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1. Introduction

In Japan owing to the high-growing economy, the land problem has become serious.
Hence each major general construction company has been trying to accomplish three big
projects. These are development projects of sea, ground and sky space in order to extend our
living space. One of them is called GEO-FRONT. This is a project digging into the ground
to make large underground towns. The GEO-FRONT project is so big to tackle that many
kinds of obstacle must be faced .

The uunderground is an nknown world because the ground has many uncertainties.
Ground is not homogeneous and is composed of of many kinds of materials such as water,
slip surfaces, soil and so on. The uncertainties of the ground is apparently wider than other
man made materials such as concrete and steel. These uncertainties can’t be completely
considered in the design phase. These are serious problems underlaying on the base of
geotechnical engineering.

In order to analyze the response of the ground, experimental equations and
experienced relations have been used for a long time, and still are relied on. Even though
itis small part of the ground, to predict or analyze it using results of ground survey or soil tests
is very difficult because of gaps that exist between assumptions of analysis techniques, such
as Finite Element Method (FEM), and that of soil tests. Itis much more the case that for larger
or deeper areas that we have never been to, big problems will occur immediately. For
instance, the mechanism of earth-pressure in deep ground is not still clear. Therefore if some
theories of earth-pressure, which are based on the our experience of shallow areas, are used
to calculate the thickness of tunnel wall, additional experiments or discussion would be
needed.

In these days, the technique of ground numerical analysis is going further than that

of monitoring, survey and soil testing. Therefore good measurement methods or surveying
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systems to bridge these gaps have been expected rather than basic equations or numerical
analysis techniques. Asoneof those ways, thereis a technique of feeding back the data picked
up at a construction site into next step using back analysis in order to predict future
phenomenon much more accurately. This builds a bridge between design and the actual
project. This technique is called OBSERVATIONAL CONSTRUCTION, and it is part of
INFORMATION INTEGRATED CONSTRUCTION (11 C) technology .
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2, Information Integr nstruction Technol
2.1 Definition

The technology that uses several kinds of information in order to make the construction
works or the design tasks efficient and productive is named INFORMATION INTE-
GRATED CONSTRUCTION [Suzﬁki 90]. Itis defined as “the technology in which col-
lected technical data is given added value by bringing about optimum techniques and
construction methods in each production process for construction.”

In this technology the information is not only the measurement data but also widely
interpreted as expertise, and experienced construction data. The following three techniques

are defined as a part of I I C Technology (Fig-2.1).

1) Observational Construction Technique

An observational construction

technique mainly uses the measurement

data . Itincludes measurement planning,

measurement system and back analysis cIntegration Techniques=

system for a construction site like the New

Austrian Tunneling Method (NATM)

tunnel sites orexcavation sites using braced
walls. The basic flow of the observational
construction technique during construc-

tion stage is described in Fig-2.2.

A measurement planning task is

done by experts. This task is very impor- Fig-2.1 Basic Concept of IIC Technology

In the IIC technology, three kinds of information, measurement data

tant for the observational construction (numerical data), expertise, and experienced project data, are used.
These information are added value by each existing systems and are

integrated by knowledge based system.
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technique because the locating of mea-
surement equipments by the technique of
Ipredicting failures which might happen
during construction work influences the
monitoring task’s accuracy and con-
struction safety.

A measurement system is a sys-
tem to pick data up automatically from
site into computers, in order to show the
data in a graphic window and to make a
documentation to for the client.

A back analysis system is a nu-
merical method to obtain soil properties
which explain well the ground behaviors
going on at a site. A FEM Model or an
Elastic-Plastic Model are often used as

the back analysis system. For example,

Yamagata’s Expansion Method and Morishige’s Method are very popular as Elastic-Plastic

Model system for analyzing the braced walls at a excavation site.

Soil Test

/

\,

Soil Prpem'es
/- Design Stage (Uncertainties) \
Design <
(Assumptions)

Correct Soil Properties
according to back analysis

.

(" Constructio Stage

Construction

J

No "' Yes

result
Design Change <

add supports
change wall thickness

etc.
Q

Yes

J

Fig-2.2 Observational Construction Flow

At survey and soil test stage, uncertainties exist and at design stage
assumptions are included. To manage site safety and productivity
with these two gaps between design and actual site, measurement
anddataanalysisarenecessary. In this figure the flow of observational
construction, measurement planning, measurement and back
analysis, are introduced.

A position of Observational Construction Technique in Information Integrated

Construction Technology is shown in Fig-2.3. In this illustration, the relation between

observational construction and IIC technology are explained more concretely using some

existing techniques.

2) Knowledge Based System
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Fig-2.3 IIC Technology at Construction Phase

Inthis figure, the relation between observational construction and HC technology with some existing techniques are explained in more detail
. At the construction phase, monitoring is necessary for safety and productivity of the site. IIC technology integrates three kinds of
Information measurement data, expertise and experienced data using the observational construction system, knowledge based system and

data-base system.

A knowledge based system is using expertise, and this is a expert-supporting system
for planning, design, decision making, control and diagnosis ateach construction stage. This
area is being explored now. There are many challenging things to establish a methodology
for a ealistic system. This is true particularly in the construction industry. Although so far

heuristic rule-based system has been mainly developed, Model Based Reasoning as a model
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building technique and Case Based Reasoning for dealing with huge experienced project data
will be come more focused.
In the Japanese construction industry the number of expert systems developed is

increasing, growing four times in last a couple of years.

3) Data Base System

A data base system uses experienced construction data and examples, and is a expert-
supporting system for decision making. This will be used as a resource for the knowledge
based system in IIC technology. The recent tendency of recent is object oriented data base.
Thatis why, owing to the Object Oriented Paradigm used to be in CAD system, itis becoming
necessary for data-based systesms to input and output with object information. Moreover
object oriented data base has some advantages such as the fact that the user can retrieve the

information of data attribute, the function can be written in the system, and so on.

2.2 System Integration

For observational construction, the systems described in section 2.1 have been
developed in each company begining 5 or 6 years ago. So far just for managing safety of
construction sites these systems have not been integrated because of lack of methodology.

Due to the increase of construction sites, however, the shortage of labor and experts
is becoming a serious issue in the construction industry. Therefore recen thinking is that in
order to consider the progress of productivity of each construction sites, the observational
construction technique should be established and the tasks which have been done by experts
must be taken over by systems.

In order to integrate the isolated system, the knowledge based system is necessary for

following reasons.
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The knowledge based system can :
(1) handle the task of exchanging or adding information and data among the observational
construction systems which have been conducted by experts
(2) deal with the non-numerical data easily. Decision making conducted by experts in
construction work and design work includes many areas which can’t be resolved by
simple measurement and analysis techniques.
In order to integrate the observational construction systems, in this research the field
is specified to excavation sites using braced walls. That is because in these days the number
of excavation sitse is increasing, and they are becoming deeper and closer existing facilities.

Therefore clients demand higher management technique. The observational construction

Planning Stage

G(nowledge Based System for

Information Integrated Constructio

¢

Design Stage  mmitial Data

(Geotechnical Data
Excavation Data E
Wall Data )
— Interface for
~— Rule Generator
Site Measurement Plan Rule (Case-Based Reasoning)
Construction Stage

Measuremnt Data onorng
(Numerical &
Visual Survey) Interface for
D —

Real-Monitoring

A emrermeerm—

Site Monitoring
{Observational .
Construction) :Existing System

:Research Objects

Fig-2.4 Concept of Observational Construction System in IIC Technology
In order to integrate the observational construction system, the followings are necessary:
1) Modelling technique of excavation site, site failures, measurement plan.
2) Case based reasoning to obtain experienced knowledge from data-base.
3)Real time processing reasoning technique to manage site safety and productivity.
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technique is becoming the most important one in the construction fields. I am convinced that
aefortin thisdirrection of research will be able to create a system that integrates and manages
site safety and productivity. Fig-2.4 illustrates the integration of observational construction
for excavation sites. Each system of observational construction has been already developed,
and to integrate these systems a good environment of knowledge based system is needed.
Inthat figure to make a monitoring system amodel which explains excavation site, site failure
and measurement plan are needed. Along flow of observational construction, the modeling
of site must be done at the measurement planning stage. Then that model built by
measurement planning would be extended for monitoring at the next stage. Therefore in this
research, I build a measurement planning system by focusing on the modeling technique of

the excavation site.



-Measurement Planning System for Information Integrated Construction- Page-9

3. Measurement Planning System
3.1 Research Goals

The goal of this research is to develop a measurement planning system for excavation
construction using the ideas of Model-Based Reasoning. This is a knowledge-based system
for the Information Integrated Construction (IIC) technology. This system provides
appropriate location of measurement equipments to monitor excavation sites, While con-
sidering construction geometries, design conditions and ground properties. In this system
these answers are introduced by using knowledge such as selecting measurement Cross
sections, predicting failures which might occur and locating measurement equipments

Through developing a measurement planning system, it is also important to confirm
a methodology about how to make a model of the excavation site, and how to build a site
failure model.

Fig-3.1 shows the basic function of this system. Through this system the user can get
anidea of the positioning of measurement equipments and the relations among failures and

environmental condition.

Measurement
Input : Planning OutPut :
Geometric Data System Measurement Point
Geotechnical Data ™ gl \{casurement
Excavation Data Equipments

Wall Data

Fig-3.1 Basic Flow

By knowledge implemented in the system this system can
provide users the proper location of measurement equipments.
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3.2 Methodology
1. Use Model-Based Reasoning

Recently, the knowledge based system that uses only heuristic rule based reasoning
seems to have almost reached its limit because of the difficulties of acquiring expertise and
extracting the cause from the fesult of reasoning, except the specific domain such as medical
science where the relation between causes and effects are not well understood. In place of the
heuristic rule based reasoning the model-based reasoning is coming to the front. This
reasoning idea was introduced by John C Kunz and others a couple of years ago [Kunz 88].
This approach attempt to explain the problem domain explicitly with small objects which
have properties and behavior, and to use first principles to present behaviors. By means of
itas numerical analysis can physically and mathematically explain the relation among model
using first principles, the model using the approach of model-based reasoning could be
anticipated for its extensibility and flexibility.

Up to now, the model-based reasoning has been used successfully in the domain of
building and plant. This approach is useful and necessary in the geotechnical domain ,
because the behavior in the ground is well understood even though it has much uncertainties.
Inthe future, becausein this field there are many basic equations and functions, the qualitative
reasoning and the quantitative reasoning based by model based reasoning will progress.

Therefore to introduce the model based reasoning to geotechnical domain would be a major.

2 Incorporate Geometric Reasoning

It is easy for humans to explain and understand the spatial condition, such as patterns
and relationships among the objects, by looking at them. However itis difficult to leta system

understand relative location in particular three dimensional space. There is no formal
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software in this field.

In the observational construction technology, the nonnumerical information like
“There are some cracks in the ground behind no. 3 wall” or “ Leakage of under ground water
began at area 3”are very important for grasping the situation of a site globally. Object-
oriented paradigm is very helpful for this kind of problems. It makes it easier for the system
toincorporate geometric reasoning, because the object can have relations with othersinitself

as properties and behaviors.

3 Systemize the expert strategy

This systemization includes the categorization of failure patterns , the extraction of
the relation between failures and causes, and summariries of locating know-how of measure-
ment equipments.

In order to build an integrated system for observational construction, it is very
important to categorize the failure pattern and to extract the relation. The failure patterns are
categorized based mainly on experienced projects, geotechnical judgements and literature
investigations. These efforts have important meanings in order to summarize expertise in
the flow that the shortage of experts and implant the expertise into system as knowledge base.
In particular in the field of observational construction, decision making are almost always
relies on experts. This knowledge and model could be used in the real-time monitoring

system.

4 Implement the knowledge based system.

This research is developed by three different stages in order to recognize the
extensibility of the model. Fig-3.2 shows each stage. In the first stage, the geometric

reasoning is incorporated for selecting measurement cross sections. In the second, the rules
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for predicting failure patterns from environmental condition are written. Atthe last stage, the

procedures for locating measurement equipments are implemented.

Output:
Location of
MeasurementBquipments

tage 3
ocating Measurement Equipmen

Stage 2 :
Predicting Failures

Stage_1:
Selecting Measurement Cross
Sections

Input:

Geometric Data
Geotechnical Data
Excavation Condition

Fig-3.2 System Flow & Knowledge Stages

These stages are implemented in the prototype knowledge based system.

Stage_1: According to geometric and environmental data at site, system selects measurement cross sections
as monitoring cross section in site.

Stage_2: According to soil properties and ground condition, system predicts failures which might happen during
construction using forward chaining.

Stage_3: According to the failures predicted at previous stage, system decides measurement type for each
measurement cross section and proper location of measurement equipments
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3.3 Measurement Planning Knowledge

There are some kinds of knowledge, geometric, heuristic and algorithmic etc. in this
domain. A decision making at each planning stage is conducted by combining complexly
these knowledge and information. As mentioned in the section 3.2, measurement planning
is subdivided into three stages, selecting measurement points, predicting failures and
locating measurement equipments (See Fig-3.2). The following sections describe each

knowledge I implemented in the prototype knowledge based system.

3.3.1 Selecting Measurement Cross Sections

In order to decide the measurement cross sections of wall, the displacement of wall
is focused. In other words, the most dangerous cross section on the site should be selected
and managed. Therefore the center of every wall facing on the deepest excavation area are

chosen as measurement cross section candidates. Moreover some priority are usually puton

these cross sections by means of those points showed bellow.
(1) Soil condition behind walls

(2) Existence of important facilities near the wall.

(3) Distance from facilities

(4) Length of wall

(5) Depth of excavation

(6) Importance of facilities.

2

Usually 3 measurement points are

) chosen to manage the excavation
The number of measurement Cross sections gjge. The line goes through the

: biggest priority point in above figure
depends on the construction site. Itis deduced by the is called main measurement line. It
is a line to be focused during
depth size or soil condition of theexcavation area. construction.

Usually three cross sections are selected. Two of Fig-3.3 Main Measurement Line
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them are facing each other sandwiching the deepest excavation area in order to consider the
global movement of the site. Using measurement data the layer movements should be
checked, stress of struts, and so on. These measurement cross sections are necessary to
analyze the causes of the failure using the back analysis technique when serious failure
happens. The line through these two measurement cross sections is called the main
measurement line. Itis deduced by the top priority measurement cross section. The third one
is placed on the center of the wall which is next to the top priority one’s wall (Fig-3.3).
Sometimes there is the limitation of the number of measurement cross sections
because of the budget for measurement. In the case of only one cross section, the first priority
cross section would be up. If two cross sections can be picked up, the top priority one should
be chosen first, and then the cross section which isn’t facing on that one should be taken as

a second one according to priority number ( Fig-3.4).

2
a) One Candidate b) Two Candidates
If the site allows to set just If the site allows to set two
one measurement point, measurement points, the biggest
the biggest priority point priority point is chosen first and
is chosen. then the measurement point on the
next wall is chosen as a second

point.

Fig-3.4 Measurement Cross section Location
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3.3.2 Predicting failures

Predicting failures which might happen during construction is necessary in order to
decide kinds of, number of and position of measurement equipments. There are two things
to be conducted for predicting the failure. One is the categorization of failures. The other
is making the relation between the categorized failures and causes which can be seen or

measured.

1) Categorization of failures

Fig-3.5 shows that failures are categorized into five groups by focusing on the
behavior of the ground and wall.

Total Sliding often happens in soft ground like reclaimed ground or along slipsurfaces.
This is caused by the circular slip of poor ground or sliding of existing slip surface under the
walls. Wall Failure is provoked by the sliding of the slip surface existing behind the wall, the
large lateral earth-pressure or the shortage of wall strength. Anchor failure occurs by shortage
of the anchorage strength in soft ground, cutting of the rod caused by the shearing force of

the slip surface. Settlement and Heaving are caused by poor ground condition.

2) Relations between failures and causes

Referring to Fig-3.5, it is evident that the actual failure of the excavation site
complicatedly occurs by the mixtures of some causes.

Some of them can be measured, some cannot. According to Fig-3.5 and our
experiences, we chose representative causes considered for making the measurement plan.
> Existence of slip surface

> N-Value curve of ground
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SRR

“é

Wall Failure

Anchor failure

Heaving

Phenomenon
T

Horizontal Sliding

Circular Sliding

Bulging
Deformation

Shearing
Deformation

Wall Crack

Water Leakage

Load Increase

Load Decrease

Bottom raising

Quick Sands

Settlement

Ground Crack

Fig-3.5 Failure patterns

According to this figure it is evident that failure is mainly caused by poor soil condition.

{ High Initial lateral

Poor Soil

High Water
Pressure

Poor Design

Bad Survay
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> Soil strength of wall bottom edge
> Pore water-pressure
> Penetration depth of wall
> Soil kinds of layer
Using above causes the relationship between these causes and failure pattern is shown
in Fig-3.6. In the following flow chart, not only predicting failures but also deciding
measurement types are introduced.
3.3.3 Locating measurement equipments

This locating knowledge is subdivided into two parts. One is the relation between

Legend

<> :Causes - :ChiackLine for main
failure
FailursPattern  — — B~ Lhack line for

compoundsd failure
‘MeasurementType
{See Section3.3.3)

ADD 1
Inclinometer

ADD2
Incilinometers

Fig-3.6 Flow Chart for Predicting Failures
By checking these causes a failure would be predicted. Considering expansion of this system because relationship of failures and causes
are very complicated, these relations were implemented as rule-based reasoning. Wrilten in rule-based system and using forward chaining,
the maintenance of knowledge is easier than procedural description.

*1 The value obtained by Standard Penetration Test (SPT).
This is an indicator of soil softness.
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measurement pattern and failure pattern. Whatkind of equipment and how many equipments
are needed for monitoring during construction must be, in accordance with the predicted
failure pattern. The other is the knowledge to put equipments on the wall or in the ground.

1) Measurement tvpes

The relation measurement types and failure pattern is shown in Fig-3.7. At every
measurement cross section, inclinometer in wall and load cells on each support are at least
needed for back analysis. The inclinometer tells behavior of the wall, i.e. lateral displace-
ment, and load cells provide external force acting on the wall. External force from the ground
behind the wall is calculated according to the result of soil tests. Therefore inclinometer and
load cells are necessary for data analysis when something wrong happens at the site. For the
Total Sliding some inclinometer should be located to pick up the behavior of slipsurface up
sensitively, in advance to the soil or wall corruption. Against the Wall Failure and the Anchor
failure reinforcing bar stress gauges are needed to know the internal stress acting in the wall,
otherwise site engineer can’t decide whether wall is going to corrupt or not, or and when it
will occure. Moreover earth&water-pressure gauges are needed to check earth-pressure
behind wall. For grbund’s raising and sinking, settlement gauge are convenient but leveling
survey can replace it. If there is the important structure near the site or high possibilities of

existence of the slip surface, in this system inclinometer is added behind wall in ground.

Type Measurement Equipments* Failure Pattern

1 Inclinometer(w) + LoadCell None

2 Inclinometer(w),(g) + LoadCell Totally Sliding

3 Inclinometer(w) + LoadCell + ReinForcingGauge Wall or Anchor Failure

4 Inclinometer(w) + LoadCell + SettlementGauge  Settlement,Heaving
*(w):in wall (g): in ground

2) Equipment Position

There is know-how as to how to put the measurement equipments on a site. That
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depends on the purpose and what kinds of data are needed for managing the site. This section

describes the purpose of each equipment and rules to be setteld.

a. Inclinometer
<purpose>

This equipment is used to get the behavior of lateral movement in the ground or wall.
There are two kinds of it. One is insert-type, and the other is fixed-type. The former can
continuously pick the lateral displacement up from the bottom to the top of the hole by
inserting the pick-ups through the hole around 2 inches diameter dug before excavation starts.
Therefore it is easy to know a cross section where the shearing displacement occurs. But
because it can’t be automated to send the data from the pick-up to the computer directly, the
frequency of measurement is not often. It is usually once a week, increasing according to
the magnitude of ground or wall movement. This is so sensitive that it is easy to know
movement in ground or wall. The latter fixed-type can pick the lateral displacement up
automatically from the pick-ups to the computer by setting pick-ups in ground or wall in
advance every some vertical pitches. The good point of this type of measurement is that data
can be picked upwhenever . But because the position of these pick-ups are set before the
excavation begins, it can't be changed and if the shearing displacement occurs between pick-
ups it can't be reconized when it happens. From this point of view, the former type is often
used and recommended.
<rules>

Two kinds of position are needed to locate equipments. One is the position from the
plan view, and the other is depth from the elevation view. Moreover there are two cases
considered. One is in the wall, and the other is in the ground.

From the point of the plan view, position in the wall is the same as the measurement
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cross section. In the case of the ground, it is deduced by the location of facility and the
existence of slip surface. However, it is usually 5m - 15m behind the wall and on the line of
the measurement cross sections.

From the point of the elevation view, the depth of each inclinometer is deduced by
the condition of the wall's bottom edge. In the case that the layer of the wall's bottom edge
is softclay, we have to put the inclinometer 5 or 10m deeper than it in order to get a unmoving
point. Thus there are some rules for deciding the depth of inclinometer. The following Fig-

3.8 shows details.

b. Load Cell
<purposc>
:Clay Layer
Inclinometer

Inclinometer Inclinometer
N

AAS IS

o |

Fig-3.8 Inclinometer Setting Depth
a) In the case that ground condition at wall bottom edge is sandstone or sandgravel, the setting depth of inclinometer is the same as the
edge of wall.
b)In the case that ground condition at wall botiom edge is clay or mudstone, the setting depth of inclinometermust be 5~10m deeper than
the edge of wall or 2~5m deeper than the bottom border of that layer.
c)In the case that slipsurface exists under wall, the setting depth of inclinometer is needs to be 2 ~5m below the surface.
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In order to check the supporting materials such as struts and anchors if they are
working well and in order to estimate the earth-pressure and external forces, load cells are
needed on every supports. To analyze the behavior or the wall, these load conditions are
necessary for our analysis model.
<rules>

Usually these load cells are put on every supports in every measurement Cross section.
Therefore the position of equipments depends on the position of those supports. Sometimes,

to check buckling of long struts, strain gauge is used instead of load cell.

¢. Reinforcing Bar Stress Transducer
<purpose>

This purpose of this measurementequipmentis to check the stress acting on the wall.
<rules>

These are put on the reinforcing bar with 2~5m pitch from top of a wall to half depth
of an embedmentdepth. Thereason these aren’t put around the wall bottom edge is that large
moment doesn’t occur. In order to obtain moment of the wall it is usual to set these
equipments front bar and behind bar in the wall at same depth. Besides according to the result
of detail design there are densely put these on the maximum moment depth. It is very

important not to set these equipments on the same depth as supports.

d. Earth-Pressure Gauge and Porewater-Pressure Gauge
<purpose>

In ordinary cases, it is not necessaly to place these gauge. If there is slip surface
behind wall and the behavior of sliding should be monitored, these gauges are useful for

monitor ing the increase of the earth-pressure. These two kinds of gauges should be put
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together to distinguish water-pressure from earth-pressure. Because the initial setting of
these gauges is very difficult and the data depends on it, the accuracy of these gauges is not
good enough to use in the numerical analysis. Therefore these are used for qualitative
analysis or for the tendency analysis from the relative change of those data.
<rules>

Setting know how is to put front and behind of the wall at same depth, to prevent
setting at same depth with supports and not to set on the wall shallow than 5m because there

are no large pressure around the wall top edge.

e. Settlement Gauge
<purpose>

This is for getting the settlement value behind a wall or getting a bottom raising value
in the excavation are‘a. This is particularly necessary for soft clay like reclaimed ground.
<rules>

To check heaving, this must to be set at the deepest point or the center of excavation
site. In order to check settlement behind the wall, it must to be set within distance a equal

to the excavation depth.
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3.4 System Architecture

3.4.1 System

This system was developed using KAPPA as expert shell. KAPPA is the system
developed and marketed by IntelliCorp which has been providing good expert shell such as
KEE, Pro KAPPA and so on. KAPPA is implemented in Microsoft Window on IBM PC.
KAPPA provides Object-Oriented Paradigm and and Rule-Based Reasoning so that makes
this system able to use Model-Based Reasoning. There are some expert shells which have
almost the same function or more. As a representation expert shell KEE, ProKAPPA and
KAPPAPC developed by IntelliCorp, and Nexpert-Object developed by Neuron Data. As
a representative intelligent CAD system, DESIGN++ developed by Design Power Inc.,
ICAD by ICAD.

