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A Study on The Evaluation of Fracture Strength for Large Sized
Structures Based upon Their Fracturing Characteristics
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Abstract

One of the most important design procedures for large sized structures is the evaluation
of fracture strength against fatigue and brittle fractures threatening to occur in their steel
members, In this paper, the safety assessment based upon the knowledge about the
fracturing characteristics of such ship structures was discussed, which can be estimated
from such phenomena as fatigue crack propagation and brittle fractures, as obtained by
employing fracture mechanics at the basic design stage. Model tests with a partial struc-
ture specimen of full size was carried out to authenticate a question as to whether or not
the fracturing characteristics of such sophisticated structures could be estimated with pre-
cision from ordinary scale specimen tests, It was shown that the behviour of fatigue crack
growth of large sized structures in this study could be predicted from the results of ordinary
scale specimen test.
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Fig. 1 Overali flow chart for safety assessment
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Table 1of vlwdt Az o] FFFHFH(KS D-
3503) SS417HRE #ZE )L FFHFYI(KR-
301=) KR¥7 RDZ 9] FEEF ot} o] Aol th3h
Aoz A He FAANGL HAlstgen ¢t
A Ao 2zhql wrEgo g AIHE
Hate] AFAIHE 242 384 A 8le] HF S
sl T}

A ANFHL ASTM E8-69 F RN EH A
50mm, 77 10mmgl A EHe = 7FFEP L 1
42 Fig. 2o Jellidol 94A3He Instron
machine{(Model No. 1234)°14 E & 72 50mmel

EUEY

Table 1 Chemical composition of the steels(%)

Ki Re-
mdofl o Vg I ma | P | s |cdgt |Pent
Steel marks
40kg /mn?
(392MPa)

Class | 0.11 | 0.27 | 0.58 | 0.010 [ 0.019 | 0.207 | 0.148 |Specimen

Steel

Plate
KS SS41f - - - 1£0.05/<0.05] - - .
KRRD [<0.211<0.35] >0.6 [<0.0401<0.040{ <0.31 [€0.252] -
* Ceq%=C-+Mn /6 Pcm=C+St /30+Mn /20

Unit : mm R16 _25+0.25;
(Not to Scale) .
/__
Q ———— —— y Siv——
[T}
‘ . 50+0.10 NS
16 | e 60, | 65
1220 .
Fig. 2 Tensile test specimen
Unit : mm
10£0.05  (Not to Scale)
= =] I R0.25+0.025
< =]
+ +
9 00
~ /4512\
27.5+0.4 | 27.5+0.4
5.5+0.6

Fig. 3 Charpy impact test specimen
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Table 2 Mechanical properties of the steels(20°C)

) Yield | Tensile | Elonga-
Kind of . .
Point |Strength| tion Impact Remark
Steel
(MPa) | (MPa) | (%) (J)
40kg / mn? )
Specimen
(392MPa) | 283.6% | 438.203 | 41.7 | 104.720
(Transverse)
Class Steel | 288.796 | 440.708 | 44.9 | 206.360 L
(Longitudinal}
Plate
402.073
KSSS41  |>245.166 >17 [ >47.072 -
~509.946
402.072
KRRD >235.360 >22 | >47.072 -
~490.333

* Instron(Model No.1234) ol A load cell 10t072 &2 A} &

Extensometer (Model No. 2620-532)& 2 &} 9l
FAE 5= ASTM IR E EF(8]0) wat =
22 &g 0.25mm/ming StQ4rth AN Y
& ASTM E-2372 74l 93 Charpy V-
Notch ¥ &A= 7L3l9a Fig. 391 Vehd
Aot 2A L Shenck 2HA 7S A1 gL
o Final Velocitys 5.42m /sec® A3ttt 33
Aol A dojzl NAHA AL Table 29 =2Y
TAY dRMFEE e AFED v aste el
=3

22 EHANELZ FEf TN X|(Ke) 5

Mol AL L ARAd JolM F M3 2
ALgE = S AdEe] shue CVN 27419
o]t}, Barsom 2 ROLFE[9]& Clausing[10], Gro-
ss[11] 5o 98 42 A3 A3E EaE 3 Kic
9} Upper Shelf(Z2AANH A =] VS, &5
Fo] HehalA =l AYR) CVN Al A a Abo]
#AAE BASIATE o] AFHQ K9 CVNALo]
FAN i3t Paris[12]:= JHE 9 =l A st
Z7Ao2A t}h2] Rolfe, Novak, Barsome] #
Aol Y eg gz gl

mely B Ao ME o] BAY (1)E F& Ay
Hrrsted HAgRAg e febr)Fo] He K8 F

® P o

st ol
Kic 2= 95 (1)
( % ) o) (CVN - 20
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o721 A, Kiete HABF gojre] Huwiy o
A, o, FESH, CVNE HF Charpy
V-Notch %‘2137-(], K[ClE

Kic =+/5(CNV — 0.050,,) (2)

2 HelHo] 214l oW CVNgt#t o, 8102
Kic & F3stHrh

E A7 Algd A8 J48 ZA] SS412 3
Sgo] HuH e ARojn FAHAAFOZ Ao
Kic 32 tidl2 gradd 9 el =28
yoil thsted zhzh 136.709, 194.901 MPa - m!/2 =2
WERt o™ Table 30 71e} 7 o] gk} A vl st
o gt}

