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Ultimate strength analysis of polar ship structure based on
combined theory of strength and stability
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Abstract: The extreme polar marine environment is harsh and the ice conditions are complex, requiring
sufficient structural strength for navigation safety of ships. Existing design specifications and monitoring
guidelines for polar ships senerally only consider the ultimate strength within the elastic phase of material
under single loading conditions, resulting in overly conservative strength design. The ultimate bearing
capacity of polar ship structures were analyzed based on the Combined Theory of Strength and
Stability(CTSS) and plastic failure models, and a calculation formula for the ultimate strength of typical
structures was derived in ship-ice collision areas under plastic deformation conditions. By using the finite
element analysis method, a numerical analysis model for the ultimate strength of structures was established.
By comparing the theoretical and numerical results, it was found that the theoretical calculation formula is
highly accurate and can be used as a quick verification method for the ultimate bearing capacity of polar ship
structures. Besides, with reference to the design requirements of specifications, the article provides
recommendations for the arrangement of rib space in the ice belt areas of various ice-class ships based on the
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theory of ultimate strength, providing reference for the design of the ultimate strength of polar ship structures.
Key words: polar ship; ultimate strength; plastic deformation; structural design; ice load
0 5

JRFER A5 . BT oR A MEIS B MR AR ZE A -

T

1619

AT ORIXAU T IRBE A S 2, DK IXAUA T AR A, AR ZE M AN 2 32 BN A BT 11, i 2252 B il 1
VKB S o7 A A ) P ) 4 S RN (I A o MRS AR, DK DXL T A 7 B8R
EPETT A R EOR . FEBm AT T, MRS 2 A LR BB, B R A 0407, AT 2 i
VR Fy 3 B R T2 A E MG SRR T SR T bk S T, S s et A R i i ok
PR R A 22 A, (Fk 2 SO B B FHE O el i ARG I LRI RO . SEPR T A R, 2
L5K 32 1 A R I AR BRAE A IR RRZS N, S5HA AT AT —E RRARRE ST o NI, 25 AN A B 1 R 2
BE 1, SRVPLH R A TR SR ASTE , T LAAE DRSS H 22 A AT L A R iR A i

FIRIT, AH ST 2 B2 FE A0 45 Ry 5H P s T A PR s B2, o S o B Ay i B335 1 R IR e
— i A AR R PR S s VA SRS R T 2, R P T 58 B 1A TR AT e, kT o A Ak B
WF9E EBATEE R BORRIG Jy ik LA BB v o v, BRERE ik = B h /N RUEER S
O, WU phif e A, Sl e A T SR ) O B AN AR S A T DK A f8 5t
T, BFTE R AR T LT B ok 32 BE AR AT IR OC A 32, 3 3 15 A5 T M 4 LA S 49)
BB, KB T P A AT R A i e AR AT BTy IR RS T R A i

SERAEZ 1) VR T BOAR BRI, B4 SR I, A0 2 o A% IR 5 B8 A 4

%
S NSRRI, 1 s A UL, D PR ARARASE I ] 544 10 22 4k, e B B 2 1 %
AR, ORI, TR ARG A e X R AR S R SRR AR 1 W, B2 L

MR ORI pKE T
=]
SRR SR S A R R B R, ME LA T IREOR A . A ECZ T, BRI Ty W e ik B PR A A% T e
AR AR, Horb ) B B R Y O S AL 5 P R 45 B T4 77 15 (Combined Theory of Strength
and Stability, CTSS)""), sz 4 b4 R} (1 Er P B 15 4540 10 PR 540

“H e

G54, AR A HE AN AR E P (A
A ZES A T BT BT R A AR A5 AL A AR BIR 5 52, AT ANAS A 9 B o By A R ) Iz BN
ARICHEET CTSS Ik, A R o B A AR MRS R Asim BE MR o BT ARb B
RS, A B A A SR AZ O 25 A A SR A T i BE T B A 5K, DX AR s A AR 45 A Al BIR o1 B T Jé
PREPEARL o A A BRI, LA AR ARES A B o AR, AR S AR T A BR 58 B2, 3 —
ARIE TSR EETH R A KAMERIVE . SR, RAEAHSCHLTE BT 20K, ISR BE TR A 5K, 45 1 45 0K
ARvKCHT DR A TR BE AT T 3, WA S

