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An Analysis of Fatigue Strength Reduction Factor Based on Hysteresis Energy
by Kunihiro Iida, Member Yunbo Kho, Member

Summary

Fatigue strength of a notched plate subjected to the repeated tensile load in intermediate cycle
wange was analyzed theoretically by using a rule proposed by Hardrath and Ohman. On a hypoth-
-esis that a fatigue crack will initiate at a same life from a notch of any shape factor, when the
accumulated hysteresis energy at the notch reaches a certain value related to material properties,
‘the relation between the nominal net section stress range for a geometrically notched plate and
-crack initiation life N, was expressed by a equation with the elastic stress concentration factor
-of a notch, K; as a parameter. Also the fatigue strength reduction factor of N-basis, K;, was
-obtained as a function of K; and work hardening constants in the cyclic hysteresis loop.

Experimental investigation was made on notched specimens, of which K; value was varied frem
1.08 to 10.84 in order to verify the theoretical analysis. Results of zero-to-tension axial load-
-ing fatigue test showed excellent agreement with theoretical values. The Ky, which is always
lower than the K; value, shows linear relation against K; value. The propagation life in an
-unnotched and notched specimen was expressed as a function of stress range irrespectively of K; -
value. The K value shows the increasing tendency with increasing N, value, and the increas-

ding amount is larger for the higher K; value.
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Fig. 1 Schematic Illustration of Hysteresis Loops
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S T BT D R R I — 3 Lol
Material | men (kg/ ) (kg/ ) (kg/ ) €r RBESBROLBIOBFETF LA TH IS
Code mm? mm? mm? - . S .
41B1 | 20.41| 48.05| 90.40 | 0.88 PRHEE Smm, YITHRE 28mm, 770 » 7
& ' : ‘ ' & 10mm, 74 Uy b3¥E 20 2
Base | 41B2 | 20.81| 48.25| 9191 |0.g5 B 10mm 7y b 20mm (Tf?&ﬂ_
Metal | 41B3 | 27.00 | 48.41| 93.67 |0.83 =) VML, CHOBSIRABEA T Table 1 Of
(SM41C) | mean | 28.74 | 48.27| 91.99 | 0.85 KXo TRERORBITORIES L NHEL OB
RIRBEERROB Y TH »70
41H1 | 39.88 | 53.51 | 102.69 | 0.90 )
HAZ 41H2 41.72 } 54.11 101. 37 10.94 B B e=1. 184X 10711 40-1809
| 41H3 | 38.94| 52.34|100.17 | 0.88 : 1 '
mean | 40.18 | 53.32 | 101.41 | 0.91 HAZ : €=3.992X10714. 5 0-1502 (23)
. 1
41W1| 42.38| 54.31|115.33 | 1.20 BESR : €=1.076X10718.4 017 ,
V;:lf 1 ii¥§ :0- 701 5468 U218\ LIT pmgmkofck Fig 3 i, RBARSL K
eta 3.20| 55.3L | 119.36 | 120 wero s oocims Table s i iido fkskdd K, it
mean | 42.11| 54.76 | 115.62 | 1.19 :
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40 1,55r< F\LOS N
D | R Notched Materials ol 3052-03\00\&%\.,\ | 1
K, i 512 p S S~ !
Base Weld L ° v R e
() |G Mol | A2 | Tmetl B e T LT
42.2142.0| 1.078 | MA(R)| — — 5

52.5 | 18.0| 1.55 |MB(A)| — —
70,0 | 9.0] 2.03 |MC(O) |[HC(©)|WC (@)
70.0 | 3.4| 3.05 |MD(Y)| — —
70.0 | 1.0] 512 |ME(D)| — - o
70.0 | 0.5| 7.04 |MF(O) |HF(©)|WF (@) 0’ K S Ty

70.0 | 0.2]10.84 |MG(®)| — —

10

Net Section Stress Range, S tigimm®)

Fig. 4 Sg vs. N, Curves for Base Metal
K; : Theoretical Stress Concentration Factor (Experimental)
R : Notch Radius
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Fig, 5 Sgvs. Ny Curves for Base Metal

" Pig. 3 Specimen Details (Experimental)
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Table 3 Constants and Exponents of Median
S-N Curves (Experimental)

F e xORRYBESEREEE, ThIEOWT K, |Marks | G | & Ca ks

Sp=CiN;k1, Sp=CyNy% ©ZY) 108 ® 101.8 | 0.0906 | 117.0 | 0.1005
R BIEHE U BBk, Tabled iR L, 1.55| A 129.3 | 0.1181 | 132.5 | 0.1202
EZRLBALM X ST (24) ROWHE I OERIL, 203 O 136.3 | 0.1347 | 150.0 | 0.1412
L i K oinctt - CEZe#EmLT\w%, Fig 305 V 139.9 | 0.1663 | 206.3 | 0.1928
I EAEESS Ny % S L7 ry b L0 5.12| [0 | 148.5|0.2046 | 364.4 | 0.2662
ChDe BYOELDOERXD B Np 13 Sy D8 7.04 O 160.0 | 0.2325 | 437.6 | 0.2858
BrEHLUTIwEBbh, hREELT 10.84| & | 179.3 | 0.2694 | 452.7 | 0.2945
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Np=7.89X 108(S yp) 8315 (25)
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£ 20} o
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W&, Ld Ky R T B LR LTS, —F, - Base Metal
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BT om, n XBFRICKTBm, n LEEATHAS &%xé&&btt‘f@ﬁ%%m% L& %, 2% Whaley?
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(22) RRAZ 42D RF 2~ % n,ma, F B8 EhTRY, ¥TFChbOEMELEDRTIIL D v, F
BB OEFMEL ML LT table 3 235 K;=1.08 Lg@@% k1=0.0906 ¥ X 0% C;=101. 8 % (13) Ric ks
FAEEBIOCEREEBELT,

: +n ——(a—1) = —F; (Ky=1. 08) = —0. 0906

F n_ (26)
{m (1—n >} " G (K=1.08) =101.8 ,
1+n

EEDSR, ¥RFREERD op BLU € % table 1 1bLhTh 9199 kg/mm? 3 X T8 0.85 28540 X b
Z(®), (9 RBIT® 2Ry
n=blc (27)

BB bh %o Xk 23) O table 5 LA BB IITIFE LBIRAME 2 535 SMAL-EAM) 0 &, 3 1 Ot b A5
_,;%_qu,‘f\, BoZ B DEITEY 1 ?)I/;@z'éjézbrohfng@—(@%ﬁ;g AR E L LT g9 1 » B
R % b o LEENET S LIXRDIRES, kelky 13019 & 7o Tl B o 15, FH B3 D370 Fig. 91
BOTERR L AEOMPHCONT 0.01< 6 <0.50 KHITHL AT Y VAN~ POEFLIEE L 6p & DL
RERDTCD, ZOBIRIEDD €2=0.003 BE ¥ CHHET S5 & #1389 0.21 L HRER D, * -, Halford
REEDFT— 2L EDT 007T<n<0.20 DEREEL TS, CALDERELBEC LT, o TlE—Kk
7=0.2 £ LT, LROFIEIT olco LedtoT, a=0.456, m=4.82X1071, F=35.8 Lix%, frk, &
TR 5 iy, HEHESRBR LB M SN BRB 2 B L, Wetzel? DT o ok B
TEED B EEUDHE CORNRRHABRA O Ne & ARE £ COBHERBRLT - T lETRETHS 5,

Fig. 8 13 LEOREEMEL AT (22) R bRdie Sp— N, fi & ERAL 2 KB L b DCH B, K,=1.55
WLV 2.03 ORBITRAEID E ) RS —FRY, (22) RBRETPIIA, ThbdbRLMOMELBE <
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‘ with Experimental Results (Nc—Basis') 2T, (1) RBIO (22) Rt N, £ER I B30T
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