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ABSTRACT: An earth retaining system using buttress-wall type ground improvement, which reduces the de
formation of the retaining wall during strutted excavation has been developed. This paper describes three appli
cations of this system in soft clay and demonstrates its effectiveness by monitoring in each site. The effects are
investigated by focusing on the movement of the retaining wall just below the excavation bottom and compar
ing the deformations with different sections in the sites.

1 INTRODUCTION

Ground improvement is effective for controlling the
deformation of ground, and various types of ground
improvement have been used depending on the objec
tives. Recently, influences of the deformation on
adjacent structures and the surrounding areas caused
by underground excavation have been carefully con
sidered. It is necessary to restrict the deformation of
the retaining wall as much as possible, so as to mini
mize those influences.

Buttress-wall type ground improvement is one of
the types of ground improvement technique applica
ble in excavation work. Deep soil-rnixing method,
abbreviated as DMM, is often used to construct the
buttress walls. The buttress walls comprise several
rows of DMM walls that are perpendicular to a retain
ing wall but do not extend to a retaining wall of the
opposite side.

The effect of deformation reduction achieved by the
use of the buttress walls is intuitively recognized, but
is not sufficiently evaluated. O'Rourke and O'Donnell
(1997) and Khoo et al.(1997) applied the DMM but
tress in deep excavation work, and Sato et al.(l997)
estimated the effects by numerical analysis. Buttress
walls, however, is regarded as a secondary retaining
method added to the multi-strut system. The use of
buttress walls sometimes leads to an increase in the

total cost of a retaining system. This is because but
tress walls are used inefficiently with unnecessary
frequency and size.

Uchiyama and Katsura (1997) investigated defor
mation reduction using the buttress-wall type ground
improvement through centrifugal model tests. The re
sult shows that the buttress walls had successfully
reduced the deformation of the retaining wall, even

when the improvement ratio was 10 to 20 % of soil
volume in an improved zone. Uchiyama and Kamon
(1998) also investigated the behavior of the buttress
wall type' ground improvement through site
monitoring. The monitoring showed that the DMM
buttress was pushed backward and below at the same
time, and the behavior of the buttress wall was regarded
as that of a single rigid mass. Furthermore, the combi
nation of two 11.4 m buttress walls with a 7.5 m
interval between them apparently formed a compos
ite ground, in which the untreated soil between the
two buttress walls moved similarly with respect to the
buttress walls.

This paper describes three case studies in which but
tress-wall type ground improvement was used as a
substantial part of the supporting system in strutted
excavation work. In each case, the buttress walls were
designed in adequate shape and alignment which form
a composite ground. The effects were investigated by
focusing on the movement of the retaining wall just
below the excavation bottom, and comparing the de
formations with different sections in the sites.

2 OUTLINE OF THE EXCAVATION SITE

2.1 Site-I

The site was located on a riverside in Hiroshima city.
The construction area was about 55 m by 60 m. A typ

ical subsoilprofile of the site is given in Figure 1 with
the corresponding geotechnical properties. The site
was underlaid by loose sand to a 12 m depth. Soft
clayey silt having an N-value of 1 to 2 as measured by
the SPT, extended to a 25 m depth undemeath the sand.

The plan of the excavation and the layout of the
buttress walls and the inclinometers discussed in this
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Figure 1. Soil profile and properties of test facilities (Site-1).

study are shown in Figure 2. The final excavation depth
was 10.1 min the southern area, and 8.4 m in the north
ern area.

The cross section of the excavation is presented in
Figure 3. The support system was provided by a tem
porary retaining wall made of a soil-mixing wall,
abbreviated as SMW, one level of basement slab made
by a top-down construction method, and a diagonal
steel strut. In addition, buttress walls were settled in
the 10.1 m excavation area. The SMW consists of over

lapping columns with H-section steel as structural
reinforcement. The columns were 0.6 m in diameter

with 0.45 m spacing. Two types of H-section steel were
adopted as structural reinforcement, H-450x200x9xl4
with 0.45 m spacing in the 10.1 m excavation area
and H-400x200x8xl3 with 0.45 m spacing in the 8.4
m excavation area. The toe of the reinforcement stayed
in the soft clayey silt layer.

The buttress walls were installed by the use of SMW
method without reinforcements after construction of

the retaining wall. The installation of the buttresses
was from the ground surface to a depth of 17.5 m. The
SMW buttress was 1.8 m thick because it was consist

ed of three rows of SMW. They were 9.0 ni long and
placed perpendicularly against the retaining wall with
5.5 m spacing between each set of adjacent SMW but
tresses. The detailed configuration of the connection
between the retaining wall and the SMW buttress is
also shown in Figure 3.

The lateral displacements of the retaining wall were
measured by two inclinometers, Inc-1 settled in the
buttressed section and Inc-5 settled in the unbuttressed

section. The fixed depth of the inclinometers was 25.0
m, so that the ground movement below the toe of the
retaining wall could be measured.

