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Abstract: Soda lime/aluminosilicate glass is widely used in commercial and national defense industries
due to its excellent physical properties such as high strength and high hardness. Fatigue fracture is
one of the main failure modes of glass. Investigating the fatigue behavior is of great importance to its
processing, life prediction and failure prevention. In this paper, the fundamental and experimental
methods of static fatigue and dynamic fatigue of soda lime/aluminosilicate glass were reviewed. The
conclusions obtained by comparing the fatigue behavior of soda lime silicate and aluminosilicate glass
demonstrate that the threshold load for radial crack initiation of raw soda lime silicate glass is much
lower than raw aluminosilicate glass, the threshold load for radial crack initiation of chemically
strengthened soda lime/aluminosilicate glass is increased with the surface compressive stress; the
crack growth rate of raw soda lime/aluminosilicate glass increase with fictive temperature and this
phenomena is more evident in aluminosilicate glass; the raw soda lime/aluminosilicate glass shows a
loading rate-dependent strength while the chemically strengthened aluminosilicate glass does not.
Consequently, the effect of different stress state and environment atmosphere on the behavior of static
fatigue and dynamic fatigue of static fatigue and dynamic fatigue is an important issue to be studied.
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Fig. 4 Effect of surface compressive stress and central tensile stress on crack growth rate of chemically strengthened aluminosilicate glasst®]

(a)soak in the air; (b)soak for 24 h in water; (¢)soak for 48 h in water; (d)soak for 72 h in water
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Life prediction chart of chemically strengthened aluminosilicate glass (guaranteed experimental method)[®!
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Table 2 Central tension,average crack speed, branching distance and branching angles of fig.

8“‘12'\

Ton-exchange Central Average crack Bifurcation Trifurcation  Bifurcation Trifurcation Bifurcation  Trifurcation
time/min tension/ MPa speed/(m s~ ')  count” count * distance/mm distance/mm angle/(*) angle/(®)
280 69 1825499 9 4 18410 1745 63+5 97+8

300 72 17814+72 16 18 14+£6 17+4 71£5 100410
320 74 1730460 20 30 9+5 10£7 6615 104416

Note: * due to the limited resolution and video processing error, some ambiguous branching points are excluded. Also, any branching points

within 5 mm of the sample edge are excluded.

139 B9 820 5] i i 300 9F 7 2 L el A2 s AL 40 R TR
T BHE ) W 20 ) AN FLA A R AR L = B 3
AR SR S0 JR 418 R 3 o 7 2 5 MR A B ) LY R
T8 RO o7 i o 12 1R 1) ke =2 B0 fifp A R S 6 00 S A
T3 AN JUAE A8 RE R 5 36 35 U4, & BT 38 2o 9 45 0 )
G A A A7 ) 3 5 R R e e o R A 0 T
Ji vy LA P AT R R P B A B S /0 ik R R B B
9 2 73 A5 8 G Bl 25 82 55 47 9 09 52 A 15 BE— AP Bt
FTo I o AR 4R FQ R IR B AR 5T G 1 44 K A4 3 25
P2 55 AT I o PR T G Sk HE A O ™ A A T
(50 e o 2 T A B30 IR T T AR (B I D0k 7 2R 3
— HLEA o T O TR AR SR Y R e Ah B
P8 10 R P 850 A 8 42 55 3 T A TR BEE R X A
7 i 1 3 T 4 T ) T kB A 9 R T DRI (A 2 i
P38 19 s 2 7 J2 R — BBACA JL Ok TR e 22
TEORS 4 A AT 4 ik B o A B R o B T AR R AOK TR R
PO PR K i, m] LA A o o 1 B 58 3% T AT 40 K
R AT 475 ake A ) 1 25 o DT AT HE Bl 250 55 4T Oy AR T
Tl B A AR T I T 45 Gl B 1 12 e 3 2 97 AR
AT,

& ik

[1] B, D378 o =5 e At 38 W kA RE 0 Pt 5 7 0k R [ M. b st [ 5
Tolb AL L 2011,

YAN Y,LI L. New progress on the application study of transpar-
ent materials for aviation cockpit[ M ]. Beijing: National Defense
Industry Press,2011.

ST BTN e AR ) A
BRI Y RRAL 1996,

JIN Z Z,BAO Y W. Characterization of mechanical properties for

[2] PERE BT ST A (M. dent. |

brittle materials and ceramics[ M ]. Beijing: China Railway Pub-
lishing House, 1996.
[3] JIANG L B,WANG Y, MOHAGHEGHIAN 1, et al. Subcritical
crack growth and lifetime prediction of chemically strengthened
aluminosilicate glass[]]. Materials & Design.2017,122.128-135.
A Y R S AT A R o U R S iR )
[DJ. .Mk, 2019.