The reason why KAPPA was chosen for this research is that even through it is
relatively small system, it has enough capacity to create the model and to use the model based
reasoning. Moreover in this research a gorgeous user interface was not necessary.

The remarkable functions in KAPPA and word definitions is show below. The figure
or word in the box [ ] indicates the number or methodology or name used in this measurement
planning system.

Class [41] : A class object which has children objects and represents a collection of
related objects with similar characteristics. [e.g., Wall, FailurePattern,
MeasurementType, Support, etc.]

Slot[>200] : This exists in the object such as class and instance to explain properties of
each object. [e.g., Coordinate, NearestWall, NumLoadcell, etc.]

'Instance [95] : An object which is a termination of the hierarchy and a real-world entity.
.[e.g., Facility_1, ExcavationArea_1, Wall_35, Inclinometer__3]_

Method[26] : So called Demon. This is a sort of small program assigned to each object
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because it specifies object behavior. Equations, if-thenrules and procedures
can be written in the function. There are three types of methods, If-Needed,
Before Change and After Change. [e.g., DeepestExcavationSearch, Distance,
CalPriority, etc,]

Reasoning : There is a Rule-Based Reasoning and KAPPA serves both backward and

[forward] forward chaining |

Rule[21] : This is formed with if-part and then-part. Using an inference engine this
allows the user to specify the logical relation among objects. [e.g.,
WallFailureCheck, PenetrationDepth Check, LayerCondition, etc.]

Function[54] : Kind of Procedure. This can control the system globally. [e.g., Initialize,
ChecklLayerCondition, CountNumEquips, etc.]

The list of function and rule is appended to this paper (See Appendix _1).

Fig-3.9 shows the system architecture.

User Interface Oulplit:

! of
Measuremopifquipmonts

tage 3 :
fing Measurement Equipmen i

Stage 1:
Selecting Measurement Cross
Sections

MODELS of
T >Excavations

Excavation Condition f

Fig-3.9 System Architecture



-Measurement Planning System for Information Integrated Construction- Page-26

3.4.2 Assumptions

Listed bellow are assumptions of the system.
1) Excavation area is rectangular
2) Layers are horizontal.

3) All wall is made by same material, design and size. So quality of each wall is same.

3.5 Object Oriented Framework

There are three major advantages using the object oriented paradigm.

The first one is knowledge inheritance. Using the hierarchy, this provides the specific world
for a knowledge-based system unlike the case of semantic net work in which the relation
among objects might diffuse.

The second advantage is that a model is build explicitly. The object oriented
paradigm shows it capability, extensibility, flexibility and maintainability, by disconnecting
the actual project into small objects and by making these objects have its properties and
behavior in itself. This paradigm allows object to store its properties as slots value and its
behavior as methods explicitly.

The last one is abstraction. The system using object oriented paradigm can
communicate among the objects by sending and receiving message via the methods. By this
capability objects can exchange information with others and tell the next behavior to another
one or ask them to give some value. At the top level the functions don’t know detail
procedures but just ask some question to the children. The children know the next procedure
according to the question so that they ask their children along next procedure. Thus at the
top level functions don’t need to be described in detail and these detail procedures are
executed by each child implicitly until the answer is obtained.

Fig-3.10 shows the hierarchy of the system.
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Fig-3.10 Hierarchy After Finishing Reasoning
The instances of measurement equipments and measurement points
were created as results of reasoning.
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The system has two kinds of knowledge representation as below.
1) Representation of project data

2) Representation of knowledge

3.5.1 Project Data

The system presents its project data hierarchy as below (Fig -3.11). There are
geometric information, geotechnical properties, braced wall information and project
information in it as slot value. These data could be easy to change by each project engineer
according to the preliminary design.

Basically this hierarchy uses the “IS-A” type relation between parents and children.
For the geometric reasoning the system focus on the “Part-of” type relation and uses the slots
in which the relation could be written. Each object automatically inherits the parents slots
and methods.

According to each project, only the terminations of hierarchy are changed. Therefore
Basic knowledge, calculation of weight or geometric position of each object etc., could be
written as a method in the top of hierarchy.

Fig-3.11 shows hierarchy of project data.

3.5.2 Knowledge Representation
There are three kinds of ways for knowledge representation.
1) Slot

Slot could be both heuristic knowledge and first principle knowledge. In the case of
object oriented paradigm, the structure of hierarchy itself is knowledge representation.
Moreover slot is a good place to store the knowledge and it is so explicit that the user can

change it or see it easily. This knowledge is stored in the hierarchy as slots and slot value,
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and hit by inference engine or functions. In the system the knowledge of failure patterns and
measurement types are represented as a hierarchy (Fig-3.12) and slots.

Moreover combining with method, the knowledge representation capacity of slot
becomes broader. The slot could be used as multiple inheritance and part of geometric
reasoning, spatial reasoning and temporal reasoning. The explanationofslot,e.g. “Next_To”,
“Put_On”, “Behind”, “Yesterday” and so on, and searching function of method make those

reasonings easier.

2) Method

In a method, the first principle knowledge is stored. For example, in the system if
system is asked “What is a priority number of measurement cross sction_1 ? “. The system
doesn’t know the answer. Therefore the system asks the above question to the object
“measurement cross section_1”. Measurement cross section doesn’t know the answer but
know how to calculate and what kind of values are needed and where the values are. In this
way the methods are triggered one after another to reach the object which has the answer to
the question. Fig-3.41 shows the way of message exchanging among objects.

According to the above, it is evident that there is the information of address and
calculation in a method. By using this kind of knowledge representation, the system doesn’t

care about the change of project data. Moreover the user can trace how to get the answer.

3) Function

Function can be both procedure and first principle knowledge. In order tomanage the
knowledge based system, the procedure is written by functions in KAPPA. These functions
could be thought that they are same as subroutines in the program used as conventional
numerical analysis. Therefore in the system the procedure is written by functions. The

Function controls the rules and methods as below (Fig-3.14).
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Thus if the procedure is obvious, it is easy to make the system using only function like
a conventional numerical method. In that case, If-Then logical relation would nest 2 or 3 in
one function. Therefore the flexibility of system would be lacked. On the other hand, rules
itis not easy to make system but easy to expand system. Therefore the knowledge should be

divided according to the character.

4) Rule

Both heuristic knowledge and procedure knowledge are expressed as rules. The
knowledge written in the rules are likely immutable. The system uses forward chaining to

predict the failure pattern from the soil condition and excavation condition.

3.6 Implementation of Reasoning
3.6.1 Model Based Reasoning

The definition of Model Based Reasoning depends on the person who is trying to
make a model of actual issues. Model Based Reasoning can take any actual issues as its
model. It is often used for building or plant, and sometimes used for making a model for
schedule or cost . As mentioned before, one of advantages of Model Baséd Reasoning is
that flexibility and extensibility of model which conventional heuristic rule based reason-
ing have not had. By using Model Based Reasoning, the user can approach the actual
issues object in many ways with only one model. That is because it can explain the
actual phenomenon by disconnecting the actual issues into small parts and it makes each
of them have the properties and behaviors in themselves.

It isn’t necessary to use Object Oriented Paradigm for Model Based Reasoning.
But if it used, it serves good environment where those small parts are called “object”,
properties are stored as “slots” or “attributes” and behaviors are defined as “method” or

“demons”. These names depend on system user uses. In that way, Object Oriented
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Paradigm provides user good environment to express a model explicitly and implicitly.

The problem of Model Based Reasoning is how detail issues should be discon-
nected. It determines the flexibility of model. If the parts become smaller and smaller, at
last it would enhance its capacity more than conventional numerical analysis. That is
why the numerical analysis has only the purpose obtaining deformation of wall, while the
Model Based Reasoning, constituted with small parts, can do many things with only one
basic model. It can obtain the deformation of wall, and it also can make the measurement
plan or do monitoring and back analysis at the site. On the other hand, the more objects
are taken down into small parts, the greater the task of describing the relation among
object. The size of th task for making a model would grow in an arithmetical progression
in accordance with the amount of parts function. Therefore there is large difference in
the point of where the starting point of model is. For instance, thinking excavation wall
as a rectangular geometric object is quite different from that considering it as a concrete
wall by conceiving its design. If starts from the geometric object, it would need many
properties and behavior to describe excavation site model.

Therefore, rule based reasoning would be necessary. Using some rules as a
assembler of some first-principles and methods, somehow the long way would be re-
duced.

Using idea of task optimization [Stefik 90], it is understood obviously that in the
Model Based Reasoning some rules are needed as abstraction of object relationship to
make its task efficiently. Considering that there is one intermediate abstraction level
between the top-level description of the problem and detailed-level in the hierarchical
task (Fig-3.15), the amount of task in Model Based Reasoning ensues from the following

equations.
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Top Level
Inmal State Q Goal State
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2 U U :
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Detailed Level /
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‘ ‘ 0 ‘ 0 ‘ ‘ amelhods m : Intermediate Abstrsclion Step

a) Hierarchy Structure b) Task - Abstraction Relation
There is a optimum point for abstraction. Intermediate

It is assumed that there is a intermediate abstraction oE N
level between top and detailed abstraction is necessary for reducing the amount of task.

Fig-3.15 Hierarchical Task Analysis

Wa = (a/k)M=(a/k)(1/K) 3.1

Wd =m(@"/M)=(0/k)(2k) (3.2)
Wt=Wa+Wd (3.3)

a number of first-priciple and method at the detailed level
n number of steps in the detailed model

m number of steps in abstract model

k Expansion Ratio (n/m)

Wa  task at the abstraction level
Wd  task at the detailed level

Wt total task

In this research, I used the geometric reasoning as a example of relatively detailed

explanation of model and rule based reasoning as a relatively intensive example of

model.
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I used geometric reasoning to select measurement cross sections and rule based reasoning

to predict failure pattern.

3.6.2 Geometric Reasoning

Recently, according to the progress of intelligent CAD system, the system which
has the function not to reason but to represent geometric relationships among objects
appears. As mentioned previously, even though it is the very simple spatial location from
human’s eye, e.g.”’In front of “ or “Behind”, it is difficult for the computer to understan
and search it. But object-oriented paradigms provide a way for writing these relations
and making it easier. These geometric relations in the object-oriented paradigm are
written 1) in the slot as a result of searching like “connected to”, 2) in the methods as a
procedure to obtain relationships among objects like “ If (the distance between A and B >
0) Then A is located Behind B”, 3) in the rules as a searching technique like “If

(connected_to = nil ) Then name it termination”. By means of that these information are

) Selecting Measurement
l ?’5‘99 % Cross Section

—Searching Objec! : r— i j

l Searching Function }

Equipments

N
% .
Existing | [Imyounng Measurement ]

Fig-3.16 Geometric Reasoning
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controlled by rules or procedures, the geometric reasoning can achieve it purpose implic-
itly.
In the system, the following rules are used as a geometric reasoning in order to

deduce measurement cross section (Fig-3.16).

3.6.3 Rule Based Reasoning

In the system, the relation between causes and failures, failures and measurements
are described using If-Then rules. These rules are hit by inference engine implicitly and
change the slot values in the system. As a inference engine there are two kinds. One is
forward chaining and the other is backward chaining. In the system, it is finding conse-
quences of causes so that the forward chaining is used.

In the system, the environment of Kappa supples some browser for managing the
rule base reasoning. A user can trace the relation of each rule and the rule chaining

during reasoning.

3.7 User Interface

KAPPA has its own window system. It is pre-defined graphic functions such as
Bottom, Line Plot and so on. However these are not enough to describe the result of
reasoning flexibly. Using it, the system allows the user to view the hierarchical relations
among objects or chaining relations among the rules, and to follow the impact of reason-
ing on particular slots in the knowledge base. Thus through the window system the user
can acquire reasons of the result. The system also provides input management window
and reasoning control buttons as user interface.

The system doesn’t have the interactive graphic interface like KEE or other
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intelligent CAD systems. KAPPA has a capability to connect the graphic software using
C language [Fischer 91]. However it is not this researches main object so that making

interactive graphic interface will be the next step.
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lidation

In order to validate the measurement planning system, it was adapted for two kinds
of actual projects conducted in Japan a couple of years ago. One is a pumping plant and the
other is wastewater treatment plant. The former is a project on reclaimed ground so that it
has bad soil condition. Moreoveritis a very special project with deep excavation (43.5m) and
needs long penetration depth (60.5m). The latter has good soil condition compared to the
former one but there is a slip surface behind excavation walls. In the following sections the
result provided by the system according to each excavation site’s condition is compared to
the result done by experts. And then the gaps between these two results is discussed.

Considered the assumptions in this system, an actual project which had arectangular

excavation site was selected.

3.8.1 A Pumping Plant
1) Input Data

Fig-3.17 showed plan view and Fig-3.18 illustrates representative elevation view of
the construction site for apumping plant. Because this projectis a pumping plant, the location
of this site is in city and near river. Therefore ground condition is not good and there is
resident area near this site.
2) Output Result

The results of this system are shown in Fig-3.19 and -3.20 comparing with the actual
plan.

From the point of plan view, the differences between those two are that the following
equipments are lacking in the result of this system.
Wall_1: Two Inclinometers in the wall, Concrete Effective Stress Gauges and Distance

between Inclinometers.
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Wall 2: One Inclinometer in the ground behind wall and Earth-Pressure Gauges
Wall_3: Reinforcing Stress Gauges and Earth & Water-Pressure Gauges
Wall_4: Distance between Inclinometers

From the point of elevation view, the difference between the two are the number and
pitchof reinforcing bar stress gauges and earth & water-pressure gauges measurement points.
The system provides the necessary number to monitor the site, assuming the site is very
important without considering cost-benefit relation. In the actual plan, the pitch and number
was decided by how important the expert thought this site was according to the past

experienced projects. He is doing so based on his own reasoning.

3) Contemplation

These additional measurement equipments done in the actual plan were added
because this project is un unusual one. This is one of the deepest excavation area near a city
, The walls, which have 60.5m long penetration depth, have never existed in Japan.
Therefore additional inclinometers, reinforcing bar stress gauges and concrete effective
stress gauges were added for two reason. One is for Monitoring the corruption of walls by
vertical axis force because the walls are so deep. The other is for research. Because we have
never experienced deep walls in the soft ground like this, thisis a good actual-size experiment
for the future project. But the system only recommended measurement points necessary for
safety and good practice. Therefore it can’t follow the research purpose or special case yet.
The system provides user the general idea of measurement plan against a normal project.

The difference of distance between inclinometers in wall and in ground is not so
important as long as that the location of inclinometer isn’t too close the wall or facilities.
3.8.2 A Wastewater Treatment Plant

1) Input Data
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Fig-3.21 showed plan view and Fig-3.22 illustrates representative elevation view of excava-
tion site for a wastewater treatment plant. In this case the site has relatively good soil
condition, but in the alluvium a slip surface exists. This is a test case for a site with a slip
surface.
2) Output Result

Fig-3.23 and -3.24 shows the results of this system. From the point of plan view, the
following equipments are lacked in the result of the system.
Wall_2: Two Inclinometers behind the wall,
Wall_3: One Inclinometer in the ground behind wall
Wall_4: One Inclinometer in the ground behind wall

From the point of elevation view, the difference between the two is that the
measurement points of the reinforcing bar stress gauges. In the actual case, the reinforcing
bar stress gauge was located just around the point where slipsurface is facing. The system,
however, doesn’t think about the that point and put the reinforcing bar stress gauge from top
to bottom.
3) Contemplation

The system recommended many more reinforcing bar stress gauges than the actual
plan. Indeed in terms of cost, the actual case is preferable. But in terms of from engineering
e.g. because is difficult to measure the position of slipsurface or slipsurface which might
cause another corruption in the ground etc.., these measurement points the system presented

have good engineering value. The system does not do cost-benefit analysis yet.
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(Test Case_2 Used in the Research)
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3.8.3 Conclusion
It became evident that the result from this system doesn’t always coincide with the
actual case, because of many specific opinions, such as budget issue or academic interest,
involved in the actual case. These problems are often involved in the planning type system.
It is difficult to take into account all of specific situations which exists in the actual
complicated project and to build the knowledge based system to also resolve that kind of
issue. In this area, the interactive relationship between expert and system must be needed.
The following illustration explains these problems well (Fig-3.25). In the figure the curve
means the relation between the quantity and difficulty of the expert’s task. In short, the less
the difficulty of task tasks, the more the quantity of the tasks. It means that if knowledge
system replace the easy parts of the expert’s task, the total time expert have to spend for the
task would be reduced much and he can deal with another tasks with same amount of his time.

In it the purpose of the knowledge system to help the productivity of expert’s task and make

Expert's Task —— General Solution + Patlcular Solutien

Th:s is a basic part using This part is the singularity fo each construction site.
Expertise of general problems >>Academic Interesis
>>Budget Concerns

>> New Construction Methods

Including this area, it is difficult to make a perfect
knowledge based system. Therefore this area should
be resoloved Interactively by the knowleddge system

A and expert.
Knowledge based Resolution Area | Expert Resolution Area

A
&
B
St
3 |
=
=
5
=
=
o I

|

Speciality of Task

Fig-3.25 Relation between expert and knowledge system

In the construction industry each project, in panticular infrastructure, has singularity unlike the manufacturing industry. In that point
the knowledge based system has a limitation, like how much knowledge it should cover. Therefore a general part of project would be
done by knowledge based system and some specific part of project would be resolved by communication between system and experts.
The Knowledge based system is located as expert-supporting system.
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it higher . Therefore in the construction industry where we often meet special case,
knowledge base system has been developed as expert-supporting system. In order to make
this procedure more efficient, the good interface will be necessary. This seem to be one of

reasons the Intelligent CAD system has been making progress recently.
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4, Conclusion

Listed below are conclusions of this research.
1) The methodology of this system was validated by comparing with actual cases.
Moreover through this research activity, it was confirmed that the model-based reasoning
by using object-oriented paradigm and rule-based reasoning has flexibility and extensibil-
ity. That is because it is composed of many objects and each object has explicit and
implicit way s of communicating with each other and explaining its own functions. The
model based reasoning is more powerful than I had expected, and also explains well this
geotechnical domain . This attempt was a big step fowords the integration of Observa-
tional Construction Systems. Moreover this idea would be used in the geotechnical
domain as qualitative reasoning and quantitative reasoning in order to resolve uncertain-

ties in this field.

2) As mentioned in section 3.8, there is indeed a gap between the actual project and
knowledge system. In this construction industry, unlike the manufacturing industry, each
project the engineers face on is not same. Some originality or special issues engineers
must solve one by one. Therefore, it is obvious that in the near future that system con-
tents must be explicitly explained like Object Oriented paradigm, and good intelligent
CAD system which make engineers able to easily communicate and exchange ideas and

opinions with system will a ppear.

3). As aresult of this research activity, and through investigations, site inspections and
literatures, done beside this research, I believe that Observational Construction is not very
important in the United States. In particular in CIFE there is no research focusing on this
kind of issue. Therefore this research provides a good clue for the next step in the future

of CIFE.
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Future Proj

In order to-achieve the integration of observational construction systems, the
followings are next obstacles.
1) Case Based Reasoning

In the construction industry, a huge amount of past data exists. Recently, each
company is trying to built a technical data-base. It needs to establish a methodology to
acquire knowledge directly from the data-base. Although many researchers are strug-
gling with this approach, no good result have yet appeared. Some research activities

using frame-based reasoning are reported [Riesbeck 89][Ichioka 91].

2) Real-Time processing reasoning

This is also a challenging type of reasoning and is necessary for the monitoring
system. The research using black board reasoning is reported and adapted to medical
science as monitoring system of patient [Hayes-Roth 89]. In the case of Observational
Construction, it doesn’t require the short time interval such as a couple of seconds or
minutes; but it has to deal with huge amount of data at once. In the future, in consider-
ation of the shortage of experts, data interpretation and decision making must be system-

atized using real-time processing reasoning.

3) Interactive Knowledge Exchanging System

In order to bridge the gap between knowledge based system and actual project
discussed in section 3.8, a interactive user interface to obtain the opinion of expert is
necessary. Intelligent CAD system is one of them. But for observational construction
system, more flexible graphic system should be needed, because the object is not a beam

or a column or a window etc. but soil, slipsurface and ground water.
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(Rule List)






/*********************************************************/

/** ALL RULES ARE SAVED BELOW **/
JEKF IR KK KF KKK I KKK KKK K I I KR I K KKK KKK E R KKK R KKK KR A KA KKK KKK RKK [

/*************************************

*x*x% RULE: SlipDepth

*************************************/

MakeRule ( SlipDepth, [x|MeasurePoint y|SlipSurface},
x:FailurePattern #= NotDecided And x:PanelName #= y:MeasurementPoint,
{

Setvalue( x:SlipSurface, vy )

SetValue ( x:SlipSurfaceDepth, y:SurfaceDepth ):

Yoy

/*************************************

**%%  RULE: WallFailure
*************************************/

MakeRule ( WallFailure, [x|MeasurePoint],

{

Let [p x:PanelName]

{

Not ( x:SlipSurface #= None ) And x:SlipSurfaceDepth >=
p:CoordinateZ2 And x:FailurePattern #= NotDecided;

}:

I

{

SetValue ( x:SurfacePosition, Behind );

Setvalue ( x:MeasurementType, WallFailure:MeasurementType )
SetvValue ( x:FailurePattern, WallFailuxe )

{

ForAll [ y|StateBox ]

UpdateImage( vy ):

¥

PostMessage( ™ At this " # x # * " # x:FailurePattern # " is predicted.”
# " So we need the Measurement " # x:MeasurementType );

} )

/*************************************

**%% RULE: AddInclinoZ
*************************************/
MakeRule ( AddInclino2, [x|MeasurePoint],
{

( x:FacilityDistance < 200 ) And {

( x:MeasurementType #= Type2 )

Or {( x:MeasurementType

#= Type3 );

} And ( x:FacilityDistance

< x:ExcavationDepth )

And ( x:FacilityDistance > 0.0 );

Y,

{

SetvValue ( x:AddNumInclino, 2 );

PostMessage( x # " needs to be added 2 more inclinometers.™ };
} )

/*************************************

**x%x*  RULE: AddInclinol
*************************************/



MakeRule ( AddInclinol, [x|MeasurePoint],
{

x:FacilityDistance < 200 And {

( x:MeasurementType #= Type2 )

Or ( x:MeasurementType #= Type3 );

} And {

x:FacilityDistance >= x:ExcavationDepth;

}:

by

{ .

