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PREFACE

The Irrlgation Englneerlng Center Pr03ect is a flve year cooperatlon'
'jproaect almlng at development and consolldatlon of approprlate Lechnology.
to be applled to plannlng, de81gns and constructlone of 1rr1gatlon and .

dralnage facllitles 1nclud1ng transfer of knowledge to encourage backbone'
'englneers 1n Thalland at the same time. The Progect has been started its -
act1v1t1es 1n the precedlng since Aprll 1 1985 in order to contrlbute to
promotlon of agrlcultural 1nfrastrucure 1mprovement pPOJeCtS for stable '

food productlon in Thalland

”%hé'téam, headéd'by:MtﬁNofifaka KAwAeUCHI,'Chiefjof First Laboratory
Coneffootion; Nafioﬁal-Reeeafch Inetitute of . Agricultﬁral'Engineering,
Mlnlstry of Agrleulture Forestry and Flsherles was dlspatched to Thailand
irom February 13, 1988 to March 31 1988 For the purpoee of ‘detail design
of the testlng eanal fac111ty on the soft s0il foundatlon as the model
.1nfrastructure 1mprovement proaect 1n order to contrlbute to solve technlcal
problems concerning the establlshment of 1nvest1gat10n and plannlng ‘methods
and design criteria for canal facilities constructed on the sof't soil

foundation. .

,Tﬁis report repfesents fheireeﬁlts of-the'field survey'end a subsequent
study in'Japen._We‘hope that this report will be serﬁe as a guideline for

the model infrastructure improvement project being_expected in the -future.
Lastly, we take thlS opportunltJ to ~eXpress.our deep gratitude. to all
those who were concerned w1th us for the close- cooperatlon and a531stance

they extend to the team bhroughout Lhe.survey perlod.,

| May'1988

.Kazumi MIYAMOTO

Director . = _
Agricultural Development
" Cooperation Department,
Japan Internaticnal
Cooperation Agency, JICA






LOCATION MAP OF THE PROJECT SITE
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LOCATION MAP
or
MODEL INFRASTRUCTURE IMPROVEMENT WORK
FOR
IRRIGATION ENGINEERING CENTER PROJECT

SCALE 1:1,000,000
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OUTLINE AND MAIN ITEMS OF THE PROJECT

I'OUTLINE'OF'THE'PROJECT.

-1 Testlng Canal Facnllty
1)Depth of Canal f' 2 4m
2)5ize. of Bottom of Canal : 40mx30m

S)Slope of Canal AR
Sdope

Type of Slope ' S Gradient
a.Non—treatment slope -for -
~ short term slope stablllty . 1:4
b.Non—-treatment slope for '
long term slope stability . 1:6
¢.Improved slope -by sand ' B
_compaction pilles. ' 1:4
d.Improved slope by soil. : :

cement ‘columns: ) ' - 1:3

Loéétion
West.side
Eést side
Sputh Side

North side

2.Installation of Monitoring System(Procufed by JICA)

TI.MAIN WORK ITEMS OF THE PROJEGT

_Work Items o ' : Spe01flcat10n Quantity
1. Gonstructlon of Testlng Cnal Faczllty
1)Excavation of testnng .
.canal fac111ty _ ' Equlpment&manpower 15,700 w
2 YFoundation 1mprovement ' s . '
by sand compactlon _ ' Casing:0.4m _
. piles - ' - Diameter:0.7m 1,085 m
3)Foundat10n 1mbrovement - :
. by soil cement_columns, '~ Diameter:1.0m 1,257 mn
4)Installation of :
Displacement piles . Wooden piles 104 piles

2.Installation of Monitorihg'SYétem'

" 1l)Inclinometer(auto-measuring)Measuring horizontal

displacement in
_ _ . _ ground
Inclinometer {manual-reading) ~ditto-

1 places
5 places

Z)Extensométer ' o Measuring horizontal

displacement of

-, . ground surface 1 places
3)Differencial settlement Measuring vertical c
gauge . displacement in
' ground 7 places
4)Piezometer _ Measuring pore water
' : pressure 6 places
5)Water stand pipe - Measuring subterranean _
g - o water 2 places
6}Measuring unit Switch box, data logger 1 unit

- vii -
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C'H'm?TER 1 . BASIC PLAN FOR THE MODEL INFRASTRUCTURE PROJECT

_ Thé-téétiﬁé"cahﬁl‘fécility.cchétructed on the soft soil foundation -

as a model 1nfrastructure prOJect ‘has a great role for the Irrlgatlon
_ Englneerlng Center PrOJect (herelnafter referred to as IEC Pr03ect)

The testlng canal taCLllty is constructed in order to carry out the

case studles concernlng the plannlng and the de31gn standardization for
the fa01lltles to be constructed on the soft soil foundation. Taking

the above 51tuatlon 1nt0 consxderatlon, the objectlves of the model
1nfrastructu;e progect are_ggncluded.as mentioned below. The
'objecfives ihdipate the:spécific coopération schemes of TEC Project for

the facilities ¢onstru;ted under‘the model infrastructure project.
1)  Objectives of the Model Infrastructure Project

The'objéctives of ‘the Model Inffastructure Project throughout the
execution-of fhé detailed design, construction and monitoring are

as follows:

a. Setting up the monitoring system for mechanical behaviour of

tﬁe4excévated-soft soil foundation

b. Obtaiﬁing'the mechanical behaviour of the excavated soft soil

foundation

c. Examining-the applicability of the method of slope stability
analy51s u51ng circular Sllp surface for the excavated soft

soil foundatlon

d.  Studying the applicability of prediction for the stress and
@eformation oceuring in: the excavated soft soil foundation by
the Finite Element_Method (F.E.M.} using an Elasto-

viscoplastic model

e, Suggestions and recommendations on the design and

investigation for the soft soil foundation



2)

3)

Location of the Project'site

The model infrastiucture Project for soft soil foundation shall be

carried out in the area neighboring with thé Charcenraj Pumping

Station, about 40 km South-east of the center of Metrdpolitan

Bangkok. The site of the Model Infrastructure Project has been

provided by the Royal Irringation Department (herein after

referred to as R1D).

Basic Plan for the Testing Canal Facility

Taking .the objectives of the projecﬁ and  the project site

conditions into account, the testing canal facility shall Have

four slopes consisting of the non-treatment slope structures and

the improved slope structures as mentioned helow:

- Non-treatment slope structures

Two slope sections are planned to be constructed to leave
them in the form of an untreated natural state. One of the
non-treatment slope structures is to be applied for the study
of long-term stability. The other non-treatment slope
structure is to be used for the study of short-term

stability.
Improved slope structures

The improved slope structures shall be undertaken for the

following purposes;

(1}. Countermeasures against damage and failure of the

existing structures, and preparation work

(2). Study of the effects of improved methods in the improved

slope structures

As examples of countermeasures among the various available



4y .

improvement methods for the soft soil foundation, the Final
improvement methods shall be selected from three already
'proposed.methods (sand compaction treatwment, soil cement

colum treatment and gravel compaction pile treatment).
Monitoring System
The monitoring system shall be utilized in the following way:
a. Auto-measurement monitoring system
b. Measurement and observation by topo-survey work
The auto-measurement monitoring system shall be installed at the
project site. Also, the observation data obtained from the
auto-monitoring system shall be recorded at the project site. The
data obtained from the monitoring system shall be analized in

I.E.C..

