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Preface

Large lower plain of big river basin in South East Asia are not only main
rice-producing districts of its countries but also fields of industrial and
economical activities and people living purpose.

To stabilze food productions, such as rice, agricultural water-use
facilities were constructed. In these districts these facilities are very
important for both food productions and social infrastructures and so
planning, design and conatruction of these facilities are needed.

However, these districts of South East Asia generally consits of very soft
soil foundation and thus it is difficult to apply- the usual analysis method
to design and construction of such foundations.

Actually, we can see that many agricultural facilities have already
disordered caused by differential settlements and slope failures. Hence,
many facilities have lost their functions.

One of the main activity of Irrigation Engineering Center 1is the
establishmént of planning method and design criteria and setting up the
technical calculation systems.

This research of very soft soil Foundation Analysis system is one of the
above mentioned activities of Irrigation Engineering Center Project and

this system has been developed and prepared by Japanease Institute of
Irrigation and Drainage, JIID.

If it is possible to systemize the procedure of planning and design of
agricultural water-use facilities using above, very soft soil foundation
analysis system like the one mentioned above, in future, we can contribute
to improve agricultural water-use facilities and the food production in
South East Asia win be stabilize.



Lastly, we take this oppurtunity to express our deep gratitude to all
those concerened with us in short term basis us. and made close cooperation
and assistance and experts The Japanese working in Irrigation Engineering
Center, IEC of Thailand. '

March 1990

Nobuyoshi SAKINO

Director

Agricultural Developement
Cooperation Developement,
Japan International,
Cooperation Agency, JICA
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1. Outline of this research work.
1-1. Background of the carriedout research work.

Irrigation Engineering Center Project is a project aims to develop app
ropriate technology to be applied to planning, designs and constructionsof
irrigation and drainage facilities and to transfer of knowledge to enc
ourage engineers in Thailand who have constructed many agricaltural pumpsta
tions and irrigation facilities to change the yield of large chaoprayva pla
in,

However, soils at which these irrigation facilities were constructed are
very soft clay named Bangkok Clay, and so differential settlement of
facilities foundation and salip failures of slopes occcured. Functions
of these facilities even stoped sometimes.

Royal Irrigation Depertment has the conventional analysis programs for
design of agricaltural water-use facilities but these programs are not
enough to simulate foundation behaviours of Bangkok Clay, accurately.

Therefore, it is necessary to estimate material properties of Bangkok Clay
accurately, and to observe and simulate behaviours of soft clay foundations
before constructions of any new agricultural facilities.

Japan International Cooperation Agency has promoted the model
infrastructure improvement project aiming at construction of testing cannal
facilities and modification and preperation of programs which has
installed in Reoyal Irrigation Department, RID. The purpose of this research

work is setting up the soft seil foundation analysis system while taking
account the aims of the Irrigation Engineering Center Project.

1-1
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-2 Purpose ol The Carriedout Research Work

The purposas of the Soft Soil Foundation Analysis System ara as follows
1) To obsarve and examine bahaviour of slopas which consist of 4 sactions
through investigation of construction condition of tha tasting canal

facility which is constructed on the soft soil foundationm.

2) To obtain the actual stress and deformation behaviour of Bangkek Clay.

3} To examine 2ffectiveness of the countermeasures against the soft soil
foundation of Bangkok.CIaY and finally .

4) To study a practical design method for excavated canals on the soft
seil foundations using judgements reached aftar taking averything

nentioned above into consideration.

This systam is composad of three systams, namely, the Monitoring Svstem,
the Finite Element Method Analysis System and the Slope Stability Analysis
System. Each systam has the following functions and features, and if these
functions are fullfilled systematically as shown in Fig 1-1, tﬁese svstems
will be very usaful for grasping fully the behaviour of'aanqkok Clay founda-

tion.

- 1) Monitoring System

Using this system, not only gathering and vracording the actual measurad
data, but slope failure prediction will be tried using the actual measurad
data. For this purpose, this system employs the graph plotting functién of
Kurihara's method and Saito's twe methods.

2) F.E.M. Analysis System

In order to axamine soft clay bashaviour, it is nacassary to usa a
stress-strain model which can exprass cregp or ralaxation behaviour etec. where.
passage of time is taken into considaration in addition to elasto-plasticity,
Consaquantly, this system adoptad the Sekiguchi-Ohta model which can express
passage of time and has producad satisfactory resuiés. Besides, this svstan
can simultaneously éxprass pora watar. flow couplad with soil daformation. We

can therafora take watar laval fluctuation into account. Since this system

-~ .



can simulate the actual construction plan, we will be abla to pradict the

excavatad slope behaviour which will be very similar to the actual bhehaviour.

3) Slope Stability Analysis Systam
The slope stability analysis praogram, whiéh is intznded to bha able to
evaluate clay properties similar to that of actual conditions as much as
passible. has hean sat up using rata of strength decrszase by axcavation and
Bjerrum's coefficient about the excavatad slope on the soft soil foundation.
This system enables us to carry out excavatad soft soil slope stability

analysis which cannot be analyzed by normal slope stability analysis.
! ' *

.

offer of information to
construction control

v

# Estimation of the clay properties from
the place of slope failure . '

* Grasping clay propertias of actual foundation
and their changes with passage of time

# Suggastions for a sensor installation
_plan, slope failure prediction

% Suggestion for a sensor ¥ Pradieticn of ;;;\\
j///'installation plan place of sliding surfaca

Monitoring|é—— F.E.N. Analysis System |&e—Slope Stability
System — {Elasto-viscoplastic model |—|Analysis Systzm

% Suggestions for the analyzing t suggestions for daterminatioen
model af actual data of the strangth decreass zone
ovwing to a2xcavation
*Ta ohtain the *Tp pradict slope *To suggast how
actual behaviour failure, deformation to design
and pota watar prassura
*To examine slope {place, time) *To examine saveral
failura pradiction counkarmaasuras
method by ohserved *To examine slope . (slope improvement
data : failurs mechanism work)
of Banghkok Clay

Fig.1~1 Function and relationship of each systam in the Soft
S0il Foundation Analysis System



2. Outline of components of the Soft Soil Foundation Analysis Systam

2-1 Yonitoring System

(1) Hardware of the Monitoring Systam

Hardwares of the Monitoring System will be sat up at two placss, that

is, the room for investigation at the testing site and the computer room in
IEC.

1) Hardware systam in the room for investigation at the
testing site 7
{in the case of auto-measurasd sensors)
At ﬁhe tasting site, savaral kinds of measurad data will he

gathered by Data Logger (TDS-301) and these data will be written on floppy
disks by Micro Disk Memory (RM-351)

*Joint Bax —

Switch Box

e EE e —

FD
{3.5 inches)

- .. Data. Logger Micro Disc

Memory
20.p - -
Sensors i ,:
. t .
| 1
(Piezomataers L. ki {
Extensometers ] Sampling data  Store data

Fig.2-1 Hardwares systam in the Monitoring Systam at the tasting site
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2) Hardware system in IEC computar room

The measurad data which will hawve been writtan on 3.5 inch floppy
disks at the testing sita will be sant to the IEC computar toom. Then, these
data will be transfarrad to the public file arza in the VYAX-System (VAX3150 or
750} aftar thesa data format ars converted by personal computer (APC/IV).
After that, historical graphs, analyzing graphs of 2ach sansor and slope
stability control graphs will be plottad by terminal squipment (VT241) of the
VAX-System and XY plottar (C1077)

]
Ethernet .
[ p ¥ ST
. Terminal
. 1/4 ) z/<j VAX/GPX
. XY-Plott
vax 8350 \ .. vax 750 . 16 M8 _D otter
. ) 1077
32 MB " .6 MB . -
' X¢¥-Plotter
. ' C9400
3.5 Fp
‘transfer ©  NEC ARC/IV

Drive device

O =R

D_Q.M% . — 0 —

FD
{3.5 inches)

PC 9801 vm2 ‘FO
faor FILECONVERT (5 inches}

» - . .' - . \:

Fig. 2-2 Hardwars Systam in IEC conputar room



{2) Softwara in the Monitoring Svstam

Softwara in the Monitoring System ara graph-plotting proqrams after
procassing data measured by each sensor, and these are composad of thrae (3)
kinds of graph-plotting system as follows

a) Historical graph plotting system for measurad data

b) Analysis graph plotting system for measured data

.¢) Slope failure pradiction and construction control graphs

Using systam a), we can follow up the slope bzhaviour with time in
correspohdance with the excavation stage and we can grasp its general
tandencies, and using system b), we can obserwve displacement on the slope
surface and in the ground and pore water pressure in the foundation con-
centratind on the places we should pay attantion to, and we can observe each
kind of correlative behaviour.

Furthermors, using system c), we can propose.séveral kinds of slope
failure control graphs (e.g. displacement ratio; creep strain ratio) for
prediction of excavated slope failure, and we can axamine these graphs for
their validity.

For'details of software, please refar to Chaptar 3.

2-2 F.E.M. Analysis Systen

{1} Hardware for ths F.E.M. Analysis System.
All of the hardwars for the F.E.H. Adalysis System ars componants of the
. YAX-System in the TZC computar room, and using tham, calenlation and plotting
graphs can be carriad out. Equipment to be usad are as

follows.
@ vAx-8350
(:) VT-241 (Taerminal equipment)

and
(:) XY plottar (CalComp)

(2) Softwars for the F.E.M. Analysis Systam
Softwara for the F.Z2.M. Analysis §ystem ara composad of the following 2
Wgroups of softwvara. .
a} Elasto-viscoplastic modsl analysis prograams
{Sekiguchi~Ohtas'modal)



b) Diagrams drawing program series for the results of Analysis
(:) Displacement diagrams
(:) Principal stress diagrams
(:) Pore watar pressura contour diagrams ate. ‘

Using analysis programla), the actual phenomena can be examined takiﬁg
constructicon conditions (passage of tima, depth of excavation) “into account,
and we can predict behaviour such as displacement of the exgavatad_SIOpe and
pora watar prassura. '

And using program series b), we can gat diagrams of the rasults of simula-
tion for slope behaviour prediction using program a}, and slope behaviour as
time passas at the sxcavation stage can be visualized.

For details, please rafer to Chapter 4.
2-3 Slope Stability Analysis Systam.

(1} Hardware for thes Spre Stability Analysis System.
Slope stability Enalysis can be carriad out by the Yax-Systam in tha
IEC computer room. )
(2) Softﬁare for the Slops Stability Analysis System
This systesm is composed of the follewing 2 programs.
a) Modified slope stability analysis program ‘
b) Diagram drawing program for the results of slope stability analvsis
The modifiad slope stability analysis program can be applied not bnly to
non-treatment excavated slopes but to impfoved composite ground slopes. As a
mattar of course,. this program can also be appliad to fill dams.

Regarding the evaluation of strength of soft soil foundation, this
program takes ratez of strength decresasa by esxcavation and Bjerrum's coeffi~
cient into consideration. And concerning the Sand or Gravel Compaction Pile
#ethod, this program can also taka strangth increasa which is causad by
consolidation into consideration. On ths determination of total strénqth of

the composita ground, the raplacemant ratio of soft clay foundation with pile
matarials is adopted. '

For details, pleasa refer to Chaptar 5

2 -4
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3, Monitoring System °

J-1 Objectivas
The purposes of the Monitoring Systesm arz as follows,

1} To obtain the actual behaviour data of the excavated testing canal
facilities on the soft seoil foundation.

!

We can obtain time historical data of pore water prassure and displace-
ment and the position of the slope failura surface.

2) To apply tha actual behaviour data of tha excavatad testing facilities‘

to the other systems.

(:) Applicébility of the Sekiguchi-Ohta Modal which is used in F.E.M.
Analysis can bs verified and the failure machanism of Bangkck Clay

can be examined using actual behaviour data of tha excavatad taesting
canal facilities.

-

(:) The Slope Stability Analysis Method can be varified by estimating
the shear strength of soft soil from the place of sliding
surface obtained by thes monitoring.



5-2 Systam components of the Monitoring System
(1) Components of the Honitoring System at the project site
1} Hardware components
(:) Installation plan of measuring instruments

.The name and the number of measuring instruments are shown in Table 3~
1. And Fig. 3-2 shows the installation plan for measuring instruments in a
plane figgre. '
Figs. 3-3, 3-4 and Table 3-2 show installation plans (horizontal
distance and depth) for every cross section except the one which will be

improved by soil cement columns.

This installation plan for the measuring instruments was detarmined
with refarence to the results of F.E.M. analysis at the detailed desigz stage
in which the conmstruction plan was takan into consideration, especially tha
relation between the volume of 2xcavation and time. For details, pleasa

refer to Appendix J-1.

The installation plan fdr the axtensometar was changed so they were
installed morz around the top of slope as shown in Figs. 3-3 and 3-4. The
raason for the change is that installation work for axtansomotars deeper than
the middle of slope seems to be difficult when considering the construction
condition of tﬂe sitz and the weakness of the soft c¢lay foundation. Con-
sequently;.it.is,ccnsidered better to measure mainly the extension ‘of the

ground surface around the top of slope than to measurs the daformation of the
slope surface by extansometars.
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INSTALLATION  PLAK FOR THE INSTRUMENTS

emmfnpei—i—  Selllemenl gauge
— 33— - Inclinoseter

X- .

= Piezometer - de

i i Extensometer

- t) Hun-tfeatment section

far shart—tern stability " ;///,/ﬂ i - T
1:“'1 4 , I 4‘0 M * ¥ dal : —l 5

 El=-1.5

b ozt b : _.:.3_5_

Yy

© Inproved sectibn by sand
compaction piles
1:0=1:4

]
|

. . - 1 ‘
o R e = . - 55

.. {r‘,‘ ';:l"-['*« o - . . .
STIFF CLAY . El==18.0m _ T . -

~ Lo v .'.,'1 ) ) - , ‘.!
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Fig.J—Jv Arrangzment c;f measuring in.st-run'\énts on each slope (1}
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2.0 m 2.0 m

© MNon-treatment section
tor long~tery stability
13n-1:6

8.0m

EL==-35 | —

TR LA R

b o )

STIFF CLAY  El=-18.0 &

* 'i) Regarding Fhe InclinomeEe;, th;; symbol {(—— shehs tﬁe geésurement
and reading point. e ) '

’

NS &hrrénqement of Ektenscmgter is as follows,;

I 20.0. - .
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Arrvangemant of measuring instruments on each slope
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Non-Treatment Slope (l:4)

S iy N l@
: - @ L -]fisn.{o.s:n

éi) l B

a) The installation plan
The horizontal

i of Extensometers at
displacement caused by .

¢ . the detail design
slip failure

EL -3‘.50 m '
b o
.
S 4eom f‘;o’rnj..mn (Os6-om _ j;if .
: - Sl oo .
Water surface fluctuation’ - "1 :
® i R B
' - A —~ EL+0.%m -

tension crack

' b) The installation plan of

EL 3.5m

Extensometer at the actuary

construction work

Fig. 3-4 Modification of the installation plan of Extensometers
I& . "



(:) Components of monitoring equipment

Analog data (voltage) obtained from measuring instruments will ba
converted into physical quantities such as displacement and pore water pres-
sure aftar data transfer and analog-digital conversion using monitoring equip-

ment as in Fig 3-5.

i) In tha case of auto~measuring sensors ({(extansometers, pizzometars)

Data sampling will be done by Data Logger {TDS - 151} and the data will
ba recorded on floppy disks (3.5 inchas} by Micro Disk Memory.

Joint Box

Switch Box

a o

|20 @a%% ﬂ,[};‘n — |0

ch
~ FD
(3.5 inches)

TTT ----T Data Logger Micro Disc
Memory

N 72,
(" 20cn ’
H‘-J ™05 - 301 RM - 351

Sensors | K

I
!

[Piezometers ¥ {
Extensometers] Sampling data. Store data

Fig. 3-5 Hardware of monitoring system at the site
- ; . . )

£he e



ii}) In the case of manual-measuring sensors

Data obtained from inclinometers will be converted into physical
quantities and will be racorded on floppy disks by Geologger.

TN
3.5 imches
- FD
L] O -
B .
A
)
' Personal
computet

SENSOR Gaolloger

RS-232C

Fig. -6 Components of aquipment usad with inclinomatars

{2) Computer system for the Monitoring System in IEC
|

1} Hardware

Data obtained at the testing site will be transferrad into public disk
files of the Vax-System after being convertad from NEC to IBM data format
using PC 9801 vmz and APC/IV as shown in Fig. 3-7. After that, these sampling
data will be calculatad and plottad in graphs.
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3.5 FD

NEC APC/IV
prive device .
ol —|[i ———0-——_:
FD
PC 9801 wvm2 ‘FD transfer
{3.5 inches) ) - '
for FILECONVERT {5 inches) data Eileg
VAX-system
Fig. 3-7 Hardvare (1}
(data read path into personal computer)
Ethernet ,
2;;%, : :/;[ FijL. Terminal
222;22 :::::: /(;; Tom VT 241
/CZ;E VY //<: VAX/GPX _
XY-Plotter
VAX 8350 VAYX 750 16 MB |
. Ccl077
32' M8 6 MB

XY-Plotter
' C9400

Fig. 3-8 Hardware (2) )
{graphic systam in the VAX-SYSTEHN)
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Zf Softwdra

-(Data transfer and drawing systam)
(L) outline of softwara

Softwara, the processas of which are a) raadiﬁq measurad data by per-
sonal computar, b) data transfer to the VaX-System and c¢) plotting graphs from
measurad data by the VAX-Systam, are as follows:

a) Software'for conversion from N88 - BASIC to MS-DOS
............... FILECONVERTER (MEC)
b} égquential master file making program for data transferred into the
o VAL-systam.......ccvuunan S82 MS1. FOR.
c}' Data check program for data master file .........eeeee.. $32 HS2. FOR.
d) SORT/MERGE Program for several kinds of master file
e) Gréph program for measured data ............... S82 MsSl. FOR.

(:) Type and significance of plottad graphs in the Moﬂitoring Systam

Arranging datg and plotting ars performed by program 582 HS1. FOR. and
9 kinds of grachs can be drawn. Thesa graphs can roughly be divided into
three, namely, time historical graphs, data analysis graphs and graphs for
slope failure prediction and construction control.

Examples of each kind follow:

i) Time historical graphs
Changes of data obtained by measuring instruments will be ﬁlotted as

historical axis. Thesa graphs should he prenared for each sansor.

These historical graphs will maks the following possibla.

d) To know the genaral tandency of data which are measurad at the tasting
site everyday.

b) To examine the presance of sudden changes and to discovar the critical

condition of slopa stability.’

3 -1
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Fig. 3-9 Exampla of historical graph

ii) Analysis graphs

cal
b)
c)
d)

2)

and vertlcal displacamant of the insides of the slope with time.

For analysis, the following graphs can be drawn.

Vertical distribution of horizontal displacement (from data by
t
inclinometars).

Yartical dlstrlbutlon of vertical displacement (from data by settlement
gaugas) .

Bzhaviour of horizontal displacement obtainad by 2ach inclinomatar
Comparison with prediction by F.E.M. analysis.

Behaviour of wertical displacament obtained by each ssttlement gauge
Comparison with prediction by F.E.M. analysis.

Bahaviour of relative displacement of ground surface at avery section
between sensors (Erom data by axtznsometars).

Graphs of a) and b) mentioned above will enable us to grasp horizontal

Accordingly,

sliding surface in the ground and dlsplacement of clod can roughly be

astimat

ad.
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Graphs of ¢} and d) will enable us to trace displacement wherea the
sensors are in the ground taking time into consideration. Comparipg
horizontal and vertical displacement of Nodal Points cbtained by F.E.M.
analysis with those of actual data obtained by sensors, dlsplacement condition

in the grcund can be verifiad.
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Graphs of e) will enable us to grasp the elastic behaviour of every
section on the excavatad slope surface and around the top of the slope. This
figure, furthermora, will enable us to- predict the sliding surface on the

ground.

: Relat1ve1Dlsplacemenc
at the sloPe surface

4

iii} Graphs for élopa failura'prediction and construction control
Strain and strain ratios will be calculatad from data obtainad by
extensometars, and strain ratios shall be nsad as indicas for warning against

- slope failure and for time prediction of failura.

Thare ars thrae kinds of thase graphs, and they are as follows:

a) Historifal graphs of strain ratios _
Thasa graphs show strain ratios with time as a bar graph. If tha
warning straln ratios against slope failura are ssat in several steps and 1if
countermeasures ara rzady to be conductad in accordance with thase warning,

then these are applicable to construction control.
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Fig. 3-13 Example of historical graph of strain ratioé”

b} Historical graphs of steady creep-strain ratios
R ‘ {saito's method (1))
c) Historical graphs of tertiary creep-strain ratios
| (Saito's mathed (2))

The graphs b} and ¢) were proposed by Dr. Saito in 1965 and have had a
lot of positive results in the time pradiction of slopa failuress.

The advantage of thesaz graphs b) and ¢) is the width of applicability,
that is, thess methods encompass almost all kinds of slope failure and hawe
3Elmost no rzlation to the soil propert{es of the slopa. For an explanation of
the theoratical and axperimental backgfound to Saito's methods, pleasa rafar
to Appendix 4-2.
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3-3 Procsdure for plotting graphs in the Monitoring Systam

(1) Flowchart of plotting graphs

Fig 3-15 shows the serias in the procadure for plotting graphs from
data. '
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Auto measuring

RM - 351

Manual measuring

Manual Input

Step 1

l

PC 9801 Vmz APC/V

®

File convart
Data transfer

MIPMSL

, [Convert from
sequantial ‘file
to index file)

|

Receiving file convarsion

Data transfar -to VAX-Systam and

Py I

measured data (update)

Preparing accumulative files of

Preparing Work Fils for
Drawing {SORT/MERGE)

1
1

Outpuk of Check List
of Work Fila

E% Praparing Control data

i

of command progadures

Praparation and modification

RUN l
|

y //' Output of graphs//

//\

EID

Step 3 -, Monitor list output |——
L HIPUS2 for checking data ‘
- .
- Step 4
.
t Selection of 3
itype of graph
4 urpus3
. York File
Step 5
No
\
Fig 3-15%

Flouchart of plotting procass
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{2) Explanation of plotting procedurs

According to the flowchart for plotting graphs illustratad above, this

section explains the procadure for plotting graphs in the Monitoring Systanm.
Step 1 Data reading of auto-measured data into APC/IV and file conversion

Recordad data in the Micro Disk Memory at the testing site is in N 88 -
Basic format, and this format cannot be read by personal computar APC/IVY which
- is the terminal equipment of VAX-8350. Consequently, the following file

conversion into MS-DOS format is necessary

(DTo initialize a 5 inch floppy disk in IBM MS-DOS format.

(@) To activats PC 9801 Vm2 by N83-BASIC.

(:)To insart a 3.5 inch floppy disk {sequential file) into the extarnal
floppy disk drive and to read the data file and to print out the data.

- To activate PC 9801Vm2 by U5-DOS again and te activata "FILECONVERTER".

(:)To convert data file format from M88 Basic to MS-DOS format by
"FILECONVERTER" and to prinf out the list for checking.

(:)TA transfer data files (MS-DOS IBM), whose format is convertad by
.personal computer PC9801Ym2, from NEC APC/IV to public magnetic file of
the VAX-System.' |

(For details of file conversion and disk aresa, pleases refer to the
operation manual)

Step 2 Data transfer of sampling data into the YAX- System and praparation of
measurﬁd data master file

| :
To transfer a data file using APC/IV which has a virtual emulator of
VAX-VT240 and to prepare an Auto-measurad Data Master Fila aftar canvarsion of
receiving filas format using program $82MS1.

At this step, the other thrse files, which araz the Hanually~-measured
Data Master Fila, the Measuring Instruments Master File and the Construction
Data Master File are simultaneously praparad.

3- 18
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O P O
FD - FD(5 inches)
{3.5 inches) File coavert
N 88-BASIC This FD is initialized
O to IBM/MS-pOS Format.
IBM (MS-DOS)
.. (5 inches) )
VAX-system

User's directory
Q | NEC APC/IV
I . ,

___‘ES;fu“{ VI 102 Emulator

Fig., 3-16 File convert of sampling data file

and transfer data file to VAX-system

Auto-measured Manually-measured Sensor data Construction data

data master data master file master file master f£ile

Eile (ADMST) (MDMST) {SKMST) (CKMST)

Auta-measured data

l Update each file

store, .add, delete)

Manually measured data .
Create a work file for
Sensor data plotting graphs

Canstruction data

oo

fig., 3-17 Components of Master Files
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Step 3 Menitor list output for data check

At this stap, the program S82MS2 carries out. matching between tha
Measurad Data Master Files and the Measuring Instruments Master File and

checks the data, double data reading and lack of data:
Step 4 Preparation of work fils for plotting graphs

A data work file is praparad for plotting graphs from 4 kinds of data
master files which are prepared at step 2 by SORT/MERGE function.

Stap 5 Execution of plotting graphs

In order to axecuta ploptinq by program S$82MS83. FOR., control data are
preparad. '

These data are for selections of type of graph plotting, the datea, and
the names of sensors. Graphs selected are cutput on a XY plottar by S82M3
using the control data file and tha Work File preparad before. If sevaral

graphs are needad, control data shall be changed again.
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3-4 Plan of slope behaviour observation system at tha tasting site

The way in which.the slopa obsarvation svstam in the Monitoring Systam is
operated can be divided into two (2), namely, an obsarvation system as
opaerated during normal times and in that of an emargancy, according to the

construction condition of the testing sita and slopz behaviour.

(1) Observation system as operataed during normal times in the case that the
axcavatad slope is stable.

1) Frequancy of observation )

At the beginning of excavation, it is considerad that thers isn't much
large deformation. Consaquently, if we take measurements from sensors at
scheduled times 3 times a day in the auto-measuring system and 1 time a day or
1 time every 2 days in .the manually-measured system, obsarvation frequency
will be enough (refar tec Table 3-3).

Data obtained at the testing site should be transferred to the VAX-
Systam in IEC- at a fraquency of about 1 time per week and several kinds of
graphs should'be plottad by the drawing systam in the Monitoring System.

2) Diagrams of the excavatjon situation

Iﬁ'order to grasp the rough configuration of =ach saction ﬁt gach
excavation stage taking the passage of time into account, I would like to
propose making plane and cross sactional diagrams of the excavation situation.

Fig.3-18shews an exampls of thesa kinds of diagrams and they arz not
only usaful for construction control, but also giva useful information about
nfiguration data and construction data e.g. time, water level in the testing
‘canal, boundary condition of seepage to the F.E.H. analysis medel which is
linked with the Monitoring system. For thesa details, please refer to "4-3

Procedure of Analysis Model Preparation”.
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Diagrams of the excavar ion situatian
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3) Plotting control graphs of slopes failurs at the tasting site.
There is a possibility that the advancezment of the slope failure will
ba found late under the weekly periodical data processing in VAEZ-System. I,
therafora, would lika to propose that control graphs mentionad below 'shculd be

plottad averyday by hand at the testing sita for daily control of slops
failura. '

(DBar graph of strain ratio

excavated To trace axtension and strain on tha
E. M depth. slope surface.
To calculate strain ratic from 2xtensome-
Fig.3-19 uall tar data.
tine.

C)historical graph of pcre watar pfessure
i op { Auto measurad piezometers data and the
:::::; watar level in the testing canal,
T,
In graphs(:)and(:)abcve or in graphs pletted by the Monitoring System, if’
the straih ratios rapidly incraasz and exceed the strain ration warning

Fig.3-20

value*!, or if pora watar prassurs increasas in comparison with tha water
lavel in the canal, it is surmised that sliding is procsading inside the
siope. In this case, the obsecvation systea should be changed to the

amergancy system as described in the following section.

*1. The strain ratio warning value
The strain ratio warning value should be destermined on the basis of
p%ecadent data of axcavatad slope failure and the results of F.E.Y.
analysis and two (2) warning values should be detarmined in
corraspondence with the following two (2) stages. i
a) The beginning stage at which thare is little distribution of sliding
zones inside the slope. ' _
b} Tha stage at which distribution of sliding zones spraads quite widelf
and slope failuras will occur soon. )
Yhen the strain ratio r2achs the first warning valua, thes observation
system should be changad to the emargency obsarvation system Lo incraase the
fraquency of obseryation.
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(2) Observation systam in smergency
Yhen out of the ordinary slope behaviour is found in the control graphs
for slope failura in the ordinary obsesrvation system, the obsary atlon systam

should ba changad to amergency obsérvation system.

1} Praquency of obsarvation
Fraquency of obsarvation should be changed, in the cases of auto-
measuring instruments, from 3 times/day to 6 times/day, and in the case of
manually-measured instruments, to more often than 1 time/day at least.
Deformation on the slope surface and around the top of slope etc.

should be rescorded by visual obsarvation and/or camera evaryday.

2) Plotting control graphs for slope failurs
- In the emergency observation system, not only continue to plot bar
graphs of strain ratio and historical graphs of pore watar pressure in the
normal obsarvation systam, but the following control graphs should also be
plottad at the_testing site.
(:) Historical graph of stzady cFeep-strain ratio.
' (Saito's method (ﬁ))

(:) Hlstorlcal graph of tartiary creep~strain ratlo

g0l 6, Jg"”u‘"l fpetio0 {(Saito's me thad -
- (Zﬂ
- - —r — rexaii |
<) == 3 L3 i LR RN |
o 1 :
I 5
= l'l - o —T0 m—— ‘
' T N W Yy 11
R : N T N SR MR :
i A | TR AR [ ‘
s vy |
L .
T '
R ————————— = . — :
::_:- . T ; = e m
3™ [ NY
¥ Haiu T
= T | LE|) T
O
T Tl .
—— ?
e 12 > !
Bailiie i | | e
i - JMQERD GRESS SIRALK RAEED (T00earmINg ‘ 'rr}l'ﬂ':l'::"."ﬂ'2'2'3'2'2'2"-"2'2=2'1']'l‘l'l .

Fig.3  Steady creep-strain ratio Tartiary creesp-strain ratio

Using these graphs, examination of time prediction of slope failure should

be startad. Ragarding the interpratation and plotting method of thasa graphs,
plzasa rafar to Appandiz 3.

I would like to proposa that plotting thasa

graphs should bs carriad out
by X7 plotter

on demand because they can be plotted by the Honitoring Systam.

J - 24



3} Verification of the rasult af plottad graphs

In the case that the following phenomena occur in the plotted graphs,

investiqatidn of the phenomena should be carried out at the testing site,

and

tha phénomena should be verifiad by the results of F.E.M. analysis.

