material and the soil cement column with too high strength

can hot be moved together after excavatlon of the treatment
slope. '

Therefore, the’ averaqe value of the de31gn strength of SOll
'cement columns constructed 1n Japan, that lS 2.9 kg f/cm2
is selected as the de51gn strength of soil cement columns

1

‘in this pxo;ect as shown in FIGURE—4.1.13.

Fig. 4.1.14 shows the past record of improved ratic by the

Soil Cement Column in Japan.

15 — - o ' 25_| ‘ op D—'i;- -
a . =11 g+ 161
Q-+ 2.9
=13
J 20 |
1o —]
15 -
s o
. = _ :
c T~ ol Applled
E . T 10 1 Yalue
I~ A — ] c
v =)
i g
] [T 5 -
v
11 W |
i 2 3 4 5 6. 7 8 . : 25 3545 55 65 75 85 99
Dosign Strength (kgl/em?) improvad Rotle %)
t9) {ap)
Fig.4.1.13 Past Record of Design Flg 4.1.14 Past Record of Impro

Strength in Japan ) ~Ratio in Japan

~

The value of the volume ratio of soil_cement columns to
original. clay material in the ihproved zohe is set at 30%
taking into account the economic viewpoint of the
conetruction cost for the treatment slope structure and the

~construction results regarding to the soil cement column

me thod in Japan.
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The design values. of the shear strength in the'original
"clay material exxstlng in the- treatment slope are
:calculated by using the undrained shear strength obtalned
from the fleld vane: tests perfOLmed at the poeint
nelghbourlng with borlng No. 1 by taking 1nto account the
calculated values of the strength decrease on.the same

determination method of the non-treatmént slope.

EThé vaiuézof 1.2 is7dé£ermined as tﬁe.Safety fact@t for the
“effect of'distufbadéeiof the original clay foundation due

“to soil cement columns in this project.
Tﬁe'design values of the éhear strength in the improvement

zone by soil cement columns aré shown in Table 4.1.7 and

Fig. 4.1.15.
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Table 4.1.7 De51gn Parameters and Moblllzed
Mobilized Shear . Stregth in Improved
Zone by Soll Cement Columns

The ‘mobilized shear strength in the 1mproved zone are calculated
by the followlng equatlon 4 - S '
T = [Cp Ass+(1mAss) Su*}f_ﬂ
[ ave j . B R . . 7
EL Layern; MA e HB ‘Su Su Ass n Cp. ,
1% - - - - - - ~ =
-1.0 3
o P
8 - S - | - - - 8§ 3
~-3.0 T
7 0.750 | 0.476 {0,960 |[Q,342 6.3 1.2 29.0 7.45 g E
-5.07 — — : a8
: 6 |0.769 |0.648 |1.240 Jo.618.| 0.3 1.2 |.29.0 | 7.61 | o .
=7.0 S M : . : — . ﬁ: 8
5 |0.769 |0.769 |1.670 {0.988 | 0.3 1.2 29.0 | 7.83 | © Wl
~9.0 — o
' o S _ I o
: 4 0.712 {0.761 [1.9%0 |1.057 0.3 1.2 29.0°4 7.87 0 9
~-11.6 _ - _ - ' o
.3 {0.712 [1.000 [2.380 1,695 0.3 1.2 29.0 8.24 2
-13.0Q : o : o
T , ' 0!
2 0.712 11.000 }2.990 (2,012 0.3 1.2 28,0} B.,99 5
~15.0 _ ' S
19,0l T .]0.712 |1.000 |4.650 [3.130 | 0.3 1.2 29.0 { 9.96
- : - g : - Y
Original clay - So0il cement columns
Remarks, .
HMA : Bjerrum's correction factor

AB (:OCR_d,diO.B)_Coefficient of strength décreaée
Su - : Shéap;strgﬁgth from F.V. test data
Su*_:-(;fMWB-Su) Shear strength for design
Ass : TImproved volume ratio’
n : Bafety factor

Cp : Shear strength of soil cement columns
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* [T Strength decrease zone

m : I_mpr‘bve d
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Flg 4.1.15 Strength Decrease Zone and Improved '
Zone by Soil Cement Columns
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o o .
4). Determination of Stability Analysis Hode

i)

ii)

'Erom the geotechnlcal inv

:Slte, Lhe orlglual foundation consi

‘Therefore, the mesh models with

_testing canal facility is shown in Fig.

Non-Treatment. Slopes

estigations performéa at the Project
sts of horizontal dépog?;.of

Bangkok Clay.

the several lelded horxzontal

layers are applied to the stability analys{s model for the

pon-treatment slopes in the testing canal facility. L

"An example of mesh models for the non-treatment slipes in the

4.1.16.

‘Aiso, Ehe strength decrease zone caused by excavatiqn work can;

be assumed as shown in Fig. 4.1.16.

Improved Slopes by Sand Compaction Piles or Gravel Compaction

Piles

The length of sand or gravel compactlon piles shall be
determined as 5 Om taking into account the shear strength in the
original clay material and the results of the stability analysis

model for non-treatment slopes.

The mesh models with the several d1v1ded horizontal layers are

'applled to the stablllty analysis model for the lmPIOVed slopes

in the testlng canal f30111ty as the same manner with the

non-treatment slopes,

Fig. 4.1.17 shows the mesh model applied- to the stability

analysis for the Improved Slopes.
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1ii) Improved Slope by Soil'Cement Columns

_Prior_to_the preliminary analysié,_thé'testing analysis was
‘carried out in order to study the stability of the testing canal

slopé facing to_theiNationdl Road Route No. 3.

As the resﬁltsl in the ¢qse of application of sand or gravel
gompaqéion piles,:the.unacceptable_values lower than 1.0 were
obﬁained for the safety factors to the deep circular slips
inc;uding the National_Road in the testing canal slope

structure.

Therefore, the applicatioh of the soil cement columns confirming
“the lérge.design'étrength values was accepted:for the testing

canal slope structure on the National Road side.

From the economic viewpoint of the structure, the improved zone
by soil cement columns shall be divided into two portions, that
is, the improved zone I and the improved =zone II_as-shown in

Fig. 4.1.18.

The purpose of the improved zone (I} treated at the front of the
ekcavated slope stfucture.}s to_prptéct the excavated slope
against slope failure occurring in the'deep portion of the
foundation of the excavated slope structure. On the other hand,
the purpose of the improved zone (II) treated at the slope
portion of the excavated slope struciture is to protect the
excavated slope against slope failure occurring in the shallow
and medium pértions of the foundation of the excavated siope
structure. The depﬁh of the Zone (I) to be imprévedrby soil
ﬁeﬁeﬁt columns constructéé at the front of the excavated slope
structhre shall reach the stiff clay zone ﬁBL.—l?.O) in the

Project area,

The avérage depth of the Zone (iI) to be improved by éoil cement
colunmns éoﬁstructed at the slope portion of the excavated slope
strubture shall be about 5.5 m from the ground surface of the

excavated slope taking into account the effects by the circular

slips.
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The following table shows the average'depph of each zone to

be improved:

Improved Zone Avefage Depth of Soil Cement Cplumn

.Improved Zone 1 13.5 Meters

Improved Zone 1T 5.5 Meters
ighw '
Pike Highway
—
t r
Soft cla))
- 2.99 t/m® ' /

Su 2 4,65 tf/m2 ;
'Stiff clay,

S - . -

N

Fig.4.1.18 Improved Zone by Soil Cement Columns

The ratio value of depth to width of the zone to be ihprovgd by

the soil cement columns shall be greater than 0, SIfrOm the

practice and experijence gained from those constructed in Japan.

