The Society of Naval Architects of Japan

132

(FEf 43 £5 ABRBARFRMICE V- THK)

NP FL) X —OBRNE DM
ER F H E B*

On the Strength of Hold Frames of Bulk Cargo Carriers
By Yasuharu Terada, Member

Summary

In order to investigate the transverse strength of bulk carriers, experimental tests have been
made on six newly built ships, including 16,000 DWT class to 55,000 DWT class bulk carriers,
The tests have been carried out under such loading condition of filling sea water into their top
side tanks, and the measurements have been made on the hold frame stresses as well as on the
vertical and the horizontal deflections of 'upper deck construction,

Based on the results of these, analytical formula has been deduced to calculate the hold frame
strength, which can illustrate fairly well the mechanical behavior of bulk cargo carrier construc
tions, and the frame stresses have been evaluated for various loading conditions,

The general conclusions obtained from this investigation are as follows,

(1) Degree of the end fixty of hold frames is usually lowered by the deformations of hopper or
top side tank constructions in the plane of their transverse cross section. In this analysis,
an equivalent span of the hold frames is introduced to calculate the frame stresses instead of
directly considering the effect of their plane deformations,

(2) The load carried by web frames and ordinary frames is almost proportional to their values:
of the moment of inertia, and thus the bending moment in extraordinary large sized web
frames becomes comparatively large one,

(3) The effect of load acting on the bottom structures on the magnitude of frame stresses is.
usually significant,

(4) Fairly high stresses might take place in hold frames under certain loading conditions, e.g.
in an empty hold under fully loaded draft condition,
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FiE, HBEOKX X XOTHRD DERL D, 4
BrhBEOAE VB, EMRTIRHA v EHION 1/2
DECH BN, FOMiTKE 1/4 OFFC S %,
(7) Ip, yo 5t B
= ORIV B B THRERTIS L OOk » S~ SRHT OB =K £~ 4 ¥ 1 In, Tn RERThKD X 5 CRHE
T%0

FTRCRTIOCHFETRTE LTI ARM X b BiR 0 BRI S 5 28 ORE
EFF. BREAOTH B, Ry =R UTIRESR OB RIRAIC 3 5 28 ORI H Y L STHET
i b0 FROEBILT v 914 FH—FDE/NE XL 12 L OoTHFHTHD ohMn
5% L FRBETREL IS, MESMROEHIBZ_EEPUIROMHINK ¥ COREREL/2,
DF w2 —PUE /2 L DOT I\,

b HMEHALRMRMOLERK

HIEIC ORTCH AR YAV TEREROKR L KB L, A ooRKRB T2
MB DI ET 50 BROBHTHER LOMERBLE 42K L UE 5 KR TH
EREOWMERBII L v 7V A FX v 2K LIKD SHOERS X 0O fc B
2 . THE— AV EDORRORKE{LEYRL TS, full load condition ¥ i33IWBIK
| EFF. BREADTH | T, AT IMRAIEL LR HR/RMYS 5, ballast condition (JEERBKT b v

BT R THA PRV 7 DEBHKORBCH 5,
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FEARC 1T 2 REHTRB OB R RIS LB ORI S S DT o0BAROWTEHE TS, AROBET
SOWTEL, BRBRUTIRIARESL DL T35,

NAME
\ A B C D E F
L (m) 33.600 26. 400 32.000 24, 000 21. 250 25,920
Iy (») 9.500 9. 450 6. 980 5. 660 7.400 7.950
la (») 4,530 4,400 3.748 3.200 4.050 4.200
s (») 8.030 8. 300 6. 250 7.000 7.340 6. 800
Iy (#) 3.950 3.474 5. 450 1. 980 4.025 4,450
Is (») 3.900 4,280 5. 420 2.500 4,440 4.790
lse (7) 24,000 23.140 17.160 15, 800 20,720 22,020
S () 3.200 4. 800 4. 000 3.000 4.250 3.240
Is (10° mm#4) 3. 286 10.76 0.491 0.501 12,12 3. 402
Is ¢ » ) 171.3 345.0 98. 51 48.92 119.8 14.0
InpC » ) 335.0 472.2 228.9 89,74 193.5 311.8
Iy(¢ » ) 381.9 515.3 380.2 62.19 1146 452. 4
2, (10° mmS3) 3.628 19.54 — 0.693 11.57 3.726
zC » ) 2,212 1.101 0.522 0. 497 0.350 1.285
[ 0.411 0.953 —_ 0. 360 0.728 0. 661
o 0.294 0.009 — 0.213 0. 060 0.113
BS5E FROHERR
TOP SIDE TANK DRAFT
NAME LOAD COND
W (ton) Wa (ton-m) (m)
EXPERIMENT 26.6 100. 4 0.1

