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A Rapid Banking Method Using the Resinous Mesh on a Soft Reclaimed Land 

Methode de remblayage rapide utilisant le filet resineux sur le terrain mou remblaye 

A case his tory of the rapid embankment for the highway on 
the extremely soft reclaimed land was successfully per
formed by spreading the resinous mesh over the ground. 
The mesh has been hltherto employed as a sort of the bam
boo method. The broad embankment for the reclaimed land 
should have been slowly filled up without any remolding 
of the ground. Therefore, the mesh has played a role as 
the restrained layer exerted between the embankment and 
the ground to reinforce the earth. The main scope of the 
present ease history is, in contrast with the conventional 
use, to carry out the rapid displacement of the extremely 
soft soil into the transported soil. Different from the 
forced displacement without any kind of geotextiles, in 
this case, the ultimate settling and spreading of embank
ment do not develope unlimitedly because of restrainment 
of thc resinous mesh. Resultantly, the two layered grau nd 
forms the natural pattern of the foundation. Consequent
ly, the current banking method is characterized by the 
possibility of the rapid and economical embankment using 
the ord i nary construction machines. 

1 1NTRODUCT10N 

Recently in Japan, the reclaimed land has been very 
rapidly constructed near the share because of the eco
nomical demand. The reclaimed lands for

2
every use have 

been increased up to about 540 million m since 1960. 
Most of them consist of the extremely soft clay soil 
which i s transported from the off-shore by the dredgerand 
is sed imented . 

For requirernent of the site of near-shore structures 
such as the factory, the storage facility and the electric 
power plant, there have been built the stable structures 
whose surface layer of the soft ground is improved into 
the rigid plate by means of cement or lime stabilization. 
Besides, the geotextiles such as the permeable cloth and 
the resinous mesh treated in the paper have beeu prevail
ed to f ulfill its function as the restrained layer in the 
ground, while the design procedure for stabilzing the sur
face layer of soft grounds and the mechanism of the inter
action between soil and geotextile have not completely 
been known. 

The aim of this paper is to present a case his tory 
where the displacement method using the resinous mesh on 
the extremely soft reclaimed land is employed for the 
road embankment. Also, the reasonable and economical 
design procedure is proposed on the basis of the results 
of model footing tests and field earthworks. 

2 CONCEPT OF EARTHWORK METHOD US1NG RES1NOUS MESH 

2.1 Conventional Use of Resinous Mesh 

Un cas de remblayage rapide pour 1a route Bur le terrain 
extremement mou a ete effectue, en posant le filet resi
neux sur le terrain. Jusqu'ä present, le filet r~sineux 
etait utilise connne une sorte de "me thod de bamboo". Dans 
la m€thode habituelle, le remblai vaste pour le terrain 
de r emblayage devait etre entass~ lentement sans aucun 
rebuttagede terrain. Par consequent, le filet jouait un 
rale comme couche restreinte entre remblai et terrain 
POUT renfocer le sol. En contras te avec llusage conven
t i onnel, le present cas de remblayage a pour but pricipal 
deffectuer le deplacement force rapide de sol extremement 
mau par le sol transporte, en plus de l'acquisition dela 
facilite de circulation des machi nes de construction. A 
la difference du deplacement force sans geotextile, dans 
le present cas, l'affaissement illimite de remblai ne 
slest pas developpe a cause de 1a re striction de la caliche 
de borne par le filet resineux. 11 en resulte que le 
t errain ä deux couches a forme le type naturel de la 
foundation. En consequence, la presente methode de 
remblayage se caract~rise par la possibilite d 'un remblay
age rapide et ~conomique ut11isant les machines ordinaires 
de construction. 