Also, the dlamEt°r of the soil cement columns shall be selected

as one (1.0} meter based on expexience and PIaCtlce of soil

cement columns constructed in Japan Since the volume ratio of

oil cement’ colunns to the original clay material is 30%, the

value of 1.75m as the distance between each soil cement column

is obtained under the condition of the right triangular

T
arrangement (Refer to the Chapter 4-4) . Therefore, the Sizes of
f ]
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the improved zones, %one I (four lines arrangement) and Zone II

{three lines arrangement), are determined as follows:

Inproved - Average Depth Wwidth of Soil
Zone of Soil Cement Cement Column W/D
Column Zone Zone
(D) . {W)
Tmproved ' :
mproved 13.5 m ' 5.5 m . 418
-Zone : i )
Improved II 5.5nmn 4.0 m 73%
Zone ' :

The soil cement column material and the original clay material
including the.improVed zéhes by soil cement columns is also
expréséed'by the mesh models with several diﬁidéd horizontal
layers applied to_the“stability analysis model for the treatment
slopé_structure by soil cement columns in the testing canal

facility.

The mesh models for the treatment slope structure by soil cement

columns in the testing canal facility are shown in Fig. 4.1.19.
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5)

Assumptlon of Groundwater Level and WaLer Level inside Testlng Canal

Fa0111ty

i)

Groundwater Level

The groundwater level for Lhe calculatlon condltlon in the

_slope sLabllxty analy51s is assumed to be the same elevatlon as
'the surface of the excavated testlng canal faelllty shown in
Flg 4.1, 20 from Lhe v1ewp01nt of the safeLy side of slope

._ stablllty analy51s for the Testlng Canal Fac111ty

o Tn1t1a1 5round water level at A p01nt
/[ , Assured water: condltlon
" ' : {" for calenlabion at A” point
! . i —
sl N T
Y \\:’/\\ - - -
RNV R Predicted pore pressure
1/ TR S at A point
H .
ﬂ«. '
 ‘Hap1d "'ime

Jexcavaliion

Fig.4.1.20 Ground Water Level for
: Calculation Condtion

ii) Water Level inside Testing Canal Facility.

The water level inside the testing canal facility for the

calculatlon condlLJon of slope stablllty analysls is assumed to

be the - same elevatlon as the bottom surface of the excavated

slope structures in the testing canal facility shown in Fig.

Qﬁl.21. 3 A

Gxeavation by  lA9T
dry vwork :

Predicted ground -
“water level

Fig.4.1.21 Water Level insde Testlng
Testlng Canal Facility
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6) Evaluation of Results Obtained From Gireular Slip Method

i) Non-Treatment Slope Structures

The results. of the prellmlnaly analysis on the

non- treatment stLuctules are shown in Table 4 1.8 and

FIGURE-4.1.22. From the comparison between the results of the’

prellmlnary analysis and the past e\pellences on slope fallure

=caused by canal excavatlon works in LhP soft 5011 foundatlon; it

was judgéd‘that the analysis taken lnto account the strenqth
decrease in orlglnal soft soil foundatlon by excavation NDLk and
the anisotropy of ‘strength can be applled for the determination

of slope gradients of the testlng canal raclllty.

_ Therefore, the slope_gradient for the non-treatment slope
structure'shall be decided based on the results of the analysis
obtalned by taklng ‘into account the strength decrease in the
original soft soil Foundation by excavatlon work and the

anisotropy of strength.

Tt is said that the canal structures having the depths
exceeding 4.0 m will have the slope failure judging from the

past experiences.

Therefore, the depth of the excavation work for the testing

_canal facility shall be decided to be 4.0 m,
‘Also, the slope gradients for the non-treatment slope for

short term stability and the non-treatment slopé for lohg term

stability shall be decided to be 1:4 and 1:6 respectively.

4 ~ 40



a . o ana /'

)V Amtees ~
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Yo ‘excavatlon and

e anisolropy - of shear

a0 IR ,sira'nqi:h.._d(e'._'c'pqsi_I@IprodC

' 2 “Strength -de¢rense dve 10
L [ “ei ¢avation Js : 'n;c')' nsidered :
) T Lo enoon 0 Helght o Si0pe - = 3 m

A l._E‘ni?

- ,/'/'Hi.!_io'“t':ot Stope. = Am
[ oo

-

/

of' Slope =3 m

of Slope = 4 m

1 ) 1 | ' i - T
3 4 5 B 7 B
SLOPE . __G_RAD._I E__NTS

Fig.4.1.22 Reélation between Safety Factors and
Slope Gradient in Non-treatment Slopes
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; 4.1.8 Minimup Safety Factors
fabie of Non-treatmeut Slopes
{In case Heigth=4m)

T Mininum
Slope Gradient | Safety Factor
1;3 1 0,795
14 0.966
B i:5 | 1.017
1.: 86 1.056
1:7 1.116
— ———

1.} Short Term Stability

e e e T - - Y.
4.04' ' ,dé’*fﬁij;i:::z . |
{ e Slope gradient 1:4

-Radius,.ﬂ;df55m
Safety factor = 0.966

{m

2.) Long Term Stability

e It Slope gradient 1:6

Radius, R=19.91m
Safety factor = 1.0%6

Fig 4;1.22 Minimum Safety Faqtops of Non-treatment Slopes
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ii) .

mmproved Slope Structures

a)

b)

.Imprbvéd Sldpe by S@il Cement Columns

_As already mentloned Lhe foundatxon merOVemenL by the
_5011 cement column method is carrled out in order to obLaln

-the stalelty of the testlng canal slope facing to the

Natlonal Road Route No. 3.

‘The slope. gradient shall be decided to be 1:3 which is a

1ittierstéépe;'than the slope gradient for the

non-treatment slope for short term stability.

- Theiresults obtained from the stability analysis on each

baSlS, that 1s, the deep slip surface, the medium slip

surface and the shallow bllp surface, are shown in Fig.

4.1, 23 aﬂd Table 4.1.9,

" From the above studies, it is judged that the improved

slope by Soil cement columns becomes safe against the
failures of the testing canal facility and the existing

facilities such as the National Road.
Improved Slope'by'Sand or Gravel Compaction Piles

The improvement effectiveness by sand or gravel compaction

piles'istinfiuenCéd by the conditions siich as the

- disturbance of the foundation around the piles and the

_ strength of pile itself.

