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Abstract

Back-to-Back walls are the complex geometry of MSE walls and
are often used as approach embankments and bridge abutments.
Surcharge loads acting on the Back to Back Mechanically
Stabilized Earth Wall (BBMSEW) should be applied on BBMSE
walls to understand the realistic behavior. In this study, Numerical
modeling is performed with Plaxis 2D to understand the
consequence of surcharge on earth pressures, surface settlement
profiles of BBMSE walls. A typical ratio of W/H= 1.55 is taken
where a combination of a reinforced and unreinforced zone is
present in BBMSEW for analysis and reinforcement stiffness of
(J) from 50 to 50000 kN/m is used to study the flexibility of the
backfill with the reinforcement within. The stress analysis at the
transition plane of the reinforced and unreinforced zone showed
the arching phenomena. Due to the surcharge, the lateral pressure
reduced nearly 42.31% from the Rankine’s active condition and
the vertical stresses are very close to the analytical arching
equation derived and reduced approximately 63.51% from the
overburden pressure after surcharge is applied. It is found that the
surface settlement profiles for a particular stiffness (i.e.,
J=50000kN/m) at different wall heights are decreasing from top to
bottom. At 6m height for J=50kN/m, it is observed that the
settlements have occurred in the reinforced zone whereas for the
J=50,000kN/m the settlements were observed only in the
unreinforced zone. From the analysis, it is concluded that arching
is predominant in the transition zone of BBMSEW and must be
considered for the estimation of earth pressure and design of
BBMSEW.

Keywords: Surcharge load, vertical stress, Arching, Numerical
model, Back-to-back walls, Surface Settlement profile

1. Introduction

Back to Back MSE wall structures must be designed to ensure that
they are stable externally and internally. Compound global
stability analysis must be ensured to build a safe BBMSEW. The
schematic of BBMSEW is shown in Fig.1.The design principles
of this complex geometry of MSE Wall are given in the codes.
However, the design principles presented in the codes are
limited and must be analyzed carefully to design the BBMSEW.

In the designing of the wall, the three controlling factors
include the geometry of the wall, stresses acting, and the
deformations of BBMSEW. The stability analysis of the wall if
W/H<2 is not mentioned in the codes and has limited study. If
W/H<2, the stresses acting at the transition plane of reinforced
and unreinforced zone is overestimated which leads to the
unsafe design of the wall and further leads to failure of the
structure. In the present study the stresses acting at the
transition plane of the reinforced and unreinforced zone of
BBMEW is analyzed using the numerical model simulated in
Plaxis 2D.Two factors which contribute the stability of the
structure are: one is the reinforcement providing enough tensile
strength and the other is the soil having shear strength.
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Fig.1. Schematic of BBMSEW (Back to Back Mechanically
Stabilized Earth Wall).

Modeling of BBMSEW were dealt in studies developed a wide
variety of numerical models using the methods of finite element
and finite difference software and validated with field
instrumented studies and analyzed the earth pressures, lateral
displacements, and settlements of the walls. And the consequence
of surcharge on single MSE walls, the studies in BBMSEW
surcharge induced effect on BBMSEW.In the BBMSEW there are
two zones as shown in Fig.1. Reinforced and unreinforced zone as
from the basic principle arching is the process by which stresses
are transferred from the soil on to adjacent structure due to
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mobilization of shear stresses resulting from relative
displacements. Where the relative displacements are observed in
the BBMSEW due to the rigidity difference between the
reinforced and unreinforced zone in which the studies are on
various  geotechnical structures like buried structures,
embankments, silos, mine stopes and retaining walls.

A detailed study on Back to Back MSE walls, arching, and the
consequence of surcharge on arching suggests that the studies are
limited in BBMSEW. The main intention of this study is to
analyze the phenomenon of arching under controlled conditions
assuming the wall is rotated about the top by applying K,
condition on the exterior of the wall, for limit state analysis and
surcharge application on the BBMSEW. In this study earth
pressures in the lateral and vertical direction, values of settlements
necessary to mobilize arching in the transition plane of
BBMSEW, and the extent of the zone of stress transfer are
analyzed and presented.