2.2 Site-2

The site was located on the bay area in Tokyo. The
construction area was about 70 m by 50 m and bor
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Figure 2. Layout of the retaining wall and buttresses
(Site-1).
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Figure 3. Section of the excavation and detailed con
figuration of the connection between a retaining wall
and a buttress (Site-1).
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Figure 4. Soil profile and properties of test facilities (Site-2).
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Figure 5. Layout of the retaining wall and buttresses
(Site-2).

dered by a canal on the east side. A typical subsoil
profile of the site is given in Figure 4 with the corre
sponding geotechnical properties. The site was
underlaid by soft sandy clay having N -value of 0 to 1
measured by the SPT, to a 16 m depth underneath the
upper sand. The soft clay had a high natural water con
tent more than the liquid limit.

The plan of the excavation, the layout of the but
tress walls and the inclinometers discussed in this study
are shown in Figure 5. The final excavation depth was
9.0 m in the western area, and 11.0 m in the eastern
area near the retaining wall.

The cross section of the excavation is presented in
Figure 6. The support system was provided by a tem
porary retaining wall made of SMW, one level of
basement slab made by a top-down construction meth
od, and lateral steel struts. In addition, buttress walls
were settled in the east and west sections. The retain

ing wall consisted of overlapping columns with

and a buttress(Site-2).
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Figure 7. Relationship between E50 and qu of DMM
buttress.

v

H-section sfeel as a structural reinforcement. The col

umns were 0.85 m in diameter with 0.6 m spacing
between each two. Two types of H-section steel were
adopted as SMW reinforcement, H-600x200xl 1x17
with 0.6 m spacing in the 9.0 m excavation area and
H-594x300x14x23 with 0.6 m spacing in the 11.0 m
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Figure 8. Soil profile and properties of test facilities (Site-3).

excavation area. The toe of the SMW reinforcement

was 18.5 m deep and reached the stiff sand layer.
The buttress walls were installed by the use of DMM

with a double-mixing wing, which made overlapping
soil cement columns 1.0 m in diameter. The DMM

buttress was 2.0 m thick because it consisted of two
rows of DMM. The length of the DMM buttresses
ranged from 9.0 to 12.2 m, with an average of about
6.0 m spacing between each set of adjacent DMM but
tresses. The installation of the DMM buttress was from

the ground surface to a depth of 18.5 m. The detailed
configuration of the connection between the retaining
wall and DMM buttress is also shown in Figure 6.
Figure 7 shows the relationship between the uncon
fined compressive strength and the modulus of
elasticity of the DMM buttresses. The qu ranged from
6 to 12 times and the E 50 from 5 to 40 times as strong
as those of the original ground.

The lateral displacements of the retaining wall were
measured by inclinometers settled in the buttressed
section(Inc-4), and in the unbuttressed section(Inc~5).

2.3 Site-3

The site was located in northern Tokyo. The construc
tion area was about 64 m by 52 m and bordered by a
building on the north side. A typical subsoil profile of
the site is given in Figure 8 with the corresponding
geotechnical properties. The site was underlaid by soft
marine clay having N-value of 0 to 1 as measured by
the SPT, to a 27 m depth underneath the upper sand.
The soft clay had a high natural water content more
than the liquid limit.

The plan of the excavation, the layout of the but
tress walls and the inclinometers discussed in this study
are shown in Figure 9. The final excavation depth was
18.4 m. In the eastern area, the dismantling was con
ducted prior to the construction of the retaining wall,
and then the ground outside of the retaining wall was
backfilled.
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Figure 9. Layout of the retaining wall and buttresses
(Site-3).
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Figure 10. Section of the excavation and detailed
configuration of the connection between a retaining
wall and a buttress (Site-3).
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The cross section of the excavation is presented in
Figure 10. The support system was provided by a tem
porary retaining wall made of SMW and three levels
of lateral steel struts. In addition, buttress walls were
settled in the western and southern sections. The re

taining wall consisted of overlapping columns with
H-section steel as a structural reinforcement. The col

umns were 0.65 m in diameter with 0.45 m spacing
between each two. Two types of H-section steel were
adopted as SMW reinforcement, H-500x200x10xl6
with 0.65 m spacing. The toe of the SMW reinforce
ment was 23.5 m deep and did not reach the stiff sand
layer.

The buttress walls were constructed from a depth
of 6.0 m, just before the installation of the first lateral
struts. Therefore, the first excavation from 3.0 m to
6.0 m was made in an unimproved, unbuttressed.
ground. The installation of the buttresses ranged from
a depth o_f 6.0 m to 27.0 m. The bottom of the DMM
buttress is 3.5 m deeper than the toe of the retaining
wall.

The lateral displacements of the retaining wall were
measured by inclinometers settled in the buttressed
section(Inc-1, Inc-2). The fixed depth of the inclinom
eters was 34.0 m, so that the ground movement below
the toe of the retaining wall could be measured.