The auto-measurement monitoriﬁg'instruments shall be supplied by

means of JICA's procurement method.






CHAPTER 2

_OUTLI&E AND OBJECTIVES OF THE MODEL INFRASTRUCTURE PROJECT
'L6cation-énd Present Conditions of the Project Site

7 The PrOJect Slte for Lhe testlng canal fac111ty provided by

HRID lS 1ocated about 40 km south-east of the center of

Metlopolltan Bangkok as the crow flies and about 600 m inland from.

~ the coast of'théjguif'of:Thailénd.'Thé_location of the project

g éiie-is-aboﬁt;iatiﬁhde i3°30' north and longitude 100°45" east,

under the'édminisﬁratiﬁe management of Samutphakan Regency in the

middie of Thailénd;

The projécf'aréa was obtained for the construction of the
Charoenraj Pumplng Statlon, and is now utilized as quarters for

the people worklng at the Pumplng Station.

As shown in Fig.'2.1.l, the project site is a square-shaped

area of about 1.5 ha and;io bordered by National Road Route Ho.3

to the north by the Charoenréj Pumping Station and its related

' dralnage canal to the west, and by private shrimp ponds to the

_east The narrow area (about 50m in w1dth) from the Project Site

to the seashore along the dralnage ‘canal mentioned above is RID's

'property The constructlon road utlllzed for the construction of

the Pumplng Statlon is belng remained as damaged and slided along

the drainage canal.

The ground elevation of the project site ranges from EL. 1.75

m at the highest point to EL.. 0.13 m at the lowest point and the

fground surface within the site of'less than about EL. 1.00 m

suffers from tidal intrusion and becomes inundated with sea water.

The inundated area is estimated to be about 0.90 ha.

The typical profiie of geological conditions obtained from
the geological investigation performing in the project site

are shown in Fig. 2.1.2 and rig. 2.1.3,
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‘Objectives of the Testing Canal Facility and Types of

‘structures

'Hdébrﬁihg to the Basic Plah described in the CHAPTER 1, the

cénstruétibn'df the testing canal facility will be carried out in

order to Obtainr_-'

1)

2)

the'méchéniCal behaviour of the excavated soft soil

' foundation

suggeétibns and recommendations on the design and

investigation for the soft soil foundation.

Taking the area of the project, the limitation of the
construction cost and the saféty for the existing structures

around the project area into considerations, the testing

'~ canal facility shall have four siopes as specified.below:

= Depth of the -

'teSting canal _
“facility : H=4.0m

" {Canal bed elevatipn: EL -3,50m)

- Non-treatment
structuxe : Two (2) slopes, one slope for the
- étudy of short-term slope stability
én& another slope for the study of

long-term slope stability

- Improved

structure : Two (2) Slopes, one slope treated by the
use Qf'sdil'cemenﬁ column as a counter-
' measure against damage and failure of the
Naﬁidnal Road Route No.3 and another
slope treated by the use of sand compac-
tion piles for the, study of eifects of

improved method on the improved slope






CHAPTER 3

 GEOTECHNICAL INVESTIGATION. AND SOIL TEST .

. In=ordér:ﬁQeobf&ihefheegeeteehnical'dafa'rEQuired for the

. detailed deSigh work, the following invéstigations and tests were

performed by RID and’ Siam Testing.Soil-Co. (herein after referred

. to as STS Co.) .~

In;SiEﬁ'TeSﬁs
1). . Objectives of the Tests
a. Dutch cone tests

The profiie-éf qeotéchnical information is obtained from
Vthe dutch cone tests. The'rélaeion between undrainegd
‘strength cohe51on,‘c, of the foundatlon and cone bearing

capa01ty is also Obtalned from the results of these

tests.
b. ° Field vane shear tests

7{1) The fleld vane shear tests are performed by
:dr1111ng work. ) o

(2) The shear strengths are the directly obtained on
the basis of. the'Ko—condition in the fieid froﬁ the
field vane shear tests.

(3) These tests offer the strength anlsotropy of the
foundaLlon by.performlng tests in which the vane

e.siées'éfé.chéngéd-. |

f4) &hefsensiﬁiﬁifffratio is also obtained form the

_resglﬁe of these tests which are performed in the

“disturbed condition of the foundation.
C. Sampiing

Undisturbed samples for laboratory tests are taken by

using a thin wall tube sampler in the drilling work (5



holes. Depth of four holes, Br*l Br~3 Br 4, is 15
' metres. Depth of Br 5 JS 17 metres) '

2). .Qﬁaﬁtites of In-Situ Tests
~Table 3.1.1 shows the quantites of in-situ teets'ahé-Fiq.-
3. 1 1 shows the locatlons where the in-situ tests were
performed ‘

3). Raesults of In-situ Tests

A summary of the results of In-situ tests are shown in Fig..

3.1.2 to Fig. 3.1.7.

: The results of the 1n 51tu tests aLe attached in the

"ATTACHED DATA AVAILABLE“ of this PBDOFt-

3-2 Laboratory Tests

The following laboratory tests required for the detailed.

design work were performed by.RiD etaff.and 5TS Co.
1}  Objectives
a. Physical property tests

(1)  The theical characteristics of soft soil are
obtained from the physical property tests.
{2) Thé physical pfoperty tests supply the correlation
.'betweeh'the physicai properties and the parameters

'u51ng slope stablllty analysis and Lhe Elasto-

;VlSCoSlty Finite Element Model.
" b. .Mechéﬁiéélfpfoperty tests

i). Ko-note triaxial compression tests (CKoUC)



. (1). For Ehe purposee:of'reproducing the stress
' B condltlon occurrlng 1n the field of the soft
75011 foundation Wlth consolldated undralned
condltlon,_the erlexlal compreselon teets are
- performed by seﬁtingrthe Ko note stress

~_condition,

(2) The shear strength necessary for the circular
' slip methed_are_obtained from the results of

theése tests,

{3) _Tﬁe‘deferminetion methed eed proceddre'of
Iunaraihed ehear strength useé-for'slope
stablllty analy51s are leferred to Chapter 4.
The nine parameters for the Flnlte Elenent
-Analy51s u51ng the elasto v1scoplaet1c model
are determined from the results of these

 tests.
ii). Comsclidation tests

{1) The three parameters for the Finite Element.
. Anelysis using the elasto-viscoplastic model
are determined from the results of these

tests.
(2)  The shear strengths for circular slip méthods
" are determined by taking into account the
characteristics of consolidation and swelling
in the existing foundation.

¢.  Chemical property tests

(1) The chemical characteristics of soft soil are -

"obtained from chemical property tests.

(2) The chemical characteristics (mainly leaching and



2)0

3)-

Ehemical:SWGlling) are'apﬁliéd for the index of

“examining long-term slppe stability.
Quantities of Laboratory Tests

Table 3.2.1 shows the items and quantjties of laboratory

tests.
Summary of Results of Laboratory Tests

The summary of the results of the Laboratory tests are

shown in Flg 3.1.2 to Fig. 3.1.7.

