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A new test method for mode I dynamic fracture toughness of
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Abstract: To address the longstanding challerge of aegurately evaluating the dynamic fracture toughness of ceramic materials,
a new mode I dynamic fracture testing methoddwas developed based on the conventional split-Hopkinson pressure bar (SHPB)
technique. This approach introduced’a miniature fracture specimen specifically designed to ensure pure mode I loading, along
with a custom fixture system that €nfablédistable and repeatable dynamic fracture experiments on alumina ceramics with varying
loading rates. The combined expetimental-numerical method was used to obtain the variation of the mode I dynamic stress
intensity factor at the crackytip under different loading rates. Fracture initiation time was obtained with high precision using the
strain gauge method, allowing fer the determination of mode I dynamic fracture toughness. To further validate the accuracy of
the measured fragtupSyinitiation time, high-speed photography was employed to capture the entire failure process in real time and
corroborate the onset of fracture of the tested specimens. The results show that as the applied loading rate increases from 0.45
TPa-m!?-s”! to 1.83 TPa-m'?-s°!, the dynamic fracture toughness of alumina ceramics rises significantly from 8.39 MPa-m'? to
15.76 MPa-m'2, indicating a pronounced strengthening effect induced by higher loading rates. Meanwhile, the crack initiation
time decreases notably with increasing loading rate. Fractographic analysis using scanning electron microscopy reveals a clear
fracture mode transition behavior. Under lower loading rates, the fracture of alumina ceramics predominantly exhibits

intergranular fracture features. Under higher loading rates, the fracture shows a mixed-mode fracture involving both intergranular
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and transgranular features. This transition is attributed to the activation and propagation of more micro-defects under higher rates,
resulting in increased microcracking. The emergence of this mixed fracture mode is associated with greater energy dissipation,
which fundamentally contributes to the increase in mode I dynamic fracture toughness. The proposed method offers a robust
framework for accurately assessing the mode I dynamic fracture properties of ceramic materials.
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Table 1 Composition and mass fraction of alumina ceramic %

ALOs Si0, Fe,0; Na,O CaO MgO

>99 0~2.8 0~0.025  0~0.06 0~1.5 0~0.05
* 2 SWERENNFLESH

Table 2 Mechanical properties of alumina ceramic

plg-em? E/GPa U oy/MPa

3.5~3.6 300 0.2 300
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BT Bl LT RO R mm)D

Fig 1 Schematic diagram of the’specimen (unit: mm)
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Fig2 Schematic diagram of the SHPB device

SEUGIN, R I BT T BN s 5 S I 8], e B AT A T R . W R
HGE M GRS AT B REIE UL 20 ol o NSEAT 5 72 e b o A i A AR FE O SR A S 0. 24
827390 A 43 B0 AP W TR 50 T2 B o By, AEZRAS PN ™ A 1 BT 28007 [l KR B ) 951 K
a1 RUMAR . SR AN SRR S 88 RS M AEATAF B RAR g . PRI RE S
TR FH R P B, FORE IS A7 BB 1 B e BeAh, ATTAERA 1 B kb N s R B8TLUEE 5 7 i
1 2 52 AR 2 I 1 B T
1.2 ScemnEEie

AR — - e e, AT 5 aRe R i AL i 8 ar AR RS W] e 3Gk

F,=AE[e,(D)+¢,(0)] )
F =AE& (1)
U,,=C, J‘(: [gi (1)-¢, (t)}dt

(2)
Uout =C0 .[ol gt (t)dt



wmOoE 5 &
Explosion and Shock Waves

A, Fiov Fou NN SZSAT 0BT, Uiy U AN SER AR, 4 B
R, E MR (NN, e (O NN, e(t) NEHMAZ,

K 3 JEoR T AEShA AP RS I JFIR BRSSO . BRI &N, DNl #2 b K8 7 NS 8L g A 42
S T S S TR B M A% RN AT A A B BN S S e ik A% 33 22 3 AT IR G S L 7790
FEMBGERET, R REUI N T ZR PR . RITT AR, ZR DX 5 1 W AR RE SR AR R
JBOF TR BRI AEL K e 1RE R NEAE R AT DS SAZAKME 5, FF DA E e AR 2 TR ¢

