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ABSTRACT: The construction work of the Tokyo-bay Coastal Highway has been promoted toward the open-
ing of service in 2011. Since the foundation structure of embankment section for affixing approaching bridge
consists of alluvial clay layer and waste layer which are extremely soft, the embanking structure is decided to
be the combination of “expanded- beads mixed light weight soil” with high tracking capability for unequal
settling and “Geogrid” which has stability for steep gradient bank slope, for the first time in Japan, and has
been designed based on the data obtained from the results of effectiveness tests. This paper reports the results
of the effectiveness tests of the combination construction method, status of construction, design concept, and
deformation after the construction.

1 INTRODUCTION The expressway runs over land filled up with

wastes under which there exists poor alluvial
The Tokyo-bay Coastal Highway is an arterial  cohesive soil layer subject to settlement due to
highway essential for the coastal traffics through  consolidation in the long run. For this reason, a
physical distribution as it connects the offshore  preloading method was employed in order to depress
filled-up sites with each other and thus complements  potential residual settlement after commencement of
the function of the existing coastal expressways  service of the express way where the preload was

along Tokyo Bay. kept applied for 3 years and then removed to
X proceed with construction of the expressway.
XA QA Especially, the back fill for the abutment was so

Rainbo
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ol high as 5 m at the approaching section to the long
“Tokyo-bay Port Coastal Bridge” (temporary
designation) having a span of 440 m so that there
was a fear of any faulting at the structural joints.
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Figure 3. Image of completed Tokyo-bay Port Coastal Bridge
(temporary designation)

The construction work was completed in March
2009 by employing the “construction method of geo-
textile-reinforced soil wall in combination with ex-
panded-beads mixed light-weight soil”.

2 DECISION FOR CONSTRUCTION METHOD
OF GEOTEXTILE-REINFORCED SOIL
WALL IN COMBINATION WITH
EXPANDED-BEADS MIXED LIGHT-
WEIGHT SOIL

The structural solution for embankment at the abut-
ment of any structure is required to satisfy the condi-
tions as mentioned below in view of the fact that it
should be as compact in shape as possible for space-
related restrictions, that a residual settlement of ap-
prox. 20 cm, which is larger than the preload, is ex-
pected after commencement of service and that the
removed preloading material should be reused.
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Figure. 4 Results of preload dynamics survey and expected re-
sidual settlement in relevant places

Comparative investigation has led to the decision
for the “construction method for geotextile-
reinforced soil wall in combination with expanded-
beads mixed light-weight soil” which satisfies per-
formance as required in the following and is eco-
nomical to execute:

Table 1 Performance required for structural and embankment
materials

Required performance Material Structure
(@ Enables steep embankment - O
@ Light in weight
@ Sufficiently follows any de-
formation by settlement

@ Allows effective reuse of pre-
loading materials

O |0 |0

O
O
O

Table 2. Performance of expanded-beads mixed light —weight
soil and geotextile sheet

Expanded-beads Geotextile-reinforced
mixed light- soil wall
weight soil

Features Soil reduced in Soil structure incorpo-

weight by mixture | rating geotextile sheets
of extra-light ex- to complement insuffi-
panded-beads cient strength of filling
(particles). materials in correspon-
dence with the planned
shape of embankment.

(D Steep  embank- — Possible by installing
ment wall-surface members.

@ Weight reduc- | ¥ =8~ 13 kN/m’ | Lighter in weight than
tion RC structure, etc. due to

installation of the rein-
forcing material in em-
bankment.

(3 Capability to Capable of fol- The reinforcing material
follow settle- lowing any de- shows a relatively high
ment formation almost | capability to follow any

likely as ordinary | deformation.
soil.

(@ Effective reuse Allows use of pre- | Possible due to a wide
of preloading loading materials. | range of applicable em-
materials banking materials.

3 TEST FOR VERIFYING PERFORMANCE OF
THE COMBINED CONSTRUCTION
METHOD

Although having separately proved to be highly reli-
able by a large number of construction examples, the
construction method using expanded-beads mixed
light-weight soil and that for soil wall reinforced
with geogrids have not been applied yet in combina-
tion with each other. A performance verification test
was, therefore, conducted in order to obtain know-
ledge on the safety and reliability of embankment
structures realized by combination of the both con-
struction methods as well as to evaluate its practical
applicability (see Photo 1). Furumoto et al.(2006)
showed the results of the performance verification
test in the form of pull-out test.
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4 DESIGN

4.1 Decision of expanded-beads mixing ratio to
prepare light-weight soil

The preload was removed from places concerned
and reused. This material is originally surplus soil
from construction sites within Tokyo. The ratio of
mixing expanded-beads for making the light-weight
soil determined by test with 2 samples taken from
the preload has led to different results. It seemed to
be due to any variation in the properties of the ma-
terial soil that is attributable to the difference of the
sampling point. In consideration of this variation,
the mixing ratio was finally determined by the aver-
age values of the results of geological test and mix-
ing test for 2 samples. As a result of this, the volu-
metric mixing ratio of material soil and expanded-
beads which ensures the required design density (o t
=1.05 t/m®) has proved to be 1 : 1.59 (Fig. 5).
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Figure 5. Relationship between expanded-beads mixing ratio
and wet density

