Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 24, No. 3, June 2020, pp.122-129 PISSN 2234-6937
https://doi.org/10.11112/jksmi.2020.24.3.122 elSSN 2287-6979

DUHIE -B5ZEo| MAS O|-§F SCHBO 321X ZHRHEH AU O] SHAIAEN Tt

Limit State Assessment of SCH80 3-inch Steel Pipe Elbows Using
Moment-Deformation Angle Relationship

Sung-Wan Kim', Da-Woon Yun®, Jin-Hwan Cheung’, Seong-Do Kim™*

Abstract: To conduct probabilistic seismic fragility analysis for nuclear power plants, it is very important to define the failure modes and criteria that
can represent actual serious accidents. The seismic design criteria for piping systems, however, cannot fully reflect serious accidents because they are
based on plastic collapse and cannot express leakage, which is the actual limit state. Therefore, it is necessary to clearly define the limit state for reliable
probabilistic seismic fragility analysis. Therefore, in this study, the limit state of the SCH80 3-inch steel pipe elbow, the vulnerable part of piping systems,
was defined as leakage, and the in-plane cyclic loading test was conducted. Moreover, an attempt was made to quantify the failure criteria for the steel
pipe elbow using the damage index, which was based on the dissipated energy that used the moment-deformation angle relationship.
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Table 1 Specification of elbow specimen

Item Pipe Elbow D/T
Outer Diameter (D) 88.90mm  88.90mm 1167
Thickness (T) 7.62mm  7.62mm '

ELBOW PIPE - ASME B36. 10. SA-106 STEEL
84.38 3in. SCH. 80, O.D. = 88.9mm, THK. = 7.62mm
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Fig. 1 Elbow specimen
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LVDT, Load cell =

(a) Elbow specimen installed in UTM

(b) Measurement position

Fig. 2 Experimental setup
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Table 2 Test result of elbow specimen

Number of cycles to failure

Loading amplitude (mm) (V) Moment range (kN-m) Deformation angle range (rad)
f
+10 384.50 26.16 0.07
73.50 29.61 0.13
+20 92.50 28.80 0.13
96.75 29.06 0.13
28.50 32.64 0.26
+40
30.25 33.55 0.26
7.75 36.62 0.40
+60
11.50 38.55 0.41
+80 5.50 41.78 0.54
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Intrados

Fig. 3 Elbow specimen with leakage
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Fig. 4 Hysteresis loop
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Table 3 Dissipated energy and damage index

Loading amplitude Energy (kN'm) Damage index
(mm) P-D M-R Difference (%) P-D M-R Difference (%)
+10 161.98 145.13 11.61 14.42 14.69 1.85
143.80 131.86 9.06 12.80 13.52 5.38
+20 180.07 159.62 12.81 13.46 13.75 2.15
180.77 164.12 10.15 13.71 14.36 4.49
169.19 149.10 13.48 14.22 15.10 5.81
40 180.50 162.68 10.96 14.24 14.66 2.82
60 82.08 73.29 12.00 13.72 13.74 0.13
131.33 118.29 11.03 14.01 14.90 6.00
+80 84.88 73.93 14.81 14.27 14.99 4.81
17 7
| m P-D — Average | @ M-R —— Average]
Standard deviation : 0.51 Standard deviation : 0.68
16 164
]
x x
é 15 é 15 . -
% 14 " ] . u qg) 10 " Average : 14.47
8 : Average : 13.87 ™ 3 : u
13 4 13
]
TR a e w % TR a e w %

Loading amplitude [mm)]

(a) Force-displacement

Loading amplitude [mm]

(b) Moment-deformation angle

Fig. 8 Damage index of each loading amplitude

Table 4 Average damage index of each loading amplitude

Loading amplitude (mm) P-D M-R Difference (%)
+10 14.42 14.69 1.85
+20 13.32 13.88 4.01
+40 14.23 14.88 4.34
+60 13.87 14.32 3.18
+80 14.27 14.99 4.81
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Fig. 9 Average damage index

Table 5 Average value and standard deviation of damage index

P-D M-R
Difference
Damage  Standard ~ Damage  Standard (%)
index deviation index deviation
14.02 0.44 14.55 0.45 3.64
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