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Macro pillar compression testing: A less-destructive method for obtaining strengths of

in-service equipment

ZHANG Xiaocheng' ,XU Tong” , GUAN Kaishu'
(1. East China University of Science and Technology ,Shanghai 200237 , China;
2. China Special Equipment Inspection & Research Institute ,Beijing 100013 , China)

Abstract : Applying FitnessFor-Service (FFS) assessment to pressure vessels and pipelines and extending their service life can
bring huge economic and social benefits. The premise of applying the FFS assessment is to accurately obtain the mechanical
properties of materials. A new method of testing mechanical properties on site named macro pillar compression testing ( MPCT) ,
where the specimen is prepared on site and mechanical properties are tested . The test is more efficient than the small bar test ;
Compared with instrumental indentation , it does not rely on constitutive equations and is not affected by residual stresses . The
testing principles and methods of processing and testing of the specimens for the macro —pillar compression testing were studied ,
and a semi-analytical method to determine the true stress — strain curve of the pillar was proposed. Finally, three steels
23CrMoNiWV88,A508 Gr.3 and SA182 F316L were used to verify the correctness of the semi -analytical method. The minimum
and maximum errors between yield strength and tensile strength obtained in the macro —pillar compression testing and the uniaxial
tensile test are 5.0% ,and 8. 1% ,respectively.

Key words: macro pillar compression testing ;site testing; fitnessfor—service assessment ;strengths of materials
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Tab.2  Chemical composition of 3 steels for verification Y%
FIRH S C Mn Si Ni Cr Mo v Nb Cu
23CrMoNiWV88(DIN)  0.23 0.70 0.06 0.74 2.09 0.82 0.29 — —

A508 Gr.3(ASTM) 0.25 1.20~1.50 0.40 0.40~1.00 0.25 0.45~0.60 0.05 0.01 0.20
SA182 F316L(ASTM) 0.030 2.00 .00 10.0~15.0 16.0~18.0 2.00~3.00 — — —
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Fig. 16  True stress — strain curves obtained by tensile

testing and MPCT
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Tab.3  Yield strengths obtained by tensile testing and MPCT

SR i T s 4 1 -
BHkHR S ; S . e W% (%)
JE R/ MPa P 3Y{E/MPa JERERE/ MPa SFH{E/MPa
23CrMoNiWV88 742,730,729 733.7 709,699,687 698.3 5.0
A508 543,540,539 540.7 510,512,507 509.7 6.0
F316L 304,302,298 301.3 281,279 .276 278.7 8.1
x4 BERHANMBEERNGHIREE
Tab.4 Tensile strengths obtained by tensile testing and MPCT
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PRt . : Pr— ’ (% )
P58/ MPa F-H){H/MPa P58/ MPa F-H){H/ MPa
23CrMoNiWV88 897,901,892 896.7 848,850,844 847.4 5.8
A508 682,674,679 678.3 637,630,641 636.3 6.6
F3161L 623,631,617 623.6 584,576,572 577.3 8.0
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