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Hydrogen Absorption into High Strength Bolts under Atmospheric Exposure and Delayed Fracture Susceptibility Evaluation

Tomohiko OMURA, Takahiro KUSHIDA, Fukukazu NAKASATO, Satoru WATANABE and /wao OYAMADA

Synopsis : Hydrogen absorption into high strength steel bolts and its effects on delayed fracture susceptibility have been investigated, by means of ther-

mal hydrogen analysis on exposed bolts and hydrogen permeation tests under atmospheric exposure. Thermal hydrogen analysis on small

parts of exposed bolts showed hydrogen localization near the surface of the bolts. Hydrogen permeation tests under atmospheric exposure

showed intermittent hydrogen entry, and maximum instantaneous hydrogen content was bigger than the measured value by the thermal hy-

drogen analysis. Delayed fracture susceptibility of high strength bolts with tensile strength of 1521 N/mm? depended upon the safety index

defined as the ratio of the threshold hydrogen permeation coefficient (JL,) and the maximum hydrogen permeation coefficient under atmo-

spheric exposure (JL

env

). The results suggest that hydrogen at the surface of the bolts plays an important role on delayed fracture.

Key words : hydrogen absorption; high strength steel bolt; delayed fracture; hydrogen permeation.
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Table 1. Chemical compositions of steels used (mass%).
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Fig. 1. Notched specimen for cathodic charging delayed fracture tests.
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Fig. 4. Threshold hydrogen content as a function of tensile
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Fig. 5. Threshold hydrogen permeation coefficient.
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Fig. 6. Carbide distribution (a) vanadium containing steel A (tempering temperature 580°C), (b) vanadium free steel B (tempering

temperature 420°C).

Fig. 7. Fine vanadium carbide.
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Fig. 11. Hydrogen permeation coefficient under atmo-
spheric exposure.
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Fig. 12. Maximum hydrogen permeation coefficient under
atmospheric exposure.
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Table 2. Relationship between absorbed hydrogen content
and delayed fracture tendency.
Safety No. of
TS C C ;
Steel i o index | fractured
(N/mm?) | (ppm) | (PPM) | o e bolt
A 1485 2.08 0.22 9.5 0/938
1521 0.46 0.14 3.3 34 /938
B 1106 0.64 0.16 4.0 0/938
Table 3. Relationship between hydrogen permeation coef-
ficient and delayed fracture tendency.
Safety No. of
TS JL JLe, -
Steel > i n index | fractured
(N/fmm?®) | (e Afom) | (4 Aem) | i /gln | bolt
A 1485 0.10 0.10 1.0 0/938
1521 0.04 0.06 0.7 34 /938
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Fig. 13. Numbers of fractured bolt (Steel A, TSI521N/
mm?).
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ftss:E2o6h5, £/, EHEMEORELFOKZ
BEAIHFOICEIZBREIRET S L, ZOHAEETH
VKRFBRAZHEZ D', Fig. 9, 10128 T KRR DO Z /i
NEREIhILELIONS,

SE T, BRBEIIHTICRE S h - MEDOKFEIZLD
FlgEEZ ehbdLEbh o208, KXBREICEIT 5 KEK
e BENPEOBEZEOMBIZE O T » 72, 5EO
Bt 6, KERAPBERETHD»OWMETH S0,
MR OBEMEEREL TRBAKRRE 2 ER2(LTHHE
NHbHTENRBEINS:, -, KEBEEETHIEL 2K
BARRE CENVEOMEMAHATESLZ L5, K
HMOKKRBELRENWKFIIEE L TWB I LB Ih
72o —77, RUDEHIZ & BIENEMOERVHKRIE IS
CWETHLEAONA, SHIOKE TR sMENE
BEmahah o7z, 72720, BHETHEL AL P TIE
IR L KFEREOHBEEERE N THE D, InhEH
EWE AR RO R ENIE L OB S S ICKREf e h D
MERSBEEEZOND,

5. &8

fEkd LUV EHMORKIRGH IZ B 2 H M H~D
KEWEEH %, FAHRL b OBREZEAT D L CAXBE KR
EEE= 2 VRO _REEOHETHEL , BhBiE¥
BHeOMBE L LT TOMR %R,

(1) FRAKKRE THETS L VERMRIIERMED
MR EWEEZT§H, IRAKRERFETIHET 5L
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EWNEL Eotz, ZOMEIE LT, IRAKKBEMIZIL
VRO KE L 7 o TRHIRVEB R ENZLELDS
ni,

(2) Kt EHORERER TRREKRRE 3R K
0.2ppm TH 1, FERIOZIIFAFZIZIIEZD L h 572,
F72, KL FREBANOKEOBRLAED 5Nz,

(3) ARFEBRARERIZLOKRDEAKRBEHIZE T2 KE
ERREIIERICRE <, 2ORKIEIL,, 1301 uA/cm T
Hotz, PHEBOZITIZLEAEE) ST,

(4) EBNBIEII5E®E X 152INmm>OMMA TREL
OB A Z 2 > 72, BRBEORAE L, IRAKIKE
MEREIL, BRI O R AKEERFJIL,, & P> T
B ETHMAENE, SurAbe, BhBH#EIIEREAK
FREVNRHET LI LR SR,
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