@ Slope surface behaviour

i} Relative displacement graph —= Rapid increzase in 7

ii)

iii)

iv)

of the slope surface

Historical graph of strain — Rapid increass L
ratios (Kurihara's method)

Historical graph of steady — Time prediction

craep-strain raties

Historical graph of tertiary--Time prediction

craep-strain ratios

relative displacemant

_in strain ratio

of slope failure

of slope failura
Fa

At the site

a)Deformation of

the slope surface

b)Extension
around the top
of the slops
Presence of

cracks

(:) Undarground displacement behaviour and pore water pressurz behaviour

i) Distribution graph of — Place whare vertical 3
underground vertical

ii)

iii)

displapament
{settlement gauge)
|

ﬁistribution graph of —

underground horizontal

displacement

{Inclinometar)

Historical graph of

pora dakar pressurs

- ground

displacemant rapidly

increasas under the

Placa whare horizental L
displacement rapidly
increases under the

ground

Place where pore watar

pressure rapidly increas%?
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(:) Pradiction of stress distribution under the ground by eff§CtiVé'§trags path

Plotting the effective path of the elements in F.E.M. analysis model which
corraspond with the place whera the value in graphs mentioned in 2 is out of

the ordinary, we can grasp how close the effasctive pass is approaching to the

critical stata line at the apalyzing stags which corresponds with the time of

investigation. : |
The method as shown in Fig.3-23z2nables us to compare the stress distribu-

. —tion under the ground with the actual pore water pressure data.

n

a 9

i

d 5

L] =4
n

Q

o e e s e o = e - ™ g}

H ]

[+] [~

-

L

3 H

> o

a8 ° &

‘ : P! . DATE (day)
Effective mean .
principal stress
The effective .stress path The histerysis of pore
of the element in F,E.M. pressure at a point
Analﬁsis Model . under ground foundation is

.‘ measured by an open

plezometer.

Fig. 3-23 Prediction of a pore pressure behavior

and a failure of a $0il element
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4) Countermeasuras _

After plotting graphs, the cecnstruction control suparvisor and the
contractor should judéé the slope bzhaviour and shculd propose countermeasuras
as follows to tha Advisory Committee and/or the Implementation and
Coordination Working Ccommittee.

(:) Risa.of watar lavel in the canal

(z) Hodification of excavation order

(:) Modification of excavation method

(E) Obsarvaticn system in future

The Advisory Committae and/or the Implementation and Coordination Yorking
Committes which hava receivad these proposals should dacide on tha
countarméasures, and instruct the construction control supervisor and tha
'-Eontrictor to carry out the countermeasures. |
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1-€

Operation manual for the Monitoring System

(1) Procedure for plotting graghs in Honitoring Systen

The following Fig. 3-16 illustrates the execution process of the.
Honitoring system from reading measured data at the site to pletting saveral
kinds of graphs.

r
Auca measuring Hapual =essuring
Seip 1 = . R - )51 Hanual Iague
‘ PC 9301 Vax ARC/Y
rile convert
' L Bata tranafar
' - ]
g e - !
. HI2usL Daca trapnsfar fo VAX-Systam and
- . Receiving file conversion
Step 2 . {
{Convert from Preparing accumulative files of
., ssquential ils ueasured daca {updaca)
F : te index .tih] -
Scap 1 "-H'Ill’!; 2 ‘| Monitor lisc oucput |j——r e —
g . . .. - -
|; _ Sl far checking daca : WASTER FILES
Praparing York File for
Deavwing (SORT/HMERGE)
scep 4 - - Y
Sucput of Check List
- af Yark Fila
- . :
. e = —— l . i
' |
) Salection of '
¥ type aof gragh }
. P !'ip.gsj 1} Prapariog Cancrel daca !
) ' | Vork File
3:-9 -5 . ! |
Praparacion and zoditication
. of coomand procaduras
' L 2 J
_
/ oucpuc qf qraphs7
1.
Ho /\
L Complacion of plotting=m
Y
hS
END

Fig. 3-25 Fiowchart of plotting process
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In conformity with Fig. 3-16, the next section sxplains operation
procadurss at esach step, the function of 2ach program and.preparatipd of input

data.
(2} BExplanation of operation procsdures at zach stap

1] Step 1 Data format conversion of auto-measured data and transfer of
the data to VA systam.
Tha operafinj procsdures are as follows, -
1} Initialize a 5 inch floppy disk by APC/fl“in MS-DOS format of IBM

4.

type.
2) Activate personal computar NEC 9801 using N88-BASIC {DISR-BASIC)

» and external floppy disk.drive (for PC 9801 and for 3.5 inch F.D.}.
3) Insert 3.5 inch floppy disk on which measurad data was written by
Micro Disk Memory (RNM-351) into NO. 1 of extarnal flcppy disc drive.

Remarks : Drive number on scrzen of personal computer
In the case of W88-BASIC ............... 3:

In the case of MS-DOS ... iiininnnnn. .. C:
e et v
. (- F n w ;
Dist versien .
Hew many filas(0-15)7 '
. NEC N733 BASIC(848} vurglen 4.0
Copyright (C) 1983 by NEQ Corperati=an / Micrasoft Core.
§00S464 Bytas fraw -
ok
- .
\- _

Fig. 3-26  Sereen
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4) To check the contants of the 3.5 ipnch floppy disk
(:) Display the filename writtenon the 3.5 inch floppy disk.

_ FILES 31: R
- _".'_‘__ 109 m—gg——. T A ammrie e e ;T ———rr o=
_(/r—%ILES I Aﬁ‘\\

. DATOOT» 1 DATOO2« 1 DATOOZs 1 DATOD4+ 1
DATOQGH 1 DATOOT# 1 BATOO0Ss 1 DATOQSw .. 1 :
DATQ11w 1 DATO124 1 DATO 13+ 1 DATOT & 1
DATO 14w 1 DATOIT# 1 DATA18%. 1 DATO1G 1
DATOZ1» ] DATO224 1 DATOZ3w 1 DATO24 % ]
DATO24w 1 DATDZT4 1 DATO25% 1 DATDZOM 1
DATA3I»" 1 DATOQIZ# 1 DATO33w 1 DATO34# 1
DATD36» 1 DATD3I7# 1 DATO3Ew 1 DATDIOw 1
DATO4Tn 1 DATO42w 1 DATO&3w - 1 DATO4L» 1

' DATO&Ew 1 DATOGT# 1 BATO4Sw 1 DATO4Ow 1
DATOS 1~ 1 DATOSZ» 1 DATOSS# 1 DATOS 4w 1
BATO5&% -1 DATOSTw 1 DATOSE# 1 DATOSS* . 1
DATOAT# 1 QATO&2w 1 DATQ43# 1 DATOA&G= -1
DATRAS 1 DATDAT 1 DATOS3s 1 DATOSP« 1
DATQT 1w 1 DATOT2# 1 DATOT 3= 1 DATOT %% 1
DATO7G» 1 DATOTT» 1 DATOTH» 1 DATOTS* 1

- DATOB1# 1 DATO32% 1. DATO&3w 1 CATO84w 1
;DAT0S4w 1 DATOET# 1 DATOES# 1 DATOEGw 1

| " DATO91# 1 DATO9Zw 1 DATOO34 1 DATOS 4 i
1\ DATODSw 1 DATOST» 3 DATO9Z 1 DATOOOw _/)

Fig. 3-27 Screen

(:) Load necassary data £ilas onz by one and chack the
. econtants on the scraen.

(To compara with data racorded on mini printer's paper by Data

Loggar) ,
LORD "3 : Dar oot QR)

file name

LIST |

[}

T i

/ 11827 03.23 007:33:00 000*000075019*000079011*000078012+630\

wwmpA Q2 e Q2 2 mnnnnnn(23oornnnnn(2 dnnhnhn w23 onnwnnnd2al

11827 03.23 007:35:00 000+000076010+006079011*000078012—0000
LT TR DESRL LI R LI -R L EEEL LD RELEESSLONFREEELEL LIV LELLLE INEED

Al
A>
a2B:

Fig. 3-28 Screen
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5) To activate 'MS-DOS (NEC) in PC-9801 Vm2

(:) Inseré MS-DOS system disk (NEC 9801, MS-DOS #1) into disk
drive No. A and prass the RESET kay.

(:) After the following scrzen menu is displayed, salact No. 9 menu
to activatae KS-DOS.

MS=-DOS :!?‘/F' AzZa2=- (a2 > FEIRY 1/ 6 Menuvz..\l'o
[ F1 README. DOCT 71 AhDHAR . 1
FR 77U -varyoki ah;g:as-'m.-u
F3 709 ¥-F+X200MMik _ oL Al |

Fi JO9E-FLA90RK 99T 97 e
Fs MREF 4R QWM Ik R -

F6 T4 A9M&77400DaF¢ -
FT YVAF LI 74008 :
F8B FxLI2URABOETR

FIMENUDKT | | .J.

AXTYPE README.DOC

[Ms-nosemm¢smsn=rmmammEﬁﬁuﬁr.
FEHF-THELEBRU. VI =YWL T IF & b

|

‘ |

Fig. 3-29 Screen menu (MS-DOS)
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6) To load "FILECONVERTER™.

(D 1nsert the "FILECONVERTER" (MS-DOS 42) floppy disk into
disk drive No. B and activate the "FILECONVERTER" by the
following command.

A> B :
D *» DIR (o (To confirm that
B ¥ FILECONY FILECQUVERTER ig in)

The screzen is displaysd as follows:

"F347 B OF 1 290K 2 ~L3XLIEHY EHL.
F 4 LI pUIE By
EXE2BIN EXE 2880 87-10-23 0:00
LIB EXE 24138 87-10-~23 0:00
. LINK EXE 41114 87-10-23  0:00
MAKE EXE 18675 , 87-10~23 0:00

. MAPSYM  EXE ' 51904 87-=10-23  0:00

" FILECONY EXE 32432 87-10~23 0:00

NECDIC SYS 520192 87-10~213 0:00
THEHO?2 7L LBHEDY

556032 N 4 P B MESETYT.

B>

. C1 cu CA si .  su VOID  NWL INS REP

S —y

~Z

Fig. 3-30" Screen !
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@ Selact the dirsction of conversion, The dirsction of data
format conversion is from N88 to MS - DOS, and hence selact
"1/N83-1S~DOS" and press tha RETURHN kay.

.

N88/MS-DQST77A4iLayN—7 {VER. 2.0}
Copyright! (C)Y 1987 by NEC Corporation

Wi T 1/NBB-BASIC => MS-DOS  2/MS-DOS => N&-BASIC - - "~ ..ol

e i et A8 Ay S Gt D b A AR R e A S S R S e S A A e S S e . e

BRLTTFTEL

ey g} A S R W A S S R TR e A N e v e A Ty Ay - ———

Fig, 3-31 Screen

(3) convert the data file format file by file. Selact
conversion "1/File " and press the RETURN key.

3 -3
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(@ Key in floppy disc drive No. in which there is a 3.5 inch floppy
disk formattad in N38-BASIC.

.-——-—-"-'—-__—
(:) Kay in floppy disc drive Mo. in which thera is a floppy disc
to be formattad in US-DOS
B @)
i
(:) Select the name of the data file written in N83-BASIC format
which the user wants convertad into MS-DOS.
DAT 001
------- Siviecese= [ NB8-BASIC Directory ] -ebolommamodoo:
DATOOL DATD02 . » DAT00d "= DATOO4 % DAT003 .+
DATCO6 = DaT00? = DATO0S » 'DATOCY ' DAT010 =«
DATOLl % DATO12 » "DATO13 = DATO!4 = DATO13 =
DATOIE « DATOLT » DATO18 » DATOLS = DAT0O20 #
DATO2L » DATO22 » DAT023 # DATO24 » DATO25 =
DATO26 = DAT027 =« DATO28 DAT029 DAT030 »
DATOIL = i DATO32 » . DATO033 « DaTO34 » DATQ35 =
DAT036 + | DATO37 » DAT038 = DATQ39 DAT040 - »
DATO41l + DATO42 = DATO43 =« DATO44 DATO4S «
DATQ46 =  DATO4T DATO48 « DATO49 « DATO50.
DATOSL » DATOS2 DATOS] = DATOS4 = DATOS5" «
DAT0S6 DATOST = DATO53 = DATOS3 = DATO60 =
DATO6! » DATO62 = DATQ6T » DATQ64 = DATQ63 *
DATO66 » DATNET DATOG8 * DATO6S DATO70 =
DATO7TL * DATOT72 & DATO73 » DATOTA »* DATQ75 ~ »
DATO76 = DATOTT DATATE « DATQTY DATO80
DATO81 # DAT082 & DAT083 = DATOB4 = DATO85 *
DAT08E DATOB7 = DAT088 » DATO89 = DATO20 »
Ng§8-BASICODT7 7413 DATOOL
BRUTTEFOL
O R T { N88-BASIC => MS-DOS ] -remmmrmmmmronees
DAT100 =)
J

Fig. 3-32° Screen e
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(:) Key'in the name of the data files to be convartad to_MS—Dos

format.
- DAT 001
- - 3
T T o miioioiememmmmemmmmmmmmmemehmeie e
MS=-DOS®77ALB] e
T7ALBRANDLVTT &Y e ———
----------- — ( Ngg-BAaSIC => MS-DOS } mmemmmeme e
DAT100 =) DAT00!
L )
Fig. 3-33 Screen
o (:) Creats a sequential file-not a random file. -
Selact "2 /NO" and press the RETURN key.
;;7.2:-"—?771‘114'61'#\ 1/YES B/Ne e
JEMH\J-C—':E“‘ -----------------------------------
!
scmmemmsnemmeei-=[ NBB8=~BASIC => MS-DOS ]----- e
DAT100 => DATuOl t

Fig. 3-34 Screen
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@ Since conversion of JIS code in Japanssa is not necessary,
‘ salect "2 /MO" and press the RETURN kay.

a h
Eiﬂlts:—fmz{:l&tz 1/1E3S 2/N0 ‘

iR U f'FESQ"

----- coommmmameme{ NB8B=-BASIC => MS~DOS ] wmmmemmmmmcomeons
DATQOD 3> DATOO03]

L »

Fig. 3-33 Screen

@ Select “1/Yas™ in order to check parameters and press tha
RETURM kav

)\7;(~9?~'-ER"'L'C'F""\ L/YES "/NO

SRERLTTEY e

mmemcmemacsmmene- [ N 8 8 - B Asic =3 MS-DOS ] ---hewmmomooeene-
L DAT100 =) DATOO1 . )

N -

Fig. 3-36 Screen
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@ The display asks whether another file conversion must be carcied
out or not. Lf not, selact “2/NO" and prass the RETURN key.

----------------- [ NGB-BASIC => MS=-DOS ] -rr-ommmcmmmanen.
DAT00] =y DAT003 : : _
]
EEH% EIRVIS ) .H®77<wsxmb£?m 1/YES zmo
SIRLTT 3 o L . ;--;_“""_-““
\— -------------------------- -

Fig. 3-37 Screen

@ File conversion is complated.
Prags any keay

. ™

(e m———— -'-----[ M5~DOS Directory I et -

[O 5Ys NSDOS SYs COMMAND COM DATQO!L COM DATOO2 COM

DATOOI  CoM . C .

L i

|‘ )

R R "
L&um:- EMUCTT &G . T s TTTTTTTTE T

- -y - - e = - - -
- - — -y - - - - --— ..---—q-.—--.......-__...-_____.._.____._.._‘....._,J

Fig. 3-38 Screen
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(:) Display and check the contents of a file which has been

convartad to 5 inch floppy disk on the screen in US-DOS
i) B » DIR R

ii} B » TYPE DATA 001.COM R
iii) copy

o

B3"C )

B>TYPE DATO0O1.COM
03.27
~09:00:00
000+000102
Q10+00Q327
011+000318 .
012+000344 .
013+000205
014+000328
0l13+0003248
016~000311
G17+9001635
018+000141
glg-000128
020%mwskmuni
Q2L wmiensnn
(22 mkudku
Q23 mmerknn
Q24 ummnmnd

", \_ 9°C

Fig. 3-39 Screen

[l
t

Q:) | tnsert the 5 inch floppy disk which was convartad to M3-DGS
VEormat by NEC PC201 Vm2 into the internal disk drive of WEC
APC/IV, and chack the contants of tha data fils.

i} Activate ¥S-DOS in APC/IV

j -39



1i) Insert the S inch data file floppy disk into disk drive
B, key in tﬁe following command procedure and the contents of

the file will be displayed for checking.

2]. Step 2

P

1) To transfar the data fils on the 5 inch floppy disk into user's
directory of the VAX-System and preparé the Measured Data lHaster File

using APC/IV.

(:) Display virtual emulator on the screen YT 102

A ) KERMIT

JKERMIT-MS ) CONNECT

!

(:) Key in the following command to transfer data file into user's

"diractory

KERMIT-MS > SEND A: FILENAME [VAXFILE NAME)
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2) Display the transfarrvred data on the terminal display VT 240 of the
YRX-System for checking the contents of the data file.

$ ED DATOO1. COM

DATA FILE NAME IN VAX

3Y Data format of the data files which have been transferrad to the
ﬁsar's diractory in the VAX-Systam hava to be convartaed by users and
craatez or update the Auto-Measuresd Data Haster File. For conversion
and update, the program "$32 MS1.FOR." is ﬁsed.. This program shall
be run after modification of the following command procedure “MONIL.
COM" using edit funct?dn T o

iy §. ED HOWI 1.COH R

ii} Kay in the following and run the program

a)l MONI L.COM R

iii) The contants of the Auto-Measurad Data Hascer File (ADHST) which
kas bsan updatzd will be output as shown in Fig. 3 by Linea
Printar. 3And, hence, thesa contants should be checked.

D
iv) Updata the other three master files, namely, the Manually
maasured Data i{fastar File, the Construction Data Mastar File and

the Heasuring Instrumants Mastar File..
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(:) How to creats or to updata the Manually-Heasurad Data Haster
File (MDMST)

At the merge application of the data file, the adit function of the
terminal &isplay Y7240 is usad ip the VAX-System and the daca file is
crsatad or updated. The data Eormat of this file is the same as that
of the Auto-measured Data Master File,

Data: Racords Type

Table 3~4
Variable type Contant
MY Iz time {year)
MM -I2 time (month)
MD 'I2 time (day!
NT Iz cimz (hour?
N I2 time (minutz)
s I2 time (sacond)
MR I3 the number of the record
SEQ, ] I3 the number of the channel
AS j S symbol of
prIM (I,J) I6 tha valuz of measuring data
| _
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‘(@) Preparation of the Construction Data Haster File (CRUST)
Process of creation or updata of construction data mastar fila is
the same as that of the Manually—Heasufed Data Haster Fila, whareaas
the data record format of this mastar file is as follows.

Data record type (irsze format)

Table 3-5

| ] |

Variable | type } Contant !
I ! i

MY (I) ! I2 ! time (year) I

MM (I) o 2 | time (month) ]

up (1} I I2 | tiame {(day) !

{ | '

SFJ ! F12.3 i the depth of the excavation at A point !

lSFE ! F12.3 I the dapth of the axcavation at B point !
.SEK ! F12.3 i the dapth of the axcavation at C point !
SW i F12.3 i the water level of tasting canal |

ST H r12.3 | the ground watar lavel ’ f

SF : I | DUMMY | |

| 1 !

o (:) Creation, or update of the ifeasuring Instruments Daia Haster File

| {SKHST)
Crzation, or update of the Heasuring Instruments Data Master Fils is.
the same as thosa of MDMST and CXMST mentioned above. The data '

record format of this master file is as follows

Data racord type {frze format) : )

0 non-strea the data
1 store tha data

{ Table 3-6
]

B | |
Variabla | typa ! Contant |
i | i
KcH | I3 i the number of the channel of the daraloggen !
KCD ! I2 | the coad of the sensor i
EHEN [ F12.5 | the cosfficient of the calihlation !
ESYOQ ' F12.5% | the initializsd value of tha sensor !
ESET ' Al5 | the position of the instlatzd sansov !
EEL i F12.5 | the elevation of the instlacad sansor |
Uy | I2 | time (yaar) |
HH H 12 | time (month) !
MD i I2 i time {day) '
KsI0 H I. i the working state of tha sensor !
t i i
i ! i
! i i

1

- . e s e

Sa g eme ey et S diad e ek e e s s e L
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Nota: In the following table,the code numbers (KCD two-digit integar

number} designate the type of measuring instrumancs.

Table 3-7 Sensor Coad Tgble

| Coad ! Sansor name !
| —=mmm e | == mm o Do :
' 01 ! Inclinometer I
i 2 ! Extenso metar }
! 03 ! Piezometer i
' 04 | Settlement Gauge !
] 05 ! Survay pile |
! 06 ~ 10 | Dummy |
i 11 | Water lesvel in Canal i
| 12 | Ground watar leval |
' | I

3] Step 3 Qutput of monitor list for checking the measurad data

Match two measurad data mastaer filas (ADMST,MDMST) against the
Measuring Instruments Data File (SKMST) in order to check the date, double
data reading and lack of measured data using the program "S32MS2.FOR".

This program can be run by command procedurs “HONIZ.COM" as shown in
Fig 3 - 39

IFOR/LIS/OZ2UG/NOD? 532482
T ITCINKS/Oe3UG SecasSz 7~
3 ASSIGN 33zM32.J.0AT FORIJIS

j """ ASIIGHT aoZH:- JLOUTTRSRADST

i '_3'_15316N_33:H52373ht TEQROI0TT

: 3 ASSIGN SY3s5CCHMMAny SYLiIQPUT
Y R B D E N R ED R B

3 RUN 3ciM3z
TETUPRINTISE2M320.CUT T 0 T

Fig. 3-39 Command Prccedure
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4] Step 4

-

Auco- Manual
Teasuri {
APC/IV\I\' HTEE mmasimine
# TEXT
MODE
(ASKIL) .

datra
trans far

# Sequenrial

Sensm
table

Key in

1

Crezation of the Work File for plotting graphs

Construction
sitvacion data

MEMST @ ;CKMST ; WASTER FLLES

Key in Key in

convart

) data format

‘ by "WMTPMS 1» 0
program

# coefficiencs of
Sensors

f inszalled time
# coad mumbers
# channel oumbers

intial value

# installed posit

~

# time

# axcavaced
depth

# wager laval
in canal

# Ground water
lavel

K1 t

SORT

tion
matching data X1 . (_
. format of 'ADMST® SORT
and 'MDMST' . - § cime
# channel
# coad mumbar
K1 . T t T |
SORT using keys ‘
Key o i
vyl MM DD TT MMS3, MR, KCH|+DATA)
“time (112) I3 13

kay lengch

o f

K2

Up date Eile

(sﬁore,.mo&ify,add,delane)

[
®

|

Up date files

(store ,modify,add, del ecq

g

OO

Fig. 3-40 Making the work file for drawing (1)
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Read and Write the salecced

Make Work File daca using key (rime) {

for Drawing ‘ ) i

(SEQUENTIAL) 1 1s¢  'SKIST'
2nd 'cxmsT' (C)

from 3rdé 'ADMST' and 'MDMST'|

. 'SKMST" 1i

L EKMST' f

1ADMST & MDMST' ’

# kind of
figuTe | conTROL
t size DATA
# cerm
1
store the WORK FILE data
.into gacﬁ DIMMENSION of
VARIABLE in the DRAWING faner 1/0
PROGRAM : ;
: |
‘ |
| " ;
Probléﬁs ' Fig.3=40 Making the work file for drawing (2}

*# | How to sort
% 2 How to updace

% 3 How to make WORK FILE

B (:) Combine four mastar files which hava bazn preparad in stap.z into
. ona Work File by SORT/MERGE application and plot graphs by this Work
Fila.

a,
H

T L T

(:) Qutput check list of the Work File for checking data.

'
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) Stap 9

Execution of plotting graphs

At this stap, saveral kinds of graphs aras plottad using the graph
nlotting program $82MS3I.FOR. For this purposa, control data other than the

York File for plotting mentionad above is needed. The following Fig.l -
shows necessary data files for pletting graphs.

¢!

_ (:) The Work File for plotting graphs has alr2ady been prepared.
(:) To prepars control data records

v COMMAMD
Control data PROCEDURE
Select bind of Eigure
term
kind of sensor
Set up the
£Y-plotrer

run the drawing

program

MIPMS3

_. o

c1077

MONT3 .COM

SMST

CKMST
MST

MST

Ehe work file

for the Drawing

Fig.3~41 The Procedure of Drawing by MIPMS3
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Control data racords ars composad cf the following 5 types of data rscords,
and they determine the type of graphs, the pericd over which data measurement
is talen and the name of the sansors.
Control data records
1) Parameter racords for plotting designation
ii) Titls record (1)
iii) Title record (2)

i) Sansors' name recards

v} Sénsors designation records fer plotting
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i) Parametar record for plotting dasignation (Frze format}
Table 3-8

Record nama

Parametars for
plotting designation

Variableg

il
iS5,

HEY{Y, 2. NFMM, 3. NFDD, 4. NTYY,
NTMM, 6. NTDD, 7. MELF, 8. NELT,
13, WYEAR, 10. NMONTH, 11. NEP, 12.

113, NTYPEL, 14. NTYPE2, 15. MTYPE3,
116, DEL, 17.
120, NTYPE3, 21.

'2.. NTYPE3

NTYPES, 22.MTYPET ,

|
]
i
!
]
1
|
!
l
1
i
1
1
]
1
[
|
i
[
i
1
]
i
i
i
1
]
i
[
1
|
]
¥
|
]
1
1
I
i
|

HTH,

NFRCH, 12. NTH, 19. NTYPE4,

Table 3-9

iCzluznl Tapiatles | 7952 2303325
<jmm--- o] mmm————- el ommme Jemmmmaimeans B - - —————— S '
t VICHRIY 12 % Year of csasanceasng of plectiag jraphs
g e 3 HREN 1Y% ¥oaph of sasmencameac of platting yrirhs
{ P IOAE9 ¢t b %ey of atzaescaaant of plettiag graphs
: C4ORTYY 0" ] Year of cerzizatics of plottisg jrapds
! pRLATED ") Mesik of tiraimatiag of plecting jraths
i {8 NTED 1 %} Pay of tzrainacisa of plstting graphs
! v 7OHBLE 1t Tha ypper lzic of avaluacicn 3 e camsidacsd whan
i g | v platting graphs (# ar - £i;urac are Sach zeceptzble)
: c 40 IBRT 0 ) The lgwer liadt of zvaluaciaz oty be capsiderzd when
| H o | plottiag graphs {+ cr ~ fizures ar2 beth scceptzbla)
i 19, TTE83 § ° | Jarzastar {or crestiea of yearly historical grach
i (10, MEONTE | * | Farazecer-for craatiop of wonchly hiscarieal greph
' VL BER v ) Naxiaum value of strain ratie axis {enit @ 19-t/afz) !
H 12,973 ) 2.5 ) Nieth of srrain ratis bar q.apn fuait ¢ 32
; 713, HTYESE | 12 4 Paragdecsr faor platt*nq aiscarical gragh of siraiz raties
[ | i Y {Rerihary's sethed)
' g 12?? b % Paraaersr for hiscarical graph of steady
H i { ! crsepmstrain raclos (Saita’s zethed (U
: (S W I Iu I R 11 riaear far iistsrical qraph af zareiary
d } g ! crzep-strain raties [Safto's zechod {2))
v 1ia; BER ) 75,2 ¢ Jumay jarazedsr
| P13, EFR0S ) T2 f The uwppzr iedt af s Riscorical ands
: 113, 78 1 ' ) The lewar lisic of 2 MMscorizal osis
! PiE, NTIRRC  * y Prrezscar fer ploctiag vertical disivibwiica graph of
: 1 H P oherizenst displaceaent
. H a0, §TYRIT ) v % Barzzzrar for pisering varciesl dlstribesicn graph af
\ ! [ Voraraizal dsplacozent
i J21, BEYRES % b Parazziar for plattiag horizentsl displacezent graph for
: i : v olazazign of aach iasolimnzacsr
i P2, 0T 0t Raramggar far ploccine vervical displeceseat graph for the
! ' d ! leeazien ezeh satilameal jaugz
i j23, 87vRIe t ¢ ! Parazetar for plertizg relacive displacasent graph
] 1 (]
i 1 [}
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Usar should designata-the value of parameters of 9. NYEAR, 10. NMONTH, 13.
NTYPEL, 14. NTYPEZ2, 15. NTYPE], 19. MTYPE4, 20. NTYPES, 21. NTYPE6, 22.
NTYPE7, 23. NTYPES as follows

In the casa of not plotting graph : O
In the case of plotting graph 1

ii} Title record (1) (Charactar type A20)
Title written above the graph (the uppsr ling}

iii) Title record (2] (Character type 20}

Title written above the graph (the lower lina)

iv) Sensors' name records {Charactar typa 15 byte)
Sensors' name should be input in order of sensors' coda.
Usar can arbitrarily change the code numbers, but should fix them during
monitoring period. ‘

Table 3-10 -
{ Record name | Variables !
! — f e e l
! Sensors' name |} !
! records ! KSIDI (II), II =1, 12 !
| | :
Iable 3f11
; . Variabla | Type | Contants i
R e e T SRR !
|y xE1KT (1) | A6 | INCLINOMETER !
P " {2) ¢ " 4 ESXTENSOMETER !
I " (3} t{ "™ 1 PIEZOMETER !
Lo {4y Y% ¢ SETTLEMENT GAUGE
! " (3) ! " | SURVEY PILE ;
(. (6 ¢ " 1 Duuuy !
oo M b nuMMy |
Lo {8} L " pumay :
b (s ot pumMty :
{0" {10y 4 " ) Dy ;
Poov (1L ") WATER LEVEL :
" {12) } " i GROUNDWATER LEVEL
T ———— : """"" H T T T T T e A e e —-— H
| ENCODE | A20 1 "ENCODE ‘399 - 999"
! | !
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Hota: KEIKI E}I). IT = 1, 12 should have the name in accordancz with

the measuring instruments codes (XCD (I)} which have been
detarmined at stap 2.

Remark: At the and of thesa data, user has to add ‘999 ~ 999%°
andcoda.

as an

v) Sansors designation records for plotting (character typs 16 byte)
User designate the installation number of the sensor. In tha case of
plotting saeveral sansors' data simultaneously, the installation numbers of

the necessary sensors should be input {(the maximum number of input is 100)

t

Table 3-12

! Racord nama

{ —————————————————————
! Sensors designation
{ racords
!

AP (I), I =1, W (X ¢ 100)

—— o p—— s m——

——— —

Table 3-13

| Yariable | Type Contants !

v . e e e e e | g e e g et et e e e st e

]

1
d H i I
{ AP (1) ! Al6 | Installation numbar of sensor designataed ex. NO 256+41 |
£ AP {2y t " | Installatinn number of sensar designatad =2x. NO 287+43 i
AP (U}, “ 1 Installation number of sensor designatad ex. NO 259+18 |
R R ittt ittt ettt - -- ==
ENCODE | "o Endcode '999 T 999° t
' H | !

Remark: 'If some of the measuring instruments have not bean installed, the
u%er has to chack whether the measuring instrument is the one whose

data has bean input or not and then the user can prepare the input
data.

(:) Praparation of command procedure
Tha control data records and -the Work File for plotting graphs havs
already been preparsd through the processes of 1 and 2 mentiouned above.

Then, the usar has ta prapare and medify the command procedure using adit

function in order to run the plétting program S32HS3. FOR.
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Comnmand procadurgv" MONT3. COM "
(:) Setting X Y Piottar
Initialize the X ¥ plotter (C 1077),.
(:) Execution of'plotting graphs -

ifter preparation from 1 to 4, user can run the plotting program S$82ls].
FOR using the command procedure " MON13,COM" Input command is as follows.
MON.13. con ®)

!

The designated graph shall be output in X ¥ plotter through thesa

processsas.

Thesa are the procadura for plotting figurss in the Monitorimg Systam.

