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B nacrosimem COOpHHKE HOPMAaTHBHO-TEXHUYECKUX MAaTEPUANIOB MyOIHKYIOTCS:

[TepecmoTpenHas nosicHuTeNbHas 3amucka K npaBuiaM maebl [1-1 Konsennmn COJIAC o neneHuro Ha
OTCEeKH M aBapHitHOM OCTOMYMBOCTH (Ha PyCCKOM M aHIVIMHCKOM s3bIKax). [losicHuTeNnpHas 3amicka mpruHsTa
pesomoreit MO MSC.429(98) ot 9 mtons 2017 roma. IlosicHUTENBHAS 3aMMCKa CONEPXKHUT JIBE YACTH.
B wactm A conepkarcst oOmue mMonoxeHus 1o npuMeHeHuto mnpaBun riaBbl 11-1 Konsenmum COJIAC.
B uactu B npencrasneno PykoBoacTBo 1o nmpuMeHeHuto otaenbHbix npasui rassl 11-1 Kousennuu COJIAC
0 JISJIEHUIO Ha OTCEKH U aBapUWHOU OCTOMYMBOCTH;

Meroanueckue ykasaHus 1o pa3paborke MHCTpyKIuMii mo 3arpy3ke (Ha AaHITIMHACKOM SI3BIKE).
B Meroanueckux yKa3aHUSX YUTEHBI MOJIOKEHUS CIEAYIOIMINX TOKYMEHTOB!

npaswia 10(1) MexayHapoaHOW KOHBEHLMH O Tpy30BOH Mapke 1966 rona;

TpeboBanuii maB VI, XII MexyHapoaHO# KOHBEHIHH 110 OXpaHe YeIOBEYeCKOH JKI3HH Ha Mope 1974 rona;

yaudunmpoaraoro Tpedosanus (YT) MAKO S1 «TpeboBanus k ciaydasMm 3arpy3Kd, HHCTPYKITHSIM
0 3arpy3ke U Mmpuodopam KOHTPOJS 3arpy3km», 1997;

yaupunuposannoro tpebopanus (YT) MAKO S1A «/lononHuTenbHble TpeOOBaHUS K CIydasiMm
3arpy3KH, HHCTPYKIMSM I10 3arpy3Ke U IpruOopaM KOHTPOJIS 3arpy3KH JJIs1 HABAJIOYHBIX CYHOB, PYAOBO30B,
1 KOMOWHHUPOBAHHEBIX CYIOB», 1997;

yauduuuposanHoro TpedoBanus (YT) MAKO S17 «lIpomonsHast MpOYHOCTh KOPIIYCOB HAaBAJOYHBIX
CyZIOB ¢ OJUHAPHBIMU OOpTaMH IpH 3aTOIJIEHUH TPIOMOBY», 1997;

pexomenaamn MAKO Ne 48 mo mpubopam 11 onpeneneHus: Harpy3ku, 1997;

IIpaBun kmaccupuKanyy 1 MOCTPONKN MOPCKHX CynoB, 1995;

OTpaciieBBIX PYKOBOJSIINX JOKYMEHTOB;

IlepecmoTpeHHOE PYKOBOACTBO IS KamuTaHa MO H30€KAaHWI0O OMACHBIX CUTyallMd TIpHU
HEeONaronpuATHBIX BETPO-BOJIHOBBIX YCIOBUX, MpUHATOE HUpKyIsipoM Komurera UMO no 6e3omacHoCTH
Ha Mope MSC.1/Circ.1228 ot 11 stHBaps 2007 1. (Ha aHIJIMICKOM SI3BIKE);

BpeMeHHOE PYKOBOICTBO IO ANBTEPHATHBHOM OLIEHKE KPUTEPHs IOTOJbI, MPHUHATOC LUPKYIIPOM
Komurera MO mo 6e3omacHocti Ha Mmope MSC.1/Circ.1200 ot 24 mas 2006 1. (Ha aHTIITHHACKOM SI3BIKE);

[losicuuTenbHbIe MpUMeyaHus K BpeMEeHHOMY pPYKOBOJCTBY IO ajJbT€pPHATUBHON OIIEHKE KpUTEpPHUS
noronel, npuHsATeie UPKYIsipoM Komurera MMO mo OesomacHoctn Ha mope MSC.1/Circ.1227 ot
11 suBapst 2007 T. (Ha aHITIMICKOM SI3BIKE).

© Poccuiickuii MOpCKO# peructp cymoxonctsa, 2019
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PE3OJIIOLIAS MSC.429(98)

(mpunsita 9 urons 2017 r.)
BcenomoraresbHast MHpopmanus

Heo0s3aTeJILHOI0 XapaKkTepa

INEPECMOTPEHHAS IMOACHUTEJIBHASA 3AIIMCKA K ITPABUJIAM IJIABBI 11-1
KOHBEHIIVM COJIAC MO JEJEHHAIO HA OTCEKM 1 ABAPUMHOM OCTOMYUBOCTH
KOMMUMTET I10 BE3OITACHOCTH HA MOPE,

CCBIJIACDH na Cratbio 28(b) KorBennuu o MexxyHapOIHON MOPCKOM OpraHH3aliy, Kacarolyocs
¢yuakuuii Komurera,

CCBUIAACDH TAKXKE Ha 10, uTo pesomorueit MSC.216(82) on yrBepamn mpabmia TiaBsl 11-1
Konsenmuu COJIAC mo neneHWI0 Ha OTCEKH W aBapUWHON OCTOWYMBOCTH, OCHOBEIBAIOIIHECS Ha
BEPOATHOCTHOM IIOJIXO/I€, PAacCMaTpPHUBAIOIIEM BEPOSTHOCTh BBDKHBAHMS IIOCIE CTOJKHOBEHHUS Kak
MoKa3arejb 0e30MMacHOCTH CY/IOB B MOBPEXKIEHHOM COCTOSHUH,

OTMEYASI, uro Ha cBoell BOCEMBICCAT BTOPOI CecCHHM OH Ofo0pwmsI BpeMeHHYI0 TMOSCHHTEIHLHYIO
3anucky k mnpaswinam TiaBel 1I-1 Komsenmmu COJIAC mo neneHWi0 Ha OTCEKH W aBApUMHOM
octoitunBocTr (MSC.1/Circ.1226) nnst comelcTBusi AJMHHUCTPAIUSAM B JIOCTHKEHUHM €IMHOOOpa3us B
TOJKOBAaHUM U TPUMEHEHUU BBHIIICYNOMSIHYTBIX HpPaBUJI MO [CICHUIO HAa OTCEKH U aBapuUilHOM
OCTONYHNBOCTH,

OTMEYAS TAKXXE, 4uro Ha cBOeii BOCEMBIECAT IATOM CecCHM OH yTBepawi lloscCHUTEThHYIO
3armmcky K npasuiam miaBbl 11-1 Kousennnu COJIAC 1o fAeneHnto Ha OTCEKH U aBapUIHONH OCTOWIHUBOCTH
(pezomronus MSC.281(85)),

OTMEYASA JAJIEE, uto pe3omouueit MSC.421(98) on yTBepauia NonpaBKy K npaBuiaM riassl 11-1
Koungeniuu COJIAC 1o neneHuro Ha OTCeKHU W aBapuMHOW OCTOMYMBOCTH,

[MPU3HABASL, uto IlepecMoTpeHHAasI TOSCHUTEIbHAS 3alACKA JTOJDKHA OBITh YTBEPKIEHA COBMECTHO
C BBIIIEyKa3aHHBIMU TOMPaBKaM{ K TPaBWIIaM IO JEJIEHHI0 Ha OTCEKH W aBapUIHONH OCTOWYMBOCTH
(pezomronus MSC.421(98)),

[TPU3HABAS TAKXKE BaxkHOCTH NpaBHUIBHOTO INpuMeHeHHUs I[lepecMOTpeHHONH NOACHUTEIbHON
3alUCKU B oOecreueHnu eanHooOpasHoro npuMeHeHus npaBwi TiaBel 1I-1 Komsenmun COJIAC mo
JICJICHUIO Ha OTCEKU M aBapUUHON OCTOHYMBOCTH,

ITPUHAB BO BHUMAHMUE, Ha cBoelt 1eBIHOCTO BOCBMOW CECCHH, PEKOMEHIAIUN ITOAKOMHUTETA TI0
MIPOEKTUPOBAHUIO U KOHCTPYKIMM Cy/HA Ha €ro 4eTBepToil ceccuy,

1. YTBEPXJIAET IlepecmMoTpeHHyI0 NOSICHUTENBHYIO 3amicKy K npasmiaM miasbl [1-1 Konsentmm COJIAC
IO JIEJICHUIO Ha OTCEKU U aBApUIHOM OCTOMUYMBOCTH, W3JIOKEHHBIE B NPHIOKEHUH K HACTOSILEH PE30IIOLNY;

2. HACTOSATEJIBHO ITPU3BIBAET JloroBapuBatommecs llpaButenscTBa n BCce 3aMHTEPECOBAHHBIE
CTOPOHBI TOJNIb30BaThes [lepecMOoTpeHHOM MOACHUTENHHON 3aMCKOM TPU MpUMEHEHUH paBui rassl 11-1
Konsenmuu COJIAC mo neneHWI0 Ha OTCEKH W aBapUHHOM OCTOMYMBOCTH, YTBEPKACHHBIX PE30JIIO-
nueit MSC.216(82) ¢ nonpaBkamu;

3. IIPEJJIATAET [oroBapuBatoniumcs IIpaBuTensCTBaM NPUHATH K CBEACHHUIO, YTO TOJIOXKECHMS
HacTosmei [lepecMoTpeHHON MOSICHATENBHOM 3alMCH TOJKHBI TPUMEHATHCS K CyAaM, Kak 0003Ha4eHO B
npasuie [1-1/1.1.1 Konsenuuu COJIAC, yrBepxkaenHoM pe3onmonueit MSC.421(98).
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INEPECMOTPEHHASA ITOACHHUTEJIBHAS 3AIMMCKA K ITPABHJIAM IUIABBI 11-1
KOHBEHIIUM COJIAC MO JEJEHUIO HA OTCEKM 1 ABAPUMHOM OCTOMYUBOCTH

YACTDH B -

IIpasuno 1
[IpaBuno 2
[TpaBuiio 4
IIpaBuio 5
[IpaBumno 5-1
[IpaBuno 6
[TpaBuio 7
[Ipasuio 7-1
IIpaBuso 7-2
IIpaBumno 7-3
[IpaBuno 8
[TpaBuiio 8-1

IIpaBumno 9

IIpaBumno 10
[IpaBuno 12
[TpaBuiio 13

IIpaBumno 13-1
[IpaBuno 15

IIpaBumo 15-1
[IpaBumo 16

IIpaBumno 17
[TpaBuiio 22
Ipunoowcenue

Conep:xanue

YACTbD A - BBEJJEHUE

PYKOBOJICTBO IO NIPUMEHEHUIO OTAEJbHbIX ITIPABUJI IVIABBI 11-1 KOHBEHIIMM COJIAC
O JEJEHUIO HA OTCEKH U ABAPUMTHOM OCTOMYUBOCTHU

OO6nacTh pacnpocTpaHeHUs

OmnpeneneHus

OO01Me moI0KEHUS

OCTOMYHNBOCTS HETIOBPEKACHHOTO CyITHA

Wudopmanus 06 0CTOMYMBOCTH, NPeNOCTaBIsIEMast KalluTaHy

TpeOyeMblit HHACKC AENeHHs Ha OTCeKH R

JocTmXuMBIM MHACKC IEIICHUS Ha OTCEKH A

Pacuer daxropa p;

Pacuer ¢axropa s;

[Iponunaemocts

CriernansHbie TPeOOBAaHUS K OCTOHYMBOCTH MACCAKUPCKUX CYNOB

Bo3MmoxxHOCTH cHCTEM M 3KCINTyaTallMOHHas WHQOpMAIUsA Ha IMMAacCaKUPCKUX Cydax B
CITydae MOCTYIUICHUS BOJBI

JBoitHOE JHO HA MACCAKUPCKUX CydaX U TPY30BBIX Cydax, HE SBISIOIIUXCS HATUBHBIMU
KoncTpyKkuns BomOHEPOHUIIAEMBIX TIEPEOOPOK

[lepeOopky MUKOB ¥ MAlIMHHBIX IMOMEIIEHUH, TYHHEIN rPeOHBIX BaJlOB U T.[I.
OTtBepcTHs HIDKE MamyObl MepeOOPOK B BOAOHEIIPOHHUIIAEMEIX ITepeOOpKax MacCaKHPCKUX
CyZoB

OTBepcTHS B BOJOHENPOHHUIIAEMBIX MEepPeOOpKax M BHYTPEHHHUX NallybaX Ha TPy30BBIX
cymax

OTBepcTHs B HAPYKHOW OOIIMBKE HWXKE MadyObl Mepe0OpOK Ha MacCaXUPCKUX Cynax U
naxyObl HaJBOJHOTO OOpTa Ha TPY30BBIX CyHax

Hapyxabie oTBepcTHs Ha TPY30BBIX Cymdax

KoncTpykius u nepBoHavaIbHBIE UCIBITAHUS BOJOHEIPOHUIIAEMBIX TBEPEH, MILTIOMIHA-
TOPOB U T.IL.

BHyTpeHHss BOAOHENPOHHUIIAEMOCTh ACCAKUPCKUX CYNOB BBIIIE MAITYyObl epedopoK
[IpenorBpaiiene MOCTyIIEHUS BOABI U O0ph0a C HUM H T.JI.

PykoBoncTBO 10 0(hopMIIeHHIO pacueToB AETeHUS Ha OTCEKH W aBapHITHON OCTOWYMBOCTH
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YACTD A

BBEJTEHHUE

1 T'apmonusupoBannbie npaBuia Koueniiun COJIAC mo faeneHW0O Ha OTCEKU W aBapUUHOU
OCTOWYHBOCTH, conepikamecss B TiaBe [I-1, OCHOBBIBAIOTCS Ha BEPOATHOCTHON KOHIICIIINH W
paccMaTpUBaIOT BEPOSTHOCTh BEDKMBAHMS TIOCIIE CTOJKHOBEHHS KaK TOKa3aTellb 0€30MacHOCTH CYIOB B
MOBPEXKJICHHOM COCTOSHHUU. B mpaBmiiax Takass BEPOSTHOCTh HA3bIBACTCS «JIOCTHKHUMBIM HHACKCOM
JIeIeHUs] Ha OTCeKU A». OHa MOXET CUMTAThCH OOBEKTHBHBIM IOKa3aTelieM Oe30MMacHOCTH CYIOB, U, B
UCATBHBIX YCIOBUAX, HE OBUIO OBl HEOOXOIUMOCTH JOTIONHATH 3TOT MHIEKC KaKHUMHU-JIN0O IETePMUHHC-
THYECKUMH TPEOOBAHUSIMH.

2 Teopwus, nexarmas B OCHOBE BEPOSTHOCTHOM KOHIICIIIINH, 3aKJII0YACTCS B TOM, UTO JBA Pa3IMYHBIX
Cy/IHa C OJIMHAKOBBIM JIOCTH>KAMBIM WHAEKCOM JICIICHUS HA OTCEKH SIBJISIFOTCS OJIMHAKOBO O€30MacHBIMHU, U
MO3TOMY KOHKPETHBIE pacueThl AJIs OTACNBHBIX YacTel CyIHa He SBISIOTCS HEOOXOAWMBIMHU, JAXKE €CIU
OTH Cyla CIOCOOHBI K BEDKMBAHHIO TPH TOMYYEHHUH IOBPEKICHUH pa3iaudHoro xapakrepa. Ocoboe
BHHMAHHE B MpaBWIaX yAENAETCA TOJIHKO HOCOBOM M JHUIIEBOW YACTAM CyIHA, KOTOPHIE paccMarpH-
BAaIOTCS B OCOOBIX NpaBWIaX JCJICHHUS HAa OTCEKH, MPEAYCMOTPEHHBIX IS CIIy4yaeB TapaHHBIX
CTOJIKHOBEHUU U MOCAIOK HA MEIIb.

3 B IloscHUTENBHYIO 3allUCKy BKIIOYEHBl JHIIb HEMHOTHE JETEPMUHHUCTHYECKUE HJIEMEHTHI,
HEOOXOMUMBIC IJISI TOTO, YTOOBI OO0ECIEYNTh MPAKTHUYECKYI0 OCYIIECTBHMOCTh BEPOSTHOCTHOM
KOHIIENIMY. Takke ObLJIO HEOOXOMMMO BKIIOUUTH MOHITHE JETEPMUHUCTUYCCKOTO «HE3HAYUTEIHHOTO
MOBPEXKICHUS» B JIOTIOJIHEHUE K BEPOSITHOCTHBIM IMPAaBHJIAM ISl TACCAKUPCKUX CYJIOB, YTOOBI M30€kKaTh
BO3MOXKHOCTU TOTO, YTO MpPHU MPOCKTUPOBAHUU Cy[JHA HA KAKUX-TO Y4YacTKax IO JUIMHE €ro Kopmyca
OKaXXyTCs HEIPUEMIIEMO YSI3BUMbIE MECTA.

4 HecoMHEHHO, CYIIECTBYeT MHOTO (aKTOpOB, KOTOpBIE OYAyT BIHATH Ha OKOHYATEITHHEIC
MOCJIE/ICTBUS TMOBPEXKICHUS KOpiryca cyaHa. Takue (hakTOpbl HOCAT CIIy4ailHBIA XapaKTep U OKa3bIBAIOT
pa3Hoe BIMSHUE HA Cy[a C Pa3IMYHBIMU XapakTepucTukamu. Hanpumep, OueBUAHBIM sBIIsIeTCs (PaKT, uTo
Ha CyJax C OJMHAKOBBIMHU pa3MepaMH, HO Pa3HbIM KOJIMYECTBOM Ipy3a MOBPEXKACHUS OIWHAKOBOM
MPOTSKEHHOCTH MOTYT IIPUBECTH K PA3IUYHBIM MOCIEACTBUSAM H3-32 Pa3HULbI 3HAYCHUI IPOHULAEMOCTH
¥ OCAJKH BO BpeMsl dKCILTyaTanud. Macca ¥ CKOpOCTh HaHOCSIIETO yaap CyAHa, OYEBHIIHO, TPEACTABIISIOT
co00ii emie ofHy CIydailHyl0 IepeMEHHYIO BEIUYHHY.

5 Ilo »>TuM mpUYKMHAM BO3ACUCTBHE TPEXMEPHOTO MOBPEKICHUS HA CYTHO C U3BECTHBIM JICTICHUEM Ha
BOJIOHETIPOHUIIAEMBIE OTCEKH 3aBHCUT OT CIEIYIOIIUX OOCTOSTEIBCTR!

.1 KaKoil MMEHHO OTCEK WJIM TPYMIa CMEXHBIX OTCEKOB MOABEPIIUCH 3aTOIICHUIO;

.2 ocanka, muddepeHT W METAIleHTpHUYECcKas BBHICOTA B HEMOBPEKICHHOM COCTOSHHU HA MOMEHT
MTOBPEIKICHUS;

.3 IpOHUIIAEMOCTh TTOBPEXKJACHHBIX OTCEKOB HA MOMEHT MOBPEKICHHUS;

.4 COCTOsIHUE BOJIHEHUSI HA MOMEHT HOBPEXKICHHUS; U

.5 mpoume QakTophl, HampuMep, BO3MOXKHBIC KPEHAIIHME MOMEHTHI BCIIEJCTBHE HECHMMETPHUYHO
pacnpeneneHHoro Beca.

6 Hekotopbie M3 3THX OOCTOSTEILCTB B3aMMO3aBHCHUMBI, U B3aUMOCBS3b MEKAY HUMH, a TaKKe
BO3JICHCTBUS, KOTOPbIE OHHM OKAa3bIBAIOT, MOTYT OTIWYATbCs NJsl pa3iMuHbIX ciaydaeB. K Tomy xe
OUYEBU/IHO, YTO JUII KOHKPETHOTO Cy[JHA Ha OKOHYATEJIHHOM pe3yibTare OyJeT CKa3bIBaTbCs BIHSHUE
MIPOYHOCTH KOPITyca Ha NTyOWHY TOBpeXAcHM. Tak Kak MECTOIOJIOKEHUE U pa3Mep MMOBPEKICHUS HOCST
CIy4YaliHBIA XapakTep, HEBO3MOKHO yTBEPKIaTh, Kakas MMEHHO YacTh CymHa Oynmer 3aroruieHa. OHaKo
BEPOSITHOCTDH 3aTOIUICHHSI KOHKPETHOTO OTCEKa MOXKET OBITh OMpezesieHa, €CIU BEPOSITHOCTh BOSHUKHO-
BEHHUS OIPEICICHHBIX MOBPEXKACHUM U3BECTHA U3 OMBITA, T.€. U3 CTATUCTUKHU MOBpEXACHUH. BeposTHOCTD
3aTOIUICHHsI OTCEKa B TaKOM ciy4ae OyleT paBHa BEpPOATHOCTH BO3HHKHOBEHHUS BCEX CIIy4aeB TaKHX
TTOBPEKIEHUH, KOTOPBIC BEI3BIBAIOT IPOHUKHOBEHNE MOPCKOM BOABI B PACCMATPUBAEMBIA OTCEK.
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7 B cuny ykazaHHBIX NPUYMH U U3-332 MAaTEMaTUYECKON CIIOKHOCTH M HEJOCTaTKa JaHHBIX, BPAL JIU
BO3MOXKHO BBIITOJHUTH TOYHYIO WM MPSAMYIO OLEHKY MX BIHMAHUS HAa BEPOSATHOCTH TOTO, YTO KaKOE-TO
KOHKPETHOE CYIHO BBDKHBET IIOCIIE IOJYYEHHUS CIY4YailHOTO MOBPEXKIEHUS, €CIH TaKOBOE MPOU30MIET.
OI[HaKO, ImpuHUMass HCKOTOPBIC YIPOIICHUS WJIN Ka4€CTBCHHBIC OILICHKH, MOXXHO HpHﬁTH K JIOTUYCCKOMY
3aKJIIOYEHUIO, HCIONb3Ys BEPOATHOCTHBIM IMOAXOJ B KadeCTBE OCHOBBI JJII CPaBHMUTENBHOTO METOAA
OLICHKHU U OmIpezAeseHus] 0e301acHOCTH CyIHa.

8 C moMomB0 TEOpHUH BEPOATHOCTH MOXKHO NPOAEMOHCTPUPOBATh, YTO BEPOSTHOCTH BBDKHBAHUS
CyaHa O0JDKHA BBIYUCIATBECA KaK CyMMa BCpOHTHOCTeﬁ €ro BBDKHWBAHUS IIOCJIC 3aTOINICHUA KaXXI0T0
OTJIENIFHOTO OTCEKa, KaX/I0i TPYMIIbl, COCTOAIIEH U3 ABYX, TPEX M T.J. CMEKHBIX OTCEKOB, YMHOXKAEMBIX,
COOTBETCTBEHHO, Ha 3HAYECHHS BEPOSTHOCTH BO3HHKHOBEHHS IOBPEXAECHUH, BEAYLIMX K 3aTOIUICHHUIO
COOTBETCTBYIOIETO MOMENIEHHS WM TPYNIbI MOMEIIEHUH.

9 Ecnm BepOSITHOCTh BO3HHKHOBEHHS KaXkIOTO CLEHAapUs MOBPEXKACHUN, KOTOPOMY MOXKET
IMMOABEPTHYTHECA CYAHO, BBIYMCIICHA U 3aTE€M PACCMOTpPEHA BMECTE C BEPOATHOCTHBIO BBDKMBAHHA IIOCIIC
MONyYeHHs KaXXIOTO0 M3 TaKUX MOBPEXICHUH B cioydae HauOosiee BEPOATHOTrO Cilydas 3arpy3KH Cy/Ha,
MOXXEM OIPEIENUTh IOCTHKUMbIM HMHAEKC AEJICHUS Ha OTCEKU A KaK CTENeHb CIOCOOHOCTH CynHa
BBIIEPKaTh MTOBPEXKICHUE, BEI3BAHHOE CTOJIKHOBEHHEM.

10 U3 sToro ciemyeT, 4TO BEPOSTHOCTH TOTO, YTO CYAHO OCTAaHETCS Ha IIaBy, HE 3aTOHET W HE
OIIPOKUHETCA B PE3YJIbTATC KakKoro-inbo MIPOU3BOJILHO BI>I6paHHOFO CTOJIKHOBCHUS NPHU ONPEACTICHHOM
PacIojoKeHNH MOBPEKICHHUS 110 JJTHHE CyIHa MOXKET OBITh paclpeseieHa Ha:

.1 BEpOATHOCTH TOTO, YTO MPOJOJIBHBINA LEHTP MOBPEKACHUSA PAcoNaraeTcsi UMEHHO B KOHKPETHOM
YaCTH PaccMaTpUBaEMOro Cy[Ha;

.2 BEpPOSTHOCTH TOTO, YTO 3TO MOBPEXKACHNE NMEET POIOIHFHOE PACIIPOCTPAHEHNE M BKITFOYAET B CeO0s
TOJIBKO ITOMEIICHUA MEKAY MNONEPEYHBIMU BOAOHCTIPOHUIIACMBIMHA Hepe6opKaMH, HaxogsAIIuMHUCA B 3TOM
YacTH CydHa;

.3 BEpPOSITHOCTH TOrO, YTO MOBPEKACHNUE MMEET BEPTUKAIbHOE PACIpOCTPAaHEHHWE M 3aTOMUT TOJIBKO
MIOMENICHHNS, PAaCIOJI0KEHHBIE HIDKE ONPENENIEHHOW TOpPU30HTAIBHONW IpaHMIBI, TAKOW KaK BOJOHENpPO-
HUTIaeMas Tanyoa;

.4 BEpOSTHOCTH TOTO, YTO MOBPEXKIEHHE MMEET IONEePEedyHOe paclpoCTpaHeHHe, HE IMPEBHIIIAloIIee
PacCTOSIHUAE A0 ONPEACIECHHOMN NMPOJOIbHOM IPAHULIBL; U

.5 BEpOATHOCTH TOTO, YTO BOJOHENPOHUIIAEMOCTh U OCTOMYMBOCTH BO BpEMs Ipoliecca MOCJIEa0Ba-
TEJIBHOTO 3aTOIUICHUSI OTCEKOB OCTaTOYHbI AJISI TOrO, YTOObI M30€XKaTh ONPOKUABIBAHMS M 3aTONJICHUS
CyaHa.

11 TlepBble TpH 3THX (QaKTOpa 3aBHCAT TOJIBKO OT TOTO, HACKOJIBKO BOJOHEIIPOHUIIAEMO YCTPOHCTBO
CyIHa, B TO BpeMs Kak J[Ba TOCIEAHUX 3aBUCAT OT GopMmbl cyaHa. [locaequuii Gpaktop Takke 3aBHCUT OT
JEHCTBUTENBHOTO CIydas 3arpy3Kd cygHa. [lyTem rpynmupoBaHHs 3THX BEpOSTHOCTEH, ObUIO chopmy-
JUPOBAHO, YTO PACUETHI BEPOSTHOCTH BBDKMBAHHSA WM TOCTHKHUMOIO MHJIEKCA AEICHHS Ha OTCEKH A
BKITIOYAIOT B Ce0s CIeMyIoIre BepOSITHOCTH:

.1 BEpOATHOCTH 3aTOIUIEHHUS KaXJOTO OTAEIHHOTO OTCEeKa M Ka)I0M BO3MOXKHOM TPYMIIBI ABYX WIIH
0oJiee CMEXKHEIX OTCEKOB; H

.2 BEpOATHOCTb TOTO, YTO OCTOWYMBOCTH MOCJE 3aTOIUICHHS OTCEKa WM TPYINBI IBYX WK Oolee
CMEKHBIX OTCEKOB OyneT AOCTaTOYHOW AJs NMPENOTBPALLCHHS ONPOKHIBIBAHWS WM OIIACHOTO KpEHa,
BO3HMKILETO M3-33 IIOTEPH OCTOMYMBOCTH WIM OOpa30BaHUs KPEHAIIMX MOMEHTOB Ha IPOMEXYTOYHOI
WY KOHEYHOM CTaauu 3aTOIJICHUA.

12 DOra xoHIenuus MO3BOJISIET MPUMEHATH TPEOOBaHMS, COAEPIKAIIMECs B MPABWIAX, MTyTeM TpeOOBaHUS
COOMIONECHNST MUHUMAJIBHOTO 3HAYEHUSI MHIEKCa 4 Ul KOHKPETHOTO cynHa. Takoe MUHMMAaJIBHOE 3Ha4CHUE
Ha3bIBACTCA B HACTOALIUX ITpaBUJIax ((Tpe6yeMBIM NHACKCOM ACJICHUA HAa OTCECKU R», u pa3pa60T'-II/IKI/I IpaBUI
MOTYT TIOCTaBUTh €r0 B 3aBUCHMOCTh OT pa3Mepa CyAHA, KOJM4YecTBa IMAacCaXUPOB U JPYIuX (pakTopos,
KOTOpbIC OHU MOT'YT CUCCTh HCO6XOI[I/IMI)IMI/I.

13 B takoM ciyyae, CBUAETEILCTBOM COOJIIOAEHHS MPAaBUJI CTAHOBUTCA MPOCTOE MaTeMaTHYECKOE
BBIPaXKECHUE!

A>R
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.1 Cc y4eToM BBIIIEU3NTOKEHHOTO IAOCTHKUMBIM HHAEKC AENEHUS Ha OTCEKU A OIpenemnsieTcs Io
¢dopmyne mis ompeneneHust oOIIel BEPOSTHOCTH KaKk CyMMBI MPOW3BENSHHNA IS KaKIOTO OTCEKa HITH
TPYIIBl OTCEKOB BEPOSTHOCTH TOTO, YTO MAHHBIM OTCEK (WM TPyIMIa OTCEKOB) OymeT 3aToIlIcH,
YMHOXXEHHOW Ha BEPOSITHOCTH TOTO, YTO CYAHO HE ONPOKMHETCS WJIM 3aTOHET W3-3a 3aTOIUICHHS
paccMmarpuBaeMoro nomerieHus. JIpyrumu cinoBamu, obOmas Gopmyna Ui ONPENEIeHUs JTOCTHKAMOTO
MHJEKCAa MOXET UMETh CJIEIYIOIINI BUI:

A=} ps;.

.2 TOICTPOYHBIA MHICKC «i» MPeICTaBiIseT co00il paccMaTpuBaeMylo 30HY MOBPEXAEHHs (TPyHILy
OTCEKOB) B Ipefeax ACJCHUsl CylHa Ha OTCeKH. [leleHHe Ha OTCEKH PacCMaTpUBACTCS B MPOAOIBLHOM
HalpaBJIeHNH, HAYMHAS C CaMOM JajbHEH KOPMOBOW 30HBI/OTCEKA;

.3 3HayeHUe «p;» NPEACTABISIET BEPOSITHOCTh TOIO, YTO TOJNBKO paccMarpuBacMas 30HA «i» Oymer
3aTOIICHA, HE3aBUCUMO OT JIIOOOr0 TFOPU30HTAIBHOIO AEJICHUS Ha OTCEKU, HO YUUTHIBAs IOIEPEYHOE
JieneHue Ha oTcekd. IIpomonbHOE fereHne Ha OTCEKHM B IPENeNax 30HBI NMPHUBENET K BO3HHUKHOBEHUIO
JOIIOJTHUTENIBHBIX CLIEHAPUEB 3aTOIUICHHS, KaXIbIH W3 KOTOPHIX OyleT HMETh CBOIO BEpPOSTHOCTh
BO3HUKHOBEHHS;

.4 3HaUEHHE «S» TPEACTABIAET BEPOSITHOCTh BEDKMBAHMUS TIOCIIE 3aTOIUIEHUST pACCMATPUBAEMOM 30HBI «i).

14 HecmoTps Ha TpOCTOTY BBHIMIEH3IOKEHHBIX IOJOKECHHUH, BO3MOXKHAsI IOMBITKAa pa3padboTaTh
MaTeMaTHUYECKH COBEPIIEHHBIH METOA JUIsl MX MPAaKTUYECKOrO NMPUMEHEHHUS B TOUHOM COOTBETCTBHHU C
IPUBEACHHBIM BBIIIE PACCYKICHUEM CTOJIKHYIAaCh ObI C OIpeAeIeHHBIMH TpyAHOCTAMH. Kak yka3piBanocs
BBIIIE, TOJPOOHOE, HO BCE XK€ HEIOJIHOE ONKCAHUE MOBPEXIEHUS OyJeT BKIIOYaTh B ce0s ONUCAHUE €ro
MIPO/IOJIEHOTO M BEPTHKAIBHOTO PACMOJIOKEHHUs, a TAK)XKE €ro MPOAOIbHOM, BEPTUKAIBHON U MOMEepEeIHOM
npoTsbkeHHOCTH. [loMuMo TpyaHOCTEH B 00pabOTKe Takoi ci1y4ailHOH MepeMEeHHON BEIMYMHBI, HMEIOIIEH
MSTh U3MEPEHU, NP CYIIECTBYIOIIEH CTaTHCTUKE HMOBPEXIECHUH HEBO3MOXKHO C OOJBIION TOYHOCTHIO
OIpPEIENUTh BEPOATHOCTh ee pacmpenencHus. [lonoOHbIE orpaHWYeHHs BEpHBI M AJSL [IEPEMEHHBIX
BEJIMYUH ¥ GU3NIECKUX (HOPMYI, TPUMEHSIONINXCS TPY BBIUMUCICHUH BEPOSTHOCTH TOTO, YTO CYJHO HE
OTPOKHHETCS WJIM HE 3aTOHET BO BPEMs MPOMEKYTOUHBIX CTaJWi MM KOHEYHON CTaJUM 3aTOIJICHHUS.

15 Hwmeromasicss craTUCTHKa B 0Oojiee TOYHOM MNPUOIMKEHHM TpUBeNa Obl K Ype3BbIYAlHO
MHOTOYHMCIICHHBIM U CJIOXHBIM BBIYHMCICHHSIM. UTOOBI clenaTh KOHLENIMIO NMPAKTHYECKH MPUMEHUMOH,
HEoOXOOUMbI OoJibIIne yNpoIleHHus. M XOTs BBIYUCIMTH TOYHYIO BEPOSTHOCTh BBDKMBAHUS HA Takoi
YIPOILEHHOH OCHOBE HEBO3MOXKHO, pa3pabdoTKa IIOJE3HOI0 CPAaBHUTEIBHOIO MapaMmeTrpa s
9KCIUTYyaTaI[MOHHBIX XapaKTepUCTHK MPOJIOIBHOIO, MOMEPEYHOr0 U TOPU30HTAIBHOTO JEJIEHUS CylHA Ha
OTCEKH 0Ka3aJach OCYIIECTBUMOM.
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YACTDH B

PYKOBOJICTBO IO IPUMEHEHHMIO OTAEJBbHBIX ITPABIJI IUTABBI I1-1
KOHBEHIINM COJIAC IO JEJEHHUIO HA OTCEKU U ABAPUMHOM
OCTOMYUBOCTHU

IMPABHJIO 1 — OBJIACTD PACIIPOCTPAHEHU A

IIpasuio 1.3

1 Ecnu nmaccaxkupckoe cyaHo, noctpoeHHoe 10 1 stBaps 2009 r., moaBepraercs mepeo0opy10BaHUI0
WM MOAU(UKALIMY CYIIECTBEHHOIO XapaKTepa, Ha HEero BCe PaBHO MOTYT PAaCIpPOCTPaHATHCS TpeOOBaHUS
MIPaBHJI 110 aBapUIHON OCTOWYHMBOCTH, MPUMEHUMBIE K CyAaM, TocTpoeHHBIM 10 1 stHBaps 2009 T

2 Ecnm maccaxupckoe CyaHo, moctpoeHHoe 1 saBaps 2009 1. wiM mocie 3Toi JaThl, HO A0 HACTYIUICHHUS
NPUMEHUMBIX 1aT B mpasuiie 1.1.1.1%*, mopBepraercst mepeoOopynoBaHUIO WM MOAU(HUKALUH CYILECTBEHHOTO
XapakTepa, KOTOPOe He BIMAET Ha BOJOHENPOHHUIAEMOE JIENICHUE Ha OTCEKH WM BIMAET HE3HAYUTEIBHO, Ha
HETO BCE PaBHO MOTYT PACIPOCTPAHATHCS TPEOOBAHMS TIPABKII TI0 aBAPUUHON OCTOHYMBOCTH, KOTOPBIE OBLITH
NPUMEHUMBIMH, KOTZa OHO ObUIO TOCTpoeHo. OIHAKO eclH IMepeoOOpYyIOBaHWE WM MOJH(DUKAIIUS
CYIIIECTBEHHOTO XapaKTepa 3HAUMTENbHO BIIMSET HAa BOJOHEIIPOHHUIIAEMOE JIEJIEHHE Ha OTCEKU CYIHA, OHO
JIOJDKHO COOTBETCTBOBATh IpaBHIIaM II0 aBapUIHOW OCTOMYMBOCTH B 4acTW B-1, MpUMEHNMMBIM Ha MOMEHT,
KOIZIa IPOBOIMIIOCH I1epeo00pyIOBaHIE WIIM MOAU(UKALIMA CYLIECTBEHHOIO XapaKkrepa, eciii A IMUHUCTPALU
HE OMPEJIeITHT, YTO 3TO HEeleieco00pa3HO W HEMPAKTHYHO, B TAKOM CIIydae JOCTKUMBINA MHICKC JEJIeHHI Ha
OTCEeKH A NOIDKeH OBITh YBENMYEH OTHOCHUTEIBHO TIEPBOHAYAIBHOIO TPeOyeMOro IMpH MOCTPOHKE HHIEKCa
JIETIEHUs] Ha OTCEKU R, HACKOJIBKO 3TO MPAKTHYECKU OCYILECTBUMO.

3 Ilpumenenune monoxenuil nupkymsapa MSC.1/Circ.1246 orpaHn4eHo Tpy30BBIMH CyAaMH, HOCT-
poenHbiMu 70 1 siHBaps 2009 1.

4 I'py3oBoe cynHo, mocTpoerHoe | stHBaps 2009 1. miam mocie 3Toi naTel, ATuHONH MeHee 80 M, HO
BIIOCJIEJICTBUU Y/UIMHEHHOE A0 3HA4YeHHs, MPEBBIIIAIOMIET0 MAaHHBIA Mpeaesn, IODKHO IOJHOCTHIO
COOTBETCTBOBATh TPEOOBAaHHUAM MPaBUI IO aBapHUHHOHW OCTOWYHMBOCTH B COOTBETCTBHM C €0 THIIOM H
JUTAHOM.

5 Ecau maccaXMpcKoe CyAHO, COBEpINAIOIIee TOIBKO BHYTPEHHHME PEMCHI M HHUKOIZNA HE UMEBILEE
CeuzgerenscTBa 0 0€30MACHOCTH TacCaXWpckoro cyaHa B coorBercTBum ¢ KomBenmmeir COJIAC,
mepeo0OpyAOBaHO TSI BEITIOTHEHUS MEKIYHAPOIHBIX PEUCOB, IS LIEJIeH BBITIONHEHUS TPeOOBaHMMA IO
ocToiuuBoCTH B yacTax B, B-1, B-2, B-3 u B-4 oHO 10/KHO paccMaTpUBaThCs KaK MacCakKUPCKOE CYITHO,
MOCTPOCHHOE Ha JaTy Hadaua Takoro mepeoOopydoBaHHMs.

ITPABIJIO 2 — ONPEJAEJIEHUSA

IIpasuiio 2.1

JniHa neneHus cyqHa Ha OTCeKH (L) — pa3indHbIe TPUMEpPHI L, TTOKa3bIBAIONINE BOJOU3MEIIAFOIINI
0o0BeM KopITyca W 3amac IiaBydecTd (cM. puc. Hmke). [lamyba, orpaHMYmMBaromias 3amac IUTaBYYeCTH,
MOXKET 6]>ITI> YaCTUYHO BOHOHCHpOHHHaCMOﬁ.

MakcuMabHO BO3MOXKHASI BEPTUKAIbHAS MIPOTSHKEHHOCTD MTOBPEKICHUS HaJl OCHOBHOM TocKocThio (OI1)
paBHa d, + 12,5 m.

*Ecny crienuanbHO He YKa3aHoO MHOE, CChUIKM B HacTosimeM PykoBonctse caenansl Ha npasuia miassl 11-1 Konsenmu COJIAC.
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IIpaBuio 2.6

[Nanmyba nHamBomHOro OOpTa — CM. MOsICHEHMA K mpaBwiy 13-1 1 yTouHeHuss TpeOOBaHUM K
KOHCTPYKLMH U BOAOHEIPOHUIIAEMOCTH MaTyObl HAIBOJHOTO OOpTa, UMEIOLIEH YCTYIIbI.

Ipasuio 2.11

Hawnmensmas skcrutyaTanpioHHast ocanka (d;) — IS TPy30BBIX CYAOB COOTBETCTBYET, B OCHOBHOM,
ocaake cynHa B Oamracte Ha npuObitue ¢ 10 % 3amacoB Ha Gopry. g maccakUpCKUX Cy[IOB OHa
COOTBETCTBYET, B OCHOBHOM, OcajiKe cynHa Ha npuosiTHe ¢ 10 % 3amacoB Ha OOpPTY, IIOJHBIM KOJIMYECTBOM
[acCa)XMPOB U WICHOB KOMaHABI C JIMYHBIMU BEIIaMH M 0ayulacToM Uil oOecredeHus: HeoOXOIUMOI
ocroifunBoctn u nuddepenta. Hukakue BpeMeHHBIE OCAIKH IPU 3aMeHE OaUIaCTHBIX BOA UL
BBINOJIHEHUS TpeOoBaHusI MeXIyHapOTHON KOHBEHLIUH O KOHTPOJIE CYJOBBIX OaJUTACTHBIX BOJ M OCA/IKOB
u ympasiaenun umu 2004 roma wmnm nro0ble HE 3KCIUTyaTallMOHHBIE OCAlIKW CyOHA, TakHe Kak IpH
JIOKOBAaHUHM, HE JIOJDKHBI IPUHUMATHCS KaK d.

Ipasuio 2.19

[Mamy6a nepebopok — cM. MOsICHEHHs K TpaBuiry 13 mis yTouHeHHs TpeOOBaHHH K KOHCTPYKIUH H
BOJOHETIPOHUIIAEMOCTH MayObl epe0OpOK, UMEIOIIEH YCTYIIBI.
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ITPABHUJIO 4 — OBIIUE ITOJIOKEHUSA

IIpaBuiio 4.5
CwM. [osicHuTenbHYIO 3amMCKy K MpaBwiy 7-2.2, A MOMy4eHUs WHPOpPMAlMd U PYKOBOJACTBA B
OTHOILCHUH ITUX TTOJIOKCHUH.

MPABIJIO 5 — OCTOMYUBOCTH HEINOBPEKJIEHHOI'O CYJHA

IIpaBuio 5.2

1 Jns 1mesnedt HACTOSIIEro IpaBWia CYIHO CEpUMHOM MOCTPOMKHM O3HA4yaeT TIpy30BO€ CYIHO,
MMOCTPOCHHOE Ha TOW e CYyIOCTPOUTENHHON Bep(dhH MO TeM Ke depTexam.

2 Jlna mo60ro HOBOTO CynHA CEpUIHON MOCTPOMKH, C M3BECTHBIMH OTIMYMSIMU OT TOJIOBHOTO CYyAHA
CepHUH, KOTOpPBIC HE TMPEBBIMIAIOT MPeebl OTKIOHEHHH OT BOIOW3MEIICHHs CyJIHA MOPOXXHEM W a0CIHCCHI
[IEHTpa TSDKECTH, YKA3aHHBIX B MPaBUIIE 5.2, TOMKEeH OBITh BHITTOJIHEH MOAPOOHBII PacueT BECOB U MOJIOKEHHH
IIEHTPOB TSHKECTH, C TEM YTOOBI YCTAaHOBHUTh HMX B COOTBETCTBHM C JaHHBIM TOJIOBHOTO CYTHA CEpHH
MOpo’kHeM. Takue JaHHBIE TOJNIOBHOTO CyIHA CEpUH IOPOKHEM 3aTe€M HCIIONB3YIOTCS I CPaBHEHHS C
pe3yJbTaTaMy B3BEIIMBAHUSI HOBOTO CyAHA CEpHMHON mocTpoiiku. OMHAKO B CIIy4yasx, KOLJa W3BECTHHIC
OTINYUS OT TOJOBHOTO CY[JHA CEPHU IMPEBBILAIOT MpeNeNibl OTKIOHEHUS BOJOM3MEILICHUS CyIHA TOPOKHEM
WM aOCIMCCHI TIEHTpa THKECTH, YKa3aHHbBIE B TIpaBmiIe 5.2, CyMHO JOIDKHO OBITH TIOABEPTHYTO KPEHOBAHHMIO.

3 Ecim pe3yabpTaThl B3BEIIMBAHUS HE MIPEBBIMIAIOT YKA3aHHEBIE PSSl OTKIIOHEHHH, BOJOM3MEIICHUE
MopoXkHeM M alciucca, W OpJAMHAaTa ILEHTPa TSHKECTH, MOJY4YeHHbIE 1O pe3ynbTaraM B3BEIIMBaHUS,
JIOJDKHBI MCIIOJIB30BAThCs COBMECTHO C 00Jiee BHICOKMM 3HAUEHHEM allUIMKAThl IIEHTpa TAKECTH JIOO
anruInKaTa HEeHTPa TSHKECTH TOJIOBHOTO Cy[HA B CEpUH, TUOO pacueTHOE 3HAUCHHE.

4 IlpaBuio 5.2 MOXeT MPUMEHATHCA K cyaaMm, uMeronM CBUAETENhCTBO O 0E30MacHOCTH CyaHA
CIIEITHATFHOTO Ha3HAYCHHUSI, TIepeBo3sIIero MeHee 240 ger.

IIpaBuiio 5.4

1 Ecnu Ha cyaHe B 9KCIUTyaTalldd BBHITOJMHSIOTCS W3MEHEHHSI, KOTOPBIE IPUBOISAT K H3MEHEHUIO
XapaKTePUCTHK CyAHA TIOPOKHEM, TOAJAIONIEMYCS MCUYHUCICHHUIO, JOJDKEH OBITh BBHIMOJHEH MOAPOOHBIH
pacdyeT BECOB M LEHTPOB TSXKECTU MAJII KOPPEKTHPOBKH XapaKTEPUCTHK CylHa MOpoxkHeM. Ecnu
OTKOPPEKTUPOBAHHOE 3HAYCHHE BOJIOM3MEIICHHS TOPOXKHEM WM abcrucca IMEeHTpa TSHKECTH TIpH
CpaBHCHUU C OJOOPEHHBIMU 3HAYCHUSMH, TPEBBIIIACT OJUH W3 TMPEACIOB OTKIOHCHUMW, YKa3aHHBIX B
npaBwie 5.5, CyQHO IOJDKHO OBITh IOABEPTrHYTO IOBTOPHOMY KpeHoBaHuio. Kpome Ttoro, eciu
OTKOPPEKTHPOBAaHHAS alIlIMKara [EHTPa TSHKECTH CyJHA MOPOXKHEM NpU CPaBHEHWUU C OAOOpPEHHBIM
3Ha4eHWeM TpeBbimaer 1 %, CyaAHO JOIKHO OBITh IMOJBEPTHYTO MOBTOPHOMY KpeHoBaHHWIO. K opauHare
IIEHTPA TSHKECTH CYTHA IMOPOKHEM Tpeesl OTKIIOHEHHUS HEe MPUMEHIETCS.

2 Ecnu cymHO HE TPEeBBIMIACT MPEIeibl OTKIOHCHNH, YKka3aHHbIe B [losicHUTEeT HOM 3amucke 1, BEIIIE,
KaIllUTaHy JOJDKHA OBITh MTPEIOCTABIICHA JIOTIOMHEHHAS HH(pOpMAIHs 00 OCTOHYUBOCTH C UCIIOJIb30BAHUEM
HOBBIX PaCUETHBIX XapPaKTEPUCTHK CYJAHA IMOPOXKHEM, €CJIH TPEBBIIICHB KaKUEe-TUOO0 M3 CIEAYIOLINX
OTKJIOHEHUH OT YTBEPKICHHBIX 3HAYCHUI:

.1 1 % Bomom3MeImeHUs TOPOKHEM; HITH

22 0,5 % or L s aOCIUCCHI TICHTPa TSHKECTH; HITU

.3 0,5 % oT anmIMKaTel LEHTpa TKECTH.

OpHako B CiIydasix, KOTAa 3TH IpPEIeNbl OTKIOHEHHUS HE MPEBBIIICHBI, HET HEOOXOAMMOCTH BHOCHUTH
WCTPaBJICHNS B MPEAOCTABIAEMYIO KanmnTaHy HHPOpPMAanrio 00 OCTOMYHNBOCTH.

3 Ecnu Ha cygHe B OKCIUTyaTallud B TEUEHHE OIpPENeNIeHHOTO Iepruoja BPEMEHH BBIMOJIHSAIOTCS
MHOXXECTBCHHBIC M3MEHEHHUS M KaKI0€ W3MCHEHHE HAaXOAHUTCS B Ipeaenax OTKIOHEHUH, yKa3aHHBIX
BEIIIIE, COBOKYITHBIC O0IIE U3MEHEHHUS B XapaKTEPUCTUKAX CY/IHA TOPOKHEM 10 CPABHEHUIO C TIOCIEIHUM
KpEHOBaHMEM TaK)Ke HE JIOJDKHBI TPEBBIMATh MpPeJelbl OTKIOHEHWH, yKa3aHHBIC BBIIIE, JHOO CYIHO
JTIOJDKHO OBITH TTOBEPTHYTO IMTOBTOPHOMY KPEHOBAHHIO.
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IIpasuao 5.5

Ecnu pe3ysnbTaThl B3BEIIMBAHUS HE NPEBBILAIOT NPENEIOB OTKIOHEHUH, TO BOJOU3MEICHUE CyAHA
IIOPOXKHEM, a6cuncca " OpAuHAaTa HECHTPA TAXKECTU, ITOJYUCHHBIC 110 PE3YJIbTaTaM B3BCUIMBAHUSA, JOJI)KHbBI
MCIOJIb30BATHCSI COBMECTHO C ANIUIMKATOM LIEHTpa TSHKECTH, OMPEAETICHHON U3 MOCIEeTHEr0 KPEHOBAaHUS
BO BCEX MOCIIEAYIOMUX HHPOPMALUIX 00 OCTOHYMBOCTH, MPEAOCTABISIEMBIX KAalTUTaHY.

