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Keywords Abstract

The design of underground spaces is mainly carried out using empirical, analytical, and
Convergence numerical methods. The convergence confinement method (CCM) is an analytical
Confinement Method technique that is widely utilized in analyzing the stability of underground spaces.

However, the main challenge in the stability analysis is the selection of an accurate
Ground Reaction Curve  constitutive model for rock mass, and particularly, its post-failure behavior. The
existence of water plays a significant role in the stability analysis, whereas this effect is

Longitudinal not usually considered in the CCM method. In this research work, a circular tunnel in a
Deformation Profile saturated medium is modelled and compared with its dry condition. Two types of

constitutive models namely elastic perfectly plastic (EPP) and strain softening (SS) are
Strain Softening used and compared in order to investigate the effect of water and post-failure behavior
Behavior on the stability of tunnels. With this respect, the codes are written and incorporated in

the constitutive models and various analyses are carried out. The results achieved from
Water the analyses show that the elastic reaction of ground in the presence of water in both

constitutive models are the same and that the ground reaction curves (GRCs) and
longitudinal deformation profiles (LDPs) are similar. However, the trend of GRC is
different in the case where the rock failure occurs and the face of the tunnel goes beyond
0.5D. According to the results obtained, the maximum displacement in a saturated
medium with different K values for the SS model is more than that for the EPP model.
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1. Introduction

In the design of underground structures, especially
tunnels, stabilization of the surrounding rock mass
is an important factor that must be considered [1].
Assessment of the support system required during
the tunnel excavation and, in particular, in the
nearby tunnel face is an essential issue. The
Convergence Confinement Method (CCM) is a
common tool for understanding the rock-support
interaction problems. This method is widely used
for the design of the support system for circular
tunnels that are excavated in a variety of
geological conditions [2].

The three main components of the CCM method
are as follow:

1) Evaluation of tunnel deformation with
respect to distance of the tunnel face, defined as
the longitudinal deformation profile (LDP).

2) Correlation of the stress—strain in the
support system identified as the support
characteristic curve (SCC).

3) The ground reaction curve (GRC) can be
defined as a curve that describes the decrease in
inner pressure and the increase in radial
displacement of the tunnel wall.

Corbeta et al. (1991) [3], Panet (1995) [4], and
Unlu (2003) [5] have studied the LDP curve.
These investigations were limited to the elastic
constitutive model, and only the distance from the
tunnel face and tunnel radius was considered as
the input parameters. However, the results of the
in-situ  measurements, particularly in large
deformation conditions, have shown that the
elastic method is inaccurate [6]. Panet (1982) and
Chern (1998) described a technique to obtain LDP
for the Elastic Perfectly Plastic (EPP) constitutive
model [7, 8]. In this technique, it is assumed that
the tunnel is circular, the in-situ stresses are
hydrostatic, and the input parameters are similar
to the elastic constitutive model. Nejati et al have
suggested a new formulation for calculation of
LDP on the basis of rock mass quality [9]. On the
other hand, Vlachopoulos and Diederichs (2009)
have suggested a different solution for the EPP
approach to estimate the LDP curve according to
the ultimate plastic radius [2].

The method for obtaining the SCC curve was
initially proposed for different types of supports
by Hoek and Brown (1980) and then further
discussed by Hoek (1999), CarranzaTorres and
Fairhurst (2000), and Oreste (2003a,b, 2008) [10-
15]. GRC, which describes the relationship
between decrease in the inner support pressure
and increase in the radial displacement of the
tunnel wall, is generally evaluated by analytical
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clasto-plastic analyses and hydrostatic in-situ
stresses [16-18].

As mentioned above, there exist adequate
techniques to obtain CCM curves for tunnels
excavated in elastic and perfectly plastic models
and in a rock mass with a poor quality (GSI < 30).
However, for all the other kinds of rock masses
(GSI > 30) which show a strain-softening (SS)
behavior, it seems that the problem has not been
sufficiently analyzed. If failure occurs, none of
these simple models adequately show the post-
failure behavior of rock mass and especially the
presence of water.

