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Spatial relations in the geosciences are commoepresented by projecting the
orientation of planes and lines on a horizontafemg. ‘Dishansh 2005’ plots planer
and linear structural features, for seismological geotechnical interpretations. Equal
area and equal angle projections provided by thftsvare can be used to present and
analyze geometrical and angular relationships batwdines and planes.
Stereographic projections provide easy solutionghef problems dealing with the
angular relationships between lines and planegpates Joints, bedding planes and
faults are represented by lines or points on tgeption of a reference sphere. Design
and development process of ‘Dishansh 2005’ strictlipwed the concept of software
engineering. For proper planning, scheduling amdrob of activities of this software
development project, PERT (Program Evaluation ReviEechnique) has been
implemented. It is an interactive multi purposel ttmmeet various requirement of
user. It allows the user to analyze and visualizectural data following the same
techniques used in manual stereonets.
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1. INTRODUCTION

Direction and degree play significant role in glajtand analyzing structural data for
seismological and geotechnical analysis. Hence stfevare is named as Dishansh
{Disha (Direction) + Ansh (Degree)} in Gujarati lgmage (Patel, 2005).

The orientation of planar features (strike and dfipbedding, foliation, joints) and
linear features (trend and plunge of lineationalbkinds) are the primary field data of
structural geologists. Stereographic projectionsviple the means to aggregate these
data to help interpret the overall structure ofeddfarea. Structural data presented in
this manner emphasize the angles between linegpkmés rather than the relative
positions of lines and planes in space (i.e. asli@nnative to maps of structural data).
The inclination and orientation of the plane casoabe defined by the pole of the
plane. The pole is the point at which the surfafche sphere is pierced by the radial
line, which is normal to the plane.

Several types of stereonet can be used to représergeological data. The widely
used projections are Equal Area projection and Eduagle projection. The
intersection of the line(s) of projection with theorizontal “primitive circle”
represents the orientation of the structure. Tthesnumber of dimensions are reduced
by one, and planes in three-dimensional rock sirestare represented by lines (great
circles), lineations are represented by pointsr¢pig the primitive circle), and planes
may also be represented by the lines normal ta theiface (poles) that are then
represented by points on a stereonet. Stereoreta eaonvenient way to graphically
represent structural data collected in the fielthaut having to deal with complexities
of topography. Spatial relations are lost, but gewim relations are preserved.

“Equal angle” stereonets preserve the angular ioelt of three-dimensional
structures, and are commonly used in crystallograprshow the spatial relations of
crystallographic axes, symmetry elements (e.g.tiootaaxes, mirrors, center of
symmetry), poles to crystal faces (lines normalthe faces), and zone axes.
Geoscientists can “view” geologic structures orstajfographic forms via the abstract
representations of stereonets.

Joints, bedding planes and fault are representdithdxy or points on the projection of

a reference sphere. A unit area on the projectea mpresents the same fraction of
the total area of the reference sphere. This featfiEqual Area is advantageous in
statistical investigations (Samadhiya,1993).

Geologic processes such as types of folding anttifgucommonly give rise to
bedding orientation that cannot be restored tortbeginal state by translational
movement alone. Stereographic or equal-area profjecprovide a means by which
rotation of structural data may be easily and ately accomplished. Although it is
possible to determine directions and angles byuse of this projection, it is not
possible to determine distances and area. On tier diand, use of the equal-area
projection and descriptive geometry may be combefézttively.
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Solutions of the problems dealing with the angukdationships between lines and
planes in space may be obtained much more easiktdygographic projection. For
certain problems, however, use of the stereoregssntial, namely, in the study of the
three-dimensional geometry of the rock masses,cesdpeif structurally complex
(Ragan, 1968). Start up screen of software has been kept simpleha user can
navigate through various available optioliss shown in Fig.1.

= DISHANSH 2005
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Fig. 1 - Initial screen of ‘Dishansh 2005’

2. OBJECTIVES

* To display planer and linear structural feature.

* To generate beachball diagram for various focallraesm.

* To display the slope instability mechanisms andalgulate Factor of safety.