MPABHJIO 5-1 - UH®OPMAIIUS 110 OCTOMUYUBOCTH, IIPEJTOCTABIISIEMAS
KAIIUTAHY

IIpasuao 5-1.3

TpeOoBaHue, B COOTBETCTBUHU C KOTOPBHIM IPUMEHsEMbIe 3Ha4eHUs nuddepeHTa JoKHbBI COBIAaTh B
000# MH(POPMAaNUK IO OCTOHYNBOCTH, TPEIHA3HAYCHHOM JIUIsl HCIIOF30BAaHMS Ha CY[IHE, TPeIHa3HauYEHO
I TIePBOHAYAJIBHBIX pacyeTOB OCTOWYMBOCTH, a TakKe I TeX, KOTOpble MOTYT OKa3aThCs
HEOOXOOUMBIMU B TEUYCHHE CPOKa CIIYXOBI CyIHA.

MpaBuio 5-1.4 (cMm. Tak:ke npaBuJio 7.2)

1 JIuneiinas MHTEPHONALMSA OTPAHMYMBAKOIIMX 3HAYEHUN MEXKTY OCAIKaMH dy, d), ¥ dj IPUMEHSETCS TOIBKO
JUIT MUHUMAJIBHBIX 3HaueHuit GM. [lns momydeHHst KpUBBIX MaKCHMaJIbHOTO JOMyCTHMOro 3HadeHuss KG
HEOOXOIMMO PACCUHMTATh JOCTaTOYHOE KOJNMYECTBO 3HaueHWd KM7 ISl MPOMEXKYTOYHBIX OCAIOK, YTOOBI
00eCTIeYnTh COOTBETCTBUE MOMYUHBIIMXCS B PE3YNIbTaTe KPUBBIX MAKCUMAIBHOTO 3HAYCHHMS TTOJIOKEHUS LICHTpa
TsokecTd 1o BbicoTe KG nuHeitHoM Bapuaimyi GM. Eciu HavMeHbIas SKCIUTyaTalldOHHAS OcajKa He
COOTBETCTBYET TOMY ke An(QepeHTy, uTo U Ipyrue OCaiKd, TO 3HaueHue KMy sl 0CaIoK, HaXOmsAIuXcs B
JTMara30He 3HAYCHUN MEXTY YaCTHIHOW OCaJKONW M HAUMEHBIIIEH SKCIUTYaTallMOHHON OCaIKOH, TOIDKHO OBITH
paccuurano s aud¢depeHTOB, MHTEPHOIMPOBAHHBIX MEXIY 3HAYEHHSIMH IU(D(PEPEHTOB MPU YaCTUYHON
0CajIke U HaMMEHBIIEH SKCILTyaTalOHHOM OCajIKe.

2 B caywasx, Koraa Mpexanojaraercs, 4To SKCIUTyaTallMOHHBIM auama3oH auddepeHTta mnpe-
Beimaetr +/— 0,5 % L, mepBoHadanbHas KpUBas MpeAeTbHBIX 3HadeHIH GM TOMKHA CTPOUTHCS OOBIIHBIM
CIoco0OM, Tak 4TOOBI OCajKa TPU CaMOi BBICOKOW BAaTEpPJIMHHUMU JICICHHS HAa OTCEKH M YaCTUYHAS 0CajKa
JeNICHHs] HA OTCEKU PACCUUTHIBAIIMCH AJISl YCIOBHI OTCYTCTBHS AU((EpeHTa U YCIOBHMA JeHCTBUTEIBHOTO
9KCIITyaTallMOHHOTO A depeHTa, NCIoIb3yeMOro MpyU HauMEHbIIEeH dKCITyaTallHoHHON ocanke. 3arem
JOJKHBI OBITh IOCTPOEHBI JONOJIHUTEIbHBIE CeMEicTBa KPUBBIX MpEeNbHbIX 3HaueHuil GM Ha oCHOBe
9KCIUTYaTaI[MOHHOTO AWana3oHa 3HauYeHUH ¢ (EepeHTOB, KOTOPHIH OXBAaTHIBAETCS COCTOSHUSMH 3arpy3KH
JUTSL YACTUYHOM OCaJIKH JI€JICHUS Ha OTCEKH U I OCaJIKU IIPY caMOi BBICOKOH BaTepiIMHHUM, OOecTedrnBas,
4yT0o0Bl MHTEpBaNIBl | % L He mpeBbIIanuch. [ HauMeHbLIeH SKCIUTyaTallMOHHOW OCAAKH d; HYKHO
YUUTBIBAaTh TOJNBKO OAMH Auddepent. CemeiicTBa KpUBBIX MpelnenbHbIX 3HaueHHH GM KOMOMHHUPYIOTCS,
9TO0Bl AaTh OXHY OrMOAIOLIYI0 KPHUBYIO IpeleibHbIX 3HaueHuil GM. Pabounit nmamazon muddepenta
KPUBOW JOIDKEH OBITH SICHO 0003HAUYEH.

3 Ecnu nomy4eHpl MHOKECTBEHHBIE NpesiebHbIe KpuBble GM U3 pacueToB aBapUUHOW OCTOWYMBOCTH
ommyatomuxcss audQepeHToB B COOTBETCTBHM C MPaBWIOM 7, AOJDKHA OBITH MOCTPOEHA OrHOaromas
KpHBasi, 0XBaTbIBAIOLIas BCE pacCUUTaHHbIe 3HaUeHUs AuddepenTa. PacyeTsl, 0XBaThIBaIOLINE Pa3IHYHbIE
3HaueHus AuddepeHTa, MOHKHBI MPOBOAUTHCS C HMHTEpBAJIOM, He npeBbimatommM 1 % L. Pacuerst
aBapUIHOM OCTOMYMBOCTH JOJKHBI OXBaThIBATh BECH JUAIA30H, BKJIIOYAs IPOMEXYTOUHbIE TU((epeHTHI.
CM. mpuMmep orubaromieil KpuBoi, momyyeHHoi u3 pacyeroB nuddepenta 0 u 1 % L.
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— e — . [dudbchepeHT =0

................... HnddepeHT = 1% L B KOpMY

GM

Ormbaiowasn kpusas, oxsaTbl-
Batowas 3HaveHns andde-
peHTa o1 0,5% L B HOC Bo
1,5% L B kOpmy

di do ds

4 MoryT BO3HHMKHYTh BpEMEHHBIE Cllydad 3arpy3Kd C OCaJKOW MeHbIIEeH, 4eM HaMMEHbIIas
9KCIUTyaTallMOHHAsl OCajKa d;, BCIEICTBHE TPeOOBaHMH IO 3aMeHe OajulaCTHBIX BOX M T.O. B Takmx
Cllydasix UIsl OCaJOK HIKE d;, JOJDKHO HCIIONIB30BaThCs IpeaenbHoe 3HadyeHue GM npu d,.

5 Cynam MoeT OBITh pa3pelieH BBIXO B MOpe MPH OCaKax BBIIIE, YeM 0CaaKa MPHU CaMOil BBICOKOH
BaTEPIUHUU JICICHUS Ha OTCEKH d, B COOTBETCTBHU ¢ MEXIyHapOIHON KOHBEHIIMEH O TPy30BOM Mapke,
HampuMep, ¢ UCHOIb30BaHUEM TPONUYECKOTO HAJABOTHOTO OopTa. B Takmx ciydasx Iist 0cafoK BbIE d
JOJKHO MCIIONB30BaThes MpeaeibHoe 3HaueHne GM npu d;.

IpaBuio 5-1.5

B HeKOTOpBIX CiTydasx HenecooOpasHo pacIIMpHUTh AUana3oH JuddepeHToB, HanpuMep, okoyo d,. Takon
MO/IX0J] OCHOBAaH HA TOM IIPUHIMIE, YTO HET HEOOXOIMMOCTH HCIOJIB30BaTh OJMHAKOBOE KOJIMYECTBO
muddepenros, korma GM oavHaKOBa TO BCEH OCaJKe M KOIJA@ MHTEPBAIBI MEXIy AudpQepeHTamu He
npesbiator 1 % L. B Takux ciyyasx OyayT moiydeHsl Tpu 3HaueHUst 4 Ha OCHOBaHHMM OCAJIOK Sy, Py, [ H S5,
P2, b 1 85, p3, [,. HanMenbInee 3Ha4eHNE KaKI0TO YaCTUMHOIO MHAEKca Ay, A, U A no BceM muddepentam
JIOJDKHBI HCTIONB30BAThCS TP CYMMHPOBAHHH JTOCTIDKIIMOTO WHJIEKCA JIETICHUs] Ha OTCEKH A.

A
i/qlézii7££17 ds,fiii
~
I
|
I
/Paspewen- / PaspeLleHHble 3HaueHns
Hele 3Hauey £ g
= =8
HUS / 8 I
S o
/
l2 H/
- —t — - —¢—— Iubpepent & f— — — — — — — — GM_
- | 0,5%L <0,5%L1<0,5%L] 0,5%L v o v

JHarpamMMa T0WyCTEMbIX TH(depenTor Kpusag gonyctaMeix GM

IIpaBuio 5-1.6

HacTosimiee monoxeHre npeaHa3HaveHo IS CIydaeB, Koraa AJIMHHUACTpPAIUS YTBEPKAaeT ajJbTepHa-
THBHBIE CPEIICTBA TPOBEPKH.
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IPABIJIO 6 — TPEBYEMbBIN WHJIEKC JEJEHUSA HA OTCEKH R

IIpaBuao 6.1
YroOBl TPOAEMOHCTPUPOBATH COONMIOAEHUE ITHX MOJOXKEHHH, cM. PykoBomcTBO 1o 0ohopMIICHHIO
pacyueToB JICICHNSI HA OTCEKH M aBapUHHOM OCTOMYMBOCTH, M3NIoKeHHOE B [IpmiioxkeHun.

MPABIJIO 7 — JOCTUXXUMbBIA WHAEKC JIEJJEHUA HA OTCEKH A

Hpasuio 7.1

1 BeposTHOCTb BBKMBAHUS MOCIE MTOIYUYEHUSI KOPILYCOM MOBPEXKICHUS B PE3YAbTATE CTOJIKHOBEHHS
BBIpakaercsi uHAeKcoM A. Ompenenenme wuHAEKca A TpeOyeT pacdeToB pa3iHYHBIX CIEHApHEB
MOBPCKACHHUA, OTIIUYAOIUXCA APYT OT Apyra pasMEepaMu MOBPCKIACHHUA W INEPBOHAYaJIbHBLIM ClIydacM
3arpy3KH CyIHa A0 MOJY4YeHHUs MOBpeKACHUs. JJOKHBI YUUTBIBAThCS TPH Cllydasl 3arpy3KH, U pe3yibTar
JOJKEH PacCUMTHIBAThCA IO Clenyrouen Gpopmye:

A=0,44,+0,44,+0,24,,

TI€ UHACKCHL S, p U /- TpU ClIy4das 3arpysku, a q)aKTOp, KOTOpHﬁ ABJIACTCSL MHOKUTEJIEM TSI MHACKCA, YKa3bIBa€T BECOBOC
3HaueHue MHAeKca 4 Kaxa0ro Clly4as 3arpys3Ku.

2 Merton pacueTa A I KaXIOTO CiIydas 3arpy3KH BeIpaxkaetcst Gpopmymnoi

i=t

Ac:lZ:lpi[ViSi]:

.1 mHIEKC ¢ TMpencTaBIsieT OOHO U3 TPEX CIy4aeB 3arpy3KH, MHAEKC i — KaKIO€ HCCICIOBAaHHOE
MOBPEKICHUE WU TPYIIY IOBPEXKICHUH, a ¢ — KOJWYECTBO IOBPEKICHHH, KOTOPBIE HEOOXOIMMO
WCCIIeIOBATh ISl BEIYUCICHUS A, JUI1 KOHKPETHOTO COCTOSIHUSI 3arpy3KH;

.2 U1 IOYy4eHHsI MAaKCUMaJILHOTO MHAEKCA A 75l JAHHOTO JIeNICHHsI Ha OTCEKH, ¢ JOJKHO OBITH PaBHO
001IeMy KOJIM4eCTBY MOBPEXACHUH 7.

3 Ha npakTuke coueTaHusi MOBPEKACHUH, KOTOPBIE NOJKHBI OBITH PACCMOTPEHBI, OrPAaHUYMBAIOTCS
b0 3HAYUTENFHO YMEHBIICHHBIM BKJIAJOM B WHIEKC A (T.e. 3aTOIUNICHHMEM 3HAYUTENBHO OOJBIIIX
00beMOB) OO MPEBBIIEHUEM MaKCUMAIBFHO BO3MOKHOM JITMHBI MTOBPEKACHUS.

4 Unnekc A noapasaensieTcss Ha YacTHYHBIE (DaKTOPHI CIEAYIOMUM 00pa3oMm:

Pp: — GaKTop p MOTHOCTHIO 3aBUCHT OT T€OMETPUH JCICHUS CyAHA Ha BOAOHEIPOHHULIAEMbIE OTCEKH;

v; — (akTop V 3aBUCHT OT I€OMETPHM BEPTHUKAJIHHOIO BOJOHEHIPOHUIIAEMOTO JEJICHHs CylHa Ha
orcekn (mMamy0) W OCaaKy NMEepBOHAYAIFHOTO COCTOSHHA 3arpy3ku. OH MpencTaBiseT BEPOSTHOCTH TOTO,
YTO OTCEKU HaJ TOPU3OHTAIBHBIM JICTICHUEM He OYAyT 3aTOIUICHBI;

s; — (hakTOp § 3aBHCHUT OT pacCYMTaHHOH CHOCOOHOCTH CyJHA K BBDKHBAHMIO TIOCIE MPHHATOTO BO
BHUMAaHHUE MOBPEKACHHS IJIs1 KOHKPETHOTO MEPBOHAYAIBHOTO COCTOSHHA.

5 [l BbIUMCICHUSI HHAEKCA A HY>KHO UCIIONBb30BaTh TPU MIEPBOHAYAIBHBIX CiIy4das 3arpy3ku. Ciydan
3arpy3KH OMPENEIAIOTC X cpemHeit ocaakoit d, muddepentom 1 GM (umm KG). CpenHsst ocamka u
IuddepeHT MmoKa3aHbl Ha PUCYHKE HUKE.

Iocaoka na

pGGHbH? Kllio 7

R /

i Z
100%[60% == ! F
{7 “““““ e e . B o e

DKCnIVamayuonHwii -
oughcheperm Cpednar ocadxa

a
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6 Chauana MOXHO NPENNPUHATH MOIBITKY MONY4YHUTh 3HadeHust GM (unmu KG) mis Tpex ciydaeB
3arpy3Kd W3 KPUBOU TpenenbHBIX 3HadeHuH GM (wm KG), TOMydeHHBIX W3 YCIOBHH OOCCIICUCHHS
OCTOWYMBOCTH B HEMOBPEKICHHOM cOCTOSSHHH. Eciam TpeOyeMblii MHAEKC NIeJIeHHS Ha OTCeKH R He
JNOCTUTHYT, TO 3HaueHuss GM (nnmu KG) MOTYT OBITh YBENWYEHBI (MJIM YMEHBILEHBI), T.e. 000! ciydai
3arpy3KH B HEMOBPEXKICHHOM cocTosHMM W3 HHopMamuu 00 OCTOHYMBOCTH B HEMOBPEKACHHOM
COCTOSIHMHM JIOJKHO TeTepb COOTBETCTBOBATh KPUBOM NpenesnbHbIX 3HaueHni GM (mnu KG), nony4eHHoi
W3 YCIIOBHUH OOECIeYeHns aBapUHHOW OCTOWYMBOCTH ITyTEM JIMHCHHON HHTEPIOISAINHA MEXKIY TpeMs
3HaueHusIMu GM.

7 Jl1s cepuM HOBBIX IMACCAXHUPCKUX WM TPY30BBIX CYAOB, NMOCTPOECHHBIX IO OJHUM U TeM JKe
4epTeKaM, KakI0€ U3 KOTOPHIX UIMEET OJIHU U T€ K€ OCAIKHU dy, d), U d;, a TaKkKe OJMHAKOBBIE IPE/ICIbHBIE
3HadeHus GM u muddepenra, TOCTHKUMBINA HHJIEKC JISIICHUS Ha OTCEKH A, paCCUNTAHHBIHN JUJIsl TOJIOBHOTO
CyIHA CEepHH, MOXKET NMPHUMEHSTHCS M OpyTrux cymoB. Kpome Toro, HeOombImme pa3nuyus B ocajike d;
(M COOTBETCTBYIOIIME HM3MEHEHHMS B OCauKe d,) SABIAIOTCA HPUEMIIEMBIMHM, €CIM OHH BBI3BAHBI
HEOONBIIMMHU PA3NUYMSIMU B XapaKTEPUCTHKAaX Cy[JHA IOPOKHEM, HE MPEBBIIAIONIMMHU IPECIIOB
OTKIIOHEHUSI, YKa3aHHBIX B IpaBuiie 5.2. Eciau 3TH yCIIOBUS HE BBINIOIHEHBI, JODKEH OBITh PacCUMTaH
HOBBIU JTOCTVM)KUMBIM MHIEKC OEJICHUSI Ha OTCEKU A.

«ITocTpoeHHBIE TTO OIHUM W TEM K€ YepTe)KaM» O3HA4daeT, UYTO aCIeKTHl BOIO- M OpBI3TOHENpO-
HUIIAEMOCTH KOpIyca, Nepe0OpoK, OTBEpCTHH M JAPYTrHX 4YacTedl CyaHa, BIMAIONIME Ha pPacyeThl
JOCTIKMMOTO MHJIEKCa JEJICHUSI Ha OTCEKH A, ocTaroTcsl 06e3 KaKux-Tu00 N3MEHEHHH.

8 Jlisa maccakMpcKOoro WM TPY30BOTO Cy[JHA B OKCIUTyaTalldd, Ha KOTOPOM OBLIH IPOBECHBI
W3MEHEHWsI, CYIIECTBEHHO BIUSIONINE HA MPEIOCTABIsIEMYIO KannTaHy MHpopmanmio 06 ocTOHYNBOCTH U
TpeOyrolie MOBTOPHOTO KPEHOBAaHHS CyAHA B COOTBETCTBHHM C IPABIIIOM 5.4, TOIKEH OBITH PacCUMTaH
HOBBIM JTOCTHKUMBIA WHJEKC NeineHuss Ha oTceku A. OmHako B ciaydae M3MEHEHWH, KOraa MOBTOPHOE
KpEeHOBaHUE He TpeOyeTcsl U KOraa ocTaloTcs 6e3 N3MEHEHUH acleKThl BOAO- U OphI3TOHEIPOHUIIAEMOCTH
Cy/Ha, BIUSIONIME HA JOCTIKUMBIA WHIIEKC JEJICHHUS HAa OTCEKH A, mpU TOM, 4TO d, mpenenst GM u
nmuddepenTa ocraroTcs 0e3 N3MEHeHHI, HOBBIM JJOCTHKUMBIN WHAEKC JelIeHHs Ha OTCEKU A He TpeOyeTcs.

9 Jlna maccaXKMpCKUX CYAOB, MOAJIEKANINX B3BEHIMBAHMIO C MEPHOTUIHOCTHIO OWH Pa3 B 5 JIET, eCin
pe3yibTaThl B3BELIMBAaHMS HAaXO[ATCSA B Mpenenax, yKa3aHHBIX B IpaBWie 5.5, mMpu 3TOM dy, TpenenbHbIe
sHaueHust GM u nuddepenrta ocrarorcsi 6€3 U3MEHEHUH, HOBBIH TOCTHKUMBINA MHAEKC JIeJICHHSI Ha OTCeKH A
He TpeOyercsa. OHAKO €ClM Pe3yNbTaThl OCBUIIETENHLCTBOBAHHS BOJOW3MEIICHHS TTOPOKHEM IPEBBIIIAIOT
KaKoi-IIm0o M3 MpeNeNioB, yKa3aHHBIX B MpaBuile 5.5, JOIDKEH OBITh pacCUMTaH HOBBIN JOCTH)KAMBIN MHIEKC
JICNIEHHUs1 Ha OTCEeKH A.

10 [Ins 71060r0 HOBOTO MACCAXKHUPCKOTO WM TPY30BOTO CYyAHA, JUISI KOTOPOTO OTKJIOHEHHS
MIPEIBAPUTENIBHBIX XapaKTEPUCTUK CY/IHA TMOPOXKHEM OT MOCTPOEUHBIX 3HAUEHHH HaXOJATCS B Mpezesax,
yKa3aHHBIX B TpaBwie 5.2, u d, ocraercs 0e3 H3MEHEHWH, B KaueCTBE OKOHYATEIHHOTO pacdera
JMIOCTYDKAMOTO HWHJEKCa JelleHusT Ha OTCeKH A MOXKeT OBITh OHO0OpeH IpeABapUTENbHBINH pacuer
JIOCTIXKMIMOTO WHJEKCa NIeeHns1 Ha oTcekn 4. OmHaKo B Ciydasx, KOTJa 3TH YCJIOBHUS HE BBITIOIHEHEI,
JIOJDKEH OBITh PacCUMTaH HOBBIM AOCTM)KUMBIM MHAEKC JEJICHHUS Ha OTCEKH A.

IIpasuio 7.2

Ecnu 15t pa3nuvsbix TUQQEepeHToB BRITOIHIIOTCS JOMOIHUTENBHBIE PACYETH! JOCTHKUMOTO HHIEKCA
NENEHUs HAa OTCEKU A, pasHULA MEXIy 3HaueHusAMH auddepeHtoB s dy, d,, U d; IS KOHKPETHOTO
KOMIDIEKTa pacyeToB HE MOXeT IpeBbImaTs 1 % L.

IIpaBuio 7.5

1 Taxoke, Kak U A7 CIy4aeB OOPTOBBIX TAHKOB, CIIOXKEHHE JOCTHIKUMBIX MHJICKCOB JICIICHNS] Ha OTCEKH A,
JIOJDKHO OTpaXkaTh BO3JEHCTBHSI, OKa3bIBa€Mble BCEMH BOJOHEIIPOHHMIIAEMBIMH TIEpeOOpKAMH M KOH-
CTPYKIIISIMH, OTPaHHUYMBAIOIIMMH 3aTOIUICHWE B TIpEAeNax 30HBI TOBpexAeHHs. HeBepHo mpemmornarars,
YTO MOBPEXIEHNE Oy/eT JOKATH30BaHO B palioHe JUaMeTpalIbHOM IJIOCKOCTH M HE PHHUMAaTh BO BHIMaHNE
W3MEHEHHUS B JICJICHUH Ha OTCEKH, KOTOPbIE OTpaKall Obl MEHBIIME BKJIAJbI B MPOLIECC 3aTOIUICHHUSI.
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2 B HOCOBOI1 1 KOPMOBOM OKOHEUHOCTSX CY[HA, IJIe CEKI[MOHHAas IPHYHA MEHBIIIE, YEM IIMPUHA CyAHa B,
MIPOHUKHOBEHHE BOIBI BCIEICTBHE IONEPEYHOIO IOBPEXKICHUS MOXKET PACIpOCTPAHUTHCA 3a MPEIEIbI
IraMeTpatbHON mepebopku. Takoe HCIONb30BaHME 3HAYEHHUS MPOTSDKEHHOCTH (DIyOMHBI) ITOTIEPEedHOrO
TIOBPEK/ICHUSI COOTBETCTBYET METOIMKE HOPMAaIM3ALNK JIOKATW30BAHHOW CTATHCTUKH 110 HAWOOJbLICH
pacyeTHOM upuHe B, a HE 10 MECTHOM IMPHHE.

3 Koraa B kpaillHMX TOUKax KOpIyca Cy/lHa B HOCYy WJIH B KOpME JEJIEHHE Ha OTCEKU BBIXOAWT 3a
TpaHMLBl CaMOM BBICOKOW BaTEpIIMHMU JENCHHUS Ha OTCEKU, IyOuHa MOBpexIeHUs b unu B/2 nomxHa
MIPUHUMATHCA OT AWaMETPaIbHON MmIockocTH. Ha pucyHke Huke mokasana ¢opma auauA B/2.

Camas BEICOKasA
BAaTePIHHHA OeneHHA
Ha OTCEKH

I'my6una
ToEpexneHns b

MarcrmansHaz
ryOuHa
ToEpeskaeHua B2

- ——————e

NuHkA B/2

4 ITIpononpHble TopupoBaHHBIE MEPeOOPKH B OOPTOBBIX OTCEKAaX MM AMAMETPATIHHON IUIOCKOCTH
MOTYT paccMaTpUBaThcs Kak pPaBHOIIEHHBIE TUIOCKUE MepeOOpKH, NMPH YCIOBHH, YTO TIyOHHA rogpa Toro
)K€ TOpsAdKa, YTO M MOAKPEIUISIoNIas KOHCTPYKIHUS. OTOT K€ MNPUHLUI MOXET IPUMEHSATHCS K
norepeyHbIM roppUPOBaHHBIM MTepebopKam.

MpaBuio 7.6

Cwm. TlosicHUTENBHYIO 3aITUCKY K TIPaBHITy 7-2.2 MO YUETY CBOOOTHBIX MTOBEPXHOCTEH Ha BCEX CTAUIX
3aTOIUICHHUSI.

IIpaBuio 7.7

1 TpyOsl W KIiamaHbl, HEMOCPEACTBEHHO IPUMEBIKAIONIME K Mepedopke WM K Tairyde, WiIH
pacroio)keHHble K HUM HAaCKOJIbKO BO3MOXKHO OJIM3KO, MOTYT PacCMarpuBaThCs KaK 4acTh MepeOopKH
VI TIATyOBI, TIPH YCIIOBUH, YTO OTAEISIONIEE PACCTOSHUE 110 O0EHM CTOPOHAM MepeOOpKH W MaTyOsl
TOTO K€ TIOPSIZIKA, YTO MOAKPETIISAIONIast KOHCTPYKIUS nepebopku win namyOsl. To jxe camoe npumeHsieTcs
K HEOOJIBIIINM yIITyOJICHUSIM, COOPHBIM KOJIOJIAM U T.1I.

2 Jlnst cynoB junHOM A0 L = 150 M nojoxeHue o AOMyIIEHUH «HE3HAYUTEILHOTO MPOTrPECCUPYIOLLETO
3aTOIUICHHS» CJIelyeT OrpaHHYMBATh IMPUMEHEHHEM TONBKO K TpyOam, MPOXOMANINM Yepe3 BOAOHETPO-
HHIIAEMOE JIeeHHe Ha OTCEKH, C O0MIeil MIOmanbio MOMEPedHoro ceueHus He bomee 710 MM MexIy
JIIOOBIMU JIBYMsI BOJIOHEIIPOHHIIAEMBbIMU OTCeKamMu. Jliist cynoB anunoi L = 150 M u Gosee o0mas riomaib
MOTIEPEYHOr0 CeYeHUs] TPyO He JOJDKHA IMPEBBINIATH IUIOIIAIM ITONEPEYHOr0 CEYSHHS OIHOW TPYObI
nmuamerpom L/5000 m.
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ITPABHJIO 7-1 — PACYET ®AKTOPA p;

O0mme MoJI0KeHUA

1 Onpenenenus, NpuUBEACHHBIE HIDKE, NIpeIHA3HAYECHBI 1711 TPUMEHEHUS TOJIBKO B yacTH B-1.

2 B mpaBuiie 7-1 croBa «OTCEK» M «TPYIINa OTCEKOBY» JODKHBI IOHUMATHCS KaK «30HA» U «CMEXKHbBIE
30HBD).

3 3oHa — IPOIONBHBIN YHACTOK CyAHA B MpeAeiax JUIMHBI JEIEHUS Ha OTCEKH.

4 [lomemieHre — 4acTh CyAHA, OTpaHUYEHHAs epedopKaMu U HarybaMu, IMEIOIIMMHE OTIPEACIICHHYIO
MIPOHUIIAEMOCTb.

5 IpocTpaHcTBO — rpyma NOMEIIeHHH Ha 0OpTy CymHa.

6 OTcex — mPOCTPaHCTBO Ha OOPTY Cy[AHA B TpelesiaX BOJOHEIPOHHUIIAEMbIX TPaHHII.

7 lloBpexnenue — TpexMepHas MPOTSHKEHHOCTh MPOOOWHEBI CyITHA.

8 Ilpu ompemeneHuM 3HaUYeHUil p, v, ¥ U b MOMHKHO YUUTHIBATHCS TOJBKO MOBPEXKICHHE, IS
BBIUMCIICHUS 3HAYCHHSI S JIOJDKHO YUUTHIBATHCS 3aTOIUIEHHOE MPOCTPAHCTBO (CM. PUC. HUXKE).

H?Gl(](]f}b H06PENCOCHUA 3amonienrnoe Hnpoecimpanciingo
RNOKA3AHA ):‘(’HPHOI? JuHUEH 3AUIMPUXOCAHO

— [ [
[

Hpasuao 7-1.1.1 1

1 Koaddutmentst by, byo, bay 1 byy sABIsAIOTCS KOdhDUITEHTaMU B OMITMHEHHON (DYHKIIMHU TUIOTHOCTH
BEpPOSITHOCTH TI0 HOpMajn30BaHHOW mmHe ToBpexacHus (J). Koaddurment b, 3aBUCHUT OT TOTO,
aBisiercst MM Ly OGombiie win MmeHbine L* (T.e. 260 M); ocranbHble KOXQQHUIUEHTH ACHCTBHTEIHHBI
HE3aBUCHUMO OT 3HAYCHHUS Lj.

IIponosbHOE neleHre HA OTCEKH

2 Jlis TOATOTOBKHM K pacueTy WHJeKca A JUIMHA JeJeHHs Cy[IHa Ha OTCeKW L, moppasjersercs Ha
HEKOTOPOE KOJUYECTBO OTICIBHBIX 30H TOBPEXKICHHUS. OTH 30HBI TOBPEKACHHS OYyIyT OMPEICISTH
WCCIICIOBAaHUE aBApUMHON OCTOMYMBOCTH METOJIOM pacueTa OTICIBHBIX KOHKPETHBIX MOBPEKICHUN.

3 TouHbIX TpaBWI MPOAOIBHOTO JICNICHHUS KOPIyca Ha OTCEKH HE CYILECTBYET, 3a MCKIIOYCHHUEM TOTO
MOJIOXKEHHMS, UTO JJIMHA JCTCHUS CyIHA Ha OTCEKH L OnpeaenseT OKOHEYHOCTH 30H. [ paHUIIBI 30H HE TOJDKHBI
00s13aTeIbHO COBMAATh C (PU3MUECKUMI BOAOHENPOHHUIIAEMBIMH TpaHuiiaMu. OIHaKO TIaTeNbHAs pa3padoTKa
CTpaTeTHH J3TOTO JENeHWS BaXXHA IS TOJTYYEeHHUS XOpOIIero pesynbTara (T.e. OONBIIero 3HaYeHUS
JIOCTIKMMOTO MHJEKCa ACJICHUS Ha OTCEKU A). Bce 30HBI U coueTaHusi CMEXHBIX 30H MOTYT BHOCUTH CBOM
BKJIaJ] B 3Ha4YeHHE HMHAEKca A. B OCHOBHOM OXHAaeTcsi, 4TO YeM OOIbINe TPAHUI] 30H UMEET CYIHO, TeM
Oompiie OyzieT JOCTMXKUMBIA MHAEKC JENIEHNST Ha OTCEKH, HO 3TO NMPEMMYIIECTBO HE JOJDKHO TPHUBOINUTH K
VBEIMYEHHUIO 3aTpaT BPEMEHH Ha BBIUUCICHUSA. PUCYHOK, TIpWBENCHHBIN HIDKE, TOKA3bIBACT pPa3TMIHBIC
MIPONIOIBHBIC 30HEI, HA KOTOPBIE MOJPA3ICIICTCs JMHA L.



COOpHUK HOPMAMUBHO-MEMOOUHEeCKUX Mamepuanos, kuuea 26

17

N\ - ]

Z1 72 Z3

Z1 z2 23 | Z4 Z5 6 T Z8. 79 710 Z1

A
v

4 lepBbIif mpuMep — O4YeHH TPyOOE JelleHre Ha TPH 30HBI MPHOIM3UTENFHO OJMHAKOBOTO pa3Mmepa,
rpaHUllbl KOTOPBIX COBIAJAIOT C TpaHUIIaMU ACJICHUA NJIMHBI Ha TPU YaCTH. O)KI/IZ[aeTCH, YTO BEPOATHOCTDH
TOTO, YTO CYJHO BBDKMBET IPH 3aTOIUICHMHM OJHON M3 Tpex 30H, OyaeT HHU3KOH (T.e. (akTop § MMeer
MaJIEeHbKOE 3HaYE€HUE WM PaBEH HYIIIO0), U, IOATOMY, ITOJIHBIH JOCTI>KUMBII HHIEKC JeJIeHNsI Ha OTCEeKU A
OyZeT COOTBETCTBEHHO HEOOIBIIMM.

S Bo BTOpOM mpuMepe pacloiaokKeHHE 30H COBIAJAET ¢ BOJOHENPOHUIIAEMBIM YCTPOUCTBOM Cy[HA, C
y4aeToM OoJiee MEJIKOro MoApa3AeeHUs] Ha OTCEKH (HampuMep, JeJIeHHs IPOCTpaHCTBa ABOMHOrO 1aHa). B
3TOM Cllyyae UMEETCsl OOJbLIe IAHCOB ISl TOCTHOXKEHHS OoJiee BBICOKMX 3HaUC€HHH (hakTOpOB .

6 Ecnu Ha cygHe ycTaHOBIIEHBI IOIEpedYHbIE rOQpPUPOBAHHBIE IEPEOOPKH, OHU MOIYT paccMaTpu-
BaThCS KaK DKBHBAICHTHBIC TUIOCKHE ITepeOOpPKH, P YCIOBUH, YTO TIIyOMHA TO(pa TaKoTo K€ MOPSIKa,
YTO U TIyOMHA KOHCTPYKIIMH, CITy’Kallei peOpoM KEeCTKOCTH.

7 TpyOel M KiIamaHbl, HENOCPEACTBEHHO IMpHJIETAlOIIMEe TaK OJM3KO, HACKOJBKO MPAKTHUECKU
OCYILIECTBUMO, K TIONEPEYHOI nepebopKe, MOTYT CUMTAThCsl YacThl0 NMepeOOpKHU, €CIIM OHU PACTIONIOKEHBI
¢ 00enx CTOPOH Ha PACCTOSIHUM TOTO XK€ MOPsAKa, YTO KOHCTPYKLHS, IPUIAOLIast >KECTKOCTb NepedopKe.
To ke OTHOCHUTCS K HEOOJIBIIUM yCTynaM, OCYIIUTEIIbHBIM KOJIOAIAaM M T.II.

8 s ciyuaeB, xorma TpyObl M KJamaHbBl HE MOTYT paccMarpHBaThcs KaK YacTh MOMEPEYHOH
nepeOOpKH W MPEACTABIAIOT COO0OH PHUCK MPOTPECCUPYIOMIET0 3aTOMJICHUS A IPYTUX
BOJOHETIPOHHUIIAEMBIX OTCEKOB, BIMAIOLIMX Ha IONHBIA AOCTHXXKHMBIH HMHAEKC A, Takue TPyObl HIU
KJIallaHbl JOJDKHBI pacCMaTpHUBaThCs Kak MPUOABISIIOIIHUE elle OOHY 30HY IOBPEXKICHHS 100 BCICACTBUE
IPOrPECCUPYIOLIET0 3aTOIUIEHHUS COCEJHMX OTCEKOB, MO0 IIyTeM [00aBlIE€HHUS OINOJHUTEIBHOM
MPOOOUHBIL.

9 TpeyroiabHMK, HM300pa)KEHHBIH Ha PHUCYHKE HHXE, WIUTIOCTPUPYET BO3MOXKHBIE IOBPEXACHUS,
3aTparMBarollie OJHY WM HECKONBKO 30H Ha CyIHE, AeJICHHE Ha BOJOHENPOHHUIIAEMBbIE OTCEKH KOTOPOTO
COCTOUT U3 CEMH 30H. TpeyrojbHUKM Ha HIKHEHW JIMHUM O0O3HAYAIOT MOBPEXKICHHS OXHOW 30HBI, a
TapajuIeIorpaMMBbl — TIOBPEKICHHUS CMEKHBIX 30H.
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Makcumansnas
dnuHa nospexdoeHus

10 B kadectBe mpuMepa, TPEyrojbHHK IOKa3bIBA€T MOBPEXICHHE, MPU KOTOPOM 3aTallIMBAIOTCS
MOMEIICHNS B 30HE 2, a MapajulellorpaMM TIOKa3bIBaeT IOBPEXKACHHE, MPH KOTOPOM OTHOBPEMEHHO
3aTaIlJIMBAIOTCS ITOMEIIeHus B 30Hax 4, 5 u 6.

11 3akpamrenHas 001acTh WLTIOCTPUPYET BIUSHUE MAKCUMATBLHOW a0COMIOTHOM JTHHBI TIOBPEXKICHHUS.
®daxTOp p I TPYNIBI U3 TPEX WK O0JIee CMEXHBIX 30H PaBeH HYJIIO, €CJIM JUIMHA TPYIITBl CMEXHBIX 30H
MOBPEXKICHUSI MUHYC JUUIHA CaMbIX ONIM3KMX K KOPME W HOCY 30H MOBPEKACHUS B OOLIEH TpyIme 30H
MOBpEXIEHUs OOIbIIIe, YeM MaKCUMalbHasl [UIMHA TToBpexaeHus. [IpuHsaTie qaHHoro pakTa BO BHUMaHUE
TIPH BBITIOJTHEHWH AENCHHsI Ly MOTIIO OBI OTPAaHUYUTH KOJIMYECTBO 30H, OMPEENIEMBIX I MAaKCUMalIbHO-
T0 YBEJIMYECHUS JOCTHKUMOTO MHIEKca A.

12 Tak xak ¢axTop p CBA3aH C ACJCHUEM CyAHA Ha BOAOHEIPOHHILAEMBIC OTCEKH, KaK MyTeM
YCTaHOBKU TPOJOJBHBIX TPAHUIl 30H MOBPEKICHUS, TAK M IMOMEPEYHBIM JIEJICHHEM OT 0OopTa CyaHa J0
JM000T0 MPOJOIBHOTO Gapbepa B 30HE, TO BBOIATCS CIEIYIOIINE HHIEKCHI:

J: HOMEp 30HBI NMOBPEKIACHUS, HauMHaromuiicst ¢ Ne 1 B kopme;

1 KOJMYECTBO PAcCMaTPUBAEMBIX CMEKHBIX 30H MOBPEXKICHUS, T/I€ j SIBISIETCS KOPMOBOW 30HOM;

k: HOMep KOHKPETHOH MpOJONBbHOW MepeOOpKH, CiIyKamed O0apbepoM Ui MOMEPEYHOr0 MPOHUKHO-
BEHHMS BOJIbI B 30HY IIOBPEXKICHUS, OTCUHTHIBAEMBIH OT OOMMBKK OOpTa IO HANPABICHHUIO K
IraMeTpallbHON mtockocT. boproBas obmuBka nMeeT Ne 0;

K: obmiee KoIM4eCTBO TpaHUI] 10 TTyOMHE MPOHNKHOBEHHUS TOBPEKICHHUS,;

Djnk: KOOQQUIMEHT p i TOBPEXICHHA B 30HE j U crnefyromux (n—1) 30HaX B HOCy OT j,
MOBPEXKICHHBIX IO MPOIOJILHON TIEpeOOPKH k.
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ToabKO MPOA0JILHOE AeIeHHE HA OTCEKH
OpHa 30Ha TTOBPEKICHUS, TOJEKO MPOIOJIGHOE eJICHNE Ha OTCEKH:

pj,l = p(xlj, x2j)

xT. X2
] Ji

. 30Hbl f
n=1: nospexoeHa 1 30Ha

I[BC CMCIKHBIC 30HBI, TOJIBKO MPOAOJIBHOC ACJICHUC HAa OTCCKU:

DPi2=p(xl;, x2;41) —p(xl), x2)) —p(x141, x241).

YxKe yymeHo

.30HbI | Jj+1
n=2: nospexoeHsbl 2 30HbI
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TpI/I U 0ojiee CMEKHbBIE 30HBbI, TOJBKO MPOAOJIBHOC ACIICHUC HAa OTCCKU!

Pj,n:P(XIj, x2j+n—l)_p(x1j: x2j+n—2) —P(leﬂ, xzj+n—1)+P(X1j+1, X2j+n—2)-

'YiKe yumeHo

x1}. x1}.+1 x2}.+n_2 x2j+n_1

30HbI | J+1 Jj+n-1
n=3: nospexdeHb! 3 30HbI

IIpaBuio 7-1.1.2

Ilonepeunoe denenue nHa omceKku 6 30He NOEPEIHCOCHUSA

1 TIloBpexxneHue Koprmyca B KOHKPETHOM 30HE MOXKET MPOHUKHYTH BCEro JMIIb 3a INpeesbl
BOJIOHETIPOHUIIAEMOT0 KOpIyca Cy[AHA, a MOXET M pPacHpOCTPaHUTHCS AalbIle, N0 HANpaBICHHIO K
JUaMeTPaIbHON IUIOCKOCTH. ISl OmMcaHusi BEPOATHOCTH NPOHMKHOBEHMS TOJBKO B OOPTOBOH OTCEK,
MCTOIB3yeTCsl (aKTOp BEPOSTHOCTH #, OCHOBBIBAIOUIMICA TJIABHBIM 0O0pa3oM Ha 3HAYEHWH TITyOWHBI
NPOHUKHOBEHUS b. 3HaueHHWe » paBHO 1, ecnu TIyOMHa MPOHMKHOBEHWS paBHA B/2, tne B sBisercs
MAaKCHUMAJIbHOM INUPUHOM CYIHA IPH OCAJKE, COOTBETCTBYIOLIEH YPOBHIO CaMOW BBICOKOM BaTEpIMHUU
JeneHus Ha oTceku dg, u r = 0, ecitu b = 0.

2 I'myOuHa nNpoOHUKHOBEHMs b U3MepsieTcss Ha YPOBHE OCaIKU IIPU CaMoOil BBICOKOH BaTEpIMHHUU
JISJIEHUS] Ha OTCEKH d; KaK MOMEePEeTHOe PacCTOsTHUE OT O0pTa Cy[Ha MOJ MPSMBIM YTIIOM K AHaMeTpaIbHON
IUIOCKOCTHU J10 IIPOJOJIBHOIO Oapbepa.

3 B tex cimyd4asx, Korga CyniecTBYIOLIas BOJOHENPOHHUIAaeMas nepebopka He SBISETCS IOCKOCTBIO,
napajuieJIbHOM HapyXHOH OOIIMBKE KOpIyca, 3HaueHHE b JOJDKHO ONPENENATHCS ¢ TOMOIIBIO YCIOBHOM
JIMHUY, OTACILIIOICH 30Hy OT HapyXHOH OOIIMBKM KOpIIyca Tak, YTOObI OTHOIIEHHE b/b, COOTBETCTBO-
Bajio BeIpakeHuto 1/2 < bi/b, < 2.

4 Ilpumepsl TaKWX YCIOBHBIX JHHHUU pa3/eNeHusl MOKa3aHbl Ha pHCYyHKe Hike. Kaxnaplii pucyHok
MPEACTABISCT OAHY 30HY MOBPEKACHUS HA YPOBHE TUIOCKOCTH BATEPIMHHUH dy, a IPOAONIbHAs Tiepebopka
NpEACTaBIsIET caMOe BHEIIHEE MOJOKEHHE MepeOopKH Hike dg + 12,5 M.
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b(=2b) b s b(=28)
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Hap}-urmx{ ; ¥y Hapyxcnan |
oouuara = = ooulexa 5 .
= = R } =
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Hapyxﬂax¢ b “*T
ocOwieNa ;
|- = B —

.1 ecnu momnepevHoe IeNeHne Ha OTCEKU IEePeceKaeT BaTepIMHUIO IIPU HauOOJIbIIeH OcajKe JIeJIeHHs Ha
OTCEKU B IIpefiesax 30Hbl, b PaBHO HYJIIO B 3TOH 30HE JULI TAKOTO IIONEPEYHOIO ASNEHHs Ha OTCEKHU, CM. puC. 1.
3Havenue b, He paBHOE HYIIO, MOXET OBITh MOJY4YEHO ITyTeM BKIIOUEHHS JOMOJHUTEIBHON 30HBI, CM. pHC. 2.

—————————— -~ I —p =
Hapyxeraz
oPunsa
b, =0
it 5,
IE’1
§ s
5=0 Hapyeras
obwueRa
Puc. 1

.2 ecnu BaTepJMHUSA MPH HAMOOJbBIICH OCajKe JCICHUS HAa OTCEKH Ha OOPTY OJHOKOPIYCHOTO CymHA
BKJIFOYAET YaCTh, B KOTOPO MHOXKECTBEHHBIC MIOTIEPEUHbIE KOOPIHHATHI (1) COOTBETCTBYIOT MPOIOJIBHOMY
pacmoyioKeHuIo (x), sl pacdeTa b MOXKET MCTOIB30BaThCS CIPSIMIICHHAS dTajlOHHAs BarepyimHus. Eciam
BBIOMpAETCsl TAKOW MOAXOJ, IIepBOHAYAIbHASL BATEPIMHUS 3aMEHSIETCSl OTHOAIOIIEH KPUBOH, BKITIOUAIOIIEH
CIIPSIMJIEHHBIE YYacTKU, NEPHEHAUKYISIPHbIE IUAMETPANbHOM INIOCKOCTH, A€ HPUCYTCTBYIOT
MHOXECTBEHHBIE TIONIEPEYHBIE KOOPIUHATHI, CM. puc. 1 — 4. MakcumanpHas morepeyHasi MpOoTsHDKEHHOCTh
MOBPEXKACHUSI B/2 NOMMKHA TOTJ]a PACCUMTHIBATHCS OT BATCPIUHUW WM 3TATOHHOW BATCPIUHHH, SCIH
MPUMEHUMO, TIPU HAHOOJbIIeH OCajiKe NEICHHs Ha OTCEKH.
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Fre Hapyvaenaa obunera’ Smazanias Hapysicnan obuusgra/
eamepauHuz ey GUMEPTUHUA .. -
= OelicmeumensHas - QellcimeumensHas
GAMEPAUHUA eamepauHIA
X2
Puc. 1

Hapyoicnaa oGuiuera/
oeilcmeumensHaa
eamepauHUa

Hapyxcnaa obuuska/ Imanownan
oeticimsumencHal eamepILHIUA ~
B8aAMepIuHIA

Smanonnan
BamMepIuHUA

X1 3oHa X2 ) 3oHa xn
Puc. 3 Puc. 4

5 Ilpu pacuere 3HaYSHWIA » U1l TPYMIIBI U3 ABYX WM 0OJiee CMEXKHBIX OTCEKOB 3Ha4CHHE D SBIIAETCS
oOIIMM /I BCEX OTCEKOB B 3TOM TpyIe M PaBHBIM HaWMEHbIIEMY 3HA4€HHUIO b B 3TOH rpymre:

b = min{blst,' . "bn}ﬁ

e 7 — KOJMYECTBO OOPTOBBIX OTCEKOB B ATOM IPYIIIE;
by,bs,...,b, — cpenHue 3Ha4eHUsI b A1 OTACTBHBIX OOPTOBBIX OTCEKOB B IPYIIIIE.

Haxonnenue p
6 HakoruieHHOE 3HAa4YeHUE p IS OJJHOM 30HBI WM TPYIIIBI CMEKHBIX 30H ONpeAesieTcs o Gpopmylie

k=K,
Din=2d=1"Djnjeo

rae K;,, — oblee KOMMYECTBO by AN PACCMATPHBAEMBIX CMEKHBIX 30H;
Jjtn—1
K=Y K,
J
‘ ‘ ‘ BamepnuHusi
npu ocaoke d:
b4 bt brin-11 P
b.
b 52
K
J J+1 Jn-1

7 Ha pucyHke BbIIIe MOKa3aHbl 3HA4Y€HUS b Ui CMEXHBIX 30H. 30HA j WUMEET IBE TPaHULBI
IPOHUKHOBEHHMSI M MOXET Takxke pacupocTpansaTscsi no [Il, 3ona j+1 umeer oxHy rayOuny
NPOHUKHOBEHUS b, u 30Ha j+n—1 nMeeT ofHO 3HaUYeHHE AJS ITyOMHBI IPOHUKHOBEHUS b. CocraBHbIE
30HBI OyayT mMeTh (2+1+1) deTwslpe cnemyromue 3HaUYeHHUS TTyOWHBI TMPOHWKHOBEHUS b (B moOpsAIke
BO3pacTaHus):

(by13bj+1,15Dj4n — 1.150;.23b; ).
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8 U3 BBIpaxkenus i 7 (X, X, b) CIeyeT, 4TO pacCMaTrpUBaeTCs TOILKO OXHO 3HaueHue b;, K. UToOk!
CBECTH K MUHUMYMY KOJIMYE€CTBO BBIYMCICHHM, OMMHAKOBBIC 3HAYCHHS b MOTYT OBITh BHIYEPKHYTHI.
Tak kax b;; = bjy1,1, TO OKOHYATETBLHOE BBIPAKEHUE 171 b OylIeT CieqyroIMM:

(bj, 1 ;bj+n — 1,1;bj,2;bj,K)-
Ilpumepvl cocmaenvix 30H, UMEOUWUX pa3Hble 3HAYeHUs b

9 Ilpumepsl codeTaHwsi 30H IOBPEKICHHUS M OINPEICIICHUS IOBPESKICHUNH IaHBI HA PUCYHKAX,
npuBeAeHHBIX HimKe. OTcexn o6o3HaueHsl kak R10, R12 u T.a.

e 5 LA
R32
R10 R20 ;
R31 b,
1] Hapyxras
obwueka
- 3oHa 1 - .30Ha 2 - 3ona 3 -

KomOuHupoBaHHOE moBpexaeHre 30H 1 + 2 + 3 BKJIIOYaeT OrpaHHueHHOE MPOHHKHOBEHHE
Ha TIyOuHY b3, IPHU 3TOM TOJTYYAIOTCS J[BA MOBPEIKICHUS:
1 — Ha TiyOuny b3, ¢ 3aromienuem orcekoB R10, R20 u R31;
2 — Ha Tmy6uHy B/2, ¢ 3aromiennem orcekoB R10, R20, R31 u R32.