2. Numerical Modeling

A numerical model was simulated as shown in Fig.2. Wall height
(H) is 6 m, with a vertical facing. The length of geogrid
reinforcement was 0.7H i.e. 4.2m as prescribed in the codes,
and the minimum spacing specified in codes is 0.6m between
the reinforcement respectively. The input parameters for this soil
model and reinforcement were presented in Table 1. & Table 2.
For the soil Mohr-Coulomb model, i.e., a linear elastic and
perfectly plastic was applied. Reinforcement of geogrid is modeled
as elastic material which is perfectly compatible with the soil in
the model. The interfaces are created for soil-block, having soil
properties with interface friction (Rine=0.8), and for a block-block
interface is created using concrete block properties using interface
friction (Riner=0.8) and soil-reinforcement to ensure the friction
between the elements and are compatible with the soil element.
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Fig.2 Numerical model of BBMSEW in Plaxis 2D

Staged construction is simulated with each layer of 0.3m
thickness was placed till the wall height of 6m is constructed.
And the surcharge (q) of 24kPa is kept on the top of BBMSEW
after construction to simulate the dead load and live load acting
on the wall as per codes. The boundary was fixed both in a
horizontal and vertical direction from the base of the wall in
between the facings of the wall above the foundation to not
allow the settlement from the wall to the foundation. K,
condition was imposed with a prescribed lateral displacement of
0.03m (i.e., 0.5%H) and vertical displacement is fixed on facing
of the wall, Across the wall height with uniformly varying to
perform the limit state analysis as shown in Fig.2.The analysis is
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performed for the lateral earth pressures, vertical stresses, and
the surface settlement profiles were taken and compared with the
analytical equation derived and shows satisfactory concurrence
between the obtained and intended values of the horizontal
and vertical stresses after construction. And also the comparison
of the lateral and vertical stresses, the surface settlement profiles
with and without surcharge of BBMSEW is analyzed and presented.
And to understand the flexibility behavior of the backfill within the
wall, stiffness of the reinforcement is varied from J=50 kN/m to
50,000 kN/m, vertical stresses and surface settlement profiles were
taken and presented.

Tablel: Soil and concrete block properties of numerical model

. Foundation Concrete
Properties Backfill soil block
. Mohr- Mohr- Linear
Soil model ‘
coulomb coulomb elastic
Unit weight
Y (kN /m?) 20 22 24
Elastic modulus
(E)kPa 30E3 2E6 30E6
Poisson’s ratio (9) 0.3 0.2 0.15
Cohesion(c) kPa 2 1000 -
The angle of
shearing
resistance (@) 35 50 -
degrees
Dilation ( y)
“degrees 1 0 i

Table2: Geogrid reinforcement properties

Properties Stiffness(J) kN/m

Geogrid reinforcement 50,500,5000,50000

3. Validation of model

For the validation of the present study, the same configuration
was taken by [11] as shown in Fig.3, is simulated using Plaxis
2D. The Wall height is 6 m, and the depth of the foundation is 2
m. Here, 2 cases are considered (W/H=2 and W/H=1.4) and a
concrete block facing is used to simulate the field condition, the
concrete blocks with a dimension of 0.3x0.2m are used as facing
for the BBMSEW. The connection between the reinforcement
and modular concrete block is fully fixed and there is no error in
the connection is ensured. The interface is generated between
block-block, soil-reinforcement, block-soil, and at the base
between the foundation and above backfill.
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Fig.3. Schematic of BBMSEW model for validation
The properties of the backfill, concrete blocks, reinforcement
which are given as the input parameters to the Plaxis for
validation are presented in Table 3. and Table 4.

