
14 & 5.8 m/s? ORI 2508k LTV 2. B SdE s 27 A0 I TEAIREETH W, KT 2T AIEkDiEM
(S RFRID A LW L &R LT, E£70, AREAED 3.5 m O5AOBMSAR T A7 LOFHIE, M0
WEMICIIREE & 7rolz. SEMFFOWFR LV RERAERERICR -G EIER EFHT SN D DITZE TH
L. LLEOFER L0, BI%E L7 BB S A T A0 KNGEE (26 i@ s L TR ThH L 2R LT

#H O

ABFFED —FBIE AAM B FEIED —B & LT M AN B AMAEIRIITE =2 b OZFENTIE T B AR
TRUEIEPEREDRE B 2 ANHE (AR AUERMEIET 0 U= 7 b)) — B RINEE £ — R OFRHANIE - |
(AI4EEEE) T L £ L7z

References

1) Japan, Comments on draft explanatory notes on vulnerability criteria for excessive acceleration failure, SDC 4//51/Add.5
Annex 10, SDC 4, IMO, 2017.

2) Japan, Matrix calculations of vulnerability criteria for excessive acceleration failures, SDC 4/INF.4/Add. 2 ANNEX 7,
SDC 4, IMO, 2017.

3) Japan, Additional sample calculation results for excessive acceleration, SDC 4/INF. 10/ANNEX 2, SDC 4, IMO, 2017.

4) Japan, Application example of direct stability assessment for excessive acceleration failure mode, SDC 5/6/13, IMO, 2018.

5) Japan, Sample calculations of excessive acceleration failure mode, SDC 7/INF. 4, IMO, 2020.

6) Interim guidelines on the second generation intact stability criteria, MSC. 1/Circ. 1627, IMO, 2020

7) Explanatory notes to the interim guidelines on the second generation intact stability criteria, MSC. 1/Circ. 1652, IMO,
2023.

8) International Association of Classification Societies (IACS) Recommendation No. 34, Corr. Nov. 2001.

9) Kuroda, T., Hara, S., Houtani, H., Ota, D., Direct stability assessment for excessive acceleration failure mode and validation
by model test, Journal of ocean engineering, 187, 2019.

10) Kuroda, T., Time domain simulation for ship motions in short-crested irregular wave, Report of NMRI, Vol. 20, No.1,
2020.

11) Kuroda, T., Study on the Excessive acceleration failure mode for the second-generation intact stability criteria, Report of
NMRI, Vol. 21, extra issue, 2021.

(75)



46

12) Kuroda, T., Evaluation and countermeasures for excessive acceleration at the bridge caused by the ship stability,
Proceedings of PRADS 2022, 2022.

13) Kuroda, T., Ota, D., Validation of operational guidance for excessive acceleration using container ship actual operational
data, Proceedings of 10" PAAMES and AMEC 2023, 2023.

14) Research on Development of goal-based stability criteria, -Research on the excessive acceleration failure mode-, Contract

research report of Japan Ship Technology Research Association, 2023.

(76)



