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FORWARD

Ministry of Agriculture, based on the national strategic directions is striving to meet its commitments in
which modernizing agriculture is on top of its highest priorities to sustain the rapid, broad-based and
fair economic growth and development of the country. To date, major efforts have been made to
remodel several important strategies and national guidelines by its major programs and projects.

While efforts have been made to create access to irrigation water and promoting sustainable irrigation
development, several barriers are still hindering the implementation process and the performance of
the schemes. The major technical constrains starts from poor planning and identification, study, design,
construction, operation, and maintenance. One of the main reasons behind this outstanding challenge,
in addition to the capacity limitations, is that SSIPs have been studied and designed using many ad-
hoc procedures and technical guidelines developed by various local and international institutions.

Despite having several guidelines and manuals developed by different entities such as MoA (IDD)-
1986, ESRDF-1997, MoWIE-2002 and JICA/OIDA-2014, still the irrigation professionals follow their
own public sources and expertise to fill some important gaps. A number of disparities, constraints and
outstanding issues in the study and design procedures, criteria and assumptions have been causing
huge variations in all vital aspects of SSI study, design and implementation from region to region and
among professionals within the same region and institutions due mainly to the lack of agreed standard
technical guidelines. Hence, the SSI Directorate with AGP financial support, led by Generation
consultant (GIRDC) and with active involvement of national and regional stakeholders and international
development partners, these new and comprehensive national guidelines have been developed.

The SSID guidelines have been developed by addressing all key features in a comprehensive and
participatory manner at all levels. The guidelines are believed to be responsive to the prevalent study
and design contentious issues; and efforts have been made to make the guidelines simple, flexible and
adaptable to almost all regional contexts including concerned partner institution interests. The outlines
of the guidelines cover all aspects of irrigation development including project initiation, planning,
organizations, site identification and prioritization, feasibility studies and detail designs, contract
administration and management, scheme operation, maintenance and management.

Enforceability, standardization, social and environmental safeguard mechanisms are well
mainstreamed in the guidelines, hence they shall be used as a guiding framework for engineers and
other experts engaged in all SSI development phases. The views and actual procedures of all relevant
diverse government bodies, research and higher learning institutions, private companies and
development partners has been immensely and thoroughly considered to ensurethat all
stakeholders are aligned and can work together towards a common goal. Appropriately, the guidelines
will be familiarized to the entire stakeholders working in the irrigation development. Besides, significant
number of experts in the corresponding subject matter will be effectively trained nationwide; and the
guidelines will be tested practically on actual new and developing projects for due consideration of
possible improvement. Hence, hereinafter, all involved stakeholders including government & non-
governmental organizations, development partners, enterprises, institutions, consultants and
individuals in Ethiopia have to adhere to these comprehensive national guidelines in all cases and at all
level whilst if any overlooked components are found, it should be documented and communicated to
MOA to bring them up-to-date.

Therefore, | congratulate all parties involved in the success of this effort, and urge partners and
stakeholders to show a similar level of engagement in the implementation and stick to the guidelines
over the coming years.

H.E. Dr. Kaba Urgessa
State Minister, Ministry of Agriculture
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SMALL SCALE IRRIGATION DEVELOPMENT VISION

Transforming agricultural production from its dependence on rain-fed practices by creating reliable irrigation
system in which smallholder farmers have access to at least one option of water source to increase
production and productivity as well as enhance resilience to climate change and thereby ensure food

security, maintain increasing income and sustain economic growth.

i SSIGL 21: Selected Application Software’s



National Guidelines for Small Scale Irrigation Development MOA

ACKNOWLEDGEMENTS

The preparation of SSIGLs required extensive inputs from all stakeholders and development partners.
Accordingly many professionals from government and development partners have contributed to the
realization of the guidelines. To this end MOA would like to extend sincere acknowledgement to all
institutions and individuals who have been involved in the review of these SSIGLs for their
comprehensive participation, invaluable inputs and encouragement to the completion of the guidelines.
There are just too many collaborators involved to name exhaustively and congratulate individually, as
many experts from Federal, regional states and development partners have been involved in one way
or another in the preparation of the guidelines. The contribution of all of them who actively involved in
the development of these SSIGLs is gratefully acknowledged. The Ministry believes that their
contributions will be truly appreciated by the users for many years to come.

The Ministry would like to extend its appreciation and gratitude to the following contributors:

e Agriculture Growth Program (AGP) of the MoA for financing the development and
publication of the guidelines.

e The National Agriculture Water Management Platform (NAWMP) for overseeing, guidance
and playing key supervisory and quality control roles in the overall preparation process and
for the devotion of its members in reviewing and providing invaluable technical inputs to
enrich the guidelines.

o Federal Government and Regional States organizations and their staff for their untiring effort
in reviewing the guidelines and providing constructive suggestions, recommendations and
comments.

¢ National and international development partners for their unreserved efforts in reviewing the
guidelines and providing constructive comments which invaluably improved the quality of the
guidelines.

e Small-scale and Micro Irrigation Support Project (SMIS) and its team for making all efforts to
have quality GLs developed as envisioned by the Ministry.

The MOA would also like to extend its high gratitude and sincere thanks to AGP’s multi development
partners including the International Development Association (IDA)/World Bank, the Canada
Department of Foreign Affairs, Trade and Development (DFATD), the United States Agency for
International Development (USAID), the Netherlands, the European Commission (EC), the Spanish
Agency for International Development (AECID), the Global Agriculture and Food Security Program
(GAFSP), the ltaly International Development Cooperation, the Food and Agriculture Organization
(FAQ) and the United Nations Development Program (UNDP).

Moreover, the Ministry would like to express its gratitude to Generation Integrated Rural Development
Consultant (GIRDC) and its staff whose determined efforts to the development of these SSIGLs have
been invaluable. GIRDC and its team drafted and finalized all the contents of the SSIGLs as per
stakeholder suggestions, recommendations and concerns. The MoA recognizes the patience,
diligence, tireless, extensive and selfless dedication of the GIRDC and its staff who made this
assignment possible.

Finally, we owe courtesy to all national and International source materials cited and referred but
unintentionally not cited.

Ministry of Agriculture

SSIGL 21: Selected Application Software’s i



National Guidelines for Small Scale Irrigation Development mMoA

DEDICATIONS

The National Guidelines for Small Scale Irrigation Development are dedicated to Ethiopian smallholder
farmers, agro-pastoralists, pastoralists, to equip them with appropriate irrigation technology as we envision
them empowered and transformed.
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PREFACE

While irrigation development is at the top of the government’s priority agendas as it is key to boost
production and improve food security as well as to provide inputs for industrial development.
Accordingly, irrigated land in different scales has been aggressively expanding from time to time.
To this end, to enhance quality delivery of small-scale irrigation development planning,
implementation and management, it has been decided to develop standard SSI guidelines that
must be nationally applied. In September 2017 the Ministry of Agriculture (MoA) had entrusted
Generation Integrated Rural Development Consultant (GIRDC) to prepare the National Small-
scale Irrigation Development Guidelines (SSIGLs).

Preparation of the SSIGLs for enhancing development of irrigated agriculture is recognized as one
of the many core initiatives of the MoA to improve its delivery system and achieve the targets in
irrigated agriculture and fulfill its mission for improving agricultural productivity and production. The
core objective of developing SSIGLs is to summarize present thinking, knowledge and practices to
enable irrigation practitioners to properly plan, implement and manage community managed SSI
schemes to develop the full irrigation potential in a sustainable manner.

As the SSIGLs are prepared based on national and international knowledge, experiences and
practices, and describe current and recommended practice and set out the national standard
guides and procedures for SSI development, they serve as a source of information and provide
guidance. Hence, it is believed that the SSIGLs will contribute to ensuring the quality and timely
delivery, operation and maintenance of SSI schemes in the country. The SSIGLs attempt to
explain and illustrate the important concepts, considerations and procedures in SSI planning,
implementation and management; and shall be used as a guiding framework for professionals
engaged in SSI development. lllustrative examples from within the country have been added to
enable the users understand the contents, methodologies presented in the SSIGLs.

The intended audiences of the SSIGLs are government organizations, NGOs, CSOs and the
private sector involved in SSI development. Professionally, the SSIGLs will be beneficial for
experienced and junior planners, experts, contractors, consultants, suppliers, investors, operators
and managers of SSI schemes. The SSIGLs will also serve as a useful reference for academia
and researchers involved and interested in SSI development. The SSIGLs will guide to ensure
that; planning, implementation and management of SSI projects is formalized and set procedures
and processes to be followed. As the SSIGLs provide information and guides they must be always
fully considered and applied by adapting them to the local specific requirements.

In cognizance with the need for quality SSIGLs, the MoA has duly considered quality assurance
and control during preparation of the guidelines. Accordingly, the outlines, contents and scope of
the SSIGLs were thoroughly discussed, reviewed and modified by NAWMP members (senior
professionals from public, national and international stakeholder) with key stakeholders in many
consultative meetings and workshops. Moreover, at each milestone of SSIGL preparation,
resource persons from all stakeholders reviewed and confirmed that SSIGLs have met the
demands and expectations of users.

Moreover, the Ministry has mobilized resource persons from key Federal, National Regional States
level stakeholders and international development partners for review, validation and endorsement
of the SSIGLs.
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Several hundreds of experienced professionals (who are very qualified experts in their respective
fields) from government institutions, relevant private sector and international development partners
have significantly contributed to the preparation of the SSIGLs. They have been involved in all
aspects of the development of SSIGLs throughout the preparation process. The preparation
process included a number of consultation meetings and workshops: (i) workshop to review
inception report, (ii) workshop on findings of review of existing guidelines/manuals and proposed
contents of the SSIGLs, (iii) meetings to review zero draft SSI GLs, (iv) review workshop on draft
SSI GLs, (v) small group review meetings on thematic areas, (vi) small group consultation
meetings on its final presentation of contents and layout, (vii) consultation mini-workshops in the
National States on semi-final versions of the SSIGLs, and (viii) final write-shop for the appraisal
and approval of the final versions of SSIGLs.

The deliberations, concerns, suggestions and comments received from professionals have been
duly considered and incorporated by the GIRD Consultant in the final SSIGLs.

There are 34 separate guidelines which are categorized into the following five parts concurrent to
SSI development phases:

Part-1. Project Initiation, Planning and Organization Guideline which deals with key considerations
and procedures on planning and organization of SSI development projects.

Part-1l. Site Identification and Prioritization Guideline which treats physical potential identification
and prioritization of investment projects. It presents SSI site selection process and
prioritization criteria.

Part-lll. Feasibility Study and Detail Design Guidelines for SSID dealing with feasibility study
and design concepts, approaches, considerations, requirements and procedures in the
study and design of SSI systems.

Part-IV. Contract Administration and Construction Management Guidelines for SSI development
presents the considerations, requirements, and procedures involved in construction of
works, construction supervision and contract administration.

Part-V. SSI Scheme Management, Operation and Maintenance Guidelines which covers SSI
Scheme management and operation.

Moreover, Tools for Small Scale Irrigation development are also prepared as part of SSIGLs.

It is strongly believed and expected that; the SSIGLs will be quickly applied by all stakeholders
involved in SSI| development and others as appropriate following the dissemination and
familiarization process of the guidelines in order to ensure efficient, productive and sustainable
irrigation development.

The SSIGLs are envisioned to be updated by incorporating new technologies and experiences
including research findings. Therefore, any suggestions, concerns, recommendations and
comments on the SSIGLs are highly appreciated and welcome for future updates as per the
attached format below. Furthermore, despite efforts in making all types of editorial works, there
may still errors, which similarly shall be handled in future undated versions.
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UPDATING AND REVISIONS OF GUIDELINES

The GLs are intended as an up-to-date or a live document enabling revisions, to be updated
periodically to incorporate improvements, when and where necessary; may be due to evolving
demands, technological changes and changing policies, and regulatory frameworks. Planning,
study and design of SSI development interventions is a dynamic process. Advancements in these
aspects are necessary to cope up with the changing environment and advancing techniques. Also,
based on observation feedbacks and experiences gained during application and implementation of
the guidelines, there might be a need to update the requirements, provisions and procedures, as
appropriate. Besides, day-by-day, water is becoming more and more valuable. Hence, for efficient
water development, utilization and management will have to be designed, planned and
constructed with a new set up of mind to keep pace with the changing needs of the time. It may,
therefore, be necessary to take up the work of further revision of these GLs.

This current version of the GLs has particular reference to the prevailing conditions in Ethiopia and
reflects the experience gained through activities within the sub-sector during subsequent years.
This is the first version of the SSI development GLs. This version shall be used as a starting point
for future update, revision and improvement. Future updating and revisions to the GLs are
anticipated as part of the process of strengthening the standards for planning, study, design,
construction, operation and management SS| development in the country.

Completion of the review and updating of the GLs shall be undertaken in close consultation with
the federal and regional irrigation institutions and other stakeholders in the irrigation sub-sector
including the contracting and consulting industry.

In summary, significant changes to criteria, procedures or any other relevant issues related to
technological changes, new policies or revised laws should be incorporated into the GLs from their
date of effectiveness. Other minor changes that will not significantly affect the whole nature of the
GLs may be accumulated and made periodically. When changes are made and approved, new
page(s) incorporating the revision, together with the revision date, will be issued and inserted into
the relevant GL section.

All suggestions to improve the GLs should be made in accordance with the following procedures:

I.  Users of the GLs must register on the MOA website: Website: www.moa.gov.et
.  Proposed changes should be outlined on the GLs Change Form and forwarded with a
covering letter or email of its need and purpose to the Ministry.
Ill.  Agreed changes will be approved by the Ministry on recommendation from the Small-scale
Irrigation Directorate and/or other responsible government body.
IV.  The release date of the new version will be notified to all registered users and authorities.

Users are kindly requested to present their concerns, suggestions, recommendations and
comments for future updates including any omissions and/or obvious errors by completing the
following revisions form and submitting it to the Ministry. The Ministry shall appraise such requests
for revision and will determine if an update to the guide is justified and necessary; and when such
updates will be published. Revisions may take the form of replacement or additional pages. Upon
receipt, revision pages are to be incorporated in the GLs and all superseded pages removed.

SSIGL 21: Selected Application Software’s xv


http://www.moa.gov.et/

National Guidelines for Small Scale Irrigation Development mMoA

Suggested Revisions Request Form (Official Letter or Email)

To:
From:
Date:
Description of suggested updates/changes: Include GL code and title, section title and #
(heading/subheading #), and page #.

GL Code and | Date Sections/ Explanation Comments (proposed
Title Heading/Subheading/ change)
Pages/Table/Figure

Note that be specific and include suggested language if possible and include additional sheets for
comments, reference materials, charts or graphics.

GLs Change Action

Suggested Change Recommended Action Authorized by | Date

Director for SSI Directorate: Date:

The following table helps to track initial issuance of the guidelines and subsequent Updates/Versions and
Revisions (Registration of Amendments/Updates).

Revision Register

Version/lssue/Revision Reference/Revised Description of | Authorized | Date
No Sections/Pages/topics revision by
(Comments)
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1 BACKGROUND

Basic software’s like Global Mapper, Google earth, different GIS software’s, DEM are useful in
planning and site assessment. Global Mapper is the easiest user interface software used for data
management including organizing, generating contours, layout design, generating & exporting
profiles, etc.

Engineering and water management software’s incudes

e Arc GIS and Arc Hydro: This is a very powerful software used for analyzing vector and
raster images, studying and delineating the catchment area, generating contours and
profiles, mapping the layout, etc.

o AutoCAD: This software is used for designing layout, plan and cross sections of
irrigation infrastructures, generating profiles, etc.

o Z-profile: this software used for generating profiles for which design was done initially on
excels.

e Eagle Point: This software is a powerful tool for generating contours, designing layout of
irrigation infrastructures, design plan and cross sections of irrigation canals and
structures, etc.

e Geoslope/Geo studio is mainly used for stability analysis

o CLIMWAT 2, LocClim 1.0, CROPWAT 8, are used in analysis of climate input data and
water requirement of irrigated crops

o MS Project and Primavera are used for scheduling and controlling study and design as
well as construction activities of SSIP

o Other software’s like SWAT, Water Cad, SAP, SMADA, Hydrochan are also in SSID

Software’s used in geology, Engineering geology & hydrogeology are: Geo studio (including
all integrated tools like Slope//w, SEEP/W, SIGMA/W, Quake/W) and other geotechnical
software’s like Starter, Stero plot. Auto cad is also equally important for the geologists to prepare
the sections.

Software’s used in Topo surveying are: are AutoCAD, Arc GIS; Global Mapper, Auto Cad,
Golden Software (Surfer), Stereo net, Strata for data compilation and topo mapping.

Software’s used in Socioeconomics are; SPSS16 and SPSS 20, STATA

We will discuss here in this specific Guideline selected software’s. The other application software’s
will be discussed in respective subjects of the Guidelines.
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2 MANUAL FOR EAGLE POINT

21 BASIC KNOWLEDGE OF EAGLE POINT
2.1.1 The eagle point software suite

Eagle Point software is the most powerful, yet easy-to-use, civil engineering, surveying and
landscape design software’s available. By combining the power of AutoCAD the software employs
methods identical to conventional methods used in hand calculations.

The software it is not intended to replace the presence of qualified surveyor, designer or drafting
personnel. Instead, the software enlarges the capabilities of qualified professionals. Therefore; a
solid working knowledge on the principles of Surveying, Hydrology, Road, Civil and Water
Engineering expected by the user.

2.1.2 Purpose

Eagle Point is application software that is used to aid most of Land Development problem
including:

Watershed Modeling

Road Design

Storm and Sanitary Sewer Analysis
Landscape Design

Pressurized Irrigation Design

Site Planning, Design and Analysis
Intersection Design

Quantity takeoff and so on...

2.1.3 Scope

This guideline covers the basic procedures for Surface Modeling, Roadcalc for irrigation design
and Drafting (Case study of Petu SSI Project).

2.1.4 Computer requirements

Pentium 11l with Microsoft, Windows 2000 and above, (recommended: Intel processor with 1GB of
RAM), 1024x768 display. AUTOCAD software Version 2000-2007

2.2 CASE STUDY FOR PETU SURFACE MODELING
2.2.1 Preparation of working environment

This practical exercise will help how to prepare topographical map using Eagle point surface
model package for Petu SSIP.

2.2.2 Getting started

Defining a project

o Create project folder anywhere and Name it PETU SSIP
e Create two folders within it and name them as Data, Plot
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] = | PETUSSIP
Home share View

B New item = 7 EH select all
— V £ Easy access ~ VI Select none
Pmal{n{glsu(k ] Delete f::‘Zr Properties B Hisory | B st scection
T > PETUSSIP »
S Qlick acoess ~ Name : Date modified Type
Desktop Data File folder
+ Downloads Plot /  File folder
£ Documents.
= Pictures
% This PC

o Open new AutoCAD file and save it in your project folder as PETU SSIP

] = | PETUSSIP
Home Share View

T2 New item - w B select all
_ _ 4 © d 17 Easy access * J Select none
Pmat‘i:i:uk Delete f?\:";r properties bisary ] mertseecton
T > PETU SSIP
- O ~ Name B Date modified Type Size
Desktop Data 12/27, File folder

s Downloads Plot 12 File folder

5 Documents .é PETU S5IP.dwg 12/27, M AutoCAD Drawing 54 KB

= Pictures

% This PC

¢ Run the program from start menu and the following dialogue will box popup

Open

Projects and Sub-projects:

R X&E BN (] Filters Y About.

Create New Project / Sub-project i

?

Exit

X

e Click on the Create New Project
¢ Click next by selecting eagle point project

Select what type of fem you vish 10 cresle

€ agle Port Project]

Next Cancel

¢ In the project description edit box fill it as Petu SSIP

¢ In project drawing edit box and click open the previously saved AUTO CAD file
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@ Select A Drawing File X
E;\'l:ear“irl:;l'ogencdl B'aostg:fpt:g :ﬂl‘i;sslgn & Project Drawing, Prototype Drawing, File "¢ PETU SSIP @ g m-

Name ’ Date modified Ty
Project Description: Petu SSIP = Dats 12027 953PM  Fi
Project Drawing = Plot 1 53PM  Fi
Prototype Settings: Eagle Point Meters Default Frery SSIP.dwg 12/21/2016%:56PM | D!
Linear Units: Meters
Prototype Drawing: C:\Users\Public\application D ata\E agle Poir = < >

File name PETU SSIP dwg Open

<Back Cancel Fies of type: | AutoCAD Files (.DWG) v Cancel

e Select Eagle point Meters default from the prototype setting drop list
¢ Click on the Advanced tab and select Data and Plot folders for the respective dialogue

Advanced Project Settings

?

X

Erter a Project Description and assign a Project Drawing, Prototype Diawing, File

Locations, and Protolype Settings

Project Description:
Project Diawing
Prototype Settings

Linear Units:

Advanced

< Back

Petu SSIP =
C:\Users\Biuck-N\Desktop\PE TU SSIPAPE | [
Eagle Point Meters Default v

Meters

Finish Cancel

Enter the locations for your project data files and your plot files.

C:\Users\Biruck-N\Desktop\PE TU SSIP\Data | (&

—

C:\Users\Biruck-N\Desktop\PE TU SSIP\Plot | =

Cancel

Data Files Location

Pilot Files Location

Click finish button and Click ok
Eagle point software then launches AutoCAD

o The Eagle point software menu bar displays as follows

M File Edit View

nsert Format Tools Draw Dimension Modify Window Help Express
AA2RDY D0 s # (- (X RERILE @ £
| | Standards # | Randard

3 3L 2 G| % sy Ty || S sende

HE AAN &Y N A

AutoCAD Classi

B O < S O ByLaye

0LOeNNIOoLNN

B -aHO

1P

2.2.3 Project setting

l. Units

Select units from the system pull down menu to display the unit’s dialog box. Units are going to be

set for the project are adjusted as follows
a) Angular

e Select angular from the category drop list

o For both input and output make sure that degree, minutes, seconds are selected

o Clicks Apply and OK
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Units

Categoiy:

Input:

Output:

? x
Angular v
Degrees, Minutes, Seconds v
Degrees, Minutes, Seconds ~

Cancel Apply

b) Degree of curvature

Select Arc definition from the

Clicks Apply and OK

Select degree of curvature from the category dropdown list

input/output drop list

Type 20 in the arc definition from the input /output list

Categony:

[nput/Output;

Length:

pd
Degree Of Curvature ~
Auc Definition v
20.00000000
Ok Cancel Apply

¢) Linear

e Select linear from the category drop list in the unit’s dialog box

Units

Categony:

Input:

Dutput:

? X
Linear v
Meters | MixedUnits.. |
Meters
0K Cancel Apply

d) Plan metric area

e Select plan metric Area from the category drop list.

e Select both input/output and make sure square meters are selected

o Click Ok to save the changed

Units

Categony:

Input;

Output:

? H
Planimetric Area v
Square Meters ~
Square Meters ~

Cancel Apply
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Il. Formats

Select Formats from the system menu to display the formats dialog box

a) Stationing

Select stationing from the category drop list in the format dialog box
Select +000 from the format drop list
Clicks Apply and OK

Formats ? X
Category: Stationing b
Format: +000 il

Cancel Apply

b) Horizontal Direction

Select horizontal direction from the category drop list in the format dialog box.
Select North Azimuth from the format drop list
Clicks Apply and OK

c) Nodes

Select nodes from the category drop list in the formatted dialog box.
Select Alpha Numeric from the ID format drop list.

Make sure point protection * is toggled on.

Clicks Apply and OK

Formats ? X
Categony: Nodes ~
ID Farmat: Mumeric R

Faint Pratection
Cancel Apply

lll. Precision

Select precision from the system menu and keep default values

a) Angular

Select angular from the category drop list
Slide decimal slider to 4.
Select nearest second form Degree, Minutes, Second drop list

Click apply
Categary: Angular w
Decimal: 410 g
Degrees. Minutes, Seconds: Mearest Second W

Carcel | | oo
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b) Linear
o Select linear from the category drop list
o Click apply to accept the default value of 3 decimal places.
e Select also plan metric area, dry volume, wet volume, station offset consequently and
apply the default value of 3 decimal places precision respectively.

Cateqony: Linear v
Distance: 30 g
Northing/E asting: 30 g
Elevation: 300 3
Cancel Apply

IV. Scales

From the Eagle point menu bar, select tools-plot scales
Type 1000 in the horizontal scale field

Type 100 in the vertical scale field

Click OK

Scalesz
Huorizontal 1: 1000.00
ertical iE 100.00

Cance

V. CAD settings

Eagle point provides a tool whereby you can set default CAD parameters for the majority of
CAD objects that are constructed by eagle point.

a) Default CAD settings

o Select system —Default CAD settings.
Highlight the Surface Modeling and then Index Contours entry
e Type the size and select the color of the line (index contours) you wish to display in
CAD entry.
o Type the size and select the color of the line (intermediate contours) you wish to display
in CAD entry
e Click on OK
--SiteAnaIysis ~ | Laver CONTOURS_IDH =
2 Sereems s
[=- Surface Modeling )
- contour annotation Line width: 0.000000

- elevation labels . } . .
; Override with Active Attribut
- elevation table legend L] Dveride with Active Attibutes

Linetype: Continuos

- feature line Teut
- import breaklines Unit: Flatted mm
- impart paints Plotted Size: 5.0000
= index contours
- indes digitized contours Plat Scale: 1:1000.00
- intermediate contours w | | Style: Standard
Global Madify Uze Style's Height

Cancel Apply
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2.2.4 Surface Modeling

Surface modeling is a one of eagle point package that models the surface you are working on by
performing different manipulation of the raw data from survey, DEM and DTM by creating three
dimensional grid formations on the terrain.

Surface Modeling also allows users to create a model from topographical information such as
points, break lines or contours. From this surface model, you can create contours, annotate
contours, create rectangular grids and place spot elevations.

2.2.5 Setting up a surface model

Creating and defining a new surface model, requires the following procedures

¢ |n eagle point, select Products-Surface modeling

@ Surface Modeling — >
Prepare Construct Triangulate Edit Model Contours Output

@RS P VAT U4y, “Ha

¢ In surface modeling, select prepare-manage surface models

Manage Surface Models ? X

Surface Mame

B@EeXH a
Manage Surface Models ? X
Surface Name

| New Surface Model i

e Click on the new surface model icon then the new surface model dialog box displays
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Mew Surface Model 7 *
Suface Model Contours Elevation Labels Rectangular Grid
Description: Petu ground model II':]
Minimum Valid Elevation: 1355.551
Maxdmum Valid Elevation: 1476.524|
DMam’mum Length of Triangle Side: 100.00000000
Curved Breaklines. ..
Wiite Output
Construction Method: Faces v
(® Plan Drawing C:\Users\Binuck-N"\Desktop\PETU SSIP\PETU
(O BExtemal Drawing =

Reference BEdemal Drawing

&

Cancel Poply

o Type Petu ground model in the description edit filed.
Minimum elevation from Surveying data is 1355.551
Maximum elevation from Surveying data is 1476.524

Click on the CAD setting icon, the CAD setting dialog box displays.

» Layer -TIN

CAD Settings ? X
[] Override with Active Attributes
Layer: [TIN l =
Color [BYLAYER |
Cancel

» Color - by layer

Click Ok

Click on apply in the new surface model dialog box and then OK

Click Contour setting Tab icon.

10
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MNew Surface Model ? bt

Suface Model Contours  Elevation Labels Rectangular Grid

Intermediate Interval: 1.00
Index Interval: [5.00
Smoothing Factor:
Polynomial Factor: 0
Write Qutput
Construction Method: Polylines v
(®) Plan Drawing C:\Users\Biruck-N\Desktop \PETU SSIP\PETU
(O Extemal Drawing o
Reference Bdemal Drawing
&)

Cancel Aoply

e Intermediate Interval = 1
e Index Interval = 5
¢ Smoothing Factor =3
e Set the remaining values of the setting as:
» Index contours
= Layer IDX-contours
= Color9
= Line type by layer
= Width 0
» Intermediate contours
= Layer contours
= Color8
= Line type by layer
= Width O
o Click on apply in the new surface model dialog box.
o Keep the rest as default.
e Click apply and OK
o Click close

2.2.6 Importing Survey Data

e Survey data’s can be imported from an excel file, an instrument, global mapper, GPS,
etc as eagle point have different option to import the data. For this training purpose, you
are going to import the survey data from an excel file which is saved in CSV file format.

e Open excel (Survey Data.CSV) and view your data down loaded from a total station.
The survey consists of information with point#, Easting, Northing, Elevation and
description.
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Fil ial
=
- c"" Arial <o <A & B Wrap Text General - [E @ ‘Num‘a\ Bad Good g‘“ r|=;~_?< El él?:toSum - QY p
™ Copy - . - : ill -
" omatpanter B 1 U e G- A = ElMerge&Center - $ - % * | BN 2 Sﬂﬂf’..";"f%’ﬂ.‘f-“ Neutral mm N m'en Delvemrurtnm & Clear- Eﬁ:ﬁ;:::-

Clipboard n Fant 5 Alignment " Number " Styles Cells Editing ~

14 5 -
4 A 8 c D E
1 1 793942 789030 1440995 TP-2
2| 2 793989 789025 1452374 TP-1
3 | 3 793883 789059 1415329 Road
4 4 793683 780056 1416279 TOPO
5| § 793682 789064 1415655 TOPO
6 | 793807 789079 1416755 TOPO
7 7 793674 789114 1419655 TOPO
8 | 8 793715 789098 1417206 TOPO
9 | 9 793853 789147 1416628 TOPO
10 10 793740 789149 1433712 TOPO
1| 11 793748 789179 1442330 TOPO
12 12 793745 789150 1434508 TOPO
13 13 793637 789184 1417196 TOPO
m 14 793626 789211 1421055 TOPO
15 15 793648 789237 1431510 TOPO
16 | 16 793683 789193 1430535 TOPO
17 | 17 793748 789256 1458796 TOPO
18 18 793674 789160 1418611 TOPO
19| 19 793686 789162 1423620 TOPO
20 | 20 793718 789307 1459941 TOPO
21 21 793709 789198 1437852 TOPO
22 | 22 793700 789295 1453768 TOPO
23 | 23 793637 789286 1435737 TOPO
24 24 793548 789318 1447097 TOPO
25 | 25 793 789252 1, 789 TOPQ
26 | 26 mﬁaﬁ 1452792 TOPO
27 27 793638 789320 1445730 TOPO
28 | 28 793620 789287 1436253 TOPO
2 29 793585 789330 1440.096 TOPO
30 | 30 793608 789274 1431479 TOPO
3 | 31 793660 789124 1418904 TOPO
2 32 793873 789104 1419.313 TOPO
| surveyata @

Ready ::] = L + g%

In eagle point, surface modeling- select Prepare-Import ASlI-points
Browse the survey file to the location you have saved

Click on the open bottom

Check the button point#, N, E, description (point code)

Click on apply in the import ASCII point dialog box

Click on close

Import ASCII Points ? * ‘

File Mame: |C:\Users'\Desklop\PETU 55IPYSurvey Data.csv |ﬁ

(® Pnit# N E Elev.Desc OXX¥ZDesc
Format Example
Paint#t Northing,E asting Elevation, Description
100,1245.264,2431.629,142 826 Building
Selected File
Paint# Morthing E asting,Elevation Description
<File Information Unavailable>

&

[ Aoy ]| Close |

o Type Zin the command line then e to view the imported data
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2.2.7 Creating model boundary

Draw a boundary around the data and then predefine it for use in the surface model. To create a
predefined boundary for the surface model,

¢ In Auto CAD, create a layer called Boundary line and make it current

-

e Select the poly line command.
e Draw the boundary around your data

¢ In surface modeling, select Prepare-Predefined boundaries command
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Predefined Boundaries ? x

Description Surface Model

7 X

Close

| MNew Predefined Boundary l

Click on the new predefined boundary icon.
Pick the boundary object you drew earlier
Type Survey Data boundary in the description edit field

Select Petu ground model from the surface model drop list
Click ok and close

New Predefined Boundary 7 *

D escription: | Survey Data Boundary

Surface Model: Petu ground model hd

Cancel

2.2.8 Triangulate a surface model

¢ In surface modeling, select triangulate-surface model
e Select ground model from the surface model drop list

Surface Model...
Surface Model from Contours...