-t — =A4r
R12 R22 R32
R11 [i, Ri'izim""r%— *
| bﬁ R31 bs
* Hapy»xHas
= = | obwuska
BoHa 1 30Ha 2 30Ha 3

KomOuampoBaHHOE moBpexaeHne 30H | + 2 + 3 BrimovaeT 3 pa3HBIX OrpaHHYCHHBIX
MIPOHUKHOBEHUS B PE3yAbTaTe TIOBPEKIECHUS, TIPH ITOM TOIYJAIOTCS YEThIPE TIOBPEKICHUS:
1 — Ha tiybuny bs, ¢ 3aromienuem otcekoB R11, R21 u R31;

2 — Ha myOuHy b,, ¢ 3aromieHueM oTcekoB R11, R21, R31 u R32;

3 — Ha mmyOuHy by, ¢ 3aromierneM otcekoB R11, R21, R31, R32 u R22;

4 — na myouny B/2, ¢ 3atorutenuem orcekoB R11, R21, R31, R32, R22 u R12.

ar
R22 R32
t 1
R21 e R31 b3
i = — = i - A — _ I | HapyxHas
- - - - obwuska
= 3oHa 1 —— 30Ha 2 — 3o0Ha 3 e

KomOuaupoBaHHOE moBpexaeHue 30H | + 2 + 3 BKiIo9aeT 2 pa3HBIX OrpaHHMYCHHBIX
NPOHUKHOBCHHS B pe3ynbTare noBpexaeHus (b < b, = b3), Ipu 3TOM MOIYYAOTCSA TPU MTOBPEKICHHUS:
1 — Ha tyOuny b, ¢ 3aromieHuem orcekoB R11, R21 u R31;

2 — Ha TiryOuHy b,, ¢ 3aToruieHreM otcekoB R11, R21, R31 u R12;

3 — Ha my6uny B/2, ¢ 3aroruienneM orcekoB R11, R21, R31, R12, R22 u R32;

10 TToBpexxaeHue, UMeIOIIEe MOMEPEUHYIO MPOTHKEHHOCTh b U BEPTUKAIBHYIO MPOTSKEHHOCTh H>,
NPUBOJMT K 3aTOIJICHUIO Kak OOPTOBBIX OTCEKOB, TaK M TPIOMA, B TO BpeMs Kak IpH 3HaueHUsX b u H,
3aTaIuTMBACTCsl TOJIBKO OOPTOBOM OTCEK. PHCYHOK, MpHBENCHHBIN HUKE, WILTIOCTPHPYET MOBPEKACHHE B
paiioHe YaCTUYHOM OCANKH JENCHHS HAa OTCEKU d,.



COOpHUK HOPMAMUBHO-MEMOOUHEeCKUX Mamepuanos, kuuea 26

25

Qcadka npu camotl
BLICOKOL BaMEPNUHUL

Yacmuuras deneHuA Ha OMCekt d:

ocadka deneHua
Ha omceku dy

11 To ke neWCTBUTENBHO, €CIIM 3HAYEHUS b BBIYMCIAIOTCS JUIS KOHCTPYKLHH KOPIyca, MMEIoIeit
HaKJIOHHBIE CTEHKHU.

12 TpyOs! 1 KJIamankl, HEMOCPEACTBEHHO MPHJIETAIOIINE K TIPONOIBHON MepeOOpKe WT PacoNoKEeHHbIE
HACKOJIBKO BO3MOYKHO OJTM3KO OT Hee, MOTYT CUMTAThCS YaCThIO MePeOOPKHU, €CITN OHH PACTIONOXKEHBI IO 00eHM
CTOPOHAM TepeOOpKH Ha PACCTOSIHUM TOTO K€ TOpsIKa, YTO W KOHCTPYKLMS, MPUIAIOMAs >KECTKOCTb
nepedopke. To ke oTHOCHTCS K HEOOJBIIMM YCTYIIaM, OCYIIUTEIbHBIM KOJIOAAM U T.II.

ITPABIJIO 7-2 — PACYHET ®AKTOPA s;

OO0mue moJoxkeHus

1 IlepBoHayanbHOE COCTOSHME — CIydall 3arpy3Kd B HEMNOBPEXKICHHOM COCTOSIHUHM, KOTOPBIM
HEOOXOAMMO YYWTHIBATh TPH aHAJIHM3E TMOBPEXKACHUS, XapaKTEepHU3YIOIIeecs CpeaHed 0cCaaKoil, BepTH-
KaJbHBIM IIEHTPOM TSDKECTH W TUPQPEPEHTOM; WIH APYTUMH MapaMeTpaMH, U3 KOTOPBIX ATH 3HAYCHHUSI
MOTYT OBITH OIIpeJelieHbl (HarmpuMep, BOAOU3MELICHUE, MeTaleHTpuueckas Beicota GM u auddepeHt).
CymecTByIOT TpH NEpPBOHAYAIBHBIX COCTOSHHUSA, COOTBETCTBYIOIIUE TPEM ocaakam: d,, d, u d;.

2 Ilpenensl NOrpyXeHHUsI — MACCUB TOUEK, KOTOPBIE HE JOKHBI IIOTPY>KAThCA IIPU Pa3IMYHBIX CTAIUAX
3aTOINICHNUS, KaK yKa3aHo B mpaswiax 7-2.5.2 u 7-2.5.3.

3 OtBepcTHs — BCe OTBEPCTHS JOKHBI OBITH PACCMOTPEHBI, KaK HEMPOHHUIIAEMBIE TP BO3CHCTBUU
MOpsl, TaK U OTKpBITHIC (He3alMIIeHHBIE) oTBepcTUsl. OTBEPCTHS MPEACTABIAIOT COO0M caMblil BasKHBIH
(hakTOp, KOTOPBIH MOXET MPEAOTBPATHTh HEMPAaBHIbHOE OompesenieHne uHaekca A. Eciau ypoBeHb BOABI
MOJHMUMAETCS HACTONBKO, YTO 3aTalUIMBAE€T HIDKHIOI KPOMKY JIO0OTO OTBEpCTHS, 4Yepe3 KOTOpoe
MPOUCXOANT TIPOTPECCHpPYIOIIee 3aTolieHne, (aKkTop § MOXKET OBITh IepecurTaH, yUWUTHIBAasS TaKoe
3arorieHre. OmHAaKO B 3TOM Clydyae 3Hau€HHE S JOJDKHO Takke OBITh BBIUMCIEHO W 0e3 ydera
MIPOrPECCUPYIONIEr0 3aTOIIEHHS M COOTBETCTBYIOIIEro OTBepcTHA. HanMeHbllee 3HaueHHE S JOJKHO
OBITh MPUHSTO YIS OTIPENEICHUS BKIala B JOCTHKUMBIN HHICKC.

Mpasuio 7-2.1

1 B cnygasx, korga muarpaMMa CTaTHIeCKOH OCTOHIMBOCTH MOXKET BKITIOUATh B ce0s1 Oosee, 4eM OfimH
y4acCToK (((HpOTﬂ)KeHHOCTB») 3HAQUCHUM TOJIOKUTEILHBIX IIICY BOCCTaHABJIMBAaIOi€cro MOMCHTa JId
KOHKPETHOM CTaauu 3aTOIUICHHUA, TO AJIS LieJiel pacueToB TOJIBKO OAWH HEMPEPHIBHBINA MONOKHUTEIbHBIM
Y4acTOK JTMarpamMMbl CTaTHYE€CKOM OCTOWYMBOCTH MOXKET OBITh HCIIONB30BaH B Ipeeiax JOMYCTUMON
HpOTfDKeHHOCTI/I/erHa. Paznmnunnie CTaanuu 3aTOIUICHHUA HE MOTYT HCIIOJIb30BAaTHCA B 021H01>'I auarpamme
CTaTUYECKOW OCTOMYMBOCTH.
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GZ ‘
lGZmaxl sznx ;
f I\ f 1
| M‘— > h Yeon
MpomaweHHocs 1 MpomaxeHHocTs 2 KkpeHa
61  G1  6 2

Puc. 1

2 Ha puc. 1 ¢daxrop s MOXKeT ObITh BBIYHCIICH M3 yIiIa KPeHa, MPOTSKEHHOCTH U COOTBETCTBYIOIIETO
3HAYEHUS] MaKCHMAJIbHOTO TIOJIOKUTEIBHOTO IUIeYa OCTOMYMBOCTH IEPBOIO KM BTOPOrO ydacTka
3HAUEHHWH TOJIOKUTEIBHBIX TUIEY BOCCTAHABIMBAIOMIMX MOMEHTOB. Ha prc. 2 MOXeT OBITh BBIYHCIIEH
TOJILKO OJMH (HaKTop s.

GZ

GZI!JBX

Yeon
lMpomsxeHHoCMB KpeHa

6. 6

Puc. 2

IIpaBuno 7-2.2

IIpomestcymounsvie cmaouu 3amonyeHus

1 Cnyyaii MTHOBEHHOTO 3aTOIUICHHMS B IIOMEIIEHHAX, HE HMCEIOIIMX OapbepoB B paiioHE 30HBI
NOBPEKACHUS, HE TpeOyeT pacyeToB NPOMEXKYTOYHBIX CTaauil 3aromiieHus. Ecmu ans ciydaeB
HPOTPECCUPYIOIIETO 3aTOIUICHUS, 3aTOIUICHUS Yepe3 I'PaHUIIbI, HE SBIISIOIINECS BOIOHENPOHUIIAEMBIMHU
b0 crpsMIICHHST HEOOXOAWMBI pacyeThl MPOMEXKYTOYHBIX CTaJUil 3aTOIUICHUS, TO OHH JOJDKHBI
OTpakaTh IIOCJIEOBATEIFHOCTh 3aTOIUICHUS, a Takke (a3l ypoBHeW 3amonmHeHHs. Pacuersr s
MPOMEKYTOUHBIX CTaJHi 3aTOIUICHHUS JOJDKHBI BBIIONHATHCS BO BCEX CIIydasX, KOIa CHpsSMIICHHE He
HPOUCXOJUT MTHOBEHHO, T.€. CHPSMIICHUE NMPOMCXOAUT 3a Bpems, npesbimatomee 60 c. Takue pacuerst
YUYHUTBIBAIOT HOCTYIUIGHHE BOABI 4Yepe3 OXHO WM Oosiee 3ajJMBAaeMBIX (HE SIBISIOIIUXCS BOJOHEIPO-
HUIIAEMBIMH) JIN0O, 3aTOTUICHHBIX C TPOTHBOMOJIOKHONW CTOPOHBI C IENBI0 CIPSIMICHHUS, MPOCTPAHCTB.
[epebopku, okpyxkaromue pedprKepaTopHbIe MOMEIICHHUs, MOMEIICHUS YCTaHOBOK ISl COKUTaHUS
Mycopa, a TakKe MPOAOJIbHBIE MEepeOOpKH, OO0OPYIOBaHHBIE HE BOJOHENPOHUIIAEMBIMU JBEPSMHU,
ABJSIFOTCS TUIMYHBIMH MIPUMEPaMH KOHCTPYKLHMH, KOTOPbIE MOTYT 3HAYUTENIBHO 3aMEIJIUTh CIPSIMIICHHE
IPH 3aTOIUIEHHH OCHOBHBIX OTCEKOB.

I'panuyvr 3amonnenusn

2 Ecnmu otcek copepKUT mnamyObl, BHYTPEHHHE IEpeOOpKH, DIIEMEHTHl KOHCTPYKLUUH H JBEPH
JOCTaTOYHOH TEPMETHYHOCTH U NMPOYHOCTH, KOTOPBIE MOTYT 3HAYHUTEIBHO OIPAHUYUTH ITOTOK BOJBI, JUIS
Heyneil pacyeToB MPOMEXKYTOYHOHM CTaJuM 3aTOIUICHHS STOT OTCEK JOJDKEH OBITh paslesieH Ha
COOTBETCTBYIOIINE HEBOAOHENPOHHUIIAEMbIE OTCEKH. [IpHHIMaeTcs, 9TO HEBOAOHENPOHHUIIAEMOE JIeTIeHHE,
YYUTBIBAEMOE B pacuerax, OrpaHHuMBAeTCs NepedopKkaMi OTHECTOMKOCTH Kiacca «A» U HE OTHOCHUTCS K
nepebopkaM OTHECTOHKOCTH Kiacca «By», 0OBIYHO HCIONB3yeMBIX B JKWIIBIX MOMELICHUSX (Harpumep,
KalOThl X KOPUAOPHI). DTO PyKOBOACTBO TaKKe NPUMEHUMO K mpaBuity 4.5. s moMerieHust ABOMHOTO 1HA
B Ka4eCTBE I'PaHUIl 3aTOIUICHUS JIOJDKHBI pacCMaTpUBATBCS, KaK MPABHJIO, TOIBKO IVIABHBIE MPOIOIbHBIC
KOHCTPYKIIMU C OTPAaHUYCHHBIM KOJMYECTBOM OTBEPCTHH.
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Pacuem nocnedyrwowiezo 3amonnenus

3 Jlma Kaxaoro CIeHapus TOBPEXKICHHUS IepBOHAYANbHAS CTAAWS 3aTOINICHUS OMPEISIAeTCs
pasMepoM TOBPEKACHHSI U €T0 MECTOIOJIOKEHHEM. PacueThl MOMDKHBI BEITIOTHATHCS MMOATAIHO, MPUIEM
KKJBIA 3Tal JOJDKEH COCTOSITh, MO KpaHeW Mepe, M3 JIByX IMPOMEXKYTOUHBIX (pa3 3aTOTUICHHS, KpOME
KOHEYHOHM (pa3bl A KaXIOro 3aTaluiMBaeMoro moMerieHus. [lomerneHus, He MMEIole 0aphbepoB B
paiioHe MOBpeXICHUS, JOIDKHBI CUUTATHCSl MTHOBEHHO 3aTaruinBaeMbIMu. Kaknas mocneayromnas craaus
BOBJICKAET B IIPOIIECC 3aTOIUICHUS BCE MPHUIIETAIONINE TTIOMEIIEHH, 10 TeX Top, ToKa He OyIeT JOCTUTHYTa
HEMPOHHWIIaeMasl TpaHWIAa WIM KOHEYHOE IIOJIOKCHWE paBHOBECHA. 3a HCKIIOUYCHHEM CIIydacB, KOTaa
MpoIecC 3aTOIUICHUST MOJEIHUPYETCS C UCIOIb30BaHHEM METOJa BPEMEHHOIO HWHTEpBaia, KOrna
CIIEJICTBHEM CTaJUM 3aTOIUICHUS CTAHOBUTCS aBTOMATHYeCKOe cpabaThIBaHHE YCTPOMCTBA MEpeToka U
JIOCTHKCHUE HE SIBJISFOIICHCS BOIOHEIIPOHUIIAEMOM TPaHMIBI, MPEANoNaraeTcs, YTO aBTOMAaTHYECKOE
cpabaTeIBaHHE YCTPOWCTBA IMEPETOKA MPOUCXOIUT HE3aMEIIUTEIFHO W 0 TOTO, Kak OydeT HapyIlIeHa
HEBOJIOHETIPOHUIIaeMast TpaHuIia. Ecin u3-3a KOH(UTypaIuu JENeHsI Ha OTCEKH Ha CyTHE OXHUIACTCS,
YTO JPYTHE MPOMEXKYTOUHBIC CTAJUU 3aTOIUICHHSI SIBIISTIOTCS 00Jiee OMACHBIMH, 3TH CTAIUHU JOJKHBI OBITH
HCCIIENOBAHEL.

.1 Ut KaKIo# cTamuy 3aTOIUICHHUS (332 UCKITIOYCHHEM KOHEYHOH CTaInW) MTHOBEHHBIN IOITePEUHBIH
MOMEHT BIIMBIICHCS 3a00PTHOM BOJIBI pACCUUTHIBAETCS B MPEATIONIOKCHIH ITOCTOSTHCTBA 00heMa BOIBI TIPH
KaxaoM yrie kpeHa. Kpusasi GZ pacCUuThIBaeTCs MPU MOCTOSHHOM BOJIOM3MEIICHUH B HEMTOBPEKICHHOM
COCTOSIHUM Ha BCEX CTAaJUSAX 3aTOIUieHUs. TpeOyeTcs MPUHSATH TOJBKO OAHY CBOOOJHYIO IOBEPXHOCTH
BOJIBI B TIPOCTPAHCTBAX, 3aTOIUICHHBIX B TEUCHHUE IAHHOW CTallvU.

B koHeuHOM OJTame KaxaoW CTaAWM YpPOBEHb BOABI B 3aTOIUICHHBIX BO BPEeMsS OSTOH CTamuu
MTOMEIICHUSAX JTOCTUTAET HAPY)KHOTO YPOBHS 3a00pTHOHM BOMBI, MIOATOMY MOXKET HCIOIB30BaTHCS METO.
MOCTOSTHHOTO BOJIOM3MEIICHUs. Takoil ke Ccrmoco0 NpUMEHSETCS K KaXA0H MOCIeayroled cTaauu
(mo0OaBieHHBIH 00BEM BOJBI C IMOCTOSHHBIM BOJIOM3MEIICHUEM B HEIMOBPEKICHHOM COCTOSHHUHM JUISL BCEX
3TAIoB JI0 HACTYIIJICHUs KOHEYHOTO JTarna JaHHOW CTaJliu), TOTJa KaK Kax/as U3 NpeAbIyIIuX CTaAni Ha
KOHCYHOM 3Talle MOXET OBITh pacCurWTaHa C MPUMEHEHHEM METOa ITOCTOSHHOTO BOIOW3MEIICHHS.

B mpumepax HmKe MPOWUTIOCTPUPOBAH YIPOIICHHBIN MMOCIEIOBATCIBHEIN MOMX0A K 3aTOIUICHUIO U
CIIPSIMIICHHIO B TIPOMEXKYTOUHOHM cramuu. [10CKONMBKY HE YYHTHIBAIOTCS OJHOBPEMEHHOE 3aTOIUICHHUE U
CIIpSIMJICHHE, JI000€ COOTHOIIEHHWE BPEMEHU W 3aTOIUICHUS MPU TAaKOM TMOCIEAOBATEIHHOM IOAXOMAC
JIOJDKHO PacCYUTHIBATHCS KOHCEPBATHBHO. [IpreMIeMbIMU TakKe SBISIOTCS ajJbTEPHATHUBHBIE ITOIXOIBI,
TaKue KaKk MOJICITMPOBAHUE 3aTOIICHHS C HMCITOJb30BAaHHEM METOJIa BPEMEHHOTO MHTEepBajIa™.

Ipumep 1. 3nauumenvroe nogpesicoeHue ¢ yCmpoucmeom nepemoxa

Cramus 0. JJomKHO CUMTATBCS, YTO JJIsI HEOTPAHWYEHHBIX MPOCTPAHCTB B Ipelenax MOBPEKICHUS
HACTyTMaeT MIHOBEHHOE 3aTOIUICHUE (MPOMEKYTOUHBIC 3TAIBI HE paccMarpuBaroTces). [lpumensiercst meton
MOCTOSIHHOTO BOJOHM3MEIIEHUS, TOCKOJIBKY 3TO KOHEUYHBIH JTam. [lpm ycioBum, 4TO CyaHO He
MIEPEeBOPaYNBACTCS. U OCTAeTCsl B TOJOKEHWH HA IJIaBy, NIPU KOTOPOM MOXKET HaudaThCs CHpsSMIICHHE,
cragus 0 MOXKET He NPUHUMATHECA BO BHUMAHHUE NPU PACYETE Syycr0r, MOCKOIBKY MEPBas MPOMEKYTOIHAS
cTajaus, KoTopas A0JKHA PacCUUTHIBAThHCS, HacTymaeT yepe3 60 c. CM. Hike [losicHUTENbHYIO 3aITUCKy 5.

Tomemernns & paiioHe
TIOEPEKICHNAE, 3aTOMICHHBIE
MTHOBEHHO

Pazmep
TIOBpPETeHNE

- G

o o ol

Cmaous 1: 3amonnenue PACNONIOHCEHHO2O HANpomue nomewerus
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Tlomemenns, 3aTOILIEHHEIE Ha
TIpebIYIeM 3Tarle M yYTeHHbIe
MEeTON0M ITOCTOAHHOTO BEOJIOHIMEMEeHH

—

1 | [lobaeneHHOES 3aTOMIEHME C
I / / onHoit cE0DONHOIT TOEEPIHOCTEED
|
Tif . TMomemera. 3aTOILIEHHEIE C
s T TPOTHE OTIOIOKHOM CTOPOHEL
i
VYerpoiicteo nepeTora

HOMCE[EHHH: 3SATOTINIEHHEBIC HA
TNpedelIVIOEM 3TArE ¥ YMTEHHBIS
METOOOM IMOCTOAHHOT O EOIOMIMEIMEHMA

TIpomexyTouHENT 3TanT

_

|

/l HDMED]EH.HH= SATOIUIEHHBIE C
. TIPOTHEOMOIOXKHOH CTOPOHEL H
! VYITEHHBIE METOHOM

MOCTOAHHOTO BOJIOM3M eI eHHa

Koneunsit stan HC})BOI—:I CTaoMHM 2aTOIMUICHHA

Ipumep 2. Hesnauumenvhoe nogpedcoenue ¢ 3amonieHuem u CHpsAMIeHuem

Cragust 0: JIomKHO CUMTAThCS, YTO JUIsI HEOTPAHWYEHHBIX MPOCTPAHCTB B Mpeesax MOBPEXIECHHUS
HacTynaeT MTHOBEHHOE 3aToIUIeHHe (IPOMEKYTOUHbIE ATAMBl He paccMaTpuBaroTcsi). Ilpumensiercs meton
MOCTOSIHHOTO BOJOM3MEIIEHUS, IMOCKOJIBKY 3TO KOHE4YHbIH sTam. [lpu ycrmoBum, 4rto cygHO He
TIEPEBOPAYNBACTCS W OCTAETCS B MOJIOKEHUN Ha IIIaBY, MPH KOTOPOM MOKHO OCYIIECTBHUTH CHPSMIICHHE,
cragus 0 MOXKET HE NPUHUMATLCS BO BHUMAHME IIPU PACUETE Syycr0r» TOCKOIBKY IIEPBAs MPOMEKYTOUHAS
cTajaus, KOTopas JAOJKHA PacCUUTHIBAThCS, HacTynaeT yepe3 60 c. CM. Huxke [losicHUTENbHYIO 3aIUCKy 5.

Tomemetusa B paiione
[OBPeXIeHIS, 3aTOMLIEHHEIE

|
e N |
|
Hospeete Pt | MTHOEEHHO
. i —

=

Cmaous 1. 3amonnenue uepes He naiydy, He A6IAOULYIOCA B0OOHENPOHUYAEMOU
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1
| Tlomemerna, 3aTOUICHHEIE HA

i TIPELITYMEM STAIE I yITEHHEIS

i MEeTONOM MOCTOAHHOTO BOTOMIMEM EHIA

|
\ JaTorueHHOE ITOM CmeHMNa

Brnyemasca sona nobaenaeTca ¢ ogHO
obmeit cEobonHO# TTOEePXHOCTERY

IpomeskyTo4HELT 3Tan

| Tlomemenns, 3aTOMIeHHBIE HA
| TIpedBIOYIEM 3Tafle M YITeHHBIE
%4 METONOM TIOCTOAHHOTO BEONOM3ME eHHA
o i
—_— H
I —
| —

_

3aTomnenxoe TIOMEMEHIIE.
YYTEHHOE METOIOM MOCTOAHHOIO
BOTIOH3IMEm eHIA

Koneuneiit stan HE:pBO]‘»‘I CTamHy 3aToTIEHHA

Cmaousa 2. Cnpsamnenue
HDME]I[EH'MSL 3ATOILIEHHEIE HA
MPEOBIOYVIOHX 3Tardx 1 YITEHHBIC
METOIOM IMTOCTOAHHOIO EOAOHMIMENEHHA

S

Bnuemascs Boza ¢ onHoit

/ cE0DOTHOH MOBEPXHOCTEIO
|
i
] : Vi TMomemerme, 2aTomIeHHOS
| ’/ B IeJAX CIpAMIEHIA

VetpoiicTeo nmepetoka

TMpomerxcyTouHEIT 3Tan

TNomemerna. 3aTOTLIEHHEIE Ha
OpefBIyIHX 3TAlax 1 YITeHHBIE
METOIOM [MOCTOAHHOIO BEOJON3MeeHHA

! IMomemeHne, 3ATOILUICHHOE B LIEIAX
| ! [ CIPAMICHAA H YYTCHHOE METOIO0M
T MOCTOAHHOTO BOTOMIMEMeHNA

Koneunelii 3tan BTopoii crannu

Ilepemoxu/cnpamnenue

4 Kak npaBuiio, IepeToK — 3aTOIUIEHUE HEMTOBPEXKAECHHOTO IIOMEIIEHUS Cy/IHA JUIsl yMEHBIIEHHS KpeHa
B KOHEYHOM MOJIOKEHUN PaBHOBECHS.

5 Bpems mepeTroka JOIDKHO PAacCUUTBHIBATBCA B COOTBETCTBHU C «llepecMOTpeHHOH pexoMeHAanuen o
THIIOBOM METOJIE OLCHKH YCTpPOWCTB meperoka» (pezomouus MSC.362(92)). Ecnm momHoe crnpsmiienue/
NepeTeKaHne JKUIKOCTH MIPOUCXOIUT B TeueHHe 60 ¢ WM MEHee, Takoe CIPSIMIICHHE CIEAyeT paccMaTpUBaTh
KaK MTHOBEHHOE, M HUKAKHX JAJIbHEHIINX pacueToB He TpeOyercs. Kpome Toro, B ciydasx, Koraa 3Ha4eHUe
Sfina = 1 mocturaercs 3a 60 ¢ WM MEHEE, HO TOJHOIO BHIPABHUBAHKS HE TIPOUCXOIUT, MOKHO MPHHSTH, YTO
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MMEET MECTO MTHOBEHHOE 3aTOILICHHE, €CJIU 3HAYEHUE Sf;,,; HE YMEHBLIUTCS. B OOBIX CiTyydasx, Koraa Bpems
NepeTeKkanusi )KUJIKOCTH MpeBbIaeT 60 ¢, 3HAUCHUE S;;,10;mediaze TOCTE 60 C SBJISETCS TIEPBOM POMEKYTOUHON
CTaaueil, KOTOPYI0 HY)KHO YYUTHIBaTh. TOJBKO TOCTOSIHHO OTKPBITHIE YCTPOMCTBA IMepeToka Oe3 KIIaraHoB
MOTYT CUUTAThCS d(PPEKTUBHBIMU B CITy4asX MIHOBEHHOTO 3aTOILICHHS.

6 ITpu ycnosuu, yto 3HaueHHe GZ cynHa OGonpuie 0 M CyAHO HAXOAWTCS B TAKOM IIOJIOKCHUH, U3
KOTOPOIO BO3MOMKHO CHPSMIICHHE, HET HEOOXONMMOCTH Y4YHTBIBATh CTaauio 0 1 pacdeTa Syucior
MTOCKOJIBKY TIepBasi MPOMEXKYTOUHAsI CTaIUsI, KOTOpas JOJDKHA OBITh pacCUMTaHa, HacTymaeT depe3 60 c.

7 Ilpu pacueTax CIpsMIICHUS B COOTBETCTBUU ¢ pe3omonueid MSC.362(92) momKHBI UCTIONB30BaThHCS
TOJIBKO YCTpPOICTBA MEepETOKa, MOTPYKEHHbIE HIDKE BHEITHEW BaTepiuHUU Ha cTaguu 0.

8 Ecnm momnHoe mepeTexaHue JKUAKOCTH MOXET OBbITh 3aBeplieHo B TeueHMe 10 MHMH WM MEHee,
OIICHKa BBDKMBAEMOCTH MOXET BBIMIOJHAETCA 1O (opMmylie, IpuBeAeHHOW B mpaBwie 7-2.1.1 (T.e. Kak
HAaUMEHBLIEE 3HAYCHUE M3 Sinsermediate W Sfinal™Smom.-

9 B cmyuae, ecnm Bpems cnpsmiieHus npeBbnuaet 10 MuH, S4,, PACCUNTHIBAETCS IS TOJIOKEHHS HA
TUIaBY, KOTOpoe JocTuraercs nocie 10 MuH BhIpaBHUBaHHA. DTO MONOKEHHE Ha TJIaBy PACCUUTHIBACTCS IyTeM
OTIpe/IeNieHHs] KOJIMYECTBa 3arloHsoeld BoAbl coracHo pesomormu MSC.362(92), ¢ ucrnonp3oBaHHEM
WHTEPIOISIIAN, TIPH KOTOPOH BpEMS BBIPABHUBAHUS IPUHUMAeTCsl paBHbIM 10 MUH, T.e. MHTEPIIOISINSI
00beMa TIO0TOKA BOABI MPOBOJUTCS MEXKIY ciaydasiMy 10 BbipaBHUBaHMA (7' = () ¥ 1O TPOIIECTBUH TTOIHOTO
TMO/ICYIMTAHHOTO BPEMEHHU BbIpaBHUBAaHMA. ISl CilydaeB MOBPEXICHUS, KOTJA JUIS PasiNYHbIX MPOCTPAHCTB
UCTIONB3YIOTCA pa3Hble YCTPOWCTBA MEPETOKa, €CIIM TpeOyeTcsi HHTEPIOHs pacueTa 00beMa BIIHMBLICHCS
BojIbI Tocite 60 ¢ w10 MuH Mexy ciaydaeM 1o crpsmierus (77 = 0) ¥ TOMHBIM pacCYMTaHHBIM BpeMEHEM
cpsiMyIeHHs, oOIiee BpeMsl CIPSMIICHHS IOJDKHO PAacCUHMTHIBATHCSA OTHENBHO YIS Ka)KIOTO YCTPOWCTBA
MepeToKa.

10 B mo0om cirydae, Koria BpeMst TIIOJIHOTO NEPETEKAHUS KUIKOCTU MPEBBIIAET 10 MUH, 3HAYEHUE Sjq7,
ucnonszyemMoe B (opmyne B mpasuiie 7-2.1.1 NOKHO OBITH MUHMMATILHBIM 3HAYEHUEM Sf,q 33 10 MuH
BBIPABHUBAHMS VJIH 32 TIOJIHOE BPEMs CIIPSMIICHUSL.

11 ®aKTop Sinsermediate,; MOKET OBITH MCHONB30BAaH Ul CTAAMH CHPSAMIICHUS, €CIIM OHM SIBIAIOTCS
MPOMEKYTOUHBIMA CTa/INSMH, COMPOBOXKAAEMBIMH IPYTUMH TOCIENYIOMUMH CTaIusSMH 3aTOILUICHUS
(HampuMep, CTaJuu 3aTOIUIEHUS IPOHUIIAEMOT0 OTCEKa).

Anvmeprnamueut

12 B kavecTBe albTepHATHBHI BHIIICONMMCAHHOM mporieaype B [1osSCHUTENBHBIX 3ammicKkax K mpaBury 7-2.2
JUTSL aHAJIM3a TPOMEKYTOYHBIX CTaJW{ 3aTOIUICHWS W OINpPENeJCHHS BPEMEHU CIPSMIICEHHS MOTYT
WCTIONIB30BAThCSl TIPSIMOM pacdeT ¢ NMpPUMEHEHHWEM THApOoauHaMHu4eckoro moxemuposanus (I7IM), momenm-
pOBaHME 3aTOIUIEHHUS METOJIOM BPEMEHHOTO MHTEpBajia MM MOJENIBHbBIE UCIIBITAHUSL.

IIpaBuno 7-2.3

1 3Ha4Y€HME Sj,q;; OCHOBAHO HA PACYETHBIX 3HAUCHUAX 11 GZ u [Ipomsadicennocmu IS NOIYYEHUS
s=1. Otu 3HaueHus onpenensAoTcs Kak 1GZ . U [Ipomsasicennocmo ;.

2 Echm mOBpeXAEHBI pO-pO TOMEIMIEHHS, MOXKET CYIIECTBOBATh BEPOATHOCTH CKOIIICHHWS BOABI Ha
naxy0ax 3TUX MPOCTPaHCTB. st ydera Takoil BEpOSITHOCTH B JIOOOM Ciydae MOBPEXKACHHUSA, B KOTOPOM
3aTPOHYTO PO-PO MOMELICHHUE, IS pacyeTa §; TOJDKHBI IPUHUMAThCs Oosee Bhicokue 3HaueHUust 1GZ,, . 1
IIpomsasceHHoCmb ygy,.

MpaBujo 7-2.4.1.2

[TapameTp «A» (mpoeknyns GOKOBOW IMOBEPXHOCTH CY/IHA BHIIIE BATEPIIMHUM), O KOTOPOM TOBOPHUTCS B
3TOM mnaparpade, He OTHOCUTCS K JOCTHXHUMOMY WHJAEKCY ACJICHUS Ha OTCEKU.

IIpaBuao 7-2.5.2.1

OmKpsimole/ne3aujuuieHHble 0meepcmus

1 VYron 3anmuBanHus OyJgeT OrpaHMYMBATHCS TOTPYKEHHEM Takoro oTBepcTus. Her HeoOxommmocTh
OTIpEETIATh KPUTEPHiA BO3BBILICHNUS HE3AIIUIIIEHHBIX OTBEPCTU B COCTOSIHUM PaBHOBECHS, T.K. €CIIH OHO
MOTpy3UTCs, AWamna3oH IOJOXKHUTEIbHBIX 3HAUYCHUH JUarpaMMbl CTaTUYECKOW OCTONYMBOCTH,
OTpaHMUYCHHBIX YIJIOM 3aJMBaHUs, OyIeT HYJIEBBIM, IO3TOMY S OyIeT paBHO HYIIIO.
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2 HezamuieHHOE OTBEPCTHE COSNUHSET JBa TIOMEIICHUS WM OJTHO TIOMEIICHNE W BHEIIHIOW CpPey.
HezammmenHoe otBepcTre He Oy/IeT YUUTHIBATHCS, €CITH 3aTaIUITMBAIOTCS 00a COeTMHEHHBIX MPOCTPAHCT-
Ba WJIM HE 3aTaIUIMBAETCs HU OAHO M3 HUX. Eciim oTBepCcTHE BBHIXOAUT HAPYKY, OHO HE YUUTHIBAETCS, €CITU
OTCEK, C KOTOPBIM OHO COEAMHEHO, 3aTamiuBaeTcd. HezammieHHoe OTBepCTHE HE HYXHO YUYHMTHIBATH,
€CJIM OHO COEIUHSET 3aTOIJIEHHOE OTJENEHHE WM BHEIIHIOI0 CTOPOHY HEMOBPEXKIEHHOIO OTIENEHU,
€CJIM 3TO OT/eJeHHEe Oy/lIeT CUUTAThCS 3aTOIUICHHBIM Ha MOCIEAYIONIeH CTa UM 3aTOILICHHS.

Omeepcmus, 060pyo0osanHble CPeOCmMEaAMU 3AKPbIMUA, HENPOHUWACMBIMU HPU 8030€liCIEUN MOPA

3 ®axTop BBDKHMBaHUS s OyJIeT paBeH HYIIO, €CIH JII000E€ TaKOe OTBEPCTHE IMOTPY3UTCS B BOAY Ha
CTaJ1H 3aTOIUICHHS, KOTOpasi CUUTACTCSI KKOHEUHO». Takue OTBEPCTHS MOTYT OBITh 3aTOIJICHBI BO BpEMsI
CTaguu WK (Da3bl, KOTOpask CUNTACTCS «IPOMEXYTOUHOI» HIIH B TIpeesiaX MPOTsHKEHHOCTH, HaXOoAsencst
3a mpejeNiaMu yIiia paBHOBECHS.

4 Ecim otBepcTHe, 000OpyIOBaHHOE CPENCTBAMHU 3aKpBITHS, HETPOHUIIAEMBIMU TIPU BO3ACHCTBUHI
MOpsI, TOTPY)KAaeTCs B BOAY B COCTOSHMHM PAaBHOBECHS BO BPEMs CTaaUH TMOTPYKEHUS, CUHUTAIOIMIECHCS
MIPOMEKYTOUHOM, TO JOJKHO OBITh NMPOAEMOHCTPHUPOBAHO, YTO 3TO HEMPOHMUIIAEMOE MPU BO3ACHCTBUU
MOpsI CPEACTBO 3aKpPHITHA MOXET BBIJAEPkKAaTh COOTBETCTBYIOIIWI HAMOpP BOIBI M YTO CKOPOCTHIO
MOCTYTUIEHHS BOABI MOJKHO TTPEHEOpeYb.

5 Takue oTBepCTHSI TAK)KE OMPEAETSIIOTCS KaK COSTUHSIIOMIME Ba TOMEIIEHUS WIIH OJHO TIOMEIIEHHE
W BHEIIHIOI Cpely, U NP BO3HUKHOBEHHM BOIPOCA, YYUTHIBATh WX MU HET, MPUMEHSETCS TOT JKe
MPUHIIMIL, YTO | JJIs1 HE3aUIUILEHHBIX OTBEpCTHH. Eciu A MoCcTKeHUs «KOHEUHOW) CTaJNuH 3aTOIICHUS
paccMaTpHUBalOTCS HECKOJBKO CTaJHid, OTBEPCTHE, UMEIOIIEe 3aKPhITHE, HEMPOHHUIIAEMOE MPH BO3JICHCT-
BAW MOps, HE TpeOyeTcs y4WTHIBaTh, €CIM OHO COEIUHSET 3aTaluliBaeMoOe€ OTIeNICHHE WM BHEITHIOO
Cpenoy C HEMOBPEXIEHHBIM OTACICHHEM, €CIIH 3TO TOMEIIEHHE Oy[eT CUMTAThCS 3aTOIJICHHBIM B XOJIE
MOCIeAYIOMEeH «KOHEYHO» CTaluu.

IIpaBuno 7-2.5.2.2

1 YacTruuHOe TOTpYy’KEHHE B BOMY MalyObl MepeOOpOK MOXKET OBITh NMPHUHSTO IS CTaJAUNW KOHEYHOTO
MOJIOXKEHUST paBHOBecHs. J[aHHOE IMONIOYKeHHe TpaBwiia MPEeIHA3HAYEeHO JUIA 00eCIIedueHus IBAKyaIllu 110
3TOM mamybe K BepTHUKaJbHBIM NYyTSAM BBIXO#a O€3 MpemsTCTBHS BOAB Ha Naixyde mepebopoxk.
«'Opu30HTATIBHBIN MyTh 3BaKyall» B KOHTEKCTE TOTO MpaBWiIa O3HA4YaeT MyTh Ha mamyle mepebopoxk,
COCAMHSIONINI TTOMELICHUS, PAcloIOKEHHbIE HA 3TOW many0e M MoA HEH, ¢ BEPTUKAIBHBIMH ITyTAMH
BBIXOZIa HAPYXy ¢ mamyOsl mepedopok, TpedyeMbiMu B cooTBeTcTBHH ¢ riaBoi 1I-2 Konsenuuu COJIAC.

2 Topu3oHTaIBHBIE TIYTH SBaKyallii Ha MaiyOe MepeOOpOK BKIFOYAIOT TONBKO MYTH BBIXOZAA HApYXKy (000-
3HaYCHHBIC KaK MEXITYIaTyOHbIe COOOIeH s Kareropuy 2 comtacHo npasmry 11-2/9.2.2.3 Komseripm COJIAC
WIM KaK MEXTyrnanyOHble cooOleHus Kareropuu 4 comnacHo npapwiy 11-2/9.2.2.4 Koueenuuu COJIAC s
MacCAKUPCKUX CY/IOB, IMEPEBOSIMX He Oosee 36 MaccaXWpoB), HCHOJB3YyEMBIC ISl DBAKyallud W3
HETIOBPEX/ICHHBIX TOMEIICHUN. [OpU30HTAIBHBIE TIYTH 3BaKyallull HE BKITFOYAIOT KOPUIOpPHI (00OO3HAaueHHBIC
KaK TIPOCTPaHCTBa KOPHIOpPOB Kareropunm 3 commacHo npasmity 11-2/9.2.2.3 Komsenmmun COJIAC wm kax
MIPOCTPAHCTBA KOPHUIOPOB Kateropuu 2 comtacHo npaswry 11-2/9.2.2.4 Korsermm COJIAC mist maccakupcKux
CYJIOB, TIEpEBOSIIMX He Ooee 36 maccaXupoB) WM MyTH dBAKYaAIUH B MPEENax MOBPEKICHHOTO TTOMEIICHHS.
Hu omHa yacTe TOPH3OHTAIFHOTO ITyTH DBAKYalMH, BEAYILErO K HETOBPEKACHHBIM ITOMEILCHUSIM, HE JIOJDKHA
OBITH TIOTPY’KEHA B BOZY.

3 s; =0, ecn HEBO3MOXKHO JIOCTHYH MEXKYTAaTyOHOTO COOOIIEHHS, BEAYIIETO K MUTFOIIOYHON mayoe,
MPOABHUTASACH W3 HEMOBPEXKIEHHOTO IOMENEHUS B pe3ylbTaTe 3aTOIUIEHHS, IOMIEANIEro [0
«MEXIYNaryOHOTO COOOILICHUS» WM «TOPU30HTAIBHOTO MEXKAYMaTyOHOTO COOOIIeHHsS» Ha mnamyde
nepebopoK.

MpaBuio 7-2.5.3.1

1 Ilenpro HACTOSIIETO ITyHKTA SBIAETCS OOecredeHrne BO3MOXXHOCTH TOTO, YTOOBI HBaKyalludl depes
BEPTUKAJIBHBIN MyTh BBIXOJa HAPYXKY HE MPENATCTBOBaJA BOJa, Haymas cBepxy. Ilogoxenus: HacTosIIero
MYHKTa paclpoCTPaHIIOTCS Ha MEHbBIIHME MO pa3Mepy aBapUiHbBIC BBHIXOABI, B OCHOBHOM JIFOKH, KOTOPBIE
MIPH YCTAHOBKE HAa HUX BOJOHEMPOHHUIIAEMOTO WJIM HEMPOHUIAEMOTO IMPH BO3ACHCTBUHM MOpPS CPEICTBA
3aKpBITHS, HE CUYMTAIHNCH OBl OTBEPCTHAMH, Yepe3 KOTOPhIE MPOUCXOIUT 3aTOIICHHE.
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2 Tak kak mpaBWiia, CBSI3aHHBIC C OMPECICHUEM BEPOSTHOCTH, HE TPEOYIOT, YTOOBI BOMOHEIPO-
HUIIaeMbIe TepeOOpPKH OBLIM HEMPEPHIBHBIMU JI0 TalyObl TEepeOOpPOK, HEOOXOAMMO MPHHATH MEpHI,
KOTOPBIC obecreunyi 06 BO3MOKHOCTE OBaKyalluu U3 HETIOBPCKIACHHBIX HOMeIlIeHI/II\/’I YE€Ppe3 3aTOINICHHBIC
MOMEILECHNUS], HAIIPUMEP, ITOCPEACTBOM BOJOHEIPOHULIAEMON IIAXTHI.

—
— flany6a nepebopok

Bodonenporuyaemas BodoxenpoHuuaemas BodoHenpoHuuaeman

nepebopka nepebopka nepebopka

IIpaBuio 7-2.6
HpI/IBeI[eHHI)Ie HUKE PUCYHKH ITOKAa3bIBAIOT CBA3b MCKAY IMOJIOKEHUEM BOJOHCTIPOHUIIAEMBIX HaJ'IY6 B
paiioHe 3amaca IJIaBy4eCTH M MCIIONB30BaHHEM (aKkTopa vV MpH MOBPEKACHUIX HUKE 3TUX Malyo.

Briue samepiuHnn

H

B »TOM mpumepe mpencTaBieHBI 3 TOPHU30HTAIBHBIX
KOHCTPYKLIMU JEJIEHUS] HA OTCEKU, KOTOPBIE HYKHO y4YeCTh
: 1 4 $ 12,5m [KaK BEPTUKAIBHYIO NPOTSHKCHHOCTDH MOBPEKICHHUS.

= / d I[Ipumep mnoka3biBaeT, 4TO MaKCHUMaJIbHO BO3MOXKHas
BEepTHKAIIbHAS TPOTHKCHHOCTh MOBpeXIeHUS d + 12,5 ™
; pacmionaraercst mexny H, u Hz. H, npu dakrope vy, H, mpu
KR (haxTope v, > vy, HO v, < 1, u H; npu daxrope v3 = 1.

H:

H | ®akTophl Vi U V, T€ K€, YTO Ha PUCYHKE BHILIE. 3amac
H: IJIaBy4eCTH H3 JIOJDKEH NPUHUMATHCS KaK IMOBPEXKICHHBIN

H: 125m JIISL BCEX CITy4aeB MOBPEKICHUS.
Hitxice samepunuti CoueTaHue mOBpeXJAeHUNW nomemeHut R;, R, u R;,
T pacHloOJIOKEHHBIX HHXE HCXOAHOM HadyaJlbHOW BaTEpIIMHUU,
d JIOJDKHO BBIOMPAThCS TaKMM 00pa3oM, 4YTOOBI yUYUTHIBAIOCH
g; MOBpPEXKIICHUE TPU CaMOM HH3KOM (akTtope s. DTO YacTo
R3 1 MPUBOIUT K TOMY, YTO MOBPEXACHHUS, U3 KOTOPBIX MPEACTOUT

caenats BBIOOP, ITOJDKHBI PACCUUTHIBATECA W CPABHUBATHCS.
Ecmu mamyba, mpuHMMaeMmas B KadecTBE HIDKHETO IIpejena
Jona noepexcocHlla MOBPEXXICHNUS, HE ABISACTCSA BOAOHETIPOHHUIIAEMOH, HEOOX0IUMO
YUUTBIBaTh 3aTOILUICHHE HIDKHUX OTACICHUI.

IIpaBuiio 7-2.6.1
[TapameTps! x| U X, SIBISIOTCS TEMHU XK€, YTO apaMETPBI X| U X, O KOTOPBIX TOBOPUTCS B Mpasuie 7-1.
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IIpaBuno 7-3.2

ITPABIJIO 7-3 —- TIPOHUITAEMOCTD

1 MOFYT HCIIOJIB30BAaThCA CICAYIOMINUE JOMOJHUTCIIbHBIC 3HAYCHUA TPOHULIAEMOCTHU:

IpocTpancrBa I[ponumaemocTs npu I[IponnmaeMocTs mpu IIponnmaeMocTs nmpu
ocaake dg ocaake d, ocaake d;
I'py3 neca B Tpromax 0,35 0,7 0,95
I'py3 nepeBsHHOI TIETIBI 0,6 0,7 0,95

2 B OTHOIIGHHMH JIECHOTO MNanyOHOro rpys3a, cMm. upkyassp MSC/Circ.998 (YauduuupoBaHHas
unTepnperamus MAKO, kacaromiasicss JIeCHOTO MaiyOHOTO Ipy3a B KOHTEKCTEe TpeOOBaHWU aBapUiTHOMN
OCTOWYUBOCTH).

IIpaBuno 7-3.3

1 Yro kacaeTcsi MCHONB30BAHUS JPYTHUX 3HAUEHUH MPOHHMIIAEMOCTH, «ECIW OHH MOATBEPIKIEHBI
pacueTamMu», TO TaKMe 3HAYEHHs IOJDKHBI OTpakaTh OCHOBHBIE COCTOSIHMA 3arpy3KHM CylHa B TEUEHHE
NIEPUO/a €T0 KCIUTyaTalluy, a He KOHKPETHBIH Cllydail 3arpy3Ku.

2 IlonokeHus: HAaCTOSILIIETO MyHKTA MIPEAyCMaTPUBAIOT IIONPaBKy OTHOCHUTENIFHO IepecdeTa 3HaueHUH
npoHuaeMocTu. Ilepecder HOKEH MPOBOANUTHCS TONBKO B TEX CIIydasxX, KOTIa OYEBHIHO, YTO MMEETCS
3HAYNUTENBHOE PACXOKACHNE MEXIY JeMCTBUTENbHBIMY 3HAYCHUSAMHU U MPUBEIEHHBIMU B mpaBuiie. OH He
NpeAHa3HAYeH AJIsl yITy4qlIeHUs 3HaUeHHs JOCTHXKUMOTO MHAEKCA JISJIEHHS Ha OTCEKH ISl CyAHA OOBIYHOTO
TUNA MOCPEICTBOM BHIOU3MEHEHHS ONpPENEICHHBIX CYAOBBIX MPOCTPAHCTB, KOTOPBIE ONpENesieHbl Kak
o0ycioBIMBarOIINE HEOIaronpusATHBIE pE3yabTaThl. Bce NpeanokeHHs NOJKHBI pPaccMaTpUBATHCS
AnMUHHCTpanrel B KaXIOM KOHKPETHOM CIydae W JOJDKHBI OBITH MOATBEPKIECHBI COOTBETCTBYIOIINMHU
pacderamu U 00OCHOBAHHSIMHU.

MPABIJIO § — CIIENIMAJIBHBIE TPEBOBAHMSI K OCTOMYUBOCTH MACCAKHUPCKUX
CYJIOB

IIpasuio 8.1
Hacrosimee npaBmwio mpeaHa3sHAuYeHO A OOECIEYCHUs IOCTaTOYHOTO YPOBHS OE30IacHOCTH B
clly4ae, €Clii B KOpMy OT TapaHHOH NepeOOpKH pacIioiokeH OONBIION OTCEK.

ITPABMJIO 8-1 - BO3MOXHOCTHU CUCTEM H KCIINIYATAIHIMOHHAA TH®OPMALINUA
HA NACCAXKHUPCKHUX CYJAX B CJIYYAE IIOCTYIUVIEHUSA BOAbI

IIpaBujo 8-1.2

1 B KoHTeKcTe HACTOSILETO MPaBUIIa, CIOBO «OTCEK» MMEET TaKoe jK€ 3HaYCHUE, KaK OIpPEIeICHO B
npaBwie 7-1 Hacrosmed [losicHUTeNnbHOH 3amucku (T.e. TOMENICHWE Ha OOpTy CyIHa B Tpenenax
BOZIOHEIPOHHUIIAEMBIX TPAHHII).