On the next page, axamples of input control data record and data image of
Work Files for the plotting graphs Measurad Data Mastar the Files; the
Heasuring Instruments Mastar File and the Construction Data Master File
are shown fqr'your refaranca. And, Fig 3-427 3-43 ars examples of

plotting nine (9} kinds of graph output.

3-52
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4 F.E.M Ana}ysis Yethod
4-1 Objectivés and Analysis Method

(1) Oﬁjactives

The purposas of setting up the F.E.X Analysis System are as follows:

1) To pradict stress, dazformation and pore watar praessure bhehaviour of
Bangkak Clay in which tha passage of time is taksn into considera-
tion, and to raflact the rasults of analysis in construction and
dasign mathods.

: 2} To apply the results of analysis to the othar 2 systams
(:) Ragarding the installation plan of the mzasuring instruments,
espacidlly determination of the places whers the msasuring
instruments will be installed, the results of analysis can givs

usaful suggestions. -

.(:) Slope failursa contfol graphs and thes distribution of zones which
have had their strength decrsased because of axcavation work

will be verified using the results of analysis.

3) Ta astimate'tha propartieé of Bangkok Clay from the data
obtainad from the Monitoring Systam, and to examine its deformation
and failure mechanisms.

(2) Analysis mathod

In the casa of a soft soil foundation like Bangkok Clay, in ordar to
examine the excavatad slope stability, it is necassary to consider saveral
phenomena and factors as follows.

When the soft soil is axcavatad, the phenomena of rabounding and
swelling occur dua to ramoval of load, As a rasult, the strength of the foun-
dation decrsasas around the axcavatad soil surface and pora watar pressursa
increases with the passage of time and sgmetimes'slope failure oceurs in the
end. Thease phenomena arz well known.

For an understanding of thesa phanowena, elasto-viscoplastic

properties of soil and time dependenca such as craep are very important



factors. And it is nacassary to apply Darcy's law of pores watar flew.

In order to exprass the phenomena mentioned above, this F.E.M.
Analysis System appliass thas Sakiguchi-Ohta elasto-viscoplastic model as a
constitutive law of the relationship batwesn stress and strain. Aand concarn-
ing pore watar flow, this system adopts ths concapt of the Akai-Tamura multi-
dimsnsional consolidation modal.

Using the F.E.M. Analysis Program 'DACSAR' which takes these concepts
into consideration, the excavated slope stahllltv of Bangkok Clay

c¢an be examinad.
For details of these models, pleass rafer tc Appendices 4-1 and 4-2.

Factors to be considerad Hodel Program

(:) Elasto-viscoplastic -
properties of clay Sekiguchi-Ohta

modal
(:) Time dependence.such as
crzep and ralaxation F.E.H.
: >| 'DACSAR'
(3) Pore water flow —|Darcy's law

Akai-Tamura Model

Fig. 4-1 Factors and Models necessary to analyze the behavidur of Bangkok Clay



4-2. Procedure of Analysis

Analysis procedure of the excavated

slope behavicur on the sdft 501l

foundation by the F.E.W. analysis program 'DACSAR' is as follows (refer to

flowchart Fig. 4-2).

START

i ’
| Determination of the ecase to p——
be analyzed

Determination of analysis S—
parameters

Preparation-of mesh models i————e
Preparation of construction
data

Analysis work

Drawing diagrams of analvzed p—
results

]

Examination of analyzed
results

non—-treaatment slopes, soil cement
column improved slope, sand compac~
tion pile improved slope

To examine and determine the analy-
sis parameters from data chtained by
saveral kinds of tests

To detsrmine mesh models and boundary
conditions taking the construction
stage into consideration

To draw diagrams of analyzed results
using XY plotter

To examine the behaviour of the soft
soil foundation and to give sugges-
tions ragarding construction control
and design method. )

Fig. 4-2 F.E.K. analysis flow chart



Firstly, the cases to be analyzed should be determined as the non-
treatment slopes, the soil cement column improved slope, and the sand compac-
tlon pile 1mproved slope ate.

Secondly, mesh models of the excavated foundations and construction data
at each construct1on stage should be prepared. Then, analysis work will be
conducfed aftér checking these analysis*paramete:s,_mesh models and the
construction stage data.

Finally; the results of the analysis should be drawn in several diagrans
and examination of these results should be done.

Further details after the determination of the analysis parameters'

' stage are expléiﬂed in the following sections 4-3.

4-3. Determination of Parameters for Analysis

The adequacy of the results obtained from F.E.N. analyﬁis depends
directly on the pﬁrameters which express material propegtieg.

" Consequently, it is necessary for analyzers to know the determination
method of parameters for F.E.M. analysis.

.In the case of soft clay, eleven (1l1) parameters are needed for analysis
since elasto-viscoplastic properties should be considered, but in the case of
sand compaction piles and soil cement columns, since the improved foundation
can be considered to be elastic or elasto-plastic, we can apply ordinary
analysis parameters. The following is how to deatermine the analysis parameters
for soft clay.

In order to carry out F.E.H. anal?sis using the program ‘DACSAR', we have
to determine 11 parameters as shown in Table 4-1. There are tvo ways to deter-
mine the parameters. One way is determining them directly from the results of
laboratory tests and the other way 1s estimating them indirectly using
Parameters obtained from the easy tests such as tests for physical properties
and consolidation tests (hereinafter for the former referred to as "The Direct
Method" and for the latter referred to as "The Indirect Hethod").

Before determination of analysis parameters, it is necessary to grasp tha
soft soil conditions in both plane section and vertically by in situ tests
such as Standard Penetration Test, Ditch Cone Test or Boring. Zoning for
analysis model should be conducted based on the investigated results and

analysis parameters should be determined in every zone on every laver.

b -4



»

Fig. 4-3 is a flowchart which shows how to determine the analysis

parameters. The followings are the explanation of determination of analysis
parameters in accordance with this flowchart.

Table 4 — 1 Parameters for Analvsis and its Test Method

Parameters for Analysis ~Laboratory Tesg Remarks
D : Coefficient of dila-|Drained t:iakial com={, A - K
tancy pression test *1 (CD) M (1 + eg) 1)
A : Irreversibilicy Standard consalida~ {A = 1-K/X or M/1.75
ratio ' tion test
M : Critical state para-|Ke- triaxial M - 6 siong'
Mechanilcal meter compression test 3-sing’
Properties|:
v': Effective Poison ~ ditro -
ratio .
c Coeffi&ient of Standard -onsolida~ |a = dv/d (1n t)
secondary consclida- |tion test .
. tioen . o
v = Initial volumetric - ditto - Yo = afte 2)
" straln rate ‘ ’ ’
avo : Pre-consolidation |Standard consolida=
vertical pressure jtion test
Pre-load
Kg Coefficient of Ko~ triaxial
earth pressure compression testC %2
at rest
o'vi ; Effective over- |Consolidation test o'vi = ¢ sub Z
Inicial ' butdeq pressure
Stress  ilxi. . Coefficient of  |Triaxial Ko-swelling
in=situ earch test
pressure at rest
K : Coefflicient of Standard consolida- |K = yWmvCy
permeabilicy tion test
- . 3 . Sij ’ ' o
*[-*. . = 0L n,. = , S,, =0, . = pd ..
Parameter |© 2'(nij - nijo)(nxj iJo)’ ij P 1j 13 1]
of stress . 1
P' = = g t
3 i
N\ . .
Where 1) X\ = 0.434 Cc, K = 0.434 Cs (in the case of -natural logarithm)
2) te : When primary consolidation completed
3) o' : Weight of svil in water
4) u'ij: Effective stress tensor
*] In this project undrained triaxial compression test ls mnot

*2

pecformed, therefore, D is obrained from calculation.

The value of. kg 1s obtained by Alpan's method {1967) .

ST PPR PSS A 5 DO P UUOIC i SCU

h -5 .




START

Determination of zoning of| «— in situ tests and
analysis model

investigation

Determination of analysis parameters

1. .. D: Coeificient of dilatancy
2. - h: Irreversibility ratio

3. M: Critical state parameter

pressure

4. V: Effective Poissons ratio
5. : Coefficient of permeability
6. Tyo: Pre-consolidation vertical

. Ko: Coefficient of earth pressure

at rest
Qvi: Effective overburden vertical
pressure

. Ki: Coefficient of in situ earth

pressure at rest
ot Secondary compression index

11,y=%:Initial volumetric strain ratio
o

The Direct Method

Conduct the following laboratory
tests using samples obtained from
several depth

1, Triaxial compression tests

2. Standard consolidation tests
3, Triaxial tests with Ko-conso-

1lidation
4, Tests for physical properties

Deternination of each parameter
« D =AA/(Y (1+eo}]
A= 1-K/x = M/175
o M=Ssind - cling )
={g7F aiture
» Vo= Ka/(1-He)
K .

[P N

4
5.
6. Tlo. .
T. K =0eCE IR = 1osing?
B. Qv =Y wZ-F
9. W= K.J,{QCR)O-EQ arp (- FI /122)
10, U=023ir G fllve)

[11' Vadfe

{refer to Tabled-1)

————— s

IThe Indirect Method

Conduct the following laboratory
tests using samples obtained from
several depths

1.Standard consolidation test

2, Tests for physical properties

Necessary data to estimate
analysis parameters
1. PI: Plasticity 4. h: Groundwater

index - level

2. Gs: Specific 5. Z: Potential
gravity head

3. Cc: Compression6. W: Unit weight
index

Run a program "PAREDAC" for deter-
mination of analysis parameters
using 22 estimation equations

]

Qutput: 11 analysis parameters

]

[_froparty data for F.E.M. analysis program “DACSAR"_]

Fig. 4-3

4

-6

Flowchart for determination of analysis parameters




(1) The Direct Method

As shown in Table 4-1, eleven (11) parameters for the F.E.M. analysis can
be obtained from the several kinds of tests.

The following are the methods to obtain those parameters directly usiﬁg

the results of the tests in order of data input in the "DACSAR" program.

1) D: Coefficient of dilatancy

Coefficient of dilatancy is expressed by the following equation {4.1).
Before calculation of the coefficient of dilatancy (D), it is necessary to
obtain the compression index (Cec), void ratio at preconsolidation pressure
(e:) and irreversible ratio (A ) from standard consolidation tests. It is
also necessary to calculate critical state parameter (M)}. This parameter
M can be calculated from the effective angle of friction (¢') obtained
from Ko-note triaxial cnmpression'tests or triaxial compression tests, or
the value of {q /P') at the time of failure can-directly be uwsed in

deviatric stress-effective principal stress relations {(g-f' plane).

D =AcA /L B (1480) | veceeeeneenavannnnns (4.1)

where, 7. = 0.343 €& t.iiiieiinneans avees {4.2)
to = void ratio at g,

~ M =6 sin @/ (3-sin 0') .......... (4.3)
= {q'/P') at failure ..e.ocececeen. (4.3')
A Z 1 = K/ A eeuinaneeanesnsanronenanns {4.4)
K=0.434 Cs
A= 0.434 Cc
= M/L.TS weiii {4.5)
e q
i
N ;
4 H
\\‘_‘ch él
c v.D log1oP 0 P'f P!
Fig. 4-4 a) e-log P relations from Fig. 4-4 D) Deviatric stress-effective
standard consolidation test principal stress relations

b -7



2) A : Irreversible ratio _

Irreversible ratio {A) can be calculated by equation (4.4) or (4.5}

mentioned above in 1).

3} M: Critical state parameter
Critical state paraﬁgfer (M) can be calculated by equation (4.3) or
“ {4.3') mentioned in 1)}.

4) y': Effective Poisson ratio .
‘Effective Poisson ratio can be obtained from the following equatien

using coefficient of -earth pressure at rest {Ko} .

1+Ko

Coefficient of earth pressure at rest can be obtained from Ko-note
triaxial compression tests or the following estimation equations.
(refer to Appendix 4-3)

Ko = 0.19°+ 0.23310g Incevvev-cerennnnnn, (4.7}
' {by Alpan (1967))
Ko =1=s8in @' -r--ceceerirmnenis (4 2]

(by Jaky (1944))
where, PI : Plastic index

g : effactive angle of friction

5) ¥: Coefficient of permeability

Coefficient of permeability (k) can be obtained from standard consolida-
tion tests using the following equation.

K SV OV W i terictiiniunnncannscnsans . (4.9)
where, Mv : Coefficient of volume compressibility
Cv : Coefficient of censolidation

Uw : Unit weight of Watsr

Coefficient of permeability can also be obtained directly from
permeability test.. If there is anisotropy in permeability between

bhorizontal and vertical directions each coefficient {Kx, Kvy) can be input.

4 -8

4 L e s st e e



6) ﬁ}g: Preconsolidation pressure

Preconscolidation pressure can be obtained from standard consclidation
test as shown in Fig. 4-4 (a}.

_f’ Ko: Coefficient of earth pressure at rest

Coefficient of earth pressure at rest (Ko} can be obtained as mentioned
in 4).

.8 Gﬁ{ : Effective overburden pressure

Effective overburden pressure ((yi) can be calculated by the following
equation.

¥
|
U R A I (4.10) A
where, t : unit weight of soil ' l

Z : depth
P pore water pressure - p
l" Uv’:=7' t2-P
9} Ki : In situ coefficient earth pressure at rest Fig.4- S

_Several estimation equations are suggested for in situ coefficient earth
pressure at rest (Ki}. As a result of examination of their applicability,

Alpanfs equation mentioned below is considered to be the nost appropriate,
so that this equation is adopted.

Ki = Ko {OCR}®.34 exp 1-f1/1227 _  _ .., {4.11)
where, Ko : Coefficient of earth pressure at rest
OCR : Over_consolidation ratio = @i/,
PI : Plasticity index

10) of : Secondary consolidation index

Secondary consolidationindex (of) can be calculated by the following
eqeation from consolidation theory.

o =0.434 . Cc = 0.434 _~de .
Heo 1+ e: dflogzg) s (4.42)



where, C, : Secondary compression rate
-de , Slope of straight line in secondary consolidation

d(logg) ~ in relationship curve between time and void ratio

There are two (2) methods to determine secondary consolidation ratios.
One is the means of obtaining the slope of a straight line in secondary
consolidation tests. The other is the means,in the case that the secondary
consolidation stage is not tested, to determine Cs by reading it on a
relationship diagram between secondary consoclidation ratio and natural
moisture content { ¢~ ) as shown in Fig. 4~6.

10
1 Kl it (Rl
3 / 4
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4
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11) vy : Initial volumetric strain ratio
Initial volumetric strain ratio (Vv ) can be obtained by the following
equation.

v=%/tc s 00/ teo ..... e eaaeanaaas (4.13)
{by Sekiguchi, 1977)
where, tc : Time of comvletiqn of primary consolidation

It is possible to substitute this tc for tgo which is the time of 90%
degree of consclidation, conseguantly tee is adoptzd as follows

te = too = H? Tv (at U= 90%) / Cv ...... {4.14)

The eleven (11} analysis parameters can be obtained for the F.E.Y.

’
analysis program 'DACSAR' by the foregoing methods based on several tests.
Table 4~2 shows the list of parameters for F.E.M. analysis at the detailed

design stage.
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(2) Indirect Method

In the Direct Method mentioned azbove, it is necessary to carry out
triaxial compression tests, Ko-note triaxial consolidation tests, standard

consolidation tests and tests for physical properties in order to obtain the

eleven {11) parametrers for analysis. 1In the case of analysis for important

structures, it is desirable to obtain the parameters by the Direct Method.
But, in the case that the tests are insufficient or that you cnly need the
tendancy of soil foundation behaviour, it is possible to determine the
parameters by the Indirect Method more easily than by the Direct Hethod.

The Indirect Method is the method to calculate the eleven (11) parameters -
for analysis using several estimation equations.
br. Iizuka and Dr. Ohta in 1986.

This method was proposed by

Using this concept, a parameter determination program named "PAPADAC' has
been déveloped and introduced coupled with the F.E.M. analysis program
‘DACSAR' in the VAX System. _

In saveral estimation equations in the program 'PAPADAC', esach cosfficient
was obtained from the clay properties in various parts by means of statistical
treatment. Consequently, it is necessary to consider whether these coeffi-
cien{s are appropriate to Bangkok €lay or not. It will be'neCESsarf to modify
fﬁese coefficient to adjust to Bangkok Clay's propertiss. TFor this reason it
is desirable to collect existing datz from various tests about Bangkok Clay
and to analyze these data statistically in way similar to that of Dr. Iizuka
et al,

The following are the parameter determination methods for analvsis bv Dr.
-Iizuka et al.

1) Parameter determination method fer analysis
Dr. Iizuka et al. considered the plasticity index {PI) to be a very

important factor which influences clay propertiss and proposed a flowchart
for parameter determination for analysis as shown in Fiq. 4-7.
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Fig.4-7. Determination procedure of input

parameters from ﬁlasticity index

‘As in Pig. 4i7. in order to detarmine parameters for analysis, several
tests and obsarvgtions are necessary, that is, Atterbery limit tests and
unit weight tests as tests for phygical properties, consolidation tests as
tests for mecﬁanical propertiss and chservation of groundwater by open
piezometers as field observation. All of thesa tests and observation are
eaéy to carry out.

The bases of Fig. 4-7 are correlations between the plasticity index
(PI) and each parameter of properties and correlations between several
parameters axcept the plasticity index (PI) of various clays. Fig.5
4-8 " 4-2 are the diagrams when the correlations were analyzed statisti-

cally,

Based on these Figs. twenty two (22) correlation functions were

proposed as in Fig. 4-2 . Fig. 4-2 shows the flowchart of determination

- procedure for parameters in Fiq. 4-7 and various correlation functions at

the same time, and the progfam "PAFADAC' was developed using these cor-
relations,
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2} Execution of the parameter determination program 'PRRADAC' for analysis

The following are examples of input and output data regarding the

execution of the parameter determination program 'PARADAC' for analysis.

@ Example of input data

a) control data records (Freze format)

IsLl ISL3 ISLS

| | l

o 1 6 1 1 1

1

: ISQU ISL2 ISL4
Tabla 4-3
i Varlables. | Type i Contents !
o jrmmmmm e e e e e e !
' Isou | Integer { The number of layers !
' IsLl i -ditto- | Selection flagq 1 0:Ke =0.444(0.42/100%PT) !
I b : | l1:K,=1-sing’ !
t IsL2 I o-ditto- | -ditto- Orea=3.78+0.156 !
b ! o Lltaa=e AT -AYINECR) !
o ISL3 1o-ditto- | “dittom (s =0.05+40.02 4 |
! ) ! i Ly =(.05-0,02 J (""j' !
| IsL4 i -dicto- ; -ditto- 3 Gt =0.05+0,02 !
i H { | 1104 20.05-0.02 :
i IsSL5 i -ditto- H -ditto- 0 =0.07+0.02 7 . !
, ; , 1:9520.07-0,02 | 1) :

Notes: User should select the flags ISL1-ISIS by judging which 'is appropriate
for the clay being analyzed.
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b} Material parameter records (free format)
User should input matavial parameter records the same number
of times as the number of ISOU (the number of layers)

Q) 57 0,0. 0%28?36 1. 0 2.5,0. 5 0.5,0.010,1.47,0.35

5L

A A A e

PI cv EI 8V0 2 Pw T90 GT AKIX

@ s57. o,o.omtoaa t.o.z..e,z‘.‘ﬁ,z g, 0, 012 1.47,0.35
9 57.0,0.007344,1.0,4.0,4.0,4.0,0.017,1.47.5.33
T @60, 0,0.0048384 I 0,4.5,6.0,4. 0,0.025 1 44,0.35

ﬁO 0,0. 009934, 1 0,7.0,8.0,8. 0,0.013, I 4, 0.34
-71.4.0.0120096.1.0.7.2.10.0.10 0,0, 010 .41,0.34
71.4,0.00864,1.0,9.0,12.0,12.0,0.010, 1. 43 0.34

@Y?I.#,0.0ZO!SIZ.1.0,14.0.14.0.14.0 0. 003 .54,0,34

(@ 22.0,0.02376,1.0,16.16,16.0,16.0,0.00 1.54,0.34

i%-20.0,0. 0250214.1.0.45.3L23.5.23.5.0 001 1.54,0, 34

Table.4~4
variable type contents

P1 Real Plasticity index

cvV Real compression index

EI Real initial void ratio ey

Sy Real preconsolidation overburden stress avo

z Real depth

PW Real pore water pressure

T80 Real consolidation time

GT Real unit weight T

ARIX Real 0.54exp (-PI/122)"""

Hote : 1) AKIX is the value of the exponent in Alpan's equation
Ki = Ko (OCR) ¢-34 exp (-Plsiz2)
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Scuk: &
stun: 37
scun: ¢
scux: ¢

SCUx:ii0

2. Example of output ' .
Executing the pfogram "PARADAC' by inputting the above data (i); :
the following output can he obtained.

Table 4-5 Example of output

LR ] MATERIAL  DARAMITIR uzels ! -
' 7o K0 : COEFTICIEHT OF E3fiTu 39E55ER 11 FEST
. Y M
1. ol2: CEEHICIE“ g:vn;:::;uc A. S¥1% TFFECTIVE 08IQnUANEH :assgltl:'"vm" AT RTST
2. AAfny LRREVERSIILLIT piniserEn 9. K1 : ZOTFEICIENRT AF I'd-SIl:‘_l it e A
;' ::v: Eo:;;}ériq}'nc sgartRLILITY J1.vh ¢ TRITIAL VOLUTETINC STIRIN 3418

. S¥3: EFFISTIVE PTECINEAIIATION PEIIIUAF

A . e Y {.“.ID:E) (TFI.‘t:::l e ITFI}:Z‘:;! 'tl . e v
L1467 0.%29 0.925 0.37% ?l.lnuo-uz 2.500 0.59% 0,275 1.113 0.013  3.12%0-0)
0.123 0.32% D..‘HS' . 0.375% 2.1110-0% 1.814 2.599 0,940 0.757 0.011 0.9380-0¢
0124 0.5%9. 0.325 £.37% 0.35A50-0% a0 0.%99 i« 820 0.719 0.011 N.&x00/ 00
0.128 ' 0.321 ERIT: 0.377 9.312%9-03 4.500 0. 604 2.800 0.961 B8.011  BabhODeYy
!-Ilil 0.521 0.912 - 4,377 0 48AD-0% T.030 J. 004 1.290 7.92% 0.012 9.9250+48¢
D154 Dab@s 0.18% 0. 333 o.;«ouu-o! T«2%0 0.4622 s.]00 0.%13% 0.033 0.1340:0]
T.1%4 Deh36 4,845 8.32% 6-!’-50-&1 J.000 .42 S.180 - o.M 0.013 Na13ep-g
-.tsf Oubdh ' 0. %s3% 0.3 a.?nu-u; . 1%.3040 0.322 .7-550 fn.12Y g.01%  AL4510+0!
B.949: 0,430 1.192 0.33% 0.,1820-07 14.150 c.%0} :.,eln n.‘.a'l. V.00 D A270+N
!.055: 0.437 1.220 0.330 u.suo-‘us as.!n'o 9493 1Z.¢90 0.887 G004 0.3950+8)

These are all to explain parameter determination for analysis by the
Direct Heéhod and the Indirect Hethod. Whichever methed is used for the
detarmination of parameters , it is necessary to examine thesa values
carefully,

Regarding the input formats of analysis paramsters in the F.E.H.

analysis prooram "DACSAR', please refer to "4-6, Operation Hénugl of
F.E.M. Analysis Systam',

4-4 Procedure for Analysis Model Preparation

This section explains how to prepare an analysis model and how to prepare
boundary condition data and construction statz data in accordance with
the flowchart illustratad below.

(1) Mesh models for analvsis

Firstly, the general composition of the soff soil should be grasped by
in-situ tests atc. and should be classifiad into several lavers.

At the
testing site, according to Dutch coné penetration tasts,

soft clay are heaped
to a depth of 17 meters and there is a stiff clay layer belew this.

Consequently, the layvers can be divided into two.



1)

2)

3)

To grasp composition of the soft
s0il by in situ tests

{Dutch cone penetration tests, !
standard penetration tasts and
boring)

Several tests to various depths
Construction schedule

l

To zone soll iayers mesh models Lor
analysis (classification of layers)

To prepare initial boundary conditions

(groundwater level, effective
overburden pressure , etc.)

To prepare bgﬁndary conditions
. restriction conditions
. loading conditions
. drainage conditiens

| Construction Schedule

3

To prepare construction state data

Determination of execution stage

{The element No. and the time of
removal,water level in the testina

. canal and inflow and cutflow) .

)
Fig.4-2; Analvsis model and construction state date



Then the soft clay laver should be divided into small parts_based on’
data obtained frow several tests at various depths. _ )

At the detailed design stage, in order to anélyze in detail, the
thickness bf every layer was considered-to be 2.0 meters and the change in its

property parameter with depth was considered. Horeover, the mesh configura-~

. tion to be removed was determinad taking the excavation stage into considera-

Depth {a)

Ceptn (m) ~

tion bhased on the construction stage as shown in Fig.4-23.

M.:u.u.i EL. 0.0

—-—-——/
3 dry vork * ]
. '
E N .
. " stoeo.l
g‘ . ngo . EL. l.lﬂ stona.6 -
o . b : ‘drynvt.n\
= = ! T
3 Vi
h staga,d : T wet
. A ’—szg/— staps.d . #EeAvatia
: D N
o Mo | i
g ol /_ ‘ i f. -
®a.00 | reae 1w tle.0w ' ’ ’
X
Mlagtielty tndex, P.I (%) rlagc.d. M..2.0 staea.d
: 2o g ‘ "Zﬁ&lﬂv‘;—"}’—_‘_]'
Ll
L] -—-——/ - ™
. | |
: | —I -~ ‘
. 1 ~ To subdivide
g- L clay foundation - .
. =N /% P 0
3 e
. — 7“:::' .,“i/ =
W T bO
= SOCT CLMY
- '/
g Suspended | After . ’ e
s . _beriod - @ Somplqtlnn'® .
H o “TRTIFF oLy,
’
e - — 2
0.0 0.4n

Lxcavation Stage{Casel & Casé'.'l
Comression Tiden Ce

Fig.4-25 Mesh generation of the analyzed model
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{2) Initial condition setting -

It is necessary to consider the following items as the initial condi-
tions for ;dalys{s model.

'Table.4-6 Initial conditions for the analysis podel

Items Operation manual

1. Groundwatar level and water level

~-=~) See data record (5) " Setting
in the canal

up Initial Values " in 4-6-1
Operation Hanual

each element (G 'vi) " Material Properties' Data "
This value is necessary for

‘calculation of OCR and for
initial compression stress of

’ :
' H
| i
] |
' '
! : i
| 2. Effective overburden pressure of | ~--) See data record {(6) D25
1 [
2 |
t !
' :
i the joint element i
d l

> s Emmm fmes  emws  SmEm TR —
ST S VI

The groundwater level can be expressed by WPZ as in Fig. 4-25, and it is
the height fromla base line, which is decided fraely, to the groundwater
level. Initial effective overburden pressure { J'vi} at point h in the

ground can be expréssed by the following equation (See Fig. 4-2€).

Y(Z) Tevt = ( Ysar - Y«) (¥PZ - h)
¥ 3 -
G.W.L
Excavation
Zone o soft
L~ clay

R ‘.\"“ g v.l::_('r' vt Y u)'(wpz-h)
wz | | A%y . (upzh)

- . stiff
¢ . 7 o (WPZ-h) clay

N X(r)
Fig.4-26 Rnalysis conditions of 2 model
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(3) Boundary condition setting

It is necessary to consider the items shown in Table 4- 7 as boundary
conditions for analysis: Special care should be taken Vlth dralnage condi-
tions and overburden conditions because they have a clnse relationship with
the constrnction state and change with the passage of time.

Table 4-~7 Boundary conditions

Items Operapion manual

1. Geometric boundary conditions -~|--) Data reécord (7} - ¢

L

Geometric boundary condition data

Boundary conditions of nodal
points

2. Drainage condition ==|=-=3 Data record (7) - 4

. Drainage condition data .
Designation of drainage boundary

drainage boundary will change
in accordance with fluctuations
in water level in the canal

and construction state

3. Loading conditions --}--> Data record (7) - e
) Logdinq condition data
Designation of places to be

loaded and unloaded and types
of load.

Tnere are Ehree {3} types of
loads,namely concentrated loads,

distributed loads and elementary
forces.

In the case of excavation or,
embankment work, elementary
forces should be used.

4 - 26



-

@ Geometric boundary conditions ,
Gaometric boundary conditions are il;ustrated-in Fig. 4-27 at the nodal
points of both sides, the abscissas are fixed and the ordinates are free. At

the nodal points on the bottom line, both the abscissas and the ordinates are
fixed. |

F ") .
dry ;ork 1) Vi) _gi -~ T X-direction
' Yy N -~ \

- ® ) %) g fixed
vet |m:::'k ¥4, - 71 - Y~-direction
L e e A tree
e 4
)
Tf._'\" ...... — e ’

X,Y-direction fixed

Fig.4-27. Geometric condition of the mesh model.

(2). Drainage conditions
Fig.4-28 shows a drainage condition. At the wet work stage, care should
be taken that there is water in the testing canal and there is pore water

pressure as much as the water level on the drainage boundary.

drained
Stagel. bounq_ary

Starel.

Fig.4-18. Draipoge
Condition
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Considering an eleme;t M as .shown in Fig.4-2¢ , the drainage bqundarytis
side (3 and the boundary has water-head hB. .

Supposing that the element adjacent to the element H is L. and let us
- .consider these two elements, drainage boundary condition uata should be
prepared as follows:

hs | @ -

@[ M/ N
L '%"“@J

Ny @ e

Fig.4-2%. FExplanation of drainage boundary con@itions.

Example of data records of drainage boundary. condition

yal L M E hB
@ 2 ¥ @
{1). Number of the first zlement among the elements in the same drainage

condition.

. Number of the last element among the alements in the sanme drainaqe
condition.
(3L Drainage boundary side of the element and boundary condition.

{. Height from the houndary to the water level
(3) Loading conditions

We can take account of concentrated loads and distributed loads on nodal-
‘points and sides respectively and body forces which act on centroids in
elements as loading conditions.

In the case of embankment work or excavation work, the work should be
considered as a loading or unloading of the body forces {i.e. the weight of
the elements). The unit weight of elements Yi is consequently needed. If the
elements are in the water or below the groupdwater level, the submerged unit

weight is necessary. Regarding preparation of input data for analysis, refer
to Section 4-6 'Operation Manual'. °



(4) Preparation of condtruction state data

Construction states should be divided into several stages taking account
of excavation area and depth and passage of time, and construction state data
. should be prepared based on the proposed or actual construction schedule as
shown in Fig. 4-27 and Table 4-8. At the same time, the drainaqe conditions
and loading conditions mentioned above should be prepared.

In case of excavation work, neqatlve signs should be assigned to the
element numbers which correspond to the excavation area, and in the case of
embankment work, the sign will be positive. Negative and positive sians mean
unloading and leading respectively.