SetValue ( x:AddNumInclino, 1 );

PostMessage( x # " needs to be added 1 more inclinometer.™ );

} )

/*************************************

***x*  RULE: SettlementCheck
*************************************/

MakeRule ( SettlementCheck, [x|MeasurePoint],

{

Let [p x:PanelName]

{

x:MeasurementType #= NotDecided And p:NValueCurve #= Low
And p:LayerCondition #= Bad;

}:

Y,

{

SetValue ( x:MeasurementType, Settlement:MeasurementType ):;
Setvalue ( x:FailurePattern, Settlement ):;

{

ForAll [ y|StateBox ]

UpdateImage( y ):

}:

PostMessage( " At this ™ # x # ™ " # x:FailurePattern # " is predicted.”
# " So we need the Measurement " # x:MeasurementType );

} )

/*************************************

**** RULE: HeavingCheck
*************************************/

MakeRule ( HeavingCheck, [x|MeasurePoint],

{

Let [p x:PanelName]

{

x:MeasurementType #= NotDecided And p:NValueCurve #= Low
And p:LayerCondition #= Good And p:EdgeCondition #=
Bad; '

}:

by

{

Setvalue( x:FailurePattern, Heaving ):

SetValue ( x:MeasurementType, Heaving:MeasurementType };
{

ForAll [ y|StateBox ]

UpdateImage ( vy ):

b: ;

PostMessage( "™ At this " # x # " " # x:FailurePattern # " is predicted.™
# " So we need the Measurement " # x:MeasurementType );

} o)



/*************************************

**%%  RULE: NoneFailure
*************************************/

MakeRule ( NoneFailure, [x|MeasurePoint],

{

Let [p x:PanelName]

{

x:S8lipSurface #= None And x:MeasurementType #= NotDecided
And Not ( p:NValueCurve #= Low And p:lLayerCondition #=
Bad ) And Not ( p:NValueCurve #= Low And p:LayerCondition
#= Good And p:EgdeCondition

#= Bad );

i

s

{

SetvValue ( x:MeasurementType, Typel );

SetvValue ( x:FailurePattern, None );:

{

ForAll [ y|StateBox ]

UpdateImage( y );

¥

PostMessage( " At this " # x # " " # x:FailurePattern # " is predicted.”
# " So we need the Measurement " # x:MeasurementType );

Py

/*************************************

**%%  RULE: HeavingCheck?2
*************************************/

MakeRule ( HeavingCheck?, [x|MeasurePoint],

{

Let [p x:PanelName]

{

{ x:MeasurementType #= ( TatalSliding Or WallFailure ) )
And p:NValueCurve #= Low And p:LayerCondition #= Bad
And p:EdgeCondition #= Bad;

}:

},

{

Setvalue( x:0thers, Heaving };

PostMessage( " At " # x # " " # x:0Others # "™ is also predicted.”

# " So we need to pay attention to " ):
}oy:

/*************************************

**%%  RULE: NoSlipSurface
*************************************/
MakeRule ( NoSlipSurface, [x|MeasurePoint],
x:SlipSurface #= None,

{

PostMessage( "There is no SlipSurface in " # x # ™. So we need more investigation here" };
SetvValue ( x:MeasurementType, NotDecided ):

SetValue ( x:FailurePattern, NotDecided );

SetValue ( x:SurfacePosition, None );

o

/*************************************

**x%%  RULE: TotalSliding

*************************************/
MakeRule ( TotalSliding, [x|MeasurePoint],



{
Let [p x:PanelName]

{

Not ( x:SlipSurface #= None ) And x:SlipSurfaceDepth <
p:CoordinateZ? And x:FailurePattern #= NotDecided;

}:

},

{

Setvalue ( x:SurfacePosition, Under );

SetvValue ( x:MeasurementType, TotalSliding:MeasurementType ):
SetvValue( x:FailurePattern, TotalSliding ):

{

ForAll [ y|}StateBox ]

UpdateImage( y ):

}:

PostMessage( " At this " # x # " " # x:FailurePattern # " is predicted."
# " So we need the Measurement " # x:MeasurementType );

P

/*************************************

*%%%  RULE: EdgeSoilCheck
*************************************/
MakeRule ( EdgeSoilCheck, [x|Panel],

{

ForAll [ ylLaver ]

{

x:MeasurePoint #= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint
And x:EdgeElevation > y:CoordinateZ2 And x:EdgeElevation

< y:Coordinatezl;

¥

b,

{

Setvalue ( x, Edgelayer, y:ID ):

Setvalue( x, EdgeSoil, y:S0ilKind );

} o)

SetRulePriority( EdgeSoilCheck, 1 );

/*************************************

*%%% RULE: LongPenatration
*************************************/

MakeRule ( LongPenatration, [x{Panel],

{

Let [p x:ExcavationDepth / 10.0)

{

x:PenetrationDepth > p And x:MeasurePoint #= Center And
x:PriorityOrder <= ProjectOutline:NumMeasurePoint;

};

b,

SetvValue( x:PenetrationCondition, Enough )} ):

/*************************************

**%%  RULE: ShortPenetration
*************************************/

MakeRule ( ShortPenetration, [x|Panell],

{
Let [p x:ExcavationDepth / 10.0]

{

x:PenetrationDepth <= p And x:MeasurePoint #= Center And
x:PriorityOrder <= ProjectOutline:NumMeasurePoint;

4



};
},

SetValue ( x:PenetrationCondition, Short ) );

/*************************************

*%*%%  RULE: ChecklayerCondition
*************************************/

MakeRule ( ChecklLayerCondition, [x|Panel],
{

®:MeasurebPoint #= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint

Or {

ForAll [ ylLayer ]

{

x:ExcavationElevation <= y:Coordinatezl And y:SoilKind
#= Sand;

}i

}:

}
SetvValue ( x, LayerCondition, Good ) ):

/*************************************

*%%%  RULE: NValueCurve
*************************************/

MakeRule ( NValueCurve, [x|Panel],
{

X:MeasurePoint #= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint
And {
ForAll [ ylLayer ]

{

x:ExcavationElevation <= y:Coordinatezl And {
v:So0ilKind

#:

Clay

And

y:NValue

L=

15.0;

}

Or {

y:S0ilKind #= Sand And y:NValue <= 30.0;
}:

}:

}:

by

SetValue ( %, NValueCurve, Low ) ):

/*************************************

**x%x%  RULE: NValueCurve?Z
*************************************/
MakeRule (- NValueCurve2, [x|Panell],

{

x:MeasurePoint #= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint
And {

ForAll [ yl|Layer ]

{

x:ExcavationElevation <= y:CoordinateZl And ({
y:ScilKind

#..——

Clay



And

y:NValue

Se=

15.0;

}

Or {

y:S0ilKind #= Sand And y:NValue >= 30.0;
¥

}:

}:

Y,

SetvValue ( x, NValueCurve, High )} );

/*************************************

**%%  RULE: EdgeCondition
*************************************/

MakeRule ( EdgeCondition, [x[Panel],

{

Let [EL x:Edgelayer]

{

x:EdgeSoil #= Clay And EL:NValue < 30.0 And x:MeasurePoint
#= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint;
}:

}y

SetValue( x, EdgeCondition, Bad ) ):

/*************************************

***% RULE: HighPorePressure
*************************************/

MakeRule ( HighPorePressure, [x|Panel],

{

ForAll [ y|Layer ]

{

Let [k x:Edgelayer]

{

{ k:SoilStrengthC * x:PenetrationDepth ) < Layer5:WaterPressure
And x:EdgeElevation > y:CoordinateZ2 And x:EdgeElevation
< y:Coordinatezl And y:SoilKind #= Clay And y:NValue

< 30.0 And x:MeasurePoint #= Center And x:PriorityOrder
<= ProjectOutline:NumMeasurePoint;

}:

}:

e

Setvalue( x, EdgePorePressure, High ) }:

/*************************************

***%* RULE: BadLayexCondition

*************************************/

MakeRule ( BadlLayerCondition, [x|Panel],

{

x:MeasurePoint #= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePoint
And {

ForAll [ ylLayer ]

x:ExcavationElevation <= y:Coordinatezl And vy:SoilKind
#= Clay;

}i

¥

},



Setvalue( x, LayerCondition, Bad ) );

/*************************************

***x%  RULE: GoodEdgeCondition
*************************************/

MakeRule ( GoodEdgeCondition, [x|Panel],

{

Let [EL x:Edgelayer]

{

x:EdgeSoil #= Clay And EL:NValue > 30.0 And x:MeasurePoint
#= Center And x:PriorityOrder <= ProjectOutline:NumMeasurePolint;
}: .

},

SetValue( x, EdgeCondition, Good )} ):

/*************************************

***%*  RULE: GoodLayerCondition

*************************************/
MakeRule { GoodLayerCondition, [x]|Panel],

{
x:EdgeSoil #= Sand And x:MeasurePoint #= Center And x:PriorityOrder

<= ProjectOutline:NumMeasurePoint;

}s
SetValue( x, EdgeCondition, Good ) );

/*************************************

*%%% RULE: MainMPoint
*************************************/

MakeRule ( MainMPoint, [x|MeasurePoint],
x:FailurePattern #= None And x:PriorityNumber = 1 And {
ForAll [ y|MeasurePoint

]

y:FailurePattern

SetValue ( x:MeasurementType, Type3 ) ):
SetRulePriority( MainMPoint, 5 );

/*************************************

*%%%  RULE: MainMPoint?2
*************************************/

MakeRule ( MainMPoint2, [x|MeasurePoint],
x:FailurePattern #= Settlement And x:PriorityNumber > 1,

{
Setvalue ( x:MeasurementType, Typel ):
PostMessage ( "The MeasurementType of " # x # " is changed to "

# x:MeasurementType );

Y} o)
SetRulePriority( MainMPoint2, 5 );

/*********************************************************/

/** ALL GOALS ARE SAVED BELOW *xx/
VAR AR SR ARt e L L e e e E e e T



Appendix 2
(Function List)



/*********************************************************/

/** ALL FUNCTIONS ARE SAVED BELOW *x*/

/*********************************************************/

/*************************************

**%%  PFUNCTION: Initialize
KK KK KKK KKK A KKK KKK KKK KK KA KA KK A KKK K

MakeFunction( Initialize, [Object],

{

ForAll [ x|Obiject ]
{
ClearList ( x:GravityPoint );
ClearlList({ x:Pointl );
ClearList ( x:Point2 );
ClearlList( x:Point3 );
ClearlList( x:Point4 )
{
ForAll [ z|MeasurePoint ]

SetValue( z:FailurePattern, NotDecided );

.
’

}:
{
ForAll { y|StateBox ]
UpdateImage( vy ):
}:
}:
} o)

/*************************************

*%k*%  FUNCTION: PointCoordinate
*x%x%  X;ObjectName
*************************************/
MakeFunction( PointCoordinate, [Cbiectl],
{
ForAll [ x|Object ]
{
SetvValue( x, Pointl, x:CoordinateXl, x:CoordinateYl,
x:Coordinatezl );
SetValue( x, Point2, x:CoordinateX2, x:CoordinateY2,
x:Coordinatezl );
SetvValue ( x, Point3, x:CoordinateX2, x:CoordinateY2,
x:Coordinatez2 ):
SetValue( %, Point4, x:CoordinateXl, x:CoordinateYl,
x:Coordinatez? );
SetValue( x, GravityPoint, x:GravityPointX, x:GravityPointY );
}:
Py
SetFunctionComment ( PointCoordinate, "X;ObjectName" );

/*************************************

*%*%  FUNCTION: NearestPanelSearch
*************************************/

MakeFunction( NearestPanelSearch, [],
{
ForAll [ yl|Facility ]
{
Setvalue ( y, DistancePanel, 1000.0 ):
ForAll [ x|Panel ]

{



Let [distance Sgrt( ( ( y:GravityPointX - x:GravityPointX )

/************
**k*x%  FUNCTI
kR kR xRk kK hkkk
MakeFunction( Measur
{

ForAll [ x|Panel

{
Let [CC E

{
If {

(

}

~ 2 ) + ( ( y:GravityPointY
- x:GravityPointY )
~ 2 )]
If ( distance <= y:DistancePanel )

Then {
SetValue( y, DistancePanel, distance ):
Setvalue ( y, NearestPanel, x );

}
Else ):

FHRAAAAAK KA R XA K KKK AR K KX Khkx*k

ON: MeasurePointSearch
*************************/

ePointSearch, [1,

]

xcavationArea:MaxDepthArea]

CC:CoordinateXl <= x:GravityPointX ) And ( CC:CoordinateX2
: -
x:GravityPointX )
And ( CC:CoordinateYl <= x:GravityPointY )
And ( CC:CoordinateY2 >= x:GravityPointY );

Then {

SetvValue ( x, ExcavationDepth, CC:MaxDepth }:
SetValue ( x, MeasurePoint, Center );
AppendTolist ( Panel:Priority, x )

}

Else {

}:
}:
} )

Setvalue ( x, MeasurePoint, None );
Setvalue ( x, ExcavationDepth, Areal:ExcavationDepth ):;

}:

/*************************************

*x*%k  FUNCTION: SetID
FHKKRERK KK KKK K F KKK FHAKK KA KKK HKKXK KA K [

MakeFunction( SetID,
{

[Cbiject],

ForAall [ x|Object ]

{

SetValue( x:ID, x );

}s
} )

/*************************************

***x*%  FUNCTION: CheckFacility
*************************************/

MakeFunction( CheckFacility, (],

{

ForAll [ ylPanel ]

{

[\



ForAll [ x|Facility ]
{
If ( y:ID #= x:NearestPanel )
Then {
Setvalue( y, ExistFacility, x )
SetvValue( y, FacilityDistance, =x:DistancePanel );
}:
bi
bi
Poy:

/*************************************

****x  FUNCTION: SetInitialvalue
*************************************/
MakeFunction( SetInitialvalue, [],
{
PostMessage ( "***Set up ID & Input datax*x" });
SetID( Panel );
SetID ( ExcavationArea );
SetID( Facility ):
SetID( Support ):
SetID( Layer ):
SetID( SlipSurface );
SetInitialvValuePanel( );
SetInitialvValueExcavationArea( );
SetInitialValueFacility ( ):
SetInitialvaluelayer( ):
SetInitialvalueSupport ( ):
SetInitialvalueSlipSurface( );
SetInitialvValueMeasurePoint ( );
PostMessage ( "***For Geometric Reasoning : Coordinate Caliculation***" ),
PointCoordinate ( Panel );
PointCoordinate ( ExcavationArea );
PointCoordinate ( Facility ):
PostMessage ( "***InputData-Checking***" );

{
If ( PostMenu( "Do you wish tocheckthe input-data ?", Yes, No )
#= Yes )
Then CheckInputData( )
}:

} )

/*************************************
**%%*  FUNCTION: GetPriorityNumber

*************************************/
MakeFunction( GetPriorityNumber, [],
{
ForAll [ x|Panel ]
{
If ( x:MeasurePoint #= Center )
Then {
If ( x:PriorityNumber #= TRUE )
Then PostMessage ( "The PriorityNumber of " #
X # " is low 1™ )
Else PostMessage( "The PriorityNumber of " #
x # " ds " # x:PriorityNumber );
}i



Py

/*************************************

*k*%  FUNCTION: ZeroInitialize
**************k**********************/
MakeFunction( ZeroInitialize, [],
{
PostMessage ( "*** Initialization***" });
Initialize( Panel );
Initialize( ExcavationArea );
Initialize( Facility ):
DelIns( Inclinometer );
DelIns{( LoadCell );
DelIns{ StressGauge
DelIns( EPressGauge
DelIns( WPressGauge
DelIns( SettleGauge
o)

.
’
’

12

14

/*************************************

*x%x%  FUNCTION: MaxExcavationSearch
*************************************/
MakeFunction( MaxExcavationSearch, [],
{
SetValue ( ExcavationArea, MaxDepth, 0.0 ):
ForAll [ x|ExcavationArea ]
{
If ( x:ExcavationDepth >= ExcavationArea:MaxDepth )
Then {
SetValue ( ExcavationArea, MaxDepth, x:ExcavationDepth );
SetValue ( ExcavationArea, MaxDepthArea, x );
}
Else );

/*************************************

***%%  FUNCTION: SetMeasurementPoint
*************************************/
MakeFunction( SetMeasurementPoint, [],

{

PostMessage ( "***The Deepest Excavtion-Area Search ***" );

MaxExcavationSearch( ):

PostMessage ( "***The Nearest Facility~Panel Relation Search***" );:

NearestPanelSearch( )

PostMessage ( "***Measurement Point Search*x*" )

MeasurePointSearch( ):

CheckFacility( }):

GetOxrder( )

SetPriorityOrder( ):

Y} o)

/*************************************

*k%%  FUNCTION: GetOrder
*************************************/
MakeFunction( GetOrder, [],
{
ForAll [ x|Panel ]

{
SetValue( x:PriorityOrder, 1 ):



{
If ( x:MeasurePoint #= Center )
Then {
Let [Priority x:PriorityNumber]
{
ForAll [ yl|Panel ]
{
If ( Priority < y:PriorityNumber )
Then SetvValue( x, PriorityOrder,
x:PriorityOrder
+ 1 );

} )

/*************************************
***x*  FUNCTION: SetInitialvValuelayer

*************************************/
MakeFunction( SetInitialvaluelayer, []1,
{
SetValue ( Layerl:Nalue, 3.0 );
SetValue( Layerl:Poisson, 0.5 );
SetValue( Layerl:SoilKind, Clay ):
SetValue( Layerl:SoilStrengthC, 2.0 );
SetValue ( Layerl:SoilStrengthFai, 10.0 );
Setvalue ( Layerl:UnitWeight, 1.8 );
SetValue{ Layerl:WaterPressure, 0.0 );
SetValue( Layerl:Coordinatexl, 50.0 }:
SetvValue ( Layerl:Coordinatex?2, 150.0 );
SetValue ( Layerl:CoordinateYl, 50.0 );
SetValue( Layerl:CoordinateY2, 50.0 );
SetValue( Layerl:Coordinatezl, 10.0 )
SetValue ( Layerl:CoordinatezZ2, 5.0 );
SetValue ( Layer2:Nvalue, 20.0 );
SetvValue ( Layer2:Poisson, 0.3 ):
SetvValue ( Layer2:Sc0i1l1Kind, Sand ):
Setvalue ( Layer2:SoilStrengthC, 0.0 );
SetvValue ( Layer2:SoilStrengthFai, 30.0 );
SetValue ( Layer2:UnitWeight, 2.0 );
SetValue( Layer2:WaterPressure, 0.0 )
SetValue ( Layer2:Coordinatexl, 50.0 );
SetValue ( Layer2:Coordinatex2, 150.0 );
SetValue ( LayerZ2:Coordinateyl, 50.0 );
SetvValue ( Layer2:CoordinateY2, 50.0 );:
Setvalue( LayerZ:Coordinatezl, 5.0 );
SetValue( Layer2:Coordinatez2, 0.0 );
SetValue ( Layer3:NvValue, 10.0 );
SetValue ( Layer3:Poisson, 0.5 );
SetvValue ( Layer3:S0ilKind, Clay ):
SetValue( Layer3:SoilStrengthC, 2.0 ):
Setvalue ( Layer3:ScilStrengthFai, 10.0 );
Setvalue{ Layer3:UnitWeight, 1.8 );
SetValue ( Layer3:WaterPressure, 0.0 );
SetValue( Layer3:Coordinatexl, 50.0 ):
Setvalue ( Layer3:Coordinatex2, 150.0 );



SetvValue( Layer3:CoordinateYl, 5
SetValue( Layer3:CoordinateY2, 5
SetValue ( Layer3:Coordinatezl, 0
SetvValue ( Layer3:Coordinatez2, -1
SetValue ( Layerd:Nvalue, 30.0 );
Setvalue ( Layer4:Poisscon, 0.3 );
SetValue ( Layer4:Sc0ilKind, Sand ):
SetValue ( Layer4:SoilStrengthC, 2.0 );
SetvValue ( Layer4:SoilStrengthFai, 10.0 );
Setvalue ( Layer4:UnitWeight, 2.0 );
SetValue ( Layerd:WaterPressure, 20.0 )
SetvValue( Layer4:Coordinatexl, 50.0 );
SetValue ( Layer4d:Coordinatex2, 150.0 )
SetValue ( Layer4d:CoordinateYl, 50.0 );
)
)

’

I

SetValue ( Layer4:CoordinateyY2, 50.0 )
SetValue ( Layer4:Coordinatezl, -10.0
Setvalue ( Layer4:Coordinatez2, -15.0
SetValue ( Layer5:Nvalue, 50.0 );
Setvalue ( Layer5:Poisson, 0.4 );
Setvalue( Layer5:S50i1l1Kind, Tertiary ):
Setvalue( Layer5:SoilStrengthC, 2.0 ):
SetValue ( Layer5:SoilStrengthfFai, 10.0 );
SetValue ( Layer5:UnitWeight, 2.2 );
SetValue ( Layer5:WaterPressure, 0.0 );
Setvalue( Layer5:Coordinatexl, 50.0 );
Setvalue ( Layer5:CoordinateX2, 150.0 )
SetvValue ( Layer5:CoordinateYl, 50.0 );
SetValue ( Layer5:CoordinateY2, 50.0 );
)
)

’

’

SetValue ( Layer5:Coordinatezl, -15.0
SetvValue ( Layer5:Coordinatez2, -25.0
}o):

/*************************************

**%%  FUNCTION: CheckInputData
*************************************/
MakeFunction( CheckInputbata, [],
{
ForAll [ x|Panel ]

{

PostInputForm{ "Please check information about " # x,
%, Coordinatexl, "X1l-Coordinate:",
"X2-Coordinate:", x, CoordinateYl,
%, Coordinate¥Y2, "Y2-Coordinate:",
"TopElevation(m):", x, CoordinateZ2,

}i
ForAll [ x|ExcavationArea ]
{

PostInputForm( "Please check information about " # x,
%, ExcavationDepth, "ExcavationDepth:¥,
%, CoordinateXl, "Xl1-Coordinate:",
"X2-Coordinate:", x, CoordinateYl,
x, CoordinateY2, "Y2-Coordinate:"

}:
ForAll [ x|Facility ]
{

PostInputForm( "Please check information about " # x,
ImportanceNumber,
CoordinateXl,

%, FacilityName, “Kind:", x,
“"How Important (0~10):%, x,

CoordinateX2,
"yl-Coordinate: ",
CoordinateZzl,
"EdgeElevation (m) :

CoordinateX2,
"Yl-Coordinate:",



"X1-Coordinate:", x, CoordinateX2,
%, CoordinateYl, "Yl-Coordinate:",

"Y2-Coordinate:"™ );
}:
ForAall [ x|Layer ]
{

PostInputForm{ “"Please check information about " # x,
"Poisson Ratio:",

"UnitWeight (£/m3) 2",

x, NWalue, "N-vValue:", x,

%, SoilKind, Soil?, x, UnitWeight,
%, WaterPressure, "PorePressure (t/m2):" );

}:
ForAll [ x|Support ]
{

PostInputForm{ "Please check information about " # x,
%, InitialStress, "Initialload(t/m2)°?",
%, Coordinatezl, "Set Elevation

b:
ForAll [ x|SlipSurface ]
{

PostInputForm( "Please check information about " # x,
X, MeasurementPoint, "Where is this?",
%, SurfaceDepth, "Where is a surface at the Point of

}:
} o)

/*************************************

**¥**  FUNCTION: SetInitialvValueSupport
*************************************/
MakeFunction( SetInitialvalueSupport, [],

{
SetValue ( Supportl:InitialStress, 200.0 );
SetValue ( Supportl:Coordinatexl, 100.0 );
SetValue ( Supportl:Coordinatex2, 125.0 );
SetValue ( Supportl:CoordinateYl, 50.0 ):
SetValue ( Supportl:CoordinateY2, 50.0 );
SetValue ( Supportl:Coordinatezl, 5.0 );
SetValue ( Supportl:Coordinatez2, -20.0 );
SetValue( Support2:InitialStress, 250.0 );
SetValue ( Support2:Coordinatexl, 100.0 );
SetValue ( Support2:Coordinatex2, 120.0 );
SetValue ( Support2:Coordinateyl, 50.0 );
SetValue ( Support2:CoordinateY2, 50.0 );
SetValue ( Support2:Coordinatezl, 0.0 );
SetValue ( Support2:Coordinatez2, -20.0 );
SetValue ( Support3:InitialStress, 300.0 );
SetValue ( Support3:CoordinatexXl, 100.0 );
SetValue( Support3:Coordinatex?2, 115.0 ):
SetValue ( Support3:CoordinateYl, 50.0 ):
SetValue ( Support3:CoordinateY2, 50.0 );
SetValue ( Support3:Coordinatezl, -5.0 );
SetValue ( Support3:Coordinatez2, -20.0 ):
}o):