Surface Model from Sparse Data...
Merged Surface Models...

Track Coordinates...

Calculate Grade & Distance...

e Select predefined from the boundary drop list

Triangulate Surface Model ? X
Surface Model Petu ground model bl E
Boundary: Predefined v
Void Regions: [None) ~
[ Display Model
[[] Use Estenal Paint File(s) Build File List
Display Selected Objects Details
Settings...
Close

e Make sure the display selected objects details and Place Triangles are toggled on
e Click on apply in the triangulate surface model then close

e Select the area to be triangulated by selecting the bounded data in the CAD graphic
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Display Selected Objects Details X

TOTAL

MNumber of Objects Selected 2359
Minimurn Elevation 135555
Maximum Elevation 1476.52

Cancel

e Click Ok display selected objects details to proceed triangulation
e The result of Triangulation should look like this

¢ In surface modeling, select Prepare-Manage surface model.

e Click on the properties for surface model icon. The surface model properties dialog
displays a variety of information for the model as follows.

o Click on close

Surface Model Properties ? x
Surface Maodel: Petu ground model v
File Number: 1

Murmber of Paints: 2352

Minimum E levation; 1355.551

M aximum Elevation: 1476.524

Average Elevation: 1410.416

Standard Deviation: 24.805

Plan Area: 253.392 Hectares
Surface Area: 259.682 Hectares v

2.2.9 Creating contours

¢ In Surface modeling, on contours tab select Make intermediate and index
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Preview...

Make Shadow...

Make Intermediate & Index...
Make Index...
Make Intermediate...

Make User-Defined...

Annotate...

e Toggle on only User defined boundary

Make sure the Petu ground model is selected from the surface model drop list.

Make Intermediate & Index Contours

Surface Model: Petu ground model

[[] Use Scieen Display

lary
[] Erase Existing Contours for this Surface

& Settings...

Ciee

e Click on apply on the make intermediate and index contours in the CAD graphic

e Select the boundary you have prepared earlier
Eagle point will execute the process

Eagle Point Software

Making Contours [Elevation 1378.00)

18%

. Cancel

o The processed contour should look like this

16
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2.2.10 Annotating contours

Contour annotation is a process that is used label each contour and makes the user to easily
recognize the terrain types in CAD graphic.

¢ In surface modeling select Contours- Annotate

Preview...
Make Shadow...

Make Intermediate & Index...
Make Index...

Make Intermediate...

Make User-Defined...

Annotate...

¢ Make sure the Petu Ground Model is selected

Annotate Contours ? X
Surface Mode: Petu ground model o]
Contours
[ Inteimediate Index [ User-defined
[ Dther Layer: 0 &=
Method
() Crossing
@ Interval: 500
() Endpoints
Annotation Settings...
["] Erase Eisting Contour Annctation for this Surface
&
Close
o Make the index toggle on
e Select the Interval option in the method sections
¢ Interval = 500
o Click on the Annotation setting button.
Annotate Contour Settings ? X
Annotation Location: Middle v
£0.00000000
[APlace Symbal Around Annatatiors
Syrbol Circle <
[[] Break Contour Around Annotation
[[] Annatation Direction
Angle 0.00000000
Uphill/D owrhill
Cancel
o Make sure middle is selected from the annotation drop list.
e Toggle on Place Symbol Around Annotation
e Toggle off the other option.
¢ Click on OK
e Click on apply in the annotate contours dialog box.
¢ Select the contour to annotate in CAD graphics
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e Click on close.
e The result should look like this
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2.3 CANAL PROFILE EXTRACTION FROM IRRIGATION SYSTEM LAYOUT

In surface Modeling we have modeled the topographical features of the area of our interest (Topo
of the Gross command area). Canal alignment and other important tasks are worked on the
surface model as practical implementation of our canal design on the real ground. Precise
representation of the ground is imperative prior to any design activity.

Designing an irrigation Canal is to be initiated by selecting the centreline of the alignment using the
surface model created. The RoadCalc package found in Eagle point Product menu will be utilized
to facilitate canal design.

2.3.1 Getting started

Roadcalc is the step to be started after you have successfully prepared the surface model and the
step to be followed to initiate the launch RoadCalc is as follows.

18 SSIGL 21: Selected Application Software’s
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2.3.2 Creating a roadcalc subproject

¢ In eagle point Select File-New
e Select Roadcalc subproject from the list box

New ?

Select what type of item you wish to create.

ﬁ Eagle Point Project
Additional Drawing
% Storm Sewers Sub-project

KL Sanitary Sewers Sub-project
W ater Surface Profiing Sub-project

< Back Cancel

e Click on next
o Type MC in the project number edit field
¢ Type Main Canal Design in the description edit field
e Select RoadCalc metric defaults from the subproject prototype drop list
e Click on Next
RoadCalc Sub-project ? X
Project List

Sub-project Number: 001

Description: |Main Canal

Sub-project Prototype: RoadCalc Metiic Defailts v
< Back Cancel

o Select Petu SSIP from the project list box
e Click on Finish

New Sub-project ? X

(®) Use Project Drawing

=B Petu SSIP
VY C:\Users\Binuck-N\Desktop\PETU SSIPAPETL SSIP.dwg|

() Use New Drawing

Additior ng C:A\Users\Biruck-N\Desktop\PETU SSIP\Da

o \wsgershpublichapplication data\eagle point B

< Back Next > Cancel

¢ To launch Roadcalc, select the Main Irrigation design project and click OK

SSIGL 21: Selected Application Software’s
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Open 7 x
Projects and Sub-projects:

= B PetuSSIP
i ﬂﬂ C:\Users\Biruck-N\Desktop\PETU SSIPA\PETU SSIP.dwg
B 74 001 - Hain Cana

< >
8@ X a A [ Eitters Y About.. [r1]
Cancel

e The Roadcalc menu displays

@ RoadCalc 001 : Main Canal - X

Alignments Cross-Sections Profiles Typical Sections Process Qutput

YH AR L£GR LU £ X BB

2.3.3 Canal alignment & profile

Eagle point software facilitates to view original ground profiles so that we can export it to excel to
design Top bank, Full supply and Bed levels of a canal.
So the design profile of our canal alignment is to be created as allows

e The green line is the main canal route selected during irrigation system layout so we
start by making alignment using it
e From Alignment tab select Convert Objects to Alignment

Edit Data...
Manage...
Convert Objects to Alignment...

Offset...

Generate Reports...
Manage Utilities...
View Alignment Graphics

Synchrenize Graphics & Data...

e From the CAD graphics you will be asked to select the object
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M4 » lem}rom'l,{myom2;

Select the objects you wish to convert:
Select objects:

792505.4850, 787510.7996, 0.0000 SNAP| GRID| ORTHO| POLAR||OSNAP OTRACK DUCS| DYN||LWT |MODEL

e Left Click on the main canal line and press enter
¢ Inquiry box will pop up to establish the direction of the alignment

Convert Objects To Alignment: 001 - Mai.. 7 X

E stablish the direction of the alignment by picking a point near
the beginring of the alignment.

¢ Click on the station that is going to be the beginning 0+000
‘IEYrEEIE- L YX d (e RmEhaE @ d L] LR
33223 |%s%"%| | |
e AAY&YRIEF B DD - |
<

HAR LGR LUk L0 « MENL

fwection of the skgnmert by picking & poil rveai
sgrinent (]

Clote
A

dFHE 4% add
A@UAY & PHRMAE ~oadE wtadW

704144 21 g9 0 000K pouan [Denap oTRack pucs! ovi [Twy (ODE

o Keep the default values if it suite you then click Apply

Convert Objects To Alignment: 001 - Mai..  ? x

Choose Alignment Name and Stationing

Aligriment: E i %
Beainning Station: 0+000.00000000
Station Data... Defined Alignments...

Cle

e The green line will change red color indicating the conversion is successful
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T8 Fie Edt View et Fommat oot Duw Dememion Wty Window Help Erpres
A eRD S |«DO s & F- LTI

T EL I T AN ol tandd | [Smnaws
z AT I ETY B byl By el

Ha d W Boundry %

AR LGR

@
DFE AU BEd

or Help, press F1

@ Commuication Corter

snap| GAID| ORTHO! PoLAR [o5WAP OTRACK DUCs| o LW [Wooe

Clnia 4G o« [N

ABRAY @ CHRME A o@E wbd W

oy way 10 ke you and your soltwars updo-date.

e Go to profile tab and select Extract from Surface Model

Edit Data...
Manage...
Convert Objects to Profile...

Extract from Surface Model...
Original Ground Profiles...
Generate Reports...

View Profile Graphics
Settings...

Synchronize Graphics & Data...

o Select centerline for Profile Name & Petu ground model from drop down list, then Ok

Extract Profile from Surface Model ? X

Select the Profile Name to write the data to and the Surface
Model to extract from.

FProfile Name: Centerline v %
From Surface Model: Petu ground model W e
Cancel

e Again you will be asked to select the object in command line of CAD

[l v N ot { Layou2

Command: epcommand
Select objects:

794012.4617, 788851.3766. 0.0000

SNAP| GRID| ORTHO' POLAR||OSNAP OTRACK DUCS| DYN||LWT |MODEL

e Left click and RoadCalc will draw the canal Profile
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AtoCAD Classic HE AANy@AREE| | BOdSE O ByLayer

OO0 LNN

0

[y]

o

¢ In order to extract X, Y and Elevation values we have to prepare black notepad file so
the results can be printed on it. To do so

o Create Notepad file, name it as MC-Profile, Save it in a place which suites you

e Go to file menu and select Print Setup

@ Eagle Point - Petu SSIP - m| ®
File System Tools Products Help

New.. Bl 4% 2<d

e, BEAY @ 9BHED ~BE ML P VI

e r;e the Printing Options NUM

Copy...

Delete...

Print Setup...

Exit

o Select the MC-profile.txt file by clicking the folder icon placed at top right hand side and
leave the rest as default

Print Setup ? X
O Printer
(@) File: C:\Users\DesktophPETU SSIPAMC-Profile. t« =
Page Header No Page v
Command Header: Nao Page ~
Printed Lines per Page: 100
MNumber of Columns for Left M argin: 0
Printed Columnns: 80

Faort. Courier 10 point

Cancel

¢ Now go to output tab of RoadCalc and select Station and Coordinates
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&) RoadCalc 001 : Main Canal - ®
Alignments Cross-Sections Profiles Typical Sections Process Output
Y & e LE Graphics: W
Cross-Section Sheets...
Plan and Profile Sheets...
Adjust Plan and Profile Sheets...
Mass Diagram Sheets...
Breaklines from PT Codes...
Profiles from PT Codes...
Catchlines...
3-D Faces...
Inherit Elevation from Design...
Create Surface Model from Road...

Printouts:
Velumes...
Station and Coordinates...
Catchpoints...
Elevation/Depth at Offsets...
Cross-Section Staking...

Sub-project Prototype Settings...

o Make sure for both Alignment and profile centerline is selected
e Enter 25.0 at Station interval
o Toggled on include Curve Stations only
o Click Clear List and After that click Calculate
Station and Coordinates ? X
Alignment: Centerine v Profile: Centerline v
Station Interval 25.00000000 [ Inchude Curve Stations
Additional Constant Offsets... [ Include Vertical Curve Stations
Label Station Offset Noithing Easting Elevation -
BOP 0+000.000 0.000 788902.037 734144215 1432.780
Pl 0+001.717 0.000 788302.939 794142786 1432974
Fl 0+022 960 0.000 788916.801 734126.646 1433.344
Pl 0+024.149 0.000 788917.436 794125641 1433.422
0+025.000 0.000 788917.934 794124951 1433467
Pl 0+026.332 0.000 788919.065 7941233685 1433570
Pl 0+029.542 0.000 788919.463 794120.806 1434.005 v
@K & Clear List Draw Object...
Die

e Finally, to export the data into the note pad file we have previously saved click the
printer Station icon

o Open the note pad file and view the output file. Utilizing this file, you can design the
canal using the canal design template.

| MC-Profile:txt - Notepad - O X
File Edit Format View Help
| ~
Alignment: Centerline
Profile: Centerline
Label Station offset Northing Easting Elevation
BOP 0+00a.000 0.000 788902.037 794144.,215 1432.78@
PI 0+001.717 0.000 788902.989 794142.786 1432.974
PI 0+022.960 0.000 788916.801 794126.646 1433.344
PI 0+024.149 0.000 788917.436 794125.641 1433.422
0+025.000 0.000 788917.934 794124.951 1433.467
PI 0+026.932 0.000 788919.066 794123.385 1433.57@
PI 0+029.542 0.000 788919.463 794120.806 1434.005
PI 0+832.208 0.000 788918.405 794118.358 1433.817
PI 0+834.008 0.008 788917.092 794117.128 1433.392
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2.4 DRAFTING CAD GRAPHICS

Drafting one of eagle point package that provides access to Eagle Point Dynamic Annotation and
associates text with objects. With this attachment, objects may be modified and the associated text

is automatically updated to match the modified object. In this section you will cover Annotate
alignment stationing and Draw a coordinate grid.

2.4.1 Annotate alignment stationing

In eagle point, select Drafting

@ Drafting - %

Annotate Create Tables

Insert Modify Text

S o 58/

=[] §{*

Click Annotate and select Alignment Stationing

@ Drafting - X ‘
Annotate Create Tables Insert Modify Text

SESLSER e =[]

Alignment Stationing...
Areas...

Multiple Objects...
Coordinates...

Curves...

Lines...

Lots...

Spirals...
Station-Offsets...

Crossings...

Styles...

Click on the Pick in CAD icon to select the Main Canal

Annotate Alignment Stationing \ X
Station Range Annotation Style @
Begin: 0 Eagle Point Metric Default v ik
End: 0 Defined Alignments...
Selected Alignment:
Apply Close

The Begin and End Station Range is filled in with the starting and ending stations
automatically

Annotate Alignment Stationing ? X
f " Annotation Style 1'
Beagin: 0 E agle Paint Metric Default v h
End: Defined Alignments...
Selected Alignment: Centerline
Close

Click on Apply to annotate the alignment stationing
The result should look like this
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AGCAD Clsssc e AANRSHAN  BDOdTS I yLayes ByLaye ByLayer

44 b M YRR Lovout | Layoutd

2.4.2 Draw a coordinate grid

The Insert Coordinate Grid command allows you to place ticks, lines or both ticks and lines into
your CAD graphic at a specified interval.
To insert a coordinate grid into your CAD graphic, complete the following steps:

e Click Insert tab and select Coordinate Grid

@ Drafting - ®
Annctate Create Tables  Insert = Medify Ted
Arrowhead... N/:J @ @ @ e _G * EF

Bar Seale... \
Border..

Crow's Feet...

Path...

Coordinate Grid...

Morth Arrow...

Time/Date Stamp..

Serial Number...

Custom Line..
Pattemn Line.

Treeline.

Symbol By Station/Offset..

Symbols...

o Select Placement options as Ticks & Lines from drop list

Insert Coordinate Grid ? X
Placement Option: Ticks & Lines e
MNorthing [Y)
Interval: 100.0
Label
Label Interval: 1000 |
Label Text: N <
E asting (<]
Interval 100.0 |
Label
Label Intervak 100.0 |
Label Text: E < |
Clse

e Northing (Y) interval =100
e Lable Interval =100
e Easting (X) interval =100
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e Lable Interval =100
o Leave the rest as default
e Click on the Insert button to insert the coordinate grid
e Graphically select the location for the lower left corner of the coordinate grid
e Graphically select the location for the upper right corner of the coordinate grid
e The result should look like this
AdoCAD M | AALN &SRB B O TS W ByLayer ByLayer ByLayer
s
4

0L oe

e
il

>EPEE - &

CRECAE), o

2.4.3 Insert north arrow

The Insert North Arrow command allows you to place a North arrow into your CAD graphic.

Click Insert tab and North Arrow

Enter the scale factor for the North arrow =5

Click on the Insert button to insert the North arrow

Drafting prompts you to select a location for the North arrow.
Graphically select the location at which you want the North Arrow placed
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3 MANNUAL FOR HEC-RAS

3.1 BASIC KNOWLEDGE OF HEC-RAS
3.1.1 The Hec-Ras software suite

The Hydrologic Engineering Center River Analysis System (HEC-RAS) is intended for calculating
water surface profiles for steady gradually varied flow in nature or man-made channels.

HEC-RAS is an integrated system of software, designed for interactive use in a multi-tasking,
multi-user network environment. The system is comprised of a graphical user interface (GUI),
separate hydraulic analysis components, data storage and management capabilities, graphics and
reporting facilities.

The HEC-RAS system ultimately contain three one-dimensional hydraulic analysis components
for: (1) steady flow water surface profile computations; (2) unsteady flow simulation; and (3)
movable boundary sediment transport computations.

3.1.2 Purpose

HEC-RAS is application software that is used to model almost any Hydraulic model problem
including:

River Hydraulic Analysis and its inline structures
Storage areas

Irrigation Canals and its Structures

Time series and elevation controlled gates
Unsteady floodway analyses

Dam break analyses and levee breaching

Pump stations and navigation dams

Sediment transport capacity

Other Advantage of HEC-RAS

Useful tables, graphs, and cross-section and profile plots for viewing results
Animation of simulations

Detailed Investigations and alternative evaluations

Design Studies

Real-time forecasting

3.1.3 Scope

This guideline covers the basic procedures for Diversion weir, Irrigation canal and selected
Irrigation canal structures Modeling (Case study of Petu SSI Project).

3.1.4 Computer requirements

Pentium 1l with Microsoft, Windows XP, Vista or Windows 7, (recommended: Intel dual-core
processor with 1GB of RAM), 1024x768 display (recommended: 1280x1024 or higher).
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3.2 CASE STUDY FOR PETU DIVERSION WEIR MODELING

3.2.1 Preparation of working environment

This practical exercise will help how to model diversion weir using head work for Petu SSIP.

3.2.2 Getting started

Defining a project

o Find the HEC-RAS folder in the Start Menu and click on HEC-RAS to start the program

i E

File Edit Run View Options GIS Tools Help

(=@ []=]536] =]

Project: |

>
“FACERE @B Kl
E

Plan:

Geometry:

=2
I
i
i
|
|

Unsteady Flow:

I
I
Steady Flow: |
I

Description :

[..] [STUnits

o Select New Project from the File pull down menu in the main HEC-RAS window

[ HEC-RAS 4.1.0 -
File Edit Run View Options GISTools Help

New Project ...
Open Project ...

Save Project

7 o R % 0 2 P e o 2 A N ] [ T 1™

X

=

Save Project As ...

Rename Project Title

[
I
I
|
I

Delete Project ..

Project Summary

0] [..] [STUnits

e Select a drive, and select a path by double clicking in the directory box of the New
Project window. For this example, double click on the data subdirectory for c:\Petu
Diversion Weir folder\ Enter a title Petu Diversion Weir and the filename is Petu

Diversion Weir.prj Click OK

Save Project As

Title File Name Selected Folder  Default Project Folder | Documents |
Petu Diversion \Weir i C:\Petu Diversion Weir

(=
& Petu Diversion Weit

oK Cancel Help

[Select diive and path and enter new project name.

| &9 ¢ [Local Disk] ~|

e The English System of units is the default. To use the Metric System, select Unit
System from the Options pull down menu in the main HEC-RAS window to change from

the English System to the Metric System.
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] HEC-RAS 4.1.0
File Edit Run View Options GIS Tools

>

Help

Program Setup

Default Parameters

Unit system (US Customary/Sl) ...
Convert Project Units ...

- 5 A Al AR ek el
=

|C:\Petu Diversion Weir\Petu Diversion Weir.prj

Steady Flow: I

Unsteady Flow: |

Description : | E] ‘ US Customary Units

3.2.3 Incorporation cross sectional data

e Select Geometric data from the Edit pull down menu in the main HEC-RAS window
HEC-RAS 4.10 - X
File Edit Run View Options GISTools Help
P | 72 e 2 P o o 2 ] e 1
Steady Flow Data ... |Petu Diversion Weir |C:\Petu Diversion Weir\Petu Diversion Weir.prj g
Quasi Unsteady Flow (Sediment Analysis) ... | |
Unsteady Flow Data ... | |
Sediment Data ... : :
- .
O |\ E_] |US Customary Units
¢ In the Geometric Data window, click on the River Reach tool with the mouse and draw

the following river schematic by clicking the left mouse button and dragging the reach in
the direction of the flow.

O >

¢ Geometric Data

[2] P10t ws extents for Profite: |
-l

Double-click the mouse to end the reach. Give each reach a name Petu-Shashaf River.

Ve o x

File Edit Options Tables Tools GIS Tools

Stora SA. | Pumy
Mﬂgﬂ Conn. Steggpm
[ ] d—'

View

Help

River
Reach

—

Description :

EI Plot 'S extents for Profile:
=]

RS 2
12 89

| Petu-Shashaf River

Reach: |1

ok |

=

River:

Cancel |

-
o

0.6984, 0.2372

e Click on the Cross Section tool on the left side of the Geometric Data window
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Tools GIS Tools Help

Tools Rver Storage sa Pump RS ey
SRR | o agg

Description [

Q Plot WS extents for Profile:

—

=

Select Add a new Cross Section from the Options pull down menu in the Cross Section

Data window and enter the river station label.

HEC-RAS requires that river cross-

sections be entered starting upstream using the highest number as a "river station" label
and proceeding downstream in the direction of flow

== Crass Section Data

Exit  Edit
Add a new Cross Section ...
Cross Sectic

Skew Cross Section ...

Ineffective Flow Areas ..
Levees ...

Obstructions ...

Add a Lid to X5 ...

Add lce Cover ..

Add a Rating Curve ...

[ Contrechice

-

== PlotOptions B &| I Keep Prev XS Plots _Clear Prev |

Expansion

No Data for Plot

Enter data provided below for the Upstream reach (Reach 5)

Downstream reach length = 100

Manning’s Value = 0.035
Main channel reach station, Left bank =0.00 and Right Bank = 56.38
Contraction coefficients = 0.1 and Expansion coefficients =0.3

Reach = 5 D/S Reach length=100
U/S Weir Axis

Station Elevation
0.00 1434.482
5.00 1434.312
6.00 1434.237
11.01 1434.100
13.01 1433.796
18.01 1433.359
21.01 1433.196
24.20 1432.882
28.20 1432.874
29.26 1433.034
34.26 1433.839
36.59 1434.885
42.59 1435.876
47.59 1437.896
54.59 1439.877
56.38 1440.479
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- - [m] x
Exit Edit Options Plot Help
River |Petu-Shashaf Riv = Apply Data i,; + oon| ElotOptions iél [ Keep PreviS Plots  Clear Prev
Reach: h LI River Sta.: |5 ;I ﬂﬂ
Desciiption [ D
Ins Row | Downstream Reach Lengths
[100

_1]0 Manning's n Values 2
_2/5.00 1434312 LOB Channel | ROB
_3|6.00 1434.237 [oposs fooss oo
_ 4o 1434.1
_ 5130 1433.796
__6[18.01 1433.359

7|21.01 1433136
:3 2420 1432882 No Data for Plot
_9|2820 14326874
_10|29.26 1433.034
_11]3426 1433.839
12|3659 1434.885
13)4259 1435.876
_14]4759 1437.89
15|54.59 1433.877

16]56.38 1440479

17 |

E it right over bak station (1]

e Subsequent station lengths are all measured from the first station. Enter the
corresponding elevations for each station.
The last station is on the right of the river valley, above the main channel and flow area.
e Click on Apply Data to accept entry for this cross-section.
Select Plot Cross Section from the Plot pull down menu to visually check cross-section
for errors.

— - O X
Exit Edit Options Plot Help
T |t B Nl Plot Options S| I KeenPrev¥5 Piots _Cleat Prev
Freach: [1 | River Sta:[5 =l ﬂﬂ Petu Diversion Weir ~ Plan
Description I
035 |
Del Row | Ins Row_| Downstieam Reach Lengths 1442 1
: : LOB__ | Channel | FOB Legend
Station <] oo 100 100 Ground
.
__1]000 ) Manning's nValues 2 Bank Sta
2500 1434312 0B | Channel | ROB 1440
_z :51021 }:g: 337 0035 0035 0.035
E 13.01 1 433:795 Main Channel Bark Stations .
| 6[18.01 1433.359 €
—7|21.01 1433136 o 5.38 5
82020 1432882 STV 3
92820 1432874 Contraction Expansion W43
10[29.28 1472024 ] 03
11]3428 1433839
12|3659 1434.865
73] 4259 1435.976 1434
14]47.59 1437.996
15]5459 1439877
16/56.38 1440479
EF| v 143
1 _I 0 10 20 30 40 50 60
Station (ft)

¢ Repeat the above Steps until all river stations for the reach (from reach-4 up to reach-1)
are entered (Data provided in excel sheet provided). Then, change the Reach using the
Reach pull-down menu and enter data for the rest of the reaches. Press the apply data
button after each cross section is entered.

e After all the cross section data is entered, select Exit Cross Section Editor from the Exit
pull down menu in the Cross Section Data window

e Your main geometry menu should now look like this
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3 — ] <

File Edit Options V Tables Tools GIS Tools Help
Tools | River
ol

cgonmeo’*| emn Stgrage| S | Fume || RS @ |Description: [..] Plot w5 extents for Profile:
—— | - y— O | <1239

Junet. =
L J s

Some schematic data outside defaull extents (see View/Set Schematic Flot Extents..)
None of the XS's are Geo-Referenced { — Geo-Ref user entered XS — Geo-Ref interpolated XS — Non Geo-Ref user entered XS — Non Geo-Ref -

view <l .

1.4158, 0.8954

3.2.4 Incorporating weir into a HEC-RAS analysis

Hec-Ras requires two cross section u/s and d/s of weir structure located at reach-4, to do so

¢ Click tools in geometric data and select XS interpolation

_ Geometric Data - [m] X
File Edit Options View Tables Tools GISTools Help

XS Interpolation » | iy |peseipion: [ Protws extents o Profie:
Channel Design/Modification ... 2

Channel Medification (original)...

Graphical Cross Section Edit ...

Channel Bank Stations ...

Reverse Stationing Data ...

Cross Section Points Filter ...

Fixed Sediment Elevations ...

Pilot Channels ...

Ineffective Areas >
Mannings N Set Channel to Single value ...

Datum Adjustment >

Reach Connectivity ...
Reach Order for Computations ...

Reach Order --> Find loops that prevent backwater solution ...

Flow Roughness Factors ...

Seasonal Roughness Factors ...

HTab
Param, | SOme schematic data outside default extents. (see View/Set Schematic Plot Extents...)
" J None of the XS's are Geo-Referenced (— Geo-Ref user entered XS — Geo-Ref interpolated XS — Non Geo-Ref user entered XS — Non Geo-Ref ~
Wiewr :
0.1788,0.9974

¢ Click in interpolation and for max distance between XS’s insert 20

In Reach drop down menu select All Reach

o Click interpolate Xs’s

. — =] =

File Edit Options View Tables Tools GISTools Help

enieots| Roaeh |s':§§'a°° &n | Same| [ B2 gy |pescription: | [o.] Platws extents for Profile:
——| - o 1

XS Interpolation by Reach
Junet. | =)
o 5 River Petu-Shashaf Riv -
Cross o | Reach: (A1l Reaches) ~
Section
Sy Upstream Riv Sta: -~

Brdg/Cul Downstream Riv Sta: hd

Maximum Distance between xXS's: 20
I

Inline
Stucture Cut Line GIS Coordinates
& Linearly interpolate cut lines from bounding XS's gj
Lateral [only available when bounding XS's are Georeferenced)
Stiucture
j=i=i=]] (o] for display as dicuk to reach invert
Sorage [will be repositioned as cross section data is changed)
raz
- Decimal places in interpolated Sta/Elev: 0.00 ~
Storage
DT Delete Interpolated <S's Interpolate XS's |

Pump Close
Station
fox

Select Rieach for interp.

HTab
Param Some schematic data outside default extents (see View/Set Schematic Plot Extents...)