Table 3 Backfill and foundation soil properties for validation

Properties Infill Base soil
Soil model Mohr-coulomb Mohr-coulomb
Unitweight
Y (kN /) 18 2
Elastic modulus
(E)kPa 30E3 200E3
Poisson’s ratio(9) 0.3 0.2
Cohesion(c) kPa 0 100
The angle of
shearing
resistance(@) 30,35,40 30
degrees
Dilation ( ) 5 0
degrees

Table 4 Reinforcement properties for validation

Properties Stiffness(J) kN/m

Geogrid reinforcement 11000

However, in the present study reinforcement stiffness is taken
from J=50 to 50,000 kN/m. But the model with the stiffness of
J=50,000 kN/m is compared with the validation results. And a
vertical spacing of 0.75m is used for reinforcement in backfill.

3.1 Lateral earth pressure distribution

Lateral pressures at 4.2m from the concrete block facing are taken
for analysis. It was noted that the lateral stresses at the termination
ofthereinforced zone of BBMSEW are increasing with the depth of
the wall. From validation, it showed a maximal difference of
approximately 5%.

In this study, a typical W/H ratio of 2 and 1.4 of BBMSEW with
unreinforced zone and different values of stiffness was analyzed.
Themodelwas vigorous considering staged construction. The lateral
and vertical earth pressures at 4.2m from facing (i.e., termination
of the reinforced zone) and the tensile profiles were also studied
and results are presented.
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Fig.4. Lateral stress at 4.2m from facing for W/H=2

From Fig.4. It is noted that the lateral stresses for case 1.W/H=2,
is close to Rankine’s active condition and from the 4H, the lateral
stress exceeds the Rankine’s active stress condition and reaches to
At-rest condition, this is due to the toe impediment imposed at the
base of BBMSEW. And the percentage error with the validated
model is approximately 2.75% and is satisfactory with the FHWA
design guideline when W/H=2.
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Fig.5. Lateral stress at 4.2m from facing for W/H=1.4

From Fig.5.it is noticed that the lateral stress at the ending of the
reinforced zone and after construction the lateral earth pressures
are increasing with the depth and less than Rankine’s active
condition. Nevertheless, in the %4 H where it tends to exceed
Rankine active condition and reaches to At rest condition due to
the fixed rigidity above the foundation on which the wall rests and
within the concrete block facing as seen by the wall
displacements. The percentage error of the validated model is
approximately 2.94% and is compared well for W/H=1.4 and the
stresses are not as per the design guidelines of FHWA.

3.2 Tension Forces across the wall height

The distribution of tensile force across the reinforcement
length is analyzed and observed that the tensile forces
distributed are not uniform which are mobilized in the soil. So
at every stage, the maximum tension force is taken and plotted
with the wall height at different reinforcement heights. The
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locus of maximum tension points in the backfill is similar to
the tieback wedge method for a single MSE wall.
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Fig.6. Maximum tension points profile for W/H=2.

Form Fig.6, for W/H=2 it is interpreted that the locus of
maximum tension points is increasing with depth except for the
0.2H from the bottom of the wall where it is having the
maximum tensile force and is compared well with the validated
model.
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Fig.7.Maximum tension points profile for W/H=1.4.

From Fig.7, for W/H=1.4 it is noticed that the locus of
maximum tension line increases with wall depth except for the
wall height of 0.2H from the bottom and is compared well with
a validated model with a maximal difference of approximately
4%.

4. Results

4.1 Lateral stress at the back of the reinforced zone

The lateral stress is taken at 4.2m from the concrete block facing
i.e., at the termination of the reinforced zone along with wall
height after construction is taken for the analysis, from Fig.8. It is
observed that with a surcharge up to %2 H, the lateral stress is
similar to the Rankine’s active stress condition, and from 3m
height, the lateral earth pressures are reducing linearly due to the
arching phenomena in BBMSEW. And at 6m height the difference
of earth pressure without surcharge is approximately 67.88% and
with a surcharge from the Rankine’s active condition was
approximately 44.33%. The horizontal stress is increased with
surcharge and at 6m it is increased approximately 42.31%. The
reduction of lateral stress is due to the arching effect and with
surcharge; the arching is more distinct with the stress analysis.
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Fig.8. Comparison of lateral stress at the back of reinforced zone
with surcharge.

