Effect of Construction Sequence on the Behaviour of
Gravity Type Retaining Wall
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ABSTRACT: Gravity retaining walls derive their capacity to resist lateral movement through the dead weight
of the wall. The design methodologies proposed by standards do not take into account the construction
sequences that simulate the process by which the soil and retaining wall are brought together. However, in
reality, at least during the backfilling process, the retaining wall undergoes many displacements that are not so
far considered in the design. In this investigation, effect of construction sequences in the gravity retaining
walls with different shapes is investigated with the help of finite element method. Two different construction
sequences, namely the backfilling after wall construction and the backfilling parallel to wall construction, are
compared for different wall shape models. Lateral displacement of the bottom and the top of the wall is plotted
for each model and construction sequence with construction stages. Bearing pressure distribution, lateral earth
pressure and failure wedge angle are summarized and compared with design values. Each wall showed
different behavior for each of the construction sequences. Back filling after wall construction minimizes the
sliding failure and bearing pressure. Overturning failure could be reduced by backfilling parallel to wall
construction. However, it was observed that, comparatively, backfilling after wall construction is more effec-
tive than backfilling parallel to wall construction, suggesting that proper selection of construction method also

may reduce negative effects on the wall stability.

1 INTRODUCT ION

To ensure stability of retaining structures, they
shall be designed to withstand lateral pressures due
to soil and water, the effects of surcharge loads,
self-weight of the wall, and earthquake loads. In
addition, earth-retaining systems shall be designed
to provide adequate structural capacity with
acceptable movements, adequate foundation
capacity with acceptable settlements, and accepta-
ble overall stability of slopes adjacent to walls.
These are the serviceability requirements. The
tolerable levels of lateral and vertical deformations
are controlled by type and location of wall struc-
ture and surrounding facilities.

Gravity retaining walls derive their capacity to
resist lateral loads through the dead weight of the
wall. In the construction process of retaining walls,
back fill is done after the construction. This is the
traditional method usually used. However, often
construction sequence is not taken into account in
the design methodology of the retaining walls.
Overall the stability design is believed to be relia-
ble and accurate, because the safety factors have
been allowed in design calculations. However,
would the design calculations be adequate against

the disturbances during the construction sequence?
Would different construction sequences influence
the stability of gravity retaining walls? With re-
spect to construction sequence, which is the most
suitable shape for gravity retaining wall? These are
the main questions that would be addressed in this
research.

Researches on influence of compaction behind
the retaining walls were carried out by Transport
and Road Laboratory-UK and Kulathilaka (1990).
Ahmed (2012) explored the effect of construction
sequences on the behavior of a backfilled retaining
wall. In his investigation, the influence of the con-
struction sequences on the behavior of an L shaped
stiff retaining wall was investigated with a numeri-
cal model. His observations highlighted the fact
that rotations and translations of the wall occur si-
multaneously during the staged backfilling process,
which better simulate the real construction process.

However, often the desigh methodology does
not take into account the construction sequences
that simulate the process by which the soil and the
gravity retaining wall are brought together. There
is little research which addresses the effect of con-
struction sequences of gravity type retaining walls.
Possible construction sequences are backfilling af-
ter wall construction and backfilling parallel to
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wall construction. This research will compare both
of these construction sequences for different
shapes of gravity retaining walls.

2 OBJECTIVES

The main objectives of the study are,

1) Carry out numerical analysis on the effects of
construction sequence on different shapes of
gravity retaining walls.

2) Investigate the effects of construction
sequences on bearing pressure distribution and
failure wedge of gravity retaining walls.

3 RETAINING WALL DESIGN

In order to construct the finite element model for
this study, retaining walls were designed based on
BS 8002 design guide. Three different shapes with
constant height and cross sectional area were se-
lected and trial method was used to get proper sta-
ble retaining wall based on BS 8002.

In the design procedure, first force exerted on
the retaining wall was estimated by considering the
statical equilibrium on the soil wedge bounded by
the wall, the failure surface and the surface profile.
Calculations were based on Coulomb's method of
analyse and wedge method.

Optimal base sizes were calculated for three
walls by considering overturning, sliding, and
bearing capacity. Cross section area and height are
maintained as constant. The dimensions were cal-
culated considering the safety against self-weight
failure. All dimensions (in mm) of three retaining
wall models are shown below.

widely used in design practices today, can be used
to model complex soil-wall interaction problems.
Numerical analysis was carried out in plane strain
and 15-nodes triangular elements. Movement of
the wall is the major consideration in determining
the wall deflection. Hence fine mesh was used in
the model. Soil was modeled using Mohr-Coulomb
model and concrete wall model as linear elastic
model. The utilized soil modeling parameters and
concrete retaining wall modeling parameters are
presented in Table 1 and Table 2.

Table 1. Concrete properties

Model 1 Model 2 Model 3

backfilling
backfilling

backfilling

Parameters Name Concrete Unit
Material model model Linear elastic
Type of material | type Non-porous
behavior
concrete unit Ybulk 24 kN/m®
weight-Grade 40
Permeability ky k, 0 m/day
Young's modulus | E,..f 26,000,000 kN/m?
Poisson's ratio v 0.15
Strength reduc- Rinter -
tion factor
Table 2. Dense sand properties
Parameters Name Dense sand Unit
Material model model M-C model
material behavior | type drained -
Soil unit weight | vy 18 kN/m®
Permeability k. k, 0.36 m/day
Young's modulus | E,.¢ 20,000 KN/m?
Poisson's ratio v 0.3 -
Cohesion Crer 0.1 kN/m?
Friction angle 1) 32 °
Dilatancy angle 2 °
Strength reduc- Rinter 1
tion factor

Fig. 1 Model dimensions

4 PARAMETERS FOR FEM ANALYSIS

Performance of an earth retaining system depends
on many factors, in particular, successive stages of
construction. The conventional design methods us-
ing design guidelines are not capable of evaluating
the yield information on likely displacements in
the system. The finite element analysis, which is

5 CONSTRUCTION SEQUENCES

In order to investigate the effect of the construction
sequences, the backfill soil was divided into 6 lay-
ers of 0.5m thick each that yield the total initial
height of 3m.