Ffor more details about input data preparation for analysis, refer to
Section 4-6 ' Operation Manual °

Table.4-8 Excavation Stage

Construction
method

Stage
number

H removed :
term i1 element No. |
iy .

i

- -

i o et o | i e o

——— e ———— o -

. 2y

e o | o ok 4

e s e iy o v | i e e - - T -

———— v o s it et | o ——

- - — " T b

——— o ————— — ——— ) ke

————— i i

- - -

= ——

——————— . P o} S e P T T b e bl S S g e A S W S G — -
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4-5 Qutput of the results of analysis

In order to make the results of F.M.E analysis easy to uqderstahd
visually, programs for drawing diagrams as in Table 4-9 will be set up.

Path diagqram 'wlll occur.

Table 4-9
Program name | Diagram ' Details
! !
MIPPLOL | Displacement ! To grasp displacement and deformation on
| diagram ! the slope surfaces and in the ground.
MIPPLO2 ! Displacement | To grasp the size and directions of dis-
| vector diagram | placement at nodal points.
MIPPLO3 . | Stress diagram |} To grasp distribution of principal stress
MIPPLO4 | Distribution | To grasp distribution of displacement
' ! diagram of ana- | stresses, pore water pressure or strain
! lyzed results | ete.
!le.g.pore water |
|pressure,stresses|
. tdisplacement) ! :
MIPPLOS Contour diagranm | = ditto - .
| To predict the place where a slone failure
|
]

1
. t
MIPPLOG | Effective stress
|
)

L e e e e e = o e —— s s e e T mem e

Examples of each diagram are shown below.
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for Short Term Slope Stability
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Deformation Vector in Non~-treatment Slope
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4-6 Operation Manual for the F.E.M Analysis
{for Soft Soil Foundation Analysis)
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d=g=1

INPUT USAGE

1. Procadure for inputting data with a Card Image preparating

progressive steps.

where
(1)
(2)
(3)
(4)

= (5)

* (6)
(7)
{7)-a
{(7)-b
(7)-¢c
{7)-d
{(7)-e

Keyin E on the Reyboard on the first column

indicates the end of eaéh data records

Title Card

Analysis Contrel card

Qutput Ceontrol Card

Qutput Control Card for checking purposas
Satting up Initial Values .
Material Properties' Data

Step Control Card

Nodal Points’' Data

Elements' Data

Geometric Boundary Condition Data
Drinage Boundary cCondition Data
Loading Condition Data

In continuous calculation, (5) and (6} are not necassary
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2. Input Data Procedursz
{1) Title Card

READ (MAIM)} (UNIT (i), i=1,3), (TITL(i), i=1,63)

col variabla (format) contantsg

1°9 UNIT(i), i=1,3 {3a3) indication of dimension usead
in analysis

1072 TITL(i), 1i=1,63 (63A1)| title name of the analysis

Remarks: '

UNIT(i) : indicatas the dimension /L/T/M/ with every 3cd.

{(2) Analysis Control Card

READ (MAIN) TIPSN, ICON, IPLAS, IEXC, ICAL

col variables (format) contants
175 IPSN  (i%) whether plane-strain or axi-symmatric
6710 | ICOM (iSi whather couplad analysis or not
11718 IPLAS (15) whether considering viscosity or not
16-20 | IEXC  (i5) dealing with the aquivalent nodal forces at
excavation exprassad as ramove 2lements.
*21°25 | ICAL  {iS) whether new calculation or continuois onea
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Notas

Q
IPSN {
1
0
ICON {
1
0
IPLAS[
1
-0
IEXC
1
0
ICAL (

plane strain condition

axi-symmatric condition

considering pore water f£low (coupléd analysis)

not considering pore water Elow (ordinary E.E.M)

: considering viscosity of material (elasto-viscoplastic)

not considering viscoesity (elasto-plastic)

the equivalent nodal forces calculated from total
stress (including water pressurz) of the elements taken
away as excavation

the equivalent nodal forces calculated from effactive
strass of the eslaments

new calculation (from beginning)

continuous calculation {(data and results of the
previous calculation gotten from fila on disk)
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(3} Output Control Card

READ (HALN) (IWRITE({), i=1,4) 6 NFT10, NFT20, ITRM

¢ol viriables (format) _ contants
175 IWRITE(1) (i5) nodal displacament output
6-10 INYRITE(2) (i5) strass componant output
11713 IHRITE(J) {is) strain component output
16720 IYRITE(4) (iS5} strain rats componant output
*21’ZSl NETL0 {is) use data file (Mo.l0) to writes or raad the

input data and calculation results for the
later continuous caleculation

267130 NET20 (i5) use data file (Mo.20) to write the calcula-
: tion results in order to draw figures’

3171258 . Mazimum number of iterations in each step

Notes

0 output
IWRITE (1'3)i .
1 not ocutput

0 use data file (Mo.1l0 or No.20)
NFT10, NFTEO{

1 do not use

In the case of using data files to write or read, it is

necessary to make up a data file to use beforszhand. (need to
ALLOCATE) '

ITRM = 0 meaning ordinary step by step calculation

{superposition of incremental form)
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(D IWRITE(1)=0

N

DU H

DV

U
v o

Explanation of Contents of Outputs

the number of the nodal point

incremental displacement in X [r)-direction

incremental displacement in Y {2)-direction

total displacemant in X{r)-direction

total displacemegt in ¥(2)-direction

Whereain

y.
t (Vertical)

@) IWRITE(2)=0
{i) plane-elemants

(Horizontal)
plane-strain

L(E) e .

—

axi-symmetric

(ground materiall

M the numbér of the element
STATE : the strass states of the element
STATE 1 2 3 4 5
linear-elastic | elastic elasto-{visco) | failure
MEANING . ‘ ) 1 P’ <0
material region plastic_region region
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SX(N) (SR{M)) : g (@D
ST(Q) (sZ(Q}) : g% (T¥
SKY (M) (SRZ(M)): Tur (Tred

52 (STH) : 0F (T8
sM : P effactive mean strass
QQ : g generalized aeviatoric shear stress
. 3 :
where g= li S13S15 3 S1450 14-P' 8 1y
- HEAD : h total head = — - -
' where h=Pu/T+{2, {1 head of position
potantial
- PW ‘T Pv pora watar pressure
' EHTA : Q* generalized stress ratio proposad by

Sekiguchi and Ohta (1977)

3
where 7n°= E(nil"nljoxnlj-nlJO) y. 11358, 4/P

Q/sM : q/P' strass ratio T

81 : 0 effactive maximum principal stress
83 : 03 effective minimum principal strass
TAUMAX ' 1 Taax maximum shear stress '
THETA : & rotation angle of principal-strass

where anti-clockwise is posgitive
VOID HI - void ratio

{ii) beam~elements

M : the number of the elament

STATE : the number of the material property
SX (N) I axial force (MN=QayvA)
SY(Q) i Q shear force (Q=TA)

SX¥ (M) T M moment

|

(iii} truss-elements .
M : the number of the element

STATE : the number of the material property
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axial stress (N=G-HA}

SK () N
(iv}) Joint-elements
M the number of the =lemant
STATE the number of the material property
SX(N) (SR{M)) the state of the element
sx 1 2 3 4
meaning no yield shearing yield exfaliation

(T n<0)

SY(Q)(sz (Q}) : 7T
SKXY (M) {SRZ{MY)Y ::(w

SZ :

wheras

M

1)

2)

shear stress

normal stress

moment -
this M is introduced in orxrder to con-
sider fan-shaped exfoliation of 4-nodal
joint elaments, so that this is dif-

ferent from ordinarily defined ‘moments

moment M is calculatad in the case of

plane-strain condition

(v) Axi-symmetric shell elements

M
STATE
SR (N}
Sz {Q)

SRZ (I1)
STH

the number of the element

the number of the matarial property

My

: N

normal stress in longitudinal diresction

normal stress in circumfarential

direction

Ms
e

moment

maoment
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MT 0 1 2 3 4 S
Array alasto- glaste~ {elasticibeam|truss|joint|shell
viscoplastic| plastic
SIG(M,1) o T N | -N Ya Nz
SIG (M, 2) o ay’ Q G Ms
SIG (M, 3) Ty Tay M M Ms
SIG{M, 4) Ta @’ Mg
SIG(M,5) |- B P
3IG M, 6) B! Py
@IWRITE(B)_=0 only in the case of plane elements
M ‘ : the number of the element
MM the number of the material property
STATE : the stress stata of the element
EPS~X (EPS-R} : E.(E&-) strain in X{r) diresctien
EPS-Y (EPS-2) : §£y(&s) strain in ¥Y{z) direction
EPS~XY (EPS-RZ): Yy (Trz) shear strain
(EPS-TH) 1 &a strain in g diractien
v : .t &y volumatric strain
ve R NP viscoplastic part of volumetric
’ strain
FF : £ scalar function
f =MD lIn— + Bn° (elasto-viscoplastic analysis)
Q
f =H0 ln— + 09" (elasto-plastic analysis)
y
CRITIC 1 scalar function of failure criterion

= - = N (M= x10)
vzn‘
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@ 1wR

® ete

ITE(4)=0

M

MM

STATE
DEPS-X(DEPS-R)

DEPS-Y{DEPS-Z}

only in the cass

of the plane elements

tha number of the element

tha number of the matarial property

: tha stress state

 DAEXCAEr incremental 'strain in x{r)

diresction

AEy(AE) incremental strain in y(z)

direction

DEPS-XY (DEPS-RZ) : ATxy (AYvz) incremental shear strain

{(DEPS-TH)
pv

{(DPS~-TH/DT)
pv/DT

(AEs) incremental'straih in g diresction

Adv incramental volumetric strain
DPS-X/DT(DPS-R/DT) : Afx (A £.) strain rats in x(r) direction
DPS-Y/DT(DPS-Z/DT) :AéffA £z) strain rate in y(z) direction
DPS-XY/DT(DPS-RZ/DT) : A¥xy (A Yrz)  shear strain rata

(A Es) the strain rates in @ direction

tAgy volumatrig, strain rate

The equivalent nodal forces

{see (7)-¢ Geometry Boundary Conditidn Data about dutput

command)

N
DFX-

DFY’

DMOMENT
FX

FY
MOMENT

: the number of the neodal point

increment of the
X-diraction

incrament of the
¥~-direction

increment of the
aquivalent nodal
aquivalent nodal

aquivalant nodal

4-42
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(4) Output Control Card for Checking Purpose

READ (MAINM) (XYCHECK({i), i=1,10)}

ICHECK (1) i
1

col. variblas (format) contants of ocutput
1°5 ICHECK (1) (i5) XY(MN,2), NKIMD(M), FORCE(N,3)

NCOND (N, 3), JP(N}, JPB(N,3)
MEXCA (M)

6-10 ICHECK(2) (i5) MOD(M,6), MDRM(M,4), MKIND{M)

- ' BODY (M}, MEXCA(M), NAEL(M,4)

JPE(M), JE(M), GXY(M,2)

11°15 ICHECK({3) (i5) -DEP (M, 4, 3)

16720 ICHECK(4) = (is) | [«B(4,8)av

21°25 ICHECK(5) {is} DB(4.8)

2610 ICHECK{6) (i5) FEM(8,8)

31°35 ICHECK(7) (is) B(4,8)

3640 ICHECK(8) (i5) ALPH({M), DRAIG (M)

41°45 ICHECK(9) (i5) F(LLNEL), GS(LLNEL, MJB)

0 not cutput

output
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(5) Setting up Initial Values (not necessary in continuous

calculation)

READ (MAIN) GMW, WPZ, EPSMIN

col. variables {format) contents
1710 GMW (F10.0}) Y a unit weight of pors watsr
11°20 WPZ {(F10.0) Z heidihl of head of position
potantial
21730 , EPSMIN (F10.0) judging constant of iteration
remark
GMW : ex. 1.0(t/ms), 0.001(kg/cms)
WPZ : though choice of height of position potential

head up is a arbitrary, the head of excess pore

water pressure is given instead of the total head

in_the case of setting wpz to the same height as

+he groundwater level.

@

. A ) : ’
R L N\, [«R*‘ of
Qaqs\'\l’“\“ * L4 G.W.L,J (6aa)
- < v T..x‘ &
m\*\k: ez " Ground l S
) » X(I‘) (o)

—— .y s . - . e e

EPSMIN : setting up EPSMIN = 1.0 x 10°° automatically in

the program in the case of input of 0.0 as juding
constant.
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{6) Material Properties'

Data

READ (SUB, INMAT) L, MT, MM, (AA(i), 3=1,6)

(D) Elasto-(visco)l plastic Material (MT=0)
"a unit consisting of 3 cards

col. variables (format) contants
[1st Card]
1 L . {A1 key in 'E’' on the last card
2°5 MT {i5) 0
hecausa of the alasto-{visco)} plastic
, matarial '
6710 . MH (i5) the number of tha matariai propsrty
11720 AA (1) (£10.0) D Coafficient of dilataﬁcy proposead by
' Shibata (1963)
21730 AA(Zf {(F10.0} ’A.Irreversihility Ratio axprassad as
AN=l—-k/a
31°40 AA(3) (F10.0) " 1 M Critical State Parameter
41750 AR {4) (F10.0) V' Effective Poisson Ratio
5160 AA(S) (F10.0) kx(r)/Yu Coefficient of permeability in
%({r) dirsction at the referance
‘'stress state
61-170 AA(B) (F10.0) kx(z)/Yw Coefficient of permeability in
' v(2) direction at the raference
strass state
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col, variables (format) contents
[2nd Card] .
11~20 AA(T) (F10.0) ¢ vo Preconsolidation Pressure
21~30 AA(8) (F10.0) Ko Coefficient of Barth Pressure at
rest
J1~40 AA(9) (F10.0) d'yy Bffective Overburden Pressure
11~50 | AA(10)  (F10.0) Ko Coefficient of Barth Pressure at
rest in-situ
51~60 AA(11) (F10.0) o Coefficient of Secondary
Comprassion expressed as
dv
¢ = ——
d(ln t/tu)
61~70 AA(12) (F10.0) vo Initial Volumetric Strain Rate
at reference;state
[3rd Card] .
11~20 | AA(13) (F10.0) A  Compression Index in the
e-1n(p’ /ps) relationship
21~30 AA(14) (F10.0) eo - Void Ratio corresponding with
¢'vo (at preconsolidation)
31~40 A4(15) (F10.0) A« Gradient of k(coefficient of
permeability) and 1n p’/ps
relationship
remark

eo + this value is used to calculate the coefficient of
permeability, and is automatically estimated from

D, A, M, A in the case of inputting 0.0
2 A

e0=_-_ -
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kxo A, Ko 4G

!

N using A (compression indax)} as A.x in the case of
inputting 0.0

on the basis of Taylor (1948) the cocefficisznt of

permeability is calculated as follows

kl‘/“fw‘:'(klu/‘(w)e,x])(e-eo) l‘,=7<(r)s7(8)

k)

Ak

A ¢ making the coefficisnt of permeability constant

wicthoutr using ag. (%) in the case of inputting

0.0

(:)Linear-alastic Material. (MT=1)....plane elements a unit cansit-
ing of 2 cards )

col.

‘variablas (format)

contants

1

275

6710
11712
21730
31740

41750

51760

61770

[1st Card]}

L (1)
HT {15 id
L3 o {15)

AA(1) (F10.0)
CAA(2) {F10.0)
A2 (3) {(F10.0)

AA(4) (F10.0)

AA(5) (F10.0)

_AA(S) (F10.0)

Keyin 'S' on the last card

1 because of the linear-slastic
matarial

tha numbar of the material property

"i .
} Lama's constants

B

[

0vi Effactive Overburdan Prassurs

ki1 Coefficient of in-situ Earth Pressurs
at rest

kX /%, Coafficiant of permeability in x(r}
direction at the referance stress
state

kyo/YuCoafficient of permeablity in y(z):
diraction at the rafarance strass
state
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col. variablaes (format) contents

[2nd Card)] ™ - _
11720 AR(T) (F10.0) 2y Initial Void Ratio
21730 AR (8} (Fl0.0f Ak Gradient of k{coefficient of parmea-

pility} and ln p'/po relationship

remarks )
making the coefficient of permeability constant in

the case of ipputting 0.0

B ~ E
hd s !‘=G=

, Where
(1++ ) (1-2v) _ 2(v) E is Youngs' modulus

A, B ¢ A=
V is Poisson ratio

(3) Beam Matarial (MT=2)} (only in plane strain condition)

col. variables (format) ‘contants
1 L (A1) ; .Keyin 'E' on the last card

275 HT {i5) 2  because of the beam material

6710 MY {i3) ) tha number of the matarial property
11720 Ax(l) (F10.0) E  Youngs' modulus of the beam

21730 AA(2) {F10.0) A sactional area par a unit of depth
31740 AR (D) (F10.0} I momentjof inertia of area

|
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(:)Truss Material (11T=3) (only in plane~strain condition)

col. variables (format) contents
1 L (al) Kayin 'E’' on the last card
275 ut (i5) 3 because of the truss material
5‘10. i (i5) the number of the material property
11720 AA(1) (F10.0) E  Youngs' modulus
21730 AR (2) (F10.0) A sectional area per 2 unit of depth

(E)Joint Matarial {(HT=4)

col. variablas (format) contants
1 L (A1} Kzyin 'E' on the last card

275 MT (i5) 4 becausz of the'joint material

6710 . Kt (15} tha number of the material property
11720 A2 (1) (F10.0) Ks Shear Stiffness
21730 ax(2) .-(FI0.0) ka Normal Stiffnass

31740 B2 () {F10.0) Ov Ovarburden Prassursa

41750 AR {4) (F10.0) Ki Coefficient of in-situ Earth Pressurs

at reast

51760 RA(5) (F10.0} C Cohesion Stress
61770 AA(6) {F10.0) tanfGradizat of Intarmal Frictionmal Angle
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(:)Axi-symmecric Shell Material (MT=5! (only in axi-symmetric

condition)
col. varialbes (format) contants
1 L (a1} Keyin 'E' aﬁ the last card
275 UT {i5) 5  bacausa of the shell zlzment
6710 1H (is) the number of the material property
11720 AA(20 {F10.0) E  Young's Hodulus
21730 AA(2) (F10.90) t  Thickness
31740 AA(]) (F10.0) Poisson Ratio
reﬁark

t : in case
up unit

of inputting 0.0, automatically setting
thickness
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7 Step Control Card

READ (MAIN) LE, ISTEP, INOD, iELM, IconNn, IDRM, ILOAD, IQUT,
DTIME, IISTEP

col. variables (format} contaﬂts

1 LE (A1} Keyin 'E’' on the last card

6710 ISTEP (i3} E the number of the stap
11715% " 1HOD | (13 whather nodal point data exist or not
16720 IZLi (i5) whether alement data exist or not
21725 ICOND {is) 1 whethar geometry boundary esndition

data exist or not

26730 IDRNM {(15) whether the drainage boundary condition dala
exist or not

31738 ILOAD {15} whather.thz lodding condition data exist
o or not
36740 IGUT (i5) whether the calculation results at this

stap are printad out or not

41750 DTIHE- (F10.0) the incremantal time of this step

51755 [ISTEP (i5) (repeating step by step calculation IISTEP

times per stap)

1 means Yes
in theses flags :
0 means MNO

In the continuous calculation the number of steps also
starts from the continuous onea
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on INQOD=1l
{7} Nodal Point Data
READ {SUB, IMHOD) L. M1, X1, ¥1,6 W2, ¥3, T2

col. variables (format) contents
1 L (1) Keyin 'E' on the last card
6710 .Nl {is) the number of the nodal point (the
beginning)
11720 I (F10.0) z'{or r) coordinata of tha nodal point N1
51'30 Y1l {F10.0) y (or z) cocrdinate of the nodal point M1
31735 M2 (15} the number of the nodal point (the =znd)
36745 X2 (F10.0) x (or r) coordinates of the nodal point N2
k4 -
46755 ¥2 - (Fl10.0) y‘(or z) coordinatas of the nodal point N2
remarks

. (x,y) or (r,z) coordinataes betwezn N1 and N2 are
automatically 'interpolated at ragular intarvals

« Nodal point data which ares not yet usad in the steps
ara allowad to input together in the step
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on IELii=1l
(7} -b Elament Data
READ (SUB, 'Il\lE}I.d-H_j._J_r Ml, (ND{(i)}, 3= 1.4}, MM, M3 WH

coal. variablas (foramat) concants
1 L (A1) Keyin 'E' on the last card
k1)
6710 M1 (i%) th2 number of th= =lement (thes baginning)
117138 MD{1) (i5) N1*2»
16720 MD(2) (i5) H242)
21-2%' ND (3} (i5) M3 (be blank in line alamants)*2?
26710 ND (4} (i%) ¥4 {(be blapk in line & triangular slaments)
31738 HY {i3) the numbsr of the matesrial property
_35;40 M2 (i5) the numbar of the alament*!' (the and)
41750 WH (Fi0.0) hi the initial total water head
(hi=Pui/ T +2 )

remarké',-'l .
.*1) In the case of taking away =2lements at excava-
tion, mark the minus sign (-} at ths head of the
numbers of thasa a2lements

The nodal points between M1 and M2 ars automati-
cally intarpolated but this option is not allowed

to ke usad in lins and triangular elaments

N4 N3 NA+i  N3+i
ML O [(MI+D)|(M1+2)] - [(N1+i) H2
automatic

explanation of
N1 NZ . NI+1 NZ2+i-

intepolation
it
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A

the order of N1,:* N4 is anti-clockuise

y(z)

ES

N4 N3

NI{ SN2
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on TCOND = 1

{7} - ¢ Geometric Boundary Cohdition Data

READ (SUB,IMCCND) L, NB, NL, (MBB({i),i=1,63), (BB(;), i=1,3) NN

variablas (format)

contants

11

16
21
26

31

51

61

10

15

20

25

30

40

50

60

65

HB

NL

NBB(1)

NBB(2)

NBB(3)

BB (1)

BB (2}

BB(3)

NN

(A1)

(i5)

(i%)

(i5)

(i5)

(i5)

(F10.0)

{F10.0)

(F10.0}

{is)

Kayin 'E' on the last card

the number of the nodal point (ths
begining)*t? '

the number of nodal ﬁoint (the znd)* 4!

whethar restriction condition in xir)
diraction exists or not*?)

whether rastriction condition in y{z)
diraction exists or not*??

whether rastriction coadition in
rotation exists or not*2)

amount of compelled nodal displacement

“in z{r) direction*

amount of compelled nodal displacemant
in y(z) direction*3?

amount of compalled rotation (anti-
clockvwisa is positive)*3?

output indication of the equivalant

nodal forcas with compelled nodal
displacament*+4?
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remarks
x 1) The numbsr of nodal points beftwesn N8 and NL ars sat
urp to the same geometric boundary connditions cor-
rasponding to NBB (1°3) and BB(173}

Gaometric boundary conndition data which are not yet

usad in the steps are allowad ko input together

The geometric bcundary conditins ares changed to ths

naw one in inputting again

0 no restriction
*2) NBB(1"3) {
1l restrictien

In the case of indicacing "restriction", it is
nacessary to input tz amount of "rastrictioan” to
BB{1) "BB {3}

It means "fixed" condition to input 0.0 as tha

compellad displacament or rotation
* 3) 0 no. requirament of output
N}I { ‘

1l requirament
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on IDRN=1

(7) - 4 Drainage Boundary Condition Data
READ (SUB, INDRﬂ) L, MB, IC, BW

col. vgriables (format) contants
1 L (AL} Kayin 'E' on the lést card
6 - 10 MB  (i5} the number-of thea a2lement {the*!?
begining) '
.| 11 7 15 ML {i5) the numbag of the elament_(tha end)*!!?
16 ° 20 IC  (i5) indication of the kind of drainage
condition and its position*2)
21-10 BYW {F10.0) hs total water head én the boundary
remarks

* 1} The boundary of elements between MB and ML is

automatically set up to the same drainage boundary

conditions corresponding to IC and 38W

* 2) The boundary is opositted corresponding with the
input y

C,___,J?

order (N1°N4 constituting the elament M) as in the

figures.

the quadrilateral element

y(z)
&

@

N1

7{(2) R N3

®
@ M @

Nl

N2 . D N2

X(r) x(r)

the triangular element
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IC

1l
H
'
=

drainage boundary condition .
(Pore water is allowed to flow across the
< . boundary)
IC = -1%-4:- undrained boundary condition
| (Pore water is not allowed to flow across the
boundary) h
Ic

11-14: cancelling undrained or drained boundaries set
up before

As shown in the figure, in making the boundary between M1

and M2 undrained {or drained), it 1is necessary to input both
data of M1 and M2 (IC=-2 (or 2) for M1l and IC = -4 (or 4}

for M2) :
A )
BICIN
; . f.

Ty

Without any indication (not input), the boundary between
elements is automatically set up to drainage condition and
the outside boundary of .the element is automatically set up
to undrained condition.
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on ILOAD=1

'(7) - a Loading Condition Data
READ (SUB, INLOAD) L, KIND, N2, N2, 6 Fd, FY, £ FM

col. variables (format) contents

1 L {al) keyin 'E' on the last card

6710 KIND (i5} kind of loading*t!

1171% N (15} the nunber of the nodal point or the elament

' loaded (the beginning)}*2?

16~ 20 | N2 (15} the number of the nodal point or the alament
loaded (the end)*2®

21730 FX {F10.0} amount of incremental load in x(r) dirsction
A3)

31740 FY (Fi10.0) amount of incremental load: in y(z) direc-

. . the
tion in.casa of nodal force
7 a unit weitht of alament in the cases of
body forca axprassed as elemental force -
. ~1)

41750 ™ (F10.0) amount of incremental moment {anti-clockwisa

iz positive)*T?
remark
: 0 elemental force-'.
| *1) KIND

!

1 nodal force

*2) The loading ccnditions between N1 and N2 are

automatically sat up to tha same conditions
*31) In the case of nedal forces.

Input tha amount of load acting on the nodal point
ko FX, FY, FH

In the case of acting elemental forces.

Input the amount of a unit weight T of the element

to FY
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§ Explanatijon of Compenents of COMMON BLock

COMMON/A/

_NNOD_ Maximum number of Nodal Pointinedch step

NNEL  Maximum number of Element n each step

LLNEL, Maximum'léngth of column or row of total stiffness matrix in

edch step
MJB  Band width of reduced total stiffness matrixineud\stgp
COMMON/B/
SIQ{H,B} Array of stress components
Plane Element Line Element
Elasto-visco [ Elasto- ]
Elastic Beam | Truss | Joint | Shell
Acray plastic plastic
SIGM,.1) | e (a’)  latla’) a'(a’) N N T N,
BIG(M,2) | o (al) ay{o’) ge{a’) 0 oy Ny
Iﬁ(Hoa) f:r(_:f éx) fx_y&r_x) rlr(szL H M H.
SI60,4) | o (o’)  loile) | e'la’) PS | M,
IG(M, 5} | -~ ¢ ' P’ P PN
SIG(M, 6) AP Py
\\\\\\\\\ Plane-strain
: Ax1-
Axi-symmetric symmetric

'
rewark :|PS : shearing stiffness, PN : normal stiffness

| : .
SIGC(M,5) Array of stress histories of elasto-{visco) plastic '

elements

Elasto-{visce) |Elasto-
Array
' plastic plastic
SIGC(M,1 2 yo{00) o yo(drp)
| STGC (M, 2) 7yl da) ayol{ada)
SIGC(H,3) T 32a( T c20} T x!&£¥ £x0) |
SIGC(M,4) aa(d ') ¢ 20(dsq)
SIGC(H,5) Py Po
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_RSIG(M.4) :  Array of incremental relaxation stress A g of

elasto-viscoplastic elements

A constitutive relationship of elasto-viscoplastic material is
G osprE - g

L) Pt

P¥ (M) : Array of total water head h»v.
shere h = p./v. + Q , p. is pore vater pressure , Y. is unit
weight of water , (0 is position potential height.

The value of hey . is put into its array

FE{M) : Afray of scalar function f , which shows yield

' surface in an elasto-plastic material
Pl
f=HD In—+Dn*

i}

-ISTATE(M) : Array of flags which show the stress state of element

klasto-visco klasto .
ISTATE(M) , Joint element

plastic material g;ast%c material

2 elastic region elastic region not_yield
elasto-visco ] ] ]

3 elasto-plastic shearing yield
plastic

4 failure fajlure - exfoliation

8 pr< 0 P’¢< 0

Vother elements are dealt with linear elastic material
ISTATE(M)=1

YP(M) : Array of visco-plastic part of volumetric strain of element

~ _VOID(M) : Array of void ratio
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Elapsed time

TIME :
DTIME ¢ Incremental time in each step
COMMON/C/
XY(N,2) ¢ Array of (x,y) or (r,z) coordinates of nodal peints
GXY(M.2) : Array of (x,y) or (r,z) coordinates of center of gravity of
element
NOD(M.8) : Array of numbers of nodal points constituting an element and
characteristics of the element
Array NOD(M,1) [ NOD(M,2) | NOD(M,3) | NOD{M,4) | NOD(M,5) } NOD(M,6)
contents N1 N2 N3 N4 MM MT

the.
N1,N2,N3,N4 are number of nodal points consisting the element:

N3

- M is the number of the element

N4

MM is the number of;material ) antl
the H ' -clockuise
HT is the number of sorts of element (N1~N4)
+h
= NL N2
T 1 2 3
sorts elasto-(visca} | linear linear inear
of

condition

1 .
| element | element element; element element
analysis (| Axi~symmetric

plastic plane |elastic plane | elastic beam | elastic truss

Plane strain

5]

eiastic-perfect | linear

plastic jeint elastic shell

glement glement

Axi~symmetric

Plane strain
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EYM(HN,15) Array of material properties w

Array iy 0 1 2 3 4 S
| EYM(HM, 1) D 2 E E K, E
BYMOM.2) | - A i A A Ka h
EYM(HH.3) i 2 I gl v
BYMOM.) | v e \ o0\
BV | knfre | dxlva | \ ¢ 1\
EYM (MM, B) ky/ Y. | ky/v. \ ‘tan ¢

| EYM (MM, 7) a'vp

, \
Mo |k |\ A\ A

. | EYM(MM,9) Ty \

\
EYM (MM, 10) Ky \\ \ \\ \
\

[EYMOMM I | - @ \ \ \
BYM(HM,12) va X \ ' \ \
EYN(UM,13) | 2 \ \ \ \ \
EYM{MM, 14} eq e, \ \ \
EYM(MM, 15) 1, A, \
remark

D coefficient of dilatancy proposed by Shibata {1963)

A ¢ irreversibility ratio as A =1 - k/2

|, I critical state parameter

v’% effective Poisson ratio

kx, ky ! coefficient of permeability

Gbo : preconsolidation vertical stress

ko @ coeffiqient of earth pressure at rest in preconsolidation
g1  effective overburden pressure

k. : coefficient of earth pressure at rest in situ

a : coefficient of secondary compression

ve ¢+ initial volumetric strain rate of secondary compression

A : compression index
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-

=1

Ak

k.