/*************************************

¥*x*  FUNCTION: SetInitialvalueSlipSurface
*************************************/

MakeFunction( SetInitialValueSlipSurface, [],
{

"X2-Coordinate: ",
CoordinateY2,

)



SetValue (
SetValue (
SetValue (
Setvalue (
Setvalue (
SetValue (
SetValue (
SetValue (
Setvalue (
Setvalue (
Setvalue (
Setvalue (
Setvalue(
SetvValue (
Setvalue (
Setvalue (
SetValue (
SetValue (
SetvValue (
SetValue (
SetValue (
} )

SlipSurfacel
SlipSurfacel:
SlipSurfacel:
SlipSurfacel:
SlipSurfacel:
SlipSurfacel
SlipSurfacel
SlipSurface?2
SlipSurface?2:
SlipSurface?2:
SlipSurface?2:
SlipSurface2:
SlipSurface?2:
SlipSurface?2
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:

:MeasurementPoint, Panel3

:Coordinatezl,
:Coordinatez?2,
:MeasurementPoint, Paneld

:Coordinatez?2,

):
100.0
150.0
50.0

):
):

Cooxrdinatexl,
CoordinateX?2,
CoordinateYl,
CoordinateY2,

)

)
50.0 )

50.0 ):

50.0 )
-50.0

-20.0

-20.0

MeasurementPoint, Pa
CoordinateXl, 50.0 )
CoordinateX?2,
CoordinateYl,
CoordinateY2,
CoordinateZl,
CoordinateZ2,

CoordinateXl,
CoordinateX2,
CoordinateYl,
CoordinateY2,
CoordinateZl,

)
)
)
nell );
)

)
);

/*************************************

FUNCTION: SetPriorityOrder
*************************************/

KKK K

MakeFunction( SetPriorityOrder,

{

(1,

ForAll [ x|MeasurePoint ]

{}:
ForAll [ x

{
If

T

|Panel ]

{

{ x:MeasurePoint #= Center ) And ( x:PriorityOrder

}
hen {

<= ProjectOutline:NumMeasurePoint );

PostMessage( " The Priority Order of ™ # x # ™ is "

" # " The ExcavationDepth is "

"

# x:PriorityOrder # "
# x:ExcavationDepth # " & MeasurementPoint is--
# x:GravityPointX # " " # x:GravityPointY );

SetValue ( MeasurePoint # x:PriorityOrder, PanelName,
X ):

SetValue ( MeasurePoint # x:PriorityOrder, CoordinateXl,
X:GravityPointX };

SetValue ( MeasurePoint # x:PriorityOrder, CoordinateYl,
®:GravityPointY }:

SetvValue ( MeasurePoint # x:PriorityOrder, CoordinateX2,
®:GravityPointX )

Setvalue ( MeasurePoint # x:PriorityOrder, CoordinateYz,
®:GravityPointY );

SetValue ( MeasurePoint # x:PriorityOrder, PriorityNumber,
X:PriorityOrder );

SetValue ( MeasurePoint # x:PriorityOrder, PanelEdge,
x:Coordinatez2 );

SetValue ( MeasurePoint # x:PriorityOrder, FacilityDistance,
x:FacilityDistance };

SetValue ( MeasurePoint # x:PriorityOrder, ExcavationDepth,



x:ExcavationDepth );

SetValue({ MeasurePoint # x:PriorityOrder, FailurePattern,
NotDecided );

SetValue ( MeasurePoint # x:PricrityOrder, MeasurementType,
NotDecided )

}:

}:
Poys

/*************************************

**%*  FUNCTION: SlipSurfaceSearch
*************************************/
MakeFunction{ SlipSurfaceSearch, [],
{
ForAll [ x|[MeasurePoint ]
{
SetValue ( x:SlipSurface, None );
Forall [ y|SlipSurface ]
{
If ( x:PanelName #= y:MeasurementPoint )
Then {
SetValue ( x:SlipSurface, y )
SetValue( x:SlipSurfacebepth, y:SurfaceDepth ):
};

}:
} )

/*************************************

***x  FUNCTION: SlipPositionSearch
*************************************/

MakeFunction( SlipPositionSearch, [],

{

{
ForAall [ x|MeasurePoint ]
{
If ( x:SlipSurface #= None )
Then {
{
ForAll [ y|StateBox ]
UpdateImage( y ):
}:
PostMessage ( "There is no SlipSurface in " # x
# ". So we need more investigation here™ );
SetValue ( x:MeasurementType, NotDecided ):
SetValue( x:FailurePattern, NotDecided );
SetValue( x:SurfacePosition, None );:
}
Else {

Let [p x:PanelName]
{
If ( x:SlipSurfaceDepth < p:Coordinatez2 )
Then {

SetValue ( x:SurfacePosition, Under );
SetvValue ( x:MeasurementType, TotalSliding:MeasurementType );
SetValue( x:FailurePattern, TotalSliding ):
{
ForAll [ y|StateBox ]



UpdateImage( y ):
}:
PostMessage( " At this " # x # " " #
x:FaillurePattern #
" is predicted." # " Sco we need the

Measurement "

# x:MeasurementType );

}

Else {

Setvalue( x:SurfacePosition, Behind ):

SetValue ( x:MeasurementType, WallFailure:MeasurementType );

SetValue ( x:FailurePattern, WallFailure );

{

ForAll [ y|StateBox ]

UpdateImage( y ):

}:

PostMessage( "™ At this ™ # x # " " #
x:FailurePattern #
" ig predicted."” # " So we need the

Measurement "

# x:MeasurementType ):

}:

}:
}:
}:
}:
} )

/*************************************

**%**  FUNCTION: PredictFailurePattern
*************************************/
MakeFunction( PredictFailurePattern, [],
{
PostMessage ( "***Checking The Posibility Of Sliding Along SlipSurface***" );
SlipSurfaceSearch( );
SlipPositionSearch( ):
PostMessage ( "***Checking The Posibility Of Heaving & Settlement***% ):
CheckLandSoftness( );
PostMessage ( "***Checking The Necessity Of GroundInclinometer***" );
InclinometerPosition( );
Yo

/*************************************

**%%  FUNCTION: NValueSearch
*************************************/
MakeFunction( NvalueSearch, [],
{

ForAll [ x|MeasurePoint ]
{
If ( x:FailurePattern #= NotDecided )
Then PostMessage( x )
}:
} o)

/*************************************

**%x%  FUNCTION: NValueCheck
*************************************/

MakeFunction( NvalueCheck, [],

10



{
Forall [ x|Layer ]

{
If ( ( x:NValue <= 20 ) And ( x:XoilKind #= Clay ) )

Then SetValue( x:NValueCurve, Low )
Else SetvValue( x:NvValueCurve, High ):

}I
} )

/*************************************

***%*  FUNCTION: InclinometerPosition
*************************************/

MakeFunction( InclinometerPosition, [],
{ .
ForAll [ x|MeasurePoint ]
{
{
SetValue ( %, AddNumInclino, 0 ):

}:
If ( x:FacilityDistance < 200 )

Then {
If {
( x:MeasurementType #= Type2 ) Or ( x:MeasurementType
#:
Type3 ):
}
Then {
{
If {
x:FacilityDistance < x:ExcavationDepth;
}
Then {
Setvalue( x, AddNumInclino, 2 );
PostMessage{ x # " needs to be added 2 more
inclinometers.™ );
}
Else {
SetvValue( x, AddNumInclino, 1 ):
PostMessage( x # " needs to be added 1 more

inclinometer." ):
}:

};
)

/*************************************

****  FUNCTION: SetLayerCondition

*************************************/
MakeFunction( SetlLayerCondition, [],

{
EdgeConditionCheck( );

NvalueCurveCheck ( };
LayerConditionCheck( );

Yoy

/*************************************

11



**%*  FUNCTION: CheckLayerCondition
*******‘k‘k******‘k********‘k************/
MakeFunction{ ChecklLayerCondition, [],
{
ForAll [ x|Panel ]
{
If {

{ x:MeasurePoint #= Center ) And ( x:PriorityOrder
<= ProjectOutline:NumMeasurePoint

}
Then {
SetValue ( x, LayerCondition, Bad );
SetValue ( x, NValueCurve, Low );
SetvValue( x, EdgeCcndition, Good ):
SetValue ( x, EdgePorePressure, Low );
ForAall [ yllayer ]
{
{
If {
{ x:ExcavationkElevation <= y:Coordinatezl )
And ( y:So0ilKind #= Sand ):
}
Then SetValue( x, LayerCondition, Good ):
}s
{
If {
{ ( x:ExcavationElevation <= y:CoordinateZzZl )
And ( y:ScilKind #= Clay ) And
( y:NvValue >= 15.0 ) ) Or ( ( x:ExcavationElevation
<=
y:CoordinateZl )
And
( y:SoilKind
#=
Sand )
And
( y:NWalue
>=
306.0 ) )

}
Then SetValue( x, NValueCurve, High ):

.
’

I e

£
( x:EdgeElevation > y:Coordinatez2 )
And ( x:EdgeElevation < y:CoordinateZzl )

And ( y:SoillKind #= Clay )} And ( y:NValue
<

30.0 );

}
Then {
SetvValue ( %, EdgeCondition, Bad );
Let [k x:Edgelayer]
If ( ( k:80il1StrengthC * x:PenetrationDepth )
< Layerb5:WaterPressure )
Then SetvValue( x, EdgePorePressure,
High )

12



}:
}:

PostMessage( x # " The LayerCondition 1is : ™

# x:LayerCondition # ™. The NCurvevValue 1is
# x:NvValueCurve # ™. The EdgeCondition 1is
# x:EdgeCondition # . );

}:
} )

/*************************************

****  FUNCTION: CheckHeaving
*************************************/

MakeFunction( CheckHeaving, [],
{
ForAll [ x|MeasurePoint ]
{

If ( x:MeasurementType #= NotDecided )
Then Let [p x:PanelName]
{
If ( p:NValueCurve #= Low )

"

attention

Then {
If ( p:LayerCondition #= Bad )
Then {
SetvValue ( x, MeasurementType,
Type3 ):
SetvValue ( x, FailurePattern,
Settlement )
PostMessage( " At this " # x
# " " # x:FailurePattern
# " 1s predicted."
# " So we need the Measurement "
# x:MeasurementType );
{
If ( p:EdgeCondition #= Bad )
Then {
SetvValue ( x, Others,
Heaving );
PostMessage( " At this "
#
# " 1”
# x:0thers
# " is also predicted.”
; # " So we need to pay
to " )i
}:
}i
}
Else {
If ( p:EdgeCondition #= Bad )
Then {
SetvValue( x, MeasurementType,
Typed );
SetvValue ( x, FailurePattern,
Heaving )
PostMessage( " At this "
# x
# 1" "

13



x:FailurePattern

" 1s predicted.”

So we need the Measurement "
®:MeasurementType );

=He b e e

}:
}
Else {
Setvalue ( x, MeasurementType, Typel ):
SetvValue( %, FailurePattern, No );

}:

}:
} )

/*************************************

*x*%*x  FUNCTION: CheckEdgeLayer
*************************************/
MakeFunction ( CheckEdgeLayer, [],
{
ForAll [ x|Panel ]
{
If {
{ x:MeasurePoint #= Center ) And ( x:PriorityOrder
<= ProjectOutline:NumMeasurebPoint );

}
Then {
ForAll [ yl|Layer ]
{
If ( ( x:EdgeElevation > y:CoordinateZ2 )
And ( x:EdgeElevation < y:CoordinateZl ) )
Then {

SetvValue ( x, EdgeLayer, y:ID };
SetValue ( x, EdgeSoil, y:S0ilKind ):
}:
}:
{
Let [p x:ExcavationDepth / 10.0]
{
If ( x:PenetrationDepth > p )
Then SetValue( x:PenetrationCondition,

Enough )
Else SetValue( x:PenetrationCondition,
Short );
¥
PostMessage( x # ":: The Edgelayer 1s " # x:Edgelayer

# " and " # x:EdgeSoil )
}:
}:
}:
} )

/*************************************

****  FUNCTION: CheckLayers
*************************************/

MakeFunction( CheckLayers, [],

{
PostMessage ( "*** The Check Of Panel-Edge Condition *** v ),
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CheckEdgeLayer( ):

PostMessage ( "*** The Check Of Layer Condition Behind Panel ***" );

ChecklLayerCondition (
Y )

):

/*************************************

*hkk*k

FUNCTION: CheckLandSoftness

*************************************/

MakeFunction( ChecklandSoftness, [],
{ .
{
ForAll [ x|MeasurePoint
{

]

SetValue( x:0thers, None );

{

If ( x:MeasurementType #= NotDecided )
Then { Let [p x:PanelName]

{

If ( p:NValueCurve #= Low )

"Then {

If ( p:

Then

to );

Else

LayerCondition #= Bad )

{

SetValue ( x, FailurePattern,
Settlement ):

Setvalue ( x, MeasurementType,
Settlement :MeasurementType
PostMessage( " At this " #
X # " " #
x:FailurePattern
# " is predicted.”
# " So we need the Measurement "
# x:MeasurementType );

)

{
If ( p:EdgeCondition #=

Bad )
Then {
Setvalue( x, Others,
Heaving )

PostMessage( " At this "
#
b4
#
#
x:0thers
#

is also predicted.”

-

So we need to pay attention

}:

}

{

If ( p:EdgeCondition #=
Bad )

Then {

SetvValue( x, FailurePattern,
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Heaving )}
SetValue ( %, MeasurementType,
Heaving:MeasurementType );
PostMessage ( " At this "
#

H= K

:FailurePattern

H M

-

is predicted.™

=

So we need the Measurement "

wHE

:MeasurementType );

}:
}
Else {
Setvalue ( x, MeasurementType, Typel );
SetValue ( %, FailurePattern, None );
PostMessage{ ™ At this " # x # " "
# x:FailurePattern
# " is predicted."
# " So we need the Measurement "
# x:MeasurementType );
b2
P
Else Let [p x:PanelName]
{
If ( ( p:NvalueCurve #= Low ) And ( p:EdgeCondition

Bad ) )
Then { .
SetvValue ( x:0thers, Heaving ):
PostMessage( " At " # x # " " # x:0thers
# " is also predicted.™
# " So we need to pay attention to ™ );

}:

}:
}:
}:
{
ForAll [ yiStateBox ]
UpdateImage ( y ):
}:
} )

/*************************************

*x*%  FUNCTION: DecideNumEquips
****‘k*******‘k***‘k****‘k*‘k‘k*‘k‘k***‘k**‘k‘k*/

MakeFunction( DecideNumEquips, [],

{
ForAll [ x|MeasurePoint ]

{

Let [y x:MeasurementType]
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{
Let [PID x:PanelName]

{
SetValue ( x, NumInclinometer, 1 + x:AddNumInclino );
SetValue ( x, NumInclinoWall, 1 );
SetValue ( x, NumInclinoGround, x:AddNumInclino ):
SetvValue ( x, NumLoadCell, Support:NumMember );
If ( x:MeasurementType #= Type3 )
Then {
SetvValue ( x, NumEarthPressureGauge, Floor( ( ( PID:EffDepth
/

FEPressGauge:Pitch )
*

2)

v 1) )
SetvValue( x, NumWaterPressureGauge, x:NumEarthPressureGauge });
SetValue ( %, NumStressGauge, Floor( ( PID:EffDepth
/
StressGauge:Pitch )

}
Else {
SetValue( x, NumEarthPressureGauge, 0 )
Setvalue( x, NumWaterPressureGauge, 0 ):
SetValue( x, NumStressGauge, 0 );
}:
If ( x:MeasurementType #= Typed )
Then { .
If { x:0thers #= Heaving )
Then SetValue( x, NumSettlementGauge,
2)
Else Setvalue( x, NumSettlementGauge,
1)
1
Else {
If ( x:0thers #= Heaving )
Then SetValue( x, NumSettlementGauge,
1)
Else SetValue( x, NumSettlementGauge,
0);
}:

Y )

/*************************************

**x%%  FUNCTION: MemberCounter
*************************************/

'MakeFunction( MemberCounter, [Object],
{
SetvValue ( Object, NumMember, 0 );
ForAll [ x|Object ]
{
Let [y Object:NumMember + 1]
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SetValue ( Object, NumMember, y ):
}:
}o):
/*************************************
***x*  FUNCTION: CountNumEquips
*************************************/
MakeFunction( CountNumEquips, [],
{
SetValue ( Inclinometer, NumMember, 0 ); .
Setvalue ( LoadCell, NumMember, 0 );
SetValue ( LoadCell, NumMember, 0 );
SetValue ( EPressGauge, NumMember, 0 );
SetValue ( WPressGauge, NumMember, 0 );
SetValue ( StressGauge, NumMember, 0 );
SetValue ( SettleGauge, NumMember, 0 );
ForAll [ x|MeasurePoint ]
{
SetValue ( Inclinometer, NumMember, Inclinometer:NumMember
+ x:NumInclinometer );
SetValue ( LoadCell, NumMember, LoadCell:NumMember +
x:NumLoadCell );
SetValue ( EPressGauge, NumMember, EPressGauge:NumMember
+ x:NumEarthPressureGauge );
SetValue ( WPressGauge, NumMember, WPressGauge:NumMember
+ x:NumWaterPressureGauge };
SetValue{ StressGauge, NumMember, StressGauge:NumMember
+ x:NumStressGauge );
SetValue ( SettleGauge, NumMember, SettleGauge:NumMember
+ x:NumSettlementGauge )
}:
} o)

/*************************************

**x% FUNCTION: MakeEquips
*************************************/
MakeFunction( MakeEquips, [],

{
SubMakeEquips (
SubMakeEquips (
SubMakeEquips (
SubMakeEquips (
SubMakeEquips (
SubMakeEquips (
Yoy

Inclinometer );
LoadCell );
EPressGauge
WPressGauge
StressGauge
SettleGauge

. ~e

~.

~.

— e e e
~

/*************************************
**%*%*  FUNCTION: SubMakeEquips

*************************************/
MakeFunction( SubMakeEcuips, [Object],
{
ForAll [ x|Object ]
DeleteInstance( x ):
For numb [l Object:NumMember ]
MakeInstance ( Object # numb, Object );

} )

/*************************************
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**%%  PFUNCTION: Test?2
*************************************/
MakeFunction( Test2, [],
{
SetvValue ( MeasureEquip, Initial, 0 );
ForAll [ x|MeasurePoint ]
{
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumInclinometer]
{
For numb [Start End ]
{
SetValue{ Inclinometer # numb, ID, x ):
SetValue ( Inclinometer # numb, CoordinateXl,
X :CoordinateXxl )
SetValue ( Inclinometer # numb, CoordinateYl,
x:CoordinateYl );
}:
SetValue ( MeasureEquip, Initial, End }:
}:
}:
}:
} o)

/*************************************

*%%%  FUNCTION: AddInclinoPoint
*************************************/
MakeFunction( AddInclinoPoint, [],
{
ForAll [ x|MeasurePoint ]
{
{
If ( x:AddNumInclino >= 1 )
Then {
Let [ratio Sgrt( 25 / ( ( x:ExDistanceX ™ 2 )
+ { x:ExDistanceY
~20) ) )]
{
SetvValue( x, AddInclinolX, x:CoordinateXl
- { ratio *
x:ExDistanceX } );
SetValue( x, AddInclinolY, x:CoordinateYl
- { ratio *
x:ExDistanceY ) };
}:
}
Else {
SetvValue( %, AddInclinolX, None );
SetValue( x, AddInclinolyY, None );
}:
}:
{
If ( x:AddNumInclino >= 2 )
Then {
Let [ratio Sgrt( 100 / ( ( x:ExDistanceX ~ 2 )
+ ( x%:ExDistanceY
~20) ) )]

19



{
SetValue( %, AddInclino2X, x:CoordinateXl
- ( ratio *
x:ExDistanceX ) )
SetValue ( %, AddInclino2¥Y, x:Coordinate¥Yl
- ( ratio *
x:ExDistanceY } ):
i
}
Else {
SetValue( x, AddInclino2X, None );
SetValue( x, AddInclinol2Y, None );
}:
}:
}:
} o)

/*************************************

*%%%  FUNCTION: PutInclinoID
*************************************/
MakeFunction( PutInclinoID, [],
{
SetValue ( MeasureEquip, Initial, 0 );
ForAll [ x|MeasurePoint ]
{
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumInclinometer]
{
For numb [Start End ]
{
SetValue( Inclinometer # numb, ID, X );
SetValue ( Inclinometer # numb, CoordinateZzl,
x:Coordinatezl );
SetvValue( Inclinometer # numb, CoordinateZzZ2,
x:InclinoDepth };
{
If ( numb #= Start )
Then {
SetValue( Inclinometer # numb, CoordinateXl,
x:CoordinateXl });
SetvValue ( Inclinometer # numb, CoordinateYl,
x:CoordinateYl );
}:
}:
{
If ( numb #= ( Start + 1 ) )
Then {
SetValue ( Inclinometer # numb, CoordinateXl,
x:AddInclinolX ); :
Setvalue ( Inclinometer # numb, CoordinateYl,
x:AddInclinolY );
}:
}:
{
If ( numb #= ( Start + 2 ) )
Then {
SetvValue( Inclinometer # numb, CoordinateXl,
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X:AddInclino2X );
Setvalue ( Inclinometer # numb, CoordinateYl,
x:AddInclino2Y );
}:
}s
}:
SetValue ( MeasureEquip, Initial, End ):
}:
b:
}:
} )

/*************************************

**xx*%  FUNCTION: PutLoadCellID
*************************************/
MakeFunction( PutLoadCellID, {1,
{
SetValue( MeasureEquip, Initial, 0 );
ForAll [ x|MeasurePoint ]
{
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumLoadCell]
{
For numb [Start End }
{

SetvValue ( LoadCell # numb, ID, x );

SetValue ( LoadCell # numb, CoordinateXl,
x:CoordinateXl ),

SetValue ( LoadCell # numb, CoordinateYl,

%x:Coordinate¥Yl );
{
Let [nth numb ~ Start + 1]
{
Let [z GetNthElem( x:NSupportZ, nth )]
SetValue ( LoadCell # numb, CoordinateZl,
z )
SetValue ( LoadCell # numb, SupportNo,
nth ),
bi
}:
}r
SetvValue ( MeasureEquip, Initial, End );
}e
}:
}:
o)z

/*************************************

*%%% FUNCTION: EquipLists
*************************************/

MakeFunction( EquipLists, [],
{

ForAll [ x|MeasurePoint ]
{
ClearList ( x:NSupportz );
ClearList ( x:NStressGaugeZz );
ClearList ( x:NEPressGaugeZ );
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ClearlList ( x:NWPressGaugeZ );:
{
Forall [ y|Support ]
AppendToList ( x:NSupportZ, y:CoordinateZzl );
}:
{
Let [n Floor{ x:NumStressGauge / 2 )]
{
If (n>0)
Then {
For nth [1 n ]
{
AppendToList ( x:NStressGaugeZ, ( x:CoordinateZl

1)
{ nth
*

i

StressGauge:Pitch } )
}:
For nth {1 n ]

{
AppendToList ( x:NStressGaugeZ, ( x:Coordinatezl

1)
( nth
*

StressGauge:Pitch ) )

}s
}:
{
Let [n Floor( ( x:NumBarthPressureGauge + 1 ) / 2 )]

{

If (n>0)
Then {
For nth [1 n ]
{
AppendToList ( x:NEPressGaugeZ, ( x:CoordinateZl
1)
- ( nth
*

EPressGauge:Pitch ) )
AppendTolList ( x:NWPressGaugeZ, ( x:Coordinatezl

1)
( nth

x
WPressGauge:Pitch ) );

}:
For nth [2 n ]
’ {
AppendToList ( x:NEPressGaugeZ, ( x:CoordinateZl

1)
( nth
*
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EPressGauge:Pitch ) )
AppendTolist ( x:NWPressGaugeZ, {( x:Coordinatezl
1)
- ( nth
*