Table 3 Longitudinal mechanical properties of

steels investigated for room-temperature
Kic-CVN correlation

o e

oo

Charpy-V
Steel and Yield | Tensile | Notch Kic
Melting Point |Strength| Energy (MPa Remarks
Practice* (MPa) | (MPa) Absoption|
atpey
40kg /mm?
(Z0MPa) 1 s o6 | asn08 | 100720 | 136,709 [P
Class Steel | {Transverse)
Plate )
40kg /mn”
GMP2) | o6 | aa0708 | 206.360 | 100901 P
Class Steel {Longitudinal)
Plate

ASITE.AM | 75843 | 34278 | BLOG2 | 186.806 -
4147, AM 944.596 | 1061.808 | 35.252 | 119.776 -
Hv-130, AM | 1027.334 | 1096.283 | 120.670 | 270.320 -
4130, AM 1089.388 | 1151.442 | 31.184 | 109.886 -
72Ni-5Cr-3Mo,
AM
72Ni-5Cr-3Mo,
VIM
18Ni-9Co-3Mo
AM

{190 Grade).
AM
18Ni-9Co-3Mo |
(190 Grade), | 1289.339 | 1344.498 | 66.436 175.818 -
VIM |

18Ni-9Co-3Mo
(250 Grade), | 1696.135 { 1771.979 | 22.693 | 95.601 -
VIM
* AM Signifies electric-furnace air-melted : VIM signif-

1206.600 | 1247.970 | 43.387 | 142.852 -

1261.759 | 1316.918 | 81.350 i241.750

1310.023 | 1351.392 | 33.896 | 123.072 -

ies Vacuum-induction-melted
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Fig. 4 Fatigue test specimen

232 4¥HA L AFHEH

B go| A= ASTM E647 7R & €ste] mjla2d
g daAPS Fslnh ddEE des dujad
HAE golatA 3lv] Y5l dAE 43 sEn
t E& BHEIAFE vtete Zd-g FAAI7 oS
i g PAAA AFslEes nHsAch o] 4
Bl 4] Preload®] &8 A A17]7) $13le] Crack
o] 0.5mm FE U] AAF thFHE 7|22 A =Ea
o Y= 022 33 359 ¥8e Hoga
FHage] 2% AAZe A= dF dE2 sinedtE
& AFE-3t el

Ao A" HsHEL 74,639Nol 11 HA4stE
2 14,907Nolw 833 8Hz2 A dA sl 8
A}, & Crack Zole] &% & Travelling Micro-
scope® &Rt Hazadds JFANE
Paris2] ¢l

42— c(ap)m (4)



Crack growth rate, Da /DN

(mm /CYCLE)

106

& M A A sk o

o7)4, da/dNe ZAVHEEE AK(= Koy —
SHEWAF Zolth. K| & Tada ©l&74]
(13121 4 (5)oll i qdsted ALY

L
kmin A=

k= gy VA Va - F(d)

F(%) ={1-0025(£)2 + 0.06(%)4 }

-\/sec(g—g)

o714, pe AlgHel zHgsle 8t Be A1gH
o] T, W Al g8He] £, aEs Y7ol Ak b
AldH Eo Hyltelw 44 C9 me Log(da/dN)
2 Log(Ak) 2 Graph#te 3 oh F3iolA Hi
Ay o2 1244 curve fittingstd F3tF & m,
cgke 77} 6.62, 1.73 x 107 Poldtt. w3 Alg F
#v) 24 = Instron(Model No. 1324) & A}&8-3}5] 0.
o, d&d HzadAdE Sl dojzxl FdIE

(6)

3

23
-
_19 *
E .
?E/ [ ]
.
5515 .
% " -t
<
51 YL
an® we © )
an
U 30 0900 1200
Number of cycles(CYCLE). Nx10
Fig. 5 Crack length VS, number of cycle
(Center cracked specimen )
1072
1073 Da/DN~C{4 K)™
m=6.62
C=1.73E-13
1074
10-5
10-6

Lo 30 10
Stress intensity factor range MPa - m!/2)

Fig. 6 Crack growth rate VS, stress intensity factor
range(Center cracked specimen )
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Fig. 7 Dimensions of CLWL specimen(Unit : mm)

Table 4 Mechanical preperties

Mech. | . .
. Yield |Ultimate
Proper- | Elastic |Poisson's| Elongat- Density
ties|Modulus| Ratio | ion{%) Stress | Stress (kg /m?)
Hes (MPa) | (MPo) |
Materials -
SA516 o
202.0 0.3 23.0 397.3 549.4 | 78410
gr.70
Al7075- ~ -
. 75.0 0.31 12.5 504.0 553.0 2700.0
Té
Table 5 Chemical compositions
Chem Com-

positionf C [ Si {Mn| P { SN |C|[Mo!V |A|Cu|Fe{Mg|m
Materials
SA516.gr.70[0.1710.25 | 1.05 10.013]0.003/0,02 [0.024] .00 04500041 - | - [ - | -
A7 Te | - [03010%0) - | - | - lo2sol — | - | - |1o6lor] 25156
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Fig. 8 Schematic diagram of wedge loading arrangement
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Stress intensity factor (MPav'm)
(a) Relationship between dynamic stress intensity factor

and dynamic crack tip velocity
(SA516 gr.70, CLWL specimen, #5163)
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(b) Relationship between dynamic stress intensity factor
and dynamic crack tip velocity
( Al7075-T6, CLWL specimen, #CA1-2)
Fig. 9 Relationship between dynamic stress inten-
sity factor and dynamic crack tip velocity
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Fig. 10 Partial structure model specimen of

super-structure
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Fig. 11 Stress distribution in model specimen at
nominal stress{773.99¢}
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