Strength Evaluation of A Failed A53B Carbon Steel Pipe with
Small Punch Test and Finite Element Analysis
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Abstract : In this study, small punch test and tensile test were performed with specimens directly machined from an
ASTM AS53 grade B carbon steel pipe at which an explosion accident was occurred in the Heavy Oil Unit. Main
damage mechanism of the pipe was known as a high temperature hydrogen attack(HTHA). Effects of HTHA on the
mechanical strength change of the AS3B steel were studied in detail. Small punch test results have showed that
maximum reaction forces, SP energy and ductility were decreased at hydrogen attacked part of the pipe compared
with sound part of the pipe. Yield strength and tensile ultimate strength were calculated with the obtained small
punch test curve results using different methods and compared the estimation methods. Small punch test simulation
has been also performed with the finite element method and then mechanical strength, equivalent strain and fracture
toughness were calculated with the obtained numerical analysis results. It was shown that the fracture toughness data
calculated from small punch equivalent energy obtained by the finite element analysis for SP test was very low at
the hydrogen attacked part.
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Table 1, Design and operation conditions of the failed A53B
carbon steel pipe
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Fig. 1. Schematic illustration of test specimens,

ASTH AS3B Steel
Pipe
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Fig. 2. Dimension of specimens used in tensile test and small
punch test,

Table 2, Location of SP specimens sectioning and specimen
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Table 3. Tensile properties of high temperature hydrogen
attacked A53B steel
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Fig. 3. Engineering stress—strain curve for failed A53B steel,
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Fig. 5. Small punch test results of the ASTM A53B pipe steel

damaged by high temperature hydrogen attack,
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Table 4. Si of small punch test results

S1 0.55 401 228
S2 5.128 414 242
S3 9.7 465 276
S4 14.275 447 232
S5 18.85 1299 1229
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