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Experimental study on the high strain rate uniaxial
compression of pure water ice at —20 °C using SHPB

JI He—gang', ZHANG Jian', LIU Jun—jie*, XIA Jin—song’, KANG Jun—jie'
(1. Jiangsu University of Science and Technology, Zhenjiang 212000, China; 2. China Ship Scientific Research Center,
Wuxi 214082, China)

Abstract: The dynamic mechanical behavior of ice at high strain rates is crucial for polar engineering safety
and ice—structure interaction studies. Based on an improved specimen preparation method and a Split
Hopkinson Pressure Bar (SHPB) system, this study conducted high strain rate uniaxial compression tests on
pure water ice at —20 °C in the range of 1054—1972 s . The results show that pure water ice exhibits clear
strain rate sensitivity: peak stress increases from 13.2 MPa to 25.1 MPa (= 90% increase), while peak strain
shows no monotonic trend but remains scattered. Stress-strain curves generally display a sharp-peak profile,
followed by rapid decay and the formation of a residual load-bearing platform of 1—7 MPa at strains around
0.05—0.06, with higher strain rates showing a "delayed instability" characterized by slower post-peak decay
and higher residual strength. High-speed imaging further reveals a staged failure process of crack initiation,

macro-cracking, and granular fragmentation, corresponding to the residual platform. Even under strict
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specimen screening and temperature control, peak stress still exhibits scatter of about 15%—20% at similar
strain rates, suggesting that strain rate alone is insufficient to explain the mechanical response and that future
constitutive models should introduce microstructural or statistical parameters. Cross-comparison with existing
literature indicates that the present results fall within the established response range but demonstrate higher
consistency and reliability due to stricter control of specimen thickness, temperature uniformity, and loading
conditions. Overall, this study supplements the high strain rate database of pure water ice at —20 °C, clarifies
its strain rate sensitivity, residual load-bearing mechanism, and staged failure characteristics, and provides
experimental evidence for dynamic response analysis and constitutive model development in cold-region
engineering.

Key words: high strain rate; pure water ice; Split Hopkinson Pressure Bar (SHPB); dynamic compression;
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Fig.1 Preparation process and structural characteristics of pure water ice specimens during horizontal freezing

in a traditional metal mold
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Tab.1 Chemical composition of pure water
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Fig.2 Schematic diagram of the vertical directional freezing process for specimen preparation
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Fig.3 Preparation process of pure water ice specimens for dynamic compression tests




559 1 W4 . KT SHPB (19—20 °C 4lisK K-+ 1499

4 Ji7 1 MR 4 7K IaURE A8 TOM A5 A8
fik o BEARWLEER I, B S LR 2 S, kE
ZI T ER R 22, AR RS AE, RV
PRAEZS AR AE AR ] ) 25 57 . R R B e 2l
Brifi ¥, Sk i iR R IR S P RS E | B
Yoy, s . IR YIA ] 4(a) o AR
VRESTT ) SRR, 3 20 i 2 RRTT 1] 3%

SRS | B A I, SR R R TR (a) (b)
RO A B R TERE B0 2~3 mm, Hh 1H14 £E-20 °C T DA R 6 AR 11 4K v R SR B
) 4 J7 K T35 68 mm. 50 514 2] 4(b) o R

ELRLZZ A FLIN £ B, s i S, R~F 8 Fig.4 Typical microstructural characteristics of pure water ice
I3 T 2~5 mm, DN B2 1~2 mm., MY specimens observed under polarized light at —20 “C

BEXT L E, RRE I EEZ) 10 mm . F R SR B 6~8 mm, JEBE 5 ki RF 64 1.25~1.67, S L6 A]
RE S SRy 0 107 77 13 B AR 1) TR S, (EURH SRR 286 I, A I R 3205 BT PR b R~ X 7 748 24 4 e I
(RsE A B, DR 2240 F T 2323 . AT AR i BB S A Tz A, o A ) v A R B [ 3
TS LR E . AR MELE] R ALRE ] P ZE A (1) S5t IRV, U BH A B ) RSG5 AL 3T 2 A R il
T NI R, $ETE TR AR I A0, R T S i 2SR A XU