3 MONITORING RESULTS

Here we focus on the movements below each excava
tion bottom. The wall deformation below the
excavation bottom is directly and most significantly
influenced by the geotechnical properties of the
ground, and is not much influenced by the variable
factors of the retaining structures, such as the installa
tion of struts, an unsymmetrical pressure and so on.

3.1 Site-I

Deformation profiles of the Inc-1 and the Inc-5 are
shown in Figure 11 . There are evident differences be
tween the two inclinometers in each stage of the
excavation. In the first 2.6 m of the excavation, the
deformation measured by Inc-1 extended to a depth
of 23 m below the toe of the retaining wall, though
that measured by Inc-5 extended to a depth of 15 m.
Moreover, the deflection of Inc-5 obviously showed a
curving line, but Inc-1 leaned in a straight line to the
excavated side. The maximum value of lateral dis

placement of Inc-l was approximately 70 % of that of
Inc-5.

In the 8.4 m excavation, the difference in deforma
tion became more noticeable. The distribution of the

Inc-1 below the excavation bottom remained straight.
The value of the lateral displacement of Inc-1 at 8.4 m
deep was 20 mm, approximately half that of Inc-5.
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Figure 11. Deformation profiles (Site-1).
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Figure 12. Deformation profiles (Site-2).

Displacement(mm) Displacement(mm)
0 0 20 40 60 80 0 20 40 60 80I I I I I I I I
-5 - Q; _  -6.0m ~ 11 ,

f;2§2§2§2§22 ="  ='~ =§=§2§23f§2?=.;;2§2é2;2§2§2§=§ =.= ;.=§2a =.=.=_ '~2¥;far;§§22é2.l .. ._¢ ==‘ " ;;f§§;§§EgaQ;;;;§§§§~§§§E;E;f2§§§§a;=,.;.,_'='§;§;~

-10 _  =-:  _,,_  iA ii  IE '15 " Tiff _Q -20if .ggi?3 ~ 
-30 -_ 'I  I 2 lst stage _ I- A 2 3rd stage

I Q . 2nd stage I] I 4th stage_35 I I I I I I(a) Inc-l (b) Inc-2

50

Figure 13. Deformation profiles (Site-3, unbuttressed
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3.2 Site-2

Deformation profiles of the retaining wall during ex
cavation for Inc-4 and Inc-5 are shown in Figure 12.
Since the penetration of the retaining wall reached to
the stiff sand stratum, lateral movement at the toe of
the retaining wall was not observed. But, the defor
mation measured by Inc-4 in the buttressed section
extended to a depth of 17 m, which is approximately
5 m deeper than that of Inc-5 in the unbuttressed sec
tion.

The maximum value of Inc-5 was larger than that
of Inc-4 in the first 2.5 m of the excavation, because
some piles of the former structure were pulled out just
in front of Inc-4 prior to the excavation work. Howev
er, the deformation measured by Inc-4 increased much
less than that measured by the Inc-5 from the lst stage
to the final stage, therefore the maximum value of Inc
4 was restricted to 75 % of that of Inc-5 in the final
stage of the excavation.

3.3 Site-3

Deformation profiles of the retaining wall during ex
cavation for Inc-1 and Inc-2 are shown in Figure 13.
There are evident similarities between the two incli

nometers in all excavation stages. They both indicated
that walls lean in straight lines, and the displacements
extended to a depth of 27.0 m which is the depth of
the DMM buttress bottom.

The maximum values of lateral displacement of Inc
2 exceeded those of Inc-1, because the area behind the
retaining walls of the north section and the east sec
tion were differently backfilled creating rather different
external forces for the two.

4 DISCUSSION

In comparing the performances of the buttressed sec
tion andthe unbuttressed section of a retaining wall in
the same site, two differences in the wall deformation
were observed. One is that the lateral displacement of
the buttressed section continues to a further depth than
that of the unbuttressed section. The other is that the

deflection of the retaining wall leans in a straight line
in the buttressed section but in a curving line in the
unbuttressed section.

Furthermore, even when the bottom of the buttress
wall was installed to a greater than that of the retain
ing wall, the retaining wall behaved as if its penetration
reached to a depth of the buttress bottom. It can be
recognized that regardless of the penetrating stratum
of the retaining wall, the buttress walls succeeded in
increasing the area over which the ground is influenced
by external forces, thereby creating a more stable and
uniform movement of the ground. As a consequence,
the use of buttress walls decreased the deformation

and the bending stress which occurs in retaining walls.

5 CONCLUSIONS

The results from site monitoring were presented. These
results enabled an improved understanding of the de
formation reduction achieved by the use of the
buttress-wall type ground improvement. The main
points obtained from this study are summarized as fol
lows:

1. In comparing the deformation of the buttressed
section with that of the unbuttressed section in the same

site, the effectiveness of buttress walls in deformation
reduction was confirmed.

2. The lateral displacement of the buttressed sec
tion was less than that of the unbuttressed section,_but
extended to a lower depth because of the installation
of the buttress walls. This implied that we succeeded
in extending the area over which the ground was in
fluenced by external forces, thereby creating a more
stable and uniform movement of the excavated ground.
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