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An Application of Plasticity Model for Ice Deformation Characteristics

Kyungsik Choi

Abstract

The study focuses the mechanical deformation response predicted by the plasticity model for
polycrystalline ice. To describe various deformation characteristics, ice is idealized as a perfectly
plastic material using an asymtotic exponential failure criterion. This criterion is suited for
describing materials which exhibit brittle deformation at low hydrostatic pressure and ductile
deformation at high hydrostatic pressure. The results are compared to those of continuum damage
mechanics model. Plasticity model shows good agreement with damage model and experimental
results for high confining pressures even at high strain-rates which is usually considered as a

brittle condition under uniaxial compression.
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SAZ e YA 7 Fod FAE A5 H¥H g9 SHL ojHlEE Holoh wAo]
A" HFot A bz HEFo] B ot A EATL o]F 49L& FHAS gL
e Astae 4 4 vlE £ dgoz gy Qv wEel, IA ARA2E HYrzE
o} Al ss Aol oA dEel EA4el A} AT AR E sY5 oo} g},

25 dH T8 AEoE Wold A4AL 23 Yo, of MAA Exo] AFL n)x
AL obF theksln s, $A ALY AA AL 3Fo] A £, &5, AA
dzte) Z7] ol whel WzEA ZeAG), Yo gL FaelEd 89 o] A7)
AE A (brittle) A& 2 A4 =T Qo ML 5] vl vela 257} S840 7}74e A
+ Z#o]Z(creep) ot & 44 (T A A HY 4L JehirlE @, =¥ 929 A
ATZE WS gofsle], ¥, 37 F E2EEY el Ao wmA FAY F9A A=
E 4 Y& %54 (fresh water ice) =+ thd A # 4 (multi-year sea ice) 2. 2. 2, sudo] <
Aoz A3t o4 (brine pocket) ] o2 o|wA el 7|%¥ (columnar shape) 2 HF
2F olF+ 1494 Y (first-year sea ice) 742 FYA ZAQoP, WS 3" oJie]
o @t ¢4 P4 wiFer B 4 glonz uwd EA3% AYTze WY E4L A 8§
el el A, B dFelMe ¢4 S449 b A (polycrystalline ice)ol HE n 84S &
3 g E4S A B3z Jho
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o 2% ¥E2AL £AMYE st 2EHY 424 A5 £ dFedAe A4Y
oz Ay WYY F4L nEsd A4dq Jeo FE2AAE =294, =7 d5A
<4938 (continuum damage mechanics)oll 2§ U39 constitutive T} vjmE E3lo
a4 2o FAFG o] 2 Agol Sl AFzAE welaz o,

24 2del YAy

AF vhoh ol AEE TV U AZEL URY olAlAE T2 A4H 54 el
2 9 FEAEE U WE F U 540 244 W4 2D, oF ARFL LE <
AAEA GAFEel s 4ds 2o o Pre Fohe W¥4E, eE, aon F4g
(hydrostatic pressure) 3 22 &S] Fgol UAA Hgar) @ Fojuisisin® oe AHrs
d FR2AE JlEe] AN APBEL SR Helo] FFL AL 2de meslol
= @ zelsh,

F43 2 Az $271FE debied 3 von Misess] ¥2ANE ABate Ae &
ool #32A4L L2 EASE $39) 2Fo) oW /1FAel o=d Ame FE (vield) &
£ 9} (failure) 7+ Yohrdera 73 eh,

F (o)) =k—k=0 (v

A71A ke 1FUAAl 3 LR A8 FEBEE Ueie A5old J,E HA-EHEA
2] A|2& % (the second invariant of the deviatoric stress tensor) ¥ HA4]3ch, 2 gz Y=
°| von Mises®| #E2742 334 F¢3 F7olA AL Avte A4YA (hydrostatic line)
o & %& 9%z A, w4 FE$H 2AL A4 URE FBEA Gy AR
Atolo] o] Edx gkl

dH Arge dFE 2l FaeEY Ed(soi) 5 Aol Hgo] st5lEE 43
g E-71F 224 Drucker-Pragere] 82748 & 4+ Yo?,

F(oy)=a L+ [L-k=0 )

