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BEWIEE Q345R JEJE N 12 mm, 1V TA2
DA 2 Z2e702 JEFE T 2 mme. 3 FiADRHE AL 2 i 40
UREDE, %) 54 (1) Zr702: Hf4.5, Fet+Cr
0.2, H0.005, N 0.025, C0.05, 00.16, Zr 4x&; (2)
TA2: Fe 0.3, C0.1, N0.05, H0.015, 00.25, HAh
JL%E 0.5, Ti &&; (3) Q345R: C 0.15, Si 0.39,
Mn 1.43, P0.018, S0.005, Fe £&H.

PAEHE 2 PR AR S Ty PRI IR ¢ R AL # T
B 26 v 3 AN 5% i IR 25 o Aah BRI B T 6 HX 500540
580, 620 C, fR¥AKIIA] 724 1. 2. 4. 6 h, FHFFR®E
oy fE 300 CLLL4r 514 30, 60, 90, 120 C/h, Ui
TR, WFPCRAIEACIREE, FIH Lis (47 IEX
FihlE 16 AR5 .

XfHAEBJE ) 16 AR J— P AR 20 sk 2
IR I CHIRE, XA U AT GB/T6396-2008 (&

R1 RUBIZERZEKEER

Table 1 Factors and levels of heat treatment

Level 1 2 3 4

Holding temperature, 7/°C 500 540 580 620
Holding time, #/h 1 2 4 6

Rate of temperature, v/°C-h™ 30 60 90 120
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Table 2 Dimension of finite element model of shear specimen (mm)

Specimen length Length of interface Length of crack TA2 thickness Q345R thickness Zr702 thickness Thickness of interface

65 3 3

12 2 0.1
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Fig.1 Finite element model of shear test
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Fig.2 Local mesh refinement of shear cutter

PORAARTY, R P R S H AT e . BT
[ 24 cohesive element AL, A=5] J)-47 B ik ) 1% $ 5
KA SN e o H AT, B k-0 52 A B T 2 1
MRS HON B AR B Y, 3T A ST - k-4
B RRIEAT 1 D7 2 PR BRI, AR R 28 B Ak AT (¥R 56
g RIBG WAk . D) S D)y il 323.50,
183.21 MPa. H185-Ek-4M 5 & b BT D1k 56 I 743 1) B D
BB P A% 2k, 45 & Ebkak i e &, ki il
S HGETHTJZ 1 S BE R ORI s A BR oG SR iR
(7, HfE SR I BY DR &, IR ST 2 A
[Pk, #fe L . AR E MR S50
T3 3,

3 GRS

AWFFIETF AT 17 AUBTUIPERE 5, JF AR I 341
kg g AR, 0 A7 BR T AR Y I = AR 2 ik
7€ o LUR A ARAERER BT, B DR 28 P b PR
(R 4 2R SO BR ST A 2 0 51 HEAT A5
3.1 EAWmAEMMGIE

B 3 o 1 BT UIRURE (0 BT B AE AN R 7 2 A
BN I RN E AR AR R A O S A
FEWN R TT B R b, RO RBP4 1
oL, BEE R PITHBIY, JEd 0 BnEl 1, 4
IAE 1R R TS O DA R, AR R
BRE S o TN ) 2 Il e A0 A o A T 5 e b S e T
AU A S 4 L R . AT TR B R

®3 ARMRESH

Table 3 Parameters of cohesive zone model

(E/Km)! (Gi/Ku)!  (Go/Ky)/ on/ on/ ona/ Gc¢/
MPa MPa MPa MPa MPa MPa N-mm’

4420 1700 1700  325.50 183.21 183.21 3.69
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Fig.3 Damage process of shear test specimen: (a) U;=0.0160 mm, (b) U;=0.0186 mm, (c¢) U;=0.0262 mm, and (d) U;=0.0360 mm
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Fig.4 Comparison between finite element simulation result

and test result
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Fig.5 Relationship between the damage variable and

displacement of a node in the interface layer
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Fig.7 Effect of cohesion strength on shear displacement
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Simulation of Shear Force Test for Zirconium-Titanium-Steel
Clad Plate by Cohesive Element Method

Zhou Binbin', Qiu Weiguang', Zhang Bojun'?, Ye Cheng’, He Xiaohua', Zhou Changyu'
(1. Nanjing Tech University, Nanjing 211816, China)

(2. Nanjing Boiler and Pressure Vessel Inspection Institute, Nanjing 210028, China)

Abstract: Based on bilinear force displacement law, finite element simulation of shear force test on zirconium-titanium-steel clad plate was
carried out using cohesive zone unit of ABAQUS. Then, the effect of cohesive strength and fracture energy on the damage of interface layer
was studied. The correctness of the prediction formula of shear strength was also verified. The results show that cohesive element can simulate
the fracture process of clad plate interface layer and agree very well with the results of shear force tests. Shearing displacement and cohesive
strength is positively correlated. With the increase of fracture energy, shearing displacement, characteristic displacement and maximum shear
force increase. The fitting formula of shear strength can predict shear strength under different heat treatments.

Key words: cohesive zone model; finite element simulation; zirconium-titanium-steel clad plate; shear test
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