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Soft clay, Surface improvement, Reinforcement material,
Repetitive loading test, Construction design software,
Equipment toppling
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Summary

I. Title

Research on the Optimum Design Method for soft Ground Surface

reinforcement (II)

I. Objectives and Necessities of Research

Reclamation is recently being conducted actively in coastal regions to
expand large scale ports, air ports, new towns, industrial complexes and
agricultural fields by spreading sand or clay on the soft or very soft
ground, In the past, general soil in adjacent areas of the construction site
was used for reclamation, but because of environmental pollution
occurrence caused by construction of borrow pit and the increase of
construction costs, it is getting more and more difficult to find ground soil
for reclamation these days, so residual soil produced in dredging for
securing deep seaway or preventing surface soil from being buried is used
for reclamation, Having very high water contént, residual soil from
dredging construction often consists of very soft clay, which is softer than
the marine sediments, and it is usually impossible for even people, let
alone construction equipment, to enter the ground area built with such
very soft clay,

There has been significant progress in research on the method of soil
improvement, however, in reality, the research on the ground surface
reinforcement for the safety of heavy equipment used to improve the very

soft ground is still very behind, It takes more than 10 years the very soft



ground to desiccate naturally, so the surface reinforcement method for the
very soft ground is mostly treated with a geosynthetics reinforcement or by
the FBC method of wusing the belt conveyer, horizontal vacuum
consolidation method, PTM method using a trench for very wet ground or
bamboo matting method, Because the engineering behavior of the surface
reinforced ground, design method and specifications standard not
established yet, there is still a lot of trouble in the construction fields
and the surface reinforcement construction is carried out on the basis of
foreign cases or the designer's judgment or experience, Therefore, it is
necessary to systematically establish the ground surface reinforcement
method, which is one of the most serious problems on site and promote the
technology so that it can be widely used in dredging or reclamation
constructions,

If the design method of ground surface reinforcement suitable for Korea's
very soft ground is established, the quality of the ground improvement can
be enhanced by stable covering and the stability of construction can be
maximized in improvement of deep ground improvement, Moreover, with
spread of old experience and technology that have been applied to dredging
and reclamation so far, the engineers can be encouraged to try to make a
theory of their experience and techniques, In addition, enhancement of
profitability and stability of the construction can lead to development of
technology of other related fields and we can also expect a reclamation and

dredging technology to grow which can develop very soft grounds earlier,

Il. Contents and Scope of Research

The scope of this research is establishment of a design method of soft
ground surface reinforcement suitable for Korea's soft grounds and

suggestion of a guideline(draft) for design, construction and maintenance of

_Xi_



ground surface reinforcement and design software,

This research was completed in two years and 10 months and the
contents of the research can be roughly divided into the following three
subjects,

@D Analysis of a surface reinforcement design method for sbft ground

(@ Establishment of a ground surface reinforcement method by analysis of
laboratory and on—site test results

® suggestion of a guideline(draft) for design, construction and maintenance

of ground surface reinforcement and design software,

The details of the three subjects are as follows,
@ Subject 1

The first subject is aimed at analyzing the soft ground surface

reinforcement design method for soft ground,

— Analyzing domestic and foreign design methods and theory of surface
reinforcement and obtaining the design factor used for analysis of
surface reinforcement using ductile materials(geogrid, geotextile) or
rigid material(bamboo),

- Analyzing the merits and demerits of the ground surface reinfrcement
methods through research on the literature and establishing the method
of interpreting and designing surface reinforcement using ductile
materials(geogrid, geotextile) or rigid material(bamboo),

— Analyzing the behavior of the ground reinfoced by the rigid material
and ductile materials from the laboratory simulation result and
suggesting a reasonable design method suitable for various conditions
of soft ground,

— Analyzing the numerical interpretative method of stiff materials(bamboo
net) and non-stiff materials(geogrid, geotextile) ground surface

reinforcement in order to use the numerical analysis,

- Xil —



® Subject 2

The second subject is aimed at establishing a soft grouhd surface
reinforcement design method through analysis of the on-—site test
results,

— Carrying out simulations under various conditions which might occur
on site in order to analyze problems with the existing design methods
and then analyzing the appropriateness of each design methbd,

— Assessing and analyzing the subsidence. and bearing capacity of the
method of rigid materials(bamboo net) and ductile materials(geogrid,
geotextile) ground surface reinforcement through plate load tests and
numerical analysis on the representative very soft ground sites(dredged
and reclaimed very soft ground, very soft clay ground) to suggest a
reasonable design method,

— Assessing the characteristics of strength reduction caused by ground
disturbance due to operation of heavy equipment by conducting on-—site
tests such as a cyclic load test and with the results. taken into
consideration, assessing the design intege_r of the ground,

— Analyzing comparatively the design theory of the ground surface
reinforcement method and on-site test results by using numerical
analysis and establishing the design method of the suggested soft

ground surface reinforcement method,

(® Subject 3
The third subject is aimed at suggesting a guideline(draft) for design and
construction of soft ground surface reinforcement and design software,
— Carrying out numerical analysis wunder various conditions and
laboratory simulations in order to develop ground surface design
software,
— Developing software for optimum design of ground surface

reinforcement which can be conveniently applied on site and verifying

- xiii -



the software in comparison with the on—site test construction results,
— Assessing the results of research on the physical characteristics of the
ground with passage of time after dredging and reclamation of a test
construction area,
~ Lastly, suggesting a guideline(draft) for design, construction and
maintenance of soft ground surface reinforcement suitable for Korea's

soft grounds,

V. Results of the Research

The results of this research are as follows,

A, Results of very soft ground test construction and large plate load
test
- The test construction area continued to be settled and the
surrounding areas tended to have more uplift and disturbance section as
time went on after ultra soft ground surface reinforcement,
= As a result of analyzing the settlement behavior by loads using
settlement plate and displacement sensor, it was found that rigid
reinforcement had more effective for reduction of displacement,
» The analysis on the correlation between IFF and settlement showed
that more rigidity and thicker embeded depth are closely related with
more reinforcement effect,
» The BCR evaluation by reinforcement materials showed that comparing
to two—folded geotextile(15tf/m), bamboo network was 2.8 times of BCR,
geogrid(20tf/m) was 2.3 times of BCR, geotextile(30tf/m) was 2.1 times
of BCR, triple geotextile was 2,1 times of BCR and geogrid(10tf/m) was

1.9 times of BCR.

