H59% 1M wo% xR @ K OF OF R Vol.59 No. 1
202541 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Jan. 2025

B EERAREESASEETEETERNEA

ArSet, WHEAE, RN, RS, R
(. P92 38R TR GHARFBE . 710049, P9%; 2. PEEEFRERMBIIB, 100029, JL5;
3. [ G B A B R B R BT O R S Al T A KU B 15, 100029, JE R0

WE., ST RABFERBMERARERAIR TR T TER . BB A m B EREF8a 4
KA RET —FHEATEA-BEFHRAGARER S TERFMES F, BEFAFTHER
A e ks R A TR AT R B AR R AL T AER T ARERMEAFRAL S
DA A TFABRUR T BFEPAYARAETHESSAAER, B AETHL 5 AT kst L b
Yot M kAT AR IR B SR M B 6 5 A AR 5 ASME BPVC. Wl 2—2023 47 /& # 9& %
FORRG ER N -FomEAREATEN, A TR A-RETFHRL. 2L T ARERSTER
AR A E AR K BRBE SR ATLEGE T ERRITESA >N, ZREN . —AFE
MBEBEEREENEIER 6 AL TN, AR &IEESDA 1.55~12.39m; ARLERRK R A TH
WA BEAL , A 301.5 MPa; $ BT T ARG E T H LA 46 a, RIX 3a 5 AIFEE G IR 77 KA 2L
WEFE A 0,040 6, 04X 30 a J& 89 K AAE R A 0.3359,

KW, B ARG RN RET IR R TER

RESES. TK513.5 XEIREM: A

DOI. 10.7652/xjtuxb202501020 X E#HS . 0253-987X(2025)01-0215-10

Methodology and Application of Fatigue Reliability Assessment
Fillet Welds at the Bottom of Molten Salt Tanks

YU Bing', HU Haijun', XIE Guoshan®®, LI Yongquan®®, LI Xiufeng®"*
(1. School of Chemical Engineering and Technology » Xi’an Jiaotong University, Xi’an 710049, China; 2. China Special Equipment
Inspection and Research Institute, Beijing 100029, China; 3. Technology Innovation Center of Risk Prevention and

Control of Refining and Chemical Equipment, State Administration for Market Regulation, Beijing 100029, China)

Abstract: To accurately assess the fatigue reliability of fillet welds at the bottom of molten salt tanks
during service, a fatigue reliability assessment method based on the stress-strength interference
theory is introduced. This method involves randomizing stress-influencing factors and fatigue model
parameters. The range of typical molten salt liquid level variations and their occurrence frequencies are
obtained through the rainflow counting method. A numerical model of fillet welds, accurately
representing their dimensions, is created to analyze stress distribution. By utilizing a normal
distribution model for stress-influencing factors such as fillet weld size and load, the Latin
hypercube sampling technique enables the statistical sampling necessary to establish the

distribution model of equivalent structural stress at the fillet weld toe. The primary stress-life
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curve parameters within the fatigue life model as per the ASME BPVC. Wl. 2—2023 standard is

randomized. Based on the stress-strength interference theory, a fatigue reliability assessment

model for fillet welds is established. An illustrative analysis of the fatigue reliability of fillet

welds at the bottom of a low-temperature molten salt tank of a solar thermal device reveals six

typical operational scenarios for liquid level fluctuations within a quarter, with peak variations

spanning from 1.55 m to 12. 39 m. The highest stress on the fillet weld is identified at the inner

weld toe, measuring 301.5 MPa. The average fatigue lifespan of fillet welds subjected to various

loads is calculated at 46 a. Following 3 a of service, the probability of fatigue failure of the fillet

weld stands at 0. 040 6, escalating to 0. 335 9 after 30 a of operational service.

Keywords: molten salt tank; fillet weld; stress-strength interference model; fatigue reliability
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Fig. 1 Stress state at weld position
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Fig. 2 Stress-strength interference model'**
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