Some experiences with the new ZSoil implementation

of the AHS-Brick model in FE modelling
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HS-Brick model,
possibilities to incorporate
anisotropy
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aqa
AHS-Brick model assumptions
\o)
\)\O(T\‘\
* Anisotropy is incorporated only in the small-strain range of \‘\owé’i{\\e“o
. . \\v}
the AHS-Brick model and extends to larger strains through _\50@2:5\@‘9
the Brick procedure and hardening. & “a‘de\‘\'\“g 2
. 00\ =
- L . 32
* The original hypoelastic stiffness (power law) is converted cross-anisotropic
. . . . hypoelasticity + Brick
into cross-anisotropy through a special scaling procedure. o
* Remaining elements of the model (shear strength criterion i

and two yield surfaces) are isotropic. G, cref

A special numerical procedure is applied in the return
mapping algorithm to maintain its robustness, originally Gret
developed under the assumption of isotropy (i.e., return in
principal stress space).
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Cross-anisotropic stiffness

Seray
Originally requires 5 independent parameters, e.g.: E,, En, Gon, Ghn, Von =y
19
X3, \\/
Graham & Houlsby (1983) proposed the following EX—E u y o E; Ghn Vhh
- - . = Ly = Vhh = =

reduction to 3 independent parameters: : ’ E, G Uy
Masin &.Rott (2.014) mjcr.oduced distinct Gy, E, Up
cross-anisotropic coefficients for oG = —, O = —, O = —
Young’s moduli, shear moduli, and Poisson’s ratios: G Lk, Vuyh
They also proposed cross-anisotropic exponents
to establish relationships among ag = O%GE, ag = O{,quV
the cross-anisotropic coefficients:

Tog = 0.95,2q, = 1.0 Graham & Houlsby (1983)

xoe =~ 0.8, zq, =7 experimental evidence for stiff clays, Masin & Rott (2014)
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Cross-anisotropic hypoelastic stiffness via XA2 scaling,

Niemunis & Staszewska (2021)

Isotropic hypoelastic stifness (HS and HS-Brick models):

E(o)

G 1+ v)(1—20)

V(Sijdkl X

1 —2v

Isotropic stiffness into cross-anisotropic stiffnes via XA2 scaling:

XAz __ iso
Dijk:l — QabijDabchcdkl:

Microstructure tensor M
and symmetry axis v:

A\

X, h
X;, h \/
v=[0,1,0]"

Qijkt = Wikptji + cLijrr,  Mij = a0;; + bM;;

M=vQ®v, Mij:’Ui’Uj

(G + 5jk5il)] E(o) = E™ (i)

Pref

=) Q(ag, s, M)

The ability to control the coupling between
ogand o, or aganda,:

4

agzag/:z:af

Top = ,3/2, m(}'1'/:/8

M = diag(0, 1,0) v = [sin psin 6, cos §, cos psin 0"
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Cross-anisotropic parameters in AHS-Brick model
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Standard HS model setup Anisotropy
ef .
Young modulus unl./rel. at ref. stress E Lr 40000 [kN/m~2] [¥" Anisotropy
Reference stress for Young modulus & 100 [kN/m~2] Ghh/Gvh 2

Beta 1.6

Bedding plane orientation theta

Poisson ratio unl./rel. Vo

0.2
Exponent for power law m 0.7
10

Lower bound stiffness cut-off at stress

[

[kN/m~2] Bedding plane orientation phi

Stiffness stress dependency type |p [ sig_ref

Small strain extension

[Brick formulation ZI
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Treshold shear strain

e B

ref
E'U
set 1: Eref; v, &g, /8 —

. ef
set 2: Gf}h? Vvhy CQ, /8
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Stress response envelopes for cross-anisotropic hypoelastic stiffness
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set 2: Gf)ehf = const, v, ag, 5 =1.6
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The influence of cross-anisotropy coefficient o5 and the inclination angle of the
plane of isotropy & on the initial inclination of stress paths for TX CIU test
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Experiences from numerical simulations of tunnelling induced deformation with
diff?_rent constitutive models
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Application of the AHS-Brick model in an example of the boundary value
tunneling problem in plane strain and undrained conditions
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discretization, the tunnel with a diameter of 5m, the lining is subjected to contraction (volume loss) 1%,

isotropic initial stress condition K,=1.0
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Results of calculations, settlement troughs (u,) at different depths

and profiles
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Investigation of soil-piled raft foundation (PRF) interaction, Artur Zachodni, PhD
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Model details, FE discretisation
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Loading, time course in consolidation calculations (k,=k,=k,=1e-4 m/d)

simple vertical loading

real loading (bridge foundation)
vertical and horizontal forces, moments

1.0

0.9

0.8

© o o ©
N & I <) B N

load factor [-]

©
w

0.2

0.1

0.0

cemm=mTTTT
jommm T /
/
[kN] [kN] [kNm] [kNm] 1’ g, /
3266 105085 16307 59768 / < /
$
O
II bg /
1, ~ /
& o/
.§\ ,l QJ /
Q / "S’ /
74 QO
/” @ / d
II o ¢

s & /

’ <

’ O
r’ < /
7
’ /

raft
35 40 45 50 5 60 65 70 75 8 8 90 95 100 105 110 115 120 125

time [days]

15/20



Material parameters for isotropic reference model

A
4}
strength:
P =27, e=20 kPa,7) =0°, D'=025, j; =0 kPa E
=S,
barotropy: =)
m = 0.7, pret = 100 kPa, f, = =2 , %
ref / ‘3
/ Q
deviatoric and volumetric hardening: &Y %
=
Ex = Eleq = 20000 kPa, Ry = 0.9, K)¢ = 1 — sin(¢) 5 ;%
small strain paraelasticity: §/ %
! model HSBrick Gﬁq
Eg" = 200000 kPa (G = 80000 kPa), vy = 0.25 BRICK procedure
G = 24000 kPa (£ = 60000 kPa), o7 = 0.0002 small strain range
Ggef 2 Gref 2 Gflerf
4 Vyr = const l
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Initial

conditions, overconsolidation
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Results, apge and time — settlement curvrs for different o values, pile grid 5x4
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Results, apge and time — settlement curvrs for different o values, pile grid 4x3
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Future tasks

Real case studies — tunnelling, PRF, ...

Incorporation of shear strength anisotropy (AX1 scaling or Pietruszczak&Mroz)

For rock materials softening and stiffer behaviour (e.g. no volumetric or/and
deviatoric hardening)

Another project: constitutive models for soft soils (creep, anisotropy).

Thanks for attention