Since the desigﬁ'parameters were assumed in the preliminary
design, they have uncertain factors to evaluate the

improvement effectiveness.
Thexefore, the slope gradient of 1:4 having'the sané slope

gradient as the non treatment slope for short term

stability shall be employed, and then, the improvement
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effectlveness shall be judged by monltorlnq the behaviour

of the 1mproved slope

" “purthermore, thé design parameters'and the diameters of
pilés_shall'be'cbnfirmed'byfpexfofming the experimental
COnstruttion before the construction for the improved slope

structure, and such data shall3be'révised, if necessary.

Fig. 4.1.24 and Table 4.1.10 show the results of the
stability analysis for the improved slope structures by

sand compaction piles,

The stablllty analy51s f01 the lmproved slope structures by
gravel compactlon piles was omltted because it is surmised
that the 1nLernal frlctlon angle 1n the improved slope

structures by-grave; compact;oh piles will be greater than

that of sand compaction piles,



.

Internal friction angle
of sand compaction pile ; $ = 30

Stréngth increase ratio
of clay i AC/AP = 20 ' %

Improved volume ratio 1 Ass = 0.1

Improved zone - ' H

4.0m

PR

5.0m

R o e T -

Stiff clayy

Fig.4.1.24 Critical Slip Circles in
" Improved Slope by Sand
Compaction Piles

Table 4.1.10 Minimum Safety Factors for
Inproved Slope by Sand
Compaction Piles

Location of slip circle Minimum gafety | Radius of
: factor J.circle
1. Medium slip circle . 1.280 © 13.95m
2. Shallow slip circle 1.279 : 5.35m
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7)

Layout of the Testing Canal Facllity

The slopes of the testing canal facility are allocated as shown
in Fig. 4.1,.25 taking into account the calculation results by
preliminary anélysis and comparative study of the construction cost,

and alsc the present cohdition of the project site.

The foundation improvement method of either sand compaction pile
method or gravel compaction method shall be decided bhased on the
results of the experimental construction and the economical view-

point.,
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42 SloPe.Stability Analysis by Circular Slip Surface Method
As mentloned in chapter 4 -1, the calculation of slope stability by

c1rcu1ar slip surface method in the prelimlnarv analysis weq performed

“based on the data abtained from the Boring No. 1 and from the result of

the field vane test ‘(Fv—l)._

"The calculatlon of. slope stablllty in this time is performed based on
the desmgn parameters obtained from all of - the results of geotechnlcal
1nvest1gat10ns, namely, borlng No. 1L v No. 5 and FV 1w FVwS, ‘in order

to examine the slope gradients de51gned in the prellmlnary analys1s

1) Caleulation of design parameters

As to design parameters, physical pioperfiesrof eéch layer; namely,
plastieity index PI.and'undfained shear streungth. Su- by field vane
tests following the results of chapter 3-3 are obtained_in_the
method mentioned as follows, and then the desigp perameter Su* is

determined.

Regarding underained shear strength, the values obtained ffom the
field vane tests are applied as well as mentioned in cﬁapﬁer 4-1,
and about ¢' and ¢ obtdined from Ko-note triaxial eompreSSion tests,
the result can not be compared directly with”the'former results,
therefore, stody on the comparison of those veluesiis omitted this

time also.

Determination method of design parameters is mentioned in the

following,

At first, representing value of plasticity index of each depth
correspondending to ground layer model is determined as shown

in Fig, 4.2.2. '

Regression equation was not considered becaus it seemed not always
to express ground properties, therefore, an average value of

plasticity index PI is used.
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2)

Secohdary,_correetion coefficient pA for undrailned shear strength
which'wes-obtained:from the field vane tests wasg determined by.
Bjerremfs=e6rrectioﬁ.coefficient-curve based on the obtained value

of PI as shown in Table 4.2.1.

Compared with the undrained shear strength deLermined in chapter

4-1, theSe.values.are judged . to have not so many differences except

‘ for the-ﬁndrained sheqr strength in the surfece layer, 1.2 Lﬁ/m

wvhich is a little smailer théﬁ'the valve determined in chapter 4-1.

The rate of strength dec1ease uB wasg obtained by the same method

'mentioned in chapter 4-1, and Lhen the de91gn undxained shear

strength Su* (= uA « B * Su) was calculated.

Determination of mesh model

The same section in ehapter 4 1.ds applied Lo the mesh model. Layer
composition, plasticity index, BJerrum 4 correction coefficient pA.
design undrained shear strength Su*, volume ratio of improvement
materiele to original clay Ass, etc. are as shown in Flg. 4.2.3 »

Fig. 4.2.8.

On the conditions mentioned above, .the slope btability analysls by
c1rcular ship method are perf01med for short term stability of
non~treatment slope, long term stabillty of non- treatment slope,
improved slope by sand compaction pile method and improved slope by

soil cement column method.

4 - 51



actor M

i

correction

Depth (m)
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| X o X
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!Ol“—‘c‘**g:'b—(‘)ﬂ-:;“(lft'—ij P -
LN o S 1 S RN
. PR I | o Rt S o B
05 o= | [
Blerrum
- | (1972)|
O 20 40. .60 80 100
ploslicity index (%)

'Fjg.4.2,1'Fiowchart_of-Determination of
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3) ﬁesult of Stability anélysis

The result Of‘éfability aﬁaiysis of each case 1s shown in Fig,
4.2.9 ~ Fig. 4.2.12.

Although safe;j factors obtained in this time become a little bit
.gﬁdliér'thah factbfs obtained by the preliminary anélyéis:where_
”énly'thé tégt'data‘oferring No. 1 was used, hoth of them_are.judged
-to'haﬁe;almpstithe.same,tgndeﬁcy as a whdle, therefore,. the deéign
slope aradient determined in the preliminary analysis is.judged'to

be adeqUAtento be applied to the test slope gradients.

'lThe:miﬁimﬁm safety factor for long term slope sﬁability indiéates
'soméwhap aismall Qalué because the strength of the clay is decreased
to the critical péint as close as posible considering strength
dgéréasé.caused by ekcévapion work and strength decrease due to
aniéottopy occuring in the original ground, therefore, the greét

care must be taken in the construction.

Table 4.2.2° Minimom Safety Factors of Slope Stability Analysis

T
o Minimum Safety Factor (SF)
Ca§e of Analysis Data based only on | Average data of all of
Boring No. 1 Borings '
1. Short term Stability of
nen-treatment slope 0.966 0.931
2. Long term Stability of
non~tyeatment slope 1.056 1.006
3. Improved Siope by
Sand Compaction Pile 1.279 1,077 (Slaope Surface)
4. Impfoved Siopé by
Soil Cement Column 1.277 ' 1.292
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4-3 Simulation on Slope pehavior by Finite Eleme

nt Method using

Blasto-viscoplastic Model

D

2)

~ deformation caused by exca

considered in the two or ti

"Ko-note triaxial compression tests (CkoCU)

Method of Analysis

When dealing with deformation of soft. soll Eoundatlon,_especially
vation work swelllng of viscous’ soil
(clay) due to unloading is a big pxoblem in geatechnlcal engineering.

