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Abstract
A Study of the Cause of Damages occurred at thei Corners of
the Entrance of Bridge. Aft Bulkhead
7 By Michio Yamakoshi, Kogakushi, Member

Recently, in a certain ship (three islander of length 128 metre), some cracks occurred at
the corners of the eﬁtrance of bridge aft bulkhead, and it seems to be impossible to explain
the cause of these damages by the old theories. The author analysed this cause that, the
deck girder were pushed up through a pillar by the action of bottom water pressure and as
a result of this displacement the plate around the entrance were subjected to the shearing
strain and the large stresses occurred at the corners of the entrance. The cause of damages
of this kind seems to be cleared by this analysis, because the positions, where the cracks
occurred in actual ship,_ can thereby be understood easily, although this analysis contains
some assumptions about the load condition, boundary conditions of the girders, effective
breadth of the deck plate, stress concentration factor at the corners of the' entranle etc..

The counter-measures of damages of this kind considered as a result of the above analysis
are ,

1) to enlarge the radius of corners of the entrance as large as p'ossible.

2) to change the connections of bridge aft bulkhead from weld to rivet and if possible
make some expansion joints in order to prevent the transmission of shearing strain to bulk-
head plate. . '

3) to reinforce the corner parts of the entrance, whete the stress concentrates locally..

The author thinks that 1) and 2) are good, especially 2) is. available and advisable, because,
by the analysis of this paper, the cause of occurrence of cracks is related to strain and the

displacement itself is about 1 mm, although the stresses of the coraers are very la'r'ge.
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AMRDFIEIIIGEE entrance DEBSRILE (5 1K) OIS T 5o
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110~180 mm T% 2D LEEDOLIUL 5 mm THDT, MEDOMICXTEIR Y OHEENL S, Lichi>T
—REEELEEA L TELIL, ARTRT crack %4 UBOMRIEAROE L T X > THIAHSR 2 B,
Lo FIEHZD crack IAEHDOHERAEC X > TH deck ‘girder AT ORI BILE LD TIRI A
LBhhb, ‘

3. Entrance gD hH

4§ deck girder MZPFALL entrance O FFHDFAERKD shearing strain t@B@ﬁ%?K&b%ﬁéo Aﬂ{}o}
ESERRENLEORIE: (2 .o ©h 500, HFARICRTAC deck girder 3 Fr 60 2yt Fr -
61 @ beam X LIF 5% k4 P KU Ps, MRESEMREL AL T Fr6l o beam pt Fr60 o beam 4.

- EF3T1% P 2§ %, T beam (XEF frame KB~ TR Y BIEEAVNE WA BIEQIEC MBI A TERE
TNTV D EEL THEL S Ak 5, L1zA0 T4 entrance Oliﬁﬁ@lﬁ%@m&—mﬁﬁd‘mf, Fr6l
@ beam (% up. dk. beam » bridge dk. beam DOEPFEDFNCE: L\ Hit:A & 5 FMEER D beam Lz
LEIHK D05, (FE2RICAKRDDEADEMITFR A ROBRICIE B,

vesm (1)) -] () -]
w=sar 1) 2w (7)o () -]
fAL I up. dk. beam 27X bridge dk. beam DMFEIRIEEAER DT, [ XMOBTH DT, @, b % (552 ¥

KFRTEETHD, Fr60 © beam DA KKUB KOBMORDHZETEMTSH 5%, +OHEEIMEC
AL, ZHORI Aﬂﬁﬁ%ﬁowﬁ&ﬁkfmfkwmc Tt %
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(1)

HLADBANL ton, AE SDOHLL m ThH Do LITHACETHV R Y Bhad ton & mé:ﬁﬁ\, Thd, —H
yB-yP AREEEIREED B, D M BBIMRIC & BZEAL L U< Aitiu i 6m~75§&

YE~-yP=DSIG®

(2)