» To utilize strong programming capabilities of Jawagenerate interactive GUI
(Graphical User Interface).

3. '‘BEACHBALL DIAGRAM’ FOR SEISMOLOGICAL INTERPRETA TION

This work presents construction of beachball diagnasing Java based software
application ‘Dishansh 2005’. Beachball diagram espnts graphic depiction of Focal
mechanism solution (FMS). It represents graphidakkygeometry of a moment tensor
derived by seismologists using sophisticated wawvefanalysis.
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Earthquakes occur when stresses in the earth eebwlel greater than the strength of
the rock, causing the rocks on opposite sideseofdhlt to suddenly and violently slip
past one another. Beachball diagrams show how seisaves and the earthquake
creates vary in different directions as they lethes hypocenter. Focal mechanism is
the description of the orientation of the faultraand the direction of first motion in
that plane, derived from studies of the wave pasteadiated from the focus (Vere-
Jones, 1995). The focal mechanism of thousandartfiguakes has now been studied.
Thus much new and valuable information is beingaivietd on the present tectonic
activity of the crust (Billings, 1987).

During an earthquake the accumulated elastic ensrgjleased suddenly by physical
displacement of the ground, as heat and as seisanes that travel outwards from
the focus. By studying the first motions, the foeedchanism of the earthquake can be
inferred and the motion on the fault plane intetgule The orientations of P- and T-
axes and of the fault plane and auxiliary plane banobtained even for distant
earthquakes by analyzing the directions of firstioms recorded in seismograms of
the events. The analysis is called a fault planetisa, or focal mechanism solution
(Lowrie, 2002). The technique represents a very gvaw method of analyzing
movements of the lithosphere, in particular thossoeiated with plate tectonics
(Kearey and Vine, 1990). Beachball diagram for shifiocal mechanism is shown in
Fig. 2. Data source for beachball diagram is regabily Koper (2001).
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Fig. 2 - Beachball diagram for thrust focal medkan
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4. DISPLAY AND ANALYSIS OF GEOTECHNICAL DATA

Rock mass is a discontinuous medium. It is charaeig by faults, joints and bedding
planes. These structural features control mairgytidhaviour or response of the mass
during excavation or loading stage. Hence, it ipanant to understand the influence
of these features. Spherical projection of the agiol data is used to understand the
overall impact of structural features using LambertEqual Area Projection (or
Schmidt Net) and Equal Angle Projection (Wulff Net)

The dominant role of geological discontinuitiesbiehavior of rock slope has been
emphasized for a long. Certain combinations of g@giohl discontinuities, slope

geometry and groundwater conditions result in dojpewhich the risk of failure is

high. The stability of slopes is of great importarto civil, geotechnical and mining
engineers worldwide. Stability analyses are requicg a wide variety of engineering
projects, such as:

e open pit mines

* road cuts

 dams

* embankments

* natural slope stabilization

The stability of a slope is controlled by local epcal, structural and groundwater
conditions. One of the most important aspects ok lope analysis is the systematic
collection and presentation of geological data uehsa way that it can easily be
evaluated and incorporated into stability analySipherical projection provides a
convenient means for the presentation of geologledh. The Lambert equal area
projection is a system used to represent the smieshape of the earth on a flat
surface. In adapting this projection to structugablogy, the traces of planes on the
surface of a reference sphere are used to defmelifs and dip directions of the
planes. In engineering applications, the lowerrexfee hemisphere is used for the
presentation of data.

Different types of slope failure are associatedhwdifferent geological structures.
Hence, it is important to recognize the potenttabsity problems during the early
stages of a project. One of the most important @spef rock slope analysis is the
systematic collection and presentation of geoldgizda in such a way that it can
easily be evaluated and incorporated into stakalitslyses. Experience has shown that
spherical projections provide a convenient meamste presentation of geological
data (Hoek and Bray, 1977).