None of the XS's are Geo-Referenced (— Geo-Ref user entered XS — Geo-Ref interpolated XS — Non Geo-Ref user entered XS — Non Geo-Ref -
View Lol » |_I

0.2888, 05715
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e Click Tables in geometric data and select Manning’s n or K value

Linesr Routing Cosfficients
Priessmanns Sot on Lidded X5's

o3 13l

ravs wamnreie o]

e Click and select tabs n#1, n#2 and n#3

Edit Manning's n or k Values
River |Petu-Shashaf Riv ~] 4| Bl B~ EditintempolatedXS's  [Channel n Values have
a light green
Reach: |1 _~| |AlRegions ~| backgound
Selected Area Edit Options
‘ Add Constant . | Multiply Factor .. | SetValues . | Replace.. | ReducetoLChR .. |
River Station Frctnin/K] | n#1 | n #2 | n #3 | -
1|5 n I
248 n
3|46 n
44 n
542 n

Click Set Values and insert value = 0.035

0.035
0K Cancel

e Click Ok and make sure all cross sections have manning’s value entered

Edit Manning's n or k Values
River. |PetuShashaf Riv ~| &/ Be| B EditinterpolatedxS's  [Channeln Valies have
a light green
Reach: [1 3 [AI Regions 3 background
Selected Area Edit Options
| Add Constant .. | Multiply Factor .. & Replace .. | ReducetoLChA . |
River Station Fretn (/)| n # | n #12 | n#3
7 n 0.035 0035 0.035
839 n 0.035 003 0.035
9|38 n 0.035 0.035 0.035
0|37 n 0.035 0.035 0.035
1]36" n 0.035 0035 0.035
235 n 0.035 003 0.035
3|34 n 0,035 0.035 0035
433 n 0.035 0035 0.035
5[3.2 n 0.035 003 0.035
6[3.1* n 0.035 003 0.035
713 n 0,035 0035 0035
18] 293333~ n 0.035 0035 0.035
19| 2.86666" |n 0035 0035 0.035
20|28 n 0.035 003 0.035
21| 273333 n 0,035 0.035 0035
22| 2 BEBEE" |n 0.035 0035 0.035
3] 2.6 n 0035 0035 0.035
4] 253333 n 0.035 003 0.035 -
0K Cancel Help

e Your main geometry menu should now look like this
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“_ Geometric Data - Petu DW — [m] >
File Edit Options View Tables Tools GISTools Help
|| e L e o Description : | [-] Protws extents for Profile: [ |
o || e = O (< |
Junct E
: 4
2
s 7 H

460
V3 a6
l%y 5
Bidg,Cuks ra .
e
= .

o vz

Some schematic data outside default extents (see View/Set Schematic Plot Extents...)
None of the XS's are Geo-Referenced (= Geo-Ref user entered XS — Geo-Ref interpolated XS == Non Geo-Ref user entered XS — Non Geo-Ref ~
Viewe | D

0.4031, 0.0102

e Click inline structure located at the left side of toolbar
¢ File menu select save as and give it a name Petu Dw

) nn;m  — R OO |
/4 A
e |
N e T S .
Upsirean channel lenglh (ot sel) (R] D )
| 11/
=
- = |
¢ Right click and select zoom to the area around reach 4
¢ Click option menu and select add inline structure
= I
=
%
=~ Geash - "j

o Enter value of 4.1 (in which the Weir is located) for the dialogue “enter new river station
for inline structure
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e Salient features of the weir to be incorporated in HEC-RAS
» Weir Crest Level = 1433.975 m
» Weir Height = 1.5m
» Effective length of Weir = 6.6m
» Two under sluices = 0.70m
» Two piers = 0.5m
» Top width of the weir =1.0to 1.8 m
» Downstream apron length, L of 12m
Click Weir/embankment tool bar and insert values for the respective fields
» Distance = 2, Width =1.8, Weir coefficient =1.7
» For weir & under sluice section insert the table provided below
Station Elevation
14.21 1433.975
21.16 1433.975
21.16 1432.475
21.86 1432.475
21.86 1433.975
23.85 1433.975
28.45 1433.975
30.02 1433.975
30.80 1433.975
30.80 1432.475
31.50 1432.475
31.50 1433.975
34.20 1433.975
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~| Inline Structure Weir Station Elevation Editor
w
Distance “Aidth
File View Options H . 17
Gecpyi ety Shashaf iy Clear | Del Row ‘ Ins Row | Filter... |
feectayl E diit Station and Elevation coordinates
Upstream XS: 4.2* Station | Elevation -
Description 11421 1433975
Pilot Fi [D—- 2|21.16 1433.975
e —3]216 1433.475
entln s —4|z188 1433.475
5| 2186 1433 975
1442 6|23.85 1433975
= 72845 1433.975
IEIH P Alann? 1433 975 Al
£
% 1438 Llf} Ftrr:atnkmenl S5 IU D.S Embankment SS |2
er Uala
g 1. Weir Crest Shape
® Broad Crested
e ' Dgee
1432
° ok | Cancel |
N | | [Enter distance between upstream cross section and deck/roadway. [m]

e Click Ok and Exit

]
e
urd
"
.
Y
o /
.
— /
“ “\U
7 3
-

by i

e Select cross-section 4.2 while in the Cross Section Data window. Choose Ineffective
Flow Areas from the Options pull down menu.

e Enter the stations and elevations from Table below in the Ineffective Flow Areas window
that represent the blockage in the river channel due to the Weir abutments. Press OK

Station 21.16 31.5
Elevation 1436.073 1436.073

Bdt Edit Options Plot Help
River |PetuShashatRiv  + ApplyData | N -+ uge| Plot Options é] I” KeepPrevS Plots _ Clear Prev
Rezch: |1 =] River Sta:[4.2- =] ﬂﬂ Petu Diversion Weir  Plan
Description | [ i X
Del Row Ins Row Downstieam Reach Lengths Jas 02 T 035 1
C L0B | Charnel | ROB Legend
Station Elevation El 20 20 Ground
_1j0 1434755 Manning's n Valuss 2 " neff
_2[50% 1434566 L0E | Charmel | ROB 1440 sant <ta
_316.043 1434.52 0.035 0.035
B EEE 1434376
_S|T1.088 |)neffective Flow Areas E e
G E] E
_7]12238 B 5
_8[13102 @ Notmal 2|z
H
Tg!lg;gg Leit Right L@ 1
(21153 Station 116 315
12| 23608 Elevation 1436.073 1436.07:
+§ 23_372 ¥ Pemanent [ Femanent 1434
15| 23.079
16] 30.226 0K | Cancel | Defaus|  COlear |
17132284 — 132’ - = 5 = p
Wmma\ Ineffective Flow Areas : B N
Station (m)]
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e Click on the Gate button in the inline structure data and insert the values provided below
» Height=0.7
» Width =0.7
» Invert = 1432.94
» Stations = 21.51
=31.15
» Orifice Coefficient = 0.8
» Sluice Coefficient = 0.6
» Weir Coefficient = 1.7
P [Pl o | +m
Resch [1 =] e Sta:[w02 Sl
T 5
Pl::n:« [0 Heachipimdaial | _Buine (ursieacy daia) ! J
:‘i:‘ N Petu Diversion Wair Plan
-
;:.:::miu.m =13 3| D) 45| x| B| ‘ ,
e
N :E:‘ ié.:% e [ ///
/
- ‘ ' .
|| o e = 4
e o s E— L\\l 7/
o | e | oo | I\J
e Choose Exit from the File pull down menu of the inline structure data Editor window.
o Choose Exit Geometry Data Editor from the File pull down menu of the Geometric Data
Window.
e Save the project.
¢ In the main HEC-RAS window, select Steady Flow Data from the Edit pull down menu to
enter flow and boundary conditions.
[ Hec-rAs 4.10 - X
File Edit Run View Options GISTools Help
e 8 BB o o 2 e 1 o e 1
{ |C:\Petu Diversion Weir\Petu Diversion Weir. pij g
I
Geometry: |Petu DW |C:\Petu Diversion Weir\Petu Diversion Weir.g01
Steady Flow: [ |
Unsteady Flow: | |
Description : | QlSI Units
e Enter a 2 in the "Number of profiles to be calculated" input for the two profiles modeled.
o Enter the flow at the farthest upstream station of each reach for each profile to be

modeled. Once a flow value is entered at the upstream end of a reach, it is assumed
that the flow remains constant until another flow value is encountered. For PF-1 insert
flow = 24.84 and for PF-2 insert flow = 29.52 at station 5, which is 50 and 100 Year
return period flood.
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% Steady Flow Data - Petu Design Discharge

File Options Help
Enter/Edit Number of Profiles (25000 max): |2 Reach Boundary Conditions . I Apply Data I

Locations of Flow Data Change:

River. IPl:tu-Slmhd Riv i Add Multiple.. I

Reach: |1 | River Sta: |5 =] Add & Flow Change Location |
Change Location e ames ah

1| Petu-Shashaf Riv |1

|Edit Steady flow data for the profiles [m3/s)

e Click on the Reach Boundary Conditions button to enter the steady flow boundary
conditions window. Since we are computing multiple water surface profiles, click on Set

Boundary for all profiles.

Steady Flow Boundary Conditions
(¢ Set boundary for all profiles ¢ Set boundary for one profile at a time

ok | cancel |  Hep |

Steady Flow Reach-Storage Area Dptimization |

[Enter to make the boundary for selected location normal depth.

e For mixed flow, flow which has both super and subcritical sections, select both an
upstream and downstream boundary condition. A mixed flow regime is anticipated,
therefore, all upstream and downstream boundary conditions are required.

e For Down Stream select Normal Depth = 0.04, and choose Known W.S. UP Stream The
known W.S. elevations are determined from a downstream weir.(Refer Petu Design

Report)
Flow Known Water Surface Elevation
Profile-1 24.84 1433.42
Profile-2 29.52 1433.53
HEC-RAS | |

(" Set boundary for one profile at a time

ilable External Boundary Condtion Types

Flow [m3/s) Known WS El [m) J Mormal Depth Rating Curve Delete I
1]24.84 1433 42 e —
1 147353 d Boundary Condition Locations and Types
Downstieam

Mormal Depth S = 0.04

Mo .. | 1] 4 Cancel Help

™

0K | Cancel I
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¢ Select Ok and Exit boundary condition to return to Steady Data Flow window
o Select Gate opening from option pull down menu

3+ Steady Flow Data - Petu Design Discharge

File Options Help

Undo Edet

—

Copy Table to Clipboad (with Headers)
Delete Row From Table

Delete All Rows from Table ..

Delete Column (Profile) From Table
Ratio Selected Flows

Edit Profile Names ...

Add Muliple

=] AddA Flow Changs Location

Set Changes in WS and EG ...
Observed WS ...

Observed Rating Curves (Gages) ...
Gate Openings ...

Optimize Gate Openings ...

Optimization (LS and Pumps

torage Area Elevations

, Eata for the peotles m/s]

e Insert 0.7 for # open Ht and 1 for #open then click ok

Spillway Gate Openings

OO oot Shashal vl 402 R -] | 1|
Desc. | HGategowps: 2
Gate Group | # Openings | _Gate Ht [PF-1 | |PE2 |
(m] |#0Open | OpenHt |# Open |DOpenHt
Gate #1 1 0.7 1 0.7 1 0.7
Gate #2 . 1 0.7 1 0.7

0K Cancel

[Enter the number of gates opened for profile 1

e Select Exit Flow Data editor from the File pull down menu of the Steady Data Flow
window to return to main HEC-RAS window.

e Select Save Project from the File pull down menu in the main HEC-RAS window to save
all geometric and flow data.

e Select Steady Flow Analysis from the Simulate pull down menu of the main HEC-RAS
window. Choose Mixed Flow Regime.

B steady Flow Analysis - x
File Options Help
Plan: [Petu Flow ShatiD [Pt
Geometry Fie [PetuDw
SteadyFlowFie-  [Pety Design Discharge
P Plan Descrpton
" Suberiical
© Supescetical

Led el

i

Comgate

Select flow regme tor steady fow computations

e Select Critical Depth Output Option from the Options pull down menu of the Steady Flow
Analysis window. Choose Critical Always Calculated, and press OK

A Steady Flow Analysis - X
File | Options Help
Encroachments ... 1 ShortID [Pt
Flow Distribution Locations ... y File - IPetu D L]
Conveyance Calculations ... ow File : IPetu Design Discharge L]
Friction Slope Methed ... Plan Description :
Set Calculation Tolerances ... EI
Critical Depth Output Option ...
Critical Depth Computation Method ...
Flow Optimizations ... Compute |

e Press Compute in the Steady Flow Analysis window to begin the HEC-RAS analysis.
¢ When the following screens are visible the simulation has been run
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BB HEC-RAS Finished Computations x

Steady Flow Simstion
RAwer  PetuShashal A RS 1
Reach 1 Node Type:  Cross Secton
Profile PF2
Computing superciical profle
Simudstion: 2/2
Comguishon Messages
[ Steady Flow Smudation Version 4.1.0Jan 2010
Frushed Steady Flow Semulstion

Task Tne
Comglete Process 12218
C mes1ages witen to: C\Petu Divession o1 comp,_mags bt

[

e Let's look at the characteristics of the bank full flow. Click on the tables tab of the main
menu interface. Select options/profiles to view the results

P& HEC-RAS 4.1.0 - X
File Edit Run View Options GISTools Help

1) il s LAl [ P el et Bl
ipri

Project: |Petu Diversion Weir |C:\Petu Diversion Weir\Petu Diversion g
Plan: |Petu Flow |C:\Petu Diversion Weir\Petu [View summary output tables by plofilel_
Geometry: |Petu Dw |C:\Petu Diversion Weir\Petu Diversion Weir.g01

Steady Flow: IF‘elu Design Discharge IE' \Petu Diversion Weir\Petu Diversion Weir.f01

Unsteady Flow: [ [

Description : I I;l |5| Units

Profile Output Table - Standard Table 1 - ] X
File Options Std. Tables Locations Help
HEC-RAS Plan: Pf_River: Petu-S Reach: 1 Reload Data |
Reach |River Sta [Profle | @ Total | Min Ch EI]W.S. Elev] Crit\wW.S. [ E.G. Elev| E.G. Slope| Vel Chnl [ Flow Area| Top Width| Froude # Chifl a |
w3s) | fm | m [ ) | ) | mw/m) | ) | w2 | m) |
1 5 PF-1 24084 143287 143504 143377 143505 0000188 054 4987 3750 013
1 5 PF-2 2952 143287 143519 143384 143521 0000187 057 5590 3846 014
1 48 PF-1 2484 143279 143503 143371 143505 0000182) 055 4970 3784 013
1 48 PF-2 2952 143279 143519 143373 143521 0000183) 058 5577 3858 014
1 46 PF-1 2484 143271 143503 143366 143504 0000180) 055 4942 3768 013
1 46 PF-2 2952 143271 143519 143373 143520 0.000181 0.58 55.45 3825 014
1 4.4 PF-1 24.84 143264 143502 143360 143504 0000178 0.55 489 37.20 013
1 4.4 PF-2 2952 143264 143518 143368 143520 0.000181 059 54.84 3765 0.14
1 4.2 PF-1 24.84 143256 143497 143354 143503 0.000467 1.06 23.44 36.40 0.22
1 4.2 PF-2 2952 143256 143512 143364 143519 0.000536 1.18 24.34 3672 0.24
1 4.02 Inl Struct
1 4 PF-1 24.84 143248 143360 143348 143384 0007767 221 1159 1821 077
1 4 PF-2 29.52 143248 143369 143357 143396 0.007571 2.35 1313 17.07 0.78

o This table provides water surface elevation, velocity, Froude number, area, width,
energy grade line etc. Many more options are available under options/define table.
e we can go back to the main menu and the plot profile tab to examine the flow profile

Foe Opvons ey
Fesches | 8]1] Froties | |® Pt s Pt D
Pety Dnarvon Wer Plan Potu Flow 12202016
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3.3 CASE STUDY FOR PETU IRRIGATION CANAL & DROP STRUCTURES
3.3.1 Preparation of working environment

This practical exercise will help how to model Irrigation canal and Drop Structures
3.3.2 Getting started

Defining a project

¢ Find the HEC-RAS folder in the Start Menu and click on HEC-RAS to start the program

i -

File Edit Run View GIS Tools Help
= ] =21 s | | #EH A =] |2 (BB & ess

Options

Project:

Kk,
=

Plan:

Steady Flow:

Unsteady Flow:

I
I
Geometry: |
I
I

Description :

[..] [STUnits

o Select New Project from the File pull down menu in the main HEC-RAS window

[ HEC-RAS 4.1.0 -
File Edit Run View Options GISTools Help

X

et Tl i (2] )AL 518 A A el Bl il
pen Project ..

Save Project i ‘[ g
Save Project As ...

Rename Project Title

[
I
I
|
I

Delete Project ..

Project Summary

0] [..] [STUnits

e Select a drive, and select a path by double clicking in the directory box of the New
Project window. For this example, double click on the data subdirectory for c:\Petu
Diversion Weir folder\ Enter a title Petu Canal and Drop Structure and the filename is

Petu Canal and Drop Structure. prj Click OK

Save Project As

Title File Name
Petu Canal and Drop Structures

Selected Folder ~ Default Project Folder | Documents |

Petu Canal and Drop Stiuctures C:\Petu Canal and Drop Structures

Petu Canal and Diop Stuctures pri | Z3C:A
& Petu Canal and Drop Stuctures

Petu Canal and Drop Structures

oK Cancel Help
[Select drive and path and enter new project name.

Create Folder ... I | =J ¢ [Local Disk] j

e The English System of units is the default. To use the Metric System, select Unit
System from the Options pull down menu in the main HEC-RAS window to change from

the English System to the Metric System.
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3.3.3 Incorporation cross sectional data

Select Geometric data from the Edit pull down menu in the main HEC-RAS window

Help

- x

2 e 7 e [ P S B 5 P [ 4 PN

[EEERE ™ 1

|C:\Petu Canal and Drop Stuctures\Petu Canal and Drop Stuctures. pri g

HEC-RAS 410
File Edit Run View Options GIS Tools

Geometric Data ...

Steady Flow Data ... |Petu Canal and Drop Stuctures
Quasi Unsteady Flow (Sediment Analysis) ... |

Unsteady Flow Data ... |

Sediment Data ... :

Water Quality Data .., ¥ "

|

[..] [S1Tnits

In the Geometric Data window, click on the River Reach tool with the mouse and draw
the following river schematic by clicking the left mouse button and dragging the reach in

the direction of the flow.

¢ Geometric Data

- O >

Q Plot WS extents for Profile: I

-~

Double-click the mouse to end the reach. Give each reach a name RSC-1 Canal.

~

File Edit Options View Tables Tools GISTools Help

- ] X

Descnption :

Tools | River Stnr=9a| 5.A. |Pump RS
Editors Reach a Cﬂn St&gn PRI

El Plot /S extents for Profile:

-

Cancel I

-
|

0.5408, 0.3597

Click on the Cross Section tool on the left side of the Geometric Data window

44
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e Select Add a new Cross Section from the Options pull down menu in the Cross Section
Data window and enter the river station label. HEC-RAS requires that canal cross-
sections be entered starting upstream using the highest number as a "river station" label
and proceeding downstream in the direction of flow

Copy Current

Obstructions ..
Add a Lid to XS ...
Add Ice Caver

== Cross Section Data

Exit Edit  Options

Add a new Cross Section ...
Cross Sectior

Add a Rating Curve ...

Plat
v

Help
-1

~] River Sta: [

Plat Options B| &| I Keep PrewS Plots _ Cleat Prev |

No Data for Plot

¢ Enter data provided below for the Upstream reach (Reach 31.212)

o Downstream reach length =3

e Manning’'s Value = 0.014

¢ Main channel reach station, Left bank =0.00 and Right Bank = 0.2

¢ Contraction coefficients = 0.1 and Expansion coefficients =0.3

Station 31.212 28.212 21.212 11.212 1.212 0

Distance to D/S 3 7 10 10 1.212 0
0 1432.765 | 0 |1432.315| 0 [1429.765| 0 [1426.765| 0 [1423.765| 0 [1423.583
0 1432.415| 0 |1431.965| 0 [1429.415| 0 [1426.415| 0 [1423.415| 0 [1423.233
0.2 1432.415 | 0.2 |1431.965|0.2 {1429.415 (0.2 [1426.415 (0.2 [1423.415 (0.2 [1423.233
0.2 1432.765 | 0.2 |1432.315|0.2 {1429.765 (0.2 [1426.765 (0.2 [1423.765 (0.2 [1423.583
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== Cross Section Data - O X
Exit Edit Options Plot Help
River |RSC- - N + uga| Plot Ogtions iél ™ KeepPrev XS Plots  Clear Prev
Reach: |1 ] River Sta:[31.212 =l ﬂJ Petu Canal and Drop Structures ~ Plan:
Description
; [ D 014 |
Del Row | Ins Row_ | Downstream Reach Lengths 1432.80 : 1 T T
ction Coordinates LOB Channel AOB cgen
Station Elevation | & [z [3 [3 143275 1 Ground
*
il [1] 11432765 Manning's n Values b Bank Sta
| 2(0 1432415 LOE_ | Channel | ROB
_3j02 1432415 [om4  Joma  Joote 13270
_ 4|02 1432.765 e
| Main Channel Bank latlum: 143265
B | Left Bank | Right Bank E
7 0 0.2 c
=i = £143260
8 ont\Exp Coefficient (Steady Flow]| E”! H
9 Contraction E xpansion w
10 o1 03 143255
11|
_12] 1432.50
KE
14
ﬁ 1432.45
1|
17| < 1432.40
17 _I 0.00 0.05 0.10 0.15 020 0.25
Station (m)
Edit Station Elevation Data [m)

Repeat the above Steps until all canal stations for the reach (from reach-28.212 up to
reach-0) are entered. Then, change the Reach using the Reach pull-down menu and
enter data for the rest of the reaches. Press the apply data button after each cross
section is entered.

After all the cross section data is entered, select Exit Cross Section Editor from the Exit
pull down menu in the Cross Section Data window

Your main geometry menu should now look like this
|2 POt WS mteris foe Prote |
-
he
\\: . W
\\e\ "‘\
h v.vs-%

3.3.4 Incorporating drop into a HEC-RAS analysis

Hec-Ras requires two cross section u/s and d/s of Drop structure located at reach- 28.212, 21.212
and 11.212 to do so

In order to insert Drop Structures the cross section should be adjusted as follows
Click cross section tab

Select cross section at station 28.212

From option drop down menu select copy current cross section

Enter 28.21 at river station

46
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e Since the values are inherited from the u/s cross section i.e the drop height is 1.5 and
subtract from elevation values as given in the table
e Change D/s reach length for station 28.212 = 0.002 and for copied cross section leave it
asitis.
Station New Cross |D/s Reach | CBL U/S CBLD/S |TBLU/Sof | TBL D/S of
Section Length of Drop of Drop Drop Drop
28.212 28.21 0.002 1431.965 1430.465 1432.315 1430.815
21.212 21.21 0.002 1429.415 1427.915 1429.765 1428.265
11.212 11.21 0.002 1426.415 1424.915 1426.765 1425.265
[—i: Edit Options Plot Help
H m k\:ﬁ.ﬁl Plot Options @ [~ KeepPrev XS Plots  Clear Prev
Reach: I‘ ﬂ River 5‘51|29—21 L‘ mﬂ Petu Canal and Drop Structures Plan:
Description I Q [
DelRow_| [SLEVMN  Downsiieam Fieach Lengin: [ IERRIN 014 .
Cross Section Coordinates LOB Channel ROB L_eg:n_d
7 17 7 1430.80] 1 Ground
_1]0 Manning's n Values 2 Bank Sta
_2|0 1430.465 LOB | Chamnel | ROB o
_3)02 1430.485 [0.014 [oma  Joms )
4|02 430.81
5| Main Channel Bank Stations 1430701
5 [ LeRBark | RgnBak | £
_7| Copy Cross Section kes-
8
] Select a River and Reach and then enter a new river station
E 0.601
1] River [RSCA -
ﬁ Reach: |1 v | River Sta: 1@7 0'55-'/
% OK ‘ Cancel | 0.501
T8
i |;| “30'43 00 0.05 0.10 0.15 020 0.25
I Station (m)
e Repeat the same steps for stations 21.212 and 11.212 as station 28.212.
e Your Canal profile plot should now look like this
'n:.”:” l”'!r Profes. >le Plot irihai Conitors. Aueload Dats
e Click tools in geometric data and select XS interpolation
e Click in interpolation and for max distance between XS’s insert 2
¢ In Reach drop down menu select All Reach
e Click interpolate Xs’s
e Click Tables in geometric data and select Manning’s n or K value
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Click and select tabs n#1, n#2 and n#3

Click Set Values and insert value = 0.014

Click Ok and make sure all cross sections have manning’s value entered
Your main geometry menu should now look like this

(S

WG A

odi| 3ol

e 0 y "

Choose Exit Geometry Data Editor from the File pull down menu of the Geometric Data
Window.

Save the project.

In the main HEC-RAS window, select Steady Flow Data from the Edit pull down menu to
enter flow and boundary conditions.

Enter a 1 in the "Number of profiles to be calculated" input for the two profiles modeled.
Enter the flow at the farthest upstream station of each reach for each profile to be
modeled. Once a flow value is entered at the upstream end of a reach. For PF-1 insert
flow = 0.046 at station 31.212, which is the designed discharge.

- O X

7 Steady Flow Data
File Options Help
Enter/Edit Number of Profiles (25000 max): |1 Reach Boundary Conditions .. | Apply Data |

Locations of Flow D ata Changes

River. IRSEJ > Add Multiple...

Reach: |1 LI River Sta:|31.212 LI Add A Flow Change Location
0 tion

Profile Names and Flow Rates

ldl Steady flow data for the profiles [m3/s]
Click on the Reach Boundary Conditions button to enter the steady flow boundary

conditions window.

For Canal modeling the flow is assumed to be steady and uniform, thus the flow which
will have subcritical sections, select downstream boundary condition.

For Down Stream select Normal Depth = 0.15. (Refer Petu Design Report)
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Steady Flow Boundary Conditions
& Set boundary for all profiles

Known .S,

" Set boundary for one profile at a time

Jondtion Types

Rating Curve

Critical Depth

Steady Flow Reach-Storage Area Optin

MNomal Depth S = 0.15

zation . OK

Downstrean

Cancel

Help

[Enter ta make the boundary for selected location normal depth.

Select Ok and Exit boundary condition to return to Steady Data Flow window

Select Exit Flow Data editor from the File pull down menu of the Steady Data Flow
window to return to main HEC-RAS window.
Select Save Project from the File pull down menu in the main HEC-RAS window to save

all geometric and flow data.

Select Steady Flow Analysis from the Simulate pull down menu of the main HEC-RAS
window. Choose Subcritical Flow Regime.

B Steady Flow Analysis - X
File Options Help
Plan: [Petu Canal flow ShotID  |pf
Geometry File : | Petu Drop d
Steady Flow File : IPB'" Canal |
Fiow Regins Plan Description :
& Suberitical B
" Supercritical
" Mixed
‘ Compute I
Enter to compute water surface profiles

o Select Critical Depth Output Option from the Options pull down menu of the Steady

Flow Analysis window. Choose Critical Always Calculated, and press OK

Encroachments ...

Flow Distribution Locations ...

Conveyance Calculations ...
Friction Slope Method ...
Set Calculation Tolerances ...
Critical Depth Output Option ...
Critical Depth Computation Method ...
Flow Optimizations ...
+  Check data before execution
Set Log File Qutput Level ...
View Log File ...

View Runtime Messages File ...

& Steady Flow Analysis

- X
File Options Help
pal flows ShotID |pf
p File : I Petu Drop ~|
ows File - |Petu Canal ~|
_‘ Plan Description : EI
Compute |

water suface profiles

Press Compute in the Steady Flow Analysis window to begin the HEC-RAS analysis.
When the following screens are visible the simulation has been run
Click on the tables tab of the main menu interface. Select options/profiles to view the

results
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E Profile Output Table - Standard Table 1 - O X
File Options 5Std.Tables Locations Help
-h Profile: PF 1 Reload Data |
Reach |River Sta | Profile 0 Total | Min ChEI|W.S. Elev| CitW.S. | E.G. Elev| E.G. Slope| Vel Chnl | Flow Areal Top Width| Froude # Chi
im3/s) | (m) | (m] ml | ) | fmsm] | fmis) | m2) | )

1 31.212_|PF1 005 143242 143259 143253 143268 0.013136 1.31 0.04 0.20 0.99
1 23712° |FF1 005 143219 143236 143236 143245 0013473 132 003 0.20 101
1 28212 |PF1 0.05 1431.97 143214 143214 143223 0.013164 1.3 0.04 0.20 1.00
1 2821 |PF1 005 143047 143064 143064 143073 0013473 132 003 0.20 101
1 26.4605* | PF 1 0.05 1430.20 143038 143038 143047 001338 1.32 0.03 0.20 1.01
1 24711*_|FF1 005 142994 143011 143011 143020 0.013473 132 003 0.20 101
1 22.9615* | PF 1 0.05 142960 142985 142985 1429.94 0.013164 1.3 0.04 0.20 1.00
1 21.212_|PF1 0.05 142942 142353 142353 142968 0.013136 1.3 0.04 0.20 0.99
1 21.21 |PR1 0.05 142792 142809 142809 142818 0013136 1.3 0.04 0.20 0.99
1 19.2104* | PF1 0.05 142762 1427.79 142773 142788 0.013136 1.3 0.04 0.20 0.99
1 17.2108* | PF 1 0.05 1427.32 142743 142749 142758 0013164 1.3 0.04 0.20 1.00
1 15.2112* | PF1 0.05 142702 142719 142719 1427.28 0.013136 1.31 0.04 0.20 0.99
1 13.2116* | PF1 0.05 142672 142689 142689 142698 0.013473 1.32 0.03 0.20 1.01
1 11.212_|PF1 0.05 142642 142659 142653 142668 0.013473 1.32 0.03 0.20 1.01
1 1.1 |PF1 0.05 142492 142509 142509 142518 0.013164 1.31 0.04 0.20 1.00
1 9.2104* |FF1 0.05 142462 142479 1424739 142488 0.013136 1.31 0.04 0.20 0.99
1 7.2108° |PF1 0.05 142432 142443 142443 142458 0.013473 1.32 0.03 0.20 1.01
1 5.2112° |PF1 0.05 142402 142419 142419 142428 0.013164 1.3 0.04 0.20 1.00
1 3.2116*_|PF1 0.05 142372 142389 142389 142398 0.013136 1.3 0.04 0.20 0.99
1 1212 |PF1 0.05 142342 142359 142353 142368 0.013164 1.3 0.04 0.20 1.00
1 0 PF 1 0.05 1423.23 142341 142341 142350 0.013138 1.31 0.04 0.20 0.99
Total flow in cross section.

o This table provides water surface elevation, velocity, Froude number, area, width,
energy grade line etc. Many more options are available under options/define table.
e we can go back to the main menu and the plot profile tab to examine the flow profile

Fle Options  Help
Reaches | 8]#] Prosies | P |@ ]

Paty Canal and Drop Structures.  Plan: Petu Canal flow 127252016

‘Elevaton (m)

e On the main menu click view 3D multiple cross section tab to visualize the canal flow in
three-dimension perspective.
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[ X-V-Z Perspective Plot
File Cptions

Domratream Ai5: [0

i AL 11113 03
= taon

A Arle

=| _ReosdDan

]

Petu Canal and Drop Structures  Plan. Petu Canal fow 12252016

e On the main menu click view cross section tab

== Cross Section — O x
File Options Help
River |RSC-1 ~»le) | + 8| Reload Data |
Reach: [1 ~| Riversta: [31.212 ~| 4%
Petu Canal and Drop Structures  Plan: Petu Canal flow 12/25/2016 LJ
« 014 .
WS PF 1
e
Ground
*
Bank Sta
0.00 0.0 0.10 0.15 0.20 0.25
Station (m) .
4 I 13 I_J

You are donel!!!
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4 MANNUAL FOR Z-PROFILE, L-SEC

4.1 BASIC KNOWLEDGE OF Z-PROFILE AND L-SEC
4.1.1 The Z-profile & L-sec software suite

Z-Profile is an Auto-LISP and L-Sec is a VB.net routines routine to facilitate the generation of
profile drawings from data prepared in Excel spreadsheets. It has been tested for compatibility with
AutoCAD and IntelliCAD. to meet the needs of irrigation and drainage projects, for which large
numbers of profile drawings are required.

4.1.2 Purpose

Both Z-Profile and L-Sec are application software’s that are used to prepare profile drawing
including:

= Irrigation and Drainage Canals Profiles

= Sprinkler and Drip Main and Sub Main Profiles

=  Water supply Delivery and distribution profiles

» Road Profiles

4.1.3 Scope

This guideline covers the basic procedures for Diversion weir, lrrigation canal and selected
Irrigation canal structures (Case study of Petu SSI Project).