Ky

COMHON/D/

F(LLNEL)

BODY (M)
FORCE (M)

WB(M

void ratio at preconsolidation (void ratio in reference

state)
gradient of e ~ log k/ke relationship

Lame’s constants (linear elasticity)

: Y oungs modulus

L

Weight of unit volume of water

secticnal area

: moment of inertia of area

shearing stiffness of joint

normal stiffness of joint

overburden pressure

cohesion stress

gradient of internal friction angle ¢

thickness of shell element

Height of reference of position potential

Array oj load vector including the equation of water

continuity

Array of unit veight 7 of the l;adipg element

Array of applyied nordgl forces

Array of height of totél head of boundary, wh;re housing as

hs v
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COMMON/E/

_HATEROHN)

: Array of material numbers
NEXCA(N) ¢ Array of flag whether the nodal point N is made use of or
not in eddh step
_HEXCA(M) : Array of flag whether the element H islmade use of or not at
a step
NCGND(&,Q) ¢ Array of restriction conditions of the nodal point N
Acray | NCOND (N, 1){ NCOND(N, 2)| NCOND(N, 3)| [ NCOND | 0 1
direction Compelled
of x(r) y(z) rotation Contents| free
restriction g disglacgment
remark : anti-clockwise is positive
DRN t Array of drainage boundary conditions of 3 or 4 sides of
the element M
MDRN(M,1) between ¥ and @
"MDRN(M,2) betueen Y and @
'MDRN(M,3) betueen M and @ g
anti-
MORN(M,4) between K and @ clockwise
where ic = MDRN(M,i) , i =1,4
ic ]~4 =j~-4 11~14
drained undrained changing
contents .
condition condition undrained
corresponding (not allowed to drained
to permeability | pore water condition
_to flow)




_ _NKIND(N) : Array of flag whether nodal force is loaded with the nodal -

point N or not

NKIND (M) ] 1
nodal ] ]
not applied applied
force
MKTIND (M) : Array of flag for judging whether the element M is applied

as load of body force

HKIND (i) | 0 1
element .
i not applied applied
COMMON/F/
JP(N : Array of degree of freedom of the nodal point N
IE(N : Array of flag, shich indicatesthe nuuber of nodal points.
corresponding with the element M the
remark :

* In the case of coupling analysis, the extended total stiffness
matrix consists of soil structure parts and pore water flow parts.
Displacements and forces of soil structure parts correspond with
nodal points, on the other hand total head and flux of pore water

flouw correspond with elements.
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So that it is necessary to combine the number ofﬁglement and one
of nodal point. ' the

NAEL(M.4) : Array of number of elements which enclose the element M -

K e k4
@ anti-
q ’ clockvise

@ @
M1

where

NAEL(M,1)

0 : undrained boundary

-1 : drained boundary

JPE (M) ¢ Array of order number

of unknown total head (h * v .) among the unknown vector

in the extended ‘total stiffness equation

4 W 4 N 7
' W ' JPE(H) -
extended hu Y o

total stiffness

1]
- — e m e = ===

matrix
\ /! h -~ k Py
load vector unknown vector
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JPP(N,3). : Array of order numbers of unknown displacemgnts |
(Au, Av, A 0) among the unknoun vectors in the e'.\_ctended

total stiffness equation.

’ W 7 4 ' W
the extendedW : lJPP(N,I) Jep(N,2) | IPP(N, 3)
AUN_ N .
= stiffness o | Avy
A 8a
equation '
R N JoU o)
load vector unknown
vector
, where Aux  incremental displacement of thé nodal point N

in x(c)-~direction

Avy incremental displacement of the nodal point N

in y(z)~direction

AOGx ipcremental rotation of the nodal point N

(anti-clockwise is positive)

COMMON/G/

ALPH (M) ! Array of components concerned with permeability of pore

water. flow in the stiffness equation

DRAIG(M.4) : Array of variables meaning permeability of pore water flow

betueen boundaries surrounding the plane element ¥

CRITIC(HM)} : Array of values of scolar function employed as failure

criteria

foarteto =0 = — 10 (0i-7x10)
2n* W
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COMMON/H/

B(4.8) : Matrix of displacements and strain relationship of a.element
' h
DB{4,8) : Matrix of displacements and effective stress relationship.
of a element
_EEH£§4§1_' i Elementary stiffness matrix
DEP(M,4.,4) : Matrix of incremental stress and strain relationship of the
plane element ¥
ARE(M) : Array of area of the plane element M
COMMON/T/
DUVT(N.3) : Array of incremental displacements given by seclving the
extended total stiffness equation ‘
DUVT(N, 1) DUVT(N.2) . DUVT(N,3)
all AV A Gy
in x(ry- in y(zT- anti-clockuise
direction direction is positive
UYT(N,3) : Array of displacements given:

by supeggosing incremental
im

displacements
UvT(N, 1) VTN, 2) UVT(N,3)

Un Vx 8w
UH=ZAUH h=2AVH gy = TAfAy
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COMMON/1/
GS(LLNEL . MAXBAN) @ Bxtended total stiffness matrix deformed by Band

nethod

COMMON/K/

[WRITE(4) : Output control flags

for 3 -
TPSN : Control flaghjudging vhether plane-strain condition (IPSN=0)

or axi-symmetric condition (IPSN=1)

TCON : Control flaé&ﬁhdging whether coupling analysis (ICON=0)

or not

TPLAS * Control flag meaning the kinds of analysis

TPLAS=0 IPLAS=1
congidering - not, considering

viscosity of viscosity of
soi] materials soil materials :

elasto~visco elasto-plastic

plastic analysis analysis

for

TEXC ¢ Control flagﬁgonsidering whether pore water‘pressure or not

at excavation expressed as removing the elements

The equivalent nodal forces are calculated frow
IEXC=0

total stress of the element ‘removing' at_excavation

The equivalent nodal forces are calculated from
IEXC=1

effective stress of the element removing at excavation
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ISTEP

COMMON/M/

: Step number .in incremwental F.E. scheme

[CHECK(10) : Array of control flags Eor' checking output

COMMON/N/
PS(M,5 + Array of strain components of the plane element Y
DP 5 ¢ Array of incremental strain components of the plane
element M
BPS(H,1) | EPS(M,2) | EPS(M,3) | EPS(4,4) |EPS(H,5)
£z Ey Y xy - plane strain
or or or £ v ) ]
€ €« Y s £ axl-symmetric
DPS{M, 1) DPS(M. D) DPS(H,3) DPS (M,4) DPS (4,5)
Aey Ae, AY <y - plane strain
or or or Ace,
Ae. Ae, AY s Ae, axi-symmetric
COMMON/0/
TF(N,3 Array of the equivalent nedal forces of the nodal point N
DF(N,3) Array of the incremental equivalent nodal forces of the
nodal forces of the nodal point N
TEN, 1 TF(N.2) | TF(N,3) DF(N.1) DF(N,2) DF(N,3)
f. f Af, Af
or ! or M or ’or AN
f. f. Af, Af
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NNGS (M) Avray of flags indicating vhether equivalent nodal forces of

the nodal point N are calculated or not.

NNGS (N) contents
0 calculated
1 not calculated
COMMON/P/
_PYB(M) : drray of total water head {housing as h * r.) of previous

step
SIGB (M) ¢ Array of stress companents of previocus step

JIRH (M)

(2

Array of flags for,.judgmg iteration

YPT(K) t Array of viscoplastic volumetric strain of previous step

DATA deﬁniﬁonof the capacity of the program DACSAR

MAXNOD : Maximum number of nodal points (400)
MAXNEL : Maximum number of elements (300)

i
|
MAXMAT -’: Haximum number of kinds of material properties (50)

_MAXBAN : Maximum band width

IFLNG ! Maximum length of unknoun vectorsof the extended total

stiffness equation
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According to the program DACSAR now in use

HAXNGD = 400
HAXNEL = 300
MAXMAT = 50
MAXBAN = 150
IFLNG = 1200

It is possible to extend the capacity of the program
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4-6-2

DACSAP CHECK

In this saction the computation scheme of DACSAR F.E.M. is
verified by comparison with thsorztical values obtained in some
boundary conditions.

he performed calculatieons are follows;

1l In,order to verify the coupling scheme, simulating one-
dimensional consolidation tests (ocedometer tests) under both
plane-strain and axi-symmetric conditions are employed and

compared with one-dimensional theoretical solutions given by
* Terzaghi.

2] In order to verify the constitutive relationship, simulating

Ko —consolidatad undrained triaxial comprassion and extansion

- . » ' 3 +
tests under both plane-strain and axi-symmetric conditions are

employead.

3] In ordér to see viscid behavior and to verigy its computation,
simulating isotropic consolidated undrained creep tests under

axi-symmetric condition are employed and comparsd with thecre-

tical values-obtained as numerical solutions of the Runge-
Rutta-Gill method.

'l. One-dimensional Consolidation

F.E. mesh and parameters used in calculation are summarizad in

Fig. 1-1. Only the upper boundary is made drained boundary
and others are sat up as undrained, so that the drainage

length H becomes 3.5 cm. The load of O = 4.0 kg/cm? is made

to act on the neodal point at the flrst calculation step in an

1nstance and time is divided into 1ncrements to see dissipa-
tion of pore water preassura.
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Fig. 1-2 and 1-2 show the dissipation of pore watar
prassure of =zach alement undar plane strain and axi-symmetric
conditions respectively, where pore water pressurs is
astimatad in the centar of elements.

Figs. 1-4 and 1-5 show dissipation of consclidation similar to
Figs.l-2 and 1-3.

Constitutive Relationship

Tha simulations of Ke-consolidatad undrained triaxial

comparession and extension shearing tests are performed under

plane strain and axi-symmetric conditions, )
Sekiguchi¥0hta's constitutive meodel has two faces.

Onz is the constitutive aquation based on plasticity theory,
and the other is the constitutive equation based on flow sur-
face theory which is able to express time dependent behavior.
The coundary conditions and input pérametars which ars set up
in order toc verify calculation of DACSAR r.E.M. 'summarized in
Fig. 1, where proper+<ias cf specimen correspond with

PI = 50 (%). . . ;
The results of calculatiocn of the elasfo—plastic consticutiva
model are shown in Fig. 2-2 (a) (b) and Fig. 2-3 (a) (b).

Fig. 2-2 (a) (b) are éffactivé stress paths norﬁalized by
praconsolidation stress Givo , otherwise Fig. 2-3 (a) (b) are
stress-stfain relationships. In these figures, the results of

F.E.M. are shown in figures (a), theoretical values in figures
(b).
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Fig. 2-4 and Fig. 2-5 indicates thes comparison of calcula-
tion results of the zlasto-viscoplastic constitutive modzl.
Two cases of different shearing ratas éa = 0.1% min. and
0.001%/min against plahe strain condition and axi-symmetric
condition respectively are chosen to see the effect of time
dependency.

Fig. 2-4 (a) (b) are effective strass paths normalizad by
praconsolidation stress Q. ., otherwise Fig. 2-5 (a} (b) are
tha stress-s;rain'relationship. .

The theor=ztical curves (Fig. 2-4 (b) and Fig. 2-% (b)) ars
cbtained by numerical calculation of Euler's method but atten-
tion must be paid to make sure that the incremental range is
made enough small not to accumulate errors.
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3.

Creep Behavior

The simulations of undrained creep are perfdrmed by making
various loads of gq/pe act on the isotropically consolidated
specimen under axi-symmetric conditions. - _
The input parameters and F.E. mesh are the same as those used
in 2. The ralationships of log ( &a}) {(l/min.}) and log (t)‘
(min.} are shown in Fig. 2-6 (a) (b}, where Fig.2-6 (a) and
{b) ars F.E.M rasults and theoretical values raspectively.
The stress paths and asquivalant elapsing time of creep are
shown in Fig. 2-7 {(a) {b) and Fig. 2-7 (a) and Fig; 2-7 (b}

ara F.E.M results and theoretical values respectively.
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Practical Exanple

1. Introduction .
Hare we now take up the construction si%e spown in Fig. 1 as a
practical example. The hill is consctructed first of all and
than the trench is excavatzd near the foot of hill after set--
ting up the sheet piles in the accumulating layers as shown i;
Fig. 1. .

The construction procadurz of this sgite and F.E. simulation of
it are indicated in Table.l. .
Sail proparties c¢f the ground are summarized in Fig.2,
provided that clay layers and sand layers ars co@sidered as
raspectively elasto-vicoplastic material and linear zlastic
matarial.
Input parameters needed in computation are listed in Table 2,
herein input parameters concerning with clay layers ares es-
timated from the value of plasticity index.

In Fig. 3 and Fig. 4 data of F.E. m2sh are shown.
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List of DACSAR input gdata

Input data of this analytical case are shown as follows, and
comments written on the right mean the kind of data which has

-
+
o £0 B WS 4 NS

-~ -]

already been explained.

PAACTICAL EXAMPLE 1t 1984, APRIL

1] 1] 0

i 1 1 ] L]

0 ] ] '] /] ] ]
4.0 -+

1

(1) title

(2) control

—{3} control

-y

g ———

4-103

1442.3 961.5 ¢+ 3.3 0.85 0.0%
1.2
- B4S.4 574.9. 2.7 0.55 6.0%
1.2 . .
0.074 "0.549 0,961 0.384 0.003
2.0 9. 88, 2.0 . 0.54999 Q.004844
6,248 0.8¢
0,074 9.549. 0,941 8.3%4 0.004%
2.0 0.45 t.5 L0.72 0.0054¢
0,245 0,84
8,078 9.549. 0.941 0,394 0.005S
2.0 8.45 0.9 0.86 0.00644
0.245 q.84
0.076 0,549, 0. 951 0,394  H,.0202
2.0 0.5% 0.3 1.28 0.00444
0.245 0.8%
2.1E07 0.0462 0.0054
2.1E07 0.00795
288.5 ., 192.) 1.0 1.0 .05
1.5 /- . R ‘
HCTIRRRT VO U VN & S B SR DN
0.¢° . .000 © 15 1400 0.0
15.5 ¢.a . 13 . 20,0 8.0
22.0 8.0 ‘
9.0, . 1.0 15 14.4 1.9
15.5 1.0 39 20.0 1.0
22.0 . 1.0
2.0 55 14,0 2.0
15.5 1 2.0 59 20.0 2.0
22.0 2.0 .
3.0 75 14.0 3.0
15.5 3.0 79 20,0 3.0
22.0 3.0
74,0 5 14,0 L0
15.5 <40 19 20,90 6.0
2.0 4.0
14,5 113 12.0 4.5
5.0 128 14,0 5.0
15.5 5.0 132 20.0 5.0
2.4t 5.9
5.5 146 12,0 5.5
4.0 161 16,90 6.9
15.% 6.0 145 20,0 6.0
22.9 8.0
6.5 170 1.0 5.8
3.5 £.5 N
1.0 174 2.0 7.0
3.0 1.0
7.5 174 2.0 1.5
2.5 1.5
8.0 162 2.0 8.0
1 z 22 2t -F 19
[} 2 (%] 41 > 14

T,

{4) control
0.05 |{5) initial
0.05

¢.003
0.000143

9.00%
0.000159

0,0055

card
card
card
card
setting

%t 1

0.000159( (6) material"

g,0202
0.030143

0,08

. 2 {7} step con

properties data

2
trol cﬁrd

*3)

(7)- a nodal point data

1. (on iNOD=1}




mm

mm

mm

mm

mm

a?

149

142

134

187
147

1315
152

149
=
157

170

W

4-104

ST
s s 3 st OO
2 82 M TS
82 102 101 s aag
9% 113 5-
2% 127 s
95 128 127 . 5 9% o
102 115 11¢ . 5 100 (7) -b element dara
127 128 S5
115 135 134 & 127
127 144 6
127 1s0 6
120 181 1é0 4 135
135 148 147 £ 167 ,
180 159 6
148 188 167 10 152
1 1 ; ——
! i
1
1 _'_(.- .
1 T)-c geometric boup
} condition dacg
1
1
1.
P = )
3 0.0 — (T}-d drainage boundd
3 0.0 .
2 9.0 - | condition data
152 1.5 as(T)-e ~—
I TS S | L. 10,5, o= {T)
160 - 4 ! ! -
s e de [———(T)-b (7)-¢ loading
o= } - (7)-c condition ¢
3 T AT
2 b AT e
154 ~1.5 - -~
vt 1 1 1 0.5 2
173 197 17% 10 159 boim—
1 |)"b
o ™\ (7)-c
2 — (7)-d
159 A e (T)-e
SR | NI 1 t 9.5 2
177 g1 "te0 10 —1“-':_[_
17': 1az2 1q‘ : (Z <b
13 . - {(T)-c
3 —— (7)-d
2 =
142 -1.5 (7)-e
e ¢ 0 0 1 3.0 %
s 0 9 0 0 1 q.2 E)
00 9 0 1 14 2
0 g 0 0 1 .0 1




117 "2 0 1 9 1

q 1 0.5 2
118 111 152 44 a

119 112 155 &9 a

120 -141 =143

121 € 113 152 15§ 9 .

122 £ 121 123 3 -3.5

123 10 [ 1 ‘0 1 0 1 0.5 2
124 -121 -123

125 E 114 119 22 9

126 E v 1027 104 3 ~1.0

127 11 [}] 1 9 1 [+] 1 4.5 2
128 E -102 -104

129 E a2 84 3 -1.5

130 RY 0 1 0 1 0 1 0.5 ?
131 «g2 -84

132 E 115 13 ag 7

133 E . 63 (37 3 -2.0

136 . 13 9 0’ 0 Q 0 1., 1.0 4
135 . J& 1] 1] 0 ] 0 1 1.0 2
134 15 ] 0 a 0 0 1 t.0 1
137 16 0. '] 0 ] 1] 1 2.0

138 17 [i] q a ] 0 1 5.0 2
139 € 18 a [ [} 0 1] 1 10.40 ]

]

:Remarks

"

1)

3)

4}

All material daca us=d in this analysis including the czasa
of the continucus calculation have to be defined here.
Material number {(MM) 1,2 and 10 arz2 lingar elastic matarial,
3, 4, 5 and & ars zlasto-viscoplastic material, 8 is beam

material and $ is truss material, herein 7 is a missing

iy emie o

B e

Lt the first ste2p this contreol data shoﬁs that data of (a)
nodal points, (b) elements, (¢) gecmetry boundary condi-
tions, (d) drainage boundary conditions and (e) loading
condition exist, incremental time is 0.5 (day) and thes
dividing step is twa.

All nodal points including the nodal points which have not
yet basn used at this step can be defined.

In this example all nodal points have been defined at the
first stap. ) -

The ground surface is set tc drainage condition.
As the height of head of bosition potential have alresady

been set to the level of ground surface, the head of ground
surface boundary is set to 0.0.
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3. Calculation results of the example

A part of the results are shown in Fig. 6 Fig. ¢ In Fig. S
F.E. mesh is shown, in others deformation of this F.E. mesh
ars shown. |

These figures are drawn by using computer soft library
( }) after writing the com-
putatinal results on tamporary filas (FT20F001).

L .y Y - ll LR Y -
- ]
w B -
. N :
o ]
Lt [ ]
= “ Y -1
=3 Y g
- === .
2 w1 = Y ]
B o < ]
. 5 > 1
= oy = —_ —
R - - 3
ul E- 3
= ]
P -y

-1 L P B SEPIE BN S |
1 ™ 3 LN ] i L L 1.4 s L

TI-4X13 arg?
Fig.5 F.E. mesh in cluding all elements and nodal points.
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Fig.6 deformation of the mesh at step 4.
(just after building hRill).
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Output list of the example

A part of the output list is shown as follows in the casa of
appointing output of nodal displacement and stress and state

in elements.

SNt RS AU AP A AT NP ARSI a PR dnnnd bR AN
Tul SELVLIE aF QACTAN /. [ M rmmvan
'

WGrAI0M  t, [PIN GIPLANE-STRALN CONBICiOW TeANT=fTRALAIC COIOITT0N
. IC3E  AWETH CONEOLTMATTON 1AW IHONT CaniaLIOAEION
L3 TPLAT AIELASTO/VESCAPLALITIC smaLYill PAELATTArPLARTIE AaaLTEYS .o .
L. IIC RLTONAL KIALSS (EeCavAitoa)  LedFIECITYE L1AE11 LEaCivafion)
$. ICAL  SWFIAST AwaLvEls feConItnudug AmaLTEIE tRLA0ING FAOA FTI8 FILLD) -
Tt un *
T 7 n tDars PRACTRCAL CxXamrLE }  19dd, APALL

IPSH 1C08 IFLAS FANGC ECaL
L]

ONLF Clag Cry arsnl FT00 FI2Q 11nn

] [] .
oulrul FLAG OF CMICR
. L ] [] [ . ] (1 ] '
WAL LaandiY « 0108000 FOIEETLsL LEVIE v 1.804 » (PImine &,18400-01
MATERIAL 2ATA .
[ | 1 L0 Rataaee 1,340 0,430 B 1000481 B, 004040 SAMLIL=1)
1.100 [ .. : . . [LISF ] ] .
[l E RN YTV TR § I T Y .08 4.430 G 50a8eql A faame4) (OILIE=L)
. t.10e LY ] - LLI{STL3)]
] 3 Lt (1913 ] [ 111 0,008 9,3080%07 0, 0400-00 tOILELVP-1)
1008 it 1. 008 G000 S HLE0=0F 4, 3400-43 CAILILYPL}
[ T¥ 111 (11} [P {) tollityr-3}
. 4 [ 31} [ PR Y] ] [P 1] [ 11 B 0000~47 S 008841 (OILLEYP=L)
T.008 il 1.3a8 S T8 # L0ED-4] 4,1009-80 LOLLLLYR.})
$, 144 [ ¥ 1Y ] [N 11} LaiLttvr=1)
. | [ IS LY [T T} SLINL B 430047 0. 5400448 EOILELYP-1)
1158 (1] LEL LI PRSI LY T R PRSI EY R AL TTN YT T]
[ 311 111 ALIINILT IR Y]
[] [} S04 [ 131 S 3TL S TR20-41 &, 0000-00 BRILIEYP-1}
[ YY) [IS11} o208 B 1aa0-40 6,0000-40 CAILILYP+1)
(1T} [ Y] teILitvr-1}
] [} 0. 4420-01 0, 1i0A-4) Mam
3 1 L 1Me-0 HTTT
1 1 1 (L1281 1] t. 088 L.400  0.3000<0) o, 8008-81 BRILIC1} .
tﬁ + e IstLig+ e _‘materlal number(HH)

L L L L T T T R T P T

kind of material

L Y R YT ST i)

time increasent

LILP wam {Lm Conm 88w LASH awl o) ilier . T dividing number of the step
UL L L8 gL aaes . . :
> A order of print out
wdB4L Fainl DAl )

' P " TR T T e

s R data control{ 1:Yes
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=
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ne 'Jf(_L et ..._%_.)
P P& Pt i
: Hormallized shear stress
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4-6-3. Plotter Program of Results of F.E.Y. Anélysis

(1} MIPDPL1 (Displacament Diagram}
(2) MIPYPL2 (Displacement Veactor Diagram)
. (3) MIPSPL] (Stress Diagram)

{4} MIPZPL4 (Zone Partition Diagram)

The programs mentioned latar are programs that plot the results of F.E.H.
‘analysis on XY plotter.
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(1) MIPDPLL
(:)Program Contants

This is a program which plots displacement diagrams such as model and
displacement diagrams on XY plotter, using file output of analyzing conditions
and results by F.E.Y. program.

(:)Usage

To use command proczdura

(:)Input

1) Contreol record

A

The control record specifies the number.of diagramsand the time of
overplot. '

~=

]
@®
Q
O
n
a

1
i Variables 1
________________ ! —— JE— -1
{ Control record | MAI, KAI |
i e - - - =i
! ! -—1 - - e |
H Variables ' Type } Ceontents |
|t e | mmmm—— | - e bbbttt .
! MAI ! Real [Total number of diagrams (£20}}
} ! Raal ] !
- —— ! 1= ettt -- ~==1
i KAX ! Integer ! Time of overplot i
! |

- — - I - [P P PR I S —— |

Kty



. 2) Plotting condition racord

The plotting condition racord specifies the condition of diagram to be
plotted on Mth paper. '

e s — — Sy T —— 4 3 (s S T A1 it} S Al

| I
! Variablaes | Type | Contants H
jmmmem s e | e e e e e - !
! LY (M} ! Real | Plotting layer number on Mth paper. !
{ | e e e e e ——— |
| SCAL (1,M) | Real Total scale. In the case of 1/100, 100.0 is input. |
| = e B —-—- ——= e |

SCAL (2,H) |

!

]

[}
I
In the case that displacement of lcm is shown in !
0.5 cm, namely in the scale of 1/2, 2.0 is inpurt. |

0 . Y

|
]
Real | Displacement scale.
]
E
|

- — —— o ———— "t} oty e

. 3) Plotting range record

If a part of a diagram to be plotted on Mth- paper is enlarged,
input the range in units of meters which means the actual size of a model.

---- R s | e e !

| Record | !
ke s - i i e I _____________ :
i i

N
1 Plotting range record
|
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- 1 o
.

!

Herae, SCALX and SCALY ara conversion scales of x and y axes

specified in the stress analysis program.

XYL (1, #)
XYL (2, M)
XYL (3, M)
XYL (4, W)

Variables 1 Type ; Contants -
XIL (1, B | Real iz abseissa (m) at bottom Ieft [x:, Total range-1oos
- ——— - e e b e e
XYL (2, M) : Real ly ordinate (m) at bottom left (yi, Total ranga- 1000@
YL t]j Wi E Real E; abscis;a (m}—;;“;;;-;;;;;-[;zf T;;;I-;;;;;-IBEEEE&
XYL z;:-u) E—- ,R;al --iy ordlnat; {m) at top r;;;; [yz.-;c;al-;;;;;-zaaaaa&

- A diagram is easily visible if the maximum displacement is about 1.0 cm.

- A plotting range is input in unit of meters because the coordinatas of
the output file are shown in cm. '

Input data (x, y)

In the case that the total range is specified,

#

]

- i v et i o e . - -

s e . gy

exany 2 “P(x“m

- A total scale should be specified within the possible range becausa the
possible range is limited by a XY plotter ordinate of 22 cm. It should be
considered for all of the diagram programs mentioned later.

----- » Output file (x*SCALX, y*SCALY).

-1000000000
~1000000000
1000000000
1000000000
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(2) MIPYPL2
(E)Program Contant

The MIPYPLZ makes a diagram of displacement of nodal points as a dis-

placement vector while the HMIPDPLL makas -a displacement diagram.
(:)Usaqe

To use command procedura.
(:)Input

The inputting method is the same as MIPDPL1.

{3)° HIPSPL3 ' ’
@Program Contents

The MIPSPL3 is a program to make a principal stress diagram in an analyzed
model diagram, using pripcipal stressas of each alement as a result of F.E.H.
analysis such as DACSAR program. ‘

@Usaqe

To use command procedure. _ {

. (:)Input

1} Record number
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i
1
| Contants
1
|

r | The number of diagrams is sp

2) Pletting condition record

Racord )

| Variables

A ity i e o e

ecified. (MAL ¢20)}

———- - —

Plotting condition record [(LY(M), (SCAL(i,H)), iIND(i,M},

- s e o e temr e e mm el ms s e Tt

== - - e - —— ——

——— - I

Kai (i,M), i=1,2 |

- [

t 1
1 ]
Tariablss .| Type | oatents
.--: = —
LY (d} {  Inceger | Layer nuaber ts he plettad ap Mtk paper.
' | Descenéing srder.
' i- -
SCAL (1, ¥1) Real | Tagal scile
| | Iz the =ase 5¢ 1/100, 100.9 is input.
------------ [ R—— .
iUD (I, M)} Igteger | Specifisatisn of sxtarmal frame,
i b Muebar of szersal Erace data,
| | LB £ 30, Yhan iND = -f, 2 sash diagraa is drawn.
i ' i :
I (L, ¥) | Integer |} Tises of averpletting an sxcernal frame { )0)
! | ~==s :
§EAL [2,4) teal | Stress scals
! 'In the case that 10 kgfeca? {s showe in icz, 18,9 is imput.
] | -
o (L, 41 4 tateger | Spscification of primeipal stress
| { Sefar to Table 1.1
! Jamas ———— ——
IMD {2, NV ) Intager | Tiass af awerglocting srincipal strass {0}
1
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‘Table 7.1 Yalue of ilD (2, M)

——— e o e | s e o o e | e o 4 e e o e e o e e m

: To specify alement for : Mot to plot‘ ; To plot principal stress :

|__principal stress diagram | principal stress | . 5

: All elements i 1 : 2 'E

i 0dd ;;mbered-;Zements '-E_---_-_“‘ZI -------- E----~*-------1; ------------- E

i"E;;;';Z;L;;Z.3';12;';522’"E""“’"EZ """""" R
1

Legend record 1

[t e e e —————— ! :
! . Recerd ! Variablas {

|mmmmm——— {—— e -—=|
| Lagend record | NcoD (i,M), i=1, iE (iE=icoD(M)) |
[mmmmmmm e e e e | e e f
fmmm e e ity Rttt |
| Variables | TYpe [ Contants i
| = ————— R et ittt i
t NCOD(i, M) | Intager | Plotting pattarn of i th data on Mth paper is |
| H | specifiad by legend numbers. i
1=-- == = | = e s e ———— |
Legend record 2
| = e | wr e e e |
! Record ! Vvariables H
o e f ot e :
! Legend record | (2ZONE(i, J, M), i=1,2}), J=1, iE |
| s e | e H
{ === e e | o et e e e i
{ Variablas | Typa ! Contents !
R e } o mm o m o o e m e oo s
1ZONE(1,J,M)} Real |Lowest limit value respondinq.to Jth plotting pattern!
|ZONE(2,J, M)} Real Uppermost limit value responding to Jth plotting :
t | {pattarn ) i
e ——— e Sttt et et ]
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Pletting range record

VYariables i

- - [ - I

yu(i M, i=1,4 . |

| Record

Plotting ‘range record

[ - ( - - E . - - - - [ ——

]

i Yariablas | Type | Contants

1—;;311,n> -:-- Ra;l : 4l coordinat;s at ;;;;;;-I;ft range (m) Y

1 - - P Y S A L S T T ) - e ol S i

; XYL(2,M) ? Real i vyl coordinates at bottom left range (m)

LG | Real | %2 coordinates at top right range ()

;—ELM,H --;_ "1 o1 coordinares at tep rig w
=1

Real ! vyl coordinates at top vight range (m)
]
|

4) Extarnal frame data
In the casa of iND (1, ) >0, data is input.

In the case that the numbers of straight lines arz specifiad by iND (1,
M), the nodal point number of beginning -and ending points.is given {Refer to
Example) '

- —

VYariables

KENDS (1, i), KENDS (2, i) i = 1, NKEND

! i
H VYariables H Typa ! Contants !
o - el Rt | ———————— - e e '
| KENDS (1, i) {  Intager | Number of beginning nodal point '
|-= ——— | = e - - =
| KENDS (2, i) I Intager ! Numbar of anding nodal point !
{ {
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{02

-8 Ghn

In case of example of DACSAR program,
NKEND = 8

@ © Q@ ® O

Yrm—— — p—— Lenan
NENDS = 1,102 , 102,107, 107,57 , 57,56 , 56,39

©@ @ ®

—y

39,38 , 38,5 , 5,1
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{(4) MIPZPL4
@Program Content

The MIPZPL4 is a program to make a shaded distribution diagram of stresses .

*and strains using the results of F.E.M. analysis.

(:)Usage

To use command procedura.

