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Stress Corrosion Cracking of SUS 304 Stud-Bolt

Shigeru MizoGucHl, Kazuo YAMAMOTO and Masahisa YAMADA

Synopsis:

The heat insulating material, fixed by several hundreds of SUS304 stud-bolts to the roof of a heating
furnace, fell down. Extensive inspections of the damaged parts revealed that the accident resulted from the
chloride stress corrosion cracking (SCC) of the stud-bolts.

It was infered that this SCC was caused by cooling brine which had accidentally leaked out from the
skid-pipe and had soaked into the interface between the stud-bolts and the heat insulating material.

The countermeasures to avoid the recurrence of the accident due to SCC were proposed as follows ;

1) the use of SUS3IOS stud-bolts

2) the prevention of the brine-leak from the skid-pipe

3) the use of chloride-free heat insulating material.
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Fig. 1. Arrangement of stud-bolt.
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Photo. 1. Appearance of the failed stud-bolts.
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Photo. 2. Appearance of the heat insulating mate-
rials after accident.
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Table 1. Chemical composition of SUS 304 stud-bolt (wt% ).
C Si Mn P S Ni Cr Mo
Stud-bolt 0.064 0.48 1.28 0.038 0.002 8.70 18.40 0.02
SUS 304 spec. £0.08 «£1.00 £2.00 £0.045 £0.030 8.00~10,50 18.00~20.00 —
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Photo. 3. Microstructure of longitudinal section
of SUS304 stud-bolt before use.
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Photo. 4. Micrographs of longi-
tudinal section and selected area
of pitting corrosion for the
SUS304 stud-bolt (Sample; A).
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Photo. 5. Micrographs of longitudinal section and selected areas of SCC
initiation for the SUS304 stud-bolt (Sample; B).
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Photo. 6. Micrographs of longitudinal section and selected areas of SCC
initiation for the SUS304 stud-bolt (Sample; C).

Photo. 7. Micrographs of longitudinal section
and selected areas of SCC propagation for the
SUS304 stud-bolt (Sample; C).
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Fig. 2. Vickers hardness of stud-bolts along lon-
gitudinal section.
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Fig. 3. Relation between vickers hardness and
cold reduction of SUS 304.
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Table 2. Chemical analysis of ions dissolved with
pure water from rust and heat insulating materials.
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Fig. 4. X-Ray diffraction pattern and analysis of rust formed on the surface of stud-bolt.

70
[ | !
60 !
s
= 50 Ik
- gh
> [T
. &
» I |
o gy S S
_ o= 2T S
Z 2 S5 SUIILTIN S 3 | Rl
e - o | Lin l?: ' Q L [2 e & il
g o"‘m: Q‘ u? &~ hoNO'TL.‘[rS 4 l% o- . LLLL Hio T J
& 10 210 31{ ; 4) SH % ! Faitl]] F,f LA
= AR l it Pl bl i i L
0 R, A ' L W“ “ v Tm w....!l y e MJ
O

90° 80° 70°

60°

50° 40° 30°

- Diffraction Angle (28)

Fig. 5. X-Ray diffraction pattern and analysis of rust formed on the surface of steel plate.
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Table 3. Working conditions of SUS 304 stud-bolt. -

Strain Cl™ Temperature ‘
(%) (ppm) F °C) pH
1~4 40~400 60~400 6.5~6.8
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