A FULL LOAD COND 0 0 11.5

BALLAST COND 86.0 299.3 6.5
] EXPERIMENT 50. 4 196.8 0.12

B FULL LOAD COND 0 0 11.5
BALLAST COND 121.3 374.4 6.6
EXPERIMENT 67.3 176.3 —

C FULL LOAD COND 0 0 10.5
BALLAST COND 67.3 176.3 5.0
EXPERIMENT 37.6 83.3 —

D FULL LOAD COND 0 0 8.9

- BALLAST COND 37.6 83.3 5.0
EXPERIMENT 95.0 270.0 0.42

E FULL LOAD COND 0 0 10.5
BALLAST COND 95.0 270.0 5.5

F FULL LOAD COND 0 0 11.25
BALLAST COND 72.0 217.9 6.0

He8R(a) RAMOERITELTTIOT, F8H(b) RFEROBEEMOERE L HEMBOKKTHY,
HBIR(c) TEWBIENOHEKE THS, 2 CHRROBERMOHEMIKD X 5 LTRDI, EREZH
ROBBACET /AL, TOETO_EEDOBRADOMTE 5, —HHEMEE (10) 25/ A s 5 B
DA Yo LBy X~ BITH5_EEOHEA yr 2RDONZ, LSO TARME TS 3 -BEDCRL
yu WGEREIC ya=yr- W/l L TRDBN B, LM oTER L HETREPR L —BEEOBLOFIL (ya+
¥u) TRDLN Do EBCRD yu & EDX 5 ICELINCR D 7o H & O ZIHER Ll DX T\ AR TR
4%, Wiy D/NEXWCCRTIZM 0.5% TH %,

H8R (b)) BIC () BARD X5 ICENTRIBLIOF L LA B ERE L A EN S5, LWEZED
BEX 0%, BEDOBEY 100% : LEOMIERBRCHS L LT, FUORRAE RLE—KT5ES
EERDHLE 807 Thi, ThhbAMORHOEFEY 80% LIKET 5. COBEFEYEVTHEDL.
FEHA LI 0B8R (¢) iRT 80% Fix ofiTth s, FI121 #BTEAEE B —K LTV 5,

SHRZOEFEY AVTAHMRD full load cond. 3 k¢ ballast cond. i3sit 4% E (F. 114) ot
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BERBamE Fl2le

8 {mm)

% 10 ®(a) CHofmM+E

o Experiment

~— Calculation
(FIX)

' . '
' ’ '
'
' | '
'
. h !
, ' H
h h H
[ —
r2
(hg/mme)

£ 10 R(c) CROBWBRIOHAME
W E D HBE

6.98
<
! ~
° o Experiment
d — Colculation (FIX»
d--l0.5
t il
[.:]
0 ~
w9
_—LVO
) T 7 1 T aes0
o
= e 67 ) 70 7 ‘ 73 7
© _— g;
/ 1 NO.4 cAROO/HATCH/ “':'
8.58 1 542 .
T

# 10 M(b) CHOBPHOBHEMOMEML ERME
D

jn
1)
3

T o\-i‘é T2 tig/an

% 10 ®(d) CROWRE XVERRE

Tt s BRI
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I 5.66
l o
~
| o LY
l o
' ©| ds=50
<
— (]
! ©
7.9 | 2.5
1
[
% 11 M(a) DMOEWMIE
F.88 O.FRANE F.89 O.FRAME F.93 S.FRAME

o Expsriment
= Calculation (Fix)

r/T/::
‘

#11R(b) DMOFIROFBEEAOHAM L HREO LK

=)

o Experiment
l—o  — Colculation (Fix)

G 1 2 (kg/mmh)

% 11 ®(c) DRMOMBREHNONEMEEL ERMED LK

F.NO.58

% 11 ®(d)
DROERES L
UCREHRBC I
G BBES

FI—] e,

10 (o] 10 20 (kg/mm®)
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EET2 B8R (d) KFRT X5 S, MBEOBAWETHCHERCKREVENNEL S HIRLLE
13 Mz BV LF R OWCEBETEL T2 b DTH %o

ZOFROBEEM OEHNE = 5HEMEI S, REMOMBEFELRDS LV h i3 iE 80% FikTh
Bo ZOL I LTEDEEREL AV CHEORIYEET5 L EREL RFL—BER LTV %,

BB TR ORETIEO THCL TR FECKEENNEL Do FLBEMRETE 27 ) B
STV BLDRD B, ERBEOFERBT Iy 7 HA Fx V2 HKL LD THRINIPIVA, the
B R TR KA L - BRI TS A O b £ Bx Y, AXIFKE LV, THIRENEDH
BrRETHEBORZ SRR LTV 5,

o Experiment
— Calculation
7.4
' . § E
* seN |- 8 ©
1 Q" di=105
| &
. o "_"_ des55
®
| | B j M oz 104 106 ‘Mfo :
10.36 + 4.44 _/ l E
< / H
% 12 M(a) EMOBEBIE # 12 M(b) EMOBROBEEMOHEMEL
HEEO HB
F.104 F.10! 172 F.108
N 1,
‘ A
ER =N Ay
-} « QQQ . . (=) A !
$ —> >
/] /]

o Experiment

—— Calculation

S W
0 I 2 (ky/mm?)

