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Fig. 6 Stress inhomogeneity in specimen tested

BUR AR 2 L 80 A L 5 2 kB v e
A P A ZESCIR [ 7 A Cn P v ([ B8 T s ) L 2
3.4 5K IE R i SO B T 22 Ak BEECIR T IR B
DRAE U T 28 o T RN N R B804 77 A o 5 5 B R rhsRe T SRS IR A A T R L T R T ) 5 I 407 1) °F-
1o 55 6.7 SRR B, Bl SRR v L 7 K P A 38 7 L B0 SR T L (] I XA DY AT A O 14 SR SR
A N LRSS 7 K PR R RS 8 Sk IR L T LR 22 AR SR R 1 [ A0 R L BT LA I A R
fiskbrzs . 559 KIET IlkE b 2 0 RGUIREE T e L 21 10 5K 1B R i A il 7 b 07 A0 B0 W I ) 2 S0
AL XTEESS 11 RS 12 SRR AT DUR B R ) S0 DA S TR ) O R B L oA DA R O 1
MY AT . HJFREGE LA 55 13,14 5K R b i i0kE 2 4 R S R vl DL asCkE A7 R
WA 07 1) B 2480, 5F 15 B IRT F X I 0 552 R g - ] gl £ v B 0 B9 B g s IRE R P A 2R B A
FRZS . 2 16 5K R X RERE AR BCRE 10T 80 8 K ICRE A L ) 280 0er 7 TR R AR 308

at high strain rates

1200 ‘ .
oo 1 2000 13 14 1316
1000F ——£=200s" 77 - 89 W
————— 4005777/ 1 000K S6h 12
s 800k Vi £ 4 > 10
% = 800r 3
Z »//'/,/’/ E 2 \
g 000 £ 6000 1
g 3
£ 4o £ 400 :'|:|=
o
i Load direction
200 ',{}‘,/ i 200 et
0™70:005 0010 0.015 0,020 0025 0030 0%""T0 20 30 40 50 60
True strain Time/us
K7 gh s e R &l 8 225 s 4 ik it v iR v i B S0 D0 I T YOG AR it 2k
Fig. 7 Experimental results of dynamic compression Fig. 8 True stress varied with time for specimens
2.3 SLHEBESH in dynamic compression

I 2 A0 7 AT M Bl 0 A8 3 A 2 e B 1) 2R 00 T B T i ) L R SR B I S A
AR AN, MORHIR SRR R R TR 0. =517+ [In(e/e) 17" MG o, B K MPa, WLIE 10,

T S B R A T 246 2ok A s 1 A9 R 7 5 | R P B 1) B T .l T B Y e o IR T
FUH 4558 2 A 1O ) 7K P 9 i v, dCRE o355 Ak 2 oy 8 1) K I ) 7 R B A 07 A R R, R
FER I DT o DA i B AR A0 4 SR T DU Y A R AR 0k B 0 {0 17 g I A R S T K P S el BE LK B
I T ) BN BB 7 A BT R Ty 1 L HY N4 T 1)L 3X 5 Peroni 450 Hil Zhang S5 % UL 25 SR AH
Lo R A T 2 e i v T R 32 Al 1) T 75 A0 T 2 A S AT A Gl SRS 7 A AT RE T R Bl ) R 3K
RE IR B/ DR M HOR BRE T 0T R SL 20 T e . A D ) 7K - AR S0 W5 L Y BB I 2 R IR A S0
ORI N2 T7 10 S AR SRR 2 AR B BE 7 10 - 10 A Y 2 R R A v S S v A A



55 2 TOPRAE L UL LB B AE A R B A8 R 1 32 AT 299

B9 BN 42 R b s S AR 0 R 1
Fig. 9 Images for specimens in dynamic comression corresponding to Fig. 8
Bt i) K I 25 SR PR S A3 KO A 4 7 IR R B 1200
A S LSS b Se R R BB Y TR I EGERIE AR T | ool
LB R 1 % L RE T 1 B B i R o A T

e Experiment
Data-fit trend

800F

S5 ARIECT 4R BIRRE T KT A e g e b €
SO RS Ok B LI T LS S oo0)
A B AT I A B 20 S BORRE SRR R £ o)