(:)Input

1} Number racord

—— —— -

I
Variable !

1
1
1 Record !
o e e it | == i e i
| Number record i MAL H
| e e e e oo -—— - -1
= ——————— |mrer—— e e m e ——— -1
| Yariable | TYpe H Contant |
| e ——————— mmm———————— I e e e — — — — e |
! HMAL i Integar | Number of diagrams (MAL ¢ 20) '
e ity f = -
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2) Contrel racord

! Control record | LY(M), iMD(M), TiTLE (M}, iCOD(M), SCAL(M)

|- -

o A o i A i D . . S T i . Y g o Sy Wl S T St S g s S . S

——— T ——

— —— i A S T L S o A et T e T g e A e Sk e g S o e S g A S Y Mt S ) S B (. e S S S S ) S o A8 o

- i
Selectad data number to ba plottad on HMth paper |
Rafer to Tabla 7.2 t

—— ] ————— 2 — o —— vt w v

| !
| !
! |
' !
1 :
| ]
1 |
H !
| |
| TiTLE(M) | Character | Diagram title to ba pletted on Mth paper
) | !
! !
] [}
t ]
! '
i !
| |
! !
! {

T — i S g o = e

—— ks  wr k | P et e iy St i . o e S kS i kS o T A e S S el ek S S W S S o W S A

{

|

‘R8’ Lass than 8 lettars, To ba surrounded by ' !
[]

1

—— — - —— ot Y o . Ay g D e e gy it

- —— T —— ] —— vy T . o/ T iy T T T T S I T St o S A S .t T

Total scale _ P |
In the case of 1/100, input 100.0 !
. i

- o e ) ———— ———— - ——

f===1 - AmmmesmeaLmanLo - {=meni- - -l
N} fzagants Y H Cantants '
Py -- R B i
b 1)z axisl stress (X3/eal) V134 oz azial serain H
} 2}y axial scress {2glest) V130 y 2zl sirzin '
U311 azial stress (Rqfext) ! 14 | Skear straim !
{ 4] shear strass [Ig/ez!) } 18 ¢ Nininea principal scrais '
V91 Siniwua jrincipal serass {fg/eat) 115 4 Yarisuw erincipal straic !
! 6 ! Yaziaue prinsipal stress [Xgfest) V1T Mezicue shesr serain !
VT L aaiel g:in:ipal stress (Ygfaad! 118 3 1 2zial stress by lsad '
I 8] Angls batveen ainizus stress and azis V19 ¢ f zzial steess by lcad !
! 9! ¥axizus shear strass {Eg/:at) $ 28 11 azial scrass by laad !
11 i Youag's zodulus V214 Recizrseal sf safety faetar .
111 | Peisssa‘’s racia ! ! !
1==1 - R it P e !
Remark

A principal strass is given to maintain the canter of a principal stress
at the center of gravity of an element.
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Example

If stresses in an alement ars as follows:
da -5 Kg/cm 2
G -1.5 Kg/cm?
And the scale is specified'to be 10:.0,
2a = |03l /10.0 = 0.5cm
2b = |07l /10.0 = 1.5¢cm

Consaquantly,

, . A diagram is drawn by 03 = 0.5en
‘and . = 1.5cm.

3) Plotting range record

[ i [ I [y

1

I

! Record ; Variables i

! - { o - -- il

! Plotting range record | WL (L,m, i =1, 4 !

| == —— ! - -~ -1
T i e R e —e— |
{ Yariables | Type ! Contants !
§ = i f=: - - e e !
bOXYL {1.,M) | Real ! % abscissa (m) at bottom left <xi) |
{ XYL (2,M) | Real | v ordinate (m) at bottom left <(yl> |
}OAYL (3,M) Real | x abscissa (m) at top right (x2» |
| XYL (4,4) | Real | v ordinate {m) at top right (y2} i
| | | Refar MIPDPL1 !
| e ————— {== -—i- —— ;

- (%2 .Tx)_
- "*T If the total rangs is specified,

yi = -1000000000
%2 = 1000000000

1
~ i___.. . - y2 = 1000000000

! xl = -1000000000
T\ |
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In this program, data selectad from output fila is judgad by tha follow-
ing formula. And then a diagram is drawn by patterns specified by NCOD (i, M)

responding to J VYalue. The relation between NCOD (i,M) and diagram patterns
ara shown in Table 7.13.

ZONE (1,J.M) § %i  ZONE (2,J,H)

-

Table 7.3 Diagram Pattern Code

[}
l 00 o I - ——— — e

______ 1 o e o mm mt  m S S et s s S e e S S S S e i ]
}Legend{- Diéqram Pattern :Leéend; Diagram Pattarn YI
A T =TT i
o —— Bty . |
T 77z R |
e V277 o =2 ‘5
s L1 = ;
|6 : } 15; L& 1 :
]
!: 7 1 : 11% '
] .
] e =
9 191 - i
‘; 10 E w0 ey
i .I
: i

—— o ——
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{5) MIPFCHK 2

(F.E.M for element divide)

4-134 °
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'(5) HIPFCHK 2

!
!

(1) Program cantent

Data for this program arz positive figures of arza checkad
by MIPCHK1. Using thesa data, MIPCHK2 is a program which
makas an element dividing diagram on XY plottar and checks

whether the diagram is the same as the original one or not.

The program has the functions of anlarging a diagram of

less than 20 parts at the same time and to specify a lettar

scale of a nodal point number and alement number.
@ Usage

Procassing is only by batch processing and submitted jobs
from a terminal in the CPU room.

(:)Input

1) Control racord

Record

i gy g s g Sy S S S S S

o -t S e e sk e N A e A S . S S " T Ty b Sl e ok i A g S S S

Yariablas

[ —————— PR R L el b

ISW, NELEM, NPOIM, MAI

P ———— LT LR S Pl kbbb

o b ik - ol e o ek ok

Variables| Type | Contants
__________ ‘ vt v e e S o { e o . . . P S . e S B e S 8 o S e o S S S
ISy | Intager } To specify a triangular element or a
| | squara alement.
' | 1. Tor triangular elements
i ! 2. For squara elements
NELEM ! Integer | Total number of alements
NPOIN | Integer | Total number of:nodal points
MAI | Intager | Mumber of diagrams to be plottad at a
| i
{ i

I
|

—— . ——— —bem S e —— em

VL A e — e



2) Scale racord

4l e S S . e o ek g

i
i
]
]
1
|
|
1
[
|
1
]
1
|
1
L}
1
i
]
1
]
]
|
1
[
!
]
|
1
i
!
\
b
|
1
1
i
1

Contents

o o . 0 - - —— o -

Total scale
In the case of scale=1/100, SCAL1=100.0

o - - ——— v

Latter size .of elament number.
Element number should be plotted to
keep the centar of a2lement number at
tha center of a2lement gravity.

SCALZ —~

— e EmEr e i - aerr b e b e e fmeh mem el Swem mmm T

|
1
]
|
1
1
1
]
1
]
|
I
1
I
1
i
1
|
]
1
1
t
t
]
3
f
1
X
t

o A S 0 S 0 S Sk b oy

Lettar size of nodal point number.

A nodal point pumber is plottad,
keeping nodal point coordinates at left
down of number.

Real

SCAL3

I
]
1
I
1
1
1
]
1
1

Integer

— Ty A R s T e rme e SN M b e SRS AR e TR

Times of overplotting nodal point numbers!

|
1
I
1
1
1
]
]
]
1

———— . 1y
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Remarks

In the case of SCALZ and SCAL3, 0.15 is usually specified.

In the case of anlargement, a scale is decided, raferring to
Fig.1.

3) Plotting range record

i Record Variables i
| mmmm———— —-—— e Bttt ittt i
\ Plotting range record | L1, Yui, ¥XL2, YL2 1
| mr o fmm e e e s e e f
jrmm—————— | =memmm—n— [ —— - - —-— -=1i
|variables! Type H Contents !
|mmmmmm—— f = e e e e e e e e e e i
1 1Ll ] Real !X coordinates of bottom left range. .
} ! {Responding to coordinata data to be put in |
R jmeemm e B Rttt f
i YL1 | Real |Y coordinates of bottom laft range. ! ,
i | [Responding to coordinate data to ba put in |
o | =emmmmeem P e e e e e |
{ L2 | Real |X coordinatas of top right ranga. H
' ! {Responding to coordinata data to ba put in |
e it fm———m———— Rt e !
| YL2 | Real |X coordinates of top right range. ° !

' iResponding to coordinate data to be put in |
| === {mmmme——— e s e e e e e |

AN (xL2,YL2) ;
16— / N 4 (XL1, YL1) and (XL2, YL2)} are not
rxe1,.YL 1) . necessarily coincident with nodal
il 4}

point coordinatas which are input later.
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Input method of element and nodal point records are the same as MIPCHKI1.

In the case of ISW =1
4) Element record
5} Nodal point record

In the case of ISW = 2
4) Nodal point racord

5) Element record

4 Hardware systanm

Batch

(}) 5 —~{ KIPCHK2

|
i
XY PLOT

Data

. // XY plottar output 1//
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5. Slope Stability Analysis Systam

-1 Objectives and inalysis Method
(1) Objectives
The purposés df the Slope Stability Analysis.System ara as follows
1) Analysis of sxcavatad slope sztability on the softf soil foundation
(:)It is almosf impossible for axcavated foundation slope stability
analyéis on the soft soil foundation to bz carried out by normal
slope stability analysis methods. But using this improved Slcpe
Stability Analysis System, the eaxcavatad slope stability analysis on
the soft scfl foundztion can be carriad cut.

(:)The slope séability analysis of improvad slopes by the soil cenant
cclumn method, atc. can be carried out by this improvad slope
stability analysis mathod using the concept of cemposita ground.*!
Using this method of analvsis, th:z method of design for axcavatad
slopas and the construction method for improvement of slope stability
can be:ékaminad. ‘

*U By composita ground, we mean the areas that consist of original
. clay-and the improvement method.

2) Applicaticn of the results of analysis to the othar 2 systams as
necaessary information !

(:)By offering information about the place where slope failure is
ezpebted to gcecur (obtained from the slope stability analysis), an
affactive installation plan of sansors can be made (=.g. &xten-
somatars, sattlemeant gauges).

(:)And also by using information about the place whare slope failure is
axpactad to occur obtained from.this analysis, examination of tha
rasults obtainad from F.E.M. analysis {2.g. deformation and distribu-

tion of shear stress in the ground) can be done and the adaquacy of



the paramaters ussd in F.E.¥, analyeis can be axanmined.

{2) Analysis method
The f{=zzaturas of this analysis method ars as follows.

1) This method applizs the following design shaar strength Su* bassd on
shaar strength obtained from Field Vans Tests Su, in which Su= 2 kinds

of corrsction coefficiant ars taken into considsration.

Surz i x|fis X Supy)

where, ta: Biarrunm's cerraction factor rzgarding shear streagth obtainsd
‘ frer Fisld VYane Tasts

Ha: Coefficiént of strangth decresase caused by excaviticn work

Su : Shear strength obtained from Field Vans Tests

2) In the apalysis for izprovad slope stability, tha original soft clay
part and the parts iaprovad by pilss oé columns (in thz Sand Compactiosn
Pile Mathod and Soil Camant Column Mathod raspectivaly) ars nct distin-
guished frow each other but are analyzed as a composite foundation.
Shear-strangth of the composite foundation by Sand Compaction Piles and
Scil Cement Columns are détarmined by each equation.

For details of the analysis method, plaass refar to the following

sactian.

Originaﬁ ela

pile or columa{?

< 4 .

composite ground

Fig 5-1- Composite ground



5-2. Determination of Design Parameters

In this chapter, we discuss the design parameters for excavated slopes

and improved slopes by the sand compaction piles and soil cement columns on

soft soil foundations.
profiles.

And we consider the modeling of soft clay foundation

(1) Excavated Slope Stability Analysis on soft soil foundations (in the case

of a non~treatment slope}.

1)} Determination of the design parameters.

It has been reported in some investigation papers that normal slope
stability methods tend to overestimate the actual safety factor values SF .
of excavated slopes on soft soil foundationms. -

And in the case of Bangkok Clay Foundation, we should take strength
an1sotropy of the clay into account in slope stability analys1s.
Therefore.'it has been reported in another technical paper- that shear
strength is reduced due to swelling on unloading process.

And then, we have proposed the excavated slope stability analysis
_ method should take Bﬁerrum's coefficient {including factors of strain rate
and strength anisotropy} and the rate of strength decreased by exXcavation

‘from the standpoint of the Ahdvanced Total Stress pethed into account.

(z) The rate of strength decrease of Bangkok Clay by unloading
In the case where a clay foundation is unloaded by excavation work or

removal of preload, clay under a groundwater surface swells according
to unloading and its strenqgth is decreased.

The strength decrease rate has already been derived by Nakase et al.!?

based on Hvorslev's failure criteria as expressed in equation (1). And

Takayama et al?’ proved the usefulness of this strength decrease rate'equation
experimentally.

The strength decreasa rate is expressed as follows;

Sun aasN_K + (&' En/Pe) - tange
= “R 2NN = . G
Su OIR o=t /po) - tampe - ! )



Where, Sun

5u
OCR

K, pe:
Pe

Pe

Undrained strength of overconsolidated clay
Undrained strength of nomally consolidated clay
Overconsolidation ratio

Hvorslev's parameters

Preconsolidation pressure

(=Pc » QCR-™: XA = Cs/Cc)

In equation {1), the denominator values of eguation (1) are constant

values for the same soil. Otherwise, the numerator of equation (1) is
approximately considered to be a function of OCR (over consclidation ratio}

TAKAYAMA et al.?! had obtained results of direct shear tests for Ariake
‘¢lay under constant volume as shown in Fig. 5-2 and Fig. 5-3.

Fig.5-3 shows the results of direct shear tests for remolded clay.

If clay is consolidated under normal stress Pc and.later consolidation
pressure is decreased to Pd., the strength of clay has a tendency to decrease
linearly at a gentle gradient according to the unloading. But in the case

where the over consolidation ratio value iz more than 4.0, the strength of
clay decreases forming a curve.

T {kgf / oil}

Fig.

G (kal /)

)

5-2 The results of direct shear tests at constant volume under

consolidation and swelling.

54



S {kgt/cm?}

0 i 1 ] | l
0 i 2 3 4
p {kgl/em?)

—

Fig. 5=3 Strength decrease according to unloading

And if the loading pressu}es Pc at the start of swelling are different, in
the case whare overconsolidation ratios, OCRs are equal; the ratios of un-
drained shear strength to loading préssures, Su/Pc are considered to be an al-
most constant value.

Ratips of undrained shear strehqths to loading pressures, Su/Pc are ex-
pressed as the equation {2) '

ifn = OCR!-* K + {g* fn/Pe) - tanfe  -=------ (2)

In-equation (2), K, Pe and the ratios of effective nomal stress to
preconsolidation pressures are the characteristic values of soil, and the
ratios of strength to overburden pressure are a function of only overcon-
solidation ratios, OCRs. But ratios of a swelling index to comprssion index,
are not only a function of overconsolidation ratio OCR. But also precon-
solidation pressures Pc.

However, in the case of usual excavation work, values of overconseclidation
ratios, OCRs are less than 10 except for levels near the excavated surface
which have values of more than 10. 1If overconsolidation ratioc values are less
than 10, the ratios of strength to overburden pressure, Su/Pd are hardly
influenced by the ratios of the swelling index ;o‘the compression index.

As above mentioned, in the case vwhere an overconsolidation ratie, OCR is
constant, the ratios of strength to overburden pressures, Su/Pd cam be
considered constant.

Fig. 5~4 shows the relationship betuween Su/Pd and OCR.



S.,/Pn

O dacaured daia
— Calculoted [ine

.ot y g baaaat re g |

| 2 5 10 20 50
. al=p./ pe) '

!

Fig. 5-4 The relationship between Su/Pd and OCR under swelling

-

.This proves that the denominator value of egquation {1) 1is considered to be

a constant valua. And numerators of eguation (1) can be considered to be a

function of only overconsolidation ratios as mentioned ahove.

And so, the rates of strength decrease are considered to be a function of

the overconsolidation ratios to first approximation, and TAKAYAHA et al®)

proved the above mentinned by a series of experiments as shovn in
Figs. 5-5 and 5-5.

have

1
oy .\Q\?‘
“1 an
S F e
2 06 a 2 . —
7} ol g
- oL ., 8
0¢ 1 1 [ S BN | ]
1 1 ) 10 10
1 pee L3
Joa °\6--.____‘.‘
@ —
:05-— 0 As] -
P YS
“ o robead -
0L ! 1 T |
1 1 10 10

Fig. 5-5 The relationship between overrnnsolidation ratios and
rates of strength reduce

o
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Fig. 5-6 The relationship between coefficient § and moisture content for
! € : undisturbed Ariake c1a§
O : remolded Ariake clay

Fig.5-7 shows the relationship between strength ratios, Sun/Su. 1In the
case where overconsolidation ratioc values are less than 10, the relationship
between ovefconsolidafion ratios, (OCR)‘and rates of strength decrease due to
unloading,(Sun!Su).are linear on both axes of a logarithmic qrapﬁ as in

Fig.5-7 and are expressed as equation (3) approximately.
‘sun/Su = OCR ™% =B -----e- (3)

The coefficient # in equatiom {3} is determined by the curve fitting
method, using the values of Su, Sun and OCR that are the results of Tield Yane

Testz or Direct Shear Tests or Dutch Cone Tests and Consolidation Tests.

a.n
e
L ]
b
H 0.7
L.
0.6
osl ? Avetege wikx .
. § Rongr of
mroyuicd
value
. 0.4 1 ! 1 ]

i 2 3 4 3

Fig. 5-7 The Relationship between OCR and strength decrease rate
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@ Bjerrum's coefficient

The shear strength of design is calculated by the results obtained
from the Field Vane Tests. But, as mentioned above, the results of Field
Vane Tests depend on the strain rate during vane shear process of - -soil.

Hofeover, it was reported that Banukok Clay foundation has shear
strength anisotropy.

Therefore, it Is necessary to correct shear strength obtained from

Field Vane Tests by Bjerrum's coefficient and this is determined by the
‘properties tests as in Fig. 5-8.

1.0
. tockeanalysis
Iram ficla {atlviet .
’
) Rangs of ¢ {Lodd e1,0i, 1977)

(]
r.""); r

% Ry \i; : ::‘D‘-. ::.#}Jo Blereum [ 1973} .
0.738 i

. / 2 J-Ll °§""'---°
@ ey 3 - T =

(0] .
. , @”-\ :’:.al/.rol.‘ N
[}
® ey 9 10 4n 1] [T (an
M mass 20TIE . [T 7
- PLASTICITY NBEX pl[*%

Fig. 5~8 Relationship between Bjerrum's Coefficient and Plasticity

In 1973, Bjerrum proposed the following equation to obtain the design
shear strength of soil from the results of the Field Vane Tests*).

Su' = Sy * rLa* | S 14)
where; Su' : Design shear strength
Su : Shear strength obtained from Field Vane Tests
[fa : Corrected coefficient regarding anisotopy of strength

./ir
M

Corrected coefficient regarding strain rate of shear
process '

Bjerrum's coefficient qlh a /{a * Hr)
3

Finally, in the case of excavated slope stability analysis, as mentioned

above, we should determine the design shear strength taking inte account
two kinds of corrected coefficients {IA and F{B as follows,
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Su* = fba *[18 * su mmmemmeen (5)

e

Where, M R Bierrum's coefficient regarding shear strength obtained

from Field Vane Tests
M- B i Coefficient of strength decrease caused by excavation
work
Su

Shear strength obtained from Field Vane Tests
Su* : Design shear strength

7’
é. strength decrease zone caused by excavation work
L

|

Fig.9 Strength Decrease Zone

'

Fig. 5-10 Shows the procedure for determination of design shear strength
of excavated soft soil slopes,



Determination of shear strength
decrease rate by excavation work

B
Fiﬁply Advanced Total Stress Hethqu

Apply Nakase's Hethod
Formulization of undrained shear
strength decrease rate after
swelling by Huorslev's criteria

(@D Direct shear test

() In situ tests
(Dutch Cone)
Field Vane

i

It is substantiated that the
shear strength decrease rate is
independent of consolidation

pressure.
It
Hvorslev's failure criteria
TE = Ce +o'f-tande ...... (1)
Ce : Hvorslev's failure cohesion
“Ce" iz given by water content
or void ratio.
de : Hvorslev's friction angle
7= Bt _ _
\
Ce = [T - Pe [ .3
K : Coefticient of cokesion
Pe : Hvorslev's equivalent
consolidation pressure
e - log P curve under
isotropic and normal V
o consolidation condition (g)

el

ec

’/,HVOrsleu§s equivglent consolidation pressure

Fig. 5-10 (1) Excavated Slope Stability Problemn
for marine clay foundations

5-10



® Overconsclidation Ratio
QCR=Pc/PD

@ Equivalent Consolidation Stress{at =d)

Pe(=PB)=Pc-0CR"t  «- {4)
A= gf’./ Ce e (5)
swelli‘;g comprassion
index index

Equations (2) to (3)

are substituted for equation (1)

Normally Consolidated Clay

tf=Su

oooooo

------

(6) -

Overconsolidated Clay

tf=Sun

=k-PD+ ¢ "fn-tange
=g -Pc-0CR"*+ ¢ "in-tande

Sun a ' fn
=x - 0CR'™*+
PD : PD

Fig- 5-10 {2) Excavated Slope Stability Prcblem for marine clay foundations
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The shear strength decrease rate is derived

by equations (7} and. (9]. :
o "fn

Pe-0CR**-0CR!-*- [k + -tange)
Sun Pe-
Su g " In
Pec k+ -tan¢e
c
g "o
- tange
Pe
= QCR-*- -
a
' x+ *tange
Pc

ees (10)

OCR~2, KR~0o "f /Pc
Ifz.and T '£/Pc of the soil are
the characteristic value, the’ "
strength decrease rate can be
considered to be a function of

O gun

=0CR™*= uB
Su === (1),
Iri &5 case of Ariake clay -
a=0,2~0.4

N

\

Determine the strength rate under
plain strain condition

\

Introduce the anisotropy
of strength
K

—

1

Laboratory Test
(Ko—~Triaxial Comp.)

Nishihara & Ohta(1985)

Insitu Test
(Field.Vane)

Bjermum's method

Carpare the theory with the
experimental values

M [ A Q-KO STS
K|°- cerditian

O triaxial tests' |values

.

M, A, Ko

Bjerrum’s coefficient p4

() Take into account strain rate
and strength anisotropy

@ etermine Plasticity

D

Fig. 5-10 (3) Excavated Slope Stability Problem for marine clay foundations
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o

{Nammally consolidated clay}

{(Normally consolidated clay}
The relationship between Bjerrum's coefficient and

S 142K, Ao the plasticityl index PI.
] = M : exp - :’l.::\-ri:.lérl';:lwu
o' fo 6 M JRanag i 5 tLoad. r1.01, 1977}
M=6sin¢’/(3=sing’) , /\
‘A=1-Cs/Cc or A=p/1.75 PR AT -
7 =3(1-K o)/ (142K ) ger L | NJER- IO o
mre L "--_2--J
B=1/3#QA/ 2M @ o1 / hd
2l e '
G)"-v\J Y LT
! @ o0 ¢ [} 10 40 Ty a0 oo
A . [OF1LR]
AN PLASTICITY INDEX P
: TYPE? ' /
Bjerrur's coefficient is determined by
,..'MsA..ao.Ko,OCR,w- L. . .
. ‘ the plastic index.
TYPETL
T " 0CRA(1+2K o) - Mexp(=A)

¢ 'vi 3v 3 (v cosR? B -sinh? 8 -cos*2Zw-sinh B -sinfw )

The anisotropic properties introduced by stress.

Apply type 2 method for the determination of a design strength for clay

Determine the design shear strergth undrained {Su*)
Su*= Su-pud -8 - (12D
Su ! Shear strength cbhrained fram Field Vane Tests

gl ! Bjerruw's coefficient

4B : Shear strengch decrease rate caused by unloading

Fig. 5-10 (4) Excavated Slope Stability Prchlem for marine clay foundations
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2) Preparation of slope stability analysis model

In the case of alluvium where marine clav has been sedimented horizon-
tally, each 1a§er has almost the same properties and tends to change in
proportion to the depth. ' ,

Consequently, the analysis model should be prepéred by taking vertical
distribution of parameters into account.

The number of phvsical property values or analysis parameters to be

considered is twelve as follows;

[ 1 Placticity index PI
A—\ 2 Bjerrum's coefficient Q:)

73 Unit weight vt

4 Groundwater level h
B 5 Effective vertical stress before excavation 0 vo

6 BEffective vertical stress during excavation T vd
7 Effective preconsolidation pressure T ve
8 Overconsolidation ratio GCR ( = Tve / Tvd)

! 9 Strength decrease index o | i

*10 Strength decrease ratio QZ§ = OCR o

,11.Undrained shear strength

Sux i by Field Vane Test @EB TV
12 Design strength of excavated slope sn)

The twelve parameters mentionad above shall be determined throuah the .
procedure shown in Fig.5-10, and Figs.5-12 to 5-15 show examples of parameter
distributions in soft soil foundations.

It is necessary to consider the strenagth-decreased zone beneath the
excavated surface due to swelling by reduction of load. As shown in Figs.5-12

to 5-15, the strength-decreased zone is considered to be twice or three times
" as deep as the excavation depth.
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Fig., S-11 Flowchart of Determination of

Undrained Shear Strength
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[‘ excavation depth /" G W.L.

b ]

e TN W/
‘H\.__D @ -.21 7—-"/’-"’:‘7;’::;“10 1=y -1, @ ve obtained by
hﬁm\\@) 2 - 3 i;a\hz=(YL- O, a ez standard .
i }t:z_—;} @ - 4H f ;::———Gvoa—(T =T )3, Ouca consolidation test
RIS
! N vos lorP Note, OCRo = 0 ve1/ @ vbs
N\\\\\\ voE OCRe = o v}!/ a vbz
vnx ¢'voz v01 O0CRe = ¢ vlca/ a v'na
Uvns
Fig. 5-12 Unloading process in Fig. 5-13 Distribution of effective overloadin

every zone in soft soil

pressure before and after excavation

foundation in soft clay‘foundation
0 1\ , Elevation before excavation
-1 - /me-;c-:;;atl_o:r;_-jsurface . i — B:o_gd)
-2 e " 1.0»\// @ ( 1 5=0.90)
s -H '/. 4} # »=Sun/Su 0.87‘1 \——-—G)(pg=0.8)
g -di @ 06| S~ =03
-sH oL [ 0.4(|
=60 | 0.2
prL I S\ | . 0 W TN
/N2 3 4 23456
1.33 1.5 1.33

CR = « v.CI/n vl[\l N

Fig. 5-14 0.C.R. at each depth in soft

clay foundation

OCR = 0ot/ @ ooy

Fig. 5-15 Relationship between strengtl

decrease rate and O.C.R.
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Excavation depth H

0 e B ot 2 e ot e s —_—— n 0 . 5 1 . 0 o
-H '] - excavation Gurface -

" -1.10

T - Z@ LA \
Al LI o7 o -3N © 0.90

4 -4u_".',£5:f‘m. I ?f' -4u: 0.84 \
=511 i -5 '

.......

¥

j 13 H=OCR- =

strength decrease rate

Fig. 5-16 Distribution of strength decrease rate

( &) in vertical direction
.1
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{2) slope stability analyéis for the treated slopes .
1} Determination method of dgsign parameters for the treated slopes.

In the case of the excavated slopes treated by the cement column

method or the sand compaction method, the design strength for slope

stability analysis should bq considered as follows;

ff) Strength of soft soil foundation
As mentionad in section (1}, design strenath (Su*} should be
determined as the product of the strength by Field Vane Tests {Su)

" and coefficient of correcticn (/JL,}IB)

(g} The strength of thg improved areas composed of soft soil and sand
piles or soft soil and cement columns
Improved areas are composite areas composed of soft soil and sand

piles or soft soil and cement columns as in Fig.5-19.

Consequently, supposing that the improved zones are composite around,
the strength of the composite ground can he estimated by using the
volumetric ratio of soft soil by sand piles or cement columns (As)

.and each strength of the soft soil itsalf and sand piles or cement

columns. -

Composite ground.......every layer'({i) "(E)) of composite ground

{(Improved zone) has its composite strength

\:

piles or columns

R NN® e
. ‘NN RN ®
" NN RN €
%\S\\.SS\E\Q@ ,,,,,
T o NNNNRNN T
® R N SL;C soft clay

< soft ‘clay foundation

Fig.5-19 Excavated slope improved by sand compaction piles or cement columns

- In the case of marine clay asyshown in Fig. 5-19, the folloving

matters should be taken inte account.
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(E) The composite strength of each laver of the improved zones is not
the same but each layer has its ovn composite strength owing
to different strengths of the clay lavers.

(E) Concerning excavated clay parts in the improved zones, the
strength decrease rate ( A B) shculd be considered the same as
for the soft soil foundation mentioned in (E)

a} Soil cement column method (deep soil improvement)
The composite strength (#si) of 2ach laver improved by the soil

cement column method is determined by the following equation.

. 1. ,
Tsi = ﬁ- [ Cp-hss + (1-Ass)- sdi i

. Wwhere; .
n : Safety factor taking into account the scattering of soft
cement column strength, usually n = 1.2 '

Cp : Soil cement colum strength, usually estimated from unconfined
compression tests .(Cp = qu/2) .
Ass : Volumetric replacément ratio by .s0il cement columns
Suri : Undrained shear strength of clay part in improved zones
{Su * = 4 A [{B Su)

Fig. 5-20 gives an example of how tn derermine the design
strength of the improved zone by soil cement columns and Table 5-2
exprasses the value of parameter of each laver in the left cojumn,
that is, column 1 in Fig.5-20.

b} Sand compaction pile method
* The composite strength (Tesi) of zach laver improved by the soil

cement column method is determined by the following equation.
Tesi = (l1-Ass) - 5 - Su” + hss - Gu-tan )

where; N
ﬁ . Coefficient of strength change taking into account the drain

effect bv sand compaction piles and disturbance during
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driving piles. .
Su*: Undrained shear strength of clay part in improved zone
(Su* =t A+ {8+ Su)
Ass : Volumetric replacement ratio by sand gompactioq piles
0n' : Effective surcharge load '
- ¢ : Internal friction angle of sand compaction piles (total
stress analysis)

Fig.5-21 gives an example of how to determine the design strength
of the improved zone by sand compaction piles and Table 5~3 expfesses
the values of the parameters of each layer in the left column,that
is, column 1 in Fig.5-21.

2) Preparation of slope stability analysis model
When we prepare the excavated slope stability analysis model for
zones improved by the cement column method or the sand compaction
piie method, the following matters should be considered.

'(:) ﬁafine-clay-consists of horizontal sediment layers. Therefore,
the analysis model should be prepared by being divided into
horizontal layers taking into account the property values in each

layer as mentioned in (2),1)

_ (23 The strength decreass zone dus to excavation will be two or three
times as deep as the depth of the axcavated zone. It is desirable
to check the depth of the strength decrease zone in soft soil

foundation by in situ tests such a5 Dutch Cone Tests, Field Vane
' Tests or F.E.M analvsis.