According to different inner pressures applied by
the tunnel face and the support system after tunnel
excavation, the surrounding rock mass based on
the Strain-Softening (SS) behavior, three regions
will be created as follow: elastic, softening, and
residual. Each one of these regions can be seen in
the GRC and LDP curves, which are used to
determine the round length and stress relaxation
(Figure 1). As it can be observed in this figure, by
drawing a single line from E (the exact point
behind the tunnel face describing the round length)
to GRC, it will intercept it at point F. Then a line

is drawn from F to the vertical axis ( p;). From

this called the
relaxation.

In this work, we extended the CCM method to a
circular tunnel excavated in a rock mass with an
average quality (GSI = 30-75). The strain-
Softening and Elastic Perfectly Plastic models in
the FLAC code along the Mohr-Coulomb failure
criterion were used to demonstrate the effects of
water and constitutive model selection on the
CCM curves. The SS model was developed by a
FISH code in this research work.

interception to p, is stress

2. Problem description

2.1. Strain-Softening constitutive model

It is common to use the EPP models to determine
GRC [10, 19]. However, these plain models could
not effectively characterize the real stress-strain
behavior of rock masses in the occurrence of
failure unless in rock masses with a low quality.
Moreover, SS and elastic brittle models in the case
of simulating the ground behavior are more
appropriate for all other kinds of rock masses [19].
Based on other researcher’s studies on post-failure
behavior modes [20], the elastic perfectly plastic
theory is not applicable to rock masses of average
or high geotechnical quality (GSI of over 30). In
other words, the EPP model is used in the rock
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masses with a poor quality (GSI < 30). It is shown
in Figure 2 that for rock masses with 75 < GSI <
90, the elastic brittle model could be suitable, and
the SS model is more effective in terms of rock
masses with 25 < GSI <75 [19].

Regarding the progressive theory of plasticity to
simulate, plastic deformation processes in which a
material is described by a failure criterion f and a
plastic potential g, the SS behavior, stating the

strength-weakening behavior, has been developed
[21]. One of the main features of the SS model is
that the failure criterion f and the plastic potential
g depend on both the stress tensor and the plastic
softening parametern7 [22]. Figure 3 illustrates
the strength-weakening behavior for a confined
compressive test; as it can be seen, M shows the
slope of the softening step or drop modulus [19].
The perfectly brittle behavior occurs when this
drop modulus has a tendency to infinity; in
contrast, if it has a tendency to zero, the perfectly

plastic behavior happens. With respect to the
above-mentioned discussion, the SS model can be
considered as a unique model including the elastic
brittle plastic and the perfectly plastic behavior
models. Accordingly, the elastic stage remains as
long as the softening parameter is zero. The
softening stage and the residual stage take place in
0<n<n andn” <n, respectively.7] is defined
as the critical value that establishes the change
between the softening and residual stages [23].

In the softening stage, rock mass does not have its

original strength properties, and reduction in the
strength can be sensed. This reduction depends on

the confinement stress (03 ) and the softening
parameter (77). Regarding the linear correlation
among the strength properties (¢, ,\ ) and the

softening parameter, the strength-weakening
behavior of rock mass can be displayed (Figure 4).

bi
X
Po Lbp Elastic Softening Residual
x>0 : :
Elastic Softening Residiial 1 .
.§ region  region eon o E :
§ A Pi <Dpi : !
S GRC A \B !
S E b\
S| Pi |- — oo <t 1 I C
5 pi Pi < Di 1
I
=i B x=0_ | _ : :
scc !
1) - — — - i 0 | | &£
T ———— -+ c i X
! I
u'r
Uin

Principal or shear stress(%)

Brittle GSI>75

Strain-softening

GSI<25

Perfectly plastic

Axial or shear strain(%)

Figure 2. Different post-failure modes in different GSI quantities [21].
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Figure 3. Three different stages of a confined compressive test in a sample with a SS behavior [20].
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2.2. Failure criterion and flow rule

In this work, the Mohr—Coulomb failure criterion
as well as a plastic potential was used. These can
be illustrated as follow [19]:

f(0,.09.m) =

oy —k,(n)o, —2C (n)\k, (1) 1)
0,=0; 0,=0,

g(o,.04.n)=0, -k, (n)o, )

where f is the failure criterion, g is the plastic
potential function, 0, & the tangential stress, and

O, is the radial stress. Besides, the dilation and
friction coefficients are examined as follow [19]:

(")