YANG ] Y. Design and realization of the control system software

[4]

of metal material mechanical properties test[ D]. Jilin: Jilin Uni-

[5]

L6l

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

versity, 2019,

WIEDERHORN S M. Influence of water vapor on crack propaga-
tion in soda-lime glass[J]. Journal of the American Ceramic Soci-
ety, 1967, 50(8):407-414.

MORRIS D J. COOK R F. In situ cube-corner indentation of so-
da-lime glass and fused silica [ J]. Journal of the American Ceram-
ic Society, 2004, 87(8): 1494-1501.

CHARLES R. Dynamic fatigue of glass[J]. Journal of Applied
Physics, 1958, 29(12) :1657-1662.

LRFFERE AR IR B I S R ].
MR TR, 2014(10) 1 106-112.

JIANG L B, LI L., ZHANG G L, et al. Progress in research on
chemical strengthened aluminosilicate glass[J]. Journal of Materi-
als Engineering,2014(10) :106-112.

ERDEM I, GULDIREN D, AYDIN S, Chemical tempering of so-
da lime silicate glasses by ion exchange process for the improve-
ment of surface and bulk mechanical strength[ J]. Journal of Non
Crystalline Solids,2017, 473.170-178.

WANG Q.BROW R K., LI H. Effect of aging on the failure char-

acteristics of E-glass fibers[J]. Journal of Materials Science,

2016, 51(5):2404-2410.

SEAMAN J H, BLANCHET T A, TOMOZAWA M. Origin of

the static fatigue limit in oxide glasses[J]. Journal of the Ameri-

can Ceramic Society, 2016, 99(11):3600-3609.

CASTORI G, SPERANZINIL Fracture strength prediction of
float glass: the coaxial double ring test method[]]. Construction
and Building Materials,2019,225:1064-1076.

MIRSAYARY M M, JONEIDI V A,PETRESCU R V V. Ex-
tended MTSN criterion for fracture analysis of soda lime glass
[1]. Engineering Fracture Mechanics,2017,178:50-59.

WANG X D,QU R T,WU S J,et al. Fatigue damage and frac-
ture behavior of metallic glass under cyclic compression[]J]. Ma-
terials Science and Engineering: A,2018,717(21) :41-47.
MAUGIS D. Subcritical crack growth, surface energy, fracture
toughness, stick-slip and embrittlement[J]. Journal of Materials
Science, 1985, 20(9):3041-3073.

LAWN B R, MARSHALL D B, ANSTIS G R, et al. Fatigue
analysis of brittle materials using indentation flaws[J]. Journal
of Materials Science, 1981, 16(10) :2846-2854.
WIEDERHORN S M, BOLZ L H. Stress corrosion and static
fatigue of glass[J]. Journal of the American Ceramic Society,
1970, 53(10) :543-548.

EVANS A G. A method for evaluating the time-dependent fail-



64

R TR

2021 4 2 H

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

ure characteristics of brittle materials and its application to poly-
crystalline alumina[ J]. Journal of Materials Science, 1972, 7
(10):1137-1146.
CICCOTTI M. The double torsion loading configuration for
fracture propagation: an improved methodology for the load-re-
laxation at constant displacement[ J]. International Journal of
Rock Mechanics & Mining Sciences, 2000, 37(7):1103-1113.
JANSSEN C. Fracture characteristics of double cantilever drilled
compression Specimen [ R]. Corning, America: Corning Glass
Works, 1980.

CRICHTON SN, TOMOZAWA M, HAYDEN J S, et al. Sub-
critical crack growth in a phosphate laser glass[J]. Journal of
the American Ceramic Society, 1999, 82(11):3097-3104.
GILMAN, JOHN J. Direct measurements of the surface ener-
gies of crystals[]]. Journal of Applied Physics, 1960, 31(12):
2208-2218.

JANSSEN C H. Specimen for fracture mechanics studies on
glass[C]// Applied Physics Reviews. Proceedings of the 10th In-
ternational Congress on Glass. Paris: AIP Publishing LLC,
1977.:803-803.

ANDREWS E H,FROST N E,NICHOLS R W,et al. Fracture:
proceedings of the second international conference on fracture
[M]. New York:Springer, 1969.

RITTER J E. Dynamic fatigue of soda-lime-silica glass[ ] ].
Journal of Applied Physics, 1969, 40(1):340-344.
MARSHALL D B, LAWN B R. Flaw characteristics in dynamic
fatigue: the influence of residual contact stresses [J]. Journal of
the American Ceramic Society, 1980, 63(9/10) :532-536.
LAWN B R, MARSHALL D B, ANSTIS G R, et al. Fatigue
analysis of brittle materials using indentation flaws[J]. Journal
of Materials Science, 1981, 16(10) :2846-2854,

SYMONDS B L, COOK R F, LAWN B R. Dynamic fatigue of
brittle materials containing indentation line flaws[J]. Journal of
Materials Science, 1983, 18(5):1306-1314.