However, there are some limitation in. the existing theory of one-

dimensional consolidation where geometric. conflguration and load

ing condition of rconsolidation and swelling problems can not’ be

hrée dlmensional consolidation. Therefore,

one of constitutive equatlons (stress- strain'relation equations)

which can express alteration of stress- strain relation and ac-
companied alteration of properties of materlals such as coefficient
of dilatancy and time dependency of creapy relaxation, etc. is

adopted, and then analysis by finite element method is performed.

Ia the anaiysis this time Sekiguchi -Ota Model, oue of elasto “visco-
plastic models which can consider induced anisotropy is applied
referring lts recent record of performance (cf. Appendix 1 & 2)..

In additidn, tne model adopts ‘the theory of multi dimEnsiOnal'non—
solidation by Akai et al.,. therefore effective stress analysis on
relationship between skelton of soil partiéle and pbre water can be

performed. in this analysis.

Determination of Parameters for Analysis

Parameters for the analysis should be determined referring the
results of laboratory tests and in situ tests obtained in Chapter
3 in order to carry out the analysis on elasto-viscoplastic con-

solidation and swelling. There are fifteen {(15) parameters necessary

for the analysis as shown in Table 4.3.1 ..

The parameters are determiced mainly based on data directly from

standard consolidatlon

tests and tests on physical properties performed for each depth,

4 - g2



,A_fipw éhgrﬁ-of determination of parametérs for analysis is shown

o "'.F-ig 443 .._1 -

Aﬁaljéisioﬁfdaté of'lébdfatofy'testé for samples'ftom.each depth

"1 Ko-note ‘triaxial compression test,’

2 "Coﬁsdlidéﬁion tests_{é410g=v)

|73 Tests on'bhysical'prdpertiGS'_(Yt, Gs, Wn, ?T,'etc:)

( Calculatlon of parameters for analysis for each boring hole
and each depth

D= MO+ e))
N = M/1.75

. K
v'=

I+ Ky

Calculation of average value of parameters for each depth for
analysis obtalned from all of data -

Determination of parametérs'for each depth for analysis

Fig. A 3.1 Flow Chart of Determ1nat1on of Parameters
for Analysis
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¢ for Analysis and its Tes

t Method

Table #.3.1 Parameter _ :
et e
' e Tty T Remarks
— R ory Test b
Parameters for Analysis | Laboratoxy —
" | p Feoms = K
P ¢ dila-|Drained triaxial cow-}., _ A
D : Coefficient of dila-|Draine i 2 SRR
: : maad ast %1 (CD)[ . M (1 + eo 1)
~ tancy pragsion test TL b | ] | .
' : ida- = 1-K/Xx or M/L.75
A : Irreversibility Standard.consollda A / | /
_ratilo tion test.- |
: ' . te triaxial : 6 sing'
M : Critical state para- Ko-no L . M= —E:EEEET_
Mechanical neter - compression Les : :
Propertiesf _ .
v': Effective Poison - ditto -
ratio :

« : Coefficient of Standard sonsolida- |a = dv/d (In ©)
sccondary compres- |tion test
sion

v = Initial volumetric - ditto - Vo =_a/tc. 2)

strain rate

ovg Pre—cbnéolidatibn: Standard ‘consolida~

vertical pressure |[tion test
Pre-load _ B ' .
' - {Ko Coefficient of Ko-note triaxial
' earth pressure compression Lest *2
at rest o

a'vi Effectivé over- Consolidation'test 6'vi = G sub Z
Tnitial burden pressure
SEress  Ixi . : Coefficient of |Triaxial Ko-swelling .

in-situ earch test
pressure at rest

¥ . Coefficient of Standard consolida- K = yHmvCwy :

permeability tion test |
. il
3 p Qs - i;

n* ::/—(n n,. o~ . 213 = 1 = ' L
Parameter 2- Mg - Oed Mg 7500 Mgy 2 T 5337945 7% y3 |
of stress _ _ :

' i :
Where 1) X =0.434 Ce, K = 0.434 Cs (in case of natural logarithm) °
2) te : When one dimensional consolidation completed :
o3 e : Weight of soil in water
3 4) o'ij:'Effective stress tensor
*1 In this project undrained triaxial compression test is not
. performed, therefore, D is obtained from caleulation.
%2

"The value of k

4 - 64
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AS'tofihé deEefmihation of'pafémetefs'for anélysié of Bangkok Cloy,
results of soil tests are taken seriously ‘and used in order’ to
heighten accuracy of analins, and presumptive equation for each
parameter was trled to be not applied as far as possible, except
for the value of. coeffic1ent of earth pressure at rest Ko corre-
spondendlng to: pre 1oad, Which is abLalned by Alpan's method
‘(1967) as follows '

Ko = 0.19 + 0.233 x log PI
jwhere, PI: Plasticity index (%)

The above equation haézoben‘verified to be able to obtain approxi-
'mate_volue of Ko tolerablé_énough for engineering use through' the
past performance on Bangkok Clay and on Kibushi Clay in Japan as

shown in . Appendix 3.

As to'ﬁalues obtained from. each 501l test,.thefgeological components
at the oroject site are'jodged toioé holizohtaily almost homogeneous
_as_mentionod in chapter 3, an avefage value of data of samples'taken
from each ‘depth of all the boring holes is‘adoptéd as the represent-

ing value of parameters for each laye of each depth.

© Fach average value of parameters is'determined-based on deofh
distribution of data of each test, and the representing value of

each depth. (layer) is determined.

The adopted values of parameters for analysis are shown in Table

4, 3 2.

As there_are no data on stiff c¢lay below EL. 17 m, estimated values
shown in Table 4.3.2 are applied to stiff clay assuming that stciff

clay is linear elastic body.

There are two cases of anélysisl- One is non-treatment excavated
slope of case I (slope gradient : 1 : 4, excavation depth: 4 m),
and the other is improved slope by soil cement columns (slope

gradient 1 3, excavation depth 4wy (cf. Fig., 4.3.2).
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" Nlghvay

. Improved slope by soil:
h !“,v.‘ ' © ., cement columns
s N S . - . ) 7 . P

ELID,50. -

=

Nonﬂtreatment slope for
“short. term slope stability

=

. ,;,»f’*”
k] ol
&< a -5 =
= 3 N ER L g
i LT 4
: L6 - /1“ ' 2

40m
N
N

Jéu-3.50

'-QD-

e
~

S
wg
=

\
. ®9T]

. |
rngtl
[

L]
LN

-

AID Land Doundary Line
; 104m

=

Fig. 4.3.2 Plan of Testing Canal

Parameters for the analysis obtained this time shown in Table

4.3.72 are compared wlth parameters adopted For other analyses in

the past, Parameters for analysis showu in Table 4.3.3 Were adopted
by Asaoka et al. (1985) for the aualy51s of undralned normally

'consolldated clay ground Parameters shown in Table 4.3.4 were

"~ adopted for the analysis of visco elasto ~plastic secondary con- .

‘solldation of highway coneructed in Higashi Xomesato area Hokkaido,

Japan. Although above each clay is different from each other,

parameters for each analysis has similar tendency to each other

except for ‘the high eo value blgger than 2.1 and somewhat small

value Of swelllng index smaller than 0.10 in Bangkok Clay.