- X1V -



= According to the evaluation on the deformation angle of the
Yamanouchi Equation, ductile materials showed similar values to those
of Japanese cases but rigid materials showed 11~15° which was a little

smaller,

B, Results of Cyclic load test
« Regarding the primary factor affecting the ground behavior in the
repetitive loading of heavy construction equipment on surface—reinforced
ultra soft ground, it was evaluated that in case of surface
reinforcement with ductile members in large contact pressure, slow
operation speed and more static works, permanent deformation would

increase, inducing overturn of heavy equipments and burying accidents

C. Analysis of Surface treatment materials

» The results of weathering test with geotextile and geogrid showed both
geotextile and geogrid were reduced about 3.,0% and lower than each of
the initial test materials in 30 days; it was considered that such a
slight reduction would not have to be reflected to strength reduction
factor because it is within the range of product variation and test
tolerance,

» In case of 60 days later, both geotextile and geogrid showed 16% of
tensile strength reduction, so, it was also found to necessarily consider
the strength reduction factor even in case of using the reinforcement
members after they were left for 30 days,

» The abrasion resistances of sand/geotextile/clay and sand/geogrid/clay
measured in drawing test were ¢=0,03kg/cm2, ¢ =26.5" , and c¢=0,02kg/cm2, ¢
=22.0° respectively, Geotextile showed higher abrasion resistance than

geogrid by 1,2~1,5 times,
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D, Results of the design theory analysis on the surface

reinforcement method using laboratory model testing

« According to the model test wusing rigid(steel bar) and
ductile(geotextile, geogrid), in 200 seconds after Ioading, the overall
settlement of the surface layer including central part converged to a
constant value, The appropriated time for the static loading in the
model testing on the basis of rapid loading intended to simulate fast
construction(undrained condition) in actual site was estimated to be 15
minutes per loading step,

« The behavior of laboratory model ground was measured using
non—contacting type strain gauges, It was shown that the ground
- settlement and heaving were same as those measured with LVDT, which
verified the engineering applicability of the non—contacting strain gauge
used in this study.

» As a result of PIV(particle image velocimetry) to accurately evaluate
the behavior of surface reinforcement materials, which are subject to
load, in the model test, it was found that both geotextile and geogrid
showed almost same behavioral characteristics that their settlement
increased from low load as load increases while steel pipe's settlement
was little changed up to 2,44tf/m2 but rapidly increased from 3,26tf/m2,
In addition, it was found that the characteristic would show almost
similar behavioral characteristics in the tests conducted in the study.

= It was found that while the bearing capacity improvement effect under
complete restraint would largely rely on the tensile strength, that under
partial restraint would rely on other factors such as friction
characteristics and rigidity as well as the tensile strength, and it was
evaluated that the tensile strength effect of reinforcement material,
affecting the bearing capacity improvement effect, would be expected

only about 40% in case of inappropriate reinforcement material on site,
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. It was also evaluated that regarding ¢, the increase of angle
according to the increase of loading stress, ductile materials such as
geotextile and geogrid would largely rely on the constraint conditions of
reinforcement materials while the materials with high rigidity would not
rely on the constraint conditions,

. It was found that the support improvement effect would be
significantly increased by the cohesion affecting the bearing capacity
improvement effect in the complete constraint state, would not be in
partial restraint,

» It was evaluated that BCR would increase as the rigidity of surface
reinforcement members increases; incremental would be
BCR=4.8 X ( Tmax/ Thax(Geotextite)) -~ in the correlation,

» It was found that all of geotextile, geogrid and steel pipe has lower 7,
tensile strength, which would occur on the reinforcement materials as
the thickness of soil covering would increase, which resulted from load
distribution of embeded depth,

» In addition, it was found that all of geotextile, geogrid and steel pipe
showed BCR would increase according to the increase of H/B up to H/B
3 while the load distribution effect of them would have the almost same
value in H/B 3 and over; such results were as same as the results of
model test with geotextile and geogrid by Vito A et al(1986),
demonstrating that the results would be same even in high rigid
materials,

= As a result of estimating the wultimate bearing capacity of
non—reinforced ground, based on Terzaghi's bearing capacity theory(qu:=
a ¢N.), the ultimate bearing capacity of in-situ ground with w=94 7%

water content was qult=0.90tf/m2 while the ground with w=124% water

content was qmt=0.53tf/m2 , which were 3,7 and 2,6 times of the
laboratory model test respectively,

« In case of geotextile, it was evaluated that the initial inclination of
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stress—strain curve of laboratory model test was larger than wide tensile
test results and that the breaking strength(4,0tf/m) gained from
geogrid's laboratory model test was about 0.8 times of breaking strength
from wide tensile testing(4.8tf/m); it would be determined that such
results were owing to the difference of strain rate and clamp constraint
method,

As a result of evaluating the strain rate increase according to load
increase, which was measured by strain gage during the laboratory
model test, it was evaluated that all of geotextile, geogrid and steel
pipe showed higher strain rate according to load increase and that
geotextile tended to have the max. strain rate on both ends, geogrid
have it on 10cm from the end of load plate and steel pipe have it on
the center of the plate,

It was evaluated that the angle which geotextile reinforcement member
is placed at to the horizontal plane, # was 20° ~ 34° , geogrid's angle
was 10° 28" , and steel pipe was 6° ~ 8 while the radius of heaval
network of geotextile, geogrid and steel pipe, r were 0,7~11m, 0,87~
3.1m and 5,4~7.0m respectively, Thus, it was evaluated that #, and r
of geotextile and geogrid used in the study were within the ranges
suggested by Seorim(1980); on the contrary, # of steel pipe had lower
value than the range while r had larger value than the range,

The ranges of # and r suggested by Seorim(1980) had utilized the
Japanese cases using ductile materials while they were defined by
considering that # and r rely on the undrained shear strength of clay
ground, The geotextile and geogrid used in the study were ductile
materials, and ¢ and r of them relied on the undrained shear strength
of clay ground and were within the ranges suggested by Seorim(1980).
However, for steel pipe, a stiff material, its undrained shear strength
suggested by Seorim(1980) did not rely on the undrained shear strength

of clay ground at 0.8 tf/m® and lower, and it was also evaluated that
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the stiff materials like bamboo net with high stiffness were not
applicable,

» Regarding g¢:/¢, the ratio for which shear resistance effect by tensile
strength accounts, geotextile, geogrid and steel pipe net were 78%, 81%
and 91% respectively, suggesting that gz/q relies on stiffness,

» As a result of evaluating the bearing capacity from the parameters(7],
d, r) of the indoor model testing by using Yamanouuchi Equation, it
was found that it might clearly evaluate the bearing capacity effect of
soft reinforcement materials, however, it might not that of high stiff
materials,

» The study suggested 4, the stiffness coefficient to evaluate the
stiffness effect of reinforcement materials, Then, it was also found that
the stiffness coefficient, 4 as the testing constant would be
appropriate as high as 1,0, 1.1 and 1,5 for geotextile, geogrid and steel
pipe, respectively,

» It was evaluated that the stiffness effect affecting reinforcement
improvement effect would be reduced as the thickness of embeded depth
increases and that KFe, the stiffness effect reduction coefficient would
have positive correlation with H/B,

» Finally, it was confirmed that the bearing capacity gained from the
method to calculate bearing capacity, which was suggested in the study,
would almost correctly estimate the capacity, demonstrating the

appropriateness of the proposed bearing capacity calculation method,

E. Results of the comparison analysis on the design theories using
numerical method

= Numerical analysis with varied parameters (parametric study) was
conducted to estimate the settlement behavior by the tensile strengths

of reinforcing materials and embeded depth, A new concept of numerical
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analysis. methodology that can estimate the settlement behavior and
stress  distribution of ultra soft grounds, by comparing the results of

indoor experiments and on-site loading tests.