Softening parameter (n= &,P'® — g;P1a5)
Figure 4. The correlation among the strength properties and the softening parameter.
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B 1+siny/(17)

kw (n)_l—siny/(n) 3)
B 1+sinqo(17)

b ) = S () “

If the plastic potential coincides with the failure
criterion, then the rule is an associated flow rule;
otherwise, it is termed as a non-associated flow
rule. The parameters cohesion (¢ ), friction angle
(@), and dilation angle () in association with

the linear softening parameter function (77) are
presented as follow [19]:
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To this end, the FISH code in the FLAC program

peak " —p™ * was used to develop the SS behavior model. One
@ —n 0<n<np . ; : i
€0(77)= n 5) of the main factors is to determine the critical
o n*<n softening parameter (777 ) depending on the
las
ek _ e confinement stress (05 ). First, the quantity g]p = |:G]p “* (o,
Cpeak - n 0<n < 17*
c(n)= n (6) with the assumed 0, was calculated, and then due
™ n<n to Figure 5 and the definition for Young’s
R modulus and the drop modulus, the values
y/pe - 0<77<17* peak es
— * A, dro, O ela(o- )D'RO-U )
W(n) ' n (7) g]peak,elas , 8] P 1 : 30, 6 3 ted as
y/m n <n -ME
follow [21]:
and the softening parameter is the plastic shear gpeakelas _ O peck (03) 9)
strain: ! E
eak res
n=ef —sf —ef — =1" ® e [T )0t (10)
‘ M
2.3. Development of SS code glel‘” _oi(o3) (11)
Numerical methods have been developed because E

of the complexity occurring in the tunnel face
through the excavation and the limitations of
analytical methods to represent the CCM curves.

4 A,dro
glpeak.elas & »
< L E—
res
0-17'65 0'1
Viooh
3 I W / &
- . plas ' L o
& as
. N Slp
T
I
~__ | k
<>l »le < "2
< L » 2
g3elas £3plas glplas slelas
<
<
IL' = ¢ plas __ & plas

¢ g3plas

Figure 5. Calculation of the critical softening parameter based on the stress-strain curve of rock [21].
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It is worth mentioning that the amount of M is
considered as a negative value, and thus the

Adrop | peak (0-3 ) O_res (0-3 )

amount of & is ue:

plas peak elas A drop Jas
g =g +& -&" (12)

g]plas { peak(GS) { ol (o 3){%_1‘%}}} (13)

plas __l 1+S11’1!//(l7) gplas _ B 8pla.s
3 - 1 - 2 1

2 l—sint//(n) (14)

Hence, the critical softening parameter (77°) for

the assumed amount of (0;) can be gained as
follows:

T] (0_3) gpla.s 83{714&' —

E ol (0;)—0]" (03)

, (s)
(1= .

ku/
)(1+7)

It can be concluded that the critical softening
parameter depends on both the confinement stress

0, and GSI [19]. As a result, the critical softening
parameter can be estimated as follows:

! 1 .
Tension Uniaxial Compression

Shear stress

-&-

Triaxial Shearing

n _g]pla.s gplas —
E o’ (c,)-0o" (o3)
(1- )( 3E : )1+ I//)_ (16)
eak res
oGS IO @)y T,

Since the drop modulus is dependent upon the
GSI and confinement stress 05 , the critical

softening parameter can be calculated as follows
[19]:

Sy (03,GSI) =
225-GSI 55-0.6GSI
( Yo+ ( ) (17)
1000 8
for 25<GSI<75

2.4. Pore pressure effect

Early researchers have reported for rock masses
with an average quality that the presence of water
does not have a substantial influence on the
strength and deformation of rocks; however, a
confining pressure may decrease the water-
weakening effect [24-26]. Then the effect of water
has been considered as the decline in stress

(Figure 6).

Failure Envelope

Unstable domain

Stable domain

Increase in pore pressure

———

ucs

Tension Compression

Normal stress

Figure 6. The effect of water on rock failure.

3. Verification of suggested correlations

The results of the experimental approach of
granite specimens to verify the suggested
correlations are used in this work [27]. The rate of
height to diameter (h/d) and the diameter of
specimens are considered as 2 mm and 54 mm,
respectively. The results obtained are based upon
30 series of experimental tests regarding the
confined pressure and unconfined pressure.
Moreover, other types of tests such as the
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Brazilian test and the tilt test used to evaluate the
mechanical properties of samples were conducted
and the input results for the simulation can be
seen in Table 1.