2 Ilenblo HacTOANIErO MyHKTa SIBISETCS MpPEAOTBpAIlleHHE OOC3/BHKWUBAHHS CYJHA B pPe3yJbTare
JM000T0 3aTOTUICHHST OTPAaHUYEHHON MPOTSHKEHHOCTH. JIaHHBIA NPUHINI JOJDKEH MPUMEHSATHCS HE3aBH-
CHUMO OT TOTO, KaK MOXET MPOU30UTH 3aToruieHne. HeoOXomMMo y4YMTHIBaTh TOJNBKO 3aTOIUICHHE HIDKE
nanxyObl mepebopokK.
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MPABIJIO 9 — IBOMHOE JTHO HA ITACCAXKHUPCKHUX M I'PY30BBIX CVJIAX,
HE ABJISAIOINXCSA TAHKEPAMU

IIpasuiio 9.1

1 Hacrosimee mnpaBuiIO MNpeJHA3HAUYE€HO I MHUHUMHU3ALUU BO3JEHCTBHUS 3aTOILUICHHS H3-3a
HE3HAYMTENbHOM mocanku Ha Menb. Ocoboe BHUMaHUE HEOOXOOMMO YICNATh YSA3BHMOW 00nacTH
moBopoTa cKyiasl. Ecim mipu 060py0BaHNM HACTHIIA BTOPOTO THA HEOOXOJMMBI OTKIOHEHHS OT MpaBHIIa,
TO HEOOXOAUMO TPOBECTH OLEHKY MOCIEICTBUN TOTO, YTO 3aTOIUIEHHE OKaXKeTCs Ooliee OOIIUPHBIM, YeM
onpezemnserca B MpaBuie.

2 OmpepneneHue B OTHOLICHMHM TpeOoBaHHs 00 YCTpPOHCTBE ABOWHOIO IHA, «HACKONBKO 3TO
MPAKTHYECKA BO3MOXKHO M COBMECTHMO C KOHCTPYKIMEM M HOPMAlbHOW 3SKCITyaTalled CcymgHay,
MPOBOAUTCS AJIMMUHHUCTpAIMEN WM NPUHUMAETCA €10 WIM NMPU3HAHHOW OpraHu3aiuel, JehcTBylolen
OT €€ MMEHHU.

CoOmtonenne TpeGOBaHUA K OCTOMYMBOCTH B MOBPEXICHHOM COCTOSHMM B IpaBuie 9.8 He NOIKHO
paccMaTpuBaThCs B Ka4€CTBE SKBUBAJICHTHOI'O JOOPOBOJIBHOIO TPEOOBAaHMS 110 CPABHEHHUIO C YCTAaHOBKON
JIBOMHOTO JTHAa C pa3MepaMH, OTBEHAromWMHU TpeOoBaHUAM. [IprumHON 3TOMY SBIsIeTCs TOT (akT, UTO
3aTOIUICHHBI BOJOHENPOHUIIAEMBIN OTCEK, TAKOW KaK MAIIMHHOE ITOMEIIEHNEe, OTBevarolee TpeOOBaHHIO
K OCTOMYMBOCTH B TIOBPEKIEHHOM COCTOSIHUU B IIpaBuie 9.8, He ABIsIeTCS SKBUBAJIEHTOM 3aTOIJIEHHOMY
JIBOWHOMY IHY HIXKe 3Toro orceka. CoOmoneHue TpeOOBaHMI K OCTOWYHMBOCTH B IOBPEXKICHHOM
COCTOSHMM B TpaBuie 9.8 mpenHasHadeHO Ui 00eCleUeHHs] MUHHMAJIbHOTO YPOBHS O€30IacHOCTH B
CITy4asx, KOT/JIa YCTaHOBKa JBOWHOTO JHA HE SBIIAETCS MPAKTUYECKH BO3MOXKHOW WIIM COBMECTUMOHW C
KOHCTPYKLUEH U HOPMAJIBHOM 3KCILTyaTalluel CymHa.

IIpasuiio 9.2

1 3a uckiroYeHHEeM CUTyalui, MPeayCMOTPEHHBIX NpaBuiaamMu 9.3 u 9.4, yacTu ABOWHOrO JAHA, HE
OXBAaTBIBAIOIIUE BCIO NIMPHUHY CyIHA, KaK TpeOyeTcst B COOTBETCTBHUHU C NIPABUIOM 9.2, TOIKHBI CUMTAThCS,
JUTS TIEeJIeH HACTOSIIIETO TpaBuila, HEOOBIYHBIM YCTPOHCTBOM ABOWHOTO JIHA U IOJDKHBI PACCMAaTpPUBATHCS B
COOTBETCTBUU C MpaswioM 9.7. Hike npuBeaeH npumep.

B/20

1 .T>

_-__._._'___'_,___..-—-
\._..,

2 Ecn HacTu BTOPOro JHA PACOIOKEH BBILIE YPOBHS YACTUYHOM OCaJKM JEIEHUS HA OTCEKH d),, OTO
JOJDKHO CUUTAThCS HEOOBIYHBIM YCTPOWCTBOM JBOWHOTO JHAa M PacCMaTpUBaThCs B COOTBETCTBUH C
npasuioM 9.7.

IMpaBuiaa 9.3.2.2, 9.6 u 9.7

Jua rpy30BeIX cynoB mmmHON Meree 80 M (L) adpTepHaTHBHBIE THIIBI KOHCTPYKINH Ui 00eCTIedeHus
YPOBHSI O€30MaCHOCTH K YAOBJICTBOPCHHIO TPEOOBaHWNA ATMUHUCTPAIMH JOJDKHBI OBITH OTPaHHYCHBI
OTCEKaMH, He UMEIOIMMH ABOHHOTO JHA, MMEIOIIMMH HEOOBIYHOE YCTPOMCTBO AHUIIA WM UMEIOIIUMH
«IpYTO# KOIOJEI», MPOCTUPAIOIIUICS HUXKE TpeOyeMol BBICOTHI ABOWHOTO JIHA, KOTOpas OOINbIIE YeM
orpannyenue /4/2 umu 500 MM, ykazanaoe B ripasuiie 9.3.2.1. B takux ciyvasx cobnronenne TpeOoBaHuUs K
MOBPEXKICHUIO TTHUINA, yKa3aHHOe B TpaBwie 9.8, MOMKHO OBITh MPOJEMOHCTPHPOBAHO C YUYETOM
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JOMYLIEHUS O TOM, UYTO MOBPEXKIECHUE PACIIONOKEHO TOJIBKO MEKIY MONEPEYHBIMUA BOJTOHEIPOHUIAEMBIMU
nmepebopkaMu B OTCEKax, HE MMCIOIINX IBOWHOTO JHA, UMEIONINX HEOOBIYHOE YCTPONCTBO AHHINA WITH
MMCIOIAMHU «APYTOW KOJOEI», MPOCTHPAIONTUICS HUXKE TpeOyeMOoil BBICOTHI JTBOWHOTO ITHA, KOTOPAs
Ooupire yem orpanudenue A/2 wiu 500 MM, ykazaHHoe B npaBuiie 9.3.2.1.

IIpaBuio 9.6

1 JIrobast 4acTh MacCa)kMPCKOTO HIIM Tpy30Boro cyana jumHoi 80 M (L) m Oonee, Ha KOTOpOW, B
COOTBETCTBHH C TpaBwiamu 9.1, 9.4 u 9.5, He OBIITI0 00OPYIOBAHO IBOITHOE ITHO, JOKHA OBITH CITOCOOHA
BBIZICP)KMBATh TIOBPEKICHUS JTHHINA, O KOTOPHIX TOBOpWUTCS B mpaBmwie 9.8. llempro HacTosIero
MOJIOKEHUS SIBJISICTCS YTOYHEHUE OOCTOSTEIbCTB, MPU KOTOPBIX AJMHHUCTpAIUS JIOJKHA TOTPeOOBaTh
MPEeIOCTaBICHUE PACUCTOB, OMPEACISAIONINX, KaKie 3HAaUCHUS MPOTSHKEHHOCTH MOBPEKICHUS IPUHUMATD,
Y KaKHe KpUTEPUHU BDKUBAHHS HEOOXOMMO MPUMEHATH B CIy4asX, KOrja JBOHHOE JHO He 000pYIOBaHO.

2 OrnpezienieHNE «BOJIOHETIPOHUIIAEMbI» B IpaBuie 2.17 03Ha4aeT, YTO MPOYHOCTh HACTUIIOB BTOPOTO
JTHA ¥ JPYTHUX TPaHUIl, KOTOPBIE IPUHUMAIOTCS KaK BOJOHETIPOHHUIIAEMEIE, JTOJDKHA TTOTBEPIKIATCS, CITH
B KOHTEKCTE ATOr0 MpaBHJia OHU JTOJDKHBI CYMTATHCS 3((HEKTUBHBIMHU.

IIpasuao 9.7

YorpebieHne CIIoBa «IUIOCKOCTRY B TIpaBmile 9.2 He Moapa3yMeBaeT, YTo IMMOBEPXHOCTh HACTHIIA BTOPOTO
JTHA HE MOYKET UMETh YCTYIIOB B BEPTHKATHHOM HampanieHrHA. HebobIme yCTysl U yrryOlIeHuss MOKHO He
CUUTATh HEOOBIYHBIM YCTPOMCTBOM JIIs IIENeH 3TOro naparpada, eCiiv HU OJJHA YacTh HACTHJIA BTOPOTO JHA HE
pacronaraercsi Hie TI0CKOCTH, apaJUIeIbHOM JTMHUY KIS U PACIIONOKEHHON Ha PACCTOSHUU MO BEPTUKAII
He Ooiiee s, OTMEPSIEMOM OT JIMHHU KUJISI B PacCUMThIBaeMOM 110 (opmyie: 1= B/20. OTHOCHTEIBHO YCTYIIOB
1 ynIyOlleHui B paifoHe OOPTOBBIX TAaHKOB CM. MPaBWiIo 9.4.

B/20

IIpasuio 9.8

1 Jlna cynoB, K KOTOPHIM NPUMEHSIOTCS BEPOATHOCTHBIE TPEOOBAHUS K aBapHMMHONW OCTOHYMBOCTH,
yKazaHHBIE B 4YacTH B-1, TepMHH «Bce yCIOBHS HAarpy3Ku», WCIOIB3YEMBIH B HACTOSIEM ITyHKTE,
O3HaYaeT TPHU YCJOBHUSI HArPY3KH CO BCEMH 3HaueHHSIMHU JU((PEPEeHTOB, UCTIONB30BAHHBIMU IS pacdera
JIOCTHXHUMOT'O MHJIEKca JieNleHUs] Ha oTceku A. J[s cyaoB, K KOTOPBIM HE MPUMEHSIOTCSI BEPOSTHOCTHBIE
TpeOoBaHMs K aBapUHOH OCTOWYMBOCTHM 4YacTH B-1, TakuM Kak Tpy30Bble Cylda, OTBEYAroIlue
TpeOOBaHUAM JI€JIEHHS] Ha OTCEKH U OCTOMUYMBOCTH B IOBPEXKICHHOM COCTOSIHUM IPYTHX IOKYMEHTOB,
Kak gomyckaercs mpasmioM 11-1/4.2.1.2, u rpy3oBele cyma miamHON Menee 80 M (L), «Bce ycCIoBUS
Harpy3Ku» O3Ha4aeT, YTO TNpeJelbHble KpUBble WM TaOmuIlpl, Tpedyemble mpaBuioM 5-1.2.1, mOMKHBI
BKJIIOYaTh 3HAUCHHMSI, PACCUUTAHHBIE JJIsl TAKOTO K€ AMana3oHa OCaAKu U TuQQepenta, 4To U s APYTHX
NPUMEHUMBIX TPeOOBaHUI K OCTOHYMBOCTH.

2 Pa3meps! MOBPEXICHNS, YKa3aHHbIE B HACTOSILEM IIYHKTE, HOJDKHBI IPUMEHATHCA KO BCEM YacTAM
CydHa, TIIe He YCTPOCHO ABOWHOE THO, B COOTBETCTBHH C mpaBmwiamu 9.1, 9.4 u 9.5 u BKmo4arh B ceds
nr00ble CMEKHBIE TIOMELICHUS, PACIIOJIOKEHHBIE B MpejienaX MPOTSKEHHOCTH NMoBpexaeHus. Hebonpime
KOJIOZALBI B COOTBETCTBUM C mIpaBuioM 9.3.1 He ciemyeT 00s3aTelIbHO CUMTATH MOBPEKACHHBIMH, Ja)Ke
€CIM OHHM HaxoAiATcs B Ipeleiax NPOTSHKEHHOCTH IOBPEXACHUS. B03MOXHBIE MECTONONOKEHUS
MOBPEXXIEHUH MMOKa3aHbl HA PUCYHKE HIDKE (JacTH CynHa, HE 000pyZOBaHHBIE TBOMHBIM THOM, yYKa3aHBI
JIPYTUM IIBETOM; MOBPEXKACHUS, KOTOPbIE JOIDKHBI YUYUTHIBAThCA, 0003HAYEHBI MPSIMOYTOIBHUKAMH).
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IIpaBuio 9.9

1 Jlns ueneit onpeneneHus «OONBIIMX HIPKHUX TPIOMOBY», TOPH30HTAJIbHBIE IOBEPXHOCTH, UMEIOILIUE
TUTOMIAIh HETPEPHIBHON NamyOsl, 60mbmIyto, 4eM 30 % 1Mo cpaBHEHHIO C IUIOMAIbI0 BOJHON MMOBEPXHOCTH
MpH OCaJKe NpPH CamMOl BBICOKOW BATEPIIMHWUW JENEHHA Ha OTCEKH, JOJDKHBI HPHHUMATHCS Kak
pacroJoXKeHHbIE B JIOOOM MecTe MOBPEXICHHOW IUomaau cygHa. s amsrepHaTMBHOTO criocoba
pacdera MOBpPEXICHUS AHUINA IOJDKHA MPUHUMATHCS BEPTHUKAIbHAs MPOTSHKEHHOCTh B/10 mmm 3 M,
oTMepsieMasl OT JJMHUM KW, CMOTPSI IO TOMY, YTO MEHBIIIE.

2 VBenuueHHas: MUHHMAaJbHAs BHICOTA JBOMHOIO JHA, HMEoIas 3HayeHue He Oonee B/10 mmu 3 M,
CMOTpSI TI0 TOMY, YTO MEHBIIIE, IJIs TACCAKUPCKUX CYIOB C OONBIIMMHU HIDKHUMH TPIOMaMH, IPAMEHNMA K
TPIOMaM B IIPSIMOM KOHTAaKTe C JBOMHBIM JHOM. THIMYHOE YCTPOMCTBO HAKATHOIO MACCAXHUPCKOTO CyqHA
MOKET BKJIOYaTh OOJBIIONW HWKHUHM TPIOM C JONOJIHUTENBHBIMH TaHKaMH MEXAy OBOWHBIM THOM H
HIDKHUM TPIOMOM, KaK ITOKa3aHO Ha PUCYHKE BHHM3Y. B Takux ciydasx, BBICOTa JABOMHOTO JIHA, KOTOpasi,
Kak TpeOyercs, momkHa ObITh B/10 mam 3 M, cMOTpA IO TOMY, YTO MEHBLIE, JOJDKHA MIPUMEHSITHCS K
HIDKHEH many0e TproMa, BKITIodast TpebyeMoe 3HaueHUe BBICOTHI JBOWHOTO nHA B/20 nim 2 M, CMOTpS 110
TOMy, 4TO MeHblle (HO He MmeHee 760 MMm). Ha pucyHke HIDKE MPHBEIEHO THUIHUYHOE YCTPOHCTBO
COBPEMEHHOT'0 MapoMa Jyisl IIEPEBO3KU MMAaCCaKUPOB U aBTOMOOHIICH.
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ITPABIJIO 10 -KOHCTPYKIIUA BOJOHEITPOHUIAEMBIX ITIEPEBOPOK

IIpasuio 10.1
B oTHOmeHMM MOAXOAa K PACCMOTPEHHUIO YCTYNOB NalyObl MepeOOpPOK MAaCCaKUPCKUX CYIOB,

CM. TIOSICHEHHs K TpaBwiy 13, a B OTHOIIEHHM YCTYINOB MalyObl HaJBOAHOTO OOpTa IPy30BBIX CYIOB —

CM. TIOSICHeHMs K TipaBuiy 13-1.

IPABIJIO 12 — TIEPEBOPKH IMMMKOB U MAIIIMHHBIX IOMEIIEHWM, TYHHEJIHA
I'PEBHBIX BAJIOB U T. /.

Ipasuiao 12.6.1
Ha pucyHkax HIbKe NpHBEICHBI NMPHMEPHl TMOIXOASIINX YCTPOWCTB IMOBOPOTHBIX KIIallaHOB Ha

IPy30BBIX CyJax.
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J171s1 MOBOPOTHBIX KIIAMAHOB HEOOXOAMMO 00ECTICUHUTh BO3MOKHOCTh UX JUCTAHIIUOHHOTO YIIPABJICHHS,
[IOTOMY MPHUMEHSETCS CIeayIoIIee:

.1 JOKEeH MCIONBE30BATHCS TIPUBOJ] TBOWHOTO JICHCTBUS;

.2 TIpu MOTepe MUTAHMS MPUBOJ JODKEH OCTABaThCs B MOJIOKEHUH, B KOTOPOM OH HAaXOAUTCS; U

.3 mpu motepe MUTaHMS JODKHA CYIIECTBOBATH BO3MOXXHOCTh PYYHOTO YIIPABJICHUS MPUBOIOM.

Ipasuao 12.10

1 Ha rpy30BbIX cyaax KOpMOBas mepebopka MAIIMHHOTO OTICICHUS MOXET pacCMaTpHBAThCS Kak
axTepIUKOBasl epedopKa, MPH YCJIOBHH, YTO aXTEPIUK MPUMBIKAET K MAIIHHHOMY OTACJICHHIO.

2 Ha rpy30BBIX CyZax C BO3BBIIICHHBIM KBapTEPACKOM axTEPIHKOBas Mepedopka MOXKET OBbITh HE
JIOBEJIcHa 10 MaJyObl HAJBOJHOTO OOpTa, IMOCKOJBKY Nallyba HaJIBOMHOTO OOpTa HE JOBEICHA JI0
KOPMOBOTO TepreHauKymsipa. [Ipy ycnoBuM 4TO axTeprnukoBasi mepeOopKa ITOBEICHA N0 YPOBHS BHIIIE
camoil ry0OKOH Tpy30BOil BAaTepIMHMU M BCE MOAMIMITHUKU Oaisiepa pyJisi 3aKIIOYEHBI B BOJOHENPO-
HUIIAEMBIH OTCEK, U3 KOTOPOr0 HET MPSAMOro AOCTyNMa K IOMEIICHUSM, PACIIOJOKEHHBIM B HOC OT
axTEepIUKOBON MepeOOpKH, AJIMUHHUCTpAIMCH MOXET OBITh MPUHATO OKOHYAHUE aXTEPIIMKOBOW Mep-
e00pKHU Ha BOJIOHEIIPOHUIIAEMOI NanyOe HIDKe MaxyObl HaJBOJHOTO OopTa.
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IIpasuio 12.11

Ha rpy3oBbIXx cymax nelaByaHas TpyOa, 3akirouyeHHas B BOAOHEIPOHHIAEMOE IOMEIICHHE
yMepeHHOro o0beMa, Takoe Kak LIMCTepHA axTepluKa, B Clydae €ClIM BHYTPEHHMH KOHeEL AeiIBYyIHON
TpyOBl TIPOXOAWT B MANIMHHOE OTIEICHHE dYepe3 BOJOHEIMPOHHUIAEMYIO aXTepIUKOBYIO NepebopKy/
nepe6opKy MAIIMHHOTO OTAENICHHS, CUUTAETCS MPHEMJIEMBIM pEIICHHEM, OTBEYalolUM TpeOOBaHUSAM
HACTOSIIETO MpaBWiIa, IPU YCJIOBUU YTO BHYTPEHHHMH KOHEI ACHABYIHOW TPYyObl HaJEeKHO 3aKpHIT Y
aXTEpIHUKOBOH Mepebopku/mepeOOpkd MAIIMHHOTO OTHCNIEHHS NPH IMOMOIINM OJOOPEHHOH CHCTEMBI
BOJOHETIPOHHUIIAEMBIX/MACIIOHEIIPOHUIIAEMBIX CAJIbHUKOB.

ITPABIJIO 13 — OTBEPCTHUA HUKE ITAJTYBBI IIEPEBOPOK B BOJOHEITPOHUITAEMBIX
HEPEBOPKAX INACCAKHUPCKHUX CYJIOB

OO0mue moJioskeHUs1 — YCTynbl Ha Majiyoe mepedopox

1 Ecniu nomnepeyunble BOOOHETPOHUIIAEMbBIE MIEPEOOPKU B KAKOM-THOO MECTe Cy[JHa JOXOIAT A0 Oolee
BBICOKOM MaiyObl, oOpasylolieil BepTHKaJIbHBIA yCTynl B maidyOe mnepedOopoK, TO OTBEpCTHS, PacHo-
JIO)KEHHbIE B IIEpe0OpKe Ha YCTyIe, MOTYT PacCMaTPUBAaThCS PACIIONIOKEHHBIMHU HaJl Nany0oi nepeOopok.

B Takom cnydae Takwe OTBEPCTHs JIOJDKHBI COOTBETCTBOBATH TPEOOBAaHHSAM MpaBwiia 17 W JIOIKHBI
YUUTBIBATHCS MPU MPUMEHEHHUH TpaBuia 7-2.

2 Bce oTtBepcTusi B OOLIMBKE KOpIyca HIDKE BEpXHEH MalyObl BO BCEX MECTax STOM 4YacTH CyAHA

JOJDKHBI paccMaTpHBaTbhci Kak HaxXOISIIMECs HIKE ManyObl mepeOOpoK, Takke NOIKHBI MPHUMEHSTHCS
MOJIO’KEHMS TpaBuia 15, cM. pUCYHOK HUIKE.
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| |
1 Manyba nepebopok 2 CyumaemcA pacrnofoXeHHLIM 8bilie nanybsl nepebopok
3 bopm cydHa 4 Cyumaemca pacrnonoxeHHbIM Huxe nanybsl nepebopok

Ipasuao 13.2.3

1 JInst 3aKkpBITBIX cHUCTEM TpyOONpPOBOMOB COOJIOIEHNE HACTOSIIETO MpaBHUia JOCTUTAETCS ITyTeM
YCTaHOBJIEHHUSI OJOOPEHHBIX MPOXOI0B TPYyO B MECTax MEPECEUCHHsT BOIOHETIPOHUIIAEMBIX MEPe0OpoK, ¢
TE€M YTOOBI OCTABAJIUCHh HETMOBPEKIACHHBIMHU TPYOBI M3 JIETKOIUIABKOTO MarepHasa, pacroloKeHHBIE BHE
MPEJICIIOB TIOMEIICHUS, B KOTOPOM MPOM3OIICN MMoXap, U 4YTOOBl JHO0OE 3aTOIUICHHWE IOMEIICHHUS, B
KOTOPOM TIPOM3OIMIEN TOXKap, HE BBI3BIBAIO MPOTPECCUPYIONIETO 3aTOILICHHS 4epe3 TPYOOIpOBOIbI MIIH
MecTa Impoxoja Tpyo.

J1a OTKPBITBIX CHCTEM TPYyOOIPOBOJOB COONIOZCHNWE HACTOAIIETO MpaBHia JIOCTHTACTCA IIyTEM
YCTaHOBJIEHUS 0I0OOPEHHBIX TIPOXOJIOB TPYO B MECTax MepeceueHus BOJOHEPOHUIIAEMbIX IepeOOpOK, KaK
TpeOyeTcst i 3aKPBITBIX CHUCTEM TPYOOIPOBOAOB, M KPOME TOr0, KaXJI0€ COSAMHECHHUE TPyO C
BOJIOHETIPOHUIIAEMBIMHM OTCEKaMH JIOJDKHO OBITh OCHAIEHO 3allOPHBIM WJIM HEBO3BPATHBIM KIIAMAHOM,
IUTSL TIPEIOTBPAILEHHS IPOTPECCUPYIOIIETO 3aTOIUIEHHUS BO BpeMsI IoXKapa Yepe3 CHCTEMY TPYOOPOBOIOB.
B kadecTBe ampTepHATHUBHI YCTAaHOBKE 3allOPHOTO FJIM HEBO3BPATHOTO KiarmaHa TPyObl MOTYT OBITH
MIPOJIOXKEHBI BBIIIEC aBAPUUHOW BaTePIMHUM TaKUM 00pa3oM, 4TOOBI MPEIOTBPATUTH MPOrPECCUPYIOIIEE
3aTOIICHUE, C YIETOM TUHAMUKH JBIKCHHS CY[JHA B MOBPEXKICHHOM COCTOSHHUHU.

OmHako B KauecTBE allbTEPHATHBBI IPOTPECCHPYIONIEE 3aTOILUIEHHE MOXKET OBITh IMPHUHSTO BO
BHUMaHHE B COOTBETCTBUU C MpaBuioMm 7-2.5.4.

2 Jlyig meneit HaCTOAMIETO MpaBUiIa IPUMEHSIOTCS CIIeIyIOIIre ONpeaeeHus:

3akpeiTasi cucTeMa TpybompoBO 0B — cUCTeMa TPyOOIIPOBO/IOB, HE UMEIOINAsi OTBEPCTUI
B HECKOJIbKUX BOJOHEIPOHUIIAEMBIX OTCEKaX.

OTkpbITas cucteMa TPyOONPOBOJAOB — cHCTeMa TPyOOIPOBOJOB, B KOTOPOW WUMEIOTCS
OTBEPCTHS B HECKOJIBKHX BOJOHEIPOHHUIIAEMBIX OTCEKaX.

3 Marepuaisl, IpUMEHIEMbIE B CHCTEMaX TPYOOIPOBOIOB, MPOXOIAIINX Ye€pPe3 BOAOHETIPOHUIIAEMbIE
nepeOOpKY, JIOJDKHBI TPU BO3JCUCTBUU TeEIJIAa COXPAHATH JIOCTATOYHYIO IMPOYHOCTh, JIMOO TaKue
MaTepHalibl JOJDKHBI BXOIUTh B COCTaB OTKPBITOM CHCTEMBI TPYOOITPOBOJIOB.

VYeTpoiicTBa 3aKphITHSA, B KOTOPBIX HCIIOJIB3YETCS BCITYYHBAIONINICS (IIPH HATPEBaHWH) MaTepra s
OTKPBITBIX CHCTEM TPYOOIPOBOMIOB, HE MOIHKHBI pACCMATPHUBATHCA KaK PaBHOIICHHAS 3aMEHA YCTaHOBKH
KJIaraHa, TOCKOJIBKY TIOKap MOXKET PacIioyiararhCs CIHMIIKOM JJAIEKO OT YCTPOHCTBA, 4TOOBI 00pa30Baiach
BOJIOHEIIPOHHUIIaEMasl TIEPEMBIUKA.
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4 Ipouecc onoOpeHus MecT NPoxoa TPyO, YCTAHOBICHHBIX Il 00eCIeYeHUs! BOIOHEIPOHULIAEMOCTH
nepeOOpKu WM MaldyObl, IIl€ HCIOJB3YIOTCS TEIUIOUYBCTBUTENbHBIE MAaTepualibl, JOIKEH BKIIOYAThH
WCHIBITAaHNE TPOTOTHIIA HA BOJOHETPOHMIIAEMOCTH IIOCIE TPOBEICHHS CTAHJAPTHOTO HCIBITAHUS Ha
OTHECTOMKOCTH B COOTBETCTBHH C TIPE/NONATAEMEIM PACIIOIOKCHAEM MECT IPOX0fa Tpyo .

[IpoBepeHHbIE HAa OTHECTOMKOCTD MECTa MPOX0/Ia TPYO AOHKHBI OBITh UCTIBITAHBI IIPU UCTIBITATEIBHOM
JIaBJICHUM, HE MeHee 4eM B 1,5 pa3a NpeBBINIAIONIEM pacueTHOE, Kak OmpeiencHo B mpasuie 2.18.
JlaBiieHue NOKHO MPUIIATaThCs € TOM e CTOPOHBI EPEKPHITHS, Ha KOTOPOH BBIMTOIHSUIOCH HCIIBITAHUE Ha
OTHECTOMKOCTb.

IMpoBepeHHbIe HA OTHECTOMKOCT MECTa PoXo/a TPyO JOIKHEI ObITh HCIIHITAHBI B TeUeHHE He MeHee 30 MIH
o[ JICHCTBHEM T'HIPaBIYECKOTO JABICHHS, PaBHOTO pacuyeTHOMY, HO cocTaBisttomero ve MeHee 1,0 6ap. Ilpu
WCIBITAHUH HE JOJDKHO HAOMIONAThCs MPOTEUEK.

ITpoBepeHHBIE HA OTHECTOMKOCTh MECTa IPOX0Ja TPyO NOKHBI ObITh UCTIBITAHBI IIPU HCIIBITATEIEHOM
naeieHuu B Tedenue emie 30 muH. O0muil 00heM MPOTEUEK BOABI HE JODKECH MPEBBIMAThH 1 JI.

HcnpiTanne rojoBHOro obpasna JODKHO CUMTAThCA JEHCTBUTENBHBIM TOJIBKO JUISL OINpPEeEHHOTO
TUna TpyO (HampuMep, TEPMOIUIACTUYECKUE M MHOTOCIIOWHBIE), KJIaCCOB AABJICHUS, MaKCHUMAaJbHOIO/
MHUHHUMAJIBHOTO TECTUPYEMOTO pa3Mepa, THUIA U CTENEHN OTHECTOMKOCTH HCIBITBIBAEMOIO MEPEKPBITHS.

5 Her HeoOXoaMMOCTH NMPOBOAWTH MCTIBITAHWE AABICHUEM Ha Topsdeil KoHCTpykuuu. IloarotoBke k
WCTBITAaHUIO JaBJIEHHMEM MOXKHO OTBECTHM JOCTAaTOYHO BPEMEHM, T.e. i pa30opKu 000pyIOBaHUSA
WCTIBITAaHUS HA OTHECTOMKOCTh M YCTAaHOBKM OOOPYIOBAaHUS ISl HCIIBITAHUS 1ABICHHEM.

HcnbiTanne AaBIeHUEM JOIKHO OBITH BHIIOIHEHO C YYAaCTKOM TPyOOIPOBOAA, OCTAIOLIEMCS Ha CBOEM
MECTE, Ha KOTOPOM MPOBOIMIOCH HCTIBITAHAE HA OTHECTOMKOCTB.

Ilepen mpoBeneHNeM NCIIBITAHUS TABJICHHEM MOKHO YAATUTH JIIO0YIO M30JISAINIO, YCTAHOBICHHYTO /IS
MIPOBEICHNUS HCTIBITAHNS Ha OTHECTONKOCTb.

Her HeoOXomuMOCTH MPOBOAWTH HCIIBITAHKE TOJIOBHOIO 00pasla, €ClM MECTO NPOXOZa BBHINOIHEHO M3
CTaJIM WIM PAaBHOLIGHHOTO MarepHajia M MMeeT TOMIMHY 3 MM win Oosnee u mmuHy He MeHee 900 M
(mpemmouTtHTeNnbHO, M0 450 MM C Ka)KIOH CTOPOHBI IEPEKPBITHSI) M HE MMESTCsS OTBepCTH. Takue mecta
MPOX07ia TOIDKHBI OBITh HAAJIEKAITMM 00pa30oM H30JIMPOBAHbI TIOCPEICTBOM MPOJICHHS H30JISIIMN Ha TOM JKe
ypoBHe miepekpbiTisa. CM. Taroke npasuio 11-2/9.3.1 B oTHomeHnH TpyOOmpoBogoB. TeM He MeHee, MecTa
MpoXoJia AOJKHBI TO-TIPEKHEMY OTBEYATh TPEOOBAHHUIO K TEpPMETUYHOCTH, YKa3aHHOM B mpasuie 2.17.

IIpaBuao 13.4

Ecnu nomemeHns, B KOTOPBIX pa3MEIIAIOTCA IVIaBHBIE W BCIIOMOTATEIbHBIE JHEPrEeTHYECKUE
YCTaHOBKH, BKIIFOYAs KOTIIBI, OOCITYXKHBAIOINE IHEPTETHUYECKHE YCTAHOBKH, PA3lENAIOTCS BOIOHETPO-
HUI[aEMBIMU TIPOJOJIBHBIMU TepebOpKaMH, YTOOBI COOTBETCTBOBAaTh TPEOOBAHUSAM pE3EPBUPOBAHUS
(mampumep, cormacHo mnpaBuiry 8-1.2), B KaXA0il BOJOHENPOHHIIAEMOW mepebOpKe MOXKET OBITH
yCTaHOBJIEHA oJlHa BogoHenpoHunaemas asepb (W.T.), kak moka3zaHoO Ha pHC. HHXKE.
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'CM. TpeGoBaHHs K HepeKphITHAM Kiacca A, yKasaHHbIe B yacTu 3 mpunoxenns 1 k Komexcy ITHO, 2010.
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ITPABIJIO 13-1 - OTBEPCTHUA B BOOJOHEITPOHUIMAEMBIX TEPEBOPKAX
N BHYTPEHHUX ITAJIYBAX HA I'PY30BbIX CYJAX

IIpaBuao 13-1.1

1 Ecnn nonepeyHble BOAOHENIPOHULIAEMbIE TEPEOOPKH B KaKOM-HHOYb MECTE Ha CyAHE MPOIOKEHBI
[0 Oonee BBICOKOW MairyOBl, 4eM B JIPYyTMX MECTaxX CyAHA, OTBEPCTHUS, PACIOIOKEHHbIE B IepedopKe Ha
yCTyIe, MOTYT CUHTAThCA PACIIONOKEHHBIMH HaJ Nary0oil HaABOZHOTO OopTa.

2 Bce oTtBepcTus B 00IIMBKE KOpPITyca HUKE BEpXHEH ManyObl Ha BCEH MPOTSHKEHHOCTH ATOTO MecTa Ha
CyIHE IOJDKHBI CUMTAThCS DPACIONIOKEHHBIMH HIDKE MadyObl HaJBOAHOTO OopTa, MomoOHO mnamybe
nepedopoK ATl MacCaKUPCKUX CYAOB (CM. MEPBBIM pUC. B MPABUJIE BBIIIE), TAKXKE JOJKHBI IPUMEHSATHCS
MOJIOXKEHHUS TpaBuiia 15.

MPABIJIO 15 —- OTBEPCTHA B HAPYKHOM OBIIUBKE HUKE IMAJYBEbI IEPEBOPOK
HA MACCAKUPCKHUX CYJAX U TAJNIYBbI HAZIBOAHOI'O BOPTA HA I'PY30BBIX CYJJAX

OCHOBHbIE MOJIOKEHHUS — YCTYNbI HA Najxy0e mepe0OpoK U HA Majayde HAIBOAHOIO GopTa

B oTHOIeHMM TONOXEHUH O PACCMOTPEHUU YCTYNOB NallyObl MepeOOpOK MACCAKUPCKHUX CYIOB,
CM. TIOSCHEHUS K MpaBWIy 13, a OTHOCHTENBHO YCTYIIOB MadyObl HAJBOJAHOTO OOpTa IPY30BBIX CYIOB —
CM. TIOSICHEHHUsI K mpaBuiy 13-1.

ITPABIJIO 15-1 - HAPYKHBIE OTBEPCTHUSA HA I'PY30BBIX CYJAX

[IpaBuna 15-1.1 — 15-1.3 npumeHsitOTCS K TPY30BBIM CydaM, JJIsi KOTOPBIX IPOBOJWTCS aHalu3
OCTOMYMBOCTH B MTOBPEXIEHHOM COCTOSHHH, KaK TpeOyeTcsl B COOTBETCTBHH C YacThio B-1 wimm npyrumun
nokymentamu UMO.

IIpaBuao 15-1.1

Yro KacaeTcsl TPHUCIIOCOONIEHUH, 3aKpBIBAIOIIMX BO3AYIIHbIE TPYOKH, OHU JOJDKHBI CUHATATHCS
3aKPBITUSAMH, HENPOHUIIAEMBIMH TIPU BO3JEHCTBHU MOpS (a HE BOJOHENPOHUIIAEMBIMH). JTO HeE
MPOTHBOPEYUT HX CTaTyCy, OMHUCAaHHOMY B mpaBmie 7-2.5.2.1. OmHako B KOHTEKcTe mpaBmia 15-1
«HapYXXHBIE OTBEPCTHSD HE BKIIIOYAIOT OTBEPCTHUS BO3AYLIHBIX TPYOOK.

ITPABIJIO 16 — KOHCTPYKIMS U IEPBOHAYAJIBHBIE UCIIBITAHUSA
BOJIOHEINPOHUIIAEMBIX 3AKPBITHI

OO0uue moJoKeHus

Hacrosiipe TpeOoBaHusl MpeHa3HaueHBbI TONBKO IS YCTAHOBIICHHS OOIIMX CTaHIAPTOB MPOSKTHPOBAHUS
BOJIOHETIPOHUIIAEMBIX 3aKpbITHA. OHU He TPeOyIOT, YTOOBl KaKue-IMOO MPOHHIIAeMbIE JIFOKH OBLIH
BOJIOHETIPOHHUITAEMBIMH, TAKKE OHM HE OTMEHSIOT TpeOoBaHMS MeKTyHapOIHOW KOHBEHITHH O TPY30BOM Mapke.

IIpaBuao 16.2

Bonbmve agepu, MOKH WK anmmapely Ha MAaCCAKUPCKHUX M TPY30BBIX CY/IaX, KOHCTPYKIUS U pa3Mep
KOTOPBIX UCKJIFOYAIOT HCITBITAHUE JIaBJICHHEM, MOTYT OCBOOOXKIAThCS OT COOIoIeH s paBuia 16.2, ecinu
pacdye€Tbl IMOKa3bIBalOT, YTO ABEPH, JIIOKU WJIW almmapein COXpaHAKT BOJAOHCHPOHHUIAECMOCTH IIPU
pac4€THOM MOAaBJICHUU W UMCIOT IIPpU 3TOM IlOCT&TO‘IHBIfI 3armac BOAOHCHIPOHUIIAEMOCTH. Ecan Ttakue
ABCpU UMCIOT YIUIOTHUTCIIH, HCO6XOZ[I/IMO MMPOBOAWUTL HUCIIBITAHUC HABJICHUEM JJIs1 T'OJIOBHOI'O 06pa3ua,
YTOOBI MOATBEPIUTh, C TOMOIINBIO CTPYKTYPHOTO aHaHM3a, 4TO JAedopManus CXKATUS YIUIOTHSIOIIETO
MarepHuasia criocoOHa BbIIepkaTh Jto0oe fAaBineHue. [lociie ycTaHOBKM KaXKIIOW TaKOW TBEPH, JIFOKA WIIH
anmnapeiii, OHU OOJKHBI UCTIBITBIBATHCA CprCﬁ BOJIbI M3 IIJIaHT'a WJIX PaAaBHOLICHHBIM CIoCco00OM.
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IIpumeuanue. CM. NOSCHEHHS K TpaBWiIy 13 OTHOCHUTEIBHO JIOMOJIHUTEIBHOW HH(POPMAIMH B OTHOIICHUU YCTYIIOB B
nanybe nepebopoK Mmaccaxupckux cyaoB. CM. MOsSICHEHHsI K mpaBuily 13-1 OTHOCHUTENBHO NOMOJHUTEIbHON UH(OpMAIuU B
OTHOIIIEHHH YCTYIOB B Maiy0e HaJBOMHOTO OOpTa rPY30BBIX CYIOB.

ITPABIJIO 17 - BHYTPEHHASA BOOJOHEIIPOHUITAEMOCTD TACCAKUPCKHUX CYIOB
BBIILIE ITAJYBbI IIEPEBOPOK

Oo0mme mosIokeHUs1 — YCTYNbI Ha Najayde mepeGopox

B oTHOmIEeHN# ycTynoB Ha maiyOe mepe0OpoK MacCaKUPCKUX CYAOB CM. MOSCHEHHUs K mpaBumity 13.

Hpasuio 17.1

1 BononenpoHumaeMmsle JBEpH CKOJIB3AIIEIO THIA, HCIBITHIBAEMBIC HAIIOPOM BOJIBI ITOHWKEHHOIO
JIABJICHHS, KOTOPBIC PACIIONIOKEHBI BHIIIE MMaTyObl IIepeOOPOK U KOTOPBIE MOTPYKAIOTCS Ha KOHEYHOW WIIN
B TEYECHHE JIIOOOH MPOMEXKYTOUYHON CTaAMM 3aTOIUICHHS, JOJDKHBI ITOJHOCTBIO OTBEYaTh TPEOOBAHUSIM
npaBwia 13. Takue THUIBI CKOJNB3AIIMX BOAOHENPOHULAEMBIX ABEPEH, UCIBITHIBAEMBIC HAIIOPOM BOABI
MOHI)KEHHOTO [JaBJICHUs, HE JIOJDKHBI IOTPYXAaThCsl HAa KakOW-JIMOO CTaguM 3aTOIJICHUS OO YPOBHS
JIABJICHUSI CTOJIOA BOJIBI BBIIIE, YE€M JIaBICHHE MPU NPOBEJCHHOM HchbiTaHuH. CM. puc. Himke. Takue
BOJIOHETIPOHUIIAEMBIE JIBEPH CKOJB3SIIET0 THMA JODKHBI OCTaBaThCs 3aKPBITHIMHA BO BpeMs peiica B
COOTBETCTBHU C TPEOOBaHUSIMH NpaBuiia 22, M 3TO AOJHKHO OBITH YETKO YKa3aHO B HHPOpMaIHU 1Mo 60pboe
3a XKHUBYYeCTb, TpeOyeMoil mpaswiiom 19.

2 Eciu BOZOHENIPOHHULIAEMbIE JBEPU PACIIOIOKEHBI BBIIIE HAUXYIIICH KOHEYHOH M MPOMEXYTOUHON
BaTEPIIMHUY B CITy4asX MOBPEKACHUS, BHOCSIIMX BKIIA/I B IOCTHKUMBIN MHJICKC JEJICHUS Ha OTCEKH A4, HO
B IIpejieNiax paiioHa, B KOTOPOM JIBEPU MOABEPTAIOTCS MEPUOJHUECKOMY MOTPYKEHHUIO (TIOITHOCTHIO HIIH
YaCTUYHO) MPH yIax KpeHa B TpeOyeMol NPOTHKEHHOCTH TOJIOKHUTENbHOW OCTOWYMBOCTH OT MOJIOKEHHUSI
PaBHOBECHS, 3TO IOJDKHBI OBITH ABEPH CKOJB3SIICTO TUIA, HE TOJHOCTHIO T€PMETUYHBIEC C MPUBOIOM OT
WCTOYHMKA 3HEPIMH M AWCTAHLUOHHBIM YIpaBJCHWEM, OTBevarolue TpeOoBaHMsAM mpasumina 13, 3a
UCKJIIOYEHHEM TOTO, YTO pa3Mephl M TPeOOBaHWS K YIUIOTHECHHSM MOTYT OBITh CHHDKCHBI JIO YPOBHSI
MaKCHMaJIbHOTO Haropa BOJbI, 00yCIOBIEHHOTO BaTepPIMHHUEH, 10 KOTOPYIO NPOUCXOANT HEPHOIUIECKOe
norpyxenue (cM. puc. Huwxe). Takue ABEpHU OODKHBI OBITH 3aKpPBITHI B Cllydac MOBPEXKICHHS, U ITO
JOJDKHO OBITH YETKO yKa3aHO B MH(popManuu 1o 6oproe 3a xuBydecTb, TpeOyemoii mpaBmioM 19.

Yron meprogmeckorol
[He momsocTsro r | morpyEeHs

[repMeTITYHad, OTHEyTIopHAs|

[IEEPE CKOBIAMEro THITA =
\\\“:‘ L~
[BomoHenpoHHIIaEMat OBEPE \\‘.
CHONMBIAMEro THIIA, TECTHPYEMas] ——] [ OroruarensHoe
P A e [ “"Iz—d._ - o =] m [monoKeH e paBHOBECH|
|TaBITeHMA - OTHEYITOPHAR — - _ . —

Tanyba mepebopok

IBomoHenpoHHIIacMan IBeph
CEONB3AMEro THIIA - He OTHEYIIOPHAR

3 IlpuMeHeHHE BOJOHENPOHHIAEMBIX CKOJIB3ALIMX JABEped BhIlIe MaIyObl MepeOOpOK OKa3bIBaeT
BIMSHUE Ha ITOJIOKEHHUS MO 3Bakyauun B mpaswie 11-2/13. Ecam Takue OBEpH HCIONB3YIOTCS BBIIIE
nanyOsl 1epedopoK, NODKHO ObITh, O MEHbLIEH Mepe, ABa IIyTH HBaKyallMd W3 KaXKIOW INIaBHOM
BEPTHUKAJIHHON 30HBI WJIM TaKUM ke 00pa3oM OTPaHWYEHHOTO TOMEIIEHHS WM TPYIIBI IOMEIIeHUH, 110
MEHBIICH Mepe OJMH M3 KOTOPBIX AOJKEH OBITh HE3aBUCHMBIM OT BOIOHENPOHUIAEMBIX JBEPEH U IO
MeHbIlIEH Mepe OJUH JIOJKEH BECTH K Tpally, BXOASIIEMY B COCTaB BEPTHKAJIBHOIO MYTH 3BaKyallUH.
Ckomp3siIye BOAOHENPOHHULAEMBIE JBEpH, KOTOpBIE OYyIyT 4acTO HCIIOJIB30BATHCS MACCAKUpaMH, He
JIOJDKHBI CO3aBaTh OMACHOCTB TOTO, YTO O HUX MO)KHO CIIOTKHYTBCS.
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4 JlBepu, yCTaHOBIICHHBIC BbIIIC NalyObl NepeOOPOK, KOTOpHIE IOJDKHBI COOTBETCTBOBATH Kak
TpeOOBaHUSM IPOTHBOIOKAPHOMN 3aILUTHI, TAK M TPEOOBAHMSIM K BOAOHETIPOHMLIAEMOCTH, JIOJDKHBI OTBEYATh
TpeOOBaHMAM TIPOTUBONIOKAPHOH 3aIIMTHI, YKa3aHHBIM B TipaBwite 11-2/9.4.1.1 u TpeboBaHUSIM K BOIOHETIPO-
HHUIIAEMOCTH B myHKTax 1 u 2, Beime. Hecmorps Ha mocnenHee mpemiokenue B npaswie 11-2/9.4.1.1.2,
BOJOHETIPOHUIIAEMBIE JIBEPH, YCTAHOBJICHHBIC BBIIIE HaTyObl TepeOOpOK, JOIDKHBI H30JHPOBATHCS IO
cTaHapTy, Tpedyemomy B 1abm. 9.1 u npasmie 11-2/9.2.2.1.1.1. [lomkHa OBITH IIPpeXyCMOTPEHA BO3MOXHOCTh
YIIPaBICHUS ABEPHIO IIPH IOMOLIY KK AUCTAHIIMOHHON LIEMH YIPABICHHUS IPOTUBOIOXKAPHBIMU IBEPSIMH, TaK
W JWCTAaHIIMOHHOHN IIETM YIpaBJIeHUs BONOHENPOHMIAEMBIMH JIBepsIMU. Eciy ycTaHOBJIEHBI IBE IBEpH,
JIOJDKHA OBITH TMPEIyCMOTPEHa BOZMOKHOCTD MX HE3aBHCHMOTO yrpapieHus. OTIenbHOe yIpaBieHHe JTH00H
U3 JBepeil He JOIKHO MPETSITCTBOBATH 3aKPBITHIO ApYroi ABepH. [lomkHa OBITh MPeLyCMOTPEHa BO3MOKHOCTb
yIpasieHus obenx ABepei ¢ JF000i CTOPOHBI EPEOOPKHL.

MpaBuio 17.3

Hacrosmmii TyHKT TpemHa3HadeH Uit OOeCIiedeHHs TOro, YTOOBI OBUIO YYTEHO TIPOTPECCHPYIOIICEe
3aTOIIeHHE Yepe3 BO3AYIIHBbIE TPYOKH MOMEIIEHHH, PacloNOKEeHHbIX Hajl TOPH3OHTAJBHBIM pasfelieHHeM B
HAJICTPOMKE, KOTOPOE pacCMaTprBaeTCsl KaK BOAOHENPOHUIIAEMasl TPaHuULIA TIPY IpUMEHEeHUH Tipasuna 7-2.6.2.1.1,
B Cllydae €cd MOBpeKIeHWe OOpTa WM [HUIIA BbI30BET 3aTOIUICHHME Yepe3 TaHKH MWIM HPOCTPAHCTBA,
PacIUIoKeHHbIE HIDKE BATEpIIHN.

MPABHUJIO 17-1 - BOHOHEIIPOHUIIAEMOCTD KOPITYCA Y HAJICTPOUKHA, BOPbBA
3A JKUBYYECTDB CYJTHA HA ITACCA’KUPCKHUX CYJAX PO-PO

IIpaBuna 17-1.1.1 u 17-1.1.3 mpUMeHSIOTCS TOIBKO B T€X CIIydyasx, KOT/Ia HMEETCs MPAMON TOCTYH U3
MOMEILEHHSI C TOPU3OHTANBHBIM CIIOCOOOM MOTPY3KH U BBITPY3KH B TIOMEIICHUS, PACIIOIOKEHHBIE HIKE
nany6s! mepebopok. Mcnonb3oBanue aBepeil B nepebopKax, OTAEISIONNX ITOMELICHHE ¢ TOPU30HTAIBHBIM
CHOCOOOM TOTPY3KH U BBIIPY3KH OT JPYTHX HOMELICHUH, JOKHO OBITh OrPaHHYEHO B COOTBETCTBUU C
npaBuioM 23.3.

Xunbie nomeleHus
Manyba ¢ ropUsoHTanbHEIM cnocoGoM Norpysku

1 BbITPY3KK

e S —

IMPABWJIO 22 — IPEJOTBPAINEHUE U NPEAYNIPEKAEHUE NOCTYIVIEHUA BOJAbI U T./I.