The results of the laboratory tests are attached in the

“ATTACHED DATA AVAILABLE" of this report.
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- i eion and
3-3 Evaluation on the Results of Geotechnical Investigation a

Soil Tests

The data arrangement of the results of in-situ tests and

their evaluation are carrled out in aceordance with the flow chart

shown in Fig. 3.3.1.

[A. Physical properties of clay

Classification of soil

‘specific gravity {Gs)

Natural moisture contents {¥Wn)

Liquid limit (LL) o

Plasticity limit (PL) Atterberg limit

Plasticity index (PT)

T

| —
[Co T « B N~ ¥ L T S B

Shrinkage limit
Wet density { t}

Grain size distribution

The geological structure and mechanical characteristic of

clay foundation are grasped from the physical properties.

lB.' Chemical properties of clayl

F i Ph

- 2 Chloride content

- 3  Sulfate content

- 4 Organic matter content
- 5 salinity

- 6 - Clay miﬁeral

Based on the chemical properties,

1).  Design of mix proportion for admixture of soil

~cerment’ colunns.

Fig.3.3.1 Flow Chart of Data Arrangement of
In-situ and Laboratory Tests{1)

3. 14



2 Grasping ingredients of clay mineral and study on

leaching and'sweliing_cccurring in soft clay so as to

refer to analysis'for the long term slope stability.

Mechanical p:bpeities of soil

L 1 - Field vane tests

B 2 Dutch cone tests

-av
d{log )

—de
1+ eco

i) w=0.434 -

1i)- a=0.434 -

(0.434 . —-de
© £0

- 3 Consolidation tests ——s

{log t)

/1)

2)

2)
3}

4)

5)

6)

7)

8)

3}

Comparison between

gata used STS's vane and

Maruto's one

Study on ZH and 2V
(H/D=1:1, 2:1)

Correlation between PI

and Bjerrum's coefficient

Study on Cc and Cs

Plot mv and Cv

Secondary consoclidation
coefficient «

Veleocity of volumetric
strain Vo (confirm tgo)s

Plot and check value of
pre-consclidation
pressure

Plot eo of void ratio

Plot evloglO P curves
and o'vi
‘}

Value of ¢'v to be studied

‘on swelling (expansion)

i
Plot OCR of original
ground (before excavation)

by depth

Fig.3.3.1 Flow Chart of Data Arrangement of
In—-situ and Laboratory Tests(2)

3 - 15



9} Calbﬁlagidh'éf Oa}ues
of_Ko’éhd Ki
. . _
Comparison with'thgorefical

valﬁé (critical state model)

10) Initial value of cdefficientr

of perneability, ¥o

L. 4 CKo V¢ Tests -~—— 1) plot C', ¢' and Af by

depth
7) Stress pass in g'vp' flame
¥

i} Critical stress ratio, M

(+CM M={g/p'erit)

ii}) Dilatancy coefficient, D

L AK
D:
. {(1+ec) *M
k ' {eo: initial void ratio)

i

lbistribution chart of each mechanical paraﬁeters by depth

Fig.3.3.1 Flow_Chart of Data Arrangement of
In-situ and Laboratory Tests(3)
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1) The results of tests on physical properties of clay in the
 teést site are shown.in Fig. 3;3.2 as ‘follows. Physical
prope;ties of Bangkok clay obtained from Proposed Hew Airport’

Area are also cOmparéd ﬁithlthose results.

v o
-9 a -
a =]
~ ™~
=] =]
o O
w. -
et v o
o
o [=]
o 3]
H. ™.
t° —
P PO
£ E
~> o o
a o
5 o 5
3 &
i a ©
o 5}
= “.
a o
= . ' a
o T T r T 1 1 ] o¥ T i 1 1 1 I
0.00 (_0.00 0o. 04 120.00 4.00 10.00 00,99 12uo.60 |
o .
pPlasticity Index P.I (%) water Content (%)
=] -]
o (=]
(=18 (TN
Lo ]
o T o
=4 L
w. @.
- - )
a b1 4
- o
.
— . —_ .
E o - E -
(£
5 & 5" a
Iy . b -
2 @
. [}
o o E
a 21
‘f- —r-
‘
o o v
o a
h l T 1 —. . g by m ey il o ' I
2.40 0.00 .00 .00 2.10

0.00 0.00
X

Specific Gravity Gs

vet Denslity It (e /m°)

Fig.3.3.2 Physical Prbperties of Soil at Project Site
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Table 3.3.1

Comparlson o
clay at Projec

f Phys:cal Propertles
t site and Other Gsite

Bangkok Clay in the

- : - -
(_ ~Bangkok Clay in #*

pre-consolidated

item TestSote other places
i ficati CH CH

Soil Classification

; 2.65 to  2.70
Specific gravity (Gs) 2.62 to  2.70
Liquid Limit (%) 86.0 to 120.0 70.0 to 130.0
‘Plastic Limit (%) 32.0. to 42.0 40.0 to 60.0
Plasticity Index 50.0 to 80.0 30.0 to 50.0
Wet Weight 1.40 to  1.65 1.45 to 1.70
Natural Moisture 65.0 to 100.0 70.0 to  110.0
Ratio
Void Ratio when 1.70 to 2.70 2.00 to 3.00

*1 Reported

Clay and

Seminar held on July, 1987 in Japan

by Dr. Surachat on "Basic properties of Bangkok

Ariake Clay" in the International Exchange

The test site is located at the coastal area, on the other hand,

Proposed New Airport Area is located comparatively in inland area as

shown in Fig. 3.3.

diffeérent from those of the test site where plasticity.index, P.I.

3, therefore, its geological properties are somewhat

{%)

in the test site is 20%~ 30% higher than that in Proposed New Airport

Araa.

This affects connectlon of undrained shear strength, Su, by fleld

vane test considerably as mentioned in Chapter 4,

As to the other

1tems the tést results of two kinds of Bangkok clay show similar

tenden01es.

3 - 18
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: Mirport hrea.

to| - |
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ol o - oa
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2) Chemical Properties of Clay

- In regard of chemlcal propertles of Bangkok Clay in the test

site, data obtained from samples of boring Ho. l and No. 2 are as
shown in the following Table 3.3.2.

2 Chemlcal Propert1es of
Table 5.3 50il at Pro;ect Ssite

) Noring | Sample Deptl:l,rn pH |salinbry [ Gl . Sa, o.H. Rama rl?
Ho. - Ho. . ppt pho pirm i
g1 rsT-1 [Loo-l.0ny 6.7 H 14576 400 4.1
TST-) [5.00-5.007 7.2 21 11162 250 2.9
rsT-5 |r.oo-9.00] 7.0 16 9291 35 3.5 o the
psT-7 N1.30-1.1) 7.9 14 7616 365 1.6 ponded
atea
p-2  [rsT-1 f.oo-1.00{ 7.6 2 11000 g1 N
PST-$ [.00-5.00f 7.4 22 13101 | N 2.9
on Yand -
Tprse-9 Nl10-9.9048°71.1 12 9436 m 3.2 ’
) PST-14 M .0D-14.0( 0.) 14 7731 90 3.7

Values of pH are within the range from 6.7 tp 8.3 and the
surface‘portion of clay exhibits slightly acidic properties. It is
possible to iﬁprove the'strenqth of clay very much by adding burnt
lime (calcium oxide) or cement. Salinity_decreaﬁe from the surface
of 26 ppt to the deeper portion of 14 ppt, which suggests fhat
influence of leaching is not so serious. Organic matters (OM%) is
from 2.9% to 4, 8% and show high value in the surface portlon

(around the depth from 1 m to 2 m),

This is necessary to be considered for the design of mix

proportion of soil cement column,

The result of X-ray analysis on the clay is shown in Fig.

