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Numerical simulation and experimental verification of
shearing brittle materials
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Abstract: The shearing of spent fuel assembly is a key step in the spent fuel reprocessing process. Due to
the high radioactivity of spent fuel assembly, simulating assembly often combines brittle materials with
stainless steel in shearing test research. In this study, Drucker-Prager model and Shear Damage model were
combined to establish the shear constitutive model. As the typical representative of brittle materials, the
mortar was chosen to be tested and the model was verified at the speed of 5, 20, 30, 40, and 50 mm/s. The
experimental results matched with simulation well. Moreover, the shearing process of brittle materials
were analyzed, including the elastic deflection, the plastic deflection and the breaking of the mortar. The
results show that the shear force fluctuates in a certain range with shear speed increases from 5 mm/s to
50 mm/s, and the shear force first increases and then decreases with the increase of the tool clearance.
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Fig. 1 Shear model of mortar block
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Table 1 Element type of finite element model
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Table 2 Constitutive relation of the mortar block
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Table 3 Parameters of the mortar block
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A 2 360 30 000 0.2 53.7 30 0.78
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Table 4 Relationship between yield stress and equivalent plastic strain of the mortar block
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Fig. 4 Simulation results of shearing process
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Fig. 5 Contrast diagram of shear fracture
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Fig. 6 Shear force-displacement curve
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Fig. 7 Shear test curves under different speeds

TERD IR AR SR 22 J5  AT5 2 A7 8 43 BT ) U (20 mm/s.40 mm/s.50 mm/s) A] P& 2] 55 4] J7 , X & i T
BB 0 IR AR P BT W IS, BR 7R 5 U050 2k B v B s 0 E T OS85 00 U 1) R A B S 85 U0 8 E AR
LA 25 7= AR BT YLy B A A AE AR B 5 SR IRT 6.7 i B R BT U 1 AT AT . o T R A L BT VDA v
Ko ) 5 9] 3 BE AR A KGR — @ JE B N AT sl . 181 8 s s R By U1 ) ik e Budls B — e ik, 1 5
R 1 06 A BEHLEL R B R B A R R R 2 DRI JS S0 7T LA R ] RE R A g 2 4R



8 TR K FFHK % 45 &

1200
A B el
1100 ® K2
A ERARS3
v
1000 e
E 900 -
= [ ]
;é 800 - [ ] :
° - v L
700 |- v ) A
°®
600 1 1 1 1 ]
0 10 20 30 40 50

Eywﬁﬁ-fv/(mm-s’l)

B8 mRAEUNMEETLESR

Fig. 8 Changes of maximum shear force with speed
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Fig. 9 Changes of maximum force with tool clearance
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Fig. 10 Shear test curves with different shear clearances
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