4.1.4 Computer requirements

Pentium Il with Microsoft, Windows XP, Vista or Windows 7, 1024x768 display or higher

4.2 CASE STUDY FOR PETU CANAL PROFILE PREPARATION
4.2.1 Preparation of working environment

This practical exercise will help how to prepare Irrigation and drainage canal profile drawing
preparation for Petu SSIP.

4.2.2 Getting started for Z-Profiles

Installation
For AutoCAD users, copy Zprofile.dcl and Zprofile.lsp into the C:\Program Files (x86)\AutoCAD
\support directory.

Data preparation

Z-Profile will handle up to 9 sets of data. The first column contains the X-axis (chainage/ station)
data. The other columns contain level data. A typical calculation spreadsheet is shown in Figure
below.
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in

ﬁpff’;"‘ . Arial o KA = General B B [voma Bad Good : %ﬂ B i %::‘.”5”"' &y O

Poste %F:::ammm BIru-H- &-A- = € 3 [FMergeaicenter - $ - % 0 %3 :::;;xl_ﬁ;::;as Neutral Calculation | [T I - Iosert Delete Format 0 ﬁ;&:;-‘»:u&_
Clipboard Font Alignment Mumber Styles Cells Editing ~

K47 - ¥ -

4 A B c | b E | F G B

1 |CHG (m) #————Chainage

2 | OGL (m) {¢—————Orginal Ground Level

3 | CBL (m) =————Canal Bed Level

4 | FSL (m) fe————{Full Supply Level

5 | TBL (m) |¢————Top Bank Level

6 | CUT (m) j+—————Cut Depth

7 | FILL (m) ————Fill Depth

8 0 1432.667 | 1432.975 | 1433.325 | 1433.575 X

9 10 1434.725 | 1432.965 | 1433.315 | 1433 565 X

10| 20 1433519 1432.955 | 1433305 | 1433555 | 1.

11| 30 [1434.200]1432.945(1433.295 1433545 1555 | 0.000

12| 40 [1432.489]1432.935(1433.285 1433535 0000 | 1482

13| 50 [1433.236|1432.925(1433.275 1433525 0611 | 0289

14| 80 | 1433.497 | 1432.915 | 1433.265 [ 1433.515 | 0.882

15| 70 [ 1433277 | 1432.905 | 1433.255 [ 1433.505 | 0672

16 80 1433.395 | 1432.895 | 1433.245 | 1433495 | 0.800

17| %0 [1433.414]1432.885|1433.235 | 1433485 0.829

18| 100 [1433.317]1432.875(1433.225 1433475 0742 | 0.158

19| 110 [1433.243]1432.865 | 1433.215 1433465 0678 | 0222

20| 120 [1433.380 | 1432.855 | 1433.205 | 1433.455

21| 130 [1433.287 | 1432.845 | 1433.195

22 40 433.208 | 1432.835 | 1433.185

23| 150 |1433.225| 1432.825 | 1433.175

24| 160 |1433.166 | 1432.815

25[ 170 |1433.074] 14

26 180 |1433.314 14

27 90 433.456 | 14327

28 00 433.216 | 1432.775 | 1433.125 | 1433.

29| 210 | 1433.243 | 1432765 | 1433.115 | 1433.365 | 0.778

an 220 14732 301 1 1432 755 | 1433 105 1 1433 355 NA4R nnsd -

Z-Profile Template | (3
Ready EI] - 1 + 107

Zprofile can handle blank data in any of the columns, i.e. there does not need to be a complete set
of data for each chainage.

The data have to be input as a fixed format text file containing
I.  The data title (as required on the drawing) for each column;
II.  Each data column 9 characters wide.

The process to create this file from an Excel spreadsheet is

e Select the visible columns and change the width to 10 (Format > Column > Width)

Insert rows for the data column headings and type in the headings in the first visible
column

Insert Page Layout Formulas Data Review View Smart PDF Crea
=36 Cut Arial -lo <A K P Wrap Text
Bz Copy ~
Pafte o Format Painter | B I W - H- &-A- Merge & Center
Clipboard £ Font 1 Alignment
Al fr | CHG(m)
A A B C D
1 [ CHG (m)
2 | OGL (m)
3 | CBL (m)
4 | FSL (m)
5 |_TBL (m)
6 | CUT (m)
7 | FILL (m) ¢
8 0 1432.667 | 1432.975 | 1433.325
9 10 1434.725 | 1432.965 | 1433.315
10 20 1433.919 | 1432.955 | 1433.305
11 30 1434.200 | 1432.945 | 1433.295
12| 40 [ 1432489 1432.935 | 1433.285 | 1437 Column Widih ?
13 50 1433.236 | 1432.925 | 1433.275 14:' .
14 60 1433.497 | 1432.915 | 1433.265 14! B
15 70 1433.277 | 1432.905 | 1433.255
16 80 1433.395 | 1432.895 | 1433.245
17 920 1433.414 | 1432.885 | 1433.235
18 100 1433.317 | 1432.875 | 1433.225
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4.2.3

e Note: Each Columns should be filled as indicated below

Column A = Chainage Data

Column B = Original Ground Data

Column C = Canal Bed Level Data

Column D = Full Supply Level Data

Column E = Top Bank Level Data

Column F = Cut Depth Data

Column G = Fill Depth Data

Remember the file name, location and number of columns of data
Recommended data range is 50

VVVVVVVYY

e Save the file as Formatted Text (space delaminated). This will receive a. prn suffix by
default.

Save As X
™ « GENERATION > L-Sec, ZProfile » Excel Template v @O Search Excel Template P
Organize ~ New folder = ~
& This PC Name Date modified Type Size
& Autodesk 360 No items match your search.
m Desktop
= Documents

# Downloads

b Music
& Pictures
Videos
£ local Disk(C) ™ < >
File name: | Petu LMC.prn o
Save as type: | Formatted Text (Space delimited) (*.prn) i
Authors:  Biruck-N Tags: Add a tag

#' Hide Folders Tools  ~ Cancel

Plotting a long section with Z-Profile

e Open the AutoCAD program and from the Tools menu select Load application

>EPWE -

B AutoCAD 2007 - [Drawing.dwgl - o X
A File ew Inset Format Tools | Draw Dimension Modify Window Help Express
g £ 4L 2 X REhaEvuE @ J Q%00 B
Pale |

3 Ay | Standard | Standard # | Standard

> [ comman d Line CTRLeg |22 ) il | Ko

Ad Clean Screen creo | ALY & & EIAE | EOCSS O ByLayer Bylayer ByLayer
/ Spelling &
7 Quick Select. , 3
- Draw Qrder S
ol a

% Update Fields

=l B 88
7| & Block Editor 4
@ Xref and Block In-place Editing  * o)
Q X, Attrib i 8 [
o B -
o Macro
a AutolISP
2 Display Image 4

MNew UCS r
12 Mamed ycs.

“3N$sCOY

CAD Standards 4

Wigards 4
Drafting Settings.
Tablet v

Customize

nll B

Loads and urloads applications and defines which apphcations to load at startup: APPLOAD
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o Type Zprofile.Isp in the file name and press Load

File Path

M Load/Unload Applications x
Look in: Support 1@ T i @ Q|| ||B%
Name Date modified ~
attredef.Isp 3/5/2006 3:02 AM
edge.lsp 3/5/2006 3:02 AM
I@ mvsetup.lsp 3/5/2006 3:02 AM
sample-profile-util.lsp 11/26/2002 5:25 PM
ZPROFILE.LSP 8/10/2009 :00PM
< >
File name: ZPROFILE LSP Load
Files of type: | AutoCAD Apps (*.anx;*lsp;” dvb;* dbu;* v *: ~
Loaded Applications  History list D Add to History

Startup Sute

[ 4

» Conterts...

Close Help

o Type Zprofile to run the program press Enter

213752, 20,6331, 0.0000

e Select the data file and press Open

SNAP| GRID| ORTHO| POLARI [0SNAP OTRACK| DUCS| DYN| LWT| [MODEL

Yo -0

3! Data file for user input
Lookin: | | | Excel Template v @ # i @ Q
Name Date modified T
[ Petu LMC.pm 12/25/2016 %:05 PM__Pi
< >
File pame: Petu LMC pm [Qp—en]
Fles of type: | “pm v Cancel
Locate Find File

|l

e Enter 7 as number of columns and press Enter

Generates
fumber of

70.9734, 20.3898, 0.0000

Columns in the file (between 2
SNAP| GRID| ORTHO| POLAR| OSNAP, OTRACK DUCS| DYN| LWT |MODEL

Longitudinal Sections from Excel generated

and 9):

.PRN file

o Zprofile then loads the data and presents a dialogue box with suggested default values
for the scales or it can be adjusted as required.
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Input Datum, X Y Scales

Datum Level:
Horizontal Scale :
Vertical Scale:

Decimals:

Copyright © 2009 Imtiyaz Mukadam; Halcrow Dubai - Rev 2

|
|1a.31 |
|1DCD |
|
|

[100/

E

o Zprofile will then draw the profile

~
s
o
(=]
=
@
Q

dBHI 0

Pu -

> @

SNAP| GRID| ORTHO| POLAR! [0SNAP OTRACK. DUCS| DYH LWT [WODEL

ElC+88Mk &k

CO4

n i B

o The profile will then need to be edited to suit the needs of the project

4.2.4 Getting started for L-Sec

Installation

o For AutoCAD users, copy FORMAY-ICT and STRLSEC-ICT into the C:\ directory.

| ¥ = | L-SEC
Home Share View
 Cut - ] x _I
=l J W Copy path
Pinto Quick Copy Move Copy Delete Rename  New
access to~ to~ i folder

« o

3 Quick access
Desktop
% Downloads
= Documents
= Pictures

= This PC

» GENERATION > L-Sec, ZProfile > Softwares > L-SEC »
Name
FORMAT-ICT
STRLSEC-ICT
f,,:’ Lsec-Draft.dwg
g PERFORMA-LSECxls
Thumbs.db

O New item = & open - [ Selact all
1] Easy access = | select none
Properties .
P_ £ Invert selection

Date modified Type

File folder

File folder
AutoCAD Drawing
M Microsoft Excel 97

Data Base File

Size

41 KB
357 KB

6KB

o Copy and paste STRLSECBK-ICT.exe from STRLSECBK-ICT folder on the desktop
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| & = | application Tools  STRLSEC-ICT
h Home Share View Manage
0 X =]
W Copy path «

Pin to Quick Copy

access

« v

N

st Quick access
Desktop

4 Downloads

[Z] Documents.
= Pictures

= This PC

Local Disk (E)

Paste

Clipboard

B-HEC-RAS MANUAL

e Move Copy —Delete Rename  New
[] Paste shortat o - folder
Organize
» This PC » Local Disk (C:) » STRLSEC-ICT

~ Name

[] Mssceprusce

|| sTRLSE~110g
STRLSECBK-ICT.exe
[] STRLSECBK-ICT.frm
[] STRUSECBK-ICT frx
[] STRLSECBK-ICTvbp
[] STRUSECBK-ICTvbw

LI R S e

) New item ~ D open + [ select all
1] Easy access - v Edit select nane
PO lpHistory (15 Invert selection
New Open Select

Date medified Type Size
4/16/2008 8:58 PM SCCFile 1KB
7/1/2008 9:00 AM Text Document 1TKB
7/19/2008 9:54 AM  Application 1,448 KB
7/19/2008 9:51 AM  FRM File 371KB
7/19/2008 9:51 AM FRX File 2KB
7/19/2008 9:54 AM  VBP File 2KB
7/29/2008 11:35 A VBW File 1KB

¢ Similarly Copy and paste PERFORMA-LSEC.xIs from L-sec folder on the desktop
< | L-SEC
Home Share View
& cut x \iﬁ ) New item ~ @ @ open -+ HH select al
e Copy path « ‘D Easy access ~ D Edit Select none
Dm;:;i:vk Copy Paste |ﬂPast5 shorteut !\.::\"e C[vay De\vete Rename le‘z\:/r Fmpfmes B story DD\H\'ertselchun
Clipboard Organize New Open Select
« v P > ThisPC > Desktop > L-SEC
# Quick access Name Date modified Type Size
] 126/ 01PM  F
& OneDrive FORMAT-ICT 12/26/2016 8:01 PM  File folder
STRLSEC-ICT 10/31/2016 549 PM  File folder
@ This PC 5 Lsec-Draft.dwg 12/26/2016 8:01 PM  AutoCAD Drawing 41KB
@ Autodesk 360 @ PERFORMA-LSECxIs 12/26/2016 8:19 PM  Microsoft Excel 97 357 KB
¢ Now you are ready to prepare data to prepare profile drawing

L-Sec will handle up to 7 sets of data. It is important to recall the columns are assigned to specific
data. A typical L-Sec spreadsheet is shown in Figure below.

8-

Insert  Page Layout
X%, Cut

B Copy -

¥ Format Painter

Sheet1  Sheet? | Sheet3

Ready

Formulas

rt PDF Creatar Pra

£ K = #- Bwoplen General [ | vormaios Normal962  Normal 963 €= =X (g Efl“‘m’”'“ oy ,O
h-A- === FiMerge & Center = § - % » | %8 o Conditional Format as| Normal 98 2 Normal983 | Normal nsert. Delete Format | - oo oM Find &
Formatting = Table - - - - Filter ~ Select -
Nusnber sty cots dting n
F G H 1 J K L N o P a R s T u A w X Y a
et read
Fs ™ o FL FsD | P8 SLOPE estread
st eh
lastch
i ol
maxnal
[CHAMNAGE
}—msmmss
|LOSSES
EFTH
(WIDTH
FREE BOARD
[BED SLOPE
SIDE SLOPE
VELOGTY
[CVR
[BANK WIDTH
[VALUE OF "N* Level Book no - Fiel
V7 ALLOWANGE Page v P
ETAILS Suvey Done By ol
INAME OF CANAL Season - Ses
|OT CHAINAGE STARTING TAl
FSL IN CANAL BM HAME - BM
FSLIN O CATGL VALUE -
i TOCATGH
[GCA
foox
STRUCTIRES RUING POINTS
(| T T | o amso Detec
Type ot swuciwre | Distance | FALL | GEA | CCA | Disch | FSL | APNo Oistamce  FSL “APAle Deg
0.00
000
0.00
000 .
@ B
@ElE om- 7%

Brief Description Items in Performa spread Sheet

REACH # = is a column in which Reach number is entered (R-1, R-2...)

e CH =is a column in which Chainage or Station data is entered (0,20,40...)

NSL = is a column in which Original ground data is entered (1432,1433,1425....)
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DROP Ht = is a column in which Fall/Head loss data is entered (0.5,1,1.5....)

CBL = is a column in which Designed Canal Bed Level data is entered
(1430.5,1430.2,1430.1....)
FSL = is a column in which Designed Full Supply Level data is entered
(1431.0,1430.7,1430.6....)
TBL = is a column in which Designed Top Bank Level data is entered

(1431.0,1430.7,1430.6....)

CUT =is a column in which Cut depth data is entered (0.2,0.85,0.45....)

FILL = is a column in which Fill height data is entered (0.5,0.75,0.55....)

FSD = is a column in which Full Supply Depth data is entered (0.5,0.4,0.35....)

FB = is a column in which Free Board data is entered (0.3,0.25,0.15....)

SLOPE = is a column in which Longitudinal Slope data is entered (500,400,150....)
CHAINAGE = is a raw in which Station at the Reach location is entered (0,20,40...)
DISCHARGE = is a raw in which discharge at the respective Reach is entered
(0.4,0.6,0.2...)

LOSSES = is a raw in which Head loss at the respective Reach is entered
(0.1,0.15,0.2...)

DEPTH = is a raw in which Full Supply Depth at the respective Reach is entered
(0.1,0.2,0.3...)

WIDTH = is a raw in which Canal bed width at the respective Reach is entered
(0.1,0.2,0.3...)

FREE BOARD = is a raw in which Free Board at the respective Reach is entered
(0.1,0.2,0.3...)

BED SLOPE = is a raw in which Free Board at the respective Reach is entered
(500,400,150....)

SIDE SLOPE = is a raw in which Side Slope at the respective Reach is entered
(1,1.5,2....)

VELOCITY = is a raw in which velocity at the respective Reach is entered
(0.6,0.5,0.9....)

CVR = is a raw in which Critical Velocity Ratio at the respective Reach is entered
(0.9,0.95,1....)

BANKWIDTH = is a raw in which Bank width at the respective Reach is entered
(0.5,1,1.5...))

VALUE OF "N" = is a raw in which Manning’s value at the respective Reach is entered
(0.025....)

W. ALLOWANCE = is a raw in which Canal Duty at the respective Reach is entered
(1.2,1.5...)

NAME OF CANAL = is a raw in which the name of a canal is entered (LMC-1, RMC-
1...)

O/T CHAINAGE = is a raw in which Off taking canal Chainage is entered (0,20,40...)
FSL IN CANAL = is a raw in which Full Supply Level of parent canal is entered
(1431.0,1430.7,1430.6....)

FSL IN O/T CANAL = is a raw in which Full Supply Level of off taking canal is entered
WH = is a raw in which working head is entered

GCA = is a raw in which Gross command area is entered at the respective Reach is
entered (40,25....)

CCA = is a raw in which Cultivable command area is entered at the respective Reach is
entered (40,25....)

Type of structure = is a column in which the name of structure at the respective reach is
entered (Drop, TO...)
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Data preparation

e For this exercise RSC-4 canal from Petu SSIP is selected
Salient Features of RSC-4 (Refer Petu SSIP Design report)

» Number of Reach =1
» CCA=5.165
» Manning’s n =0.018

At REACH # cell: A5 enter R-1 since it has only one reach

Copy and Paste Cum.Dis (m) data from RSC-1.xls to CH column of PERFORMA .xls
Copy and Paste OGL (m) data from RSC-1.xIs to NSL column of PERFORMA xls

Drop structures exist at chainage 5, 20, 40, 60, 80, 100 and 120 with drop height of 1-
2.5 m and enter the drop height at column of DROP Ht of PERFORMA.xls with
corresponding chainage

= - - - ERFORM patibility Mode] - Excel
e [N et Pagelayost  Fommuias  Data  Review  View wo Qe o do.
. Arial <o <& = et Gen # | Norma Normal962  Normalo63 = €

Paste '_cm . BIU-H-15-A- = [ Merge & Center - % ) atas| Mormal982  Mormal983  Normal " insent De

. Format Painter - e T T .
o10 - F

A B C D E F G H | J K L M N
v 2 3 s s 7 & 8 @ w2z w3 |
2 sheet no
3 first read
4 REACH# CH NSL DROP Ht CBL FSL TBL cuT FILL FSD FB SLOPE last read
5 R 0 [13s282 first ch
6 5 1391856 lastch
7 5 1391.856 25 min nsl
8 10 1390956 max ns|
9 20 |1389.359
10 20 [1389369| 25 DATA
" 30 1387856 CHAINAGE
12 40 1386.493 DISCHARGE
13 40 [1386.493 25 LOSSES
14 50  |1385.207 DEPTH
15 80 1383.966 WIDTH
16 80 1383.966 25 FREE BOARD
17 70 1382795 BED SLOPE
18 80 1381594 |siDE sLopE
19 80 1381.594 25 VELOCITY
20 50 1380375 cVR
21 100 |1379.041 BANK WIDTH
22 100 |1379.041| 25 VALUE OF "N'
23 110 1377 841 W. ALLOWANCE
24 113.22 1377501 DETAILS
25 120 [1376.778 NAME OF GANAL
26 120 1376.778 1 O/T CHAINAGE
” etl | Sheel2 | Sheet3 s
sT—

o |n similar pattern for DATA and DETAIL columns enter the corresponding data values

» CHAINAGE = 0 (beginning of the reach)
» DISCHARGE = 0.029

» LOSSES =0

» DEPTH =0.210

» WIDTH = 0.250

» FREE BOARD = 0.250

» BED SLOPE = 167 i.e. 1/0.006

» SIDE SLOPE =0 i.e. Vertical cross

» VELOCITY =0.79

» CVR =1 or enter allowable value for respective canal lining
» BANKWIDTH = 0.5

» VALUE OF "N"=0.018

» W. ALLOWANCE =0.75

» O/T CHAINAGE =0

» FSL IN CANAL = 1392.56

» FSLIN O/T CANAL = 1392.41

» WH=0.15

» GCA =5.940

» CCA=5.165
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:(‘r'“ Aial 10 S5 Wrap Text Number ! [#  Normalgs Normal§62  Normalgga °| €= 18X ":j EAU‘DSU"" ';Y p
%:;‘::a;pamwr BIU-CE- D EMerge 8Center - § - % 7 | % & S:ﬂ'ﬂi?j‘ Fomales| Normalss2  Normalse3  [Noma .| Insert Delete Format ;ELF e e
Copboard . s et Namber 5 Syies cols Ediing ,.

N38 f ~

[ D E F s H 1 J K L M N o P a R s -

7 1391856| 25 min sl L

§ 1390956 max nsl

9 1389359

10 1389.359| 25 DATA

11 1387.856 CHAINAGE 0.000

12 1386.493 DISCHARGE 0.029

13 1386.493| 25 LOSSES 0.000

14 1385.207 DEPTH 0.210

15 1383.966 WIDTH 0.250

16 1383.966| 25 FREE BOARD 0.250

17 1382.795 BED SLOPE 167.000

18 1381.694 SIDE SLOPE 0

19 1381594 25 VELOCITY 0.790

20 1380375 CVR 1.000

21 1379041 BANK WIDTH 1.000

22 1379041| 25 VALUE OF 'N' 0.018

23 1377841 W. ALLOWANCE 0.75

24 1377.501 'DETAILS

25 1376.778 NAME OF CANAL RSC4

26 1376.778] 1 O/ CHAINAGE 0

27 1375.745 FSL IN CANAL 1392.56

28 1375.446 FSL IN O/T CANAL 1392.41

2 WH 0.15

£ GCA 5.940

31 cca 5.165

32 STRUCTURES

— Sheet1 | Sheet? | Sheetd | (@) ‘ . — : : : =

Read B m P - {Touchkevboard} 107%
o For STRUCTURE data column enter values from the table to the respective location

Type of structure

Distance

FALL

DROP-1

5.00

2.50

DROP-2

20.00

2.50

DROP-3

40.00

2.50

DROP-4

60.00

2.50

DROP-5

80.00

2.50

DROP-6

100.00

2.50

DROP-7

120.00

1.00

%
I* (““ i Aria 10 &K B~ EPWapText Number " ‘.4 Normal 96 Normal9%62  Normal963 =~ €= =X T E:‘I'_”;”m ) ¢ p
‘,::,:rmpam:ﬂ B IU-H- &-A- = € 3= EiMergeacenter - § - % » W0 ;j:rimn:”::grsas Mormal 88 2 Normal983 | Normal Insert Delete Format ,('IMV :F': r& ;‘n:ﬂ &

Q46 f : -

c D E F G H 1 J K L M N o P Q R S -

24 1377.501 DETAILS

25 1376.778 NAME OF CANAL RSC-4

26 1376.778 1 O/T CHAINAGE 0

27 1375.745 FSL IN CANAL 1392.56

28 1375.446 FSL IN O/T CANAL 1392.41

29 WH 0.15

30 GCA 5.940

3 CCA 5.165

a2 STRUCTURES

3 0

34 Type of structure Distance FALL GCA CCA Disch.

35 DROP-1 5.00 2.50

36 DROP-2 20.00 2.50

ar DROP-3 40.00 2.50

38 DROP-4 60.00 2.50

39 DROP-5 80.00 250

40 DROP-6 100.00 250

41 DROP-7 120.00 1.00

42

43

44

45

46

47

48

49 -

- sheet1 | Sheet? | Sheets | (&) T 3

Ready H m M - 1 + 10w

o Now it is ready to continue the calculation and Plotting the Longitudinal section
N.B. L-sec program unlike Z-profile is designed for Horizontal scale =300 and Vertical scale
=100, whenever we need to change the scale we have to do it manually.

¢ Save the file in any location that is comfortable for you
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4.2.5 Plotting a long section with L-Sec

e Open Auto CAD window

e Double click STRLSECBK-ICT.exe from desktop and the following window will popup

LSEC-ETHIOPIA

- m} X

IRRIGATION PROJECT  |Tex

\
Capdisty (B/D>1) |

Cap-lsec |

Calculation |

ICT YT LTD

Ew/-Disty

L-5ection | EW-Minor I

Landwidth I EW-Subminor I

Capminor (B/D>1)
Capdisty (econom] | Design
Capmin (econom) Cap-Drain

Design-Drain I EWw-Drain I

e Click Calculation button and select the PERFORMA-LSEC.xIs file in which previously

prepared.

Open

B videos

% Local Disk (C:
= Local Disk (D:
= Local Disk (E:

i Network v

« A <« L-Sec, ZProfile » L-Sec » Excel Template
Organize v New folder
R ~
I This PC Hame
@ Autodesk 360 B | PERFORMA-LSEC s
I Desktop
% Documents
& Downloads
D Music
=) Pictures

File name: | PERFORMA-LSEC.xls

X
v |©] [ Search Excel Template »
- m
Date modified Type Size
12/27/2016 5:02 PM  Microsoft Excel 97... 355KB
v‘ Excel Files(* XLS) 9
Cancel

¢ When automatic calculation completed it will fill, CBL, FSL.... As shown in the figure

:. im Arial = ¥ BwWoplest General fj ¥ Nomalss Normal962  Normal 963 £= é::losm\ é'r p
2 Copy - ill -
Paste 0 BIU- €55 FiMergehCenter - § - % o % 2 Conditonal Fomatas Normal982  Normal983 | Nomnal nsert Delete Format 4, Sort& Fnd &
= ¥ Format Painter - Formatting *  Table - . - - # Clear Filter = Select =
Clipbeard Fort aligrment ramber yles cli Edting ~
u33 - f M
3 F s " | ) [ L u u o » o R s T y v w .
sheet no 1
st read 1
= sl L oot P PO FB sioPE lasi read 2
W0 12410 iM2EE0 00 0140 trsteh o
2AT0 1082380 1302630 0 0T 021 0280 167000 st ch 13292
160670 139860 100130 2186 0 02 02% 167000 st 1375446
1398640 13MeE 1990100 1mE D 021 | 023 167000 maxnsi 1291 656
189500 1389790 1390040 0 oem om0 167000
187080 187200 1387540 2219 0 021 | 02% 167000 OATA 1
137020 137230 1367480 0B D 021 02t 167000 CRANAGE 500
1asEDED 137170 174z 0 0w o2 0z%  teToo0 DISCHARGE 3
1S4dED  IMAETO 18400 2083 D 021 | 0280 187000 Losses [
14400 1B4EI0 i34BE0 0BT O 021 0280 167000 oEPTH o210
1384.341 1384 551 1364 601 [ 0835 021 0280 167000 WOTH [o250°
131841 132081 sezat | 2128 0 0m | 02% 167000 FREE GOARD s
1wei7eT 1arse  teezaat | 1m4 0 021 | 023 167000 [BED sLoPE 167 000
n vman w5 otn on o o  [sorsoe
13702 1379 431 1379681 23m L] 021 0260 167000 ‘VELOCI'W 0790
1379161 1379311 1370.621 1214 0 021 0250 167.000 e 1.000
w0 tarean  tavmser o os2 021 | 023 167000 BANCWITH 1.000
WEE  1wemn  1a770E | 244 o 021 | 02% 167000 VALLE OF oots Level Book o
eS| 1ae7er | tamrom | 13 o 021 0250 167000 W ALLOWANCE 075 Page na-
wesz2 | tarerm  aes2 | osna D 021 0200 167000 CETALS Survey Done By -
1376481 1376681 1376041 | 0207 0183 021 0280 167000 [FaME OF cAnAL Rsc4 Season -
4B 1asES sl 1207 D 021 | 0280 187000 O CRANAGE sTaRTHG
1375421 1375631 1975881 0324 0136 021 0250 167000 FSLIN CANAL [1392.56 B NAME: -
1375.404 1975614 1975864 0043 0417 021 0280 167000 [FSLIN O/T CANAL [1392.41 VALUE -
v 15 LocATION-
£ 5930
= 5165
STRUCTURES TURNING FOINTS
T I I I I o
[ Typeoisiusture | Distance | FALL | GGA | GCA | Dison | FSL Y APFo  Ostawe  FSL
Sheet1 | Sheet? | Sheet3 @ «
neacy B W & new notiications | +_e5%
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o Click L-section button again select the PERFORMA-LSEC.xIs file in which the
calculation has already carried out.
¢ N.B. don'’t forget to open blank AutoCAD window

¢ The initial Profile Drawing output should look like this and it needs manual editing i.e the
scale and the fonts.

N File Edit View Insen Format Tools Draw Dimension Modify ow Help Express
TIETEEIE s £ - REhas @ o ® €
23R S48y By | STANDARD iy | STANDARD & | Standard

e AANRHRIARN | BOJEEe 0 ByLaye ———— CON. NUOUS  ||[—— ByLaye

s &
z 3
2 4
] P
= B3
r %
@ 0
O

/ (1Y
o E
] -
2 o

sl B0

< >
SNAP| GRID| [ORTHO POLAR| OSNAP| OTRACK] DUCS| DYM| LWT! [MoDE Ygi .0

e The Final Profile Drawing output after editing the fonts and scale (H=700, V=500)
Should look like this.

B AutoCAD 2007 - [C:\Users\Binuck-N\Desktop\RSC-4.cxf] o X

nset  Format Tools Draw Dimension Modify Window Help Express
HIaRDE =20~ #|L - L
LR IN| % sy Yy ||| A STANDARD
!

HE AANQADALZ BOAdBE O Bylaye ————— CON..NUOUS ||| —— ByLaye

# Standard

>EPRE - PO

¢ 1R NN B 07

@ Commurscation Certer %
1 The sasy way to keep you and your software up-to-date.
= {_ st
1854 1.3036. 0.0000 SNAP GRID |ORTHO POLAR |OSNAP OTRACK DUCS DYN LWT [MODE > - []

You are done!!!!
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5 MANNUAL FOR STABILITY ANALYSIS OF MICRO DAM

5.1 BASIC KNOWLEDGE OF GEOSTUDIO
5.1.1 The geo studio software suite

It includes the following software products:

SLOPE/W for slope stability analysis

SEEP/W for groundwater seepage analysis
SIGMA/W for stress and deformation analysis
QUAKE/W for dynamic earthquake analysis
TEMP/W for thermal analysis

CTRAN/W for contaminant transport analysis
AIR/W for air flow analysis

VADOSE/W for vadose zone and soil cover analysis

5.1.2 Purpose

Geo-Studio is application software that is used to model almost any geotechnical problem
including:

¢ Slope stability problems involving earth and rock slopes, including sloping Excavations,
embankments, anchors, soil nails and geo-fabrics

Seepage affected by infiltration, drains, and injection wells

Deformation resulting from staged loading, excavations, and fill placement or removal
Earthquake-induced deformation and pore-water pressure generation

Contaminant transport problems

Thermal conduction and transient

Freeze-thaw problems

Unsaturated soil behavior and more...

5.1.3 Scope

This guideline covers the basic procedures for Stability analysis of Micro Dam (Case study of
Shimburit Earth Dam).