WPressGauge:Pitch ) )

/*************************************

*x*%  FUNCTION: PutStressGaugeID
*************************************/
MakeFunction( PutStressGaugeID, [],
{
If ( StressGauge:NumMember > 0 )
Then {
SetValue ( MeasureEquip, Initial, 0 );
ForAll [ x|MeasurePoint ]
{ .
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumStressGauge]
{
For numb [Start End ]
{
SetValue( StressGauge # numb, ID,
X )i
Setvalue ( StressGauge # numb, CoordinateXl,
x:CooxrdinateXl );
SetValue( StressGauge # numb, CoordinateYl,
x:CoordinateYl );
{
Let [nth numb - Start + 1]
{
Let [z GetNthElem{ x:NStressGaugeZ,
nth )]
SetvValue ( StressGauge #
numb, Coordinatezl,
z )
b:
}:
}i
SetValue ( MeasureEquip, Initial, End )
b:
}:
b2
b
} )z

/*************************************

****  FUNCTION: PutPressGaugeID
*************************************/

MakeFunction( PutPressGaugelID, [],
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{
If ( EPressGauge:NumMember > 0 )
Then {
SetValue ( MeasureEquip, Initial, 0 ):
ForAll [ x|MeasurePoint ]
{
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumEarthPressureGauge]
{
For numb [Start End ]
{
SetValue ( EPressGauge # numb, ID,
X ):
SetValue ( EPressGauge # numb, CoordinateXl,
x:CoordinateXl );
SetvValue ( EPressGauge # numb, CoordinateYl,
x:Coordinate¥Yl ) ;
SetvValue ( WPressGauge # numb, ID,
X )
SetValue ( WPressGauge # numb, CoordinateXl,
x:CoordinatexXl );
SetValue ( WPressGauge # numb, CoordinateYl,
x:CoordinateYl );
{
Let [nth numb - Start + 1]
{
Let [z GetNthElem( x:NEPressGaugeZ,
nth )]
SetValue ( EPressGauge #
numb, CoordinateZl,
z);
Let [z GetNthElem( x:NWPressGaugeZ,
nth )]
SetValue ( WPressGauge #
numb, CoordinateZzl,
z )

}:
}:

SetValue ( MeasureEquip, Initial, End ):

}e

}:
}:
}:
Y} o)

/*************************************

*%**  FUNCTION: CheckInclinoDepth
*************************************/

MakeFunction( CheckInclincDepth, [],
{

ForAll [ x|MeasurePoint }

{
Let [pid x:PanelName]

{
If ( x:SurfacePosition #= Under )
Then {
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If ( ( pid:CoordinateZ2 - x:SlipSurfaceDepth )
< 10 )
Then SetValue( x:InclincoDepth, x:SlipSurfacebepth
_ 2 )
Else PostMessage( "We need to check the slip position in detail. "

}
Else {
If ( pid:EdgeSoil #= Clay )
Then Setvalue( x:InclinoDepth, pid:CoordinateZz2
-5
Else SetvValue( x:InclinoDepth, pid:CoordinateZ2 );
}: :
}:
¥
} o)

/*************************************

**¥x*x  FUNCTION: PutSettleGaugelID
*************************************/
MakeFunction( PutSettleGaugeID, [],
{
If ( SettleGauge:NumMember > 0 )
Then {
SetValue ( MeasureEquip, Initial, 0 );
ForAll [ x|MeasurePoint ]
{
Let [Start MeasureEquip:Initial + 1]
{
Let [End MeasureEquip:Initial + x:NumSettlementGauge]
{
Let [area ExcavationArea:MaxDepthArea]
{
For numb [Start End ]
{
SetValue( SettleGauge # numb,
ID, % ):
SetValue ( SettleGauge # numb,
Coordinatezl, area:Coordinatezl );
{
If ( numb #= Start )
Then {
SetValue ( SettleGauge
# numb, CoordinateXl,
area:GravityPointX );
SetValue ( SettleGauge
# numb, CoordinateYl,
area:GravityPointY );
}i
}:
{
If ( numb #= ( Start + 1 ) )
Then {
SetValue ( SettleGauge
# numb, CoordinateXi,
x:AddSettleGaugeX )
SetvValue ( SettleGauge
# numb, CoordinateYl,
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X :AddSettleGaugeY )
}i
}i
b
SetValue ( MeasureEquip, Initial,
End );

}:

};
} )

/*************************************

***x*  FUNCTION: AddSettleGaugePoint
*************************************/
MakeFunction({ AddSettleGaugePoint, [],

{
ForAll [ x|MeasurePoint ]

{
{
Tf ( x:0thers =1 )
Then {
Let [ratio Sqgrt( ( ( x:ExcavationDepth / 2 )
~ 2 ) / { { x:ExDistanceX
~ 2 ) + ( x:ExDistanceY
2) ) )]
{
Setvalue ( x, AddSettleGaugeX, x:CoordinateXl
- { ratio
*
x:ExDistanceX )} ):
SetValue ( x, AddSettleGaugeY, x:CoordinateYl
- ( ratio
*
x:ExDistanceY } );
}:
}
Else {

SetvValue ( x, AddSettleGaugeX, None )}
SetValue ( x, AddSettleGaugeY, None );

}:

~e N

et St

} s

/*************************************

**%%*  FUNCTION: LayoutMeasureEquips
*************************************/

MakeFunction( LayoutMeasureEquips, [1,

{
PostMessage ( "***Deciding The Necessary Number Of Each Equipment***" );

DecideNumEquips( ):
CountNumEquips( ):
MakeEquips( ):

OutputEquipDatal ( );
PostMessage ( "***Caliculating The Setting Point of Each Equipment**=*% };
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AddInclinoPoint ( )
AddSettleGaugePoint ( )
EquipLists( )
CheckInclinoDepth( );
PostMessage( "***Layouting Each Equips***¥" );
PutInclinoID( ):

PutloadCellID( );
PutPressGaugelID( );
PutStressGaugeID( );
PutSettleGaugeID( );
OutputEquipData2 ( ):
PostMessage ( "*** All Set ***xm ).
} o)

/*************************************

**%*x*  FUNCTION: DellIns

*************************************/
MakeFunction( DelIns, [Object],

{
ForAll [ x|Object ]
DeletelInstance( x );

Yoy

/*************************************

*%k%%  PFUNCTION: SetInitialvaluePanel
*************************************/

MakeFunction( SetInitialValuePanel, [},

{

SetValue ( Panell:Coordinatexil, 0.0 );
SetValue ( Panell:Coordinatex2, 0.0 );
SetValue ( Panell:CoordinateYl, 150.0 );
SetValue( Panell:Coordinatey2, 0.0 );
SetvValue( Panell:Coordinatezl, 10.0 );

SetValue ( Panell:Coordinatez2, -13.0 );
SetValue ( Panell:Thickness, 0.60 );
SetValue ( Panell:ExistFacility, Null );
SetValue ( Panel2:Coordinatexl, 0.0 );
SetValue ( Panel2:CoordinateX2, 100.0 );
SetvValue ( Panel2:CoordinateYl, 0.0 );
SetValue({ Panel2:Coordinate¥Y2, 0.0 );
SetValue( Panel2:Coordinatezl, 10.0 );
SetValue ( Panel2:Coordinatez2, -13.0 );
SetValue ( Panel2:Thickness, 0.60 );
Setvalue ( Panel2:ExistFacility, Null );
SetValue ( Panel3:Coordinatexl, 100.0 );
SetValue ( Panel3:Coordinatex2, 100.0 );
SetValue ( Panel3:CoordinateYl, 0.0 );
SetvValue ( Panel3:CoordinateY2, 100.0 )
SetValue( Panel3:Coordinatezl, 10.0 );
SetValue ( Panel3:Coordinatez2, -13.0 )
SetvValue ( Panel3:Thickness, 0.60 );
SetvValue( Panel3:ExistFacility, Null )
SetValue ( Paneld:CoordinateXl, 100.0 )
SetValue ( Paneld:Coordinatex2, 50.0 );:
SetvValue ( Paneld:CoordinateYl, 100.0 ):
)
)

’
.
’
’

.
’

Setvalue ( Panel4:CoordinateY2, 100.0
SetValue ( Paneld:Coordinatezl, 10.0 );
SetValue ( Paneld:Coordinatez2, -13.0

.
I
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SetValue (
SetvValue (
SetvValue (
Setvalue (
SetValue (
SetValue (
SetValue(
SetvValue(
SetvValue (
SetValue (
SetValue (
SetValue(
Setvalue(
Setvalue (
SetValue(
SetValue (
SetValue (
SetValue (

} )

Paneld:
Paneld
Panel5:
Panel5:
Panelb:
Panelb:
Panelb:
Panelb5:
Panel5:
Panelb:
Panel6:
Panelo6:
Panelo6:
Panelé6:
Panel6:
Panel6:
Panelé6:
Panel6:

Thickness,
:ExistFacility, Null )
CoordinateXi,
CoordinateX?2,
CoordinateYl,
CoordinateY?2,
Coordinatezl,
Coordinatez?2,
Thickness,
ExistFacility, Null
CoordinateXxl,
Coordinatex2,
CoordinateYl,
CoordinateY2,
CoordinateZzl,
Coordinatez2,
Thickness,
ExistFacility, Null };

0.60 ):
50.0 )
50.0 ):
100.0 )
150.0 ):
10.0 )
-13.0 )
0.60 )

2

)
50.0 );

0.60 ):

/*************************************

*k kK

FUNCTION: SetInitialValueExcavationArea

*************************************/

MakeFunction(

{
SetValue (

SetvValue(
SetvValue (
SetValue (
Setvalue (
SetvValue(
SetvValue (
SetvValue(
SetValue(
SetValue (
SetvValue(
SetvValue (
SetvValue(
Setvalue (

} )

SetInitialvValueExcavationArea,

Areal:
Areal:
Areal:
Areal:
Areal:
Areal:
Areal:
Areal:
Areal:
Area?
Areal:
Areal2:
Areal:
Area2:

CoordinateXl,
Coordinatex?2,
CoordinateYl,
CoordinateY2,
Coordinatezl,
Coordinatez?2,
ExcavationDepth, 10.0 ):
CoordinateXl,
CoordinateX?2,
:CoordinateYl,
CoordinateY2,
Coordinatezl,
CoordinateZ?2,
ExcavationDepth, 20.0 ):

0.0 );
50.0 );
100.0 );
150.0 )
10.0 );
-10.0 )

’

0.0 );
100.0
0.0 ):
100.0 )
10.0 )
-10.0 ):

)

/*************************************

kk kK

FUNCTION: SetInitialvalueFacility

*************************************/

{

Setvalue (
Setvalue (
SetValue (
SetValue (
SetvValue (
Setvalue (
SetValue (
Setvalue (
Setvalue (
SetValue (
SetValue (
SetValue (

MakeFunction( SetInitialvalueFacility,

Facilityl:
Facilityl:
:CoordinateYl,

Facilityl

Facilityl:
:CoordinateZl,

Facilityl

Facilityl:
:FacilityName,
: ImportanceNumber,

Facilityl
Facilityl

Facility2:
Facility2:
:CoordinateYl,
Facility2:

Facility?2

(I,

CoordinateXxi,
CoordinateX2,

CoordinateY2,

Coordinatez?2,
Hotel )
10.0
-20.0 );
-40.0 )
0.0 )
150.0

CoordinateXl,
CoordinateX2,

CoordinateY2, )
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SetValue ( Facility2:Coordinatezl, 0.0 );
SetValue( Facility2:Coordinatez2, 0.0 );
SetvValue ( Facility2:FacilityName, UtilityLine );
SetvValue ( Facility?2:ImportanceNumber, 8.0 );

P o)

/*************************************
***%%*  FUNCTION: OutputEquipDatal

*************************************/
MakeFunction( OutputEquipbatal, [],
{
PostMessage( "*** Initial Design for Measurement Plan(l) ***" );
ForAll [ x|MeasurePoint ]
{
Let [pid x:PanelName]
{
PostInputForm( " " # x, x, PriorityNumber, "Importance:",
%, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl, "Coordinate-Y:",
pid, LayerCondition, "LayerCondition:",
pid, NValueCurve, "NvalueCurve:", pid,
EdgeCondition, "PanelkEdgeCondition:®,
X, SurfacePosition, "Slipsurface:"™ );
PostInputForm{ NULL # x, x, FailurePattern, "FailurePattern:",
X, MeasurementType, MeasurementType,
®x, NumInclinometer, “Inclinocmeter:™,
X, NumLoadCell, "LoadCell:", x, NumStressGauge,
"StressGauge: ", x, NumkEarthPressureGauge,
"EarthpressureGauge: "™, x, NumWaterPressureGauge,
"WaterPressureGauge:", x, NumSettlementGauge,
"SettlementGauge:" );
}:
}:
}):

/*************************************

***%  FUNCTION: MeasurementPlan
*************************************/
MakeFunction( MeasurementPlan, [],
{
ZeroInitialize( ):
SetInitialvalue( ):
SetMeasurementPoint () ;
CheckLayers( ):
PredictFailurePattern( );
LayoutMeasureEquips{ )
Yy

/*************************************

*x*%*  FUNCTION: OutputEquipDataZ2
*************************************/

MakeFunction( OutputEquipDhata2, [],
{

If ( PostMenu( "Do you wish to see the result of reasoning 2?7,
Yes, No ) #= Yes )
Then {
PostMessage ( "*** Initial Design for Measurement Plan(2) ***%" };

{
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ForAll [ x|Inclinocmeter ]
{
TLet [m x:ID)

{
PostInputForm (

};
}:

}:
{
ForAll [ x|LoadCell ]
{
Let [m x:ID]
{
PostInputForm (
}:
}:
}:
{
ForAll [ x|StressGauge ]
{
Let [m x:ID]
{
PostInputForm (
}:
}: '
}:
{

ForAll [ x|EPressGauge ]

{
Let [m x:ID]

{
PostInputForm (

}:

T 4 x, %, ID, "MeasurePointNo.:",

m, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl,
"Coordinate-~Y:", x, Coordinatezl,
"TopElevation(m):", x, CoordinateZz2,
"BottomElevation(m): ", m, FailurePattern,
"FailurePattern:", m, MeasurementType,
MeasurementType )

" "¢ x, %, ID, "MeasurePointNo.:%,

m, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl,
"Coordinate~Y:", x, CoordinateZl,
"SetElevation(m):", m, FallurePattern,
"FailurePattern:"™, m, MeasurementType,
MeasurementType );

" v 4 %, x, ID, "MeasurePointNo.:",

m, PanelName, "Panel:"™, x, CoordinateXl,
"Coordinate-X:", x, CoordinateYil,
"Coordinate-Y:", x, CoordinateZl,
"SetElevation(m):", m, FailurePattern,
"FailurePattern:™, m, MeasurementType,
MeasurementType );

"4 ox, x, ID, "MeasurePointNo.:™,

m, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl,
"Coordinate-Y:", x, CoordinateZl,
"SetElevation(m):", m, FailurePattern,
"FailurePattern:", m, MeasurementType,
MeasurementType )
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b
}:
{
ForAll [ x|WPressGauge ]
{
Let [m x:ID]
{
PostInputForm( * " # x, x, ID, "MeasurePointNo.:*,
m, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl,
"Coordinate-Y:", x, Coordinatezl,
"SetElevation(m):", m, FaillurePattern,
"FailurePattern:", m, MeasurementType,

MeasurementType )
}:
}:
}:
{
ForAll [ x|SettleGauge ]
{
Let [m x:ID]
{
PostInputForm( " * # x, x, ID, "MeasurePointNo.:",

m, PanelName, "Panel:", x, CoordinateXl,
"Coordinate-X:", x, CoordinateYl,
"Coordinate-Y:", x, CoordinateZl,
"SetElevation(m):", m, FailurePattern,
"FailurePattern:", m, MeasurementType,
MeasurementType )

/*************************************

*xx*  FUNCTION: SetInitialvValueMeasurePoint
*************************************/
MakeFunction( SetInitialvValueMeasurePoint, [],
{
ForAll [ x|MeasurePoint ]
{
SetvValue ( x:FailurePattern, NotDecided );
SetValue ( x:MeasurementType, NotDecided );
b:
{
ForAll [ y|StateBox ]
UpdateImage( y );

’

}
} )

R e R S S S T
/** ALL CLASSES ARE SAVED BELOW *xx/
[ HFF KKK IR KKK KKK K KKK A KKK KK KKK KKK K KA kK KKK A KK KKK KKK KK KKK KK/

/*************************************
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****  CLASS: Image

*************************************/

JFFF KK KKK KKKk Kx** METHOD: MClear HAKFIKKKKKK K KKK [
MakeMethod ( Image, MClear, [],
{} ):

/************** METHOD: MGraVityPOintX **************/
MakeMethod( Image, MGravityPointX, [SlotName ],

{
Self:GravityPointX = ( ( Self:CoordinateXl + Self:CoordinateX2 )

/2
GravityPointX;
Fysooo

/************** METHOD: MGraVityPOHitX **************/
MakeMethod ( Image, MGravityPonitX, [],
SetValue ( Self:GravityPointX, ( Self:CoordinateXl + Self:CoordinateX2 )

/2) );
[FRFFFK X KRR )R K*% METHOD: MGravityPoint FA KKk kKKK KKK kK [
MakeMethod( Image, MGravityPoint, [SlotName ],
éelf:GravityPointX = ( { Self:CoordinateXl + Self:CoordinateX2 )
Self:GravityPointyY = ( ( éezfiéoordinateYl + Self:Coordinate¥Y2 )
):

AppendToList ( Self:GravityPoint, Self:GravityPointX );
AppendToList ( Self:GravityPoint, Self:GravityPointY ):
Self:GravityPoint;
Py

Image:Width = 150;

Image:Height = 120;

Image:WinType = Make ImageWindow;

Image:Visible = FALSE;

Image: ShowBorder = TRUE;

Image:Transparent = FALSE;

/*************************************

*x%*x  CLASS: SlotView
R S S S T TS

/*************************************

**%% CLASS: QutputView

*************************************/

/*************************************

*x%x%  CLASS: Meter
*************************************/

Meter:Draw = Draw_ HMeter;
Meter:Update = Update HMeter;

/*************************************

***xx  CLASS: StateBox
*************************************/

SetSlotOption( StateBox:AllowableValues, MULTIPLE );
StateBox:Draw = Draw RectLight;
StateBox:Update = Update RectLight;
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/*************************************

*x*x*%  CLASS: InputOutputView
***********************k*************/

/*************************************

****  CLASS: Slider
*************************************/
Slider:Width = 200;
Slider:Height = 75;
Slider:WinType = Make SliderWindow;
Slider:Draw = Draw_Slider;
Slider:Update = Update Slider;

/*************************************

**x%  CLASS: Edit
*************************************/
Edit:ShowBorder = FALSE;
Edit:Width = 100;
Edit:Height = 25;
Edit:WinType = Make EditWindow;
Edit:Update = Update Edit;

/*************************************

***% CLASS: Transcript

*************************************/
Transcript:ProportionalFont = TRUE;
Transcript:WinType = Make TransWindow;

/*************************************

**%%  CLASS: Button
*************************************/

Button:ShowBorder = FALSE;
Button:Width = 100;

Button:Height = 25;

Button:WinType = Make ButtonWindow;
Button:Draw = Draw Bitmap;

/*************************************
**x%  CLASS: Bitmap

*************************************/
Bitmap:FitToScreen = FALSE;
Bitmap:Draw = Draw Bitmap;

/*************************************

***%  CLASS: Drawing

*************************************/
Drawing:XLeft = 0;
Drawing:YTop = 0;
Drawing:XRight = 100;
Drawing:YBottom = 100;
Drawing:Draw = Draw Drawing;
Drawing:Print = Print Drawing;

/*************************************

**x%k%x  CLASS: Text
KKK KK KKK KKRKK KKK KKK KKK I KKK KKK KK KK [

Text:Justification = CENTER;
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Text :ShowBorder = FALSE;
Text:Width = 100;

Text:Height = 25;

Text:WinType = Make StaticWindow;

/*************************************

**x%  CLASS: LinePlot
ERKHKAKK KKK A K KKK KX KKK KER KKK LXK KKK K/

/************** METHOD : MGravityPointX k*************/
MakeMethod ( LinePlot, MGravityPointX, [SlotName ],
{
Self:GravityPointX = ( ( Self:CoordinateXl + Self:Coordinatex2 )
/2);
GravityPointX;
Py
LinePlot:AutoScale = FALSE;
LinePlot:Grid = FALSE;
LinePlot:Draw = Draw LinePlot;
LinePlot:Update = Update LinePlot;
LinePlot:Print = Print LinePlot;

/*************************************

**%%  CLASS: member
*************************************/

MakeClass ( member, Root );

/************** METHOD : MGravityPointX **************/
MakeMethod ( member, MGravityPointX, [SlotName ],

{

( Self:CoordinateXl + Self:Coordinatex2 ) / 2;

Yoy

/************** METHOD: Mdistance **************/
MakeMethod( member, Mdistance, [],

{

ForAll [ x|Panel ]

{
Sgrt( ( ( Self:GravityPointX - x:GravityPointX ) ~
2 ) + ( ( Self:GravityPointY - x:GravityPointY )
20 )
PostMessage( x # " is a Panel "™ # Sqrt( ( ( Self:GravityPointX
- x:GravityPointX )
~ 2 )Y + ( ( Self:GravityPointY

%:GravityPointyY )
2 ) ):
}:
} )

/************** METHOD: MGraVityPOintY **************/
MakeMethod ( member, MGravityPointy, [],

{

( Self:CoordinateYl + Self:CoordinateY2 ) / 2;

Yoy

/************** METHOD: MMLength **************/
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MakeMethod ( member, MMLength, [],
{

Sgrt( ( ( Self:CoordinateXl - Self:Coordinatex2 ) ~ 2 ) +
{ ( Self:CoordinateZl - Self:Coordinatez2 ) ~ 2 ) ):
Poy:
/************** METHOD: MMLength **************/
MakeMethod ( member, MMLength, [],
{
Sgrt( ( ( Self:CoordinateXl ~ Self:Coordinatex2 ) ~ 2

M\,
- +

( ( Self:CoordinateYl - Self:Coordinatey?2 ) *
Y

/************** METHOD: MMeasurePointSearch **************/
MakeMethod ( member, MMeasurePointSearch, [],

{
Let [CC ExcavationArea:MaxDepthArea]
{
If {
( CC:CoordinateXl <= Self:GravityPointX ) And ( CC:CoordinateX2
e
Self:GravityPointX )
And ( CC:CoordinateYl <= Self:GravityPointY ) And
( CC:CoordinateY2 >= Self:GravityPointY );
}
Then {
SetValue ( Self, ExcavationDepth, CC:MaxDepth ):
PostMessage ( " MeasurePoint is Center." }:
}
Else {
PostMessage ( " MeasurePoint is None.™ );
}i
}:
Poy:

/************** METHOD: MMDepth **************/
MakeMethod( member, MMDepth, [],
{
Abs( Self:Coordinatezl - Self:Coordinatez2 ):
} )

/************** METHOD: CalNumber **************/
MakeMethod ( member, CalNumber, [],

{

MemberCounter ( Self );:

Y
MakeSlot { member:Coordinatezl );
SetSlotComment ( member:Coordinatezl, "Top Elevation (m)" );:
SetSlotOption( member:Coordinatezl, VALUE TYPE, NUMBER );
MakeSlot ( member:ExcavationNumber );
SetSlotOption ( member:ExcavationNumber, VALUE TYPE, NUMBER );
MakeSlot ( member:ExcavationDepth ) ;
SetSlotOption( member:ExcavationDepth, VALUE TYPE, NUMBER );
-MakeSlot ( member:CoordinateXl );
SetSlotComment ( member:CoordinateXl, "Holizontal 2 Dimensional Plane