1 HBREEEISITERE

1.1 BEREESELAZE (CTSS)

Trikshe

VIR LA P AR () 5 A AT ST T A PR S R AR R I T, 6T CTSS B AIfiTA: 1
910 B, KRBT R A A AG OC R, DRt P 7k F T A D B A MRS T s BE I, CTSS Fi

TRPREE BERE S A M- BRIRAS, 38 B T IRAE LS AR A . AR AATE R K e b, A A
235 FA) 74 52 36 S ) RO 1) DR 3y R K AR, R B S AR A S M I 3. R AT A= L 1)
SEHE, AR BRI g ] AR U 280 R e

Y =[A-B@T"
X, AL B, €. m i BB, @ WUIARE I 1

(M
KB AR AR B MIEAR R 7T LU R BB Ry = 1 - g U™, Horh g btk

FHL, h IR RIS BRBAEAR b T T BB AR IR T, S AR H R T AH 2488 DH 2R 5



1620 AT WA 5529 55 10 1

SR DHA0 1 58 B K (1 1 24 R S 5 ER TR b R 7 230 AR B, SR B6 AE 10 °C FRBE R 3R T,
B 1(a) Pz i, 3 i B RSt sy, A 18 2 7R B R AE -T2, WP 1(0) Frs o

0 0.002 0.004 0.006 0.008
&

(a) fRIEH AT (b) BRI S 2k
Kl 1 DHAO SATRHIGIE Hr A
Fig.1 Low temperature tensile test of DH40 steel

F BB 7 =00 AR 11 2k T LA B, FE 2R BE B BE DHAO ARAT R A0 ve e 8, 1y ) 55 AR S 4k bk
TEAR G AR AR BOR , AFRR T BER A28 R AR AR MR AL, ORI IRBRBE 224 410 MPa;
ARSEH i, MAFFORHBTRISR EE 2l 516 MPa, APRHEREAS R b & AR IR VAR IE, 135N ) J5 T8
VRIS BRI AR o RIHCAE 25 SER A AR 4 77 i s 300 PN DR B iy W 54 22 A s ik, 25 S8 AR AR I
XSS R B B ) 2

WARERERT R g~ 7 2 v] R R 3 7R (PL BEAY ) o A4 PL AR ] SRASZ5 4 Lb BiA% B -

o

o=—=lA- B@E) 1" )
G, =(B-C-m)Tcn 3)
K, 4. B, CHlm ¥l US540 G th & k45, 1.4
AEXF I - A8 ) B G  an&] 2 s . AR L2y
AKX ER S e, = 0.8974, 1or e G o e R VT
AL - AR TR B8 I L B It 08 A s
T2k, SY P 3 A 4 55, B o A 0s < oos
NRSREE, o, AR AR FR 041 o VAR
Fé—] 4 IZ'Z! ¢ﬁg‘wéﬁ$ﬁi ¥‘, %ﬁgﬁlré,ﬁt E/:J 02} 0.80 0.85 0.90(5).95 1.00 1.05
THPRAS, o, AR LI RR, @, R He il iR 0 . . : .
T S R g Y DA e R, e B A R 5
JaB5H KA TR AR IE o KR4 DHA0 JEZe kB B 2 4Rk DHAO HEXT I - 25 i 2
() T2 A5 i (R - F- Y3 7 ) AT 4G LA Fig.2 Relative stress-strain curve of DH40 steel
12— i — BRPERBE — SRR

1.0 - = 1.0S < XRHI

o, 1.0[: ______________ . 1.00 — Ak
08 08 | : 095 F

0.90 : :
1o 0.6 0 04 08 12

e 0.6
0.4 04 + i
0.2 02 | <1>p§
0 : - : - 0 —
0 20 40 60 80 100 0 0.5 1.0 1.5 20 25 30 35
g @
£ 3 4061 DHAO AR - b5 25 i 2 4 5T DHAO DIZBIRE T il 2%

Fig.3 Relative stress-tangent strain curve of DH40 steel Fig.4 Tangential modulus factor curve of DH40 steel
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Fig.5 Deformation of the grid structure in the reinforced plate after being squeezed
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Tab.2 Material parameters
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Tab.5 Design ice load and plate thickness of various PC vessels
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PCl 27.80 12.34 8.05 25
PC2 15.54 8.23 5.37 21
PC3 9.52 5.65 3.69 17

PC4 7.07 4.56 297 15
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