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Estimation of Fatigue Strength of Large Diameter Chain in Air and
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Sea-water
Synopsis :

It takes long time for fatigue test on an actual chain and the test is very difficult for large chains such as

100 mm over in diameter.

This paper describes the relationship between the fatigue strength of an actual
chain and those of the specimens cut out of the chain.

The fatigue failure of a chain often occurs at the toe of stud-weld or at the corner of indentation pro-

duced by the stud other than the bend part of the link.
was lower than that of the chains failed at the bend part.

In these cases, the fatigue strength of the chains
Moreover, it was found that the fatigue strength

of the chain even failed at the bend part in air was lower than that estimated from the result of small speci-
mens, because of the effects of decarburizing and roughness of the chain surface.
In the artificial sea water, the fatigue strength of chains was rather close to that estimated from the re-

sults of small specimens.

chains and specimens becomes similar for the two cases by corrosion.

It is considered that this is due to the fact that the condition of the surface of

Consequently, it is concluded that

the result of small specimens may be applied to estimate the fatigue strength of chains in the sea-water.
Key words : chain ; fatigue ; corrosion ; low alloy steel ; welding.
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Fig. 1.
test.

Size of round bar specimen for fatigue

Table 3. Diameter and thermal history of chains
used in fatigue test and test conditions.

IRNBIEY &L L. Heat Fatigue test condition
Grade | Diameter treatment
‘trea Environment Frequency
. . . In air 500 cpm
Table 1. Chemical compositions of steel bars for 34 mm 900°C W. Q.
hai G.3 560°C T. In synthetic 300 cpm
chains. . sea water 10 cpm
Grade C Si Mn P S Ni Cr Mo Al 76 mm 920°C A. C. In Air 500 cpm
G. 3* 0.31 0.25 1.82 0.025 0.020 — - — 0.033 32 mm 950:C Ww. Q.
G. 4 0.21 0.26 1.56 0.021 0.005 0.75 099 0.45 0.035 580°C T.
G. 4 In air 500 cpm
* “G. 4”7 : Grade 4, is a tentative name of chains with the tensile 76 mm 1000°C W. Q.
strength over 100 kgf/mm? 600°C T.
Table 2. Mechanical properties of various chains.
. Tensile Yield Elongation Reduction
Grade D '(a:;t)" tre}:s;tent Location strengtg strengtlﬁ (G. L.=70 mm) of area
(kgf/mm (kgf/mm*) (%) 4
34 900°C W. Q. Base 73.0 52.6 25.4 69.4
560°C T. Weld 71.2 50.4 17.0 58.2
G.3
76 920°C A. C. Base 72.6 41.3 23.5 60.3
Weld 711 0.8 16.5 57.3
32 950:C W. Q. Base 103.9 98.6 19.8 64.5
G.4 580°C T Weld 103.0 95.5 15.6 55.5
76 1000°C W. Q. Base 105.3 97.2 18.2 63.5
600°C T. Weld 105.2 97.7 12.4 53.3
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A The stud is circumferentially welded
in place on the end opposite the
flash butt weld,

lash Butt Weld

L

Y L ra
B The stud is circumferentially welded in place on
both ends.

Pl ey 2
( / Sdod ' _)

C The stud is welded in place at four points on
both ends.

E5F
C_ L <

Fig. 2. Types of stud welding.

WMD) 2 R RBREICE CCHERBLTITo . ALK
FORBEPROY vy BPATBKIZEIPL I I LV
ERT, FOLNAEALHBKIERT S X ICLTT
Oz HHL-HRBREGE, HEF— AT 100t 0a—
Yony B UBRIT, KEFL— v 200t OBRME
R TH 5.

3. E B B R

3:1 Fr—HOEHEE

Fig. 3 B X U Fig. 413, FNZFN G 3 BIUG. 4
Fr—OBMBIUT 75y Y2 BERORKHO
S-N #i#f % R¥. G. 3 DM OFEREBR I X BE
BRiZ, 50 kgf/mm? T, G. 4 DZiE 76 kgf/mm® THh 5.
PURABTIZBWT, HERFRE Kt SKRE 2513
E, WTFhOBELEFRIET LTS, BEEHOK
FWEE LT N CEEBTREI2TEY, F0EHRIE,
THABRFICBLTEMIDETRT LTS, X
KEA TR L 13 & A EED .