3.3.4. The result is not enough for the determination of a main

co :
mponent COmpOSlﬂg the clay, however, the main compenent seems to
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3)

be a kind of jllite clay considering the form of spectra
distribution. If so, its rebound by absorblng water is Lhought to

e not so big as montmorillonite's one.

Mechanical Properties of Clay
Mechanical propérties are EXaminéd:by_field vgne_teSt, dutch cone
test, standard consolidation test and by Ko triaxial consolidation

test to obtain undralned shear strength qu value, consolidation
properties (swelling index Cs, comp1e351on lndex Cc, initial veid -

ratic eo) etc , which are studied in the follow1ng
(1) Field vane test + undrained shear strength

Distribution by depth and average values of the results
of field vane test are shown in Fig. 3;3.5{ Accdording to.
the figure the strength in the surface portion is

slightly high because of drying shrinkage and aging.

The strength increases linearly from 2 ~ 3 m to about 14 m
deep, and the soil layer within this range is judged fO'be a
homogeneous clay layér. The shearv Strength is small compared
with the strength of clay in the Proposed Airport Area and

seemed to exhibit properties of marine clay in the coast.
(2) Dutch cone test + value of cone penetration resistance

As shown in Fig. 3.3.6, results obtained between the test
point D1 and DS exhibit almost the same tendency, and
propertiés of horizontal strength of the test site seems
nearly homogencous as well as the result of field vane

test. The existence of stiff clay is found in the earth

about 18 m deep.
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{3)  Standard consolidation test

'Standafd-Consolidation test by depth was carried out using
“samples obtained from Boring 1, 3 and 5 as mentioned in 3-2.
.The following factors plotted by depth based on the resulis

' of the test are shown in Fig. 3.3.7 ~ 3.3.9,

1) Void ratio : eo (pre-consolidation
. pressure condition)

2) Pre-consolidation pressure g'vo

3) Compreséion index . . _ Ce
4} Swelling index : Cs
5) Coefficient of consolidation Cv '(cmz/s)

&) Coefficient of volume
- 2
compressibility - mv (cm™ /s)

7 Coefficient of permeability X (=mv Cv yw*10 “cn/s)

. ;Judging from Fig. 3.3.7, the void ratio exceedé 2.5 in
the layer from 3.0 m to 8.0 m deep, and'this Value is
'ﬁsomewha{:bigger'than_values of other layvers, which suggest
'that.undraiﬁéd shear strength may be slightly weak compared
_.with other layers’ strength. The permeability coefficient
generally exhibits small values.of 10—7_cm/sec level as shown
inIFig. 3.3.8. Compression index, swelling index, coefficient
of cohéolidaﬁion and coefficient of volume compressibility
are shown in Fig. 3.3.9, and these values séem to be in a

reasonable level as marine clay.
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(4)

Ko triaxial compression test

Internal frlctlon angle in Lerms of effectlve stress s

obtalned from the results of Ko Lrlahlal compressmcn test
'where anlsotropy is’ taken into account U51ng the value

'of 9, crltlcal stress ratlo M which is applled to FEM

analy51s 15 calculated by the follow1ng equation and plotted

in Fig. 3.3.10.

The value of ¢' in the surface layer is big as well as the

reuslt of field vane test as far as the figure concerned,

however, the value in the layer deepex than 5 m doesn't

increase so much, which suggest that test samples get

disturbance.
cyr ' . Lo 6 sin ¢’ |
Critical stress ratio M = —“*“*fT_E_T“
3 - sin ¢
where ¢*: internal friction angle in terms of
effective stress, using value of (Ul' -
g.’)E. ‘
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Fig.32.3.10 Critical Stress Ratio{M)
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Judging from the obtained results of Bangkok Cldy in the test
site thﬁoﬁgh various tésﬁsléyef mééhanicélrpfbpertiésé(1) v
(4) méntioqed aboﬁe{ the prope;tiés Qf‘tﬁé'clay is cdnsidgred.
to be reasonable 'in general, théfefore, those préperties'are
applied to the determination of parameteré for slbpé

stability and elasto-visco-plastic FEM analeis in chapter 4.
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Table 333 bistri_b_ution._of Plasticity Index(PI %)
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Table 3.3.4 Distribution of Moiétuté Cohtent(W %)

P (m) | NOLI NOL2 | NOVE ] NOW4 | NOLS ] NOLB
1.00 |- 83.2 87,5 01,20 . 66,4 - 66.8 -
.......... 150 Lo - IR A M
N Y R A B
2,00 ' 7.5
LA Y TSV [ NN SO U D
.80 N I A
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......... .%§9¥WWwwwmw;mmwwMMWMWUWMWMWMwmmwmwwmm"Mu ; — ——
3 "66 ................................................... . .
4.00 . : - - 82.6
5,00 4.9 92,6 90.3 73.8 90, 0f -
5,50 | RN NN S A
6:00 ' 882
ReTron 6 . 20 e N Fnraraenerrens fansaermsnrnresesnernensensnons [ennn s s veasttinanan R ane {1nee A TSRO
7.00 89.7 87.8 85.3 85.4

14,00 o 38.9 3.5
15.00 70.0 - 4.3 1942
...... 19,50 N T Y N L. N
1600 - 70.9
17.00 ]
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Table 3.3.5 Distribution of Wet Density({t)
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Table 3.3.6 Distribution of Specific Gravity(Gs)
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3 -~ 32



Table 3.3.7 Distribution of Void Ratio(eo)

CREG | N1 [ W09 | W08 | N0.4_ | W.§ | N.5
TLO0_ | 2.818 2,335 2,504 g0y
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Dic|SiS|D
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Table 3.3.8 Distribution of Pre-—consolidation

Préssure{ 'vm kgf/em )
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“Table -_3.'_3.9 Distribution of Corripréss‘ion_ Index(Cc)
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Table 3.3,10 Distribution of Swelling Index(Cs)
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Table '3-,.;3"11 rlj..if’_-t.fﬂ.?l_ltif?n of _CO_mpre-‘ssiOn Index{Cv 10 Cm/séc)
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Table 3.3.12 Distribution of Coefficient of
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Table 3 3 13 Dnstrlbutlon of Coefflclent of

Pormeablllty(k 10cm/sec)
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Table 3.3.14 Distribution of Critical Stress Ratio(M)
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Table 3. 3. 15 Dlstributlon of Undralned Shear '

i Strength by Fleld Vane Tests _
Wi | Mo | W0.Z | W0.3 . | MO, 4 ND.5 5
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CHAPTER 4 - DESIGN FOR TESTING CANAL FACTLITY |

