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ABSTRACT

From the safety point of view, a reactor pressure vessel may be exposed to the most severe loading during
its operational life, when cold water is injected in emergency cooling into the vessel. The very high thermal
stresses combined with the stresses due to internal pressure may cause initiation of an existing crack and
its propagation into the pressure vessel wall which in the worst case leads to catastrophic failure.

In the Prometey Institute pressure vessel tests are carried out in the scope of a joint research programme
between three partners: the Prometey Institute from Russia, the Imatran Voima Oy (IVO) from Finland and
the Technical Research Centre of Finland (VTT). The main objective of the research programme is to
increase the reliability of the reactor pressure vessel safety analysis. This is achieved by providing the
material property data for the pressure vessel steel and by producing experimental knowledge of the flaw
behaviour in pressurized thermal shock loading for the validation of different fracture assessment methods.

The programme is divided into three parts: pressure vessel tests, material characterization and computational
fracture analyses. The testing programme comprises tests on two model pressure vessels with axial outer
surface flaws. The Prometey Institute conducts the pressure vessel tests, IVO is responsible for the
instrumentation and VTT performs the material characterization and the computational analyses. In this
paper the experimental details and the preliminary results of the tests with the first vessel are discussed.
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INTRODUCTION

Seven pressurized thermoshock tests were made with the first model pressure vessel (Fig. 1) using five
different flaw geometries, Table 1. The initial flaws have all been shallow, outer-surface, axially oriented
flaws at the midlength of the vessel, partially in the base metal and in a circumferential weld, In the first
three tests the flaw was actually a blunt notch. In the following tests a sharp pre-crack was used.

The pressure vessel material is VVER 440 reactor type Russian pressure vessel steel 15X2MFA. The
circumferential weld has been made by submerged arc welding using wire Sv-10XMFT and flux AH-42.
The model vessel has been subjected to thermal heat treatment to simulate the radiation embrittlement of
the steel: annealing 1000 °C, holding 4 hours, cooling in oil, tempering 620 °C 10 hours, cooling in air. The
estimated material property values for the preliminary analyses were obtained from the Prometey Institute,
Table 2.
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Fig. 1. The first modet vessel
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Fig. 2. The PTS 1est configuration

PRELIMINARY CALCULATIONS
Preliminary namerical post-iest caloulations weoe made for smdying especially the case of est 6, in which
the crack initiated to grow and amesied. [n the finite-ghement calculation the ADIMA-T and ADINA codes
were wed. The YTTVIRT code (Talja 1937) was ased w caloulate J-imegral values,
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Fig. 4. The three dimensional finite element model.
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Fig. 5. Comparison of calculated and measured crack mouth opening displacement in the middle of the
crack.
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Fig. 7. Comparieon of calcubued and measurtd hoop strain far from the: crack,
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SUMMARY AND CONCLUSIONS
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