4.2 Vertical stress at the termination of the reinforced
zone

The lateral stresses are reduced due to the arching phenomena
wherein which the vertical stress is the reason for the reduction
and from the numerical analysis, it is spotted that vertical stresses
are lesser than the overburden stress and there is stress
redistribution behind the reinforced zone and this stress
redistribution is due to stress transfer of the soil in the
unreinforced zone on to the adjacent more rigid reinforced zone
which is the effect of arching in the transition plane of reinforced
and unreinforced zone. A new formula is derived for the stresses
due to earth pressure considering the phenomena of arching in
BBMSEW.

4.3 The equation for the stresses considering arching

phenomena

The equation for vertical stress in the unreinforced zone of
BBMSEW is derived from the equality of forces acting on the
assumed unreinforced block considering arching, the schematic
of the BBMSEW, and the forces acting is shown in Fig.9. And
the FBD (force diagram) of the forces in the unreinforced block
is shown in Fig.10.
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Fig.9. Schematic of BBMSEW for the derivation of vertical
stress.
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Fig.10. Free body diagram of unreinforced zone considered for
the arching equation.

Equating all forces acting in a vertical direction on the rectangular
element gives

The weight of a rectangular element,

dw

= yAdz )
shear load, ds

= (Ko, tand + c,)P dz 2
From equilibrium,

do, = yx dz — (koytand +c,) P/, dz 3)

Where P= perimeter of the element and A= c/s area of the
element

do,
dz

= (y - gca) - (ktan(S g) o, (€))

P P
Let , X = (y —an);Y = (ktam?z)

do,

iz - X-Yo,
doy,

X—vo, “

Integrating the above equation with the boundary condition for
the vertical stress q to o, and at a depth z.

oy do. z
J, #=va= L
q X—Yo, Jo
The general equation for average vertical stress

y—Re _
o, = ﬁ(l —e ktana%z)
+ qe—ktanﬁ%z (5)

when the backfill is granular and there is a narrow trench, L
> B,

P 2(B+L). P
—=——1e

A BL 3 = 2/B)
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(sre
o, =

_ —Ktans(z)z
ZKtan(Y)l ¢ ?

2
+ qe—ktanB(ﬁ)z (6)
When there is no surcharge,

Oy

= (zreams)
~ \2Ktans
Where, o, = average vertical stress; k = lateral earth pressure
coefficient; and B = width of unreinforced zone; §=fill-wall
interfacial friction angle;z = depth of wall. The analytical
equation derived for the BBMSE wall is compared with the

numerical analysis values obtained from Plaxis 2D and the plots
are presented in the paper.

e—Ktanz?(%)z (7)
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Fig.11. Vertical stress and arching equation comparison with and
without surcharge.

From Fig.11, it is noticed that the vertical stresses are lower in
value than overburden stress and follow the similar trend of the
equation derived for vertical stress considering arching. It is due
to the stress redistribution at the transition zone of the reinforced
and unreinforced zone. Two cases are considered with surcharge
and without surcharge for both analytical arching equation and
the numerical analysis. From the plots after construction and at
the termination of the reinforced region the vertical stress
increases linearly with depth but is lower in value than
overburden stress due to the arching.

—— With surcharge BBMSEW
—— Without surcharge BBMSEW
—— Analytical Arching equation
—— Overburden stress

Depth,m

0 20 40 60 80 100 120 140 160

Vertical Stress, kN/m”

Fig.12. Vertical stresses with and without surcharge comparison
with the analytical arching equation
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when the case with surcharge is taken from the numerical analysis
from Fig 12. It is noted that results of vertical stress nearly fall on
the analytical arching equation derived for a surcharge and is
nearly 63.51% less than the overburden pressure.