R RRAR AR A R v A AN S M, AR XSS L5 A IR E5 B AR 004 T T R4, JF 5 | AL 3RS ite,
DL RAB GRS 251 T 25 I Aok [ ARG L AR B8 DA S A T Sopn i A A i o A 1R A
AT AN RS R B A 748 05 18, HEAE2S T00 T S0 20 A 30, LA/ N & i Aty ke i)
BEMLIRZE . T 248 1R, FERIET A5 M R B RREE 25 F T, 00 & i 4 1 Sl K DA A A G TR R 4
SR AR AR A, B FH 2R 20 0 o R i 2 7 v 07 A3 R 3 v 7 A A K ) i e, i ok
Gt Oy AR R R, DDA A it o S G, 7T 5 07 28 R ) 2% A R AR YA X A S A AR
PIREAR G, A ™A e A0 A A 500 A 80 R, 2 B I 5 I At BB 1) 43 A B 42
rhv, AT AT RN AS 5 B 5 T R SRV UK A T3 KT, (LI T i 3 T R it 24 1 — SO N S B0 58 1
AT M. AWFIE TR EE S T T oK A RE I LR, nTAE A A KA E AR it fin 28 45 1 S 7Y
DA S
12 A BRELEHREF

ARG R FH et ) 43 185 22 4 2% AT (Split Hopkinson Pressure Bar, SHPB ) %% & - R 4l 7K K =5 hi
AR R I RIS, BFFEAE—20 °C. 1054~1972's ' 4cF T IS S12Ama R . 15025 B gl 5 i, o
AT . ASIFT RS TR, B AT R EAR R 50 mm A 7075-T6 o BEAS & & bRk, A4
MRSRSEZ) R 500 MPa. i AP EE 0.3 m, AGTAFFLESFFI A 2.0 mo s i i 25 S OR 2l fi ol i
J R 12~23 m/s. 2855 B KFGS-5-120-C1-11 LIM2R % H BH i 48 F >R 4, 345 LK2109 A #83)
BRI ARAORAE 3 o M TR WS IA a B, & 4t % il FASTCAM SA-Z 5 3 5 14 ML (I K i %
224 000 fps), LA I EE T i A B A s Ak

FPRE N A B AR E, SHPB AR U AR IR R 48, 1 YDZ-100 WAUE . Ju iR y=46 5 4
JEAREMBALN, SRR E-180~-20 C. REMRINTE AR, WA 50 mm PNIEHR R HZE DURERHAAE
IR THELE 3 501 s WA TS 1 E ABRAA, 26 XU SR8l T T iR SeialRE i P A 16 A S0, S5
P HIA )RR o H e A SC W AR (TR S A PR T T AU AR TR . 5 SR s S
T oK, AR — M5 B OUZ S I N R B AR Iz, FEAN B &R shil A i N el nf ik

#£ SHPB B0 ft o, i B T A S B A 2 0] o wheb AP 2 e S T Ji o A S ™ A Al 1)
FRRRII T . NS e (0% 2R A A R, R BELB 25 1T 93 240 RS e (0 5 1B 31 &0 (1), 5351



1500 AT WA 5530 55 9

i

GRS A

S HI B a e . %
WK B vy é B &AW G4
\ \ FIRREAET 7R BORAILH it e

- ik
HEIGHL / /

ASSFE - DAY

1

o2 i)

Je 423 i

AL
K5 Tk ks 25 4 1 ik B 7 g U 3 AR e
Fig.5 Improved split Hopkinson pressure bar (SHPB) apparatus for dynamic compression tests of pure water ice
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Fig.6 Waveform analysis of pure water ice under SHPB conditions
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Tab.2 Experimental results for tests conducted at —20 C

(R rE TR R/ (ms ™) PSS s ! WA A5 / (x107) WEAE NV 7] /MPa
CT-20-001 14.1 1054 5.4 13.3
CT-20-002 15.1 1199 8.8 159
CT-20-003 15.1 1120 6.5 132
CT-20-004 15.3 1155 11.1 16.7
CT-20-005 16.1 1247 9.2 16.9
CT-20-006 16.2 1269 6.2 14.6
CT-20-007 18.1 1323 6.8 20.3
CT-20-008 18.2 1355 10.5 17.7
CT-20-009 19.3 1653 11.3 19.0
CT-20-010 19.6 1513 7.8 20.0
CT-20-011 19.9 1755 9.5 18.6
CT-20-012 20.0 1736 8.1 20.1
CT-20-013 21.2 1903 20.5 18.4
CT-20-014 21.2 1911 11.2 21.1
CT-20-015 22.8 1972 16.6 25.1
CT-20-016 22.8 1941 15.7 21.8
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Fig.8 Relationship between peak stress, strain rate, and impact velocity of pure water ice at —20 C
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