The effectiveness of a resinous mesh for earthworks 
on soft grounds has been continuously explained at labor
atory and at field by Yamanouchi (1967, 1970, 1975,1980). 
The principle of the earthwork method using the resinous 
mesh is almost the same as the fascine work which had 
been practiced from old times. Yamanouchi has proved 
that the resinous mesh is available for preventing from 
the penetration of subbase materials into the subgrades, 
the pumping up and the deflection of the pavement. At 
the present time, in addition to these uses, the mesh 1s 
used joi ntly with the other stabili z i ng method, for in
stance, sand drain, for the pur pose of the improvement 
of not only the surface but also the depth in soft grounds . 
The conceptual description of the di fference in these 
methods is illustrated in Fig. 1. 

It can be suggested from past experiences that the 
method using the resinous mesh for improving the vast 
reclaimed land is classified as follows : 

(1) Belt-like embankment for highway (B/D < 2.-' 3) 
(2) Over-spreading earth for construction of the exten
sive site (B/D> 2 - 3) 

where B : the width of embankment, D : the depth in stab i
lized layer. Most of the case histories where the mesh 
has been utilized until the present time belong to the 
category of the case (2). Since even in the case (1) 
the placement of the resinous mesh is done on the basis 
of the same idea, the post-construction settlement due 
to consolidation of soft clay beneath the stabilized 
layer continues over the long term period. Hence, for 
embankment on soft grounds where the field conditionfits 
in with the case (1), the forced displacement method 
using the resinous mesh which is described in thepresent 
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Fig. 1 Examples of earth reinforcement using resinous 
mesh 

paper will be recommended i n order to decrease the post
construction settlement of soft ground as little as pos
sible. 

2.2 New Banking Method using Resinous Mesh 

There is shown in Fig. 2 the typical ground section 
where the resinous mesh is spreaded over the soft ground 
for the surface stabilization. In laying the mesh over 
the minimum area of the surface of ground, the subsoil is 
replaced by as much the banking soil as possible,by taking 
advantage of the temporary decrease of the bearing capaci
ty of the ground due to remolding. Thus the efficient 
displacement will be attained and the re~sonable layered 
ground is formed as shown in Fig. 3 since the tensile 
force of the mesh itself and the restrained effect among 
the mesh, the banking soil and the soft soil is exerted 
sufficiently. 

The above-mentioned method is characterized by the 
advantageous features as follows : 

1) Since clay or silt layer is decreased by the displace
ment, we can minimize the post-construction settlement. 

2) Stress developed by traffic loads is smoothly distrib
uted because of the rigidity and the homogeneity of the 
fill material. 

~ IE ~Counter BaJlk~ I 
Site for ~Bank4 Sit~ "tor 

l·Jharf 1<-_. -::_ =- . ": ~c . _ . Factpry 
. _ . . - .=:: -'QIVr -~ _ _ _~ 4> _ 

Bedrock 

Fig. 2 Conventional earthwork method using resinous 
mesh 
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Fig. 3 Displacement method using resinous mesh 

3) By dis placement of the soft ground into the permeable 
fil1 material, it also works as a kind of the sub-drain
age. 

MODEL FOOTING TEST 

3.1 Purpose of Model Test 

As a simulation of the displacement method using the 
resinous mesh, the several s er i es of model footing tests 
are carried out at laboratory to investigate deformation 
characteristics of the ground i nvo1ving the mesh during 
earthworks. Also, test results are expected to provide 
inf ormation availab1e for the design procedure and the 
methods how to connect the mesh each other and how to 
spread it over the soft ground. 

3.2 Outline of Test 

As shown in Fig. 4, the two-dimensional plane strain 
type footing model (4m in width, 1.0 m in height and 0,5 
m in length) is made of the lucite. The mixture of clay 
which was taken from the reclaimed land at the port of 
Kanda is poured into the apparatus. The average index 
characteristics are as foliows: Specific gravity, G = 
2.63, liquid limit, w

L 
= 113%, p1asticity index,I =s76, 

initial water content, w
i 
~ 130i.,compression index~ C = 

0.58 and swe1ling index, C = 0.09. The sawdusts mad~ 
of the lucite as the mark ~re attached at the corner of 

Fig. 4 Outline of apparatus of model footing test 
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the square comparted by 10 cm)l. 10 cm to observe the defor
mation behavior of soft ground. The so-called "mosquito 
net" is used instead of the resinous mesh with consider
ation of the similitude between field and laboratory. As 
the load, the steel balls wi th 38 kN/m3 a s the unit 
weight (2.5 cm in diameter) are spreaded over the ground 
surface to keep unity as BIo . The artificial clayground 
has been cured for two days after pouring. Loading is 
done 5 time5 step by step. Each loading duration is about 
2~3 hours. The total stress is accurnulated up to 7.64 kPa 
on the average. 