‘The values of eo and_ﬂ can be’jadged quite apprapriate considering
that the soft clay feuadation of the test site is new marine clay
foundation, and the earameters for the analysis of Bangkok Clay

shown in Fig., 4.3.2 are judged.adequate.
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3)

 Déﬁe:mination of Mesh Model

.Fm.c tha determination of wesh nodel, boundry. condition (geometri_

cal conditlon and boundary condition of drainage)» iﬂitiﬁl condi-

tion (ground vaker level), load (un~1oad) condition indicating

'construction stage and ‘model of glouud composiition for analysis

are necessary The boundary conditions and the model of ground

compasition for analysis are determ1ned as follows from. the

resulLs of construction plan mentloned in'Chapter 6 and  in-situ

and laboratory rests.

(:) Model of ground composition_

As descrlbed in prellmlnary analysis for the siope stability
in chapter 4, the ground composition of the soft layers are
divided into soft clay portion (EL. 0. 0 ~ EL. ~17.0) and
stlff clay portion (EL. =17. 0 ~ EL. -30.0). Fﬁrthermore{'the

ground compoq:tlon are subdivided 1nt0 horlzontal sedimentary

layers in detail as showm in Fig. 4.3.3.

T STIRF CLAY T

k“m*ﬁﬁf;““““““L"""L“wwjkﬂﬂ‘*H;‘#m__l_‘_f,H__kp

- Fig.4.3.3 Model of Layer Deposit Gomponent
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' The soft clay portion is estimated to be almost in a state

f normal consolldation except for the surface layer sh0w1ng

“an overconsolidation ‘ratio’ (OCR) of 8 033 7 Physical pro—

peries of each 1ayer is shown in the precedlng Table 4 3.2.

i)

.Boundafy-cpﬁditions

Excavation. stage

" Excavatlon work is divided into two stages.- One is the

lst excavation stage (EL. ~0.50 m ~ EL. —1.50m) and the

other iS_the'?nd excavation stage (EL. -1.50m v EL. -3.50m)

as shown in the bonstructibh plan in Chaptef:6l

Ist excavation stage

Construction is carried out by Backhoes, clamshells

and by dump tracks in dry condition in lst excavation

stage. Steel platés;ére%put under backhoes and

Claﬁéﬁélls_éo as to decrease their contact pressures
to the;gréund,'howevéf, degree ofuébil'disturbance

caused by yibratibn_of the machihes is not grasped

| aésthé ﬁresénf'time' Consequently, alteraLlon

(deterloratlon) dn physlcal propertles of soft clay

by vibration - caused by heavy equipments is not

considered in. this analysis.

Znd excavation stage

‘Gonstruction is carried out by backhoes on a pontoon

“din wet condition so as net to give any contact pressure

on excavated surface. The depth of water in the test

_canal is gradually decreased for the installation of

extensométers on the slbpe, however about lm of the

depth of draft for pontoon should be secured.
Eventually, installation of extensometer is poq51ble

down to EL., -2.50 m in accordance with excavation.
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g.the remainlng lm, the wate1 inside

After excavatln
ped out to install the remalning

' the test canal is pum

':extensometers

‘ii) :Alteratlon of. boundary condltlons of draiﬁage'and grognd

water “level w1th the progress of excavaulon Stages.

As excavatlon progressas,_boundaxy conditions and ground
water, level change correspondlngly as shown_ in Fig. 4.3.5
~ Fig.. 4. 3. 6. “Up to the excavation stage 7, excavatlon
work is.in dry condltion, therefo*a orlglnal ground

surface become dalnage boundary.
Secondary, as excavation stage 8 to 13 are done in wet
'_condltlon, water level for the’ operatlon ‘of pontoon is

‘considered for the analy51s.

The excavation stages and progréssfof excavation are

shown in Fif.4.3.4 and Table 4.3.5 respectively.
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CSORT CL_A,Y)?
:fSuspendéa _ :'fAfLer
7 periocd '@._.completlon . ) )
©STIFR cr,}.}\j-
Fig. 4.3.4 Exéavation'StQQE(Case;.&_Casez);
. ' R -
Table-4.3;5.Pfdgfeés_of—ExCavation
§ Excdvation | Stage No..] Duration | Total lapsed
% Method ' of stage | days = Remarks
: ' (days) {days)
il 6 6
% 2. ‘9 15
. 3 6 21
| First ' : -
'R bry A 11 32
excavation : avati
‘ va 10§ _excavation 5 15 27
stage ' o
6 15 62
Suspénded preiod . 7 6 68
8 - 5 73
9 3 76
Second WGt 100 3 Tag
excavation excavatlon 11 '3 ' P
S'tage 12 3 85
13 '3 88
14 20 108
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“stage.d R0

‘doy vork :

3

Tdry work
' - ‘wet
stage. 3 excavatiop
%
stage.4 BL.2.0

Fig.4.3.5 Excavation Stage and
Boundary Gondition of
Ground Water Level (1)
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stage. 10 Y '
J F:g/ﬁ/_——l Lo

stage. 11

h
Wet excavation

Fig.4.3.6 Excavation iStage and
Boundary Condition of
Ground Water Level (2)
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&) Results_of Analysis and Evaluation

) Nonvtreetmeﬁt slope for shoft term.stability_(slope gredient
L+ 4) (1w 62 days). |

Results of simulation for each stage of "excavation work for

onhtreatment slope for the study of short term stabillty are

shown in Flg._4.3.9 v~ Fig. 4.3.27.

a.

First excavation stage (dry condition)

Studylng on overall deformatlon behaviour of ground from
the flgures of overall dlsplacement, degree of deformatlon
is about 20 v 30 cm vartlcally ‘and horlzontaly in the dry
work stage of 2w excavatlon in depth which can be con-.
sldered of no problenm. There is no place show1ng symptoms
of slope failure seelng the process of deformation in the
figure of deformatlon vector. Furthermore, there is no
big change in pore watetr pressure in the ground. Seeing
from the f;gures of- princ1pe1 stress, there is no disorder
in distribution of principal stress and is no place of
failure. Therefore, it'is jueged that there is no probrem

up to the first excavation stage.

Second excavation stage (wet conditiom : 80 days)

Tendency of swelling is fouund at around the toe of the
slope (EL. ~-1.5 m) more less’ durlng the tran51t10nal
perlod from the first excavation stege in dry condition
to. the second excavation stage of wet condition, however,

sliding failure is still not occurrred This tendency

increases gradually as wet excavation progresses but

doesn't reach to formation of slip surface to the 14th

stage, the completion stage of excavation.
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Af;e:_oompletion of excavation (80 ~ 110 gdays)

“When the ;ést canal is in dried condition just after the

water remaining in the canal is pumped out after the

excavation work Is completed, swelling is found in the

,ewcavated slope around EL. -2.0 ~ ~3.0, and in such condi-
,:tlon slope failure 13 predlcted to occur with hlgh pos=
' Siblllty. Moreover, diorder in prlnc1pal stress distribu-

tlon_and in pore water pressure is found.