Fig. 5 3L U Fig. 6 i3, #hFN G. 3 BLUG. 4
Fr—VOBMBIUY7I v ¥ 2 BEHOANTEKDO
S-N #i# % R3. AT#KPTiE, 10° H%BL THIE
FEEBED SNV T, 108 B2 IB1F 5 HEFHHE T H
e, BHOFHEABRIE G 3, G4 ELbic24

100 ——r—— —

5DL

i ) iy D
40} Test Condition NSaaNl @000 0TS Ll
In Air

N
3gl 1800 cpm Ry S A
omin. =0.6kgf/mm? %\
XA\\*Q‘ —G

Maximum Stress, 0'max. kgf/mm?

I TSR T S L L ! A
104 10° 10° 107
Number of Cycles to Failure, Nf

Fig. 3. S-N diagrams.
out of G.3 chain.

Round bar specimens cut
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Fig. 4. S-N diagrams.
out of G.4 chain.
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Fig. 5. S-N diagrams of corrosion fatigue tests.
Round bar specimens cut out of G.3 chain.
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Fig. 6. S-N diagrams of corrosion fatigue tests.
Round bar specimens cut out of G.4 chain.
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Fig. 7. Relationship between stress concentration
factor and fatigue notch factor.
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Fig. 8. Effects of chain diameter, proof loading
and stud on S-N diagrams of G.3 chain (stud
welding : C type).
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Fig. 9. S-N diagrams of G.4 chains with differ-
rent types of stud welding. These chains are with
proof loading.
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Fig. 10. Comparison between S-N diagram of G.3
chain in air and that in synthetic sea water. These
chains are with proof loading.
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Fig. 11. Locations of fatigue failure.
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Fig. 12. Static load vs. local strain curves in
96 mmg¢ chain-link.
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Strain, X1072
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Fig. 13. Static load vs. local strain curves in
96 mmg chain-link cut off stud. '
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Fig. 8 I0BWT, o2 L oM HhABRTELARL
TELE, Fo— v OEFEENELS AT ERRLL.
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PLERRTEAZESIE, X%y FAHSICHEEL Ty
BFz—Y) 7 OEFHEKNER, FROQTHOT,
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. UTF, OCHET5E) &SN F 2 — v DEH
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F x — Y OEFHE & F = — v OIEFTHRE & DR
¥RAE-DIC, oL LOMNABRFRELARFL, 22
Ry FHOTESFBHF LA EOF—F % b LI,
Fr— o 108 BB ITBEFEEEL RS, £hixt

Table 4. Comparison of fatigue strength of chains
with that of specimens cut out of chains.

"Fatigue strength at 10°
Grade | Diameter | Environment "
Specimen™, § | Chain, C | S/C
Air 50 kgf/mm? 12 kgf/mm? | 4.2
34 mm .
Synthetic 2 2
G.3 on water 24 kgf/mm 8 kgf/mm” | 3.0
76 mm Air — 10 kgf/mm? | —
Air | 76kgf/mm? | 14 kgf/mm? | 5.4
32 mm .
Synthetic 2 —
G.4 sea water 24 kgf/mm.
76 mm Air — 11 kgf/mm2 —

* Specimens without notch
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B OREFIEZ HBOMEIZL DI, Fo—DNY

FE»SEH 2 T 9 2 BRBETBLE, ZOHGOET
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Ve, 4.2 &£ 5.4 L, ALiEKkHF oS, 3.0 TH
. H@WLeT o — Y OEFEEX, )y 7 NORKT]
RIEHBLOIGIARIZEIS2TRE A, F2—2Ildb
KEXORBWEXEN L L ZOLKIENE Cm &
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CHBICTEFBLUOREOEELERLTH, %8B
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DFHBEN. ThiEvbwbFTEHRICE LD THD
T, TORRAIICTAROEIHDLEZOLNS. 76
mmg Fxr— YIZHERLT, BEFHREIEV 34 BLY
Zmmg Fr—IBWTEZ, KAPD S/Ci3 K &
DRKEGEICZDTWS., ZOXS ZphAROEEY
ZRLTCH, CHEHREIV/NESVEREBHHTE L
V.