B AR TS . B2 IV R B 1 L 7E B2 I B L SR R
20 2 IR IR 7 PR D T SRR S
B E A AY L 3R AR 3 BE ) B 59 AL B IA R RR N i L 3% == % 8 0 12 14 16
ﬁi:ﬁ%ﬂ%&ﬁﬁg%#%%%{ﬂﬁ,E%&BHZTI%E’?HH‘I‘EH|7~] jn_v 1 ﬁrgdé;ﬁ%%

3 AT R R AR TR 1K TR R L e AL R A R Fie. 10 Strain rate sensiivits

3T SR 1 M TRk 3 B BB R 1 R L BT £ 4

e R RV . BORE — K L B B 1 T A TR 10 AR IR 2 A BB ML A BB A B R
TR 16 B R TR I A b, B R P LA B RS R S EOR B SA (B 8~9), WL F = B

200F




300 5t Y 5 i i %38 B

NRERRE ST P v o BB AR RN . 55— T5 I P T RSO RS 5 I IR AR O A 1 R L 7 R AR SRR
BRI RS AT R EORAZ A T8 53 I 1] 58 18, 1% AN BB 4 1B 228 i 5 114 BE 00 00 2007 B 155 119
I 7T A RE A RSO T I TR R W 2R DR T A R 3 B D T T iR R B R R TR R i O, i T
By 2N AR A~ ZEGOGEAR YR A I YT RS B DRI 405 52 80 A /N S ARBURL

11 SR R e 25
Fig. 11 Fragmentation forms of specimens
AR R E A REPE R TRBE 1 SRR B O A AR 52 L A S 0, DA T B0
AR 17 5 O T TS 8007 ) I L 3 6 7 A% 48 407 1Y) 52 W 4T3 A UL AH DG4 (ELAS 7 — DR 5T .

3 & it

i 3 H T RE B ML Bk (Y SHPB 3 B 1 CHL XU B i 19 8 39 3 1% B I 44 P BE 1)
1 £ AR BIL X B R B 2R K O o AR R AT A0 4 0 S I X S I A5 SR AT o0 AL AR B R S e
(1) SHPBI 5 it i i Rt 2 &8 mm X 1 mm (9 5858 B I8 R mT 5 90 Bl B 76 g 07 28 48T Ay i 1y 78 6
T2 i A A i T S P PR B S0 2 SR A RO o (2D B T 4 % RO o Tl e e 4 R R 1) 5K
IO 7 s AT 5 12 RS i il 1) 7 A VRS SR O B 2 S BORE R 2. v i 2 2 R A D R
F1% DR TAE B, 3 785 T 28k P AR A T8 S /N 14 19 € At RBURE . (3D BT LA T S ) 0 72 SRR B0 L R 9
SZ N AR DR SIS B 15 s T e SO VAR < 5 QAL DY B o =/ A S S R | B A D A I SIS e B A A G
LA B A I 18] P [ s 7 A 38 B0 B L IR BT o Y RE 5 1 5 i ) T A R SRS T

SE WK

[1] DE FUSCO R P. United States air force bird strike summary (1986—1987): ADF616023[R].

[2] PERONI M, SOLOMOS G, PIZZINATO V, et al. Experimental investigation of high strain-rate behaviour of
glass[J]. Applied Mechanics and Materials, 2011,82:63-68.

[3] ZHANG X H, ZOU Y, HAO H, et al. Laboratory test on dynamic material properties of annealed float glass[J].
International Journal of Protective Structures, 2012,3(4) :407-430.

[4] ZHANG X H. HAO H. MA G W. Dynamic material model of annealed soda-lime glass[J]. International Journal
of Impact Engineering, 2015,77:108-119.

[5] XU N, CHEN W N. Rate and surface treatment effect on the strength of boro-glass[C]// Proceedings of 11th In-
ternational Congress and Exhibition on Experimental and Applied Mechanics, 2008:122-124.

[6] XU N, CHEN W N. Dynamic failure of borosili-cate glass under compression/shear loading experiments[J]. Jour-
nal of the American Ceramic Society, 2007,90(8) :2556-2562.

[7] SUN X, LIU W N. Modeling and characterization of dynamic failure of borosilicate glass under compression/shear
loading[ J]. International Journal of Impact Engineering, 2009,36(2) :226-234.