—— Specimen signal
= Incident bar signal
—— Transmittey bar signal

1 I L L
0 200 400 600 800
Time/ps

K 3 RS E S
Fig 3 Typical experimental §ignals
1.3 BIRTTAEMIER
SRR S5, s A R ool YA tamba Eral T SRt Kg. BT
SEH A A B SRAG R AR MBS N TSR BE TR, RMERE S IGmb A5 (8 NS L 703 A a6 2% A Rk e
AR BT BE R, ARG BRI R 7 AR A f75 0 o QT AT T SR AR I B AR 8 7 9 B2 DR -1 I 1 5 A e
HIBhAS MR PINE . IR I M BH AL 7758 FERRINE AR L 300 F -

K(@® pr

ur 0.0 ="

_(2k-1)cos§— cos 379_

4G \2n
0] r
4G \2n

K@ [(2k - 2)cosg + cosiﬂ
4G \2n 2 2

w(r,0,t)=0 (plane strain)

+§i924i{@k+ﬂﬂn§+ﬁn%?}

30

_ e
y(r,05t) = _(2k+1)s1n5 —sin 7 3)

Qe 4)

== (plane stress

3-4u (plane strain)
k
I+u

Kl(t):\/glfyv(r,t) (5)
A, r ONBRROHIERE], G NBTVIRGE, k NSRS HIRKIEE, w AL, u. v R
KA.
2 BREENM RN ERFERIE

91 e AR AR AN RN B R RN T RS W R BIE,  ASSCRHAT Abaqus/Explicit X #5450
BOSREREATRA . AAERTEACR A 5L P AR R B R R ) =4, A



wmOoE 5 &
Explosion and Shock Waves

ST ANE ST B BN 1.2m, SR IWIARREUE HSEREURCT A — 2 LA 1.l Seds R A
T UMK SR, RO S B AR Z 18] A3 i ok SR AE RN rp o SO TCBEBR A 1) “ i
e A5 SEI AN IR BB N BN A ST AR BB AT AR 26 1, SR L SR o 8L B O
ELIR . TR RBAESLR OO AEFIEARE, IR p BH0E SONERPESA AR, RAT=
24 )\5 ONTH M A% (C3D8R). HISCHRIII AN, 7EA R ITASILl ] P B 1 R ] 2 5t AR 7Y 08 it
A SRR -HUEIR TR LR, BRI TARR e e SONERNETAEM RE . AT JE R AR (R 8
SRR 3. Jufem it ERE R, ke 5 e B X I DL R e AR M AT T IR At . 7ERR
BHE X I, R SNEEER A TSRS T (C3D8R). BUEZHIE (C3D6). VY4 H T
(C3D10MD [, EUm S5 ZAh # (K R RO LU 2 I 7E 0.001~0.02 2 18], LA R
Mﬁ%%ﬁﬁﬁ%ﬁﬂ&l%EEoﬁ#%$ﬁ%ﬂﬁ@%ﬂﬁ%%ﬂ@4,%ﬁ

&3 AT BHTFRRENOZRESH O
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Material plkg-m3 E/Q% l
Incident bar and

] 18Ni 8000 190 1
transmitter bar

Fixture 40Cr 7820 0.3

Specimen Alumina ceramic % 00 0.2
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(a) Original specimen (b) Prefabricated striped specimen (c) The recovered specimen
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Fig 8 Specimen of alumina ceramic before and after experiment
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Fig 10 Effect of loading rate on dynamic fracture toughness of alumina ceramiCs
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(a)Crack tip morphology (b)Cleavage step (c) Enlargement of (b) (d) Transgranular fracture
P 12 0.45 TPa-m!?-s7! N AN A AL HR ) BE b TR 35

Fig 12 Fracture morphology of alumina ceramic at 0.45 TPa-m!2-s!
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