For verification of the suggested correlations,
several tests of uniaxial and triaxial compression

2, 6, 10 MPa). The

geometry and boundary condition of simulation is
shown in Figure 7.

test were simulated (o; =
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The results of the numerical and experimental
tests are given in Figure 8. It can be seen that the
peak and residual strengths of the samples for
both the numerical and experimental approaches
show a good consistency. With increase in the
confining pressure, both the peak and residual
strengths increase; however, the rate of growth for
peak strength is more for the residual ones based
upon Figure 8.

Furthermore, the effect of confining pressure on
ductility of samples (reduction effect on drop
modulus) can be sensed in the curves in Figure 8.
In other words, the slope of the stress-strain curve
in the softening region decreases with increase in
the confined pressure; thus, the post peak
behaviour of the samples shows a transition from
a brittle type to a ductile one.

Table 1. The mechanical parameters for simulation approach of granite samples [27].

Density Cohesion Friction Dilation  Tension
Parameter (g /cm3) Elastic modulus (GPa) Poisson' ratio (MPa) ©) ©) (MPa)
peak _— peak — peak —
Value 2.61 18.97 0.19 ¢ 1242 ¢ 57.59 Y 50 (65

=45 @' =43.04 'S =45

54 mm

108 mm

Axial stress (loading rate= le-7 m/s)

l

Confinig pressure

Figure 7. The geometry and boundary conditions of samples for numerical approach.
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Figure 8. The comparison of strain-stress curves of numerical and experimental approaches for different
confining pressures.

4. Application of CCM method
4.1. Numerical approaches
In the case of average quality of rocks, a basaltic

rock mass was selected and studied based upon [19].

They have reported an average unconfined
compressive strength, and mi as 23 MPa and 10,
respectively. Also the GSI value was estimated to
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be 55, the Barton’s Q value was obtained to be
between 1 and 5, and the residual GSI value was
calculated as 33 [19]. Due to introduction of this
rock mass in the RocLab program [28], the results
are shown in Table 2. The porosity value was
considered to be 0.33.
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Tunnels measured 7 m in diameter and 450 m in
depth in the saturated surrounding were selected
and modelled. A slightly larger discretized area of
70 m * 70 m * 28 m was selected, and the tunnels
were located 4 to 5 times of the tunnel diameter far
from the boundaries. The surrounding environment
in modelling was considered as the isotropic
material and the rock mass behaviour, assumed as
EPP and SS through the Mohr-Coulomb failure

criterion. The mesh size was regularly reduced near
the tunnel zone. The increase in the number of
nodes could enhance the accuracy of calculation. To
this end, two different simulations with different
total number of elements 19600 and 132472 were
used in FLAC 2D and 3D [29, 30], respectively

(Figure 9).

Table 2. Rock mass geological parameters [19].

Parameter Unit Value
GSIpeak 55.0

Q 1-5
GSIres 33.0

O MPa 23

m; 10
14 KN/ 3 26.70
E GPa 3.837
C] 0.25
cpeak MPa 0.744
Pk ° 24.81
peak ° 3.72
cres MPa 0.397
@res ° 15.69

LIJI'(:‘S o 0

K 5GSIpeakres _ 175
ppeaxres — 1000 ® for 25 < GSI < 75

total number of grids=19600
grid 5i2¢-0.5°0.5 m

70 m (10*D)

70m (10*D)

Figure 9. Geometry and meshes used for numerical modeling in both (a) 2D and (b) 3D approaches.

4.2. Ground reaction curve (GRC)

GRC is used to show the correlation between the
surrounding materials in which a tunnel is
excavated and the support system. If the pressure of
the support system is as the exact amount of the in-
situ stress pressure on tunnel walls after excavation,
there will be no difference in the stress conditions
after and before excavation. Consequently, no
displacement will occur in this case. By gradually
reducing the pressure of the support system,
displacements associated with every single step of
pressure reduction can be calculated. The maximum
displacement occurring in terms of the pressure of
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support system tends to be zero. GRCs for two
different circumstances of dry and saturated
environment with EPP and SS behaviours in three
diverse amounts of K (0.5, 1, and 1.5) based on the
aforementioned discussions were represented by
FLAC 2D.