Following the results of simulation on excavation

‘procedure: mentioned in the above, construction of non-

treatment slope with a gradient of 1 : 4 should be careful-
Ly ‘carried out from the second excavation stage below
EL: -1.50 m paying serious attention to any disorder

indicated by displacement gauges and piezometer.

i1) Improved slope by soil cement column (gradient 1 : 3)

a.

First excavation Stage (dry condition)

Seeing the figures of overall displacement, Fig, 4.3,28 ~

Fig. 4.3.33, lateral flow in the excavated slope is well

prevented by improved zone by soil cement columns shoging
remérkable effect of the said method. Figures of deforma-
tion vector and principal stress in Fig. 4.3.35 ~ Fig.

4.3.37 also prove that the soil cement column method has

 great effect on prevention of deformation.

Second ‘excavation stage (wet excavation : 80th day)

Lateral flow in: the slope is almost completély.prevénteo
as well as the first excavation stage as shown in the
figures of overall displacement, Fig. 4.3.33 v Fig. 4.3.34.
However; owelling caused by unloading is found in the
excavéfed gurface of the canal bed, and the strength of

the said position is predicted to be decreased. Im the

final stage of excavation, it is necessary to pay strong
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aptention to the. non~treatment portion, between two

improved zones by soil cement columns, where heaving is

slightly found.

Lateral flow is prevented well by soil cement columns,

which can be said to prove superiority of this lmprovement

wethed.

Judging from fhe above results from the F.E.M analyses for
the ghort term stability of the non-treatment slope (slope
gradient 1 : 4}, big Jateral flow is predicted to ocecur
from the middle part to the toe of the slope, probably

at or after the time of completion of excavation.

Theée resulfs Ean be said to satisfy the initial aim to
grasp the short term stability of this non-treatment slope.
As to the improved slope by soil cement‘column (slope
gradient 1 : 3). lateral displacement in the slope and in
the toe of the slope is almost préventgdl which can be
judged to prove the adequacy of this improvement method,
howeﬁér,'in'both cases (non—tréatment glopé and impréved
slopej swelling caused by unloading by excavgtion is found
in the canal bed, strength in the surface of the canal bed

is seemed to be decreased.

The arrangement plan of sensors for the monitoriﬁg system
is made considering the results of elasto—visc6~plastié

analysis (cf. chapter 5).
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BE ndix 1 SekiguchlaOhta Model (Elasto-viscoplastic model)
1 Ohta Constltutive Model

TOhLa (1967) 1ntroduced the yleld functlon of clay and the elasio plastic
strain’ accord:.ng to the normallty ruie. He assumed that volume change

of soil element under consolidation “and shearlng depends the mean effective
stress and the octahedral sheat‘ stress, {oct, is defined by 1mr'1r1an‘t of

the effeot1Ve stress components.

- The octahedral sh_ear‘ stress is expressed by the foliowing' equation.

Yoot=" 3 1/(01'-"‘01' ) +(ay —vy ) +od “U_l' ) | ce- (1Y

: . - Vi Vi ‘ l4 : .
where, §71, 72 and §3 .arée principal strese and under the triaxial compression

condxtlon(ohlzﬁuz -3, roct is expressed in the following equation.
. ] 2 s ._ : - -
Qc# =-§—(Gi—ﬁé PR cirareeaeeaeen(2)

- On this baols, dilatancy {s defined as volume changes which occur under

loadlng with P belng held constant as follows.
—he ] Yoot

=Aev=ph (

.I. +ey p

) i aaae s Y G )

Wwhere, P : Effective mean stress

/" . Constant value

On the ojcher hand, e-log P relation is expressed by the equatibn,

Ap S : '
: : - A €A

Where, e : Void ratio.
_ 3 ¢ Grdient of e-log P relation

Ae : Volume change, given by the equation,

Ap Y oct .
Ae=— AL —— Hp(l,;_eo)ﬂ, (NN veeaaaas

& _ P . o .
Then, 1ntegra’c1ng the euqatlon (5) under ' eoand Po at normal consolidation

tine on foct = O plane,state poundary surface equation in the {oct-P- e

plane is given by the following equation.
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e Toct o
e-99+llogw +i1(1 +a4) , :O ,.__.‘_....';__....'.._._(ﬁ)
po A

It 1s noted that: the yleld surface is given by'projectingwgrgss line

of equatlon(B) and the elastic wall on (oct P plane..
The ‘elatic wall equatlon is deflned_bg_
Ap _ . : oo o
be=—k —  or e*eo+nlog_-——“'0_ D)
A ' i Po :

In.this wéj, the yield surface equation’ is finally obtained as,

“roct {2 —x) o .
+.. h}g :O X ] . _-....(g)
P (1+_ﬂo) [ i

Comparing equétioh(B) and Roscoe's yield surface equation, the

following relation can be obtained.

3  (l¥xi

AT (L4eodn

e {9)

On this basis, it is judged that Ohta theory is the same sa Roscoe's

‘ﬁhéory substantially.
Further, Seklguchl and Ohta (1977) extended the Ohta model and
introduced the inviscid and viscid constltutlve relations for

anlsotzoplcally and normally consolldated clay

This model is called as ”Sekigucﬁi Ohta Model®,
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2, Sekiguchi-Onhta Model

_;Sggigggh}rand Qﬁta proposed'a'new obnstitutive iaw taking the efféct
of time and the stress-induced anisotropy into consideralion

~This model is called as "Sekiguchi-Ohta Model"

‘Rheology Dilatancy | [lasto-plasticily
Furayam Shibata '
Love ; a. | Roscoe et al.

_ Sékigqchi i | Uhta et al.|’
l . ]
Hurayama : loscoe
: ‘ ‘ Burland
SERIGUCHI-ONTA
HODEL
Fig. AP-1

.{1) Volume creep equation

 Sekiguchi and Ohta proposed the volumetric creep equation by the

use of the new stress parameter,*, in the equation,

o A P \'
V= ln( )"I"D’U‘“‘Cﬂ'ln( ) et e erer e {10)
1+80 o - Vo
Where, )\ ; Compression index '

eo : Initial void ratio
Po : Initial effective stress

P Effec%ive stress

N : New stress parameter, given by

3 (ntd— nig) (0 nide) ) e

D : Coefficient of dilatancy
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(2) Scalar function
' Sekiguchi et al.(1977) solved equation{1l) and introduced a scalar

furiction as the viscoplastic potential in the: equation, -

Fea-le (L+(Vot/a)op(t/a)) =v" LLii...2)

i

Where, f is a scalar function defined by,

A-x

!
IS

p o S
I(——) +Dn* L, T {13)
lteo Pa. o '

It is noted that Vp in the equation(12) plays as a so-called-

strain-hardening parameter.