L O SR ORI SR, S B LE T B, A EoRA

yB—yP=0.00441x 10-3P,
J—.ﬁ: (1" D y&, y? 2ARALTEETIL

P;=1.3174 Ps—0.00382 P,
ERD Py % (1)) D y4, o AT

y4=—0. 22335 x 10~3P; - 0. 06707 x 10~3F%

0= —0.06034 x 10~3P; - 1. 303 x 10~3P;
EXXD P, By RDIUL

Py= —4.5405 % 10%4--0. 2337 x 10%¢

- Py=0. 2102 10%4—0. 7782 108,,0 }
(2)' e (D Kok (3), (9 &RAL“C '
D=yB-(, 00441 10-3P;

= — 0. 04584 X 10~3P; — 0. 04357 X 10-3P; _

= = 0. 04567 x 10~2P, ~ 0. 05740 10-3F7
" =0.1953 y4+-0, 0340 y?

entrance O JHFHDOMEENRDZE T 5 shearing strain % v Tt
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BN Ie D05 92 BETREL LD, v 2% 5 PLAE 530 LBbh b, —HRBEEREOYE
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DEREVETHLND, REEYL v O 0.4597 L 0.554¢ OEITHAS LBbh B, Lt oTSHHl
Bz y=0.59 {RBL, =hidD shearing strain #4451 zﬁf;ﬁ,ﬁ_{;o shearmg stress # 7 &
+hut '
1=Gy=4y0 (r in kg/mm?, ¢ in mm) ' (7)
STRLHL DRESROH YA T SRR B2 2 - B A oM 424° 5 max. stress (% (553 [X)
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DI T 5Dy FOBE LTS PELEN RO TV BA—IS & DISHEHRBL RV 538 L, HLoKE S bix
entrance DX X WOTHY & HHFCT 5, ROMHE A ROPEIT b=1.25m 7y, o R (LEEH]
50 mm, §5EEE 150mm ThBHD, TSR ORI ofm X (B3I & b SN 12, B 7 }_tcbo Licht
~>C entrance DM 44" % max. stress htﬂ(d)isﬁhj‘; B,
BN : o=127=48yC |~
BEE 1 oc=T1=28y0 }

(o in kg/mm?, y¢ in mm) .
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(1) BWEAS : “HLECRT BB HCRT ” #HGR 2 WK42 5, D. 28
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k5, Ak Fr53~Fr66 ofilic deep tank 43k h, ftkeic ghaft tunnel » L4 & second dk.
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o FEET 5 0. T. division 73 560 L2807 = it fyfiel (. longitudinal F o bending i
oy L'C?E%’a.ﬁlltcﬁﬁ% 5bTC, ZORHFOBRLENWCRLE TELX LWL DLBbI S, XIE
ﬁfu%k"ﬁﬁiﬂﬁﬂi‘@ beam X UCHUE 5 HH D H 5, =0 LTEThEDOTHICANTS bending
moment My ¥, H pillar & D e HHOMEL IR, MEIHLELET E%SJ DRRICEZD

k9] H:sza L1230 pillar ORIBIZNT B84 yF RDIUE

wSit Ml* '
Pe o : 9

(EL v=dll
i w LAY OREKE, S RihELEE, {

'j . . %c |
. d. b ZAROIE, ik pillar DEEORR L b OFERE Lo ix
Mo C T

R OWEREERTH 5, T TRYEANMKFETHT O
F SO Ys OHFREEIC X SRBROMRC XL, %
B WS . R DB %L Atk beam theory i X B L — BT
? S, @4 . 3B5% RASTAROBEIL shear [ X AN KREL,
/ml [z % @ ] FOAMTHARD effective 7 I 13 floor &xfky —AD
beam & LCHHE Li=b DD 50% BETH 5HEHbH
otz, A FHCHT pillar D3 % Fro9 ifiid 5 floor iXSEKEIR b 5 4%, REEDIERE side girder %@ U T
iE S ORSIR DS A HE LY —HHEL R0 0, (R0 L & L iR SRR o T L fSLERD T2 %
OREARUTHE LA OV BHNRETHS 5 LBbh b, Lo TAMCH TRIIiRD [ %
floor &fk—AD beam & LTHH LIS DD 5026 LREL, REKHRD I & = OAC L TORD IR
D I —-OWMETEE LIz 0% L & Uiz, XAEERREL UTi full load condition TTEEFOIUAS
C ORIERC kIR Y £ %, free board MBCH deep tank (2B ThH B L{RELI, REML 4 BOFE
i ' ) _ ~ .
Lh=39x 10-4m*, w=9.62/m?, S=0.7m, I=17.5m, d=5.05m, My=27tm
Tharb, DALY g |
) yF=—1.58x10-3m Co)
© Hl% pillar ORIRC N SREREOZADOAMO R Z OBEAY L.5mm L3,