Pointl (x1,y1l)
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It )'.
SetSlotOption ( member:CoordinateXl, VALUE TYPE, NUMBER )’

MakeSlot ( member:CoordinateYl );

SetSlotComment ( member:CoordinateYl, "Holizontal 2 Dimensional Plane

Pointl (x1,y1)

1" );
SetSlotOption( member:Coordinatevyl, VALUE TYPE, NUMBER });

MakeSlot ( member:CoordinateX2 );

SetSlotComment ( member:CoordinateX2, "Holizontal 2 Dimensional Plane

Point2(x2,y2)"™ ):

SetSlotOption( member:CoordinateX?2, VALUE TYPE, NUMBER ):

MakeSlot ( member:CoordinateY2 );

SetSlotComment ( member:CoordinateY2, "Holizontal 2 Dimensional Plane

Point2 (x2,vy2)" ):

SetSlotOption( member:CoordinateY?, VALUE TYPE, NUMRBRER );
MakeSlot ( member:Coordinatez?2 ): -
SetSlotComment ( member:CoordinateZ2, "Bottom Elevation (m)" ):
SetSlotOption( member:Coordinatez?, VALUE TYPE, NUMBER );
MakeSlot ( member:Pointl ); a

SetSlotOption( member:Pointl, MULTIPLE );

SetSlotCOption( member:Pointl, VALUE TYPE, NUMBER ):
MakeSlot { member:Point2 ): -

SetSlotOption( member:Point2, MULTIPLE );

SetSlotOption( member:Point2, VALUE TYPE, NUMBER );
MakeSlot ( member:Point3 ): -

SetSlotOption( member:Point3, MULTIPLE );

SetSlotOption( member:Point3, VALUE TYPE, NUMBER );
MakeSlot ( member:Point4 ): o

SetSlotOption( member:Pointd4, MULTIPLE );

SetSlotOption( member:Point4, VALUE TYPE, NUMBER );
MakeSlot ( member:GravityPointX );

SetSlotOption( member:GravityPointX, VALUE TYPE, NUMBER );
SetSlotOption( member:GravityPointX, IF NEEDED, MGravityPointX );
MakeSlot ( member:GravityPointY ); B

SetSlotOption( member:GravityPointY, VALUE TYPE, NUMBER );
SetSlotOption( member:GravityPointY, IF NEEDED, MGravityPointY );
MakeSlot ( member:GravityPoint );

SetSlotOption( member:GravityPoint, MULTIPLE );
SetSlotOption( member:GravityPoint, VALUE TYPE, NUMBER );
MakeSlot ( member:MemberLength ); o
SetSlotComment ( member:MemberLength, "(m)*" );
SetSlotOption( member:MemberLength, VALUE TYPE, NUMBER );
SetSlotOption( member:MemberLength, IF NEEDED, MMLength );
MakeSlot { member:MemberDepth );

SetSlotComment ( member:MemberDepth, "(@m)" );
SetSlotOption( member:MemberDepth, VALUE TYPE, NUMBER );
SetSlotOption ( member:MemberDepth, IF NEEDED, MMDepth ):
MakeSlot ( member:ID ); o

MakeSlot ( member :NumMember ) ;

SetSlotOption( member:NumMember, VALUE TYPE, NUMBER };
SetSlotOption( member:NumMember, IF NEEDED, CalNumber };

/***************************‘k*******‘k*

**** CLASS: Panel
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*************************************/
MakeClass( Panel, member );

JEXKEX*KI KKk A*k* METHOD: WallCross FAKKKKKF KKK kK * [
MakeMethod ( Panel, WallCross, [},

{

Self:Thickness * Self:Panellength;

}oy:

/************** METHOD: WallCross **************/
MakeMethod( Panel, WallCross, [],
{

Self:Thickness * Self:Panellength;
Py

/************** METHOD: MMeasurePointSearch **************/
MakeMethod( Panel, MMeasurePointSearch, [],

{
Let [CC ExcavationArea:MaxDepthArea)]
{
If {
( CC:Coordinatexl <= Self:GravityPointX } And ( CC:CoordinateX2
>=
Self:GravityPointX )
And ( CC:CoordinateYl <= Self:GravityPointY ) And
( CC:Coordinate¥Y2 >= Self:GravityPointY );
}
Then {
SetValue ( Self, ExcavationDepth, CC:MaxDepth );
PostMessage( " MeasurePoint 1s Center." );
}
Else {
PostMessage ( " MeasurePoint is None." );
}:
}e

Yoy

/************** METHOD: MeaSUrePOint **************/
MakeMethod ( Panel, MeasurePoint, [],
ForAll [ X|Panel ]
If MPointSearch( CoordinationXl, CoordinationYl, X )
Then ( If MPointSearch( CoordinationX2, CoordinationY2,
X))
Then ( SetValue( X, ExcavationDepth, ExcavationArea:MaxDepth )
And SetvValue( X, MeasurePoint, Center ) )
Else 1 + 1 )
Else 1 + 2 ):

/************** METHOD: MLength **************/
MakeMethod( Panel, MLength, [],

{
Self:MemberLength;

Yoy

/************** METHOD : MCalPriority **************/
MakeMethod( Panel, MCalPriority, [],
{
( ( Self:ImportanceNumber * Self:Panellength ) * ( Self:ExcavationDepth
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/ Self:DistanceFacility;
Yo

/************** METHOD: Mcalpriority **************/
MakeMethod( Panel, MCalPriority, [I,
{
If ( Self:ExistrFacility #= Null )
Then Floor( ( Self:Panellength * ( Self:ExcavationDepth
~ 2% )y / 100.0 )
Else {
Let [x Self:ExistFacility]
{
Floor( ( ( x:ImportanceNumber * Self:Panellength )
* ( Self:ExcavationDepth ©~ 2 ) ) / x:DistancePanel );
}:
}:
Yoy

/************** METHOD: MLength **************/
MakeMethod( Panel, MLength, [],

{

Self:MemberLength;

Py

/************** METHOD: MCheckFacility **************/
MakeMethod( Panel, MCheckFacility, [],

{

CheckFacility( );

Yo

/************** METHOD: CalEl **************/
MakeMethod( Panel, CalEl, [],
{
Self:CoordinateZl - Self:ExcavationDepth;
o)

/************** METHOD: CalEdgeEl **************/
MakeMethod ( Panel, CalEdgeEl, [],
A
Self:CoordinateZl - Self:MemberDepth;
P

JFxK*kKKokkkxkk%x% METHOD: CalPenetration KEKKK KKK KKK KKK [
MakeMethod( Panel, CalPenetration, [],

{

Self:MemberDepth - Self:ExcavationDepth;

} o

[ FrFEKKhKkkKkxkkxxk METHOD: CalEff FhKK KA K KKKk Kk KK [
MakeMethod ( Panel, CalkEff, [],

{

Self:MemberDepth - ( Self:PenetrationDepth / 2 );

} o)
MakeSlot ( Panel:Panellength );
SetSlotOption( Panel:Panellength, VALUE TYPE, NUMBER );
SetSlotOption( Panel:Panellength, IF NEEDED, MLength );
MakeSlot ( Panel:UnitWeight );
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SetSlotComment ( Panel:UnitWeight, "(t/m)" );

MakeSlot ( Panel:AllowableMoment )

MakeSlot ( Panel:DesignDisplace );

MakeSlot ( Panel:DeformationModulus ):

MakeSlot ( Panel:I ):

MakeSlot ( Panel:Thickness );

SetSlotComment ( Panel:Thickness, "{m)" );

Panel:Thickness = 0.6;

MakeSlot ( Panel:MeasurePoint );

SetSlotOption( Panel:MeasurePoint, IF NEEDED, MMeasurePointSearch );

MakeSlot ( Panel:PriorityNumber );

SetSlotCption( Panel:PriorityNumber, VALUE TYPE, NUMBER );

SetSlotOption( Panel:PriorityNumber, IF NEEDED, MCalPriority ):

MakeSlot ( Panel:ExistFacility ); N

SetSlotOption( Panel:ExistFacility, IF NEEDED, MCheckFacility ):

MakeSlot ( Panel:Priority ):

SetSlotOption( Panel:Priority, MULTIPLE );

SetValue ( Panel:Priority, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3, Panel4,
Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3,
Panel4, Panell, Panel2, Panel3, Paneld, Panell, Panel2, Panel3, Paneld, Panell, Panel2,
Panel3, Panel4, Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell,
Panel2, Panel3, Paneld, Panell, Panel?2, Panel3, Paneld, Panell, Panel2, Panel3, Panel4,
Panell, Panel2, Panel3, Paneld, Panell, Panel2, Panel3, Paneld, Panell, Panel?2, Panel3,
Paneld, Panell, Panel2, Panel3, Paneld, Panell, Panel?, Panell, Panel4, Panell, Panel2,
Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3, Panel4, Panell,
Panel2, Panel3, Paneld, Panell, Panel?, Panel3, Paneld, Panell, Panel2, Panel3, Paneld,
Panell, Panel2, Panel3, Paneld4, Panell, Panel?, Panel3, Panel4, Panell, Panel2, Panel3,
Paneld, Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2,
Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3, Panel4, Panell,
Panel2, Panel3, Paneld4, Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Panel4,
Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3,
Paneld, Panell, Panel2, Panel3, Paneld4, Panell, Panel?, Panel3, Paneld, Panell, Panel2,
Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3, Paneld, Panell,
Panel?, Panel3, Panel4, Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Paneld,
Panell, Panel2, Panel3, Panel4, Panell, Panel2, Panel3, Paneld4, Panell, Panel2, Panel3,
Panel4, Panell, Panel2, Panel3, Panel4, Panell, Panel?2, Panel3, Paneld4, Panell, Panel2,
Panel3, Paneld4, Panell, Panel2, Panel3, Paneld ):

MakeSlot ( Panel:PriorityOrder );

MakeSlot ( Panel:FacilityDistance );

MakeSlot ( Panel:NValueCurve );

SetSlotComment ( Panel:NValueCurve, "Maximam Value for Each layer

If all layer behind panel is that Clay < 20, Sand < 30
So this slot value should be written ™ Low".

If not this is written "™ High"." );

MakeSlot ( Panel:LayerCondition );

MakeSlot ( Panel:EdgeCondition );

SetSlotComment ( Panel:EdgeCondition, “"Bad or Good" );
MakeSlot ( Panel:ExcavationElevation );
SetSlotComment ( Panel:ExcavationElevation, "T.P. m

1 );

SetSlotOption( Panel:ExcavationElevation, VALUE TYPE, NUMBER ):
SetSlotOption( Panel:ExcavationElevation, IF NEEDED, CalEl );
MakeSlot ( Panel:EdgeLayer );

MakeSlot ( Panel:EdgeElevation );
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SetSlotComment ( Panel:EdgeElevation, "T.P. (m)

ki) );
SetSlotOption( Panel:EdgeElevation, VALUE TYPE, NUMBER );
SetSlotOption( Panel:EdgeElevation, IF NEEDED, CalEdgeEl ):
MakeSlot ( Panel:PenetrationDepth }; ;

SetSlotOption( Panel:PenetrationDepth, VALUE TYPE, NUMBER );
SetSlotOption( Panel:PenetrationbDepth, IF_NEEDED, CalPenetration ):
MakeSlot ( Panel:PenetrationCondition );

SetSlotComment ( Panel:PenetrationCondition, "Enough or Short"™ );
MakeSlot ( Panel:EdgeSoil ):;

MakeSlot ( Panel:EdgePorePressure );

SetSlotComment ( Panel:EdgePorePressure, "Low or High" );

Panel :NumMember = 0;

MakeSlot ( Panel:EffDepth );

SetSlotOption( Panel:EffDepth, VALUE TYPE, NUMBER );
SetSlotOption( Panel:EffDepth, IF NEEDED, CalEff );

/*************************************

*x*x  CLASS: Layer
*************************************/

MakeClass( Layer, member );

/************** METHOD: MNValueCheck **************/
MakeMethod({ Layer, MNValueCheck, [],

{
If ( Self:SoilKind #= Clay )

Then {
If ( Self:Nvalue <= 20.0 )
Then SetValue( Self:NvValueCurve, Low )
Else SetValue( Self:NvValueCurve, High };
}
Else {
If ( Self:Nvalue <= 30.0 )
Then SetValue( Self:NvalueCurve, Low )
Else SetValue( Self:NvValueCurve, High );
}:
Y

/************** METHOD: MPOSition **************/
MakeMethod( Layer, MPosition, [],
{}):
MakeSlot ( Layer:LayerDepth );
SetSlotOption( Layer:LayerDepth, IF NEEDED, MMDepth );
MakeSlot ( Layer:UnitWeight )
MakeSlot ( Layer:DeformationModulus );
MakeSlot ( Layer:Nvalue );
MakeSlot ( Layer:SoilStrengthC );
MakeSlot ( Layer:SoilStrengthFai );
MakeSlot ( Layer:WaterPressure );
MakeSlot ( Layer:Poisson )
MakeSlot ( Layer:SoilKind );
MakeSlot ( Layer:NValueCurve );
SetSlotOption( Layer:NValueCurve, IF NEEDED, MNValueCheck );
MakeSlot ( Layer:Position );
SetSlotOption( Layer:Position, ALLOWABLE VALUES, Behind, Edge, Bellow );
SetSlotOption( Layer:Position, IF NEEDED, MPosition );
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/*************************************

***%* CLASS: Support

*************************************/
MakeClass ( Support, member );

JRFFFI KK I Kk kkk k% METHOD : MMLength KEKKKK KK KKK KKK [
MakeMethod( Support, MMLength, [],
{

Sgrt ( { ( Self:CoordinateXl - Self:CoordinatexX2 ) ™~ 2 ) +
( ( Self:Coordinatezl - Self:Coordinatezz ) ~ 2 ) );
Pz
/************** METHOD: MMLength **************/
MakeMethod( Support, MMLength, [],
{
Sgrt ( ( ( Self:Coordinatexl - Self:CoordinateXx2 ) ~ 2 ) +
( ( Self:CoordinateZl - Self:Coordinatez2 ) ~ 2 ) );

}o):
MakeSlot ( Support:Length )
SetSlotComment ( Support:Length, "(m)"™ );
SetSlotOption( Support:Length, VALUE TYPE, NUMBER );
SetSlotOption( Support:Length, IF NEEDED, MMLength ):
MakeSlot ( Support:AllowableStrength );
SetSlotComment ( Support:AllowableStrength, "(t/m2)" ):
SetSlotOption( Support:AllowableStrength, VALUE TYPE, NUMBER );
MakeSlot ( Support:DeformationModulus ): N
SetSlotComment ( Support:DeformationModulus, " (t/m)

R

SetSlotOption( Support:DeformationModulus, VALUE TYPE, NUMBER );
MakeSlot ( Support:I ):

SetSlotComment ( Support:I, ™ (m4)

” );
MakeSlot ( Support:Thickness );
SetSlotComment { Support:Thickness, " (m2)

1 );

SetSlotOption( Support:Thickness, VALUE TYPE, NUMBER );
MakeSlot { Support:InitialStress );

SetSlotComment ( Support:InitialStress, "(t/m)" );
SetSlotOption( Support:InitialStress, VALUE TYPE, NUMBER );
Support : NumMember = 3;

/*************************************

**%*x  CLASS: MeasureEquip
*************************************/

MakeClass ( MeasureEquip, member );

MakeSlot ( MeasureEquip:MeasureFrequency );

MakeSlot ( MeasureEquip:MeasurementPointID );

MakeSlot ( MeasureEquip:Initial );

SetSlotOption( MeasureEquip:Initial, VALUE TYPE, NUMBER );

MeasureEquip:Initial = 14;

MakeSlot ( MeasureEquip:Pitch );

SetSlotOption( MeasureEquip:Pitch, VALUE TYPE, NUMBER );

/*************************************
**%%  CLASS: Inclinometer

41



*************************************/
MakeClass ( Inclinometer, MeasureEquip );

Inclinometer:NumMember = 6;
Inclinometer:Initial = 0;

MakeSlot ( Inclinometer:NumInWall );

MakeSlot ( Inclinometer:NumInGround );

MakeSlot ( Inclinometer:SetPoint );

SetSlotComment ( Inclinometer:SetPoint, "Ground or Wall

" );

/*************************************

**%%  CLASS: LoadCell

*************************************/
MakeClass ( LoadCell, MeasureEquip );

LoadCell :NumMember = 12;

MakeSlot ( LoadCell:SupportNo )

/*************************************

***x*  CLASS: StressGauge
*************************************/

MakeClass( StressGauge, MeasureEquip ):

StressGauge :NumMember = 14;
StressGauge:Pitch = 3.0;

/*************************************

**%**x  CLASS: EPressGauge
*************************************/

MakeClass ( EPressGauge, MeasureEquip );

EPressGauge: NumMember = 7;
EPressGauge:Pitch = 5.0;

/*************************************

***x%  CLASS: SettleGauge
*************************************/

MakeClass ( SettleGauge, MeasureEquip ):

SettleGauge: NumMember = 0;

/*************************************

***% CLASS: WPressGauge
*************************************/

MakeClass ( WPressGauge, MeasureFEquip )

WPressGauge : NumMember = 7;
WPressGauge:Pitch = 5.0;

/*************************************

**%** (CLASS: ExcavationArea
*************************************/

MakeClass( ExcavationArea, member ):;

/************** METHOD: Mcalpriority **************/
MakeMethod( ExcavationArea, MCalPriority, [],

{

If ( Self:ExistFacility #= Null )

Then {
PostMessage ( "This

" # Self:ID # " Dosen't Have a Facility." )

( Self:Panellength * ( Self:ExcavationDepth ~ 2 ) )

/ 100.0;

42



}
Else {

Let [x Self:ExistFacility]

{
( ( x:ImportanceNumber * Self:Panellength ) * ( Self:ExcavationDepth

2) )
/ =:DistancePanel:
}:
}:
o)

/************** METHOD: Maxsearch **************/
MakeMethod ( ExcavationArea, MaxSearch, [],

{
SetValue{ Self, MaxDepth, 0.0 );
ForAll [ x|ExcavationArea ]

{
If ( x:ExcavationDepth >= Self:MaxDepth )
Then {
SetValue ( ExcavationArea, MaxDepth, x:ExcavationDepth );
SetValue( ExcavationArea, MaxDepthArea, x ):
PostMessage( x # " 1is the Deepest " # Self:MaxDepth );
}
Else PostMessage( x # " 1is not Deep " );

: }:
Po)s

ExcavationArea:Coordinatezl 10.0;

ExcavationArea:Coordinatez? = -10.0;

MakeSlot ( ExcavationArea:MaxDepthArea );

ExcavationArea:MaxDepthArea = Area?2;

SetSlotOption( ExcavationArea:MaxDepthArea, IF NEEDED, MaxSearch };

MakeSlot ( ExcavationArea:MaxDepth );

SetSlotOption( ExcavationArea:MaxDepth, VALUE TYPE, NUMBER );

ExcavationArea:MaxDepth = 20.0;

SetSlotOption( ExcavationArea:MaxDepth, IF NEEDED, MaxSearch );

/*************************************

***x*% CLASS: Facility
KHKKKKKK KKK KK KKK KKK KKK KK KKK KKK KR K/

MakeClass( Facility, member );

/************** METHOD: Mdistance **************/
MakeMethod( Facility, Mdistance, [],

{
ForAll [ x|Panel ]
{
Sgrt ( ( ( Self:GravityPointX - x:GravityPointx ) »
2 ) + ( ( Self:GravityPointY - x:GravityPointY )
20 )

PostMessage( x # " is a Panel "™ # Sgrt( ( ( Self:GravityPointX
- x:GravityPointX )
~ 2 ) + ( ( Self:GravityPointY

x:GravityPointY )

~

2y )y )
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} )

/************** METHOD: Nearestsearch **************/
MakeMethod( Facility, NearestSearch, [],
{
SetValue ( Self, DistancePanel, 1000.0 );
ForAll [ x|Panel ]
{
Let [distance Sgrt( ( ( Self:GravityPointX - x:GravityPointX )
~ 2 ) + ( ( Self:GravityPointY
- x:GravityPointY )

~20) )]
If ( distance <= Self:DistancePanel )
Then {
SetValue ( Self, DistancePanel, distance );
PostMessage( x # ™ 1is the Nearest " # Self:DistancePanel );
}
Else PostMessage( x # " is not Near " );

}:

Py
MakeSlot ( Facility:FacilityName );
MakeSlot ( Facility:DistancePanel );
SetSlotOption( Facility:DistancePanel, VALUE TYPE, NUMBER ):
SetSlotOption( Facility:DistancePanel, IF NEEDED, MDistance );
MakeSlot ( Facility:NearestPanel );
SetSlotOption( Facility:NearestPanel, IF NEEDED, NearestSearch );
MakeSlot ( Facility:ImportanceNumber );:
SetSlotOption( Facility:ImportanceNumber, VALUE TYPE, NUMBER );
SetSlotOption( Facility:ImportanceNumber, MINIMUM VALUE, 1.0 ):
SetSlotOption( Facility:ImportanceNumber, MAXIMUM VALUE, 10.0 );

/*************************************

***%*  CLASS: VisualSurvey
*************************************/

MakeClass( VisualSurvey, member ):

/*************************************

****  CLASS: SlipSurface

*************************************/
MakeClass( SlipSurface, member );

/************** METHOD: CalDistanceX **************/
MakeMethod( SlipSurface, CalDistanceX, [],
{

Let [area ExcavationArea:MaxDepthArea]

{

area:GravityPointX - Self:CoordinateXl;
}:

Poy:

/************** METHOD: MElevation **************/
MakeMethod( SlipSurface, MElevation, [],
{
( Self:CocrdinateZl + Self:Coordinatez2 ) / 2.0;
} o)
MakeSlot ( SlipSurface:MeasurementPoint );
MakeSlot ( SlipSurface:SurfaceDepth );
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SetSlotComment ( SlipSurface:SurfaceDepth, "This is a elevation of SlipSurface at the point
of the Panel.