LAWN B R, EVANS A G, MARSHALL D B. Elastic/plastic
indentation damage in ceramics: the median/radial crack system
[J]. Journal of the American Ceramic Society, 2006, 63(9/10) ;
574-581.

GRIFFITH A A. The phenomena of rupture and flow in solids
[J]. Philosophical Transactions of the Royal Society, 1921,
221:163-198.

MORRIS D, MYERS S, COOK R. Indentation crack initiation
in ion-exchanged aluminosilicate glass [ J]. Journal of Materials
Science, 2004, 39(7): 2399-2410.

MORRIS D J, VODNICK A M, COOK R F. Radial fracture
during indentation by acute probes: [l , experimental observa-
tions of cube-corner and Vickers indentation [ J]. International
Journal of Fracture, 2005, 136(1): 265-284.

JANG J I, PHARR G M. Influence of indenter angle on crack-
ing in Si and Ge during nanoindentation [ J]. Acta Materialia,
2008, 56(16): 4458-4469.

HARDING DS, OLIVER W C, PHARR G M. Cracking during

nanoindentation and its use in the measurement of fracture

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

toughness[J]. MRS Online Proceeding Library Archive, 1994,
356:663-668.

KOIKE A, AKIBA S, SAKAGAMI T, et al. Difference of
cracking behavior due to Vickers indentation between physically
and chemically tempered glasses [J]. Journal of Non-Crystalline
Solids, 2012, 358(24); 3438-3444.

FREIMAN S W, WIEDERHORN S M. Environmentally en-
hanced fracture of glass: a historical perspective[ J]. Journal of
the American Ceramic Society, 2009, 92(7).1371-1382.
MICHALSKE T A, FREIMAN S W. A molecular mechanism
for stress corrosion in vitreous silical J]. Journal of the American
Ceramic Society, 1983, 66(4):284-288.

CHARLES R J. Static fatigue of glass Il [J]. Journal of Applied
Physics, 1958, 29(11):1549-1553.

FREIMAN S W. Effect of alcohols on crack propagation in glass
[J]. Journal of the American Ceramic Society, 1974, 57(8):
350-353.

FREIMAN S W. Effect of straight-chain alkanes on crack propa-
gation in glass[J]. Journal of the American Ceramic Society,
1975, 58(7/8) :339.

GROSS T M, TOMOZAWA M, KOIKE A A. Glass with high
crack initiation load: role of fictive temperature-independent me-
chanical properties[J]. Journal of Non-Crystalline Solids, 2009,
355(9):563-568.

SURATWALA T 1, STEELE R A. Anomalous temperature de-
pendence of sub-critical crack growth in silica glass[J]. Journal
of Non-Crystalline Solids, 2003, 316(1) :174-182.

SIMMONS C J, FREIMAN S W. Effect of corrosion processes
on subcritical crack growth in glass[J]. Journal of the American
Ceramic Society, 1981, 64(11) :683-686.

WANG Z,.GUAN T,REN T. et al. Effect of normal scratch load
and HF etching on the mechanical behavior of annealed and
chemically strengthened aluminosilicate glass[]]. Ceramics Inter-
national,2020,46(4) :4813-4823.

MARSHALL D B, LAWN B R. Residual stresses in dynamic
fatigue of abraded glass[]J]. Journal of the American Ceramic
Society, 1981, 64(1):6-7.

SYMONDS B L., COOK R F., LAWN B R. Dynamic fatigue of
brittle materials containing indentation line flaws[J]. Journal of
Materials Science, 1983, 18(5):1306-1314.

MARIANA O CV, SERBENA F C, SOARES V O,et al. Resid-
ual stress effect on the fracture toughness of lithium disilicate
glass-ceramics[ J ]. Journal of the American Ceramic Society,
2019, 103:1-15

HIRAO K, TOMOZAWA M. Dynamic fatigue of treated high-
silica glass: explanation by crack tip blunting[J]. Journal of the
American Ceramic Society, 1987, 70(6):377-382.

VICARI C B, MAGALHAES B O, GRIGGS J A, et al. Fatigue
behavior of crystalline-reinforced glass-ceramics[ ]J]. Journal of
Prosthodontics, 2019, 28(1) :1-7.

TANG Z Z, BROW R K. Environmental fatigue of silicate glas-
ses in humid conditions [ J]. International Journal of Applied

Glass Science, 2014, 5(3):287-296.