Crnoso «IIOPT», UCTIOJIB3YEMOC B HACTOAIICM IMPABUJIC, BKIIFOYACT BCC NPUYAJIbI U YKPBITUSA, TAC MOXKET
OCYHICCTBIIATBHCA MMOIPYy3Ka W/HITH BBIT'PY3Ka.
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1IPHIIO’KEHUE

PYKOBOJACTBO IO O®OPMJIEHUIO PACYHETOB JEJEHUS HA OTCEKHU
U OCTOMYMUBOCTHU CYJIHAB MOBPEXJIEHHOM COCTOSIHUM

1 OBHIUE IMOJIOKEHMUSA

1.1 HEJb PYKOBOJACTBA

1.1.1 Ilenpro Hacrosimero PykoBoacTBa SIBISICTCS YIPOILIEHUEM IMpoIecca MPOBEPKH aBapUHHOM
OCTOMYMBOCTH, T.K. ONBIT MOKAa3bIBAET, YTO CHCTEMATU3MPOBAHHOE M TIONHOE MPEICTABICHHE IeTalel
MPUBOJXT K 3HAYUTEIHHON 3KOHOMHH BPEMEHH BO BpeMs IIpoliecca 0f00peHMHs.

1.1.2 TlpoBepka aBapuWiiHONW OCTONYMBOCTH CIYXHUT IJs HOJATBEPXKIECHHUS TOTO, UYTO CYAHO
COOTBETCTBYET CTaHAApPTy OCTOMYMBOCTH AJIsl CBOETO THMNA. B HacTosiiee Bpems NPUMEHSIOTCS 1Ba
pa3IMYHBIX [TOAXOJA [UIS BHITIONHEHUS pacyeTOB: NETEPMHHUCTUYECKUN W BEPOSATHOCTHBIM.

1.2 OFbEM NPOBEPKHU U JOKYMEHTALIUU HA BOPTY

1.2.1 OObeM TpoBepKH IeJCHHS CyIHA Ha OTCEKHM W aBapUHHON OCTOMYHMBOCTH OMPEACIISICTCS
TpeOyEeMBIM CTaHIAPTOM OCTOHYHMBOCTH B TOBPEKICHHOM COCTOSHHHM M UMEET IICNBI0 TPEIOCTaBICHIC
KalnTaHy Cy/lHa SICHBIX TPEOOBaHUI K OCTOMYMBOCTH CY/IHA B HETIOBPEXKICHHOM COCTOSIHIH. B OCHOBHOM,
3TO JOCTHUTaeTCsl MyTeM IOCTPOCHHS, B COOTBETCTBUU C KpuBbIMH KG (MakCHMajabHO JOITYyCTUMOTO
MOJIOKEHUST IIEHTPa TSHKECTH 1O BBICOTE), KpUBBIX GM (MUHHMaIBHON SKCILTyaTallHOHHON Me-
TalEeHTPUIECKON BBICOTHI), MOKA3BIBAIOIINX OMYCTHMbIE 3HAYEHHS OCTOWYMBOCTH [UISI OXKHIaEMOTO
JTMara3oHa OCajoK.

1.2.2 B mnpezmenax o0beMa MPOBEPKH, OMPENESICHHOTO TakkMM o0Opa3oM, OymyT ONpenemnsTbcsi BCe
MOTCHIUAIBHBIC WM HEOOXOJUMBIC YCIIOBUS IOBPEKJICHUS, YUYUTHIBas KPUTCPUU aBapUHHON OC-
TOWYUBOCTHU, JUIsl TIONY4YeHHS TpeOyeMOro CTaHIapTa OCTOHYMBOCTH B TOBPEXKIESHHOM COCTOSHHH. B
3aBHCHMOCTH OT TUIIA M pa3Mepa Cy[IHa, 3TO MOXET MOTpeOoBaTh MPOBEACHUS 3HAYNTEIEHOTO KOJTMIeCTBa
MIPOBEPOUYHBIX PACUETOB.

1.2.3 B cootBerctBum ¢ npasmwioM 19 massr 11-1 Kousenniun COJIAC HE0OX0MUMO TIPEIOCTABIISIT
9KUMAXY CYIHA COOTBETCTBYIOIIYIO HH(GOPMAIIMIO O JICIICHUH CYJIHA HA OTCEKH, [TO3TOMY TUIAHBI JIOJKHBI
pa3pabarbIBaTbCss M OBITH TOCTOSIHHO JOCTYITHBIMH (BBIBEIIMBATHCS) JUIS JIMIA KOMAaHIHOTO COCTaBa,
OTBEYAIOIIIETO 32 OCTOMYMBOCTH CyJHA. Takue TUIaHBl JOJDKHBI SICHO YKasbIBaTh T'PaHUIIBI BOIOHETPO-
HHUTIAEMOTO OTCeKa IS KaXXIOW MaxyOBl U TPIOMa, OTBEPCTHUS B HUX, C YKa3aHUEM CPEICTB WX 3aKPBITHS U
PACIIONIOKEHUST CPENCTB YIIPABICHUS MMM, a TaKXKE YCTPOWUCTB CIPSMIICHHSI KPEHA, BO3HHKIIETO B
pe3ynbrare 3aToruieHus. Kpome Toro, Ha 6OpTy JI0KHA MMEThCst MHCTpyKIus 1o 60oph0Oe 3a KUBYYECTD,
coJiepKailiasi BHIIICYIIOMSIHYTYI0 WH(GOPMAIIHIO.

2 OTYETHBIE JOKYMEHTbI
2.1 CBEJEHHSI, OTPAJKAEMBIE B JOKYMEHTAX
JlokyMeHTanus T0JbKHA HAYMHATHCS C OMHUCAHUS CICAYIOMNX OCOOCHHOCTEH: OCHOBHEIC Pa3MEPEHHUS,

TUN CyJHa, ONMHCAaHUE THUIOBBIX CIy4aeB 3arpy3Kd CyJIHAa B HEMOBPEXKIEHHOM COCTOSIHUHU, ONHCAHHE
TUIIOBBIX CITy4aeB MOBPEXKACHUS, a TAKKe KPUBBIE MpeAeibHbIX 3HaueHnid GM win KG.
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2.2 JOKYMEHTAIIUS OBIIEI'O XAPAKTEPA

Crenyromas mHGOPMAITUS TOJDKHA OBITH IIPECTaBICHA I TOATBEPKICHUS KOPPEKTHOCTH BXOTHBIX
JaHHBIX:

.1 OCHOBHBIE pa3MepeHus CyIHa;

.2 TEOPETUYECKUHN YepTEXk, B BHU/E TUIaHA WM 3a/IaHKs KOOPAWHAT CYJIOBOW MOBEPXHOCTH;

.3 KpUBBIE IEMEHTOB TEOPETUIESCKOTO YepTexkKa U KPUBbIE TIEY CTATHYECKON OCTOWYMBOCTH (BKITFOUAs
cxeMy o0beMa KOopIlyca, BKIFOUEHHOIO B pacyeT Iied OCTOHYUBOCTU (OPMBI);

.4 orvcaHue JeJICHUs CyJHa HA OTCEKH, C yKa3aHUEeM UX TEOPETUYCCKHX 00BEMOB, IIECHTPOB TAKECTH U
MPOHUIIAEMOCTH;

.5 cxema pacroyoKeHHs BCeX BOJAOHEMPOHHUIIAEMBIX KOHCTPYKIUN U TepeOOpOK, ¢ yKa3aHHEM BCEX
BHYTPEHHHX M BHEITHUX OTBEPCTHH, BKIIIOYAs COSTUHSIIONIMECS Yepe3 HUX TOMEICHHUS, a TAKXKE YKa3aHHsI
Ha UCXOIHBIC MaTc€pualibl, UCIIOJIb30BAHHBIC I U3MEPCHUMA HOMeIlIeHI/Ifl, HalpuMep, YCpPTCKU O6IIICFO
PacIoJIOKEHUSI U CXeMa JIEICHUs CyldHa Ha OTCEeKH. Bce BOMOHENpOHUIIAEMBbIC T'PAHUIIBI JCJICHUS Ha
OTCEKH — MPOMOJbHBIC, MOTIEPEYHbIC U BEPTUKAIBHBIC — JOJDKHBI OBITH 0003HAYCHBI;

.6 ycIoBHe 3arpy3Kku Cy/lHa MPU HAUMEHBIIEH SKCIUTyaTallMOHHON OCaJiKe;

.7 ocajika 10 JIETHIOIO IPY30BYIO0 MapKy;

.8 KoopAMHATHI OTBEPCTHI, C YKa3aHHEM CTENeHHM MX MPOHHIAEMOCTH (HalpuMep, HEMPOHHUIIAEMOe
MIPHU BO3ICUCTBUU MOPS WIHA OTKPBITOS/HE3AUUIIEHHOE);

.9 pacnonokeHre BOJOHEIPOHHUIIAEMBIX JIBEPEH C pacueTaMu JIaBJICHHS,

.10 rumonaas OTKPHITON MayObl M TUIOIIAAb TAPYCHOCTH;

11 ycrpoiicTBa JyIsi MEpeToKa M CIyCKa BOJbI M PacyeThl, MOJITBEP)KIAIOIIME HUX COOTBETCTBUE
pesomorun MSC.245(83), ¢ ykazanueMm nuamMerpa, Haaudus KIIAMaHOB, JUITMHBI TPYO U PACIIOIOKCHHS
BITYCKHBIX/BBIITYCKHBIX OTBEPCTHIA;

.12 TpyOompoBoasl B paifoHe 3aTOMJICHHUS, €CIH MOBPEXKICHHE TaKUX TPYyO MOXET MPUBECTH K
MPOrPEeCCUPYIONIEMY 3aTOILUICHUIO; U

13 IMPOTAXKECHHOCTD MMOBPEKACHUA U ONNMCAHUEC CITY4YaCB ITOBPCIKICHUS.

2.3 CIIEHUAJIBHBIE TOKYMEHTbBI

B gactu pe3ynpTaToB pacueToB aBapHUTHOW OCTOHYHBOCTH JOKHA OBITH MPEIOCTABIICHA CIICAYIOIIAS
JIOKyMEHTAIIHS.

2.3.1 lokymeHTALUS

2.3.1.1 HavanbHble gJaHHBIE:

.1 nnuHA neneHus cymHa Ha OTCEKH L

.2 HaYagbHBIC 3HAYCHHS OCAIOK M COOTBETCTBYIOMINE UM 3HaueHus GM,

.3 TpeOyeMpIii MHICKC NEICHHUS HAa OTCEKU R; U

.4 TOCTIKHMMBIA MHAEKC JCICHUS Ha OTCEKU A ¢ TaOIUIIEeH, MOKA3LIBAOIIEH BCe BKIIAIEI ISl BCEX 30H
MTOBPEXKICHUS.

2.3.1.2 Pe3ynbTaThl JIsl KQXKIOTO Cllydasi MOBPEXKIEHUS, KOTOPBIM BIUSET HA UHICKC A:

.1 ocanka, muddepent, kper, GM B MOBPEKIECHHOM COCTOSHHM;

.2 pazMmep MOBPEKICHUSI C BEPOSTHOCTHBIMU 3HAYCHUSAMHU p, V U F;

.3 amarpaMma CTaTHYeCKOW OCTOWYMBOCTH TOBPEKJECHHOTO CyIHA (BKIOYas MaKCUMAalIbHOE
MTOJIOKHUTEIBHOE TUIEYO OCTOHYMBOCTH GZ, .« M TPOTIKEHHOCTH IOJOXKHUTEIBHONH YacTH) ¢ (pakTopom
KUBYUYECTH S;

.4 CIHCOK HEMPOHHUIIAEMBIX TPU BO3JICHCTBHU MOPS U OTKPBITHIX/HE3AIIUIICHHBIX OTBEPCTHH C
yKa3aHUEeM yIlia BXOJla UX B BOAY; U

.5 0COOEHHOCTH OTCEKOB JICIICHUS C YKa3aHUEM KOJIMYECTBA TOMABIICH B HUX BOJBI/PAacieTOM MOTEPH
TUTABYYECTH U yKa3aHHEM UX IICHTPOB TSHKECTH.
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2.3.1.3 B nononmHeHue K TpeOOBaHWAM, H3JIOKEHHBIM B 2.3.1.2, pe3ynbTaTbl pacyeToB s
MTOBPEXKICHUH, He BHOCATMX BKiIaa B mHAEKC A (s; = 0 u p; > 0,00) momkHBI OBITH MPEICTABICHBI IS
MACCaKUPCKUX CYIOB M HAKATHBIX CY/IOB, HA KOTOPBIX HMEIOTCS MPOTSHKEHHBIE HIDKHUE TPIOMBI, BKITIOUAs
BCE PE3yABTATHI MO pacueTy (aKTOPOB JAEJIEHUS Cy/IHA Ha OTCEKH.

2.3.2 Ocoboe BHEMAaHHE.

s IpoMeXXyTOYHBIX COCTOSIHMH, TaKMX KakK CTaJuM Nepel cpadaThlBaHHMEM IEepeTOKa WM Iepex
IPOrPECCUPYIOUIMM 3aTOIUIEHHEM, HEOOXOIMM JONOIHUTENbHBIM TOCTAaTOUHBI 00BEM MOKYMEHTAlWH,
OTIMCHIBAOIIEH BBIMICYTIOMSHYTHIE TIPOIIECCHI.
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RESOLUTION MSC.429(98)
(adopted on 9 June 2017)

REVISED EXPLANATORY NOTES TO THE SOLAS CHAPTER II-1 SUBDIVISION AND
DAMAGE STABILITY REGULATIONS THE MARITIME SAFETY COMMITTEE,

RECALLING Article 28(b) of the Convention on the International Maritime Organization concerning
the function of the Committee,

RECALLING ALSO that, by resolution MSC.216(82), it adopted the regulations on subdivision and
damage stability as contained in SOLAS chapter 1I-1 which are based on the probabilistic concept, using
the probability of survival after collision as a measure of ships' safety in a damaged condition,

NOTING that, at the eighty-second session, it approved Interim Explanatory Notes to the SOLAS
chapter II-1 subdivision and damage stability regulations (MSC.1/Circ.1226), to assist Administrations in
the uniform interpretation and application of the aforementioned subdivision and damage stability
regulations,

NOTING ALSO that, at the eighty-fifth session, it adopted the Explanatory Notes to the SOLAS
chapter II-1 subdivision and damage stability regulations (resolution MSC.281(85)),

NOTING FURTHER that, by resolution MSC.421(98), it adopted amendments to regulations on
subdivision and damage stability, as contained in SOLAS chapter II-1,

RECOGNIZING that the Revised Explanatory Notes should be adopted in conjunction with the adoption
of the aforementioned amendments to subdivision and damage stability regulations (resolution MSC.421(98)),

RECOGNIZING ALSO that the appropriate application of the Revised Explanatory Notes is essential
for ensuring the uniform application of the SOLAS chapter II-1 subdivision and damage stability
regulations,

HAVING CONSIDERED, at its ninety-eighth session, the recommendations made by the Sub
Committee on Ship Design and Construction, at its fourth session,

1 ADOPTS the Revised Explanatory Notes to the SOLAS chapter II-1 subdivision and damage
stability regulations set out in the annex to the present resolution;

2 URGES Contracting Governments and all parties concerned to utilize the Revised Explanatory Notes
when applying the SOLAS chapter II-1 subdivision and damage stability regulations adopted by
resolution MSC.216(82), as amended;

3 INVITES Contracting Governments to note that these Revised Explanatory Notes should take effect
on ships as defined in SOLAS regulation 1I-1/1.1.1, as adopted by resolution MSC.421(98).
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REVISED EXPLANATORY NOTES TO THE SOLAS CHAPTER II-1 SUBDIVISION AND
DAMAGE STABILITY REGULATIONS
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PART A

INTRODUCTION

1 The harmonized SOLAS regulations on subdivision and damage stability, as contained in SOLAS
chapter II-1, are based on a probabilistic concept which uses the probability of survival after collision as a
measure of ships' safety in a damaged condition. This probability is referred to as the "attained subdivision
index A" in the regulations. It can be considered an objective measure of ships' safety and, ideally, there
would be no need to supplement this index by any deterministic requirements.

2 The philosophy behind the probabilistic concept is that two different ships with the same attained
index are of equal safety and, therefore, there is no need for special treatment of specific parts of the ship,
even if they are able to survive different damages. The only areas which are given special attention in the
regulations are the forward and bottom regions, which are dealt with by special subdivision rules provided
for cases of ramming and grounding.

3 Only a few deterministic elements, which were necessary to make the concept practicable, have been
included. It was also necessary to include a deterministic "minor damage" on top of the probabilistic
regulations for passenger ships to avoid ships being designed with what might be perceived as
unacceptably vulnerable spots in some part of their length.

4 It is easily recognized that there are many factors that will affect the final consequences of hull
damage to a ship. These factors are random and their influence is different for ships with different
characteristics. For example, it would seem obvious that in ships of similar size carrying different amounts
of cargo, damages of similar extents may lead to different results because of differences in the range of
permeability and draught during service. The mass and velocity of the ramming ship is obviously another
random variable.

5 Owing to this, the effect of a three-dimensional damage to a ship with given watertight subdivision
depends on the following circumstances:

.1 which particular space or group of adjacent spaces is flooded;

.2 the draught, trim and intact metacentric height at the time of damage;

.3 the permeability of affected spaces at the time of damage;

.4 the sea state at the time of damage; and

.5 other factors such as possible heeling moments owing to unsymmetrical weights.

6 Some of these circumstances are interdependent and the relationship between them and their effects
may vary in different cases. Additionally, the effect of hull strength on penetration will obviously have
some effect on the results for a given ship. Since the location and size of the damage is random, it is not
possible to state which part of the ship becomes flooded. However, the probability of flooding a given
space can be determined if the probability of occurrence of certain damages is known from experience,
that is, damage statistics. The probability of flooding a space is then equal to the probability of occurrence
of all such damages which just open the considered space to the sea.

7 For these reasons and because of mathematical complexity as well as insufficient data, it would not
be practicable to make an exact or direct assessment of their effect on the probability that a particular ship
will survive a random damage if it occurs. However, accepting some approximations or qualitative
judgments, a logical treatment may be achieved by using the probability approach as the basis for a
comparative method for the assessment and regulation of ship safety.

8 It may be demonstrated by means of probability theory that the probability of ship survival should be
calculated as the sum of probabilities of its survival after flooding each single compartment, each group of
two, three, etc., adjacent compartments multiplied, respectively, by the probabilities of occurrence of such
damages leading to the flooding of the corresponding compartment or group of compartments.

9 If the probability of occurrence for each of the damage scenarios the ship could be subjected to is
calculated and then combined with the probability of surviving each of these damages with the ship loaded
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in the most probable loading conditions, we can determine the attained index 4 as a measure for the ship's
ability to sustain a collision damage.

10 It follows that the probability that a ship will remain afloat without sinking or capsizing as a result
of an arbitrary collision in a given longitudinal position can be broken down to:

.1 the probability that the longitudinal centre of damage occurs in just the region of the ship under
consideration;

.2 the probability that this damage has a longitudinal extent that only includes spaces between the
transverse watertight bulkheads found in this region;

.3 the probability that the damage has a vertical extent that will flood only the spaces below a given
horizontal boundary, such as a watertight deck;

.4 the probability that the damage has a transverse penetration not greater than the distance to a given
longitudinal boundary; and

.5 the probability that the watertight integrity and the stability throughout the flooding sequence is
sufficient to avoid capsizing or sinking.

11 The first three of these factors are solely dependent on the watertight arrangement of the ship, while
the last two depend on the ship's shape. The last factor also depends on the actual loading condition. By
grouping these probabilities, calculations of the probability of survival, or attained index A, have been
formulated to include the following probabilities:

.1 the probability of flooding each single compartment and each possible group of two or more
adjacent compartments; and

.2 the probability that the stability after flooding a compartment or a group of two or more adjacent
compartments will be sufficient to prevent capsizing or dangerous heeling due to loss of stability or to
heeling moments in intermediate or final stages of flooding.

12 This concept allows a rule requirement to be applied by requiring a minimum value of 4 for a
particular ship. This minimum value is referred to as the "required subdivision index R" in the present
regulations and can be made dependent on ship size, number of passengers or other factors legislators
might consider important.

13 Evidence of compliance with the rules then simply becomes:

A>R

13.1 As explained above, the attained subdivision index 4 is determined by a formula for the entire
probability as the sum of the products for each compartment or group of compartments of the probability
that a space is flooded, multiplied by the probability that the ship will not capsize or sink due to flooding of
the considered space. In other words, the general formula for the attained index can be given in the form:

A =Zp,-s,-.

13.2 Subscript "i" represents the damage zone (group of compartments) under consideration within the
watertight subdivision of the ship. The subdivision is viewed in the longitudinal direction, starting with the
aftmost zone/compartment.

13.3 The value of "p," represents the probability that only the zone under consideration will be
flooded, disregarding any horizontal subdivision, but taking transverse subdivision into account.
Longitudinal subdivision within the zone will result in additional flooding scenarios, each with its own
probability of occurrence.

13.4 The value of "s;" represents the probability of survival after flooding the zone "i" under
consideration.

14 Although the ideas outlined above are very simple, their practical application in an exact manner
would give rise to several difficulties if a mathematically perfect method was to be developed. As pointed
out above, an extensive but still incomplete description of the damage will include its longitudinal and
vertical location as well as its longitudinal, vertical and transverse extent. Apart from the difficulties in
handling such a five-dimensional random variable, it is impossible to determine its probability distribution
very accurately with the presently available damage statistics. Similar limitations are true for the variables

"nen
l
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and physical relationships involved in the calculation of the probability that a ship will not capsize or sink
during intermediate stages or in the final stage of flooding.

15 A close approximation of the available statistics would result in extremely numerous and
complicated computations. In order to make the concept practicable, extensive simplifications are
necessary. Although it is not possible to calculate the exact probability of survival on such a simplified
basis, it has still been possible to develop a useful comparative measure of the merits of the longitudinal,
transverse and horizontal subdivision of a ship.
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PART B

GUIDANCE ON INDIVIDUAL SOLAS CHAPTER II-1 SUBDIVISION AND DAMAGE
STABILITY REGULATIONS

REGULATION 1 — APPLICATION

Regulation 1.3

1 If a passenger ship built before 1 January 2009 undergoes alterations or modifications of major
character, it may still remain under the damage stability regulations applicable to ships built before
1 January 2009.

2 If a passenger ship constructed on or after 1 January 2009 but before the applicable dates in
regulation 1.1.1.1* undergoes alterations or modifications of major character that don't impact the
watertight subdivision of the ship, or only have a minor impact, it may still remain under the damage
stability regulations that were applicable when it was constructed. However, if alterations or modifications
of major character significantly impact the watertight subdivision of the ship, it should comply with the
damage stability regulations in part B-1 applicable when the alterations or modifications of major
character are carried out unless the Administration determines that this is not reasonable and practicable, in
which case the attained subdivision index A4 should be raised above the original construction required
subdivision index R as much as practical.

3 Application of MSC.1/Circ.1246 is limited to cargo ships constructed before 1 January 2009.

4 A cargo ship constructed on or after 1 January 2009 of less than 80 m in length that is later
lengthened beyond that limit should fully comply with the damage stability regulations according to its
type and length.

5 If a passenger ship that has been in domestic service only and never issued a SOLAS Passenger Ship
Safety Certificate is converted to international service, for purposes of the stability requirements in parts B,
B-1, B-2, B-3 and B-4 it should be treated as a passenger ship constructed on the date on which such a
conversion commences.

REGULATION 2 — DEFINITIONS

Regulation 2.1

Subdivision length (L,) — Different examples of Ls showing the buoyant hull and the reserve buoyancy
are provided in the figures below. The limiting deck for the reserve buoyancy may be partially watertight.

The maximum possible vertical extent of damage above the baseline is d; + 12.5 metres.

*References to regulations in this Guidance are to regulations of SOLAS chapter II-1, unless expressly provided otherwise.
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Regulation 2.6

Freeboard deck — See explanatory notes for regulation 13-1 for the treatment of a stepped freeboard
deck with regard to watertightness and construction requirements

Regulation 2.11

Light service draught (d;) — The light service draught (d;) corresponds, in general, to the ballast arrival
condition with 10 % consumables for cargo ships. For passenger ships it corresponds, in general, to the
arrival condition with 10 % consumables, a full complement of passengers and crew and their effects, and
ballast as necessary for stability and trim. Any temporary ballast water exchange conditions for
compliance with the International Convention for the Control and Management of Ships' Ballast Water and
Sediments, 2004 or any non-service conditions, such as dry-docking, should not be taken as d,.

Regulation 2.19

Bulkhead deck — See explanatory notes for regulation 13 for the treatment of a stepped bulkhead deck
with regard to watertightness and construction requirements.

REGULATION 4 — GENERAL

Regulation 4.5
See explanatory notes for regulation 7-2.2, for information and guidance related to these provisions.
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REGULATION 5 — INTACT STABILITY

Regulation 5.2

1 For the purpose of this regulation, a sister ship means a cargo ship built by the same shipyard from
the same plans.

2 For any new sister ship with known differences from the lead sister ship that do not exceed the lightship
displacement and longitudinal centre of gravity deviation limits specified in regulation 5.2, a detailed weights
and centres of gravity calculation to adjust the lead sister ship's lightship properties should be carried out. These
adjusted lead sister ship lightship properties are then used for comparison to the new sister ship's lightweight
survey results. However, in cases when the known differences from the lead sister ship exceed lightship
displacement or longitudinal centre of gravity deviation limits specified in regulation 5.2, the ship should be
inclined.

3 When the lightweight survey results do not exceed the specified deviation limits, the lightship
displacement and the longitudinal and transverse centres of gravity obtained from the lightweight survey
should be used in conjunction with the higher of either the lead sister ship's vertical centre of gravity or the
calculated, adjusted value.

4 Regulation 5.2 may be applied to the SPS Code ships certified to carry less than 240 persons.

Regulation 5.4

1 When alterations are made to a ship in service that result in calculable differences in the lightship
properties, a detailed weights and centres of gravity calculation to adjust the lightship properties should be
carried out. If the adjusted lightship displacement or longitudinal centre of gravity, when compared to the
approved values, exceeds one of the deviation limits specified in regulation 5.5, the ship should be re-
inclined. In addition, if the adjusted lightship vertical centre of gravity, when compared to the approved
value, exceeds 1 %, the ship should be re-inclined. The lightship transverse centre of gravity is not subject
to a deviation limit.

2 When a ship does not exceed the deviation limits specified in explanatory note 1 above, amended
stability information should be provided to the master using the new calculated lightship properties if any
of the following deviations from the approved values are exceeded:

.1 1 % of the lightship displacement; or

.2 0.5 % of L for the longitudinal centre of gravity; or

.3 0.5 % of the vertical centre of gravity.

However, in cases when these deviation limits are not exceeded, it is not necessary to amend the
stability information supplied to the master.

3 When multiple alterations are made to a ship in service over a period of time and each alternation is
within the deviation limits specified above, the cumulative total changes to the lightship properties from
the most recent inclining also should not exceed the deviation limits specified above or the ship should be
re-inclined.

Regulation 5.5

When the lightweight survey results do not exceed the specified deviation limits, the lightship
displacement and the longitudinal and transverse centres of gravity obtained from the lightweight survey
should be used in conjunction with the vertical centre of gravity derived from the most recent inclining in
all subsequent stability information supplied to the master.

REGULATION 5-1 — STABILITY INFORMATION TO BE SUPPLIED TO THE MASTER

Regulation 5-1.3

The requirement that applied trim values shall coincide in all stability information intended for use on
board, is intended to address initial stability calculations as well as those that may be necessary during the
service life of the ship.
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Regulation 5-1.4 (see also regulation 7.2)

1 Linear interpolation of the limiting values between the draughts d,, d,, and d; is only applicable to
minimum GM values. If it is intended to develop curves of maximum permissible KG, a sufficient number
of KMy values for intermediate draughts should be calculated to ensure that the resulting maximum KG
curves correspond with a linear variation of GM. When light service draught is not with the same trim as
other draughts, KMy for draughts between partial and light service draught should be calculated for trims
interpolated between trim at partial draught and trim at light service draught.

2 In cases where the operational trim range is intended to exceed £ 0.5 % of L, the original GM limit
line should be designed in the usual manner with the deepest subdivision draught and partial subdivision
draught calculated at level trim and estimated service trim used for the light service draught. Then
additional sets of GM limit lines should be constructed on the basis of the operational range of trims which
is covered by loading conditions for each of the three draughts dy, d,, and d; ensuring that intervals of 1 % L
are not exceeded. The sets of GM limit lines are combined to give a single envelope limiting GM curve.
The effective trim range of the curve should be clearly stated.

3 If multiple GM limiting curves are obtained from damage stability calculations of differing trims in
accordance with regulation 7, an envelope curve covering all calculated trim values should be developed.
Calculations covering different trim values should be carried out in steps not exceeding 1 % of L. The
whole range including intermediate trims should be covered by the damage stability calculations. Refer to
the example showing an envelope curve obtained from calculations of 0 trim and 1 % of L.

|

— e Trim=0

Trim = 1% L aft

GM

Envelope curve covering
trimm, ranges from 0.5% L forward
ta 1.5%L aft

t
dy dy
Draught

o—4

4 Temporary loading conditions may occur with a draught less than the light service draught d; due to
ballast water exchange requirements, etc. In these cases, for draughts below d;, the GM limit value at d; is
to be used.

5 Ships may be permitted to sail at draughts above the deepest subdivision draught d according to the
International Convention on Load Lines, e.g. using the tropical freeboard. In these cases, for draughts
above d, the GM limit value at d; is to be used.

Regulation 5-1.5

There could be cases where it is desirable to expand the trim range, for instance around d,. This
approach is based on the principle that it is not necessary that the same number of trims be used when the
GM is the same throughout a draught and when the steps between trims do not exceed 1 % of L. In these
cases there will be three 4 values based on draughts sy, py, [; and s,, p», [, and s», p3, [,. The lowest value
of each partial index 4, 4, and 4, across these trims should be used in the summation of the attained
subdivision index 4.
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Regulation 5-1.6
This provision is intended to address cases where an Administration approves an alternative means of
verification.

REGULATION 6 — REQUIRED SUBDIVISION INDEX R

Regulation 6.1

To demonstrate compliance with these provisions, see the Guidelines for the preparation of subdivision
and damage stability calculations, set out in the appendix, regarding the presentation of damage stability
calculation results.

REGULATION 7 — ATTAINED SUBDIVISION INDEX A4

Regulation 7.1

1 The probability of surviving after collision damage to the ship's hull is expressed by the index A.
Producing an index A requires calculation of various damage scenarios defined by the extent of damage
and the initial loading conditions of the ship before damage. Three loading conditions should be
considered and the result weighted as follows:

A=0,44,+0,44,+0,24,

where the indices s, p and / represent the three loading conditions and the factor to be multiplied to the
index indicates how the index 4 from each loading condition is weighted.
2 The method of calculating 4 for a loading condition is expressed by the formula:

i=t

Ac:izzlpi[visi]-

2.1 The index c represents one of the three loading conditions, the index 7 represents each investigated
damage or group of damages and ¢ is the number of damages to be investigated to calculate 4. for the
particular loading condition.

2.2 To obtain a maximum index 4 for a given subdivision, ¢ has to be equal to 7, the total number of
damages.

3 In practice, the damage combinations to be considered are limited either by significantly reduced
contributions to 4 (i.e. flooding of substantially larger volumes) or by exceeding the maximum possible
damage length.
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4 The index A4 is divided into partial factors as follows:

p; The p factor is solely dependent on the geometry of the watertight arrangement of the ship.

v; The v factor is dependent on the geometry of the watertight arrangement (decks) of the ship and the
draught of the initial loading condition. It represents the probability that the spaces above the horizontal
subdivision will not be flooded.

s; The s factor is dependent on the calculated survivability of the ship after the considered damage for a
specific initial condition.

5 Three initial loading conditions should be used for calculating each index 4. The loading conditions
are defined by their mean draught d, trim and GM (or KG). The mean draught and trim are illustrated in the
figure below.

Level trim de
Level trim
100 5 T de
B0%ed Sewice frim
_________ Ar? o [ _#Meandraught d
\ \ d

6 The GM (or KG) values for the three loading conditions could, as a first attempt, be taken from the
intact stability GM (or KG) limit curve. If the required index R is not obtained, the GM (or KG) values may
be increased (or reduced), implying that the intact loading conditions from the intact stability book must
now meet the GM (or KG) limit curve from the damage stability calculations derived by linear
interpolation between the three GMs.

7 For a series of new passenger or cargo ships built from the same plans each of which have the same
draughts d, d,, and dl as well as the same GM and trim limits, the attained subdivision index A4 calculated
for the lead ship may be used for the other ships. In addition, small differences in the draught d; (and the
subsequent change in the draught d,) are acceptable if they are due to small differences in the lightship
characteristics that do not exceed the deviation limits specified in regulation 5.2. For cases where these
conditions are not met, a new attained subdivision index A should be calculated.

"Built from the same plans" means that the watertight and weathertight aspects of the hull, bulkheads,
openings and other parts of a ship that impact the attained subdivision index 4 calculation remain exactly
the same.

8 For a passenger or cargo ship in service which undergoes alterations that materially affect the stability
information supplied to the master and require it to be re-inclined in accordance with regulation 5.4, a new
attained subdivision index 4 should be calculated. However, for alteration cases where a re-inclining is not
required and the alterations do not change the watertight and weathertight arrangements of the ship that impact
the attained subdivision index A, if ds and the GM and trim limits remain the same then a new attained
subdivision index A is not required.

9 For passenger ships subject to lightweight surveys every 5 years, if the lightweight survey results are
within the limits specified in regulation 5.5, and ds and the GM and trim limits remain the same, a new
attained subdivision index 4 is not required. However, if the lightweight survey results exceed either limit
specified in regulation 5.5, a new attained subdivision index A should be calculated.

10 For any new passenger or cargo ship for which the deviation in lightship characteristics between the
preliminary and the as built values are within the limits specified in regulation 5.2 and d; is unchanged,
then the preliminary attained subdivision index A4 calculation may be approved as the final attained
subdivision index A4 calculation. However, for cases where these conditions are not met, then a new
attained subdivision index A should be calculated.

Regulation 7.2

When additional calculations of 4 are performed for different trims, for a given set of calculations the
difference between trim values for d,, d,, and d; may not exceed 1 % L.

Regulation 7.5

1 With the same intent as wing tanks, the summation of the attained index A4 should reflect effects
caused by all watertight bulkheads and flooding boundaries within the damaged zone. It is not correct to
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assume damage only to one half of the ship's breadth B and ignore changes in subdivision that would
reflect lesser contributions.

2 In the forward and aft ends of the ship where the sectional breadth is less than the ship's breadth B,
transverse damage penetration can extend beyond the centreline bulkhead. This application of the
transverse extent of damage is consistent with the methodology to account for the localized statistics which
are normalized on the greatest moulded breadth B rather than the local breadth.

3 Where, at the extreme ends of the ship, the subdivision exceeds the waterline at the deepest
subdivision draught, the damage penetration b or B/2 is to be taken from centre line. The figure below
illustrates the shape of the B/2 line.

Deepest Subdivision
Waterline

Damage
penetration b

iyl SN PR m—C—

Maximum damage
penetration B/2

I ~-L

O

\—{ Bi2 Line

4 Where longitudinal corrugated bulkheads are fitted in wing compartments or on the centreline, they
may be treated as equivalent plane bulkheads provided the corrugation depth is of the same order as the
stiffening structure. The same principle may also be applied to transverse corrugated bulkheads.

Regulation 7.6

Refer to the explanatory notes for regulation 7-2.2 for the treatment of free surfaces during all stages of
flooding.

Regulation 7.7

1 Pipes and valves directly adjacent or situated as close as practicable to a bulkhead or to a deck can be
considered to be part of the bulkhead or deck, provided the separation distance on either side of the
bulkhead or deck is of the same order as the bulkhead or deck stiffening structure. The same applies for
small recesses, drain wells, etc.

2 For ships up to L = 150 m the provision for allowing "minor progressive flooding" should be limited
to pipes penetrating a watertight subdivision with a total cross-sectional area of not more than 710 mm?
between any two watertight compartments. For ships of L = 150 m and upwards the total cross-sectional
area of pipes should not exceed the cross-sectional area of one pipe with a diameter of /5000 m.

REGULATION 7-1 — CALCULATION OF THE FACTOR p;

General

1 The definitions below are intended to be used for the application of part B-1 only.

2 In regulation 7-1, the words "compartment" and "group of compartments" should be understood to
mean "zone" and "adjacent zones".

3 Zone — a longitudinal interval of the ship within the subdivision length.
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4 Room — a part of the ship, limited by bulkheads and decks, having a specific permeability.

5 Space — a combination of rooms.

6 Compartment — a space within watertight boundaries.

7 Damage — the three dimensional extent of the breach in the ship.

8 For the calculation of p, v, » and b only the damage should be considered, for the calculation of the s-value
the flooded space should be considered. The figures below illustrate the difference.

Damage shown as the bold square: | Flooded space shown below:

Regulation 7-1.1.1

1 The coefficients b1, b1», by and by, are coefficients in the bi-linear probability density function on
normalized damage length (J). The coefficient b, is dependent on whether L, is greater or less than L*
(i.e. 260 m); the other coefficients are valid irrespective of Lj.

Longitudinal subdivision

2 In order to prepare for the calculation of index A, the ship's subdivision length L is divided into a
fixed discrete number of damage zones. These damage zones will determine the damage stability
investigation in the way of specific damages to be calculated.

3 There are no specific rules for longitudinally subdividing the ship, except that the length L, defines
the extremities of the zones. Zone boundaries need not coincide with physical watertight boundaries.
However, it is important to consider a strategy carefully to obtain a good result (that is a large attained
index A). All zones and combination of adjacent zones may contribute to the index A. In general it is
expected that the more zone boundaries the ship is divided into the higher will be the attained index, but
this benefit should be balanced against extra computing time. The figure below shows different
longitudinal zone divisions of the length L.

7
j 4 i
4 Il e =
Z1 72 Z3
Z1 Z2 Z3 Z4 s} 76 Z7 Z8. 729 Z10 Z11
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4 The first example is a very rough division into three zones of approximately the same size with limits
where longitudinal subdivision is established. The probability that the ship will survive a damage in one of
the three zones is expected to be low (i.e. the s-factor is low or zero) and, therefore, the total attained
index A will be correspondingly low.

5 In the second example the zones have been placed in accordance with the watertight arrangement,
including minor subdivision (as in double bottom, etc.). In this case there is a much better chance of
obtaining higher s-factors.

6 Where transverse corrugated bulkheads are fitted, they may be treated as equivalent plane bulkheads,
provided the corrugation depth is of the same order as the stiffening structure.

7 Pipes and valves directly adjacent or situated as close as practicable to a transverse bulkhead can be
considered to be part of the bulkhead, provided the separation distance on either side of the bulkhead is of
the same order as the bulkhead stiffening structure. The same applies for small recesses, drain wells, etc.

8 For cases where the pipes and valves cannot be considered as being part of the transverse bulkhead,
when they present a risk of progressive flooding to other watertight compartments that will have influence
on the overall attained index A, they should be handled either by introducing a new damage zone and
accounting for the progressive flooding to associated compartments or by introducing a gap.

9 The triangle in the figure below illustrates the possible single and multiple zone damages in a ship
with a watertight arrangement suitable for a seven-zone division. The triangles at the bottom line indicate
single zone damages and the parallelograms indicate adjacent zones damages.

Max damage Ienglh'

A
v

10 As an example, the triangle illustrates a damage opening the rooms in zone 2 to the sea and the
parallelogram illustrates a damage where rooms in the zones 4, 5 and 6 are flooded simultaneously.

11 The shaded area illustrates the effect of the maximum absolute damage length. The p-factor for a
combination of three or more adjacent zones equals zero if the length of the combined adjacent damage
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zones minus the length of the foremost and the aft most damage zones in the combined damage zone is
greater than the maximum damage length. Having this in mind when subdividing L, could limit the
number of zones defined to maximize the attained index A.

12 As the p-factor is related to the watertight arrangement by the longitudinal limits of damage zones
and the transverse distance from the ship side to any longitudinal barrier in the zone, the following indices
are introduced:

j: the damage zone number starting with No.1 at the stern;

n: the number of adjacent damage zones in question where j is the aft zone;

k: the number of a particular longitudinal bulkhead as a barrier for transverse penetration in a damage
zone counted from shell towards the centreline.

The shell has No. 0;

K: total number of transverse penetration boundaries;

Dj.n - the p-factor for a damage in zone j and next (n-1) zones forward of j damaged to the longitudinal
bulkhead *.

Zone ‘ »
=1 /2 j=3 =4 =5 =6 =7
liﬁ/
— — f 4,
< >4 >4 ol 2 >4 >4
71 72 73 74 Zb 76 77




COOpHUK HOPMAMUBHO-MEMOOUHEeCKUX Mamepuanos, kuuea 26

63

Pure longitudinal subdivision
Single damage zone, pure longitudinal subdivision:

Pia= pxl j,xzj)

Zones |
n=1: damage to 1 Zone

Two adjacent zones, pure longitudinal subdivision:

Pi2=p(xl), x2;01) —p(x1), x2;) —p(x1jey, x2;41).

Already taken
into account

X1, X2,
Zones | J+1

n=2: damage to 2 Zones
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Three or more adjacent zones, pure longitudinal subdivision:

Pj,n:P(XIj, x2j+n—l)_p(x1j: x2j+n—2) —P(leﬂ, xzj+n—1)+P(X1j+1, X2j+n—2)-

Already taken
into account

X1j X1j+1 X2j+n-2 X2j+n-1

Zones | J+1 jtn-1
n=3: damage to 3 Zones

Regulation 7-1.1.2

Transverse subdivision in a damage zone

1 Damage to the hull in a specific damage zone may just penetrate the ship's watertight hull or
penetrate further towards the centreline. To describe the probability of penetrating only a wing
compartment, a probability factor r is used, based mainly on the penetration depth b. The value of r is
equal to 1, if the penetration depth is B/2 where B is the maximum breadth of the ship at the deepest
subdivision draught d;, and » = 0 if » = 0.

2 The penetration depth b is measured at level deepest subdivision draught d as a transverse distance
from the ship side right-angled to the centreline to a longitudinal barrier.

3 Where the actual watertight bulkhead is not a plane parallel to the shell, 4 should be determined by
means of an assumed line, dividing the zone to the shell in a relationship b;/b, with 1/2 < b1/b, < 2.

4 Examples of such assumed division lines are illustrated in the figure below. Each sketch represents a
single damage zone at a water line plane level d and the longitudinal bulkhead represents the outermost
bulkhead position below d; + 12.5 m.
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4.1 If a transverse subdivision intercepts the deepest subdivision draught waterline within the extent of
the zone, b is equal to zero in that zone for that transverse subdivision, see figure 1. A non-zero b can be
obtained by including an additional zone, see figure 2.

e eenindline I [~ centreline
shell
b=0
Z \‘
\ li | | b1 (=2by)
b=0 shell
Figure 1 Figure 2

4.2 If the deepest subdivision draught waterline on the side of a single hull ship includes a part where
multiple transverse (v) coordinates occur for a longitudinal (x) location, a straightened reference waterline
can be used for the calculation of b. If this approach is chosen, the original waterline is replaced by an
envelope curve including straight parts perpendicular to the centreline where multiple transverse
coordinates occur, see figures 1 to 4. The maximum transverse damage extent B/2 should then be
calculated from waterline or the reference waterline, if applicable, at the deepest subdivision draught.
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5 In calculating r-values for a group of two or more adjacent compartments, the b-value is common for
all compartments in that group, and equal to the smallest b-value in that group:

b= Il’lil’l{bl,bz,. . .,bn}

where: n number of wing compartments in that group;
b1,by,...,b, mean values of b for individual wing compartments contained in the group.

Accumulating p
6 The accumulated value of p for one zone or a group of adjacent zones is determined by:

_Nkhk=K;,
Pin=2k=1""Pjnk
Jjtn—1
where K; ,=)" K the total number of b's for the adjacent zones in question.
J

I

A
| d, waterline
| bj,‘l bj+1,1 bj+n-1,1
j2
bj] P
J Yl jAn-1

7 The figure above illustrates b's for adjacent zones. The zone j has two penetration limits and one to
the centre, the zone j+1 has one b and the zone j+n— 1 has one value for b. The multiple zones will have
(2+1+1) four values of b, and sorted in increasing order they are:

(by13bj+1,15Dj 40— 1.150;.23b) k).
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8 Because of the expression for 7 (x;, x;, b) only one by should be considered. To minimize the number

of calculations, b's of the same value may be deleted.
As b;; = by the final b's will be (b;1;b;+,—1,130;,2:b; 1)
Examples of multiple zones having a different b

9 Examples of combined damage zones and damage definitions are given in the figures below.
Compartments are identified by R10, R12, etc.

B s e e R e r— centreline
R32
R10 R20 ‘
R31 b,
! shell
~ Zone 1 -— Zone 2 - Zone 3 ~

Figure: Combined damage of zones 1 + 2 + 3 includes a limited penetration to b3, taken into account generating two
damages:
1) to b3 with R10, R20 and R31 damaged;
2) to B/2 with R10, R20, R31 and R32 damaged.

-t === — centreline
R12 R22 R32
R11 1;, R21‘r% . *
| b, R31 bs
! % shell
Zone 1 Zong 2————Zone 3

Figure: Combined damage of zones 1 + 2 + 3 includes 3 different limited damage penetrations generating four
damages:
1) to b3 with R11, R21 and R31 damaged;
2) to b, with R11, R21, R31 and R32 damaged;
3) to by with R11, R21, R31, R32, and R22 damaged,
4) to B/2 with R11, R21, R31, R32, R22 and R12 damaged.

centreline
R12 R22 .
g } 1
R21 b, R31 bs
. Zone 1 - Zone 2 - Zone 3 -

Figure: Combined damage of zone 1 + 2 + 3 including 2 different limited damage penetrations (b; < b, = b3) generating three
damages:
1) to by with R11, R21 and R31 damaged;
2) to b, with R11, R21, R31 and R12 damaged;
3) to B/2 with R11, R21, R31, R12, R22 and R32 damaged

10 A damage having a transverse extent b and a vertical extent H, leads to the flooding of both wing
compartment and hold; for b and H; only the wing compartment is flooded. The figure below illustrates a
partial subdivision draught d,, damage.
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deepest
subdivision
draught ds

Partial
subdivision
draught dp

11 The same is valid if b-values are calculated for arrangements with sloped walls.

12 Pipes and valves directly adjacent or situated as close as practicable to a longitudinal bulkhead can
be considered to be part of the bulkhead, provided the separation distance on either side of the bulkhead is
of the same order as the bulkhead stiffening structure. The same applies for small recesses, drain wells, etc.

REGULATION 7-2 — CALCULATION OF THE FACTOR s;

General

1 Initial condition — an intact loading condition to be considered in the damage analysis described by
the mean draught, vertical centre of gravity and the trim; or alternative parameters from where the same
may be determined (e.g. displacement, GM and trim). There are three initial conditions corresponding to
the three draughts d,, d, and d,.

2 Immersion limits — immersion limits are an array of points that are not to be immersed at various
stages of flooding as indicated in regulations 7-2.5.2 and 7-2.5.3.

3 Openings — all openings need to be defined: both weathertight and unprotected. Openings are the
most critical factor to preventing an inaccurate index 4. If the final waterline immerses the lower edge of
any opening through which progressive flooding takes place, the factor "s" may be recalculated taking
such flooding into account. However, in this case the s value should also be calculated without taking into
account progressive flooding and corresponding opening. The smallest s value should be retained for the
contribution to the attained index.

Regulation 7-2.1

1 In cases where the GZ curve may include more than one "range" of positive righting levers for a
specific stage of flooding, only one continuous positive "range" of the GZ curve may be used within the
allowable range/heel limits for calculation purposes. Different stages of flooding may not be combined in a
single GZ curve.

Figure 1
igure a7
=~
\L(}Zma.\:l szax
VR =i I “ heel
range; | range,
78] &1 & &
Figure 2 GZ,

A_\

heel

range
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2 In figure 1, the s-factor may be calculated from the heel angle, range and corresponding GZ,,,.x of the
first or second "range" of positive righting levers. In figure 2, only one s-factor can be calculated.

Regulation 7-2.2

Intermediate stages of flooding

1 The case of instantaneous flooding in unrestricted spaces in way of the damage zone does not require
intermediate stage flooding calculations. Where intermediate stages of flooding calculations are necessary
in connection with progressive flooding, flooding through non-watertight boundaries or cross-flooding,
they should reflect the sequence of filling as well as filling level phases. Calculations for intermediate
stages of flooding should be performed whenever equalization is not instantaneous, i.e. equalization is of a
duration greater than 60 s. Such calculations consider the progress through one or more floodable (non-
watertight) spaces, or cross-flooded spaces. Bulkheads surrounding refrigerated spaces, incinerator rooms
and longitudinal bulkheads fitted with non-watertight doors are typical examples of structures that may
significantly slow down the equalization of main compartments.

Flooding boundaries

2 If a compartment contains decks, inner bulkheads, structural elements and doors of sufficient tightness and
strength to seriously restrict the flow of water, for intermediate stage flooding calculation purposes it should be
divided into corresponding non-watertight spaces. It is assumed that the non-watertight divisions considered in
the calculations are limited to "A" class fire-rated bulkheads and decks, and do not apply to "B" class fire-rated
bulkheads normally used in accommodation areas (e.g. cabins and corridors). This guidance also relates to
regulation 4.5. For spaces in the double bottom, in general, only main longitudinal structures with a limited
number of openings have to be considered as flooding boundaries.

Sequential flooding computation

3 For each damage scenario, the damage extent and location determine the initial stage of flooding.
Calculations should be performed in stages, each stage comprising of at least two intermediate filling
phases in addition to the full phase per flooded space. Unrestricted spaces in way of damage should be
considered as flooded immediately. Every subsequent stage involves all connected spaces being flooded
simultaneously until an impermeable boundary or final equilibrium is reached. Unless the flooding process
is simulated using time-domain methods, when a flooding stage leads to both a self-acting cross-flooding
device and a non watertight boundary, the self-acting cross-flooding device is assumed to act immediately
and occur before the non-watertight boundary is breached. If due to the configuration of the subdivision in
the ship it is expected that other intermediate stages of flooding are more onerous, then those should be
investigated.