5.1.4 Computer requirements

Pentium 1l with Microsoft, Windows XP, Vista or Windows 7, (recommended: Intel dual-core
processor with 1GB of RAM), 1024x768 display (recommended: 1280x1024 or higher).

5.2 CASE STUDY FOR STABILITY ANALYSIS OF SHIMBURIT EARTH DAM
5.2.1 Preparation of working environment

This practical exercise will help to obtain the minimum factor of safety and the critical surface
profile
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5.2.2 Getting started

Defining a project

e Creating a new SEEP/W project from the Start Page of GeoStudio

(@ o W W — |
File Edt View Kedn Took Window Help

De@|=-c-
I~ @

@ GeoStudio 2007 [rullicense 7 ® GEO-SLOPE

.............
| From Template...
Create a new project from a tempiate

EDES:

X ¥
o Click SEEP/W to start a new project
e e PTG = ]
e G S View Kem Dan ST lEle = — |
D @& & | g o
Fxo v B[ m\y.iu: ad v [ oeew E e
BN R A A R E—
FIEED IR e CIDDEEES] Aty Type: (Sinady Statn -
o Bl e~ 87 ([0 Settings | Contral | Convergenee | Tme |
[ tacce A Flon vyt
) (=i~ o)
@
-Dlﬂ 2-Dimensional X: ¥:

o Write the name of analysis as SEEP/W, and description as Shimburit Micro Dam.
¢ Analysis as: Steady-State Seepage Analysis and Description as SEEP/W Exercise

o Adapt the default values for the rest

Setting

o Click set dialog box and select Page
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View Keyln Draw Sketch Modify Tools Window Help

oo R TR Q[ | e -

Page...
Units and Scale...

Grid...

Z Vis 1
eem [ seer/w Anaysis - T || 1 Cunent Anslysis O

S5 | o1 o FEEE () ¢ (@ 4| BEE)

8 shimburgaigbilty Analysis gsz - GeaStudio 2007 (sEep/W DEANE) TN . v . TR

FLIH| o — - ENL A

e Click mm to set dimension in Sl unit, Width 683mm and Height 300mm ,Click Ok

imburit Stability Analysis.gsz - o 2007 (SEEPW DEFING) . e e s = e i, sl |
File Edit Set View Keyln Draw  Sketch Modify Tock Window Help
De @SS neo-c-BQa@w o - @) s EEER ) 6
Exr By BHIEIFEYIHE — - ERLAIRS BE 0B F E|FE|F| WS
{usi] l_' W | & tnsysc [ SEEP/W Anniyss - - Cusrant Anabeis Orly
iSdI’age v =
[ priter Page
Send To OnaMote 2007 on Nedd:
Whdth:  215.9 Heght: 2794
Working Area
“EDS-ED
Uksits
inches @ mm

Click set dialog box and select Units and Scale
Choose Sl Units for tick box

Set scale for both horizontal and vertical as 1:300

extent computes automatically, Click ok

Set Uniits and Scale L2 oo
Engineering Units

Scale

Length (L):  meters b Extents

e

Force (F): | kilohewtons hd x: 202.81 y: 84.92

55 22k 153 [¥] calaulate max extents from scale and origin

Air Flow Units:
Mass (M): kilograms - View
Mass Flux: ka/sec ® 2-Dimensionial
) Axisymmetric
Unit Wt of Water: 9.807 kijm? ) Plan
[ o« ] [ concel

o Click set dialog box and select Grid

o Make the X:Y, aspect ratio 0.5:0.5, Tick both display grid and snap to grid and Close

For Problem extents insert minimum X = -2.0873 and minimum Y= -5.08 the maximum
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Shimburit Stability Analysis.gsz* - GeoStudio 2007 (SEEP/W DEFINE)

File Edit Set View Keyln Draw Sketch Modify Tools Window Help

DB | & neao-c- @@ w - gf|[EEF f
[)=xos Elvos El[EIFEE¥OE — | L AR BHE )Y
@ (DB @] 5| % A 5 seera snayss - |

: Current Ar|
- ~
&l Grid (L2 [
Grid Spacing (Eng. Units)
Eng. UM Teters
o
X: 1.6667 ¥: 1.6667
[¥] Display Grid [ Snap to Grid

e Your final working area should look like this. It is recommended to save your file

8 Shimburt Sabilty Analysisgee” - GeoStudio 2007 GEePW DEANE) L NN — N W = s
File Edit Set View Keyln Draw Sketch Modify Tools Window Help

B IETEE

lo-c-@ )l s -] gE [ o el L ) 2@ | EEE

B sivos HEFECOE — [ ERLAENBE Y LT ¥ @b ]

‘@l @] & | § trasic [ SEEPA Analsis « | Tine

| Curert Analysis Only ‘

64.00000, -5.000000

For Help, press F1 2-Dimensional X: 64.00000 m

Y: 0000000 m

o Click set dialog box and select Axes
e Tick Left Axes, Bottom Axes and Axis Number then Click ok

Set Axis Size

o

= L2 oo |

] [ Y-Axis

]

Max: 58 # of Increments:

L2 o
m—yot X-Axis
@ Increment Size:
Auds Titles
BottomX: Distance Max: 190 # of Increments:
LeftY: Elevation

e On Set Axis size dialogue insert

» X axis Min =12, Increment Size = 2 and # of increment = 89
> Y axis Min = 8, Increment Size = 1 and # of increment = 50

o After Clicking ok Your final working area should look like this
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@l Snimburit Stability Analysis.gsz" - GeoStudio 2007 (SEEP/W DEFINE) . P— -~y FY j W n o D
File Edt Set View Keln Draw Skech Modiy Tools Window Help

Do &G mnlo-c-@IQRIQAR| = -|F[EEFE] 7 & ESEEF 2|l BEE

Elxos Evos oGy vEebn e — - ERL AR L2 (Y LYl

@ D8 @] & | % Az 6 sEPw nabss - | 7] Curent Anaiysis Oy

Redo jiously undone action 2-D | X: 61.50000 m ¥: 80.000000 m

5.2.3 Defining the geometry

Before defining the geometry in SEEP/W, it is convenient to first sketch the problem. It is planned
to analyze the stability of a homogenous dam (refer Shimburit Dam Drawing).

Dam height = 16.0 m

Free board =2.3 m

Reservoir depth = 11m

Top width = 5.0m

U/s slope H:V = 3:1 and D/S slope H:V= 2:1

It is going to rest on 4m soil and then competent rock beyond.

N

7N oA ol

When creating the Shimburit model (Refer Drawing), first draw the geometry; create and assign
materials, draw pore-water pressure conditions and draw the slip surface geometry, which will
control the mode of failure you are going to analyze. The lines are considered as objects, which
can be adjusted or deleted using the Modify: Objects command

Drawing Geometry
Start by drawing the geometry of Individual embankment dam regions.

¢ Click Draw dialog box and select Region
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8 Shimbuit Sabity Ansysis 5. GagStudio 2007 (P W DEFINET I M o . T =
File Edit Set View Keyln [ Draw [)Sketch Modify Tools Window Help
DeW & ﬁm!hsm Q|| e | g |[Es ) “#E@L‘;EE (@@ BEIE
mxns slvos 2 W Lines - R l_]ﬂ 5 [ g\f!’ Elakd # § il B (inore)

¥ poims = a

Surface Lay

Mesh Properties.

A Flux Sections...
Initial Wates Table

# conteuss..

B8 contour Labels

When you click the region command you will get cross halr that will be used for plotting the region.

isnmb rl‘;labulry!nmsg:z Gw&luanOTESEEPMDEﬂNﬂw_ - i T =8| 8
Dmu&f*mﬂh:.— @@L@l@@‘-‘ﬂ’ -w@&@*-aﬁ[;l"ﬁ@*‘@a@ﬂ@
Exos 2 vos [:]V\F\Y“E"OE“—'LHAV\ [T ?E]‘{'.F’" 4 T [ [incoe)
| EFEn v tﬁnowx | SEEPAW Fraiyss - ]
| @l Draw Regions ==
Oraw: @ Regon ) Crauar Opening Infrite Region

D & e rsgion o sebect an existing polygon region to edit.

@ 87.00000, 50.000000 |

Erram

Draw Regions Click once for each peant in the region and right-click to close the region. 2-Dimensicnal Xz 87.00000 m W: 50.000000 m
T Tr o s

For this exercise there are six regions

Region 1: Embankment Material

Region 2: Filter Material (Fine Sand)

Region 3: Filter Material (Medium Sand and Gravel)
Region 4: Rock Toe Material

Region 5: Foundation Material

Region 6: Competent rock

Region will be created by clicking the coordinates that will define the required geometry and Click
the left mouse button to create region points. Once the polygon region has been closed, you can
either continue to draw additional regions, or you can exit the draw regions mode. Move the cursor

to the following coordinates respectively in clockwise direction.

Regions Material Points
Region 1 |Foundation Material-1 1,2,3,4
Region 2 |Foundation Material-2 5,6,7,8

Region 3 |Filter Material-1- (Fine Sand) 9,3,4,10,11,12,13,14,15

Filter Material-2- (Medium Sand

Region 4 13,16,17,18,19,20,15,14
and Gravel)
Region 5 |Filter Material-3- (Fine Sand) 20,21,22,19
Region 6 |Closely Jointed Basalt Rock 7,23,24,25,26,18,19,22,21,20,15,9,3,2,27,28,5,8
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Regions Material Points
Region 7 |Embankment Material 29,30,31,32,33,34,16,13,12,11,10,4,1,2,27,28,5,6,7,35
Region 8 |Rock Toe Material 17,16,34,18

1) Foundation material-1

o Draw region using X-Y values for Foundation Material-1 Staring from point 1 - point 4
o Click left mouse and then click right mouse to finish Foundation Material-1 region

X (m) Y (m)
Point 1 112.3887 19.0198
Point 2 112.1417 18.7870
Point 3 124.6833 18.1180
Point 4 124.6821 18.3899

2) Foundation material-2

e Draw region using X-Y values for Foundation Material-2 Staring from point 5 - point 8
o Click left mouse and then click right mouse to finish Foundation Material-2 region

X (m) Y (m)
Point 5 101.8302 18.695443
Point 6 101.4858 19.02025
Point 7 50.0877 20.0200

Point 8 50.0892 19.71985

3) Filter material-1- (Fine Sand)

e Draw region using X-Y values for Filter Material-1 Staring from point 9 - point 15
o Click left mouse and then click right mouse to finish Filter Material-1 region

X (m) Y (m)
Point 9 124.6838 17.7507
Point 3 124.6833 18.1180
Point 4 124.6821 18.3899
Point 10 124.6794 18.7459
Point 11 138.1737 18.7430
Point 12 139.9533 20.5016
Point 13 140.1273 20.4128
Point 14 137.4558 17.7514
Point 15 137.4558 17.7365

4) Filter material-2- (medium sand and gravel)

e Draw region using X-Y values for Filter Material-2 Staring from point 13 - point 16
¢ Click left mouse and then click right mouse to finish Filter Material-2 region
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X (m) Y (m)

Point 13 140.1273 20.4128
Point 16 140.4216 20.266

Point 17 137.6864 17.5417
Point 18 150.2709 17.5388
Point 19 150.2719 17.3932
Point 20 137.454 17.3896
Point 15 137.455 17.7365
Point 16 140.4216 20.266

5) Filter material-3- (Fine sand)

e Draw region using X-Y values for Filter Material-2 Staring from point 20 - point 19
o Click left mouse and then click right mouse to finish Filter Material-3 region

X (m) Y (m)
Point 20 137.454 | 17.3896
Point 21 137.4527 | 17.1885

Point 22 150.2814 | 17.1819
Point 19 150.2719 [ 17.3932

6) Closely jointed basalt rock

e Draw region using X-Y values for Basalt Rock Staring from point 7 - point 8
o Click left mouse and then click right mouse to finish Basalt Rock region

X (m) Y (m)

Point 7 50.0877 20.02
Point 23 25.0877 20.07
Point 24 25.1877 12.045
Point 25 175.0794 12.045
Point 26 175.2127 17.52
Point 18 150.2709 17.5389
Point 19 150.272 17.3932
Point 22 150.2814 17.1819
Point 21 137.4528 17.1885
Point 20 137.454 17.3896
Point 15 137.4558 17.7366
Point 9 124.6838 17.7507
Point 3 124.6833 18.118
Point 2 112.1418 18.7871
Point 27 108.8874 15.7198
Point 28 104.9862 15.7195
Point 5 101.8303 18.6954
Point 8 50.0892 19.7199

7) Embankment material

e Draw region using X-Y values for Embankment material Staring from point 29 - point 35
o Click left mouse and then click right mouse to finish Embankment material region
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X (m) Y (m)
Point 29 80.3875 | 28.4706
Point 30 104.5954 | 36.5198
Point 31 109.5867 | 36.5196
Point 32 125.2863 | 28.519
Point 33 128.2866 | 28.5198
Point 34 141.8844 | 21.7296
Point 16 140.4216 | 20.266
Point 13 140.1273 | 20.4129
Point 12 139.9533 | 20.5017
Point 11 1381737 | 18.7431
Point 10 124.6794 | 18.7459
Point 4 124.6821 | 18.39
Point 1 112.3887 | 19.0198
Point 2 112.1418 | 18.7871
Point 27 108.8874 | 15.7198
Point 28 104.9862 | 15.7195
Point 5 101.8303 | 18.6954
Point 6 101.4858 | 19.0203
Point 7 50.0877 | 20.02
Point 35 77.3926 | 28.4695

8) Rock toe material

e Draw region using X-Y values for Rock Toe Material Staring from point 17 - point 18
¢ Click left mouse and then click right mouse to finish Basalt Rock region

X (m) Y (m)
Point 17 137.6865 17.5417
Point 16 140.4216 20.2660
Point 34 141.8844 21.7296
Point 18 150.2709 17.5389
¢ Your final Drawing area should look like this.
T8 Shmiour Sty Anatyssgee - GeoStudio 2007 [SLOPE/W DEFINE] — — = . ==
T e T T ST T g

5 AEyrrEne — -
EE@E % & i .

) Skoe Sty

rrrrrrr

rrrrrrr

:85.00000 m

¥ -11.500000 m
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5.2.4 Creating materials

Materials are first created and then assigned to geometry objects.

Creating material

Click on KEYIN and click Materials

B Shimburit Stability Analysisgsz" - GeoStudio 2007 (SEEP/W DEFINE)

— T ¥ =
File Edit Set View Drawe Sketch Modify Tools Window Help
D& H@EE e Ra@@| e v#@@[ﬁ"z “ﬁ_&@fiﬁ
e T R — r— - ERL IEIE% é‘nw&'*!. I 1 [ —
EFE@ Lines... - - Cusrent Aralysis Ol
Peints...
—
Boundary Conditions...
Hydraulic Functions v
Air Functions 3
Spatial Functions v
E Flux Sections...
N Generate Plan View
o For the first region add a new material, name it as Embankment Material
e Material model from the drop down list as Saturated/Unsaturated
e Hydraulic Property as default or none
iShimhumicabw‘h'tyAnalysis.gsz'—&eusmdiu2007(SEEP/W DEFINE) = | @ g
File Edit Set View Keyln Draw Sketch Modify Tools Window Help
0= ﬂléﬁ\aa B o~ o- @ RAQRAR| @ - gF [EEFF] 2 | [ EEEE ) “\.ﬁ\@ﬁ@
o5 ivos GGl F EEEBHE — - ERAL I B Y T e |
gﬁ\L]EH%A» e SEEPAW Analysis < | Tine | [ Cunent Anasis Dlyl
[ @ Keyin Materials [ EeR =)
e TN
I
N:::;nkmentlﬂatena\ e
B
|
Conductivity
Vol Water ContentFn: [on) ][]
L [ Activation PP: okPa iy
Redo |~ Close

For the rest of regions repeat the same step
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= |

Shimburit Stability Analysis.gsz* - GeoStudio 2007 (SEEP/W DEFINE)

File Edit Set View Keyln Draw Sketch Modify Tools Window Help

sH && co-Rea@ @] e

%05 = v.05

B | n o [FEIERS ) £ 708 | B
FREEOE — - R R BE (B LA E
@ D3 @] & | R anebsis: B SEEPW analyss | Time | Dl cunent asis ooy |

T [inene) -

[l Keyin Materials

Envatny

iivrrvessruves

YT EET]

Closely Jointed Basalt Rock
Fiter Material (Medum Sand and Grave)

Name: Color:

Filter Material (Medium Sand and Grave)

Material Model Saturated / Unsaturated 2

Hydraviic Properties

Conductivity

Ratio: 1 Direction: 0°
- I— =
[ Activation PY/P: 0kPa

||

Materials
Name Color Ad |v
Embarkment Material | —
Filter Material (Fine Sand) [
Rock Toe Materi! I
Foundstion Material |

e

X:8211270 m

V:-12.030000 m

For Help press FL

Setting the hydraulic conductivity function
For a steady-state analysis, only a conductivity function needs to be defined.
The “dot-dot-dot” button is used extensively in GeoStudio to indicate that additional
features can be accessed. Click on this button to create a hydraulic conductivity function.

Hydraulc Prepertes
Fyd. Conducthity Fn: | (one) '

Closely Joted Bassit Rock I

[Fiter Material {Medium Sand and Grave) e
Name: Color:

Filter Material (Medum Sand and Grave) Set...

Material Madel: Saturated | Unsaturated -

/

Conductivity

Rator 1 Drecton: 0°
] —
ClactvatonpwP: | 0kPa

e Click on the “add” button, give the function a name as Embankment Conductivity and

select the type from the dropdown list Data Point Function.

Shimburit Stability Analysis.gsz* - GeoStudie 2007 (SEEP/W DEFINE)

(=@

=2

File Edit Set View Keyln

Draw Sketch Modify Tools Window Help

DEE(&& melo-o- A RaQA @«

w08

3 vi0s

Y EHe — R A

IR IR AR

| [ ()% | o ol [FLEER) | () < | (20 | (BRECTES)

‘@l [0 & | & Anasis: [ SEEPW Anaysis | Tine: || [ curent nass onte_|

T o

[ Keyin Materials

[ Keyin Hydraulic Conductivity Functions
.

EE]

Materials

Add |v Delete.

Embankment Material

Filter Material (Fine Sand)

Rock Toe Material

Foundation Material

Closely Jointed Basalt Rock

Fiter Material (Medium Sand and Grave)

Name

Name:  Embankment Conductiity

o [ 5]

Name:
Embankment Material

Material Model:

Hydrauic Properties

Hyd. Conductivity Fn: | (none) B ] Matric Suction (Pe) K (m/sec)

] Activation PYP:

Saturated [ Unsaturated - Strsicht G K-Saturation:
vl

N ey 5

o =

Curve Fit:

Segments 100 %

Conductivi
w Delete
Ratio: Direction: 0 * .
© View Function
vl vater Gomtent s [fuanel <] View Sipe ofFunction

Edit Data Points

[Embarkment Conductivity
Embankment Conductivity: No points entered

Use Auto Scale

X Axis Range:

to

¥ Log

Undo |+ | [ Redo [+

2-Dimensional

X: 14276270 m

¥:83.570000 m

For Help press FL
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We are defining a data point function of Matric suction, which is a positive value, and a hydraulic
conductivity. Often a 2-point function is sufficient as a starting point. Additional points can be
added and adjusted by editing the function directly. It is also possible to insert the hydraulic
function using the conductivity script function that will be given separately.

o Click Matric Suction and conductivity box to insert the following 4 points for
embankment conductivity

v Hydraulic conductivity values for Fine Sand Material

[ Keyin Materials {8 Keyin Hydraulic Conductivity Functions eS|
Materials e ==
Name = Embankment Conductivity
Embankment Materisl Name 1.0e-05
Filter Material (Fine Sand) Embankment Conductivity
Rock Toe Material
Foundation Material
Closely Jointed Basalt Rock 53
Filter Material (Medium Sand and Grave) £ 1.0e-06+
Name:  Embankment Conductivity I
=
Parameters: |x-Conductivity vs. Pore-Water Pressure -] g
3
Name: Types: (pata Point Functon Bl
Embankment Material x el
Approx. Exact
Segments: [ 100% 1e-005
Hydraulic Properties 1.0e-08
Hyd, Conductivity Fn: [ {none) (o] Matric Suction (kPa) K (m/sec) 1 10 100
Conductivity 2 1e-005 Watric Suction (kPa)
Delete
e [t oo o 250206
36.98 2.72e-008 ~) View Function Use Auto Scale
vol. water Content s [(oong) <]l Vien Sope of Function X Axis Range:
[E] Activation PwP: 0kPa @ EditDataPaints o
L Undo |+ Redo |~ Undo |¥ Redo |+

Click the edit data points at the bottom and then the add points to edit the graph and insert
additional points. It is possible to adjust the graph by pulling the added points by clicking move

points button.

Once you are happy with your function, you can then close the KEYIN: Hydraulic conductivity
dialogue box to be returned to the KEYIN: Materials Properties view. From the Hydraulic
properties functions (Hydraulic Conductivity function) click the dropdown menu to change it into

Embankment Conductivity.
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iihmwmﬂ bdlly Ansiysit. q._-cms:ueom (SEEP/W DEFINE) = @ =
Fle Edt e Drawe_Sketch Modity Took
Dsuaeﬁm o c-@ e eRE = - |Ees(®)* | ol [FLSIESS () 2| @ e BEEE
[Exos = vas r]?“?"?*!‘bl*f ERL AR B F_!.‘{’-" jl Al Al B o)
=R 'cmw P
[l Keyln Materiats =
satersis
Harne: Cokr B v
Embarkment Material ||
Pl st (Plene Spenf) ) s
Rock Toa Materisl I
Fourvdaton Materil [
Clsely Jomted Bosalt Rodk [ .
N Fiter Mateia (aciem Sand st G ave) ] [nsowa.
: Color:
p e
§e
&
I
S —— | I
=il Activaton PAP: Wt ]
S = e,
Foc Help, press FI 2 Dimensicnal 3 15406270 m ¥ 28.020000 m

e Click Matric Suction and conductivity box to insert the following 4 points for the rest of

materials as given in a table.

v Hydraulic conductivity values for Filter Material (Fine Sand)

Matric Suction (kPa) Kx (m/s)
2 0.0001

6.2 3.69e-05

20.81 5.12e-06

100 1.00e-06

v' Hydraulic conductivity values for Filter Material (Medium Sand and Gravel)

Matric Suction (kPa) Kx (m/s)
2 0.001

8.55 0.000313

34.95 5.45e-05

100 1.00e-05

v' Hydraulic conductivity values for Rock Toe Material

Matric Suction (kPa) Kx (m/s)
2 0.1

5.61 0.064795

19.24 0.021258
100 0.01
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v Hydraulic conductivity values for Foundation Material

Matric Suction (kPa) Kx (m/s)
2 1e-007

5.80 2.3053445e-008

22.32 8.5039671e-010
100 1e-010

v Hydraulic conductivity values for Closely Jointed Basalt Rock

Matric Suction (kPa) Kx (m/s)
2 1.00e-15

6.31 4.99e-17

24.28 2.52e-19

100 1.00e-20

Assigning the material to the region

The function has now been assigned to the soil. The material can now be assigned to the
geometry regions.

e Choose Materials from the DRAW dropdown menu to assign the material properties
(hydraulic function) to the embankment soil. Later on we will also follow the same

procedure to assign the hydraulic function for the foundation soil.
o Click Draw and select Material

@ Shimburit Stabiity Anaysis g1 - GeoStudio 2007 (SEEP/W DEFINE) — - R ———
File Edit Set View Keyln [Draw| Sketch Modify Tools Window Help

DB @ M roon QR e g | o ol [SEES | | 7 B
[Exos v (5 tos BV OIOEEE S F I AL
@Aea -

2-Dinensional X: 3050000 m

e Make sure the assign radio button on and Embankment material is selected

¢ Move the cursor to Embankment region and left click
e The embankment boundary colure will be changed
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it Stability Analysisgsa* - GeoStudio 2007 (SEEPW DEFANE) e e - @
File Edt Set View Keyn Oraw Skewch Modfy Tock Window Help
Dol S an o-oc- a@@ = - @ s EEEE ) 2| o e BEE
Exos Eivos Gf@iX EENOE — [ ERLAMIBDE Y EPL H T T B (rove) 3]
@ [EE @] ®| § sdvic @ serwamom | [ Cuent b Oy
| @l Draw Material: 7=
Sk oo e [Crewn. |
B hencre s
® dsogn 1 - Emberioment ... (] ~
i
F;rHﬂU press FL 2-Dimensional X 10796270 m e 26.420000 m.

e Similarly move the cursor to filter, foundation, Basaltic rock and rock toe to assign

materials in similar fashion

B Shimburit Stabiity Analysis 952 - GeoStudio 2007 (SEEPWDERNEL i e s 1 =& el |

File Edit Set View Keyln Draw Sketch Modify Tools Window Help

D2 E S8 B o - Q Q@@ e -gF )] sl [FLEES P £ (D BETE

...... ko5 v FEFEELO0 — - ERLAER BE (Y E 2L H YT = =

FHE T ] G s O

i
YT T BT T ST
5.2.5 Fixing boundary condition
¢ Select Boundary Conditions from the DRAW menu
[ shimburit Stability Analysis.gsz - GeaStudio 2007 (SEEP/W DEFINE) = =
File Edit Set View Keyln Draw Sketch Modify Tools Window Help
DR 8@ wylo-c-R|[&aQE = - F(EEFE sl DI 2B BEEE
Fxos v BB P EYYOE — [ERL AR W B YK I
@ DB @] B & sovis B seerwaass - | T | - curentavats oy |
[ Draw Boundary Conditions — (B s }——
Selectt  (ORegions (@ Lines Keyin.
— -
= —
i

Draw Boundary Cenditions: Click on each peint or ling, or select a group te apply the boundary cendition. 2-Dimensional X: 65.36270 m ¥: -12.030000 m
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o Click KEYIN boundary conditions to assign a boundary for the reservoir

@ Shimburit Stabil s 952 - GeoStudio 2007 (SEEP/W DEFINE) = %
Fle Edt Set \ ln Draw Sketch Modfy Tools Window Help
Do ES@(an o-c @ Q@ @ [ &l[@ 2B ) 2[@al EEE
[B)x0s jvos FHEEOE — - [ERL A2 B BE (VL HE] H B i (i S
@ (D] & | % snobsis [ sEEPW Anabeis v | 17 Curent anaysi iy
(@ 'y Conditions P o=
Sdect  (JRegons @ Lines Paints ==
Category: Remove
e
" @l Keyln Boundary Conditions (2 [z
i Al Boundary Conditions
M Name Category  Color
M Zero Pressure Hyerzuic [
i Potential Seepage Face Hydrouic ] Delete
Assgned
Colr
iy
Draw Boundary Conditions: Click on esch peint o line, or select 2 group 1o apply the boundary condition. T-Dimensional X 15021270 m ¥ 62920000 m

e Click add button, add new hydraulic boundary condition, give name i.e. Full reservoir
=35 m from river bed level and change the colour. Make sure that on the Type pull down
menu to Head (H) and insert the reservoir depth i.e. 35 m in the action box

[ Keyln Boundary Conditians [2 fmtm|

BC Category: al -

All Boundary Conditions

Name Category Color Add ~
Zero Pressure vydrauic |
Potential Seepage Face Hydrauic [
PRl i [
Assigned...

Mame: Color:
Type: |Head (H) -

@ Constant Action:  35m

(&) Function

Potential Seepage Face Review

Undo |~ | [(Redo |+

5.2.6 Applying boundary to the geometry

Zero pressure boundary

e A zero pressure boundary condition will be applied to the filter toe, which is a geometry
line. Make sure that the select line is clicked
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8 st Satlity Aoy g5 - GeoStudio 2007 (SKER/W DEANG) S — - . =TT -]
Fle Ede Set View Kejdn Drew Skeich Moddy Tech Windew Help
DB &f mn - - Qap@ = -E [EEE] 0 LERS ) 2 e
Feo: cive G P EECOC — [ERLA @B (X F L ZEH YT = -
e - < | 1 Cunent s vt
_wmc«m

Regons @ Lnes

i, e select

189722 m

¢ A potential seepage face boundary condition will be applied to the downstream face,
which is an edge. A potential seepage face is a special boundary condition that is used
when you want the solver to locate the position of where a seepage face might develop.

e Select the potential seepage face from drop down menu to fix it for the downstream.
Make sure that line is selected and click the downstream face of the dam.

8 Shimburit Stabitty Aratyses g3e* - GeoStudie 2007 (SEEPW DEFIND i S - — h 1 o
File Edt Set View Keyn Draw Sketch Modify Tools Window Help
D@ S bho- - Qe E® = -IgFEEH s ISP 2
[E)xos plvos H[fEgr EeCHE — [ ERL A RGBS [EXF L FF)HF - [T —
@ [EE @] & & i @ seerw oo -| = | () Cument Anskyis 0ty

[l Draw Boundary Canditions

7 B
Seect: ) Regons @ Lines

Draw Boundary Conditions: C e or select

level starting from coordinate (25, 35) to (100, 35).

¢ To add the reservoir from sketch menu select polyline and draw the upstream reservoir

Fix the boundary by selecting FRL = 35, and make sure that line is selected. Then click
the upstream face of the dam.
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File Edt Set View Keyn Draw Sketch Modity Tools Window Help

DB S& meo- - R RQRLQR| =

-l | Rl (7% | o o]

[Mxos Givos G|[@Fe¥EHE —
@ DB @] & | % i B sew maes

PR s &

Pt Sty Ay g -Geobtio 207 SECPW DENE) L i -

i ==
SESS [T 2 | —
BB EIFE AT ] [EE—
= | 1] Cuen ey Oy
[l Draw Boundary Conditions ? =
L] ® @ hssn: FRL [

ETavaion

S 8NP RUERE FITEAEKEERTEE
LARRRARAREARRRERRRLS ual

Ditance

X8603770 m 0583390

Breaking a region

e In order to locate the intersection point of the reservoir and upstream slope of the
embankment you may zoom it and Click on draw points and locate exactly at the
intersection the point. In this case point 35.

[CEZ ility Analysisgsz* - LGP
File Edt Set View Keyn Draw Sketch Modfy Toaks Window Help

I———p—— N -

I~ |

[Flxos 2 vos :|@ FEEEHE —

S ERA A @

De @ &G eno-c-@aQ@ w= -l EEF* o EREES ) 2| e | R

B E | C(F)E| L H| W F

@ [EE 0] | & e 6 et

| et ot |

|- R

&l Draw Points

SelecmdPont: | 35

X 100.028m oy IBm

e To break up a region edge so that you can apply the boundary condition, such as the
reservoir total head to only a portion of the edge (i.e. excluding the free board), you may

need to insert a region point.