[8] Z& LW 2L, 171 B IS I8 S I Bl A AR SC R[] M B354, 2011, 14(2) :202-206.
LI Lei, AN Erfeng, YANG Jun. Strain rate dependent dynamic constitutive equation of float glass[J]. Journal of
Building Materials, 2011,14(2) :202-206.



2 TOPRAE L UL LB B AE A R B A8 R 1 32 AT 301

(9] =W 7R A %5, SWARL B RS ALRE uh it Jy 2 MR RE O FE [T . JL 0B TR 222441, 2010, 30(2) : 127-130.

AN Erfeng, LI Lei. YANG Jun. A study on the impact properties of typical glassy materials[J]. Transactions of
Beijing Institude of Technology, 2010,30(2) :127-130.

(100 SR . 2 3 J A 0. o7y i Rl 07 P R LD, 74 < P b Tl R 2 A . 2007 :128-132,

(110 Ry, #AW . SHPB M i % 2 &g 4 [7] R0 K A 0 A8 A2 T ], 43K 5 it . 2005, 25(3) : 207-216.

SONG Li, HU Shisheng. Stress uniformity and constant strain rrate in shpb test[ J]. Explosion and Shock
Waves, 2005,25(3):207-216.

[12] E&U BB, L8, 5 Jatks ke SHPB SCR B R MBI LT, 54 J1% 5 TA%H,2003,22(11) : 1798-1802.
WANG Luming, ZHAO Jian, HUA Anzeng, et al. Reasearch on SHPB testing technique for brittle material[ J].
Chinese Journal of Rock Mechanics and Engineering, 2003,22(11):1798-1802.

[13] #I% HERIE, BB, 4. = K W /E T s SHPB I K sl Sy B 5E 1], 55 A J1%% 5 LR 44, 2015 (34 T
2):3742-3749.

LI Erbing, TAN Yuehu, MA Cong, et al. Split Hopkinson pressure bar test and dynamic strength research of salt
rock under three-pressure[ J]. Chinese Journal of Rock Mechanics and Engineering, 2015(suppl 2) :3742-3749.

(147 FoRA, /7 Ek . 28 55 i 4 A1 2P0 E SHPB G036 i 30 52 10 A48 A8 R0 i 48 1E J7 36 [T ], a0 3 T K24 2% 4z, 2013
(6):96-100.

YU Shuisheng, LU Yubin, CAI Yong. A correction to determine the real strain-rate effect for rock-like materials
based on SHPB testing[J]. Journal of Wuhan University of Technology, 2013(6):96-100.

[15] . ubal skHfe . % IREE L 28b R SHPB S804 T BB )], TR %,2014(5) 1 1-14,

FANG Qin, HONG Jian, ZHANG Jinhua, et al. Issues of SHPB test on concrete-like material[J]. Engineering
Mechanics, 2014(5) :1-14.

[16] LIQM, MENG H. About the dynamic strength enhancement of concrete-like materials in a split Hopkinson pres-

sure bar test[]J]. International Journal of Solids and Structures, 2003,40(2) :343-360.

Mechanical behaviours of aeronautical inorganic glass
at different strain rates

WANG Zhen', ZHANG Chao', WANG Yinmao*, WANG Xiang®, SUO Tao'
(1. School of Aeronautics, Northwestern Polytechnical University ,
Xi’ an 710072, Shaanxi, China;
2. Jiangsu Tie Mao Glass Com pany Limited , Nantong 226600, Jiangsu, China)

Abstract: By using an electronic universal testing machine and a modified split Hopkinson pressure bar
device, the uniaxial compressive mechanical behaviours of glass used as the windshield of aircraft was
tested. The experiments were finished at two quasi-static strain rates(4X107*, 4X107°s™") and two
high strain rates (200, 400 s '). The glass fracture progress was also recorded by a high-speed
camera. The experimental results show as follows. Catastrophic brittle failure was observed for the
specimens tested at different strain rates. With the increase of strain rate, the compressive strength of
the glass increases remarkably. By the fracture images and fragmentation forms, it is known that un-
der compressive loads, the cracks initiate and propagate in the length direction under lateral tensile
stress. Then the cracks connect and contact with each other, resulting in fragmentation of the speci-
men. The strain rate effect is explained properly in the point of microcrack initiation and development
as well as energy dissipation.

Keywords: compressive strength; uniaxial compression; glass; fragmentation forms; strain rate effect
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