4.2 Structural design

A triaxial compression test (CD) was performed to
make sure of the cohesion and the angle of internal
friction as the design conditions for the expanded-
beads mixed light-weight soil. It proved to be cd =
15.3 (kN/m®) and ¢ d = 25.1° | respectively, to sa-
tisfy the design conditions: cd = 15.0 (kN/m?) and

od =25 The structural section is as shown in
Fig. 6. e T
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Figure 6. Structural section

5 WORK EXECUTION

5.1 Work procedure

5.1.1 Preparation of expanded-beads mixed light-
weight soil

The removed preload was carried into a mixing ves-

sel made of steel. Expanded-beads were put togeth-

er, added with water and mixed together to prepare

the expanded-beads mixed light-weight soil. The

light-weight soil was immediately loaded onto dump
trucks, transported to the site where it was laid, le-
veled and compacted (Photos 2 and 3).
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Xpan
mixed light-weight soil

Photo 2 Mixing in mixing ves-
sel made of steel

5.1.2  Construction of geotextile-reinforced soil
wall
(1) Laying and joining of wall-surface members and
geotextile sheets

Steel frame well capable of following deformation
was employed for the wall surface. Geotextile
sheets were laid on smoothly leveled ground and
the steel frames were placed on them. Plantation
sheets and oblique ties for ensuring slope gradient
were then set on them. The geotextile sheets were
adequately tensed to avoid looseness and then fas-
tened to piles at their ends (Photo 4).

(2) Spreading and compaction of soil
The back side of the steel frames cannot be worked
by use of large machinery. The soil on the back
side was, therefore, carefully compacted by means
of a tamper to ensure a sufficient degree of com-
paction aiming at a finished thickness of each layer
of approx. 20 cm or less (Photo 5).

Photo 5 Embankment
compaction

Photo 4 Laying geogrids

5.1.3 Difficult points of work execution

(1) Insurance of workability
Steel plates were laid to ensure workability on the
light-weight soil embankment. The time propor-
tion for moving the steel plates in the work process
was so large to influence the entire work schedule.

(2) Influences of rainfall
As the expanded-beads mixed light-weight soil is
sensitive to rainfall, the work schedule was con-
trolled on the basis of weather conditions accord-
ing to the forecast.

(3) Quality insurance
In addition to the preliminary dynamic test, the
quality of the expanded-beads mixed light-weight
soil was frequently checked also during work ex-
ecution, especially around the reinforcing mate-
rials.
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5.2 Method of quality control

5.2.1 Test of water content in percent of dry weight
A test of water content in percent of dry weight was
conducted in a fast method (electronic range method
according to JGS0122) for the purpose of determin-
ing the quantity of water to be added on the date of
work.

5.2.2 Density test

For the purpose of promptly making sure whether
the quality of the expanded-beads mixed light-
weight soil is stable as the embankment material, its
density was controlled on wet density basis. The
density test (according to JIS A 1210) was underta-
ken at least twice a day after compaction prior to
shipment. Furthermore, one piece of sample of em-
bankment after construction was taken per 200 m’
by core cutting and put to indoor density measure-
ment on the site. The wet den51ty was set to the de-
sign condition (10.5 kN/m®) (Fig. 7).
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Figure 7. Control chart of wet density test on site (filled-up
ground)

5.2.3 Unconfined compression test

The strength of the subgrade was controlled by un-
confined compression test in consideration of ce-
ment addition. Specimen for the test was taken from
the expanded-beads mixed light-weight soil after de-
livery to the site and compacted in a mold in accor-
dance with the actual working condition. The un-
confined compression test was conducted once a day
at a laboratory on the site after 7 days of curing, re-
spectively. The unconﬁned compression strength
was set to 117 kKN/m® which corresponds to CBR 8
% (Fig. 8).
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Figure 8. Control chart of unconfined compression test (sub-
grade)

6 BEHAVIOR AFTER CONSTRUCTION

The height of each portion of the embankment struc-
ture completed up to the subgrade in March 2009
was investigated on July 24, approx. 4 months after
the completion.

Although a settlement of approx. 40 mm from the
planned level was found in the wall-surface portion,
no optical changes appeared on the wall surface, etc.

7 CONCLUSION

In consideration that the filled ground consisting of
alluvial cohesive soil layer and disposed waste layer
was extra poor, the “construction method for geotex-
tile-reinforced soil wall in combination with ex-
panded beads mixed light-weight soil” was em-
ployed as a safer and economical method. The
design and execution work is reported in the above.
Although reuse of materials arising on the site is one
of the advantages of this construction method, it was
difficult to evaluate such material soil showing a
wide variation as well as to determine the mixing ra-
tio.  Quality control was successively verified
through density measurement and unconfined com-
pression test before shipment and after working
whether the necessary performance was ensured. As
a result of investigation made immediately after
completion and 3 months later, no changes in ap-
pearance of the wall surface, etc. have been identi-
fied although a certain settlement of the upper side
of structure along with settlement due to consolida-
tion of the ground was found (Photo 6).

Photo 6 View of completed embankment reinforced with geo-
grids
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