Figure 10 shows GRCs for k = 0.5 in both the dry
and saturated environments associated with the EPP
and SS constitutive models. It can be seen that in
the existence of water, the displacements increase
and the maximum displacement in the EPP model
in dry condition is altered by 65 mm to 360 mm in
the saturated ones. The alteration of displacement in
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the SS model was obtained as 330 mm to 580 mm
for dry and saturated conditions, respectively.
Moreover, the elastic reaction curves for both
conditions (dry and saturated) were similar. In other

word, the critical pressure ( p; ) between the elastic

and plastic zones will be 60-70% of the in-situ
stresses but the distinct differences between GRCs
can be sensed about the 70% of stress relaxation.
However, the critical pressure between the

softening and residual zones ( p;”) will be 20-30%

of the in-situ stresses.

GRCs for k =1 in both the dry and saturated
environments associated with the EPP and SS
constitutive models are shown in Figure 11. In the
existence of water, the displacements rise, like
previously. The maximum displacement in the EPP
model in the dry condition was altered by 100 mm
to 400 mm in the saturated one. This change of
displacement in the SS model was gained as 530

mm and 710 mm for the dry and saturated
conditions, respectively. It could be seen that GRCs
were similar up to 60% of stress relaxation. Thus it

can be concluded that the critical pressure ( p,)

between the two regions (elastic and plastic) in this
situation will be 40% of the in-situ stresses.

GRCs for k = 1.5 in both the dry and saturated
environments associated with the EPP and SS
constitutive models are shown in Figure 12. In this
case, the maximum displacement in the EPP model
in the dry condition changed by 240 mm to 480 mm
in the saturated one. This alteration of displacement
in the SS model was gained as 940 mm and 1330
mm for the dry and saturated conditions,
respectively. It could be seen that GRCs were alike
up to 50% of stress relaxation. Accordingly, it can

be concluded that the critical pressure ( p; )

between the two regions (elastic and plastic) in this
situation will be 50% of the in-situ stresses.

Ground Reaction Curve(GRC)-K=0.5

0.9 - — = GRC-Dry-K=0.5-EPP
gg ——— GRC-Sat-K=0.5-EPP
= 0.6 = = = GRC-Dry-K=0.5-SS
S o0s ——— GRC-Sat-K=0.5-SS
~ 04
0.3
0.2
0.1
0
0 100 200 300 400 500 600 700
Deformation (mm)
Figure 10. GRCs in two conditions (dry and saturated) for k = 0.5.
Ground Reaction Curve(GRC)-K=1.0
1
gz = = = GRC-Dry-K=1.0-EPP
o. . ——— GRC-Sat-K=1.0-EPP
0.6 - — — GRC-Dry-K=1.0-SS
05 ——— GRC-Sat-K=1.0-SS
* 04
0.3
0.2
0.1
0
0 100 200 300 400 500 600 700 800
Deformation(mm)

Figure 11. GRCs in two conditions (dry and saturated) for k = 1.
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Ground Reaction Curve(GRC)-K=1.5

- - — GRC-Dry-K=1.5-EPP
——— GRC-Sat-K=1.5-EPP
- = = GRC-Dry-K=1.5-SS
——— GRC-Sat-K=1.5-SS

-~ -
- - - -
e e e

800 1000 1200 1400

Deformation(mm)

Figure 12. GRCs in two conditions (dry and saturated) for k = 1.5.

It is worth mentioning that the results of the EPP
constitutive model in the saturated condition could
not represent the accurate effect of water. As it can
be seen, in all different conditions (Figures 10-12)
through different K values, the maximum
displacements are very similar to each other (360,
400, 480 mm). Nevertheless, in the SS
constitutive model, for different K values,
displacement differences were obtained in the
presence of water (580, 710, 1330 mm).

4.3. Longitudinal deformation profile (LDP)

A single longitudinal section of an excavated
tunnel can be divided into three regions: (a) ahead
of the face, (b) the face, and (c) behind the face.
Conditions of stresses in front of the face are
similar to the in-situ stresses. On the other hand,

\ A .
- 4 o
T8 i 2L 3 s
i i)
g 8

stress conditions are distributed in the face as
though the effect of face supporting on the tunnel
wall can be seen. Finally, there is no confinement
influence on the face behind, and the maximum
displacements would happen. Like Figure 13, if
point A in an excavated tunnel on the tunnel roof
is taken into account, the radial displacements
extremely depend upon both the strength and
mechanical properties of rock mass. By closing
the face of tunnel to the mentioned point (A), the
radial confinement pressure would reduce.
Furthermore, the displacements steadily increase
in the case that the face of the tunnel and point A
have an extensive distance because the effects of
the tunnel face and the confinement pressure
reduce (Figure 14).