AZIA L2 HRA 9 A1gHR(F L=0,)F ebAT}, Drucker-Pragers] F2z74e 3
A F§H F3bollAl Y3 (right-circular cone) Felo] 2 (failure surface) 02 F A=t}
T e A4 ast k' HlE QFEH AR AR Aol 2RE ARG, a2 o FESF o
& Aok HAYA Qe ETRY £ UYEE F spH HEE 24 mude] AMAH wl gl
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FE2AAL 334 F7 FANAL 29 A L[], FhANA depislE sted o] %
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59 AY AEE AEY F A W o4 AMEY =N oz vAdyge F4gke 3 Lo
Z3d A= A £ dTelde pAAYe gloiAd AP 24d¥ e F FiA
54 A4 459 2717 AA"GE 71E 7MY ot 2w ¥ ¢ macroscopic & 44 2dE
A (3)A% A&
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& G>G, G>0)

Fig, 2ol =AJ% up9} o] (3)Ales T HF asymptotic exponential EzAAlL o3& 2
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FzAAez, a3 AFgolA Taylor F4¢ ’H & ah& A8-3hd 9449 Drucker-Prager
R4z ARFE & 4 Uk A5EY AAL FY Ao A A AR ol YA
AYg 53l AAT F Utk ¥ dFdAE 1% dFe2E vad AAF dHeolgt £3o]
Hedictn A= AY A8 o] 49 AAz Ve oFsiFe ALE AEHIEA A

r_E_ o‘,’L ) I"IO

= | 2

DRUCKER-
N‘ZGER VON MISES
/ s
w . Cy
EXPONENTIAL | |
I GGy I 1

Lin

G G

Fig 2. Asymptotic Exponential Failure
Criterion in I,- {77 plane.

Fig 1. Von Mises, Drucker-Prager and Asymptotic
Exponential Failure Critieria.
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F195 o] g3le], HAA%W (least square technique) & AH-&814 A A3t (Table 1), (3)4]
22 3¥d 44 2de] FEI|FES Aol A U A skA] HYESEo g}, Fol 7
£% &£A49% mule] Azel @4, Fig.39 L- [1, B4 =48, Wy g4ss ulas
L AY (dE B0l 107 sec? o|F}) WP L ¥ 44 mello] o8] FE3 AHREA oA
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Table 1. Material Parameters in Plasticity Model

Strain-rate (sec™!) C, (MPa) C, (MPa) C: (MPa™?)
10°® 8,701 4,098 0, 094
10~4 4, 286 0. 992 0,151
10°® 1.968 0.224 0.151
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Fig 3. Plasticity Model Results in I;- [J; plane.
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Fig 4. Post-yield Strain-rate Ratio vs.
Confining Pressure.
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A714 A€ F9 wA4SE dehdT, ()Aoz FUY A4y oo FREAA
F(o,) =08 ol g3l 24WyE4Eo] B¢ ()4 et

£5=21 [QCanD(CsIl) 611"‘%0"0 J] (5)
é:=31 CGexp(GL) (6)

71X oy B2 (deviatoric stress)& VERITE (6)4]S 3 ARAY LT .=
2 % T 2z, GIE 0o obd & AA4FFA A WHE Fudch: AL & & g
Confined pressure 4% A9} WHgol glojy FE o]F 9 AFL 24HYge) HEF E9) 3
o 4 QUtHe, FE o) F o] W¥Y g4 (post-yield strain-rate ratio) & —é&,,/&; 2.5 A9 FH
=4l Fig 40l = A 371 =459}, Confining pressure (6y, =65, #0) 7} Z7}3ol] bz} WYPg&
Eulzh £44W Yol glelA el Poisson¥lel sslE 0,501 2w Yt Z A4Y EaFo|
F7tol whet 244 HYe] FreiAg v Fob, @3 confined pressure A¥ A 37 5 alol
A Asde £ shsiRE 49 £ 4 9ok 3% ol%e AAw g4 5] (volumetric
strain-rate ratio) © é&./é&,2 A= &dl Fig. 50 2 A#HE =A3gct, g2l 283 2
e HYESEe] Adgle]l £ 44 mwle] oF wWuiyge Mwo] SEAFS & 4 gt
Confined pressure Aol ¥ 2349 failure envelopeo] Zu}3F HPELE 103, 10-¢, 10~
sec™'oll =2} Fig, 60l =A=jgic).