Failure mechanisms for rock slopes are conveniemtbgessed by means of
stereographic projections of the structural datd e slope geometry. Methods are
available for planar and wedge failure describedHiogk & Bray (1977). For plane
and wedge failure, different constructions of feslumechanisms are required.
Markland's test is designed to establish the pdgygilof a wedge failure in which
sliding takes place along the line of intersectibtwo discontinuities. Plane failure is
also covered by this test.
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(i) Plane Failure

Plane failure occurs when a geological discontintich as a bedding plane, strikes
parallel to the slope face and dips into the exbawat an angle greater than the angle
of friction. Markland test plot for plane failure shown in Fig. 3. Slope face, friction

circle and critical zone for sliding failure aredioated. Data source for plane failure
analysis is reported by Sahoo (1999).

General conditions for plane failure

* The plane on which sliding occurs must strike paralr nearly parallel (within
approximately + 29 to the slope face.

*  The failure plane must “daylight” in the slope face

« The dip of the failure plane must be greater timenangle of friction.

(i) Wedge Failure

When two discontinuities strike obliquely across slope face, the wedge of rock
resting on these discontinuities will slide dowe {ine of intersection, provided that
the inclination of this line is significantly gremtthan the angle of friction. The
calculation of the factor of safety is more comaiexd than that for plane failure
(Hoek and Bray, 1977). Markland test plot for wedggure is shown in Fig. 4. Data
source for wedge failure analysis is reported bdyo8g1999).

General conditions for wedge failure

As in the case of plane failure, condition of siglisy; > y; > &, wherey; is the
inclination of the slope facey; is the dip of the line of intersection and & is tingle
of friction.

The Factor of Safety can be defined as the ratitheftotal force available to resist
sliding to the total force tending to induce slgliwwhen the slope is on the point of
failure, a condition of limiting equilibrium exist® which resisting and disturbing
forces are equal and the factor of safety F = lelMVine slope is stable, the resisting
forces are greater than the disturbing forces aidevof the factor of safety will be
greater than unity. A slope will fail if the factaf safety falls below unity.
Computation of factor of safety for potential pleawed wedge failures are shown in
Figs. 5 and 6.

5. SOFTWARE FUNCTIONALITY

User can perform large range of operations with ithieractive software:

» This software provides multiple database connegtiVi allows user to enter data
manually, to create new ASCII file and to retriedata from MS Access, MS
Excel and ASCII files.



SRIVASTAVA ET. AL — DISHANSH 2005 139
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Fig. 3 - Markland test plot for plane sliding
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Fig. 4 - Markland test plot for wedge sliding



140

% DISHANSH 2005

Condition Dry_Wet Int_value
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Alpha Location

- Enter Data for Plane Failure

Height of Slope 15
Dip amount of Failure Plane 35
Dip amount of Slope Face g0
Unit Weight of Rock 2500
Cohesion 15000
Angle of Internal Friction 30
- Intermmidiate Value ~Factor of Safety
U_dry 0.0 0.0 \Value of Static [ymamic
U_wet 98065.98 98068.90
Dry 2.7 0.57
n 2615 2615
Wet 2.48 0.48
W 352074 BE 352074 66

Apply

Done/Cancel

% DISHANSH 2005

Dry_Wet Int_value Location
Enter Data for Wedge Failure ~Inter: liate Value 1
Theta_24 a9 |
Siaa 35 Il Theta_ss 23 |
piah 18 Il | theta 2 na 65 |
paa = | ¥ 5.081273426062257
Theta_nanb 25 | - |
& 1.8981442041488136 |
B -0.4760511 0966458606 |
Intern liate Value ~Inter| liate Value |
Theta_13 158 | Angle of internal Friction 30 I
Theta_35 75 | Gamma 2500 |
Theta_1nh 85 | yw_dry i |
Y 0.8176633342608177 | Yw_wet 1001.19 |
Cohesion 15000 |
Height of slope 19 |
Factor of Safety ~Action
Dry 7.35 ‘ Apply
Wet B.55 ‘ Clear
Exit

Fig. 6 - Computation of ‘Factor of Safety’ for wedgliding
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» ‘Dishansh 2005’ provides equal area, equal angiecatihographic projections for
the display and analysis of structural data fosmeelogical and geotechnical
studies.