3.1 For each phase of a flooding stage (except the final full phase), the instantaneous transverse
moment of this floodwater is calculated by assuming a constant volume of water at each heeling angle. The
GZ curve is calculated with a constant intact displacement at all stages of flooding. Only one free surface
needs to be assumed for water in spaces flooded during the current stage.

In the final full phase of each stage, the water level in rooms flooded during this stage reaches the
outside sea level, so the lost buoyancy method can be used. The same method applies for every successive
stage (added volume of water with a constant intact displacement for all phases before the final full phase
of the stage in consideration), while each of the previous stages at the final full phase can be calculated
with the lost buoyancy method.

The examples below present a simplified, sequential approach to intermediate stage down flooding and
cross-flooding. Because simultaneous down-flooding and cross-flooding is not accounted for, any time-to-
flood calculated with this sequential approach should be conservative. Alternative approaches, such as
time-domain* flooding simulation, are also acceptable.

Example 1: Major damage with cross-flooding device

Stage 0: Unrestricted spaces in way of damage should be considered as flooded immediately
(intermediate phases are not considered). The lost buoyancy method is applied as this is a full (final) phase.
Provided the ship does not capsize and remains at a floating position from which cross-flooding can
proceed, stage 0 need not be taken into account for the sfactor calculation as the first intermediate stage to
be calculated is after 60 seconds. See cross-flooding/equalization explanatory note 5 below.
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Example 2: Minor damage with down-flooding and cross-flooding

Stage 0: Unrestricted spaces in way of damage should be considered as flooded immediately
(intermediate phases are not considered). The lost buoyancy method is applied as this is a full (final) phase.
Provided the ship does not capsize and remains at a floating position from which cross-flooding can
proceed, stage 0 need not be taken into account for the sy, calculation as the first intermediate stage to
be calculated is after 60 seconds. See cross-flooding/equalization explanatory note 5 below.
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/ treated by lost buoyancy method
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lost buoyancy method

Full (final) phase of stage 2

Cross-flooding/equalization

4 In general, cross-flooding is flooding of an undamaged space of the ship to reduce the heel in the
final equilibrium condition.

5 The cross-flooding time should be calculated in accordance with the Revised recommendation on a
standard method for evaluating cross-flooding arrangements (resolution MSC.362(92)). If complete fluid
equalization occurs in 60 s or less, it should be treated as instantaneous and no further calculations need to
be carried out. Additionally, in cases where s5,,, = 1 is achieved in 60 s or less, but equalization is not
complete, instantaneous flooding may also be assumed if s, Will not become reduced. In any cases
where complete fluid equalization exceeds 60 s, the value of ;0 mediare after 60 s is the first intermediate
stage to be considered. Only self-acting open cross-flooding arrangements without valves should be
considered effective for instantaneous flooding cases.

6 Provided that the ship has a GZ greater than 0 and remains in a position from which cross-flooding
can proceed, stage 0 need not be taken into account for the s/, calculation as the first intermediate stage
to be calculated is after 60 seconds.

7 Only cross-flooding devices which are sufficiently submerged below the external waterline at stage 0
are to be used in the calculation for cross-flooding according to resolution MSC.362(92).

8 If complete fluid equalization can be finalized in 10 min or less, the assessment of survivability is
carried out using the formula in regulation 7-2.1.1 (i.e. as the smallest value of $;,emediate OF Sfinar*Smom)

9 In case the equalization time is longer than 10 min, sfinal is calculated for the floating position
achieved after 10 min of equalization. This floating position is computed by calculating the amount of
flood water according to resolution MSC.362(92) using interpolation, where the equalization time is set to
10 min, i.e. the interpolation of the flood water volume is made between the case before equalization
(T=0) and the total calculated equalization time. For damage cases involving different cross-flooding
devices serving different spaces, when the interpolation between the case before equalization (7’=0) and
the total calculated equalization time is needed for flood water volume calculation after 60 s or 10 min, the
total equalization time is to be calculated separately for each cross-flooding device.

10 In any cases where complete fluid equalization exceeds 10 min, the value of sfinal used in the
formula in regulation 7-2.1.1 should be the minimum of sfinal at 10 min or at final equalization.

11 The factor sintermediate,i may be used for cross-flooding stages if they are intermediate stages which
are followed by other subsequent flooding stages (e.g. the flooding stages of non-watertight compartments).

Alternatives

12 As an alternative to the procedure described above in the explanatory notes for regulation 7-2.2,
direct calculation using computational fluid dynamics (CFD), time-domain flooding simulations or model
testing may be used to analyse intermediate stages of flooding and determine the time for equalization.

Regulation 7-2.3

1 The formulation of s4,,;; is based on target values for GZ and Range to achieve s = 1. These values
are defined as 7GZ,,,, and TRange.

2 If ro-ro spaces are damaged there might be the possibility of water accumulation on these deck
spaces. To account for this, in any damage case where the ro-ro space is damaged the higher values for
TGZ.x and TRange are to be applied for the calculation of s,.
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Regulation 7-2.4.1.2

The parameter 4 (projected lateral area) used in this paragraph does not refer to the attained
subdivision index.

Regulation 7-2.5.2.1

Unprotected openings

1 The flooding angle will be limited by immersion of such an opening. It is not necessary to define a
criterion for non-immersion of unprotected openings at equilibrium, because if it is immersed, the range of
positive GZ limited to flooding angle will be zero so "s" will be equal to zero.

2 An unprotected opening connects two rooms or one room and the outside. An unprotected opening
will not be taken into account if the two connected rooms are flooded or none of these rooms are flooded.
If the opening is connected to the outside, it will not be taken into account if the connected compartment is
flooded. An unprotected opening does not need to be taken into account if it connects a flooded room or
the outside to an undamaged room, if this room will be considered as flooded in a subsequent stage.

Openings fitted with a weathertight mean of closing (""weathertight openings')

3 The survival "s" factor will be "0" if any such point is submerged at a stage which is considered as
"final". Such points may be submerged during a stage or phase which is considered as "intermediate", or
within the range beyond equilibrium.

4 If an opening fitted with a weathertight means of closure is submerged at equilibrium during a stage
considered as intermediate, it should be demonstrated that this weathertight means of closure can sustain
the corresponding head of water and that the leakage rate is negligible.

5 These points are also defined as connecting two rooms or one room and the outside, and the same
principle as for unprotected openings is applied to take them into account or not. If several stages have to
be considered as "final", a "weathertight opening" does not need to be taken into account if it connects a
flooded room or the outside to an undamaged room if this room will be considered as flooded in a
successive "final" stage.

Regulation 7-2.5.2.2

1 Partial immersion of the bulkhead deck may be accepted at final equilibrium. This provision is
intended to ensure that evacuation along the bulkhead deck to the vertical escapes will not be impeded by
water on that deck. A "horizontal evacuation route" in the context of this regulation means a route on the
bulkhead deck connecting spaces located on and under this deck with the vertical escapes from the
bulkhead deck required for compliance with SOLAS chapter 1I-2.

2 Horizontal evacuation routes on the bulkhead deck include only escape routes (designated as
category 2 stairway spaces according to SOLAS regulation 11-2/9.2.2.3 or as category 4 stairway spaces
according to SOLAS regulation 11-2/9.2.2.4 for passenger ships carrying not more than 36 passengers)
used for the evacuation of undamaged spaces. Horizontal evacuation routes do not include corridors
(designated as category 3 corridor spaces according to SOLAS regulation 11-2/9.2.2.3 or as category 2
corridor spaces according to SOLAS regulation 11-2/9.2.2.4 for passenger ships carrying not more than
36 passengers) or escape routes within a damaged zone. No part of a horizontal evacuation route serving
undamaged spaces should be immersed.

3 5; =0 where it is not possible to access a stair leading up to the embarkation deck from an undamaged
space as a result of flooding to the "stairway" or "horizontal stairway" on the bulkhead deck.

Regulation 7-2.5.3.1

1 The purpose of this paragraph is to provide an incentive to ensure that evacuation through a vertical
escape will not be obstructed by water from above. The paragraph is intended for smaller emergency
escapes, typically hatches, where fitting of a watertight or weathertight means of closure would otherwise
exclude them from being considered as flooding points.

2 Since the probabilistic regulations do not require that the watertight bulkheads be carried
continuously up to the bulkhead deck, care should be taken to ensure that evacuation from intact spaces
through flooded spaces below the bulkhead deck will remain possible, for instance by means of a
watertight trunk.
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Regulation 7-2.6
The sketches in the figure illustrate the connection between position of watertight decks in the reserve
buoyancy area and the use of factor v for damages below these decks.
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In this example, there are 3 horizontal subdivisions to
be taken into account as the vertical extent of damage.

The example shows the maximum possible vertical
extent of damage d + 12.5 m is positioned between H, and|
\H5. H, with factor v;, H, with factor v, > v; but v, < 1 and|
\H; with factor v; = 1.

The factors v; and v2 are the same as above. The
reserve buoyancy above H; should be taken undamaged in|
all damage cases.

The combination of damages into the rooms R1, R2 and|
R3 positioned below the initial water line should be chosen|
so that the damage with the lowest s-factor is taken into|
account. That often results in the definition of alternative
damages to be calculated and compared. If the deck taken
as lower limit of damage is not watertight, down flooding

should be considered.

Regulation 7-2.6.1
The parameters x; and x, are the same as parameters x; and x, used in regulation 7-1.
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Regulation 7-3.2

REGULATION 7-3 - PERMEABILITY

1 The following additional cargo permeabilities may be used:

Spaces Permeability at draught | Permeability at draught | Permeability at draught
d d, d
Timber cargo in holds 0.35 0.7 0.95
Wood chip cargo 0.6 0.7 0.95

2 Reference is made to MSC/Circ.998 (IACS Unified Interpretation regarding timber deck cargo in the
context of damage stability requirements) regarding timber deck cargo.

Regulation 7-3.3

1 Concerning the use of other figures for permeability "if substantiated by calculations”, such
permeabilities should reflect the general conditions of the ship throughout its service life rather than
specific loading conditions.

2 This paragraph allows for the recalculation of permeabilities. This should only be considered in cases
where it is evident that there is a major discrepancy between the values shown in the regulation and the
real values. It is not designed for improving the attained value of a deficient ship of regular type by the
modification of chosen spaces in the ship that are known to provide significantly onerous results. All
proposals should be considered on a case-by-case basis by the Administration and should be justified with
adequate calculations and arguments.

REGULATION 8 — SPECIAL REQUIREMENTS CONCERNING PASSENGER SHIP
STABILITY

Regulation 8.1
This regulation is intended to ensure a sufficient safety level if a large compartment is located aft of the
collision bulkhead.

REGULATION 8-1 — SYSTEM CAPABILITIES AND OPERATIONAL INFORMATION AFTER
A FLOODING CASUALTY ON PASSENGER SHIPS

Regulation 8-1.2

1 In the context of this regulation, "compartment" has the same meaning as defined under regulation 7-1 of
these Explanatory Notes (i.e. an on-board space within watertight boundaries).

2 The purpose of the paragraph is to prevent any flooding of limited extent from immobilizing the ship.
This principle should be applied regardless of how the flooding might occur. Only flooding below the
bulkhead deck need be considered.

REGULATION 9 - DOUBLE BOTTOMS IN PASSENGER SHIPS AND CARGO SHIPS OTHER
THAN TANKERS

Regulation 9.1
1 This regulation is intended to minimize the impact of flooding from a minor grounding. Special
attention should be paid to the vulnerable area at the turn of the bilge. When justifying a deviation from
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fitting an inner bottom an assessment of the consequences of allowing a more extensive flooding than
reflected in the regulation should be provided.

2 The determination regarding the requirement to fit a double bottom "as far as this is practicable and
compatible with the design and proper working of the ship" is made, or should be accepted by, the
Administration or a recognized organization acting on its behalf.

Compliance with the damage stability requirement in regulation 9.8 should not be considered as an
equivalent optional requirement to the fitting of a dimensionally compliant double bottom. This is because
a flooded watertight compartment, such as an engine room, that complies with the damage stability
requirement in regulation 9.8 is not equivalent to a flooded double bottom below that compartment.
Compliance with the damage stability requirement in regulation 9.8 is intended to provide a minimum
level of safety in cases when the fitting of a double bottom is not practicable or compatible with the design
and proper working of the ship.

Regulation 9.2

1 Except as provided in regulations 9.3 and 9.4, parts of the double bottom not extended for the full
width of the ship as required by regulation 9.2 should be considered an unusual arrangement for the
purpose of this regulation and should be handled in accordance with regulation 9.7. An example is
provided below.

B/20

2 If an inner bottom is located higher than the partial subdivision draught dp, this should be considered
an unusual arrangement and is to be handled in accordance with regulation 9.7.

Regulations 9.3.2.2, 9.6 and 9.7

For cargo ships of less than 80 m in length (L), the alternative arrangements to provide a level of safety
satisfactory to the Administration should be limited to compartments not having a double bottom, having
an unusual bottom arrangement, or having an "other well" extending below the required double bottom
height that is greater than the 4#/2 or 500 mm limit indicated in regulation 9.3.2.1. In these cases
compliance with the bottom damage standard in regulation 9.8 should be demonstrated assuming that the
damage will only occur between the transverse watertight bulkheads in compartments not having a double
bottom, having an unusual bottom arrangement, or having an "other well" extending below the required
double bottom height that is greater than the 4/2 or 500 mm limit indicated in regulation 9.3.2.1.

Regulation 9.6

1 Any part of a passenger ship or a cargo ship of 80 m in length (L) and upwards where a double
bottom is omitted in accordance with regulation 9.1, 9.4 or 9.5 shall be capable of withstanding bottom
damages, as specified in regulation 9.8. The intent of this provision is to specify the circumstances under
which the Administration should require calculations, which damage extents to assume and what survival
criteria to apply when double bottoms are not fitted.

2 The definition of "watertight" in regulation 2.17 implies that the strength of inner bottoms and other
boundaries assumed to be watertight should be verified if they are to be considered effective in this
context.
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Regulation 9.7

The reference to a "plane" in regulation 9.2 does not imply that the surface of the inner bottom may not
be stepped in the vertical direction. Minor steps and recesses need not be considered unusual arrangements
for the purpose of this paragraph as long as no part of the inner bottom is located below the reference
plane. Discontinuities in way of wing tanks are covered by regulation 9.4.

B/20

Regulation 9.8

1 For ships to which the probabilistic damage stability requirements of part B-1 apply, the term "all
service conditions" used in this paragraph means the three loading conditions with all trims used to
calculate the attained subdivision index A. For ships not subject to the probabilistic damage stability
requirements in part B-1, such as cargo ships that comply with the subdivision and damage stability
requirements of other instruments as allowed by regulation II 1/4.2.1.2 and cargo ships of less than 80 m in
length (L), "all service conditions" means that the limit curves or tables required by regulation 5-1.2.1
should include values calculated for the same draught and trim range(s) as for the other applicable stability
requirements.

2 The damage extents specified in this paragraph should be applied to all parts of the ship where no
double bottom is fitted, as permitted by regulations 9.1, 9.4 or 9.5, and include any adjacent spaces located
within the extent of damage. Small wells in accordance with regulation 9.3.1 do not need to be considered
damaged even if within the extent of the damage. Possible positions of the damages are shown in an
example below (parts of the ship not fitted with a double bottom are shaded; the damages to be assumed
are indicated by boxes).

Regulation 9.9

1 For the purpose of identifying "large lower holds", horizontal surfaces having a continuous deck area
greater than approximately 30 % in comparison with the waterplane area at subdivision draught should be
taken to be located anywhere in the affected area of the ship. For the alternative bottom damage
calculation, a vertical extent of B/10 or 3 m, whichever is less, should be assumed.

2 The increased minimum double bottom height of not more than B/10 or 3 m, whichever is less, for
passenger ships with large lower holds, is applicable to holds in direct contact with the double bottom.
Typical arrangements of ro-ro passenger ships may include a large lower hold with additional tanks
between the double bottom and the lower hold, as shown in the figure below. In such cases, the vertical
position of the double bottom required to be B/10 or 3 m, whichever is less, should be applied to the lower
hold deck, maintaining the required double bottom height of B/20 or 2 m, whichever is less (but not less
than 760 mm). The figure below shows a typical arrangement of a modern ro-ro passenger ferry.
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REGULATION 10 - CONSTRUCTION OF WATERTIGHT BULKHEADS

Regulation 10.1
For the treatment of steps in the bulkhead deck of passenger ships see explanatory notes for regulation 13.
For the treatment of steps in the freeboard deck of cargo ships see explanatory notes for regulation 13-1.

REGULATION 12 — PEAK AND MACHINERY SPACE BULKHEADS, SHAFT TUNNELS, ETC.

Regulation 12.6.1
For cargo ships, the following figures show examples of suitable butterfly valve arrangements:

Profile Distance Piece

(Penetration Piece)

Butterfly Valve

Bell Mouth

peatpng
TIOTSIG, D)

Bottom Shell

Figure 1
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Figure 2

As butterfly valves must be capable of being remotely operated the following shall apply:

.1 the actuator shall be of a double acting type;

.2 when subject to loss of power, the actuator shall remain in its current position; and

.3 when subject to loss of power, the valve shall be able to be manually operated.

Regulation 12.10

1 In cargo ships the after engine room bulkhead can be regarded as the afterpeak bulkhead provided
that the after peak adjoins the engine room.

2 In cargo ships with a raised quarter deck, it may be impracticable to extend the afterpeak bulkhead to
the freeboard deck as the freeboard deck does not extend to the aft perpendicular. Provided that the
afterpeak bulkhead extends above the deepest load line, and that all rudderstock bearings are housed in a
watertight compartment without open connection to spaces located in front of the afterpeak bulkhead,
termination of the afterpeak bulkhead on a watertight deck lower than the freeboard deck can be accepted
by the Administration.
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Regulation 12.11

In cargo ships a stern tube enclosed in a watertight space of moderate volume, such as an afterpeak
tank, where the inboard end of the stern tube extends through the afterpeak/engine room watertight
bulkhead into the engine room is considered to be an acceptable solution satisfying the requirement of this
regulation, provided the inboard end of the stern tube is effectively sealed at the afterpeak/engine room
bulkhead by means of an approved watertight/oiltight gland system.

REGULATION 13 — OPENINGS IN WATERTIGHT BULKHEADS BELOW THE BULKHEAD
DECK IN PASSENGER SHIPS

General — Steps in the bulkhead deck

1 If the transverse watertight bulkheads in a region of the ship are carried to a higher deck which forms
a vertical step in the bulkhead deck, openings located in the bulkhead at the step may be considered as
being located above the bulkhead deck. Such openings should then comply with regulation 17 and should
be taken into account when applying regulation 7-2.

2 All openings in the shell plating below the upper deck throughout that region of the ship should be treated
as being below the bulkhead deck and the provisions of regulation 15 should be applied. See figure below.

2,
( e

I Bulkhead deck 2 Considered as located above the bulkhead deck 3 Ship's side
4 Considered as located below the bulkhead deck
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Regulation 13.2.3

1 For closed piping systems compliance with this regulation is achieved if approved pipe penetrations
are fitted at the crossing of watertight bulkheads to ensure that heat-sensitive pipes outside the space
affected by the fire remain intact, so that any flooding of the fire affected space does not cause progressive
flooding through the piping or pipe penetration.

For open piping systems compliance with this regulation is achieved if approved pipe penetrations are
fitted at the crossing of watertight bulkheads as are required for closed piping systems, and additionally
each pipe connection to a watertight compartment is fitted with an isolation or non-return valve, as
appropriate, to prevent progressive flooding through the piping system after a fire. As an alternative to
fitting an isolation or non-return valve, pipes may be routed above the damaged waterline in such a way
that progressive flooding is prevented, taking into account the dynamic movements of the ship in a
damaged condition.

However, progressive flooding may be taken into account in accordance with regulation 7-2.5.4
instead.

2 For the purpose of this explanatory note the following definitions apply:

A closed piping system is a piping system without openings in multiple watertight compartments.

An open piping system is a piping system with openings in multiple watertight compartments.

3 Materials used in systems which penetrate watertight bulkheads should be of sufficient strength after
exposure to heat or be considered as part of an open piping system.

Closing devices using intumescent material (swelling when exposed to heat) for open piping systems
should not be considered equivalent to the fitting of a valve, since the fire might be located too far from the
device to create a watertight seal.

4 Approval of pipe penetrations fitted to ensure the watertight integrity of a bulkhead or deck where
heat-sensitive materials are used should include a prototype test of watertightness after having undergone
the standard fire test appropriate for the location in which the penetrations are to be installed’.

The fire tested pipe penetration should then be tested to a test pressure of not less than 1.5 times the
design pressure as defined in regulation 2.18. The pressure should be applied to the same side of the
division as the fire test.

The fire tested pipe penetration should be tested for a period of at least 30 minutes under hydraulic
pressure equal to the test pressure, but minimum 1.0 bar. There should be no leakage during this test.

The fire tested pipe penetration should continue to be tested for a further 30 minutes with the test
pressure. The quantity of water leakage is not to exceed a total of 1 litre.

The prototype test should be considered valid only for the pipe typology (e.g. thermoplastic and
multilayer), pressure classes, the maximum/minimum dimensions tested, and the type and fire rating of the
division tested.

5 The pressure test need not be carried out on the hot penetration arrangement. Ample time may be
given to prepare for the pressure test, i.e. dismantling the fire testing equipment and rigging the pressure
test equipment.

The pressure test should be carried out with the pipe section used in the fire test still in place.

Any pipe insulation fitted for the purpose of the fire test may be removed before the pressure test.

Prototype testing need not be carried out if the pipe penetration is made of steel or equivalent material
having a thickness of 3 mm or greater and a length of not less than 900 mm (preferably 450 mm on each
side of the division), and there are no openings. Such penetrations shall be suitably insulated by extension
of the insulation at the same level of the division. See also regulation 11-2/9.3.1 with respect to piping.
However, the penetration must still comply with the watertight integrity requirement in regulation 2.17.

'Refer to the requirements for A-class division set out in part 3 of annex 1 to the 2010 FTP Code.
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Regulation 13.4

In cases where main and auxiliary propulsion machinery spaces, including boilers serving the needs for
propulsion, are divided by watertight longitudinal bulkheads in order to comply with redundancy
requirements (e.g. according to regulation 8-1.2), one watertight door in each watertight bulkhead may be
permitted, as shown in the figure below.

REGULATION 13-1 — OPENINGS IN WATERTIGHT BULKHEADS AND INTERNAL DECKS
IN CARGO SHIPS

Regulation 13-1.1

1 If the transverse watertight bulkheads in a region of the ship are carried to a higher deck than in the
remainder of the ship, openings located in the bulkhead at the step may be considered as being located
above the freeboard deck.

2 All openings in the shell plating below the upper deck throughout that region of the ship should be
treated as being below the freeboard deck, similar to the bulkhead deck for passenger ships (see relevant
figure under regulation 13 above), and the provisions of regulation 15 should be applied.

REGULATION 15 — OPENINGS IN THE SHELL PLATING BELOW THE BULKHEAD DECK
OF PASSENGER SHIPS AND THE FREEBOARD DECK OF CARGO SHIPS

General — Steps in the bulkhead deck and freeboard deck
For the treatment of steps in the bulkhead deck of passenger ships see explanatory notes for regulation 13.
For the treatment of steps in the freeboard deck of cargo ships see explanatory notes for regulation 13-1.

REGULATION 15-1 - EXTERNAL OPENINGS IN CARGO SHIPS

Regulations 15-1.1 to 15-1.3 apply to cargo ships which are subject to the damage stability analysis
required in part B-1 or other IMO instruments.

Regulation 15-1.1

With regard to air-pipe closing devices, they should be considered weathertight closing devices (not
watertight). This is consistent with their treatment in regulation 7-2.5.2.1. However, in the context of
regulation 15-1, "external openings" are not intended to include air-pipe openings.
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REGULATION 16 - CONSTRUCTION AND INITIAL TESTS OF WATERTIGHT CLOSURES

General

These requirements are only to establish a general design standard for watertight closures. They are not
intended to require any non-watertight hatches to be watertight, nor do they override the requirements of
the International Convention on Load Lines.

Regulation 16.2

Large doors, hatches or ramps on passenger and cargo ships, of a design and size that would make
pressure testing impracticable, may be exempted from regulation 16.2, provided it is demonstrated by
calculations that the doors, hatches or ramps maintain watertightness at design pressure with a proper
margin of resistance. Where such doors utilize gasket seals, a prototype pressure test to confirm that the
compression of the gasket material is capable of accommodating any deflection, revealed by the structural
analysis, should be carried out. After installation every such door, hatch or ramp should be tested by means
of a hose test or equivalent.

Note: See explanatory notes for regulation 13 for additional information regarding the treatment of steps in the bulkhead
deck of passenger ships. See explanatory notes for regulation 13-1 for additional information regarding the treatment of steps in
the freeboard deck of cargo ships.

REGULATION 17 — INTERNAL WATERTIGHT INTEGRITY OF PASSENGER SHIPS ABOVE
THE BULKHEAD DECK

General — Steps in the bulkhead deck

For the treatment of steps in the bulkhead deck of passenger ships see explanatory notes for regulation 13.

Regulation 17.1

1 Sliding watertight doors with a reduced pressure head that are located above the bulkhead deck and
which are immersed in the final or during any intermediate stage of flooding should comply fully with the
requirements of regulation 13. These types of sliding watertight doors tested with reduced pressure head
must not be immersed at any stage of flooding by a head of water higher than the tested pressure head. See
figure 1 below. These sliding watertight doors shall be kept closed during navigation in compliance with
the requirements of regulation 22 and this should be clearly indicated in the damage control information
required by regulation 19.

2 If watertight doors are located above the worst final and above the worst intermediate waterline in
damage cases contributing to the attained subdivision index A, but within the area where the door becomes
intermittently immersed (fully or partly) at angles of heel in the required range of positive stability beyond
the equilibrium position, such doors are to be power operated and remotely controlled sliding semi-
watertight doors complying with the requirements of regulation 13, except that the scantlings and sealing
requirements could be reduced to the maximum head of water caused by the waterline being intermittently
immersed (see figure 1 below). These doors should be closed in case of damage and this should be clearly
indicated in the damage control information required by regulation 19.
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Figure 1

3 The use of watertight sliding doors above the bulkhead deck affects the escape provisions of
regulation I1-2/13. When such doors are used above the bulkhead deck, there should be at least two means
of escape from each main vertical zone or similarly restricted space or group of spaces, at least one of
which should be independent of watertight doors and at least one of which should give access to a stairway
forming a vertical escape. Sliding watertight doors that will be used frequently by passengers must not
create a tripping hazard.

4 Doors fitted above the bulkhead deck, which are required to meet both fire protection and watertight
requirements should comply with the fire requirements in regulation 11-2/9.4.1.1 and the watertight
requirements in paragraphs 1 and 2 above. Notwithstanding the ultimate sentence of regulation 11-2/9.4.1.1.2,
watertight doors fitted above the bulkhead deck should be insulated to the standard required by table 9.1 and
regulation 11-2/9.2.2.1.1.1. The door must be capable of operation using both the remote fire door control circuit
and the remote watertight door control circuit. If two doors are fitted, they must be capable of independent
operation. The operation of either door separately must not preclude closing of the other door. Both doors must
be capable of being operated from either side of the bulkhead.

Regulation 17.3

This paragraph is intended to ensure that progressive flooding through air pipes of volumes located
above a horizontal division in the superstructure, which is considered as a watertight boundary when
applying regulation 7-2.6.1.1, will be taken into consideration if a side or bottom damage would cause
flooding via tanks or spaces located below the waterline.

REGULATION 17-1 — INTEGRITY OF THE HULL AND SUPERSTRUCTURE, DAMAGE
PREVENTION AND CONTROL ON RO-RO PASSENGER SHIPS

Regulations 17-1.1.1 and 17-1.1.3 apply only to direct accesses from a ro-ro space to spaces located
below the bulkhead deck. The operation of doors in bulkheads separating a ro-ro space and other spaces
should be limited to compliance with regulation 23.3.

Ro-ro deck Accomodation

e S —

REGULATION 22 — PREVENTION AND CONTROL OF WATER INGRESS, ETC.

The word "port" used in this regulation includes all berths and sheltered locations where loading and/or
discharging may take place.
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APPENDIX
GUIDELINES FOR THE PREPARATION OF SUBDIVISION
AND DAMAGE STABILITY CALCULATIONS

1 GENERAL

1.1 PURPOSE OF THE GUIDELINES

1.1.1 These Guidelines serve the purpose of simplifying the process of the damage stability analysis, as
experience has shown that a systematic and complete presentation of the particulars results in considerable
saving of time during the approval process.

1.1.2 A damage stability analysis serves the purpose to provide proof of the damage stability standard
required for the respective ship type. At present, two different calculation methods, the deterministic
concept and the probabilistic concept are applied.

1.2 SCOPE OF ANALYSIS AND DOCUMENTATION ON BOARD

1.2.1 The scope of subdivision and damage stability analysis is determined by the required damage
stability standard and aims at providing the ship's master with clear intact stability requirements. In
general, this is achieved by determining KG-respective GM-limit curves, containing the admissible
stability values for the draught range to be covered.

1.2.2 Within the scope of the analysis thus defined, all potential or necessary damage conditions will
be determined, taking into account the damage stability criteria, in order to obtain the required damage
stability standard. Depending on the type and size of ship, this may involve a considerable amount of
analyses.

1.2.3 Referring to SOLAS chapter 1I-1, regulation 19, the necessity to provide the crew with the
relevant information regarding the subdivision of the ship is expressed, therefore plans should be provided
and permanently exhibited for the guidance of the officer in charge. These plans should clearly show for
each deck and hold the boundaries of the watertight compartments, the openings therein with means of
closure and position of any controls thereof, and the arrangements for the correction of any list due to
flooding. In addition, Damage Control Booklets containing the aforementioned information should be
available.

2 DOCUMENTS FOR SUBMISSION

2.1 PRESENTATION OF DOCUMENTS

The documentation should begin with the following details: principal dimensions, ship type,
designation of intact conditions, designation of damage conditions and pertinent damaged compartments,
KG-respective GM-limit curve.

2.2 GENERAL DOCUMENTS

For the checking of the input data, the following should be submitted:

.1 main dimensions;

.2 lines plan, plotted or numerically;

.3 hydrostatic data and cross curves of stability (including drawing of the buoyant hull);
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.4 definition of sub-compartments with moulded volumes, centres of gravity and permeability;

.5 layout plan (watertight integrity plan) for the sub-compartments with all internal and external
opening points including their connected sub-compartments, and particulars used in measuring the spaces,
such as general arrangement plan and tank plan. The subdivision limits, longitudinal, transverse and
vertical, should be included;

.6 light service condition;

.7 load line draught;

.8 coordinates of opening points with their level of tightness (e.g. weathertight, unprotected);

.9 watertight door location with pressure calculation;

.10 side contour and wind profile;

.11 cross and down flooding devices and the calculations thereof according to resolution MSC.362(92)
with information about diameter, valves, pipe lengths and coordinates of inlet/outlet;

.12 pipes in damaged area when the destruction of these pipes results in progressive flooding; and

.13 damage extensions and definition of damage cases.

2.3 SPECIAL DOCUMENTS

The following documentation of results should be submitted.

2.3.1 Documentation

2.3.1.1 Initial data:

.1 subdivision length Lg;

.2 initial draughts and the corresponding GM-values;

.3 required subdivision index R; and

.4 attained subdivision index 4 with a summary table for all contributions for all damaged zones.

2.3.1.2 Results for each damage case which contributes to the index A:

.1 draught, trim, heel, GM in damaged condition;

.2 dimension of the damage with probabilistic values p, v and 7;

.3 righting lever curve (including GZ,,,x and range) with factor of survivability s;

.4 critical weathertight and unprotected openings with their angle of immersion; and

.5 details of sub-compartments with amount of in-flooded water/lost buoyancy with their centres of
gravity.

2.3.1.3 In addition to the requirements in paragraph 2.3.1.2, particulars of non-contributing damages
(s;=0 and p; > 0.00) should also be submitted for passenger ships and ro-ro ships fitted with long lower
holds including full details of the calculated factors.

2.3.2 Special consideration

For intermediate conditions, as stages before cross-flooding or before progressive flooding, an
appropriate scope of the documentation covering the aforementioned items is needed in addition.
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METHODICAL INSTRUCTIONS FOR THE DEVELOPMENT OF LOADING
MANUALS, STABILITY BOOKLETS FOR THE CARRIAGE OF SOLID BULK
CARGOES AND LOADING INSTRUMENTS FOR SEA-GOING SHIPS

1. GENERAL

1.1 DEFINITIONS

1.1.1 The Loading Manual is a document regulating stowage, loading and unloading of cargoes and ballast
to prevent excessive hull stresses. Instructions for preparing the Loading Manual are given in Section 2.

1.1.2 The Stability and Strength Booklet for the Ship Loaded with Solid Bulk Cargoes Other than
Grain (Booklet) is a document regulating stowage, loading and unloading of solid bulk cargoes other than
grain to prevent excessive hull stresses. Requirements for the Booklet content are given in Section 3.

1.1.3 A loading instrument is an instrument, which is either analog or digital by means of which the
still water bending moments, shear forces and torsional and lateral loads, where required, in any load or
ballast condition can be easily and quickly checked at specified cross-sections along the ship length.
Requirements for the loading instrument are given in Section 4.

1.2 PURPOSE

1.2.1 These Methodical Instructions (hereinafter referred to as "MI") set out provisions for
development of Loading Manuals, Booklets for the carriage of bulk cargoes other than grain and loading
instruments for sea-going cargo carriers under the supervision of Russian Maritime Register of Shipping
(RS), and aim at unification of their contents and layout when issued by different organizations.

1.2.2 Complying with MI provisions ensures safe condition of the ship hull and its monitoring during
loading/unloading operations and navigation throughout the whole period of the ship operation provided
that the hull is maintained in "fit" technical condition.

1.2.3 These MI supplement the Rules for the Classification and Construction of Sea-Going Ships. It is
recommended to apply the MI requirements when developing Loading Manuals, Booklets on carriage of
bulk cargoes other than grain, and when issuing Certificates for loading instrument.

1.2.4 Current Loading Manuals, Booklets and loading instruments do not require reapproval upon MI
coming into force.

1.3 APPLICATION

1.3.1 The MI provisions apply to ships with a length of 65 m or over.

1.3.2 With respect to the provision with hull strength monitoring facilities when loading, ships are
divided into two categories.

Category I ships:

ships with large deck openings where combined stresses due to vertical and horizontal hull girder
bending, and torsional and lateral loads shall be considered,

ships liable to carry non-homogeneous loadings, where the cargo and/or ballast may be unevenly
distributed. Ships less than 120 metres in length, when their design takes into account uneven distribution
of cargo or ballast, belong to Category II;

chemical tankers and gas carriers.

Category II ships:

ships with the arrangement giving small possibilities for variation in cargo and ballast distribution,
ships on regular and fixed trading pattern, where the Loading Manual gives sufficient guidance, and in
addition the exception given under Category 1.
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1.3.3 All ships other than Category II ships less 90 m in length, with a deadweight not greater than 30 % of
summer load line displacement, shall be provided with the Loading Manual approved by the Register.

1.3.4 In addition to the Loading Manual, all Category I ships shall carry the loading instrument
approved by the Register. The loading instrument does not replace the Loading Manual. A loading
instrument is a component of ship equipment and shall only be applied to the ship for which it has been
approved.

1.3.5 As per SOLAS 74 regulation VI/7, all ships carrying bulk cargoes other than grain, including
occasional carriages, shall be provided with the Booklet regulating stowage, loading and unloading of bulk
cargoes other than grain.

1.3.6 The MI application is subject the special consideration of the Register, if ships have purpose,
dimensions and design not corresponding to the scope of application of Rules.

1.3.7 At the request of the shipowner, loading/unloading conditions of a ship and its navigation can be
changed or restricted for the ship's seaworthiness preservation or for extension of its operation without
repair. Such limitations shall be reflected in the Loading Manual, Booklet, loading Instrument settings.

1.4 DEVELOPMENT BASIS

1.4.1 The Loading Manual, Stability Booklet and Loading Instrument Manual shall be developed
based on the ship's reporting data (after the ship construction, modernization, trials and delivery).

1.4.2 The Loading Manual and the Booklet shall be developed in accordance with results of the
inclining test of the vessel presented in the Stability Booklet. In other cases, the requirements of 1.4.11.3,
Part IV "Stability" of the Register Rules shall be followed.

2 INSTRUCTIONS FOR DRAWING UP THE LOADING MANUAL

2.1 GENERAL

The Loading Manual shall include the following sections:

1 Table of Contents.

2 Introduction.

3 General.

4 Limitations imposed with respect to the ship's loading.

5 Characteristics of cargo spaces, ballast tanks, supply of ballast and cargo pumps.

6 Typical loading conditions with results of calculation of still water bending moments and shear
forces.

7 Cargo operations and ballasting conditions. Monitoring,.

8 Manual calculation methodology of the ship hull longitudinal strength.

9 List of technical documentation.

10 Amendments and additions included into the Loading Manual.

2.2 REQUIREMENTS FOR CONTENTS OF SECTIONS

2.2.1 Requirements for the contents of Section 2 "Introduction".

.1 The Introduction shall include list of purposes that Loading Manual can serve.

.2 The Section shall contain the record: "Compliance with Loading Manual provisions does not exempt
the shipmaster from liability for any decisions made.".

2.2.2 Requirements for the contents of Section 3 "General".
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.1 The Section "General" shall include the descriptions of accepted coordinates system and sign
convention.

.2 Section shall contain explanations of all used symbols.

.3 Section shall specify the ship general data, including:

1) ship's name, shipyard's name, year of construction, building number;

2) Register number, IMO number, port of registry, flag state;

3) ship's type;

4) ship's class;

5) regulatory additional operating limitations;

6) main particulars of the ship;

7) summer load waterline and its corresponding deadweight and displacement;

8) cruising speed;

9) results of heeling experiment;

10) other data at the discretion of the developer of Loading Manual.

2.2.3 Requirements for the contents of Section 4 "Limitations Imposed with Respect to Ship's
Loading".

.1 The Section shall specify permissible limits of still water bending moments and shear forces at
specified read-out points and, where applicable, limitations due to torsional and lateral loads.

1) Permissible values of still water bending moments and shear forces shall be provided for the
seagoing and harbour conditions for sagging and hogging bending cases.

2) The read-out points, usually, shall be in locations associated with maximum bending moments and
shear forces, as well as in weakened areas of the hull structure, in deck openings, in areas where framing
system, structure, steel grade change.

The quantity of cross-sections along the ship’s length for which bending moments and shear forces are
calculated shall be sufficient for the drawing of their diagrams over the entire ship length.

3) Permissible values of bending moments and shear forces are accepted according to data given in
approved plan approval documents. If the data are not available, permissible values of still water bending
moments and shear forces shall be calculated based on design sizes of the scantlings of hull members
(Appendix 1).

.2 Permissible local loads acting on the hull structures shall be provided in the Section.

1) Allowable pressures upon the inner bottom plating, lower deck, upper deck and hatch covers, as
well as allowable hold load, shall be accepted according to data given in design documents. If they are not
available, allowable pressures shall be calculated. The calculations shall be agreed with the Register.

2) The Loading Manual for bulk carriers, ore carriers, ore/oil carriers and oil/bulk carriers of 150 m
length and above, which were contracted for construction on or after July 1, 1998, shall additionally
include

— a list of the cargo holds or combination of cargo holds that might be empty at full draught. If no
cargo hold is allowed to be empty at full draught, this shall be clearly stated in the Loading Manual;

— the maximum and minimum allowable weight of cargo and double bottom contents of each hold as
a function of the draught at mid-hold position. Values of maximum allowable weight of cargo in the hold
shall be given for the sea-going and harbour conditions;

— the maximum and minimum allowable weight of cargo and double bottom contents of each pair of
adjacent holds as a function of mean draught over their length, if the block loading is used for this ship.
This mean draught may be calculated by averaging the draught of the two mid-hold positions. Values of
maximum allowable weight of cargo in two adjacent holds shall be given for "at sea" and "at port" states of
the ship;

— the maximum allowable load on deck and hatch covers. If the ship is not approved for carrying
cargoes on deck or hatch covers, this shall be clearly stated in the Loading Manual.

— for cargoes other than bulk cargoes, the maximum allowable load on the inner bottom plating
together with specification of the nature of the cargo (density or stowage factor).
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3) For bulk carriers of 150 m length and above, having single skin side construction, intended for the
carriage of bulk cargoes of 1,78 t/m> density and above, contracted for construction before 1 July 1998, the
maximum allowable load on fore hold in case of its flooding shall be determined.

4) For bulk carriers of 150 m length and above, having single skin side construction, intended for the
carriage of bulk cargoes of 1 t/m’ density and above, contracted for construction on or after 1 July 1998,
the maximum allowable load upon each hold in case of its flooding shall be determined.

5) The maximum allowable load upon hold in case of its flooding according to 3) and 4) is determined
in accordance with the procedures of the Register. The maximum allowable load on a flooded hold, in any
case, shall not exceed the maximum design load allowed for the hold in the intact state.

.3 The Section shall specify the trim limitations for the ship:

1) minimum forward draught in terms of safe slamming, and after draught in terms of propeller racing;

2) minimum and maximum forward and after draughts provided that they comply with the
requirements of the hull ice class;

3) maximum forward draught (if necessary), allowable as per International Convention on Load Lines
(forward draught is determined by minimum bow height);

4) allowable values of draught in bow, stern, amidships, trim, list during cargo operations.

.4 The Section shall specify other limitations provided for by the Loading Manual.

1) Limitations relating to the influence of torsional and lateral loads.

2) Limitations imposed with respect to the ship loading according to stability criteria (e.g., acceleration
criterion), unsinkability, etc.

3) The Loading Manual shall clearly indicate the possibility of cargo operations with the use of a
grapple. The use of grapples is not allowed if the thickness of the inner bottom plating does not reach the
value required in Part II of the Register Rules.

4) Limitations relating to a possible non-homogeneous cargo conditions in long holds (at //L>0,15,
where / — length of the hold, L — length of the ship).

2.2.4 Requirements for the contents of Section 5 "Characteristics of Cargo Spaces, Ballast Tanks,
Supply of Ballast and Cargo Pumps".

The Section shall include the following data:

1) Volumes, arrangement, surfaces, allowable loads on cargo space plating.

2) Capacity of ballast tanks and of equipment for their filling and emptying.

3) Supply of cargo pumps for tankers.

2.2.5 Requirements for the contents of Section 6 "Typical Loading Conditions with Results of Still
Water Bending Moments and Shear Forces Calculation".

.1 The Section shall specify all loading conditions and ballasting at sea accepted as design data when
determining the scantlings of framing members and other loading conditions connected to operation of a
concrete ship provided for in the Stability Booklet.

.2 All loading conditions shall include results of calculation of still water bending moments and shear
forces.

.3 All loading conditions (unless expressly provided otherwise) shall be considered for the ship
condition subdivided for start of the voyage at departure and end of voyage on arrival of the ship.

.4 The Loading Manual shall include the following loading conditions for dry cargo carriers, ships with
large deck opening, ro-ro ships, refrigerated cargo ships namely':

1) homogeneous loading conditions at maximum draught?;

2) ballast conditions;

"The Loading Manual shall comply with the requirements 2.2.5.6 of these MI, if bulk cargoes shall be carried by
undedicated dry cargo ships.

2Summer freeboard mark draught and, if necessary, tropical draught are used as maximum draught. The selection of other
design draughts is determined by the Manual's developer according to estimated ports of the ship loading/unloading and agreed
with the shipowner.
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3) special loading conditions typical for this ship: container loading, roll-on roll-off, pipes, deck timber
cargo loading, homogeneous light load conditions with full cargo capacity at the draught less than
maximum draught, transporting of heavyweights and deck cargoes, etc., as applicable;

4) loading during a short voyage with maximum draught and minimum ship stores;

5) loading transitory conditions during loading/unloading operations and ballasting;

6) ship loading conditions during docking and inspection of propeller hub.

.5 The following loading conditions shall be included into the Loading Manual for tankers (as
applicable for the ship), namely:

1) homogeneous loading conditions (excluding dry and clean ballast tanks);

2) partly loaded and ballast conditions for both departure and arrival,

3) any specified non-homogeneous loading condition;

4) mid-voyage conditions differing significantly from ballast conditions related to tank cleaning or
other operations;

5) loading and unloading transitory conditions;

6) ballasting at sea;

7) ship loading conditions during docking and inspection of propeller hub.

.6 The following loading conditions shall be included into the Loading Manual for bulk and ore
carriers (as applicable for the ship), namely:

1) homogeneous light and heavy cargo loading conditions at maximum draught;

2) alternate light and heavy cargo loading conditions at maximum draught, where applicable;

3) block loading, if applicable, when two adjacent holds are loaded, and the holds forward and after of
these holds are empty;

4) ballast condition;

Note. It is recommended for the ships having ballast holds, adjacent to hopper side tanks and topside tanks fitted below
the deck, as well as double bottom tanks, to not fill said tanks when the ballast is received into the hold. When doing design
calculations, ballast tank partial filling in extremities is not permitted except for cases when measures are provided to avoid
occasional overflow of tanks in extremities.

5) loading conditions for short voyages when the ship shall be loaded to maximum draught but with
limited ship stores;

6) intermediate loading conditions for loading/unloading in the port;

7) conditions of cargo loading on deck, as applicable;

8) typical sequences of ship loading from the start of loading up to full deadweight for of homogeneous
loading, alternate loading, block loading and partial loading conditions, as applicable. Typical unloading
sequences for the mentioned conditions shall be also included. Typical sequences of loading/unloading
shall be developed provided that they do not exceed respective margin of strength, in which case loading/
unloading rates and ballast pumping in/ out rates shall also be taken into account;

9) typical sequences for change of ballast at sea, if required.

10) ship loading conditions during docking and inspection of propeller hub.

.7 Loading conditions specified in 2.2.5.5 and 2.2.5.6 of these MI shall be included into the Loading
Manual for oil/bulk and oil/ore carriers.

.8 Loading conditions for chemical tankers and gas carriers included into the Loading Manual shall be
agreed with the Register.

.9 Calculation of still water bending moments and shear forces:

1) calculation of still water bending moments and shear forces shall be performed in accordance with 1.4.3
Part II of the Register Rules for all ship loading conditions provided in Section 3 of these MI, as well as for
other loading conditions relating to the operating conditions of a particular ship, provided in the Stability
Booklet;

2) for ships without effective longitudinal bulkheads with non-homogeneous loading, when loaded and
unloaded spaces alternate, values of still water shear forces may be specified according to 1.4.3.3 of Part 11
of the Register Rules;
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3) calculation of sagging of a ship's hull and consideration of hull bending influence to bending
moments and shear forces (if the hull bending is considered for their calculation) shall be in accordance
with the procedures approved by the Register;

4) Location of cross-sections over the ship's length, where bending moments and shear forces are
calculated (and, respectively, calculation of longitudinal hull strength) shall be selected so as to construct
the bending-moment curve and shear forces diagram over complete length of the ship;

5) for bulk carriers of 150 m length and above, having single skin side construction, intended for the
carriage of bulk cargoes of 1 t/m’ density and above contracted for construction on or after 1 July 1998,
envelope results and permissible values of still water bending moments and shear forces shall be given.
They are calculated with flooding of each hold for all loading and ballasting conditions considered in the
strength analysis of intact ship. Still water bending moments and shear forces for intact ships are calculated
with the following assumptions:

— each cargo space is considered as flooded separately to waterline of the ship equilibrium according
to this case of flooding;

— permeability® of the void cargo spaces and the spaces over the cargo in loaded spaces is taken equal
to 0,95;

— corresponding values of permeability and density shall be used for the bulk cargo carried®.

2.2.6 The requirements for the contents of Section 7 "Cargo operations and ballasting conditions.
Monitoring".

.1 The Section shall specify the sequence of cargo loading/unloading and ship ballasting for all design
loading conditions, corresponding to 2.2.5 of MI, as well as for other loading conditions relating to
conditions of operation of a particular ship provided in the Stability Booklet.

.2 The Section shall contain:

1) typical sequences of the ship loading from its start to full deadweight for all ship loading conditions.
Typical unloading sequences for the said conditions shall be also included. Typical sequences of loading/
unloading shall be developed provided that they do not exceed respective margin of strength, in which case
loading/unloading rates and ballast pumping in/pumping out rates shall be taken into account;

2) typical sequences of ballast charge/discharge in the port, if required;

3) typical registration forms of the sequence for cargo loading/unloading and ballast charge/discharge
(see Appendix 3, Typical Registration Forms of Sequence for Cargo Loading/Unloading).

.3 The sequence of cargo operations carrying out for bulk carriers shall be regulated based on one, two
and more points of loading/unloading (for simultaneously operating cargo loading devices). In this case, it
is recommended to load one hold by one step, without return of loading devices, wherever possible and
safe in terms of ensuring the ship strength.

.4 Weight of charged (discharged) ballast for each stage of cargo operations shall be agreed in time and
in terms of available loading/unloading devices.

.5 The Section shall specify conditions for accepting the ship for loading: availability/unavailability/
minimum amount of ballast on board the ship depending on water area and waves.

.6 The Section shall specify the possibility of simultaneous loading/unloading operations and
ballasting.

.7 The Section shall specify, if necessary, possibility and provisions for sea passages of the ship in
intermediate conditions of loading.

.8 Draughts of the ship shall be specified for each stage of loading/unloading taking into account the
hull bending. It will allow the crew to monitor cargo operations, maximum values of bending moments and

3The term "permeability" applied to compacted bulk cargo means the ratio of permeable volume between particles, granules
of other nodules of a cargo to the whole volume of the bulk cargo.

“For iron ore, minimum value of permeability is taken 0,3 with relevant cargo density 3,0 t/m>. For cement, minimum value
of permeability is taken 0,3 with relevant density 1.3 t/m>. If the ship shall transport packeted goods (e.g., rolled steel), actual
cargo density is taken with zero permeability.
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shear forces in percentage of the permissible values, specifying cross-sections, where they will be valid,
and for the ships having insufficient stability, values of corrected metacentric heights, too.

2.2.7 The requirements for the contents of Section 8 "Manual Calculation Methods of Longitudinal
Hull Strength of the Ship".

.1 Methods of manual calculation of longitudinal hull strength (hereinafter referred to as Methods)
shall provide the possibility for ship's crew to determine, with a sufficient accuracy and minimum time,
bending moments and shear forces and compare them with permissible values, if the ship loading is
different from the conditions described in the Loading Manual.