4p1' '_'_ Determlnatlon of Slope Gradtents of the Tegtlng Canal Fa01llty

(Prelimlnary Analy51s)

As descrlbed ln the CHAPTER l BASIC PLAN FOR THE MODEL
.INFRASTRUCTURE PROJECT the proposed testlng canal fa01llty COUolSLS of

the follow;ng four (4) typee of construotlon structures
a) Non-treatment slope structure for short=-term slope stability study
b} Non-treatment slope“structure for iong~term slope stability study
c) . Two (Q)Iimproﬁed slope structures
"Two (2) 1mproved slope structures are selected from three already
proposed methods (sand compactlon pile treatment, s0il cement
treatment and gravel conpdctlon plle treatment) based on the
results of the prellmlnary design analysis,
Fid;'4;i;l shows the oﬁtline of the testing canal facility.
1) Conditions and Procedure of Preliminafy Analysis
The'preliminary'enalysis for the'testing canal facility
was performed by - the citcular'slip method using total stress

analysis in the computer system of IEC,

Tne prellmlnary analysls condltlons and procedure were

'ae fo1lows

(1) For the non-treatment slopes, the depths of the testing
canal facility shall be 4 m and 3 m. The preliminary
anal;51s shall be performed for three (3) kinds of slope

gradlente, that is, 1: 3 1:5 and 1:7, on each canal



'(2)

(3

(4)

depth considering the streﬁgth*decrease.of_the

foundation caused by excavation work.

'For the non treatment slopes, the prellmlnary analysls

shall be’ perfoxmed for flve (5) klnds of slope _
gvadlents, that 1s, l 3 1:4, 1: 5, 1 6 and 1 ? on each

‘testing canal depth (4 m and 3 m) conS1der1ng the l:”

'strength decrease of foundatlon caused by excavatlon -

work and Lhe anlsotropy of the erenqth occurrlng in the

non- treatment slopes.

Based on the results obtalned from the above spec1f1ed

' ana1y51s (2), the non- treatment slope. gradlent applled

for-the short-term slope stablllty study shall be,'

SelEthd from-. the Case 1ndlcat1ng a safety factor value

_of a little less than 1 0 Also, Lhe non- tleatnent slope

' gradlent applled for the 1ong term . slope stablllty study.

shall be selected from the case 1ndlcat1ng a safety

factor value of a llttle greater than 1.0.

_For the 1mproved slope, 1mprovement method and slope

gradlent of slope for .the Natlonal Road Route No. 3
shall be decided in oxder to keep ‘certain slope
Stablllty agalnst damage and feilure of'tﬁe road. The
testing canal depth shall be the same condition as

determihed in the above (3).

For the improved slope, improvement method and slope

gradient for another improved slope shall be selected in

order to Study effectiveness of the impfoéement method.
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2) . Determination'Meﬁhod‘of Design_Paraheters,

i)

Hon-Treatment Slopes,

The de51gn parameters for the non treatmenL slopee 1n the

Lestlng canal fac1llt1es are determlned by tdklng lnLo account

the strength decrease caused by excavatlon work and - the

anlsotlopy of the strength occuxrlnq in the non—LreatmenL

slopes.

The de51gn parameters are calculated by the results obtalned

- from the field vane tests. The results of field vane tests

depend on the strain rate during the vane shear process:of soil.

Therefore, it is necessary to correct the- shear strength '
obtained from the field vane tests on the ba81s of ‘the strain

rate during the vane shear process of soil.
al Strength Decrease due to Excavation Work
The ratio of strength decrease ‘due to the excavation work

A, can be'exprésSed by the-following eduation

‘on the basis of the Hvorslev failure criteria.

" Sun - K +-(ofn/Pc)'taﬁ de .. o '
A = = ' T — L .. . 1.
" 5u n k + (gEn/Pc)-tan ¢e . (4.1.1)
where, Sun : _Undraiﬁed Strength under the 'cendition of

T over consolldatlon
Su Undralned Strenath under the condition of

normal consolldatlon

n o Overébnsoliddﬁion ratio
K Coeff1c1ent of cohe51on
A Ratlo of compre551on lndex under the

normal consolldatlon Process, C . to expansion
C
lndeX'under the rebounding process. Cs (A =

Cs/Cc)



P¢ ¢ Maximum pressure for normal consolidation
(The pressure Pc is equal to the effective in
situ overburden pressure for normally

consolidated clays)

-dfn:- Normal stress o¢curring in preconsolidated
"~ clay. '
o, : Normal stress cccurring in normally.

COnsolidated'cléy.

¢e : Effective internal friction angle

The consolidation process used in the above equation is

. presented in Fig. 4.1.2,

ep
—

ec

1
e e e e

.U
(=)
_“'U

P
o
o°

Fig.4.1.2 e-logP Curve

In.the.case where the value 6f overconsolidation

ratio, n, is lesé than.l0.0, it is said that the relation
between overconsolidation'fatio and ratid of strength
decrease indicates linear under the logarithnic plots shown

in Fig. 4.1.3.
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From the above experlmental relatlon, lnstead of Equatlon, the

following equatlon can be applled approx1mately for the determination of

design value of the strength decrease due to the excavation work of the

“testing canal facility.
AT e = n-A.

where, a Constant parameter of strength decrease

Fig. 4.1.4a and 4.1.4b present the values of constant parameter of

strength decrease obtained from Ariake clay in Japan.
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Dcrease Obtained from Ariake Clay

It is'found that the constant parameter of strength decrease has

4.1.4a and 4.1.4b.

a range of about 0.2 v 0.4 from Fig.

In'ﬁhe preliminary design stage, 0.3 (the average value of range

of constant parameter obtalned from Arlakn clay)} is adopted as the

constant parameter of Stlength décrease due to the excavation work of

the testing canal fac111ty.

b)

Anisotropy of'St;ength and Corrected Coefficieint of Strain Rate

i

. The anisotropy of strength Sccurring in soil and corrected

.coefficient of strain rate during vane shear are estimated by

Bjerrum's method uging-the'plasticity index obtained from the

physiCal'prbperties'tests.

Bjerrum proposed the following equation to obtain the design



shear strength of soil from the.resulté of the field vane tests
in. 1973, '
st osapwe R
S BUNH e ieeee e (401.2)
where; Su* - iDésigﬁ—shéa: §trength ' ' '
Su '_? Shear §Er¢n§th ébtained'fromifiéldivane-tests‘
TN Cdrreéééd?coefficient regardihg anisotropy of
strength S
MR : ; Corrected coefficient regafdiﬁg
,Stréin_rate of shearing‘prOCESS

u r Bjerium's coefficient (u'é'uq.unl

The relationship between the Bjerrhm‘s'cdéfficiént, u, and

the plasticity index is presented in Fig. 4.1.5.

1.0 N N . .
bock-onolyses :
C liom tield follures
) I, 1977}
N ot {Ladd ct,cl,

. o |- -
@ o.7%% -.L_?;'\o etrum (1973} .