F, Development of software for the surface reinforcement of soft
ground
» Software for the optimal design of surface reinforcement, Which may
be easily applicable to sites, was developed, and after comparing with
and verifying the on-site trial construction using the developed
software, it was found that it could be wusefully used for surface

reinforcement design,

G. Proposal of a design methodology for the surface reinforcement of
soft ground

» On the basis of the results obtained from indoor model test, on-site
loading tests, and numerical analysis, a reasonable design methodology

(draft) for the surface reinforcement of soft grounds is proposed,
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V. Application plan of the Research Results

» Using the results obtained from the indoor model tests until the third
year using rigid material (steel bar) and non-rigid materials (geogrid,
geotextile), ‘the influence of the material properties of the
reinforcement and covering earth on the increase of bearing force will
be examined, which will be used as basic data for the establishment of
design methodology for the surface reinforcement of ulti‘a soft grounds,

» The results obtained from the site construction and analysis on the
measurements of very soft ground will be utilized as the basic data for
the verification of the new design methodology., On-site repetitive
loading tests will be carried out in the third year to analyze the
disturbance of original ground and resultant changes in the bearing
force characteristics by operation of heavy equipments, in order to be
used as the material protecting any safety accident of such equipments,

« Indoor testings for various cases using the fabricated model‘ testing
apparatus will be carried out to find out reasonable design parameters
by analyzing the qualitative behaviors and improvement of bearing
forces of surface reinforcing materials,

= Using the reasonable characteristic properties of the soft grounds and
reinforcing materials obtained with commercial numerical analysis
software program and results of the indoor tests of Japan, the behavior
of soft grounds by the characteristics of reinforcing materials will be
analyzed., Using the indoor and on-—site test results, a reasonable
design methodology for surface reinforcement and  pertinent
design/construction/maintenance guide (draft) will be included in the
road design handbook of 2010,

= The results obtained through this study will be continuously published
in scientific seminars to share the findings with the designers and

constructor of ultra soft ground reinforcement,
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LA %

A aua o] 2] 2E 9] <A & (Various Partial Factors of Safety)
AAA &4 Az I ety &4 (A=Y &4

e71% 1.1 ~ 25 15 ~ 25 1.0 ~ 15 1.0 ~ 1.2
Cushioning 1.1 ~ 20 12 ~ 15 1.0 ~ 2.0 10 ~ 1.2
LGSR 1.1 ~ 20 15 ~ 25 1.0 ~ 15 1.0 ~ 1.2
H 1.1 ~ 20 20 ~ 40 1.0 ~ 15 1.0 ~ 1.3
% E 1.1 ~ 20 20 ~ 35 1.0 ~ 15 10 ~ 1.3
A A 1.1 ~ 20 20 ~ 4.0 1.0 ~ 15 1.0 ~ 13
ApHSHY 1.1 ~ 15 20 ~ 30 1.0 ~ 15 1.0 ~ 1.3
- R s 11 ~ 15 1.0 ~ 20 1.0 ~ 15 1.0 ~ 1.1
] = 15 ~ 30 10 ~ 15 15 ~ 20 10 ~ 12
Flexible forms 1.1 ~ 15 15 ~ 30 1.0 ~ 15 1.0 ~ 1.1
A E %pat 1.1 ~ 15 15 ~ 25 1.0 ~ 15 1.0 ~ 1.1

(Designing with Geosynthetics, Koerner, 1997)
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—Jl- Geotextile
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\
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£
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e pB— % g
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®
g 2
1
0
40 50 60 70

0 10 20 30
Time (day)

a9 3214 A AEdH

9 2F3AAY FHAEEA
1) AZAAEZ
A(313)2 49 A

ERgj 3z it

29 £5701% ol&3td BLE@T WARE 4 1}
G = Wx Ic3

q714, G : A E(mg - cm), W : @98 A3 S FH(mg/cm?2), Ic :

#* 3210>2 AdEy AgZd34E JeEdlz o
¥ 3210 Adwy A g4y
A Q1 A L1 A o1 - - =
A% ]EA*” ]_E_B‘ﬂ ]Ecﬂ AA | BUB | 2AwC
AT
3.0x105 | 1.6x107 | 1.9x108 | 3.5x108 | 1.0x108 | 8.7x107 | 2.1x108
(mg * cm)

- 86
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0 20 40 60 80 100 120 140 160
Displacement (mm)
a9 3217 WS ANEE HA
2Bl 53E A8y FAHEE A A8 YEa Yt
Pr?
D= =5 (3.14)

1714, D : A8 E(kef - m2), P : HdstF(kel), 1 : 3HEA A7 Agm), 6 : F
ats EAAY E ] =FHm)

2o AAEE Hrg AFRE <E 321> vehz ¢d gy
o] BFAEE 184.18kgf - m2, A& 048kgf - m2, A& 2.76kgf - m2 ¢ AL

{u

1o

F gom, AYRFAYFANA A47bssn FQo FAD

(2

YA EA

r {

FoA A bR wohs JAE} Bol AN W Agntis FHE ¢

m i

ANE
A
- FA A A
HAlE g2 (kgl) 203.90 0.08 14.03
HA A ¥ F(mm) 23.06 28.38 105.92
A EDkgf - m2)2 3 X 184.18 0.06 2.76
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2 A7 e AHEFA G AbgatE 34 2 AR RS AHEE ¥
w7l fete] HZAAE BEAARE, A E)E o] &3] AAS ALAHAY
A3s 2R APder stAsn wgA

=
AFeE 4 BIERH FH=E Frhseh

3
p= ¢ (3.15)

o714, D : ZAE(kgf -m2), P : SEE3F(kef), 1 : FFA A AZm), 6 :
Atz TAAAS] A FH(m)
<E 3212>& 2] (315)% H78 v A 24 FAAEE Ytz dd.

A=
K A E ALagd=A|ALagEBR| A ad=C
T 285 (kgf) 0.03 1.06 0.94 1.46
19l X Z % (mm) 179 584 564 705
74 ED(kgf - m2)A H A 0.01 0.35 0.31 0.48
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& &l 283 AL d nFAEE 4(316)& T3 A
Tomaz = Cp T 0, * tand, (3.16)
1714, Cp, & Spt 247 &3t BEAA Ateld 2R7] HH

()olt.

<oy 3218>% X} QLB TAE o3 AT AHAg AR FFEA}

_IXE

(t/m2)3 A2z

($2%), AEGEZVAL, AL EAY AL EELL ABSHT FHEY
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15819 A =g Yede Aoz v gy,
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L J ///
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Normal stress (kg/c)
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# 331 Agx4

ER queEd a4 | 2zx= o 1L
Case 1 04mx*0.4m el
Case 2 0.5mx0.5m A
Case 3 0.7mx0.7m gl
Case 4 1.0mx1.0m =Rl HolZH +%4
Case 5 0.5mx0.5m Tie Cable
Case 6 1.0mx1.0m Tie Cable
Case 7 1.0mx1.0m PP W=
Case 8 0.4mx0.4m A4
Case 9 0.5mx0.5m A Hol &+
Case 10 0.7mx0.7m HA =1
Case 11 1.0mx1.0m A4
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<Y 3424(@)~(@>E BE F7% 10emz 248 JURPAgoeyE ¢
e Zzte) ®EAY BAAY W= dehln Yok B ATAME oH@ W
Y29 4317, (319 o§d BFAF FHUA oFE AL 6 2 1%
o W7 rmE AASHAT. £ A2 Fo Qe wAL FHEA o] FE BA
7o gte) A%EE SAshs] Aokl <1¥ 3425 (@~(©>% o] AYA U
g e ogd 298 mEAD ngAe WEE ARomE A%y
Hel HAAZL £RER o= AAZL 6 Wi Brsad. 1 ARE 19 3104
of Yepim gtk 2RoRRH (17, 3182 ol s FAT g A
2 B3 e g A9 FUT @S udehiz gov, 024 4 (317), G189

28 #Ashe A7 0 £ A9l 383 WriHe Row dAHATY.