3.2 Kinds of Model Tests 

Four kinds of model footing tests are run to simu
late the following situations : 

1) Fill with the mesh not l a id 

2) Fill with the mesh laid to observe the lateral flow 

3) Fill with the mesh laid to obs erve the movement of 
50il particle and the late ral flow 

4) Fill with the mesh laid over the ground interbedded by 
the sand seam 

Change in index propoerties of the soft soi l was examined 
before and after loading. The distinct di f f erence of them 
was not recognized. This impl i es that the loading by 
means of the steel balls is done very rap i dly a s if in a 
manner of the undrained-unconsolidated test . 

Representat i ve observation is illustrated i n Figs. 
5 and 6. Behavior of the soil especially seen at the 
series (3) of the model test is pursued by the movement 
of the white pigments painted in the surface of the front 
lucite. The number in Fig. 6 shows the sequence of ob
s ervation atthe end of each loading. According to Fig.6, 
the following tendencies are appeared : 

\ -..1-_____ / 

Ei g . 5 Mod el f ooting test for the banking method using 
the resinous mesh (tes t series (4» 
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The ground at the vicinity of the center of the load
ing plate moves diagonally downwards, the ground beneath 
the fill shifts almost horizontally and the ground at 
the toe of fill moves diagonally upwards, then the heav
ing of the ground occurs. It is observed at the line 
outside the embankment that the soft soil is thrusted 
out at the same time of loading, then this movement 
reaches gradually at the depth from the 8urface. The 
lateral flow of the depth progresses in parallel with 
the longitudinal section. On the contrary, the surface 
movement is extremely complex. As a whole, the movement 
of the painting is in agreement with the movement of soil 
particles. 

Thus, f rom the results of model tests , we can ap
proximately grasp a behavior of the layered ground in
cluding the mesh. Besides, test results suggest that 
we should pay attention to the following items in fill
ing embankment at field for displacement using theresin
QUS mesh. 

1) When the subsoil is replaced by the transported soil, 
the tensile s trength of the mesh is required. Otherwise, 
the mesh i8 torn by the shear i ng force acting between 
soil and mesh with accompany by the embankment. Hence, 
the mesh must be reinforced by the rope or the cable. 

2) Observation of the ground movement is essential in 
execution of the earthwork at field from the beginning 
of embankment especially for settlement prediction. 

4· EMBANKMENT ON THE RECLAIMED LAND USING RESINOUS 
MESH 

4.1 General View of the Port of Kanda 

The port of Kanda (Fig. 7) which is located in the 
northern part of Kyushu in Japan had played an impotant 
role to export the coal produced at the Chikuho area 

whichwas the background of the heavy i ndustry in Kita
kyushu. Recently, it has been assigned as the base of 
the timber import. The construction of the timber stor

and its relative facilities was started in 1972 for age 
the expence of about thirty hundred million yens 
and then they had been completed in 1977. When the wharf 
facility for the timber and the factories of the timber 
relative industries are constructed, the port of Kanda 
involvl ng the ~illtsuyama area wh ere ehe Eill was com-
pI e ted by using the r esinous mesh must be an internation
a.1 base port tor i.mpoTc i ng s nd manuf aeturing the Umber . 
I n addi tion , s i nec he big f actory of the Jopancse famous 
nutomoble eompany was eOI\s trueted on the TccJ.aimcd land 
of the por t of Kanda ncor the t!atsuyama ar ea , the amount 
of che i nvisible ttade in Kanda has been rOl'idly accull\u
lated . FOT these r easons, t he neeessi Cy o f the roadcon
s truc tion has come u1', wh i c·h i5 expected co eonnect chis 
whsTf wi ch ehe na t i onal- highway Route 10 as one of the 
arteries of Kyushu. The outline of the layout of the 
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Fig . 6 Movements of s oil particle and soil mass c"e to step loading (test series (3» 
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Fig. 7 General view of the port of Kanda 