2% WY AeolMt FUFoz AP HYLSEE Aol oY AME wEH
WY AYAEE o} F =Eof vlmoj °1€=l—?- AL ot B a4 = 4L T3 U
Hal 2533 Aejolxe] Wiy EAL §32% 4+ Yok WAL H Y 2 (0, #0) S L3,
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Fig 5. Post-yield Volumetric Strain-rate Ratio vs. Fig 6. Failure Envelopes for Confined Pressure
Confining Pressure. Tests in the Principal Stress Plane.
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Table 1o Foial A4EE ol&3lo HWYELE 10, 1074, 10°* sec'o] =it failure
enveloped Fig. 7o) &4t 2ulef A4k Aol §4 £33, Hdge457 viad e
7% failure envelopes] 2.2 von Mises®] Bl# §Al% HulE Jepile 0a wggds)
F7HRl et dge H¥e A ARE Fu 2und vis} o] YEAPEs} QAREE YA

b g Ro{Fa glopsiem

PLASTICITY MODEL (—)

DAMAGE MODEL (= A e)

25

Fig 7. Plane Stress Failure Envelopes in the Principal Stress Plane using
the Asymptotic Exponential Failure Criterion.

£ % (DAMAGE MECHANICS) 2gnte| H|m

AFE upet o] AL WYL s, 25, ¥ 5o Hse] wal Bo|F WY EYL vy
o #Z Ad&AEYST (continuum damage mechanics) 9] o] 8¢ Agdle] g £AH
3 543 v]A ¢ (microcracking)ol 3 FAHA A AL oA 7148 4+ Y 334
&3 mddo] A=EYeke, EA4gttol & constitutive Rl g FLE w AP Helde]
AR M3 BddEH 24WES JEhE HY8e nlAFde 9% Yeie g
(state variable) Q] damage parameter& =324 brittleo]A] ductile®] H$jo] FA Wy
E4< vlay %°]75]-.7ﬂ Zled Fh o 2l Aoz AL TN o7 slx] F2AH
of g WY §H-4YE VAL A Ed AT Jlon] 2 LLoT 1233 v Rl
F53FE hFL ek £ o2 s 2Ad $ AYL, AE WRe Bz n4
ol vlAFE A4S AdFEe 29024 a5 A AP AuE gASA FAF 4 Yo}
= Ao, £t & 4wl As} Fig 3% Fig, 7o) EAI50] £ a7 £4
de ZAse vimsgeh, $e WHES oM €498 vy 44 Ro] AT U g

& e
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SollA Wge]l 244 & & & glovh, HYSEES} FopAH £4 2l £49% =
Wi Zolg =ik, & WEESE FFAAE 3Y AHrl ARolE dFolE sEA ¥n
HHge HAgRe] Aol FolAL & & Utk olF Fol 107° sect o]} WP ES=A
424 e WYL Zledted YoM ATA Yoz 2 4 YUt 2y o) e Asst
HEH e 270 s MEAF 4 gl Fig.4~Fig. 65 B3 oIk & A5kl o
FEslFol FE3 F AS HPYELEr) viamd Fod sz 249l FH AYE ¢ &
it

4 =

AL ARFES 7o) v Ak e 4 BEe Foik APEEE, L5 29
A5gst 2 45 Aol ARHA AU £ AFE ARl A X §F=A
A dolt ¥ WY B4L J1Ear] Astd Ao ALELL DAY AT A4H4 Fo)
¢} asymptotic FE7|FEE A-E3IA}, WY ESEA} R A
a4 4 QRS WbPe 24 Rd2 329 o 4R 4 e
7 FolA 44 Ble 49 2 Aold wolm glon dge AT AR »
ek, e AEel 9 AEAFe]l 283 F AL PSS} vnAg = &
A melol 9% WYY Aol FEFL T £ Yok,

T FAFTel W AAEY BAY AFE obd sz Aol MF2a e A,
E QFE IARHY A% Aoz A4 ARA 43 337 P4 setstn Yolsh Wl
99 FzE F43E WHFY 4o AAQ E%o] Heje And obgd ¥ dFE
A3 AR Z1AF AAE 2 9l FaeE, ¢4, 9T FE(frozen soil) 59 Ao =
4% 4 Yee W
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