In this way, the strain rate effect of Ko—consolidafed'cfay can
‘be expreésed_ﬁsing volumetric creep equation and scalar function.
“Figure AP-2 shows the summafy of the elasto-viscoplastic model

by Sekiguchi and Ohta.'
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volumelric strain _'of clays”

continuum mechanics

- %‘:’éi nfﬂw

 consolidation 5 dilatancy

A I e
voote LW (recoverabla)
éP AP éf'-—*b"{’ plastic
v _‘4€° P S (irreversible)
E.Vz = d]n [1 * P( )] ‘viscous

(time-dependent)

non—linea_r elaaticity

/ elastic - limit
(vield condition)

I‘f. s P
flow'rU1é _
L] ‘af L]
E:J ’“E WU arEJ H

aF

“AP-2 Summary of Elasto- plastlc/Elasto viscoplastic
Constitutive Model Proposed by Sekiguchi and Ohta (1977)
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Appendix-2 Modelling of'SpilrMass

Most of the boundary value problens in 011 englneering require two kinds

- of boundary condition to be applied on the soll skeleton and the pore Water

'flow as shown in the follow1ng figure,

{surlocs]

*ivolumal

siresy boundary o
_ojpny s Tsp on To =S
o loip e+ 0 8yl el
geomelele boundary [,
TSI on NLes|

beod boundary B,
h+h, cn ruCS
(hap /77, 02) waler

velocity toundoiy [
VitV . - e JyES

[+, G+, *S

AP-3  Boundary Conditions of a Coupling Problem

The govern1ng equatlons of coupling problems of soil skeleton (regarded as
the elasto—v15coplast1c material) and pore water {regarded as the im-
conpressible fluld) are summarized in Figs. AP-4, Fig. AP-5 and AP-6 indicate
the discretization of soil skeleton:and pore water respectively Theoretical
frame work of the elasto- v1scopla5t1c constitutive model proposed by Seklguchl

and Ohta is as folloWS
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AP-7 The_o_reticéi Frame Work of the Elasto-Viscoplastic
Constitutive Model Proposed by Sekiguchi and ohta

Rigidity matrix of the elasto-viscoplastic constitutive model used for the -

Finite Element Method is mathematically described in Fig. AP-8.
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AP-8 Rigidity Matrix of the Elasto-Viscoplastic
Constitutive Model proposed by Sekiguchi and Ohta

The discretiéation of continuum is carried out by the Finite Element Method

using Sekigﬁc‘ni - Ohta Model as mentinoned in the precedings.
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Appendix 3~ Estimation bfAEQMEELES‘ .

The following five methods are st

estimate cocefficient of_earth pressu

udied regafding presumptive'equation_tg

re at rest (Ko) under pté*consolidated

condition.

@ ® 0 8 e

Jaky's method (;944) _ - _ Ko = l:~ sin d"

I

Method of Brooker & Ireland (1965) : ¥o = 0.95 — sin ¢

0.9+ (1 = sin ¢")

Fraster's method {1957) 1 Ko
Kezdi's meth0d7(1962) : Ko =(1+2sin ¢'/3)

' (1 - sin ¢*) (1 + sin $')
Aldan's method {1967} : Ko = 0.19 + 0.233 log In

¥o value for Bangkok Clay

The data on Bangkok Clay are quoted.from the master thesis,

“"Petermination of Ko Value by Hydrawlic Fracture Method" by Wan Weng

Tung, 1975, Asian Institute of Technology. Laboratory tests and insitu
tests were performed on Bangkok Clay and Rengsit Cléy'in Nong HWgoo Hao
and verification were carried out over the presumtive egquations of the
above five methods. The results are shown in Fig. AP-9 and Fig. AP-14.

As a resuli, Alpan's equation is considered to be applicable.compared

_with the others.

Ko value of Kibushi clay

The data on Kibushi Clay are quoted from the doctoral thesis "Study
on Lateral ¥low of Soft Clay Foundation by Embankment" by Otehiko
SUZUKI, August, 1986. '

Uniform triaxial compression Lest, Ko-note triaxial compression test

- and plane shear’ test were performed on Kibushi Clay and the following

dsta were obtailned. ‘Although the values abtained from Alpan's equation

are somewhat bigger than the values from 2 ~ 4 's eauatiéns, there

is mno significant difference between them.
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¥

+ AP-9- Ko Value from Presumptive Equation

- Uniform triaxial Ko-note triaxi
Method . . riaxial
) Compression test Compression: test Plane shear rest

@ - 0.523 o 0.597 . 0.590
@ o518 0.562 0540
0O 0.470 . 0.537 0}531
® 0.467 0.540 0.533
S, 0.545 - 0.545 '.0.545

AP-10  Comparison between Estimated Ko Value and
measured Ko Value

Ko—note Triakial - Ko Value of

‘HMethod Compression Test Plane Shear Test
@ 0.597/ 0.508 = 1,175  0.590/ 0.511 = 1.155
@ .0.542/ 0.508 = 1.067 0.540/ 0.511 = 1.056
€)) 0.557/ 0.508 = 1.057 0.531/ 0.511 = 1.039
.() 0.546/.0:508 = 1,063 ° 0.533/ 0.511 = 1.043
® 0.545/ 0.508 = 1.073  0.545/ 0.511 = 1.067

_ _Judging from thé results shown in above, Alpan's equation seems
seems applicable to Bangkok Clay, therefore, this presumptive.

‘equation is applied to the estimation of Ko value.
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AP-11 Estimated Ko Values by Expe'riéil"é:ial Equat ion.(_l_).
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AP 13 Ko Values Obtalned by Laboratory Tests
c (Nong Ngoo Hao)
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1) .

Design of Foundation Improvement Works

Improveﬁ slopes by Sand Compaction Piles and GraVel CompaqtiOn'

- Piles

i} biameter of Sand Combactiqn Pile

The dlameter of the casing plpes applled to thlS

construction method shall be selected as 0 40 m based on

the general use in Japan.

Alse; the diameters of piles éroéﬁcedﬁbyfthe‘ueéfdf'ﬁbe
above pipes shall be selected as specified belew, based on

experience and practice in Japan:

Plle S ‘Diameter

Sand Compactlon Pile . . 0.70 1@
Gravel Compaction Pile 0.50 m

ii} Distance between Each Compaction Pile

The relatlonshlp among the volume ratlo of the meroved
materlal to the orlglnal clay materlal the dlstance
between each pile, and the ‘diameter of pile can be
PreSentEd hy the following equation, gnder the conditieneef

the riglit friangular arrangement by the piiest

0.2887 x @

“Ass T ;(4.4;1)
- where, . L Dlstance between each compactlon pllc I

D Dlameter of compactlon plle
" Ass Volune ratio of the improved: materlal to the

_ orlglnal clay materlal
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Fig;4.4.1 Arrangement of Compéction Piles

Since the volume ratio of sand compaction piles to the

‘original clay material was decided as 10 %, the above equation

~{4:4.1} can be arranged as follows:

(4.4.2)

Therefore, the above relationship can be summarized as shown in
Table 4.4.1.