- 132 -



Sattlement(cm)

Sattlement(cm)
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Y —+—1.96kPa = 39.98kPa
5 4.02kPa—{*— 44.00kPa—]
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—— 11.96kPa —v— 52.04kPa
10 —— 15.97kPa_—j+— 55.96kPa_|
—— 19.99kPa —1— 59.98kPa
—+— 24.01kPa —+— 69.97kPa
15 ~4-—28.03kPa —*— 79.97kPa
—F— 32.05kPa —— 89.96kPa |
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Load (tf/m?)
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—— Geotaxtile-T=55.6kgf
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~+— Geogrid B-T=23.0kgf
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—— Geogrid A-T=85.6kgf
—— Geogrid B-constraint
——— Geogrid B-T=23.0kgf
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- Geogrid C-T=23.0kgf
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M langs gas (VPN guea | 2T | guee |1
ST (t/m) |(kaf - m2)| " |pyn(tt/m2) THEH pyr(tf/m2)
T(kgf)
SATFE 285 22.8
95 0.125
Aed | Lo | o ’ 230 1.20 96
2Ed ) ) LA & 2.04 17.7
125 0.115
23.0 1.20 104
HATFE 6.12 489
95 0.125
Ao 23.0 1.24 99
| 62 | 035
FE=A A& 4.08 35.2
125 0.115
23.0 1.22 10.6
R 8.16 65.2
95 0.125
B 578 23.0 50 40.0
° ' SATE | 612 53.2
125 0.115
23.0 4.08 35.4
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Settlement (cm)

Settlement (cm)..

Load(ti/m?)

0.1 1 10 100
0 / ‘ ]
2 I8 RS
\0\" >
4
' \’\e 2
8 X
10 3 \
12 &
hid
14 iy
X
16 || —®—d=0cm \K Ny
5 | - d=som Q\{
——d=10cm \\
20 I ~3&-d=20cm X'
20 (| —XH—d=30cm |
04 I —@—d=40cm \
26
28
Geogrid A, w=120%, Contraints
(b) ALa8= A (FATF)
2
0.1 ; Load(tf/m?) 10 100
0 !:Q:gﬁf
--Scs . |
3
2
4 ' *
6 | \
8
10 I
12 \
14 i
16
18
e 3=0cm \9&
20 | —@- d=5cm X
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22 | ¢ d=20cm \
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26

Steel bar, w=120%, Contraints
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#3412 RAAY BEFAL BE AADAn (AT

RAA | BAA | B RE | waE [
RANEF |Q3FE| 4= D0 )| #5eE | ¥ | F58Y

(tf/m) |(kgf - m2) w(%) pyn(tf/m2)| (m) |pyr(tf/m2) BCR

0.05 2.85 24.84
95 0.125

04 10.20 88.73

0.05 2.85 24.84

3.6 0.01 0.1 4.08 35.49

N,
to
e 2
[
Auj

125 0.115 0.2 6.12 53.24

0.3 9.18 79.86

04 9.59 83.41

0.05 4.08 35.49
95 0.125

0.4 11.22 976

0.05 4.08 35.49

e a2 EA|l 626 0.35 0.1 4.28 37.27

125 0.115 0.2 8.16 70.98

0.3 9.79 85.18

0.4 9.79 85.18

0.05 6.12 53.24
9% 0.125

04 16.32 142
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B S(1988), Aatk(1980) T2 Aoz o dFAEd d& Ax=Hiey, 5
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g ;/'ff = i g _f
z ey S o
g 15 > = 2: 0a P . qa'fq N
& & & ~¥—q,/
© g AP ‘9: :
o
0 ,0//:' 02 \:
’ - &&&... bood.
0.0 = === 0.0 LYYy V¥ ¥
00 05 10 15 20 25 30 38 0o 05 1.0 15 20 25 30 35
Load (tfim?) Load (t¥m")

(a) Xﬂé}%aﬂ' X]X]Ejll}'g’] :'7\1]_'7:“ (b) ZH’S]——%—E_E"EL} q1/q, Q2/q, C]3/q, Q4/q g_gl 31(1’7-’“
19 3458 AL 1P EAS AYsHE 23.0kgfR B ET L

AAG AN FLI A%

Steel bar_T=23kof Steel bar_T=23kgf

10
/}/.A [
08
g —=—q. /g
.r.g & 06 -
= g —4—0.fq
; U_ - qs/q
£ =
& S 04 —¥—q Jq|-
S g
=
8.2
A
12, T AN T ST W SN ———
00 : =
10 o 2 a4 g 8
Load (tffm" Load (tfim%

(a) A=A AXAR AA  (b) AEHF q/q, q2/q, 95/q, g/q S BA
a9 3459 A% B AdYstF 230kgfE FE TEEH
AAG A RALY A
<9 3460>0 A&3F 23.0kgfZ FETSEY AAH AWYWRIAIAHAE
As&HH g2/ #AE JeRl D gt 28 F 4 AR FESHE SdR
2 Yz vk 292 R Y XoEade JFH o3 AGAFEAI

A Ho] A= BE& g2/q7t 78%, A LaFE=AE 81%, AE W 9I%E

- 166 -



qz/q 9 BA

3}

—a— Geotextile
—&— Geogrid A
—A— Steel Bar

=4.08
SEE

Py

Stress(tfim?)

T/. py=1 63

0.6

p,=1.22
AAE AZ0E At

}

3
gl

10
0.4
0.2

0.0
a9 3460 A

(5) FREE 3117

dd HRTTERETT @
& T R I R oy
o TR Ew R gRV
pliq )A RS ] .
WM @ o I S <
s Wo\ ~ GO 1ﬂ_._A_u 0| do R B ) o
T g REN NG T
T g & ARH Lg g mT
W T P T ol B 28 g
oo = o Y T R T o =
O o o B Ly g 7 X
R s S O B
R S B R B
W o o H I Y
< wo Bo<r 0 IR ~I TR N = oy s
w4 Lo R AR I
— < T ﬂ ) = JH < =~
N it o= oy © o) < N ﬂA.lL
= = X m K % W E S
O
A g w N N T W o R W
SO T (N OV ) W
BB S g Do Koy £ o
BT L HoE e Amw L o8
— 0
SEEBES S R SRS
Tom oL =S XN 9 G
E_E file) O_ —_ ﬁo 0?._ ‘.I_m;.._ 0 JwA' .Oﬂ dl i
Mo o M B o W o oW T C 0
T _ oo O dp X - B M_ S
PN x T X T 02 ¥ o 2
e XL o X z X of 2 i
J) = e .uluh i T T b 2 o n
T g oo N £F " m 9
Ty I m P Tee fewa®
frvze] f - — @y 4] E il
%ﬁmo,auwownpqﬁu|w
S s - S U O
R oW W g o o ® "
B " oo L % B R o W o

