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Critical Size on Spontaneous Breakage of Tempered Glass Initiated by NiS Particle
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(1. State Key Laboratory of Green Building Materials, China Building Materials Academy, Beijing 100024, China; 2. China
Building Material Test & Certification Group Co., Ltd, Beijing 100024, China)

Abstract: Extrusion stress due to phase change of the NiS, internal stress due to CTE mismatch between the NiS and
glass, and local concentrated stress around the NiS due to synergistic effects above were quantitatively calculated
based on equal strength theory and the deformation coordination relation between NiS and glass in this work. The ef-
fects of NiS particle diameter, local strength of glass and ambient temperature on spontaneous breakage of tempered
glass were analyzed. The critical diameter of NiS particles was determined as well. The results show that the funda-
mental reason for spontaneous breakage of tempered glass is the circumferential concentrated stress (tensile stress)
near the NiS particle. There exists non-linear relations between circumferential stress and NiS particle diameter of
which the circumferential stress decreases rapidly with the decrease of NiS particle diameter when it is less than
0.2 mm, but circumferential stress increases moderately when it is greater than 0.5 mm. The critical diameter of NiS
particle which causes the spontaneous breakage of tempered glass decreases with the increase of surface stress in the
tempered glass. It is difficult to induce spontaneous breakage of tempered glass when the diameter of NiS particle is
less than 0.1 mm. The circumferential stress increases linearly with the increase of ambient temperature, and the stress

increases slightly faster for the NiS with larger diameter.
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Fig. 1 Photographs of NiS particles in tempered glass
(a) Enlarged photo of NiS particle in glass; (b) Glass crack around the NiS particle; (c) Photoelastic spot due to the concentration stress
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Fig. 4 Schematic diagram of circumferential stress gradient
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Fig. 5 Schematic diagram of tempered stress along the thick-
ness direction of the tempered glass

MESE, o, AL IR N /T .

XA 2 HES P IS 4D S 5 e N A 3 1 P ARG 5 B
Sz WAL R I3 Fn, B/

oo =0 +op =0, —(1.4x7° —0.4)x o, (17)
K, oy NEEIERRERMREE, o NI AL .

B 3 () AE 58 B AT DL I 25 il R 3k 1S, BT
WIS R M AFEVE 2 e, @, K& Ra
YA S {58 7E 60~80 MPa 2 (8], BT HRibiR s
T 33 N, Ho 5 3R AE B i b AR AE R
PSR IR, Lk, 1%L (B3 P9 30) 1)
AAIE 58 FE AN B FH B 3 2 1 45 it PR AR, (R SR gk
W R MRS &t JE b VE bR e, D05 12 ot o B A
P I N IO S RSO AR R, n] B
48 160 MPa 72 4714151,
1.5 WUEBERBIEREY

R P 3B R P I S 3 B 1% Ak
B R E, B o, > o B, T4 4k 3% 3 K &
AEE.

2 SRS

2.1 HESHRNIEE
THHRSHMWIUE LR 1 FiR,

2.2 FRACER RT3 | K ) B 220
¥R 1 RS, THEAE B B A

®1 HESHEEY

Table 1  Values of calculating parameters'!

Calculating parameter Value
E, /GPa 70
E, /GPa 70
H 0.24
Hy 0.27
a 8.8x10°°
a, 16.3x10°°
1% 3
o,/MPa 160
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Table 2 Average circumferential stress with
various diameters of the NiS particles

Diameter/mm  Stress/MPa  Diameter/mm  Stress/MPa
0.02 30.3 0.20 136.7
0.05 64.8 0.30 154.1
0.06 73.7 0.40 164.9
0.07 81.7 0.50 171.7
0.08 88.9 0.60 176.5
0.10 100.8 0.70 180.4
0.12 110.8 0.80 183.3
0.14 118.9 0.90 185.5
0.16 125.9 1.0 187.1
0.18 131.7 2.0 196.2
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Fig. 6 Relationship between the circumferential stress and
diameter of the NiS particle
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Fig.7 Schematic diagram of local strength along the thickness

direction of the tempered glass with thickness of 6 mm and

surface stress of 90 MPa
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Table 3 Local strength at the neutral layer with different
surface stress of the tempered glass/MPa

Surface stress 40 50 60 70 80 90

Local strength 144 140 136 132 128 124
Surface stress 100 110 120 130 140 150
Local strength 120 116 112 108 104 100
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