Table 4.4.1 Arrangement of Compaction Piles

Distance

Secfiqnal'

1)

Piié Diameter Arrangement
. b ( 5 ' between ' projactive
m each pile distance
: 1 {m)
Sand Right _
compaction 0.70 2.00 triangle 1.73
pile a
‘Gravel N
‘compaction 0.50 - 1.50 ~Ditto- 1.30
‘pile
Improﬁed Slopes by Soil Cement Columns

i) Diameter of Soil Cement Column
The diameter of the soil cement colurans is to be 1.0 m -

based on experience and practice of soil cement columns

constructed in Japan and economical conditions.
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ii) Distance between each Soil Cement Column

Thé relationship among the volume ratio of theiimproved
material to the original.clay matefial, the distance
between each column, and the didméter between columns can
be presented by the equation (4.4.1).as mentionad above,

under thé condition of'fhe right triangular arrangement of

the columns.

gince the volume ratio of soil cement columns to the
original clay material was decided as 30 %, the eguation

(4.4.1) can be arranged as follows:

0.2887 x 3.14
= D
L 0.3 *

Ir.

1.739 x D AP € S S )

Therefore, the distance between each Soil Cement Column

can be decided as 1.75 m.
iii) Width of Improved Zoné_by So0il Cement Columns

As already mentioned, the arrangement of s50il cement
columns shall be settled as four (4) lines arrangement for
the ‘deep slip surface and also three (3) lines arrangement

for the medium and shallow slip surfaces,

The distance (L1} between each column projected by two {(2)
lines cross=-sectionally can be presented by the following
equation under the condition of the right triangular
arrangement of the columns (L = 1.75 m):
Y3 :
Ly = XL EEEEPRRRPRP {4.4.4)

whéxe L

| * Projective distance between each soil cement

colunmn along section of improved slope

L . : Distance between each soil cement column

. Etheréfore,

1]

L —_

7'3
Py TR Lm w175 = 151 (m)

4 - 134



. iv) _StFe“Gth of Soil Cement Columns

The strength of S50il cement columns shall bhe determlned by

taklng into accounts the strengths and the range of strengths of

the columns constructed in the field assumed or evaluated based

on the strength data obtalned by the laboratory tests.

'Ffdm.the past experiences, in genera), the data obtained by the
fleld tests in the actual construction stage indicate dlfferent
values from the data obtalned by the laboratory tests because of

' the yarlatlon of the site situations such as the heterogeneity
of the improved material, the stirring degree of materials, the

displacement of foundation materials and so on.

Fig. 4.4.2 shows the comparison between the strengths {gqul)
obtained by laboratory tests usin§ the ordinary portland cement
and the strengths {quf) obtained by field tests by

core~samplings based on experience and practice in Japan.

From the Fig. 4.4.2, the values of qul/quf indicate the range of
"1/2 to 1/5, and it is found that the strength by cement slurry

indicate a larger value than the strength by fine cement.

"« Cement powder
L Cemenb_ slurry

~ Max.
60|~ :[ ~ HMean
“.Min.

10

Qurl Tr™ 1

i

-

p{od

Uncenfined-Compression Sgrength

in L:;borato:‘y Tests ., lkel/e?)

R ' L___‘___]__‘__!_ﬂ_._._l__-—
0 10 20 30 10 50

Unconlined Compression
Strength in Field qor (kal/em’

ig Co i bet Strength of Columns
Fig.4.4.2 Comparison beiween ‘Compression
o Congtructed in the Field and Those in the- Laboratory
(Quoted from v"The Handbook for Design and Construction
on Ground anc Foundation for Structures", 1987)
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Jﬁdging from the above siﬁﬁation, the value of qul/quf =

1/3 shall be émployed for:the'design strength,

th x 3
2.9 x 3

2
8.7 (kgf/cm )

-

Thereforé, quf

1t

i
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CHAPTER 5  DESIGN OF MONITORING SYSTEM

§-1

“the constructloq..

'Objectives of Monitoring System

The purpose of the monltorlng system for the proposed testlng
canal fac111ty 15 to obtaln geotechnical 1nformatlon by measurlng
and recordlng the behaviour of the soft soil foundation caused by

the ewcavation work through the conditions before, durlng and after

- Namely,” the maih purpose-is to lead a determination method of

de51gn parameters by studylng the back-analysis based on camparison

between the testlng results obtained by the in-situ and laboratory

;ests_agd_;he actual behaviour data of the soft soil foundation
obtained from the prcject site,

._Atrthe construction stage, furthermore,'these'data_obtained
from the monitoring syStém would be very usaful for safety comtrol
of the'construction and for the review of the freduency,of
observation decided at the beginning stage of the monitoring.

Thérefore; although.the concept of real time construction
éohtroi is not dohsidefed in this mbnitorihg system, as to
organlzlng data proce581ng program in this monitoring system, 1t is
desirable to make real_tlme data sampling possible and to make
processed data inﬁo é certain format transferable to other softwares

for construction control.

Monitdrihg_ltems and Instruments

The nionitoring items to be observed under the application of

the monitoring system are mainly classified as follow:

(i) : Displacement and deformation of the foundation in

horizeontal and vertical directions
(2) : Excess pore water pressure in the foundation

The monitoring method is classified into two (2) types, that

. is, automatic recording method and manual reading method.

The Table S.2.1 shows the monitoring items, the monitoring

instruments and the monitoring methods.
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5-3 .

1) Selection of Monitoring Instruments
Monitoring instruments should conform to the conditions

mentioned below, taking the characteristics of the ﬁronCt into

© consideration.

(1)  Accuracy and capacity of instruments
All the instruments should have the accuracy and the

capacity as shown in the specifications (Draft) specified
in Table 5.8.1. |

(2) Durability of instruments
~ Taking the site conditions at the project site into
consideration, the instruments and cables should be

sufficiently durable or have considerable countermeasures

against the following points:

a). Corrosion caused by salinity

b}). Damage to sensors or snapping of cables by heavy

equipment during the excavation stage

c). Generation of excess induced current by

lightning
d). Stability for insulation capacity of sensors
themselves )
Installation Plan of Monitoring Instruments

The testing Canal facility consists of four slopes as

forementioned.

The installation plan of wonitoring instruments shown in Fig,

2.3.1 is employed for this testing canal facility by taking into

account. the following matters:

1Y. The main purpose is to cobtain the behaviour of the

non~treatment slopes caused by excavation work.



Number of Monitoring Instruments

Installation Plan

Section ; @ @ @
nonotrealt—~ hon- treat- ail cemenl Sand (Com-
Instrument ment 1:4 |ment 1:6 Column - | paction pil;
. ' : 3 i 1 1 2 Location
Inclinometer , X _ < 5 | <5 | . x 5 X sense,
3 1 " 2 location
Settlement guage w5 x & ¥ 5 | X 5. Neonsa
o ) . 2. 2 "~} location
Piezometer : : . T
t x 3. X 3 KX sensor
1
Extensometer EE— ——— I
_ [
Displacement Pile s 31 ' 23 23 27
non-treatment slope
s o .
KLNFCLNNY | R
4 - ,- - .g
_ ) ’ inproved slops
improved slope ~“| ¢ < * |- . o .. . |, by sand :
by s0il cement . co- S compaction pile
columns S R -| T
N P L -...Q ¥
O -—JA:’(‘_—L- +. 3 3 - 1 ld:l
* v ' - Ll i ’ i
Tt ‘r 7. . B
—G
« - . -5 v
wf - . - O-

non-treatment slope
{1:6)

Fig.5.3.1 Arrangement Plan of Monitoring Instruments
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