1.6~224, %

L

=
-—1

AR Ee) 134, x| 217
- 167 -
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A8 o] FEo ¢td-&(Various Partial Factors of Safety)
AAA £ A=z FF | sty &4 | AESH &
iy 11 ~ 25 15 ~ 25 10 ~ 15 10 ~ 12
Cushioning 11 ~ 20 12 ~ 15 1.0 ~ 20 10 ~ 12
HEGE2 1.1 ~ 20 15 ~ 25 1.0 ~ 15 10 ~ 1.2
H 11 ~ 20 20 ~ 4.0 1.0 ~ 15 1.0 ~ 1.3
% E 11 ~ 20 20 ~ 35 10 ~ 15 1.0 ~ 1.3
A A 9 11 ~ 20 20 ~ 40 10 ~ 15 1.0 ~ 1.3
At 11 ~ 15 20 ~ 30 10 ~ 15 1.0 ~ 13
AA 712 11 ~ 15 10 ~ 20 10 ~ 15 10 ~ 11
A = 15 ~ 30 10 ~ 1.5 15 ~ 20 1.0 ~ 1.2
Flexible forms 11 ~ 15 15 ~ 3.0 10 ~ 15 10 ~ 1.1
A E et 11 ~ 15 15 ~ 25 10 ~ 15 1.0 ~ 1.1
(Designing with Geosynthetics, Koerner, 1997)
°of siA7IML BAA AA AAUES A st Jou, A9 s
Bl(r,0, D, T) A g AAZH AAZE oJgx, B A= &34 188
@otom, A AHo| AgAuke] FAH(Cu) #ell e L& 59 FAAS
CARURE RS 3

- 308 -



U}, 2 A7"e] Aud AAE
F2AeF0d AAE 8RR BAE 254 A A

olNr

EE,
o
fo
il
)
.{

>
i)
w
[00]
W
N
vV
“
L
4

oA At A Hgav, T

3?*5 2 HaHE A

e - )‘M”‘mw«
No Yes Lo WRNBEE
B2Y

No

NG

(7}) Terzaghi®] A8 k42
7LQOHS 59

- 309 -



(h Aladn e "84

ZE(Hh et F4

(th) B F57e we
HA)(EHst 9

(2) BEE 98 F AT3H 9 JIdA AN HE
A RAazs astile A5 A AXHEL 4 89)& o&3 At

Aeh 4714 Sa, 1, Df & FFL NAAER olF BASY 4@10)3%} 2t

e

1 H-D 2sinf 1. 4-S, -R(1-cosé)
qa=E(l+ - f)~H5.3-cu+ﬁs-RFr-RFe-Tmax-( +;)+ b+ H-D, }+}/,-Df
(8.9)
qa=—1-(1+£)-{5.3-cu+/3s-RFr-RFe-TmaX-281119}
F, b b (8.10)

- 310 -






r (m)

e
AEA G wijAd G = ote] 74
10 T T
@ Steel bar
A Geogrid_A
A Geogrid_B
8 ¥ Geogrid_C i
. B Geotextile
: e Q ' Nishibayashi{1980)
6 ; Cr - -
]
-~ - O
L
4 e o
{(D\ o
, . o 9 | .-
A o ﬁ(j o Oo--
3 S R PR ]
0
0.0 0.2 04 0.6 08
¢ (tfm?)

- 312 -



T %o
< P 3
2239
2 o l
4 o 3 B * ?
7=} X
it ~N o B° .M! = ‘WM <
Mo M R ,._WO 5 &M X’ i
) ) B o= = ,M Y o
PR N _~ NO —_— 0 i —
o of W o= =
PR do > E 0 s RV T R e
R oo K K - 7 o0 oo TN
= o " - - ° o Mo wo o 5 N =
—_— 0 . i 1l ~ .
a2 Wt o w £ BT o o do P il
w ! e o T W woT £ = < 70
X G g 70 X w P %
X o = ol 1 < = ™ = R
of < L,_ Al ~ =0 —_ ) N R :.L o} ,~—
B do ol ™ N ™~ —.E " T —_ ey
- lo ry prul —_— ry ol | X H
o o= < T ™ X om BK
TR %D % =z @ & e G
m}aiEA ™ HT__T __o_:fz oo
S 0o ol iy ]L %0 1 o],_ Ao ol Mo
T T T = o M X P T
_u| —_— Z_O O— _—_ —_ ‘mwo <
u o o g P o w7 N
H * of P R y k3 = o T N *
b o T A o < P = W » M o
- I M N B o o do R b T W
%ﬂgA%vi i & w2 woP
g ok T % o O o O = ' s T o U
4HTJWW£EOQ o = %mﬂrG%%a%
R 5o X i ol < i Wow = = 0
ﬂ1imolio s fo % E R
ol K of 8 bl ﬁ_. o J erm - o T - & __m " n:m %0 =
bl X! . | ‘ -
—_ % & ST o Ty oo o o T i) N B
i e Er v il i~ ~ 5l
o o i € > an X wﬂ ﬂw o P T 5= ¢ " s Ho
Mo T o R Mo w BN o m_. = B R = =
Mloﬂaogaﬂl = © o =y Ho xwge____zgw
o =UE T _x & Mol x = w2 <
< 3 o i u7i T X i | i = T oz X o
oow 32 ) 2 w3 R = = E 5
do = W_,_ o No = K N —_— oot g < " Fe
ROE w X% o % ¥ o5 P R oo <
T Mo 8 n i) o B %_ﬂwoﬂyw,@
uﬂm %Ml% iur%@zrzo_aiﬂut
& = X oo = ALING "
;3 X T o = w N 70 T
N X o= X == o g 7o M N X W
s zlaﬂmw% B
I R SN B = O
< N~ ) Ho o N T
< RO o W
©ow TR
OT ﬂ_'

- 313 -

O]
o

to},



(1) KS K 0102 A Q& 2Eld &0
(2) KS K 0746 A8 2ede] 1)

(3) KS K 0747 A S el ~E

SER R

3 A8 8

5
T

K

37k AB B

3%

% A%

(4) KS K 0749 A 2 8l2~5d w5 <

(5) KS K 0757 A od25d

)

s

=0

!

6) KS K 0768 %] S 8| ~E} 9]

(7) KS K 0769 A2 9

(8) KS K 0796 A2 ®l~etde] 5g
(9) KS K ISO 9862 | S 8] 2B} ¢

(10) KS K ISO 9863 A8 2Ede] F7 &4 Wi

(11) KS K ISO 9864 A © A~

(12) KS K ISO 10319 A

it

=0

B

w9 BAHG FA A

_g]

o
o
pu

B

Hi

=

s
)
K

—

L4

Q)
=

(13) KS K ISO 10320 #] 2 €~ E}

(14) KS K ISO 10321 A

(15) KS K ISO 11058 < 2. 8l~El 0 #al
(16) KS K ISO 12236 #] .2 =~}
(17) KS K ISO 12956 x| $.8)2E}

(18) KS F 2206 24 <]
(19) KS F 2207 A4 ¢

—

# Ald WHE(CBR A1)

o A% A%

o8 AF

m
=~

)
)
=K

s
g

el

A

€3

]

B

3
=

(20) KS F 2208 =A1¢] & A

(21) KS F 2209 5414 A& A

g},

E dtofof

2k /A

E= 4
=

A8 A

Ho

Ho

W] %

J

XO
Tk

(3) 94

_ﬂo

%

w7

)
K
B
K
vzel

Mo

(5) A

- 314 -



2. guray |
(1) o] AlgAe) ANATA e Alge] detels FAAFA 6] T

(2 AT A Aol Dok Ak, Awre] §7 5& FF DAl A7 4
Hol 4 BRI solof P

(3) AT F 713 G Ao WEe] A4 Aol FA

ZERe] A Aol whaof dri.