Analyzed models are shown in Figs.5-22 and 23.

References;

1) Akio NAKASE,Masaki KOBAYASHI,Hisashi KASUNO: Shear Strength Change in
Saturated Soil due to Comsolidation and Swelling, Technical Report of
Research Institute of Harbor Engineering, 8-4 (1969) (in Japanese)

2) Masateru TRAYAMA : Channel Slope Stability in Ariake Clay Foundations
(Research theme No 57460198} (in Japanese}
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5-3

OPERATION MANUAL
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5-3 Operation Manual for Slope Stability Analysis Systen

1. Qutline

Theses programs for slope stability analysis (hereinafter referred to as
“"the program") can be applied to the analysis in the case of excavated
slopes on soft soil and composite ground by improvement construction
method. The program is praparad by the improvement of the existing
progranm Hhich is for embankment slope stability basad on Bishop's method
Though these rasults, excavatad slope stability analysis, which has not
been carried out befores, will be possibls in I.E.C. The computation can
be axecutad by the program on ambankment slopes and excavated slépes on

soft soil, in accordance with the following case mentioned in Table-S.

Table-5 Cases for examination of slope stability at £ill dam

cas2 | Dacbady eoaditizn or

resarvoir watar lavel

8ydra-statie water level | Desizn seiszic faccor fer | Applicaticn of

[]
t
saisaic inercia fores i%) § eirenlar arc

] t ' |
1 ] ] ]
1 1 ] 1
[} H 1 13
i ! - |
i1t iNoraal full 7atzr level | Yerzal Zull watar level | 100 ! SEfactive stross |
1 I - ] | 1 ‘
N ] 1 1

12 (lamsdiataly after d - ' " 50 ¢ Tatal stress or !
! tcazpletion (Eapey) ! i | effserive stress !
1 I ] 1 | ]
1 ] i t 1
v 1 (Iszerzadiate watar leyell Intarmediate water level | 100 ! Sffactive stress |
| | t 1 i 1
+ ) i 3 i t
b4 IRepid drawdewa | Lowest water level after | 100 | Bffective stress |
d d i draw doun T | ’ o
i | | : ' i
{ 8 - |Surcharge wvatar lavel | Surciarge watar level i i IgEfaccive stross |
i H g ; b H
i & 1Design flood level i Dasiga Flaad layel : - | SEfactive stress
i ] ] i 3
1 ] | i ]

!
i

* Remarks :

1 Analysis of the axcavatad slopas and composita ground
slope can be carriad out in casa 1.

(2]

Water lavel can be changsd randomly.
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2. INPUT USAGE

(1] Constitution of Input data

whersa
{1}
(2}
(3}
{4)
(5}
(6)
(7

(3}

{3)
{12)
{14}
{15)
(16)
(17}

kay in "999' or 99" to indicatz tha and of data

Title Card

Caleulation Case Control Card
¥odal Point Data

Element {or Zone) Data

Mumber of Elaments Data
Matarial Properties Data

Corrected Coefficients for Excavated Slope of Clay

lFouﬁdation Data

Foundation Improvement Condition Data
Loading Condition Data (D)
Loading Condition Data Eg
Calculation Point Data (D
Calculation Point Data &
Control Card of Secondary Calculations

Calculation Radius Data

5-28



{2] Data Input Proczdure
(1) Titla Card

READ (SUB EXRZAP) (HEAD) (I}, I=1,10)

i H contants }
| m—————- e ettt |
' t
' ]

Title name of the analysis |

{2} Calculation Case Control Card

READ (SUB EXREAD} (IDAM)

variable (format) contants |

- ————

Calculation Case Indaex !

1
I
_____ —-— - _.._.._.......__..__.......-._.-.____...’
]
1
1
H
:

i

!
{ 11715 | IDAM (I5)
i '

According to the kind of siructure computed by these programs,
" IDAM " can be designatad as follows.

-1 --- £ill-dam o
IDAN { :

§ ---~ zxcavatad slope of clay foundation’

1
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{3) Nodal Point Data

READ (SUB EXREAD) L, MPP(NPT), PX{MPI),6 PY(NPI},6 MNPI=1, NPI-1

d H contents
j m——————e |mm—————————————— e e e
I 1710 I L (119) | Key in '999' after last data entry
1 ] (]
1 ] ¥
! 11715 |} NPP(NPI)} (i5) .- | Number of Nodal points
1 - ] 1
] 1 [] -
! 21730 ) PX(NPI) (F10.2) | X coordipatz of the nodal' point NPP(NPI)
] . | '
{ 31740 | PY(NPI) (F10.2) | Y coordinate of the nodal point NPP(NPI)
v ; i
Remarks :

Maximum total number of Nodal points is 150, and the value oi
PX(NPI), PY(NPI) is more than zero.

NPP(NPI)
PX(NPI)
PX(NPI)

E
2
P

150
0
0
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{4) Element (or Zone) Data

L.

READ (SUB EXREAD),” KZ (NSI), NCHO(NST), (LINK(MSI,J), J=1,12)

[)

! ecl. | Variable (format) ! conteants

fmmm———- { = e atetatet it e e
Vo179 VL ! Key in "999' on tha last card=*!?

! { !

! 10712 | KZ(NSI) {I3) ! The number of the element

! ' !

| 14715 | MCHO(NSI) (I12) | Nodal point numbars constituting the elements
: | '

| 18721 ! LINK(NSI,1) (I4) | W1

] i |

! 22725 | LINK(MSI,2) (I4) | N2 The number of ncdal point constituting
! .1_ Pt the alament

: ! | ’

' ! P

! 62765 | LINK(NSI,12) (I4} | N12

i i |

Remarks :

*1) When we kay in "999" on the last card, the others are blank.

x2) Numbers of nodal points constituting the element {or zone) are less
than twelve (12).

i

Yhen kaving in only the following data, i.2. nodal point numbers constituting

the alament, other arz blank.

Na

Nl

NCHO(NS! ) =4

@

ANTI-CLOCKWISE

N3

N2

, NCHO(NSI) = 7
NS Ng

- AT
D

N'L , N2 .
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{5} Number of Elements Data

READ_(SUB EXREAD) KZZz277

Variable {fornat) | contents

KZZ2222 (I3} { number of Elaments |

1
1
i
1
]
1
]
1
1
1
|
1
]
]
]
1
|
1
|
{
1
]
|
1
1
1
|
]
1
1
1
]
1
1
1
1
]
t
1
1
1
1
[
1
|
|
§
i

(6) Material Proparties Data

READ (SUB EXREAD) KZZ (i}, LWRC(i), LWD(i}, DE(i), DB{i}, KDE,
KFU, C{i}) i=1,6 KZ2222Z

! col. | Variable (format} | contants
| ~mm e mmmmmmmm e Rt
113712 | KZZ(4i) (I3) ! Element number
] 1 ]
] 1 i
t 15 i LURC(I) (AL} | index of 2lement macesrial **?
i ; !
] 18 | LWD(I) (a1) ! index of element position comparad of saepags
H ' ! flow surfage *2)-
v : {
Y2130 § DS(T) (F18.3) | saturated unit weight (tf/m?)
i i !
i 31749 | DB{I) (F18.3) } wet unit weight (tf/u?)
t ! '
! 4174% | KD= {15) | the internal friction angle tdegrees)
' ' t '
I ] 1
b 457" | KFU {I5) ! the internal friction angle tmianutea)
: ‘ !
1 51755 1 C{I) (F5.2) | cohesion
i | '
Hote
- *1) According to the kind of properties of the element, LWRC(I) can be

designatad as follows.
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i} In the casa of "fill dam"

filler
R : Randm{} Zona

Rock
LYRC(I} = ¢ : Core zons

L : water

i

ii}) In the case of the excavatad ‘slop=

In Ehe casa of £1l1l1 dam

ve watar Leve

filter zone

-]

cora zona

improvement zone in clay foundation.

: \_/ random zone

on clay foundation and of having the

In the case of excavated slope on' clay foundation

LURC({I} = C

*2) LWD(I} is the judgemental index as

. watar Level a7 o
-=%;. '

conpasita zona

H l /

clay

to whether the position of the

2lement is above or below the phreatic line.

In tha cass of £111 dam

Phraacic line

LWO{I] = D

‘above the Phreatic line

-3

In l:h; cans of excavaced slope on c¢lay foundation

Phraacic lina LWD(I) = D

: g7+ vatar Luval ' ~ ]
T L~

™

g
/ en

I) =

below the Phreatic line



(7) Corracted Cosfficients for Excavatad Slope of Clay Foundation Data.

READ(SUB EXREAD) MEN, SU(I), PPB(I), PPC(I), ALF(1], IFLAG(T),
' AMIU(T), I=1, K22227

{ col ! variable (format} | contants i
| e e e e e e e e '
! 678 | NEN (I3) { the numbar of =2leament H
~

! ' - ' the. !
{11728 |+ su(I) - (F18.3) | the original shear strength of clay from Fiald!
d i | Yane Tasts (tf/cm?) %) !
(] ] ]

1 . ] 1 A :
} 23732 } PPB{I) (F18.3) |} the effactive overburden verrical prassure !
: | | (tE/m2) *%) :
i 1 | ]
I 35744 | PPC(I) (F18.3) ! the praconsclidation vertical*3} pressura !
| b : |
V47756 | ALF(I) (F18.3) | the exponantial coafficient*4} (OCR} '
. ' ! ]
! 55768 | IFLAG(I} (I2) |the index of corrected shear strength of clay*?)
i ' | !
! 683772 | AMIU(I) (F18.3) | Bjerrum's correctad coefficiant '
! ! H '

Remarks : In the case of fill dam, namely “IDAﬂ;l", this data record is
omittad. =
Hotas
%1} SU{I} is the foundations' shear streagth (tf/m®) obtained from the
Field Vane Tests. In the case that shear strength which is obtainad
from tasts axcept the Fisld Vane tasts can be used, "aMIU(I)" has to
be 1.0 (AMIU(I) = 1.8) :
x2) PPB(I) is affective vartical load on the czntroid position of an

alamant and can be obtained as follows:

7 PPBCI) = ¥sat -Z — Fuwk. |

ru.l + Unit welght of water

¥aaf; sacurated unit welght of clay

{ ) . Co .
] / «(lsat ~1)Z
Fsad - Z



*3) PPC{I) is 0w effective pracopsolidation pressure and can bes ob-

tained from "a-logP' curve" gotzan by standard consolidation tests.

a

f
e _— -log P cur
-~ = log P’
ay, ,
[
PPCCL)
A ————

x4} ALF(I} is.of , the index which shows the degree of the clay's -
shear strangth decrease depending on over consolidation ratio, (OCR)
due to the release of in-situ stress by the excavation.
Sut = su * (0CR)™
= Su ¥ /4B
= Su{X} * [ PPB(I}/PPC(I) [»*(-1,0%ALF(I})

whera
Su* : Design shear strength .
Su : Shéar s;rength obtained from F.V tests
MB : Coefficient of strength decraase

OCR : Over consolidation ratic

Formula {1} was introducad basad on the concepts of M.TAKAYAMA at al.!) and
H.¥YAMAGUCHI??

Regarding the details, refar to Chaptar 5-1.

3
’

*5) IFLAG (I) is the judgemental index Eor datermination of whether it
is nacessary to corresct clay's shear strength (su*) used for the
design or not. These judgament arz basad on the following two
ideas, One is to correct by using the coafficiant of shear strangth

" decrease due to the realsass of in-situ strass which is one of the
important factors concarnigg tha foundation's shear strength. The

other is to corract by using Bjerrum's correction coafficient which
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is to corract the shear strength obtained from F.V. tests, taking

into account the anisotropy of clay and the shearing speed of clay.

-1 Su* = SUrv:non-corraction .
IFLAG(X} =4 0 Su* = MaxSU rv iCorrection by .My
1 sux =

Hr = fie ¥ SUr,v:Correction by .H4 and Mp
*6) AMIU(I)} is Bjerrum's corracted coefficient for a corracting shearing

-streﬁgth (SUrv) obtained from F.Y. tests. It was confirmad by not

. 43
only Bierrum but also S.SAMBAMDARAKSA 2t al that this cozfficiant

could bhe used for Bangkok clay through the F.V tests on Bangkox clay
foundation. : :

. 3
i Bjarzum's coefficient curve ',
1.0 -
“ .
§ < L
n . A \_’_- -
g 09- _ :
- . . :
8 -
9 ! .
By . !
g 0 B ® @ & @ o
.2. Plasticity Index Pl (%) .
) Fig.5 Relation batwsan Bjerrum's coctﬂ.ci..-nc' and
" plasticlty Index
Fig.-5 Bjerrum's coefficient
rafarence

1)

2)

3)

1)

g=37



(8) Foundation Improvement Condition Data

READ (SUB EXREAD) NMEM, ITFF(I), CPP(I}, ASS(I)

H col ! variabla (format) | contants

|mm—————— e e | e g e e e e
! 11715 | NMEW {I5} | the number of, zlement

: l | The

{15728 | IIFF(I) (I9) { the index indicating the kind of improvement
i | | methed*®?

d ] |

! 28738 1 CPP(I) (F18.3) | the ¢ohesion of the improved zone*?)

! ] L _

! 3174 ) ASS{(I) {F18.3) | the volume ratio the of improved zone to

! ! | totalgomplex foundation volume * 37

i i !

Note :

x1) ITFF(I) is an index to designates the %ind of zone by selection of

whether a zone is an improved zone or an original clay Zone.

-

: In the case of an lmproved zone {(for example, soil ceaent

LIFR(TL) colunns, ate.)

[ B ]

: In the case of original clay foundation

=7 FF(I}=2
(-" original clay zone
/ [IFF(1) =1

Improved zone

\

x2) CPP(I} is cohesion (C{tf/m?)) of the improvad zone's property, for

azample

cass of

soil cemznt columns, sand compaction piles, =a2te. In the

soil cemant columils, shear strength (cohesion) can be

datermined as follows :
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| -
C = —
un

whare
C : cohesion (tf/m2)

qu : unconfinad compression strength {(tf/m?)

On the other hand, in the cass of sand compaction piles or gravel
compaction piles, the shaar strangth of the sand compaction pila or
gravél compaction pile is determined by the internal friction angle
(#). éPP(I), therefore, can be blank, namely zesro {0}, but it is
necassary to kay in the friction angle (®) of the improved zone's
properties to KDE or KFU of (&) on Material Préperty Data.

*3} ASS{I) is improved volume ratio, which is volume ratioc of improved
material to the original clay material in the improved zone under
the consideration that tha composite foundatien consi;ts of original
clay and improved materials. ASS(I) can be described as follows:

AsSs(I} = Vimp/(Vclay + Vimp} -----—---- (1)

whera
Vimp : Volume of the improved zone )
Vclay : Volume of the original clay foundation
Vimp + Vclay : Total volume of the compositz foundation

Using this ratioc, ASS{I), the computation method of the design unit
weight and the design shear strength on tha composita’ foundation are
prasantad by the following equation :

i) Composita foundation improved by sand compaction piles. Unit weight

Vsand velay
¥:sand ¥ + yrelay ¥
¥sand + Vclay V¥sand + Velay

L ¢

A
risand £ ASS(I) + y:iclay #(1-2asS(I))
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Shear strangth
T =¢C +dnr tans

Veclay ‘Y¥Ysand
= SU*x u + Tn -+ tang
V¥sand + VYclay Vsand + -Vclay,
Su* » {1-3SS({I)) + ASS{I)¥ Un ¥ tanp

whera
T sand : Dasign unit weight of sand (tf/md)
Yo clay : Dasign unit weight of clay (tf/m?)
¥sand : Yolume of sand in the composita foundation {(m3)
. Vclay : Volume of clay in the composite foundation (m?)
g n : Effective overburdan pressura
# : Dasign intasrnal Eriction angle
On the assumption that the consolidation effact causad by confining
prassure due to the sand compaction piles drainags affact will occur on tha
original clay foundation, the esquation (3) can be presanted as follows :

T=(1-ASS(IN(Su*+ a¢ ~ %—%-U' $5+ ASS(D) - T tan

= (ASSEN(LHA) W+ ASS (D - G tan g L. -4

whare
aAC o o
A= G # A—PrU: Confinad factor.
Changing ratio of shear strangth in clay by thea
- consolidation 2ffact causad by confining pressure
SJ; pA*PB*Su: Dasign shear strength of clay, taking into account
the ratio of strength decrease by release of in-situ
) stress and Bjerrum's correction coefficient.

Tn : Effactive ovarhurdan stress,
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ii) Composité foundation improved by soil cement columns
Unit weight (¥:)

+ = 1t soil cement s ASS(I) + ¥iclay » (1-A5S(I)
Shear strength (c)

¢ = ni{c, ¢ ASS{I} + (L1-ASS(I))s SUX) ~mmmmmmmeme (6}

whera

n : Safety factor commonly n = 1.2
, Cp : Shear strangth of soil'cement
=L
Ce =3 qu

qu : -uncenfined compression strength

pesign'shear strength and design unit weight on the composite foundation
are determined by the method mentioned above. Computation of excavatad slope
stability on the composite foundation can be carriad out using this program.
Likewise, from the viewpoint that these computation methods take into account
the shear strength decrease by excavation and Bjerrum's goefficient on the
composite féandation. it is considered that these programs are notaworthy.

Furthermore, the distrihutioq.in depth direction of the shear strength on

composite foundation can be generally shown in the following figure :

shear strength decrease
" zone due to removal of

clay. improved composite load
zZone zone foundation . _
v i e C e s v e e B P LY
o] Su <t Supe designed shear . > |
X .J.z strengkh .
E Crzée| o4/ -
AN / [A
decreased shear .| \ . ;23 }

7
A i
strength by —,Q_/\ ~ . ‘
excavation T AE Z{Z&éggﬁ .
\ LA )

shear strength - / : %ZZ‘ |
of original clay -< _ wmﬂ?% 1 |
. : \-( . _m:...__
- - 47.._...-/-- - - - . prem A Y = \ - .__

. improved shear strength improved zaone

Fig.5= Sheﬁr strength of the excavated composite ground

-
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(9) Loading'Condition Data(:)

READ (SUB EXREAD} TIL

READ (SUB EXREAD) NCL

| col { variable (format} | coatants !
e R ittty ittt
| i : kind of acting force
! ! Y l¢ 0 : no forca
!1171s O IL (TH) I} 1 : nodal forca
| ] {1 2 : alemental force .
! i 1Y 3 : nodal forca + elemental force
': ! :
(10} Loading Condition Data(z)--—- nodal force

| e¢ol. | wariable (format) | contants 1
J=- ! - = - =1
| 11715 | NCL (15} ! the number of nodal force !
} i : ]
Remarks HNCL £ 10
(11) Loading Condition Data(:)---— nodal force

READ (5UB EXREAD) XLP(T), YLP(I), XEC(I), YEC(I)

— i dw GmEr T . e gy —

col. | variable (format) E contents
--IZ‘ZQ ; XLP(I; (F10.0) ";-;:;;ordinate-;g-nodai-g;;ce act;;;-;;;;;-‘
21739 é YLP(I}  (F10.0) : Y~coordinate of nodal force acting point
117449 i XEC(I) {(F10.0} : nodal force in component in % direction
41758 'E YEC (I} (F10.0} {
{

nodal force in component in Y direction

,\,
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P
Note YEC (2)

YEC(1):= Py
YEC(3)

xEC (1)

i

XEC2)  acting point of concentrated load

Fig.-5 The action of concentrated load

{12} Loading Condition Dataf:)-—-— elemental force

READ (SUB_EXREAD) NDL

.4 col. | variable (format) | contants
| ——m——- e ettty f o e e e e
I 11715 | NDL {I5) | the number of 2lemental force
! ! | '

(13) Data of Loading Condition =---- (:)

READ (SUB_EXREAD) XLD(I), YLD(I), XRD(I}, YRD(I), FLD(I)}, FRD{I) -

Poest E varizkle [fersac E B ¢22LEnes
| Py J— -l em [ p—— - - —— -
; 1 % (1] i I sooriipats of "alesencal ferce* aceing peiat (lzit side)
!
i PIRl- E fLoll E Y coerdinace of *eleszacal forez® acting poine (lzfc side)
: T ; 1R0t1) ; I ccordinate 2f *slezental force' acting coint {right sidel
: {1°% ! 1RDI(E) : 7 coerdicate af *slamental force® acting point lright sidel
| ] .
: 51764 i FLDLIN ; the lefb cazpensnt af *2lesencal forse’
{
: §I'N ; FRO{II : the right ccepanent 3f “2lemental ferse® o
g i !
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FLD(M=R R FLD(2)
o | . XLD@E) YLD@)
(‘\l

Q
@ XLD {1}, YLOA1)

FLD(3) Ps XLD(ANLO@)
XLB(3), YLD (3)
Fig. 5- Distributed load distribution
(14) calculatien Point Data(:)

READ (SUB EXREAD) U, MKL, XKL, YKL, NKU, XKU, YKU

dovwnstraam

col. ! variable (format) | contants !
————————— e B iimiadnistein il
1710 | (11%) ! Key in "999' on the last Card d
i : I

11715 | NRL (15} | Calculation vertex point number at Ehe upper|
! | stream ' !

} : H

16725 | XKL (F10.3) | X-coordinata of calculation point at the i
i i upper straam !

! | ’

26735 { YKL {(F10.3) | Y coordinata of calculation point at the |
: 1 upper straam !

i ! |

41745 | NKU (15) ! caleulation vortex point number at the !
| | downstream !

! { !

46755 | XKU (F10.3) | X coordinate of calculation point at the !
1 | downstraam :

| | ]

56765 | YKU {F10.3) | Y coordinats of calculation point at the !
| | i

i I !
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Remarks :

In the case that either calculation of upstream sides or calculation of
downstream side is carried out on a fill dam, the data of the calculated side
.is only keyed in, the others are blank. . '

on the other hand, in the cass of excavatad clay foundation, both

calculation points of upstream side and downstream side are shown in Fig.>5

<

down stream sjde : up strgam gide
g N~

Fig.-5 Calculation point on excavated slope

(15) Calculation Point Data(:)-

A
M XN

READ (SUB EXREAD) MP, FX, 'BY, (Xu{i}, i=1,15)

' col { variable (format} | contents !
1 g gy L —— 1
T [T 1 |
! 11713 up ! Humbar of calculation points«1, |
1 1 1 1
1 1 3 . . . I
i 16720 | DX ! Mash interval in x direction f
L ' i o i
Vo217 2s NRY ! Mesh interval in Y direcition '
| : i . i
| 26728 | KU(1) ! Calculation point number*?? !
t . ] 1 }
] ] [} .

{29731 ) *OKU(2) ! Calculation point number*?) '
1 63770 1 Ku(Ls) ! Calculation point number*?2! i
{ t | :
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Remarks :
'x1) number of calculation points is lass than 15
HP £ 15
*2} KU(i) is the only number of MP keyad in the other is blank.

{16} Control Card. of Secondary Calculations

READ (SUB,EXREAD) NCBIT, KASH, MLIST, NRAﬁ. FRH, ALPHA

! col. | variable (format} | contants

| e e T ettt Lt
i 11715 | NHCBIT {15) ! indax of sacondary calculations

g i ) ' EQ : stop ths calculation -

i | ! 1 : exacute Secondary calculation
] 3 3 .

i i {

! 16720 | KASE {15) ! index of calculation cases 1 & KASE S 6
) 1 t

i i L .

| 21725 | NLIST (I5) | index of cutput format is ordinarily

} } ) { NLIST = 2 r

1 3 t

] ] t

| 26730 | MRAD (I5) | index of radius deacrsase ratio

i P ' ! { 8 : Automatically

i ! ! 1 : radius dacrease ratio is

] ' i dztarmined by input data

' ! P

| 31740 {-FKH (F10.3} | horizontal earthquake force

; ! H

i 41730 | ALPHA  (F10.3) | correctad coefficiant of pore pressure
i i ' ' | ordinarily ALPHA = 1.0

1 ! 1 .

] 1 1

Remarks :

*1)} rafer to Table 5-
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{17} calculation Radius Data

READ (SUB, EXREAD) DR, RMAY, RMINY

contants

—— " e T ey S o e g it o | oy T oy e e ey A et ek A St S AR T S o R S S T k= S ] e g Ak o e b e o

] {

] 1

i !

! '

| H :
21730 | RHAXY (F10.3) | Y-co-ordinate*!! of a tangent which touches

! ‘ ! the circle at maximum radius point

[} |

\ \

] t

! '

H |

31740 RUINY (F10.3) Y-distance*?) of a tangent which touches the
gircle at minimum radius point
Remarks : T

*1) RMAXY = RMINY in general.

*2) Maximum radius and minimum radius are shown in the following

figure.
Calculation poinﬁ
E ) {center point of circular arc)
Y-axis
A
maximure radius minipum radius *

RMAXY a tancent line
Y-co-ordinat . parallel to x-axis
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Appendices

Appendix 3-1 Determination of the Instllation Plan of the
Measuring Instruments

3-2 Evidential Study on Forecasting Occurrence of
Slope Failure

Appendix 4-1 Sekiguchi-Ohta Model (Elasto-viscoplastic model)
4-2 Modeling of Soil Mass

4-3 Estimation of Ko-value
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Appendix 31 Determinat ion of Uhe Justallation Plan Tar tle Measurins ln:-‘.tl-u,;,(.“

We determined this installation plan cousidering iterms as follows.

1. Displacement behavior
1) the posision of slip surfdce line at the excavated slope surface
27 Lhe posision of the tension crack at top of Lhe slope
3} the displacement of inner ground foundation

2. Pore Presure behavior

1} the tamporary pore pressure reduction caused by excavation work,

2) the pore pressure increast caused by soil failure.

ap 3%~ 1 -1
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Appendix 3 - 2
EVIDENTIAL STUDY ON FORECASTING OCCURRENCE
QF SLOPE FAI‘LURE

. Michitaka Sag

Abstract

* This paper describes an outline of three types of the procedure on forecasting occurrence
slope failure. that is to say, rough estimation based on steady-state strain rate in the secondaf
creep range, close estimation through calculation or graphical analysis using substituted logarith
mic formuls and final precice estimation hased on linearity un a semi-logarithmic graph asg
ming-temporary rupture life. Considered from several casc studies it can be said that the m
thod of forecasting failure time based on crecp-rupture characteristics is effective and reliabley

1 INTRODUCTION

ment of the mcrhed. pressnt irend of s:udying creep-ruhture characteristics and evidentiy
evaluation of the method with case stadies on actuzl slope failure. !

The word “forecasting” seems o have various phases and will be taken as differant mes;
ing acecording to person, object or occasion.

movement in near future, although they seem to be stable at present. Our present knowledy
however, is not sufﬁciem tu give this judgment, and forcing such judgmem will be ofz

judgment was nght or not. :

_ Sometimes the word “[orecasting” is used as svnonym to cxpress “the degree of danger
" slopes to failure™; it ‘means possibility of occurrence of numsrous slope failures within s
Hmited region. In this case, it will be expressed with some conditions such as amount}§
intensity of rainfall or snew melting. ‘
In most cases, however, “forecasting”™ means ozcurrence of slide or failure for a specif
slope. It contains those of the spot or range, the type and the time of rapid movemed
Among these items, the most desired and useful subject it to know the time of occurrence _
landslide or slope failure; and so hereafter we may make a point of limiting the meaning!
forecasting to that of failure time.

2- DEVELOPMENT OF THE METHOD OF FORECASTING THE TIME OF
- INITIATION OF INTOLERABLE MOVEMENT OF UNSTABLE SLOPES

2—1 Process to Develop Forecasting Methods.

ap 3 -2 -1
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EVIDENTIAL STUDRY ON FORECASTING OCCURRENCE OF SLOPE FAILURE 3

indlispensable to effective factors for the purpose of forecasting arc requested as that the factor
will always appear before failure, that the level of factor is measured quantitatively and that
the time length to failure after irs appearance is not too short. And, moreover, it is desirable.
to the factor that its measurement is rather easy and decision can be done without confusion.

'Forecasting factors may be divided into several groups;— the first group cen be named as
direct factor, such as horizontal or vertical displacement, inclination or strain of surfaces of
slopes.—the second one as semi-direct factor, such as stress in the ground, pore-water pressure,
rainfail, snow melting or shear strength of soil, as directly connected to the mechanism of the
movement. -and the third one as indirect f{actor, such as temperature, geoelectric potential,
acoustic emission, animal behavior, ecte., as accompanied with, or influenced by movement of
the ground. .

Various types of approaches can usually be classified under the following three heading
(Lazan, 1962).

(1) solid-state or micromechanistic approach as basic science,

(2) macroanalytical or phenomenological approach as engineering science, and

(3) 'ad hoc testing or simulation service test as practical approach.

Fig. 1 shows correlation of these three approaches and the changing pattern of emphasis
with time. The first one is the most desirable, but it does not yet pravide an engineering tool
for calculating the properties of engineering materials. The third oneisa completely differenent
type of approach against the first one. The result of this approach is directly applicable to
the specific problem of interesr, but has many serious disadvantages such as for long-term
phenomena or not extendable to problems in different regime. Contrary to those approaches,
the second one is considered most practical and successful to analyse behavior of engineering

materials. Recognition of this classification is very much useful to find effective forecasting
factors. '

2—2 Development of Forecasting hiethod Based on Crcep-Rupture‘Phenc;mena of Soils.

A shorteut to find forecasting iactors is ta carry out slope failure tests and thereby to see
what factors are most sensitive or can show earlier changes. But the range of failure modes
reproducible experimentally represents only a part of natural failure, and not all the results
are applicable to actual failures.

In case of creep rupture tesi with soil specimens, for example, applicaton of stress leads
first to a period of transient creuvp, during which strain rate increases suddenly at first and
then decreases continuously with time, followed by creep with steady-state strain rate, and
then it turns to accelerating staga, finally leading o failure. These three stages are usually
termed as primary, secondary and tertiary, as shown in Fig. 2(a).

In case of model tests of slope failure with artificial rainfall, however, there is no sudden
increase of stress; therelore the primary creep does not appear, but the secondary cresp can
be seen, directly followed to dailw variation of creep, and the tertiary creep range is rather
emall as shown in Fig. 2(b).

Actual slope failure is similar to a case of model test with no primary creep range, but the
tertiary cruep range is very large, especially regarding to total strain and -strain rate, as seen
in Fig. 2(c): therefore 8 model slope test is not used as substitute for actual slope failure.
Nevertheless, it is sure that they will offer valuable iools for selection of forecasting factors.
It can be said that these facts just show the merits and demerits as fatality of ad hoc testing

aforementioned. )

Through full-scale slope failure tests by acrtificial rainfall at Nou Experiment Station of
Jopanese National Railways (JNR) in 1948, it was found that strain measurement of slope
surfaces is the most effective as forecasting factor (Saito & Uezawa, 1961; Saito, 1965), It
was turned to creep-rupture tests in iaboratories ss phenomenological approach (Saito & Uezawa,

+
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1961). The results are shown in the lorecasting diagram indicating inversely proportional
relationship between steady-state strain rate and creep-rupture life as shown in Fig. 3.

