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Investigations on the fragment morphology and fracture mechanisms
of Al,O, ceramics under dynamic and quasi-static compression
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Abstract: In order to investigate the mechanical response and damage mechanisms of Al,O, ceramics, quasi-static and
dynamic compression experiments are carried out on Al,O, samples with a material test system and split Hopkinson pressure
bar, respectively. In-situ optical imaging is adopted to capture the failure process of samples; synchrotron radiation CT and
scanning electron microscopy (SEM) are, respectively, used to characterize the size and shape of recovered fragments and the
micro fracture modes. Bulk strength data show that the compressive strength of Al,O, ceramics conforms to a Weibull
distribution and increases in a power law with the strain rate. In-situ optical imaging and SEM recovery analysis reveal that
there exist obvious differences in crack nucleation and propagation between quasi-static and dynamic loading. Intergranular
fracture around initial flaws is more likely to occur under quasi-static loading, macroscopically leading to fewer splitting cracks
which tend to propagate along the loading direction and penetrate the sample; while transgranular fracture dominates micro
cracking under dynamic loading, and the splitting cracks increases in number and interact with each other to form a large
number of bifurcated, secondary cracks during the propagation process, which increases the crack density of sample. This is
consistent with the three-dimensional CT characterizations. The mean of sphericity, convexity, elongation index and flatness
index of fragments increase linearly with the logarithm of strain rate. The change in failure mode ultimately leads to the

significantly enhanced strain rate sensitivity of ceramic materials at high strain rates.
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Fig. 1 Schematic diagram of the SHPB device implemented with an in-situ optical imaging system
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Fig.2 Data processing in SHPB experiments

HERF S SR/ UTMS105 J7 eI Be HL BT J, S2i b G Wl A7 3B RSF @13 mmx 14 mm, 525603 2
FVEHE AL BN FEBCIR o AL, TR DG 27 AR R G 0T Bl i A8 28T AR 28 8 IR b i 1 47 S I
W S5 bR ) =T E R OCTE, B AH L (Photron Fastcam SA-Z) #1414 & 210 kHz, B 8] 1%
F 1 pse BT HER S R AE T BT ARG 25 AT B, HAS SO HOCU R RE IR R 72, D I v R s
AL S 56 R AR IR 5 1 1 ) VA5 5 il R AL T B AR ML A M & S X S 20 a5 A %, AR ML fih &
Je T BRAT ik 2 sk 20405 1 P45 LA K b G AR i 10 90 719 103 485 5K B8 F, 38 358 1% J7 1% RE % XL 2] 52 4% (1) 0

023103-3



5 40 4 15 743 5 i i g2

IR o Bl A A% S 56 P AH HIL R FH A s o i A, 7= 2 0 A B DA 5 P s D A AR O i
TTL 515 S il & A HUIF AR 31488, SO0 ik vl i iz 3155 0 A B 7 28 R 454 22 3aURE (1 B 1) DR 3545

SEIG AR R PMMA B 5T A9 Tl 0 & o XA e B R A7 Rl i [l sc R B 1) = 4 R AE R [ 25 i B
CT, SEHeE FH I X BHEOE T REE N 24.9 keV, AS X SR 28BS Tl i R B2 0 20 um (1 LuAG [N Kk
P AR Jp ] WHGTE CCD b iif% . RERE I HRAR 60 mm, #RI CCD 3142 % 2 560%2 000, 142 K~k
0.87 pm. — AT TE 180°FW Il P 2) R4 1 500 M5 K1, PR MBS [R] S 100 ms, #K Ji5 8 2k = 2 i 4t
T2 TomoPy™ 5% 52 K 4y — 4 E1E

2 KWHER

21 BESHTENTERYK

Wi s A Ay — e LY ) WGP AL, 2% 18T B R AEAE AN TR RS BB, LI L 2% 5T 4 [T BB, =
B P s W S B E — B AN e . BIFST W, Weibul 20T BE AR G b i A 1A e 5 I 1k b ek DT 2450 B R B
T A AR, RS Weibull 43 AR LR AT

Py =1-exp[—(o¢/09)"] (D

Ao PR FELESNINRE 1 oy B & AR BRI R, o A Weibull AR 15 m fy Weibull #55, Fok #AE
T S50 3 1 43 BT EE 1200, R U3 T R 38 0 M N

FIATT Rl BE HLXT 30 4~ ALO, P i RE HEA T HERR AR (0.001 s7") FR 45, 1 52 5675 2] Ay e DA 5k 1 ( R
HR 1) F/NBIRHES o R FE B BEIRHER P, 55256038 0RE BB n (2 R AT LA Peil(n+1), Hov i Fpffist
FEMIR SR B THHES IS 254 5 BE B HE A O o %2220 (1) W31 [R] I EBORT R, Indn(1 — Pp)™ = minor; + mino ™' o
A /N =3 X Inln(1-P) " 5 Ino UG FEAT LM BLE, & 3(a) H/NEI TR . UG AR,
Weibull B m=8.0, 5 Fir A 5255 25 R — 3501, 38 i 2R B v >k 15 Weibull #¥ENY 7] 07i=3.3 GPa. 8 4L
P FN Weibull 281 (42 ) 095 LE AN AL 3(a) o, b 7 S 56 2500 F1 Weibull SR TN W) G AR 4f .

&1 3(b) JBIR T ALO; P Bt He i B2 Bl 1 A8 22 Ak 1 O R, [T v g 4 1 A8 3R AR B30l ok 2270 5 R S
BAE R T-E . Jr PLRIR AR SO B B B E, 1R 2SR IR bR 2 [ s R T A LI 45 R R B
WRIRL, K IR ALO, M % AT He 5 B 78 B AR 75 283 [l P X6F Ry A8 28 AN R BURR, 2 2o — A I 55 g AR

(4N 500 s71) S I AR SR AR ZURIIE N, X SRS SR (E R D) — 8™, K] 3(b) i 45 1 T Ramesh /)
ZH 1 B R AR R - R B AR TR (1) T 25 SR
o¢fo. =1+ (g/go)2/3 2

e T —AEIA 20008 ALO, B Y RFE 58 BE 07.=3.05 GPa S HFAEI AL H€,=9.0x10% s~ [ ff 7R A
SO S PSRRI 5 B

1.0
2 p B ALO; ceramics (this work) .
08L% ol e  ALO, ceramics!®! I
Srr I
z 5l I T o/o=1+(é/6,)*? !
06F=E _' < 5r 1
- -4 : : A /
a 78 80 82 @) !
In(0/GPa) S
0.4} 4t
s
0.2} . e
m  Experimental data e m_m_ -
Weibull fitting
O 1 1 1 A A A A A A A A A
2.5 3.0 35 4.0 107 107! 10 10°
0;/GPa é/s!
(a) Probability of failure versus compressive strength (b) Fracture strength under different strain rates

Kl 3 ALO, B % i e 48 MR o i

Fig.3 Compressive fracture strength of Al,O, ceramics
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