(

[
ol

>

of

]

< TSt FA

422 A =B

7}. Geotextile

(1) Geotextile M EXx A7} g3 A o] =
ojojo} g,

(2) Geotextile MIE9] A5 A2 JEA Y Hyd B HAY JFHAE S A%
th o] uW HAAFHE JAFAE #FS JEAY AR By W EE 10%0He A=
#e g

(3) dFl A& Geotextile MEF= &%, Az, AFEE & 1zt 4
A AFS AAFAF stn], FAALA A FAYEo] FAEH YA F& B¢

Geotextile®] F27]1F2 t5 X9 2L

fl
A
el
o,
%

BAAF AAE AP AF

JE | do
ofN
P
ofo
T
)
ol
e
)
oo

AaAag g 30% °lst _
Geotextile®] FSH-AIFRYE EAHLS A
Az Fgslor sk, HAA HAEA &
O F F x| & ALE AdAAYEE 10%o] A AA <l | 30 kN/m o]
Pz
o

- 315 -



(4) Geotextile MES] AJFH 2 FAANY NEE g X9} 2oh

%3 NE%% A

V=, 94HHE|KS K ISO 10319

20,000m?* w}t}
+ 7 & £ A 4+ |KS K ISO 11058 A z3 A,

A E A

Geotextile
(Ao W E)

= ¥ 24 = |KS KISO 10321

(1) #5278 Aeagles AP 29 5 A&l 7hssiy, wh=A 2

[e]

z4 NEEE A gy A GRS E)
ARAE, AFHAE 20,000m” et}
Ae = - KS K ISO 10321  A|=3]AH4,
L AE T v
o oy 9
(D) 712078 dFuiEd] AHgHE e 7 83 2 A2 AHgsido} Aok
(2 @l A85E FHL FRALA AHEE ARE 9Ho g, ArfFel &
B A ARVIEAY A 2AR BEAe G B WA sFean

- _ fiﬁzﬂlﬁ A8 7= 5%1;1. A 8-7) 7F

=B T Zl‘_g](ﬁnf) g 5 g?@_; o

3Xt | 26~35 500°] 4 15 | 25018

4Ad | 36~45 5001 4 10 7| A8 7Hs Rl v
45Xt | 4.0~50 6001 4 7 " B0l 26em o =
5AW | 46~55 600°] 4 6 ” oz Aol &

6l | 56~65 700°] 5 i

- 316 -



W) diuy FAVE

TR |2 9| A | A3 | 2l
&A= | kef/or 400014 | KS F 2206
AAE | kef/or | 2500014 | KS F 2207 | aye 54 : 20000m® obeh
¥ A= | kef/or | 1400°1% | KS F 2208 TEd WAA mho
AYAE | kef/or 160°1%¢ | KS F 2209

423 A F

7}. Geotextile

(1) FZAZA MEE AAE bcmel 4oz sti 4X5A5tH, 28A #H 7

BAN 58 2% 5 Atk o 9 1% R A% 271= Aol Azs A
3o 24 GHY 5 JRE oo B}
@ 5+ BAL NEE 22452 ARSd A4 2 e A £4L QI

Hgol goldhg THstel YESIL k.

A2 AA 2L 40cm olFe® o nRHE HAANE
Agoln AMAY FAAAAG FAF ARBAS So] BHLEI AANE A
7% ol polofok gk,

@ WES] 2= T4 WY Pt Fue] AWYFH
2 WA shelok g, |

5 WE 27 & GANEES ste] YFHFol & Tol AEHE AL PR oo}
s},

6) #Hde vE 27139 W@ AF 424 RE 2 /6 A9 AP 9=

N

b A 2ol Awst)

- 317 -



FHjstefof gt

(4 & AF AgL Aol FE AFoAT, 7t & 27 FA 27 EEE A

il

A
#10 2/dely olol d&ste ZEAR ZA&ete] S EA T H3H, deo
Al ZAE RS o]-83te] Aglo] bHstal AFSHA o] FAARE it
(2) Aol T @77 A%t
100cmol el A #10 22/ dS AMgste 22 3THE dus] 2%

(3) MES IHE REAFTEHT H4YE S0m o]dL M ojor s, AAE FE

3 grsto] FAA ) Ao Y= Fr}
43 BE ¥ FHujFF T4F
431 Z=H7
(1) KS F 2301 &9 9= Ad 2 B2 AFE& A= ZA 93
(2) KS F 2302 &9 4= Ag Wy
(3) KS F 2303 &9 A4 &4 - 24 A g Wy
(4) KS F 2306 &< s<ev] Ag 3y
(6) KS F 2307 2+ #9 AF 349
(6) KS F 2308 &9 9% Ald ¥4
(7) KS F 2319 &4 B & BEdxA & ANsAFH Iy
(8) KS F 2322 &9 ¥4 N¥ ¥

- 318 -



BE 9 Sgul5Ed olgdE AR JFe AAY Fn W BHOE ¥ Aw
BEAS A 1 L £9 W55¢ BHow gt may Ag2 FERee 4
Ll

Ay MRy FA7E0] FAE A9oE ANE 715 Her

7 2 EAE

(1) BE 2 £9uj55l ASHE ABE 23, 2TH, 98, e, 24

(2 AYASF 150mm o4 AW AZE ol §F Aol AFH B FEHAY

(3) 29 A2E BEAZ ST F ¢lok
@) A% A=t AAFLL e dri 24 2 NEL ANFHT AR gL
I ARE FAGESANA ABee] FALEAY AL Wolop Bk FY
Faold AAE AR HUSBE FARSAL FARIY Basdn Bu

3t XA et Aol Aadel dg 24 2 DS A St oF doh

U, duk BEx
(1) 0.08m (NO. 200) £} : 50% o] 3}
(2) A3 gA : 40% ol

(3) &A1 1 15013

o} =2

(1) D15 : 0.08~0.9m(D15 : T#FF WEgo] 15% sFsts AT AA)
(2) D85 : 0.4~80m(D85 : THF#F WEZo| 85%0) sF3te= A5 947)
(3) 0.08mm (NO. 200) % : 15% ©]3}

(4) BFA4 11 x 10E-3 cm/sec ©]%+

- 319 -



st

3

1 15% o]

: 1 x 10E-3 cm/sec ©)A+

(1) 0.08mm (NO. 200) =3} =

(2) FAF
(3) AH4 el =4 A

7h AlEdut

433 A &

2, 214

Tod

o

B
ojp
Jo

¢

jpuxe]

)

\n
|

T
o
0
o
_z_o

w
4qr
B

|

o

]_

(2) ¥

ol7) 99 AFolu o=

=

=

wK

o

)
oI

a3

0

te of

ksl

Ly
A

o)

3]