* ‘Dishansh 2005’ plots planes and poles accordirtheanput data.
* Angle between two poles can be displayed usingsibiisvare.

* It also performs other important functionalitiekeli generation of beachball
diagram and slope stability analysis.

* To find out density of poles, software providessfaek net.

» Various utility functions are provided like zoom @oom out, pan, print, save the
plotted image, display of necessary details etc.

» User can plot, delete, edit the data pertaining/l@aaoe or pole repetitively.
* Tool tip can display the details of pole.

» User can view the output in his own customized waing interactive GUI of
‘Dishansh 2005’.

6. TOOLS AND TECHNOLOGY

Development of ‘Dishansh 2005’ has strictly follav8DLC (Software Development
Life Cycle). The fundamental reason that necessitétte utilization of core Java for
the development of software is that in Java, GUkfhical User Interface) provides
excellent interactivity with user. Besides thisya@s an object oriented programming
language (Palmer, 2001). It is simple, secure, ghtet robust, multithreaded,
architecture neutral, high performance, interpretetistributed and dynamic
programming language. Like the successful complatieguages that came before,
Java is a blend of the best elements of its rigitdge combined with the innovative
concepts required by its unique environment (Sthi2601). Today, Java is used not
only for web programming, but also to develop stdode applications (Liang, 1998).

Software testing is the critical element of the twafe quality assurance and

represents the ultimate review of specificatiorsigie and code generation. Once the
source code has been generated, software musstbd te uncover as many errors as
possible before delivery to the users. Softwareldsen successfully implemented in
the client’'s environment. Developers have testeisHBnsh 2005’ using various

software techniques like structural testing, caodittesting, interface testing etc.

(Thakor et al., 2005).

Swing is a new set of user interface componentsishauch more complete, flexible

and portable. It is a major part of Java Foundatasses. It provides user more
control of how application looks. User can choostmMeen several pre-built “look-

and-feels”, or he can also create of his own. LaoK-feels have become an important
issue in GUI development over the past few yeang @f the most exciting aspects of
the Swing classes is the ability to dictate thekiand-feel of each component, even
resetting the look-and-feel at runtime (Ecksteid)D). Swing components can have
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tool tips placed over them. Functioning of ‘Dishlan2005’ requires Windows
operating system (95/98/2000/XP) and Microsoft €ffi Hardware requirement
consists of 200 MB free space on hard disk and B2RAM. It is supported on i586
intel and 100 per cent compatible platforms runmvhgrosoft windows.

7. ADVANTAGES AND LIMITATIONS OF ‘DISHANSH 2005’

‘Dishansh 2005’ is an easy to use and reliablenso#. It satisfies user’s various
requirements — accuracy of results, an easy toanseinteractive interface which
allows the user to assess the results, and gengratessional looking output, for
inclusion in reports, papers and presentations.oflthis and more is delivered by
‘Dishansh 2005’. With the help of this softwareistpossible to estimate mode of
failure on the stereonet. Based on various stalpirameters, the possibility of planer
sliding and wedge sliding can all be quickly evaédaa This software is very easy to
learn and use. It satisfies various seismological geotechnical requirement from
initial problem exploration, to the generation agtn quality output for professional
reports and presentations. It is client side appiba i.e. it works on standalone PC. It
can not be deployed in client — server environmé@kM (Java Virtual Machine)
needs to be installed on computer.

8. APPLICATION OF PERT FOR THE DEVELOPMENT OF ‘DISH ANSH
2005’

PERT is an acronym for Program Evaluation Reviewhhgue. It is eminently
suitable for research and development programme®space projects, and other
projects involving new technology. In such progettte time required for completing
various jobs or activities can be highly varialifence the orientation of PERT is
‘probabilistic’. PERT in a way supercedes the olteghnique known as the Gantt
chart. Contrary to Gantt chart in PERT every indisl item of work can be
accommodated and displayed in the logical sequefa®gyaswamy, 1988).
Variability of project duration in PERT analysisrmseasured by variance or its square
root and standard deviation (Chandra, 2005). PE&S bbeen found quite useful for
proper planning, scheduling and control of proyetated activities. If the project has
to be finished at its earliest, then completiorsofme activities can not be delayed.
These activities are called critical activities.eTpath obtained by joining the critical
activities is called the critical path of the prjeCritical path for ‘Dishansh 2005’ is
shown in Figure 7.