BAES / BR Rk R £h B B %

5547 J it S 65

[56]

[57]

[58]

[59]

[60]

[61]

SORARU G, MASCHIO R D. Influence of surface treatments
on the dynamic fatigue of soda-lime glass with indentation flaws
[J]. Material Science and Engineering: A, 1987, 85:25-29.
KROHN M H, HELLMANN J R, SHELLEMAN D L. et al.
Biaxial flexure strength and dynamic fatigue of soda-lime-silica
float glass[J]. Journal of the American Ceramic Society, 2002,
85(7):1777-1782.

LIX Y, JIANG L B, MOHAGHEGHIAN I, et al. New in-
sights into nanoindentation crack initiation in ion-exchanged so-
dium aluminosilicate glass[J]. Journal of the American Ceramic
Society, 2018,101(7):2930-2940.

CUADRADO N, CASELLAS D, ANGLADA M, et al. Evalua-
tion of fracture toughness of small volumes by means of cube-
corner nanoindentation [ J]. Scripta Materialia, 2012, 66 (9):
670-673.

MA D, WANG J, SUN L. Methodology for measuring {racture
toughness of ceramic materials by instrumented indentation test
with vickers indenter[J]. Journal of the American Ceramic Soci-
ety, 2017, 100(5) :2296-2308.

TANDON R, COOK R E. Indentation crack initiation and prop-
agation in tempered glass [J]. Journal of the American Ceramic
Society, 1993, 76(4) . 885-889.

TANDON R, GREEN D J, COOK R F. Surface stress effects
on indentation fracture sequences [J]. Journal of the American
Ceramic Society, 1990, 73(9): 2619-2627.

JIANG L B, LIX Y, GUO X T, et al. Stress relaxation of ion
exchanged float aluminosilicate glass at different temperature
[J]. Advanced Materials Research, 2013, 650:216-219.
KOIKE A, TOMOZAWA M. Fictive temperature dependence of
subcritical crack growth rate of normal glass and anomalous glass
[J]. Journal of Non-Crystalline Solids, 2006, 352 (52/54):
5522-5530.

KOIKE A, TOMOZAWA M, ITO S. Sub-critical crack growth
rate of soda-lime-silicate glass and less brittle glass as a function
of fictive temperature[ J]. Journal of Non-Crystalline Solids.,
2007, 353(27):2675-2680.

FISCHER H,MARX R. Suppression of subcritical crack growth

[62]

[63]

[64]

[66]

in a leucite-reinforced dental glass by ion exchange[]J]. Journal
of Biomedical Materials Research Part A, 2003, 66(4) :885-889.
TANG Z, ABRAMS M B, MAURO J C, et al. High-speed
camera study of stage [l crack propagation in chemically
strengthened glass[]]. Applied Physics A,2014,116(2) :471-477.
AALDENBERG E M, LEZZI P J, SEAMAN ] H, et al. Ton-
exchanged lithium aluminosilicate glass: strength and dynamic
fatigue[ J]. Journal of the American Ceramic Society, 2016, 99
(8):1-10.

P, 22 B AR METE L A — Pl o T E 9 ) R AU 2 R A B
SR 43 HOPE B9 J7 9% CN201310540928. 4 [P/OL]. 2014-2-19.
[2019-12-187. http: / www. wanfangdata. com. cn/details/de-
tail. do? _type= patent&.id=CN201310540928. 4.

YAN Y,JIANG L B,LI X Y,et al. Method for reducing intensity
dispersion of chemically strengthened glass through temperature
modulation: CN201310540928. 4[ PJ. 2014-2-19. [ 2019-12-18 7.
http: / www. wanfangdata. com. cn/details/detail. do? _type=
patent &.id=CN201310540928. 4.

GREEN D J. Crack arrest and multiple cracking in glass through
the use of designed residual stress profiles[ J]. Science, 1999,
283(5406) :1295-1297.

SGLAVO V M, PREZZI A, ZANDONELLA T. Engineered
stress-profile silicate glass: high strength material insensitive to
surface defects and fatigue[ J]. Advanced Engineering Materials,

2004, 6(5):344-349.

EEWB :BHFARB SR H (51402273)

e #E B #3:2020-05-25; 81T B #8: 2020-07-27

BIREE B 1966—) , 5, BF 5 61 W, R BEWF 5 7 1) A 3B W A4 R
5537 W) ) 3 B R B R Huhk . db 5T 81 fR A 83 434 (100095) , E-
mail: Yue. yan@biam. ac. cn; 2 R 5 (1983 —), 5 , @ g TR 1+,
SIS 1) O Tk R R B B R N T 6 R kb b 5T TT 81 1R AN 83 A4
(100095) , E-mail: liangbaojiang@ hotmail. com; ZE B 5 (1989 —) , &, T.
RV 15 TR 7 1 ik R R 3 3R 0 L B R kb db 81 T
fE5 83 4346 (100095) , E-mail : lixiaoyu621@126. com

(RSG5 7 F i)