3

SEE TR

R

(9
il

ot

sfof of

S

A=l

o
RS

of of

)

el
Hia

BK

ol
Ho

o) Geotextilem| Ef of

(2) Al

7hH AE

Rl

224

Ho

- 320 -



=

o, 914 L obs 5

A

v

sl

) A=) of

w
B

—_
"o

Ho

BH

ojnt

o

A2

it

Y
o

4% 424

B

e
I
K

B

i
T
B

- 321 -



A4d ATFALER 24E E ARG 7=
Ald 7ML ERE 24 =
ZAGAY EFAAS A AY AAVE AT IUE ATAT BE Dy

EE os <#E 41.1>3% #Zrh

£ 411 3AdE d70E 58 €4 s

5 2 24 =(%) L .
. - BN HF-89 54 3
oHAANE AT H FAS oo | BBAE AA = (BCR) B
224(9) ° |'= Yamanouchi®]¢] ¥zt 54 Hr}
o kB A e ATEA 7}
oA RFAPL o] Ls = s AUWEFAES 018F FAAHUYT
100% ), v s, E5A)
A AAClR FAB) T=ATH JHA ASRA
ARG R FAANE o8 EF
o AkA|t FEA =T . AT AA o2 HIEA
A AN 0% N wgne, agae, 2A94 298
) B3 A2 AAZE A
qsA = AEE FANNEL o] §8 EFR
oA SAEHE 0% a zaswe Assy
0 FEAE A7 £ZEH ] o |"ANAEE wEoz Add A2
e 0% yxazaes 44 azedony
CESAHHUTHS AA/ AW [FERNG R AIHRNE B UA
W) ANBAR At S| W/ AWA/ AFAR B

- 322 -



A2& T
24 BAForY FoE

<
o) W
{ rEz "
~ B of = o) l
A W o — K —_ 3 o=
° o T ™ < \w_l =
g % N | Ho > ra T
XN & = K D =
TN T o W x ; n X A
BN ™ T3 = iy KH B o gn T° H.mM o2
= o o ~ or X o Jjo X ! =
o W B = 1 )l B Nk = L Ko i
P D T A B #
- B — ol ol oy ] & 9 W 3
n © N K e 3 °
o oo T . m 5L 40 5 ¥ O Ea
N I = = W ~3 R nH M . - o o
R~ al B = o Mo W w — M < T oy
o nxnz__a_g_; i T i r X BT n
o = wm N % LI = = £ = XK X -
s zizE:  BE EZi.r pEEY ©
%m%%ywﬂ. fo Ao iﬂﬂﬂw% Mﬂ%% i
© i el ° =} _
o i W o o W % M ) o| zﬂ A W_M/m R w W M b
= Mo N S M A k3 B T -
N do o= | Mo = d N O o ol T
=) X T —_ < s o Wﬁ ~ ,Di,._ E ™~ 0 ZT TR X wm:._ ) —
RO R o Ho o T T e T B X
NS xR 1 T ﬂﬂ%ﬂﬂﬂﬂol: I
" s RO X AR ar o Ro  wh T m N M@ = o B
L o B Towow w ségiﬁy%@
—_— T oo o o N o o o Yo X o L o
T T m R © T o R m o o P = N
R - o il m XN RN T R < 3
R RO m A > X" 2g_ow o o= R W & W W e
<< | T X B n_mua T 0 or .m_u o ® oW N o mw- I
w U o I % TN N N B R odo © T N = o X K or m
@.}zlA o) TN % oﬂgww@ﬁ% I
T = om D il m T ra - ol O s = ® % N A
TR B =l Plo o T AN | o 1
A ® L " < T e T w0 R ol | > T &) ~ el
AN No XM ™ = o~ ok o= ™~ i hl T Lt =, % —_
~ o) XA W oo T o - ~ H o 5 < ol ﬂﬂ KR O _1W
IR ©ow T ﬂeﬂg@%ﬁﬂ%z%}@i.ho
b T W T oy e ol N T X o X TR X
~ . ol K = i w5 T S
i _ A R
| © ‘_mﬁ = H.._ =
| | | 3 \..IAI H._ |
1

%7]' ’?‘%‘%‘7}7]— 7]1:]1%

A5 9 x| = =
o] __|_':‘7}_7} ‘] = 6}/\01'}‘] 7oz
= — 7]’ "g/\]'

ol X

- 323 -

SR slshiE A

[}

A5E o]&

d

P
L



2AGAEE Fo oy

7 2, 3R = F3E

3}
i

12 AA/A sl o

Aew, oo A7ledd Heje FF dA we

%

=

tgom, ole

©

K

stach 1, 2, 3 Adxe dF An=E I

S

K

2
T

eN
=

k3|
=

A

I

AT 88K

==

EX
1, 2, 33dE A7 A =

A5 dFNLEZdge] &8 AF
A14
RENEE

0

ol

s

AR gl A 2] 2] A]

=

Aol obd @AZA ARHoZ o] oA

AEAGo g Aok 2

¥

3

-

A
(o]

A2 B A7 &&
mekA, HYEAES ] R @A
A3 714E F20%

|
)
<

w0

%

jnd

aA d+4

T—

EEE
o]

l
=X

Arde] 483
A AA 2ZEde] AWE F

H
L

1o, meA,

o}

[e]

B

i

A

_XO
oy

el

o

S}
)i

zn

o] A3

- 324 -



h 54

#r}. WeA,

Wz 3

=

=

iy

o} #FA4

=

d oA 43

a A
N

1L AR
AAA R A
gho] A

ot & 5

z2oA EHE EAE 771" &

P
L

=

1

¥

)

3

g &
Itk

o

=

2 ZAHE AT

o744l

o
Ho
o
o

NEXE

20,000DWT, 1414]

ol

2 E o] 84

3

X

pE
rH

o

A

2,626,000
171,000
670,000
153,000
583,070
440,000

2,928,000

4,919,000

AsgE 272 Sl &
2 (')

42,000

6,346,000
284,000

135,700
20,211,172

=)

-

4 W
ZALA#, °F 2,000%F m'

1

=
LB

8}

i

O]
i

WA, 2t

ol o

v
av

L
o°
B

A

<

a

el

- 325 -

Al B

I

o=

=

=

A 2]

=

3
uhetA, i



7,000%E

6,00091&8 /
5,0009 8
400098 / =GO

-5y
3,000 2 /\// {E}
- . /_0./ A—.—v
1,000%E Av/—"/._-

0%z
1989 19g2i4 189514 1998 20011 20044 20078 20104

[dEd = FEY T2

2. A% AAIe dAE

v a7aste 33408 $YAY BEAATE 9 JEE A go
24 AEAY YA #vd B2 va YA A% FAALE $AFHT Ao
Al we FAE 2 HrbdadulE BAss TP FHAA gu7} gl

A7 & 5 9ok

3. 483 3 7143 ¢
Age EFALAA 2xEdeld 488 2 FIYFEL AN 4399 ¥
A

usk g WYY L B3

(o] =
FEXI & DETiE 88 Yot
ATEQO Y B B TE 2 Ol A4
KBFE Jl&XHEH/ AT <W HEME ANFHP g;
OB QI AR £B g Hg B DUET A h

- 326 -



A6 AT ANEHFAAN SR AT eH R

1

9.

