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Application of Fracture Mechanics to Estimating Strength of Lifting Link Chains

by Yoshio KITSUNAT*

Abstract; In order to prevent sudden fracture of lifting chains containing flaws introduced during

service, fracture toughness and fatigue crack growth behavior of Mn-B steel lifting chain with
25.4 mm dia. were evaluated using C-shaped specimens which were machined from the chain
link. Elastic-plastic fracture toughness, Jic, test for the C-shaped specimens was carried out in
accordance with stretched zone method proposed by JSME 001. Fracture toughness of C-shaped
and compact type specimens which were made from the same materials that used to make
chains were compared. The effect of temperature on the fracture toughness of link chains was
examined by 1T compact type specimens at the temperatures ranging from room temperature
down to —80°C. The fracture toughness test and the fatigue crack growth test were carried out
using a 196 kN closed-loop servo hydraulic fatigue testing machine. The stress ratio for the

Fracture mechanics
It was found that the
value of elastic-plastic fracture toughness, Jic, determined by the C-shaped specimens was almost

fatigue test was 0.05 and frequencies were ranged between 10 to 25 Hz.
calculation of critical flaw size for the Mn-B steel chain was performed.

the same with that obtained from the compact type specimens. Moreover, corresponding Kic(J)
value converted from Jic was almost agree with Kic value determined from linear fracture
toughness test. Hence Jic test for C-shaped specimens machined from chain link was suitable
method to evaluate the fracture toughness of lifting chains. Fracture toughness, Kic, of the
fracture-mechanics calculation, the critical flaw size of Mn-B steel chain was found to be 3.15 mm
at room temperature. Fatigue crack growth rate of C-shaped specimens machined from chain
link was slightly higher than that of compact type specimens machined from the chain material.
Crack Growth, C-shaped Specimen,
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Photo 1 Shape of Mn-B steel chain link tested.
maximum tensil stress occurs on the outer
surface of the link at position A.
RRICAWEMn-BH#iFz —> U 7OBR. &KX
BIHEY Y OAREDADREICELS. BD
Mg}, —HBCEANERIBHATHS.

RO Ik, 5RERECHBME +OBOR AT
bh Ty, RIEFHMEC ARSI ERA S h
Bl ChicW?, 2o TcEABR IR, HRA
Fz — VOBEOWTHEENZIRF LML 57D
&, Photo. 1R LEEHYOF - — vV vV IRTZR
ERERBIR LT = —v Y v 755 ASTM E399Y
TED B ML AIERER K (C-shaped specimen) %89
HU, BB RRY Oy EURERRY

The

ERREVENPIREHE RIS—RR—88

L L, i, MIHEARA TELREROEZY
UEBRITETHDIT, F =~ VOREMHSHANRI L =2
vz b (CT) BBARER L CHENERR &
B EUGCERBR YT, Fo—VviFz—VEMT
BohiROME LT, Ibic, BEMHEITK
ETHREOHEBC OWIHRNTALDE, F=z—VD
FMhD 14 vF~HED CTRBRAYERLT, S8
5 —80C DEREIC OV T ERNRRERY 1T - 1.

2. HEMELIUERA

FECHE LicF = — ik, Mn-B 8% X 0 AISISE
0B TH T, Vv ZOBREIOFTERFAME B
Photo. 1 ZiR3 L KD THB, Vv 7 DFRTHLLIE
B U PITHER 8 mmO BB A ORI E %
Table. 11, {L¥H S % Table. 212Rx3., 7, FHIk
e CT AR OWBHE#EE Y BT 51D,
5 L 72125 X 125X 300mm D Mn-B8l (5 = — vk
DEFET) B OEAE100mm O SNCMA398H .4 D B
FMEE & L3RS Tablel B X0 2 &R TRT.
Mn-B SiOBMBELL, + = — v L RABEOHRERLES
BT, 900CH LKREANBIOCTHER LE{T-
7%, SNCMA398E TI2870°CH HiiBEA L H5600°C THE
RL%&1T- %,

WELI-X 510, F = — v OREIL Photo. 1 DA
MERELEBDT, ZZTRAREYELF = — v
Y v DA D EH DS Fig. 1 1R THRO AR
FEEE Uiz,

ZO%E, URZGMHBERBRF ORRAICHT .,
i, UREOBEIZ, WEHMERRN T 5 mm,
FEH R T2 3mm 2 Uiz, Mn-BSJ 0'SNCM439

Table 1 Mechanical properties of link chain and chain
materials tested. MHIES D, Fig. 1 LR UER E~SE®ER (R EEy
Fr—HLUF - HHOBENEHR .- .
- = MROER BK, $OWiBR5Imm, EX10, 12.7% X 025mm &
Materials 0.2%P.S. (MPa) U.T.S.(MPa) Elong.(® - . _
Chain Mn-B 1175 1241 18 L7c CT 3Bk A (Fig. 2) 28UEL 7. ZOBORBRA
Chain AIS18620 1012 1160 13 _ 3T - N
Plate NooB 1098 1185 2 DG ENT, Mn-B #25 L-T f|E, SNCM43948%
Bar _ SNCM439 902 1000 22 RCHRATH 5,
Table 2 Chemical composition of link chains and chain
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Si Mn P S Cu Ni Cr Mo B

Chain Mn-B 0.24

Chain 0.19
A1S18620

Plate Mn-B 0.24

Bar
SNCM439  0.38

— 0.0029
0.16

0.25 1.36 0.018 0.015 0.01 0.02
0.22 0.82 0.00¢ 0.011 0.10 0.46

0.03
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Fig. 1 Configuration of C-shaped specimen.
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Fig. 2 Configuration of compact type (CT) specimen.
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Fig. 3 Relationship between stretched zone width and

J value for C-shaped specimens machined from

chain links.
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Photo 3 Fractograph showing stretched zone and inter-
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Fig. 4 Relationship between stretched zone width and
J value for C-shaped and CT specimens machi-
ned from Mn-B steel.
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Table 3 Relationship between fracture toughness and
specimen configuration.
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Fig. 5 Comparison of elastic-plastic fracture toughness

between C-shaped specimens and CT specime-

ns. Plane of pre-cracking in each specimen is

located perpendicular to forging direction of the

material.
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