File Edit Set View Kejn Duw Sketch Moddy Tools Window Help

e ey L —— h 1

T oo

@ [EE 0 ] s @ s

~) )t Arsiviare

D@ & e o-c-R[ac@RB = - ¢FBEECE s EE P EEE
o svos @ FEEEOE — R RBE (S EH

S ()

@l Draw Boundary Conditions R
Sekct  (ORegons  @lnes O Panks =)
Category: ®Rerove View Assired...
L] ) Assign: -

30

o Click draw boundary condition and select the reservoir boundary then click the remove
icon somewhere the line below point 30 and 36. You will see a green boundary line for
the upstream slope and the reservoir water boundary will end up to point 36.
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Viewing the finite element

¢ You can view the finite element mesh using DRAW: Mesh Properties.
[ Shimburit Stability Analysis.gsz - GeoStudio 2007 (SEEP/W DEFINE) = |

File Edit Set View Keyln Draw Sketch Modify Tools Window Help
e[S anl o c-RRAIQR] = i EEC FE EEES ) 2 fa)
xos vies G| Y CEEOHE — - [ERLARBE YL FLE

‘B [0 0] & ® s 6 seeewmayss v e | | centanapssony |

»
ForHelp press P 2-Dimensional X 17206270 m ¥: 12530000 m

e Change Approximate Global element size as 1.5 m

Determining flux section

e One of the objectives of this analysis was to compute the amount of flow through the
earth dam. To do this, we can use a flux section.

e Click Draw and select flux section
Click OK button and draw the flux section at one point, you may select at the centre or
axis of the dam

B Shimburt Sabilty Analysis 2" - GeoStuclio 2007 (SEEP/W DEFINE) L1 I s e e h (o |O ]

Keyln Draw Sketch Modify Tools Window Help

R e @ m| e g Es Tl FEEES ) # | 4 B
LR dlaemiid - PO OIS FAEF AR

I3 SEEP/W Analysis || Tine: | | 5 curent i oy |

| e e e e |

40 Cidy 44 e 4 TR i e

For Help, press F1 2-Dimensional 1 X:115.50000 m Y. 4.500000 m

o Now it's time to solve the problem
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5.2.7 Solve and contour

Verify/optimize

Before that you may review the data by clicking on View or Optimize icon

[l Shimburit Stability Analysis.gsz* - GeoStudio 2007 (SEEP/W DEFINE) = 5

File Edt Set View Drow Sketch Modfy Tools Window Help

DA &SE peln- - R RQUAR| = - g#| [ T o 66| RS 7 2@ e EEE

o v @ Y EYOE — - ERLARR BB B L LAY Bl =
[ SEEPAW Aniysis - lysis Only

800 & & s

@ Verify/Optimize Data

S Y R R Ry e SRt EEY REES S TS ERRY EEE) EESy RS ERe e b |
i -

R Y R E | (|
oo 08 410 4216 0B {98 0 122 1A 1938 112 40 42 R 998 1% M0 4z 14148 14 el 88 K e

[T |
PR

:Distance:

1 [l »
For Help, press F1 2-Dimensional X: 6200000 m V: 54.500000 m

Solve and contouring

e The solver for SEEP/W can be launched by clicking on the “SOLVE” icon. Click the start
button to activate the solver.

e You can view the results directly by clicking on the CONTOUR icon in the analysis
toolbar. By default, the CONTOUR results will include velocity vectors, the location of
the zero pressure contour and total head contours.

e The flux section results can be viewed by selecting flux labels from the DRAW Menu.
Clicking on the flux section will make the total flux value appear

sEE ERY RE

Ekvation

2 i & ER Y EEEREYEEES

Flow path

e Flow paths represent the path that a drop of water would travel from the reservoir
through the dam. Draw a flow path by using the appropriate pull down menu and then
click the cursor anywhere within the profile

Additional features that you may exercise by your self
e Remember, at any time you can change the way the CONTOUR information is

presented by using the View Preferences pull down menu.
¢ You can also retrieve information from specific locations on the profile.
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e Select VIEW: Result Information and then click on the location that you're interested in.
If you hold the CTRL key down, you can gather information from several different
locations.

You can label your contours using DRAW: Contour Labels.

o There are many different types of parameters you can contour. Use DRAW: Contours to
view some different results. Three default contour options are available, but you can
also add other options to the list using the Add button.

5.2.8 Reporting

New to GeoStudio 2007 is a reporting feature. If you need to generate a report of your input data,
select Report from the VIEW menu. Once you save the report file, your default word processing
program will open with a generated report. You can now insert pictures, apply style templates or
add and delete data.

5.2.9 Adding a new analysis

GeoStudio 2007 has the ability to run many different analyses within the same project file. The
geometry is considered project specific, but you can change boundary conditions, material
properties or even different types of analyses.

5.2.10 Slope/W

e Use the SEEP/W computed pore-water pressures in a stability analysis using
SLOPE/W.

¢ Click on KEYIN and then analysis to use the results of SEEP/W analysis for SLOPE/W.

o Click the add button to select the type of analysis and then Limit equilibrium.

88 stimbuit tabity Analyss sz - GeoSt (g ey Alyses e~ I

Fie Edt Set View Kejn Draw 9|

DEE SE @ o me (BT L ]

Elxos v B|E |l [e i%\mhumsnht\nne—| =y i o =
. sE=puA [Ep—

T IEE @ SLOPEAW Analysis  » Lirnit Equilibriu -

3 SEEP/W Analysis » SIGMA/W Stress

SIGMA/W Analysis ~ » QUAKEAW Stress:

B quakewanalyss  x QUAKE/W Newmark Deformation
TEMP/W Analysis

@ CTRANAWAnalysis  »
AIR/W Analysis

@  VADOSEAW Analysis  *

Done 2-Dimensional X: 44.00000 m ; 82.500000 m

¢ You may give a name like slope stability analysis and description
o Select Morgenstern-Price and ensure that a half-sine function is being applied in the
settings dialog box.

SSIGL 21: Selected Application Software’s 85



National Guidelines for Small Scale Irrigation Development mMoA

Shimburit Stability Analysis gsz* - GeoSH (] Keyin Analyses — = i - [ = B3|

File Edit Set View Keyln Diaw S|
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ECIEEES o Add Delete Ig Name:  Slope Stabilty FGrrw——

wos 3 vios 3| [l =@l shimburit stabiity Analysis Parent: |SEER/W Analysis - Ad - B (o) -

a @] 7| & oo & S Analysis Type: |Morgenstern-Price
Settings |Sip Surface | FOS Distrbution | Advanced i

Side Functon P vues

PP Conditons from: [Parent Analysis =] Tme: [fast) -
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X: 44,0000 m :82.500000 m

¢ Under the pore-water pressure (PWP) option, select parent analysis
o Under the slip surface tab, select Direction of movement left to right and Slip surface
option as Entry and Exit

i@l Keyin Analyses & T reJ e e By D0F =

- Description:
. Delete Mame:  Slope Stability
=8 i Shimburit Stability Analysis Parent: | SEEF/W Analysis - -

é B SEEP/W Analysis [0 sec]
:._[@] slope Stability [0 sec]

Analysis Type: [Morgenstern-Price -

Settings | Slip Surface | FOS Distribution | Advanced |

Direction of movement
@ Left to right () Right to left [ Allow passive mode

Slip Surface Option

® Entry and Exit No. of itical slip surfaces to store:

[ Specify radius tangent lines 1
() Grid and Radius
(©) Block Specified [7] Optimize eritical siip surface location

Do not cross block slip surface lines
() Fully Specified
() Auto Locate

Tension Crack Option

(@) No tension crack Water in Tension Crack

Tension crack angle: | 0° % Filed with water (Dto 1) |0

Tension crack line Urit wieight of water: | 9.807 kNfm3

(2 Search for tension crack

e |+

5.2.11 Assigning materials

Creating material data

e Click on KEYIN and click Materials

@ Shimburit Stability Analysis.gs2® - GeoStudio 2007 (SLOPEAW DEFINE) | i s e e k. T - | | o ]
File Edit Set View (Keyln| Draw Sketch Mody Took Window Help
DS @ SER Ao R Q@R e ~gF B Dk [@)a € < EEEE
%05 Y0 pegons. C— - ERLAIRR R By E k& il Bl (e -
A F@B@| o gl | Dt s o

Strength Functions v
Probability Functions...

Hydraulic Functions v
Spatial Functions 3
Slip Surface ’

Deur Air Draceisra.
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@ Shimburit Stability Analysis gsz* - GeoStudio 2007 (SLOPE/W DEFINE) = %
File Edit Set View Keyln Draw Sketch Modfy Tools Window Help
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ForHelp pressFL :{ Not connected - No connections are available

o For the first region add a new material, name it and select a strength model from the
drop down list. You can use the tab key to move between the edit boxes. You may put
the name as Embankment Soil, Material model as Mohr-Coulomb and Basic material
properties as. You may change the colour of the soil by clicking set and select color.

» Unit weight= 16 KN/m3,
» Cohesion = 29 kPa and
> Phi =150

e To create a second material, you have choices; you can either add one, or you can
clone the existing material and repeat similar steps

e Basic material values for Filter Material (Fine Sand)

» Unit weight= 18 KN/m3,
» Cohesion = 0 kPa and
> Phi =300

¢ Basic material values for Filter Material (Medium Sand and Gravel)

» Unit weight= 20 KN/m3,
» Cohesion = 0 kPa and
> Phi =360

e Basic material values for Rock Toe Material

» Unit weight= 17 KN/m3,
» Cohesion = 0 kPa and
> Phi =400

e Basic material values for Foundation Material

» Unit weight= 17 KN/m3,
» Cohesion = 29 kPa and
> Phi =300

o Basic material values for Closely Jointed Basalt Rock

» Unit weight= 20 KN/m3,
> Cohesion = 0 kPa and
> Phi =400
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Assigning materials to each region

e Choose materials from the DRAW: dropdown menu

FEERIEI -] ] D Cunert At 0

@ Shimburit Stability Analysis gst* - GeaStuda 2007 (SLOPEAW DEANEL L L. h A = |
File Edit Set View Keyin [Diaw) Sketch Modity Tools Window Help
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@ contours..

B contour Labeis

¢ Drag the respective material and click on respective region. The color for the region can

be done by dropdown menu from assign
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For Help press F1 X 10323677 m V:27.356343 m

e Repeat the same procedure for the rest of the region

Shimburt Stabitty Analyss 552" ~GeoStudio 2007 (SLOPE/W DEFINE) L

h 1 e

File Edit Set View Kejn Draw Sketch Modify Tools Window Help

DR S By oA aa@@ o -
e He — PR EICE IV dEdEY TS ¥

@) sope stabiiy ~ | ine: | = || 1 Curent nasis anis ‘

# | [[Ees (5% | o7 | [Ees |0 € < FEESE BEE i

»

Eorbislp presFl 20.50000 ) 12000000 1)

e Click Draw and select Slip Surface then Entry & Exit
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[@ Shimburit Stability Analysis.gsz* - GeoStudio 2007 (SLOPE/W DEFINE) - - — - = [ S
File Edit Set View Keyln [Draw] Sketch Modify Tools Window Help
D& d &S @ R AR o g | FEE ()| o [ | [0 € = RS B
[E)<os v 2| £ oo RS BIR BE m LN RS [T o
B EE@E ] Mt ~| | [0 cunert Analsis Orly
Surface Layer Materials...
Slip Surface » | K. Entry and Bt
4 paintLosds. & s point
:ﬁ? Surcharge Loads. Fie Limits
B Reinforcement Loads...
@l contours.
B contourLabels

Defines the Ieft and of the ground surfaces can enter and ext X: 48.00000 m :86.500000 m

¢ Insert the following ranges for Entry range (left side) and Exit Range (Right side). This is
for downstream slope analysis. But for upstream side the entry will right side and exit
will be the left side.

i 1
Draw Slip Surface Entry and Exit Range l P S
Entry Range (Left Side) Exit Range (Right Side)
Type: Left Point: Right Point: Type: Left Point: Right Point:
X 99.99774 X 109.62509 ¥ 150.25233 X 175.00000
¥: 34991075 ¥:  36.499993 ¥: 17.548142 ¥ 17.520161
Mumber of increments over range: 4 Number of increments over range: 4

Number of radius increments: 4

Slip Surface Projection Angle
[] Use Left {Active) Projection Angle: 135

[]Use Right (Passive) Projection Angle: | 45

[ Clear ] [ Apply ][ Done

¢ Now the problem definition has been completed. Congratulations!!!

You can double check your input in different ways. For example:
I.  Select object information from the VIEW pull down menu. Click within any region to
review the soil properties for that particular region.
II.  You can also view the information for any other geometric object.

. Another way to review your input parameters is to use the DRAW: Contours feature
available within DEFINE.

IV.  You can contour various parameters such as soil properties and pore-water pressures.
Notice that when you define a piezometric line in SLOPE/W, the software considers the
pore-water pressures to be hydrostatic both below and above the piezometric line.

V.  You can also label the contours.
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5.2.12 Verifying the input data

e Choose Verify from the TOOLS drop down list and SLOPE/W will run a number of
checks to see if there are any errors or warnings.

8 Shimburit Stability Anslysis gez* - GeoStudio 2007 (SLOPE/W DEFIN) . " = %
Sketch _Modify Tools Window _Help
DeEE&& el o RRQRAR| = -& @i @i @aE £ 58 BEE
ewoe — - ERE EICEIE YRR AN S ¥ - T
Sope Sicbilty ~ | Tine e
10 o]
M
« ’
ForHelp, press L X 45.50000 m V92000000 m

5.2.13 Solve and contour

e Click on the SOLVE icon found on the Current Analysis Toolbar.

File Edit Set View Keyn Draw Sketch Modily Window _Help
DR SE me| 0~ - |RF veiyoptimie.
DI A by ZE sotve Analyses..
FEYEOE — - R
@ [EE A & | & s @& soes:

& B [irore) -
I— [ D

Solve analysis icon

Options...

License Management...

e Select the start button to activate the solver. In the solver window you will see the
computed factors of safety for each of the various methods

e
File Edit Set View Keyln Draw Sketch Modify Tools Window Help

Dl && e o - R & QA[Q R o vt Bl
DT ALY Ad YA &4 F

N — - R A Al

@ [EE [0 & % Ansbic @) Sope Sabity tnsiyse | || (] Cunent Ansysis Oy

i Bl (inone) -

Options

[¥] Close SOLVE after sach analysis

Continue from the last solved step
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e Click the stat button to run the simulation. When the simulation is done correctly the
status will be changed into Solved

iShlmbun(Stﬂh\nyA nalysis.gsz - GeoStudio 2007 (SLOPE/W DEFINE) l= |
raw _Sketch Modify Tools Window Help

Du\éé\-@a\ o R /el e
: ;va«zor?\maxgl\ﬂm\mgrw%! 2FT
==l S % Analysis: (@) Sope Stabity < Tine | < ]| () Curent Analyes 0y ‘

[ @ solve Anaiyses [E2R==)

Select which analyses to solve:

Last Solved Status
SEEP/W Analysis SEEPAU  12/17/2016 9:33:08PM  Solved
SLOPE/W _12/17/2016 10:45:40PM __Solved

Options Show Changes
[T Close SOLVE after each analysis

i Contrue o th v e
|

Eor Help preccFl 652500000 X.91,300000

e You can review the results directly by clicking on the CONTOUR icon in the current
analysis toolbar.

8 Shimiarin Stablity Anatysis g SLOFEA DEFING o o o s
File Ede Set View Keyn Drsw Sketch Moddy Took

Help
D@ S&H k| o - R Q@ s }(‘ & EE* | 1| [ES [Raf s £ £ = = BEE

Exes wxvos BEHY L EYE¥O, oome S EN Y Y X O 4 ¥
W | & Anchic @] Soos oty ([ contour Cuamert tevdyia Oy

X: 56.50000 m - 92000000 m

e The critical slip surface appears along with the critical factor of safety

Ekvation
Gd BEPEREEYEREGEEERBE YRR

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
81.91270, 8.920000
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5.2.14 Stability analysis at end of construction

GeoStudio 2007 has the ability to analyze stability at the end of construction within the same
project file. The geometry is considered project specific, by changing only PWP to Ru.

e Click window and select define
@l Shimburit Stability Analysis.gsz - GeoStudio 2007 (SLOPE/W CONTOUR) — O — - n.. 5 e~

A 1 DEFINE
e =] ®| v contour
[@) © | % anobss ) Sope Sty EdaiC. ~ | - e

Switches to the DEFINE view to define the current analysis Step:1 X: 7.500000 m ;92000000 m

e Click Keyln and select Analyses

File Edit Set View [Keyln| Draw Sketch Modify Tools Window Help
B SER e R @/ e - % o B a7 £ £ = | [BEE

05 Y0 Regions t— - R | LY Gl Y RS -]

| @ Points. bdofc.. - | Tine || curentanatisony_|

- 8 B [none) =

Create analyses and define their settings :50.50000 m : 87500000 m

e Click add and select Clone

[l shimburit Stability Analysis.gsz - GeoStudio 2007 (SLOPE/W DEFINE) = 52
File Edit Set View Keyln Draw Sketch Modify Tools Window Help

DR &8 e o-c-RQRAQR| » - EEFET] S FEf s &

&7 o | [SER
= & |[BEEE
Eeos 5 vos |G @l v e T 0 EOd e e 57 T 5157 A6 e @B |
« A
| @sw Acyses: Delete Ig Name: Siope Stability End of Construction  DESTRtion: =
: alysis B
=l shimburit stab Clone Parent: |SEEPAW Analysis - -
= alsiaz‘:p: ) SLOPEWAnshsis  » | AnslvssTypes [Vorgenstem-Price =
[®) sope| [ SEEP/W Analysis * fngs | sip Surface | FOS Distribution | Advanced
SIGMAM Analysis »
B QuAKEWAnaysis > FETE Fn Values
BRI ES " P Concitions from: [Parent analysis ~| Time: [qast) -
=
s = Uses resuts from the parent analysis i it s SEEPA, SIGMANY, QUAKE/W or
AIR/W Analysis 3 VADOSEAW.
iE @ VADOSEAW Analysis  »

o Name it Stability analysis at end of construction
e Select Ru from PWP drop down menu
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[ Shimburit Stability Analysis.gsz - GeoStudio 2007 (SLOPEAW DEFINE)

- - (=@ =% |

File Edit Set View Keyin Draw Sketch Modify Tools Window Help

=88 pn|o- B

aa@m o - g |EEE 6 B Al S a

5 & vios =

| [l Keyln Analyses

EOL e 27 T 270766 o)

PEdE »| %~

=1 shimburit stability Analysis

3-8 SEEP/W Analysis [0 sec]
[®) Siope stabilty [0 sec]

] M

@] slope stabilty end of Construction | [ Settings |Sip Surface | FOS Distribution | Advanced

done Stability End of Canctruction | DESCDtion:
. Delete d Name:  Slope Stability End of Construction
Analyses: Analysis B 3

Parent: | SEEP/\W Analysis -

Analysis Type: |Morgenstem-Price =

Side Function: |Half-sine function x| Fnvalues
e Conditons from: [Paent nabs ] e [fes) 7]

(none)
e el et Al AN, QUAKE/IY or
" Other GeoStudio Aﬂa\is&s
B-bar
Piezometric Ling
Piezometric Line with Ru
Piezometric Line with B-bar
Pressure Head Spatial Function

Undo |~ Redo |~ Close
e Click Keyln and select pore water pressure
[ Shimburit Stability Analysis.gs2* - GeoStudio 2007 (SLOPE/W DEFINE) —— - — - - i b v o

File Edit Set View [Keyn] Draw Sketch Modify Tools Window Help

B D’"i S ER Anayses.. B [Q | e -

5

8% | [ (F) % | 7 |[Ces | (0 a(E) 2 o ° S

Strength Functions

Hydraulic Functions

Spatial Functions
Slip Surface

Pore Water Pressure...
Pore Air Pressure..

Point Loads.
Surcharge Loads..

Reinforcement Loads

AT TINTIR Y]

Seismic Load...

Probability Functions...

T Regions C— PR ER BE (Y PR P kE
Points. ndoiC.. v | T0e | (3 curent nalysis oy ‘
Mterial...

e Insert 0.35 for embankment material and O for other materials then close

%11 00000 m v-a1 10000 m

=)

-
Ru Coefficients

Materials:

Mame Ru Coeffident

Embankment Material [ | 3.5000e-001
Filter Material (Fine ... [ 0.0000e-+000
rock Toe Material [ ©.0000=+000
Foundation Material [ 0.0000e-+000
Closely Jointed Basal... [ 0.0000e-+000
Filter Material (Mediu...[ | 0.0000e+000

Ru Coeffident  0.39 m

[ Redo |+ | Close

o Using similar steps verify and solve

e Click contour
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Ekvator
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5.2.15 Stability analysis results

The summary of results of the stability analysis conducted for the different loading conditions

presented and comparison of the computed minimum factor of safeties with that of the required

factor of safeties are presented in Table. According to the result the dam is stable for the two

loading conditions.

Loading condition

Recommended FoS,,,

Computed FoS

End of construction

1.3

1.48

Steady state seepage at normal level 15

1.62

You are done!!!
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6 MANNUAL FOR MS-PROJECT

6.1 BASIC KNOWLEDGE OF MS-PROJECT
6.1.1 The MS-project software suite

Microsoft Project, the project management software program by Microsoft, is a very handy tool for
project a manager that helps them develop a schedule, assign resources to tasks, track the
progress, manage the budget, and analyze workloads for an ongoing project.

Microsoft Project is a specialized database that stores and presents thousands of pieces of data
related to your project. These pieces of information interrelate and affect each other in a multitude
of ways. Under-lying this project database is the scheduling engine, which crunches the raw
project data you enter and presents the calculated results to you.

You can then manipulate and display this calculated data in various views to analyze the planning
and progress of your project. This information helps you make decisions vital to the project’s
success.

6.1.2 Purpose

Microsoft Project is application software that is used to aid most of Projects including:

e Study and Design Projects
e Construction projects so on...

6.1.3 Scope

This guideline covers the basic procedures of construction project planning for irrigation and head
work (Case study of Didiga SSI Project).

6.1.4 Computer requirements

Pentium Il with Microsoft, Windows 2000 and above, (recommended: Intel processor with 512 MB
of RAM), 1024x768 display.

6.2 CASE STUDY FOR DIDIGA SSIP CONSTRUCTION SCHEDULING
6.2.1 Preparation of working environment

This practical exercise will help how to prepare Construction Scheduling using for Didiga SSIP.

6.2.2 Defining project scope

To define the project scope and communicate it to other key stakeholders, you develop and record
the scope statement. The scope statement should include the following:

Project justification

Product description

Project constraints or limitations
Project assumptions

Project deliverables
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o Project objectives

This Sample construction scheduling project is based on the assumption that:

¢ Active involvement of the local community in the construction process
o Utilize minimal use of Machinery
o Construction activities starts from head work and proceed towards the irrigation system

6.2.3 Getting started

Creating a project file

o Create a folder called Didiga SSIP anywhere you like
o Start, All programs, Microsoft Office, Microsoft Project 2106
e When you start Project, its Start screen appears

I = O X
Pr‘oject Sign in to get the most out of Office

sarn more

Recent

roject, start by |
icking jects. == rl
= n |
@ Open Other Projects 11l y
lank Projec ew from existing project ev from Excel wor

e The Project Start screen includes options for creating a new plan or opening a plan
e You create a new plan by clicking the Blank Project option on the Start screen. Doing so
creates the new plan in the main Project interface
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Quick Access Toolbar  Tabs Tell Me Ribbon  Group Command

M X cut - i O fark on Track = "3 Inspect - £ ] = summary = Notes m A
GT'“ o T2 Copy - § 9 Respest Links o $Mistone | == Detats sern &
ool o R Vit Tu & ey 7 i .. e 33 Mode~ s e et

Wiew Llipboard Fon the s Task: Proper! Editing fad
z _— Finisn

g Mon 12218 I di h da! ot 1) Mon 1/22/0

i )| [ S S = = I " 1 T OE Is,r Y

g

5

E

3

ud: # News Tasks : Manually Scheduled = [
View or report label Status bar View shortcuts Zoom Slider

e Here are the major parts of the Project interface; note the label of the active view along

the left edge
o Let’s walk through the major parts of the Project interface

your favorite or frequently used commands.
or feature

Groups are collections of related commands.

VVVY V¥V V¥V

Zoom Slider: Simply zooms the active view in or out

The ribbon contains the commands you use to perform actions in Project.

Commands are the specific features you use to perform actions in Project.

The Quick Access Toolbar is a customizable area of the interface where you can add

Use the Tell Me box to quickly find a Project command, or help about that command

e File -> Options -> General tab -> Project view -> Default view then Select “Gantt with

Timeline” from the dropdown box

Project Options
General ) . . . .
°8 General options for working with Project.

Display “
Schedule User Interface options
Proofing ScreenTip style:  Show feature descriptions in ScreenTips v
Save = q

Project view
Language

Default view: |Gantt with Timeline b

Advanced Date format: |Wed 1/28/09 v
Customize Ribbon

Personalize your copy of Microsoft Office

e File -> Options -> Display tab -> Show Indicators and Options Buttons for. Check all

options
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Project Options

Customize Ribbon

Quick Access Toolbar Show indicators and options buttons for:

Resource assignments

Edits to start and finish dates

Add-Ins

Trust Center

G I . -
eners @ Change how Project content is displayed on the screen.
Display
Schedule Calendar
Proofing Calendar Type: Gregorian Calendar i
Save : -
Currency options for this project: @3] Project1| v
Language
Symbol: $ Decimal digits: |2 =
Advanced
Placement: |§1 = Currency: UsD b

Edits to work, units, or duration

Deletions in the Name columns

e File -> Options -> Schedule tab -> Schedule -> Show Assignment Units. Choose

“Decimal” from the dropdown box

Project Options

General

Display

Schedule Calendar options for this project: 32 Project1
Proofing Week starts on: Sunday ~

Save Fiscal year starts in:  January i~

Language

Advanced Default start time: |[8:00 AM |~

Customize Ribbon Default end time: |00 PM |

Quick Access Toolbar Hours per day: 8 =

Add-Ins Hours per week: |40 =

Trust Center Days per month: |20 =
Schedule

Show scheduling messages ™

Show assignment units as a: |Decimal ~

Change options related to scheduling, calendars, and calculations.

These times are assigned to tasks when you enter a start or
finish date without specifying a time. If you change this setting,
consider matching the project calendar using the Change
Working Time command on the Project tab in the ribbon.

e File -> Options -> Schedule tab -> Calculation -> Calculate Project after Each Edit.

Check the On button

Calculation

Calculate project after each edit:

@ on
O off

Actual costs are always calculated by Project

Default fixed cost accrual: |Prorated| v

Calculation options for this project: [ Projectt

Updating Task status updates resource status®l

Inserted projects are calculated like summary tasks

OK Cancel

e Options -> Save tab -> Save projects -> Save Files In this format. Select Project
(*.mpp). file name as Didiga SSIP Construction schedule
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Start Date

o Click Project tab -> Properties Group -> Project Information.

¢ A dialog box appears. In the start date box, type 11/11/15, or click the down arrow to
display the calendar, select November 11, 2015.

e Click OK to accept the start date.

Project Information for 'Didiga SSIP Construction schedule’ X

Start date: |Wed 11/11/15 v| Current date: |Wed 11/11/15 v|

Finish date: sun 2/5/17 Status date: | NA W |

Schedule from: | Project Start Date w | Calendar: | Standard w |
All tasks begin as soon as possible. Priority: 500 :

e Click Project tab -> Properties Group -> Project Information.
o Click the arrow on the Calendar dropdown box. A list appears containing three base
calendars and select a Standard Calendar as your project Calendar

Project Information for ‘Didiga SSIP Construction schedule’ x
Startdate: | Wed 11/11/15 v| current date: |Wed 11/11/15 V]
Finish date: Wed 11/11/15 Status date: | MNA w |
Schedule from: | Project Start Date W | Calendar: Standard | )
24 Hours
All tasks begin as soon as possible. Priority: Night Shift
Enterprise Custom Fields Standard

Setting Your Project Calendar

e Click Project tab -> Properties Group -> Change Working Time

Change Working Time x

For calendar: ‘ Standard (Project Calendar] V‘ Create New Calendar ...

Calendar 'Standard' is a base calendar.

Legend: Click on a day to see its working times: February 5, 2017 is nonworking.
1 7 February 2017 ~
| Vorking S|M[T[W[Th[F[s
T121(3 |4 .
onwarking Based on;
671891011 Default work week on calendar
31! tdited king h ‘Standard',
ot B B FPY EEN EVA RN AT PR T
On this calendar: 19|20 2122 [23 24 |25
: ception day 26|27128
i Mondefault work week v
Exceptions work Weeks
Name Start Finish N Details...

Delete

e To change the working time of a particular day of each week, Select the workweeks field

o Click Details

e Select the day (Monday-Saturday) and Mark the “Set day(s) to these specific working
time”

e Click Ok
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Details for '[Default]’ e

Set working time for this work week

Select day(s): O use Project default times for these days.
O Set days to nonworking time,

(®)iset day(s) to these specific working times:

From To
8:00 AM  |12:00 PM

1.00 PM (500 PM

Exceptions are used to modify a Project calendar to have a non-standard workday or a
non-working day.

6.2.4 Calculating duration for activities

A duration of the task is the estimated amount of time it will take to complete a task. As a project
manager you can estimate a task duration using expert judgment, historical information, analogous
estimates or parametric estimate. Before undertaking any work or project it is necessary to know
the time it will take to accomplish, which is obtained or derived by dividing the total quantity by
acceptable Norms. For example,

Site Clearance for Camping site using four Daily Laborer

» One Daily Laborer in 8 hr execute 10m2

» Four crew each congaing four Daily Laborer in 8 hr. execute 160 m2
» Total quantity for site clearance is 141 m2

» Estimated time = 141/160 = 0.88 days

» Therefor for total days for this activity is ~ 1 Day

The expected duration for the rest of the activities is calculated in similar fashion. For
Didiga SSIP the duration is calculated and presented in File with the name of Norms
Output and Resources.xls located in C-Excel file folder.

6.2.5 Scheduling tasks

Tips

» Brainstorming: Enter tasks as you think of them, without regard to sequence or
grouping of related tasks. You can move and organize the tasks later.

» Sequential: Think through the project from beginning to end, and enter tasks

sequentially.
» Phases: Think of the overall phases of the project. For example,

After those phases are in place, you can add tasks and subtasks beneath them.