BhiR L side girder ¥ OMIETHLERL, Hib® am&m&@ﬁ% LLUTRLHR LR, Mo
fEB A5 side girder DS

FSE R & R LB A yP=—-1.36x10-8m
FIRE EE R B LCBe yP=-1.82x10-3m }
THoT, BENEROHBMEL D AEF GREEAY) DD LEBACELR S, ik side girder 73
tank DOFHREEL O floor ¥ X ETOREME LTI bD floor LIRS LR, tank OhIBTIRRD
DAL B side girder DEAINKE AT side girder 2t floor (2 J;p-}-f\,\;s;w,—c«;,z,o
HboﬁﬁﬁiT«TEWﬁOA’iﬁl')ﬂﬁb'C%x_’C\nT\_@'C;B'éﬁ\ Kpxciz pillar i L b up. dk. %u¥
second dk. $ —HICHMEF bhB%, thbo deck 0 deck girder. Jyf beam DEFIC L Y yP R ERO

L D/NEL e, (ﬁ&mﬁv&}}’\@‘fﬁz ')mawgmm_» ot 5%, Fr 53 ¢ Fr66 u«wz,—r«ro girder
DESEGx . y _

- TR LR Lf;iaAr yP=—0.98x10-3m |
TS E 3RS & (R Al yF=-1.58x10-%m }

z:t:’:to & oW up. dk. girder 73 pillar i€ X b # LiF b B IR R R G
TIMREE & (R LB AT 22.8 ton
fﬁﬂaﬂamaﬁﬁbtﬁ&" 10.8 ton }

5T, X entrance D h % Frél &hﬁ'\ﬂz) up. dk. gxrder 0)&.& y? % girder DEERKMEY
POREE & (K LI #ac yC=—0.51x10-3m }
TRERFF L RBLIBEIC =-1.37x10-3m
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BINDBSDTHDT, ZHIFERCHRIHE L KEL T35, 2 RBRLHEORRC S LIV T—R
y0=-0.8 mm }/RETiuf, entrance DI 5 max. st_re'ss DAEZXE)RX L W RO S,

18] ;3 =48 yC=38 kg/mm?
BIEE ; 0=28yC=22kg/mm? }
B0 max. stress 38kg/mm? |3 crack DY BT HIIL/NEEY LR b s 2, HEOFHIC
35 < DEEHESENTED, XAEH,HhOIBDBERIC X % stress HiZIC superpose INZHHEL b B,
ARURTHIC LT b AR TE L stress 752 DRBORE QLTS T HFEPEAHSS I B
. 5. #& - I
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REERITEh bl VW BRIZ T 5, ‘
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ke WHAEMESE 1mm BETHEH,D, 2) HHRAMNESETLD LB,
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A9, AHTALH S, S % P, 'Cib?‘gb*tﬂﬁfé. LIehioT(2) L b My, My % P THRbTHIHES,
KZ N #RDB, = ORIBERORMMELE L LiHhulicbisy, RESEMRBEEOHWIHIRMRERZOBINHC
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Kiz. bridge dk. beam l’zo up. dk. beam OIS (Eﬁjﬁ@ deck plate ggm % fu f2 k"j"ﬂ&f,
B-section & A—sectxon o[ﬂg‘]rh}i’\wamﬁﬁ 084 |3 RORRIC 7‘.: %o