When the case without surcharge is considered the vertical stress
from the numerical analysis is slightly less than the analytical
arching equation and follow the similar trend of the arching
equation without surcharge and is approximately 79.22% less than
the overburden pressure after construction of the wall and at the
end of the reinforced zone of BBMSEW. It shows that the arching
is predominant in BBMSEW and is comparatively more in the
case of the wall without surcharge. In the case of surcharge, the
degradation of arching has happened in the transition plane of the
reinforced and unreinforced region of the wall due to the
additional vertical stress as a consequence of the surcharge on the
wall. From Fig.12, the numerical analysis of the case with and
without surcharge the vertical stresses with a surcharge is
increased about 43.08% to that of the case without a surcharge
after construction. And it is noted that the arching is more in the
case of the wall without surcharge whereas in the case of the wall
with a surcharge due to the additional vertical stresses
comparatively the arching is less than the case without surcharge.

J=50,000 kN/m
J=5,000 kN/m
J=500 kN/m

J=50 kN/m
Overburden stress

Depth,m

! L
20 40 60 80 100 120 140 160

Vertical Stress,kN/m2

Fig.13. Vertical stresses at the back of reinforced zone for various
stiffness.

To understand the realistic behavior of arching in the transition
plane from the numerical analysis the stiffness of reinforcement
ranging from J=50,000 kN/m to J=50 kN/m is considered and it is
interpreted from Fig.13, that with the rise in stiffness there is more
rigidity in the reinforced zone which increases the arching and it is
observed that for the less stiffness the vertical stress is nearly
overburden stress which shows that there is a negligible effect of
arching in the transition plane and also the negligible effect of
reinforcement is noticed. And with the increase in the stiffness of
reinforcement the vertical stress is reduced nearly 63.50% to that
of the overburden stress, this is due to more stress redistribution in
the case of the more rigid reinforced zone and the arching is more.

From Fig.14. it is observed that the lateral displacements are
tending outward more in case of the backfill reinforced with the
stiffness of J=50 kN/m and less or reduced lateral displacements
are observed within the reinforced zone with the stiffness of
J=50000 kN/m and when the surcharge is applied on the top of the
BBMSEW. This less stiffness of reinforcement tends the wall to
move away which causes lateral bulging showing the negligible
effect of reinforcement compared to the case with higher stiffness.
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Fig.14. Variation of lateral displacement contours in J= 50000 and
J=50kN/m

4.4 Surface settlement profiles

As represented in Fig.15. The settlements are more in the
unreinforced zone. As it is obvious that the less rigidity zone will
have more settlement compared to the rigid reinforced zone. As
there is a rigidity difference between the reinforced and
unreinforced zone of BBMSEW there is stress transfer between
these zones and leads to arching phenomena in BBMSEW. And
also the arching in the unreinforced zone will happen when the
reinforced zone is rigid enough whereas in the case of the
reinforcement rigidity is less as observed the settlements are
transferred to the reinforced zone in which the reinforcement
effect is negligible in case of reinforcement with the stiffness of
J=50 kN/m. but when the reinforced zone is more rigid i.e., with
reinforcement stiffness of J=50,000 kN/m, the settlements are
observed in the unreinforced zone.

Fig.15. Settlement variation in BBMSEW for J=50000 and
J=50kN/m

Settlement,mm

60 1 1 | 1

Length,m

Fig.16. Surface settlement profiles at different depths for
particular stiffness of J=50000kN/m.



It is observed from Fig.16, for particular reinforcement stiffness of
J=50000 kN/m, for different heights of the wall after construction
the surface settlement with surcharge is more compared to without
surcharge. The different wall heights taken are 1.5 m,3 m,4.5 m,
and 6 m, it is found that the unreinforced zone settled more than
the reinforced zone due to the more rigidity of the reinforced zone
and it leads to the differential settlement which directly leads to
the arching in the transition zone of the reinforced and
unreinforced zone. This arching action takes place due to the
difference in stiffness between the reinforced and unreinforced
region of the backfill. The average settlement of reinforced zone
for 1.5 m,3 m,4.5 m, and 6 m height of the wall are respectively
4.82 mm,8.91 mm,12.82 mm, and 1539 mm and in the
unreinforced zone, the average settlement for the same heights of
the wall are respectively 6.20 mm,21.56 mm,40.85 mm and 52.81
mm. It is concluded that the surface settlement profiles are
increasing with wall height in the reinforced and unreinforced
zone of the BBMSEW. Due to the surcharge, there is more
settlement which increases the relative stiffness between the
reinforced and unreinforced zone and leads to arching and
reducing the vertical stress.
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Fig.17. Surface settlement profiles after construction for various
stiffness.

