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Abstract: The failure of a bolted joint owing to stress corrosion cracking (SCC) has been considered one of the most
important structural integrity issues in a nuclear power plant. In this study, the failure possibility of bolting, which is
used to support the steam generator of a pressurized water reactor, owing to SCC and brittle fracture was evaluated in
accordance with guidelines proposed by the Electric Power Research Institute, which are called the Reference Flaw
Factor method. For this evaluation, first, detailed finite element stress analyses were conducted to obtain the actual
nominal stresses of bolting in which either service loads or bolt preloads were considered. Based on these nominal
stresses, the structural integrity of bolting was addressed from the viewpoints of SCC and toughness. In addition, the
accuracy of the EPRI Reference Flaw Factor for assessing bolting failure was investigated using finite element fracture
mechanics analyses.
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Fig. 1 The location of steam generator supporters
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Table 1 Specification of anchor bolts employed in the
present work

Standard M76
Major Diameter, D 3 inch
Effective Diameter, D, 2.6933 inch
Tensile Stress Area, A, 5.97 inch?

Table 2 Service loads and bolt pretension acting on the
steam generator supporter under normal operating
and postulated accident conditions

Normal operating Postulated accident
condition (N) condition (N)
L.D.

Case 1 Case 2 Case 1 Case 2
1 1,372,000 | 1,217,650 | 2,499,000 | 2,053,100
2 11,384,250 | 1,092,700 | 2,633,750 | 1,942,850
3 1,298,500 | 1,122,100 | 2,915,500 | 2,004,100
4 1,445,500 1,310,750 | 3,050,250 | 2,097,200

Bolt pretension (N)
2,070,000
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Fig. 2 (a) Typical FE mesh employed in the present work
and (b) bolt pretension in anchor bolt
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Table 3 Chemical composition of material of anchor bolt

C Si | Mn S P Ni Cr | Mo

0297 | 036 | 044 | 0.003 0.009 338 129 | 043

Table 4 Mechanical properties employed in the present

work
Young’s Yield | Ultimate
Part Material | modulus | strength | strength
(GPa) (MPa) (MPa)
Tierod, |35 Nep 16 2182 1029 | 11714
Nut
Washer | 35 CD 4T 218.2 676 834.5
Clevis | 12MDV6 204.0 538.2 644
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Table 5 Values of bolt nominal stresses considering
normal operating and postulated accident
conditions and bolt pretension

Normal operating Postulated accident
condition condition
L.D. Nominal stress (MPa) | Nominal stress (MPa)
Case 1 Case 2 Case 1 Case 2
1 564.39 561.36 648.79 580.63
2 546.63 558.90 683.77 577.01
3 562.94 559.48 756.92 578.69
4 565.84 563.19 791.90 582.16
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Table 6 Failure criteria based on stress range according
to EPRI guideline
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Table 7 Allowable stresses based on SCC and brittle
fracture
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Fig. 3 Schematics of thumbnail cracked thread root of
high-strength anchor bolt
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Table 8 Ratio of stresses in postulated accident conditions to
those in normal operating conditions

O_St /O_lt
1.D.
Case 1 Case 2
1 1.15 1.03
2 1.25 1.03
3 1.34 1.03
4 1.40 1.03
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Table 9 Values of safety factor for anchor bolt

Normal operating Postulated accident
condition, o condition, o *
Safety factors based on| Safety factors based on
LD. scc it F o st
SCC (o, /0") fracture (o, /o)
Case 1 Case 2 Case 1 Case 2

1 1.66 1.66 2.56 -

2 1.71 1.67 2.43 -

3 1.66 1.67 2.19 -

4 1.65 1.66 2.09 -
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Table 10 Comparison of the present FE C, with EPRI C;

Bolt nominal size|  Reference Flaw Factor (Cy), in™"?
(inch) Present FE EPRI
3 2.426 2.336
4 2.420 2.224
5 2.460 2.162

Fig. 4 Typical FE meshes for thread with 360° notch and
thumbnail reference crack
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