# 12 @(c) EROMBRNOHMMEL RAEDO LK
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F.104 WEB FRAME
FULL LOAD CON

F.I04 WEB FRAME
BALLAST COND.

10 0 SiI6 20 tke/mmt) 15 0 S10 =20 (ke/rm)
% 12 M(d) EMOWEE XUBEHRBRBTHFED

t+)
i E_LT
N
1
™
i <
1
i di= 11.25
w25
U]
v
w
"
j S.P ] 9y26.0
S o
v
: :

| 1 1] /

1n.ol - 4.79

% 13 ®W(a) FROAWTE \
AN

o200 <0 =50 ,&s =30 (kg/mm*}
% 13 ®(b) FROWKS X

VCEFRRBIC 3
FaMBERA
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6 MOMMELOLE

& SRR & ERERKERTIRLEES 2 BRI AT 5 HEC X 53HEE > LB+ 5, FEc
$Em&ﬁ§u&b%,%%fmm%oxxvuhyfﬁfFavﬁT%meﬁvﬂ—hﬁiff&D.%mz

NRYBRAWCEEORERL R OT WS,
ARDEEZIBIC oW TR EE YT L 48 14 ]X( a) DX 5RBEHETERMEL M DERT S,

A SHIP .
E_SHIP

{F.114)
(F.104)

00

B-143325m)

A~|{ls=25m)

7,160

A=2 {{325.00m)

8,030
7,340
5,000 .

©  Experiment
- By Author
--- By Ret.(2)

[N
0 -1 -~2ikg/mm?)

{a)

BUR fhof HE Lo KK

BREOHETL LAAVOBERTIEL DL 52, kv i—DHBROKEWERCONTETEH
To HUR(D) XZOBREFTHIOC, WEDR1VE 2.5m, 5m X 7.34m O=EEL L, L=
7.34m BEAHFECTHCIEMAR Y ThHD, EMIBEOHETHELLLOTHD, ARIBEOHEC X
5bDTH%Bo MHEL D ARVEEL Lo ANERHEIE S

1 & -
SN IF ¢ ) ¥ - ORRWEOBER OV TEREROBRICOVTRN, SHRIhRS &SWTHEEY

W loo COWEDOERE LTIRKDO LB D TH B,
(1) EREROER, %%OFﬂu#z»—OﬁﬁEW£%%%HT6M§#$6 LB LY FLT

BHERCITEMAAVEEWTE OEEY A VOB LS HhicbTRAR.
meﬁﬁﬁf%m%OXA/k%mxA/&mb5k%ﬁﬁ%rﬂbﬁkﬁ?o
(2) %%M%k%ﬁ%ﬁomﬁ% AV P OSERZIBEREOWE K € — AV FOKRE X CHHIES

=3 (-
(3) *ﬁﬁ&fﬁﬁ%ﬁ@ﬁﬁ%ﬁﬂ%ﬁéﬂ%ﬁﬂﬂ3@%T$5o

(4) WERKCEBOBEIMBICRE LIEHDETD S ENIND D,
(5) BEMELSBCRETERIAZ -,

BECEAFRELT 5 CUY, 6 EOEMERYER L2, S THRIC {200 b T BTN S A
DG BIco TR N T I OLEFENT, L&, SHEETAHEENI, SHanEFE0,
FRERERT S IOREETHRIS OO FOMESMCER R s WEYET 20 Th 5,
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8 ® xR

(1) WUBEBME: “Ar7F+ VY- DO _BEEOHRENBRE, BARERQLM H25F (BM3BE3AH)

(2) Arz%5) Y- REOHRE, BRAMAHKNWAECRE H2% MWIF3A)

(3) BEF—B: 473 ) Y-ORERDER, BHEERIAKR $272 (MM94£3H)

(4) ZEERSORECHT>RBRR, BXABHBAWERE H1085 (HM39E8A)

(5) WKE#: aeﬁ:wmmﬁoammammﬁ o 2): BERENLLEM H248 (BM3TH£9A)

(6) HFHER HEMABESEOCREHREERSWVWT, BRIPLRATE H 1045 (BM344E1A8)

(7) FFnEHEM: hﬁ%ﬁ?%%ﬁﬁﬁ%ofﬁm-&~x v boAE, BEMBERE $1035 (RM3BE
78)

NI | -El ectronic Library Service