8
o
M o730 == &nﬂ% .
: TS -l L
® oz Pt = : B = I
Q. . .
£3.4 @4 : -
OPsyi v W™ .
@ 0,633 < Y ipo
. ag o(D”'!

o S PLASTICITY “INDEX P1, %

Fig.4.1.5 Relationship between Bjerrum's
Coefficient and Plasticity
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i)

'ImproVed'Sibpes

The deslgn parameters applled for the Stablllty analys:s of the

1mproved slopes 1n the testlng canal faCllltles are determxned from

the assumptlon that the 1mproved slopes con51st of composlte ground

of the orlglnal clay and treatment mattrlal

The shear strength for the orlglnal clay 1nclud1ng the treatment

'slopes are also taken lnto account along Wlth the strength decrease

caused by.excavatlon_work, the anlsotropy of the strength, and the

strain rate of the shear process under the field vane tests.

: The shear strength for the treatment materlals are determined by

not taklng into account the anlsotropy of the strength
a)l Design_Unit Weight

‘The desrgn unlt welght of the Lleatment slopes lmproved by sand
or gxavel conpactlon plleS or soil cement columns are determined
from, the volume ratio of sand (or gravel) compactlon piles or
.5011 cement eolumns to. the orlglnal clay material calculated by

Lhe follow1ng equatlon
Yt =yt Ass -+ Yté(l B e T {4.1.3)
where, yt : _besign unit weight of the treatment slopes

improued by send or gravel compaction piles or

seil.cement coiumns (comPOsite ground)

Ytl De51gn unit weight of sand'or gravel compaction
plles or soil cement Columns {treatment
materlal}

th : Design unit weight of original clay material

'Ass : Volume ratioc of sand (or gravel) compaction‘piles

or soil cement columns {treatment material) to

'eriginai'clay material



“b)

Design Shear Strength

The' de31gn shear strength of the 1mproved alopes (comp051te

.ground) ale determlned flom the volume ratlo of sand (or gravel)

CDmpaCtlon plles ox 5011 cement columns (tzeatment materlal) to

‘the original clay meterlal.-

De51gn Parameters for the Improved Slope StrucLures by Sand

and Gravel Compactlon Piles

Since it is considered that.tne effect of dietnrbance of
orlglnal clay foundatlon caused by the constructlon of sand
or gravel compattlon plles can- be canceled agalnst the
strength increase of the orlglnal clay IoundaLlon due to
the drainage effect by the sand or gravel compactlon plles,
the strength decrease of the orlglnal clay foundatlcn due

to the dlStUlbahCE'by the construction of the sand or

_gravel compactlon plles is not taken 1nto account in the

de51gn shear strengths of the 1mproved slopes.

“The strength increase of the original clay foundatlon

caused by the dralnage effect is taken 1nto account 1n the

' design shear strengths of the improved slopes-

The d351gn shear strengths of the 1mproved ‘slopes 1mproved
by sand or graVel compactlon plle%,.T is calculated by the

followlng equatlons.
T = {1 - Ass}- (Sutocdc/Ap-U) + Ass on'~tan ¢ .... (4.1.4)}

where, T : Desidn shear strength of treatment slopes

;mproved by sand or gravel compactlon plles

Su ;"De51gn shear strength of original clay
foundatlon
¢ + Internal friction angle of sand or gravel

compaction piles
on': Effective normal stress caused by overburden

loagd

4 - 10



where,

035i Volume fatiorof_gand (or grﬁvel)'cdmpaction
' piles to 6riginal'é;ay‘materia1
ARERLER 'Conflned pressure _
" Ac/dp: - Ratio of Strenth ihcrease .-

VI 3Mean¢degr¢e of cqnsolidatiou

A

:Design Palameters for Ehe: Improved Slope SLructu:e by Soil

 'Cement ColUmns

"ThP'déSiQH shear‘strehgth is determined from the volume
:rdtlD of the soil cement ‘columh ‘to the original~clay

fmaterial

it is naccessary to consider the qafety factor for Lhe
effecL of the dtsturbance of the orlglnal work of the soil

cement :columis in the de51gn shear erength of the

o treatment slape 1mproved by the soil cement. column.

The :design shear strength, T is computed by the following

equation,

T a:»%E [Cp'hss + {1 - nss)?Su} Peeeee s {(4.1.5)

t 1 Desgign shear strength of treatment slope improved by

Soil Cement'Column !

P i Unconfined strength of Soil Cement Column

5u K Designusﬁear strength of'original clay foundation

hAss: Volume ratio of Soil CemenL Columns to original clay
| matexlal

nb ' Safaty Factor for the foect of DLsLurbance of

orlglnal Clay foundatlon due to Soil Cement Columns

4 - 11



3.

Calculation of Déslghfparaméters

i)

Non~Treatment Slopes

a}

Design'unit wéiqﬁt7”'

The design . values ofrthe”unit weight in the. non-= treatment

slopes are calculated by using the unit walghl obtalned

from Che amples taken by borlng hole Ho.

1

_The layer components of depOSlt model and Lhe de51gn values

of the unit we1ght in the non-treatmenk qlopes are shown in

Fig. 4.1.6.

Design Unit

4 - 12

Fig.4.1.6 DepOSif LLayer Components and Design

- 7 Veight. . Layer
) . R 'l. ‘v - - H__IEL 0.0
7 RV [
HET . 1.47 ® |
- 4— -3.0
1.47 @
i H—| -5.0
1,44 16}
_____ I " ] ~7.0
1.40 (5)
1f P et -9.0
1.41 (4) :
Ji'f. S f{— -11.0
1.43 {3 -
S i -13.0
1.54 t2) -
i - 4] =15.0
' 1.54 11}
: _',L . ”.,_“ *17-0

Unit Weight



b)

Uesiqn _Shear:istreng th

1he design values o£ Lhe shear erenth are eeLLmated based on

®

..the undralned shear strength obtalned from the field vane tests -
by’ Laking inLo account the calculaLed values of the Djerrum s

'coeff101ent and the Stlenth decrease caused by ‘excavation work.

. The deSigh'Qeluee?of“Sheer”etfehgthV}h:Ehe noh-treatment slopes
~are caluculaﬁed'byIUSihg the'undrained shear strength obtained
_from the fleld vahe tests performed at the p01nt nelghbourlng

'borlng hole Ho. 1.

Ratio of Strength Decrease. caused by:Excavation Work

lhe values of ratlo of erenth decrease are calculaLed by
usxng Lhc equatlon of Lhe baqls of the resulLs obLnlned
from the COHSOlldaLlon LesLs Ior Lhe samples Lnken from
borlng hole No. 1 The strenth decrease zone is assumed as
Shown in Flg 4. 1 7. The values of ratio’ of strength

decrease are’ presenLed in- Table d 1 1.
Bjerrum's Coefficient and'Ratio‘of:Strehgth-Deerease

The vaers of Bjerrum s coefflclent are computed by using

the plast101ty index obtalned Lrom the samples taken from

: borlng hole No. 1 on the basis of Bjerrum's curve shown.ln

Fig 4.1.9.

The values ef'ratio'qf'strength décrease calculated by

using Bjerrum's curve are shown in Table-4.1.2.