.2 For ships of II CIT and III CII classes, the Methods shall provide for control of bending moments
amidships and in cargo area transition to superstructure in ships of 90 m in length and more and in midship
section in ships of less than 90 m in length.

.3 The Methods shall include the detailed example of manual calculation of hull strength for a
particular loading condition.

.4 The necessity for the inclusion of Methods into the Loading Manual for a particular ship shall be
determined by the developer and agreed with the Register.

.5 Recommended practice for developing the Methods:

1) monitoring plans of longitudinal strength;

2) influence lines for bending moment and shear force in the controlled cross-section;

3) method of "integral factors";

4) method of "isolated" diagrams for single cargo loading in specified space.

.6 The procedure for the Methods preparation is selected at the discretion of the developer.

.7 The accuracy of calculations in each controlled cross-section shall be within acceptable tolerances (Table 1).
As the values for comparison, the results of calculations may be used, obtained using independent software,
approved manual calculation or values of typical loading conditions (taken from approved ship's documents),
provided that the development basis is identical.

Table 1
Tolerances for calculation accuracy comparison

Calculation Tolerance
(percentage of permissible parameter value for cross-section)

Still water shear force +/-10
Still water bending moment + /-10

2.2.8 Requirements for the contents of Section 9 "List of Technical Documents".

.1 The Section shall include the list of technical documents, based on which the Loading Manual was
developed.

.2 The List shall specify full name of the document, its number, issuing organization, year of issue,
date of its agreement with the Register.

2.2.9 The requirements for the contents of Section 10 "Amendments and Additions included into the
Loading Manual".

.1 In case of modification of main particulars of the ship or of hull design, which can affect hull
longitudinal strength and/or load-carrying capacity of the double bottom, a new Loading Manual shall be
developed and submitted for the approval.

.2 Any changes and/or additions relating to the inclusion into the respective Loading Manual of new
ship loading or ballasting conditions or new diagrams of cargo loading/unloading (resulting from the ship
structure reinforcement under repair, and vice versa, due to its excessive wear) shall be described in the
Loading Manual and approved by the Register.

.3 Any changes and/or additions to the Loading Manual shall be made by the Manual developer or
another organization authorized by the shipowner and approved by the Register.
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2.3 REQUIREMENTS FOR DOCUMENT LAYOUT

2.3.1 The structure of the Loading Manual shall be identical with the typical structure of Loading
Manual.

2.3.2 The Loading Manual and drawings (figures), tables and diagrams attached thereto shall be both
in a language that the ship's officers can understand and in English.

2.3.3 The Loading Manual shall include references to documents based on which it is developed.

2.3.4 The system of measurement units, coordinates system and sign convention shall be the consistent
for the entire document and the same as the system of units used in the Stability Booklet.

2.3.5 Any notation keys, if they are used in the document, shall be provided in the Loading Manual.

2.3.6 A table of contents shall be provided at the beginning of the document. Pages shall be numbered.

2.3.7 Part of materials included into the Loading Manual as per the requirements of this document may
be added into the Stability Booklet (e.g., typical loading conditions, respective diagrams of bending
moments and shear forces, comparisons with allowable values). It is recommended to name the
documentShip Stability and Strength Booklet for the ship's master.

2.3.8 The standard title page form is provided in Appendix 2.

2.4 CONDITIONS OF APPROVAL BY THE REGISTER

The Loading Manual shall be submitted to the Register for approval together with required
justification and documents based on which it was developed. The Loading Manual shall be developed
using the main final design data of the ship.

3 INSTRUCTIONS FOR DRAWING UP THE STABILITY AND STRENGTH BOOKLET FOR
THE SHIPS LOADED WITH SOLID BULK CARGOES OTHER THAN GRAIN

3.1 GENERAL

The general requirements for the Stability and Strength Booklet for the Ships Loaded with Solid Bulk
Cargoes Other than Grain (Stability Booklet) are identical to the requirements of 2.1 for the Loading
Manual with regard to solid bulk cargoes other than grain. In some cases agreed with the Register, the
contents of Booklet may be changed.

3.2 REQUIREMENTS FOR CONTENTS

3.2.1 The requirements for the contents of Sections 2 "Introduction" and 3 "General" are identical to
the requirements of 2.2.1 and 2.2.2 for the Loading Manual.

3.2.2 Requirements for the contents of Section 4 "Limitations Imposed with Respect to Ship Loading".

.1 The Section shall contain the limitations imposed on stability characteristics according to the
requirements of the Rules and SOLAS regulation 11-1/22.

.2 Other requirements for the contents of the Section are identical to the requirements of 2.2.3 for the
Loading Manual.

3.2.3 The requirements for the contents of Section 5 "Characteristics of Cargo Spaces, Ballast Tanks,
Supply of Ballast and Cargo Pumps" are identical to the requirements of 2.2.4 for the Loading Manual.

3.2.4 Requirements for the contents of Section 6 "Typical Conditions of the Ship Loading".

.1 The requirements for the contents of this section are identical to the requirements of 2.2.5 for the
Loading Manual.
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.2 All loading conditions shall contain the results of stability calculations according to the requirements
of the Rules and SOLAS regulation 11-1/22.

3.2.5 Requirements for the contents of Section 7 "Cargo Operations and Ballasting Conditions.
Monitoring".

.1 The requirements for the contents of this section are identical to the requirements of 2.2.6 for the
Loading Manual.

3.2.6 Requirements for the contents of Section 8 "Manual Calculation Methods of Longitudinal Hull
Strength of the Ship".

.1 The requirements for the contents of the Section are identical to the requirements of 2.2.7 for the
Loading Manual.

.2 The Methods shall enable the ship's personnel, if the ship loading is different from the conditions
contained in the Loading Manual, to perform the stability calculation in minimum time and with sufficient
accuracy in accordance with the requirements of the Rules and SOLAS regulation I1-1/22.

3.2.7 Requirements for the contents of Section 9 "List of Technical Documents".

.1 The requirements for the contents of the Section are identical to the requirements of 2.2.8 for the
Loading Manual.

3.2.8 Requirements for the contents of Section 10 "Amendments and Additions Included into the
Booklet".

.1 The requirements for implementing amendments and additions are identical to the requirements of 2.2.9
for the Loading Manual.

3.3 REQUIREMENTS FOR DOCUMENT LAYOUT

The requirements for Booklet layout are identical to the requirements of 2.3 for the Loading Manual.

3.4 CONDITIONS OF APPROVAL BY THE REGISTER

The requirements for approval of Booklet are identical to the requirements of 2.4 for the Loading
Manual.

4 REQUIREMENTS FOR LOADING INSTRUMENTS

4.1 GENERAL

4.1.1 The loading instrument shall be based on the use of a computer system including software and
hardware.

4.1.2 The loading instrument is not a substitute for the approved Loading Manual and Booklet.

4.1.3 The results of the calculations performed using the loading instrument are only applicable to the
ship for which it has been approved.

4.1.4 The loading instrument shall ensure the output of all necessary information, both on the monitor
screen and on the printer.

4.1.5 The loading instrument shall determine basic parameters of any loading condition.

1) Displacement and coordinates of the centre of gravity.

2) Draught at forward and after perpendiculars and at midship.

3) Limitations for draughts at marks: forward, after and midship. If necessary, the hull flexibility can
be taken into account.

4) Trim.
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5) The strength limitations in the form of comparison of design values with the allowable values:

— Seagoing and harbour bending moments and shear forces.

— Allowable pressures on the inner bottom plating and decks.

— For ships carrying bulk cargoes in accordance with 2.2.5.6:

a) allowable weight of cargo and double bottom contents for all holds, depending on the mean draught
in the hold area;

b) allowable weight of cargo and double bottom contents for any adjacent holds, depending on mean
draught in the hold area;

c) still water bending moment and shear forces in case of holds emergency flooding.

—Torsional moments, if necessary.

Note. The forces and moments determined by the calculation shall be represented graphically and in tables, including
percentages of the allowable values at each read-out point.

4.1.6 The loading instrument shall provide:

1) a clear warning in case of violation of any limitations;

2) if the loading instrument does not check any limitations specific to the type of ship and cargo, the
user shall be specifically warned. Uncontrolled limitations shall be present on the display for the current
loading condition and shall be included in the print-out.

4.1.7 At each read-out point, the accuracy of the calculation program shall be within acceptable
tolerances (Table 2). The calculation results obtained using independent software, approved manual
calculation or values from typical loading conditions (of the approved ship's documents) can be used as the
values for comparison. This comparison is valid for identical development basis.

Table 2
Tolerances for calculation accuracy comparison

Calculation Tolerance
(percentage of permissible parameter value for cross-section)

Still water shear force + /-5
Still water bending moment + /-5
Still water torsional moment + /-5

4.1.8 For each ship, the approval process for the loading instrument shall include the following
procedures:

1) approval of the software with the issue of a Type Approval Certificate (form 6.8.5);

2) verification of the software for a particular ship with the issuance of a Report (form 6.3.29);

3) approval of the computer's hardware, if necessary;

4) commissioning trials on board with the issuance of a Report according (form 6.3.10).

4.2 REQUIREMENTS FOR SOFTWARE

4.2.1 The software shall ensure that it is not possible for the user to modify the ship-critical files
containing the following information:

1) ship lightweight and lightweight distribution along the ship's length, and corresponding centre of
gravity;

2) compartment definitions, centres of volume, tank capacity tables;

3) data determining geometric shape of the hull;

4) hydrostatic data;

5) limitations imposed on the parameters of the ship.
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4.2.2 The integrity and immutability of data shall be checked by the software.

4.2.3 Any alterations made to the software that may affect the longitudinal strength shall be declared
by the developer of the program or their designated representative and the Register shall be informed
immediately about any changes made. The Certificate (form 6.8.5) shall be deemed invalid if any changes
or modifications to the software are not agreed with the Register. In cases where the Certificate is deemed
invalid by the Register, the modified calculation program shall be subject to reapproval in accordance with
the approval procedure.

4.2.4 The software shall have an interface compatible with an advanced input analysis system.

4.2.5 The program shall prevent incorrect data from being entered. For example, the volume of cargo
entered shall not exceed the volume of the tank or have a negative value.

4.2.6 If the software provides for data reading from external sensors, for example, tank level sensors,
draught sensors, software monitoring of their operability with the output of warning signals in case of
failures shall be provided. Accordingly, the possibility of manual entry of the relevant data shall be
provided.

4.2.7 The software of the loading instrument shall have the Type Approval Certificate for the program
(complex of programs) on the computer (form 6.8.5).

4.3 REQUIREMENTS FOR HARDWARE

4.3.1 The software of the loading instrument shall be installed on a computer of a type approved by the
Register or on two specifically dedicated computers.

4.3.2 If two computers are available, the computer type approval may be waived, but both shall be
subject to acceptance testing.

4.3.3 In addition, computers which are to be a part of the ship's network shall be approved in
accordance with the requirements of the Register.

4.3.4 If two computers are used, each one shall be equipped with a monitor and a printer.

4.4 REQUIREMENTS FOR PROGRAM USER MANUAL

4.4.1 The manual shall be uniquely identified for the specific ship.

4.4.2 The manual shall have clear and unambiguous provisions. The use of illustrations and diagrams
is recommended.

4.4.3 The manual shall contain:

1) a general description of the program including its identification, version number and date;

2) a copy of the Type Approval Certificate (form 6.8.5);

3) requirements for hardware parameters necessary for normal start-up and operation of the loading
calculation program;

4) a description of error and warning messages that are most likely to occur, with instructions on the
sequence of user actions in such cases;

5) ship lightweight and coordinates of its centre of gravity;

6) deadweight components for each test condition;

7) list of permissible values of still water shear forces and bending moments, assigned by the Register
and, if necessary, torsional loads;

8) if necessary, correction factors for shear forces;

9) if necessary, weight limitations for each hold and for each pair of adjacent holds, as a function of
mean length of the hold (holds) draught;

10) an example of the calculation procedure with explanations and an example of a computer print-out
of the output data;

11) an example of a computer print-out of each screen on the display with explanatory text.
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4.5 CONDITIONS OF APPROVAL BY THE REGISTER AND COMMISSIONING

4.5.1 Issuance of Type Approval Certificate of the calculation program.

.1 The calculation program for the loading instrument may obtain the type approval of the Register in
accordance with the requirements of 1.4.9 of Part II "Hull" of the Rules of Classification and Construction
of Sea-Going Ships. A Type Approval Certificate can be issued after a satisfactory conclusion to the
calculation program.

.2 The Type Approval Certificate is valid only for the identified program and its specific version.

.3 After submitting an application for the type approval of the program, the Register shall provide the
applicant with data for testing at least two different types of ships. For calculation programs based on input
data relating to the shape of the hull, the data for the tests shall be issued for three different types of ships.
This data shall be used by the applicant when running the program for the ships selected for the program
check. Obtained results, together with hydrostatic data and with data relating to the hydrostatic data by
certain correlations resulting from calculations (if available), shall be submitted to the Register for
assessment of accuracy of calculations using the program. The Register shall perform concurrent
computation using the same input data and compare the results with those produced by the program
submitted for approval.

.4 A Type Approval Certificate can be issued if:

1) the requirements for the load calculation program are met, see 4.2;

2) the functionality of the program is clearly described, the principles and methods of calculation meet
the requirements of the Register;

3) the accuracy of the loading program calculation is within acceptable tolerances, refer to 4.1.7;

4) the actual data on the ship (4.5.1.5) are found satisfactory;

5) clear and precise user manual of the program is presented for review;

6) minimum hardware data are specified.

.5 The Type Approval Certificate shall specify in detail the most important limitations under which the
program is approved.

.6 The Type Approval Certificate shall remain valid for maximum 5 years. The validity of the
Certificate can be extended upon receipt of confirmation from the developer of the program that the
calculation algorithms remain unchanged.

.7 The Certificate (form 6.8.5) shall be deemed invalid if the developer has changed the algorithm of
the program without agreement with the Register. In such cases, the revised program shall be considered as
a new one.

4.5.2 Checking initial data. Approval of the Acceptance Tests Program.

.1 The surveyor to the Register shall verify the results of the calculation and the actual data for the ship
used in the calculation program for each specific ship on which the program will be installed.

.2 After an application for initial data verification is submitted, the Register shall offer the applicant at
least four loading conditions taken from the approved Loading Manual to be used for the acceptance tests.
During the acceptance tests, each space of the ship shall be loaded at least once. The acceptance tests shall
include all conditions of cargo draughts from maximum draught provided for by the ship design up to
minimum ballast draught.

.3 The read-out points shall be taken on transverse bulkheads or other obvious boundaries. Additional
read-out points may be required between bulkheads of long holds, or tanks, or between container stacks.

.4 If it is necessary to take into account the torsional moments in still water, they shall be calculated for
a single loading condition to demonstrate the correctness of such calculation.

.5 The data contained in the load calculation program shall be consistent with the data specified in the
approved Loading Manual. Special attention shall be paid to the light mass of the ship and the position of
the centre of gravity.

.6 The Register shall verify the following data provided by the applicant for their compliance with the
built ship:

1) identification of the calculation program, including the version number;
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2) main particulars, hydrostatic particulars and, if , the ship profile;

3) the position of forward and after perpendiculars and, if appropriate, the calculation method to derive
the forward and after draughts at the actual position of the ship's draught marks;

4) ship lightweight and lightweight distribution along the length of the ship;

5) lines plans and/or offset tables, or bonjean data at 21 stations in the length between perpendiculars;

6) compartment definitions, including frame spacing, and centres of volume, together with capacity
tables, if appropriate;

7) deadweight definitions for each loading condition;

8) loading strength limitations (Table 3).

Table 3

Calculation Data to be provided to and accepted by the Register

Still water shear force | 1. The read-out points (frame locations) for N, calculations. These points are normally
(Nsy) selected at the position of the transverse bulkhead or other obvious boundaries. Additional
read-out points may be specified between the bulkheads of long holds or tanks or between
container stacks.

2. Shear force correction factors and method of application.

3. The permissible seagoing and harbour [N, ] limits at the read-out points specified in 1.
Where required, additional sets of permissible [N, ] values may be specified.

Still water bending|1. The read-out points (frame locations) for the M, calculations. These points are
moment (M,,,) normally selected at the position of the transverse bulkhead, mid-hold or other obvious
boundaries.

2. The permissible seagoing and harbour [Mj,,] limits at the read-out points specified in 1.
Where required, additional sets of permissible [M,, ] values may be specified.

Still water torsion | 1. The read-out points (frame locations) for the M7y, calculations.
moment (M, ), where | 2. The permissible limits of [Mz,,] at the read-out points specified in 1.
necessary

.7 The data validation procedure is considered complete when:

1) the requirements for the loading calculation program are met, see para 4.2;

2) the functionality of the program is clearly described, principles and methods of calculations meet the
requirements of the Register;

3) the accuracy of the program calculations is within acceptable tolerances, refer to 4.1.7;

4) the actual data on the ship (4.5.1.5) are found satisfactory;

5) the clarity and clearness of the operation manual according to 4.4 are checked and recognized as
satisfactory;

6) minimum hardware data are specified;

7) the printouts of 4 or 5 ship loading conditions submitted for testing of the program are approved.

.8 If the software of the loading instrument has a Type Approval Certificate, the procedure of data
validation shall be considered as complete when:

1) it is established that the type approval is applicable for the considered ship;

2) the data that the Type Approval Certificate corresponds to the program ID and to the version number
are provided;

3) the accuracy of the program calculations is within acceptable tolerances, refer to 4.1.7;

4) the actual data on the ship (para 4.5.1.5) are found satisfactory;

5) clear and concise operation manual in accordance with 4.4 has been reviewed and found

satisfactory.;

6) details of the on minimum hardware are stated;
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7) the printouts of 4 or 5 ship loading cases submitted for testing of the program are approved.

.9 The approved loading conditions from the Loading Manual of the ship and the Report (form 6.3.29)
are sent by the Register Head Office to the Branch Office, with the instruction about acceptance testing. If
the ship is in service, the approved ship loading conditions and the Report (form 6.3.29) shall be sent to the
shipowner, who shall ensure their delivery on board the ship, as well as conducting the acceptance tests
with the participation of the Register surveyor.

4.5.3 Acceptance tests. Program Acceptance Test Report (form 6.3.10)

.1 During the acceptance tests, one of senior officers of the ship's crew shall operate the loading
instrument and make calculations in accordance with the test conditions. This work shall be certified by
the Register surveyor. The results received during the operation of the loading instrument shall be identical
to those provided in approved reference examples. A printout of the calculation results for all approved
reference examples shall be obtained, without which the Report shall not be issued.

.2 The acceptance tests shall also be carried out on the second dedicated computer, which will be used
in case of failure of the first one. The results obtained during the operation of the loading instrument shall
be identical to those provided in the approved reference examples. A printout of the calculation results for
all approved reference examples shall be obtained, without which the Report shall not be issued. If a
computer of an approved type is used, the second computer and conducting the tests using the second
computer are not required.

3. If the hardware does not have type approval, it shall be demonstrated that the acceptance tests of the
program on both the first and second specially installed computers provide acceptable results. If this is the
case, a Report (form 6.3.10) may be issued for the program acceptance tests.

4. The Register issues a Report (form 6.3.10) for acceptance tests of the program after satisfactory
completion of the tests.

4.5.4 If any amendments or additions are made to the manual or program along with any changes to the
Loading Manual, or any changes to the software that can affect longitudinal strength, the loading
instrument shall be subject for reapproval.
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ANNEX 1

METHODS OF CALCULATION OF PERMISSIBLE VALUES OF BENDING MOMENTS AND
SHEAR FORCES

1. The permissible value of still water bending moment [M,,,], in kKNm, for the section concerned is
given by the formula

0,175W
[[M] =22 — M,
where W =section modulus of the hull for the section under consideration, in cm?;

n =application factor of the steel mechanical properties determined according to Table 1.1.4.3 of Part II "Hull" of
the Register Rules;
My =wave bending moment for the section under consideration, in kNm, determined in accordance with 1.4.4.1 of
Part IT "Hull" of the Register Rules.

Seagoing wave bending moment values are determined for the navigation area corresponding to the
class of ship, harbour values are determined for limited navigation area III.

2. The permissible value of still water shear force [N,,], in kN, in the absence of longitudinal
bulkheads is given by the formula

_2,20] s
[va] - n ? _Nw
where I =moment of inertia for the hull section section under consideration, in cm4;

s = construction thickness of side shell plating for the section concerned, in mm; for the ships having double side
shell s is comprehended as total thickness of outer and inner ship sides;
S =actual static moment with reference to the neutral axis, for the portion of the hull section concerned located
above or below the level at which the thickness of the side shell plating is determined, in cm?;
n — refer to 1;
N,, = wave shear force for the section under consideration, in kN, determined according to 1.4.4.2 of Part II "Hull"of
the Register Rules. The permissible values of shear forces are determined for the level relative to the height of
the section, for which the ratio s/S will be minimum.

Seagoing wave shear force values are determined for the navigation area corresponding to the class of
ship, harbour values are determined for limited navigation area III.

3. Where there are two flat longitudinal bulkheads, the permissible values of still water shear
forces [N,], in kN, are taken to be equal to the lowest of the values of Nj,,; and Nj,,, given by the
formulae

[Nsw ] =min NswlaNSWZ)

2201 S1
Nswl_ n S(ll w
2207 Sy
Nwa_ n Saz w

where a; = 0,16 + 0,08s;/s5;
a, = 0,34 — 0,0SS]/Sz;
s1 = as-build thickness of side shell plating for the section concerned for the length and depth of the side, in mm:
s, = as-build thickness of longitudinal bulkhead for the section concerned for the length and depth of the side, in mm:
1, S, n, N,, —refer to 2
Permissible values of shear forces are determined for the level relative to the height of the cross-section, for
which the ratio s,/Sa; and s,/Sa, will be minimum.

4. Where there are one or more than two continuous flat longitudinal bulkheads, or longitudinal
bulkheads with horizontal corrugations, the permissible values of still water shear forces are determined
using methods agreed with the Register.
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5. For bulk carriers of 150 m length and above, having single skin side construction, intended for the
carriage of bulk cargoes of 1 t/m® density and above contracted for construction on or after 1 July 1998, the
longitudinal strength of the hull shall be checked for a case with any cargo hold damaged. The effective
bending moments and shear forces calculated according to 2.2.5.9.5 of these MI shall not exceed the
permissible values of the bending moments [Msw], in kNm, and shear forces [Nsw], in kN, given by the
formulae

(M) =42 0,801,

_220/ s
[Nsw]_ n S O,SNW

where Mw — wave bending moment for the section concerned, in kN*m, determined in accordance with 1.4.4.1 of Part II
"Hull" of the Register Rules for the navigation area conforming to the ship class;
Nw — wave shear force for the section under consideration, in kN*m, determined in accordance with 1.4.4.2 of Part
IT "Hull" of the Register Rules for the navigation area conforming to the ship class;
W, n —refer to 1;
s, I, S — refer to 2.
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ANNEX 2
STANDARD FORMS OF LOADING MANUAL
AND STABILITY BOOKLET TITLE PAGES
M/V « »
LOADING MANUAL
Document Number

M/V « »

STABILITY AND STRENGTH BOOKLET
FOR THE SHIP LOADED WITH SOLID BULK CARGOES

Document Number

Issued in accordance with requirements of the Regulation 7.2 Chapter VI of SOLAS International
Convention as amended in 1998.

APPROVED 199

Approved by the Russian Maritime Register of Shipping under the authority of the Russian Federation
Maritime Administration

APPROVED 199
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ANNEX 3
TYPICAL LOADING SEQUENCE SUMMARY FORM
Vessel Id
/-I_I—'_ I:m ]Ymi Inm:sr l
Port Condition & commencement
(specific or typical) of loading / discherging
Tota mess of cargo Condtion a end
to be loading / discharged of loadng / dischaging
Dock water Maxdirmum Average
density (/) loading / dischargirg rate loading / discherging rate
Number of Maximum Average
loaders / dschergeres bellasting / deballasting rate |ballasting / deballasting rate
|Volume o had, Vh(nT) | | ] | | | | [ 1 ’r\uu During each paur it hes to be cortrolled that allowable limits for hul girder shear farces, bending moment and mass in halds are not exceed
|Heigthof hoid h(m) | | | 1 | | | | | | Loading/ dscharging operation may have to be paused to dliow for ballasting / deballasting in order to keep actual value within limits
Hold content & commencement of loading / dscherging Ballast content at commencement of loading/ dischargng Cormmencerment of loading / discharging
mess Wingsorpeaks | APT | Ballmo. s | Ballno.4 | No6 hod [ Ballno. 3 | Nod had | Balno.2 | Ballno. 1 | FPT Tdt | Tmd | Tfwd Maxmum
y (V) Upper (m) (m) m [ SR | BvM(H
Gade Lower/Peek |
CARGO CPERATIONS BALLAST QPERATIONS Value & end of paur (from harbour to sea)
Hold Hod Fad Hold Had Hod Hold Fod Baitay | Baltak | No6 | Baltak | Na4 | Batak | Baitak Tat Tmd | Tfwd Maximum
Pour o/ grade 9 8 7 6 5 4 3 2 APT no.5 4 |Bldhd| n3 | Bdhid| m2 o, 1 FPT (m) (m) m [ S %)
1 Upper _
Lower/Peak
2 Upper
Lower/Peck
3 Upper
Lower/Pesk
4 Upper
LowerfPeek
& Ubper_
Lower/Peek
[ Upper
Lower/Pesk
Upper
Lower/Pesk
F Tpper
Lower/Peak
9 Upper
Lower/Peak
B Svey Toid cago ~[Remaning camo Toid amart
|for loading) aonboerd (t) to be loaded () of bunkers onboard (t)
m Upper
Lower/Pesk
n Upper
Lower/Pesk
[ Hold content & end of loading/ discharging Ballast contert at end o loading/ Vaiue & end of loading / discharging (see)
[Cargo mess T | T | I | | | Wngsor peaks | APT | Balno.s | Ballno.4 | No6 had | Balno 3 [ No4 hod [ Baina2 [ Ballno 1 | FPT Tat | Tmd | Tfwd Maxmum
Upper (m) (m) m | SFC | BM(H
[Total mess loaded / dscharged | ] Lower/Peak |
ocouring vaiues al conditions above « om= = Approved by
Net loadon whare M, = Meassinhad + massinDB (t)
Doutle Bottom I l ] I I | I tons/n? V = Totd volume of had ()
Net load intwo ] | | | | ] | h = heigth of hald from inner bottomto top of coamiing (m)
adjacent hoids | | | | | | | tons T = daght (m Pace data, stamp and sign
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INTERNATIONAL MARITIME ORGANIZATION
4 ALBERT EMBANKMENT E
LONDON SE1 7SR
Telephone: 020 7735 7611 w
Fax: 020 7587 3210
IMO
Ref. T1/2.04 MSC.1/Circ.1228

11 January 2007

REVISED GUIDANCE TO THE MASTER FOR AVOIDING DANGEROUS SITUATIONS IN
ADVERSE WEATHER AND SEA CONDITIONS

1 The Maritime Safety Committee, at its eighty-second session (29 November to 8 December 2006),
approved the Revised Guidance to the master for avoiding dangerous situations in adverse weather and sea
conditions, set out in the annex, with a view to providing masters with a basis for decision making on ship
handling in adverse weather and sea conditions, thus assisting them to avoid dangerous phenomena that
they may encounter in such circumstances.

2 Member Governments are invited to bring the annexed Revised Guidance to the attention of
interested parties as they deem appropriate.

3 This Revised Guidance supersedes the Guidance to the master for avoiding dangerous situations in
following and quartering seas (MSC/Circ.707).
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ANNEX
REVISED GUIDANCE TO THE MASTER FOR AVOIDING DANGEROUS
SITUATIONS IN ADVERSE WEATHER AND SEA CONDITIONS

1 GENERAL

1.1 Adverse weather conditions, for the purpose of the following guidelines, include wind induced
waves or heavy swell. Some combinations of wave length and wave height under certain operation
conditions may lead to dangerous situations for ships complying with the IS Code. However, description
of adverse weather conditions below shall not preclude a ship master from taking reasonable action in less
severe conditions if it appears necessary.

1.2 When sailing in adverse weather conditions, a ship is likely to encounter various kinds of
dangerous phenomena, which may lead to capsizing or severe roll motions causing damage to cargo,
equipment and persons on board. The sensitivity of a ship to dangerous phenomena will depend on the
actual stability parameters, hull geometry, ship size and ship speed. This implies that the vulnerability to
dangerous responses, including capsizing, and its probability of occurrence in a particular sea state may
differ for each ship.

1.3 On ships which are equipped with an on-board computer for stability evaluations, and which use
specially developed software which takes into account the main particulars, actual stability and dynamic
characteristics of the individual ship in the real voyage conditions, such software should be approved by
the Administration. Results derived from such calculations should only be regarded as a supporting tool
during the decision making process.

1.4 Waves should be observed regularly. In particular, the wave period T) should be measured by
means of a stop watch as the time span between the generation of a foam patch by a breaking wave and its
reappearance after passing the wave trough. The wave length A is determined either by visual observation
in comparison with the ship length or by reading the mean distance between successive wave crests on the
radar images of waves.

1.5 The wave period and the wave length A are related as follows:

A= 1.56-Tj [m] or Tjy=0.8,/A [s]

1.6 The period of encounter 7 could be either measured as the period of pitching by using stop watch
or calculated by the formula:

Tpmgmo W
E73T,,+ Veos(a) [s]
where V = ship's speed [knots]; and

o = angle between keel direction and wave direction (o = 0° means head sea)

1.7 The diagram in figure 1 may as well be used for the determination of the period of encounter.



COOpHUK HOPMAMUBHO-MEMOOUHEeCKUX Mamepuanos, kuuea 26

108

1.8 The height of significant waves should also be estimated.
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Figure 1: Determination of the period of encounter Tx

2 CAUTIONS

2.1 It should be noted that this guidance to the master has been designed to accommodate for all types
of merchant ships. Therefore, being of a general nature, the guidance may be too restrictive for certain
ships with more favourable dynamic properties, or too generous for certain other ships. A ship could be
unsafe even outside the dangerous zones defined in this guidance if the stability of the ship is insufficient.
Masters are requested to use this guidance with fair observation of the particular features of the ship and
her behaviour in heavy weather.

2.2 It should further be noted that this guidance is restricted to hazards in adverse weather conditions
that may cause capsizing of the vessel or heavy rolling with a risk of damage. Other hazards and risks in
adverse weather conditions, like damage through slamming, longitudinal or torsional stresses, special
effects of waves in shallow water or current, risk of collision or stranding, are not addressed in this
guidance and must be additionally considered when deciding on an appropriate course and speed in
adverse weather conditions.

2.3 The master should ascertain that his ship complies with the stability criteria specified in the IS Code or
an equivalent thereto. Appropriate measures should be taken to assure the ship's watertight integrity. Securing
of cargo and equipment should be re-checked. The ship's natural period of roll 7 should be estimated by
observing roll motions in calm sea.
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3 DANGEROUS PHENOMENA

3.1 Phenomena occurring in following and quartering seas

A ship sailing in following or stern quartering seas encounters the waves with a longer period than in
beam, head or bow waves, and principal dangers caused in such situation are as follows:

3.1.1 Surf-riding and broaching-to

When a ship is situated on the steep forefront of a high wave in following or quartering sea conditions,
the ship can be accelerated to ride on the wave. This is known as surf-riding. In this situation the so-called
broaching-to phenomenon may occur, which endangers the ship to capsizing as a result of a sudden change
of the ship's heading and unexpected large heeling.

3.1.2 Reduction of intact stability when riding a wave crest amidships

When a ship is riding on the wave crest, the intact stability can be decreased substantially according to
changes of the submerged hull form. This stability reduction may become critical for wave lengths within
the range of 0.6 L up to 2.3 L, where L is the ship's length in metres. Within this range the amount of
stability reduction is nearly proportional to the wave height. This situation is particularly dangerous in
following and quartering seas, because the duration of riding on the wave crest, which corresponds to the
time interval of reduced stability, becomes longer.

3.2 Synchronous rolling motion

Large rolling motions may be excited when the natural rolling period of a ship coincides with the
encounter wave period. In case of navigation in following and quartering seas this may happen when the
transverse stability of the ship is marginal and therefore the natural roll period becomes longer.

3.3 Parametric roll motions

3.3.1 Parametric roll motions with large and dangerous roll amplitudes in waves are due to the
variation of stability between the position on the wave crest and the position in the wave trough.
Parametric rolling may occur in two different situations:

.1 The stability varies with an encounter period 7 that is about equal to the roll period 7 of the ship
(encounter ratio 1:1). The stability attains a minimum once during each roll period. This situation is
characterized by asymmetric rolling, i.e. the amplitude with the wave crest amidships is much greater than
the amplitude to the other side. Due to the tendency of retarded up-righting from the large amplitude, the
roll period Tk may adapt to the encounter period to a certain extent, so that this kind of parametric rolling
may occur with a wide bandwidth of encounter periods. In quartering seas a transition to harmonic
resonance may become noticeable.

.2 The stability varies with an encounter period T that is approximately equal to half the roll period Tx
of the ship (encounter ratio 1:0.5). The stability attains a minimum twice during each roll period. In
following or quartering seas, where the encounter period becomes larger than the wave period, this may
only occur with very large roll periods Ty, indicating a marginal intact stability. The result is symmetric
rolling with large amplitudes, again with the tendency of adapting the ship response to the period of
encounter due to reduction of stability on the wave crest. Parametric rolling with encounter ratio 1:0.5 may
also occur in head and bow seas.

3.3.2 Other than in following or quartering seas, where the variation of stability is solely effected by
the waves passing along the vessel, the frequently heavy heaving and/or pitching in head or bow seas may
contribute to the magnitude of the stability variation, in particular due to the periodical immersion and
emersion of the flared stern frames and bow flare of modern ships. This may lead to severe parametric roll
motions even with small wave induced stability variations.

3.3.3 The ship's pitching and heaving periods usually equals the encounter period with the waves.
How much the pitching motion contributes to the parametric roll motion depends on the timing (coupling)
between the pitching and rolling motion.

3.4 Combination of various dangerous phenomena

The dynamic behaviour of a ship in following and quartering seas is very complex. Ship motion is
three-dimensional and various detrimental factors or dangerous phenomena like additional heeling
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moments due to deck-edge submerging, water shipping and trapping on deck or cargo shift due to large roll
motions may occur in combination with the above mentioned phenomena, simultaneously or
consecutively. This may create extremely dangerous combinations, which may cause ship capsize.

4 OPERATIONAL GUIDANCE

The shipmaster is recommended to take the following procedures of ship handling to avoid the
dangerous situations when navigating in severe weather conditions.

4.1 Ship condition

This guidance is applicable to all types of conventional ships navigating in rough seas, provided the
stability criteria specified in resolution A.749(18), as amended by resolution MSC.75(69), are satisfied.

4.2 How to avoid dangerous conditions

4.2.1 For surf-riding and broaching-to

Surf-riding and broaching-to may occur when the angle of encounter is in the range 135° <a <225°
and the ship speed is higher than (1.8\/1_4)/005(180—01) (knots). To avoid surf riding, and possible
broaching the ship speed, the course or both should be taken outside the dangerous region reported in
figure 2.

Wave direction

190°

o=180°

Figure 2: Risk of surf-riding in following or quartering seas

4.2.2 For successive high-wave attack

4.2.2.1 When the average wave length is larger than 0.8 L and the significant wave height is larger
than 0.04 L, and at the same time some indices of dangerous behaviour of the ship can be clearly seen, the
master should pay attention not to enter in the dangerous zone as indicated in figure 3. When the ship is
situated in this dangerous zone, the ship speed should be reduced or the ship course should be changed to
prevent successive attack of high waves, which could induce the danger due to the reduction of intact
stability, synchronous rolling motions, parametric rolling motions or combination of various phenomena.

4.2.2.2 The dangerous zone indicated in figure 3 corresponds to such conditions for which the
encounter wave period (7g) is nearly equal to double (i.e., about 1.8-3.0 times) of the wave period (Ty)
(according to figure 1 or paragraph 1.4).
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4.2.3 For synchronous rolling and parametric rolling motions

4.2.3.1 The master should prevent a synchronous rolling motion which will occur when the encounter

wave period T is nearly equal to the natural rolling period of ship Tx.

4.2.3.2 For avoiding parametric rolling in following, quartering, head, bow or beam seas the course
and speed of the ship should be selected in a way to avoid conditions for which the encounter period is
close to the ship roll period (T~ Ty) or the encounter period is close to one half of the ship roll period
(Tgx~0.5-Tg).

4.2.3.3 The period of encounter 7z may be determined from figure 1 by entering with the ship's speed

in knots, the encounter angle o and the wave period Ty

Wave direction

Figure 3: Risk of successive high wave attack in following and quartering seas

Abbreviations and symbols

Symbols Explanation Units
Tw wave period ]
A wave length m
Tg encounter period with waves ]
o angle of encounter (o = 0° in head sea, o = 90° for sea from starboard side) degrees
V ship's speed knots
Tr natural period of roll of ship ]
L length of ship (between perpendiculars) m
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INTERNATIONAL MARITIME ORGANIZATION
4 ALBERT EMBANKMENT E
LONDON SE1 7SR
=
IMO

Telephone: 020 7587 3152
Fax: 020 7587 3210

Ref. T1/2.04 MSC.1/Circ.1200
24 May 2006

INTERIM GUIDELINES FOR ALTERNATIVE ASSESSMENT OF THE WEATHER
CRITERION

1 The Maritime Safety Committee, at its eighty-first session (10 to 19 May 2006), approved Interim
Guidelines for alternative assessment of the weather criterion, aiming at providing the industry with
alternative means (in particular, model experiments) for the assessment of severe wind and rolling criterion
(weather criterion), as contained in the Code on Intact Stability for All Types of Ships covered by IMO
Instruments (resolution A.749(18)). The Interim Guidelines should be applied when the wind heeling lever
and/or the angle of roll (as defined in paragraphs 3.2.2.1.1 and 3.2.2.1.2 of the Code) need to be
determined by means of model experiments.

2 Member Governments are invited to bring the Interim Guidelines to the attention of interested
parties as they deem appropriate.
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ANNEX

INTERIM GUIDELINES FOR ALTERNATIVE ASSESSMENT OF THE WEATHER
CRITERION

1 INTRODUCTION

1.1 The purpose of these Guidelines is to provide alternative means for the assessment of severe wind
and rolling criterion (weather criterion) as reported in paragraph 3.2 of the Code on Intact Stability for All
Types of Ships covered by IMO Instruments (resolution A.749(18)). In the following guidelines, the angle
of roll is referred as ¢, while in the Code the angle of roll is referred as 6.

1.3 The Guidelines provide procedures for the determination of the wind heeling lever /,,1, as defined
in paragraph 3.2.2.1.1 of the Code, by means of direct measurements.

1.4 In addition, the Guidelines are given for the experimental determination of the angle of roll ¢; as
defined in paragraph 3.2.2.1.2 of the Code.

1.5 For quantities used but not defined in the following, the definitions of the Code apply.

2 APPLICATION

2.1 The tables and formulae described in paragraph 3.2.2.3 of the Code are based on data from ships
having:

.1 B/d smaller than 3.5;

.2 OG/d between —0.3 and 0.5;

.3 T smaller than 20 s.

2.2 For ships with parameters outside the above limits, the angle of roll (¢;) may be determined with
model experiments of a subject ship, following the procedure described in the Guidelines as the
alternative. In addition, the Administration may accept such alternative determinations for any ship if
deemed appropriate.

2.3 The alternative means for determining the wind heeling lever (/,,;) may be accepted, to the
satisfaction of the Administration, as an equivalent to calculation in paragraph 3.2.2.2 of the Code. When
such alternative tests are carried out, reference should be made to the relevant part of the Guidelines. The
wind speed used in the tests should be 26 m/s in full scale with uniform velocity profile. The value of wind
speed used for ships in restricted services may be reduced to the satisfaction of the Administration.

2.4 The test programme should be approved by Administration in advance.

2.5 Tests should be documented by means of a report and a video or other visual records containing all
relevant information on the model, the procedure and the test results, which should be approved by the
Administration.

2.6 Any procedure different from those provided in the Guidelines should be subject to the approval of
the Administration.
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3 GUIDELINES FOR EXPERIMENTAL DETERMINATION OF THE WIND HEELING LEVER Ly,

3.1 OBJECTIVES AND DEFINITIONS

3.1.1 The purpose of the tests addressed in this section is to ensure uniform applicability of model tests for
the determination of the steady wind heeling lever, /,,; (paragraph 3.2.2.2 of the Code). It is allowed by this
procedure to consider the steady wind heeling lever as dependent on the heeling angle (see figure 3.1.1).

4

Lever

- y

@n % ’

Angle of heel

Y

]

Figure 3.1.1: Weather criterion when the wind heeling lever is dependent on the heeling angle

3.1.2 The standard model test procedure consists of two parts. The first part is a procedure for
estimating the heeling moment M,,;,; due to steady wind in a wind tunnel. A blower may be used as an
alternative as long as the uniformity of wind speed is comparable. The second part addresses the
estimation of the heeling moment M, due to steady drifting in a towing tank.

3.1.3 The steady wind heeling lever, /1, is obtained by means of the following equation:

M M. . +M
Zwl(d)) _ 12((1)) _ wznd((b) x water(d)) (313)

where:

M, (d) is the total heeling moment (N*m) when the ship is drifting laterally due to beam steady wind (90° heading
angle) with an angle of heel ¢;
A is the displacement (N) of the ship; and

The drifting force is assumed to be equal to the horizontal force F,,;,, due to steady wind.

The equation 3.1.3 assumes that the wind force and the drifting force work as a couple. In that case the
heeling moment M,, is independent on the point of reduction of the system of forces. However, due to the
unavoidable unbalancing of vertical forces arising from direct measurements, the total heeling moment M,,
may depend on the point of reduction. For practical purposes, it is considered sufficient to calculate all
moments with respect to the point O given by the intersection of the ship centreplane and the waterplane.

3.14 F,,,.q is related to the wind drag coefficient Cp by means of the following equation:

Frind®)= 5 P UA1-Ci) (3.1.4)

where:
Pair 18 the air density (1.222 kg/m® for full scale prediction);
U is the wind speed (m/s); and
A, (m?) is the lateral projected area of the ship exposed to wind in upright position.
3.1.5 M,,;,., is obtained at full scale by appropriate scaling of results from wind tests carried out as
indicated in paragraph 3.3. M,,,., is obtained at full scale by appropriate scaling of results from drifting
tests carried out as indicated in paragraph 3.4.



COOpHUK HOPMAMUBHO-MEMOOUHEeCKUX Mamepuanos, kuuea 26

115

3.2 MODEL SET-UP

3.2.1 Ship model used for wind tests

The model should copy the above-waterline shape of the actual ship and should comply with the following:

.1 the overall length should be at least 1.25 m;

.2 all sharp corners in the actual ship should be sharp in the model to simulate separated flow;

.3 main fittings on the exposed decks and superstructures, e.g. cranes, masts, bulwarks, should be
modelled and fitted properly;

.4 the size of the model should be determined to make the blockage ratio to the wind tunnel less
than 5 %, where the blockage ratio is defined as the ratio between the lateral projected area of the model
above the waterline divided by the area of the test section of the wind tunnel; and

.5 when a blower is used the ship should be within the area of uniform wind speed.

3.2.2 Ship model used for drifting tests

The model should copy the under-waterline shape of the actual ship and should comply with the following:

.1 the size of the model should comply with paragraph 4.3.2;

.2 not only underwater fittings (e.g. bilge keels, rudders, etc.) but also potential underwater part when
the ship heels (e.g. bulwarks, freeing ports, etc.) should be modelled and fitted properly.

3.3 WIND TESTS

3.3.1 Wind characteristics

The wind speed should comply with the following:

.1 The minimum wind speed to perform tests should be over the critical Reynolds' number, after which
is constant.

.2 The wind speed profile should be as uniform as reasonably possible. Except for the boundary layer
in the vicinity of the end plate (figure 3.3.1), spatial deviation' of the wind speed should be less than 1 %.

.3 The effects of end plate (due to its shape, size, roughness, etc.) and of the gap between end plate and
model should be minimized.

e Mogg Ship End Plate

Load
Cell

Figure 3.3.1: Example of an arrangement for tests in wind

ISpatial deviation is the variation of wind speed in longitudinal direction referring to the main flow and should be measured
for the test section without the model.
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3.3.2 Complete test procedure

The lateral horizontal force F,,;,; (and corresponding drag coefficient Cp) and the heeling moment due to
wind M,,,,,; with respect to O are obtained by a wind tunnel test or in wind from a blower. In calculating Cp
according to equation (3.1.4), the actual value of air density during tests should be used. An example of model
test arrangement is shown in figure 3.3.1. Model tests should be carried out in compliance with the following:

.1 Before tests are carried out, the vertical and horizontal distribution of the wind speed at the model
position should be verified.

.2 Tests should be carried out in upright condition and at some heeling angles with appropriate
increment to lee and wind side covering a sufficient range of heeling angles to the satisfaction of the
Administration.

.3 In heeled conditions the model shape exposed to wind should be the same as the above-water shape
when the ship is floating freely. The change of trim due to heel can be neglected.

3.3.3 Simplified test procedure

As an alternative simplified procedure, the lateral horizontal force F,,;,; (and corresponding drag
coefficient Cp) and the heeling moment due to wind M,,;,; with respect to O can be obtained for the
upright condition only and considered as constants (not depending by heeling angle).

3.4 DRIFTING TESTS

3.4.1 Complete test procedure

The heeling moment M,,.,- due to drift with respect to O is obtained by means of towing tank tests. An
example of experimental set-up is shown in figure 3.4.1. Model tests should be carried out in compliance
with the following:

.1 the ship model should be attached to a guidance system, which allows the model's free sinkage (an
example of experimental arrangement is shown in figure 3.4.1);

.2 towing direction is to be at right angle to the longitudinal direction of the model (heading angle 90°);

.3 the towing speed should ensure that the measured drift horizontal force is equal to F,;,; scaled with
the appropriate scaling law. F,,;,; should be calculated by equation (3.1.4) using the measured drag
coefficient in paragraph 3.3 and the assumed wind speed as prescribed in paragraph 2.3; and

4 tests should be carried out in upright condition, and at some heeling angles with appropriate increment to
lee and wind side covering a sufficient range of heeling angles to the satisfaction of the Administration.

I heave

L[] >

—=—— |pad cell

ship model

Figure 3.4.1: Example of an arrangement for drifting tests
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3.4.2 Simplified test procedure

As an alternative simplified procedure, the moment M, due to drift can be considered as given by a
force equal and opposite to F,,;,($) (as following from paragraph 3.3.2 or 3.3.3) acting at a depth below
waterline equal to 0.5 d (where d is the ship draught in upright position).

3.5 COMBINED USE OF SIMPLIFIED AND COMPLETE PROCEDURES

The combination of complete procedures and simplified procedures can be used.

3.6 ADDITIONAL CONSIDERATIONS

The steady wind heeling lever, /1, is evaluated by means of equation (3.1.3). When extrapolation is
needed outside the tested range of heeling angles, such extrapolation should be carried out to the
satisfaction of the Administration.

4 GUIDELINES FOR EXPERIMENTAL DETERMINATION OF THE ANGLE ¢,

4.1 OBJECTIVES AND DEFINITIONS

4.1.1 The objective of the tests addressed in this chapter is the determination of ¢; (paragraph 3.2.2.3
of the Code). The "angle of roll to windward due to wave action" ¢, is defined, according to weather
criterion, as follows:

$1=0.7¢,, (4.1.1)

where ¢; is "regular waves roll-back angle", that is the resonant roll amplitude in beam regular waves
(heading 90°) having steepness defined in the following sections. The reduction factor 0.7 takes into
account the actual irregular nature of the sea.

4.1.2 The standard procedure for the determination of ¢, is that by means of tests in regular waves.
The use of alternative procedures is permitted. Sufficient justification should be provided to the
Administration regarding the selected procedure.

4.1.3 As a reference in selecting the more suitable procedure it should be noted that:

.1 The direct measurement of (see paragraph 4.5) can lead to the need of generating very steep waves
close to the breaking limit if the ship roll period is very short (see table 4.5.1). Generation of waves with
such steepness and sufficient quality can be sometimes difficult due to breaking close to the wavemaker. In
addition, in carrying out roll tests, care should be taken during the transient ship behaviour before steady
state is reached, because possible large heeling angles (sometimes eventually leading to capsize) can occur.
It should be underlined that ¢, is the steady state maximum roll angle, for this reason capsize during
initial transient phase of the test does not necessarily lead to not fulfilment of the criterion. It should be
underlined that the methodology does not allow for corrections for scale effects on roll damping, and for
this reason large models should be preferred when direct measurements are carried out.

.2 The there-step procedure (see paragraph 4.6.1) is the simplest among the two proposed alternative
procedures. This method was adopted when original weather criterion was developed. The procedure is
sensitive to the quality of execution and analysis of roll decay tests. The procedure allows to execute tests
for the determination of the effective wave slope coefficient 7, with reasonably small steepnesses, leading
to rather simple tests. The methodology allows, in principle, corrections for scale effects on roll damping.

.3 The parameter identification technique (PIT) (see paragraph 4.6.2) is a procedure with a large degree
of flexibility, that allows to take into account nonlinearities of both damping and restoring, and that
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provides means for allowing frequency dependence of the "effective wave slope function". The
methodology allows, in principle, corrections for scale effects on roll damping. When used with only one
series of tests for one single wave steepness, the number of free parameters should be reduced to guarantee
robustness of the methodology. The method can take great advantages (regarding robustness and accuracy)
from the execution of more than one series of tests at different wave steepness: for this reason the use of at
least two different wave steepnesses is strongly recommended. To guarantee correct application of the
method, a sufficient basic training of personnel on the theoretical background on which the method is
based is needed.

4.2 MODEL BASIN

The facilities of the model basin should be such as to avoid wave reflections and shallow water effects.
The breadth of the basin should be larger than the over all length of the model plus 2 m. The quality of the
basin should be subject to the satisfaction of the Administration.

4.3 MODEL SET-UP

4.3.1 Construction

4.3.1.1 The model should be built geometrically scaled up to the upper weather deck including
forecastle and bulwarks and be sufficiently rigid with a smooth finish. The whole model (excluding free
flooded spaces) should be watertight in order to guarantee hydrostatic properties.

