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Abstract

Fatigue behavior of the AH, DH and EH grade TMCP(Thermo-Mechanical Control Process)
steels was studied. High cycle and low cycle fatigue tests were carried out for the weldment and
base metal of each steel.

The results showed that the fatigue limit at 2 X 10° cycles was 33 to 37kg/mm? for the base metal
and 30 to 34kg/mm? for the weldment. The ratio of fatigue limit to tensile strength for TMCP steels
was 0.65 to 0.71, which was a value close to the upper limit for the ordinary steels. It was also found
that the high cycle fatigue behavior of TMCP steels could be affected by the microstructures of
base metal. It will be necessary to have fine structure for TMCP steels to increase the fatigue
resistance. In low cycle fatigue test, the fatigue lifetime of AH and DH steels accorded well with
the ASME best fit curve, while that of EH steel was considerably lower than the fatigue lifetime
of the other steels.

Fatigue resistance of the weldment made by high heat input(180kJ/cm)welding was not lower
than that made by low heat input(80kJ/cm)welding in case of high cycle fatigue, but the high heat
input welding decreased the fatigue resistance in case of low cycle fatigue.
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TEE 2AHAANL FERE s} 27} 37, 42, 40
kg/mm?e] AH32, DH36, EH36 grades] A 7}=]
AL ALgEedek(o]s, ABC 7oz 378,
Alg el e E o s|AA 4AL Table 19
Hebi e, AgdAe] &z Table 29 7
o] &3 sld#S 80kJ/cm, 180k]/cme} 2 £ o
2 347 submerged arc€AH-& 3}eich
LCF(low cycle fatigue) 2132  total strain
control ¥4 2 2 total strain amplitiude®] 2.7
E +1.2~40.5% #H=, strain ratios} -19

Table 1 Chemical compositions and mechanical properties of specimens

. Mechanical
. . o
Speci- | Thick- Chemical Composition(wt, %) Properties
men ness . - " Remarks
- ¥y u
(mm) C S; M, P S |Sol-Al| T, Ceq (kg g | (%)
A 18 0.147 10,246 | 1,030 (0,020 | 0,004 | 0,020 - 10.328| 37 51 |39,7 | AH 32 Grade
B 25 0.1410.329 (1.214 0,022 | 0,004 {0,027 |0,010(0,357 | 41.5 55 35,4 | DH 36 Grade
C 20 0,086 |0.285]1.400 0,017 {0,006 | 0,048 | 0,016 [0.331| 39.8 | 49 | 42.8 | EH 36 Grade
. Mn_Si Ni_ Cr Mo,V ,
Ceq=CH=g" 5t 70+ 5 + 7 T 10
Table 2 Welding conditions
Welding Welding Arc Welding Heat Welding
process Shape of groove current voltage speed input onsumable
(A) (V) (cm/min) | (kJ/cm) consu s
SAW 60
(Submerged L : 1050 40 26
Arc T : 900 40 2% 180 UC 36 xPFI52B
Welding)
(mm) 930 36 25 80
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sinestg A&kl HFE-4-x (cycle frequency)
= 0.1-1 Hzz stgeom, Aldme oA 2 3

2345 2x10°8) ol A 9] 24 s Fog
2 Agel A8¢ A2 AQAS] 25 Table 3

Fol 50% Aord wlAAsl R4 ssw % Lol gage lengthrh 25mmelw, Aol 2%
(Np) 2 3tgdch, BtAde £ A4 strain amplitude+ (10, 12mm)°1 uniform gaged el ¢] EAA|HHE
N ol ¢} hysteresis loop2. & T3oich®, ALEgin, dAAEHE A4 14mme KS 4%
HCF(high cycle fatigue) Al¥-2 3}F o @ AlHHg Apggch, ze)ln, # = sz Ay
Alo g whg<&T 20Hz, 34| (stress ratio) R= + A" Falel IEA FAN dAGREE St
0.1 27122 cyclic tension A18-g& Al 4]sle] ub I, FAY A 2SS 3 SS-ddEE A
Table 3 HCF and LCF test conditions
Type of test Uniaxial
Type a.nd capac.lty Servohydraulic, 25 Ton
of testing machine
Loading condition Complegl:y-xl'eversed Cycgc:;e.nlsxon
Constant amplitude test
]
f
W 14
c \ I © »
= A 3 :
Wavef '
veform = 0 7t 3 o
m - . i
A 0 bt
£ €
W ! G
o)
Frequency 0.1-1Hz 20Hz
Environment Room temperature, laboratory air
© §
& R40 :O:
N
Base A
metal m
i | 30 I
. [ 160 |
Specimen — 1
(dimension in mm) Rolling
. dircdtion
Butt = g
u I R4O0 &
welded N Q
e (0
30
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Table 4 Results of tension test

Yield Tensile E1 Reduction Yiel.d True Fracture Fracture
Specimen Strength Strength e' of Area Ratio Stress Ductility
oy oy (%) 12 Gy/ 0y o e,
(kg/mm?) | (kg/mm?) (%) (%) (kg/mm?)
Base metal 37.0 51.0 39.7 73 73 1120 1. 309
A 180k]J/cm 36.0 50,9 25.4 69 71 105.5 1.171
80kJ/cm 35.6 51,5 32.8 73 69 116.0 1. 309
Base metal 41.5 55,0 35.4 75 75 129.9 1. 386
B 180k]J/cm 37.3 52.9 27.2 74 71 127.3 1,347
80kJ/cm 39.2 52.7 30,0 73 74 123.9 1. 309
Base metal 39,8 49,0 42.8 82 81 133.5 1,715
C 180kJ/cm 35,7 45,9 23.4 79 78 127.3 1,561
80kJ/cm 34.2 46,0 32,4 77 74 120, 3 1,470
*e ,ZInT(%
3.3 §=2 Zx e 2x10°8)el A ¢ A7t HE AR (.2 F7|
3.3.1. 2Al9] H2Aix &) ol e,
Fig. 2014 (a)= A,B,CAl7tx 7aje] =ajol ol218 ZAE Table 4ol iebul =
Hsle] wbE-3l4 2x10°8) 7h=x|o] S-uSjep ub slas] ¥, FEFee} AAZEAF M e
2340 AL Jehle, Fig $( ) £ BFY 0,3 Bkg/mmeoz b 2735 ¥4
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w
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(a) Comparison of S-N curves for base metal (b) Comparison of S-N curves for steel A
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Fig. 2 Results of high cycle fatigue test
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Table 5 Fatigue strength ratio for various specimens
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Fatigue Tensile
Specimen Strzngth Strzngth 0/
(kg/mm?) (kg/mm?)
Bese Metal 33 51.0 0. 65
A 80kJ/cm 31 51.5 0. 60
180kJ/cm 30 50.9 0.59
Bese Metel 37 55,0 0.67
B 80kJ/cm 31 52,7 0.59
180k J/cm 34 52,9 0.64
Bese Metal 35 49,0 0.71
C 80k]J/cm 32 46,0 0,70
180k]J/cm 30 45,9 0.65
=Fatigue strength at 2 x10° cycles '
E O ! TMCP Steels B oen A WEHE A E(total strain amplitu-
> @ : Ordinary steels
5 sof a
.é!. 0.677 €pa . 24 HEE A= (plastic strain amp-
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equation ¢ -N*=C for various specimens.
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