ﬁlso, Tabiehd.l.l shows Lhe results obtained from the field.
vane tests, the values of ratio of rtrength-decrease and
the de51gn values of the. shear eLrength on each depole

layer componenL model .

A~ 13
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0.769._
) \‘ r\ﬁ"\g__u
0.750/ew ~
0.712
0.673

./l

7]

Bjerrmim's cgrrects

on

factost —.'c':upvﬁ (1973

|

PI(%):

Fig.4.1.9 Bjerrum's Correction Factor Curve

Table 4. 1 2 Strength Decrease Ratlo Obtained

from Bgerrum S Correctlon Curve

EL | Layer | PI(%)| M Remarks
1.0l @ | 89.3 | 0.750
' 59.3 | 0.750
3.0 : :
@ 53.3 | 0.750
~5.0—— :
55.0° | 0.789
. =7.0 :
' &) [ 5.0 | 0.769
~9.0-i
@ 65.4 | 0.712
B I B
o ® 65.4 | 0.712
b ® | 77.4 | 0.750
-15.Q » : - >~___,____,__(
@ 77.4 | 0.750
| .17.0 T R R
Remgrks,upl :;Piasﬁicity Index (%)

.ft

4 - 16
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-a); 'Design Unit Weight
‘(:) Treatment'élopé by Sand Cdmpéctiéh-Pilés

jThe dcs;gn unlt welght of sand compactlon p11e is
obtalned by assumlng LhaL Lhe relatlve densxty of sand

Vls set at 30% . after the compacLlon.

The relationship between a relative density and a void
ratio is présentéd by ‘the following equation{

e ., e
pp & —X L ..l .. (4.l.8)

) N - S
max min

where, Dr : Relative density
e :  Maximum void ratio’
max’ .. B
e ., : Minimum void ratio
min
e ¢ Void ratio
In case & = 1.10, e . = 0.35,
max : min
e = {I-Dr)+e  * Dr-e .
~ max min
= (l -0. 50) ®x 1. 10 + Q. 50 » 0. 35
= 0.725

The design unit weight, ytl is computed by the
following equation: ' '

o Gse(1 + W/100)
- . = - e 4-1‘.7
YLl 1T : Yw ( )

where, Ytl t DeSLQn unit weight of sand compaction pile
Gs Spec1f1c grav1ty

W _:..M01$ture content

w : Unit weight of water

4 - 17



In case e=0.725 under the assumptions, Gs=2.58 and W=7%,
the following value for the design unit weight is obtained:
. . 3 1
Ytl = 1.60 t/m
The design unit;weight of the improvéd'zone {composite
grouﬁa)ﬂiﬁ-the tféatﬁéht slépé Sﬁfucturé by:the_sand
compécinnTpilé method i& calculated by the use of the

equatioﬁ'(4;1.3iQ

Treatment Slope by Gravel Compaction Piles

The designh unit weight Qf,gravel_coﬁpaqtion pile is
calculated by the use of the_equatiohs'(4,1.6) and_(Q.l.?Y

as the same manner with the sand compaction.piie method.

The assumpted values for each parameter can be presented as

fFollows:

0.50

Dy =

e = 1;20
max

e ., = 0.35
‘min

Gs = 2.70

W = 5.0%

From the above assumptions and the equations (4.1.6)} and

(4.1.7),

0.775
3
1.597 t/m"

i

e

1f

at,
The design unit weight of the improved zone (composite
ground) in Eheﬁtreatment slope strxucture by the gravel
compaction'pile'hethod is calculated by the use of fhe

equation (4.1.3) as well.

4 - 18



Treatment Slope by Soil Cement Column
. . - P B - N L ' " ‘l.

The 6951qn upit Welght of soil cement column lS determined

_by the volume ratlo of soil cement oolumn Lo orlglnal clay

*materlal As mentioned below,=the cement volume which is

requ1red to conform to the spe01f1ed de31gn strength was
presented as 150 kg/m . Therefore, the desrgn unit weight
of 5011 cement column 1s obtarned from Lhe followlng
equatlon taklng noL 1nto account the water weight of cement

slurry:

amount of Mixed Cement

I

Y
+ Unit Weight of Clay

0.150 + 1.450

11,600 t/m°

)

The design unit weight of the improved zone {composite

ground) in.the treatmeot slope erructure.by the soil cement

column method 1s calculated by the use of Lhe equatlon

.{4 1. 3) as well

b) Design Shear Strength

.

. Tieatment Slope by Sand Compaction Pile

From the experience of sand compaction piles constructed in

Japan, the blow counts of standard penetratlon test, W,
obtalned from the sand compactlon pile is assumed to be 4

_blow to the-ground surface,

On the other hand, Gibbs and lfoltz proposed the
rélatiohship between relative density of sand (Dr) and blow

count, N, in 1957 a presented in Fig 4.1.10.

The interﬁal'friction angle of the sand compaction pile is

determlned from assumptlon where the relative den51ty of

sand after compactlon can reach about 50% by using Gibbs

4 - 13



and Holtz relationship between relative density Dr and blow

count N.

Under Lhe assumptlons mentloned above, thefefere, a'value
of 30 degrees can be determlned as the lnternal friction
angle of a sand compactlon pile by applylng the
relatlonshlp between the relatlve densxty and 1nterna1
frlCthH anqle of sand shown in Table 4.1, 3 whlch was

propoeed by Heyerhof (1956)

The value of the confined factor* to original clay material
by sand compactien piie is assumed to be a 20 percent
increase in'origihal'etrength of the clay material on the

basis of past experience.

The de51gn values of shear strength in the original clay
material existing 1n the treatment slope are calculated by
using the undra1ned sheal strength obtalned from the field
vane tests peLformed at the p01nt neighbouring with borlng
hole No. 1 taking into account the CalculaLLd values of the
B]errum 5 coeff1c1ent (Corrected coefflclent regardlng
Anigotropy of strength and Strain rate of shearlng process)

and the strength decrease caused by excavation work.

The volume ratlo of sand maLerlal to the orlglndl clay

material in the improved zone is set at 10 percent from the
;esults of the sand compaction’piles construttued in Japan
and the ecdnemie #iewpoint'of_the construction cost for the

treatment slope structufes'by sdhd-compaction piles..

*Remark : ' .

Conflned factor,. e Confined factor

T :.(1.— Ass)* (Su* + UC? A§ u) + Ass'ohf'tan 9

Ass : Improved volume ratio

T :._Shear Strength '

g ' : Effective normal stress
n

4~ 20



100

90_

|d; 3 51|Pl/i12

. g ]_ - <! C el
]

Relative  density .parceant .