Milestones and deliverables: Consider what the project is producing in terms of the
mile-stones and deliverables. Enter those events as tasks and then add tasks and
subtasks beneath them to flesh out the project. Your scope statement can be a valuable
guide in this process

100
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Entering Tasks

e From C-Excel file folder open Didiga Duration.xlsx file
e Copy all activities and durations
¢ |n Gantt Chart View, just click a cell directly below the Task Name Column Paste it

P == =1 m [ Status Dat Na ABC
E @ store ol i ’_ atus Date: 7]
> o - C ! = Eupdate Project
Subproject | @y Add-ing - Project  Custom Links Between WBS  Change  Calcul Set  Maove Spelling
Information Fields ~ Projects - Working Time  Project Basaline - Project
Insert Addins Propertis Schoduo Status Praching ~
z [Decs, 15 [Dec 20,15 jan 3,16 {lan 17,16 Jan 31, 16 [Feb 14,15 [Feb 26,16 [Mar 13,16
a " Fanish
s Add tasks with dates to the timeline Thi 2416
=
Task mber 20 Decamber 2015 'R
O oo ~ TaskName + Dusation = Start 4 19 24 (29 4 9 1419 24 R 2 |17 22 e 1 18 n =
1 ‘ 2 ‘ ‘Mubization 17 deys
2 P Tccess Road Mairtonance cutling 1o an average Goph of 7 days
0.3m. with 6m wickh o to remov 1op scd
3 I Camping & camp faclliies 1202 days
4 Ay Ste clearance 1 day
5 # Tranch and other xcations 252days
6 Y Cart away surplus excavations 260 days
# 20 em hard corefwet) 0.15 days
8 2 Stone masonry works of mix ratio 1:4 538 days
- Ny Scm Coment scraed 1.3 days
ET # S waling (G-32) 215y
; 1 i IS roafing (G-32) 149 days.
z . Ay Fencing (Tm=20c1d i2days
AT Ay Headwork {20m spon Masonry Broad Crested Weir) 63,26 days
14 N Weir body 26.67 days
15 i Ste clearance 625 days
16 s Caffe dam for temparary flaw version with sand flled & days
‘ bagsidey time Ao is estimated to 343 lis and river span
shout 20m
17 # Excavation of coarse sand for foundation 10 a depth not 4,35 days
‘ exceading 2m. including dispasal > 50m
18 Y Excavation for e training 792 days
18 A Masaney bedded in 1:3 mortar 1035 days
20 s Piastering in 1.3 mortar 607 days =
‘ B v
Ready A New Tasks : Manually Scheduled B m o= o g - 1 +

e In Gantt Chart View, just click a cell directly below the Start Column and select
November 11/ 2015.

¢ Similarly select the same day for all activities

- 4 T - | Notes. Find -
% Arial 8 . lark on Track * q ] T ’ - iof - L Fin
B Copy - % Respect Links. N = H [ Details & & Clear-
Gantt  Paste BIU|D-A- TP % e nually Auto  Inspect Move Mode  Task Summary Milestone Information | scroll —
- u A- &5 # - k 5
i Format Painter Inactivate Schedule Schedule - - - - "2 Add to Timeline -0 (F1FiN
View Font n Schedule Tasks nsert Propertios Edting ~
z Now 15,15 Nev2sls  Dec6'ls  Decidls  |Dec20 15 Dec (B35 N 1016 BnTR16 Bn2416  n3116 (Feb7016  Feb1416 Feb3LT6 eb
= Add tasks with dates to the timeline Wed 3
£
Task November 201 December February 2016 March 2016
O mode - TaskName - Dusation | Start - Finish w45 1w 1w u o= 49 4 20 3 B |1 W A B 2 T R W |2 7|3
1 ‘ * Mabiization 7days /o 1111815 I* "
2 @ ccass Road Maintenance cutting to an verags depth of 7 days Wed TUTTE  Wed 11118115 & .
0.3m. with 6m width or to remeve top 5ol
3 # Camping & camp faciities 1202days  Wed 11115 Thu 1126115 ! 1
4 » Site clearance 1day Wed 111115 Wed 111115 "
5 * Tranch and other sxcanations 252 days Wed 11115 Fr 1013015 -
& # Cant sway surpus excavations 268 days Wed 1115 Fr 113015 -
7 * 20 cm hard corequst) 0.5 days Wea 1145 Wed 111115 1
8 # Stone masonry works of mix ratia 1:4 538 days Wed 1111145 Tus T01TI15 f—
g, + Som omant cresd Vs Wt Ttz "
z
AT + €IS waling (G-32) 215 days Wed 11115 Fr 113015 -
E 1 e CIS roufing (G-32) 148 days Wed 111115 Thu 1112115 -
5 n # Fencing (T6m)=20x18 12 days Wed 111115 Tue 1124/15 ! 1
13 » Headwark (20m span Masonry Broad Crested YWeir) 61.26 days Wed 111115 Sat V2316 " ]
14 » Wes body WbTdays  Wed W1 Fr 121115 ! "
15 * Ste clesrance 625 days Wea 115 Wed 114815 I '
16 # Coffer dam for temporary fow Gversion with sand fled 4 days Wed 11115 Sat 117W/15 —
bags(dry time fow is estimated to 343 's and river span
souua 26m

o Click the top left corner to select all the tasks
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Gantt  Past - e - = = e e Manually  Aut Inspect Mowve Mode  Task
”‘::_, . 1_ .V formatPainter 8 1 M 1 A = @0 . Inactivate Schedule ‘(n-‘d\:h‘ e rf o 2 ‘_
Chpboard Font Task
= [etey | /
g MNov 13, 13 * 3 - De< » s an L Jan
o Start
w > dat I -
= 11 iait NeE o
E
Task e
O  Mode + Task Name « Duration - Start ~ Finish v ;
1 » Mobakz aticn Tdays Wed 1111115 Wed 113815 I 1
2 - Access Road Martenance cutting 8o an average depth of 7 days Wed 11/11/15  Wed 1119015 * 1
0.3m, with &m with or to remove top sod
3 » Campeng & camp facites 1302 days Wed 11111/35  The 1122615 1 1
4 » Site clearance 1day Wed 11111115 Wed 1111115 "
5 » Teanch and other excaations 252dmn Wed 11111715 Fa 1111315 [
& » Cant awary surphss excavationi 2685 dan Wed 1111115 Fa 1111015 5]
7 » 20 cm hard coreiwet) 0.15 days Wed 11111115 Wed 111115 '
= 8 » Seone masonry works of mocratie 1.4 5.3 days Wed 1111135 Toe 1111TNE [’ 1
% » £cm Comant screed 13 days Wed 111115 Tha 11112115 -
z . L3 nilin T Aal (TP ETITTITTS PRIy L
¢ Click the auto schedule tab

% -

Resource Report

Project

View

Gantt Chart Tools

Format

Didiga SSIP Construction schedule.mpp

TIMELINE

Q Tell me what you want to do...

= % Calibri i1 - mmemmem % Markon Track - - e TS
Bl Copy - . D Respect Links - ¢y B
" o & 10 0B %5 e S 00T B e e o e
Clipboard Font I Schedule Tasks
[Nov15.15  |Nov22,15  |Nov29,'15  |Dec,'l5 [Dec3,15  |Dec20,"15  |Dec27,'15  [Jan3,'16
Start

Wed 11/11/15

Add tasks with dates t

e Then the task Mode will change to auto schedule mode

Sub Tasks
There can be a huge number of tasks in a project schedule, it is therefore a good idea to have a
bunch of related tasks rolled up into a hierarchical chart view to help you organize the plan in a
better way. It helps you organize your plan into phases. In MS Project, you can have several
number of sub-tasks under any higher level task.

e Mobilization and Access roads don’t have subtasks so leave them as it is
¢ But Camping and camping facilities have number of sub task that needs to be rolled up
to do so select task from 3.1 to 3.9.5 (refer the Norm,output and resources excel file)
e R
5 - Trench and other excavations 252 days Wed 111915 Fn 111315
6 - Cant away surplus excavations 269 days Wed 141115 Fri 1113015
7 - 20 cm hard corefwet) 0.15 days Wed 111715 Wed 111115
L. B - ‘Stone masonry works of mix ratio 1:4 5.30 days Wed 171115 Tue 101715
; 9 - Som Cement screed 1.3 days Wed 11715 Thu 111215
U 10 - CIS wallng (G-32) 215 days Wed 111115 Fr 11113015
E 1 - CIS roafing (G-32) 149 days Wed 111115 Thu 112115
5 2 - Fencing (T6m)=20x13 2dys Wed 101415 Tue 1124015
13 - Excavation by manpower (for 31 poles) 0.09 days Wed 141115 Wed 1411115
14 - Concrete works of mix ratio 124 008 days Wed 111115 Wed 111115
15 - Purchasing. transporting, cutting. and ercting of Eucalyptus 1.8 days Wed 111115 Thu 111215
16 - Burbled Wire around the fence for protection 18 days Wed 1V1W15  Thu 111215
17 - Nails { Mo 8cm) for fance construction 1.8 days Wed 11115 Thu 101215
B e e o
o Click Indent tab
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2 - s Gantt Chart Tools Didiga SSIP Construction sch
Resource  Report Project View Format \:,‘ Tell me what you want to do...

: = % Cut B8 \1ark on Track ~ w=m
= e Calibri it V|- # =B -
ot Pasta D COPY T R % Respect Links vy T couct

an aste ) B I U H-A- e e | @ ¢y ) anually o nspect Mo

~ = l

Chart~ - [FE L T = = Inactivate Schedule Schedule| - -

View Clipboard Font [F Schedule Tasks
; Indent Task (Alt+5Shift+Right)
a This task becomes a subtask. Dec 20,15 |Dec 27, 15 a
= -
= Creating a hierarchy will help you Add tasks with

better organize your tasks
Task

e Again there are sub tasks of Fencing i.e. from 3.9.1 to 3.9.5 and likewise by clicking
indent tab create the sub tasks
e The created task hierarchy looks like this

1 - Mobilization 7 days Wed 1111115 Wed 11/18/15
2 - Access Road Maintenance cutting to an average depth of 7 days Wed 111115 Wed 111815
0.3m, with 6m width or to remove top soil
3 - -« Camping & camp facilities 5.38 days Wed 111115 Tue 1M17H5 [ |
4 - Site clearance 1 day Wed 11/11115 Wed 11711114
5 - Trench and other excavations 252 days Wed 1111115 Fri 1111315
6 - Cart away surplus excavations 2.69 days Wed 11/11115 Fri 1171315
7 - 20 cm hard core(wet) 0.15 days Wed 11/11115 Wed 11711115
- 8 - Stone masonry works of mix ratio 1:4 5.38 days Wed 1141115 Tue 1111715
E:‘ 9 - 5cm Cement screed 1.3 days Wed 1171115 Thu 1111215
S 10 - CIS walling (G-32) 215 days Wed 111115 Fri 11113115
E 1 - CIS roofing (G-32) 149 days Wed 114115 Thu 111215
5 -  Fencing (76m)=20x18 1.8 days Wed 1111115 Thu 11125 n
13 - Excavation by manpower (for 31 poles) 0.09 days Wed 1111115 Wed 11/11/15
14 - Concrete works of mix ratio 1:2:4 0.08 days Wed 1171115 Wed 11/1115
15 - Purchasing, transporting, cutting, and ercting of Eucal 1.8 days Wed 11711115 Thu 111215
16 - Burbled Wire around the fence for protection 1.8 days Wed 11/11115 Thu 1171215
17 - Nails { No 8cm) for fence construction 1.8 days Wed 1141115 Thu 11/12115
18 - Headwaork (20m span Masenry Broad Crested Weir) 63.26 days Wed 11/11115 Sat 1/23/16

Creating Relationships between Tasks

Once you have a list of tasks ready to accomplish your project objectives, you need to link them
with their task relationships called dependencies. For example, Task “Access road” can start once
Task “Mobilization” has finished. These dependencies are called Links.

In MS Project, the first task is called a predecessor because it precedes tasks that depend on it.
The following task is called the successor because it succeeds, or follows tasks on which it is
dependent. Any task can be a predecessor for one or more successor tasks. Likewise, any task
can be a successor to one or more predecessor tasks.

There are only four types of task dependencies; here we present them with examples.

¢ Finish to Start (FS): The finish date of the predecessor task determines the start date
of the successor task.

¢ Finish to Finish (FF): The finish date of the predecessor task determines the finish
date of the successor task.

o Start To Start (SS): The Start date of the predecessor task determines the start date of
the successor task.

¢ Start to Finish (SF): The Start date of the predecessor task determines the finish date
of the successor task.
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Link Task

In order to organize the tasks in specific order you have to understand the tasks
relationships. Start with mobilization->Camping and facilities->Head work->Main canal...
In the predecessor tab of “access road” enter “1” (which is ID no. of Mobilization
indicating that it comes after mobilization completed)

Task ber 2015

Mode « TaskName ~ |Predecessors - | 4 | 6 | 8 |10 |12 14 |16 18 20 | 22 24 |26 28 | 30
1 - Mobilization h
2 (=g Access Road Maintenance cutting to an average depth of 4 &

0.3m, with 6m width or to remaove top soil.

3 |m 4 Camping & camp facilities —
4 |wm Site clearance
5 |m Trench and other excavations

Under Camping and camping facilities the sub task “site clearance” can be started at the
same time as “access road” activity starts hence enter “2SS”

Task ber 2015

Mode ~ |Task Name v | Predecessors ~|[4 |6 8 10 121416 |18 |20 |22 |24 26 28
1 - Mabilization l
2 | Access Road Maintenance cutting to an average depth of 1 -

0.3m, with 6m width or to remove top soil_

3 |-3 4 Camping & camp facilities | E—— |
4 |wm Site clearance 288 Ly
5 = Trench and other excavations

The rest of the task linkage is self-explanatory
The final task schedule (Partially) will look like this

signin O

'._ v Timeline [—
= B cal Zy T Filter . Q A Details
Ganit Task o Sort Oullne Tables e\ e Group] - Z re Selected Ma
Chart * Usage - = N N - ol L ke - ect  Tasks
_‘ i o 2
O wode o7 D « Finish  + Predacessc ' Mo T F M1 1 1T 1 MT W
- 7 days Wed 11/11/15 Wed 1118115
- 7 days Thu TA916 Tha 1126015 1
- 1242 days Fri 120015 Fri 121145 [ 1
- Fi 12716 Fri 112115 2 |
- Tue 12115 4 ¥
- 5 i
- 6 1
- s [
- L 5 7 i
- CIS walling (G-32) 15 B ¥
- CIS raofing (G-32) Wed 12015 Fri 121115 10
- 4 Fencing (76m)-20x16 FrANZIA5  Wed 12215 —
B - Excavation by manpowar (for 31 poles) 009 days Fi 121146 Fi 12115 4 I
= - Pu ponting, cutting. and 2 days Fi 412145 Mon 110015 1355 3
] o s pole of @10cm ot
E each 2 5m langth l
| - Concrete warks of mix ratio 1:2:4 0.00 days Won 1173015 Mon 11730015 14
] - Busbled Wire around the fence for 18 days Won 1173015 Wed 12/2115 1555 »
protection
- Nadls ( Mo Bem) for fence construction 2 days Mon 1173015  Wed 12/2/16 15885 »
- « Headwork (20m span Masonry Broad 6172 days Mon 1217115 Wed 21716 —
Crested Weir)
- 4 Wair body 39.39 days Mon 121715 Fri 122116 —
- Site clearance 5.25 days Mon 127115 Tus 1211515 B i
- n  ddays Tue 1211615 Sat 1211915 20 °
- A days Sat 121915 Thu 12024115 21
- 7.92 days Thu 1272415 22
- 10.35 days Thu 12724115 2
- Plastering in 1.3 mortar 407 days Mon 1118116 /2216 2455+5 days
- + Stilling Basin and apron 20.50 days Sat 1216 Tue 12616
0
o New Tasks : Manually Scheduled Blm » 8 0 - ] +

6.2.6 Create milestones

In Project Management, Milestones are specific points in a project timeline. They are used as
major progress points to manage project success and stakeholder expectations. They are primarily
used for review, inputs and budgets

104
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Inserting a Milestone

e Click Task name below mobilization
e Click Task tab -> Insert group -> Click Milestone

Resource  Report  Project  View Format Q Tell me what you want to do.

— . = —
=l S5 o N s T e | -
==\ B2 Copy - DRespectlinks |2 ‘ " i vl o g 8 ot Details oo
antt  Paste X B I U @S anually Auto  Inspect Move Mode —Task Summary MITEEBne Deliverable  Information o cro
¥ [T ; s
Chart~ . Format Painter = Inactivate BRI s chedule . - . . +a Add to Timeline to Task
View Clipboard Font n Schedule Tasks Insert Properties E
Insert Milestone December2015
Task 1815 Nov 75, 15 ‘ w2515 De
Mode w TaskName v Duration ~ Stan - Finish  » Predecessors » Res|M T W T F & S M T w,| Insertamilestone task to mark an M T WT F S S
4 [m « Camping & camp facilities 12.42 days F 112115 Fri 1211115 eventin the project
5 wm Site clearance 088 days FY! 1127115 Fri 11727115 3 Con: Milestone tasks are tasks with a
6 |my Trench and other excavations 252 days Fi 112715 Tue 12115 5 Con:
zero day duration.
7 |wm Cart away surplus excavations 2169 days Tue 12/1/15 Fri 12/415 6 Con:
3 |wy 20 cm hard core(wet) 0.15 days Tus 121115 Tue 12115 6 Con: ‘
aloniacia 204 Cuai2itih— oo 120208

o MS Project names the new task as <New Milestone> with zero-day duration

o Click on <New Milestone> to change its name to Milestone-1

e Link it with “Mobilization” by entering “1” at the predecessor column of Mile stone

e You can see the milestone appear with a rhombus symbol in the Gantt Chart View on
the right.

Resource Report Project View Format Tell me what you want to do...

s, X Cut Arial s | memem=- = \fark on Track ~ % > E E‘? +- .+_I
B . W T R O ) > 2 & ;
Gantt = Past = cony Sy ! ¥ Respect Links M lly  Aute | t M M d. Task S
an ste " B B I U ~ A~ S T s s anually uto nspec ove ode s ummary
~ L €« 2
Chart~ | - RSl = ' " & Inactivate Schedule Schedule - - - -
View Clipboard Font I} Schedule Tasks
2015
Task Qtr 4, 2015
Mode +  Task Name w | Duration » Start w Finish » Predecessors = Nov Dec Jan
1 |y Mabilization 7 days Wed 11/11/15  Wed 11/18/15
2 |mm Milestone-1 0 days Wed 11/18/15 Wed 11/18/15 1 . %11”8
3 |mm Access Road Maintenance cutting to an 7 days Thu 11/19/15  Thu 11/26115 1 :
average depth of 0.3m, with 6m width or to :
remove top soil.

o Repeat the same procedures for all major tasks

= =) ) X, Cut Eaitn i . - - Mark on Track = - —7 i -I‘-’ = Notes [ LFind -
1 Copy ~ N T Respect Links E - [ oetaits b Clear +
(r:;[n Paste o otramer B I U DA T3 # @6 Inspect Mode Task Summary Milestons Information :-(::?x T
view Font . Schedule Tasks sart Froperties Editng ~
201 +
ash Qr 1, 2016 r . 2016
Mode v TaskMame v Dusicn  w St v Fish v Predecessos v No Jan Fab Ma May i o9 5
1= Mobilzation 7 days Vied HATHE Wed 1118/15
2 - Milestone-1 0 days Vied 111815 Wed 111815 1 & nne
EIC Y Access Rosd Mamlensnce cultling 10 an 7 days Thu MARE  The 192645 1 i
averags depth of0.3m, with &m vadth or 10
remo tap soil
Camping & camp lacilities 12.42 days 25 Fri 121105 —
Miestone 2 0 days FAAZINE  Fa12itns 4 &
Headwork [20m span Masonry Brond Bli2deys  Mon 12705 Wed 217116 '—'l
Cresed Wer)
Milestone-3 0 days Wed 211716 Wed 21716 20 Fau
Main Canals Gifdeys  Tue 36 Thudlmng e |
Miestons-4 0 days TuaZete  Twazis 62 sun
Secondary Canals [1,2.3.4) 1.2 days Thu 428116 Wed 51116 —
Miestone 5 0 days Vied W16 Wed 5116 T &5
= Tertiary canals 1.7) 869 days Tuo SN Fri 1316
% Milestona- 0 days FAS6  Fosate T8 '_:l 543
& Tumaouts (74 No) 15.2 days. FriSEME  Tus 52416
E - Miesions-7 0 days TueS2UE  Tue SRATE 07 Fam
Z - Flume { RECF1 an Me, L= 3m) tsbdoys  Thud26  Wed SNB6 |—}
] - Milestone-§ 0 days Wied 511816 Wed 518116 95 51
1 - Hight storage B2 deys  Satd06  Mon 816 —
u - Milesione-3 0 days MonE16  MenSETE 113 Fue
"1 -,y Chutes (Mo ) fon Mc L = 400m, on SC2L = 40.5 days Vied 61116 Mon 118116 l—|l
Z50m)
16 - Miestone-10 0 days Mon THBAG  Mon THEMGE 141 s
1" - Division Boxes (6 in Number) 646 doys  SatEHE  Fri BN —
151 -,y Miesione-11 0 days FaTEIE  FaTBS W7 sm
152 |-y Orsinoge Culverton Lined Cansl (7in NM.90days  Tue G216 Set IMG16
Humber)
150 .o Miestone-12 0 dsys SMTHGNE  Sa GG 162 & me
150 .y Box Culverts for Road Cross (8 in Numbers) 17,69 days Sat 7216 Sal IZN16 —
165wy Milestone-13 0 days SM TG S TEe 159 &

6.2.7 Setting up resources in the project

In project management terminology, resources are required to carry out the project tasks. They
can be people, equipment, facilities or funding required for the completion of a project task.

Optimum resource scheduling is the key to successful project management.
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Resource types

o Work resources: People and equipment to complete the tasks.
e Cost resources: Financial cost associated with a task.
o Material resources: Consumables used as project proceeds.

Adding resource names manually
To add resources to your project by simple data entry, follow these steps:

Click View, Resource Sheet to switch to the Resource Sheet view
Make sure the Entry table is applied. Click View, Table, Entry

Enter the names of other resources in the same way

name as a work resource, just as you would a human resource
¢ On the Initials column enter the abbreviation against each resources
¢ On the Max column enter the number of resources to be utilized

In the first Resource Name field, type the name of a resource and then press Enter

If a piece of equipment will be integral to the successful completion of a task, enter its

¢ On the standard rate column enter the hourly cost against each resources

Resource Report Project View Format Q Tell me what you want to do...
Eg' .\.. ] E a8 El ‘.“ mm [ Leveling Options
= L= “+ ’_—‘ - - 5= Clear Leveling
Team Resource Add Information Notes Details Leve Level Level o e o
Planner~ R s Pool~ | Resources~ Selection Resource  All (e Dveraliocation
View Assignments Insert Properties Level
@ Resource Name > | Type ~ Material ~ lInitials > Group ~ Max. ~ Sid.Rate  ~ Ovt.Rate = Cost/Use v Accrue ~ Base ~ Code
1 Dozer Work Do 1 $2,676.00/hr $0.00/hr $0.00 Prorated Standard
2 Loader Work Lo 1 $1,104.00/hr $0.00/hr $0.00 Prorated  Standard
3 Excavator Work EO 1 $1,707.00/hr $0.00/hr $0.00 Prorated Standard
4 Roller Compactor Work RC 1 $682.00/hr $0.00/hr $0.00 Prorated  Standard
5 Dump Truck Work DT 2 $740.00/hr $0.00/hr $0.00 Prorated Standard
6 Water Truck Work WT 1 $80.00/hr $0.00/hr $0.00 Prorated ~ Standard
Construction Foreman Work CF 2 $28.00/hr $0.00/hr $0.00 Prorated  Standard
8 Construction Manager Work CcM 1 $38.00/hr $0.00/hr $0.00 Prorated  Standard
9 Site Engineer Work SE 1 $46.00/hr $0.00/hr $0.00 Prorated  Standard
10 Mason Work MA 24 $15.00/hr $0.00/hr $0.00 Prorated  Standard
1 Plasterer Work PL 10 $15.00/hr $0.00/hr $0.00 Prorated  Standard
12 Chiseler Work CH 4 $15.00/hr $0.00/hr $0.00 Prorated  Standard
13 Welder Work WL 1 $17.00/hr $0.00/hr $0.00 Prorated  Standard
- 14 Carpenter Work CcP 8 $15.00/hr $0.00/hr $0.00 Prorated  Standard
[ ] Bar Bender Work BB 3 $10.00/hr $0.00/hr $0.00 Prorated  Standard
ﬁ 16 Daily Laborer ‘Work DL 180 $8.00/hr $0.00/hr $0.00 Prorated  Standard
¥]
=
Assigning resources to tasks
e Click View Tab -> Split View group -> Details -> Task Form.
File Task  Resource  Report  Project [RVIEN] Format Q Tell me what you want to do...
m_—‘ ‘H_\ [FE)Network Diagram - F [T2 Resource Usage ~ Al [ i ‘% 3 Highlight: [No Highlight] ~ Timescale: =1 EH switch Windows ~ ’—'
= == [ calendar - =& [iResource sheet = £ = Wrilte:  [NoFilter]  ~ Days T B Arrange Al
Gantt Task ) Team Sort Outline Tables ¥ New — . Macros
Chart= Usage - Z10ther Views - Planner - T Other Views - - . . B:Group by: [No Group) e e e Window ) Hide~ B
Task Views Resource Views Data Zoom split View Macro
Task Nov 1515 Noy Detals View Dec 6,15
O Wode + TaskName v Duration v Start ~ | Finish v |Predecessoi F S S M T W T s s | Selitt een and show the T T S M T
1 - Vobilzalion 7 days Wed 1UIT15 Wed 11/18/15 ; L;"“' s pane on the lower part of
2 - Milestone-1 0 days Wed 11/18/15_ Wed 11/18/15 1 .tmm the screen
E - :f;v:;: ::x“:;é";’;‘f;ﬁ;‘s‘;‘w: = Ve ETETD W TESE The details pane shows additional
= remove top soil nformation about the selected task
g . - 4 Camping & camp facilities 1242 days Fri 112715 Fri12i1is Or resource.
e The window is split in two, Gantt Chart view and Task Form view below it.
e In the Task Form view, click under the Resource Name column and select the resource.
¢ Click the cell below the Resource Name column.
o Select the resource from the dropdown list.
) . e
¢ On the unit’'s tab enter the expected input for that specific task.
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Ready o New Tasks : Manually Scheduled

Dec 13,15

= == P Network Diagram - [T2 Resource Usage - AJ. + £3. ] Highlight:|[No Highlight] - | Timescale: q = wm Timeline Switch Windows - e
= == [ calendar - esource Sheet = I W Filter NoFilter] = |Days - 0 Qv Details  Task Form = Amrange All =
Gantt Task o Qutling Tables — Zoom Entire Selected New — Macros
Ehart® Usage - [210ther Views - Planner - T Other Views - B . Graup by: | [No Group! Project Tasks Window — Hide - .
Task View esource View: Data Zoom it View Macro
Tas e o221 i o
O wods - ToskHame . Dumtion = St v Finsh v Prodecess F S S W T 3 T 5 M T 3
1 - Mobilzation Tdays Wed 1115 Wed 1G5
2 - Milestone1 0 sy Wed 111815 Wed 111815 1 & 1ne
3 - Access Road Maintanance cuting to an Téays Tha 115 Tha 1172615 1 -
‘avvrage degeh of 0 3m, with &m widh or o
= remo top sail
2 < Camping & camp facilies T2ATdoys P TEINS R 12T T
o] - Site chearancy 0.8 days FAIVZIS  Fri U215 3 [
E - Trench and other excavtions 252 days Fi 205 Tue 125 5 ¥
] - Can away surplus excavations 269 days Tue 121115 Frif24i15 & e
(U - 20 cm hard corewet) 015 days Tue 121115 Tue 12015 6 i
] - ‘Stane masoney works of i ratic 14 5.3 days Tue 12415 Men 12715 6 [,
0 - Sem Cement scresd 1308y Tue 12115 Wed 12216 8 [’
1 - CIS walling (G-32) 215 days Mon 127015 Wed 12015 8 s
- IS raofing (G-32) 143 days Wed w5 Fntzivs 11 |
- 4 Fancing (T6m)=20x18 sdoys Fri TS Wed 1272115 —
u - Excavaion by manpawer for 31 poles] 0,09 davs FA1VZNI6  Fo 11206 6 g
‘ B
Name: | Access Road Maintenance cutting to an av Duration: | 7 days 21 Dletort driven [ nanually scheduled raxt
st [T 11719715 Foigh, [ 11726715 : | Fired Duration o |2
1D | Resource Name ork RO LeveingDelay  Delay Sched ~
| & |consinuction Manages 55 od.
9 [site Engineer 56 0d
| 7 1 od
2| sah od,
2| 3360 od
]
a

I

[ ]
[ ]
“Resources name” column

[— — ork Diagram - ™= [ToResource Usage = A | [+ €y 7] Highlight: | [No Highlight] = | Timescale:
=l | = il =
- B Calendar - e esource Sheet ~ d ¥ Filter: [Na Filter] -| Days
Gantt  Task . Team Sort Outline Tables ot
Chart= Usage - [10ther Views e ther Views e Group by: [N Group!
Data
Modo » Task Mam v Dusiin  w St v Finsh v ResourceNames -
= Mobizton 7 e Wed 11115 W 111815 B
2 .y Milestone-1 0 days Wed 111815 Wed 1118/15 N
- Accass Road Mainlenance culting 1o an 7 days Tha TU1H15 Tha 1126715 Construction Manage(0.1]
‘anrage depth af 0 3m, with 6m wadth or o Site Enginewr(0 1]
ramove top sail Canstruction Foreman0 7] Deze
i m + Camping & camp facililes VA2doys FA RTINS P25
- Site clearanc B8y Fi 2715 F 112075 Construction Manage(0 01]Sie
5 - Trench and other excarstions 252 days Fi 112015 Tus 127015 Consiruction Manager(0 1] Sa |
CY Cant away suphus excavations 269 days Tue 1245 Fi 1216 Construction Manager(0. 1] Sis |
s 20 cm hard core{wet) .15 days Tue 1211115 Tue 1211/15  Construction Manager(0 1) Site |
9 - Stone masonvy works of mix rstio 14 638 aays Tue 12115 Mo 127716 Construction Manager0. 1) Ste |
0 - Sem Coment screed 13 days Tue 121 Wed 122115 Canstruction Manager[0 1] Ste |
1 -,y €IS waling (G-32) 215 aays Man 127115 Wed 1215 Construetion Manage(0.1] Ste |
7 - CIS roofing (G-37) 148 days Vied 12915 Fri 1211115 Comstruction Manage0 1] Ste |
E + Foncing (T6m)=20x18 A days FiM2Is Wed 12215
£ Excavation by manpowsr for 31 poles) 0,03 days F & F 12715 Construction Manager0.1].Sta |
<] Purchasing, ranspating. culting, and 2 days Fi 12015 Mon 1130116 Consiruction Manager(0 1]
E ercing of Eucalyptus. pola of @10cm ot Sito Enginear(0 1]
13 each 2 6m langin Cansiruction Foraman0 25] Can
E nvm Concrete warks of mix ratia 124 008 days Mon 113015 Mon 1930115 Constrction Manags(0.1) 52 |
1. Burbled Wire around the fence for 18 days Mon 1173015 Wed 12/2/15
protection
- Nails { 1 Bam) for fonce consiruction 2 days Mon 1173015 Wed 122215
- Milgstons-2 0 days FiA2M05  Fr 120115
0 -y + Headwork [20m span Masonry Broad 61,72 days Mon 127115 Wed 21716
Crested Welr)
7 - « Wit body 1Moy Mon Fri 1226
2 - Site chsarance 625 days Mon Tus 12715115 Construction Managar{0 1].Ste |
2 - Coffer dam for temporary flow diversion 4 days Tue 12115/15 Sst 121415 Canstruction Manager(0 1]
with sand filed bagsidry fime faw s Site Engineer(0 25]
estimaied to 343 s and rver span about Construction Foreman,
Daily Laborer{do]
2 - Excavaion of coarse sond forfoundation 4 31 days Sat 121915 Thu 1224715 Construction Manages(0 1]
tn & depth not exceeding 2m. includng Site Engineer|0.25]
dispossl > Sm Canstruction Foremsal0 6| Dty
2 - Excavation fo e raming 792 days Thu 122415 Sai 216 Canstruction Manage(0. 1] St |
5 - Masonay bedded in 1.3 mortar 03 dsys  Tho122415 Tus USA6  Construction Managed0 1) Sde |
Ready o New Tasks : Manualy Scheduled

Repeat the same procedure for each task
During the process of assigning the resources will appear at the Gant chart

[ Timeline Switch Windows » e
Q[ m
- n Details = Armange All -
Zoom Entire Selected ew Macros
Project Tasks Window — Hide -
wind wmacro:
Hav 2 e 6,16
T | F ] s M T T | F

A.Construction Foreman(0.Z].Dazer, Dally Laborer(s)

Construction Manager(0.01).Sie Engineer(0.01].Construction Foreman{0.Z).Dally Laborer|16]

Construction Manager(0.1).5ite Engineer(l.25], Construction Foreman(.5].Daily Laborer|16]

Canstruction Manager[0.1], Site Engineer[0.25),Const

T Construction Managerf.1 Site Enginasd(025] Constuct

uetion Foreman0. |, Dally Lak
4], Daily Laborer(16]

1 Construction Manager(d.1], 5
Construction Manager|9.1], Site Engisear0.25],Canstruction Foroman[0.5],Masanf4] Chiseler4],0

Construction

" Construction Managerf0. 1], Site Engineer(0.25), Construction Foreman( 5}, Daily Laborer(s]

" Construction Manager(0.1], Sie Engineerf0.1), Constfuction Foreman{).25],Carpedter(4] Daily Labored8]

*Construction Wanages]0.1], Site Engineer(0.25],Conguructian Foreman{).5]Mason|Carpenter,Dally Laborer[s]

ha

"

te Engineer[0.25],Constructior

MonagerD.1],Site Enginesr(o.
Construction Manager[0.1],Sit

View critical path

Critical Path is the succession of connected tasks that will take the longest to

and

complete. The word

“critical” does not mean that the tasks are complex or important or need to be closely monitored,
but the focus is on terms schedule that will affect the project finish date.