4.3.1.2 All superstructures included in stability calculations or that are submerged during the tests
should be reproduced to scale to ensure the model has the correct righting arm curve. Superstructures that
do not submerge during the tests described below can be omitted.

4.3.1.3 Appendages such as bilge keels or rudder should be fitted, properly scaled and the report
should state which appendages were fitted during the tests.

4.3.2 Scale

To avoid scale effect on roll damping, the model overall length should be at least 2 m. However, the
model should be scaled up, if necessary, to make the breadth of the bilge keels greater

than 7 mm. For monohull ships having neither bilge keels nor sharp bilges', however, the model
overall length should be at least 4 m unless frictional effect on roll damping is corrected with theoretical
methods described later, but in any case not less than 2 m or a scale 1:75, whichever is greater.

4.3.3 Ballast and weight distribution

4.3.3.1 The model should be ballasted to the appropriate displacement and loading condition for the
ship. To ensure correct displacement and attitude, draught marks or suitable gauges should be used.
Weights should be adjusted to achieve the correct position of the centre of gravity.

4.3.3.2 Weight distribution should be such as to guarantee reasonable radius of gyration for pitch.
Unsymmetrical weights distribution should be avoided as far as practicable.

4.3.3.3 Inclining tests should be carried out to verify that the value of ship's metacentric height GM
corresponds to that of the actual ship within an error of 2 % or 1 mm at model scale, whichever is larger.

4.3.3.4 In addition, depending on the information provided to the model basin, natural roll period 7¢ in
water or roll radius of gyration in air, should be checked to correspond to that provided within an error
of 2 %.

4.3.4 Roll period T¢ to be tested

The ship natural roll period should be used for tests. In case a sufficiently accurate estimation of 7¢ is
not available at the time of tests, they should be carried out for a series of at least 3 different roll periods,
from which the results can be finally interpolated for the actual ship roll period.

!"Sharp bilges" used here means that bilge radius is smaller than 1 % of the ship's breadth and the angle between piece-wise
lines representing the bilge is smaller than 120°.
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4.4 GENERAL EXPERIMENTAL SET-UP

4.4.1 Instrumentation

The instrumentation system should be appropriate to the model and type of test carried out. The use of
non-intrusive measurement systems is recommended when feasible. If it becomes necessary to attach
cables to the model then care should be taken to minimize interference.

4.4.2 Calibration

In order to ensure accurate operation of instrumentation, calibrations should be carried out and
reported.

4.4.3 Measurements

Roll, and yaw if necessary, should be simultaneously measured and recorded as appropriate to the
purpose of the test. Wave height measurements should be made for all tests with wave probes fixed in the
tank.

4.4.4 Wave quality

Wave generation quality should be assessed for the waves corresponding to the minimum and the
maximum frequency used in the tests. The wave elevation should be measured by wave probes positioned
at least 3 locations along the length of the basin, spanning the drift range of the model. This should be done
without the model because the model can disturb incident waves. When the measured double amplitude of
the wave elevation converges to a certain value, this value should be regarded as the wave height, H, for
each position. Variations in wave height and wave period should be within 5 % among the different
measured positions for the same signal.

4.5 TESTS IN REGULAR WAVES

Tests in regular waves are the standard procedure for determining the "regular waves roll-back angle" ¢,
In some cases the direct determination of ¢4, is not feasible, as, for example, in case of large models having
long natural roll period T¢. In such cases alternative procedures can be used as reported in paragraph 4.6.

4.5.1 Test conditions

The wave steepness (factor "s") should be selected from table 4.5.1.

Table 4.5.1
Wave steepness as a function of the full scale natural roll period
Ship roll period T¢ [s] Wave steepness s = H/A

<6 0.100

0.100

0.098

8 0.093

12 0.065

14 0.053

16 0.044

18 0.038

20 0.032

22 0.028

24 0.025

26 0.023

28 0.021

30 0.020

>30 0.020
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4.5.2 Direct measurement procedure

4.5.2.1 Tests in regular waves can be used to directly obtain the "regular waves roll-back angle" ¢,.
1, is the peak roll response of the ship in regular waves of steepness according to table 4.5.1. In order to
determine ¢,, the stationary roll motion amplitude should be measured for a sufficient number of
frequencies around the natural roll frequency o =2n/T¢. The following minimum set of test points is
recommended ®/wy = 0.8, 0.9, 0.95, 0.975, 1.0, 1.05, 1.2, with ® being the frequency of the regular wave
in rad/s. Additional measurements in the proximity of the response peak might be necessary to allow for an
accurate determination of ¢y, especially in case of strong influence of righting lever non-linearity.

4.5.2.2 During the tests the ship model should be positioned to be normal to the direction of the waves
(90° heading angle). The heading angle of the model is either:

.1 fixed, with a guide attached to the towing carriage keeping the sway-heave-roll motion free from
restraints. An example of experimental arrangement is shown in figure 4.5.2.2. The carriage should trace
the drift motion of the model induced by the beam wave's action. Draught, GM and T¢ should be adjusted
taking into account the effect of the guide; or

.2 controlled by guide ropes which are fitted to the model on the centreline at the stem and stern, in a
symmetrical fashion and at a vertical height between the waterline and the centre of gravity. These lines
can be used to correct the model in yaw while allowing drift and sway, provided the heading during tests
does not deviate from beam sea for more than 15°. However, whenever the yaw motion is corrected by
means of the ropes, the corresponding part of the measured record should be neglected in the subsequent
analysis, unless the effect of correction on the quantities of interest is clearly negligible.

M i heave
drift

towing carriage

ship model

Figure 4.5.2.2: An example of the guide for roll test in beam waves

4.5.2.3 During the tests, care should be taken to use appropriate time windows for the measurements,
so that the steady roll amplitude is measured without the influence of reflected waves between the model
and the wave maker or the model and the beach.

4.5.2.4 Data to be recorded are model motions in all measured degree of freedom (DOF) and wave
elevation.

4.6 ALTERNATIVE PROCEDURES

When direct measurement of ¢, is not feasible, alternative procedures can be used to calculate the
angle of roll to windward due to wave action ¢, at the steepness specified in 4.5.1, by means of data
obtained from tests in regular waves with different steepnesses and/or other type of tests. In view of the
strict interrelation between the many elements constituting present weather criterion assessment, the
evaluation of individual parameters relevant to the calculation formula of the angle of roll to windward due
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to wave action ¢ is permitted only when they are all evaluated through experimental tests or appropriate
calculation procedures. In the following, procedures are reported as alternatives to the direct measurement
of 1, (refer to paragraph 4.5).

4.6.1 Alternative procedure 1: Three-step procedure

The procedure consists of the sequential evaluation of:

.1 roll damping (Bertin's coefficient ) from roll decay test in calm water;

.2 effective wave slope coefficient from roll tests in beam waves; and

.3 the "regular waves roll-back angle" ¢q,.

4.6.1.1 Execution of roll decay tests

4.6.1.1.1 To obtain the roll damping characteristics of the ship, a series of roll decay tests for the
scaled model in calm water should be carried out. The model is initially inclined up to a certain heel angle.
This initial angle should be larger than about 25°. If the mean roll angle between the initial angle and the
next peak angle is smaller than 20°, the initial angle should be increased to obtain a mean angle of 20° or
over. When the initial roll angle is given to the model, additional sinkage and trim should be minimum.
The model should be released from an initial angle with zero roll angular velocity. During this test, no
disturbance including waves propagating in the longitudinal direction of the basin and reflected by its end
should be given to the model. At least four tests with different initial angles are required. If the roll
damping is very large, the number of tests should be increased to obtain sufficient number of peaks of the
roll angle. Recording of the roll time history should start before the release of the model to confirm that no
angular velocity is given when releasing. Recording should continue until the model has reached rolling
angles smaller than 0.5°. This eventually requires that the length of the basin should be sufficiently large.

4.6.1.1.2 Full details of the experiments, including time histories, should be included in the report.

4.6.1.2 Determination of ¢,

4.6.1.2.1 First step

The aim of this step is the determination of the Bertin's extinction coefficient curve and the roll period
as a function of roll amplitude. Assuming that the absolute values of measured consecutive extremes (one
maximum and following minimum or vice-versa) of roll angle during roll decay are ¢y, ¢», ... (deg), the
mean roll angle ¢,,;=(d;+ d;_1)/2 and the decrement d¢; = d,— ¢, _; are calculated. Bertin's extinction
coefficient, N, as a function of ¢,, is obtained by N,»=N(c|)ml_)=6¢,-/(d)mi)2. It should be noted that
depends on roll amplitude. The obtained raw data for N(¢,,) should be fitted by a smooth curve. In
addition, periods from peaks to peaks should be calculated as a function of mean roll angle, which is
necessary for step 2.

An equivalent linear damping coefficient v.(¢) defined as:

V() =N
where ¢ is in degrees, can be used as an alternative to the Bertin's coefficient. When the equivalent linear damping
coefficient is used, all the formulae involving N(¢$) should be modified accordingly.
In case frictional correction on roll damping is required in paragraph 4.3.2, the above value of N should
be reduced by the value from the following formula, which represents the model-ship correlation on
frictional damping:

- 2.11-S77%

N = ¢, A-GM-Ty> (4.6.1.2.1-1)
where:

S=L(1.7d+ CyB) (4.6.1.2.1-2)

rs =% {(0.877+0.145Cp)(1.7d + CgB) + 2(KG — d)} (4.6.1.2.1-3)
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All variables should be in model scale and the symbols in the above formulae are defined as follows:

L = length of the ship at waterline (m)

B = moulded breadth of the ship (m)

d = mean moulded draught of the ship (m)

Cp = block coefficient

GM = metacentric height corrected for free surface effect (m)

A = displacement (kg)

T¢d = roll period (s)

¢, = roll angle (degrees)

Alternatively a numerical calculation with unsteady boundary layer can be used to the satisfaction of
the Administration.

Alternatively, a forced roll test may be used to determine the N(¢) coefficient by using an internal or
external roll motion generator.

The former requires measurement of roll angles and the latter does that of roll moment. The
experimental procedure and the subsequent analysis of data should be subject to the satisfaction of the
Administration. In order to decide on the suitability of experimental and analysis procedure, as a guide, a
reasonable agreement between results from forced roll tests and from roll decay tests, can be considered a
good indication.

4.6.1.2.2 Second step

The aim of this step is the determination of the effective wave slope coefficient. The following two
methods are provided:

.1 The resonant roll amplitude in regular waves is determined according to the procedure described in
paragraph 4.5.2 but using a wave steepness which should be smaller than 1/20. Regardless of the
requirement in paragraph 4.5.2, a used wave period should be the same as the given natural roll period.
Once the steady roll amplitude is obtained, the natural roll period for this amplitude should be estimated
with the results of roll decay test. If this period is significantly different from the wave period, roll angle
measurement should be repeated but by using the newly estimated period as the input to the wave maker.
Then the effective wave slope coefficient, r, is determined as follows:

8 T 07 NS
180n2-H,,

(4.6.1.2.2-1)

where T,,,,., and H, are the wave period in seconds and the wave height in meters respectively used in
the test, and is the gravitational acceleration in m/s*. In equation (4.6.1.2.2-1) the wave steepness is
assumed to be related to wave height and wave period by s =2nH/(g Ta.). The effective wave slope is
assumed to be independent on ¢,

.2 Alternatively it is possible to directly measure the roll excitation moment M, by means of a
dynamometer. The model should be connected to the carriage by means of a guide allowing drift, sway,
heave and pitch motions but fixing surge, roll and yaw. The dynamometer should measure the moment
with respect to centre of gravity between model and the carriage. The dynamometer should be designed to
limit the interaction between the detected force components within 2 % of the resultant ones. Coefficient »
is then determined as follows:

Mexc
AGMms

4.6.1.2.3 Third step

The aim of this step is the prediction of the peak of roll for the steepness specified in table 4.5.1. By using
the curve for M(¢) and the estimated value for from previous steps, and by using the wave steepness s obtained
from table 4.5.1, the predicted angle of roll ¢, can be calculated by the following formula:
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b1 =/ 90mrs/N(1,). (4.6.1.2.3)

Since this formula includes ¢4, in both its right- and left- sides, the calculation should be carried out
with the following iterative procedure:
.1 ¢y, is initially assumed to be 20°;
.2 the right-hand-side of this formula is calculated,
.3 the obtained ¢, should be substituted into the right-hand-side; and
.4 when the value of ¢, converges to a certain value, this should be regarded as the final value.

4.6.2 Alternative procedure 2: Parameter identification technique (PIT)

The parameter identification technique (PIT) approach is outlined below, taking into account linear and
nonlinear features of the mathematical model describing the roll motion in beam waves, with other forcing
sources or roll decays. The basic structure of the method consists in the regression of the solution (exact or
approximate, analytical or numerical) of the system of differential equations describing the time evolution
of the system under analysis, containing as unknowns the characteristic parameters (coefficients of the
mathematical model adopted to describe damping, restoring, forcing terms). The regression is considered
to the experimental values of stationary roll amplitude versus frequency for forced roll. The basic idea on
which the PIT relies is thus as follows: the solution of equation (4.6.2.1.1), for any consistent set of
parameters and different wave frequencies allows to obtain a prediction for the roll response. The
parameters of the model are modified systematically by the minimization procedure in order to obtain the
best agreement between the predictions given by the model and measured experimental data. The
"optimum" set of parameters is then obtained and used in solving equation (4.6.2.1.1) for the steepness
required by table 4.5.1 and different wave frequencies, to obtain, finally, the peak ¢, of the roll response
curve. The angle of roll to windward due to wave action ¢, is calculated according to paragraph 4.1.

When PIT is used, at least two response curves obtained for two different wave steepness are strongly
recommended to be used.

4.6.2.1 Modelling of roll motion in beam sea and determination of model parameters

4.6.2.1.1 Recommended model in beam sea

The following differential equation is recommended as a suitable model for describing roll behavior in
regular beam sea:

[+ dd) + 03r(d) = wfms &) cos(@)
d(d) =2p-d+B-d|d|+ 8¢’
(4.62.1.1)
HO)=d+ 73 ¢ +v5¢°

E(w/mg) = 0t oty (/) + ozz(o)/o)o)2
-

In the recommended model (4.6.2.1.1) the following parameters should, in principle, be considered as
to be determined by the PIT: ®,, 1, B, 9, 3, ¥s, %o, %1, %. However, in certain cases, some of these
parameters can be considered as constant and/or equal to zero.

4.6.2.1.2 Definition of y*

4.6.2.1.2.1 From a series of experiments in beam waves according to paragraph 4.5.2 (apart from
required wave steepness), a value of roll amplitude C.,, ; is obtained for each tested wave frequency o,
and steepness s;. It is recommended to determine the roll response curve for at least two different value of
the wave steepness and a set of frequencies, for each wave steepness, as in paragraph 4.5.2. Given a
tentative set of parameters {wo, W, B, O, V3, Vs, %o, %y, 02}, the value of roll amplitude C,,,,;; can be
obtained (by numerical integration or analytical solution) as predicted by the model in equation (4.6.2.1.1)
for each tested wave frequency ®; and steepness ;.
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4.6.2.1.2.2 The following function is used as a measure of the goodness of fit for the model:
Xz({(ﬂo, M, B: 6: Y3, V5, %o, Op, 0(2}) = %;(Cmod,ij_cexp,ij)z (462122)

As can be seen from equation (4.6.2.1.2.2), %> depends on the tentative values of the model parameters.

4.6.2.1.3 Fitting of the model

The scope of the PIT is to determine a set of "optimum" parameters {wo, W, B, 8, Y3, Y5, %o, %1, %2} opr
such to minimize y?, that is:

Xz({mO’ M, B, 69 Y3, Vs, Oo, %1, O{'Z})Opt = mm(Xz)

Any numerical or analytical minimization procedure can be used, to the satisfaction of the
Administration.

4.6.2.1.4 Calculation of roll response's peak ¢4,

4.6.2.1.4.1 When the "optimum" set of parameters {®y, W, B, 3, V3, Vs, 0o, %1, 0o} p 1S determined by
the minimization procedure, the response curve for the steepness required in table 4.5.1 can be obtained as
follows.

4.6.2.1.4.2 Equation (4.6.2.1.1) is solved by means of standard numerical integration algorithms or
analytical solution for different frequencies in order to obtain the roll response curve. The peak of such
curve is ¢y,

4.6.2.2 Additional comments

The framework of the methodology provided in paragraph 4.6.2.1 could be used, in principle, to obtain
damping parameters from free roll decays or forced roll motion by means of roll moment generators (RMGs).
Partially different modelling and/or definition of %* could thus be needed and can be used to the satisfaction of
the Administration.
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IMO

Ref. T1/2.04 MSC.1/Circ.1227

11 January 2007

EXPLANATORY NOTES TO THE INTERIM GUIDELINES FOR ALTERNATIVE
ASSESSMENT OF THE WEATHER CRITERION

1 The Maritime Safety Committee, at its eighty-second session (29 November to 8 December 2006),
approved the Explanatory Notes to the Interim Guidelines for alternative assessment of the weather
criterion, set out in the annex, aiming at providing the industry with alternative means (in particular, model
experiments) for the assessment of the severe wind and rolling criterion (weather criterion), as contained in
the Code on Intact Stability for all Types of Ships Covered by IMO Instruments (resolution A.749(18)).

2 Member Governments are invited to bring the annexed Explanatory Notes to the Interim Guidelines
to the attention of interested parties as they deem appropriate.
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ANNEX
EXPLANATORY NOTES TO THE INTERIM GUIDELINES FOR THE ALTERNATIVE
ASSESSMENT OF THE WEATHER CRITERION

1 INTRODUCTION

These explanatory notes provide an example of the alternative assessment of severe wind and rolling
criterion (weather criterion) based on a series of model tests following the Interim Guidelines for the alternative
assessment of the weather criterion contained in MSC.1/Circ.1200, for better understanding of the alternative
procedures. Here the weather criterion specified in paragraph 3.2 of the Code* is referred as "standard weather
criterion", whereas the Interim Guidelines (MSC.1/Circ.1200) are referred as "Guidelines".

2 THE TESTED SHIP

The principal particulars, general arrangement and GZ curve of the RoPax ferry used in this example
are shown in table 2.1, figure 2.1 and figure 2.2 respectively.

Table 2.1
Principal particulars

Length between perpendiculars: L, [m] 170.0 Area of bilge keels: Ay [m?] 61.32
Breadth: B [m] 25.0 Vertical centre of gravity: KG [m] 10.63

Depth: D [m] 14.8 Metacentric height: G,,, [m] 1.41

draft: d [m] 6.6 Flooding angle: ¢ [degrees] 39.5
Displacement: W [tonnes] [ 14,983 Rolling period: 7, [sec] 17.90
Blockage coefficient: C,, 0.521 Lateral projected area: A4, [m?] 3,433.0

B/d 3.79 | Height to centre of 4; above W;: H. [m] 9.71

[\ F_

Figure 2.1 General arrangement

*Throughout these Explanatory Notes, the reference to the Code means the reference to the Code on Intact Stability for all
Types of Ships Covered by IMO Instruments (resolution A.749(18)), as amended.
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Figure 2.2 GZ curve

3 THE DETERMINATION OF THE WIND HEELING LEVER Ly,

3.1 MODEL SET-UP

3.1.1 Ship model used for wind tests

The model for the wind test was built following paragraph 1.2.1 of the Guidelines. The length (Lpp) of
the model was 1.5 m (scale: 1/113). The lateral projected area in upright condition was 0.267 m>.
Compared to the cross section of the wind tunnel (3 m in breadth and 2 m in height), the blockage ratio
was 4.5 %.

3.1.2 Ship model used for drifting tests

The model for the drifting test was built following paragraph 1.2.2 of the Guidelines with bilge keels of

greater than 10 mm in breadth. The length of the model was 2 m (scale: 1/85).

3.2 WIND TESTS

3.2.1 The arrangement for the wind tunnel tests is shown in figure 3.1. The connection between the
model and load cell had a rotating device for testing the model in heeled conditions. In heeled conditions
the height of the model was adjusted by the adjusting plate to keep the displacement constant when
floating freely. The change of trim due to heel was neglected.

3.2.2 In order to keep the blockage ratio less than 5 %, the floor plate was set to the same level of the
floor of the tunnel. The gap between the model and the floor plate was kept within approximately 3 mm
and covered by soft sheets for avoiding the effect of downflow through the gap*.

*In order to simplify the execution of the experiments and to avoid the need for the building of appropriate floor plates for
each heeling angle, the gap could be filled by water. However, in this case, if any buoyancy effect occurs in the model due to the
particular setup, then it is to be properly accounted for in the subsequent analysis of the data.
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Floor Plate

Floor

Turn Table

Figure 3.1 Arrangement for wind tunnel tests

3.2.3 The vertical distribution of wind speed is shown in figure 3.2. For the test arrangement (figure 3.1),
the height of the ship model from the floor was approximately 19 cm in upright condition. This means that the
lower half of the model is placed in the boundary layer. The distributions of wind speed in the lateral and
longitudinal directions were almost uniform (deviation less than 1 %) around the model.

30
25

—

20
15

1: ‘}

r

O 1 !
0.0 05 1.0 15
MNormalized wind speed

Height {cm)

Figure 3.2 Vertical distribution of wind speed

3.2.4 The wind speed was varied from 5 m/s to 15 m/s in upright condition and confirmed that the drag
coefficient is almost constant in this speed range. For the full tests a wind speed of 10 m/s was used,
corresponding to a Reynolds' number of 1.52 x 10°, as defined by the following equation:

Re = U,B/N (N-3.1)

where U, is the uniform wind speed outside the boundary layer, B is the breadth of the model and v is
the kinematic viscosity coefficient of air.
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3.2.5 The horizontal force F,,;,, the heeling moment M and the lift force L were measured by the load
cell. The heeling moment M was converted to the one with respect to point O, defined as M,,;,4, by the
following equation:

Mwind = M_Fwindlcos¢ + LISIHCI) (N—32)

where [ is the distance from the centre of the load cell to point O. The point O is defined as the cross
point of the centreline of the ship and waterline in upright condition.

3.3 DRIFTING TESTS

3.3.1 The drifting test was carried out in a basin with dimensions of 50 m in length, 8 m in breadth
and 4.5 m in depth. The set-up is shown in figure 3.3. To connect the model, the load cell and the heaving
rod the same connection setup as in the wind tunnel tests was used. The horizontal force F,,,,., and the
heeling moment M were measured by the load cell. They were determined as time averages in stationary
condition after the transient phase, which appears when the carriage starts to run. The heeling moment with
respect to point O, defined as M,,,,.,, was calculated similarly to the wind tunnel tests. However, the last
term in equation (N-3.2) is not necessary since the vertical force is globally zero due to heave-free
arrangement.

] hoave

Bl | =

ship model

Figure 3.3 The arrangement for drifting test

3.3.2 The drifting speed should be determined to make the drifting force equal to F,,;,; as defined by
equation (1.2) of the Guidelines in model scale. The wind speed should be assumed to be 26 m/s in ship
scale. However, in this experiment, the speed was varied to cover the expected range of the wind drag
coefficient, Cp, since the wind tunnel tests were carried out after the drifting tests.

3.4 RESULTS OF WIND TESTS

3.4.1 The measured drag coefficient (Cp), lift coefficient (C;) and heeling moment coefficient (C,,) are
shown in figure 3.4. They are non-dimensionalized by the following equations:
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C F.
(c)=C"7" (% puirUPAL) (N-3.3)

2
1 A
CM = Mwind/(7 pairUzL_L ) (N-34)
pp

3.4.2 In the figure the angle of heel is defined as positive when the ship heels to lee side (refer to figure 3.1).
The broken line is the heeling moment coefficient of the standard weather criterion, calculated from
equation (N-3.5), which is derived from the equation in paragraph 3.2.2.2 of the Code. However, in order
to be compared with the test results, Z is replaced by the height of the centre of the lateral projected area
above waterline, i.e. H, in table 2.1.

M,ying = P-A-Z [N-m] (N-3.5)
® Cp
x C 125
A Cu
— =— Cy (standard criterion) 4 o« * ®
L J
L ]
® ®
= 8 ot
@) L ki
E ¢ 8 X
S e e R i el Sl i el e e s iy
2 A & A i 5 h—p
& & A &
X T A
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Figure 3.4 Measured drag coefficient (Cp), lift coefficient (C;) and heeling moment coefficient (Cy,)

3.4.3 It is characteristic in the figure that all the quantities (Cp, C; and C,,) vary significantly with heel
angle. As for the heeling moment, it is smaller than the standard criterion and further reduces when the
ship heels, especially to lee side. The lift force is not so small and close to the drag force when the heeling
angle is —5° (weather side). However, the adjustment of the vertical position of the model is not necessary
since the lift force is 0.7 % of the displacement of the ship in a wind speed of 26 m/s.

3.4.4 For comparing the test results with Z in equation (N-3.5), the measured heeling moment was
converted to the height of the centre of wind force above waterline, lwind, by the following equation:

Zwind = Mwind /Fwind (N'36)

3.4.5 The result is shown in figure 3.5. It can be observed that the centre of wind force is also a
function of heel angle.
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Figure 3.5 Height of the centre of wind force above waterline (model scale)
3.5 RESULTS OF DRIFTING TESTS

3.5.1 In the same manner as equation (N-3.6), the measured heeling moment generated by the drift
motion, M,,...., was converted into the height of the centre of drift force above waterline, lwater. The
values normalized by the draft are shown in figure 3.6, where the angle of heel is positive when the ship
heels to the drift direction as shown in figure 3.3.

3.5.2 It can be observed that, in the examined case, the centre of drifting force is above half draft
(which is the assumption in the standard criterion) and is generally above the waterline. This phenomenon
appears when breadth/draft ratio is large, due to the pressure distribution on the bottom.

0.6 = (5=0.5 & (=06
X =07 &= =08
B =09 &= =10

=
o
o | % |
-_g -20 -15 -10 -5 5 10 15 20 25 30 35
Angle of heel (degrees)
-0.2
-04
_ — — 4 — — Halfdraft
-0.6

Figure 3.6 Height of the centre of drift force for assumed wind drag coefficients
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3.6 DETERMINATION OF /,,;

3.6.1 The heeling moments evaluated by wind tests, M,,,,4, and drifting tests, M,, ...,» were substituted
into equation (N-3.7) (the same as equation (1.1) of the Guidelines) and the wind heeling lever, /,,;, was
calculated as a function of heel angle as shown in figure 3.7 and figure 3.8.

Mwind + Mwater
L = X (N-3.7)

3.6.2 In figure 3.7, the heeling levers due to wind (M,,;,,#/A) and drift motion (M,,.,/A) are also included.
In both figures, /,,; at angles greater than 30° is assumed to keep the same value as at 30° (see paragraph 1.6 of
the Guidelines). Figure 3.7 shows that, in the considered case, the wind heeling lever estimated by using the
complete procedure, i.e. by using wind and drift tests, is sensibly smaller than that required by the standard

weather criterion.

0.15
R Standard criterion
: "5 " Wind test
) =1 Drift test
E, Wind + Drift test
e R el TE | s
0.025
. R i A . -. ----------------
__________ i & R 4
-0.025
-0.05
-20 -10 0 10 20 30 40

Angle of heel (degrees)

Figure 3.7 Wind heeling lever, [, evaluated by the tests
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Figure 3.8 Wind heeling lever, /1, compared with the GZ curve
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4 THE DETERMINATION OF THE ROLL ANGLE ¢,

4.1 MODEL BASIN

The model basin used for roll decay tests and rolling motion tests in waves was the same used for the
drifting tests (50 m in length, 8 m in breadth and 4.5 m in depth). The overall length of the model (2.14 m)
was small enough compared to the breadth of the basin.

4.2 MODEL SET-UP

4.2.1 The model was the same used for the drifting tests (L,, = 2 m, scale: 1/85). It was built up to the
upper vehicle deck, till which buoyancy is included in the stability calculation. The top was built open, but
water did not enter into the model in waves with the largest steepness.

4.2.2 The model was ballasted to the loading condition for the ship, as shown in table 2.1. To ensure
correct displacement and attitude, the colour of the model was changed between above and below the load
line. The GM as measured by an inclining test was 1.67 cm, corresponding to an 0.7 % error to the scaled
value of the ship. The natural roll period was also measured to be 1.92 s, corresponding to an 1.2 % error.

4.3 GENERAL EXPERIMENTAL SET-UP

4.3.1 The roll motion was measured by means of an inclinometer, for which uniform frequency
response was confirmed. Soft and slack cables were attached from the carriage to the model for power
supply and signal recording. The whole ship motion was recorded by a video camera.

4.3.2 The wave elevation was measured by wave probes for the waves corresponding to the minimum
and the maximum frequency used in the tests. This was done without the model at 3 locations along the
length of the basin, spanning a length wider than the expected drift range of the model, i.e. 7.1 m. The
maximum variations among the three measuring probes with respect to the required value of wave height
and wave period were 4 % and 1 % respectively.

4.4 DIRECT MEASUREMENT PROCEDURE

4.4.1 From the table of wave steepness (table 2.1 of the Guidelines) the assumed wave steepness, s, for
this ship is 0.0383 (1/26.1). Roll amplitude of the model was measured in beam waves with this steepness.
Moreover, the waves with s = 1/40 and 1/60 were also used for the alternative procedures mentioned later.
The maximum wave height was 27.8 cm, which is close to the maximum limit of the wave generator.

4.4.2 The model was freely drifting for avoiding effects of guide system and guide ropes were fitted to
the model on the centreline at the stem and stern at a vertical height around the centre of gravity. The
periodic yaw motion was small, but the change of mean heading angle was controlled by the ropes
carefully by human hands to keep it within 15°. The carriage followed the mean drift motion of the model.
When the heading was corrected by the ropes with large force, the corresponding part of the measured
record was neglected in the analysis. The effect of correction was negligible in small waves, however in
high waves the correction was not easy in some cases.

4.4.3 The measured roll responses were subjected to Fourier analysis to extract the components at
encounter frequencies. The results are shown in figure 4.1 for all wave steepnesses. Due to the nonlinearity of
roll damping, the non-dimensional roll amplitudes are larger in smaller steepness. On the other hand, due to the
linearity of GZ curve (see figure 2.2) the peak frequencies do not significantly change even in high waves. The
roll peak amplitude at the required steepness, ie. s = 1/26.1, was ¢, = 27.6° from the experiments.
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According to formula (2.1) of the Guidelines, the "angle of roll to windward due to wave action", ¢, is thus
determined as ¢1=0.7¢;,=19.3°.

: w : ® S=1/60
‘Al.u‘ 3 6 s m =1/40
: — w " ey
4 ® s e LA 17260
g Em S "Epne
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Wave frequency / Natural roll frequency

Figure 4.1 Roll amplitude in beam regular waves (left: in degrees, right: non-dimensional)

4.5 ALTERNATIVE PROCEDURES

In this section, alternative procedure 1 (Three steps procedure) is addressed.

4.5.1 Roll decays test

4.5.1.1 In calm water the model was initially inclined up to heel angles larger than 25° and released with
zero roll angular velocity. Four tests with different initial angles were conducted. As an example, the relation of
,, (mean roll angle) and d¢ (decrement of roll angle per half cycle) for a test is shown in figure 4.2.

4.5.1.2 The measured nonlinear roll damping coefficient, N, as a function of roll amplitude is shown in
table 4.1. The dependence of N coefficient on roll amplitude is small since the linear component (wave
making damping) is small for this ship.

¢ (degrees)
6

j e
pd

@, (degrees)

Figure 4.2 An example of roll decay test

Table 4.1
Roll damping coefficient V
Roll Amplitude N [1/degrees]
10.0 0.0122
12.5 0.0117
15.0 0.0113
17.5 0.0111
20.0 0.0109
22.5 0.0108
25.0 0.0106
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4.5.2 Effective wave slope coefficient r

To measure the effective wave slope coefficient r, two options are described in paragraph 2.6.1.2 of the
Guidelines. Here the results of roll motion tests, mentioned in paragraph 4.4 above, have been used for s = 1/60
and the value » = 0.759 was obtained.

4.5.3 Determination of roll angle

By iterative calculation as described in 2.6.1.2 of the Guidelines (Third step), ¢, was determined
as 27.9° and thus ¢;=0.7¢;,=19.5°, which is very close to the estimation of direct measurement procedure
(section 4.4 above). One reason for this agreement is the almost linear characteristics shown by the GZ
curve up to 20° (see figure 2.2).

5 THE ASSESSMENT OF WEATHER CRITERION

5.1 The comparison of the different assessments of the weather criterion using experimental results is
summarized in table 5.1. In the table all the possible combinations of the wind tests and the drifting tests
for estimating /,; are included (see paragraph 1.5 of the Guidelines). As for ¢, the standard criterion
(paragraph 3.2.2.3 of the Code) and the result of the direct measurement procedure are included. The
results of the three steps procedure can be omitted here since the estimated was almost equal to the one of
direct measurement procedure for this ship. The PIT estimation is reported in section 6 below. The last line
of table 5.1 shows the critical values of KGs, in which b/a=1. These last results are to be taken with some
caution, since the effects of changing the vertical centre of gravity on 7, and on the other quantities related
to roll motion including ¢; have been neglected. A considerable extension of the experimental tests would
have been indeed required to correctly evaluate the limiting KG curve.

Table 5.1
Assessment of weather criterion
) ) Wird test | Wind test ' . Wind test | Wind test
" %:gfﬁ;f Wi nd+test A nd+test (upr:irght) (upr:irght) Sﬁzgfif Wmd+test Wlnd+test (upright) (uprjr aht)
Criterion | Drift test | draft/2 Oirfetast| gt Criterion | Drift test | draft/2 Drift test | drafi/2
Standard .
Direct Procedure
1 (‘u_“jJeather { or Three Steps Procedure )
nterion
vt [rm] 0153 | Function of heel angle | 0125 0153 | Function of heel angle | 0125
r =] 1.0896 0,758 ( Three Steps Procedure )
Tr [ze5] 163 179
s [] 00431 00383
¢1 [deg] 154 193
o [deg] 6.1 37 49 38 50 6.1 3.7 449 3.8 5.0
¢o—@1 [deg] 93 =117 —104 -11.86 —104 =13 =157 —14.4 =15:5 —14.3
¢ [deg] 39.5
frea a lrad—m] 0075 0063 [e105E] 0083 Qo070 g1 [ol0e]s] 0103 [018215] 0105
Area b lrad-m] 0224 0295 0289 Q275 0247 0224 0295 259 0276 0247
b/a [-] 299 471 3.76 4.4 3.51 2 3.09 251 290 234
Crit. KG [ml 1143 1188 1168 11,79 1162 11.35 11.82 11.59 11.73 11.52

5.2 Table 5.1 shows that the alternative assessment by model experiment can change the ratio of areas, b/a,
significantly with respect to the standard criterion, whereas the changes in the limiting value of the vertical
centre of gravity are more contained. For this ship, the increased ¢; obtained by experiments makes b/a
smaller, and the /,; evaluated through all the combinations of the wind tests and drifting tests, complete
procedures and simplified procedures, tends to make b/a larger than the standard weather criterion as contained
in paragraph 3.2 of the Code. It has to be noted, however, that the fluctuations are related to the large variation
in the vertical centre of hydrodynamic pressure in drift motion of this ship. More extensive confirmation are
awaited from the experience gained through the application of the Interim Guidelines.
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6 ALTERNATIVE PROCEDURE 2: PARAMETER IDENTIFICATION TECHNIQUE (PIT)

6.1 INTRODUCTION

6.1.1 The PIT technique is a general methodology for the determination of the numerical values for a
certain number of parameters in a given analytical model, in such a way that the model can represent the
physical behaviour of the system under analysis in the given conditions. Although the PIT technique is
also suitable for the direct analysis of roll decays in calm water in order to obtain the ship natural
frequency and the damping parameters, the roll motion of a ship in beam sea is dealt with in this document.

6.1.2 The general idea on which the PIT is based is that the given analytical model is assumed to be
able to predict the amplitude of roll motion of the ship in beam sea, and this model is characterized by a
general form with a certain number of free parameters. The free parameters should be fixed in order to
obtain the best agreement between available experimental data and numerical predictions from the model.
When such parameters are determined, the model is assumed to be suitable for extrapolation. In the case of
roll motion in beam sea, the model parameters is fit by using the ship roll response data for a small
steepness in order to predict the ship behaviour at a larger steepness for which direct experiments cannot
be carried out, or for which direct experiments are not available.

6.1.3 The general equation assumed suitable for the modelling of roll motion in beam sea is, according
to the Guidelines, the following:

(B + dd) + 0Br(¢) = 0Bms-E(w/e)-cos(err)

d(§) =2u-o+B- || +8-¢’

2 (N-6.1)
HP)=d+y3:¢ +vsd’
E(w/mg) = 0yt ot (0/wg) + 012(03/0)0)2

6.1.4 Where the following parameters are in principle to be considered as free (units are reported
assuming the roll angle to be measured in radians):

— Damping coefficients: p (linear damping (1/s)), P (quadratic damping (1/rad)), § (cubic damping (s/rad?));

— Natural frequency ®q (rad/s);

— Nonlinear restoring coefficients: y3 (cubic term (nd)), vs (quintic term (nd));

— Effective wave slope coefficients: o (constant (nd)), o; (linear term (nd)), o, (quadratic term (nd)).

6.1.5 The wave steepness s, as well as the forcing frequency o (to be measured directly from the roll
time histories in order to account for Doppler effect if the drift speed is large), are given data from
experiments.

6.1.6 The total number of free parameters is, thus, in principle, equal to 9. Such a large number of
parameters can be effectively determined from experimental data only when the number of experiments is
large, i.e., at least two (but is better three) wave steepnesses leading to response curves spanning a large
range of rolling angles from the linear range (below, say, 10°) up to the nonlinear range (say, at least 40°).
In addition, experimental data should span a large range of frequencies from low to high frequency range
(say, ®/mg from about 0.8 or lower to about 1.2 or higher). The necessity of spanning such a large domain
is due to the fact that different parameters have a different importance in different ranges.

6.1.7 While damping plays an important role mostly around the peak region, the effective wave slope is
better determined if the low frequencies region of the response curve is also available. Linear terms in both
damping and restoring are dominant in the region of small rolling amplitudes, while the effects of nonlinear
terms are noticeable only in the region of large rolling amplitudes. The roll response curve tends to bend to the
low frequency region when GZ is of the softening type, and towards the high frequency region when GZ is of
the hardening type. Both type of bending could be noticeable when the righting lever is of the S-type.
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6.1.8 The general use of the PIT in the framework of the experimental determination of the roll
angle ¢, (See the Guidelines) will likely to be similar to that of the Three steps procedure, i.e. as follows:

.1 carry out experiments at a single steepness s, smaller than the required one s,,;

.2 determine model parameters in order to fit the experiments at s,,,;

.3 utilize the obtained parameters in order to predict the peak of the ship roll response at s,.,;

6.1.9 Since only one steepness is likely to be available, the number of parameters should be reduced in
order to achieve convergence of the methodology without spurious effects on undetectable parameters. A
reduced model is then to be used.

6.1.10 On the bases of a series of studies and on the experience gained in the past (see, e.g., [1][2]), the
following reduced model can be proposed when only one steepness is available:

¢ +BbldI+ o (b +v3:d) = wpmesog-cos(w-t) (N-6.2)

where the damping has been considered to be purely quadratic due to the fact that only one amplitude
response curve is available. The frequency dependence of the effective wave slope has been dropped
because we are mainly interested in this context in the ship response at peak, and so the tails are of less (or
none) importance for the final evaluation of ¢;, (even if the low frequency tail of the roll response is
fundamental for the fitting of the value of o). As a note, the coefficient o in the reduced model (N-6.2)
corresponds to the effective wave slope "r" of the Three Steps Procedure. A cubic nonlinear restoring term
has been kept, but it can be removed if the GZ curve is sufficiently linear in the expected response range,
or if there is no evidence of bending from the experimental response curve (provided the experimental
peak is sufficiently large to allow the identification of the possible nonlinear behaviour).

6.1.11 In the case where two response curves are available determined at two different steepnesses, it is
possible to introduce an additional linear damping term and an additional 5th degree restoring term:

¢ T21d+B D]+ (P + v3:d’ +v5d”) = wmis 0t cos(1) (N-6.3)

6.1.12 Regarding the damping term in the previous reduced models, in general the quadratic damping
component seems to be more suitable for the analysis of hulls with bilge keels or with an expected large
vortex generation. On the other hand, the substitution of the quadratic term - |¢ | with a cubic term -¢>
could be more suitable for bare hulls.

6.1.13 The use of different nonlinear damping models, can lead to different results in the prediction of
the final rolling amplitude. For this reason, in the absence of sufficient evidence for the selection of one
nonlinear model versus the others, the use of the average of the two predicted peak rolling amplitudes is
recommended. A pure linear model, on the other hand, is almost always inadequate for the representation
of roll damping at zero speed.

6.2 GENERAL COMMENTS ON PIT IMPLEMENTATION

6.2.1 The PIT technique needs to be implemented in a suitable computer code, and it is not amenable
to hand calculations. A block diagram for the implementation of the PIT is reported in figure 6.2. As it can
be seen, the procedure is based on two main components:

.1 a differential equation solver used to determine the roll response predicted by the model for different
trial sets of parameters; and

.2 a suitable minimization algorithm used to achieve the optimum set of parameters by minimizing the
sum of the squared differences between experimental and predicted roll amplitudes.

6.2.2 The differential equation solver could be basically of two types:

.1 Exact time domain solver: it numerically solves the general differential equation (N 6.1) by using
discrete time step algorithms (like the Runge-Kutta) for a certain number of forcing periods, until the roll steady
state is achieved. Finally, each time history is analysed in order to get the steady state roll amplitude; and
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.2 Approximate frequency domain solver: it uses an analytical approximate solution of the differential
equation (N-6.1) in order to determine the nonlinear roll response curve in frequency domain. Typically
used analytical methods are the harmonic balance technique, the multiple scale method and the averaging
technique [3].

6.2.3 The two approaches have different pros and cons.

6.2.4 Time domain integration requires more computational time, but it solves the original differential
equation without approximations (apart from numerical accuracy). On the other hand, in case of strong
bending of the response curve, when multiple solutions are possible for the same forcing frequency, then
care must be taken in the numerical determination of the roll amplitude in order to correctly deal with all
the present solutions (see figure 6.1).

bare hull tests

40 7

= bifurcation
region

L ®g \

; . ¥

32 40 48 56
(0 model scale (rad/s)

Roll amplitude (degrees)

Figure 6.1 Example of experimental and numerically fitted nonlinear response curve in the case of softening

6.2.5 A typical numerical method that could be used for dealing with this problem is based on the
"frequency sweep" idea, where the forcing frequency is slowly changed in the time domain integration
from the highest value to the lowest one, and then vice-versa, in order to detect jumps due the presence of
bifurcations (see figure 6.1).

6.2.6 Analytical approaches are approximate solutions, and this is the biggest drawback. However, the
agreement between numerical simulations and analytical solutions is often surprisingly good, and more
than sufficient for practical applications. In addition, if the fitting of the experimental data is based on an
analytical method, and the same analytical method is used for the extrapolation, i.e. a consistent
methodology is used without mixing the analytical and the numerical approach, good agreement is
expected between numerical and analytical approaches. The analytical methods are usually much faster
than the direct time domain integration, and they are able to determine multiple stable solutions in region
where more than one solution is present, making the dealing with this type of problem easier.

6.2.7 The differences in the final predicted roll peak between the application of the numerical and of
the analytical approach are expected to be below the usual experimental uncertainty (that could be
considered of the order of 2°).

6.2.8 The minimization algorithm could be any reliable minimization procedure (e.g., Levenberg
Marquardt method, or any more advanced stochastic/deterministic method).
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Figure 6.2 Block diagram for the PIT procedure

6.3 APPLICATION OF PIT TO EXPERIMENTAL DATA

6.3.1 The same experimental data used in the Alternative Procedure 1 above have been used in the
application of the PIT. Scope of this application is to predict the roll response peak for the tested required
steepness s = 0.0383 by starting from available data at smaller steepnesses, i.e. 1/40 and 1/60. The
following three calculations have been carried out:

.1 Calculation 1: prediction of ¢, by fitting of the model on the steepness s = 1/60;

.2 Calculation 2: prediction of ¢, by fitting of the model on the steepness s = 1/40;

.3 Calculation 3: prediction of ¢4, by fitting of the model on both the steepness s = 1/40 and s = 1/60;

6.3.2 In the case of calculations 1 and 2, being only one steepness available, the reduced model (N 6.2)
has been used, and because of the linearity of the GZ curve and because of the absence of any evident
bending in the response curve it has been assumed that y; =0.

6.3.3 In the case of calculation 3, being two steepnesses available, additional terms have been added.
Two different analytical model have then been used: the first model is exactly the same as that used for
calculation 1 and 2, whereas in the second model the linear damping coefficient p has been left free
(see (N-6.3)). However, in both cases, the assumption of linear restoring, i.e., Y3 =0 and ys =0, has been
kept.
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6.3.4 In all cases the roll response curve has been determined through an analytical approximate
nonlinear frequency domain approach where the response curve is obtained by means of the harmonic
balance technique [3].

6.3.5 The used analytical models and the results obtained through the application of the PIT are
summarized in Table 6.1, while a global picture of the roll response curves is given from figure 6.3 to
figure 6.6.

6.3.6 From the analysis of the reported exercise it seems that the PIT together with the proposed
analytical reduced models is able to reasonably predict the ship roll response curve at the largest steepness
by starting from the fitting of the roll response curve(s) experimentally obtained at lower steepnesses. The
pure quadratic damping model allows for the achievement of good predictions of the experimental peak,
probably thanks to the presence of bilge keels. In the case of linear+quadratic damping model, a negative
linear damping coefficient has been obtained, that is, of course, physically meaningless. However, the
equivalent linear damping in the range of tested angles as given by the fitted model in Calculation 3-LQ is,
of course, positive. The negative sign in the linear damping coefficient is thus due to the fact that the
equivalent linear damping obtained from the fitted model in the range of tested rolling amplitudes better
fits the experimental data according to the minimization procedure. If a series of experiments had been
carried out at smaller steepnesses with subsequent fitting, it would have increased the linear damping
coefficient, making it, probably, positive. Bearing in mind the theoretical background of the PIT technique,
negative linear damping coefficients are often not a real practical problem, even if their presence usually
indicates that different types of analytical modelling for the damping function could lead to a better
representation of the real ship damping.

Table 6.1
Analytical models used in the fitting and fitted parameters (model scale)
Calculation 1 Calculation 2 | Calculation 3-Q Calculation 3-LQ
Steepness used in 1/60 1/40 1/60 and 1/40
the fitting
Analytical model &Iﬁ+B-c})\c}>|+w%~¢:w%-n-s-o¢0-cos(w-t) &Iﬁ+2u~d)+[3-éb\d)|+w%~d):
:m%wsao-cos((n-t)
Fitted coefficients | w¢=3.344rad/s | ®q=3.348rad/s 0o=3.346rad/s wo=3.345rad/s
B=0.520rad " | B=0.518rad ™' B=0.519rad " Wwoe=—0.028
%o=0.873 0o=0.857 0o=0.864 B=0.684rad "
%o=0.833
Predicted value in
degrees of ¢, for 28.3 28.1 28.2 27.0
s=10.0383
Corresponding
value of 19.8 19.7 19.7 18.9
(I)l = 0-7¢]r
Experimentally
determined ¢, in 19.3

degrees
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Figure 6.5 Response curves for Calculation 3-Q
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Figure 6.6 Response curves for Calculation 3-LQ

6.3.7 In order to better explain this latter point, an additional calculation (Calculation 3-LQC) has been
carried out using experimental data for steepnesses s = 1/60 and s = 1/40 in the s fitting procedure together
with a more flexible linear+quadratictcubic model for the damping, keeping the linear restoring
assumption, i.e.:

b +21h+B-dId| + b = Wi mes-0g-cos(wr) (N-6.4)

6.3.8 The obtained parameters are as follows:

oo =3.345rad/s
W =0.013
B=0.126rad ™"
8-wp=0.929rad >
oo =0.844

6.3.9 It can be seen that now the negative linear damping has disappeared, and that the nonlinear
damping component is distributed among the quadratic and cubic term. Although this result is more sound
from a physical point of view, it is not necessarily the best one in terms of the predicted roll peak at
s=0.0383. The predicted peak of the roll response is, indeed, ¢, = 26.6° leading to ¢; = 18.6°. The
reduction in the predicted roll peak is likely due to the introduction of the cubic term. A summarizing plot
is given in figure 6.7.
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Figure 6.7 Response curves for Calculation 3-LQC
6.4 FINAL REMARKS

6.4.1 The PIT technique has successfully been applied to the experimental data used in the previous
sections for the application of the Three Steps Procedure.

6.4.2 It can be concluded that, for the ship under analysis, a pure quadratic model for damping,
together with a pure linear model for the restoring term is sufficient, for practical purposes, to predict the
roll peak ¢y, at the steepness required by the alternative assessment of Weather Criterion.

6.4.3 It is however important to underline that for ships having significant nonlinear GZ curves, it is
necessary to introduce a nonlinear correction in the restoring term in order to account for the bending of
the response curve and the corresponding peak frequency shift. It is in addition noted, from the experience
gained from this exercise, that an additional test in the range of low forcing frequencies (say ®=0.75w)
could help in the fitting of the effective wave slope, allowing to take into account a frequency dependence
of this coefficient. This latter frequency dependence could be important when the bending of the response
curve is significant.

6.4.4 As an additional note, it can be said that the application of different tentative models in the PIT
allows for an assessment of the likely level of uncertainty inherent in the extrapolation.

6.4.5 In the case under analysis, the level of uncertainty is of the order of +2°, however this figure
strongly depends on the actual analysed case.

6.4.6 The value of the effective wave slope obtained through the PIT (about 0.85 on average) is
slightly different from the value obtained through the application of the Three steps procedure ( = 0.759).
This difference can be readily explained by recalling that, in the Three steps procedure, the damping is
evaluated from the roll decays tests, while the effective wave slope is evaluated from the roll tests in beam
waves, using the previously obtained damping coefficient. In the PIT approach, on the contrary, both the
damping and the effective wave slope are determined from the same experimental data in beam waves, for
this reason the final outcomes could differ in terms of single components. The final predictions of the
angle ¢,, given by the PIT technique and by the Three steps procedure are however very close: the two
alternative procedures can be then considered, for this particular case, as equivalent from a practical point
of view.
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