0 “. 0

N blows per [oot

Fig.d.l.lO Re1ation between Relative-dehsity(ﬂf)
and Blow Gount(N) Proposed by
Gibbs and Holtz (1953}

Table 4.1.3 N%Dr—o Relationship Proposed by Meyerhof (1956)

) Sanﬂ Condifioﬁ Relative Density N-Value ‘Internal friction
: . - bx ; | angle (%)
very loose . <o.2 | o< 4 < 30

/e H

loose 0.2~0.4 | 4.~ 10 | . 30~35 = |
Ir 0.4~0:6 J 10 ~ 30 35~ 40

.. compact e

dense  0,6~0.8 30 ~ 50 40 ~ 45
very.dense - - >0.8 -~ 50 45

The design values of the shear strength in the improved
zone (composite ground) by sand compaction piles are shown

in Table 4.1.4 & Fig 4.1.11.
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Table 4.1.4 Design Parameters of Improveci Zone
by Sand Compactlon Plles ' :

The mobilized shear strength in the 1mproved zone are calculated
by the i‘ollow:mg equation '; : :
= (1-Ass). (Su +U‘ i U)+Ass U“.-tahgs
EL Lgyer HMA /UB Su Su* - | Ass @ AE'
-1.0 --— - - - - - - =
-3.0 _ : 7T
50 |7 | 0.750| 0.476| 0.960 | 0.342 | 0.2 |30 | 0.2 _ ©
] T - o | 8
_ RS I : ° | g
9016 | 0.769]| 0.648 1.240 | 0.618 | 0.1 | 30 0.2 ERPR I
. . : : : 4ol o o
N B . o 0 B d
5 |.0.769} 0.769] 1.6200.988 | 0.1 30 |- 0.2 B =
~9.0 - - ‘ 2
o 4
4 | 0.712§ 0.761| 1.950 | 1,057 | 0.1 30 || 0.2 . 2
~11.0 o ' S -
13.0] 3 | 0.722] 1.000| 2.380 [1.695 | 0.1 . .30 0.2
2 | 0.673{ 1.000| 2.990 | 2.012 | 0.1 | 30 0.2
=15.0
1 | 0.673] 1,000 |4.650 |3.130.{ 0.1 |30 | 0.2
Original clay Sand compaction piles
Remarks, - oo
}lA : Bjerrum's correction factor )
HB :_(:OCR“‘_, &:0.3)_ Coefficient of st_rength decrease
Su : Shear strength from F.V. test data
Su* : (=pA-/{B-Su) Shear strength for design
Ass @ Improved volume ratio '
b Internal friction angle of sand .
. 4C S S e : '
(fE'A—l; u Coefficient of strength decrease in clay by drainage
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Treatment Slope. by Gravel CompabtiangleS

The internal friction angle'of'the graﬁélicbmpéétion1piles

_1% detelmlned from the. assumptlon that’ the relative denSLty

of gxavel after compact1on can 1each abont 50 percent for

the same reason as in the case or the sand compaction

pxles.

'‘Therefore, .a valué cof 33'degfeéiéan be‘determiﬁéd gs.thé

internal friction angle of gfayel;COmpaétiohjpileS”by?usihgf

the Table 4.1.5 presented the rélat'iohéhip,:bétween the

relative dehsity and the internal friction angle of gravel

material.

Tahle 4.1.5 Relative Dehsjty and_Infernal'

Friction angle of Gravel Material

Grain Srae and Grain

Relative Density .

{pr)

L "_f_ ;‘O 5{)‘1 . ;:)_,r
Size Distribution 2 Rl B ® < PE
Bense Madivum . Loose
Cozrse Sand and Fine Sand . ' e .
- o : . 34~ 58 32 ~ 34 28 ~— 30
are Bistrabuied Onifovmly
Well Distributed Comrse Sand _ § - ;7
and Poor Bisiribuied Sand and “BF ~ 45 3% . 36 : 30~ 33 ';
Craysl aye Hixed L
¥ell Bistributed Sand and .
ell ﬁlbarlhﬁxeﬁ Ciavel 40 —~ 43‘ 36 ﬂ‘di‘ 3 ~ 36

- Source :

HEW TILLDAM ENC DIEERING

Waited by The Bleciric Power Givil Engineering

Lss

goiztion in 1381




The value of the conflned factor to orlglnal clay materlal
'_iby graVel compactlon plleS 1s assumed to be 20 pexrcent
hlncrease 1n the orlglnal strength of the clay materlal for

the same reason as the case of the sand compactlon pllee.

_The de51gn values of the shear strength 1n .the orlglnal
"clay matellal ehlstlng 1n the lmprOVed slope are caloilated
by u51ng the undralned shear erength obtalned from the
fleld vane' tests by . taklng lnto account the calculated |
values of the Bjerrum s coeff1c1ent and the strength
'decrease by the same determlnatlon method of non- treatment
-slopes The volume ratio of gravel materlal to the
orlglnal clay materlal 1n the 1mproved zone is set at 10
-percent from the same reason as the case of the sand

Zcompaetlon plles.

' The deSLgn values of the shear strength 1n the 1mproved
zone (composlte ground) by gravel compaction piles are

shown in Table 4.1.6 and Fig. 4.1.12.
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Table 4.1.6 Design Paraméters and Mobilized
~ ‘Shear Strength 'in. the Improved .
- Zone by Gravel Compaction Piles .

rﬁmpaction Piléé

The moblllzed shear strength in Lhe 1mproved zone are calculated
by the followlng equatlon ; _ :
= (1-Aszs). (Su*+0’ .U)+Ass Htan¢_ ' .
T _ _ - e
" EL %ayér /XA L MB Su Su* Ass | @ Q?EE;U
-3.0- R I F
5.0 | 7 | ©-750}.0.4761 0.960 | 0.342 | 0.1 | 33 0.2 g
- e _ _ s I 3 8
_7.0.|0 0.769| 0.648 ) 1.240 | 0.618 0.1 | 0.2 6 o J-:Qa,_
o : _ _ oo B
5 | 0.769| 0.769) 1,620 [0.988 | 0.1 ] 33 .. 0.2 5 ) 2y
~9.,0 - - : - @
' . - | - i
& 4 | 0.712] 0.761 | 1.950 {1.057 | 0.1 33 . 0.2 “a
-11.0 T ' 1 T T
~13.01 8 | ©0.722] 1.000 | 2.380 |1.695 | 011 | 33} 0.2
2 | 0.673] 1.000 | 2.9%0 [2.012 | 0.1 33 0,2
215, 0 f— ' , .
B 1 | 0.673{ 1.000 | 4.650 |3.130 | 0.1 | 33 0.2
: N _ J et _
Original clay Sand compaction piles
Remarks,

HA e Bjerrum's_correction-factor' .

HB (AOCR"d,c£=O.3) Coefficient of strength decrease
Su :_Shear strength from F.V. test data

© 8u* ijJuB Su) Shear strength for de31gn

Ass Improved volume ratio
.¢ ¢ Internal frictiord angle of sand

. 4C -
S 7Sl | B Coefficient of strength decrease in clay by drainage
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Fig.4. 1 12 Strength Decrease Zone and

Improved Zoné by Gravel
Compaction Piles

Treathent Slope by Soil Cement Columns

g

From the experiengé of the soil cement columns constructed
in Japan{ phe yalues'df design strength of the 50il cement
column ranée from 1.0 to 4.0 kg f/_cm2 as shown in
FIGURE-4.1,13. The volume raﬁio of ‘the soil cement column
to original clay material can be decreased by taking the
higher design strength value into éoﬁsideration. However,
it is not desirable to take the design strength of the soil

‘cewment ‘column as too high a value because the original clay
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