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Abstract

Peridynamics has been widely used in the dynamic fracture analysis of brittle materials. Recently, various crack patterns(compact
region, floret, Hertz-type crack, etc.) of multilayered glass structures in experiments(Bless et al. 2010) were implemented with a
bond-based peridynamic simulation(Bobaru et al.. 2012). The actual glass layers are bound with thin elastic interlayer material while
the interlayer is missing from the peridynamic model used in the previous numerical study. In this study, the peridynamic interlayer
modeling for the multilayered structures is proposed. It requires enormous computational time and memory to explicitly model very
thin interlayer materials. Instead of explicit modeling, fictitious peridynamic particles are introduced for modeling interlayer materials.
The computational efficiency and accuracy of the proposed peridynamic interlayer model are verified through numerical tests.
Furthermore, preventing penetration scheme based on short-range interaction force is employed for the multilayered structure under
compression and verified through parametric tests.
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Fig. 1 Resolution matching for laminated structure
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Fig. 2 Concept of interlayer model
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Fig. 4 2D model for efficiency check

Table 1 Material properties of soda-lime glass and
polyvinyl butyral(PVB)

soda-lime glass PVB
Density (kg/m”) 2,440 1,100
Young's modulus(GPa) 72 0.1
Energy release rate(J/m?) 135
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Table 2 Time of each iteration(seconds)

# of layers Case 1 Case 3 Case 2
2 154.68 195.49 19,852.66
5 519.62 664.50

Table 3 Using memory size(Giga byte)

# of layers Case 1 Case 3 Case 2
2 2.98 4.06 44.72
5 7.44 10.15 -

HI3| A case 2 EdS ¢F 36.2~36.4%9] WreE 717t
yeltou, A3 g 2709 daix 3 AlE7E HAA R
HHH case 3 2d case 1 Edof v °F 1,400.6%,
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(a) model dimension and boundary condition

v (m/s)

3.5e-6

7.0e-6
(b) displacement loading

Fig. 5 Numerical example problem(2D)



—a—t1on #1 middle #1 under

(a) #1 soda-lime glass

——#2on —#—# middle #2 under

20E-06
1.5E-06
1.0E-06
S0E0
0.0E+00
s

-LOE-06

(b) #2 soda-lime glass

—a—thickness

(c¢) thickness of interlayer

Fig. 6 Y-displacement of tension test
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Fig. 7 X-displacement of shear test
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Fig. 10 Test model for find reasonable condition
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