{m)

ki) );
SetSlotOption( SlipSurface:SurfaceDepth, VALUE TYPE, NUMBER );
SetSlotOption( SlipSurface:SurfaceDepth, IF NEEDED, MElevation );

/*************************************

*k%%  CLASS: MeasurePoint
*************************************/

MakeClass ( MeasurePoint, member );

/************** METHOD: CalDistanceX **************/
MakeMethod( MeasurePoint, CalbistanceX, [],
iet [area ExcavationArea:MaxDepthArea]
;rea:GravityPointX - Self:CoordinateXl;
} );}’

/************** METHOD: CalDistanceY ‘**************/
MakeMethod ( MeasurePoint, CalDistanceY, [],
{
Let [area ExcavationArea:MaxDepthArea]
{
area:GravityPointY - Self:CoordinateYl;
bi
Py

JERFRF KKK KKK )K**% METHOD: Cal? FEKKEXKFAKKAK K [
MakeMethod( MeasurePoint, Calz, [],
{
Self:PanelName:CoordinateZl;
}o):
SetSlotOption( MeasurebPoint:CoordinateZzl, IF NEEDED, Calz );
MakeSlot ( MeasurePoint:FacilityDistance );
MakeSlot ( MeasurePoint:FailurePattern );
SetSlotOption( MeasurePoint:FailurePattern, ALLOWABLE VALUES, NotDecided, None,
TotalSliding, WallFailure, AnchorFailure, Heaving, Settlement );:
MakeSlot ( MeasurePoint:MeasurementType ):
MakeSlot ( MeasurePoint:AddNumInclino );
SetSlotOption( MeasurePoint:AddNumInclino, VALUE TYPE, NUMBER );
MakeSlot ( MeasurePolint:0Others );
MakeSlot ( MeasurePoint:PanelEdge );
MakeSlot ( MeasurePoint:PanelName );
SetSlotOption( MeasurePoint:PanelName, ALLOWABLE VALUES, Panell, Panel?2, Panel3, Paneld );
MakeSlot ( MeasurePoint:PriorityNumber );
MakeSlot ( MeasurePoint:SlipSurface );
MakeSlot ( MeasurePoint:SlipSurfaceDepth ):
MakeSlot { MeasurePoint:SurfacePosition );
MakeSlot ( MeasurePoint:NumInclinometer );
SetSlotOption( MeasurePoint:NumInclinometer, VALUE TYPE, NUMBER );
MakeSlot ( MeasurePoint:NumLoadCell );
SetSlotOption( MeasurePoint :NumLoadCell, VALUE TYPE, NUMBER );
MakeSlot ( MeasurePoint:NumEarthPressureGauge );
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SetSlotOption( MeasurePoint:NumEarthPressureGauge, VALUE TYPE, NUMBER );
MakeSlot ( MeasurePoint:NumWaterPressureGauge );
SetSlotOption( MeasurePoint:NumWaterPressureGauge, VALUE TYPE, NUMBER );

MakeSlot ( MeasurePoint:NumSettlementGauge ) :

I3

SetSlotOption( MeasurePoint:NumSettlementGauge, VALUE TYPE, NUMBER );

MakeSlot ( MeasurePoint:NumStressGauge ) ;
SetSlotOption( MeasurePoint:NumStressGauge,
MakeSlot ( MeasurePoint:NumInclinoWall );
MakeSlot ( MeasurePoint:NumInclinoGround );
MakeSlot ( MeasurePoint:AddInclinolX );
MakeSlot ( MeasurePoint:AddInclinolyY );
MakeSlot ( MeasurePoint:AddInclino2X );
MakeSlot ( MeasurePoint:AddInclino2Y ) ;
MakeSlot { MeasurePoint:ExDistanceX );

VALUE TYPE, NUMBER )

SetSlotOption( MeasurePoint:ExDistanceX, VALUE TYPE, NUMBER );
SetSlotOption( MeasurePoint:ExDistanceX, IF NEEDED, CalDistanceX ):

MakeSlot ( MeasurePoint:ExDistanceY )

SetSlotOption( MeasurePoint:ExDistanceY, VALUE TYPE, NUMBER );
SetSlotOption( MeasurePoint:ExDistanceY, IF NEEDED, CalDistanceY );

MakeSlot ( MeasurePoint:NSupportz );
SetSlotOption( MeasurePoint:NSupportz, MULT
SetSlotOption( MeasurePoint:NSupportZ, VALU
MakeSlot ( MeasurePoint:NStressGaugeZ ):

IPLE );
E _TYPE, NUMBER );

SetSlotOption( MeasurePoint:NStressGaugeZ, MULTIPLE );
SetSlotOption( MeasurePoint:NStressGauge?Z, VALUE TYPE, NUMBER ):

MakeSlot ( MeasurePoint :NEPressGaugeZ );
SetSlotOption( MeasurePoint:NEPressGauge?Z,
SetSlotOption( MeasurePoint:NEPressGauge?z,
MakeSlot ( MeasurePoint:NWPressGaugeZ );
SetSlotOption( MeasurePoint:NWPressGauge?Z,
SetSlotOption( MeasurePoint:NWPressGaugeZ,
MakeSlot ( MeasurePoint:InclinoDepth -);

MULTIPLE );
VALUE TYPE, NUMBER );

MULTIPLE );
VALUE TYPE, NUMBER );

SetSlotOption( MeasurePoint:InclinoDepth, VALUE TYPE, NUMBER );

MakeSlot ( MeasurePoint:AddSettleGaugeX ) ;
MakeSlot ( MeasurePoint:AddSettleGaugeY );

/***********************************

***% CLASS: FailurePattern
B R B S e S b b a3

MakeClass( FailurePattern, Root );

/************** METHOD: CalDanger Xk Kk kK kK
MakeMethod ( FailurePattern, CalDanger, [],
{( Self:SafeX - Self:SafeY )} / Self:Unce
MakeSlot ( FailurePattern:MeasurementType );
MakeSlot ( FailurePattern:SlipSurface );
MakeSlot ( FailurePattern:NvalueCurve );
SetSlotComment ( FailurePattern:NvValueCurve,

If all layer behind panel is that Clay < 20

this slot value should be written " Low".

1" ),.

KX

**/

*******/

rtainz )

"Maximam Value for Each layer. Low or High.

, Sand < 30,
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MakeSlot ( FailurePattern:EdgeSoilStrength );

MakeSlot ( FailurePattern:PenetrationDepth )

MakeSlot ( FailurePattern:PoreWaterPressure );

MakeSlot ( FaillurePattern:Edgelayer );

MakeSlot ( FailurePattern:LayerCondition );

SetSlotComment ( FailurePattern:LayerCondition, "Condition of layers behaind panel.

Bad or Good

If all layers are clay, it is bad. " ):
MakeSlot ( FailurePattern:EdgeCondition ):;
SetSlotComment ( FailurePattern:EdgeCondition, "Condition of layer of panel edge.

RBad or Good.

If penetrationdepth isn't enough and Nvalue is low, it is Bad."™ ):

/*************************************

***%  CLASS: TotalSliding

*************************************/
MakeClass( TotalSliding, FailurePattern );
TotalSliding:MeasurementType = TypeZ2;
TotalSliding:NValueCurve = Low;
TotalSliding:EdgeSoilStrength = NotEnough;
TotalSliding:PenetrationDepth = Enough;
TotalSliding:PoreWaterPressure = Low;

/*************************************

*x*xx  CLASS: WallFailure

*************************************/
MakeClass( WallFailure, FailurePattern ):;
WallFailure:MeasurementType = Type3;
WallFailure:SlipSurface = BehindPanel;
WallFailure:NvValueCurve = Low;
WallFailure:EdgeSoilStrength = Enough;
WallFailure:PenetrationDepth = Enough;
WallFailure:PoreWaterPressure = Low;

/*************************************

***% CLASS: AnchorFailure

*************************************/
MakeClass ( AnchorFailure, FailurePattern ):;
AnchorFailure:MeasurementType = Type3;
AnchorFailure:SlipSurface = AboveSupportingPoint;
AnchorFailure:NValueCurve = High;
AnchorFailure:EdgeSoilStrength = Enough:
AnchorFailure:PenetrationDepth = Enough;
AnchorFailure:PoreWaterPressure = Low;

/*************************************

**x% CLASS: Heaving

*************************************/
MakeClass ( Heaving, FailurePattern );
Heaving:MeasurementType = Type4;
Heaving:SlipSurface = None;
Heaving:NValueCurve = Low;
Heaving:EdgeSoilStrength
Heaving:PenetrationDepth

il

NotEnough;
Short;

I
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Heaving:PoreWaterPressure = Low;
Heaving:Edgelayer = Clay;

/*************************************

**%*x  CLASS: Settlement

*************************************/
MakeClass ( Settlement, FailurePattern ):
Settlement:MeasurementType = Type3;
Settlement:SlipSurface = NotNecessary;
Settlement :NValueCurve = Low;
Settlement:EdgeSoilStrength = NoRelation;
Settlement :PenetrationDepth = Enough;
Settlement :PoreWaterPressure = NoRelation;
Settlement:Edgelayer = NoRelation;

/*************************************

*x*x*% CLASS: ProjectOutline
*************************************/

MakeClass ( ProjectOutline, Root );

MakeSlot ( ProjectOutline:NumMeasurePoint );

SetSlotOption( ProjectOutline:NumMeasurePoint, VALUE TYPE, NUMBER );
ProjectOutline:NumMeasurePoint = 4;

/*************************************

**%%  CLASS: MeasurePlan
*************************************/

MakeClass( MeasurePlan, Root );

/*************************************

**x%  CLASS: MeasureType
*************************************/

MakeClass ( MeasureType, MeasurePlan );

SRR K KKK KKKk kkkkk METHOD : CalNumSettlementGauge Kk kKK KKKKKKKKK [
MakeMethod ( MeasureType, CalNumSettlementGauge, [],

{
If ( Self:MeasurementType #= Typed )
Then {
If ( Self:0Others #= Null )
Then 1
Else 2;
}
Else {
If ( Self:0thers #= Null )
Then 0
Else 1;
}:
Poy:
JFxIKF R F kKRR Khk%x METHOD: CalNum HIKXKKKKKRK KA KK [
MakeMethod ( MeasureType, CalNum, [],
{
Support : NumMember;
Yo

MakeSlot ( MeasureType:NumInclinometer );
SetSlotComment ( MeasureType:NumInclinometer, "this needs for every measurementpoint to
analyze the behavior in case.
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Setting depth depends on the edge layer condition. ™ );

SetSlotOption( MeasureType:NumInclinometer, VALUE TYPE, NUMBER );

MakeSlot ( MeasureType:NumlocadCell );

SetSlotComment ( MeasureType:NumLoadCéll, "This needs for every measurementpoint to analyze
the behavior in case.

1 to each support must be needed to estimate the earthpressure and external force." }):

SetSlotOption( MeasureType:NumLoadCell, VALUE TYPE, NUMBER );

SetSlotOption( MeasureType:NumLoadCell, IF NEEDED, CalNum );

MakeSlot ( MeasureType:NumStressGauge );

SetSlotComment ( MeasureType:NumStressGauge, "This should be put 2 ~ 5m pitch above the

half peint of penetration depth, because large moment doesn't occure around the bottom,

and be put on front and back bar same depth to get moments.

" ),.

SetSlotOption( MeasureType:NumStressGauge, VALUE TYPE, NUMBER );

MakeSlot ( MeasureType:NunSettlementGauge );

SetSlotComment ( MeasureType:NumSettlementGauge, "This should be set the center of deepest
excavation area." );

SetSlotOption( MeasureType:NumSettlementGauge, VALUE TYPE, NUMBER );

MakeSlot ( MeasureType:NumEarthPressureGauge );

SetSlotComment ( MeasureType:NumEarthPressureGauge, "This is recommended to put both side
of panel and with porewatterpressure gauge.

It should be put aroud 5 m pitch or 1 to each layer, and not be behind support.™ ):
SetSlotOption( MeasureType:NumEarthPressureGauge, VALUE TYPE, NUMBER );

MakeSlot ( MeasureType:NumWaterPressureGauge ) ;

SetSlotComment ( MeasureType:NumWaterPressureGauge, "This should be put with earthpressure

gauge." );
SetSlotOption( MeasureType:NumWaterPressureGauge, VALUE TYPE, NUMBER );

/*************************************

**x* CLASS: MeasureManage
*************************************/

MakeClass ( MeasureManage, Root });

/*********************************************************/

/** ALL INSTANCES ARE SAVED BELOW *x/

/*********************************************************/

/*************************************

***x* TINSTANCE: HolizontalSliding
*************************************/

MakeInstance( HolizontalSliding, TotalSliding );
HolizontalSliding:SlipSurface = UnderPanel;

/*************************************

***x*  INSTANCE: RotationalSliding
*************************************/

MakeInstance ( RotationalSliding, TotalSliding ):
RotationalSliding:SlipSurface = NotNecessary;

/*************************************

**%*%  INSTANCE: BulgingDeformation
*************************************/
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MakeInstance( BulgingDeformation, WallFailure );

/*************************************

*¥**x*  INSTANCE: ShearingDeformation
*************************************/

MakeInstance ( ShearingDeformation, WallFailure ):

/*************************************

*kkk  TNSTANCE: LoadIncrease
*************************************/

MakeInstance ( LoadIncrease, AnchorFailure );

/*************************************

***x*x  TINSTANCE: LoadDecrease
*************************************/

MakeInstance ( LoadDecrease, AnchorFailure );

/*************************************

***%  TNSTANCE: WallCrack
*************************************/

MakeInstance({ WallCrack, WallFailure ):

/*************************************

*%x%* INSTANCE: WaterLeakage
*************************************/

MakeInstance ( WaterLeakage, WallFailure );

/*************************************

**%%  TNSTANCE: Panell
*************************************/
MakeInstance( Panell, Panel );
Panell:Thickness = 0.60;
Panell:Coordinatezl = 10.0;
Panell:ExcavationDepth = 20.0;
Panell:Coordinatexl = 0.0;

Panell:CoordinateyYl = 150.0;
Panell:CoordinateX2 = 0.0;
Panell:CoordinateY2 = 0.0;
Panell:Coordinatez2 = -13.0;
Panell:MeasurePoint = Center;

MakeSlot ( Panell:sample );

SetSlotOption( Panell:sample, MULTIPLE );
SetSlotOption( Panell:sample, VALUE TYPE, NUMBER ):
SetValue ( Panell:sample, 5, 5 );
Panell:ExistFacility = Facility?2;
Panell:PriorityOrder = 1;

Panell:ID = Panell;
Panell:FacilityDistance = 30;
Panell:NValueCurve = High;
Panell:lLayerCondition = Good;
Panell:EdgeCondition = Good;
Panell:Edgelayer = Layer4;
Panell:EdgePorePressure = Low;
Panell:EdgeScil = Sand:
Panell:PenetrationCondition = Enough;
Panell :NumMember = 1;

/*************************************
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***%  TNSTANCE: Panel?2
*************************************/

MakeInstance( Panel2, Panel );

Panel2:
Panel2:
Panel?2:
Panel?2:
Panel?2:
Panel?2:
Panel?2:
Panel?2
Panel?
Panel?2:
Panel2:
Panel?2:
Panel?2:
Panel?2
Panel2:
Panel?2:
Panel?2:
Panel?2:
PanelZ2:
Panel?2
Panel?2:

Thickness = 0.60;
Coordinatezl = 10.0;

ExcavationDepth = 20.0;
CoordinatexXl = 0.0;
CoordinateYl = 0.0;
CoordinateX2 = 100.0;
CoordinateY2 = 0.0;
:Coordinatez?2 = -13.0;
:MeasurePoint = Center;
ExistFacility = Null;
PriorityOrder = 3;

ID = Panel?2;

NvalueCurve = High;

:LayerCondition = Good;

EdgeCondition = Good;
Edgelayer = Layer4;
EdgePorePressure = Low;
EdgeSoil = Sand;
PenetrationCondition = Enough;

:FacilityDistance = 500.0;

NumMember = 1;

/*************************************

***% INSTANCE: Panel3
XK KKK KKK KK I KKK KKK KKK KRR KAXREKR KKK/

MakeInstance ( Panel3, Panel );

Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:
Panel3:

Thickness = (0.60;
Coordinatezl = 10.0:;
ExcavationDepth = 20.0;
CoordinateXl = 100.0;
CoordinateYyl = 0.0;
CoordinateX2 = 100.0;
CoordinateY2 = 100.0;
Coordinatez2 = -13.0;
MeasurePoint = Center;
ExistFacility = Facilityl;

PriorityOrder = 2;

ID = Panel3;

FacilityDistance = 40.311289;
NValueCurve = High;
LayerCondition = Good;
EdgeCondition = Good;
Edgelayer = Layer4;
EdgePorePressure = Low;
EdgeSoil = Sand;
PenetrationCondition = Enough;
NumMember = 1;

/*************************************

**%%  TINSTANCE: Paneld
*************************************/

MakeInstance( Panel4, Panel );

Paneld:
Paneld:
Paneld:

Thickness = 0.60;
CoordinateZl = 10.0;
ExcavationDepth = 20.0;
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Paneld:
Paneld:

Panel4
Panelid
Paneld

Paneld:
Paneld:
:PriorityOrder = 4;

Paneld

Paneld:
:NValueCurve = High;
Paneld:
:EdgeCondition = Good;

:FacilityDistance = 500.00;
Paneld:
Paneld:
Paneld:
Panel4:
:EdgePorePressure = Low;

Paneld

Paneld
Paneld

Paneld

CoordinateXl = 100.0;
CoordinateYl = 100.0;
:CoordinateX2 = 50.0;

:CoordinateY?2 = 100.0;
:Coordinatez2 = -13.0;

MeasurePoint = Center:;
ExistFacility = Null;

ID = Paneld;
LayerCondition = Good;
Edgelayer = Layer4;
NumMember 1;

EdgeSoil = Sand;
PenetrationCondition = Enough;

/*************************************

*%%%  TNSTANCE: Panelb
*************************************/

MakeInstance( Panelb, Panel );

Panel5:
Panel5:
Panelb5:
Panel5:
Panel5:
Panel5:
:Coordinate¥Y2 = 150.0;

Panel5

Panel5:
Panel5:
Panelb:
Panel5:
Panelb5:
Panels:

Thickness = 0.60;
Coordinatezl = 10.0;
ExcavationDepth = 10.0;
CoordinateXl 50.0;
CoordinateYl = 100.0;
Coordinatex?2 = 50.0;

If

CoordinateZ2 = -13.0;
MeasurePoint None:
ExistFacility = Null;
PriorityOrder = 1;

ID = Panel5;
NumMember = 1;

/*************************************

*%%% INSTANCE: Panelé
*************************************/

MakeInstance ( Panel6, Panel );

Panelé6:
Panel6:
Panelé6:
Panel6:
Panelé6:
Panelé6:
Panelé6:
Panel6:
Panel6:
Panelé6:
Panelé6:
Panel6:
Panel6:

Thickness = 0.60;
Coordinatezl = 10.0;
ExcavationDepth = 10.0;
CoordinatexXl = 50.0;

CoordinateYl = 150.0;
CoordinateX2 = 0.0;
CoordinateY2 = 150.0;
Coordinatez2 = -13.0;
MeasurePoint = None:;
ExistFacility = Null;
PriorityOrder = 1:

ID = Panel6;
NumMember = 1;

/*************************************

**x%* INSTANCE: Area2
EHKKKKK KKK XK KKK KK KKK KKK KT KKK KKK KA K/
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MakeInstance( Area?, ExcavationArea );

AreaZ:Coordinatezl = 10.0;
Area?:ExcavationDepth = 20.0;
AreaZ:CoordinateXl = 0.0;
Area?2:Coordinate¥Yl = 0.0;
AreaZ2:CoordinateX2 = 100.0;
Areaz:CoordinateY2 = 100.0;
Area2:Coordinatez?2 = ~10.0;
Area?:ID = Areal;

/*************************************

****x TINSTANCE: Areal
HHKH KKK KKK KKK KKK KK EXKKKK K KKK KX EXAK /

MakeInstance ( Areal, ExcavationArea );

Areal:CoordinateZl = 10.0;
Areal:ExcavationDepth = 10.90;
Areal:CoordinateXl = 0.0;
Areal :CoordinateYl = 100.0;
Areal:Coordinatex2 = 50.0;
Areal :CoordinateY2 = 150.0;
Areal:Coordinatez2 = -10.0;
Areal:ID = Areal;

/*************************************

***x%  INSTANCE: Facilityl
KKK KKK H KKK K KKK KKK KKK KKK KA AKK KKK KKK/

MakeInstance( Facilityl, Facility ):
Facilityl:FacilityName = Hotel;
Facilityl:Coordinatezl = 0.0;
Facilityl:Coordinatexl = 120.0;
Facilityl:CoordinateYl = 10.0;
Facilityl:Coordinatex2 = 120.0;
Facilityl:CoordinateyY2 = 20.0;
Facilityl:Coordinatez2 = 0.0;
Facilityl:DistancePanel = 40.311289;
Facilityl:NearestPanel = Panel3;
Facilityl:ImportanceNumber = 10.0;
Facilityl:ID = Facilityl;

/*************************************

hk kK

INSTANCE: Facility?2

*************************************/

MakeInstance( Facility2, Facility ):
FacllityZ:FacilityName = UtilityLine;
Facility2:Coordinatezl = 0.0;
Facility2:Coordinatexl = -20.0;
Facility2:CoordinateYl = 0.0;
FacilityZ2:CoordinateX2 = -40.0;
Facility2:CoordinateY2 = 150.0;
Facllity2:CoordinatezZ2 = 0.0;
Facility2:DistancePanel = 30;
FacilityZ2:NearestPanel = Panell;
Facility2:ImportanceNumber = 8.0;
Facility2:ID = Facility2;

/*************************************

**** INSTANCE: Button2
KKK KK KKK KKK KKK KAA KA KA KK
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MakeInstance ( Button2, Button );

Button2:X = -~17;

Button2:¥Y = -1;

Button2:Title = Initialization;

Button2:Visible = TRUE;

Button2:Width = 157;

Button2:Height = 27;

Button2:Action = ZerolInitialize;
ResetImage ( Button2 );

/*************************************

**%*  INSTANCE: Button4
*************************************/
MakeInstance ( Button4, Button ):
Button4:X = 389;
Buttond:Y = 339;
Buttond:Title = SetMeasurementPoint;
Buttond:Visible = TRUE;
Buttond:Width = 162;
Button4d:Height = 27;
Buttond:Action = SetMeasurementPoint;
Buttond:FileName = NULL;
Button4:ShowBorder = FALSE;
ResetImage ( Buttond ):

/*************************************

*%*%x  INSTANCE: Buttonl
*************************************/
MakeInstance ( Buttonl, Button ):
Buttonl:X = -19;
Buttonl:Y = 24;
Buttonl:Title = SetValue;
Buttonl:Visible = TRUE;
Buttonl:Width = 160;
Buttonl:Height = 27;
RButtonl:Action = SetInitialvalue;
ResetImage ( Buttonl );

/*************************************

*x%%  TNSTANCE: Layerl

*************************************/
MakeInstance ( Layerl, Layer ):;
Layerl:Nvalue = 3.0;
Layerl:Poisson = 0.5;
Layerl:S0ilKind = Clay;
Layerl:SoilStrengthC = 2.0
Layerl:SoilStrengthFai = 1
Layerl:UnitWeight = 1.8;
Layerl:WaterPressure = 0.0;
Layerl:CoordinateXl 50.0;
Layerl:CoordinateX?2 150.0;
Layerl:CoordinateYl = 50.0;

0.0;

[

Layerl:CoordinateY2 = 50.0;
Layerl:CoordinateZl = 10.0;
Layerl:CoordinateZ2 = 5.0;

Layerl:ID = Layerl;
Setvalue( Layerl:Pointl, 50.0, 50.0, 10.0 );
Setvalue( Layerl:Point2, 150.0, 50.0, 10.0 );
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SetValue ( Layerl:Point3, 150.0, 50.0, 5.0 );
SetValue ( Layerl:Point4, 50.0, 50.0, 5.0 );
SetValue ( Layerl:GravityPoint, 100, 50 );

/*************************************

*&%x%  INSTANCE: Layer2

*************************************/
MakeInstance( Layer2, Layer );
Layer2:Nvalue = 20.0;
Layer2:Poisson = 0.3;
Layer2:So0ilKind = Sand;
Layer2:SoilStrengthC = 0.
Layer2:SoilStrengthFai =
Layer2:UnitWeight = 2.0;
Layer2:WaterPressure = 0.0;

0;
30.0;

Layer2:Coordinatexl = 50.0;
Layer2:CoordinateX2 = 150.0;
Layer2:CoordinateYl = 50.0;
Layer2:CoordinateY2 = 50.0;
Layer2:Coordinatezl = 5.0;
Layer2:Coordinatez2 = 0.0;

Layer2:ID = Layer2;

LayerZ2:NValueCurve = Low;

SetValue ( LayerZ2:Pointl, 50.0, 50.0, 5.0 ):
SetValue( Layer2:Point2, 150.0, 50.0, 5.0 ):
SetvValue ( Layer2:Point3, 150.0, 50.0, 0.0 ):
SetvValue( Layer2:Point4, 50.0, 50.0, 0.0 );
SetvValue ( Layer2:GravityPoint, 100, 50 );

/*************************************

*%%x  INSTANCE: Layer3

*************************************/
MakeInstance ( Layer3, Layer );
Layer3:Nvalue = 10.0;
Layer3:Poisson = 0.5;
Layer3:S0ilKind = Clay:
Layer3:So0ilStrengthC = 2.0
Layer3:SoilStrengthFai = 1
Layer3:UnitWeight = 1.8;
Layer3:WaterPressure = 0.0;
Layer3:CoordinatexXl = 50.0;
Layer3:Coordinatex2 = 150.0;