5.1 Backfilling after wall construction -
(construction method-1)

Calculations for the multi-phases numerical analy-
sis were performed using the stage construction
procedure. The calculations were executed in 8
phases including the surcharge loading, starting
from the initial state where the wall is constructed




Civil Engineering Research Symposium, University of Moratuwa— 2015

parallel to, each phase corresponding to a single
loading of 0.5m of backfilling, yielding a total of 6
layers (phases), and ending with the state where all
finite element model components, including sur-
charge loading, were activated. Calculation pro-
gressed until the prescribed ultimate state is fully
reached.

5.2 Backfilling parallel to wall construction -
(construction method-2)

The calculations were executed in 7 phases includ-
ing the surcharge loading, starting from the initial
state where the wall is constructed parallel to each
phase corresponding to a single loading of 0.5m of
backfilling, yielding a total of 6 layers (phases),
and ending with the state where all finite element
model components, including surcharge loading
were activated.

6 FEM ANALYISIS AND RESULTS

Development of the lateral deformation at the top
of the wall with the progress of backfill for each
type of retaining wall is presented in Fig. 2 through
Fig. 5.
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Fig. 2 Construction method 1 - (reference to top edge)

o0 Displacement -Ux VS Construction phase

1.00 iadl
£ 0.00 —
o
2100 +— =N
N :
£5.00
1=
g —=_
G300 Uxf1,1 I I
a T

Ux[2,1] |
4.00 UX[3T <
-5.00 tase I |

Fig. 3 Construction method 1 (reference to bottom base)
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Fig. 5 Construction method 2 - (reference to bottom base)

6.1 Final displacement analysis in a view

Table 3 briefly explains the final displacement vec-
tor with magnitude and direction.

Table 3. Final displacement

Model Construction | Horizomz] Displacement Vertical Comments
hand side)
] 1 - Uxt o =+2.9Emm
l e 14.5mm
L] El 221 mom
Model 1

10 T T oo =-T.46mm

11 6Tmm

3 1lmmm

Ttz =+10.12mm

—
1
1l 15 2mm
R

Model 2
2 _ Tx o =+3.6mm
O 10T
1%6mm
1 R — 151 Ux o =-4.544mm
2. 106mm -
4 S
Model 3
2 I T o =-9.04mm
U 14 Smm
2 3hmm
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6.2 Bearing pressure distribution

Table 4 briefly compares the results obtained from
FEM and manual.

Table 4. Bearing pressure distribution

Model = Maximum bearing v =
2 gpressure(kN/m?) -
S £ S 2
5 = & L
2 & FEM MANUAL b=}
= @ i
o~ LS
(&)
1 93.87 Non uniform
a 3
2 103.32 | 195.84 Non uniform
1. .3
1 81.68 Non uniform
100.01
2 81.76 Non uniform
1 104.46 Non uniform
201.64
2 123.3 Non uniform

7 DISCUSSION AND CONCLUSION

Often the design methodology of retaining walls
does not take into account the construction se-
guences which simulate the process by which the
soil and the retaining wall are brought together. In
the present investigation, two different construc-
tion sequences were employed to evaluate the ef-
fect of the construction methods. Out of the three
types of walls considered, the third type is found to
have the lowest stability. It shows high bottom and
top displacement outward the backfilling. Both
sliding and overturning are in the same direction.
Bearing pressure is 201.64kN/m* (BS 8002). When
considering wedge failure, the wedge starts from
under the base. The wall is likely to fail due to
above critical reasons. In addition the centre of
gravity of the wall is toward the outward face of
wall. This is the reason for high rotation in anti-
clockwise direction, which is negative in this in-
stance. For these reasons, we suggest that wall
type-3 is not preferable in stable construction of
high walls.

Other two gravity walls show stability against
backfilling. When we consider the wall type-1, it
shows unfavorable horizontal displacement in top
and bottom of wall for construction method 2.
Both sliding and overturning are outward of the
backfilling. Construction method 1 leads to smaller

top and bottom displacement in opposite direc-
tions, however in clockwise direction, which is
positive in this instance. Bearing pressure is within
the limit. Significant (2.21mm) sliding has in-
creased the stability of the wall. For these reasons,
the construction sequence of method 1, i.e., back-
filling after wall construction, is preferable for wall
type 1.

Wall type 2 appears to be the most preferable
among all three types of walls. In construction me-
thod-1, even though overturning is significantly
high, it is toward the backfilling, which is a desira-
ble direction. Centre of gravity of wall is toward
the backfilling face. Stability has increased by this.
Construction method 2 shows a small sliding and
overturning tendency. However, its failure wedge
angle is smaller than construction method 1. There-
fore, both construction (methods) sequences are
preferable for wall type 2.

Finally with this examination, it could be
concluded that the construction sequence is a
critical factor to be considered in the design
stage of gravity type walls, because these obser-
vations clearly demonstrate that the construc-
tion sequences influence the stability of the wall
both during and after wall construction.

8 REFERENCES

Ahmed, R., “Effect of Construction Sequences on the
Behaviour of a Backfilled Retaining Wall”. IACSIT
International Journal of Engineering and Technology,
2012, 4(6), 844-846.

Kulathilaka, S. A. S., “Different forms of Earth retaining
systems, their mechanisms, methods of Design and
construction”, Colombo, Sri Lankan Geotechnical Society,
1998, 1-34 .