This relationship was examined with actual slope failure records (Saito, 1965), and verified
effective to forecast the rupture life as shawn in Fig. 4. It was found, furthermore, through
the case study at Asamushi Landslide that the inversely proportional relationship can be
extended tc the tertiary creep range with some modiiiqation (Saito, 1969), thar is called as
graphical analysis and explained with the direction of arrows in Fig. 5. Actual application of

ap 3 -2 -4



AR AR R GRS S 1979

or simply expressed

where

1,  crecp-ruplure life, in min.,

{ :steady-state strain rate, in x1Q™ per mih.

In the tertiary creep range, a following logarithmic formula is applicable as an empirical one

1,—1t,.
E—,= A IQ;T":-
'

+

or
ty==1t
N= IA ]og_._'...-_“_ N .
t,—~1
where .
t, I creep-rupture Jife left before {failure,
t, : reference time.
; ¢ :strein at optional time,
£, I strain at t,, .
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dl=«¢ - ] : refative displacetaent.

Rupture life before lailure is obtaipcd with the empirical logarithmic formula by calculating,
by graphical analysis or by plotting ou semi-logarithmic graph applied with measured values.

It is, therefore, advisable that the time of initintion of slope failure is roughly estimated
with steady-state strain rate in the secondary crecp range, and closely estimated using substity-
ted logarithmiec formula in the tertiary creep range. Besides,  the estimation method in the
secondary creep range may be used [or forecasting in the tertiary creep range as a rough
estimation, but warning should be paid to be in danger side within one hour before failure.
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2—3' Compilation of Experimental Data on Creep-Rupture Tesis.

There can be found fairly many papers that deal with creep-rupture tests on specimens of
soil or rock, and also found many opinions on interpretation and treatment of the test results,

First of all, there is a noteworthy opinion that the secondary creep range does not exist
even where strain rate is considered constant. that is to say, strain rate continuously decrenses
and thereafter increases until rupture, These circumstances are clearly perceived, il strain rate
and elapsed time are plotted on a full-logarithmic graph as shown by Murayama & Shibata
(1961, 1965), Finn & Snead (1973) and Campanella & Vaid (1974), or if axial strain rate and
axial strain are used as with the similar manner, such as presented by Bishop (1366) as
seen in Fig. 7~10. respectively. This expression is quite correct as far as full-logarithmic
scale is used. But, this is a kind of magic of presentation, because cach equal increment on
the coordinate scale does not mean the same length.

Logarithmic expression is to display the smaller parts extremely [large and to demonstrate
the larger parts extremely small. Therefore. in case of full-logarithmic coordinates of strain
rate and elapsed time, the difference of strain rates within the range of a cycle near minimum
strain rate is fairly small; nevertheless, 2 cvcle of elapsed time near minimum strain rate means
substantially very long time, by reason of long progress after intiation of creep: the last
point of a cycle of clapsed time is enough ten times to the initial point of the cycle. The
point of -minimum strain rate is situated toward right-hand side on the logarithmic time axis;
therefore, variation in crecp rate on the time axis is small around this peint, and thus, the
apparent constant secondary creep rate computed from the strain-time plot with ordinary scale
is essentially the same as the minimum creep rate as zdmitted by Campanella & Vaid (1974).
The secondary creep range is, therefore, granted to exist actually. \

The next problem is the definition of failure. In case of clay specimen, it is possible often
to see shear crack devalop shortly after the reversal of slope in the time curve takes place.
Time to failure in creep-rupture test is,” therefare, sometimes defined as the point of initiation
ol acceleration, that is to say, the point of the minimum strain rate as asserted by Casagrande
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& Wilson (19517, Singh & Mitchell (1569) and Finn & Sncad (1973). But, this opinion scems
to be rather stranpe and is not approved by all means. The rezson is that this apinion has
been derived from creep-rupture phenomena of metals, which is very dangerous and becomes
aut of use according to incrcase of strain rate, such as jet engines under high temperature and
high pressure.’On the contrary, in case of soil, usually there remains fairly long time and
large movement before failure after passing the point of minimum strain rate as seen in Figs.
7~-10. There is no reason why this tertiary creep range is abandoned as failure zone. In case
of soil, therefore, failure should be defined with the final and macroscopic state of separation.

1f we look round our surroundings, there can be found many useful contributions in recent
papers. Fig. 11 shows the relation between transient minimum strain rate and total rupture
life published by Finn & Snead (1973). Fig. 12 shows the relation between steady-state creep
rote aud rupture time published by Kurihara (1972). Fig. 13 shows the relation between
minimum creep rate and time to failure published by Sekiguchi (1877). Fig. 14 shows the
relation between strain rate and time to failure obtained on rocks published by Morlier (1964).

Upon admitting those cosideration before mentioned, minimum strain rate is not considered
to be very different from steady-state strain rate, so we may deal with both strain rate data
in the same meaning. Fig. 15 shows the compilation of results from all creep-rupture tests in
various publications, Most plots are situated within the range of 35?4 confidence limits proposed
by Saito & Uesawa (1961). Hereupon. Morlier's data are obrained with rocks. It is interesting
that potassium is plotted within the range but chalk is found fairly below the range. On the
other hand. alluminum alloys are found far akove the soil range. but parallel to this range.
As o result, it is concluded that creep-rupture life is longer for ductile material such as metals.
and shorter for brittle material such as rocks
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EVIRENTIAL STUDY ON FORECASTING OCCURRLINCE OF SLOPL FAlLURE 1

et an

3 RHEOLOGICAL INTERPRETATION FCR CREEP-RUPTURE OF SOIL.

Recently, raie process theory has come to gain ground to cxplain creep phenomena of sail.
and it is afraid that such illusion would be impressed that all crcep phenomena  including
creep-rupture charactecistics could be explained with this theory.

Tt may be well just so in the primary and secondary creep range, but there are many
prablems that can nat be explained with this rate process theory in the tertiary creep range.
Exactly speaking, it should be said that no creep theory is formed at present to be applicable
to the tertiary creep range.

First of all, such a proposition is very questionable that soil {ails soon after creep movement
has attained at a definite quantity as asserted by Murayama & Shibata (1931, 1936) and Vyalov,
Maslov & Karaulova (1877). Essentially, properties of material are divided in two categories;
that is to say. structure-insensitive and structure-sensitive propertics. The former is caused
by additive contribution of material constitution such as atoms, molecules or particles 1o
the 'properties, for instance. elastic. coefficient, Poisson's ratio, specific gravity or coefficient of
therma! expansion. The latrer is not caused by additive contribution of material constitution, but
caused by strong control of such defects as dislocations, cavities or f{issures fairly large enough
compared 1o the size of material constitution, for instance. strength. plasticity or permeability.

Originally deformation is of structure-insensitive properties, and failure sirength is of struct-
ure-sensitive. propernes If rupture is defind according to deformation, the limit of deformation

will be even in a way, but it cannot exist that rupture will cause at the same dcformation,

if it means final and macroscoqtc state of separation.
Next, there are very few examples of strain-time curves in the tertiary creep range. It
should be expressed with a formula relating strain or displacement anc

time., As a creen
formula in the tertiary creep range,

it is requested that quantity of strain or displacement
becomes infinite at a limited time. If such a creep formula thar strain or displacement is finite

at a limited time is used, rupturc must be defined with deformation; it is too much willful
and f{ar from reality.

The experimental formula by Singh & Mitchell (1269),
s EDf{__4 Ym '

e=Ae ( t )
and also the {ormula by Vyalov, Maslov & Karaulova {1977),

r=rn+-——-—-"-—————[(t+‘|)1"""")-—1]
rll=n{)] '
are not suitable to make forecast close to failure, because they do not give
displacement within. limited time.
Contrary to these formulas, my e%perlmenta[ {formuls, i. e

3

infinite strain or

.

£=L,= A ]Og—-—‘——_-_-t-—-
]

or
A )
T -t
offers infinite strain and strain rate at a limited time, and can describe the form of creep

curve close to the real displacement until the time of rupture. Therefore, this formula can be
successfully applied to forecast the time of rupture. '

{ CASE STUDIES OF ACTUAL SLOPE {NSTABI!;ITY.
%

4—1 Landslides Failed after Long Creeﬁ Movament. -

a) Takabayama Landslide on the liyama Line, JNR (Saito & Yamada, 1973)
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EVIDENTIAL STUDY N FORECASTING OCCURRENCE OF SLOPE FAILURE 13

At the Moscow Conference in 1973, | reported Takabayama Landslide occurred in January,

1970. but 1 would like 10 explain again an outline of the accident, because forecasting of
failure time was announced in advance to {ailure and it resuited in good
actual failure time.

cotncidence with the.

Takabayama Tunnel is located on the livama Line, JNR. In April of 1969, unusual disloca-
tion was found on the tunnel, and thereafter careful observation was performed continuously.
In November, a long tension crack was found on the slope above the central part of the
tunnel, and cxtensometers were set up across the crack in order to measure the relative
movements. In the middle of December, heavy snowfall destroyed the rmeasuring devices on
the ground, then the extensometers of remote recording type were reset, buried in the ground
and observations were resumed on 31st of December, 1959.

Forecasting of failure time was made with two ways; estimation with transient strain rate
and graphical analysis for substituted logarithmic curve in the tertiary creep range. The methods
are shown in Fig. 17 and 18, respectively. Public announcement for failure: was made by the
authority at 5 p.m. of the 2lst that the slope would fail at the coming midnight or before
dawn. The estimation of failure time was revised every hour. The final announcement was
made at the midnight that the f{ailure would occur at 1:30 on the 22nd, according 1o the
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analysis in the tertiary creep range. After all, the slope above Takabayama Tunnel began to
fail at 1:24 on the 22nd, and it ceascd ta move after two minutés. The difference between
. estimated and actual failure time is only § minutes, It was said that there was nothing else
than a miracle.

Fig. 19 shows a curve ol displacement which was mude by connecting two curves obtained
before and after snowfall in December under scceptable supposition. From three strain rates
calciulated on the curve obtained before snowfall, the failure time might be estimated as 30- 60
days after the 13th of December, i.¢. between the 10th of January and the 10th of February.

b) Agoyama Landslide in Fukui City (Watari, 1973)

About § km to the northwest of Fukui City, there occurred Agoyama Landslide in December
1972, which is a site of old landslide about 200 m wide, 80 m high and 180 m in slope length.
This movement was caused by removing varth as borrow-pit at the foot of the slope. Bedrocks
are composed of tuffaceous sandstone of Tertiary Perlod and sliding surface is svpposed on a
fine grained layer of sandstone.

A long continued crack was found on a hillside of Agoyama in Oect. 4th of 1872, and
observation was started at the 7th of the month after. setting’' up measuring instruments. At
first the movement was ahout 10 mm per day, but then the movement gradually increased and
reached to 20mm per day at the end of QOciobes, and 100 mm per day after 20th of November,
Analysis of forecasting failure time was carried out at Tokyo about 400 km apart from the site,
and the result of analysis was informed to the person in charge of the site by telephone.

Graphical analysis in the tertiary creep range is shown in Fig. 21, and the failure time was
guessed at about the late of November. But the supposition was disturbed with irregular

ap 3 -2~ 13
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movement at the final stage; then, the methed of semi-logarithmic representation to pursue linearity
of creep curve was used together with graphical analysis, as shown in Fig. 22. The linearity
of creep curve on semi-logarithmic graph was not attained easily, showing irregular bending.
Last forecasting of failure time was decided as 20:30 of the Ist of December in the evening of
the very day; actual failure time was 1:30 of the 2nd of December. Later it was made clear
that this discrepancy was caused by the reason that movement of total mass was stopped at
the final stage and only one third of the mass failed at all, as seen in Fig. 23.

¢) Collapse of a steep slope at Tama Lakeside Road (Hasegawa & Kiuchi, 1977)

A slope failure with volume of 9,500 o occurred at Tama Lakeside Road, about 70 km west
of Tokyo on July, 1976. Bedrocks are mainly composed of Jurassic slates, partly containig
sandstone, splitted by shearing and alterated to clay formation. The slope in question is about
70 m in slope length, and 0.6 : 1 in inclination.

Signs of instability of the slope.were found in July 13th of 1976. Measuring points were
set up at 5 spots across a tension crack at the upper part of the slope. Observations of
the distance variation between measuring points were begun on 14th of the month.

Graphical analysis in the tertiary creep range is shown in Fig. 25. At 10:00 of 18th, failure
time was suggested as after 12 hours, and actual failure occurred at 21: 30 of the day; the
difference is just half an hour, resulting good forecasting.

I found the fact in a2 paper published in a technical magazine, that' this forecasting was
made according to my method, though | had no relations with this work of forecasting.

d) Yunotai Landslide on the Esashi Line, JNR (Saruta & Ishibashi. 1976)

In April of 1975, a landslide with the volume of 40,000 m* occurred hetween Yunotai snd
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Miyakoshi on the Esashi Line, JNR. Raillroud was covered with soil mass, about 10m high,
117 m long and 20.000 m* of volme, and railway rraffic was interrupted for 19 days. Bedrocks
‘are composed of mudstoné of Miocene Epoch, Tertiary Period and the site is considered 2s an
old landslide area. :

In March 2ist, a cave-in of road surface above the railroad was found; then, many cracks
appeared over both road surface and railroad roadbed. In April Tth, the slope came to cover
. the railread and railway track moved laterally as much as 200 mm, and at last on 17:40 of Sth

-

the slope fell down with loud and terrible sound. Movements of observation points on the road
surface are shown in Fig. 27.

The creep curves show that they were in the secondary creep range before April Gth, and
then it entered rapidly in the tertiary creep range. By the noon of the 8th, failure time was
- supposed as within 11th doy. but on 10:45 of 9th day. when the last observation was done,

failure time was estimated as 18:10 of the Oth: contrary to this forecasting, acrual failure
occurred on 17:40 of the 9th, 30 minutes earlier than estimation.

In this case, also ! had no relation with their work of forecasting, as the same with
* mentioned before.

4—2 Landslides That Finally- Ceased without Failure after Rapid Movement.

e) Landslide at Kashiwara Interchange on Nishimeihan Expressway (Tokund & Tatsumi.
1971)

Late in April of 1969, signs of instability came out at buildings of a hospital standing on
flat area of a hillside. and then fears were made clear with many cracks all over the area.
Similar cracks were found, on the mainlines, rampways and retaining walls of Nishimeihan
Expressway. Covering these: instable areas, the range of the landslide became clear gradually,

with the width of about 250 m and slope length-of 250 m, and this site was considered as old
landslide area, revived at this time. .
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i Fig.29 Progress of displacements of suburban raiiway
0 line, Landslide at Kashiwara [aterchange

Investigations and observations were set to work at the last of May. The range of the

landslide was extended over national highway and suburban railway line situated below the
" expressway, and sliding movement became gradually larger, such as 470 mm for 40 days f{rom
June 4th to July 16th, and 24 mm per day in June 13th as the maximum daily displacement,
measured with extensometer No, 45-A, -

Rapid movement continued for {airly long duration, as shown in Fig. 29, and then movement
gradually decreased. Horizontal drillings for dewatering were carried out since the last of June,
and the movement ceased July }0th, accompanied with the effects of dewatering.

Let us calculate the maximum strain rate, The span length of extensometer No. 45-A is
15.540m, so strain rate corresponding to the movement 24 mm per day is calculated as 1.07 x
10 per min. This value is not so large, but cannot be ignored. If this rate would continue
invariably, the slope-would fail in 9.5 days besed on my method. Considered f{rom the fact
the strain rate did not become larger than this value, this landslide is supposed to be such a
type of slide as that would finally cease without failure. | .

£ Twadonoyama Landslide at Ohtsuki on Central Expressway (Harada, 1972)

The site of Iwadonoyama Landslide experienced slope failure twice during construction.
Bedrocks are composed of alternate of tuff, lapilli tuff, wif breccia and tuffaceous sandstone
of Miccene Epoch, with dykes of andesite, and dip of bedding is against slope. The site is a
cut slope of 32 degrees. It was in February 17th of 1972, that several lines of cracks were found
around the area, and in March 2nd the range of about 60 m in width and 90 m in slope length
was perceived as sliding area, with increase of cracks., Observations with invar-wire extenso-
meters were set to wark in Feb. 24th. After that, additional extensometers were supplemented
* according to expanding of sliding area, and remote-recording type extensometers were also set
-over the upper or lower end cracks, prepared for emergent situation.

As shown in Fig. 31, displacements increased rapidly since 2lst of March, and on 26th
transient strain-rate attained to 6.14x 10™ per min. On the other hand, such a sericus situation
was anticipated that failure would occur in & day and e half according to graphical analysis in
the tertiary creep range. But after that, against our anxiety, strain rate did not increase
beyond the value, and came to cease without failure.

"~ As seen in this case, there are such a2 many examples that a slope does not fail but cease
to move, even if considerably accelerating strain rate is seen in the tertiary creep range. In
such s case, it is extremely difficult to forscast with our present knowledge whether such a
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slope would {ail presumably or not.
4—3 Split-Type Failure

g) Failure of a vestical cut in clay., Welland, Canada (Kwan, 1571)

Several years ago Mr, D. kwan of St. Lawrence Seaway Authority wrote to me that failure
time estimated with my method did not coincide with actual one in a field test of vertical cut
failure which he carried out for realignment of Welland Canal, In this case, 1 suppose, my .
method of forecasting failure time from steady-state strain rate cannot be applied because its
type of failure is not sliding, but splitting and overturning separated by deep tension crack,
and slip plane came out only near the toe of the vertical slope.

In this cace, however, graphical analysis in the tertiary creep range can be applied to his
test results and shows good astringency to the failure time as can be seen in Fig. 32.

4—4 Slope Failure Directly Caused by Rainfall.

h) Hiketa Landslide on the Katoku Line, JNR (Sakurai, 1974; Yano, 1976)

Hiketa Landslide is about 50 m wide, 80m in slope length and supported with retaining
wall at the foat, Owing to a typhoon in 1972, a tention crack about 60 m long and 50 cm wide,
came out along the upper verge: so geological investigation was carried out and instrumentation
such as extensometers and alarm fences were set up for guard over the area. Bedrocks are
composed of sandstone of Mesazoic Era, f{airly weathered and decomposed.

A typheon in July of 1974 brought heavy rainfall such as 378 mm of total rainfall by the
7th day and 70 mm per hour of maximum rainfall intensity, and finally the slope failed down
at 1:10 of th 7th. _

Before feilure occurred, an alarm bell in a lookout hut began to ring and guardmen, who
were standing by in the hut, at once hurried on their ways of 6 km on foot, under a torrential
rain. When ‘they arrived at the distance of 150 m to the site, they stared the slope just failing
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Fig.33 Progress of displacement, Hiketa Landslide ' semi.logarithmic coordinates, Hiketa Landslide
under :llummatmg equipments. If they had afrived there one or two minutes earlier, or if the

slope failure had occurred ane or two minutes later, all the guardmen would have been end-
angered to be buried under huge moved debris,
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A record of an extensometer is shown in Fig, 33, It is cuppnsed that mechanism of sliding
movmement in case of slope failure caused by rsinfall is not the same with that of usual
landslide, bccause the coudition of circumstances are changing every moment. Neither forecasting

method using transient strain rate nor graphical analysis in the tertiary creep range is adaptable
to this cuse.

Howaever, the experimental formula in the tertiary creep range

t—e,= A iog-—-'-t'—-———tti‘—-
=

indicates the other [orccasting method. that plots of measured values will form a straight

line on a semi-logarithmic graph, measured vahie on nomal scale and (t,~t) on log-scale, if
rupture life t, could be chosen adequitely. The result of this method is shown as Fig, 34, From
the pracess of ‘choosing temporary rupture life; failure time is about, 10 minutes past one
o'clock of the 7th day Thls estimation would have been very effect;ve. if_this procedure had

‘been- applied'4n 4kt case” Thus, forecasnng of faliure hme dlrectly caused by rainfall is also
apphcable with semi- 1oganthm|c reperesentatlon. Al Rl

P Ll .-.-.l.l ot [ T .. ot

L . - . B FINAL REMARKS SRS i

“Considered frori sew:ra" caseStudies c:cplameci above, it t.an "be sa:d that the method of
forecasting [ailure tinré® ‘baséd on creep- rupture characlerlsncs. that is to say, rough estimation
© of failure time- Hased ‘onfsteady-state stram Tate in’ “the £eco‘ndnr}' créep range, close estimation

through calculaubn o¥ grapbical analydis - usmg substituted loganthmtc formula and final prcmse
estimation - hased~gn lme:mt' on u sem:*]oganthmlc graph dsqummg temporary rupture life,
effective and reliable. As for reliability.” it can be ‘indicsled ‘with unit of day, if forecastng

is made before several davs? and with the unit of hour." or even' with order of 10 minutes, if
on the previous day: " it ¥ - ’

G e T Acx'ém\'wnanm:m

Most of field investigations of slopc failure were Lﬂrﬂf:d out “iith no relation to me, hut
thase data resilted tmmecﬁately lot c‘emonstrate the reha'udn:, of the {forecasting method. 1
T apprecmte it very much that T was pronded such nppor:umtlcs to make practical use of them.

'I would like 10 express cerdial gratitude to Prof. Dr. Techn. Se. G. 1. Ter-Stepanian, who

kindly gave 'me an apprmai of reproduc:nn th:s paper in OYO Technical Report” of OYO
Corporahon
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Lppendix 4-1 Sekiguchi-Ohta Model (Elasto-viscoplastic model)

1. Chta Constitutive Model

Ohta (1967) introduced the vield function of clay and elasto-plastic strain

according to the normality rule. He assumed that volume change of scil ele-

ment under consolidation and shearing depends on the mean effective stress and .

the octahedral shear stress, 7 oct, is defined by the invariants of the 2ffec-
tive stress components.

The octahedral shear stress is expressed by the following aquation.

'
‘l’ocl:='—';-f(;|' —a¢ ) (o —as ) +(oy —ay ) cea (1)
.3

[ (4 ! .
Yhere, T1 , 02 anpd T3 are principal stresses and under the triaxial ccm-

!’ : ’ ]
pression condition (Tl LT2 =03}, foct is expressed by the following
equation.

Coct = -%(O"l-fs) ................... e, (2)

On this basis, dilatancy is defined as volume changes ¥hich occur under
loading with P being held constdnt as follows. )
~Ae ¥ oct

: =Acuv=pnd
.l‘*‘&o f

) (3)

Where, P : Effective mean stress

Ju : Constant value

On the other hand, the e-log P relation is axpressed. by the equation,

Ap
- (4)
n
Yhere, e :; Void ratio
-2 ¢ Gradient of e-log P relation
Ae : Volume change, given by the esquation,
. ,. q}
. Ap Y otl
Aoz =R ——— — (1l d @) A (———) e (5}
o a
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Then,. integrating equation {5) under eo and Po at the normal consolidation
line on ¥ oct = 0 plane, the state boundary surface equation in the §{ oct-P-e
plane is given by the following egquation.

Tocl

b (L sa) 20 eeeeeeneenn. (6)
Ao A

8—egot 1163

It is noted that the yield surface is given by projecting the cross line of
equation (6) and the elastic wall on the Yoct-P plane.

The elas%ic wall equation is defined by

Ap n .
or e—eotxlog —=0 (7
P ] o

Aa=—x

In this way, the yield surface equation is fipazlly obtained as,

Toct (2 —«) a .
J- lOE ={) ....(8)
P (l‘l'eu) n (L

Comparing equation (8) and Roscoe's yield surface equation, the following

relation can be obtained

3 (r-«) o
M= : e (9)
4./’—2_.' (l'l'Eu)n

On this basis, it is judged that Ohta's theory is substantially the same as

' Rosgoe's theory.
Further, Sekiguchi and Ohta {1977) extended the Chta model and introduced
the inviscid and viscid constitutive relation for anisotropically and normally

consolidated clay. . 4

This model is known as the " Sekigquchi Chta Model ".
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2. Sekiguchi-Ohta Model

. Sekiguchi and Ohta proposed a new constitutive law taking the effzct of
time and stress-induced anisotopy into consideration.
This model is known as the " Sekiqguchi-Ohta Model .

llheolg_" Uilatnnay lilogto-plaaticity
Mucaypma | Shibata lloscun et al.
‘ Shibata -
Skl guch . { Vits ot ll.l

ilurayang lloacea
. i ' Buriamj

SERIGAIL-(RTTA
LA

Flg. AP=1

(1) Volume creep equation

Sekigquchi and Ohta proposad a volumetric creep equation by the use of
the new stress parameter, 1’*, in the eguation,

A p Y
V: l.( )_I.D- "'_m. l-(_.__) S e T s e st (10)
l4e, Do - N Vo

Where, A : Compression index
eo : Ipitial void ratio
Po : Initial effective stress
P : Effective stress

Q: : New stress parameter, given by

0 =[-_~%. (13— nijo)( u‘}i;i- nijo) )

D : Coefficient of dilatancy
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{2) Scalar function
Sekiguchi et al.{1977) solved equaticn (11) and introduced a scalar
function as the viscoplastic potential ip the equation,

F

G‘.'la (l!(Vu h/ﬂ)'l}!'ﬂ({/c{)} =u" ........... (12)

Yhere, £ is a scalar function defined by,

r—
f= — 1.( Y ED 1t e {13)
l’f‘eo ‘Pu

13

It is noted that Vp in equation {12 plays as a so-called strain-
hardening parameter. '

In this way, the strain rate effect of Ko-consclidated clay can be
- expressed using the volumetric creep equation and the scalar function.

Figure AP-2 shows the summary of the elasto~viscop1§stic model by
Sekiguchi and Ohta.

volumebric strain of clays continuum mechanics
consolidation |dilalancy non-lineat: elasticity
. elastic
éC_ M B ét - 0 . -
YooWe T Vo {recoverable) elostic —- limit

(yield condition}

' 0 ; : plastic .
L N U Dy’ uam-l-,'i -0~ gy=0
YooWHe P (irreversible) °

Tlow rule

viscous

'l.' . al‘ ) .\1‘= aF
‘f‘=—>‘:.—'u—' \u“%;""D'l' . (Lime-dependent) & =k o ""EU. ”'W

AP-2 Summary of Elasto-plastic/Elasto-viscoplastic
Constitutive Model Proposed by Sekiguchi and Ohta (1977}
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Appendix 4-2 Modeling of Soil Mass

Host of the boundary value problems in soil- engineering require two kinds of

boundary condition to be applied on the soil skeleton and the pore water flow
as shown in the following figure.

thiess boundory [,
OiiM-Tn on [pc5
(o« cyrn, ) soll

geomeltle boundary T,
Ypruy e Nes

heod boundory T,
heh, en [LES
h=p, 77+ 111} woler

velocily toundory T,
vE® Y, en [, €8

Mot ¢TS5

L4

AP-3 Boundary Conditions of a Coupling Problem

The governing equations of coupling problems of the soil skeleton (regarded as
the elasto-viscoplastic material} and pore water (regarded as the imcompres-
sible fluid)} are summarized in Figs. AP-4, AP-5 and AP-6 which indicate ths
discretization of the soil skeletsn and pore water respectively. The

theoretical framework of the elasto-viscoplastic constitutive model proposed
by Sekiquchi and Ohta is as follows,
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AP-7 Theoretical Framework of the Elasto-Viscoplastic

Constitutive Model Proposed by Sekiguchi and Ohta

-

The rigidity matrix of the elasto-viscoplastic constitutive model used for the
Finite Element Method is mathematicailv 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 discretization of continuum is carried out by the Finite Element Hethod

using the Sekiguchi - Ohta Model as mentioned in the preceding.
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Appendix 4-3 Estimation of Ko Value

_ The following five methods are studied regarding the presumptive equation to

estimate the coefficient of earth pressure at rest (Ko) under a pre-
consglidated condition

1) Jaky's method (1944) : Ro = 1 - sing’

@_ Brooker&Ireland's methods(19635) : Ko = 0.95 - sing’

{i} Fraser's method {1957) : Ko =0.9 ¢+ {1 - sing’)
(® Kezdi's method (1962} : Ko = {142 sin #73)

{1 -~ sing’) (1 + sin¢")
£0.19 + 0.233 log In

©

Alpan's method (1967}

o

(D Ko value for Bangkok Clay
The datz on Bangkok Clay are quoted from the master's thesis,
" Determination of Ko Value by Hydraulic Fracture Hethod" by Wan Veng Tung,
1975, Asian Institute of Technology. Laboratory tests and in situ tests
'wgre performed on Bangkok Clay and Rangsit Clay in Nong Nagoo Hao and
verification was carried out over the presumptive aquations of the above
five methods. The results are shown in Fig. AaP-9 !0 Fig. AP-14. s a

result, Alpan's equation is considered to be the most applicable compa;ed

with the others.

(@ Ko value of Kibushi clay

The data on Kibushi Clay are quoted from the doctoral thesis "Study on
Lateral Flow of Soft Clay Foundation in Embankments" by Otohiko
SUZUKI,August,1986. |

Uniform triaxial compression tests, Ko-note triaxial compression tests and
plane shear tests were performed on Kibushi Clay and the following data
were obtained. Although the values obtained from Alpan's equation are
somevwhat higher than the values from equations 2-4
significant difference between thenm.

, there is no
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AP-9 Ko Values from Presumptive Equations

e s

| Hethod Uniform triaxial Ko-note triaxial Plane shear test
i Compression test Compression test
- — e et o e e e e e e e
@ 0.523 0.597 0.590
) 0.518 0.542 0.540
) 0.470 , 0.537 0.531
@ 0.467 0.540 0.533
O 0.545 0.545 | 0.545

AP-10 'Comparison between Estimated Ko Values and

measured Ko Values

! Method Ko-note Triaxial Ko Value of
] Compression Test Plane Shear Test
- . o i e -—
Y 0.597/ 0.508 = 1,175 0.590/ 0.511:= 1.155
L@ 0.542/ 0.508 = 1.067 0.540/ 0.511 = 1.05%
I & 0.537/ 0.508 = 1.057 : 0.531/ 0.511 = 1.039
Y 0.540/ 0.508 = 1.063 0.533/ 0.511 = 1.043
P& 0.545/ 0.508 = 1.073 0.545/ 0.511 = 1.067

Judging from the results shown above, Alpan's equation seems applicable to

Bangkok Clay.

the Ko values,

Therefore, this presumptive equation is applied in estimating

%
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AP-11 Estimated Xo Values by Experiential Equation (1}
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Ap-12 Estimated Ko Values by Experiential Equation {2)
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Notes: @ shown in the table
-~=~CAaD

#¥ - - - T U tests

»*

are obtained

tests

from ¢ X.U tests, except for
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AP-13 Ko Values Obtained by Laboratory Tests

{Nong Ngoo Hao)

B-?nykar C’r‘)’ Cr l\fany A/_gpa /e

Deptd I, Sige  of AMethod oft Deaterariredion Taverdpolors
(1) * Jperiarea e
e 07 aer| fd ,f, m_?.- i CHANG s Methad WAnG (1774)
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2.5 0.65" | 1eFrag (ond ealled §4ress 7':.‘,;;1-:.;! Tes o Hwameg 197D
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AP-14 Ko Values Obtained by In-situ Tests
and Laborateory Tests -(Rangsit Clay)

Ereld Tes) Results

Lasarvtory TJerd' Resulte

D’Z:j . Method of Delermination D‘;’: fj’ Ha rMethed oF .Def crainndfron
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