N

: A
b 4 - e )
-.E Lt T |

N

“lﬂ

a
i
1
1
]

Figure 13. The position of A remark to determine LDP.
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Figure 14. The radial displacement of the excavated tunnel.

Figure 15 shows LDPs for k = 0.5 in both the dry
and saturated environments associated with the EPP
and SS constitutive models. As it can be seen in this
figure and the previous GRC figures, the maximum
displacements are similar, implying the accuracy of
the numerical simulation. The difference between
the results of the dry and saturated conditions in
both models are worth mentioning. These
alterations commence from the face of the tunnel to
behind it. For instance, the displacement at the
tunnel face for the EPP and SS models in the dry
condition was obtained to be 23 mm and 128 mm,
respectively.

The displacements at the tunnel face in the
existence of water for both constitutive models are
the same. However, the differences can be sensed
behind the tunnel face at the 0.5D distance. In other
words, these variances show more alterations by

moving the tunnel face advance because of the
reduction in the confinement pressure and the effect
of the tunnel face supporting pressure.

LDPs in different conditions (dry and saturated)
associated with the EPP and SS constitutive models
for K = 1 are shown in Figure 16. The alterations
between the constitutive models commence from
the face of the tunnel to behind it. For example, the
displacement at the tunnel face for the EPP and SS
models in the dry condition was gained to be 27
mm and 176 mm, respectively.

LDPs in different conditions (dry and saturated)
associated with the EPP and SS constitutive models
for K = 1.5 can be seen in Figure 17. The
differences of constitutive models were less in this
circumstance in comparison to the two previous K
values. For instance, the displacement at the tunnel
face for the EPP and SS models in the dry condition
was gained to be 34 mm and 138 mm, respectively.

Longitudinal Deformation Profil(LDP)-K=0.5

600

[T N Y, |
[ R N
(= =)

)
S
S
\
\

Deformation (mm)

— = — LDP-Dry-K=0.5-EPP
——— LDP-Sat-K=0.5-EPP
— = = LDP-Dry-K=0.5-SS
—— LDP-Sat-K=0.5-SS

-8.00 -5.00 -2.00 1.00 4.00 7.00

Distance to face (m)

10.00

13.00 16.00

Figure 15. LDPs in two conditions (dry and saturated) for k = 0.5.
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Longitudinal Deformation Profil(LDP)-K=1.0
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——— LDP-Sat-K=1.0-EPP
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16

Figure 16. LDPs in two conditions (dry and saturated) for k = 1.
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Figure 17. LDPs in two conditions of dry and saturated for k=1.5.

5. Conclusions

The main reasons for the immense differences
among the CCM curves based on the analytical
and numerical methods is the incorrect selection
of the constitutive model and simple assumptions
and limitations that do not coincide with reality.
Likewise, the use of SS model and consideration
of water are the additional difficulties. In this
research work, the reaction of the ground around
the circular tunnel excavated in both the saturated
and dry media with different K values (0.5, 1, and
1.5) were analysed by the numerical approach.
Furthermore, the impacts of the different models
(EPP and SS) on GRCs and LDPs were
successfully analysed in the FLAC 2D and 3D
code. The aim of these methods is to overcome
the limitations described above.

The results of the analyses show that there is a
considerable difference between LDPs and GRCs
in both the saturated and dry condition utilizing
two constitutive models. The GRC and LDP
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curves in the presence of water in the elastic
region are the same for both constitutive models.
However, when the rock mass is broken and
enters the post-peak region, the difference
between the curves begins, and this difference
increases with the face advance. This difference in
the saturated condition is started about 0.5D
behind the face for both constitutive models, and
will be increased as the face advances. The
maximum displacement in a saturated medium
with different K values for the EPP model is less
than that of the SS model. This is due to the fact
that in the post-failure region, the strength
parameters in the EEP model is constant, whereas
in the SS model, the strength-weakening effect is
considered. Furthermore, the presence of water
makes the GRC and LDP curves deviate more in
the EEP model in comparison to the SS model.
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