0.0;

Layer3:CoordinateYl = 50.0;
Layer3:CoordinateY2 = 50.0;
Layer3:Coordinatezl = 0.0;

Layer3:Coordinatez2 = ~10.0;

Layer3:ID = Layer3;

Layer3:NvValueCurve = Low;

SetValue ( Layer3:Pointl, 50.0, 50.0, 0.0 );:
SetValue( Layer3:Point2, 150.0, 50.0, 0.0 );
SetvValue ( Layer3:Point3, 150.0, 50.0, -10.0 ):
SetValue( Layer3:Point4, 50.0, 50.0, -10.0 );
SetValue( Layer3:GravityPoint, 100, 50 );

/*************************************

**x%  INSTANCE: Layeri
*************************************/

MakeInstance( Layer4, Layer ):
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Layer4:
Layerd:
Layer4:
Layerd:
Layerd:
Layer4:
Layer4:
Layer4:

Layerd

Layerd4:
Layerd:
Layerd:
Layerd:
Layer4:

NWValue
Poisson
SoilKind = Sand;
SoilStrengthC =
SoilStrengthFai
UnitWeight = 2.0;
WaterPressure = 20.0;

30.0;
= 0.3;
2.0;
= 10.0;

Coordinatexl = 50.0;
:CoordinateX?2 = 150.0;
CoordinateYl = 50.0;
Coordinate¥Y2 = 50.0;
Coordinatezl = -10.0;
CoordinatezZ2 = -15.0;

ID = Layer4:;

Layer4:NvValueCurve = Low;

SetValue ( Layer4:Pointl, 50.0, 50.0, -10.0 ):
SetValue ( Layer4:Point2, 150.0, 50.0, -10.0 );
SetValue ( Layer4:Point3, 150.0, 50.0, -15.0 );
SetValue ( Layer4:Point4, 50.0, 50.0, -15.0 );:
SetValue( Layer4:GravityPoint, 100, 50 );

/*************************************

**x%*  INSTANCE: Layer5
KEREKKKKKK KK EERRKK KKK kKR EXXERKKEK A KA K ]

MakeInstance( Layer5, Layer );

Layer5:
Layer5:
Layer5:
Layer5:
Layer5:
Layer5:

Layer5

Layer5:
Layer5:
Layer5:
Layer5:
Layerb:
Layer5:
Layer5:

NValue 50.0;

Poisson 0.4;
SoilKind = Tertiary;
SoilStrengthC = 2.0;
SoilStrengthFai = 10.0;

UnitWeight = 2.2;
:WaterPressure = 0.0;
CoordinateXl = 50.0;
CoordinateX2 = 150.0;
CoordinateYl = 50.0;
CoordinateY2?2 = 50.0;
CoordinateZl = -15.0;
CoordinateZz?2 = ~-25.0;
ID = Layer5;

Layer5:NvValueCurve = High;

SetValue( Layer5:Pointl, 50.0, 50.0, -15.0 ):
SetValue ( Layer5:Point2, 150.0, 50.0, -15.0 );
SetValue( Layer5:Point3, 150.0, 50.0, -25.0 );
SetValue( Layer5:Point4, 50.0, 50.0, =-25.0 );:
SetValue ( LayerS5:GravityPoint, 100, 50 );

/*************************************

***x  INSTANCE: Supportl
*************************************/

MakeInstance ( Supportl, Support );

Supportl:
Supportl:
Supportl
Supportl:
Supportl:
Supportl:
Supportl:
Supportl:

ID = Supportl;

InitialStress = 200.0;
:CoordinateXl = 100.0;
CoordinateX2 = 125.0;
CoordinateYl = 50.0;
CoordinateY2 = 50.0;
Coordinatezl = 5.0;
Coordinatez2 = -20.0;
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Supportl:
SetvValue (
SetValue (
SetValue (
SetValue(
SetValue (

NumMember

Supportl:
Supportl:
Supportl:
:Point4,
Supportl:

Supportl

1;
Pointl,
Point2,

Point3,

100.0,
125.0,
125.0,
100.0,
GravityPoint,

1

50.0, 5.0 )
50.0, 5.0 )
50.0, -20.0
50.0, -20.0
12.500000,

/*************************************

*

* kK

INSTANCE: Support?2

*************************************/
MakeInstance ( Support2, Support );

Support?2
Support2:
Support2:
Support2:
Support2:
Support2:
Support2:
Support?
Support?2:
SetvValue (
SetValue (
SetValue (
SetValue (
Setvalue (

:ID = Support2;
InitialStress = 250.0;
CoordinateXl = 100.0;
CoordinateX?2 = 120.0;
CoordinateYl = 50.0;
CoordinateY2 = 50.0;
Coordinatezl = 0.0;
:Coordinatez2 = -20.0;
NumMember = 1;
Support2:Pointl, 100.0, 50.0,
Support2:Point2, 120.0, 50.0,
Support2:Point3, 120.0, 50.0,
Support2:Point4, 100.0, 50.0,
Support2:GravityPoint, 110, 50 );

/*************************************

*

KKKk

INSTANCE: Support3

*************************************/

MakeInstance ( Support3, Support );

Support3
Support3:
Support3:
Support3:
Support3:
Support3:
Support3:
Support3:
Support3:
Setvalue (
SetValue (
SetValue (
SetValue (
Setvalue (

:ID = Support3;
InitialStress = 30
Coordinatexl = 100
CoordinateX2 = 115
Coordinateyl = 50.
CoordinateY2 = 50.
Coordinatezl = -5.
Coordinatez2 = -20
NumMember = 1;
Support3:Pointl,
Support3:Point2,
Support3:Point3,
Support3:Point4,
Support3

0.0;
.0;
.0;
0;
0;
0;
.0;

100.
115.
115.
100.

r

r

14

OO OO

r

50.
50.0,
50.0,
50.0,

0,

-5.0
-5.0
-20.0
-20.0

:GravityPoint, 107.500000,

/*************************************

*

*k ok

INSTANCE: SlipSurfacel

)
)

5

*************************************/
MakeInstance( SlipSurfacel, SlipSurface );

SlipSurfacel:ID = SlipSurfacel;
SlipSurfacel :MeasurementPoint =
SlipSurfacel:CoordinatexXxl = 100.0;
SlipSurfacel:Coordinatex2 = 150.0;
SlipSurfacel:CoordinateYl = 50.0;
SlipSurfacel:CoordinateY?2 = 50.0;
SlipSurfacel:CoordinateZl = -10.0;
SlipSurfacel:Coordinatez2 = -20.0;

SetValue ( SlipSurfacel:Pointl, 100.0, 50.0, -10.0 );

Panel3;

50

)I
)
0
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SetValue ( SlipSurfacel:Point?2,

150.0,

50.0,

-10.0

)

Setvalue ( SlipSurfacel:Point3, 150.0, 50.0, -20.0 ):

SetvValue( SlipSurfacel:Point4,

100.0,

50.0,

-20.0

SetvValue ( SlipSurfacel:GravityPoint, 125, 50 );

/*************************************

INSTANCE: SlipSurface?2
*************************************/

MakeInstance( SlipSurface2, SlipSurface );

* ok ok ok

SlipSurface2:
SlipSurface?2
SlipSurface2
SlipSurface2:
SlipSurface?2:
SlipSurface2:
SlipSurface2:
SlipSurface?2:
SetvValue ( Sli
SetValue (
SetValue (
SetValue (
Setvalue (

S1i
S1i

SlipSurface2:

SlipSurface?2:

ID

CoordinateXx2
CoordinateYl
CoordinateY?2
Coordinatezl
Coordinatez?2
pSurfacel:

pSurface?2:
pSurface?:

(]

Pointl,
Point2, 50.0,
Point3, 50.0,
Point4,
GravityPoint,

SlipSurface?2;
:MeasurementPoint = Paneld;
:CoordinateXl

50.0;
50.0;
50.0;
-50.0;
-20.0;
-20.0;

50.0, 50.0,

50.0, 50.0,

-50.0,
-50.0,

-20.0
-20.0
-20.0

-20.0

50, 0 ):

/*************************************

INSTANCE: SlipSurface3
KA KK KKK A KKK H KK IR KKK KA KA KX KK KKK/

MakelInstance( SlipSurface3, SlipSurface ):

K KKK

SlipSurface3:
SlipSurface3
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
SlipSurface3:
Setvalue (
SetValue(
SetValue (
SetValue (
SetValue (

ID = SlipSurface3:;
:MeasurementPoint = Panell;
CoordinatexXxl = 50.0;
CoordinateX2 = -50.0;
CoordinateYl = 50.0;
Coordinate¥Y2 = 50.0;
CoordinateZl = 0.0;
Coordinatez2 = 5.0;

50.0,

~-50.0, 50.0, 5.0
50.0,

SlipSurface3:Pointl, 50.0, 50.0, 0.0 );
SlipSurface3:Point2, -50.0, 50.0, 0.0
SlipSurface3:Point3,
SlipSurface3:Point4,
SlipSurface3:GravityPoint, 0, 50 );

5.0 )

/*************************************

INSTANCE: Button5
HREKKKEKKKKKKKKRIAIKKK KKK KKK HKEIKK KKK [

MakeInstance ( Button5, Button );

kK k)

Buttonb5:X = 388;

Button5:Y = 390;

Button5:Title = PredictFailurePattern;
Button5:Visible = TRUE;

Button5:Width = 162;

Button5:Height = 27;

ButtonS5:Action =

ResetImage (

Buttonb

PredictFailurePattern;
):

/*************************************

INSTANCE: Button?
*************************************/

MakeInstance( Button7, Button );

*k Kk k
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Button7:X = 389;

Button7:Y = 416;

Button7:Title = LayoutMeasureEquips;

Button7:Visible = TRUE;

Button7:Width = 159;

Button7:Height = 27;

Button7:Action = LayoutMeasureEquips;
ResetImage ( Button7 );

/*************************************

**%%  INSTANCE: Button9
*************************************/
MakeInstance( Button9, Button );
Button9:X = 389;
Button9:Y = 364;
Button9:Title = Checklayers;
Button9:Visible = TRUE;
Button9:Width = 161;
Button9:Height = 27;
Button9:Action = ChecklLayers;
ResetImage ( Button9 );

/*************************************

**x%% INSTANCE: Typel

*************************************/
MakelInstance ( Typel, MeasureType );
Typel:NumInclinometer = 1;
Typel:NumLoadCell = NumSupport;
Typel:NumStressGauge = 0;
Typel:NumSettlementGauge = 0;
Typel:NumEarthPressureGauge =

0;
Typel:NumWaterPressureGauge 0

il

.
I3

/*************************************

**%%  INSTANCE: Type2

*************************************/
MakeInstance( TypeZ2, MeasureType );
TypeZ:NumInclinometer = Morel;
TypeZ2:NumLoadCell = NumSupport;
TypeZ2:NumStressGauge = 0;
Type2:NumSettlementGauge = SeeOthers;
Type2:NumEarthPressureGauge = 0; '
TypeZ:NumWaterPressureGauge = 0;

/*************************************

**%%  TNSTANCE: Type3

*************************************/
MakelInstance( Type3, MeasureType );
Type3:NumInclinometer = Morel;
Type3:NumlLoadCell = NumSupport;
Type3:NumStressGauge = Some;
Type3:NumSettlementGauge = SeeQthers;
Type3:NumEarthPressureGauge = Some;
Type3:NumWaterPressureGauge = Some;

/*************************************

***x*x  INSTANCE: Typed
*************************************/
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MakeInstance ( Typed4, MeasureType ):
Typed:NumInclinometer 1;

Typed :NumlLoadCell = NumSupport;
Typed :NumStressGauge = 0;
Type4:NumSettlementGauge
Typed :NumEarthPressureGauge
Type4:NumWaterPressureGauge

1

[t~

0;
Some;

/*************************************

***x INSTANCE: Others
*************************************/
MakeInstance ( Others, MeasureType );
Others:NumInclinometer 0;
Others:NumLoadCell 0:
Others:NumStressGauge = 0;
Others:NumSettlementGauge = 1;
Others:NumEarthPressureGauge
Others:NumWaterPressureGauge

I3

0:
0

il

;
/*************************************

*%%%  TNSTANCE: Button3
*************************************/

MakeInstance ( Button3, Button );

Button3:X = -16;

Button3:Y = 48;

Button3:Title = MeasurementPlan;
Button3:Visible = TRUE;

Button3:Width = 158;

Button3:Height = 103;

Button3:Action = MeasurementPlan;
ResetImage ( Button3d );

/*************************************

**k%x%  TINSTANCE: StateBoxl
*************************************/

MakeInstance( StateBoxl, StateBox ):

StateBoxl:X = 140;

StateBoxl:Y = -3;

StateBoxl:Visible = TRUE;
StateBox1:Title = "Ml-FailurePattern®;
StateBoxl:Value = NotDecided;
StateBoxl:Width = 128; '
StateBoxl:Height = 186;
StateBox1:0wner = MeasurePointl;
StateBoxl:0OwnerSlot = FailurePattern:
ResetImage ( StateBoxl );

/*************************************

**%x% INSTANCE: StateBox2

*************************************/
MakeInstance( StateBox2, StateBox ):
StateBox2:X = 266;

StateBox2:Y = -3;

StateBox2:Visible = TRUE;
StateBox2:Width = 130;
StateBox2:Height = 187;
StateBox2:Title = "M2-FaliurePattern®:
StateBox2:Value = NotDecided;
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StateBox2:0wner = MeasurePoint?2;
StateBox2:0wnerSlot = FailurePattern:
ResetImage ( StateBox2 ):

/*************************************
**%*%  TNSTANCE: StateBox3

*************************************/
MakeInstance{ StateBox3, StateBox ):;
StateBox3:X = 392;

StateBox3:Y = -3;

StateBox3:Visible = TRUE;
StateBox3:Title = "M3-FailurePattern®:
StateBox3:Value = NotDecided;
StateBox3:Width = 132;
StateBox3:Height = 187;
StateBox3:0wner = MeasurePoint3;
StateBox3:0wnerSlot = FailurePattern:
ResetImage ( StateBox3 );

/*************************************

*%%%  TINSTANCE: StateBox6
*************************************/

MakeInstance ( StateBox6, StateBox );

StateBox6:X = 18;

StateBox6:Y = 313;
StateBox6:Visible = TRUE;
StateBox6:Title = "Ml-PanelName";
StateBox6:Width = 126;
StateBox6:Height = 128;
StateBox6:Value = Panell;
StateBox6:0wner = MeasurePointl:
StateBox6:0wnerSlot = PanelName;
ResetImage ( StateBox6 );

/*************************************

* Kk kK

INSTANCE: StateBox7

*************************************/
MakeInstance ( StateBox7, StateBox }:

StateBox7:X = 143;

StateBox7:Y = 313;
StateBox7:Visible = TRUE;
StateBox7:Title = "M2-PanelName®;
StateBox7:Width = 131;
StateBox7:Height = 128;
StateBox7:Value = Panel3;
StateBox7:0wner = MeasurePoint?2;
StateBox7:0wnerSlot = PanelName;

ResetImage (

StateBox7 )

/*************************************

**%%%* TNSTANCE: StateBox8
*************************************/

MakeInstance ( StateBox8, StateBox ):

StateBox8:X = 271;

StateBox8:Y = 313;
StateBox8:Visible = TRUE:
StateBox8:Title = "M3-PanelName";
StateBox8:Width = 119;
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StateBox8:Height = 129;

StateBox8:Value =

Panel?2;

StateBox8:0wner = MeasurePoint3;

StateBox8:0wnerSlot =

ResetImage (

PanelName;
StateBox8 ):;

/*************************************

* kKK

INSTANCE: MeasurePointl

*************************************/
MakeInstance ( MeasurePointl, MeasurePoint );

MeasurePointl:
SetSlotOption( MeasurePointl:PanelName, IMAGE,
MeasurePointl:
MeasurePointl:
MeasurePointl:
MeasurePointl:
MeasurePointl:
MeasurePointl:
:FacilityDistance

MeasurePointl

MeasurePointl:
:FailurePattern = NotDecided;

MeasurePointl

PanelName = Panell;

StateBox6 )
CoordinateXl = 0;

CoordinateYl = 75;

CoordinateX? 0;

CoordinateY2 = 75;

PriorityNumber = 1;

PanelEdge = -13.0;
= 30;
ExcavationDepth = 20.0;

i

SetSlotOption( MeasurePointl:FailurePattern, IMAGE, StateBoxl );

MeasurePointl:
MeasurePointl:
MeasurePointl:
MeasurePointl:
:Others = 1;
:AddNumInclino = 1;
:NumInclinometer = 2;
:NumInclinoWall = 1;

MeasurePointl
MeasurePointl
MeasurePointl
MeasurePointl

MeasurePointl:
:NumLoadCell = 3;
:NumEarthPressureGauge

MeasurePointl
MeasurePointl

MeasurePointl:
NumStressGauge =
:NumSettlementGauge = 0;
:AddInclinolX

MeasurePointl
MeasurePointl
MeasurePointl

MeasurePointl:
MeasurePointl:
MeasurePointl:
:AddSettleGaugeX =
:AddSettleGaugeyY =
SetvValue ( MeasurePointl:NSupport?z,

MeasurePointl
MeasurePointl

MeasurementType = Type3;
SlipSurface = SlipSurface3;
SlipSurfaceDepth = 2.500000;
SurfacePosition = Behind;

NumInclinoGround 1;

= 7;
1;

I

NumWaterPressureGauge
14;

-4.472150;
77.236075;
None;

None;

-8.944250;
79.472125;
5.0, 0.0,

I

AddInclinolyY
AddInclino2X
AddInclino2y =

~5.0 )

Setvalue ( MeasurePointl:NStressGaugeZz, 6, 3, 0, -3, -6, -9, -12, 6, 3, O,
):

SetvValue ( MeasurePointl:NEPressGaugez, 4, -1, -6, -11, -1, -6, -11 );
SetvValue ( MeasurePointl:NWPressGaugeZ, 4, -1, -6, -11, -1, -6, -11 );

MeasurePointl

:InclinoDepth = -13.0;

/*************************************

* kKK

INSTANCE: MeasurePoint3

*************************************/

MakeInstance (

MeasurePoint3, MeasurePoint );

MeasurePoint3:PanelName = Panel2;
SetSlotOption{( MeasurePoint3:PanelName,
MeasurePoint3:Coordinatexl = 50;
MeasurePoint3:CoordinateYl = 0;
MeasurePoint3:CoordinateX2 = 50;

IMAGE, StateBox8 );
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MeasurePoint3:
MeasurebPoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:

CoordinateY?2
PriorityNumber 3;
PanelEdge -13.0;
FacilityDistance = 500.0;
ExcavationDepth = 20.0;
FailurePattern = NotDecided;

0;

SetSlotOption( MeasurePoint3:FailurePattern, IMAGE, StateBox3

MeasurePoint3
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3:
MeasurePoint3
MeasurePoint3
MeasurePoint3
MeasurePoint3
MeasurePoint3
MeasurePoint3

:MeasurementType

:AddNumInclino

:AddInclinolX
:AddInclinoly
:AddInclino2X
:AddInclino2yY
:AddSettleGaugeX = 50;
:AddSettleGaugey

Typel;
SlipSurface = None;
SurfacePosition None;

Others 1;

0;

1:

NumInclinometer
NumInclinowall

NumInclinoGround
NumLoadCell = 3;
NumEarthPressureGauge
NumWaterPressureGauge
NumStressGauge 0;
NumSettlementGauge
None;
None;
None;
None:;

0;

i

i
oNe)

0;

-10;

~-5.0 );

SetValue ( MeasurePoint3:NSupportZ, 5.0, 0.0,
MeasurePoint3:InclinoDepth = ~13.0;

/*************************************

*%%%  TINSTANCE: MeasurePoint?2

*************************************/
MakeInstance ( MeasurePoint2, MeasurePoint );
MeasurePoint2:PanelName Panel3;

SetSlotOption( MeasurePoint?2

MeasurePoint?2:
MeasurePoint?2:
MeasurePoint2:
MeasurePoint?2:
MeasurePoint?2
MeasurePoint2:
MeasurePoint?2:
MeasurePoint?2:
MeasurePoint?2:

:PriorityNumber

:PanelName, IMAGE, StateBox7 ):
100;

50;

100;

50;

= 2

PanelEdge -13.0;

FacilityDistance 40.311289;

ExcavationDepth = 20.0;

FailurePattern = NotDecided:

CoordinateXxl
Coordinateyl
CoordinateX?2
CoordinateY?2

il

SetSlotOption( MeasurePoint2:FailurePattern, IMAGE, StateBox2 );

MeasurePoint?2:

MeasurePoint?2:

MeasurePoint?2:

MeasurePoint2:
MeasurePoint?2
MeasurePoint2:
MeasurePoint2:
MeasurePoint2:
MeasurePoint2:
MeasurePoint?2
MeasurePoint2:
MeasurePoint2:
MeasurePoint2:

:Others

:NumLoadCell

MeasurementType Type2;
SlipSurface SlipSurfacel;
SlipSurfaceDepth = -15;
SurfacePosition Under;

1;

AddNumInclino 1;
NumInclinometer = 2;
NumInclinoWall 1;
NumInclinoGround =
3;
NumEarthPressureGauge
NumWaterPressureGauge
NumStressGauge = 0;

1;

i
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MeasurePoint?2:
MeasurePoint2:
MeasurePoint2:
MeasurePoint2:
MeasurePoint?2:
MeasurePoint?2:
MeasurePoint2:

NumSettlementGauge = 0;
AddInclinolX 105;
AddInclinolY = 50;
AddInclino2X = None;
AddInclino2Y = None;
AddSettleGaugeX = 110;
AddSettleGaugeY = 50;

i

SetValue ( MeasurePoint2:NSupportz, 5.0, 0.0,

MeasurePoint?2:

Inclinobepth = -17;

-5.0

/*************************************

*kkk

INSTANCE: MeasurePoint4

*************************************/

MakeInstance(
MeasurePoint4
MeasurePoint4:
MeasurePointd:
MeasurePoint4:
MeasurePoint4:
MeasurePoint4
MeasurePoint4:
MeasurePoint4
MeasurePoint4
MeasurePoint4:
MeasurePointd:
MeasurePoint4:

MeasurePoint4:
MeasurePoint4:
:Others = 1;

MeasurePoint4

MeasurePoint4:
MeasurePointd:

MeasurePoint4:

MeasurebPoint4:

MeasurePoint4:

MeasurePoint4:
MeasurePoint4:

MeasurePoint4:
MeasurePoint4:
MeasurePoint4:
MeasurePoint4:
MeasurePoint4
MeasurePoint4
MeasurePoint4:

MeasurePoint4:
SetValue ( MeasurePoint4:NSupportZ, 5.0, 0.0, -5.0 );
MeasurePoint4:

MeasurePoint4, MeasurePcint );
:PanelName = Panel4;

CoordinateXl = 75;
CoordinateYl 100;
CoordinateX? 75;
CoordinateY2 = 100;

:PriorityNumber = 4;

PanelEdge = -13.0;

:FacilityDistance = 500.00;
:ExcavationDepth = 20.0;

FailurePattern = NotDecided;
MeasurementType = Type2;
SlipSurface = SlipSurface?2;
SlipSurfacebepth = -20;
SurfacePosition = Under;

AddNumInclino = 0;
NumInclinometer = 1;
NumInclinoWall = 1;
NumInclinoGround =
NumLoadCell = 3;
NumEarthPressureGauge = 0;
NumWaterPressureGauge = 0;
NumStressGauge = 0;
NumSettlementGauge = 0;
AddInclinolX = None;
AddInclinolyY None;

0;

:AddInclino2X = None;
:AddInclino2Y = None;

AddSettleGaugeX = 79.472125;
AddSettleGaugeY = 108.944250;

InclinoDepth = -22;
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