. 0BA=_“_,_I.&. E_(% %) (17)
X A-section tﬂ%}ﬁ:cﬁ:[}orﬁimﬁ‘;\ﬁ HEIER 040 (%
g0 —("45-_;7"@—)"'—‘)—(M1+M2+Nh) (18)
"5 Lﬁﬁﬁl@uhif’%%ﬁ%uﬁﬁ LR TRITERD m b
an+084+040 0
ER16)0f 2 RKO7), (IFRAKRA L TREETIUE
z_ C®
[P (5 )]
a _E__CD_ £ .
( 5+ co )(P1+Pz)+OCP1 ( C) (M1+M)
! EI EI .
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J:;at.x h N % R>LENHKD, ZORCLT Sy, S, My, My KOS N i3 ~TRDOHIUL, y2 i <16)
DE—RI N y4 BREL D HAT HEH RS, , )

yAd=yB+05C+v1 ‘ -(20)
&k A ﬁ{}@#ﬂ‘“kﬁd‘.b\Tlﬁiﬁﬂﬁ“ﬁ%%ﬁ.bfﬁ&f:?[ﬁ? frotcfl, FFHEHE & H#EE & &R
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OKT B#tE RHIEETHL concave i DCTEAEILY Ih, HBETOERBOBESCHEL 21D
ThHH, WEROBFHEEEEY R~ 24 v R o ESEOEEL, HM L LBV T/ v
X T BIREED A2 B DRE 2 FoiB s, #int rolling, pitching %4 BIMENIE S fat 1 LA bFF
WAy, concave [ LA A LAy, fvicn, ‘

Ol H WE COEBRNLETL LT LRV, RomEcioT ik 2 Eiic 75, Wagner 0FHET
i concave H L\ LEER L CEAH, ORI LM CRE LA D, TEEFHCIERMNIVLBS,
HEROFITHER R D L concave KIg DTV 50, ZIXKREFLERY 5 F e UlBENLHOTRVEEIF
BLLER bDHER).

O &8 %B. FETHE uo 111X T uniform /x> TEZH, B LEH LA balance L'CL\QFTI‘E—'
BETHEYEE LTV A0S ) M,

O H MWE BHUERLCERETLEILT 2,

Ot B xEB w IRBCHEIhi0b,

O H W|ME WOTEIIEA

O & xB (16), (A7) THETIUE (o DEMNHD LB 5 VRETIIMOEED order TH D,

OB HE HE 1~2mm ¢ order ThHa,

O # =B MRO%BCHES 2~3mm O edge BT T BB 2, ZEPOTALS ,,Jrga){rfg_
PELIRBLED . ZET v M1 DT/ D DRERP,

Ol B WME BATHD, edge X OFLERE LD L v AVNIL D LR,

OH T XME OQRILEETLORTHDH, KWHEMLORYACLHINRGCEES H,

O B BWE HoFMVIvA, HARLoREHS LEEKS, ZOFIRPCE>OTH2,

O(EBEER #WBE KEEROMEIRTHCKNE MM CHEC D2, ZORER simple TH Dzt
o2 JENREE T Do o OEBNEE2EECTHDC E L DO RCRHET 5, SREC L VERL:
LOoXEEEWEEY, AR o TELEY LYy, @R
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O& R HE D %FLIADTELI LD CD HOMKEMAIDY 1o DD TR A,

OWEE HREE X b severe KL EE 5,

O%k 3 fHE 5M0 p NEKERE UTHERHELER LV, KR OBEIMS Th DM,

Ol EIE = ok side girder A% h Eic side girder (& F.59 T pillar X o H%FF 555, (9K
EZ D N H— IR Lz, Floor #3lo & DIRE~TKIA stiff Tl ) FIGOIHRICIZ—IE S AUTHITE 5
MHHThBe

O%k # {®RE side girder DEE LFTHOBEELIEL T ENEIVPCDEM S 2,

Ol HREE side girder X bd floor HRFHDHEZFFFOTV 2L,

O% # RE bottom shear W& X h EMT 553 OBHE R 5 20, KD 6, 7 RO T TFREL
Energy phCH\IoRy, TOREILADL, ke LTRIIADT A AXBET25L LT, BlittzANT
HE LD TRy,