Procedure adopted in applying PERT is given below.

a. Key activities and their sequence are idetifie

b. Activities are listed in logical sequence (Tabje

c. For every activity three time estimates aresaered for computation of expected
duration (Table 2).

d. Expected duration for each activity is consdefor the construction of network

diagram.

Standard deviation of duration is computed farach activity.

o
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E (5, 0.333)
—

A (12, 2.00)

C (10, 1.667) /

O

Critical Path = A-E-F-G-P-Q-R

Fig. 7 - Network diagram of ‘Dishansh 2005’

P (6, 0.667)
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f.  Network diagram is constructed (Fig. 7).
g. Critical path is identified.

Table 1 - Details of activities

Predecessor
Activity

Draw equal area net -

Draw equal angle net -

Draw orthographic net -

Kalsbeek net -

Plotting Planes

Plotting Poles

Multiple database connectivity
Plotting Beta Diagram
Angle between two poles
Finding Density of Poles forD,
contouring
Generation of Beachball Diagram
Markland test for plane failure
Markland test for wedge failure
Computation of Factor of SafefL
for plane failure
Computation of Factor of Safety
for wedge failure
Variuos Utility options
GUI for all functionality P
Softaware Testing Q

Activity Description

CITIOMMmMOO| m >

ZZ|F|X

@)

0|

Table 2 - Three time estimates of different atgwgi

Activity | Optimistic | Most Pessimistiq Expected Standard
Time (a) | Likely Time (b) | Duration (t) Deviation of
Time (m) te =(a+4.m+b)/6 | Duration Q)
A 6 12 18 12 2.000
B 5 7 9 7 0.667
C 7 9 17 10 1.667
D 4 5 6 5 0.333
E 4 5 6 5 0.333
F 4 5 6 5 0.333
G 10 15 20 15 1.667
H 4 6 8 6 0.667
I 4 5 6 5 0.333
J 4 5 6 5 0.333
K 4 5 6 5 0.333
L 4 5 6 5 0.333
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M 4 6 8 6 0.667
N 2 4 6 4 0.667
O 2 4 6 4 0.667
P 4 6 8 6 0.667
Q 4 5 6 5 0.333
R 3 3.5 7 4 0.667

Probability of completion of project by a specifigue viz. within 60 days

Here,o=(b-a)/6
The expected duration of the critical patlk 12 +5+5+ 15+ 6 + 5 + 4 = 52 days
0 = (2.00§ + (0.333F + (0.333F + (1.667§ + (0.667F + (0.333F + (0.6675
= 4+0.111 + 0.111 + 2.779 + 0.445 + 0.111 + 5.44
= 8.002

Probability Pr[t<=60] =Pr[ (tp) /0]
= Pr[ (60 — 52 )/ sqrt(8.002) ]

=Pr[8/2.83]
=Pr[z<=283]
= 0.9977

So, it can be said that the probability of completf project in 60 days is 99.77 %.

9. SUMMARY

‘Dishansh 2005’ has been developed using Java amuging language to plot and
analyze data pertaining to structural discontiesiti User convenient interface has
been designed to ease the user with software.iJkigool capable of many different
applications and is designed both for the noviceocrasional user, and for the
accomplished user of stereographic projection wigh@s to utilize more advanced
tools in the analysis of structural data. Probgbitf completion of project by a
specified date has been computed with the help edmand standard deviation of
different time estimates. Multiple database conmggtand various utility options are
characteristic of this software. Beachball diagfamvarious focal mechanisms can be
constructed using ‘Dishansh 2005’. It is an appioa of interest for structural
geologist / seismologist / geotechnical enginetrs e
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