It is observed from Fig.17, that for a particular height after
construction for various stiffness the surface settlement for
reinforcement stiffness of J=50 kN/m, 500 kN/m, 5000 kN/m, and
50,000 kN/m in the reinforced zone are 22.32 mm,22.02
mm,18.85 mm, and 15.39 mm respectively. and for the same
stiffness, the average settlement in the unreinforced zone is 15.45
mm,21.16 mm,39.81 mm, and 52.81 mm. It is found that for J=50
and 500 kN/m the settlements are more in the reinforced zone than
the reinforced zone due to the less rigidity of the reinforcement
the settlements are occurred in the reinforced zone, whereas for
the stiffness of J=5000 and 50000 kN/m, it is found that the
settlements are more in the unreinforced zone than the reinforced
zone and with increment, in stiffness, there is a reduction in the
settlement in the reinforced zone but more settlement has been
observed in the unreinforced zone. It is concluded that for lesser
stiffness there is the negligible effect of arching as the settlements
are occurred in the reinforced zone due to less rigidity, with the
increase in stiffness there is more rigidity due to this more relative
stiffness between reinforced and unreinforced zone for which the
arching is more predominant.

The incremental shear strain contours are shown in Fig.18, which
are used for the determination of the critical failure mechanism of
BBMSEW with varying reinforcement of J=50 kN/m and
J=50000 kKN/m.

Kommu et al.
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Fig.18. Incremental shear strain contours in BBMSEW for
(J=50000 and J=50kN/m).

In the case of high stiffness for J=50,000kN/m, the interception of
shear strain contours is formed like a triangular pattern observed
in the unreinforced zone of BBMSE walls. But, in the case of less
stiffness for J=50 kN/m, the shear strain contours are raised from
the toe of the wall on both sides, as represented and follows the
similar criteria of assumed failure plane as per FHWA guidelines.
And also there is no effect of reinforcement as discussed earlier in
the present study; this is due to more deformations in the less
stiffness reinforcement as it is having the negligible effect of
reinforcement in the reinforced zone of BBMSEW.these shear
strain contours which are more often used to predict the failure
mechanism of the BBMSEW.

5. Conclusions

In this study numerical analysis is done for the BBMSEW
considering the typical W/H ratio of 1.55 and for this, the arching
phenomena are analyzed, and the considerable outcomes of the
study are pointed out below.

1. The lateral stresses with depth at the termination of the
reinforced zone are increasing linearly but less than the Rankine
active condition. For the ratio of width to height =1.55, the
horizontal stresses are reduced by about 44.33% to that of
Rankine’s active stress condition after construction.

2. The vertical stress nearly falls on the analytical arching
equation derived for a surcharge and is nearly 63.51% less than
the overburden pressure and the case without surcharge is
approximately 79.22% less than the overburden pressure after
construction, it replicates that on the application of surcharge the
arching effect is more.

3. The vertical stress variation with surcharge applied on the top
of BBMSEW with the increase in stiffness (J=50000 kN/m) the
vertical stresses are reduced nearly 63.50% to that of overburden
pressure whereas in the case of reinforcement stiffness (J=50
kN/m) the vertical stresses are similar to the overburden stress.it
shows a negligible effect of arching as there is no rigidity
difference between reinforced and unreinforced zone for the
reinforcement stiffness of (J=50 kN/m).

4. The variation of settlement profiles for a particular stiffness
with surcharge is non-uniform along the length of the
reinforcement, but it is increasing with wall height in both
reinforced and unreinforced zone and it is more in the
unreinforced zone.

5. The variation of surface settlement at the end of construction
for various stiffness is non-uniform across the entire length of
reinforcement and it is observed that for lesser stiffness there is a
negligible effect of arching as the settlements are occurred in the
reinforced zone due to less rigidity, with the increase in stiffness
there is more rigidity, and the arching effect is predominant.
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