O MEBE 7+ 5 LA S EEAS, ULz ORMOH AW h BV L85, REIIE/
RO THERBLELHEESD 5,

OEH: PxT 112ED# Y ® Frél o upper dk. beam ¥ bridge dk. beam D{R{EIEROTUXBMcFITH
Bhv, BLESTHL=OD beam % L FT bkt CHALDEND, & 5L stiff 5O TRV A,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

5

B 5 237

o
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OFE AFE 1), 2) OEESEIIERIMCK LTIt RETh b, 3) HEBIEES 2B 5 MY Ot
HEEVD, BEEOKEL 8mm i\~ B 5 2%, 8mm ¢ corner doubling # Uiz SRAIAESC B,

Oy MEEE O CERCHERDAEILE VBROLAEVA, BMC IO TR LM T BRI AR
Fh 2~3 T hilEW e85,

O(ER)MER BWHE SERCNT2BEIRZ 552, TORMULLOHOE L Lv— D OHICHTE
h, COFEOBBRECHRERLOTHDLES . RBCHFLHOTHALELOE LX) 5, (EE)

P 19~138 s b 2RV =~ A v FIREC
X T & H
M H E & £

OfiH AWE [Ee| OBATHLRESLA bR LB ML hICH T,

ORMBEERMBE FHROFHH BN, EHICH T ol b x4, 5 8 L2ZHCE TS,

OWA H%E EHAERYERONIEEYE LD TIOMAHTARINCT Ly BT 5, VRS
KTROLEORERORRY, TR SO ERBTE: LEni b okt ZoRENH T2, (&
‘e DN 1953 NK) FRZATHOTAEC TRVDBR AL W I BLEOLDn, LT ) DR U semibal-
anced XL balanced rudder T} NI GES & b ZOTENESTERD, ES5ROBANEARED PV 2IT
60/ frie X2 HeTEABTELN, EBE42DBSIBH—20BAEI RN T, B EBOENRD>SEFE Ul
AXRELTOBRESH S, 600~1007 {7 OFTC ) 5 —2OBAEH B, AbZITRRPHIEDH |
RICX>THR?, To# balanced rudder OFEDHF TV 5 b OFER URIUNEREDOTSH S, RiCi
ROFHIBOTELOCAEEADRILZ DFIKDOEH D X 4 7 Tidich b,

OBHAEXRME HIAE, I DIAERLGERT, 20 LTHIC pivet OBROVIRALIZBET, 58 b
ROTVIFRA LR UThd, TOflifee propeller DEXNBIRLTRA X E> TR, BRI Y CF «
DHOEREY DI, TOTUNLLMBOTHIELES,

oWl HXE ROFOTIC Lo TEKBARIEDTERD LB OT2HOWTHLSEROHMRI R

LTES '

O(EE)FR ~HEB L propeller @ interaction OV THRONIDTHBH, BHI-OhT “BAE

CHRTERLOENS S LBV TELNLARLEFECH N CBCSEFHEAED O A HRER T 2RE
Thb, B FCHFLUOTHEALEL EFEY. G8F)

PSRRI TAIC Y BT DT
- S

OFM MXE HHMAUTREEA SBIFET 5, KiTFK paper R U TR OLEA, HEROBHIMT
57e B Db KER D WEITH B 0N, :

ORM £BE WOFBOWATLTERET 554 REROFE LT, TOFBEHS TR 2 L5 2k
DIIN, T OB f(r)sinwit OEOEBILHZ2 LB 5, Pl Ui BoRr ¥ &2 TRV Tidied
L we,waeee EARIRIC S  DRBHEOLED LI, Lk Z0F xOFEBORIEEE TRV 0T, AR
7ob DIE—EOBEDEL Y L8 d, RUEHIERTL 20 REG /B Y Jo TRHIILIcREOR 1 HD, #&
BrRETRALE) DB e,

O(ER)EM RXE RERIHDSHORCRMELCON, MCKRR LT I oG RIRE L E 5
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