So, if you want to shorten the duration of a project, you should first start with activities/tasks on the
critical path. Critical path can be a single sequence of tasks (a single critical path) or there can be
more than 1 critical paths for a single project. While schedule changes are made, it is also likely

that the critical path will change from time to time.
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One needs to always focus on the Critical Path first, when one wants to apply fast-tracking or
crashing to shorten the project duration.

Slack or Float are key to understanding Critical path. There are two types of Float:

¢ Free Float: It is the amount of time a task can be delayed without delaying another task.
o Total Float: It is the amount of time a task can be delayed without delaying the
completion of the project.

To View Critical path

¢ In Gantt Chart view -> Format Tab -> Bar Styles Group -> Check the Critical Tasks box
ON

File Task Resource Report aasa ‘-'_:;" Tell me what you want to do...

M AL g E=E | ooy = = ==
: o [ Column Settings * — ack <) - -
Text Gridlines Layout Insert ) Format Task Baseline ge Vg *
Styles - Column EX] Custom Fields = lateTasks  pop. - .
Format Columns Bar Styles
Critical Tasks
Task Show critical tasks i
0 Mode « Task Name Ow Criical tasks m red. rish » Resource Names
1 - Mobilization e . d 11/18/15
= A task is critical if it must be
2 - Milestone-1 d 111815
3 = ry o Mt o completed on schedule for the TEEE D Coerecion o
ccess Road Maintenance cutting to an . e | onstruction Manager{0.
average depth of 0.3m, with 6m width or to project to finish on schedule. Site Engineer[0.1],

o All task bars in the critical path, in the Gantt Chart View on the right, will turn Red in
color.

[ Resource  Reporn  Project Vi

L - - o T 5t ™ 'I:’ FE ot mry Pfind -
A - W Raspect Lisa Manualty [RABI inspect Move Mode  Task Summary Milestone S —— Seroy SCm”
. = Inactivate Schedule Schedule N N - N s Add to Timeline to Task Fin
Schedhle Task sert Propertie i ~
Task v 29,16 e 6, 1 Dec 1
L Qs « Finish -+ Resourca Hames v
- Wed 1111115 Wed 11118115
- 5 15 Wed 1118716
- Thu 11115 Thu 11/26/15 [0.2).D0zer,Daily Laborer(s]
55
- VATdeys  FAVINS F 12105 "
- 0.88 days Fri 112715 anage] T Construction Manager[0.0], Site Engineer(0.01).Construction Foreman(0.2).Dally Laborer|16]
- 252 days F T Construction Manager(o. 1.Construction Foremani
- 269 days Can ] er(0.29).C
- 015 days Construction Manager(0
- 630 days
- 13 dayn Construction Manager[0.1].Site Engigesrf0.25] Constru
- 215 days
- 149 days Consiruction Manager(0.1].5it
E - tdays —
£ - 0.09 days F ¥ Construction Managerf0.1)Site Engineer(0.25).Construction Foreman(D.5),Dally Laborer(s]
] - 2days Fi 12715 Mon 117301 gerll 1 N Construction Manager[0.1], Sits Engineerf0.1],Constiuction Foreman{).25].Carpedter[4] Daily Laborer|8]
E
3 - 0.08 days Man 1130115 Mon 11/30/1 T Canstruction Manager0.1), Site Engineer(0.25).Construction Foreman).5)Mason|Carpenter,Daily Laborers]
- 10 days Mon 11730115 W »
- Nails [ N :m) for fence structi 2 days Mon 11730/15
- Miestone-2 0 days Fi 12116 Fr 121116 L
= 4 Headwork (20m span Masonry Broad GT2doys  Mon 1275 Wed 2ATHG
Crested Weir)
- 4 Weir 19,39 doys F
B = 6.25 days T 4
- worary fow diversion 4 days 5 &
 illed bagaddry time fow 18
ted to 343 /s and river span sbout
- Excavation of coarss sand for oundation  4.31 days St 121915 Thu 1224015
i
792 days Th 1220015 Sal 12116 wei(d 1
035 days  Thaf224/16  Tus /5016
Ready ] m R = oo+

Check resource allocations
Relationship between a resource’s capacity and task assignments is called allocation. This can
be defined by 3 states:

¢ Under allocated: A skilled worker who works for 40 hours a week, has work assigned
for only 20 hours.

¢ Fully allocated: A skilled worker who works for 40 hours a week, is assigned 40 hours
of work in that week.

¢ Over allocated: A skilled worker is assigned 65 hours of work, when he only has a
40-hour workweek.
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e Click View Tab -> Task Views group -> Gantt Chart view.

Gantt Chart View displays some limited resource information, as shown in the following
screenshot. It summarizes whether there may be a problem by the red over allocated icon in the
indicator column.

- TAST days  Won 12715 Tua VAN T T
H m 625 days = 1515 Cor Canstnuction Manager(D. 1), Skt Engineer(0.25] Consiruction Foreman{0.25] Daily L aborerf4p)
- - 0 ddays T Construction Manager(0.1]. he Englneerf0-25],Construction Fareman.Dally Laborerf40]
E }
T
G
E - 431 days Construction Manager(9.1] Site Engineer(0.25] Consiruction Foreman(0.5] Daily Laborerfdo]
8
V= 792 days Construction Managef(0. 1] Site Engineerf0.1],Construction Foreman.1)Dally Laborer{40]
i 4 = 1035 days i
= 407 days )
- 15.72 doys ~—
§ = dopth not 12 84 days i onstruction Wanager(0.1], Sie Engineer]0.25] Construction Foreman, Daily Laborer(40]
0§ - 10,86 days ¥
¢ = 672 days »
- Rig 16.32 doys
- and 10 8 depth not 6,12 days © i 1).5ite Enginear]0.25],Ce 25] Daily Laborer[40]
ing disposal 2 S0m
- 3 79 days
- Plaste ] 1185 days
- Compacted back fi fom the matena 347 days Tha2dai6  Tus 216 i
Ready + i ks £ Mg heduled moR = 1 +

The Resource Usage view displays resources and all tasks assigned to them underneath the
Resource Name. The left-hand side of the screen lists the Resources and the Task Names
together with columns of total information for the resource or assignment. The right-hand side
shows a time-phased view.

o Click View Tab -> Resource Views group -> Resource Usage view.

Task
Q@ Resource Name « Wor
Milestane-12 Ohrs
Milestane-13 0hrs
Soft Wire{10% ) Ohrs
Milestone-14 otrs
Ohrs
e Ohrs
Demobilization ohrs
Milestane-16 ohrs Work
+ Dozer 212.23 hrs Work 15
Access Road Mai 56 hrs Work
Compacted embi 156,23 hrs work 156.23h
" ¥ Losder 178 hrs Work 178h
% Compacted emby 156.23 hrs Work 156.23h
) Cort away not ex 2177 hrs Work 21.77h
Iv] + Excavator 116 hrs. Work 1.92+ 114.0
£ Excavotion work 116 hrs Work 1.921 114.08
8 4 Roller Compactor  156.23 hrs Work 156,
= Compacted embi 156.23 hrs Work 56
+ Dump Truck 178 hrs Work
Compacted emin 156,23 hrs Work
Cart away not ex  21.77 hrs Work
+ Water Truck 156.23 hrs Work
Compacted emby 156.23 hrs Work
¥ 4 Construction Foran 016.87 hrs Work 88.¢ 50.8h 2.68h 182.93h 52,57t
i 11.2 hrs Work
1.4 hrs Work
ren thei 10,08 hrs Work
Cart oway surplu 1077 hrs Work
20cm hord coref 0.6 hrs Work
Ston rywm 21,52 hrs Work
Ready o New Tasks : b heduled m S I i

Resolve Resource over Allocation
One would need to either change the scope (reduce the amount of work), assign more resources,
or accept a longer schedule to resolve over-allocation.

This can be achieved by using some of the following techniques:
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.  Adjust Schedule

By changing its lead or lag time when the resource has more tasks assigned than can be
completed during a given time period. If you add delay that is less than or equal to the amount of
slack on the task, you will not affect the finish date of the project.

By default, when you link tasks, they are assigned a “Finish to Start” relationship. In this
relationship,

o Lead: Lead time causes successor task to begin before its predecessor tasks ends.
e Lag: Lag time causes successor task to start after its predecessor task ends.

e Click Task Tab -> double-click the required Task under Task Name column -> Task
Information dialog box opens -> Predecessors Tab

e Under Lag heading column, enter the lag in terms of hours, days, weeks, or years.

Task Information x
General | Predecessors | Resources| Advanced| Notes | Custom Fields

Mame: | Plastering in 1:3 mortar Duration: | 4.07 days | >

[Jestimated
Predecessors:

D Task Name Type Lag ‘ »
26 Masonry bedded in 1:3 mortar Start-to-Start (55) sd

1l. Substitute resources or add additional resources

You can manually allot some other resource to the task.

e C(Click View Tab -> Gantt Chart View -> Resource Name column.

o Click the box below the Resource Name column for the task you need the resource to
be assigned.

JEE Resource  Repomt  Project  View armat @ Tell me what you want to do-
ot hedul T rope " ~
L s Duratio o
- Taay
- O days Fi
3 - 7 day: - 1, 10 -oreman{0.2),0ozer,Daily Laborer[§]
- 1247 doys [JBar Bender
- 0.89 days Clcamenter h T Constiuction Manages{0.11], Site Engineer]0.01],Construction Foreman]0.2].Uaily Laborer|16]
- 252 days Clchiseter 13 T, Contruction M f0.1), i 1 Construct !
- 269 days Zlconstruction Foreman B §c i 1.5 29,
- 015 days o jon Manager I 7 Conpmuction Manager0.1], Site Enginaer0.25] Canstruct
- Shon ot i - P S ——
- 13 days HlDozer E Construction Manager(0.1], Sita Engineerf0.25],Constructi Cl
- 215 days Cloump Truck F T, Construction Manager{0.1].5ite Engineserf0.25],Carpenteri].Dally Laborer] 6].Construction Foremanf0.!
- 149 days _‘F:‘é}.’_”? B | Constructin Manager(0.1] Site Engineerf0.25],Construction Fareman(p.5|,Carpenter|4],Daily Laborer!
E - days Wed 1272715 i 8 n
= - 0.09 days W2mE  FA1N2INE S cader B "Constjuction Manages(D.1),Site Engineer(0.25] Construetion Foreman]D.5| Daily Laborerfs]
o - 2 tays 5 Mon 113015 1488 EiMason B2 +1 Contruction Manager]0.1],Site Engis Construction F [0.25], Carpenterf4] Daily Laborerfs]
E [IPlasterer
z [IRolter Compactor 1
3 - 0.8 days Mon 113015 M site Engineer b3 ‘Congtruction Managerf0.1] Site EngineerD.25]. Cansructi Mazon, Carpenter,Daily LaborerB
- 1.8 days Man 113015 Wed 12215 Clwater Truck b
[Weider |
- 2days Man 1 W u1s [ weider Bs
- Milest 0 tays Fi 12/ Friizits 4 5 +
- + Headwork [20m span Masonry Broad BlT2doys  Mon 1275 Wed 211116 [
Crested Weir)
- 2 Vel body 2491 doys  Mon 12715 _ Tue USHG 51 ———

Level Over-Allocated Resources

If resources are over-allocated you can use resource-leveling feature in MS Project 2016. It works
by either splitting tasks or by adding delay to tasks to ensure the resource is not overloaded.
Leveling can delay the individual task finish dates and even the project finish date. Project does
not change who is assigned to each task, total work, or assignment unit values.
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Leveling

Steps in the Leveling process are only a few, but it is important to understand what each option
does. The steps are as follows:

Click Resource tab -> Level group -> Leveling Options.

Resource Leveling X

Leveling calculations

©Automatic OManuaI

Look for overallocations on a | Day by Day ~ | basis

Clear leveling values before leveling

Leveling range for 'Didiga SSIP Construction schedule2'
© Level entire project
OLeveI From: | Wed 11/11/15

To: | Mon 8/8/16

Resolving overallocations

Leveling order: Standard v

Level only within available slack

DLeveIing can adjust individual assignments on a task
] Leveling can create splits in remaining work

[ vevel resources with the proposed booking type
|:| Level manually scheduled tasks

Help Clear Leveling... Level All Cancel

In Resource Leveling dialog box, under Resolving over allocations, leveling order dropdown box
you can choose Standard. You have 3 options here:

ID only option delays tasks only according to their ID numbers. Numerically higher 1D
numbers (for example, 10) will be delayed before numerically lower ID numbers. You
might want to use this option when your plan has no task relationships or constraints.
Standard option delays tasks according to predecessor relationships, start dates, task
constraints, slack, priority, and IDs.

Priority, standard option looks at the task priority value before the other standard
criteria (Task priority is a numeric ranking between 0 and 1000).

In Resource Leveling dialog box, under Resolving over allocations, you have several options that
you can select. These are explained as follows:

Level only within available slack. Selecting this checkbox would prevent Project from
extending the plan’s finish date. MS Project will use only the free slack within the
existing schedule, which could mean that resource over allocations might not be fully
resolved.

Leveling can adjust individual assignments. Selecting this checkbox allows Project
to add a leveling delay (or split work on assignments if Leveling Can Create Splits in
Remaining Work is also selected) independently of any other resources assigned to the
same task. This might cause resources to start and finish work on a task at different
times.

Leveling can create splits in remaining work checkbox. This allows Project to split
work on a task (or on an assignment if Leveling Can Adjust Individual Assignments on a
Task is also selected) as a way of resolving over allocation.

Level manually scheduled tasks. Selecting this allows Project to level a manually
scheduled task just as it would an automatically scheduled task.
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o After the desirable adjustment click level all
¢ Leveling will remove entire over-allocation

» Resource before Leveling

Resource Report Project  View Format

°® [ ] E & El [ ] - [ Leveling Options
v(‘—‘) “"‘ D “- - 3 Clear Leveling
Team ion  Resource Add Information Notes Details Level Level  Level ~
Planner~ | R ces Pool~ | Resources™ Selection Resource  All rallocation
View Assignments Insert Properties Level
@  Resource Name ~ Type ~ Material > lInitials v | Group ¥ Max ~ Std.Rate ~ OvtRate v Cost/Use v Accrue ~+ Base + Cod

1 Dozer Work DO 1 $2,676.00/hr $0.00/hr $0.00 Prorated  Standard
2 Loader Work Lo 1 $1,104.00/hr $0.00/hr $0.00 Prorated  Standard
3 Excavator Wark EO 1 $1,707.00/hr $0.00/hr $0.00 Prorated  Standard
4 Roller Compactor Work RC 1 $682.00/hr $0.00/hr $0.00 Prorated ~ Standard
5 Dump Truck Work DT 2 $740.00/hr $0.00/hr $0.00 Prorated  Standard
6 Water Truck Work WT 1 $80.00/hr $0.00/hr $0.00 Prorated  Standard
7 Construction Foreman Work CF 2 $28 00/hr $0.00/hr $0.00 Prorated  Standard
8 * Construction Manager Work cM 1 $38.00/hr $0.00/hr $0.00 Prorated  Standard
9 * Site Engineer Work SE 1 $46.00/hr $0.00/hr $0.00 Prorated  Standard
10 Mason Work MA 24 $15.00/hr $0.00/hr $0.00 Prorated  Standard
1 Plasterer Work PL 10 $15.00/hr $0.00/hr $0.00 Prorated  Standard
12 Chiseler Work CH 4 $15.00/hr $0.00/hr $0.00 Prorated  Standard
13 Welder Work WL 1 $17.00/hr $0.00/hr $0.00 Prorated  Standard

- 14 * Carpenter Work CcP 8 $15.00/hr $0.00/hr $0.00 Prorated  Standard

d 15 Bar Bender Work BB 3 $10.00/hr $0.00/hr $0.00 Prorated  Standard

E 16 Daily Laborer Work DL 180 $8.00/hr $0.00/hr $0.00 Prorated  Standard

w

U

» Resource after Leveling

Resource Report Project View Format

S ‘.'2:.) &.‘. E @ El :.- - ELevellng O?tluns
> Clear Leveling
Team Assign  Resource Add Information Notes Details el Level  Level
Planner - Resources Pool~  Resources ~ tion Resource  All Jen bver on
View Assignments Insert Properties Level
@  Resource Name ~ Type ~ Material ~ |Initials > Group ~ Max ~ Std.Rate > Ovt Rate v Cost/Use » Accrue ~ Base ~ Code

1 Dozer Work Do 1 $2,676.00/hr $0.00/hr $0.00 Prorated  Standard
2 Loader Work LO 1 $1,104.00/hr $0.00/hr $0.00 Prorated  Standard
3 Excavator Work EOQ 1 $1,707.00/hr $0.00/hr $0.00 Prorated  Standard
4 Roller Compactor Work RC 1 $682.00/hr $0.00/hr $0.00 Prorated  Standard
5 Dump Truck Work oT 2 $740.00/hr $0.00/hr $0.00 Prorated  Standard
6 Water Truck Work WT 1 $80.00/hr $0.00/hr $0.00 Prorated  Standard
7 Construction Foreman Wark CF 2 $28 00/hr $0.00/hr $0.00 Prorated ~ Standard
8 Construction Manager Work CMm 1 $38.00/hr $0.00/hr $0.00 Prorated  Standard
9 Site Engineer Work SE 1 $46.00/hr $0.00/hr $0.00 Prorated  Standard
10 Mason Work MA 24 $15.00/hr $0.00/hr $0.00 Prorated  Standard
11 Plasterer Work PL 10 $15.00/hr $0.00/hr $0.00 Prorated  Standard
12 Chiseler Work CH 4 $15.00/hr $0.00/hr $0.00 Prorated ~ Standard
13 Welder Wark WL 1 $17.00/hr $0.00/hr $0.00 Prorated ~ Standard

- 14 Carpenter Work CcP 8 $15.00/hr $0.00/hr $0.00 Prorated  Standard

el 5 Bar Bender Work BB 3 $10.00/hr $0.00/hr $0.00 Prorated  Standard

E 16 Daily Laborer Work DL 180 $8.00/hr $0.00/hr $0.00 Prorated  Standard

g

2

Project Summary Task

Project summary task is at the highest level of the plan’s outline; it includes rolled-up details from
all subtasks. It also represents the full duration of the plan, so it's a handy way of seeing some
essential details, such as the plan’s overall duration. Project automatically generates the project
summary task but does not display it by default.

To display the project summary task

¢ Click anywhere in a Gantt chart view. When the focus is on a Gantt chart view, the label
of the Format tab is Gantt Chart Tools.
o On the Format tab, select the Project Summary Task check box

~ *
Format Q Tell me what you want to do... Sign in

A, [V Critical Tasks = ®m M r/aAarreAarearerea— Chiddisshi =
- = = — —
- Slack © — . —l —l —l Project Summary Task
Format Task Baseline Slippage g g 5 - _—
. Late Tasks path - . p? 5 + * * * * ¢ + * v Summa s .
Bar Styles Gantt Chart Style [ ShowyHide Drawings A
20 Project Summary Task
Q 4, 2015 Qu 1, 2016 )
- Durtion - Stan - Fiish  » Predecessors  Resource Names - WBS|  Nov Dec Jan Feb Mar Show the summary task for the
7 days Wed 11/11/15  Wed 11/18/15 1 project
0 days Wed 1118115 Wed 11/18/15 1 2 %
ftting to an 7 days Thy 1119716 Thu 1126115 1 Construction Manager[0.1, 3 HC i 11,Site Engi 1.C i 2),Dozer,Daily Laborer[5]
Im wicth or to Site Engineer[0.1]. ‘

Project displays the project summary task at the top of the Gantt Chart view with an ID of 0.
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Gantt Task Team - ot Qutiine Tabi Zoom Entire Selected New — Macros
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Task Views Resource Views bata Zoom Spiit View Window Macros ~
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Task e, 216 a1, 2016 a2 2018
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o[ Jm « Didiga SSIP Construction Time Schedule 236.27 days Wed 11/11/ Fri 8/12118
1 ™ Mobilaton 7 days Veed 111115 Wed 1118115 )
2 - Milestone-1 0 days. Wed 111815 Wed 111815 1 &
3 - Accass Road Maintenance culting lo an svesage depth 7 days T 1A9HE Thu 112615 1 Consiruction Manager{0 1) T C 11,Sito Enginoerd. 1€ 24 ozer,Daily Laborer(s]
0. 3m, wih Em wikth or to remave top sei Ste Enginger|0 1]
Consiruction Foreman(0.2] Dv
4 - 4 Camping & camp lacilities 1242dsys  FAMZING Fr 12115 —
5 - Sie clearance 085 days Fiams Fatvzms 3 Consiruction ManagerD 01].£ T Constfuction Site 2 Daily Laborer{16]
5 - Trench and other excarations 262days FiTais Tue s 5 Construction Manager0 1) St [ 1l 25 Construction F Daily Laboreri6]
7 L) Cant sway suplus sxcavations 268 days Tus VIS Frf2es 6 Consruction Manager(0 115t ¥ Site Englncer] 5),Daily Labores(15]
8 - 20 cm hard corafwet) 015 days Tue 121115 6 Construction Managar{D 1) St T Confrruction Managerf0.1], Site Engineer{0.25].Construction Foreman[0.5].Masonid) Daity Laborer(16]
5 - Stone masonry works of mix ratio 1:4 53 days Tue 121115 6 Canstruction Manager|0.1) 5t 1 : 11 jincer(0 25| Construction Foremant0.5], Laborerf12]
1 - Som Cement screed 13 days Tue 121115 [ Canstruction Managerf) 1) St Chrfetruction Manager]0.1], it Engineer]0.25] Construction Foreman[0.5]Wasand] Chiseler|4] Daily Labor
1 - €15 walling (G-32) 215 days Mon 12715 9 Canstruction hanager(0.1) St T, Fonruction Managor0 1 Sie Enginsarf 25| Corpanterid Daly Laborer{15,Conseructon ForemanfD!
E - IS raofing (G-32) 149 days Ved 1258/15 1 Consiruction Manager{0 1) St Construction Site Engineer{0.25],C: i 5], Carpanter{4].Daily Laborer]!
ERRE - 4 Fencing (T6m)=20x18 4days Fri 192115 m
G owu - Excavatien by manpower fler 31 poles) 003 days Fiti2ms  Fatuzms s Construction Manager0 1) St “Constfuction Manager[0. 1] Site Engineer(0.25, Consinuction Forsmanfp. 5|,Oaily Laborer(s]
E - Purchasing, ransporting, cutting, and ercting of 2 days FiT12is Mo 113015 1SS Construction Manager{0 1) », Condruction Managerf0. 1] Site Enginesr[0.1),Construction Fareman(0.25).Carpenterfd] Dally Laborers]
z Eucalyptus pole of @10cm at vach 7 5m length Ste Enginoor(0 1]
6 - Concrate works of mix ratin 124 008 days Mon 113015 Mon 113015 16 Construction Managar0 1) St ‘Congiruction Managerf0.1],Site Lonstruction Foreman(0.5)Mason.C Laborers
L - Burbled Wira around the fonce for putection 18 days Man 11730115 »
18 - il { No Bom) for fance canstruction 2days Man 11730015 Wed 122015 B
19 - Milestone 2 0 days Fi12E Fat2ing 4 b
20 - 4 Headwork (20m span Masonry Brosd Crested  61.72days  Mon 12715 Wied 21T/16 7
i)
21 - 4 Welr body WMdays  Mon 1275 Fi 1226
2 BE wm Site clearance 625 days Mon 12715 Tue 12115115 § Construction Manager{0 1) Si T, Construction Manager0.1],Sits Engineer0.25], Construction Foreman(0.25].Daily Laborer(40]
2 - Coffe dam for temporary ow dhersion with sand 4 days Tue 124518 SawizaE 2 Canstruction hanager(0.1) B i i Daily Laborerfd0]
flled bagsiary time flw s estimated to 343 s Ste Enginger|d 25).
anc river span about 20m Construction Foreman Daly l
2 - Excavation of coarse sand for foundation toa 4 31 days Sat 12815 Thu s 23 Consiruction Manager{D 1) ' o 25,0 5} Daily Labores(40]
depih not exceeding 2m, incluting disposal Site Engincer]0 25]
sim Cansiruciion Forerman(0.5] D
2 - Excavation fo v aning 792 days The 122415 Saiie 2 Canstruction hanagerf0.1) S l ¢ Comstruction Manage([0.1],Site Enginear]D.1], Construction Foreman]D. ] Daily Laborer(4n]
2% - Masonry bedded in 1.3 motar Wihdeys  TzE T 16 2 Construction hanager(0.1) St B
2 - Plasterinn in 13 mentar 407 dnvs Man UIRHR FA12916  2RSSsRdmm  Consiriction Mansasi 11 S [ . ]
Ready ¥ New Tasks : Manually Scheduled B E R B O - ] +

6.3

REPORTING PROJECT INFORMATION

6.3.1 Setting up and printing views

To set up and print a view, follow these steps:

Open the view and arrange the data as you want it to appear when printed.

Click File, Page Setup to display the Page Setup dialog box.

Specify the options you want for the printed view using controls on the different tabs of
this dialog box. You can adjust the view orientation, page scaling, margins, header and
footer, and so on. When finished, click OK.

On the Standard toolbar, click Print Preview. A picture of the view as printed appears,
reflecting your Page Setup options.

Didiga SSIP Construction Time Schedule.mpp - Project Professional ? = u] x
Sign in
Copies 1 .
P = wim G ol s T Cirad
Print e . W e e T e e T e e T e ) P ) TRFT e o
A — i
Printer L
SmartSoft PDF Printer = e w1 e LR i B s
E - 5 ¢ o
Printer Properties =) ity e vk 8
] o e e e e i
. : i ]
Settings ! & et
Print Entire Project . o = L n
ject from start 0 fini 3 *
-]
Dates < 10 BN220%6 . I
a (3
Pages: |1 e 5 s n f
- & 1] 4 Engmentt
Landscape Orientation - = e R ]
] 3 4
a3 2 e
i - =
Page Setup B = —
Hoa RS —
——— ——
Tof5 « ~ » =
|
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6.3.2 Reporting project information

Generating reports:
To see the list of available built-in reports:

H

Click Reports, Report. The Reports dialog box appears, showing the following
categories.

Gantt Chart Tools Didiga SSIP Construction Time Schedule.mpp - Project Professional

File Task Resource Project View Format Q Tell me what you want to do...
s g ) ol = Sl fal ol
Compare New Dashboards Resources Costs In Progress Getting Custom Recent  Visual
Projects ' Report~ a e a e Started ~ - a Reports
Project View Reports Export

2015

Task MNov 15 Dec ™15 Jan 16 Feb"16 Mar 16
o Mode » Task Name ~ Duration ~||[1826 18 1522296 132027 |3 (101724 /31| 7 14 21|28 6 |13

The report categories are as follows:

New Reports
Dashboards
Resources
Costs

In progress
Custom....

To select and print a report, follow these steps:

Click View, Reports.

In the Reports dialog box, double-click the category you want.

In the dialog box that appears, double-click the report you want.

If a dialog box prompts you for more information, such as a date range, enter it and then
click OK.

The report appears in a Print Preview window

When ready to print the report, click Print on the Print Preview toolbar.

In the Print dialog box that appears, select the page range and number of copies you
want to print and then click OK.

Here are some of report examples

CASH FLOW

CASH FLOW

000 00 s000 5000 000 5000
5000 000 5000 5000 5000 oo
$153,32800 sas0 sts3am0 5000 sa00 00

526,483.46 000 SN 000 5000 5000
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Tasks

Budget Work Report

= Work ® Cumulative Work
180000

160000

140000

120000

100000

‘Work

80000

60000

40000

20000

Weekly Calendar ~

You are Done!!!
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REFERENCE

Eagle Point 2007, User Manual

Hec-Ras River Analysis System, User Manual

Hec-Ras River Analysis System, Hydraulic Reference Manual

Hec-Ras River Analysis System, Application Guide

Zprofile, User Manual

ICT, WAPCOS Irrigation canal long section VB.net program

Shimburit Micro Earth Dam Irrigation Project Headwork Feasibility Study Document
GeoStudio 2007 documentation

Slope Stability: US Army Corps of Engineers, ENGINEERING AND DESIGN

DESIGN OF SMALL DAMS; USBR

General Design and Construction Considerations for Earth and Rock-Fill Dams; US
Army Corps of Engineers

Earth Dams and Reservoirs; U.S. Department of Agriculture Soil Conservation Service
Engineering Division

Ms-Project 2016 User Manual
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APPENDICES
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APPENDIX I: Worked Example & Model (Soft copy)

APPENDIX II: Softwares (Soft copy)
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