R ARIERE @ HEKM: 2 0 U 22 BiRelns st 1o & 2 i o iy BRI R RSB 6 4L,
R ARBE RS, 1995-2

R F U A AT ABRIT B TR E S -HrAuM Rl XTH TE) s
I==

iTEtEE  BEAEGR (2 1TE) TF, R ERRRagruNss
ANBFEKRS : RIS & 5 BRI R ISR 2 iy H 5 & HaRninad, 1996
B EAERBEEER ORITHES  Eaniur (218 I%F, B-8EE -
RN T HARMIER

AT XRARXANE R @R ORET Zi@nvwlmb

TRMGE AT XRAXA NI & DRGBHIGNO LR NHR & Z 0 ME BT 55
, JUMKEE AR/, 2002

FrLTERS © Bk EEHE ) TR IR I RIS T AR o fBERN R, WL KBME IR,

2002

WRTESE KL IC BT 2 BOME & BE-HREEE N BIE A, H Bk

VLCHBE ISR = T Ic BT 5 2 > KU ABKHRUE, 2002

10. i TEe : Bk taticH T 208 BRRTEICHT 2HELZEGR

&HE, 2002

11. CR7'Y » FCR-80T& M HE, LMK Gt |
12, #dbJuMzEss & 30 2 e badly, L3 E WM BHR EEEET
13 &l 244y P 2FHTREFERTRICBT S5y FDER LTI T 28

78, 1999

14, PHFTXRRXANEHWIHBEBRET BLe==27)V

- 327 —



AT F1Ed

1.

Tanabashi, Y,. Hirao, K. and Yasuhara, K. : Numerical analysis for bearing
capacity improvement of soft fround reinforced with geotextiles, Proceedinfs
of IS-Kyushu 92, vol. 1, pp. 701-706, 1992.

. Yasuhara, K. and Tsukamoto, Y. : A Rapid Banking Method Using the Resinous

Mesh on a Soft Reclaimed Land, Proceedings of Second International Conference on
Geotexiles, pp.635-640, 1932.

Binquet, J. & K. L. Lee : Bearing Capacity Tests on Reinforced Earth Slabs,
Jour. Geotech. Eng. Div., Proc. ASCE, Vol. 101, No. GT12, Dec. 1975.

Ingles, O.G. & ].B. Metcalf : Soil Stabilization, Butterworths, Sydeny, 1972.

REET - ARER - E=vr v — Mok 2 EEEMBRERBE T, T ARBGH5F
KERfladE EraivE 4R, pp. 122.1-122.4, 1970.

WNEEE, REEZH B IO IAR s —RE, WMABETEEE, vol
52, No. 3, pp. 201-207, 1979.

WS, SRR, ZWES  BEREZ LB IOW T E, A KETE
¥, vol. 52, No. 4, pp. 433-440, 1979.

BKBE: PV anvry PIEOEKRFEE B, tilkoXBLERBETE, &
&L ARBI3ERT, pp.51-63, 1978.

KAckEt, PEE—, MAZE o — | BRIEORE® S ¥ 8 & IHR,
BIEISAHTXARA NS v RY 7 A, ppb7-70, 1982.

10. EFERE, HOET  BIITHICBIF2PFTX 2 XA NVOHRE, HOELE TE:

YRT T LHE, THETEE, ppd7-50, 1985.

11. &—5, NWRME, $EBFH, BEEF KGR LR TINLDoRNHAE, +

& HEAME, 5823%, %115, pp. 57-63, 1975.

- 328 -



12

13.

14.

15.

16.

17.

18.

19.

20.

21.

BEaE  EEIERE GFLH LE® TEOEREA, F£190+E TEHREEaE
£ pp. 1547-1548, 1984.

RH R BERBHEOWRE - EEE, BkgB T Ko A+R
TE€, pp.25-34, 1976.

PP B Lo H ORIBMIRIC BT 5 MM & S BT, LARBEHMNF
REHMFETEES, pp. 324-325, 1990.

A, FrF (2008) “RHEASA Gl o7 =2rlxe] MIASA PRI E
233 =%4 pp. 49~62

A, A8, AE3HQ2004), “2AGAS] xFAEE A HPT T
FxT2ETHA, A8A A23, ppd6T52.

Fel9F, 24, F714, /5742008), ‘AW TEFRAAY AFF TG B
Aol AAFGR &N B AFH A7, IFEFHFS
4, pp.77790.

re o ok

= . B M. L RE. (LB OME. R #K(2002), "EEkEEHELL
WD BRBIELRIC L 2 AR FEERH-O A T XA XA NVORRIZHT 2%
g5 fE AR IC BT S BRI oWIE L BERICH T 4 > > K27 4, pp.1997206.

Tanabasi, Y., Kamuro, K., Hirao, K., Takaoka, K., Nishimura, J. and
Yasuhara. K(1992), "Numerical analysis for bearing capacity improvement of
soft reinforced with geotextile”, proceedings of International Symposium on
Earth Reinforcement, Earth Reinforcement Practice, Vol.1, pp.7017706.

Yamanouchi(1970), "Experimental study on the improvement of the bearing
capacity of soft ground by laying a resinous net”, Proc. Symp. on

Interbedded Sands, PP 1447150,

PR AR I BT 5 T OWGE L B — MRS 0 BIZ s b GG AT R
EREMmET—ICT A Y R 4(2002), #2248, pp.105-107.

- 329 -



22.

23.

24.

25.

26.

21.

28.

D. H. AHN, S. K. YOU, K. ODA, K. TOKIDA (2008): Effect of Length of
Geotextile on Bearing Capacity of Very Soft Clay Ground with Geotextile
through Numerical Analysis, Proceedings of Second Japan-Korea
Geotechnical Engineering Workshop, pp.13-17.

2 OBHUE WA, PNEFE, BHHE—Q2008) 1 PATXARXRANHIPEHRI NI
oty TEREICH T 4 BEMRAT, 28 MUBME L v KT A,
pp.241-244.

Oritz, M. and Simo, J. C. (1986) : An Analysis of a New Class of
Integration Algorithms for Elasoplasic Constitutive Relations, International
Journal for Numerical Method in Engineering, Vol.23, pp.353-366.

Crisfield, M. A (1981) : A Fast Incremental/iterative Solution Procedure
that Handles Snap Through, Computer and Structure, Vol.13, pp.55-62.

+ARIE N> F7 v 71 BPURK, pp.290-291.
eI, =AY, %) A, (2008) : B FEzAM wWE A FA

574
o AXHAMET A AT, IFEFEHFEI =FFH, ATE A3S,
pp.41-49.

2=
[}
=i

T, AAB, 24, G, $57 (2000 0 BAA) BAE B welg o
e mEANTE AXNY HAPHe] DY AT, BREIY4 =
A8H AH23, pp. 11-20.

- 330 -



	표지
	제출문
	요약문
	목차
	제1장 서론
	제1절 연구개발의 목적 및 필요성
	제2절 연구개발의 내용 및 범위

	제2장 국내외 기술개발현황
	제1절 연약지반 표층처리공법 개발동향
	제2절 연약지반 표층처리공법 현장적용사례

	제3장 연구개발수행 내용 및 결과
	제1절 연약지반 표층처리공법 활용기법 분석
	제2절 표층처리 보강재의 공학적 특성 분석
	제3절 강성보강재의 현장부재력시험 및 분석
	제4절 실내모형시험 및 결과분석
	제5절 수치해석을 이용한 설계이론 분석
	제6절 현장재하시험 결과
	제7절 연약지반 표층처리 설계소프트웨어(S/W) 개발
	제8절 연약지반 표층처리 설계/시공/유지관리 지침서(안)

	제4장 연구개발목표 달성도 및 관련분야에의 기여도
	제1절 연구개발목표 달성도
	제2절 관련분야에의 기여도

	제5장 연구개발결과의 활용 계획
	제1절 추가연구 필요성
	제3절 타 연구에의 응용
	제3절 기업화 추진방안

	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌


