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Effect of Environments on Fatigue Strength of Steels

Ryuichiro EBARA, Takafumi SHIBATA, and Isae MASUMOTO

Synopsis:

It is well known that the fatigue strength of steels is decreased by oxygen and/or humidity in the
atmospheres. Only few reports have been published, however, on the effect of impurities such as SO,
gas on the fatigue strength of steels. In order to study the effect of SO, gas on fatigue strengths of
steels, rotating bending fatigue tests of a mild steel, a 60 kg/ mm? and an 80 kg/ mm? high strength
steels and an 18-8 stainless steel have been corried out in various atmospheres. The employed
atmospheres are air, humidified a'r, dry SO, gas, mixed gas of dry SO, and humidified air, mixed
gas of dry H,S and humidified air, H,O, and H,SO,.

On the fatigue strength of the mild steel the influence of dry SO, gas is not recognized, but the
influence of mixed gas of dry SO, gas and humidified air is detected. The degree of the influence,
however, is almost the same as that in humidified air. Therefore the influence of SO, gas on fatigue
strength of the mild steel seems to be little, but some influences of SO, gas can be surmised from the
characteristic aspect of fractured surfaces. On the 60 kg/ mm? and 80 kg/ mm? high strength steels and
the 18-8 stainless steel the influence of SO, gas is not observed. For all the steels tested in this experi-
ment, the influence of H,SO, is very conspicuous.

(Received Apr. 23, 1973)
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Table 1. Chemical compositions and mechanical properties of tested steels.
Chemical compositions Mechanical properties
Mateials C Si  Mn P S Ni Cr Cu Al oy aB €
( kg/ mm?) ( kg/ mm?) (%)
Mild steel 0-17 0:06 077 0-015 0-02 28 45 33
60 kg/ mm?
high strength 0-12 043 1-09 0-014 0:006 0°01 0-17 0-03 0-20 57 67 25
steel
80 kg/ mm? Mo
high strength 0-14 0-26 0-86 0°0i5 0-005 0-01 0-85 0°29 005 045 84 90 23
steel
18-8 0-07 0-83 145 0:03 0-010 850 18-3 63 73-6
stainless steel
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1. Schema of experimental apparatus.
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a) Plain bar specimen, a=10, b) round notched bar specimen, a=2'5

Fig. 2. Rotating bending fatigue test specimen.
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Fig.: 3. Effect of various atmospheres on fatigue
strength of mild steel (round notched
specimen, 3 000rpm).
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Fig. 4. Effect of various atmospheres on fatigue
strength of 60 kg/ mm? high strength

steel (round notched specimen, 3 000rpm).
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Fig. 5. Effect of various atmospheres on fatigue
strength of 80 kg/ mm? high strength
steel(round notched specimen, 3 000rpm).

,E_- IREEPRA - RN
& T —O— Air )
=3 “=®=== S0. + Humid air

= —-®— H,50, (98%) +
3 D H.S0, (50%)
o -
= T &
o k i :
£ 1 i
5 + )
g !

7}

2 ] |
o ~ [ T -
£ -d B

_,g 1214l I NRENT
[+eg

20
10 2 345 10*° 2 345 10° 2 345 |0 2

Number of cycles
Fig. 6. Effect of various atmospheres on fatigue
strength of 18-8 stainless steel (round
notched specimen, 3 000rpm).
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Fig. 7. Effect of H,S gas on fatigue strength of
mild steel (round notched specimen,
3 000rpm).
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Table 2. Fatigue strength of various steels in different atmospheres.

Fatigue Ratio of

Specimens Atmospheres Cycles strength fatigue

( kg/ mm?2) strength

Air 108 155 1-00

Humid. Air ” 139 0-90

. Dry SO ” 15-8 1-02
Mild steel SO,-+humid. Air y 14-5 0-94
H,S0,(98%) ” 13-9 0-90

H,S+humid. Air » 142 0-91

Air 6 x 108 21-9 1-00

60 kg/ mm?® | Humid. Air ) 992-4 1-02
igh strength steel g3, 1+ humid. Air 7 228 1-04
H,S0,(98%) v 170 0-78

Air 4 x 108 18-8 1:00

80 kg/ mm? Humid. Air Z 210 112
high strength steel SO,+humid. Air 4 205 1-09
H,SO, (98%) ” 190 1-01

. Air 108 27-45 1-00

18-8 stainless SO, +humid. Air D 27-9s 0-99
¢ H,S0,(98%) ” 25-18 0-92

Note : Ratio of fatigue strength means ratio of fatigue strength in various atmospheres to that in air.

Table 3. Fatigue life of various steels in different atmospheres.

. Stress Fatigue life(x 108 Ratio of fatigue
Specimens Atmospheres ( kg/ mm?) cycles) life
Air 16°0 7-2 1:00
Humid. Air 4 4-2 0-59
. Dry SO ” 9-4 1-31
Mild steel SO, + humid. Air " 54 0-75
H,S0,(98%) 4 3-7 0-52
H,S + Humid. Air 4 4-87 0-69
60 kg/ mm? Air 20-6 53¢ 1-00
high strength Humid. Air 7 115 2-14
steel SO, + humid. Air 7 10-7 1-99
H,S0,(98%) 4 3-08 0-57 .
80 kg/ mm? Air 19-4 34 1-00
high strength Humid. Air 4 328 0-95
steel SO, + humid. Air K 6:2 1-81
H,S0,(98%) 4 3-2 0-57
. Air 27-0 1-4s 1:00
188 stainless SO, + humid air 7 1-3 088
stee H,SO, (98%) ” 0-38 0°26

Note : Ratio of fatigue life means ratio of fatigue life in various atmospheres to that in air.

IBEREETE T D8 Fig. 3 ~Fig. 6 W R L7z X 51T,
WFROACEWTHE L BD bR o, KD
W DOBHIE SR CIRIBHRRIRER 50% CHREREN
BRICHED E VbR TWADTY, BKIHI LU 18-8 =
5 L ZETOWT, IBE 50% ThELRBRETEL
-, ULd L, Fig. 33 X0 Fig. 6 7R LAzX 51T, iR
E 98% OPAICHEL, EhHFGIKKERRED LK
Yo el el

nk, B YW CHE DR KB TCoFERIIFg.

SICRLIX S, BORERFTCORRLABE TS
D7z
DlEofERyEEMR S, EhFdas XIUCRMREID
W —FE LT Table 2, Table 3 ¥ X (f Table 4 TR
3. EEOAEWIT, BRRTOEZ ! L LAEBEOER
HETOBEOHZRLTHS. Table 2 k5 LR Table 3
XY, HMOPHE, KAFTOENES R I UTEL
TR L, BEEEE T 2 OB a2V cthoFH
[OEEFEDLN, ThLOFAKJTENEXIIDD

— 131 —



2008 % L @ % 59 £ (1973) mlis

Table 4. Fatigue limit of various steels in different atmospheres.

. Fati limit Ratio of fati
Specimens Atmospheres a(ti{ggu /e ml:;,lzl) lir?xilto o fatgue

Air 12-4 1-00

Humid. Air 12-4 1:00
Mild steel Dry SO, 13-5 1-08

SO, + humid. Air 13-0 104

H,S + humid. Air 12-4 1-00
60 kg/ mm? Air 15-6 1-00
high strength Humid. Air 15-9 1-01
steel SO, + humid. Air 17-7 114
80 kg/ mm? Air 17-7 1-00
high strength Humid. Air 14-75 0-83
steel SO, + humid. Air 17-7 1:00
18-8 stainless Air 26'3 1-00
steel SO, + humid. Air 263 1-00

Note : Ratio of fatigue limit means ratio of fatigue limit in various atmospheres to that in air.
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