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J2-bounding Surface Plasticity Model with Zero Elastic Region

ABSTRACT

Soil plasticity models for cyclic and dynamic loads are essential in non-linear numerical analysis of geotechnical structures. While a
single yield surface model shows a linear behavior for cyclic loads, J,-bounding surface plasticity model with zero elastic region can
effectively simulate a nonlinearity of the ground response with the same material properties. The radius of the yield surface inside the
boundary surface converged to 0 to make the elastic region disappear, and plastic hardening modulus and dilatancy define plastic strain
increment. This paper presents the stress-strain incremental equation of the developed model, and derives plastic hardening modulus
for the hyperbolic model. The comparative analyses of the triaxial compression test and the shallow foundation under the cyclic load
can show stable numerical convergence, consistency with the theoretical solution, and hysteresis behavior. In addition, plastic hardening
modulus for the modified hyperbolic function is presented, and a methodology to estimate model variables conforming 1D equivalent
linear model is proposed for numerical modeling of the multi-dimensional behavior of the ground.

Keywords : J,-bounding surface plasticity model, Cyclic load, Modified hyperbolic model, FEM

xg

HHE SOl SAs o] e Auke] 2qmde AutraEe] wAY Sl v Fasith Tl G mae vEsEe] ojs) 43

2 As-& Hol& vhd, /iihd e i do] gl L-AAN AR EL Y8 29X 2 BA 0 2 A|uke] v P S BAREE 5 Qlvk AAE

R e WS 002 S TG ole] A ng aseka, 24 At BAES ol 8ste] 24WF RS Rolslct

JidE R A& SRS AAIBRL, A4 Rl tig A AFE F st AS S0 G| 2] vHEslEf tigh

Hlalsf A 7d 2lo] QP ARl A, o] 221ke] dAA, elal o] HA 2E Bl FTk B, g1 =gkl thgk 244733t Al

TE A B, 13 57H1 B mdo] Relsls Rdw 5 S Al Qkske] Auke] Tk A%-g RAFE 5 =S B9k

AN01 1 I, AR ARG, MR, ST B9, Feka

LME 239 oe Befsi, wegh ey} ekid Al 343
A WEE BAATIE BA7) ok ESE 88 dK(stress

A A&A(pseudo-continuum) el 38l EARARES 7E reversal)o] BHAE1= WHES1E(cyclic load)dl] gk x|ake] B3t
A Feke =, tiie] HEE HellA npdPHe Se-Hd 7ES EAlEsk] ofFHti(Yu, 2006).
& 715& Bt (Kramer, 1996). A7ke] Hs}2] Ags HARsE] ARke] Bldd4 S¥-dE WAE BARE] flste] AlQkd
213 T 3REH(single yield surface) RS S8 F7S BRAT) A 22d2d(bounding surface plasticity model)& 7|0l

* 2N - DA R SA R A3 38 W (Corresponding Author - University of Ulsan - shingeo@ulsan.ac kr)
w28 - Jgistal A 2~ElFsk} w4 (Yeungnam University - sebungoh@yu.ac.kr)
whk 28 - Al E538) w9 (Chonnam National University - jm4kim@jnu.ac.kr)

Received January 19, 2023/ revised March 30, 2023/ accepted May 10, 2023

Copyright © 2023 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




dhe aEe] el S1X)Re SRR A
S(smooth) $H-HFE =4
Popov, 1975; Dafalias and Taiebat,

Aste] wlj11e]
&3t 4= glti(Dafalias and
2016; Yu, 2006). wk2}A,

tlo
2

wF3kE, AR, vl —4‘5 % 22 HiEsIEl Uigk BEARRRE
o] HAEAC] - HEE o] H(hysteretic) A5 AR

Sltk(Yu et al., 2007).

W(granular)o] Ak S22 AgHe HY
&S Holng, S oA Ee] =7
G SE ARl sPEA BERES AR SEHORE S49
= I 3= A Borja and Amies, 1994; Dafalias and
Popov, 1977). SpAJRF th-2e] 0#—?“— 84 gple] vk -§EIRt

o] ek ae] g Asfihe. AEL, Tl S
o] A83+ AlEl= =31tk Borja et al., 1999; Pisand and Jeremic,
2014; Restrepo and Taborda, 2018).