ZOFEKRE LT, St CERkOLAKEBRF ORMEMIRE
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Fig. 14. Hardness distribution near the surface of
various chains.

FELAEZEIOLDOTHAD S, KEIZ ML VMY A
b, INHDHIC CHBRBEL VIS, RES
DS/CHKIOVKERELLZDLLDEEZONS,
—H, NL#EKBDBEE, S/CH 3T, KLD/A
v, Zhid, Table 4 IZ;R L7 G. 3-34 mmg F = —
BB RKAPEFHE (x5 ATk g5
DEEVTREH TH 1/2, F2—>T1/3 LlHETHE
b5 THAH ZOBEBEE LT, Y LFEEREBN G
BRI D CTEFBEFZELIETT2034L,
Fr—riddb b EREKREIEL, BEICKDENE
BEOHLRETOIENZ ENEZLNS,
bL, MEFEHEBEKPCEIN, ZhoOREIR
BAE IS5 L 3uE, MEOEYEE B IO NE
HCRERSITAZ LN TESL, Tabb, KAX3~4 D
Fr— TR, #KBD S/CIZD KIZEWEE %S
B, KEBxa2bidhw, LF>T, @BAkPICH
FAHBKREBEF 2 —® 10° MOEIRE C ik, Y LF
HREER D 10 cpm (2 BT 2 B4R L O NTHEKPIE
FHE SHhH, RARLLVLZLEAOHEEITED LE
ZoHhb.
C=5S/K

COWERDHEIIOVCTRESICEBRIUETH S
2, EFRBROWE 2 KEF = — > OWEKPEFHRE
COXTILHETELTHA).

5 ¥

EYTRESHIIARTELVWE I LKREF 2 — VD
FEEE T 2 — MOEFBEE,OHEET S EOEE
HERITH-OIC, Fo—rb )l LAREBE O
WFRE & F = —  OIEFRE & OB LR~ 85
NEBEROBESIRDOEBYTH A,

il

— 188 —



KEF = — v DRAB L CHKPIZ BT HEFREDOHEE 189

1) RSP RE IO B AT AR SR DK
ToESVE, G.3FL—YHMED G 4F2—HD
HakE {, ALEBKPEFEEIHERCLTH 5.

2) Fr—YMOEFBECBIITTUREOFLER
KEF LN ALEKFOFHTA/NS 0.,

3) Fo— v dBERE, BICX Yy FOBEREC
XOTEFRMMLEBEEL Y, EHRELEDLS.

4) 2%y FOWREE/RBE L-F2— Vi, iR
BICBAIEHOEL S “NX» FE” THEIFBITL, 0
MOME CHEITT2bDX D EVEFEELRT.

5) Fx— ¥ OIEFTEE % Y LRERA D55 R A
SEET AL, Fr—rORESHELERLZITE
b,

6) F x— v OEHWE X, KRTPOHE, LK
ERH DIEFTRES S NFWICHE SN AMEL VI,
ALK FOFEGTOFICH EI 2 5.

KRR ED HICH7:2C, EPRBTHEGR)ERT
B, FEI@EE, SBEEECHEHB VAW EICK

BozLET.

X [

1) G. de LavaL: OTC paper No. 1503 (1971)

2) I CELANDER: OTC paper No. 1578 (1972)

3) MR, MEMEE, # AB, BHP®RA: BREmTE
Tt KaEE (1975), p. 194

4) MO &, LM, @BIAK, SHiRkE—, BIIES:
kLM, 63 (1977), S307

5) L. C. van HELVOIRT: OTC paper No. 4179 (1982)

6) % 179 I AMEE (HAAEMIEH2H) (1982),

p. 253

7) %187 IESSWESE (BREMHEHGSE) (1983),
p. 182

8) mEBER% # ¥, MO & SKEW, 65 (1979),
A197

9 ) Det Norske Veritas, Mobile Offshore Units, Part 3
Chapter 2 Section 5 (1985)

10) B ZELEH MA-5=1 (AREHIHEE) (1981)

11) $ikfE—, fFEESBK: gk, 73 (1987), p. 2275

12) EELLE: & 84 - 85 [ITHILEE S ERE (B ASK#EnS
%) (1982), p. 137

13) FBHIEE: hsEF (1967), p. 72 [Fduhiki]

— 189 —