facilities and the planned line of the road in the Matser 
yama area is illustrated in Fig. 8. The road passing 
through the wharf facilities for such as the storage of 
timbers and the factory site are constructed over the 
extremely soft reclaimed land at Kanda of northern Kyushu. 
The cross section along the I - I line in Fig. 8 is re
produced in Fig. 9. The partitioning bank between the 
reclaimed land and the sea is built to surround thede
sired area of the sea (step 1). The soft soil sometimes 
including the sand seam is poured through dredging into 
the shallow sea compartment divided by the surrounding 
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(Dimension in distance 

__ .... _ A. Sea 
Revetment bank (step 1) 

Reclaimed land (step 2) 
Road by the case 1 (step 3) 

Wharf site by the case 2 (step 3) 

Fig. 8 Outline of the reclaimed land where road 
fill is constructed using resinous mesh 
(Matsuyama areal 

m) 
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Mesh (conventional 
(case 2) 

(Number in the figure shows the order of earthwork) 

Fig. 9 Cross-sectional view at tbe I-I portion in 
Fig. 8 

bank (step 2). 

Index properties of the soft soil taken from the 
site for the road embankment using the mesh are tabulated 
in Fig. 10. 
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Fig. 10 Index properties of the soft soil before em
bankment 

In the case his tory described in the present paper, 
fill for the road is carried out by following the proce
dures : 

1) The resinous mesh is laid over the surface of thesoft 
ground to acquire the trafficability of the heavy con
struction machines as shown in Fig. 11 (a). At thebegin
ning of laYing over the ground, the resis ting force of 
the mesh is exerted. Movement and settlement of the 
ground are controlled by restrainment developing between 
the soil and the mesh. 

2) To reinforce the mesh, as was already pointed out in 
the model test, the woven fiberous rope is tied to the 
mesh at intervals of about 1 m as shown in Fig. 11 (b). 

3) The fill material transported from the hillside near 
the Matsuyama area is laid over the mesh by the bull
dozer. Then, after laid soil by 30-40 cm depth, the soil 
is uniformely compacted under repetition of travelling. 
This procedure is repeated several times. The restrained 
layer between the mesh and the soils is formed to resist 
the settlement due to consolidation and plastic flow. 

4) According to the rapid embankment, the lateral plastic 
flow is occurred. Then, the softsubsoil is replaced by 
the fill material. Thus, the fill and the ground remains 
stabilized. Typical cross section was schematically 
shown in Fig. 3. 

5) Due to the lateral flow, heaving is extended over the 
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Fig. 11 General view of pe~formance us ing resinous 
mesh 

surface with 60 m on the both sides of the fill. The 
heaving surface functions as the counter weight. 

6) The alternative repetition of laying the mesh, filling 
the soil and compacting the layer continues along the 
traverse direction of the road. 

Second International Conference on Geotextiles, 
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Movement and behavior of the ground due to embank
ment are observed by the pore-water pressure indicator, 
the settlement indicator, lateral inclinometer and the 
displaeement pile whieh are ins ta lIed under the ground 
in depth and the surfaee. Among them, it is worthpaying 
attention to the movement of the piles at the surface. 
Based on the the observations of the movement of thepile, 
it is eoneluded that the depth and extent of the heaving 
and displaeement along the longitudinal section after 
final fill, as visualized in Fig. 12, varies dependingon 
the index property, the sand seam and the speed of fill
ing. 

r-__ ~IULL~10~OLamL--4I~ ________ ~I~'~'JI,~~m~ ________ ~ 

(m) c-e 

Fig. 12 Profile of ground with the base established 
by displaeement 

Every symbol in Fig. 12 eorresponds with that in Fig. 8. 
The typieal seene where the mesh is laid over the soft 
soil is demonstrated in Fig. 13. 