=Rk -] gdg o] gle A dS
Ao

sk A8 S oEH g euy

m{m

Hefe Rt
0

fo it

F

¥
¥
r‘i‘
>

ARk el Aloke avgmele] o)) tigh 3t e
2ol 2SR WS UE eI st sk

2. AT AYEO| A0}

2.1 BEREEN0| gi= -3AEH AdE

I, &nde AxEE ®lAd] tigh 38 ERIK(stress
invariant) 1,5 W<2 FEHES Aolsicl AAH AAdmder
R H(yield surface)$} A H(bounding surface):= Hx}3-2oj|
ek © A Y(circle) o= FHATKFig. 1). Le| AAHEL
&8 poll diste] APHo = &tk

Yield surface f= || o' —a | —r=0

Bounding surface B=q—(a-p+b) =0 (1)

O3

Bounding surface

Hydrostatic axis

oI o=

delta tensorO]E]-. o' & Hx}&-2(deviatoric stress) Eﬂ/\i(tensor)

-3 (effective stress)o]al, 1= ;%= Kronecker’s

o o' = o~ plole 7 HRIN] ot aFERS] F410] thga}
e 24 woln, re vwwu Wk )y 8 wulgke
1 ’ ’ 1 ’ ’ ’ < o) =

99 %; T 522 25 I o’ || 2e1™, gi= B B

o= g=V3/2 | o' || = /343 2}k E)a FAHe th

AEZT ast by ARK wEEZHGF  FARE(oL
_ 6sin(e) _ 6-c-sin(g) R
a_3*Sin(¢)’ b= 3*5111((;5) 9’]‘3:}0] J’%]E]'TAJ\E}'

o] B r& 002 FEAITIY, B Ye] AL
HarsE g5 S ek Ha T ®lA(deviatoric

unit tensor) n 2 FYU3tHBorja and Amies, 1994).

’

|9
1)

= =n @

<1

1)

Prager(1955)7} A<kt 5743 kinematic hardening) 1%
+ Eq. (1)9] & 2-8atd, A3 S wase
HAxF HRARIA 3} DAEHA] k.

=n )

TR AN FRL AA5EWH(plastic flow rule)} &)

ZZ(consistency condition)© ZHE] Aget

= n: )2 )

n-plane

Bounding surface

Hydrostatic axis

vield surface

Fig. 1. J,-Bounding Surface and Yield Surface in Principal Stress Space and on the nt-Plane
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Fig. 2. Cyclic Behavior under Tri-axial Condition: (a) Drucker-Prager Model with Hyperbolic Model, (b) Bounding-Surface with Hyperbolic

Model. Material Properties: Gmax= 27 MPa (Vs =

3.2 HE=SSES0 et &27|=2] HS
e wde] AFEAL BAS] Sse] BEsES v
Qke 7] %(shallow foundation)dl] th3t A4S =3&}T
AR 221 FHAPE 2310 2 40,0007] 887 8¢}
121,0017]1¢] B3-S o] 833t} Table 12 FxJ54ol] ARE-E
k] B4k 315 ABKE B = 10 mol tfst erlze] 3t
R A H(bearing capacity)S LFERJIL It Terzaghi, 1943). D-P
Ty} B-S BYS ol g3lo] s} T&be] Fe HAE
At ol HlEsle] 7k o Ao Tiste] wlmsiie

200 m/s, y=1.8 g/cm?), v = 0.3, Tma= Cu=

40 kPa(q,= 80 kPa), Dilatancy Angle § = 0°

stk
Fig. 3& 917 wkEslze] o3k 97]% 9o HYE vepl
a1 9tk Fig. 3a(AAE Agheix] D-P B 50 kPao] vkEa]s

of Slak Sepshl S iR Saklo] HHH S sk
5L Bk Wi, BS RS wieskEo] o5k 243ske)

T2} 93 ] (unloading) ol A5}~ (reloading) E.t}

W7} 2H) veRsdth

Fig. 3b(c-¢ 7‘]‘3})"“/\% d
o] Alste|o]

3912)

© HAE A3k D-P =l
PSS B-S BElg of-8-3te] 3yt

o

L.

Table 1. Material Properties and Bearing Capacity of Shallow Foundation for Fig. 3 and 4

Model Material properties Bearing capacity(B = 5m)
D-P model “coh” = = = 3
Gmax=27 MPa, v=10.3, v, = 15 kN/m 248 kPa
“coh” c=40kPa, $=0°8=0°
B-S model Guax=27 MPa, v=0.3, y,= 15 kN/m’
“coh-phi-&” e ’ C 2,228 kP:
conpit ¢ =10kPa, ¢ =30°, 5= 0° or 10° ’ a
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Fig. 3. Behavior of Shallow Foundation under Vertical Cyclic Load with Drucker-Prager and Developed Bounding-Surface Model: (a) Vertical
Load-Settlement of the Foundation on Cohesive Soil, (b) Vertical Load-Settlement of the Foundation on Cohesive-Frictional Soil

under 5 Cyclic Loads
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