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Tab.1 Main micro-parameters of FJM
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Tab.2 FJM micro-parameters

o./g*cm® A "y Ruin/mm R/ Ruin
1770 1 0.5 0.4 1. 66
E./GPa ok, 0/MPa  ¢,/MPa ¢,
8 1.4 24 24 15°

k3 FE NT,EEHERSHK
Tab.3 Macro-parameters of model under

different N

F5 N 6./MPa 65/MPa E/GPa M
1 1 65. 590 16. 762 9. 900 0.098
2 2 65. 390 16. 762 9.903 0.098
3 3 65.596 16. 762 9.904 0.098
4 4 65. 648 16. 762 9.903 0.098
5 5 65. 281 16.762 9.904 0.098
6 6 65.512 16. 762 9.904 0.098
7 7 65. 388 16. 762 9.904 0.098
8 8 65.617 16. 762 9.904 0.098
9 9 65. 466 16. 762 9. 905 0.098
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Fig. 2 Uniaxial numerical model
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Tab.4 Orthogonal design tables
i%ﬁ%ﬁ?ﬁfﬁ 50%5/‘ij]@9 €59 j‘j 6505@@5@% H 7k
OIS 5 €00 0 o I B B 1125, B 1 ; 3 i
3.2 EZRIiEt E./GPa 5.0 5 10.0 12.5
e . kn/ ks 0.6 1.0 1.4 1.8
E bR M TS HEZAKTOR e T
Wik, BATEY ST A R I RO L fEf _/MPa s o0 a5 4o
k5 EXEEFHARENSHITHEER
Tab.5 Orthogonal matrix sequences and calculation results of macro-parameters
ESPWIES 4Ll 55
e
E./GPa kn/ ks 6,/ MPa ¢,/ MPa E/GPa M 6;/MPa 6,/ MPa
1 5.0 0.6 7.5 22.5 7.65 0.111 44,76 5.95
2 5.0 1.0 15.0 45.0 6.77 0.017 100. 79 11.47
3 5.0 1.4 22.5 30. 0 6. 26 0. 089 77.35 16. 80
4 5.0 1.8 30. 0 37.5 5.93 0.138 100. 42 22.04
5 7.5 0.6 15.0 37.5 11.43 0.115 72.71 11. 88
6 7.5 1.0 7.5 30.0 10. 17 0.015 65. 69 5.75
7 7.5 1.4 30. 0 45.0 9.38 0. 089 109. 08 22.40
8 7.5 1.8 22.5 22.5 8. 87 0.139 65.03 16. 51
9 10.0 0.6 22.5 45.0 15.23 0.115 86. 93 17. 81
10 10.0 1.0 30.0 22.5 13.48 0.015 66. 33 22.94
11 10.0 1.4 7.5 37.5 12.50 0. 092 85.63 5.62
12 10.0 1.8 15.0 30.0 11. 82 0.139 78. 83 11.01
13 12.5 0.6 30. 0 30. 0 19.02 0.115 71.16 23.75
14 12.5 1.0 22.5 37.5 16. 85 0.015 86. 15 17.21
15 12.5 1.4 15.0 22.5 15. 60 0. 090 58. 66 11.22
16 12.5 1.8 7.5 45.0 14. 81 0.162 99. 17 5.50
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Tab. 6 Fitting formulas for macro-micropara-

meter relationships
Ak %5

EL:E/[l 094 -+ 0. 459(e(*(k,,/'ks)/OA696)+e(*(kn,/'kx)/’0.851))] (1)
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Tab.7 Main macro-parameters of IG11 graphite
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Fig. 8 Three-point bending test
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Tab. 8 Calibration results of micro-parameters

p/g*cm? A i Rumin/mm Runax/ Ruin
1770 1 0.5 0.4 1. 66
¢, N EJGPa  kJk  o/MPa  ¢/MPa
46. 2 6 8. 64 1.83 34. 07 28.97
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Macro-microparameters of nuclear graphite PFC*” model

LU Zhong-xiao'*, CHEN Hong-niao""?, SHEN Jie'?, XU Ying-jie"?, LIU Deng-kai'"*
(1. Research Center of Space Structures,Guizhou University, Guiyang 550025, China;

2. Key Laboratory of Structural Engineering of Guizhou Province, Guiyang 550025, China)

Abstract: Particle Flow Code (PFC) can well deal with the problem of mechanics of non-continuous
media,and has unique advantages in simulating the damage and fracture process of nuclear graphite. In
order to increase the convenience of using PFC* to simulate nuclear graphite, the rapid calibration of
PFC*P micro-parameters can be achieved. Firstly, the orthogonal experiment with four factors and four
levels is designed to analyze the relationship between the macro-parameters of nuclear graphite and the
micro-parameters of PFC*P. Then,based on the established relationship between macro-microparameters
of nuclear graphite, the three-point bending test of graphite IG11 is simulated by PFC?P, and the
correctness of the relationship between macro-microparameters is verified from three aspects:
displacement field deformation, load-displacement curve and fracture parameters. The results show that
Young’s modulus (E) increases linearly with the increase of the effective modulus (E.), the tensile
strength (o,) increases linearly with the increase of the bond tensile strength (s,) of the flat joint,and
Poisson’s ratio (v) firstly increases and then decreases with the increase of the stiffness ratio (k,/k,).
The numerical simulation results of displacement field variation and load-crack opening of displacement
(P-CMOD) curve agree well with the test results. In addition,the maximum error of fracture parameters

is not more than 3.57%.

Key words:nuclear graphite; PFC*P;orthogonal experimental design; macro-microparameter relationships
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