5 TENTATIVE DESIGN PROCEDURE 

The displacement method using the resinous mesh is 
proved to be valid even for embankment over the extreme
ly soft ground. However, the design procedure at field 
has not been established. It is also too difficult to 
estimate the settlement due to the displacement because 
settlement contains consolidation and a large amount of 
plastic flow arising from the rapid embankment. The key 
to the design of this method seems to exist on the eom
prehension of the interactions between the mesh and the 

Fig. 13 Embankment over the reclaimed land using 
resinous mesh 
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soil accompanied by loading. Yamanouchi et al. (1970) 
run the experiments at laboratory for t!,e understanding 
of this mechanism. 

Owing to the review of methods for calculating the 
allowable bearing capacity of clay strata, the following 
formula is adopted to propose the method for estimating 
the amount of the transported fill material needed for 
embankment. 

qa = yH + 5.3 c (1) 

where qa ; allowable hearing capacity, H; depth of the 
fill, c ; cohesion of silt. Fig. 14 schematically shows 
the profile of the subsoil after embankment with its base 
estab1ished by displacement. 

Since the extended width of the heaving was three 

38 8 38 
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Fig. 14 

(rn 

Soft soi 1 

Bedrock 

Assumed cross-section for estimating the 
quantity of the transported soil 

times of the width of the bank (3B = 60 m) at the fie1d 
observation, the average height of the heaving isreduced 
to (1/2)·B.1<73 B = x/6. An attempt to take the effect of 
the tensile strength of the mesh into consideration in 
settlement computation is based on the method proposed 
by Yamanouchi et al. (1979). They obtained the approxi
mate equation for ca1cu1ating the allowab1e bearing ca
pacity with consideration of the tensi1e strength of the 
mesh as follows 

q = - 5.3 c + T (-- + -) + D F 1 l sine 1 J 
a F B r fs (2) 

where symbols may be referred to Fig. 14. From the bal
ance of the forces acting on the plane between the soil 
and the mesh shown in Fig. 14, we have 

Substitution of every va1ue ~f unit weights per vo1ume 
(\ = 18 kN/m3 Y{ = 18 kN/m, Y2 z 14 kN/m3 , Y{=15 kN/m3) 
ana cohesion (c = 20 + 0.8 z) into Eq. (3) gives 

or 

H = 1.16x + 1.22 

h = 0.14 H + 1. 06 o 

(4-a) 

(4-b) 

Thus, we can obtain the relationship among the height of 
the fill, h , the depth of the displacement, x, and the 
total heigh~ of the fill, H, computed by Eq. (4-a) as 
sho,m in Fig. 15. Therefore, by utilizing Fig. 15, we 
can estimate the amount of the transported soil mass and 
then the reasonable design and the economical estimation 
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Fig. 15 Design chart for displacement method 
using resinous mesh 

can be carried out before earthwork using the resinous 
mesh. 

CONCLUSION 

From the model tests and the field earthworks, the 
new embankment method using the resinous mesh was sug
gested to become one of the most economical and reason
able methods for improving both the surface and the sub
soil in depth of the extremely soft reclaimed land. This 
method was resultantly used for displacement of the soft 
soil. Henee, this method should be separately eonsidered 
from the improvement of the broad area of the soft ground 
which has been conventionally ever adopted. By strength-
ening through the connection of the fiberous rope 
with the mesh each other, the replacement is reasonably 
advanced by the mesh and the ground in a body. 

The road in the Matsuyama area improved by this dis
placement method is now under opening to traffic after 
paving. A portion of the embankment filled up by the 
preloading was removed because the road body has remain
ed completely rigid and there have been occured no trou
bles so far. 
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